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Manual Printed: OCT 1970 manual and to correct manual errors. Enter the new information (or the
Change Number, if more convenient) into the appropriate places in the
Manual Part Number: 02116-9153 manual, identified at left.
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CHANGE DESCRIPTION

1 Page 1-12, figure 1-9. At the “PIN INDICATION" columns for the 86-pin con-
nector, swap the ““FOIL SIDE" and “"COMPONENT SIDE" column titles.

2 Page 4-8, table 4-3. In the "PROGRAM PROCEDURE PART NO.” column,
change "02116-91764" to read “02116-91792", change '02116-91765"
to read "'02116-91792", change ““02116-91766' to read 02116-91793",
and change ""02116-91767"" to read '02116-91793".

3 Page 4-49, figure 4-4. Add pin 58 where signal RF2 leaves timing generator card
A106.

4 Page 4-85, figure 4-21. Change signal designation CF2 to TF2.

5 Page 4-88, figure 4-26. Change signal designation CF1 to CF1.

6 Page 4-125, 4-129, 4-133, and 4-137, figures 4-49, 4-51, 4-53, and 4-55, respectively.
Change the designation of the signal leaving A108-8 and entering A20-70 from
SLM to SLME.

7 Pages 4-127, 4-131, and 4-135, figures 4-50, 4-562, and 4-54, respectively. Change the
designation of the signal leaving A108-32 and entering A20-76 from SRM to
SRME.

8 Page 4-134, paragraph 4-307, line 7. Change signal designation SRM to SRM.

9 Page 4-182, paragraph 4-446, line 1. Change instruction designation CL6 to CLO.

10 Make the following changes to the manual for computers having serial number 959-.

a. Updating pages 5-88A and 5-88B of this supplement. Detach and insert
these pages immediately following page 5-88 of the manual.

b.  Updating pages 5-90A/5-90B and 5-90C/5-90D of this supplement.
Detach and insert these pages immediately following page 5-90 of the
manual.

c. Updating page 5-91A of this supplement. Detach and insert this page
immediately following page 5-91 of the manual.

d. Page 6-36, table 6-12. Change figure reference "‘6-12"' in the “FIG. &
INDEX NO.” column to read “6-12A-"". Add “11; 0490-0892; Relay;
2.26K ohm coil, 10A, 120VAC, (K2); 28480; 0490-0892; 1" in the
applicable columns of the table.

e. Updating page 6-37A of this supplement. Detach and insert this page
immediately following page 6-37 of the manual.

f. Updating pages 6-38A and 6-38B of this supplement. Detach and insert
these pages following page 6-38 of the manual.

g. Page 6-49, table 6-19. Add “0490-0892; Relay, 2.25K ohm coil; 28480;
0490-0892; 1" and "’0811-2735; Resistor, Fxd, WW, 2500 ohms, 3%, 10W;
28480; 0811-2735; 1”" in the appiicable columns of the table.

h. Manual title page. Change the referenced serial number prefix to 959-.

uUs-2 21168
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CHANGE

11

DESCRIPTION

Make thefollowing changes to the manua! for computers having serial number prefix

977-.

Page 5-73, table 5-23 and figure 5-32. At reference designation R83 of
table 5-23, change the entry to read “R83; 0757-0198; Resistor, Fxd,

Met Flm, 100 ohms, 1%, 1/2W; 28480; 0757-0198". In figure 5-32, change

the revision code from ‘683" to “1025".

Updating pages 5-88A and 5-88B of this supplement. Detach and insert
these pages immediately following page 5-88 of the manual.

Updating pages 5-90A/5-90B, 5-90C/5-99D, and 5-90E/5-90F of this
supplement. Detach and insert these pages immediately following page
5-90 of the manual.

Updating pages 5-91A and 5-91B of this supplement. Detach and insert
these pages immediately following page 5-91 of the manual.

Page 6-26, table 6-8. At index number 15, change the entry to read
"15; 0757-0198; Resistor, Fxd, Met Fim, 100 ohms, 1%, 1/2W, (R83);
28480; 0757-0198; 1.”

Page 6-28, figure 6-8. Change the revision code from ‘638" to “1025"".
Page 6-36, table 6-12. Change figure reference 6-12"" in the “FIG. &
iNDEX NO.” column to read ““6-12A-". Add 11, G450-0892; Reiay,
2.25K ohm coil, 10A, 120VAC, (K2); 28480; 0490-0892: 1" in

the applicable columns of the table.

Updating page 6-37A of this supplement. Detach and insert this page
immediately foilowing page 6-37 of the manual.

Updating page 6-38A and 6-38B of this supplement. Detach and insert
these pages immediately following page 6-38 of the manual.

Page 6-49, table 6-19. Make the following changes in the applicable
columns of the table:

(1) Add “0490-0892; Relay, 2.25K ohm coil; 28480; 0490-0892; 1.”
(2)  For HP part no. 0686-2215, change the TQ from 2" to “1".

(3) Add “0757-0198; Resistor, Fxd, Met FIm, 100 ohms, 1%, 1/2W;
28480; 0757-0198; 1”.

(4) Add “"0811-2735; Resistor, Fxd, WW, 2500 ohms, 3%, 10W, 28480;
0811-2735; 1".

Manual title page. Change the referenced serial number prefix to 977-.

us-3
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Figure 1-1. Hewlett-Packard Model 2116B Computer
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SECTION I
GENERAL INFORMATION

1-1.  INTRODUCTION.

1-2. Volume Two is the second in a series of three
volumes that document the Hewlett-Packard Model 2116B
Computer (figure 1-1). Volume Two contains detailed
descriptions, instructions, and diagrams for installation,
maintenance, troubleshooting, and repair of the computer.
Unless otherwise stated in this manual or in future supple-
ments, Volume Two is applicable to 2116B Computers
having serial-number prefix 944- and higher.

1-3.  Volume Two is a reference work intended for users
who are familiar with the circuit theory and maintenance
procedures of the 2116B or similar computers in the
Hewlett-Packard line. Also, a thorough understanding of
the information presented in Volume One, Specifications
and Basic Operation Manual for the Model HP 2116B
Computer, is essential to using and understanding the
material presented in this volume.

1-4. This volume has two purposes. First, it provides
general information, installation instructions, and overall
maintenance data for the computer. Second, it provides
testing, troubleshooting, and repair instructions for four
major functional sections of the computer. These sections
are the control, arithmetic, memory, and power supply
sections (see figure 1-2). The I/O section is documented
separately in Volume Three, Input/Output System Oper-
ation Manual for the Model 2116B Computer. Computer
optional features are documented in separate manuals and

supplements.

1-5.  The sections and appendices of Volume Two con-
tain the following information:

a. Section I, General Information. Section I contains
information for users who require a knowledge of the physi-
cal makeup of the computer and an understanding of its
maintenance features. Included are a description of the vari-
ous electronic assemblies that comprise the computer, an
explanation of controls and indicators, a description of
identification numbers used in the computer, a description
of standard accessory equipment supplied with the com-
puter, an explanation of the principal built-in maintenance
features, and a list of recommended servicing equipment.

b. Section II, Installation. Section II describes unpack-
ing procedures, provides primary power data, explains
initial inspection procedures, and presents other infor-
mation required for installing the computer.

c. Section III, Theory of Operation. Section III
describes the circuit theory of the control, arithmetic,
memory, and power supply sections.

d. Section IV, Troubleshooting. Section IV presents
step-by-step procedures for testing the computer. The
results of these tests form the basis of fault-localizing pro-
cedures, which use servicing diagrams presented in the
section. These diagrams, together with logic equations and
timing charts, aid in the rapid isolation of computer faults.

e. Section V, Maintenance. Section V provides
preventive-maintenance instructions and adjustment
information. Also included are schematic diagrams, parts
location diagrams, wiring data, and other data required for
testing, troubleshooting, maintenance, and repair.

f. Section VI, Replaceable Parts. Section VI contains
lists of replaceable parts. These lists give the name of each
part, and specify the characteristics of electronic
components. The parts lists also give manufacturers’ names,
manufacturers’ part numbers, and the total quantity of
each part installed in the computer. The parts lists and
total-quantity figures apply to the basic computer
configuration.

g. Appendix A, Basic Logic Symbols. Appendix A
describes the logic symbols used in this manual. The expla-
nations also apply to logic symbols in manuals for optional
devices, provided the manuals were written by Hewlett-
Packard. Also furnished in Appendix A are diagrams and
other data for the integrated circuits used in the computer.
For data on integrated circuits in optional devices, refer to
the manual for the device concerned.

h. Appendix B, Backdating Information. Appendix B
provides backdating information, making Volume Two
applicable to computers with serial-number prefixes lower
than 944-.

i. Updating Supplements. If required, updating sup-
plements are included with Volume Two. These make
Volume Two applicable to computers with serial-number
prefixes higher than 944-,

1-6. GENERAL DESCRIPTION.

1-7.  COMPUTER ASSEMBLIES.

1-8. The major assemblies that make up the computer
are listed in table 1-1 and shown in figures 1-3, 1-4, and 1-5.
The following paragraphs describe these assemblies.

1-9. CIRCUIT CARDS. As the term is used with the
2116B Computer, a circuit card is an assembly consisting of
electronic components mounted on an insulating card. An

11
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Figure 1-2. Major Functional Sections of the 2116B Computer

etched-foil paitern on the card makes connections between
the components. The entire unit, referred to as a card,
plugs into a connector in the computer. A similar unit
which is permanently wired to other assemblies, is referred
to as a board.

1-10.  The computer logic circuits are made up entirely
of card assemblies, which plug into fixed connectors in the
card cage. In some cases a second connector, on the end of
a flexible cable, fits on the front end of the card. Each
card assembly is assigned a reference designation beginning
with the letter “A”, to which is added a number in-
dicating tne card-cage slot in which the card is installed.
Each card also has a part number. If more than one card of
a given type is used, each of the cards has the same part
number but a different reference designation.

1-11.  Cards with reference designations Al through A22
contain principally the memory-section circuits, and the
cards are installed in the top row of card slots in the card
cage. Cards A101 through Al20, containing principally the
control-section and arithmetic-section circuits, are situated
in the center row of card-cage slots. Cards A201 through
A222, containing principally 1/O-section circuits, are in-
stalled in the bottom row of slots.

1-12.  The cards shown in figure 1-3 are those used for
the basic computer configuration. For optional features,
additional cards may be installed in the card cage.

1-13. Two more cards, part of the basic computer con-
figuration, are part of the power supply section and are

1-2

situated in the power supply at the back of the computer
cabinet.

1-14. DISPLAY BOARD ASSEMBLY. The display
board assembly, reference designation A501, provides a
visual indication of computer operating conditions, and
displays the contents of the principal computer registers.
The unit mounts in the computer door assembly, as shown
in figures 1-3 and 1-1. Connection to the display board as-
sembly is made by the display cables (figure 1-3), which plug
onto the front ends of arithmetic-section and control-
section cards in the card cage. An additional cable, referred
to as the strip cable, connects the display board assembly
with the power supply section. On the back of the display
board are three switches, used for troubleshooting purposes,
and two spare lamps.

1-15. CONTROL PANEL ASSEMBLY. The control
panel assembly, reference designation A502, mounts the
operator’s controls. The unit is situated immediately
beneath the display board assembly, as shown in figures 1-3
and 1-1. The controls on the panel are principally of the
push-switch type, some with internal indicating lamps. Con-
nection to the control panel assembly is made by the con-
trol cable (figure 1-3), which plugs onto the front end of
front panel coupler card A101. Additional connections are
made by wires in tne strip cable, which connect with the
power supply section and with power fail interrupt card Al
in the card cage.
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Table 1-1. Major Electronic Assemblies, Basic Computer Configuration

DESIGNATION PART NO. QTY NOMENCLATURE
Al 02116-6175 1 Power fail interrupt card
A2 02116-6300 1 Memory module decoder card
A12,A13 02116-6298 2 Sense amplifier card
Al14,A15 02116-6266 2 Driver [switch card
Al16,A18 02116-6265 2 Inhibit driver card
A20 02116-6069 1 Direct memory logic card
A101 02116-6208 1 Front panel coupler card
A102,A103,A104,A105 02116-6026 4 Arithmetic logic card
A106 02116-6281 1 Timing generator card
A107 02116-6027 1 Instruction decoder card
A108 02116-6029 1 Shift logic card
Al121 : 02116-6284 1 Overvoltage protection assembly
A201 02116-6041 1 I/O control card
A202 02116-6194 1 I/O address card
A301 02116-6014 1 Logic supply regulator card
A302 021186-6015 1 Memory supply regulator card
A303 - 1 Capacitor board assembly
A304 - 1 Large heat sink assembly
A305 - 1 Small heat sink assembly
A306 - 1 Component board assembly
A307 - 1 Component board assembly
A308 - 1 Component board assembly
A309 - 1 Component board assembly
A310 - 1 Component board assembly
A311 - 1 Transformer assembly
A312 - 1- AC input section
A400 02116-6288 1 Core stack assembly
A402 02116-0096 1 Temperature sensing assembly
A501 02116-6043 1 Display board assembly
AB02 02116-0005 H Controi panel assembly
NOTE: Assemblies for optional features are not listed in this table.

1.16. POWER SUPPLY ASSEMBLY. The power supply
assembly, reference designation A300, is at the rear of the
computer cabinet (figure 1-4). Access to this part of the
computer is gained by removing the card cage retaining
screws, sliding out the card cage, and swinging the cage
open. When sliding the card cage back into the cabinet, it is
necessary to first squeeze together the two tab catches.

1-17.  The power supply, made up of 12 subassemblies,
provides the regulated and unregulated dc voltages required
by the computer. The power supply also provides regulated
dc voltages for plug-in cards in the card cage which are as-
sociated with optional devices. All optional units external to
the computer cabinet furnish their own ac and dc voltages,
derived from a separate connection to the ac power line.

1-18. CORE STACK ASSEMBLY. The core stack assem-
bly, reference designation A400, is at the rear of the card

cage (figure 1-5). The unit provides the computer with its
core storage capability. The associated temperature sensing
assembly, reference designation A402, controls the level of
certain operating voltages (+32 and +22 volts) in accord-
ance with the air temperature near the stack.

1-19. BACKPLANE CONNECTORS. The backplane
connectors are at the rear of the card cage (figure 1-5). The
connectors receive the plug-in cards installed in the card
cage, and provide connections to the cards.

1-20. CONTROLS AND INDICATORS.

1-21.  The locations of operator’s controls and indicators
are shown in figures 1-6 and 1-7. The reference designation
of each control and indicator, together with a description
of the purpose of each, is given in tables 1-2 and 1-3.

1-3
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Table 1-2. Indicators on Display Board Assembly A501
ILLUSTRATION
CALLOUT PANEL REFERENCE
(FIGURE 1-6) MARKING DESIGNATION | DESCRIPTION USE
1 T-REGISTER A501DS1 thru Indicator Displays the contents of the
MEMORY DATA A501DS16 lamps T-register.
2 P-REGISTER A501DS17 thru Indicator Displays the contents of the
PROGRAM COUNTER | A501DS32 lamps P-register.
3 M-REGISTER A501DS33 thru Indicator Displays the contents of the
MEMORY ADDRESS A501DS48 lamps M-register
4 A-REGISTER A501DS49 thru Indicator Displays the contents of the
ACCUMULATOR A501DS64 lamps A-register.
5 B-REGISTER A501DS65 thru Indicator Displays the contents of the
ACCUMULATOR A501DS80 lamps B-register.
6 EXTEND A501DS86 Indicator Lights when the Extend FF
lamp is set.
7 OVERFLOW A501DS85 Indicator Lights when the Overflow FF
lamp is set.
8 FETCH A501DS84 Indicator Lights when the computer is in
lamp the fetch phase.
9 INDIRECT A501DS83 Indicator Lights when the computer is in
lamp the indirect phase.
10 EXECUTE A501DS82 Indicator Lights when the computer is in
lamp the execute phase.
11 PARITY HALT A501DS81 Indicator Used by an optional feature. Re-
lamp fer to Memory Parity Check Oper-

ating and Service Manual (part
no. 12591-9001).

11

10

2019-171

Figure 1-6. Display Board Assembly A501, Indicators
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Figure 1-7. Control Panel Assembly A502, Controls and Indicators
Table 1-3. Controls and Indicators, Control Panel Assembly A502
ILLUSTRATION
PANEL REFERENCE .
CALLOUT DESCRIPTION USE
(FIGURE 1.7) MARKING DESIGNATION
1 PRESET A5025108 Lighted push-switch When pressed, the switch places the
and (momentary action)* computer in the fetch phase. It also re-
A502DS108 sets the entire I/O system and the

I/O interface card.

Interrupt Card Al.

power-fail interrupt system by:

. Clearing the Interrupt Control FF
on I/O Control Card A201.

. Clearing the Flag FF and Control
FF on each I/O interface card.

. Setting the Flag Buffer FF (if
any) and the Flag FF on each

. Clearing the Flag Buffer FF, Flag
FF, and IRQ FF on Power Fail

1-8
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Table 1-3. Controls.and Indicators, Control Panel Assembly A502 (Cont)

ILLUSTRATION
CALLOUT PANEL REFERENCE

(FIGURE 1-7) MARKING DESIGNATION

DESCRIPTION USE

The indicator lights when a power-

fail interrupt occurs as a result of low
line-voltage applied to the computer,
or as a result of low line-voltage applied
to the 2150B I/O and Memory Ex-
tender (if used). The indicator also
lights in the event of overheating in
any of the following:

a. Memory module decoder card A2.
b. Large heat sink assembly A304.

Small heat sink assembly A305.

. 2160A Power Supply Extender (if
used).

e. 2150B I/O and Memory Extender
(if used).

2 o

The indicator also lights when power
is initially applied to the computer.
After being lighted for any reason, the
indicator remains lighted until the
PRESET switch is pressed. The

lamp immediately relights if an
undervoltage or overheating
condition continues.

2 RUN A5028107 Lighted push-switch When pressed, starts the program in
and (momentary action)* the phase (fetch, indirect, or execute)
- A502DS107 indicated on display panel A501. The
address of the instruction performed
(or continued) is displayed in the
P-register before the push-switch
is pressed. While the program is
running, the RUN indicator is
lighted.

3 HALT A5025106 Lighted push-switch When pressed, stops the program at

and (momentary action) the end of the current phase. The
A502DS106 HALT indicator is lighted when the
program is not running.

4 LOAD A50258105 Push-switch When pressed, stores the contents of
MEMORY (momentary action)* the SWITCH REGISTER switches
(S-register) in the core storage lo-
cation specified by the M-register.
Then increments the P-register

by 1, sets the contents of the
M-register equal to the contents of
the P-register, and leaves the com-
puter in fetch phase.

1-9
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Table 1-3. Controls and Indicators, Control Panel Assembly A502 (Cont)

ILLUSTRATION
PANEL REFERENCE
CALLOUT DESCRIPTION USE
KI
(FIGURE 1.7) MARKING | DESIGNATION
5 LOAD A A502S104 Push-switch When pressed, loads the contents of
(momentary action)* the S-register into the A-register.
6 LOAD B A5025103 Push-switch When pressed, loads the contents of
(momentary action)* | the S-register into the B-register.
7 LOAD A502S102 Push-switch When pressed, loads the contents of
ADDRESS (momentary action)* | the S-register into the M-register and
P-register, and leaves the computer in
fetch phase.
8 DISPLAY A5025101 Push-switch When pressed, displays in the T-
MEMORY (momentary action)* | register the contents of the core stor-

age location specified by the M-
register. Then advances the P-register
by 1, sets the contents of the
M-register equal to the contents of
the P-register, and leaves the com-
puter in fetch phase.

9 SINGLE A502S100 Push-switch When this switch is pressed, the
CYCLE (momentary action)* computer performs one machine
cycle in the phase indicated on
display panel A501. The address
of the instruction performed is
1 less than the number displayed

in the P-register.

10 SWITCH A502580 Toggle switches Provides the means for manually
REGISTER through entering data, addresses, or instructions
AbB02815 into the computer. The low-order bit

is SWITCH REGISTER switch 0. A
switch is set to the up position for
logic 1, to the down position for logic
0. After a number is entered, one of
the following push-switches is pressed:

a. LOAD ADDRESS.
b. DISPLAY MEMORY.
c. LOAD MEMORY.

d. LOAD A.
e. LOAD B.
11 POWER A502S5109 Lighted push-switch The switch turns the computer on or
and (push-on, push-off) off. The indicator is lighted when the
A502DS109 computer is on, extinguished when the
computer is off.
12 LOADER A502S8110 Toggle switch In the ENABLED position, allows

the program to reference the pro-
tected area in memory where the
binary loader program is stored.

*Inoperative when a program is running,

1-10



Model 2116B
Volume Two

1-22. IDENTIFICATION.
1-23. COMPUTER SERIAL NUMBER.

1-24. The computer is identified by an 8-digit
(000—00000) serial number marked on the rear of the
computer (see figure 1-8). The first three digits are a serial-
number prefix used to indicate design changes. If the seriai-
number prefix on the computer does not agree with the
prefix number on the title page of this manual, look for
manual-change information in Appendix B of this volume
or in a supplement accompanying this volume.

1-25. COMPUTER MODEL NUMBER.

1-26. The computer model number (2116B) is marked
beneath the serial number on the back of the computer.
The model number is also marked on the front door of the
computer.

1-27.  OPTION NUMBERS.

1-28.  On the rear of the computer, beneath the model
number, is marked the identifying number of each factory-
installed optional feature. When optional features are
supplied for installation in the field, the installation instruc-
tions require that the appropriate option number be
marked in the same place as for a factory-installed option.

1-29. To determine the meaning of option numbers,
refer to a Hewlett-Packard sales catalog, or request the

Section I

nearest Hewlett-Packard Sales and Service office to furnish
a list of optional features for the 2116B. (Sales and Service
Offices are listed in the back of this manual.)

1-30. ASSEMBLY PART-NUMBERS.

1-31. The majority of the electronic assemblies in the
computer are plug-in circuit cards. A typical card, of the
type installed in the card cage, is shown in figure 1-9. In the
illustration, the part number is in the upper left corner of
the card. Also shown in the illustration are the identifying
numbers and letters of the card pins, and the means used
for identifying integrated circuits (microcircuits) mounted
on the card.

1-32.  Assemblies other than circuit cards usually are not
marked with their part number. Part numbers for these
assemblies are found in section VI of this volume, where all
electronic assemblies are identified by their location in the
computer and their appearance.

1-33. CIRCUIT-CARD REVISION CODES.

1-34. Marked beneath the part number on each circuit
card is a revision code (see figure 1-9). The first character of
the code is a ietter which identifies the etched-foil patiem
on the card. The next three digits, referred to as a date
code, identify the electrical characteristics of the card with
components mounted. The date coae 1s followed by a 1- or
2-digit number which identifies the Hewlett-Packard division
which manufactured the assembly.

COMPUTER
SERIAL
NUMBER,

MODEL NUMBER,
AND OPTION
NUMBERS.

2019173

Figure 1-8. Rear View of Computer, Showing Identifying Numbers

1-11
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Figure 1-9. Typical Card-Cage Circuit Card

1-35. DOCUMENTATION OF EQUIPMENT IMPROVE-
MENTS.

1-36.  When factory changes are made in the design and
construction of the computer, manuals issued with the
computer cover the changes by means of an updating
supplement.

1-37.  The factory may request that changes be made to
the computer after it is in the field. When instructions are
issued for making such a change, updating supplements or
change sheets are issued for all manuals affected by the
change.

1-38.  STANDARD ACCESSORIES.

1-39.  Standard accessories for the 2116B Computer
consist of a rack mounting kit and an accessory kit (figure
1-10). The accessory kit contains an ac power cable, an
extender card, an extender cable, and a paper-tape loading
instruction card. The rack mounting kit and accessory kit
are furnished with the computer, and need not be ordered
separately.

1-40. RACK MOUNTING KIT.

1-41. The rack mounting kit allows the computer to be
installed in a standard 19-inch equipment rack.

1.12

1-42. AC POWER CABLE.

1-43.  The ac power cable is a heavy-duty electrical cable,
10 feet in length, used for supplying 115-volt or 230-volt
power to the computer. The cable has a 3-prong male
connector, NEMA type 5-15P, for insertion into a NEMA
type 5-15R or 5-20R female connector serving as the source
of ac power for the computer. If local building codes pro-
hibit use of the NEMA 5-15P connector, it must be replaced
with an acceptable type.

1-44. EXTENDER CARD.

1-45. The extender card allows circuit cards in the card
cage to be extended for troubleshooting.

-1-46. EXTENDER CABLE.

1-47. The extender cable allows cards that have a cable
plugged to their 48-pin connector to be used with the
extender card.

1-48. TAPE-LOADING INSTRUCTION CARD.

1-49.  An instruction sheet, encased in clear plastic,
provides information on how to load binary paper tapes
into the computer. The computer is shipped with the
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RACK MOUNTING
KIT (5060-6236)

EXTENDER CARD
(02116-6040)

EXTENDER CABLE
(02115-6047}

AC POWER
CABLE (5060-2267)

TAPE LOADING
INSTRUCTION CARD
(5080-6599)

2019-187
Figure 1-10. Accessory Kit (02116-6296) and Rack Mounting Kit (5060-6236)
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required binary-tapeloader program stored in core memory.
Included on the instruction card is a listing of the loader
program, which may be manually reloaded into the com-
puter if the original stored program is destroyed.

1-60. MAINTENANCE.
1-51.  PRINCIPAL MAINTENANCE FEATURES.
1-52.  Maintenance features for adjusting and servicing

the computer are shown in figures 1-11 and 1-12. A brief
description of each feature is given in table 1-4.

Model 2116B
Volume Two

1-63. MAINTENANCE TOOLS, MATERIALS, AND
EQUIPMENT.

1-54. TOOLS. A standard electronics tool kit will
provide the tools required for normal servicing of the
computer. The kit must include a soldering iron designed
for removing and installing 14-pin integrated circuits, and a
rubber bulb with a suction tube for withdrawing molten
solder. Also required is a torque wrench, capable of indi-
cating 15 inch-pounds, with 3/8-inch, 7/16-inch, and
9/16-inch sockets.

Table 1-4. Computer Maintenance Features

ILLUSTRATION
AND CALLOUT PANEL REFERENCE
NUMBER MARKING DESIGNATION | DESCRIPTION USE

Fig. 1-11 (1,10) - - Card retainer Keeps circuit cards in place.

Fig. 2-11 4 Al121TP1 Test jack Ground-return test point.

+32 A121TP2 Test jack +32 volt supply test point.
+22 A121TP3 Test jack +22 volt supply test point.

Fig. 1-11 (1, 10) +12 Al121TP4 Test jack +12 volt supply test point.

Fig. 1-11 (2) +4.5 A121TP5 Test jack +4.5 volt supply test point.

ng' 13 (z) -2 A121TP6 Test jack -2 volt supply test point.

I;:g 111 ES; -12 A121TP7 Test jack -12 volt supply test point.

Fig. 1-11 (6) -22 A121TP8 Test jack -22 volt supply test point.

Fig. 1-11 (7) INSTRUCTION A501S113 Slide switch Prevents the P-register contents from

Fig. 1-11 (8) being changed, thereby causing the

Fig. 1-11 (9) same instruction to be executed

Fig. 1-11 (11) repeatedly.

PHASE A501S112 Slide switch Causes the computer to remain in
the phase existing at the time the

Fig. 1-11 (12) switch is set.

MEMORY A501S111 Slide switch Turns memory section off. Makes
all memory locations appear as if

Fig. 1-11 (13) containin;yzeroes. ’P

- A300J1 Power connector | AC power input to computer.

Fig. 112 (1) - - Foam air filter Filters cooling air.

Fig. 1-12 (2) - - Foam air filter Filters cooling air.

Fig. 1-12 (3) - - Identification Used to identify computer model

Fig. 1-12 (4) label number and serial number to deter-
mine technical-manual effectivity.
Optional features installed in the
computer are also listed on this
label.

Fig. 1-12 (5) - A300J2% Cable connector | Connector for cable to optional
power supply extender and/or
memory and I/O extender.

*The manual for the 2160A Power Supply Extender refers to this connector on the 2116B as J2.

1-14




Model 2116B
Volume Two

Section I

12

-
-3

2019-188

Figure 1-11. Maintenance Features of Display Board Assembly A501 and Card Cage

1-55. If changes are made to backplane wiring, the
following wiring tools are required:

a. A-MP TERMI-POINT Strip-Fed Service Tool, Amp
part no. 69525-1.

b. A-MP TERMI-POINT Mandrel for above tool, Amp
part no. 69551-1, used with no. 26 wire (American Wire

Gauge), 7 strands, wire insulation thickness 0.022 to 0.045
inches, wiring-post size 0.031 x 0.062 inch.

c. A-MP TERMI-POINT Pull Test Tool, Amp part no.
69358-2, 2.25 1bs test force, for 0.031 x 0.062 inch wiring
post.

d. A-MP TERMI-POINT Extraction Tool, Amp part
no. 69357-3, used for removing Amp 1-330495-5 clip.

1-15
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Figure 1-12. Maintenance Features at Rear of Computer

1-56. In addition to the wiring tools, the following tool
is required if a contact in a backplane socket must be
replaced: A-MP TERMI-TWIST Contact Replacement Tool,
Amp part no. 69514-1, for 0.031 x 0.062 inch wiring post.

1-567.  The A-MP tools may be obtained from Amp Incor-
porated, Harrisburg, Pennsylvania. However, these tools are
rarely required and it may be preferable to have backplane

1-16

wiring work done by Hewlett-Packard service personnel. A
list of Hewlett-Packard Sales and Service Offices is fur-
nished at the back of this volume.

1-568. PARTS AND MATERIALS. Spare parts that may
be required for the computer are listed in section VI of this
volume. Part numbers and ordering information are
included.
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1-59.  Materials and chemicals normally used for elec-
tronics service work must be available to the serviceman.
These must include heat-conductive silicone compound
(Dow-Corning No. 5 Silicon Dielectric Compound, or equiv-
alent).

1-60. SERVICING EQUIPMENT. Equipmeni recom-
mended for maintenance, troubleshooting, and repair of the

Section 1

computer is listed in table 1-5. Equipment equivalent to
that specified may be substituted.

1-61.  FIELD OFFICE ASSISTANCE.

1-62. Shouid servicing assistance be reguired, contfact
the nearest Hewlett-Packard Sales and Service Office. These
offices are listed at the back of this volume.

Table 1-5. Recommended Test Equipment and Servicing Devices

INSTRUMENT CRITICAL SPECIFICATIONS RECOMMENDED HP MODEL
Dual-trace Rise time: < 10 ns. Vertical deflec- HP 180A Oscilloscope with 10004 A
oscilloscope tion: 1 volt/division and 10 volts/ Probe and the following plug-in units:
division (including attenuator probe). . ,
Horizontal sweep speed: 0.1 micro- HP 1801 A Dual Channel Vertical Ampli-
seconds/division to 1 second/division. fier
: HP 1820A Time Base or HP 1821 A Time
Base and Delay Generator
Digital At least 4-digit readout. Minimum HP 3439 A Digital Voltmeter with HP 3441 A
voltmeter input resistance: 10 megohms. Full- Range Selector

AC voltmeter

Multimeter

Logic probe

Variable auto-

scale ranges: 9.999 and 99.99V de.

Expanded-scale or digital-readout type,
capable of reading the ac voitage supplied
to the computer to * 1%. Voltage range
must be at least 100-115 volts (fora 115-
volt computer), or 200-230 volts (for a
230-volt computer).

Accuracy: t 3% of full scale. Full-scale
ranges: 100 mV to 300V (dc and ac),
10 ohms center-scale to 10 megohms
center-scale.

Indication: logic true > +1.4 volts.

Capable of reducing computer input line-

transformer voltage to 98 volts rms (196 volts for a
230-volt computer), and able to furnish the
power required by the computer (1000 to
1600 watts, depending on the optional
features installed).

Centigrade General-purpose type, accurate to

thermometer +1°C.

High-pressure 25-50 psi pressure

air source

Vacuum cleaner

Must have flexible hose with small nozzle,
vacuum port for hose, and pressure port
for hose.

HP 3445A AC/DC Range Unit. (Also per-
forms functions of HP 3441 A Range
Selector listed above. Requires HP 3439A
Digital Voltmeter.)

HP 427A

HP 10525A

None

HP 0440-0004

None

None

NOTES:

1.  The logic probe is optional. Operating voltage for the probe can be obtained from the +4.5 volt test jack on
overvoltage protection assembly A121. Insert a plug into the test jack and connect the probe, using the
alligator clip on the adaptor supplied with the probe. Use care not to cause a short.

2. Ambient-temperature and humidity specifications of test equipment must suit the computer environment.

1-17/1-18
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SECTION I

INSTALLATION

2-1. INTRODUCTION.

2-2.  This section presents instructions for installing the
HP 2116B Computer. Included are procediires for initial
inspection, setting up, and making a performance test of
the computer. Also described are claims procedures and
methods of repacking the computer for shipment.

2-3. INSPECTION OF SHIPMENT.

2-4. The computer and its accessories may be shipped in
more than one container. When the shipment is received,
check the carrier’s papers to ensure that they indicate the
same number of containers that has been received.

2-5.  If external damage to the shipping carton or cartons
is evident, or if a carton is water-stained, ask the carrier’s
agent to be present when the carton is opened.

2-6. When ready to unpack the shipment, open the
carton or cartons, and find the envelope marked
“CUSTOMER RECORDS”. One of the items in this enve-
lope is a list of the equipment shipped. Check this against
the original ordering papers sent to Hewlett-Packard to
ensure that all items correspond.

2-7. Unpack the carton or cartons, and examine each
item for external damage. Look for such things as broken
controls, dented corners, bent panels, and scratches. Also
check the rigid foam-plastic cushioning material (if used)
for signs of deformation which could indicate rough
handling in transit.

2-8.  Open the door of the computer, and check for loose
parts inside the computer. Remove the card cage retaining
serews (shown in figure 1-3), pull out the card cage, and
swing it to the right. Examine the interior of the computer
for loose parts or other signs of damage. Press upward on
the air filters beneath fans A304B2 and A305B3 (figure
1-4) to ensure that the filters are fully seated.

2-9. If the above examination reveals damage to the
computer or its accessories, follow the damage-claim pro-
cedure described in paragraph 2-43. Retain the shipping
containers and packing materials for examination in the
settlement of claims, or for future use.

2-10. Upon completing the inspection for damage in
transit, proceed with a physical inventory of the material
received, as described in the following paragraphs.

2-11. PHYSICAL INVENTORY.
2-12.  MANUALS.

2-13.  Check the manuals furnished with the shipment to
ensure that all manuals listed in the “CUSTOMER
RECORDS” envelope have been received.

2-14. EQUIPMENT.

2.15.  Check the model number marked on the front
door of the computer to ensure that a 2116B has been
received.

2-16.  Check the model number marked on the back of
the computer (figure 1-8) to ensure that a 2116B is indicated.
Also check the serial number on the back of the computer
and the number given in the “CUSTOMER RECORDS*
envelope to ensure that the numbers conform. Compare the
list of optional features marked on the back of the computer
to be sure that it includes all optional features listed in the
“CUSTOMER RECORDS” envelope.

2-17.  Insofar as possible, check to ensure that each equip-
ment item listed in the “CUSTOMER RECORDS” envelope
has been received. In the case of certain optional features, it
may be necessary to refer to the Operating and Service Man-
ual for the optional feature to determine how to identify it.
If an option consists of more than one physical unit, make
sure that all parts have been received.

2-18. PROGRAM TAPES.

2-19.  Check the punched tapes received with the ship-
ment to ensure that all those listed in the “CUSTOMER
RECORDS” envelope have been received.

2-20. INSTALLATION PROCEDURE.
2-21. ENVIRONMENTAL REQUIREMENTS.

2-22. The computer must be installed in a location
where the ambient temperature is 0° to 55° C (32° to
131° F) when the computer is operating. Relative humidity
must be 50 to 95 percent within the temperature range 25°
to 40° C; no moisture condensation, water drips, or spray
can be permitted. When the computer is turned off, the per-
missible temperature range is -40° to 75° C (-40° to 167°F).

2.23.  To maintain proper cooling, there must be at least
two inches of clear space to the rear and sides of the
computer, and three inches above the computer. Clearance
at the back must be at least five inches to permit passage
of cooling air and to prevent sharp bends in cables entering
the computer.

2-1
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A311TB1 AC HIGH
AC NEUTRAL POTENTIAL
[ JUMPERS (115 VOLTS)
U (]
|
EARTH
GROUND
NEMA 5-15R
AC HIGH
AC NEUTRAL POTENTIAL
(115 VOLTS)
A311T1
NOTE: JUMPERS SHOWN CONNECTED FOR EARTH
115-VOLT OPERATION. FOR 230 VOLTS, GROUND
BOTH JUMPERS ARE CONNECTED AS INDICATED
BY DASHED LINES. NEMA 5-20R
2019-149 2019-151
Figure 2-1. Location of Voltage-Change Jumpers Figure 2-2. NEMA 5-15R and 5-20R Female Connector,
Mating Side

2-24. POWER REQUIREMENTS.

2-25. The computer operates from a power source sup-
plying a nominal ac voltage of 115 or 230 volts rms
110 percent, single-phase. The required power frequency is
47.5 to 70 Hz. The power consumption ranges from 1000
to 1600 watts, depending on the optional features included
in the computer. Note that optional features not within the
computer cabinet, and which make separate connection to
the power line, have their own power specifications, and the
power they require is additional to that consumed by the
computer.

2-26. Movable jumpers in the computer permit use of
the 2116B on either 115- or 230-volt power lines. The
computer is shipped with these jumpers connected in
accordance with the customer’s order. However, before the
computer is connected to the power line, the jumpers must
be checked to ensure that they are correctly connected.
This is done as follows:

a. Make sure the computer power cable is not plugged
into a voltage source.

2-2

b. Swing the card cage out of the computer cabinet.

c. Remove the plate covering transformer A311T1,
by pulling out the four white studs in the plate. The plate is
shown in figure 1-4.

d. Locate terminal strip A311TB1. This terminal strip
is mounted on the power transformer, and is the top
terminal strip on the left side of the transformer.

e. Check the jumpers on the terminal strip to ensure
that they are properly connected. (See figure 2-1.)

f. Replace the transformer cover.

2-27. AC POWER OUTLET AND EXTERNAL
GROUND. '

2-28. The ac outlet which will supply power to the
computer must be checked to ensure that it furnishes the
voltage for which the computer is connected. Furthermore,
the ac outlet and its associated wiring and fuses (or circuit
breakers) must be capable of carrying at least 15 amps for a
115-volt computer, or 7 amps for a 230-volt computer.
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2-29. The ac power cable supplied with the computer
fits a NEMA (National Electrical Manufacturers Associa-
tion) type 5-15R or 5-20R female power outlet (figure 2-2).
If the computer is to be installed in a building, make sure
the local electrical codes permit use of this type of elec-
trical outlet for the line voltage and load current used by
the computer. (The 5-15R or 5-20R connector must not be
used for 230-volt operation.) If necessary, change the plug
on the ac power cable to fit an acceptable type of outlet, as
described in paragraph 2-34.

2-30.  Check at the ac outlet with a voltmeter to be sure
the required voltage is supplied, and that it is single-phase.
If the computer is connected for 115-volt operation, the
voltage must be 103.5 to 126.5 volts ac (rms). For 230-volt
operation, the voltage must be 207 to 253 volts ac (rms).
Bear in mind that the electrical load imposed by the com-
puter and its optional features may reduce the line voltage
below its no-load value.

2-31.  If the voltage is in the correct range, check the ac
outlet to ensure that it is correctly wired with respect to
high-potential ac voltage, ac neutral, and earth ground. Use
a low impedance voltmeter, 20,000 ohms per volt or
less, for making these measurements. If the outlet is
improperly wired, correction must be made by a qualified
electrician, and local electrical codes must be observed if
the installation is in a building.

2-32.  If the electrical system has only two wires (that is,
if there is no separate earth ground wire), the computer will
operate with the earth ground lead in the ac power cable
unconnected. However, for safety reasons, it is strongly
recommended that attachment be made to a good earth
ground. This connection must be made through the earth
ground wire in the ac power cable used by the computer.

2-33.  For installation in a ship, airplane, motor vehicle,
or train, the earth ground wire in the computer ac power
cable must be connected to the hull or metal frame of the
vehicle.

2-34. ACPOWER CABLE.

WARNING

If the connector at either end of the
5060-2267 AC Power Cable is changed,
the replacement connector must be cor-
rectly wired to the cable. If the connector
is incorrectly wired, fuse A312F1 in the
computer will not remove voltage from
the computer ac circuits when the fuse
blows. The resulting high voltage at ex-
posed terminals inside the computer pre-
sents a hazard to the computer serviceman.
A similar precaution applies when an
extension cable is used.

2-35.  Check AC Power Cable 5060-2267 to be sure it is
long enough to connect the computer with the ac outlet to
be used. If necessary use a longer cable or add an extension

Section II

cable. Also, make sure the connector on the cable fits the
ac outlet. Any added cabling must have three conductors,
with each conductor no. 14 American Wire Gauge or
heavier, and connectors must be rated at 15 amps or more.

2-36. If an extension cord is used, or if the connector at
either end of AC Power Cable 5060-2267 has been
removed, make sure that fuse A312F1 remains on the
high-potential side of the power line. This is done as
follows:

a. Plug the power cable into the back of the computer.
Do not make connection with the ac power source.

b. Plug the extension cord, if used, into the power
cable. Do not make connection with the ac power source.

c. Extend the card cage.

d. Remove the bottom panel, sifuated beneath the
backplane connectors (figure 1-5). Do this by removing the
screws at the sides of the card cage which hold the panel in
place.

e. Set an ohmmeter to the R x 1 scale, and zero the
meter.

f. Connect one lead of the ohmmeter to the high-
potential prong of the male connector which will plug into
the ac source.

g. Connect the other ohmmeter lead to terminal
A200TB1-9, at the bottom of the card cage. Figure 1-5
shows the location of this terminal strip. Terminal 9 is the
farthest terminal on the strip from the card cage hinges.

h. Check the ohmmeter reading. If an open circuit is
indicated, press the POWER switch (A502S109) on the
control panel assembly. When the POWER switch is closed,
the ohmmeter reading should be approximately zero (see
figure 2-3). If the reading is approximately two ohms or if
it is infinity, the power cable connections are incorrect.
Make the necessary corrections as described in step “m”
below.

i. If the preceding test is satisfactory, press the
POWER switch once. The ohmmeter should indicate
infinity. If the reading is not infinity, the power cable
connections are incorrect.

j. If the preceding step is satisfactory, remove the
ohmmeter lead from the high potential prong of the power
connector, and connect it to the ac neutral prong of the
connector.

k. Check the ohmmeter reading. Approximately two
ohms should be indicated. If the resistance is zero or
infinity, the power cable connections are incorrect.

1. If the preceding step is satisfactory, check the resist-
ance between the earth ground prong of the power con-

2-3
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MUST BE CONNECTED AS SHOWN, PLACING FUSE
A312F1 ON THE HIGH POTENTIAL SIDE OF THE
LINE.

2. d7 THIS SYMBOL INDICATES CONNECTION
TO THE COMPUTER FRAME.

PART OF
A5025109
3
A30041
(MATING SIDE) A200TB1 - — _
SEE NOTE 1 200 8 T——7-o A200TB1-9
| AC NEUTRAL Azxac')o:; 1
PP S
AC HIGH (COPPER) A312FL1A A312F1
POTENTIAL )
{BRASS) N
=& A300C1A A312C2A Fesiiol
(BRASS) T T TO POWER
> TRANSFORMER
AND FANS
A300C1B T A312C28
-I Y\ P -
A312FL1B "/
NOTES:
1 WARNING. FOR SAFETY REASONS, THE AC LINE

2019-150

Figure 2-3. AC Distribution Diagram

nector and the frame of the computer. Zero ohms should
be indicated. If the reading is infinity, the power cable is
incorrectly wired.

m. If any of the preceding measurements is incorrect,
make the necessary changes in connector wiring. If an
extension cord is used, change connections in one of the
extension-cord connectors, rather than in the factory-wired
5060-2267 AC Power Cable. After making the correction,
repeat the entire check procedure, starting with step e
above.

n. After completion of the test, replace the
bottom panel.

2-37. MOUNTING.

WARNING

If the 2116B is mounted in a rack which
has slide-out drawers, heavy doors, or
heavy protruding devices, the rack must
be bolted to the floor or heavily weighted
at the base. Otherwise, when the 2116B
card cage is extended, there is danger of
the rack tipping forward. This possibility
does not exist when the 2116B is placed
on a bench or table top.

2-38. The computer is designed either for bench instal-
2-4

lation or for mounting in a standard 19-inch equipment
rack. When installed on a shelf, bench, or table, the com-
puter need not be fastened down except for shipboard,
aircraft, or other mobile use. For these mobile installations,
shock mounts must be used. When installed in a rack,
mount the computer in accordance with the instructions
included in the rack-mounting kit. The entire rack must be
shock mounted in mobile installations.

2-39.  After the computer has been mounted, install and
connect optional devices which are external to the
computer. (Internal devices are factory-installed.)

2-40. Set the LOADER switch to the PROTECTED
position and connect the computer and external devices to
the ac power source. Then perform steps a, f, and g of para-
graph 5-24. When this has been completed, make a perform-
ance check of the computer and all optional features as
explained in the next paragraph.

2-41. PERFORMANCE CHECK.

2-42. The performance check of the computer consists
of two parts. The first part is a pretest checkout of com-
puter controls and program-loading ability. This is referred
to as the basic checkout. The second part is a performance
test, using diagnostic programs. Instructions for both the
basic checkout and diagnostic test are given in section IV of
this volume. Performance checks of optional devices are
described in the manuals for the devices.
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2-43. CLAIMS.

2-44.  If the computer is incompiete or damaged when
received, or if it fails to meet specifications, notify the
nearest Hewlett-Packard Sales and Service Office. (Sales and
Service Offices are listed in the back of this volume.) If
damage occurred in transit, notify the carrier also. Hewlett-
Packard will arrange for replacement or repair without
waiting for settlement of claims against the carrier.

2-45. REPACKAGING FOR SHIPMENT.
2-46.  SHIPMENT USING ORIGINAL PACKAGING.

2-47.  The same containers and materials used in factory
packaging can be used for reshipment of the computer.
Alternatively, containers and packing materials may be
obtained from Hewlett-Packard Sales and Service Offices. If
the computer is being sent to the factory for servicing,
attach a tag to the computer with the return address and
indicating the type of service required, the computer model
number, and the fuil serial number of the computer. Mark
the container “FRAGILE” to assure careful handling. In
any correspondence, refer to the computer by model num-
ber and full serial number.

2-48. SHIPMENT USING NEW PACKAGING.

2-49. The following instructions should be followed
when packaging the computer with commercially available
materials:

a. Wrap the computer in heavy paper or sheet plastic.
If shipping the computer back to the factory, first attach a
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tag to the computer with the return address and indicating
the type of service required, the computer model number,
and full serial number.

b. Use a strong shipping container. A double-wall car-
ton of 350-pound test material is adequate.

c. Use enough shock absorbing material (3- to 4-inch
layer) on all sides of the computer to provide a firm
cushion and to prevent movement inside the container. Use
particular care to protect corners, the control panel, and
the display panel.

d. Seal the shipping container securely, and mark it
“FRAGILE”.

e. In any correspondence with the factory, refer to
the computer by model number and full serial number.

2-:50. WARRANTY.

2-51. The terms of the warranty for the HP 2116B
Computer are described in the warranty notice inside the
front cover of this manual. For any additional information
concerning the warranty, contact the nearest Hewlett-
Packard Sales and Service Office.

2-5/2-6
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SECTION I

THEORY OF OPERATION

3-1. INTRODUCTION.

3-2.  This section explains the theory of operation of the
2116B Computer. The discussion is conducted at the
block-diagram level, with circuit-diagram analysis of com-
plex nondigital circuits. Complex logic circuits are also
given detailed treatment in this section. However, complete
coverage of logic circuits is reserved for section IV of this
volume, where troubleshooting charts together with the
logic diagrams in section V present a fully detailed view of
computer functioning. Throughout the theory discussions
the term “‘current flow”’ refers to electron flow.

33. REFERENCE INFORMATION.

3-4. The following paragraphs present general infor-
mation which is required for understanding the theory
discussions in this section.

3-5. ABBREVIATIONS.

3-6.  Abbreviations of flip-flop names, and abbreviated
designations of signals, are defined in table 5-7.

3-7.  BINARY VOLTAGE LEVELS.

3-8. The binary signal levels in the computer are
approximately +2.3 volts and +0.2 volts. The levels may
vary from these approximate amounts, depending on the
type of integrated circuit providing the signal, its condition,
and its load. The minimum and maximum input and output
voltages for each type of integrated circuit are specified in
table A-7.

3-9. In this manual, the +2.3 volt logic level is referred
to by term “true”, and the +0.2 volt level is referred to as
“false”.

3-10. LOGIC CIRCUITS.

3-11.  The logie circuits principally employ positive logic.
That is to say, all inputs to an “and” or “nand” gate must
be +2.3 volts for coincidence to occur. Similarly, if any
input to an “or” or “nor” gate is +2.3 volts, the output is
+2.3 volts for an “or” gate or +0.2 volts for a “nor” gate.
The output from the “set” side of a flip-flop is approxi-
mately +2.3 volts when the flip-flop is set, and +0.2 volts
when the flip-flop is reset.

3-12. The logic symbols used in this manual are
described in appendix A.

3-13.  SIGNAL NAMES.
3-14.  Signals are named in one of the following ways:
a. As a condition which either exists or does not exist.

b. In accordance with the name of a flip-flop or panel
switch which is the source of the signal.

c. In accordance with the name of the bus which
carries the signal.

d. As a command or order, expressed in the imperative
grammatical mode.

3-15.  Since most circuits in the computer employ posi-
tive logic, signal names are positive-true. The following
paragraphs describe the expression ““positive-true name” as
applied to each of the four types of signal names.

3-16.  When a signal is named in accordance with a con-
dition, the signal level is +2.3 volts when the condition
exists, and +0.2 volts when the condition does not exist.
For instance, the MRT signal is +2.3 volts during memory
read time, and +0.2 volts at other times. Similarly, the
“not” OPO signal is +2.3 volts when a one-phase instruction
is not being performed.

3-17. When a signal is named in accordance with the
flip-flop which is its source, the signal taken from the set
side of the flip-flop is +2.3 volts when the flip-flop is in the
set condition, and +0.2 volts when the flip-flop is in the
reset condition. For instance, when the Flag Buffer FF is in
the set state, the FBFF signal is +2.3 volts.

3-18.  When a signal is named in accordance with the bus
which carries it, the signal is +2.3 volts when the bus carries
alogic 1, and +0.2 volts when it carries a logic 0.

3-19.  When a signal is named in the imperative mode, it
becomes +2.3 volts to bring about the action commanded.
For instance, the Flag FF is cleared when the CLF (clear
flag) signal changes from +0.2 volts to +2.3 volts.

3-20. FUNCTIONAL SECTIONS.

3-21.  From a functional standpoint, the computer con-
sists of five sections. These are the control section, arithme-
tic section, memory section, input/output section, and
power supply section. Various optional devices can
augment these sections by extending their capabilities. The
circuit theory of the optional features is dealt with in the
technical manual for the device concerned.
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3-22.  The physical grouping of electronic assemblies in
the computer corresponds to the functional sections. As
figure 1-3 shows, the circuit cards for the memory, control,
arithmetic, and IfO sections are grouped together in the
card cage in accordance with function. On the back of the
card cage (figure 1-5), behind the memory cards, the core
stack assembly is mounted. The power suppiy is instalied in
the back of the computer cabinet. Controls and indicators
for the various functional sections are mounted on the door
assembly (figures 1-6 and 1-7).

3-23.  Figure 3-1 illustrates the internal makeup and
functional relationships of the five major computer
sections.

3-24. CONTROL SECTION.

3-25.  The control section directs the overall functioning
of the computer. The control function is exerted by pulse
signals which result from decoded instruction words read
from the memory section. These control signals are fur-
nished at a rate, and have a duration, that is determined by
the timing circuits.

3-26.  TIMING CIRCUITS.

3-27. The timing circuits consist of the basic timing
circuits and the memory timing circuits. These are
described in the paragraphs which follow.

3-28. BASIC TIMING CIRCUITS. The hasic ‘timing
circuits make up part of timing generator card A106. They
consist of an oscillator, a frequency divider, time-strobe
generator circuits, and a time period generator. These are
illustrated in block diagram form in figure 3-2, and
described in the following paragraphs.

3-29.  Oscillator. A crystal-controlled Colpitts oscillator,
consisting of transistor A106Q1 and its associated com-
ponents (figure 3-3), produces a 10-MHz signal which is the
fundamental timing element within the computer. The out-
put of the oscillator is amplified by A106Q2, buffered by
A106Q3, and furnished to the frequency divider. The out-
put of A106Q3 is shown in figure 4-16.

3-30.  Frequency Divider. The frequency divider consists
of flip-flops CF1 and CF2 (figure 3-4). The J and K inputs
to each of these flip-flops are connected to 4.5 velts. The
flip-flops therefore function as divide-by-two counters, each
triggered by a negative-going input to pin 1. The CF1 FF
receives the output of the 10-MHz oscillator, and furnishes
a square wave with a period of 200 ns. The CF2 FF receives
this signal, and provides a square wave with a period of
400 ns. (See figure 4-15.)

3-31. Two “and” gates combine the outputs of the CF1
and CF2 FFs to produce the CL1 and CL2 signals. (See
figure 4-15.)

3-32. Time_ Strobe Circuits. The time strobe circuits
(figure 3-4) produce two signals, TS and TSA. The
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signals occur simultaneously, and have a duration of 45 to
50 ns. The TS puilse is used in the control and arithmetic
sections when a short pulse, synchronized with computer

timing, is required. The TSA pulse is used for the same

purpose by certain optional devices. The timing of TS and
TSA, relative to other computer timing pulses, is illustrated

A

in figure 4-15.

3-33. The TS and TSA pulse are produced by the “not”
output of the CF1 FF, “anded” with the same signal
delayed approximately 50 ns. The delay results from
capacitor A106C6, the value of which is selected to pro-
duce the required wait after the CF1 FF becomes reset. The
termination of the TS and TSA pulses occurs when the
CF1 FF is set.

3-34. The two “and” gates A106MC42A and
A106MCT75B perform corresponding functions for the TS

"and TSA signals, respectively.

3-35.  If a component in the discharge path of A106C6 is
changed, it may also be necessary to change the capacitor
itself in order to retain the required 45-50 ns duration of
TS and TSA. (Components in the discharge path are
A106MC52A, A106MC52B, and A106MC52R2.) The value
of A106C6 typically ranges between 100 and 180 pF.

3-36.  Time Period Generator. The time period generator
consists of a ring counter and associated “and” gates (figure
3-5). The unit produces eight basic pulses, synchronized
with the 10-MHz oscillator, and used for timing purposes
throughout the computer. These pulses are referred to as
clock pulses, and are designated “T0” through “T7”. They
are furnished in the sequence in which they are numbered,
with each pulse rising as the preceding one falls. After pulse
T7, pulse TO is again produced without interruption of the
sequence. Each pulse has a duration of 200 ns. The eight
pulses, lasting for 1.6 microseconds, make up the basic
machine cycle of the computer. This cycle starts at the
beginning of pulse T0, and ends at the end of pulse T7.

3-37.  As well as identifying the clock pulses, the terms
“T0” through “T7” designate the time periods correspond-
ing to the pulses. For example, time period T3 is the time
during which the T3 pulse is true.

3-38.  In addition to the TO through T7 pulses, the time
period generator also produces double-length pulses, lasting
for 400 ns. These are named in accordance with the two
sequential clock pulses during which they are furnished.
For instance, the TOT1 pulse is true during time periods TO
and T1.

3-39.  One more pulse produced is the T7S pulse, which
is true during the last quarter of time period T7.

3-40. The various pulses furnished by the time period
generator are included in figure 4-15. The T6 pulse is used
only by cards A109 and A110, which comprise the optional
Extended Arithmetic Unit. Microcircuits on these two cards
contain TTL gates which receive the T6 pulse. The input
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circuits to the gates furnish resistive paths to -2 volts.
These resistances function as pull-down resistors, required
for development of the T6 pulse. If the A109 and A110
cards are not installed, the absence of pull-down resistors
results in the T6 pulse remaining permanently true.
3-41.  The ring counter consists of eight latch flip-flops.
Of these, two are set at any given time, and the remaining
six are clear. The two set flip-flops are always adjacent to
each other (as the flip-flops are shown in figure 3-5), except
that once during each cycle the two set flip-flops are the
T7TO FF and the TOT1 FF.

3-42.  The ring counter is operated by the CL1 and CL2
signals, which trigger alternate flip-flops in the counter.
From the CL1 and CL2 waveform in figure 4-15, it can be
seen that the flip-flops operate in a leap-frog fashion. That
is, the positive-going edge of each CL1 and CL2 pulse clears
the trailing flip-flop of the two that are set, and sets the
flip-flop immediately ahead of the other flip-flop.

3-43. When power is applied to the computer, the flip-
flops in the ring counter assume a random state. Within one
machine cycle (four CL1 pulses and four CL2 pulses), the
ring counter is in the required condition, with two adjacent
flip-flops set and the remaining flip-flops clear. At this time
the clock pulse furnished is T6, and for this reason the
clock pulses in figure 4-15 begin with T6. The circuits
which bring about the initial condition are the following
A106 “nand” gates: MC124A, MC124B, and MC62C. The
“nand” gate MC104A is enabled only during an ISZ
instruction; operation of this gaté is dealt with in the
explanation of the ISZ instruction in section I'V.

3-44. MEMORY TIMING CIRCUITS. The memory
timing circuits, on timing generator card A106, provide
pulse signals for controlling the transfer of data to and from
the core stack assembly. The signals are generated from
clock pulses, panel controls, and pulses received from the
instruction decoder. Through the use of gates, the memory
timing circuits produce from these inputs the required
pulses for controlling core-memory writing and reading.
Since the memory timing signals are produced by simple
gating circuits, detailed discussion of the circuits is
unnecessary. It should be noted, however, that the MWL
pulse remains permanently true if neither of the following
cards is installed: card A3 (Parity Error Option) and card
A21 (Memory Protect Option). As with the T6 pulse, pull-
down resistors on the optional cards are required for pro-
duction of the MWL pulse.

3-45. CONTROL SECTION REGISTERS.

3-46.  The registers in the control section are the transfer
register (T-register), memory address register (M-register),
program address register (P-register), and instruction regis-
ter (I-register).

3-47. T-REGISTER. The T-register receives 16-bit words
which will be stored in, or which have been read from, the
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core memory section (see figure 3-1). The various stages of
the T-register are on four arithmetic logic cards, with refer-
ence designations A102, A103, A104, and A105.

3.48. M-REGISTER. The M-register specifies the core
memory address in which a word will be stored, or from
which a word will be retrieved (see figure 3-1). The various

stages of the M-register are on arithmetic logic cards A102,
A103, A104, and A105.

3-49. P-REGISTER. The P-register specifies the core
memory address from which the next instruction word will
be read (see figure 3-1). When the P-register contents are
used, they are gated onto the R bus, passed through the
arithmetic gates, and gated into the M-register. From here,
the address is forwarded to the memory section. The
various stages of the Pregister are on arithmetic logic cards
A102, A103, A104, and A105.

3-50. I-REGISTER. The I-register is a 6-bit register
which receives bits 15 through 10 of each instruction word
read from the core memory section (see figure 3-1). The
I-register holds these bits while they are decoded by the
instruction decoder. The register is on instruction decoder
card A107.

3-51. INSTRUCTION DECODER.

3-52.  The instruction decoder examines each instruction
word read from the memory section, and produces control
pulses in accordance with the type of instruction indicated.
These pulses activate flip-flops, gates, and registers in the
memory, arithmetic, control, and I/O sections to bring
about the functions required by the instruction.

3-53.  When an instruction word is read from the mem-
ory section, it is placed in the T-register (see figure 3-1).
Bits 15 through 10 are forwarded to the 6-bit I-register, and
from there to the instruction decoder. Bits 9 through 0 of
the T-register are furnished directly to the instruction
decoder.

3-54.  During the course of each instruction, the instrue-
tion decoder gates register contents onto the R bus or S
bus, loads registers from the T bus, and activates the arith-
metic gates to bring about the required functions.

3-55.  In the case of a memory reference instruction, the
instruction decoder brings about the reading of the required
word from the memory section. This is done by activating
the memory timing circuits with appropriate control pulses.
The word read is placed in the T-register. This destroys the
instruction word itself. However, six bits of the word
remain in the Lregister. These bits, together with various
flip-flops set earlier in the instruction, control the computer
during the remainder of the instruction.

3-56.  The instruction decoder is on instruction decoder
card A107 and shift logic card A108.
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3-57. PHASE GENERATOR.

3-58. The phase generator produces four pulse-type
signals which determine the basic function performed by
the computer during each 1.6-microsecond machine cycle.
The four signals are named phase 1, 2, 3, and 4, in accord-
ance with the four types of machine cycle. These machine
cycles serve the following purpose:

a. Phase 1, referred to as the fetch phase, is the
machine cycle in which an instruction word is obtained
from the memory section. This is the first phase of each
instruction, and in some cases the entire instruction is
completed during this machine cycle.

b. Phase 2, called the indirect phase, is used when
indirect addressing is indicated by the instruction word.
(Bit 15 of the word, when logic 1, specifies indirect
addressing.) Indirect addressing is used only with memory
reference instructions. In instruction words of this type,
bits 9 through 0 normally are an operand address in the cur-
rent page. With indirect addressing, however, the 16-bit
word in the memory location indicated by these bits is
itself used as an address. Another reference is then made to
the memory section to obtain the operand. In this case,
15 bits are available for specifying the address; therefore
any page can be referenced. The computer is in phase 2
for the machine cycle during which the 15-bit address word
is used. Multiple-step indirect addressing is also possible. If
bit 15 of the word obtained during phase 2 is logic 1,
another phase 2 machine cycle is performed, and the word
acquired in the first phase 2 is used as the address from
which another address word is obtained. Phase 2 machine
cycles continue until a word is acquired in which bit 15 is
logic 0. This word is the address of the operand, and a final
phase 2 is performed fo acquire this operand.

c. Phase 3, the execute phase, is a machine cycle in
which the computer operates as indicated by the instruc-
tion word acquired in the preceding fetch phase.

d. Phase 4, the interrupt phase results from an
interrupt by an I/O device. Phase 4 suspends the computer
program for performance of an instruction stored at the
core location corresponding to the type of interrupt.
Another use of phase 4 is for the execution of a program
jump when ac line voltage fails.

3-59.  An additional phase, phase 5, is used by the direct
memory access system. Since DMA is an optional feature,
phase 5 is explained in the Operating and Service Manual
for DMA.

3-60. Phase 2, if performed, follows phase 1 or a prior
phase 2. Phase 3 follows phase 1 or phase 2. The last phase
of an instruction is phase 1 (for a single-phase instruction),
or phase 3 (for a multiple-phase instruction). Phase 4 can
come between any two phases.

Section III

3-61. Lamps on display board assembly A501 light when
the computer is in the fetch, indirect, or execute phase.
Because of the speed of operation of the computer, these
lamps serve a useful function only when the computer is
stopped or when it is being stepped with the SINGLE

CYCLE switch.

3-62. The phase generator is on timing generator card
A106.

3-63. ARITHMETIC SECTION.

3-64. The arithmetic section of the computer performs
the addition, subtraction, or other data manipulation for
each instruction requiring such operations. The data ma-
nipulation is performed by three major circuit groups: the
accumulators, the computational registers, and the arithme-
tic gates. (See figure 3-1.)

3-65. ACCUMULATORS.

3-66. The computer has two. accumulators: the
A-register and the B-register. Each accumulator holds a
16-bit data word before during, and after data manipulation
is performed on the word.

3-67. Normally, only one accumulator is used during the
course of an instruction, the accumulator in use being
specified by the instruction word. However, the other
accumulator can be addressed in the same manner as a core
storage location, thereby permitting inter-accumulator
operations. For instance the contents of the A-register can
be compared with the contents of the B-register, using a
single instruction. Also, either accumulator can be addressed
by an instruction which does not involve the other
accumulator. In this type of operation the data in the
addressed accumulator is treated as if it were in a core

3-68.  The address of the A-register is 00000 (octal). The
address of the B-register is 00001 (octal).

3-69.  The various stages of the two accumulators are on
arithmetic logic cards A102, A103, A104, and A105.

3-70. COMPUTATIONAL REGISTERS.

3-71.  Three 1-bit computational registers aid in perform-
ing data manipulation and recording the results obtained.
The registers are the Overflow, Extend, and Carry FFs. The
Overflow FF is used to hold control information, and to
record positive arithmetic overflows from the accumulators.
The Extend FF detects negative arithmetic overflows from
the accumulators, and links the two accumulators during
rotate instructions. The Carry FF detects and stores certain
control and bit conditions.

3-72.  Lamps on dispiay board assembiy A501 light when
the Overflow or Extend FF is set.

3-7
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3-73. The Overflow, Extend, and Carry FF’s are on
shift logic card A108.

3-74.  ARITHMETIC GATES.

3-75.  The principal data-manipulations in the computer
are performed by the arithmetic gates (figure 3-1). The
gates use timing and control signals to regulate the transfer
of data from the R and S buses to the T bus. In doing this,
the gates can perform any of the following arithmetic
operations:

a. Add the number on the R bus to the number on the
S bus.

b. Add 1 or 2 to the number on the R bus.

¢. Combine the number on the R bus with the number
on the S bus, using any of the following logic functions:
“and”, inclusive “or”, exclusive “or”.

d. Complement the number on the R bus.

e. Shift the number on the R bus to the right one
position, to the left one position, or to the left four
positions.

f. Transfer data unchanged from the R or S bus to the
T bus.

3-76.  After passing through the arithmetic gates, data
can be loaded into the T-register, P-register, M-register,
A-register, or B-register, or Overflow FF.

3-77. MEMORY SECTION.

3-78. The 2116B memory section employs a core
storage unit of the conventional -coincident-current
parallel-readout type. In its basic configuration, the com-
puter has one 8,192-word (8K) core stack assembly. As an
optional feature, one more 8K core stack assembly can be
installed in the computer cabinet. Furthermore, one or two
additional 8K core stacks can be added to the system in a
cabinet external to the computer.

3-79.  The discussion which follows deals with 2 memory
section incorporating either one or two 8K core stack
assemblies. For the circuit theory of systems which include
one or two additional stacks (24K or 32K systems), refer to
the Operating and Service Manual for the 2150B Input/
Output and Memory Extender.

3-80. The core stack assembly includes provisions for
storing a parity bit with each word. Use of this feature is
optional, and the circuit theory is covered in the Operating
and Service Manual for the 12591A Parity Error Option.

3-81.  Before reading the theory discussion of the
memory section, the reader must be familiar with the
principles of core storage memories. An explanation of
this type of storage device can be found in most text books
dealing with the basics of digital computers.

3-8
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3-82. CORE STACK ASSEMBLY.

3-83. The 8K core stack is made up of a diode matrix,
and ferrite cores which provide 8,192 word-storage
locations. The diode matrix, at the top of the assembly,
consists of 256 diodes on a mounting board. Below this are
five additional mounting boards with core matrices installed
on the top and bottom of each board. The construction is
such that for each word there is more than one core on a
physical plane. -

3-84. Each word-location in the core stack assembly
consists of 17 ferrite cores. Of these, 16 are used for storing
a data word, while the remaining core is reserved for a
parity bit. If the parity-check feature is not installed, the
17th core remains unused.

3-85. ORGANIZATION OF DATA.

3-86. The word-locations in the core stack assembly are
divided into two 4K groups, referred to as the upper
module and lower module. In the basic 8K core stack assem-
bly, word-ocations in the lower module are assigned
addresses from 00000 through 07777, while the upper
module contains locations 10000 through 17777. The terms
“lower” and “‘upper” refer to the octal addresses pertaining
to the two modules, rather than the physical relationship
of the modules.

3-87.  Each 4K module is divided into four “pages”, each
consisting of 1,024 words.

3-88.  Figure 3-6 shows the octal addresses in each

a anmd

module and page.

1ST 8K
CORE STACK

2ND 8K
CORE STACK

[~ 00000 to 01777
02000 to 03777
04000 to 05777
L- 06000 to 07777

20000 to 21777
22000 to 23777
24000 to 25777
26000 to 27777

LOWER MODULE
4,096 WORDS -
(4 PAGES)

™ 10000 to 11777
12000 to 13777

30000 to 31777
32000 to 33777

UPPER MODULE

4,096 WORDS
14000 to 15777 34000 to 35777
(4 PAGES)
L_ 16000 to 17777 36000 to 37777
2019-179

Figure 3-6. Organization of Data in Core Stack Assembly
3-89. MEMORY READ OPERATIONS.

3-90. When a word is to be read from the core stack
assembly, its address is first placed in the 16-bit M-register
(refer to figure 3-1). The address is then forwarded to the
memory section, the word is acquired from the specified
word-location, and the T-register receives the word read.
This operation is performed for each of the three basic
types of readout operation, which are as follows:

a. Readout of a word for display in the T-register.

b. Readout of an instruction word to be performed by
the computer.

c. Readout of an operand which will be used by the
program.
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3-91. READOUT FOR DISPLAY. When a word is to be
displayed in the T-register the computer must not be
running, otherwise the word will not remain in the register
long enough for visual perception. The readout for display
is brought about by seiting info the SWiTCH REGISTER
switches the address of the required word. Then the LOAD
ADDRESS switch is pressed, followed by the DISPLAY
MEMORY switch. When the LOAD ADDRESS switeh is
pressed, the number in the switch register is placed on the S
bus. From there it passes unchanged through the arithmetic
gates, and is loaded into the M-register. :

3-92. Next, the DISPLAY MEMORY switch is pressed.
The address decoding gates in the memory section decode
the contenis of the M-register, and the word at the specified
address is read from memory, sensed by the sense ampli-
fiers, and placed in the T-register. The word is then avail-
able for visual inspection in the T-register display lamps.

3-93. The memory readout operation leaves zeros in the
16 ferrite cores at the addressed location. Therefore, it is
necessary to rewrite the word in these cores. This is done
immediately after the memory readout has taken place, and
occurs without manual intervention by the operator.
Immediately after the memory readout operation the
M-register still indicates the addressed location, and the
memory timing circuits restore the word in the memory
section by attempting to store logic 1 in each bit position
of the addressed word-location. However, the inhibit
circuits prevent this in the ferrite cores that originally
contained logic 0. The word that was read out is in the
T-register, and from this word the inhibit circuits determine
the cores that must remain in the logic O state.

3-94. INSTRUCTION-WORD READOUT. The second
type of memory readout occurs when the computer
acquires an instruction word to be performed by the
program. The P-register contains the address of the instruc-
tion, and at the start of each phase-1 machine cycle the
P-register contents are gated onto the R bus, passed through
the arithmetic gates, and loaded into the M-register (figure
3-1). When the address passes through the arithmetic
gates, logic 1 is added to the number. As well as being
loaded into the M-register, the modified address is placed
in the P-register in preparation for acquisition of the next

instruction word.

3-95. When the address of the instruction word to be
acquired is loaded into the M-register, it is decoded in the
memory section, and the word is read from its memory
location and rewritten as before. In this case, after the word
is placed in the T-register, bits 15 through 10 are forwarded
to the I-register, and the I-register and T-register contents
are decoded to determine the kind of instruction to be
performed. ‘

3-96. In the type of memory readout previously
described, a word was acquired from the memory section
for display purposes. This operation was not followed by
decoding of the word by the instruction decoder. It is the
decoding process which brings about actions in the com-
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puter under control of the instruction, and this is the
distinguishing feature between words treated as data and
words which are handled as instructions. The difference in
the way words are treated after they are read from the
memory section is controlled by the phase generator.

3-97. OPERAND READOUT. The third method of
addressing a core memory location is used by memory
reference instructions. Instructions of this type acquire an
operand from the memory section, and perform an arithme-
tic or logic operation using the operand. The operand word
is acquired either by direct addressing or by indirect
addressing, as designated by bit 15 of the instruction word.
If bit 15 is logic 0, the operand is acquired from the
memory section by direct addressing. If the bit is logic 1,
indirect addressing is employed. '

3-98.  Direct Addressing. When direct addressing is used,
the computer enters phase 3 (the execute phase) after
acquiring the instruction word in phase 1. In phase 3 the
operand is acquired from the memory section, and acted
upon in accordance with the type of instruction being
performed.

3-99.  When direct addressing is used, the operand must
be obtained either from memory page zero, or from the
same memory page in which the instruction word is
located. Bit 10 of the instruction word identifies the page
to be used, logic O indicating page zero and logic 1 the
current page.

3-100.  When the instruction word is acquired from the
memory section, it is placed in the T-register (figure 3-1).
When the word is decoded and found to be a memory
reference instruction, bits 9 through 0 of the T-register are
gated onto the S bus, passed unchanged through the arith-
metic gates, and are loaded into the M-register. This takes
place near the end of phase 1. If the memory page being
referenced is the current page, positions 15 through 10 of
the M-register retain the contents they had when the
instruction word was acquired. These bits designate the
core stack, module, and page to be referenced, and since
they remain unchanged, the operand is obtained from the
page in which the instruction word is stored. If bit 10 of
the instruction word indicates page zero, bits 15 through 10
of the M-register are cleared, and page zero of the basic core

stack assembly is referenced.

3-101.  After the M-register is loaded, the computer
enters phase 3, and the referenced word is acquired from
the memory section and placed in the T-register. The use
then made of the operand depends on the type of instruc-
tion being performed.

3-102.  Indirect Addressing. With indirect addressing, the
instruction word is acquired from the memory section and
placed in the T-register as before. The M-register is also
loaded with the operand address in the same manner as for
direct instruction addressing. However, because bit 15 of
the instruction word is logic 1, the computer enters
phase 2 (the indirect phase) after the completion of phase
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1. In phase 2 the referenced word is acquired from page
zero or the current page and placed in the T-register as
before. However, the word acquired is not treated as an
operand to be operated on by the instruction, nor is it
handled as an instruction word. Instead, it is forwarded to
the M-register and treated as an address word. This time,
bits 14 through 0, rather than 9 through 0, are routed
from the T-register to the M-register. Consequently, any
address in any of the core stack assemblies can be
referenced.

3-103. When the word is acquired from the memory
section during phase 2, it is placed in the T-register in the
normal way. Bit 15 of the word is then checked to deter-
mine whether another indirect addressing operation is to be
performed. If bit 15 is logic 1, the new word is treated as an
address word, the word is forwarded to the M-register, and
another phase 2 machine cycle is performed. The computer
continues to perform phase 2 machine cycles until a word is
acquired in which bit 15 is logic 0. The computer then
enters a phase 3 machine cycle, and the word acquired in
the last phase 2 cycle is treated as an operand.

3-104. MEMORY WRITE OPERATIONS.

3-105. Memory write operations are very similar to
memory read operations. First, bits 9 through 0 of the
instruction word are routed from the T-register to the
M-register. M-register bits 15 through 10 are cleared if page
zero is being referenced. Following this, the word to be
written is gated onto the T-bus and loaded into the
T-register. Then, the word currently stored in the addressed
memory location is read out by placing the ferrite cores at
that location in the zero state. However, instead of being
placed in the T-register, the word read from the memory
section is discarded. (That is, no flip-flops are set by the
pulses from the sense amplifiers.) Finally, the word former-
ly placed in the T-register is written in the addressed
location. This is done in the same manner as rewriting a
word that has been read out of the memory section.

3-106. DETAILED DISCUSSION OF MEMORY
SECTION.
3-107. BLOCK DIAGRAM ANALYSIS. When memory

reading or writing is performed, the address decoding gates
(figure 3-1) examine bits 11 through O of the M-register to
determine the word-location to be referenced. These 12 bits
can indicate any octal address from 0000 through 7777,
corresponding to the 4,096 locations in the lower or upper
module of the core stack assembly.

3-108.  Bits 11 through 6 of the M-register indicate the Y
drive-line to be used (see figure 3-7). These bits are decoded
to yield their octal equivalent, in the form of two octal
digits. Bits 11, 10, and 9 give the most-significant-digit
(MSD), and bits 8, 7, and 6 give the least-significant-digit
(LSD). Together, these two digits identify one of the 64 Y
drive-lines in the core stack assembly.

3-109.  Bits 5 through 0 of the M-register are decoded in
a manner similar to that used for bits 11 through 6, to yield
a 2-digit octal number identifying the X drive-line.

3-10
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Figure 3-7. Significance of M-register Contents

3-110.  Bits 14 through 12 of the M-register are also
examined in the memory section to identify completely the
memory location to be referenced. Bit 12 identifies the
module, logic 0 indicating the lower module and logic 1
the upper module. Bits 13 and 14 designate the core stack
assembly, if more than one is installed.

3-111.  Y-Line Selection. Figure 3-8 illustrates in block
diagram form the selection of the Y-line for core stack
assembly A400. The address decoding gates shown in the
diagram receive bits 11 through 9 or 8 through 6 of the
M-register. Each set of three bits results in an output pulse
from one of the eight gates to which the bits are furnished.
The YO/1 signal is an enable pulse, and is always present
when decoding takes place for memory module 0 or 1.
These are the lower and upper modules in core stack
assembiy A400. For core stack assembly A401 (if used) the
corresponding signal is Y2/3. These two signals determine
which of the two Y driver/switch cards will be used, and
thereby determine the core stack to be addressed.

3-112. As a result of the decoding process, a pulse is
furnished to one of the eight drivers and another pulse to
one of the eight switches. Thus, for each 2-digit octal
number (MSD and LSD), one Y driver and one Y switch are
selected. A total of 64 combinations is possible.

3-113.  When the selected driver and selected switch each
receive an input pulse, electron-current flows from the
switch to the driver (when reading), or from the driver to
the switch (when writing). This current flows through the
addressed Y-line, which is numbered in accordance with the
MSD and LSD which select it.

3-114. The Y-lines pass through the ring-shaped ferrite
cores shown in figure 3-8. Each core in the illustration
represents the 16 cores of a word location. It will be noted
that every Y-line is shown passing through two cores, repre-
senting two 16-bit words. One of these words is in the
upper module of the core stack assembly, and the other is
in the lower module. The X-line (described later) passes
through the same cores, and determines which of the two
words will be read out. For one of the two words the X-line
current aids the Y-line current, resulting in all cores being
set to the zero state (if not already in that condition),
causing readout of the word. For the second word, the
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Figure 3-8. Y-Line Selection Circuits, Core Stack A400, Block Diagram
311



Section III

X-line current opposes the Y-line current, preventing read-
out of the word. It is this technique which permits the use
of an 8k core stack assembly, rather than a 4k stack.

3-115. In addition to the two 16-bit words indicated by
each core in figure 3-8, each Y-line also passes through the
ferrite cores for other words. Because the cores for these
words are not traversed by the selected X-line, readout does
not take place.

3-116. The diodes in figure 3-8 are in the diode matrix,
on the core stack assembly. When reading, the bottom
diode in each pair permits electron flow from the switch to
the driver, and the top diode offers a high-resistance path
to minimize current flow through it. When writing, the
roles of the two diodes are reversed.

3-117.  Each switch in figure 3-8 has two outputs. These
are designated CC (common cathode) and CA (common
anode) in accordance with the diode electrodes to which
they connect. Each CC or CA designation is followed by
the identifying number of associated switch, 7 through 0.

3-118.  The drivers each have one output, identified by
the letter C (core), followed by the identifying number of
the driver. :

3-119. It is important to note that the diode matrix
shown in figure 3-8 does not represent a plane of the core
stack assembly. The matrix in figure 3-8 has an 8 x 8
configuration, while the core-plane matrix is 64 x 64.
Figure 3-9 shows a core-plane matrix, and indicates the
manner in which the Y- and X-lines are connected. The
numbered Y-lines in figures 3-8 and 3-9 correspond.

3-120. X-Line Selection. The X-line circuits for core
stack assembly A400 are shown in figure 3-10. They differ
from the Y-line circuits in the following respects:

a. The address decoding gates receive bits 5 through 3,
or 2 through 0, of the M-register.

b. Instead of the YO/1 enable pulse, either an X0 or an
X1 pulse is furnished to each gate. (For core stack assembly
A401, the corresponding signals are X2 and X3.)

c. For the cores in the upper module, X-line read or
write current is in the reverse direction from that in the
Y-lines.

3-121. As pointed out earlier, a reversed-current tech-
nique with the X-lines permits the selection of a word in
either the lower or upper module, using only a single pair of
X and Y drive lines. The current reversal is brought about
by the X0 and X1 pulses. If bit 12 of the M-register is logic
0, indicating the lower module, the X0 pulse is furnished to

3-12
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the X address decoding gates. If bit 12 is logic 1, the X1
pulse if furnished.

3-122.  Table 3-1 shows the direction of the current flow
for all operating combinations.

3-123. LOGIC DIAGRAM ANALYSIS. Figure 3-11 is a
logic diagram showing read and write operations at one
address in the lower module and one address in the upper
module. In addition to a portion of the basic core stack
assembly, A400, portions of the following circuit cards are

-shown:

a. Driver/switch cards A14 and A15.
b. Inhibit driver cards A16 and A18.

c. Sense amplifier cards A12 and A13.

3-124.  Of the two driver/switch cards, A14 is used for
the Y-lines, and A15 for the X-lines. Inhibit driver card A18
provides inhibit current for the lower module in the core
stack assembly, and A16 provides for the upper module.
Sense amplifier card A13 is used with the lower module,
and A12 with the upper module.

3-125. Lower Module Read Operation. The following
paragraphs describe a typical memory readout operation,
using address 05270 (octal). Figure 3-12 shows the timing
relationships.

3-126.  Bits M11 through M6 designate the Y-line to be
used, and bits M5 through MO identify the X-line. These
bits are furnished to driver/switch cards Al4 and Al
(figure 3-11) by direct memory logic card A20, which
receives them from the M-register. The bits are furnished to
the driver/switch card as soon as they are loaded into the
M-register. This occurs at the end of T7TS of a phase 1,
phase 2, or phase 3 machine cycle. During the last phase of
the instruction, the M-register normally receives its contents
from the P-register. The number has 1 added to it (2 for a
program skip) before it is received by the M-register, and
the number indicates the address of the next instruction to
be performed. In the case of a program jump, the address
is received from the T-register, rather than from the
Pregister.

3-127.  If the M-register is loaded during phase 1 (fetch
phase), the number received is one of the following:

a. The address of the next instruction (if the current

- instruction is a single-phase instruction).
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Table 3-1. Electron Flow in Drivers and Switches

Y-LINE ELECTRON FLOW

X-LINE ELECTRON FLOW

MODULE READ WRITE READ WRITE
Lower Switch to driver Driver to switch Switch to driver Driver to switch
Upper Switch to driver Driver to switch Driver to switch Switch to driver

b. The address of an address word (if the next phase is .

indirect phase).

c. The address of an operand (if the next phase is
execute phase).

3-128.  If the M-register is loaded in phase 2 (indirect
phase), the number received is the address of an address
word (if the next phase will be another phase 2), or the
number is the address of an operand (if the next phase will
be execute phase).

3-129.  The 12 low-order M-register bits are furnished to
the X and Y address decoding gates on the driver/switch
cards. The Y0/1 and XO signals, also forwarded to these
gates, become true at the end of T7TS. These last two sig-
nals are a result of decoding M-register bits 14, 13, and 12
by memory module decoder card A2, and the signals desig-
nate the lower module of core stack assembly A400. (In the
present example, bits 14,13, and 12 are 000.)

3-130. At TOTS the X and Y address decoding gates are
strobed by the MRT signal from the memory timing
circuits. As a result, the following switches and drivers
receive true inputs: Y driver 5B, Y switch 2A, X driver 7B,
X switch QA. Electron flow then takes place in the Y-lines
and X-lines in the direction indicated by the ‘“‘read lower”
arrows in figure 3-11.

3-131.  The simultaneous flow of current in the Y-lines
and X-lines results in 16 ferrite cores experiencing full
readout current. These cores are in the lower module. In
the upper module, the cores at the corresponding address
(octal 10000 greater) experience opposing Y and X cur-
rents, and no readout takes place. Additional cores in each
module are also traversed by the selected Y-line and X-line.
These experience only half the required readout current.
This is insufficient to set the cores to the logic O state, and
no readout takes place.

3-16

3-132. At the addressed location, cores in the logic 1
state are transferred to logic 0. The sense line running
through each of these cores generates a voltage, which is
forwarded to one of the 16 sense amplifiers. If a core
contained logic 0 before being read out, no voltage is
generated.

3-133.  Each sense line crosses the core plane diagonally,
reversing direction when it emerges from the plane, to cross
again in the opposite direction. Because of this method of
wiring the core plane, the sense line in some cases passes
through a core in one direction, and in other cases in the
opposite direction. As a result, the voltage between the two
ends of the sense winding could be of either polarity,
depending on the direction in which the core is traversed.
In other words, the ends of the sense line which are positive
and negative depend on the address being read out.

3-134. For each module, 16 sense amplifiers are used,
one amplifier for each bit read out. If the bit read is logic
1, the sense amplifier furnishes a true signal to the sense
amplifier output gate. (See figure 3-11.)

3-135. At T2, the pulse from each conducting sense
amplifier is gated into the T-register. The MST pulse accom-
plishes this gating, using the X0 pulse as an enable. The
sense amplifiers for the upper module remain cut off at this
time because no cores in the upper module experience full
readout current. Since these amplifiers indicate logic 0’s,
their outputs must not be gated into the T-register. The X1
pulse, indicating the upper module, remains false when the
lower module is being read, accomplishing the desired pur-
pose by disabling the output gates for the upper-module
sense amplifiers.

3-136.  The T-register, formerly cleared at TOTS by the
RST pulse, receives the logic 1’s from the lower-module
sense amplifiers, and the appropriate positions of the regis-
ter are set. Register positions corresponding to sense ampli-
fiers not yielding a logic 1 remain in the reset state.
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UNTIL THE MIDDLE OF T2.
2019-176
Figure 3-12. Memory Readout, Timing Diagram
3-137.  Subsequent use made of the word in the field opposing the field created by the Y-line and X-line.

T-register depends on whether it is an instruction word,
address word, or operand word, as explained earlier.

3-138.  Lower Module Write Operation. The following
paragraphs describe a typical memory write operation,
using address 05270 (octal). Figure 3-13 shows the timing
relationships.

3-139. When a memory write operation is performed,
the word to be written is in the T-register. This word can
either be one that has just been read from the memory
section, or it can be a new word which is to be stored. In
either case, the machine cycle in which writing takes place
begins by reading out a word from the addressed location.
This word is either discarded, or placed in the T-register.
The readout operation clears all ferrite cores at the
addressed location to logic 0. When writing is performed,
cores in which logic 1 is to be stored are set by a current
pulse in the Y-line and X-line. For each core that is to store
logic 0, current flow in an inhibit line produces a magnetic

The cores traversed by the activated inhibit lines therefore
remain in the logic 0 state acquired during readout.

3-140. Starting in the last half of T3, the memory timing
circuits provide an MIT pulse to the inhibit driver cards (fig-
ure 3-11). Inhibit driver card A18, used for the lower mod-
ule, also receives a true X0 input. Of the 16 inhibit drivers
on this card, some receive a logic 1 from the T-register, and
the others receive a logic 0. (These bits are furnished on the
TR lines.) If an inhibit driver receives logic 0, current flows
in the corresponding inhibit line for the duration of the MIT
pulse.

3-141.  As well as being supplied to the inhibit driver
cards, the MIT pulse is furnished to driver/switch cards A14
and A15. The memory address used during readout con-
tinues to be supplied to the address decoding gates on these
cards. Consequently, application of the MIT pulse results in
selection of the previously addressed driver. Note, however,
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Figure 3-13. Memory Write, Timing Diagram

that of each pair of amplifiers in the driver, the opposite
one is selected from that used for reading. As a result,
current will flow in the opposite direction through the
Y-line and X-line than was the case with reading.

3-142.  After selection of the Yand X drivers, operations
await the selection of a Y and X switch. This occurs at T4,
when the memory timing circuits provide the MWT signal
to the two driver/switch cards. Here, as with the driver, the
same switch is selected as was the case with reading, but the
opposite amplifier of each pair is used.

3-143.  Current now flows in the Y-line and X-line for
the duration of the MWT pulse. This current flow is in the
opposite direction from that used for reading, and the cores
of the selected word are set to the logic 1 state if they do
not receive inhibit current.

3-144.  Upper Module Read and Write Operations. Read-
ing and writing in the upper module of the core stack
assembly are similar to the corresponding operations in the
lower module. However, because M-register bit 12 is logic 1,
the X1 signal is furnished in place of the XO signal. As a
result, the X drivers and switches selected for reading or
writing are the opposite ones in each pair from those used
in lower module operations. Consequently, the X-line cur-
rent flows in the opposite direction. The Y-line current
remains unchanged.

3-145. SCHEMATIC DIAGRAM ANALYSIS. In.the ex-
planation which follows, table 3-2 identifies the reference
designations of memory cards for various addresses.

3-146. Memory Module Decoder. Memory module
decoder card A2 decodes bits 12 through 14 of the
M-register to determine the core stack assembly to be used

3-18

(if more than one is installed), and to determine whether
the upper or lower module will be referenced. An
additional function of the card is to prevent memory read-
out for locations which are protected by the LOADER
switch. The schematic diagram for A2 card is in section V.

3-147.  In the basic computer configuration, a single core
stack assembly is installed. The memory module decoder
card furnishes the Y0/1, X0, and X1 signals required for
reading or writing in this stack. The signals are decoded by
“and” gates MC15A, MC35A, and MC35C. The remaining
gates in this group are ysed only when additional storage
capacity is installed.

3-148.  The large gates at the bottom of the schematic
diagram are used for memory protection. Gate MC27
experiences coincidence when the upper module of the
basic core stack assembly is addressed. Gate MC77 then
experiences coincidence if the LOADER switch is at the
PROTECTED position and M-register bits 11 through 6 are
all logic 1. Figure 3-7 shows that the high-order octal digits
of the address are then 177. When these conditions exist,
the “not” MPT signal becomes false and no reading or
writing can take place in addresses 17700 through 17777.

3-149.  Gate MC37 is used for memory protection when
two core stacks are installed. In this situation, gate MC27
is disabled by the false input to pin 1. If a memory
extender is used, gate MC47 is used if it has a single stack,
MC57 if it has two stacks.

3-150.  Driver/Switches. In the basic computer config-
uration, two driver/switch cards are used. One has reference
designation A14, and is used for the Y-lines. The other is
A15, and is used for the X-lines. If a second core stack
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Table 3-2. Memory Card Assignments
SENSE INHIBIT
STACK AND ADDRESS RANGE DRIVER/SWITCH AMPLIFIER DRIVER
MODULE (OCTAL) CARD CARD CARD
A400 lower 00000-07777 Al4 (Y drive) Al13 A18
A15 (X drive)
A400 upper 10000-17777 Al4 (Y drive) Al2 Al6
A15 (X drive)
A401 lower 20000-27777 A8 (Y drive) All A6
A9 (X drive)
A401 upper 30000-37777 A8 (Y drive) Al0 A4
A9 (X drive)

assembly is installed, two additional cards, A8 and A9,
serve the Y-lines and X-ines, respectively, in the second
stack. All four cards are identical, and have the same part
number ($2116-6266).

3-151.  Each card has eight drivers and eight switches.
These correspond to the drivers and switches shown in
figure 3-8 and 3-10. Each card also has two address
decoding gates for every driver (one gate for reading and
one for writing), and two decoding gates for every switch
(again, one for reading and one for writing).

3-152.  Figure 3-14 shows one of the drivers, one of the
switches, and their associated address decoding gates. Also
shown is part of the core stack assembly. Transistors Q33,
Q32, Q31, Q35, and Q34, and the components immediately
associated with them, constitute the switch. Transistors
Q58, Q57, Q56, and the associated components, are the
driver. The driver and switch shown in figure 3-14 corres-

pond, respectively, to MSD 5 and LSD 6.

3-153. “Nand” gates MC106A and MC106B are the
address decoding gates for the driver. They are enabled
when the X or Y MSD is 5. For the driver/switch card used
with the Y-line, MC106B is used when reading, and
MC106A when writing. This use of different gates is neces-
sary because current must flow through the driver in
opposite directions for the read and write operations, and
the gates serve to establish the direction of current flow.

3-154.  When the lower module is addressed, the gates on
the driver/switch card for the X-line function in the same
manner as the gates on the Y-line card. However, when the
upper module is referenced, MC106A and MC106B reverse
their functions. That is, MC106A is used when reading, and
MC106B when writing. As a result, current in the X-line
flows in the opposiie direction from that used when
addressing the lower module.

3-155.  The address decoding gates for drivers not shown
in figure 3-14 function in the same manner as MC106A and
MC106B, but each pair of gates is associated with a dif-
ferent MSD,

3-156.  Turning now to the address decoding gates for
the switches, figure 3-14 shows that these are MC56A and
MC56B if the LSD is 6. On the Y-line driver/switch card,
MC56B 'is used when reading, MC56A when writing. These
functions are the same for the X-line card when the lower
module is referenced, but are reversed for the upper
module.

3-157.  Tables 3-3 and 3-4 list the address decoding gates
used for the various memory addresses. It will be noted that
the data in the body of the two tables is identical. The
difference between the tables is in the column headings,
and for operations in the lower module even the column
headings are essentially identical.

3-158.  Examining, now, the driver circuits, in the driver
shown in figure 3-14 current flow takes place either
through transistor Q56 or transistor Q57 when reading or
writing is conducted. If the read or write operation is
initiated by “nand” gate MC106A, Q56 conducts. If
MC106B initiates the operations, Q57 conducts. In the first
case, the output pulse from the “nand” gate is coupled
across transformer T11, and the resulting negative pulse at
the base of Q56 causes current flow in the Y-line or X-line
when the switch at the other end of the line is activated.
When transistor Q57 is used, the pulse from the ‘“‘nand”
gate MC106B is first amplified by Q58. The circuits of the
remaining drivers on the card are identical with the driver
shown in figure 3-14.

3-159.  In the switch circuit infigure 3-14, parallel tran-
sistors Q34 and Q35 conduct when Q57 in the driver circuit
conducts. Transistor Q31 in the switch conducts when Q56
in the driver conducts.
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Table 3-3. Address Decoding Gates for Y-lines
Y MSD ADDRESS DECODING GATE#* Y LSD ADDRESS DECODING GATE*
READ WRITE READ WRITE
7 MC126B MC126A 7 MC66B MC66A
6 MC116B MC116A 6 MC56B MC56A
5 MC106B MC106A 5 MC46B MC46A
4 MC107B MC107A 4 MC4TB MC47A
3 MC97B MC97A 3 MC37B MC37A
2 MC96B MC96A 2 MC36B MC36A
1 MC86B MC86A 1 MC26B MC26A
0 MC176B MC76A 0 MC16B MC16A
NOTE:
*Reference designation prefix is A14 for octal addresses 00000 through 17777, A8 for 20000 through 37777.

Table 3-4. Address Decoding Gates for X-lines

X MSD ADDRESS DECODING GATE* X LSD ADDRESS DECODING GATE*
READ LOWER, WRITE LOWER, READ LOWER, WRITE LOWER,
WRITE UPPER READ UPPER WRITE UPPER READ UPPER
7 MC126B MC126A 7 MC66B MC66A
6 MC116B MC116A 6 MC56B MC56A
5 MC106B MC106A 5 MC46B MC46A
4 MC107B MC107A 4 MC47B MC47A
3 MC97B MC97A 3 MC37B MC37A
2 MC96B MC96A 2 MC36B MC36A
1 MC86B MC86A 1 MC26B MC26A
0 MC76B MC76A 0 MC16B MC16A
NOTES:
“Lower” and “upper” refer to the lower and upper modules in the core stack assembly.
*Reference designation prefix is A15 for octal addresses 00000 through 17777, A9 for 20000 through 37777.
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Figure 3-14. Driver and Switch, Schematic Diagram
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3-160. Included on each driver/switch card is a circuit
which prevents memory reading or writing during power
turn-on. Random computer conditions during power se-
quencing thus are unable to cause destruction of data in the
core stack assembly. The circuit is included in figure 3-14,
and consists of transistors Q65, Q66, and Q67, and their
associated components. When the PON signal is present, the
+4.5V* voltage is available, and is furnished as an oper-
ating voltage to the address decoding gates for all drivers on
the card. During power turn-on PON is false and the +4.5V*
voltage becomes zero volts. Under this condition the driver
gates do not function, and no driver can be activated. The
PON signal does not protect stored data during power shut
down because it remains true for about § ms after removal
of ac line voltage. The regulated dc voltages, on the other
hand, may start to shut down in as little as 1 ms. For this
reason the program should always be stopped before power
is turned off.

3-161. The PON signal is applied to the base of tran-
sistor Q67, which functions as a driver for Q66 and Q65.
When the PON signal is true, Q66 and Q65 in parallel
permit current to flow to +4.5 volts. When PON becomes
false, Q67 cuts off. Transistors Q66 and Q65 cut off in
turn, and the core stack assembly can no longer receive
Y-line or X-line current. Because the bases of Q66 and Q65
are returned to +4.5 volts, these transistors cut off very
rapidly when Q67 ceases conduction.

3-162.  Sense Amplifiers. In the basic computer con-
figuration, two sense amplifier cards are used. Their refer-
ence designations are A13 and A12. Card A13 is used with
the lower memory module, and A12 is used with the upper
module. If a second core stack assembly is installed, two
more sense amplifier cards, A1l and A10, are used. Card
Al1 is for the lower module of core stack A401, and A10 is
for the upper module. All four cards are alike.

3-163.  Installed on each card are 17 sense amplifiers. The
circuits are identical, therefore only one will be described.
Figure 3-15 is a schematic diagram of the sense amplifier
used with the low-order bit read from the core stack
assembly.

3-164. The purpose of the sense amplifier is to detect
and amplify the voltage induced on a sense line when a
ferrite core containing logic 1 is read out. This voltage is at
least 35 mV. If the core contains logic 0, the voltage
induced in the sense line will be less than 9 mV.

3-165.  As noted earlier, the voltage induced in the sense
line can be of either polarity, depending on the direction in
which the sense line passes through the ferrite core being
read.

3-166.  The sense amplifier consists of a differential
preamplifier, followed by a 2-transistor dual amplifier,
succeeded by an emitter-follower output stage. When read-
out of a logic 1 occurs, half the sense line voltage appears
across resistor R7 and half across R6. These two voliages
are applied to the two inputs of MC1, the differential pre-
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amplifier. Pin 8 or pin 6 of MC1 furnishes a negative-going
puise to the base of transistor Q1 or Q2. Normally, these
transistors are in the cutoff condition. Assuming Q1 receives
the negative input, it conducts, and applies a positive-going
pulse to Q3. As a result, emitter-follower Q3 furnishes a
positive pulse to MC17A. This pulse has a duration of about
200 ns .

3-167. The MST pulse gates the logic 1 from the sense
amplifier into the T-register.

3-168.  Included on each sense amplifier card is transistor
Q164 and its associated components. This transistor serves
to establish the bias current for the 17 integrated-circuit
preamplifiers on the card.

3-169.  Inhibit Drivers. In the basic computer config-
uration, two inhibit driver cards are used. One, with refer-
ence designation Al8, is employed with the lower module
of A400, the basic core stack assembly. The second, A16, is
used with the upper module.

3-170. If a second core stack assembly (A401) is
installed in the computer, two additional inhibit drivers
cards are used. These have reference designations A6 and
A4. Card A6 is used with the lower module A401, and
card A4 is used with the upper module.

3-171.  Each card contains 17 inhibit drivers. Since the
circuits of all are identical, only one will be described.
Figure 3-16 is a schematic diagram of the inhibit driver used
for the low-order bit of the word being written.

3-172.  The function of the inhibit driver is to prevent
setting the applicable ferrite core to logic 1 if bit 0 of the
T-register is logic 0. This is done by producing a current in
the inhibit winding of the appropriate plane in the core
stack. The magnetic field associated with the current
opposes the magnetic field produced by the Y-line and
X-line, thereby preventing a change in the state of the
ferrite core. The inhibit current flows when the MIT puise
is true.

3-173. The MIT pulse is gated with the X0, X1, X2, or
X3 signal, in accordance with the inhibit driver card in use.
By this means, inhibit current is allowed to flow only in the
memory module being written in. The signals are associated
with the following modules:

a. X0 is true when writing in the lower module of
A400.

b. X1 is true when writing in the upper module of
A400.

c. X2 is true when writing in the lower module of
A401.

d. X3 is true when writing in the upper module of
A401.

3-174.  The gated MIT pulse passes through “nand” gate
MC17A if T-register position 0 contains logic 0. The false
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Figure 3-15. Sense Amplifier, Schematic Diagram
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Figure 3-16. Inhibit Driver, Schematic Diagram
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output of the “nand” gate is inverted and applied to the
base of parallel transistors Q2 and Q3. Transistor Q1 serves
as a speed-up transistor. When NPN transistors Q2 and Q3
conduct, inhibit current flows through the inhibit line to
the +32 volt source.

3-175. At the end of the MIT pulse, transistors Q2 and
Q3 return to the cutoff state. Diode CR1 provides a path to
maintain current flow as the magnetic field around the
inhibit line collapses. This protects transistors Q2 and
Q3 against excessive voltage induced by the collapsing
field.
3-176. INPUT/OUTPUT SECTION.

3-177.  The circuit theory of the input/output section is
presented in Volume III, Input/Output System Operation
Manual for the Model 2116B Computer. Additional infor-
mation is given in the Operating and Service Manuals and
Interface Kit Manuals for I/O devices used by the
computer. A further source of information is: A Pocket
Guide to Interfacing Hewlett-Packard Computers, (part no.
5950-8718).

3-178. POWER SUPPLY SECTION.

3-179. The power supply section of the 2116B com-
puter provides the regulated and unregulated dc voltages
required by the computer. Protective circuits are included,
which remove dc power from the computer in the event of
excessive heat in the computer cabinet, low ac line-voltage,
excessively high dc voltage, or excessive de current.

3-180. Optional devices which install in the computer
cabinet receive their operating voltages from the 2116B
power supply section. If these optional features require
more power than the power supply section is capable of
furnishing, an auxiliary power source (referred to as a
power supply extender), installed in a separate cabinet,
provides additional dc power. The externally-furnished
voltages connect in parallel with the corresponding dc
voltages produced in the 2116B power supply.

3-181.  All optional devices which are not within the
2116B computer cabinet provide their own operating
voltages, derived from a separate connection to the ac
power line.

3-182. The power supply section furnishes the following
de voltages to other sections of the computer:

a. -2 volts regulated.

b. +4.5 volts regulated.
c. +7 volts unregulated.
d. +12 volts regulated.

e. -12 volts regulated.
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f.  +22 volts regulated.
g. -22 volts regulated.

h. +32 volts regulated.
i. +35.5 volts unregulated.

3-183.  Additional dc voltages are produced for use
within the power supply section itself.

3-184. AC DISTRIBUTION.

3-185. The distribution of ac power in the computer is
shown in figure 3-17. All components shown in the illus-
tration are in the power supply section, with the exception
of POWER switch A502S109 and fans A200B1, A200B2,

and A200B3. The POWER switch is on control panel assem-
bly A502, and the fans are at the bottom of the card cage.

3-186.  The ac operating power for the computer, single-
phase 115 or 230 volts, is furnished to connector A300J1
(figure 3-17). POWER switch A502S109 applies or removes
this power from the power supply section. The switch is of
the push-on, push-off type. One push is required to close
the switch, a second to open it.

3-187. When the POWER switch is pressed on, ac power
is applied through resistor A300R1 to transformer A311T1
and to the six fans in the computer cabinet. The trans-
former furnishes low-voltage ac to all power supplies.
Resistor A300R1 reduces the initial ac line current as
power supply filter capacitors acquire a charge. (The power
supplies use solid-state rectifiers, which require no warmup
time.)

3-188. When the filter capacitors become substantially
charged, relay A312K1 energizes and resistor A300R1 is
shorted out. Full ac voltage is then applied to transformer
A311T1, and power control circuits make dc voltages
available to the computer in a predetermined sequence.

3-189. DC POWER CONTROL.

3-190.  Figure 3-18 shows the manner in which de power
is applied to and removed from the computer.

3-191.  As noted earlier, when the POWER switch is
closed ac voltage is furnished to the computer power
transformer. Figure 3-18 shows that other contacts of the
switch connect the coil of relay A312K1 to the unregulated
+4.5 volt source. When the filter capacitors for +4.5 volts
and -5.6 volts become substantially charged, relay A312K1
energizes and full ac line voltage is applied to the power
transformer. Also, contacts 2 and 1, of A312Kl1 furnish
+4.5 volts through normally-closed thermal switches to
power fail card Al. Circuits on this card produce a true
PSO signal, which is forwarded to logic supply regulator
card A301. This card, together with memory supply regu-
lator card A302, controls the application of the seven
regulated voltages to the computer.



Model 2116B Section III
Volume Two
PART OF A5025109
POWER
A30041 R
(MATING SIDE} . A200TB1 -
SEE NOTE 1 A200TB1-8 70 Gs 200TB1-9
AC NEUTRAL A300R1
{COPPER) P F
AC HIGH [ A312FL1A A312F1 , S PART OF
POTENTIAL N 7. 10
(BRASS) t—jl
A300C1A A312C2A yoriel N
GROUND T A300B1
(BRASS) , _l_ l:
777 A300CTB == A312C2B \r
s A311TB1-1 |
A312FL1B K
XA304 - 26 JUMPER B
A304B2 A311TB1 -2
) XA304 - 27
NOTES: ‘t A311TB1-3
1. WARNING. FOR SAFETY REASONS, THE AC LINE JUMPER C
MUST BE CONNECTED AS SHOWN, PLACING FUSE A200TB1-4
A312F1 ON THE HIGH POTENTIAL SIDE OF THE . oe—0——8 A311T81.4
LINE. )
\ XA305 -17
2. JUMPERS B AND C ARE SHOWN CONNECTED
FOR 115 - VOLT OPERATION.
(P A305B3
3. SEE DC POWER CONTROL DIAGRAM FOR A20081 TA20082
ACTUATION CIRCUIT OF RELAY A312K1. A20083 XA305 - 18
4, THIS SYMBOL INDICATES CONNECTION 1 l Y
TO THE COMPUTER FRAME. 3 —O ?
A200TB1-5
2019-97 . L . .
Figure 3-17. AC Distribution, Wiring Diagram
PART OF A101 FRONT PART OF A300
PANEL . COUPLER CARD POWER SUPPLY
p — —_— —_ —
r- —-I PART 01F |
P101 Z  XA101-84  A100TB1-8 2A312K PART OF 2160A
<< > ~O- ' O/T 1 | POWER SUPPLY
[ parT OF y K 1 | EXTENDER
A5025109 I | (IF USED)
| asizerio r—
2 P101-19  XA101-73  A100TRi-5 A300021  43-1
—> — paor g <ETTTI
c»——<4 ' Sl o el I RS
-5. OVED | N
P101-M | 7XA101-39 ~ A303C17(—) 2160A USED) . W f]
€l | +4.5V Q<X&—-= -
I 22 A303C14(+) A300J22  J3-2
| I
PART OF A2 PART OF A304 PART OF A305
MEMORY MODULE LARGE HEAT SMALL HEAT
DECODER CARD I SINK ASSEMBLY SINK ASSEMBLY '
f s | A100TB1 -2 f sz s I
(—%——}F—O———‘(é—fxﬂ—»———{%y
XA2-81 XA2-83 XA304 - 29 XA304 - 28 XA305 - 20 XA305- 19
— e | S | | I —
PART OF A1 | A301 LOGIC SUPPLY A302 MEMORY SUPPLY
POWER FAIL INTERRUPT CARD REGULATOR CARD REGULATOR CARD l
T T A100TB1- 1 _—1 - '__-_-‘
52 51 F—11 33—l 19
—_— ey S0 e e . — _.l

2. THERMAL SWITCHES OPEN WHEN

NOTES: 1. P1011S THE 48-PIN CONNECTOR WHICH
PLUGS ON THE END OF CARD A101. TEMPERATURE RISES ABOVE 75 + 5°C
XA101 1S THE 86-PIN CONNECTOR FOR (167 + 9°F).
CARD A101.
2019-98

Figure 3-18.

DC Power Control,

Wiring Diagram
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3-192. Regulated -2 volts is furnished to the computer
when filter capacitors charge sufficiently to allow the -2
volt voltage regulator to function. The de power control
circuits then furnish the computer with the remaining six
regulated voltages. These are supplied in a predetermined
sequence. Then, if all thermal switches shown in figure 3-18
are closed, the computer is ready for use. The computer is
in the halted condition, and the following indicators are
lighted: POWER, PRESET, HALT, and FETCH. Register
display lamps on display board assembly A501 are lighted
or off in a random pattern.

3-193.  If one or more thermal switches are open during
the power-on sequence, or if any of the regulated voltages is
not furnished, the dc shut-down sequence is initiated.
Shut-down starts about 300 ms after regulated +4.5 volts is
first made available. If unregulated +4.5 or -5.6 volts is not
furnished, the dc power-on sequence does not start and
relay A312K1 remains de-energized.

3-194. When the POWER switch is pressed to turn off
the computer, unregulated +4.5 volts is removed from the
coil of A312K1. However, diode A312CR10 provides a
path for the current induced in the relay coil by its own
collapsing magnetic field, holding the relay energized a
short time longer. The diode also eliminates arcing at
contacts 3 and 4 of the POWER switch, and prevents the
application of voltage spikes to power fail card A1. When
POWER switch contacts 3 and 4 open, +4.5 volts is immedi-
ately removed from pin 52 of power fail card A1. The PSO
signal becomes false about 8 ms later, and the power
control circuits remove dc voltages from the computer in a
predetermined sequence. As well as furnishing a false PSO
signal, card Al also generates a power-fail program inter-
rupt, and if programmed to do so the computer stores
register contents and performs other actions in preparation
for later startup. The 8 ms delay in producing the PSO
signal is the time available for the power-fail program.
During this time voltage regulators are able to maintain dc
levels despite the falling voltage from filter capacitors. As a
nominal and conservative figure, at least 200 instructions
can be performed in this time.

3-195. In the event of complete loss of ac line-voltage,
or if the line voltage drops below 100 to 102 volts rms (200
to 204 volts for a 230-volt computer), power fail interrupt
card Al generates a power-fail interrupt. Then, when filter
capacitors have discharged to the extent that one of the
voltage regulators can no longer maintain the required
voltage level, the dc shut-down sequence is performed.
When the line voltage returns to normal dc voltages are
again supplied, but the computer is halted.

3-196. Thermal switches A305S1, A304S2, and A2S1
in figure 3-18 remove dc power from the computer in
the event of overheating during operation. When over-
heating occurs, one of the thermal switches opens, +4.5
volts is removed from card Al, and a power-fail interrupt
oceurs. Eight milliseconds later the PSO signal becomes
false, and the dc shut-down sequence is initiated. In this
case, relay A312K1 remains energized, ac distribution in
the computer remains unchanged (figure 3-17), and the fans
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in the computer cabinet maintain their cooling function.
When the thermal switch closes the normal dc power-on
sequence is performed, but the computer is halted.

3-197. In addition to low line voltage and overheating, a
third fault can cause dc power shut-down. If one of the de
regulated voltages fails, partial or complete shut-down of
the remaining regulated voltages takes place.

3-198.  Specific information on the de turn-on and shut-
down sequence is presented later in this section.

3-199. +7 VOLT POWER SUPPLY.

3-200. The +7 volt power supply is a full-wave bridge
rectifier, furnishing unregulated and unfiltered dc power.
The circuit is shown in the A300 power supply schematic in
section V. This voltage is used for lighting all lamps on
display panel assembly A501 and control panel assembly

A502, with the exception of the POWER indicator. No
other use is made of the +7 volt power.

3-201.  +4.5 VOLT AND -2 VOLT POWER SUPPLIES.

3-202. The +4.5 volt and -2 volt power supplies furnish
the operating voltages required by the logic circuits in the
computer. (Logic elements on power fail interrupt card Al
and certain I/O interface cards require +12 volts as well.) A
block diagram of the +4.5 and -2 volt power supplies is
presented in figure 3-19. The diagram is simplified to the
extent that the +4.5 volt and -2 volt power sources are
shown as independent units, whereas in actuality they both
derive their power from a single tapped secondary on the
power transformer. Unregulated voltages shown in figure
3-19 are approximate, and will vary in accordance with
component differences, the amount of current required for
optional devices, and power-line voltage variations.

3-203.  The +4.5 volt power source and the +4.5 volt reg-
ulator make up the +4.5 volt power supply. The power
source provides approximately 7.9 volts unregulated dc.
Of this, 3.4 volts is dropped across the +4.5 volt regulator,
leaving regulated +4.5 volts across Ra, the computer circuits
which use this voltage. These circuits are situated on cards
in the card cage.

3-204.  The -2 volt source and the -2 volt regulator make
up the -2 volt power supply. The power source provides
approximately 10.1 volts unregulated dc. Of this, 3.6
volts is dropped across the regulator. The resulting 6.5 volts
is applied across Rb, which represents the load imposed by
the CTLlogic circuits in the card cage. Although it furnishes
6.5 volts, the output of the regulator is at a potential
of -2 volts with respect to ground; therefore the regulator
and its power source are referred to as the -2 volt regulator
and -2 volt power source. As well as being applied to Rb, the
output of the -2 volt regulator is furnished to Re, which
represents the pull-down resistors in the card cage. In some
cases these resistors are discrete components, and in other
instances they form part of integrated circuits in micro-
packs. Also to be considered as part of Rc are paths from
-2 volts to ground within the power supply section itself.
These paths to ground in the power supply result ina cur-
rent of 0.5 to 0.75 amp.
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Figure 3-19. +4.5 Volt and -2 Volt Power Supplies, Simplified Block Diagram

3-205.  The +4.5 and -2 volt regulators can each furnish a
maximum current of 22.5 amps. In figure 3-19 it will be
noted that the +4.5 volt regulator is between the power
source and ground, rather than in the more usual position
between the power source and the high potential end of the
load. The reason for this is that the top end of Ra and Rb
are electrically common, and if the +4.5 volt regulator were
in the common return of Ra and Rb to the power sources,
the +4.5 volt regulator would be required to handle up to
45 amps. Also, the +4.5 volt regulator would not be able to
control the +4.5 volt output without affecting the outputof
the -2 volt regulator. Another reacting element between the
two power supplies is the common current which flows
through Re and Ra. Both Re and Ra may include circuits on
optional cards. If Rc becomes sufficiently small in resistance
because of added cards, the current through Re will exceed -
the normal current through Ra. Current then ceases to flow
through the +4.5 volt regulator, and excessive current flows
through Ra. As a result, the voltage across Ra rises above
4.5 volts. To prevent difficulty from this effect, resistor
A310R23 is installed in the power supply. This resistor
draws current from the +4.5 volt power supply in addition
to that drawn by Ra, and as a result the current through
Re will not exceed that through Ra and A310R23.

3-206. Included in figure 3-19 is the coil of A312Kl.
The bottom end of this coil connects to the negative
terminal of the -2 volt source, which has a potential of
-5.6 volts with respect to ground. The top end of the coil
connects to +4.5 volts. The potential across the coil is
therefore about 10.1 volts.

3-207.  The overvoltage protection circuits for the +4.5
and -2 volt power supplies prevent damage to components
due to excessively high output voltage from the power
supply. If, because of a fault in the voltage regulator, the

power supply output voltage rises, the overvoltage protection
circuit permits heavy current to flow. The excessive current
causes current limiting in the voltage regulator, and the
voltage is no longer applied to the computer load. If the
defect in the voltage regulator prevents current limiting,
the power supply fuse blows, again removing dc voltage
from the load circuits.

3-208. SCHEMATIC-DIAGRAM ANALYSIS OF +4.5
AND -2 VOLT POWER SOURCES. Figure 3-20 is a
schematic diagram of the +4.5 volt and -2 volt power
sources. Included in the diagram is a portion of the regu-

lator for each of these two voltages.

3-209.  Both power sources use a single tapped secondary
winding of transformer A311T1. The +4.5 volt power
source consists of the center portion of the winding, diades
CR1 and CR2, capacitors C5, C6, A303C14, and A303C15,
and resistor A303R26. Fuses F14 and F11 provide over-
load protection.

3-210. Silicon diodes CR1 and CR2 form a full-wave
rectifier, providing approximately 7.9 volts de which is
filtered by A303C14 and A303C15. Capacitors C5 and C6
bypass rf noise spikes produced each ac cycle when diode
conduction cuts off. Resistors A303R26 and A310R23 dis-
charge the filter capacitors when power is removed from the
computer.

3-211.  The -2 volt power source used the entirety of
each half of the secondary winding shown in figure 3-20.
Silicon diodes CR3 and CR4 form a full-wave rectifier, with
capacitors C4 and C7 serving to bypass voltage spikes.
Capacitors A303C17 and A303C18 are filter capacitors, and
resistor A303R27 discharges these two capacitors when
power is removed. Fuses F13 and F12 provide overload
protection.
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Figure 3-20. +4.5 Volt and -2 Volt Power Sources, Schematic Diagram
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3-212. SCHEMATIC-DIAGRAM ANALYSIS OF +4.5
VOLT VOLTAGE REGULATOR. The +4.5 volt regulator
consists of portions of large heal sink assembly A304, a
portion of logic supply regulator card A301, resistors
A310R8 through A310R11, and resistors A307R45 and
A308R17. The circuit is shown in figure 3-21. Included in
the schematic diagram are the circuits for +4.5 volt current
limiting.

3-213.  The voltage regulator is of the series type. By
varying the voltage drop across transistors Q1, Q2, Q3, and
‘Q4, the regulator maintains a fixed voltage across the +4.5
volt computer load. When fully loaded, the +4.5 volt regu-
lator and filter capacitors maintain a regulated +4.5 volt
output for at least one millisecond after removal of the ac
line voltage. :

3-214. = The +4.5 volt sense input to the regulator is
applied to the base of transistor Q30. This transistor and
Q31 form a differential amplifier, with resistor R66 pro-
viding the means for adjusting the level of the regulated
+4.5 volts to the required voltage. Resistors R67 and R65
keep the adjustment of the base voltage of Q31 within
normal range, and provide for a vernier action in the adjust-
ment of R66.

3-215.  Assuming the +4.5 sense voltage rises above
normal, conduction through Q30 decreases, conduction
through Q31 increases, and the voltage applied to the base
of transistor Q32 becomes less negative. As a result, con-
duction in Q32 decreases, and the voltage at the base of
Q10 becomes less negative. The voltage applied to the bases
of Q1, Q2, Q3, and Q4 moves in the positive direction, and
these transistors conduct less heavily. As a result, the
voltage drop across Q1, Q2, Q3, and Q4 increases, and the
regulated +4.5 volts returns toward normal.

3.216.  If the regulated +4.5 volts decreases in value, the
opposite action to that described above takes place.

3-217.  Resistors A310R8 through A310R11 serve to
equalize the current through the four series regulator tran-
sistors. Because of minor differences among these transis-
tors, one will conduct more than the others. If counter-
measures are not taken, this transistor will heat up slightly
more than the others, conduct more as a result, and thermal
runaway will take place, destroying the transistor. Then the
transistor which conducts next-most-heavily will destroy
itself, and so on. Resistors A310R8 through A310R11 pre-
vent this current hogging. If a transistor conducts more than
the others, the increased voltage drop across its emitter
transistor, opposes the increase in bias current, preventing
runaway. Each transistor establishes its own state of balance.

3-218. The regulator circuit requires the following
operating voltages: +20, +23.3, +9, and -12.4 volts. These
voltages, used only within the power supply itself, are
produced by simple full-wave rectifiers and zener-diode
circuits, which require no discussion.

3-219. SCHEMATIC-DIAGRAM ANALYSIS OF +4.5
VOLT CURRENT LIMITER. Transistor Q33 (figure 3-21)
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is used to control current limiting. The current limiting
circuit also uses some of the components employed for
voltage regulation. If an excessive load is imposed on the
+4.5 volt power supply, Q33 reduces current flow through
Q1, Q2, Q3, and Q4, preventing overheating and damage to
componenis. The reduced current through the load reduces
the voltage across the load. The voltage regulating circuits
oppose this tendency, but the current limiter over-rides the
voltage regulator, and the +4.5 volt supply breaks out of
regulation in the downward direction. As a result, dc shut-
down takes place.

3-220. Resistor A310R11 (figure 3-21) is in the ground
side of the +4.5 volt circuit. The voltage drop across the
resistor is applied to transistor Q33, and if excessive current
is drawn from the +4.5 volt scurce, Q33 conducts heavily.
Voltage at-the base of Q32 becomes less negative, causing
decreased conduction through Q32. The base of Q10
becomes less negative, moving the bases of Q1, Q2, Q3, and
Q4 in the positive direction. This results in decreased con-
duction by Q1, Q2, Q3, and Q4.

3-221.  Transistor Q33 functions as an analog circuit,
rather than a switching circuit.

3-222.  Resistor R69 is the current-limiting adjustment
(CLA). It is adjusted to cause current-limiting at the proper
point. If components in the current-limiting circuit are
changed, readjustment of R69 may be necessary; however,
this adjustment requires special loading and test equipment,
and must not be performed in the field. If adjustment is
needed, logic supply regulator card A301 must be returned
to the factory, where suitable equipment for making the
adjustment is available.

3-223. +4.5 VOLT SHUT-DOWN. The +4.5 volt power
supply is shut down as a result of any of the following:

a. The computer has been turned off by means of the
POWER switch.

b. Overheating in the computer cabinet or in the
2160B Power Supply Extender (if used) has caused a ther-
mal switch to open.

c. AC line voltage has become zero volts.
d. AC line voltage has become abnormally low.

e. The output of the -2 volt power supply has dropped
below normal or become zero volts.

3-224.  When shut-down of the +4.5 volt supply occurs,
the flow of current through the computer load is stopped
by the +4.5 volt current limiter. If the computer has been
turned off, or if ac line voltage has lowered or become zero,
the +4.5 volt current is cut off before the +4.5 volt filter
capacitors have appreciably discharged. If shut-down occurs
because of reason “b” or ‘“‘e” above, the +4.5 volt power
source continues to function, and the +4.5 volt filter
capacitors remain fully charged.
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Figure 3-21. +4.5 Volt Voltage Regulator, Current Limiter, and Shut-Down Circuits, Schematic Diagram
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3-225.  After dc shut-down resulting from any cause,
bypass capacitors on cards in the card cage must discharge
before +4.5 volts is completely removed from the computer
circuits. About 70 ms is required to discharge these bypass
capacitors. (In the case of the +12 volt power supply,
several seconds is required if this circuit is only Ilighiiy
loaded by optional devices.)

3-226. When shut-down occurs because of a fault econ-
dition (that is, for any reason other than operation of the
POWER switch), the +4.5 volt power is automatically
restored if the fault clears. However, a POFP pulse is
generated during dc power turn-on. As a result, the program
does not restart, and the computer will be in the same state
as when power is applied by operating the POWER switch.

3-227. Examining in detail the first two methods of
bringing about dc shut-down, if the computer is turned off
or if a thermal switch opens the PSO signal becomes false
(see figures 3-18 and 3-21). The voltage at the base of
transistor Q33 moves in the negative direction, bringing
about heavy conduction in §Q33. As a result, transistors @1,
Q2, Q3, and Q4 are cut off. When the PSO signal becomes
false, power fail interrupt card Al produces a power fail
interrupt, and if programmed to de so the computer stores
the contents of registers and performs other functions in
preparation for later start-up. (If the program is not running
when the power fail interrupt occurs, the power fail program
is not performed.)

3-228. The third type of shut-down for the +4.5 volt
supply occurs when the ac line voltage drops to zero or
becomes abnormally low. First, a power fail interrupt takes
place when the line voltage drops below a point which is
between 100 and 102 volts rms. (In a 230-volt computer

this point is between 200 and 204 volts rms.) The interrupt.

is produced by power fail interrupt card Al. If the line volt-
age continues to drop, or if it has become zero volts almost
instantly, the various power supply regulators endeavor to
maintain their output voltage levels, drawing upon the
energy stored in the filter capacitors. A point will be reached
when one of the regulators will be unable to maintain its
output voltage. The regulator in which this first occurs
depends on the loading imposed on each power supply by
the various opfional devices installed in the computer.
If line voltage is still being furnished when a dc voltage
drops out of regulation, rectifier ripple will appear on the
output of the dc voltage. After the first dc voltage has
dropped below its regulated value, other dc voltages are shut
down in the manner described later in this section.

3-229. Turning to the last method of shutting down the
+4.5 volt supply, if the -2 volt power supply output be-
comes abnormally low or fails completely, the voltage
applied to diode CR55 becomes less negative. As a result,
grounded-base transistor Q34 conducts, leading to the
cutting off of Q1, Q2, Q3, and Q4.

3-230.  When shut-down of the +4.5 volt power supply
occurs because the computer has been turned off or
because the ac line voltage has become zero, relay A312K1

Section I1I

de-energizes. Abnormally low ac line voltage may also
de-energize A312K1, depending on the ac level reached.

3-231.  Further information on the shut-down and turn-
on of the +4.5 volt power supply is provided later in this
section, when the shuit-down and turn-on sequence of
power supplies is dealt with.

3-232.  SCHEMATIC-DIAGRAM ANALYSIS OF +4.5
VOLT OVERVOLTAGE PROTECTION CIRCUIT. The
+4.5 volt overvoltage protection circuit prevénts excessive
voitage from being applied to the compuier load. This high
voltage could result from failure of the +4.5 volt voltage
regulator.

3-233.  The overvoltage protection circuit is shown in
figure 3-22. When the regulated +4.5 volts is at its normal
value, the voltage across the series circuit consisting of
zener diode CR2, resistor R1, and resistor R2, is insuf-
ficient to cause avalanche breakdown in the diode.
However, if the voltage rises to between +5 and +8 volts,
CR2 enters the breakdown region. The resistance of CR2
decreases, and the voltage drop across R2 increases. As a
result, silicon-controlled rectifier Q1 conducts at saturation,

. placing a low resistance across the computer load and

making the voltage across the load above 0.9 volts. The
heavy current drawn from the +4.5 volt power supply causes
current limiting of the power supply output. (Since the
voltage regulator may be defective, the current limiter may
also be inoperative. If this is the case, the heavy current
will result in a blown fuse.) The loss of +4.5 volts across the
computer load leads to de shut-down.

Q1
+4.5V —§
CR1A 'K)
NOTE: REFERENCE DESIGNATION =
PREFIX IS A121.

2019-196
Figure 3-22. +4.5 Volt Overvoltage Protection Circuit,
Schematic Diagram

3-234. Diode CR1 prevents current from flowing in the
reverse direction through the +4.5 volt power supply. This
might occur when another dc voltage is shorted to +4.5
volts. One of the supplies will force current in the reverse
direction through the other supply, the power supply
receiving the reverse current depending on the voltage and
internal impedance of the two supplies concerned. Diode
CR1 provides a low resistance path to protect the +4.5 voit
power supply from damage due to this cause.
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Table 3-5. Overvoltage Limits

NOMINAL
REGULATED VOLTAGES THAT ACTIVATE
VOLTAGE THE OVERVOLTAGE PROTECTION CIRCUITS
+4.5 +5.0 To +8.0
-2.0 -2.5 To -8.0
+12.0 +13.0 To +18.0
-12.0 -13.0 To - 18.0
+22.0 +23.0 To +28.5
-22.0 -23.0 To - 28.5
+32.0 +36.8 To +42.8

3-235.  Overvoltage protection is provided for all regu-
lated voltages furnished to the computer. Table 3-5
lists the voltage required to activate each protection circuit.

3-236.  SCHEMATIC-DIAGRAM ANALYSIS OF VOLT-
AGE REGULATOR, CURRENT LIMITER, AND OVER-
VOLTAGE PROTECTION CIRCUIT FOR -2 VOLTS. The
voltage regulator, current limiter, and overvoltage protec-
tion circuit for the -2 volt power supply are similar to
those used for +4.5 volts, and therefore require no addi-
tional circuit theory discussion. When fully loaded, the -2
volt regulator and filter capacitors maintain a regulated
-2 volt output for at ieast one miiiisecond after removai of
the ac line voltage.

3-237. +12, -12, +22, -22, and +32 VOLT POWER
SUPPLIES.
3-238. The remaining five regulated power supplies

closely resemble the +4.5 and -2 volt supplies. Therefore,
no circuit-theory discussion is furnished for these supplies.
It must be pointed out, however, that the +22 volt, -22 volt,
and +32 volt outputs vary in accordance with the air tem-
perature near the core stack assembly. The circuits for
bringing this about are shown in section V in the overall
interconnection diagram and the schematic diagram for the
A300 power supply. Two thermal sensing resistors, situated
on temperature sensing assembly A402, change resistance in
accordance with the air temperature near the core stack
assembly. As a result, on card A302 the voltage at the base
of A302Q54A (for the +22 volt supply) and the base of
A302Q61A (for the +32 volt supply) changes in accordance
with the temperature. This leads to a variation in the
output voltages of the two power supplies, counteracting
the change in corestack operation which results from the
temperature variation. The output of the -22 volt supply
also varies in accordance with temperature. This results from
the application of +22 volts to one end of resistor R158 in
memory supply regulator card A302. As the +22 volt output
changes, the -22 volt regulator varies the -22 volt output by
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the same amount. Tables 5-2 and 5-3 show the variation in
+22, -22, and +32 volts as temperature changes. As with the
+4.5 and -2 volt power supplies, the filter capacitors and
regulators for +12, -12, +22, -22, and +32 volts maintain a
normal regulated output voltage for at least one millisecond
after removal of the ac line voltage.

3-239. POWER TURN-ON AND SHUT-DOWN.

3-240. The seven regulated voltages used by the logic
and memory circuits are applied to and removed from the
computer load circuits in a controlled sequence. These
seven voltages are -2, +4.5, +12 -12 +22 -22 and +32
volts. Two further outputs are provided by the power sup-
ply; these are +7 volts unregulated and +35.5 volts unregu-
lated. Neither of these voltages enters in the turn-on or shut-
down sequence. Additional subsidiary voltages are produced
for use within the power supply section itself. Like +7 volts
and +35.5 volts, these do not enter into the controiled
turn-on or shut-down sequence.

3-241. When the POWER switch is pressed on, the seven
controlled voltages are applied to their respective loads in a
predetermined sequence. Similarly, when the computer is
turned off the controlled voltages are shut down in an
orderly manner. In the event of failure of some of the
controlled voltages, certain other voltages are shut down. If
a thermal switch opens, all controlled voltages are removed
in the same sequence as when the POWER switch is pressed
off.

3-242.  The turn-on or shut-down of the seven controlled
voltages is accomplished by making the series regulator
transistors for each voltage conduct or cut off. In the case
of the +4.5 volt power supply, the series regulator tran-
sistors are in the ground return to the power source (figures
3-20 and 3-21, A304Q1 through A304Q4), and it is here
that the voltage source is connected to or cut off from the
computer load. The series regulator transistors for the
remaining six controlled voltages are in the ungrounded
(high potential) side of the applicable power supply output.
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3-243. TURN-ON SEQUENCE. The power supply
turn-on sequence is illustrated in figures 4-89 through 4-92
in Section IV. When the POWER switch is pressed on, the
first voltage furnished at full level to the computer load is
-2 volts. This voltage is followed by +4.5 volts. Other
voltages are furnished in the sequence indicated.

3-244.  The waveforms shown in figures 4-89 and 4-90
are for computer turn-on with filter capacitors initially
discharged. When power is turned off the series regulator
transistors cut off each power supply from its load, and
several minutes is required to fully discharge the filter
capacitors. Therefore, if the computer is turned on after
being off for only a brief time, the waveforms differ some-
what from those shown, and the time required for each
voltage to reach operating level is shorter. Further, the
waveforms illustrated are for power supplies which are
loaded to their maximum capability. With lighter loading,
waveforms and timing will differ from those shown, both
for turn-on and shut-down.

3-245.  The turn-on sequence is determined by the con-
nections between the control circuits for each power
supply. This is illustrated in figure 3-23. Each block in the
figure represents the power supply named. Before it can
furnish an output, every power supply except that for -2
volts must receive the output voltage furnished by the
power supply shown to its left. The +12 volt supply
requires an input from both the +32 and -12 volt supplies.
Figure 4-90 shows that the +12 volt supply reaches oper-
ating level before the +32 volt supply, even though the +12
volt supply requires an input from the +32 volt supply. The
reason for this is that the +12 volt supply does not require
full voltage from the +32 supply in order to furnish full
output.

3-246. -2 Volt Turn-On. When the POWER switch is
pressed on, the various subsidiary voltages in the power
supply section become available as soon as their filter
capacitors charge. The filter capacitors for-2 and +4.5 volts
also start to charge (figure 5-44). The series regulator tran-
sistors for -2 volts (A304Q5 through A304Q8) begin to
conduct, as do the corresponding transistors for +4.5 volts
(A304Q1 through A304Q4).

Section III

3-247.  The -12.4 volt power source generates 17.9 volts,
from which 4.5 volts normally is subtracted as a result of
the series-opposing connection between the +4.5 and-12.4
volt power supplies. At first, however, while the +4.5 volt
bus is near ground potential, the -12.4 volt power supply
furnishes nearly -17.9 volis. This voltage is applied to
resistor R88 on logic supply regulator card A301 (figure
5-44). At this time the PSO signal is not furnished because
+4.5 volts is not being supplied to power fail interrupt card
A1, which generates PSO. Current flows through resistor
R88 and through transistor Q5 on card Al (figure 5-8), to
the +4.5 volt bus, which is near ground potential. Current
flow through resistor R88 begins to charge capacitor C54.
As it charges, the capacitor bypasses current around zener
diode CR58, preventing the diode from entering avalanche
breakdown.

3-248.  The potential at the anode of CR58 is negative as
C54 commences to charge from the -12.4 volt source. This
negative voltage is applied to the bases of transistors Q33
and- Q38. Diodes CR56 and CRb57, together with associated
resistors, form an “or” gate. This gate allows application of
the potential at the anode of CR58 to Q33 and Q38, while
preventing shorting together the -2 volt and +4.5 volt sense
voltages.

3-249.  The negative potential at the bases of Q33 and
Q38 causes these transistors to conduct, bringing about
current limiting in the series regulator transistors for +4.5
and -2 volts. As a result, the +4.5 and -2 volt outputs are
reduced in amplitude after rising for about 20 milliseconds
(figure 4-89). However, the +4.5 volt filter capacitors at the
input to the series regulator transistors continue to charge,
and the +4.5 volt bus continues to rise above ground level.
As the +4.5 volt bus becomes more positive, the -17.4 volt
output becomes less negative. At the same time, capacitor
C54 continues to charge. A point is reached at which the
voltage across C54 is sufficiently great to permit zener
diode CR58 to break intc avalanche conduetion. The bases
of Q33 and Q38 become less negative, current limiting
ceases, and the filter and bypass capacitors at the outputs
of the +4.5 and -2 volt series regulator transistors begin to
charge again. The output filter capacitor for +4.5 volts is
A303C16, and that for -2 volts is A303C8. The bypass
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capacitors for these voltages are situated on various circuit
cards in the card cage. When these filter and bypass ca-
pacitors are completely charged, the full +4.5 and -2 volts
are applied to the computer load circuits. Note in figure
4-89 the change in the rate of rise of +4.5 volts when -2
volts reaches about -1.75 volts. This results from transistor
Q34 being cut off.

3-250. The -2 volt output is applied through diodes
CR55 and CR54 to the emitter of transistor @34 on card
A301. This is a grounded-base PNP transistor with the
potential of the base positive with respect to the emitter;

consequently, the transistor normally is cut off. However, -

if the 2-volts power supply is inoperative, the base of
Q34 is negative with respect to’ its emitter and Q34

conducts heavily. As a result, current limiting in transistors
A304Q5 through A304Q8 prevents the +4.5 volt power
from reaching the computer load circuits. Thus, if -2 volts is
not furnished during turn-on, neither is +4.5 volts. If the-2
volt power supply is operative, Q34 continues to monitor
this source after power turn-on, and Q34 shuts down the
+4.5 volt supply if -2 volts fails.

3-251. When +4.5 volts rises to its full potential after
turn-on, the PSO signal from card Al also rises to +4.5
volts. At this time the 4.5 volt drop across CR58 results in a
potential at the bases of Q33 and Q38 which keeps these
transistors cut off. As a result, current limiting does
not take place. However, if a thermal switch is open during

power turn-on, the PSO signal is false (figure 3-18). With
PSO false, the 4.5 volt drop across CR58 results in a negative

potential at the bases of Q33 and Q38 (relative to the
emitter of each transistor), and the current limiting which
occurs during turn-on remains in effect. Consequently, +4.5
and -2 volts are not applied to the computer load circuits.

3-252.  -12, +22, -22, +12, and +32 Volt Turn-On. The
controlling elements in the turn-on process for -12, +22,
-22, +12, and +32 volts are gates MC1B and MC1A on logic
supply regulator card A301 (figure 5-44). Gate MC1A
monitors the seven regulated voltages during computer
coincidence and its true output keeps transistor Q43 cut
off. If one of the voltages fails, Q43 conducts and brings
about shut-down of -12 volts. When -12 volts is shut down,
the +22, -22, +12, and +32 volt supplies also are shut down
(figure 3-23). Shut-down is brought about by cutting off
the series regulator transistor for the voltage concerned.

3-253.  During turn-on, a means must be provided for
bypassing this voltage monitoring system until all power
supplies are operative. Gate MC1B performs this function.
When +4.5 volts is available, capacitor C56 starts to charge.
While it is charging, the output of MC1B is true and Q43 is
cut off. The capacitor becomes substantially charged in
about 0.3 second. At this time the output of MC1B
becomes false, and MC1A must then furnish a true output
in order to prevent shut-down. The output of gate MC1A is
true if all seven regulated voltages are available.
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3-254.  The seven regulated voltages monitored by gate
MC1A are furnished to the gate in the following manner:

a. +4.5 volts is furnished to one end of resistor R113,
the oth_er end of which is connected to the gate.

b. -2 volts affects the gate by shutting down the +4.5
volt supply if -2 volt failure occurs.

c. +12 volts if furnished through two resistors and a
zener dropping diode to pin 1 of the gate, with diode
CR63 functioning as a clamp.

d. -12 volts affects the gate by shutting down the +12
volt and +32 volt supplies if -12 volt failure occurs.

e. -22 volts affects the gate by keeping transistor Q44
cut off, thereby permitting the application of +4.5 volts
through resistor R113 without significant drop in voltage.

f. +22 volts affects the gate by shutting down the -22
volt supply if +22 volts fails.

g. +32 volts is furnished through two resistors and a
zener dropping diode to pin 14 of the gate, with diode
CR62 functioning as a clamp.

3-2565. When power turn-on takes place, the -12 volt
output starts to rise. However, Q43 on card A301 begins to
conduct as various filter capacitors charge, and current
limiting takes place for -12 volts. As a result, the voltage
across the -12 volt load returns toward zerc (figure 4.90).
Then, when the +4.5 volt output is available, gate MC1B
cuts off Q43, and -12 volts again commences to increase.
The series regulator transistor for this voltage functions as a
constant current source, and the voltage rise is almost linear
as filter and bypass capacitors charge from the regulator

_ output. The filter capacitor is A303C10, and the bypass

capacitors are installed on various circuit cards in the card
cage.

3-266.  The-12 volt output is applied to the +22 volt and
+32 volt regulators through temperature sensing resistors
R220 and R221 on temperature sensing assembly A402.
When -12 volts starts to rise, the +22 volt and +32 volt
outputs also commence to rise. Because of the differing
current limit adjustments for the +22 and +32 volt supplies,
the different loads, and the different amounts of capaci-
tance requiring charging, the two voltages rise at a different
rate from each other and from the -12 volt output. The
final level of the +22 and +32 volt supplies is determined by
the temperature near the core stack assembly. This temper-
ature affects resistors R220 and R221, changing the voltage
applied from the -12 volt source to the +22 and +32 volt
regulators. (See tables 5-2 and 5-3 in Section V.)

3-257.  The output from the +32 and -12 volt supplies
are applied to the +12 volt regulator circuit. When the +32
volt output becomes slightly positive, the +12 volt output
commences to rise.
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3-258. The output of the +22 volt power supply is
applied to the -22 volt regulator. As a result, -22 volts
increases as +22 volis rises and as the -22 volt output filter
capacitor and bypass capacitors charge. The ultimate level
of the -22 volt output is determined by the final level of the
+22 volt output, which in turn is established by the temper-
ature near the core stack assembly.

3-259.  As the interior of the computer cabinet warms up
during operation, and as ambient temperature changes, the
resistance of R220 and R221 on A402 changes. This brings
about a change in the +22 and +32 volt outputs. The shift
in the +22 volt level, in furn, causes the -22 volt output to
change. The voltages decrease in magnitude with rising
temperature, and thereby minimize the effects of tempera-
ture change on the ferrite cores in the core stack assembly.
The change in -22 and +22 volts affects the X and Y drive
current provided by the driver switch cards (A8, A9, A14,
and A15). The change in +32 volts affects the inhibit
current furnished by the inhibit driver cards (A4, A6, A16,
and A18).

3-260. SHUT-DOWN SEQUENCE. Power shut-down can
be a result of any of the following:

a. Pressing the POWER switch off.

b. AC power-line failure (excessively low line voltage
or no line voltage).

c. Failure or overloading of one of the seven con-
trolled voltages, which may lead to shut-down of some or
all of the other controlled voltages.

d. Overheating which causes one of the thermal
switches to open.

3-261. When a controlled voltage fails or is overloaded,
or when a thermal switch opens, only dc shut-down takes
place. When this occurs, the affected voltage or voltages are
cut off by their series regulator transistors, but the ac
circuits and the dc power sources remain in operation.

3-262.  Shut-Down by Power Switch. When the POWER
switch is pressed off, relay A312K1 de-energizes (figures
3-17 and 3-18), and filter capacitors throughout the power
supply begin to discharge. At the moment the switch opens,
+4.5 volts is removed from pin 52 of power fail interrupt
card Al. A power-fail interrupt occurs. The POFP pulse pro-
duced during shut-down stops the program (if running).
The POFP pulse also turns off the I/O system and inter-
rupt priority system. If the program is stopped by the POFP
pulse during a memory reference instruction, memory write
errors may occur. Therefore, it is advisable to stop the pro-
gram before pressing the POWER switch off.

3-263. Approximately 8 milliseconds after contacts 3
and 4 of the POWER switch open, the PSO signal becomes
false. This false signal, furnished to pin 11 of logic supply
regulator card A301, starts the dc power supply shut-down
sequence (figures 4-91 and 4-92).

Section III

3-264. The false PSO signal is forwarded through zener
diode CR58 and other components to the base of transistor
Q33 on card A301. The 4.5 volt drop across the zener
diode results in the application of a negative voltage to
Q33. As a result, series regulator transistors Q1 through Q4
in large heat sink assembly A304 cut off the flow of current
from the +4.5 volt supply. :

3-265.  The false PSO signal is also furnished to the base
of transistor Q38, stopping the flow of current from the -2
volt supply by cutting off transistors Q5, Q6, Q7, and Q8 in
large heat sink assembly A304.

3-266. To shut down the remaining conirolled voltages,
the false PSO signal is applied to gate MC1A on logic supply
regulator card Al. The gate no longer experiences coinci-
dence, transistor Q43 conducts, and the -12 volt series
regulator transistor stops the flow of current from the -12
volt power source. With the loss of -12 volts, the remaining
controlled voltages are shut down. (See figure 3-23.)

3-267. When dc shut-down occurs for each controlled
voltage, the filter capacitors on the input side of the series
regulator transistors discharge through resistors provided
for the purpose.

3-268. When the filter capacitors for -5.6 volts have
discharged sufficiently, relay A312K1 de-energizes, and the
power supply subsidiary voltages are turned off. To fully
discharge all filter capacitors, approximately 3 minutes is
required.

3-269.  Shui-Down Due to AC Power-Line Failure. If the
ac line-voltage drops below a level between 100 and 102
volts rms (200 to 204 volts for a 230-volt computer), a
power-fail program interrupt occurs. If programmed to do
so, and if the computer is running, the computer then
performs a power-fail program. The dc voltage regulators
and filter capacitors can maintain normal dc voltage for at
least 1 millisecond after complete ac line voltage failure.
During this time the power faii program can perform at
least 200 instructions. At the end of the program the com-
puter halts if so programmed. (To avoid loss of data in core
storage, a programmed halt should be performed.) If the ac
line voltage has dropped below about 80 volts rms
(160 volts for a 230-volt computer), or has failed com-
pletely, filter capacitors discharge and the power supply
series regulator transistors can no longer maintain the
required voltage levels. The voltage which drops out of
regulation first, and the ac line voltage at which this occurs,
depends on the loading of the various regulators. This, in
turn, depends on the quantity and type of optional devices
which have been installed in the computer.

3-270.  When the first voltage drops out of regulation,
other controlled voltages which depend on the affected
voltage are shut down. Figure 3-23 illustrates the require-
ment of each controlled power supply with respect to out-
puts from other supplies. If any power supply drops out of
regulation, the supplies to the right in the illustration are
shut down. Also, if any supply to the right of the -12 volt
supply loses regulation, -12 volts is shut down, resulting in
all supplies shown to the right of the -12 supply being shut
down.
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3-271. A condition that could result from a continued
abnormally low line voltage is that certain controlled
voltages are shut down, while others continue to be fur-
nished to the computer load.

3-272.  When +12 volts is shut down, and if +4.5 volts is
still available, power fail interrupt card Al produces a
power on/off pulse (POFP). This pulse turns off the I/O
system and the interrupt priority system, and stops the
computer if it is running.

3-273. If the ac line voltage becomes sufficiently low or
if it drops to zero, relay A312K1 de-energizes (figure 3-18).
When line voltage returns to normal, the computer under-
goes the normal power-on sequence and will then be ready
for use, but will not be running.

3-274.  If the ac line voltage is low enough to cause dc
power shut-down, but is not sufficiently low for A312K1
to de-energize, power transformer A311T1 continues to
furnish voltage to the subsidiary rectifiers in the power
supply. The series regulator transistors for the controlled
voltages maintain the shut-down condition. Upon restor-
ation of normal ac line voltage, the normal power turn-on
sequence takes place except that relay A312K1 has
remained energized and resistor A300R1 remains shorted
out.

3-275.  Shut-Down Due to Failure of a Controlled
Voltage. If one of the controlled power supplies (+4.5, -2,
+12, 12, +22, -22, or +32 volts) experiences failure, other
controlled supplies may be shut down. Figure 3-23 illus-
trates the requirement of each controlled power supply

with respect to outputs from other supplies. A power fail
interrupt occurs when shut-down of this type takes place.

(Since a regulated dc voltage has failed, the power fail pro-

gram may not function correctly.)

3-276. When +12 volts is shut down, and if +4.5 volts is
still available, power fail interrupt card Al produces a
power on/off pulse (POFP). This pulse turns off the I/O
system and the interrupt priority system, and stops the
computer if it is running.

3-277.  Failure of a voltage regulator circuit might result
in a subnormal voltage from one of the controlled supplies.
If small, the drop in voltage may not be enough to disable
MC1A on card A301. If this occurs, all power supplies
continue to furnish voltage to the computer. The worst case
is for +32 volts. This voltage is applied to gate MC1A
through zener voltage-dropping diode CR64, rated at 17.8
volts. Subtracting this amount from 32 volts leaves 14.2
volts. Clamp diode CR62 establishes a potential of +4.5
volts at the junction of the two diodes. Therefore, the +32
volt output must drop below 22.3 volts in order to bring
about a decrease in potential at the junction of the diodes.
This effect produces the following result during power turn-
on. The +32 volt output rises more slowly during turn-on
than the other controlled voltages. However, it need reach
only 22.3 volts to furnish a full input to gate MC1A, per-
mitting this gate to function before the output of gate
MC1B becomes false.
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3-278.  Another result of voltage regulator failure could
be an abnormally high voltage from the power supply. If
the voltage becomes sufficiently high, the overvoltage pro-
tection circuit imposes a short on the power supply output
(see table 3-5). As a result of the short, shut-down takes
place for the affected voltage. This, in turn, may shut down
other controlled voltages, as illustrated in figure 3-23. As
previously noted, if shut-down occurs for any power supply
to the right of the -12 volt supply in the illustration, the -12
volt supply itself is shut down, resulting in shut-down of all
supplies shown to the right of the-12 volt supply.

3-279.  Shut-Down Due to Open Thermal Switch. When

a thermal switch opens, a power-fail interrupt occurs. The
PSO signal becomes false (figure 3-18) and as a result, the
seven controlled voltages are shut down by their series regu-
lator transistors. However, relay A312K1 remains energized
and the fans continue to function. The +7 volt lamp voltage
and the subsidiary voltages produced for use within the
power supply section continue to be available. If there is
sufficient cooling to permit the thermal switch to close
after dc shut-down, the computer undergoes the normal
power turn-on sequence except that A312K1 is already en-
ergized. The computer is available for use after this turn-on,
but is not running.

3-280. PON SIGNAL. A power-on-normal (PON) signal
is furnished by power fail interrupt card A1 when +4.5 and
-2 volts are available to the computer. The PON signal
becomes true approximately 0.1 second after these voltages
are furnished to the computer load, and the signal remains
true while both voltages are available,

3-281. When it is false, the PON signal protects stored
data by preventing memory readout during the transient
conditions of power turn-on. The false PON signal also
prevents certain operations of I/O devices, such as drum
or disc writing, during power turn-on and shut-down.

3-282.  The PON signal is furnished to driver switch cards
A8, A9, Al4, and A15. Here the PON signal, when false,
prevents activation of core memory X and Y drive lines.
Memory readout therefore cannot occur. The PON signal
also affects the state of the “not” memory-normal-switch
“not” MNS) signal furnished to timing generator card
A106. When PON is false, “not” MNS is true, and control
signals used for writing and reading in core memory remain
false, providing further protection against destruction of
stored data.

3-283.  The function of the PON signal on I/O interface
cards is described in the operating and service manual for
the device concerned.

3-284.  As noted, the PON signal becomes true approxi-
mately 0.1 second after +4.5 and -2 volts are furnished to
card Al (figure 5-7) during turn-on. The potential of Q3 is
then approximately +2.5 volts with respect to ground.
Since the collector connects to +4.5 volts, the base of the
transistor is negative with respect to its collector and the
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transistor conducts. Capacitor C5 commences to charge.
After approximately 0.1 second, the capacitor is suffi-
ciently charged to cause the PON signal to become frue.
The switching action of driver MC17A steepens the leading
edge of the PON signal from the exponential charge-curve
of capacitor C5.

3-285. POFP PULSE. During dc turn-on and shut-down
a power on/off pulse (POFP) is produced by power fail
interrupt card Al. The pulse is produced for any power
shut-down, regardless of cause, which shuts down the +12
volt power supply.

3-286. The POFP pulse ensures that the computer is
halted, that it is in the fetch phase, and that the I/O system
and interrupt priority system are turned off. To bring about
these conditions, the POFP pulse sets or clears flip-flops as
follows:

a. POFP resets the Run 1 and Run 2 FFs on timing
generator card A106. This ensures that the computer is
halted.

b. POFP sets the Phase 1 FF on timing generator card
A106. This places the computer in the fetch phase.

c. POFP initiates reset of the Interrupt Control FF on
i/G control card A201, and reset of the Flag and Control
FFs on each I/O interface card. This turns off the I/O
system.

d. POFP resets the Flag FF on power fail interrupt
card Al. This disables the priority line for all devices that
have a lower interrupt priority than that of the power fail
interrupt. Since the power fail interrupt has the highest
priority, the entire priority system is disabled. Before the
computer is started, the interrupt priority system is made
effective by pressing the PRESET switch, thereby resetting
the Fiag F'F on card A1l.

38-287. A single POFP pulse is produced each time the
computer is turned on or off. The pulse is also produced
when +12 volts fails or when +12 volts is shut down by an
open thermal switch or by failure of another voltage. The
POFP pulse, which is true for about 40 milliseconds, is
produced by transistors Q2, Q3, and Q4 and their associ-
ated components, on card Al (figure 5-7). When +4.5 volts
and -2 volts become available during power turn-on the base
of Q3 is negative with respect to its emitter, and the
transistor conducts. Before +12 volts is furnished, the base
of Q4 is more positive than its collector, and the transistor
is cut off. Transistor Q2, however, conducts heavily and
furnishes nearly +4.5 volts to pin 6 of gate MC57B. As a
result, the POFP signal becomes true. The frue output of
Q2 also resets the Flag FF on card Al. When +12 volis is
furnished to the cathode of CR7, Q2 cuts off and the POFP
pulse becomes false.

3-288.  During shut-down, the POFP pulse becomes true
when +12 volts is removed from the cathode of diode CR7.
The puise remains true until +4.5 voiis is shut down.
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3-289. POWER-FAIL INTERRUPT CIRCUITS. If the ac
line-voltage drops below a level between 100 and 102 volts
rms {200 to 204 volts if the computer is connected for
230-volt operation), a power-fail interrupt occurs. The
priority of this interrupt is 4, and it causes a program jump
to core-memory address 00004. From that point, operations
depend on whether a power-fail interrupt program is stored
in memory. The program is written to suit the needs of the
particular installation, but in general it stores the contents of
registers and performs other actions in preparation for later
start-up at the point of program termination.

3-290.  The circuits which initiate the power-fail inter-
rupt are on power fail interrupt card A1 (figure 5-7). Pins
79 and 80 of this card receive a voltage furnished by a
center-tapped secondary winding on transformer A311T1
in the power supply section. With normal ac line-voltage,
pins 79 and 80 receive 18 volts ac rms, with the voltage at
the two pins 180 degrees out of phase. This ac voltage is
rectified by diodes CR1 and CR2, which together constitute
a full-wave rectifier. Resistor R3, with capacitors C2 and
C3, fiiter the rectified voitage.

3-291.  The rectified voltage, is applied to a voltage
divider made up of resistors R6, R7, and R8. Potentiometer
RT is adjusted so that with normal ac line-voltage transistor
Q7 conducts and Q8 is cut off. The collector scurce for Q8
is pin 3 of gate MC97B, which normally is slightly negative.

3-292.  If the ac line-voltage becomes excessively low Q7
cuts off, Q8 conducts, and gate MC97B experiences
coincidence. As a result, a power-fail interrupt occurs. Fur-
ther discussion of the circuits which produce the interrupt
is presented in paragraph 4-81.

3-293. GROUND CIRCUITS.

3-294. AC NEUTRAL.

3-295.  In keeping with international safety reguiations,
the power-line ac neutral input to the computer is not
connected to the computer frame.

3-296. FRAME GROUND.

3-297.  Schematic diagrams which show frame ground
connections are the following:

a. A300 power supply assembly schematic (figure 5-44).
b. Ab502 control panel assembly schematic (figure 5-47).

c. Overall interconnection diagram (figure 5-49).
3-298. The earth-ground conductor in the ac power

cable is connected to the frame of the computer at the base
of connector A300J1.
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3-299. The power supply dc ground-return circuit is
connected to the computer frame at the anode of diode
A308CR9. This diode bolts to a metal bracket attached to
the computer frame. Ne insulating washer is used for
mounting the diode, and its anode is therefore electrically
connected to the mounting bracket.

3-300. The frame of the card cage is connected to the
power supply dc ground-return circuit at point E2, where
the ground strap from the power supply bolts to the frame
of the card cage. DC ground return is also connected to the
card cage frame in overvoltage protection assembly A121.

3-301. The door is connected to the de ground-return
cireuit at a lug beside POWER switch A5025109.

3-302. CARD GROUND.

3-303. For each eiched-circuit card in the card cage,

ground connection is made at backplane pins 1, 2, 85, and
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86. In most cases, these pins serve for both dc ground-
return and signal ground-return. In some instances,
additional pins are used for signal ground-return in order to
eliminate coupling due to voltage drop in common ground
returns.

3-304.  Cards which have a 48-pin connector on the front
use pins 1, A, 24, and BB of the connector for signal
ground-return. In some cases additional pins also are
employed.
3-305. BUS BARS.

3-306. Three square bus bars are installed on the right
side of the power supply section. At the top, they curve
over capacitor board assembly A303. At the bottom,
flexible metal straps are attached to make connection with
the card cage. The front bus bar carries regulated +4.5 volts.
The middle bus bar is at ground potential. The rear bus bar
carries regulated -2 volts.
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SECTION 1V

TROUBLESHOOTING

41. INTRODUCTION.

4-2.  This section of the manual contains testing and
troubleshooting data for the computer’s control section,
arithmetic section, memory section, input/output section,
and power supply section. The test data is used to check
the overall performance of the computer. The trouble-
shooting data is used to check the computer sections at the
circuit level.

4-3. TEST DATA.

4.4, Test data for the computer consists of the basic
checkout (paragraph 4-9) and the diagnostic checkout
(paragraph 4-17). Performing the basic checkout test pro-
cedure is the first step of computer testing. This procedure
consists of step-by-step instructions for using front panel
switches and indicators to make a preliminary check of the
computer’s performance before more detailed testing is
attempted. Trouble symptoms detected in making this
check are analyzed to establish which circuit function is
most probably causing the trouble indication. References
are provided to detailed troubleshooting data for the sus-
pected circuit. If no trouble symptoms are detected in the
course of performing the basic checkout procedure, the
computer is assumed to be capable of loading, storing, and
at least partially executing diagnostic test programs.

4-5.  Performing the diagnostic checkout test procedure
is the next step of computer testing. Diagnostic test pro-
grams are used to dynamically check the operation of the
circuits in the control, arithmetic, memory, and input/
output sections of the computer. Trouble symptoms are
indicated by error halts displayed at the front panel. By
carefully analyzing the error halt condition, the cause of
the trouble can be traced to one or more instructions in the
test program which the computer failed to process. Refer-
ences are provided to detailed troubleshooting data for the
circuits suspected of causing the failure. If no error halts are
detected in the course of performing the diagnostic check-
out procedure, the computer is assumed to be ready to
resume normal operation.

4-6. 'TROUBLESHOOTING DATA.

4.7.  The troubleshooting data in this section is used for
checking the computer at the circuit level to isolate trouble
symptoms, which are detected during the course of com-
puter testing, to a replaceable assembly or part. Trouble-
shooting data included in this section consists of a program
instruction index and troubleshooting reference guide, logic
equations, circuit descriptions, test procedures, and trouble-
shooting diagrams. The purpose and use of this data is
explained in paragraphs 4-38 through 4-55.

4-8.  Troubleshooting data contained in other sections of
this manual and in other manuals is described in paragraphs
4-56 through 4-59.

4-9. BASIC CHECKOUT.
4-10. GENERAL.

4-11.  The basic checkout test procedure is performed
using operating switches and indicators to check the overall
performance of the computer. This test procedure should

and as required thereafter as part of a regularly scheduled
preventive maintenance program, as the first step of
troubleshooting, and after repairs or modifications are
made to the computer. The basic checkout should always
be performed prior to attempting to perform the diagnostic
checkout. Successful completion of all test steps in the
basic checkout procedure ensures that the computer is
operational to the extent that diagnostic test programs can
be loaded into memory and at least partially executed.

4-12. REQUIRED TEST EQUIPMENT.

4-13. No test equipment is required for performing the
basic checkout procedure. However, it is recommended that
the following test equipment, or its equivalent (refer to
table 1-5), be prepared for operation in the event it is
required for troubleshooting:

a. HP 180A Plug-In Oscilloscope Main Frame.

b. HP 1801A Vertical Amplifier (plug-in for HP
180A).

c. HP 1820A Time Base (plug-in for HP 180A).

d. HP 10004A Miniature Resistive Divider Probes

e. HP 3439A Plug-in Digital Voltmeter.
f. HP 3441A Range Selector (plug-in for HP 3439A).
g. HP 427A Multi-Function Meter.

h. HP 10525A Logic Probe.
41
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4-14. TEST PROCEDURE.

4-15.  The basic checkout procedure consists of a series
of tests that check the operation of key circuit functions in
the computer. The purpose of these tests is to provide an
expedient means of detecting obvious trouble symptoms.
The results of each test, when compared to expected nor-
mal resuits, provides an indication as to whether or not the
circuit under test is functioning normally. Instructions are
included for analyzing trouble symptoms, and references
are provided to troubleshooting data for the circuits most
likely to be causing the trouble indication. Troubles
encountered during the performance of the basic checkout
must be corrected before diagnostic testing is attempted.

4-16. Instructions for performing the basic checkout
procedure are contained in the following steps:

Note

If computer power is on at the start of
this procedure, check the status of all
front panel indicators before turning off
the power. If possible, check the indi-
cators while the computer is in the run
mode, and again while the computer is in
the halt mode. Carefully note and record
any trouble symptoms which are
observed, as well as those reported by the
computer operator. This information may
prove useful in the troubleshooting
process.

a. At the front panel of the computer, press and
release the POWER switch to turn off power.

b. Open the door assembly and remove the four re-
taining screws securing the card cage to the mainframe.
Fully extend the card cage from the cabinet and swing it
out to the servicing position.

WARNING

Dangerous ac line voltage is present in the
computer even though the POWER
switch has been turned off at the front
panel. Protective panels and covers
installed on the power supply, on the
bottom of the card cage, and over the
wiring side of the POWER switch are
designed to prevent personal contact with
components that are wired directly to the
hot side of the ac line. Use caution when
servicing in these areas even though the
protective panels and covers are in place.
If it is necessary to remove a protective
panel or cover during servicing, first turn
off all ac line voltage from the computer
by disconnecting the power cord from ac
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power input connector A300J1 at the
rear panel of the computer. If it is neces-
sary to apply power to the computer
while a protective panel or cover Iis
removed, use extreme caution to avoid
contact with the exposed area. Refer to
paragraph 5-7 for additional safety infor-
mation before proceeding.

c. Inspect the electrical assemblies and parts com-
prising the door assembly, backplane, and power supply for
visible indications of trouble, such as burned wiring, broken
wiring connections, loose or improper cable connections, or
plug-in cards installed in wrong slots or improperly seated
in mating connectors. Also inspect for excess dirt accumu-
lations or foreign matter that could restrict airflow through
the cabinet and cause overheating. Take immediate action
to correct any condition that may be the cause of trouble.
Note those conditions that do not require immediate cor-
rective action, but which should be serviced when regularly

" scheduled preventive maintenance is performed.

d. At the front panel of the computer, check that the
LOADER switch is in the PROTECTED position. On the

.display board located behind the front panel, check that

the MEMORY, PHASE, and INSTRUCTION switches are in
the NORM position. If these switches are not set as
specified, set them to the NORM position before
proceeding.

Note

If the 12588A Power Failure Interrupt
With Automatic Restart Option (option
008) is installed, the computer program
may start automatically when power is
turned on. To prevent this from hap-
pening, press and hold either the HALT
switch or the PRESET switch whenever
the POWER switch is pressed and released
to turn on power.

e. Press and release the POWER switch to turn on
power. Check that fans A300B1 at the top of the power
supply, A304B2 and A305B3 on the bottom of the heat
sink assemblies, and A200B1, A200B2, and A200B3 on the
bottom of the card cage are operating properly. Check each
fan for abnormal airflow and audible indications of defec-
tive motor bearings, fan blade obstructions, or other indi-
cations of abnormal operation. If all fans are operating
normally, proceed to step “f”. Otherwise, select the appli-
cable step from those following and proceed as directed:

(1) If all fans are inoperative, press and release the
POWER switch to turn off power. Check the
condition of fuse A312F1 (see figure 4-93). If
the fuse is blown, replace jt and repeat step “‘e”
above. If the fuse blows again, refer to para-
graph 4-502 and troubleshoot for a short in the
ac distribution circuits. If the fuse was intact
when checked, refer to paragraph 4-504 and
troubleshoot for an open condition in the ac
distribution circuits.
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Table 4-8. Program Instruction Index and Troubleshooting Reference Guide (Continued)

INSTRUCTION

MNEMONIC

TYPE

DEFINITION AND DESCRIPTION

REFERENCES

PARA.

GRAPH

FIGURE

MAC

Special

Macroinstruction. This instruction provides up io
2048 entries to macroinstruction subroutines. It

is used only by special options and special soft-
ware, and is not included as one of the instructions
in the basic instruction set for the computer.

The basic computer processes a MAC instruction

in the same manner as a NOP instruction.

T A E-N
NA NA

MIA

Input/Output

Merge Input into A-Register. The contents of the
buffer register on the interface card residing in
the addressed I/O channel are merged with the
contents of the A-register by performing the
inclusive “or” function. The results of the
merger are stored in the A-register. The previous
contents of the A-register are lost.

4-418 4-73

Input/Output

Merge Input into B-Register. The contents of the
buffer register on the interface card residing in
the addressed I/O channel are merged with the
contents of the A-register by performing the
inclusive “or” function. The results of the
merger are stored in the B-register. The previous
contents of the B-register are lost.

4-418 4-73

NOP

Register
Reference
(SRG)

No Operation. No processing operation is performed.

Only a memory cycle occurs.

4-259 4-46

OTA

Input/Output

Output from A-Register. The contents of the
A-register are loaded into the buffer register on
the interface card residing in the addressed I/O
channel. If the buffer register has less than 16
bit positions, the least significant bits from

the A-register are normally loaded. The contents
of the A-register remain unaltered.

4-430 4-75

OTB

Input/Output

Output from B-Register. The contents of the
B-register are loaded into the buffer register on

the interface card residing in the addressed 1/0
channel. If the buffer register has less than 16

bit positions, the least significant bits from the
B-register are normally loaded. The contents of the
B-register remain unaltered.

4-430 4-15

RAL

Register
Reference
(SRG)

Rotate all A-Register bits Left one place. The
bit in position 15 is rotated around to bit
position 0.

4-287 4-51

RAR

Register
Reference
(SRG)

Rotate all A-Register bits Right one place. The
bit in position O is rotated around to bit
position 15.

4-293 4-52

4-21
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(2) If one or more but not all fans are inoperative,
press and release the POWER switch to turn off
power. Disconnect the power cord from ac
power input connector A300J1 at the rear
panel of the computer and check the wiring to
the inoperative fan (see figure 3-17). If defec-
tive wiring is not the cause of the trouble, re-
place the inoperative fan, and repeat step “e”’.

CAUTION

Do not continue with this procedure
unless all fans are operating normally.
Loss of air flow from an inoperative or
improperly operating fan may cause over-
heating which could result in serious
damage to computer components. Turn
off power and do not attempt further
operation until the trouble has been
corrected.

f. Make a general inspection of the indicators on the
front panei of the computer. Then seiect the appiicabie
step from those following and proceed as directed:

(1) If all indicators are off, refer to paragraph
4-504 and troubleshoot the ac distribution cir-
cuits. (Bear in mind that fans are receiving ac
power.)

(2) If only the POWER indicator is on and all other
indicators are off, replace fuse A311F10 (see
figure 4-93). If fuse replacement fails to correct
the trouble, refer to paragraph 4-506 and
troubleshoot the +7-volt lamp supply circuit.

(3) If at least some of the indicators are on, check
whether the indicators listed in table 4-1 are
providing normal indications. If all indicators
are normal, proceed with step “g”. If an ab-
normal indication is encountered, take the cor-
rective action specified in the table.

g. At the front panel of the computer, press and

" release the PRESET switch and check that the PRESET

indicator goes off. If the indication is normal, proceed to

step ““h”. If the indication is abnormal, refer to paragraph

4-81 and troubleshoot the circuits associated with the
PRESET switch.

Section IV

Note

Throughout this manual, displays by
binary indicators 0 through 15 of the
T-REGISTER MEMORY DATA display,
P-REGISTER PROGRAM COUNTER
display, M-REGISTER MEMORY
ADDRESS display, A-REGISTER
ACCUMULATOR display, and B-REGIS-
TER ACCUMULATOR display are
expressed as six digit octal numbers. For
example, a sixteen bit binary display of 0
000 110 111 010 101 (corresponding to
indicators 15 through 0O as viewed from
left to right at the computer front panel,
with indicators that are on representing a
binary 1, and indicators that are off
representing a binary 0) is expressed as
006725. Settings for the switches in the
SWITCH REGISTER are also expressed
as six digit octal numbers. For example,
the setting 1 011 100 001 111 000 for
switches 15 through 0 (as viewed from
left to right at the front panel, with
switches set to the up position represent-
ing a binary 1, and switches set to the
down position representing a binary 0) is
expressed as 134170.

h. Set the SWITCH REGISTER to 000000 (switches
15 through 0 in the down position), and in turn, press and
release the LOAD MEMORY, LOAD A, LOAD B, and
LOAD ADDRESS switches. Then set the SWITCH REG-
ISTER to 177777 (switches 15 through O in the up posi-
tion). Press and release the LOAD A switch and check the
A-REGISTER ACCUMULATOR display for an indication
of 177777 (indicators 15 through O on). If the indication
is normal, proceed to step “i”. If all indicators in the dis-
play fail to go on, refer to paragraph 4-86 and troubleshoot
the circuits associated with the LOAD A switch. If only
one of the indicators in the display fails to go on, replace
the associated indicator lamp. If lamp replacement fails to
correct the trouble, refer to paragraph 4-86 and trouble-
shoot the circuits associated with the unresponse indicator.

i. Set the SWITCH REGISTER to 000000 (switches
15 through O in the down position). Press and release the
LOAD A switch and check the A-REGISTER ACCUMU-
LATOR display for an indication of 000000 (indicators 15
through O off). If the indication is normal, proceed to step
“j”. If all indicators in the display fail to go off, refer to
paragraph 4-86 and troubleshoot the circuits associated
with the LOAD A switch. If only one of the indicators in
the display fails to go off, refer to paragraph 4-86 and
troubleshoot the circuits associated with the unresponsive
indicator.
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Table 4-1. Front Panel Indicator Initialization, Checkout and Trouble Analysis

NORMAL
INDICATOR INDICATION IF INDICATION IS ABNORMAL

POWER On Replace POWER indicator lamp A502DS109. If lamp replace-
ment fails to correct the trouble, refer to paragraph 4-68 and
troubleshoot the circuits associated with the POWER indicator.

RUN Off Press and release the HALT switch. If the RUN indicator remains
on, refer to paragraph 4-71 and troubleshoot the circuits associated
with the RUN indicator. If pressing the HALT switch turns off the
RUN indicator, refer to paragraph 4-512 and troubleshoot the
circuits associated with the Power On/Off Pulse (POFP) signal.

HALT On Press and release the HALT switch. If the HALT indicator is now
on, refer to paragraph 4-512 and troubleshoot the circuits associ-
ated with the Power On/Off Pulse (POFP) signal. If the HALT
indicator remains off, replace indicator lamp A502DS107. If
lamp replacement fails to correct the trouble, refer to paragraph
4-76 and troubleshoot the circuits associated with the HALT
indicator.

FETCH On Press and release the PRESET switch. If the FETCH indicator
is now on, refer to paragraph 4-512 and troubleshoot the cir-
cuits associated with the Power On/Off Pulse (POFP) signal. If
the FETCH indicztor remains off, replace indicator lamp
A501DS84. If lamp replacement fails to correct the trouble,

refer to paragraph 4-167 and troubleshoot the circuits associated

with the FETCH indicator.

INDIRECT off Press and release the PRESET switch. If the indicator is now off,
refer to paragraph 4-512 and troubleshoot the circuits associated
with the Power On/Off Pulse (POFP) signal. If the INDIRECT
indicator remains on, refer tc paragraph 4-171 and troubleshoot
the circuits associated with the INDIRECT indicator.

EXECUTE Off Press and release the PRESET switch. If the EXECUTE indicator
is now off, refer to paragraph 4-512 and troubleshoot the circuits
associated with the Power On/Off Pulse (POFP) signal. If the
EXECUTE indicator is still on, refer to paragraph 4-176 and
troubleshoot the circuits associated with the EXECUTE indicator.

PRESET On Replace indicator lamp A502DS108. If lamp replacement fails
to correct the trouble, refer to paragraph 4-81 and trouble-
shoot the circuits associated with the PRESET indicator.

PARITY Off Refer to the operating and service manual for the HP 12591 A
HALT Parity Error Option (manual part no. 12591-9001) and trouble-
shoot the circuits associated with the PARITY HALT indicator.
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j. Set the SWITCH REGISTER to 177777. Press and
release the LOAD B switch and check the B-REGISTER
ACCUMULATOR display for an indication of 177777.1
the indication is normal, proceed to step “k”. If all indi-
cators in the display fail to go on, refer to paragraph 4-92
and troubleshoot the circuits associated with the LOAD B
switch. If only one of the indicators in the display fails to
go on, replace the associated indicator lamp. If lamp
replacement fails to correct the trouble, refer to paragraph
4.92 and troubleshoot the circuits associated with the
unresponsive indicator.

k. Set the SWITCH REGISTER to 000000. Press and
release the LOAD B switch and check the B-REGISTER
ACCUMULATOR display for an indication of 000000. If
the indication is normal, proceed to step “1”. If all indi-
cators in the display fail to go off, refer to paragraph 4-92
and troubleshoot the circuits associated with the LOAD B
switch. If only one of the indicators in the display fails to
go off, refer to paragraph 4-92 and troubleshoot the circuits
associated with the unresponsive indicators.

1. Set the SWITCH REGISTER to 177777. Press and
release the LOAD ADDRESS switch and check both the
P-REGISTER PROGRAM COUNTER display and the
M-REGISTER MEMORY ADDRESS display for an indi-
cation of 177777. If the indication by both displays is
normal, proceed to step “m”. If all indicators in either or
both displays fail to go on, refer to paragraph 4-98 and
troubleshoot the circuits associated with the LOAD
ADDRESS switch. If only one indicator in either display
fails to go on, replace the associated indicator lamp. If lamp
replacement fails to correct the trouble, refer to paragraph
4-98 and troubleshoot the circuits associated with the
unresponsive indicator.

m. Set the SWITCH REGISTER to 000000. Press and
release the LOAD ADDRESS switch and check both the
P-REGISTER PROGRAM COUNTER display and the
M-REGISTER MEMORY ADDRESS display for an indi-
cation of 000000. If the indication by both displays is
normal, proceed to step “n”. If all indicators in either or
both displays fail to go off, refer to paragraph 4-98 and
troubleshoot the circuits associated with the LOAD
ADDRESS switch. If only one indicator in either display
fails to go off, refer to paragraph 4-98 and troubleshoot the
circuits associated with the unresponsive indicator.

n. Set the SWITCH REGISTER to 177777. Press and
release the LOAD MEMORY switch and check the
T-REGISTER MEMORY DATA display for an indication
of 177777. If the indication is normal, proceed to step “o”.
If all indicators in the display fail to light, refer to para-
graph 4-106 and troubleshoot the circuits associated with
the LOAD MEMORY switch. If only one indicator in the
display fails to go on, replace the associated indicator lamp.
If lamp replacement fails to correct the trouble, refer to
paragraph 4-106 and troubleshoot the circuits associated
with the unresponsive indicator.
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o. Set the SWITCH REGISTER to 000000. Press and
release the LOAD MEMORY switch and check the
T-REGISTER MEMORY DATA display for an indication
of 000000. If the indication is normal, proceed to step “p”’.
If all indicators in the display fail to go off, refer to
paragraph 4-106 and troubleshoot the circuits asscciated
with the LOAD MEMORY switch. If only one of the
indicators in the display fails to go off, refer to paragraph
4.106 and troubleshoot the circuits associated with the
unresponsive indicator.

p. Set the SWITCH REGISTER to 177770 and press
and release the LOAD ADDRESS switch. While observing
the P-REGISTER PROGRAM COUNTER display and the
M-REGISTER MEMORY ADDRESS display, press and
release the LOAD MEMORY switch seven times and check
that both displays are incremented by a count of one each
time the LOAD MEMORY switch is pressed and released.
(Both displays should indicate 177777 after the LOAD
MEMORY switch has been pressed and released seven
times.) Then press and release the LOAD MEMORY switch
again. (Both displays should now indicate 000000.) If
the indications by both displays were normal, proceed
to step “q’’. If an indication by either or both displays
was abnormal, refer to paragraph 4-106 and troubleshoot
the circuits associated with the LOAD MEMORY switch.
(Check the circuits associated with the carry bit signals
as the first step of troubleshooting if either or both dis-
plays failed to ‘“wrap around” from 177777 to 000000
when the LOAD MEMORY switch was pressed and re-
leased the eighth time.)

q. Set the SWITCH REGISTER to 177770 and press
and release the LOAD ADDRESS switch. While observing
the P-REGISTER PROGRAM COUNTER display and the
M-REGISTER MEMORY ADDRESS display, press and
release the DISPLAY MEMORY switch seven times and
check that both displays are incremented by a count of one
each time the DISPLAY MEMORY switch is pressed and
released. (Both displays should indicate 177777 after the
DISPLAY MEMORY switch has been pressed and released
seven times.) If the indication by both displays is normal,
proceed to step “r”. If the indication by either or both
displays is abnormal, refer to paragraph 4-116 and trouble-
shoot the circuits associated with the DISPLAY MEMORY
switch.

r. Set the SWITCH REGISTER to 177770 and press
and release the LOAD ADDRESS switch. While observing
the P-REGISTER PROGRAM COUNTER display and the
M-REGISTER MEMORY ADDRESS display, press and
release the SINGLE CYCLE switch seven times and check
that both displays are incremented by a count of one each
time the SINGLE CYCLE switch is pressed and released.
(Both displays should indicate 177777 after the SINGLE
CYCLE switch has been pressed and released seven times.)
If the indication is normal, proceed to step “‘s”. If the
indication by either or both displays is abnormal, refer to
paragraph 4-124 and troubleshoot the circuits associated
with the SINGLE CYCLE switch.

4-5



Section IV

Note

Use care when performing steps ‘‘s” and
“t” following to prevent the absolute
loader program from being destroyed. If
this should happen, reload the required
instructions in the protected area of

memory using the procedure presented in
paragraph 4-27 and repeat steps “s” and
“t”” before proceeding to step “u”.

s. Using the verification procedure presented in para-
graph 4-28 and the information presented in table 4-4 or
4-5, as applicable, check the status of all 64 instructions in
the Basic Binary Loader program located in the protected
area of memory. If all instructions are correct, proceed to
step “t”. If an incorrect program instruction is encoun-
tered, attempt to load the correct instruction into the ap-
plicable memory location using the instruction loading pro-
cedure presented in paragraph 4-27 and the information
presented in table 4-4 or 4-5. Then reverify the contents in
the memory location to ensure that the instruction was
loaded properly. If the contents of the memory location
are still incorrect, troubleshoot the circuits comprising the
memory section of the computer. Refer to paragraph 4-156
and check the memory timing circuits as the first step of
troubleshooting. ’

t. Again, using the verification procedure presented in
paragraph 4-28 and the information presented in table 4-4
or 4-5, recheck the status of the first 12 memory locations
in the protected area of memory (addresses Om7700
through Om7713). If all 12 instructions are still correct,
proceed to step ““u”. If any one or all of the instructions are
now incorrect, refer to paragraph 4-478 and troubleshoot

the circuits associated with memory write circuits.
Note

Make sure the LOADER switch has been
reset to the PROTECTED position before
proceeding.

u. At the front panel of the computer, proceed as
follows:

Note

Steps (1) through (8) below contain a
step-by-step procedure for manually
loading a test program into the computer
memory in preparation for performing
steps “v” through “y”. The test program
consists of five instructions that can be
stored in any five consecutive memory
locations in a memory page (other than
protected, reserved, or unaccessible loca-
tions). The memory locations specified
for these instructions are typical, and
may be changed to any unused area in
memory to prevent destroying program
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data or instructions already stored in the
specified locations. Therefore, if a start-
ing address other than 004000 is used,
refer to the information given in figure
4-1 and modify the octal values accord-
ingly for the SWITCH REGISTER set-
tings given in steps (1), (6), and (8).

(1) Set the SWITCH REGISTER to 004000 (typ-
ical address for the first instruction of the pro-
gram) and press and release the LOAD AD-
DRESS switch.

(2) Set the SWITCH REGISTER to 002400 (CLA)
and press and release the LOAD MEMORY
switch.

(3) Set the SWITCH REGISTER to 060001 (LDA)
and press and release the LOAD MEMORY
switch.

(4) Set the SWITCH REGISTER to 006400 (CLB)
and press and release the LOAD MEMORY
switch,

(5) Set the SWITCH REGISTER to 164000 (LDB,
I) and press and release the LOAD MEMORY
switch.

(6) Set the SWITCH REGISTER to 026000 (JMP)
and press and release the LOAD MEMORY
switch.

(7) Set the SWITCH REGISTER to 177777, and in
turn, press and release the LOAD A switch and
the LOAD B switch,

(8) Set the SWITCH REGISTER to 004000 (the
starting address of test program), and press and
release the LOAD ADDRESS switch. Then pro-
ceed to step “v”.

v. Refer to table 4-2. While observing the front panel
for the indications specified in the table, press and release
the SINGLE CYCLE switch exactly nine times. If all indi-
cations are normal, proceed to step “w”. If an indication
associated with the FETCH, INDIRECT, or EXECUTE
indicators is abnormal, refer to paragraph 4-164 and
troubleshoot the phase logic circuits. If an indication associ-
ated with either the A-REGISTER ACCUMULATOR
display or the B-REGISTER ACCUMULATOR display is
abnormal, determine which instruction failed to process.
Then refer to the listing for the instruction in table 4-8 for
applicable troubleshooting references.

w. Check the M-REGISTER MEMORY ADDRESS
display for an indication of 004000 (the starting address
used for test program at step “u’ (1) above). If the indi-
cation is normal, proceed to step “x”. If the indication is
abnormal, refer to the listing for the JMP instruction in
table 4-8 for further troubleshooting references.
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Table 4-2. Phase Logic Indicators, Checkout and Trouble Analysis

Section IV

TIMES SIN- CIRCUIT INDICATICN AT FRONT PANEL
GLE CYCLE ACTION A-REGISTER B-REGISTER
SWITCH IS FETCH INDIRECT | EXECUTE { ACCUMULATOR | ACCUMULATOR
PRESSED INDICATOR | INDICATOR | INDICATOR DISPLAY DISPLAY
0 Initial indication. On Off Off 177777 177777
1 Fetch and execute On Off Off 000000 177777
CLA instruction
and set phase 1.
2 Fetch LDA Off Off On 000000 177777
instruction and
set phase 3.
3 Execute LDA On Off Off 177777 177777
instruction and
set phase 1.
4 Fetch and execute On Off Off 177777 000000
CLB instruction
and set phase 1.
5 Fetch LDB, I Off On Off 177777 000000
instruction and
set phase 2.
6 Set indirect ad- Off On Off 177771 000000
dress and set
phase 2.
ki Set phase 3. Off Off On 1777717 000000
8 Execute LDB, I On Off Off 177777 177771
instruction and
set phase 1.
9 Fetch and execute On Off Off 177777 177777
JMP instruction
and set phase 1.

x. Press and release the RUN switch and check that
the RUN indicator goes on and the HALT indicator goes
off. If the indication is normal, proceed to step “y”. If the
indication for either the RUN or the HALT indicator is
abnormal, refer to paragraph 4-71 and troubleshoot the
circuits associated with the RUN switch and RUN
indicator.

y. Press and release the HALT switch and check that
the RUN indicator goes off and the HALT indicator goes

on. If the indication is normal, proceed to step “z”. If the
indication for either the RUN or the HALT indicator is
abnormal, refer to paragraph 4-76 and troubleshoot the
circuits associated with the HALT switch and HALT
indicator.

z. If all indications in the preceding steps were normal,
slide the card cage into the cabinet and close the door
assembly. Then refer to paragraph 4-17 and perform the
diagnostic checkout procedure.
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4-17. DIAGNOSTIC CHECKOUT.
4-18. GENERAL.

4-19.  Diagnostic checkout consists of running a series of
test programs that automatically perform a dynamic test
of computer operation by exercising major portions of
the circuit functions in the control, arithmetic, memory,
and input/output sections. The diagnostic checkout test
procedure should be conducted immediately after the com-
puter is installed, and as required thereafter as part of a
regularly scheduled preventive maintenance program,
during troubleshooting, and after making repairs or modifi-
cations to the computer. Perform the basic checkout pro-
cedure (paragraph 4-9) before attempting the diagnostic
checkout procedure to ensure that the computer is capable
of loading, storing, and processing diagnostic test programs.
Then refer to paragraphs 4-20 through 4-37 for information
and instructions applicable to performing the diagnostic
test procedure.

4-20. REQUIRED DOCUMENTATION AND TAPES.

4-21. Diagnostic test programs are supplied in absolute
form on punched paper tapes. Before a tape reading device
can be used to read the test programs from these tapes and
input the instructions and data into the memory locations
assigned to the program, an absolute loader program must
be stored in the protected area of computer memory (the
uppermost 64 memory locations). Procedures for verifying
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program instructions located in the protected area of
memory, for loading required instructions into the pro-
tected area of memory, and for using Hewlett-Packard
input devices to load absolute programs from punched
paper tapes are included in paragraphs 4-23 through 4-34.

4-22. The diagnostic tests used for checking the
circuits of the basic computer are listed in table 4-3. This
table also lists the part numbers of the diagnostic program
procedures (contained in the Manual of Diagnostics) and
the corresponding diagnostic program tapes required for
performing these tests. Diagnostic test procedures and tapes
used for checking optional processing and interface circuits
installed in the computer are referenced in the operating
and service manual for the particular option. After locating
the required documents and tapes listed in table 4-3, refer
to the test procedure given in paragraph 4-35. A thorough
knowledge of the reference information presented in par-
agraphs 4-23 through 4-34 is essential when performing the
test procedure.

Note

The letter which follows program tape
part numbers identifies a particular
revision of the fape and is subject to
change. Always use the latest revision of a
program tape even if different from that
specified in table 4-3, together with the
appropriate diagnostic program procedure
contained in the Manual of Diagnostics.

Table 4-3. Diagnostic Program Tapes and Procedures for Testing the Basic Computer

PROGRAM PROGRAM PROCEDURE

TEST TAPE PART NO. PART NO.
Alter-Skip Instruction Test 20400A 02116-91761
Memory Reference Instruction 20401B 02116-91762
Test
Shift-Rotate Instruction Test 20402D 02116-9176'3
High Memory Address Test 20404A 02116-91764
Low Memory Address Test 20403A 02116-91765
High Memory Checkerboard Test 20426A 02116-91766
Low Memory Checkerboard Test 20427A 02116-91767
Interrupt Test 20415A 02116-91768
*Power Fail Interrupt Test 20434B 02116-91759
*Use the Power Fail With Auto Restart Test (program tape part no. 20428A and program procedure part no.
02116-91769) in place of this test if option 008 is installed in the computer.
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4-23. ABSOLUTE LOADER PROGRAMS.

4-24. DESCRIPTION. Absolute loader programs are
stored in the computer’s memory for the purpose of load-
ing other programs that are in absolute form, such as those
produced by the Assembler or the Basic Control System
absolute output option. They are also used for ioading
standard software systems that are in absolute form (e.g.,
FORTRAN, ALGOL, Assembler, Basic Control System,
and Symbolic Editor).

4-25. STORAGE. Absolute loader programs are stored in
the protected area of memory (the highest 64 locations).
Tables 4-4 and 4-5 confain octal listings of program
instructions for two absolute loader programs, either of
which may be present in these locations.

4-26. PROGRAM LISTINGS. Table 4-4 contains the list-
ing for the standard Basic Binary Loader (BBL) program.
Table 4-5 contains the listing for the Basic Binary Disec
Loader (BBDL) program. Except as specified in paragraph
4-30, both loader programs perform essentially the same
function, and either program may be used for loading the
diagnostic test programs listed in table 4-3. However, only
the BBDL program can be used for loading programs
written exclusively for a disc memory device. Therefore, in
computer systems employing a disc memory, the BBDL
program must be stored in the protected area of the com-
puter’s memory.

4-27. LOADING PROCEDURE. To load program
instructions into the protected area of memory, refer to
table 4-4 or 4-5, whichever is applicable, and proceed as
follows:
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Note

Be sure to use the proper values for the
variables listed in table 4-4 or 4-5.

a. Set the LOADER switch to ENABLED.

b. Enter the address of the instruction into the
SWITCH REGISTER.

c. Press and release the LOAD ADDRESS switch.

d. Enter the instruction into the SWITCH REGISTER.

e. Pressand release the LOAD MEMORY switch.

f. Repeat steps “b” through “e” for each instruction
loaded. (Steps b and c can be omitted if loading into con-
secutive memory locations.) Then set the LOADER switch

to PROTECTED and perform the verification procedure
presented in the following paragraph.

4-28.  VERIFICATION PROCEDURE. To verify the
instructions stored in the protected area of memory, refer
to table 4-4 or 4-5, whichever is applicable, and proceed as
follows:

a. Enter the address of the instruction to be verified
into the SWITCH REGISTER.

b. Press and release the LOAD ADDRESS switch.

c. Set the LOADER switch to ENABLED.

Table 4-4. Listing of Absolute Instructions for Basic Binary Loader (BBL) Program

ADDRESS 0 1 2 4 5 6 7
0m7700: 107700 | 063770 | 106501 | 004010 | 002400 | 006020 | 063771 | 073736
0m7710: 006401 067773 | 006006 | 027717 107700 | 102077 | 027700 | 017762
0m7720: 002003 | 027712 | 003104 | 073774 | 017762 | 017753 | 070001 | 073775
0m7730: 063775 | 043772 | 002040 | 027751 | 017753 | 044000 | dddddd | 002101
0m7740: 102000 | 037775 | 037774 | 027730 | 017753 | 054000 | 027711 102011
0m7750: 027700 | 102055 | 027700 | dddddd | 017762 | 001727 | 073776 | 017762
0m7760: 033776 | 127753 | dddddd | 1037cc 1023cce 027764 | 1025ce 127762
0m7770: 173775 | 153775 | 1n0100 | 177765 | dddddd dddddd | dddddd | dddddd
Variabies:
m =1 for 8K, 3 for 16K, 5 for 24K, 7 for 32K memory
n =6 for 8K, 4 for 16K, 2 for 24K, 0 for 32K memory
cc = punched tape reader or teleprinter address
dddddd = indeterminable (Load all zeros in memory locations designated “indeterminable” when loading
the BBL per paragraph 4-27. Disregard as insignificant the content of memory locations desig-
nated as “indeterminable” when verifying the BBL per paragraph 4-28.)
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Table 4-5. Listing of Absolute Instructions for Basic Binary Disc Loader (BBDL) Program
ADDRESS 0 1 2 3 4 5 6 7
Om7700: 107700 | 002401 | 063726 | 006700 | 017742 | 007306 | 027713 | 002006
Om7710: 027703 | 102077 | 027700 | 077754 | 017742 | 017742 | 074000 | 077757
0m7720: 067757 047755 | 002040 | 027740 | 017742 | 040001 | 177757 037757
0m7730: 000040 | 037754 | 027720 | 017742 | 054000 | 027702 | 102011 027700
0m7740: 102055 | 027700 | dddddd | 006600 | 1037cc 1023cc 027745 1074cc
0m7750: 002041 127742 | 005767 027744 | dddddd |1n0100 | 0200zz dddddd
O0m7760: 107700 | 063756 | 102606 | 002700 | 1026qq | 001500 | 102602 | 063777
Om7770: 102702 | 102602 | 103706 | 1027zz 067776 | 074077 | 024077 177700
Variables:

m =1 for 8K, 3 for 16K, 5 for 24K, 7 for 32K memory

zz = first disc channel
qq = second disc channel
cc = punched tape reader or teleprinter address

n = 6 for 8K, 4 for 16K, 2 for 24K, 0 for 32K memory

dddddd = indeterminable (Load all zeros in memory locations designated “indeterminable’ when loading
the BBDL per paragraph 4-27. Disregard as insignificant the content of memory locations desig-
nated as “indeterminable’ when verifying the BBDL per paragraph 4-28.)

d. Press and release the DISPLAY MEMORY switch.
The content of the memory location selected in step “a”
above is now indicated by the T-REGISTER MEMORY
DATA display. Each time the DISPLAY MEMOQRY switch
is pressed and released, the content of the next consecutive
memory location is displayed. Because the M-register is
incremented by one each time the DISPLAY MEMORY
switch is pressed, the address indicated by the
M-REGISTER MEMORY ADDRESS display is always one
address ‘higher than the address of the data currently dis-
played by the T-REGISTER indicators.

e. Set the LOADER switch to PROTECTED after all
desired locations in the protected area of memory have
been displayed.

4-29. PROCEDURES FOR LOADING PROGRAMS
STORED ON PAPER TAPE. Typical Hewlett-Packard
input configurations that can be used in conjunction with
the BBL or BBDL loader programs to read program instruc-
tions and data from punched paper tapes and transfer it
into the computer memory are as follows:

a. HP 2737A Punched Tape Reader interfaced through
the HP 12532A High-Speed Punched Tape Input Interface
option.

b. HP 2748A Punched Tape Reader interfaced through
the HP12597A-02 Tape Reader Interface option.

c. HP 2758A Punched Tape Reader interfaced through
the HP12597 A-02 Tape Reader Interface option.
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d. HP 2752A Teleprinter interfaced through the HP
12531B Teleprinter Input/Output Interface option.

4-30.  If one of the punched t ader configurations

f the punched tape re configu

(“a” through “c” above) is used in conjunction with the
BBL loader program, three loading options can be selected.
These options, and the settings required for bits 0 and 15 of
the SWITCH REGISTER to select them, are specified in
table 4-6. Only the “load tape” option can be selected for
the punched tape reader configurations (“a” through “c”
above) if the BBDL loader program is used, and for the
teleprinter configuration (“d” above) regardless of which
loader program is used.

General procedures for using the HP 2737A and
2752A to load programs from punched paper tapes are
presented in paragraphs 4-32 and 4-33. Refer to the oper-
ating and service manual for the HP 2748A (manual part
no. 02748-90023) or the HP 2758A (manual part no.
02758-90173) for specific operating instructions if these
devices are used for loading.

4-32. HP 2737A Punched Tape Reader. If using the HP
2737A Punched Tape Reader to load program tapes, pro-
ceed as follows:

a. At the punched tape reader, set the POWER switch
to ON.

b. Place the RUN/LOAD lever in the LOAD position.
c. Carefully position the program tape in the tape

reading mechanism and place the RUN/LOAD lever in the
RUN position.
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Note

The address specified in step “d” follow-
ing applies when loading the test pro-
grams listed in table 4-3, but may differ
for other programs. Check the documen-
tation applicable {o the program being
loaded for the correct address when per-
forming this step. (The letter “m” in the
address is a variable which is defined in
tables 4-4 and 4-5.)

d. Enter Om7700 (the starting address of the absolute
loader program) into the SWITCH REGISTER. Then press
the LOAD ADDRESS switch.

e. Refer to table 4-6 and enter the appropriate settings
for bits 0 and 15 into the SWITCH REGISTER. Set the
LOADER switch to ENABLED. Then, in turn, press and
release the PRESET and RUN switches. The computer
should go into the run mode (RUN indicator on) and the
program tape should process through the tape reading
mechanism of the punched tape reader. When the com-
puter halts (RUN indicator off, HALT indicator on), set
the LOADER switch to PROTECTED, and check tie T-
REGISTER MEMORY DATA indicators. If the program
was correctly loaded into memory, halt instruction 102077
should be displayed. (For an explanation of this and other
halts encountered during program loading, refer to table
4-7.) If the indication is normal, proceed with the appli-
cable instructions for running the program now in mem-
ory. If the indication is abnormal, refer to table 4-7 and
proceed as directed.

Table 4-6. Punched Tape Reader Loading Options

SWITCH REGISTER
OPTION SETTINGS
Bit 15 Bit 0

Load tape 0 0
*Verify checksum without 0 1

loading
*Compare the contents of 1 0/1

the tape with the contents

of memory without

loading

*Selectable only in configurations using the HP 27374,
2748A, or 2758A Punched Tape Reader in conjunc-
tion with the BBL loader program.
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Note

If the computer does not automatically
halt when the end of the tape is read by
the reader, and the reader feed mech-
anism continues operating and feeds the
tape completely through the reader (rath-
er than stopping with the end of the tape
retained in the reader), press and release
the HALT switch at the front panel of
the computer. Then check the loader pro-
gram in the protected area of memory
using the procedure given in paragraph
4-28. If the loader program is correct,
refer to paragraph 4-392 and trouble-
shoot the circuits that process the halt
instruction.

f. After loading, remove the tape from the reader,
rewind it, and return it to the appropriate storage box.

4-33. HP 2752A Teleprinter. If using the teleprinter to
load program tapes, proceed as follows:

a. At the teleprinter, set the LINE/OFF/LOCAL
switch to LINE.

. Carefully position the program tape in the tele-
printer tape reader.

c. Set the START/STOP/FREE swiich to START.
Note

The address specified in step “d” follow-
ing applies when loading the test pro-
grams listed in table 4-3, but may differ
for other programs. Check the documen-
tation appiicabie to the program being
loaded for the correct address when per-
forming this step. (The letter “m” in the
address is a variable which is defined in
tables 44 and 4-5.)

d. At the computer front panel, enter Om7700 (the
starting address of the absolute lcader program) into the
SWITCH REGISTER and press the LOAD ADDRESS
switch. Set the LOADER switch to ENABLED, then,
press the PRESET and RUN switches. The computer should
go into the run mode (RUN indicator on) and the pro-
gram tape should process through the tape reader of the
teleprinter. When the computer halts (RUN indicator off,
HALT indicator on), set the LOADER switch to PRO-
TECTED, and check the T-REGISTER MEMORY DATA
indicators. If the test program was correctly loaded into
memory, halt instruction 102077 should be displayed.
(For an explanation of this and other halts encountered
during program loading, refer to table 4-7.) If the indica-
tion is normal, proceed with the applicable instructions for
running the program now in memory. If the indication is
abnormal, refer to table 4-7 and proceed as directed.
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Note

If the computer does not automatically
halt when the end of the tape is read by
the reader, and the reader feed mech-
anism continues operating and feeds the
tape completely through the reader (rath-
er than stopping with the end of the tape
retained in the reader), press and re-
lease the HALT switch at the front panel
of the computer. Then check the loader
program in the protected area of mem-
ory using the procedure given in para-
graph 4-28. If the loader program is cor-
rect, refer to paragraph 4-392 and trouble-
shoot the circuits that process the halt

Model 2116B
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e. At the teleprinter, set the START/STOP/FREE
switch to STOP, remove the tape from the reader, rewind,
and return it to the appropriate storage box.

4-34. LOADING HALTS. After all program data is read
from a test tape and transferred into memory, the associ-
ated tape reader and the computer will halt with a normal
indication of 102077 (end-of-tape condition) displayed by
the T-REGISTER MEMORY DATA indicators. This signals
the operator to continue with the applicable procedure for
running the program now stored in memory. If a halt
occurs while a tape is being loaded and an indication other
than 102077 is displayed, refer to table 4-7 and proceed as
directed. '

4-35. TEST PROCEDURE.

4-36. TEST SEQUENCE. The diagnostic checkout pro-
cedure for the basic computer is performed using the diag-
nostic program tapes and procedures listed in table 4-3.

Table 4-7. Loading Halts

REQUIRED ACTION

This indication is normal. Proceed with
the applicable procedure for running the
program which was loaded into the com-
puter memory.

Using the procedures given in paragraphs
4-29 through 4-33, as applicable, reload
the program into computer memory.
Then execute the checksum option again.
If a checksum error still occurs, check
the program and/or the computer for the
cause of the error.

Using the procedures given in paragraphs
4-29 through 4-33, as applicable, recheck
all steps and attempt to load the program
again. If an address error still occurs, check
the program and/or the computer for the
cause of the error.

instruction.

T-REGISTER

MEMORY DATA EXPLANATION

DISPLAY

102077 End-of-tape. Ten consecutive feed frames
have been detected and interpreted as an
end-of-tape condition.

102011 Checksum error. The A-register contains
the checksum from the tape. The B-register
contains the computed checksum.

102055 Address error. An attempt has been made
to destroy the loader program, or to load
outside the memory limits.

102000 Compare error. The tape being read does
not compare with memory. The A-register
contains the word from the tape which did
not agree.

To find the address of the word in
memory which did not compare with the
word in the A-register, press the SINGLE
CYCLE switch twice. The contents of the
T-register, minus one, is the address of
the word. Using the procedures given in
paragraphs 4-29 through 4-33, as appli-

‘cable, reload the program into computer

memory. Then execute the compare op-
tion again. If a compare error still occurs,
check the program and/or the computer
for the cause of the error.
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Using the referenced procedures (located in the Manual of
Diagnostics) load and run, in sequence, the alter-skip,
memory reference, and shift-rotate test programs. Then
load and run, in any desired order, the remaining test
programs listed in table 4-3, followed by the test programs
for any optional processing and interface circuits installed
in the computer. If all test programs are run without error,
the computer is ready to resume normal operation.

4-37. ERROR HALTS. If an error halt is encountered in
the course of running a diagnostic test program, use the
information presented in the diagnostic program procedure
to determine which instruction, or sequence of insiructions,
in the program was not processed by the computer. Then
refer to the information presented in table 4-8 of this
section for references to applicable circuit level trouble-
shooting information.

438. TROUBLESHOOTING REFERENCE
MATION.

INFOR-

4-39. GENERAL,

4-40.  Troubleshooting reference information consists of
data and diagrams that are used for analyzing and localizing
trouble symptoms experienced during checkout. Effective
use of this information facilitates isolating the troubie to a
replaceable or repairable assembly or part, making the
required repair, and preparing the computer for return to
service. The purpose and use of this information, consisting
of the following items, is described in paragraphs 4-41
through 4-59:

a. Program instruction formats.

b. Program instruction index and troubleshooting ref-
erence guide.

c. Logic equations.

d. Circuit descriptions and test procedures.

e. Troubleshooting diagrams.

f. Information in other sections of this manual.

g. Information in other manuals.
4-41. PROGRAM INSTRUCTION FORMATS.
4-42.  Program instruction formats are shown in figure
4-1. This figure summarizes information needed for using
machine language to program the computer. Bit patterns
are shown for the basic instruction set which is comprised
of memory reference instructions, input/output instruc-

tions, register reference instructions in the shift-rotate
group (SRG), and register reference instructions in the
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alter-skip group (ASG). For detailed information on
machine language programming, refer to Volume One, the
Specifications and Basic Operation Manual (manual part ne.
02116-9152) for the computer.

4-43. PROGRAM INSTRUCTION INDEX AND
TROUBLESHOOTING REFERENCE GUIDE.

4-44. The program instruction index and trouble-
shooting reference guide is presented in table 4-8. This table
consists of an alphabetical listing, by mnemonic, of the
instructions comprising the basic instruction set for the
computer. The main purpose of this fable is {o provide
references to the circuit level troubleshooting data within
this section of the manual that applies to the instructions
listed. In addition, table 4-8 lists the type, definition, and a
brief descriptive summary for each instruction. For more
detailed information on each instruction, refer to the para-
graph and figure listed in the “REFERENCES” column of
the table, and to Volume One, the Specifications and Basic
Operation Manual (manual part no. 02116-9152) for the
computer.

4-45. LOGIC EQUATIONS.

4.46. Logic equations are presented in table 4-9. The
equations express the input signal conditions that are
required to produce a given output signal. Ouiput
signals are listed alphanumerically, by mnemonic, in the
“SIGNAL” column. (Signal mnemonics are defined in table
5-7). Two operators are used in the “EQUATION”’ column.
A “+” is used to indicate a logical “or” condition and a “*”
is used to indicate a logical “and’ condition. For example,
the expression C = A+B states that if either A or B is true,
then C is true. (The exclusive “or” condition is not used in
expressing these equations.) The expression C= A*B states
that if both A and B are true, then C is true. A bar over a
term is used to indicate a logical inverse or negative
quantity.

4-47.  For clarity, the equations are expressed with a
minimum of “or” terms. Instead, each “or” term in an
equation is preceded by an equals sign, rather than a “+”
operator, and expressed as a separate equation (refer to the
equations for signal ADF as an example). When several
equations are presented for a given signal, such as ADF, any
one of the equated conditions can produce the signal. It
should be noted that the equations are in a reduced form
for use in troubleshooting and do not necessarily reflect
the logic design of the computer.

Note

Text continues on page 4-39
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BASIC INSTRUCTION FORMATS MEMORY REFERENCE INSTRUCTIONS
15141312 1110 9 8 7 6 5 4 3 2 1 0 15 14 1312 1110 9 8 7 6 5 4 3 2 1 0
.r...l...—[...l...I... olooolooolooo'0001ooo
1 [0rg] wstruction [ | MEMORY ADDRESS [eq]  wsrrucrion 7/ ] MEMORY ADDRESS ]
2 [REG REF. GROUP REGISTER MICROINSTRUCTIONS
3 | 1/06RO0UP INSTRUCTION 1 sELecT cooE AND 001 0
XOR 010 0
1 MEMORY REFERENCE INSTRUCTIONS IOR 011 0
2 REGISTER REFERENCE INSTRUCTIONS
JSB 001 1
3 INPUT/OUTPUT INSTRUCTIONS JIMP 01 /0 1
I1SZ 011 1
ADA 100 0
ADB 100 1
CPA 101 0
BASIC INSTRUCTION SET CPB 1o1 1
"LDA 110 0
TYPE MNEMONIC DESCRIPTION LDB 110 1
P - STA 1110
AND And” (M) to A; Itin A
XOR "E:clusiveo?" (h/{)es(tcl)i):?resultinA STB 111 1
IOR “Inclusive or” (M) to A; result in A
JSB Jump to subroutine, save P TRUTH TABLE
Memory MP Jump, unconditionally
Ref 1S2 | t (M), skip if It
TS | apam | Add M) to A er B resultin A or B AND XOR IOR
CPA/B Compare (M) with A or B; skip if unequal
LDA/B Load (M) into Aor B
STA/B Store A or B into M. A/B unchanged A Contents 0011 0011 0011
SHIFT-ROTATE GROUP Memory 0101 0101 0101
NGP No operation
CLE Clear E (Extend) i 0
SLA/B Skip it lea:l significant bit of A/B is zero Result (ln A, 0001 0110 111
A/BLS A/B arithmetic left shift one bit
A/BRS A/B arithmetic right shift one bit 1 = True, O = False
RA/BL Rotate A/B left one bit
R;&/BR R(/)tate A/B right one bit
A/BLR A/B left shif bit, si leared
ERA/B | Rotate E right one bit with A or 8 INPUT/OUTPUT INSTRUCTIONS
ELA/B Rotate E left one bit with Aor B
Register A/BLF Rotate A or B left four bits
Reference 1514 13121110 9 8 7 6 5 4 3 2 1 0
ALTER-SKIP GROUP ‘ ' I
CLA/B Clear Aor B .‘0.0]... o 06 06'0o 0o 0'e 00
CMA/B C } A/B { | 3
CCA/B Clear complement A/B (set to 1) [(rvees W[ [c[wstovcrion | seiecrcooe |
CLE Clear E (Extend)
CME C i E
CCE C;)e?fceo"r:\epr::smem E (set E) MAC1 000 0
SEZ Skip if E is zero HLT 1 00O 1 000
SSA/B Skip if f A/B (positive)
SLA/B Sk:g :f Is:egr;(osigmhclasnlte:)?t opfoﬂf/g?s zero STF 1 000 10 001
INA/B Increment A/8 by one CLF 1 000 11 001
SZA/B Skip if A/B is zero SFC 1 000 10 010
RSS Reverse skip sense SFS 1 000 10 011
OVERFLOW MIA 1 000 01 100
STO Set overflow bit MIB 1 000 11 100
CLO Cl flow bit
sOoC Sk?;ri?:irer(f)lv;w Ibn clear L1A 1 000 01 101
SOS Skip if overflow bit set LIB 1 000 11 101
OTA 1 000 01 110
HLT Halt '
STF S:t fl‘;;ogfr:fselected 1/0 channel oTB'1 000 11 110
CLF Clear flag of selected 1/Q channet STC 1 000 01 111
SFC Skip if flag clear CLC 1 000 11 111
I v SFS Skip if flag set
Or:npt:ut MIA/B Mell?g;("g?") 1/0 channel into A/B STO 1 000 10 001 000 001
LIA/B Load 1/0 channel into A/B CLOl 000 11 001 000 0O01
OTA/B (o] A/B to 1/0 ch |
sTC Set control bit of selected channel SOC 1 000 1 010 000 001
cLC Clear control bit of selected channel SOS 1 000 1 01+ 000 001
® (M) = Contents of Memory Location M * Identifies Macroinstructions (0) or
® Overflow instructions are coded under /0 group standard lnput/output instructions (1)

2019-13
Figure 4-1. Program Instruction Formats
(Sheet 1 of 2)

4-14



Model 2116B

Section IV

Register Reference Instructions
{Alter-Skip Group)

151413121110 9 8 7 6 5 4 3 2 1 0

1

eloecleselocolocclece
8

Uoteez PeloTco e TeosTolalsTel s

CLA
CLB
CMA
CMB
CCA
CCB
SEZ
CLE
CME
CCE
SSA
SSB
SLA
SLB
INA
INB
SZA
SZB
RSS

COCO OO OO OODO0OO0DOODOOLOO
(=N eleloNeNeNoloNeNoleNo N NoNeNo NN Nl
S OCOO0ODOOCODODO0OO0OOODOO0OOOO
[N ejaeloNeNo oo NeNoNeNeNoNo Yoo N o Nl
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SELECTION TABLE
1 2 3 4 5 & 7 8

CLA CLE
CMA | SEZ |{CME| SSA | SLA| INA| SZA| RSS
CCA CCE

CLB CLE
CMB | SEZ | CME| SSB! SLB| INB| SZB| RSS
CcCB CCE

Volume Two
Register Reference Instructions
(Shift-Rotate Group)
151413121110 9 8 7 6 5 4 3 2 1 0
olo.o,oooloooTooolooo
[ wee 2 Thglo%] coo v T2T0pT 5T coa ]

NOP 0 000 OO0 OOO OO0OO0 OO0OO

CLE 0 000 0 1

SLA 0 000 0O 1

SLB 0 000 10 1

ALS 0 000 001 00O X XX X

BLS 0 000 101 000 X X X X

ARS 0 000 001 001 X X XX

BRS 0 000 101 001 X X XX

RAL 0 000 001 010 X X X X

RBL 0 000 101 010 X X XX

RAR 0 000 001 011 X X X X

RBR 0 000 101 011 X X X X

ALR 0 000 001 100 X X XX

BLR 0 000 101 100 X X XX

ERA 0 000 001 101 X X X X

ERB 0 000 101 101 X X X X

LA 0O 000 001 110 X X X X

ELB 0 000 101 110 X X XX

ALF 0 000 001 111 X X X X

BLF 0 000 101 111 X XX X

SELECTION TABLE
1 2 3 4

ALS ALS
ARS ARS
RAL RAL
RAR RAR
ALR CLE SLA ALR
ERA ERA
ELA ELA
ALF ALF
BLS BLS
BRS BRS
RBL RBL
RBR RBR
BLR CLE SLB BLR
ERB ERB
ELB ELB
BLF BLF

COMBINING GUIDE

1. Choose up to 4 instructions, one from each
column of the Selection Table.

2. Use a one-bit for Bit 9 to Enable column 1
instructions, and a one-bit for Bit 4 to Enable
column 4 instructions. Figure above shows
column 1 enabled (executed first) with dupli-
cate column 4 pattern(executed last) indicated
by X's.

3. Use a one-bit for Bit 5 to select column 2
(CLE), or a zero-bit to exclude CLE.

4. Use a one-bit for Bit 3 to select column 3
(SLA/B), or a zero-bit to exclude SLA/B.

2019-13

COMBINING GUIDE

1. Choose up to 8 instructions, one from each
column of the Selection Table.

2. Use the specified two-bit combinations of Bits
9 and 8, plus A/B Bit 11, to encode column 1
instructions.

3. Use the specified two-bit combinations of Bits
7 and 6 to encode column 3 instructions.

4. Use a one-bit in Bits 5, 4, 3, 2, 1, plus A/B
Bit 11, to encode column 2, 4, 5, 6, 7 in-
structions respectively.

5. Use a one-bit for Bit 0 to encode column 8.

Figure 4-1 Program Instruction Formats
(Sheet 2 of 2)
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Table 4-8. Program Instruction Index and Troubleshooting Reference Guide
REFERENCES
INSTRUCTION PARA-
MNEMONIC TYPE DEFINITION AND DESCRIPTION GRAPH | FIGURE
ADA Memory Add to A-Register. The contents of the 4-233 4-42
Reference addressed memory location are added to the
contents of the A-register. The sum is stored in
the A-register, and the contents of the memory
location are unaltered. The result of the
addition may set the Extend FF or Overfléw FF.
ADB Memory Add to B-Register. The contents of the 4-233 4-42
Reference addressed memory location are added to the
contents of the B-register. The sum is stored in
the B-register, and the contents of the memory
location are unaltered. The result of the
addition may set the Extend FF or Overflow FF.
ALF Register Rotate all A-Register bits Left Four places. The 4-317 4-56
Reference bits in positions 15, 14, 13, and 12 are rotated
(SRG) around into bit positions 3, 2, 1, and 0,
respectively. This is equivalent to four
successive RAL instructions.
ALR Register Shift A-Register bits 0 through 14 Left one place, 4-299 4-53
Reference arithmetically, and clear the sign bit. Bit posi-
(SRG) tion 0 is cleared, and the bit shifted out of
position 14 is lost. Bit position 15 (sign bit) is
cleared.
ALS Register Shift A-Register bits 0 through 14 Left one 4-275 4-49
Reference place, arithmetically. Bit position 0 is cleared,
(SRG) and the bit shifted out of bit position 14 is lost.
Bit position 15 (sign bit) is not affected.
AND Memory “And” to A-Register. The contents of the 4-195 4-36
addressed memory location are logically “anded”
to the contents of the A-register. The result is
stored in the A-register, and the contents of the
memory location are unaltered.
ARS Register Shift A-Register bits 0 through 15 Right one 4-281 4-50
Reference place, arithmetically. The bit shifted out of
(SRG) position 0 is lost. The bit value of position 15 (sign
(sign bit) is shifted into position 14, but the bit
in position 15 is unaltered.
BLF Register Rotate all B-Register bits Left Four places. 4-317 4-56
Reference The bits in positions 15, 14, 13, and 12 are
(SRG) rotated around into bit positions 3, 2, 1, and 0,
respectively. This is equivalent to four suc-
cessive RAL instructions.
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Table 4-8. Program Instruction Index and Troubleshooting Reference Guide (Continued)
REFERENCES
INSTRUCTION PARA-
MNEMONIC TYPE DEFINITION AND DESCRIPTION GRAPH | FIGURE
BLR Register Shift B-Register bits 0 through 14 Left one 4-299 4-53
Reference place, arithmetically, and clear the sign bit.
(SRG) Bit position 0 is cleared, and the bit shifted out
of position 14 is lost. Bit position 15 (sign
bit) is cleared.
BLS Register Shift B-Register bits 0 through 14 Left one 4-275 4-49
Reference place, arithmetically. Bit position 0 is cleared,
(SRG) and the bit shifted out of bit position 14 is
fost. Bit position 15 (sign bit) is not affected.
BRS Register Shift B-Register bits 0 through 15 Right one 4-281 4-50
Reference place, arithmetically. The bit shifted out of
(SRG) position 0 is lost. The bit value of position 15
(sign bit) is shifted into position 14, but the
bit in position 15 is unaltered.
CCA Register Clear then Complement A-Register. Clears all 16 4-333 4-59
Reference bit positions to zeros and then loads ones in all
(ASG) 16 bit positions. {This is the two’s complement
form of -1).
CCB Register Clear then Complement B-Register. Clears all 16 4-333 4-59
Reference bit positions to zeros and then loads ones in all
(ASG) 16 bit positions. (This is the two’s complement
form of -1).
CCE Register Clear then Complement E-Register. Clears and 4-349 4-62
Reference then sets the Extend FF.
(ASG)
CLA Register Clear A-Register. Clears all 16 bit positions to 4-323 4-57
Reference zero.
(ASG)
CLB Register Clear B-Register. Clears all 16 bit positions 4-323 4-57
Reference to zero.
(ASG) (ASG)
CLC Input/Output Clear Control bit on the I/O channel addressed by 4-436 4-76
the select code. Clears the Control FF on the
interface card residing in the addressed 1/O
channel to prevent the external device from inter-
rupting. A CLC instruction addressed to select
code 00 (octal) clears all Control FFs,
effectively inhibiting all external devices
from interrupting. A CLF instruction (see below)
can be combined with the CLC instruction.
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Table 4-8. Program Instruction Index and Troubleshooting Reference Guide (Continued)
REFERENCES
INSTRUCTION PARA-
MNEMONIC TYPE DEFINITION AND DESCRIPTION GRAPH FIGURE
CLE Register Clear E-Register. Clears the Extend FF. 4-264 4-47
Reference and and
(SRG and ASG) 40339 4-60
CLF Input/Output Clear Flag bit on the I/O channel addressed by the 4-403 4-70
select code. Clears the Flag FF on the interface
card residing in the addressed 1/O channel to
permit the external device to send a flag signal
when ready. A CLF instruction addressed to select
code 00 (octal) clears the Interrupt System
Enable FF to disable the entire interrupt system,
but does not affect the status of the Flag FFs on
the individual interface cards.
CLO Input/Output Clear overflow Register. Clears the Overflow FF. 4-446 4.78
CMA Register Complement A-Register. Reverses the state of all 4-328 4-58
Reference 16 bit positions.
(ASG)
CMB Register Complement B-Register. Reverses the state of all 4-328 4-58
Reference 16 bit positions.
(ASG)
CME Register Complement E-Register. Reverses the state of the 4-344 4-61
Reference Extend FF.
(ASG)
CPA Memory Compare to A-Register, skip if unequal. The contents 4-239 4-43
Reference of the addressed memory location are compared
with the contents of the A-register. If the two
16-bit words are different, the P- and M-registers
are incremented by two instead of one, and the
next instruction in the program sequence is skipped.
If the two words are identical, the P- and M-registers
are incremented by one, and the program proceeds
normally to the next instruction in sequence. The
contents of neither the A-register nor the
addressed memory location are altered.
CPB Memory Compare to B-Register, skip if unequal. The contents 4-239 4-43
of the addressed memory location are compared with
the contents of the B-register. If the two 16-bit
words are different, the P- and M-registers are
incremented by two instead of one, and the next
instruction in the program sequence is skipped. If
the two words are identical, the P- and M-registers
are incremented by one, and the program proceeds
normally to the next instruction in sequence. The
contents of neither the A-register nor the
addressed memory location are altered.
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Table 4-8. Program Instruction Index and Troubleshooting Reference Guide (Continued)
REFERENCES
INSTRUCTION PARA-
MNEMONIC TYPE DEFINITION AND DESCRIPTION GRAPH FIGURE
- ELA Register Rotate E-Register Left with A-Register, one place. 4-311 4-55
Reference The bit in position 15 of the A-register is rotated
SRG) into the Extend FF. The Extend FF bit is rotated into
bit position 0 of the A-register.
ELB Register Rotate E-Register Left with B-Register, one place. 4-311 4-55
Reference The bit in position 15 of the B-register is rotated
(SRG) into the Extend FF. The Extend FF bit is rotated
into bit position 0 of the B-register.
ERA Register Rotate E-Register Right with A-Register, one place. 4-305 4.54
Reference The bit in position 0 of the A-register is rotated
(SRG) into the Extend FF. The Extend FF bit is rotated
into bit position 15 of the A-register.
ERB Register Rotate E-Register Right with B-Register, one place. 4-305 4-54
Reference The bit is position 0 of the B-register is rotated
(SRG) into the Extend FF. The Extend FF bit is rotated
into bit position 15 of the B-register.
HLT Input/Output Halt. Stops the computer and holds or clears the 4-392 4-68
Flag FF on the interface card residing in the
addressed I/O channel. Execution of this instruc-
tion has the same effect as pressing and releasing
the HALT switch (the HALT indicator goes on, all
front panel control switches are enabled, and no
interrupts can occur.) The HLT instruction word
will be displayed in the T-register, and the
P.register will indicate the halt memory location
plus one.
INA Register Increment A-Register by one. Steps the count held 4-372 4-66
Reference in the A-register by one. The result of this
(ASG) operation may set the Extend FF or Overflow FF.
INB Register Increment B-Register by one. Steps the count held 4-372 4-66
Reference in the A-register by one. The result of this
(ASG) operation may set the Extend FF or Overflow FF.
IOR Memory Inclusive “Or” to A-Register. The contents of 4-207 4-38
Reference the addressed memory location are combined with
the contents of the A-register by an inclusive
“or” logic operation. The result is stored in
the A-register, and the contents of the addressed
memory location are unaltered.
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INSTRUCTION

MNEMONIC

TYPE

DEFINITION AND DESCRIPTION

REFERENCES

PARA-

GRAPH | FIGURE

ISZ

Memory
Reference

Increment and Skip if Zero. The count stored in
the addressed memory location is stepped by one.
If as a result of this operation the count in the
memory location advances to zero, the P- and
M-registers are incremented by two instead of one,
and the next instruction in the program sequence
is skipped. If the count in the memory location
advances to some value other than zero, the P- and
M-registers are incremented by one, and the program
proceeds normally to the next instruction in
sequence. Incrementing the A- and B-registers with
this instruction has no effect on the Extend or
Overflow FFs.

4-226 4-41

Memory
Reference

JUMP. Sets the P- and M-registers to the address
contained in the instruction word. The next instruc-
tion read from memory will be from this memory
location.

4-220 4-40

JSB

Memory
Reference

Jump to Subroutine. Execution of this instruction,
located in memory location “P”, causes program
control to jump unconditionally to memory location
“X” which is specified in the address portion

of the JSB instruction. The contents of the
P-register (“P”’) pius one is stored in “X” as

the return address for the main program. The next
instruction executed will be that contained in
location “X + 1”. A return to the main program
sequence at “P + 17 can be achieved by a jump
indirect through location “X”.

4-213 4-39

LDA

Memory
Reference

Load into A-Register. The A-register is cleared
and then loaded with the contents of the address
memory location. The contents of the memory
location are unaltered.

4-245 4-44

LDB

Memory
Reference

Load into B-Register. The B-register is cleared and
then loaded with the contents of the address
memory location. The contents of the memory
location are unaltered.

4-245 4-44

LIA

Input/Output

Load Input into A-Register. The contents of the
buffer register on the interface card residing in
the addressed I/O channel are loaded into the
A-register. Previous contents in the A-register
are lost.

4-424 4-74

LIB

Input/Output

Load Input into B-Register. The contents of the
buffer register on the interface card residing in
the addressed I/O channel are loaded into the
B-register. Previous contents in the B-register
are lost.

4-424 4-74
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REFERENCES
INSTRUCTION PARA-
MNEMONIC TYPE DEFINITION AND DESCRIPTION GRAPH FIGURE
RBL Register Rotate all B-Register bits Left one place. The 4-287 4-51
Reference bit in position 15 is rotated around to bit
(SRG) position 0.
RBR Register Rotate all B-Register bits Right one place. The 4-293 4-52
Reference bit in position 0 is rotated around to bit
(SRG) position 15.
RSS Register Reverse Skip Sense. When processed along (not 4-384 NA
Reference combined with any of the ASG skip instructions), this
(ASG) instruction causes an unconditional skip. When
combined with one or more other ASG skip instruc-
tions (SEZ, SSA, SSB, SLA, SLB, SZA, or SZB),
this instruction causes a skip if a non-zero con-
dition is sensed. If the instruction word includes
SSA/B and SLA/B, both bits (15 and 0) must be a
logical 1 for the skip to occur. In all other
cases a skip occurs if any non-zero condition is
sensed.
SEZ Register Skip if E-Register is Zero. The next instruction is 4-354 4-63
Reference skipped if the Extend FF is clear.
(ASG)
SFC Input/Output Skip if Flag Clear. The next instruction is skipped 4-413 4-72
if the Flag FF on the interface card residing in the
addressed I/O channel is set. Checks the status of
the Interrupt System Enable FF if select code 00
(octal) is used in the instruction word.
SLA Register Skip if Least significant bit of the A-Register is 4-366 4-65
Reference zero. The next instruction is skipped if the FF in and and
(ASG and SRG) bit position 0 is clear (an even number stored in 4-269 4-48
the A-register).
SLB Register Skip if Least significant bit of the B-Register is 4-366 4-65
Reference zero. The next instruction is skipped if the FF in and and
(ASG and SRG) bit position O is clear (an even number stored in 4-269 4-48
the B-register).
sSoC Input/Output Skip if Overflow Register is Clear. The next instruc- 4-451 4-79
tion is skipped if the Overflow FF is clear. The
Overflow FF will be set or cleared following
execution of this instruction, depending on the
status of the H/C bit in the instruction word,
whether a skip occurs or not.
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Table 4-8. Program Instruction Index and Troubleshooting Reference Guide {Continued}
REFERENCES
INSTRUCTION PARA-
MNEMONIC TYPE DEFINITION AND DESCRIPTION GRAPH FIGURE
SOS Input/Output Skip if Overflow Register is Set. The next instruc- 4-451 4-79
tion is skipped if the Overflow FF is set. The
Overflow FF will be set or cleared following
execution of this instruction, depending on the
status of the H/C bit in the instruction word,
whether a skip occurs or not.
SSA Register Skip if Sign bit of A-Register is zero. The next 4-360 4-64
Reference instruction is skipped if the FF in bit position 15
(ASG) (sign bit is clear (positive).
SSB Register Skip if Sign bit of B-Register is zero. The next 4-360 4-64
Reference instruction is skipped if the FF in bit position 15
(ASG) (sign bit) is clear (positive).
STA Memory Store A-Register contents. The contents of the 4-251 4-45
Reference A-register are stored in the addressed memory
location. The prior contents of the memory location
are lost, but the A-register contents are unaltered.
STB Memory Store B-Register contents. The contents of the 4-251 4-45
Reference B-register are stored in the addressed memory
location. The prior contents of the memory location
are lost, but the B-register contents are unaltered.
STC Input/Output Set Control bit on the I/O channel addressed by the 4-436 4-76
select code. Sets the Control FF on the interface card
residing in the addressed I/O channel. This enables
the external device to perform its input or output
function, and its flag to interrupt the program.
STF Input/Output Set Flat bit on the I/O channel addressed by the 4-398 4-69
select code. Sets the Flag FF on the interface card
residing in the addressed I/O channel. This causes an
interrupt during the next machine cycle if the
interrupt system is enabled, and if the Control FF on
the interface card is set. A STF instruction addressed
to select code 00 (octal) sets the Interrupt System
Enable FF to enable the entire interrupt system.
STO Input/Output Set Overflow Register. Sets the Overflow FF. 4-441 4-77
SZA Register Skip if A-Register is Zero. The next instruction is 4-378 4-67
Reference skipped if the contents of the A-register are
(ASG) equal to zero (all 16 bit positions clear).
SZB Register Skip if B-Register is Zero. The next instruction 4-378 4-67
Reference is skipped if the contents of the B-register are
(ASG) equal to zero (all 16 bit positions clear).
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Table 4-8. Program Instruction Index and Troubleshooting Reference Guide (Continued)
REFERENCES
INSTRUCTION PARA-
MNEMONIC TYPE DEFINITION AND DESCRIPTION GRAPH FIGURE
XOR Memory Exclusive “Or” to A-Register. The contents of 4-201 4.37
Reference the addressed memory location are combined with the

contents of the A-register by an exclusive “or”
logic operation. The result is stored in the
A-register, and the contents of the addressed
memory location are unaltered.
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Table 4-9. Logic Equations

SIGNAL EQUATION SIGNAL EQUATION SIGNAL EQUATION
AAF = AA FF K = 185 AR1S
cLock = sTEA § = 7815
AA FF J—
K = TB1S
3 = P123G*TO*TAN1*TAN2* ARG FF cLock
TB14 Lo = STBA
TAN3* TB14%TB13%TB12 3 - Tes
K =T K = T86 AS = EAU OPTION
cLeex =T CLOCK = STBA o
ASG = EIR¥PH1*IR15%*IR14*IR13%
ADD = EIR*IR14¥IR13*IR12 ART EF TRIS*IR10
J = 187 o o
ADF = ADD*PH3%*T3T4 BAF = BA FF
K = T87
= ASG¥T4TS
CLOCK = STBA BA FF
= ISZ*PH3*T3T4 _
J = P123G*TOXTAN2%TAN3#TB14*
= JSB*PH3*T1T2 ARS FF TET3eTETSsTES+TE3e
= P123%T6T7 3 - Tas TBIxTBO
= PH4XT3T4 K = 788 K = 17
cLocK = STBA cLOoCK = TS
ANF = EIR*PH3#T3T4*IR14%IR13% || aArg FFf 8_REGISTER
IR12%IR11 , - 1ee 8RO FF
A REGISTER K - Taa J = T8O
ARO FF cLocK = sT3A K = 780
J = T80 cLacK = sTeB
_— ARLO FF
“ = TR J = TR1D BR1 FF
CLOCK = sTBA —— -
K = TB1O J = TB1
AR1 FF CLOCK = STBA K = TB1
J = TB1 cLOCK = $T88
— AR1l FF
K =T
Bt J = 1811 BR2 FF
CLOCK = STBA o
K = TBL1 J = TB2
AR2 FF cLock = STBA K = T82
J = TB2 cLOCK = STBB
_— AR12 FF
K =
Tez J = TBl12 BR3 FF
CLOCK = STBA P
K = 1812 J = TB3
AR3 FF CLOCK = STBA K = T83
J = T83 CLOCK = STBB
ARL3 FF
« =Te J = TB13 BR4 FF
CLOCK = STBA S -
K = TBL3 J = TB4
AR4 FF CLOCK = STBA K = T84
J = TB4 cLock = STBB
_— AR14 FF
K = TB4
J = T814
CLOCK = STBA
K = TBl4
FF
ARS CLOCK = STBA
J = 185
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SIGNAL EQUATION SIGNAL EQUATION SIGNAL EQUATION
BRS5 FF cLOCK = STBB = ASG*T4%*TR4*TRO(B)*RBO
J = 185 = ASGXT4%TR4*TR3*TRO(B)
BR15 FF
K = TB5 = ASGH*T4*TR3*TRO(B}*RB15
J = 1815
cLock = sTeB . = ASGXT4*TR3*TRO(B)*RB0
K = TB15 e
= ASG*T4*TR3*TRO*RBO
BR6 FF cLocK = STBB _
= ASGHTS#TR1*{TAN4+TAN3+
J = TB6 -
- co = C FFRT6T7 TAN2+TANL}
K = TBe _ o o
c1 = CO*RBO+CO*SBO+RBO*SBO = ASGRTSATRATRI*TRIF
cLock = sTBB (TANG*TANI*TANZ*¥TANT )
c2 = C1*RB1+C1#SB1+RB1*SB1 -
= ASGHETS5*TRL*TRO¥TANG*
BR7 FF c3 = C2%RB2+C2¥SB24+RB2¥SB2 TAN3*TAN2*TANL
J = 187 cae = C3*RB3+C3%SB3+RB3*SB3 = CPR*PH3*T4x(TANG+TAN3+
K = 787 cs = C4*RB4+C4*SB4+RB4*SBS TANZ+TANL)
cLock = sTeB ce = C5%*RBS4C5*SB5+RB5#5B5 = ISZ*PH3*T4xC16
c7 = C6#RB6+CE*SBE+RBE*SBO = SKFxT4
BR8 FF = SRG*T4*TR3*RBO
cs = CT*RBT+CT*SBT+RBT%SBT =
J = TB8 K = T0
— cs = (8*RRB+CE*SBR+RBB*SBE =
K = 788 cLOCK = TS
c10 = C9*RBI+CI*SBI+RBI*SBO =
cLock = STee CIn = DMA OPTION
c1t = ClO*RB10+C10#SBLO+RB1O*
= *
6RO FF SB10 cLl CF1*CF2
c12 = CL1#RB11+CL1*SBL1+RB11* || CL2 = CF1*CF2
3 = 189 sB11
¢ - 755 cLe = [0GXT4XTR11*TRE*TRT*TRE
c13 = C12*RB12+C12%SBL2+RB12*
= * *
cLOcK = sTeB sBl12 CLe 10G*T4*TR9
CcML = DMA OPTION
cl4 = C13%RP13+C13%SB13+RB13*
BR1O FF SB13 cM2 = DMA OPTION
J = 1810 - e P
c1s = Cl4%RB14+C14%*SB14+RB14* || CMF = CMFE*CMFB
- TETS SB14
K = TB10 CMFE = ASG*TRY
cLOCK = sTeB cie6 = C15%RB1S+C1555815¢RB15% = PM4*T1T2
$B15
BRIl FF = PH4*TS
CcF1 -
J = 7811 CMFE = ASG*PH4
— J =1 . -
K = TBIL = ASG*TLTZ#T5
K =1 e o
cLocK = sTBB = PhasTRe
cLOCK = 100NS o
- *T52TR
BR12 FF TIT2*T5%TRY
CF2
J = 812 CMFB = EAU CPTION
— J =1
K = 7812 cout = DMA OPTION
K =1 e
crock = STB8 CcPR = EIR*IR14*IR1I3%IR12
cLacK = CF1
BR13 FF CR1 = DMA OPTION
J = TB13 C FF CR2 = DMA CPTION
K = 7813 J = ASG*EFF#*T3*TR5*TBO(B) CRS = POPIO+CLC*SCO
- = ASG#EFF*T3*#TR5¥TRO
cLocK sT88 RS cTeE
= ASGXT4*TR4*TRO*RBLS S
8R14 FF — SETV = (IT FF4DELAY)*IT FF
= ASG*T4*TRY*TR3*TRO(B)
5 - TBl4 CLEAR = CRS
= ASG#T4*TR4*TRO(B)*RBL5S
K = 7814 = 10G*STC*TS
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Table 4-9. Logic Equations (Continued)
SIGNAL EQUATION SIGNAL EQUATION SIGNAL EQUATION
= [0G¥CLC*TS = ASG*T3I*TR7*TRS = DMA CPTION
= I0G*STF+TS = SRGXT3#TRE¥TRT#TRG*RB15 = MP OPTION
= I0GXCLE*TS = SRG*T3*TR8*TRT*TR6*RBO
1081 3 = 10G*I0I*SC*DATA BIT
= PH4*T3(8) = SRGXT4%TRS
I = SWR3*ISR
= SYNC2*SYNC1*PH5%T3(B) = SRG*TS*TR2*TR1*TRO*RBL5
I — = 10G(B)*[0I#SCMO*SCL4*
DISPLAY = SRG*TS*TR24TR1*TRO*RBO CI3 FF
MEMORY FF
L CLOCK = Ts = DMA OPTION
SET = DMSW%RF2
— —_——— —— = .MP QPTION
CLEAR = DMSW HIN = IOG*TRB*TRT*TR6
DMS = DISPLAY MEMORY FF HLS = HALT SWITCH OUTPUT 10BI 4 = 10G*I0I*SC*DATA BIT
DMSW = DISPLAY MEMORY SWITCH ON = SWR4*ISR
o HLS FF
DU = DISPLAY MEMORY SWITCH OFF = I[0G(B)*I01*SCMO%*SCL4*
SET = HLS Cl4 FF
EFF = EXTEND FF —
CLEAR = HLS = DMA OPTION
E IND = EXTEND FF
e e e —— - ¥p OPTION
E1R = TIR*(PH3+DMS*LDS) 1AK = IC FF#PHL%T1 ToRTEEER
ENF = T2 IEN(10) = IEN(6)*PRH(10) 1081 5 = JUG*IOT*SC*DATA BIT
EaF = EOFE+EOFH 1ENL6) = IEN FF = SWRS®ISR
EOF8 = EAU OPTION = 10G(B)*I0I*SCMO*SCL4*
1EN FF CIs fF
ECFE = ASG*T3%TRQ SET = STF#sCO = DMA CPTION
= CPR*PH3*T3T4 = Mp
CLEAR = CLF%SCO OPTION
= CPR*PH3*TSXIR12
= 1081 6 = I0G*I01*SC*DATA BIT
= JSB¥PH3#T3T4 1R PHS
= = SWRGXISR
- Pl23#TOTL s INSTRUCTION LOOP SWITCH
— = DMA CPTION
= PH3*T3T4*IR14%IR13*IR1Z || ;1 = ESRFLGO
. —_ = MP OPTION
= PH3%T3T4*¥IR14%IR13%IR12 = ESRHFLGL
= SEO*T2 = ESR*FLG2 1081 7 = 10G*I0I*SC*DATA 8IT
= STR*PHI%T? = ESR*FLG3 = SWR7*ISR
— e = DMA CPTION
EPH = EPI*PHS = * *
1081 O = [OG*IQT*SC*DATA BIT - P OPTION
ESR = IEN#*H1S*POPICXIC FF = SWRO*ISR
= 10G(B)*I0I*SCMORSCLA* 10B1 8 = 10G*IDI*SC*DATA BIT
EXTEND FF cro fF = SWRB*ISR
= DMA CPTION -
J = ADD*PH3%T4%C16 = DMA OPTION
= MP OPTION -
= ASG*T3%TR7 = ¥P OPTION
= ASG*T5%TR2(B)*C16 -
s TR2¢ 1081 1 = [0G*IOI#SC*DATA BIT 1081 9 = [GG*IO]*SC*DATA BIT
= SRG*T3*TRE¥TRTATRE* = SWRLISR _
RB15(B} = SWR9XISR
e = % *SCMO* %* _
= SRGXT3*TRB*TRT*TR6* é?i‘g; 101xSCHO®SCLA = DMA OPTION
RBO(B)
—— = MP GPTION
= SRG*TS*TR2*TR1*TRO* = DMA QOPTION
RB15(8)
L = MP OPTION 1081 10 = IOG*[OI%SC*DATA BIT
= SRG*T5*TR2*TR1*TRO*
RBO(B) = SWRIO*ISR
1081 2 = IOG*IOQI*SC*DATA BIT
= DMA CPTION
K = ASG*T3#TRT#TR6 = SWRZ*ISR
= MP OPTION
= I10G(B)*I01*SCMO*SCL4*
CI2 FF
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Table 4-9. Logic Equations (Continued)
SIGNAL EQUATION SIGNAL EQUATION SIGNAL EQUATION
1081 11 = IOG*ICI*SC*DATA BIT 1080 5 = 10CO*RB5 10GE = 10G*MPC
= SWR11*ISR = DMA CPTION 10GE(8B) = [OGE*DELAY
= DMA COPTION = MP OPTION 101 = IDG*TATS*TRB*?E7
= MP OPTION = SEO*T2
10BO 6 = [0CO*RB6
= DMA OPTION
I0BI 12 = TOG*ICI*SC*DATA BIT = DMA CPTION
100 = IOG*T3T4*TRB*TRT*TRG
= SWRIZ2*¥ISR = MP OPTION ——_——
= SRG*T3*TRG*XTRT*TRE
= DMA COPTION
1080 7 = 10CO*RB7 = DMA GPTION
= MP OPTION
= DMA OPTION 10S = IOGE(B)*SCMO*SCLL
10BI 13 = 10G*I0I*SC*DATA BIT = MP OPTION
IR10 FF
= SWR13%*ISR
1080 8 = 10CO*RB8 J = TR10
= DMA OPTION
= DMA OPTION CLOCK = PH1%T2*TS
= MP OPTION
= MNP OPTION DIRECT CLR | = PH1*T1
1081 14 = T0G*I0I*SC*DATA 8IT
icsc o = I0CO*RB9 [R11 FF
= SWR14*ISR
= DMA COPTION J = TR1l
= DMA CPTION
= VP CPTION CLOCK = PHL*T2*TS
= VP OPTICN
DIRECT CLR| = PHI1Ix*T1
10BC 10 = 10CO*RB10
1081 15 = JOG*[0[*SC*DATA BIT
= DMA OPTION IR12 FF
= SWR15x%ISR
= MP OPTION J = TRi2
= DMA CPTION
CcLoCK = PH1*T2%TS
= MP OPTION 10BO 11 = 10CO*RB11
SIRCCT CLR] = PHI*TL
= PE GPTION = DMA CPTION
= MP OPTION [R13 FF
I0BI 16 = [OG*I0I*SC*DATA BIT J = TR13
I0BC 12 = [I0CO*RBL2
CLOCK = PHL1*T72*TS
108C O = 10CO*R80 = DMA QPTION
DIRECT CLR| = PH1*T1
= DMA CPTION = NP OPTION
= MP GPTION IR14 FF
1080 13 = 10CO*RB13
J = TR14
108C 1 = I0CO*RB1 = DMA CPTION
CLOCK = PH1#T2xTS
= DMA CPTICON = ¥P OPTICN
DIRECT CLR| = PH1#TlL
= MP CPTION
1380 14 = [OCO*RB14
IR15 FF
ICBO 2 = 10CO*RB2 = OMA OPTION
J = TR1S
= DMA QPTION = MP CPTIUN
CLCCK = PH1*T2x%TS
= MP CPTION
108G 15 = ICCO%*RB1S DIRECT CLR| = PH1%T1
1080 3 = [0CO*RB3 = DMA CPTION
IRQ(L-17) = 1/0
= DMA CPTION —
rocc = [0G*T4TS*TR8*TRT*TRG 156 = EAU OPTION
= MP CPTION —
1000 = DMA CPTION ISR = I0G*[QS*TRB*TRT
10BO 4 = [0CO*RB4 10F = EIRXPH3#T3T4*IR14%IR13% = SEO
= DMA OPTION IR12*IR11 152 = EIR#TRI4*IR13*IR12*IR11
= *
= NP CPTION 10G*T4T5 IT FF
= * * * * *
106 %%PHI IR15*%IR14*IR13 SET = STM
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Table 4-9. Logic Equations (Continued)
SIGNAL EQUATION SIGNAL EQUATION SIGNAL EQUATION
CLEAR = TO*TS Mil = MRLL*PH5+DMLL*PH5 MR3 = MR3 FF
- —_— M12 = MR12%PH5+0M12%PHS R3 = MR3 FF
Jup = EIR#IR14*[R13*IR12%IR11 —
_ M13 = MR13#*PH54DML3#PH5 MR4 = MR4 FF
JsB = EIR¥IR14*IRI3*IR1T*IR11 . — —_—
Ml4 = MR14%PH5+DM14%PH5 MR% = MR4 FF
LADS = LOAC ADDRESS FF
e e = MR5 FF
LADSH = LOAD ADDRESS SWITCH ON || mAC = EIR¥PHI®XIR1S*IR14%IR13% || ___ —_
S TRIZ*IRIG MRS = MR5 FF
LADSH = LOAD ADDRESS SWITCH OFF
MR6 = MR6 FF
LAS = LOAD A FF — ——
MD2 = EAU CPTION MR& = MR6 FF
LASHW = LOAD A SWITCH ON — e
MIT = MTE#[SZ*PH3*TOTL#T1T2%!|! oo = MR7 EF
LASHW = LOAD A SWITCH OFF T3T4*T5T6*T6T7%T710 —_— —_
. MRT = MR7 FF
LBS = LOAD B FF = MTEXISZ*PH3%T4T5%T5T6
MR8 = MR8 FF
LBSW = LOAD B SWITCH ON = MTE*ISZI*PH3%CF2 FF*T5T6 ,; —=— e
I L MR8 = MR8 FF
LBSW = LOAD B SWITCH OFF = MTE*ISZ#PH3*CF2 FF*T3T4
MRS = MR9 FF
LMS = LOAD MEMORY FF _ S ———
MMD13 = M13 w3 e
LMSW = LOAD MEMORY SWITCH ON
' = MEMORY OPTION
e MMD14 EMORY OPTIO “R10 - W10 FF
LMSH = LOAD MEMORY SWITCH OFF
= MEMORY CPT — -
MMD EMORY OPTION MR10 = MR1O FF
= MORY RMA
LOAD A EF NS MEMORY NCRMAL SWITCH MR11 = MR11 FF
SET = LASW*RF2 MP1 = EAU CPTION W . TR
—_ = PY
CLEAR = LASH ue2 EAU CPTION MR12Z = MR12 FF
M = A : ——— —————
F3 EAJ CPTION MR12 = MR12 FF
LOAD B FF
LOAD B FF s = fa0 0PTION
. MP& EAU OPTION MR13 = MR13 FF
SET = LBSW*RF2
MP = ——
- 5 EAU CPTION PR3 - WIS FF
CLEAR = LBSHW
= R 0P
MPC PARITY ERROR OPTION MR14 - WR14 FF
LDAD MPTO = raeSv MRLS = MR15 FF
ADDRESS FF MPT1 = MPTO
= *RF
SET LADS*RF2 pT2 = WpTL M _REGISTER
CLEAR = LADS MPT3 - MPT2 MRO FF
LoAD #PT4 = MPT3 J = T80
MEMORY FF K = T80
— MPT = LPSEMI2%M11¥M10%MORME*
= 3
SET LMSwERE2 M7 &M EMPT LXMPT 2%MMD 1 4 * cLOCK = STMO-5
CLEAR = LMSH MMD 13
= LPS*MI2#ML1%M10*Mo*Mgx || MR1 FF
LPS = LOADER PROTECT SWITCH M7%ME*MPT2%MOT 3k MMD14 % 3 = 181
MMD13 ——
_— K = T81
MO = MRO%PHS+DMO*PHS = LPSEMI2EM11#M10%MO%M8*
MR LXPTTE+OML % M7T*MOXMPTIEMPT4%MMD] 4% cLOCK = STMO-5
= *PHE PH —_————
M1 1 +DM1*PH5 W13
M2 = MR2%PH5+DM2*PHS = {PS*ML2%ML1AM10*MI*MB* MR2 FF
"3  MR34PIS4DM3%PHS r;z:nemprunnmamnow* ; - 182
M4 = MR4*PH5+DM4*PH5 K -5
Ms = MR5*PH5+DM5*PHS MRO = MRO FF cLoeK = STMO-5
M6 = MRE*PH5+DM6*PHS i MRO = MRO FF
— - MR3 FF
MT = MR7%PH5+DM7¥PH5 MR1 = MRL FF
e MR1 = FF d = 183
N8 = MR8¥PH5+DM8*PHS PRI = MRL FF
— - K = 183
M9 = MR9*PH5+DMI*PH5 MR2 = MRZ FF
I e - W e E CLOCK = STMO-5
M10 = MR10%*PH5+DM10*PHS MR2 = MRZ FF
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Table 4-9. Logic Equations (Continued)
SIGNAL EQUATION SIGNAL EQUATION SIGNAL EQUATION
MR4 FF MR13 FE 0Po = EIR*PHI*IR14*IR13*IR12
J = 1B4 J = TB13 out = DMA OPTION
K = TB4 K = TB13 ovo = EAU CPTION
cLOCK = STMO-5 CLOCK = STM12-15
DIRECT CLR| = RSM10-15 CVERFLOW FF
MRS FF J = ADD*PH3¥T4*TB15*RB] 5%
J = 185 MR14 FF SB15
— = ADD#PH3*T4*TB15*RB15%
- J = 1814
K 185 o $B15
- K = TBl4
CLOCK = STMO-5 = ASG*TS*TR2(B)*TB15#RB15%
CLOCK = STM12-15 SB15
MR6 FF S
DIRECT CLR | = RSM10-15 = ASG*TS*TR2(B)*TBL5*RB15*
J - = TBé S815
K - 786 MR15 FF = 10S*STF
cLOCK = STM6-9 J = 1815 X = 10S*CLF
K = TB15 cLock =TS
MR7 FF
cLOCK = STM12-15
J = 187 OVE IND = OVERFLOW FF
DIRECT CLR| = RSM10-15
K = 187 OVR = EAU OPTION
CLOCK = STM6-9 MRT = MTE*TO*DELAY PARITY HALT| = PEI
= MTE*TOT1%#CF2 FF P123 = PHL+PH2+PH34PHS
MR8 FF
= MTE*TIT2*CF2 FF P123(8) = P123
J =t 40 —_
—_— = (W1 AT A) MTEXLMS*I5G#JSB P1236 = Pl23%PH5
K = Tes ust *STRAAAFAGAFAT2RTIT2MCF2
= (Wl AT A) MTEXLMS*ISGHAAF PEM = PARITY OPTION
CLOCK = STM6-9 BAFNPH3T2eT1T2:CF2
a (Wi AT_B) MTEXLMS*ISGAISE PEI = PARITY OPTION
#STREAAFRBAFAT2RCFL
MRS FF = (W1 AT_B) MTEXLMS*ISGHARF
*BAFRPHAXT 26CF1 PH1 FF
J = TB9 — —
- MTE = MNS*MPT*P1238 3 = JMP*PH2*SET PH4*TR15
K = 789 _ j—
= MNS*LPS*P123B = LPMS
cLock = STM6-9 N
= PH3*SET P
MWL = MTE®[SI*PH3 3*SET PHe
= PH&
MR10 FF = MTE®PH3*STR
= = PRS FF
J 810 = MTE#PH3%JSB
= ) K = SET PH2
K 810 = MTE®AAF
= - = SET PH3
cLocK STM10-11 - WTESBAF
= - = SET PH4
DIRECT CLR| = RSM10-15 - MTE*ISG
~ . cLOcK = LNS*T7#TS
MRI1 FF = MTE¥LMS
= — e F
I 7811 MHT = wre*1szepuasTTTORTETT# || P2 F
K = TBI1 TST6*T3TA*T1T2#TOT1 J = PHI*TR15
CLOCK = STM10-11 = MTE*ISZ*PH3*T5T6*T4TS = OPO*PH1*SET PH4*TR15
DIRECT CLR| = RSM10-15 = MTE*ISZ*T4TS K = SET PH1
= MTE*PH3*T4TS = SET PH3
MR12 FF
= SET PH4
J = TB12 -
Te1z oHC1 DMA OPTION cLocK . LNSATT#TS
K = TB12 CHC2 = DMA OPTION
cLock = STM12-15 oLcl = DMA OPTION PH3 FF
DIRECT CLR|= RSM10-15 oLcz = DMA OPTION J = JMP*OPO*PH1*SET PH4*TRLS
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Table 4-9. Logic Equations (Continued)

SIGNAL EQUATION SIGNAL EQUATION SIGNAL EQUATION
= JRP*PHZ*SET PH4®TRLS €LocK = §TP12-15
PR& FF
= DMS*STEP1*STEPZ _
—— d = TBe PR14 FF
= LMS*STEP1#STEP2 =
K = T84 3 = TBi4
K = SET PH1 ~ —
cLack = sTPO-9 K - 7512
= SET PH4
. cLack = sTP12-15
cLock = LNS*TT=TS PRS FF
J = 185 PR1S FF
PH4 FF v
S K = 785 3 = TB15
J = JMP*JSBXINT*RF1 . _ o
o cLOCK = §TPO-9 K - T
= INT#RFI*IR15
cLock = STPL2-15
K = SET PH1 PR6 FF
cLock = LNS*TT%TS J =T8S PRESET LAMP | = POWER FAIL FLAG FF
K = T8 PRH = DMA CPTION
PH1 = EPH#RF2%PH1 FF _ _
cLeex = STPO-9 PRHS/4 = POWER FAIL FLAG FF
PH2 = EPHXRF2#PH2 FE
PRH SIGNALS|= I1/0 CPTIONS
PH2 = EPH*RF2%PH3 FF PRT FF -
PRS = PRSW¥RF2
PH4 = EPH*RF2%PH4 FF J = 187
‘ e PRSH = PRESET SWITCH ON
PHS = DMA OPTION =18 —_—
PR =
s oy cLeek - s1P0-9 W PRESET SWITCH OFF
PSO S(+6.5VI*(+18Vi*{-12V/ *
PNS = PHASE NORMAL SWITCH PRE EF (~5V)*{+12V)
POFP = ENF.POWER FAIL FLAG ) - 188
BUFFER FF - . RARB = AAF%*JSB*P123*T1
PON = +4.5V K = TBR = AAF*PH3#P123%T1
pcPIa = POFPATS creex = STPO-9 = ADD#PH3*T3T4
POPIO(B) = POPIO RO FE = ASG*T3%TRB
_ = ASG*T4TS
P REGISTER J = Tes
———PRO - K - s = CPR*PH3*T3T4
. . CLOCK - sTPO-S = EIR*PH3#T3T4*IR14*IR11
4 = ipyU —
- = 106#T3%TR5
K = T80
PRIQ FF .
10 = 106*T4T5*TR6
cLOCK = STPO-9 -
J 810 = SRG#T3
K = 1810
S T810 = SRGT4TS
ocK = STP1O- '
cLoc STP10-11 . STREPH3#T2
.
J = 181
_ PR11 FF
K = TB1 R8O = ISZ#PH3#T3T4
J =
cLock = sTPO-9 el = RARB*ARQ FF
K = )
T8ll = RBRB*BRO FF
PR2 FF K - -
cLoc STP10-11 = RPRBAPRO FF
J = Te2 R12 FF
— PR12 RB1 = RARB*AR1 Ff
K = TB2 =
b 812 = RBRB*BR1 FF
CLOCK = STPO-9 ! - TB1z2
K TB12 = RPRB*PR1 FF
I cLock = sTP12-15
RB3 = RARB*AR2 FF
4 = T83 PR13 FF
e 1 = RBRB*BRZ FF
K = TB3 J =
813 = RPRB*PR2 FF
cLack = STPO-9 X = TB13
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Table 4-9. Logic Equations (Continued)
SIGNAL EQUATION SIGNAL EQUATION SIGNAL EQUATION
R83 = RARB*AR3 FF = RBRB*BR15 FF RF2 FF
= RBRB*BR3 FF = RPRB*PR1S5 FF J = STEP1 FF#STEPZ FF
= RPRB#PR3 FF X . RFTRR
RBRB = ADD*PH3%T3T4
S CLOCK = 178
RB4 = RARB*AR4 FF = ASG*T3#TRS
DIRECT CLR| = LPMS+POFP
= RBRB*BR4 FF = ASGET4TS
= RPRB#PR4 FF = BAF¥JSB*P123%T] RNS = RNS FF
= BAF*PH3%P123%T1
285 = RARB*ARS FF RNS FF
= CPR*PH3#T3T4
= RBRB*BRS FF ¢\ SET = RNSW
= FIR*PH3XT3T4*[R14*IR11L B
= RPRB*PRS FF —_— CLEAR = RNSW
= [0G*T3#TR6
RB6 = RARB*ARG FF = [0G*T4TS*TRS RNSW = RUN SWITCH ON
= RBRB*BR6 FF = SRG*T3 RNSH = RUN SKITCH OFF+POFP
= RPRB*PR6 FF = SRG*T4TS
RRS = SRG*T3%*TRB*TRT*TR6
= STRAPH3I#T2
7 = RARB*ART FF = SRG*TS¥TR2#TRI*TRO
= RBREB*BR7 FF RF1 = RE1 FF
= RPRB*PR7 FF RF2 = RFZ FF RSDS = EAU OPTION
. RSM6-9 = PH4xT?
~B8 = RARB*ARS8 FF RL4 = SRG*T3*TRB8*TRT%*TR6 she
RSM10- = CPO*PHI*TS*IRIL
= RBRB*BRE FF = SRGXTS*TR2#TRI*TRO(B] SH10-13 CcPowPHL 0
- RPRE#PRE FF . RSET = EAU CPTION
RLL = SRG*T3I*TRB*TR7*TRE RST = P123*TO*TS
RBS9 = RARB*AR9 FF = RT = £AU LPTIUN
= RBRB*BR9 FF
RMSE = JSBRPH3*T3T6 = CPR#PH3%T5%
- RPRB#PRG FF RTSR CPR#PH3*T5*[R12
= P123#T0 = EIR*JSB#PH3I*T3T4
RB10O = RARB*AR1O FFf = OPO%PHL¥
RNS = RUN SWITCH OPO*PH1*#TETT
= RBRB¥BRIO FF = oH2x
RO = EAU CPTION H2*T6T7
= RPRB*PR1O £F
RCTS = EAU CPTION RUN - RE2
@311 = RARB*AR11 FF RPB = P123(B)*T0Q
= * * TT7%TR
- eBRSeER11 FF RPE - eoFp SBO ASG#T4T5%T6 2
= * * *
- «PRBAPALL FF ASGHILS*T4T5#TR2
RPRB = JSBRPHIFTIT2  JSBEPHIAT IT24TETT
RB12 = RARB®ARL2 FF = OPD*T6T7 - JSBeTISHPHISTITZ
= RBRB*BR12 FF = PH3#T6T7 e PHeSTITANTETS
= RPRB*PR12 FF = PH4*TIT2 = PH4*ILS*T3T4
= PH4XT3T4
= *
F31¢ = ARB*AR13 FF 10r+1081 0
= PH4*TS
= M *
= RBREB*BR13 FF RMSB*MRO
= *
= RPRB*PR13 FF RF1 FF RTSB*TRO
= RNS* FF%STEP2 FF
" \ J NS*STEPL STEP2 FF sa1 - loI*108l 1
R = RARB®AR14 FF !
. K = HIN+RNS+POFP +LPMS - RMSBEMRL
= RBRB¥*BR14 FF
cLccK = T5 = RTSB*TR1
= RPRB*PR14 FF
DIRECT CLR| = HLS FF
s82 = IDI*I0BI 2
RB15 = RARB*AR1S FF
= RMSB*MRZ
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STZBA

Sré3

S7387

= SWET % TS
c £TR ¥ PHIw THW X 7S % IR NTRIZ % IR )1
= ETR ¥ PH3 %74 e 75 x TRIE % TR

= CPR x #AF x PH3 v T5 % 7S % TR/

= 486x T3 x75 x T72d1

= AS6 ¥ TS %75 % TRZ

s SRG X T3 x 7S 7RG % TR/

2 SRG > TS x TS ¥x TRY ¥ I'RJ

o

2 I0b x 7S x 7pR¢ £ 777 % TR/

n

SWSB ¥ TS
ETR ¥ PHI ¥ r4t 2785 % TR % TRi2 % IRN

1

CPR X BAF X PHI X 7S %75 % TR/

.:A~$6 XTI TS * IR

"

ASE % TS # TS % IRN

SRG X 73 ¥TS x 7RG x IR 1]
SRG ¥ FSXTS * TRY % IRI
Io6 » 7s ¥ TRE * TR % IR}

[

"

SWST * T8

1t

AAF 2 Pr23 = 77 % 7S
BAF ¥ P123 x 7T/ %758
2 ISZ x PH3 *x 79 » 73
T ST x PHI x T2 x TS
T 8TR ¥ PH3 x T2 % TS

]

.



S7r -5 = SSr # TS
= FIR xOPox PHI+* T7 TS
= OO x T3 % T3

PH2 = 72278

PH3 * 77 %TS

PHY % T *TS

"

L]

Al

STM (-9 = SwSh X TS
= EIR % OFD x PH/ % 77 % 7S
= DPO XTI R TS
« PH2x 77 xTS
= PH3 k77 TS

STI WIS = SWSM XTS
T OP0 * T7 TS
= PH2 *7T7 %TS

= PHZ ¥ 77 x7S
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Table 4-9. Logic Equations (Continued)

:SecﬁonIV

SIGNAL EQUAYTION - SIGNAL " EQUATION SIGNAL EQUATION
B e
3 RTSB#TR2 s RMSBeMR14 SL14E t SRG+T3eTRS
RTSBaTR14 Tra
*
883 = 10I+1081 3 = RT384+TRY 2 SRGeT5+TRA3
. SLM = SLME#SLMB
3 RM38#MR3 $B15 = I01+10B1 15
' SLM8 s EAU OPTION
2 RTSA*IR3 2 RMSB#MR1S ' P
. SLME ® SHG*T3«TR6
= RTSB#*TR{S e
S84 = 10[+1081 4 ‘ 2 SRG#T5+«(RQ
e FEE FEE EFE
2 RMSBeNR4 scLe * PH5+TR24TR1+TRE SHARY * DMA OPTION
Ere FEr FEE
s RTSBATR4 scLt » PH5#TR2+TR1+TRE 31aR2 * DHA OPTION
Tt ¢+ te -
sCL2 z PHS=TRZ+«TRI{*TRE .
835 s 10I+I0BT 8 e bt 8RE s PARITY ERROR OPTICON
scL3 3 PH5*TR2+TR1#TRQ TEEEE eere
s RMSBeMRS e cte tbe SRG s EIR+PHI*IRIS»[R14+
SCL4 z PHS#TR2*TRL«TRY CHEE bRl er e
3 RTSA*TRS t oo Pres IR134IR20IRLN
scLs s PHS#TR+TRI*TRD SRH * SRME4SRMB
e L2
385 = 10I1081 6 scLs ® PHS»TR2+TR1+TRO SRMB * EAU OPTION
. P che
2 RMSB+HRE scL7 3 PHS*TR2eTRL{*TPR" SRME 2 SRGATI*TR7+TRE
. e
s RTSB#TR6 CeE bEE CHE Ere ® SRP*TIATRB+TRE
sCHa 2 PHS#TR3»TR4+TR] tre
et eeh bEe 2. SRGeTS5+TR{+TRA
s87 s T0I~ICBI 7 SCMt s PHS#*TR3aTR4«TRY s e
et eee e | * SRG#TI5#TR24TRO
& RHSB*HR7 scN2 ® PH5aTRS#TR4*TR] [
e ceE TEer
2 RTSB*TR? SCH3 8 PHS5#TR5«TR4%TR3 STBA 3 SH3ATS
et eb FHE ; 3
SCH4 s PH5#TRS5xTR4+TR3 3 EIR#PH3I#T4+TS+IR 14w
sas ® 10I+108f 8 ! e e IR Yoy -
SCHS 2 PH5sTR52aTR4#TRY IRI2«IRLY -
s RMSBMRB s C eee Free eoee
SCHE = PH5»TRS#TR4#TR3 * ETR«PHI*T4+TS+IR14#IR1Y
3 RTSB#TRE cee e
scu7 3 PH54TRS*TRA+TR3 = CPRAAAF*PH3I»T5#T3«[R{2
. *tEte
$89 = loIs108 9 2 ASG#TI»TS«IRIL
s RMSB#MRQ §cs3 ® SINGLE CYCLE FF 2 ASG#+T54TSeTR2
) “tee
3 RTSB#TRI ScsH .4 SINGLE CYCLE SWITCH 2 SRG#T3*TS*TRONIR{Y
rreE sree
) scsw x SINGLE CYCLE SWITCH T SRC»TS5+TS»TR4#IRLY
$81a = I101+1081 1o OFF Ere teee
, * I0G+TS«TRE#TR72IR1Y
s RMSSeMRLD S0 2 LASHLMS+LPMS+SKSB + T : N
= RTSB+TRIG  eee e s7188 a3 SWSB#TS .
SFC ® 10G+TR8«TR7+TRE EIR2PH3 ’
N ee- 2 R ATARTSH IR 44
881t » 101+1081 11 sFs * I0G#TRB4TR7+TRE cees ;
= RMSBMRi1 tRi2#+IR11
'SINGLE . e+ .
« RTSB#TR11 | EYCLE FF * CPRABAFePH3I#T5TS*IR:2
' b ASG#T3*TSeIR1Y
z 3
8812 * 10141081 12 SET * SCSHeRF2
» ASG#TS+TS+IRY
= RMSBeMR12 CLEAR 3 SC3W !
RTsBaTRI2 2 SRG#T3«TS#TRO#IALYL
= RTSB+TR
SIR 15 s SRG+TS+TS+TRA+IR1Y
(223
8513 * I0I+10B1 13 SKF(XXy  |» 10G*SFS(XXIFLAG FF * 10GeTSeTR8+TRZ+IRL
. CrEErEE
* RuSBeMR13 SKF (XX) * T0G*SFC*(XXIFLAGHFF sT8T e eriet
A Jo
= RTSBeTRL3 i ’ ‘Pi2IeTEeTS
IsL1a x SL14E+SL148B 2 JAF*P123#7T1eT3
. : | . .
8814 = IQ0I»2I1001 14 %SL14B 1 EAU oPTion 3 1SZsPH5xT4+TS
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Table 4-9. Logic Equations (Continued)

Model 21168
Vdumewa

SIGNAL EQUATION SIGNAL EQUATION SIGNAL EQUATION
s JSHaPH3IsT2T3 » J3B#PHIT4+TS T4TS FF
% STRAPHIT2¢78 = QPQ#T74T3 DATA » 1374
s PHIaT7#T8 ELOCK s CLi
sTC s I0GaT4«TRL1#TRBa
TR73TRS s PHA#T2+73
"T515 FF
STEPt FF 5 PH4#TATS*T3
DATA s T4TS
DATA ® RNS+SCS+DMS+LMS )
STR = EIR*IR14+IR1I*IRLI2 cLocx s CL2
CLGCK s T2
SHCRY s DMA oPTION T8T7 FF
STEP2 FF .
SWCR2 = OMA OPTION DATA s T5T6
DATA s STEP1 FF
CLoCK s CL1
CLOCK s Tt SWsA 2 LAS*T2
e 66 SHsB z LBS*T2 1713 FF
STF 3 I0G«T3I*TRB2TR7+TRS .
e soe SwWsd 3 LPHMSaT2 DATA » TET7
% SRG#T3«TRA+TRI#TR6
) SWsP ® LPNSaT2 cLocK = CL2
STH @-5 - SNSH:If SHST = LMSaT2 et beE CEE e
x EIRSOPCOPHIT74TS TANL 2 TR3»2TR2+TB14TBY
Frb PEF EEE PEe
= OPONT74TS T2 ® TAT1=T7273 TAN2 u TB7#TR6*TR5+TB4
5 EEEE CREE HEE b
. PH2ET74T8 T 2 TOT1#T172 TAN3 s RE114T513+TBI+TRI
. SEPE FHEE PEEE FEEE
 PH3IsT7eTS T2 L] T!T;-T2T3 TAN4 2 TB15+TD14+78134T812
13 a T273+7374
¥ PH4xT7»TS 1300 s - 183 + ADF+RBO#3B24C3
N . . - e re +
b ST ¥
ST 3-9 =5 5”:12 1 r3tarTaTs « ADF+RBO+SRE+C3
i ] » reé e
® ELR40OPO+PHI*#T7 4TS s B « ADF#RBA+3RACE
. ® T4T54#T5T *hE Hee
= OPO*T747S 6 oere , = ADF*RBA*SB34CA
s T576+T67
. PHZ#T)tTS‘- . 6171778 u ANF#RBO#SB2
. ] 817 T e
3 PH3*T7#TS s rrer = CHF#RBD
. v T7¢73 L L
STM{Dwl5 & SWSM+TS s EFF*SRGeTI«TRB#TR7+TRE
,re
® OPOxT7«7S TOTL FF w EFFsSRG#T5«TR2+TRI«TRA
. *Fe
3 PHI#T7a73 DATA ® 7770 a EQF+RBB+SB2
& PH3xTZ?+78 X ’ tee
- o cLocK = CL1 s EOF+RBA~SBE
STP 2.9 2 3WSP*TS i = IQF2RAQ
e T172 FF
® JMPsPH]#T5#TS+IR10 = JOFssBO
PP DATA = TATL }
2 JMPPHI&T7+T3+TR1S ® RL4+RBL2
'il-ll-l- cLock = CL2.
2 JHP#PH2sT7+TS+TRI5 = RL4¥SBI2
x JSBePHI*T4eTS 1213 FF = RLL+RBLS
x OPO*T7+1S DATA * 7172 » RLL+SBLS
. PHIaT74TS cLOCK s CLY & RSM6-9+SRAQ
s PH4#T2+TS 1374 FF a3 SLhaRBIS
Ha . * SLH»3815
* PHA#TATS*TS DATA s 7273 .
STPi@-t5 3 SWSP#TS . 3 SRM+RBY
oee cLocx s CL2
= JHP4PHI+T54TS»IR10 * SRMs3B1
(XX
r JMP4PH2+T74TS+TR15 . wSMATS
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Table 4-9. Logic Equations (Continued) -

SIGNAL ~ EQUATION SIGNAL EQUATION SIGMAL EQUATION

181 s ADF#RB1+3B1+Cl

e e

3 ADF#RB1#881+CH L.
e b

® ADF#RB1»SB1+C1Y

err e

8 ADF+RARL#SR1+CY

ANF#RB1+381
-+
CHFERBIL
e
» ECF4RB14SRY
e
EOF «RB1#581

10FsRBY ‘ ‘ B
e 10FaSH1 ‘
® RL42R813

* RL4*SB13

= RLL+RBO

|« rRLL+SSQ

3 RSME=9#3RAL
s SLMeRBY

2 SLMeS8Q

= SRMeRB2

3 SRM#SB2

T2 = ADF+RB24SR24C2
tre &
® ADF#RB2#5B2+(2
e 6
ADF#RB2#SR2ec2
. et e
ADF#RB2#5B82+(2

= ANF*RB2#S82

Lo

- CMFE+RB2

EOF#RB225B2
e e
EOF*RA24582

s I0FeRB2

= I0F+5B2

RLA*RB14

L

RL4+3014
= RLL#RBY _ ) .
* RLL&SB1 ‘
» RSH6=9#SRA2
s SLM#RB{
& SLH#SBY
= SRM#RB3

® SRM#SB3

ACF#RBI#5B3+C3
e

x ADFa3A3+SR3:C3 ! i

83
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Model 2116B
Volume Two
Table 4-9. Logic Equations (Continued)
SIGNAL EQUATION SIGNAL EQUATION SIGNAL EQUATION
183 = ADF*RB3%SB3%(C3 i85 = [0F*RBS 187 = RLL#RBO
TB3 = ANF*RB3%SB3 TB5 = I0F#S$85 187 = RLL*SB6
T83 = CMFE%*RRB3 TBS = RL4&*%RB2 187 = RSM6-9%SRAT
783 = EOQF%*RB3%*583 85 = RL4*SB2 87 = SLM*RB6
TB3 = EQF*RB3%*SB3 185 = RLL*RB4 87 = SLM%*SB6
T83 = [OF*RB3 185 = RLL*SB& T87 = SRM*RB8
783 = IOF*SR3 T85 = RSM6-9%SRAS 87 = SRM%SB8
183 = RL4*RB15 TB5 = SLM%*RB4
88 = ADF*RB8*$SB8%C8
783 = RL4%5815 T85 = SLM%SB4 — —
788 = ADF*RBB*SB8%*(8
783 = RLL*RB2 T8S = SRM*RB6 — e
TB8 = ADF*RBB*SBR*CS8
783 = RLL*¥SB2 T8S = SRM#SB6 —
T88 = ADF*RBE*SBE*CH
TB3 = RSM6—9%SRA3
788 = ANF*RB8*SB8
783 = SLM%RB2 TB6 = ADF*RB6*SB6*C6 _—
- — 788 = CMFE*RBS
183 = SLM¥SE2 T86 = ADF*RB6*SBE#CE —
— TR8 = EOF*RB8*SBS
83 = SRM*RB4 86 = ADF*RBL*SB6*C6 o
— T88 = EDF*RES*SB8
183 = SRM%SB4 186 = ADF*RB6*SBAH*C6
788 = IOF*RBS
T36 = ANF*RB6*SBb
T84 = ADF*RB4*SB&*(4 _— 188 = [0F*SB8
—— — T86 = CMFE*RB6
TB4 = ADF#*RB4*SB4¥C4 —_— TBR = RL4*RB5
e T86 = EOF*RBE*SBA
T84 = ADF*RB4*SB4%C4 _— 88 = RL4*SBS
I TBE = EQF*RB6*SB6
T84 = ADF#*RB4*SB4*C4 188 = RLL*RR7
TBé = [OF%RB6
TB4 = ANF*RB4*SB4 188 = RLL*SB7
_— 186 = I0F*SB6
T84 = CMFE*RB4 188 = RSM6-9%SRA8
—_— 186 = RL4*RB3
TB4 = EQF*RB4*SB4 T88 = SLM*RB7
— T86 = RL4*SB3
T84 = EOF*RB4*SB4 788 = SLM%SB7
TBE = RLL*RBS
T84 = I10F*RB4 188 = SRM*RB9
86 = RLL*SBS
T84 = I0F*SB4 788 = SRM*SE9
T8S = RSM&-9%SRAS
T84 = RL4*RB1
186 = SLM*RBS 189 = ADF*RB9*SB9I*C9
T84 = RL4*SB1 S —
T86 = SLM*S$BS 89 = ADF#*RBO*SBI*C9
B4 = RLL*RB3 I
186 = SRM*RBT TB9 = ADF#*RB9*SB9*C9
TB4 = RLL*SB3 e
T3¢ = SRM*SB7 T89S = ADF*RB9*SBI*CY
T84 = RSM6-9%*SRA%
189 = ANF*RB9*SB9
B4 = SLM*RB3 187 = ADF*RBT*SB7*C7 _—
- . T89 = CMFE*RBY
T84 = SLM*SB3 TR? = ADF*RBT#SBT%C7 —_—
e 789 = EOF*RBY*SB9
T84 = SRM*RES 187 = ADF*RBT*SBT7%(7 —_—
— 789 = EQF*RBS*SB9
T84 = SRM*SES T37 = ADF*RBT7*SB7*C7
T89 = 10F*RB9
T87 = ANF*RB7*SB7
185 = ADF*RB5%SB5%C5 o 89 = J0F*SB9
— — T87 = CMFE*RB7
T8S = ADF#RB5%585%(5 — 89 = RL4%RB5
— —— T87 = EOF*RB7*SB7
185 = ADF*RBS5%*SB5%(C5 — 89 = RL4*SBS
e 187 = EOF#*RB7*SB7
T85 = ADF#*RBS*SB85%CS 789 = RLL*RB8
TB7 = 10F*RB7
185 = ANF¥RB5%SBS T89 = RLL*SBS
_— 87 = I0F*SBT
185 = CMFE*RBS 89 = RSM6-9#%SRA9
— 87 = RL4*RB&4
85 = EOF*RB5%SBS TB9 = SLM*RB8
J— 87 = RL4*SB4
TB5 = EQF*RB5*585
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Table 4-9. Logic Equations (Continued)

Model 2116B
Volume Two

SIGNAL EQUATION SIGNAL EQUATION SIGNAL EQUATION
789 = SLM*SB8 1812 = ADF*RBL2#SB12%C12 1814 = CMFE*RBL4
189 = SRM*RB10O 812 = ADF*RBl2%SB12*+C12 TB14 = EOF#*RB14*SBl4
189 = SRM%SBLO 1812 = ADF#*RB12#5612%C12 TB14 = EOF*RB14*5B814
1812 = ANF*RB12%SB12 TB14 = IOF*RB14
TB10 = ADF*RB10O*SB10*C10 _
— — 1812 = CMFE*RB12 TB14 = 10F*SBl4
7810 = ADF#RB10%SBLO*CLO _
— TB8l2 = EOF*RB12%SB12 1814 = RL4*RB10
T816 = ADF*RBLO*SB10*C10 o
— e 1812 = EOF*RB12%SB12 TB14 = RL4*SB1O
TB10 = ADF*RB10*SBL0*C10
TB12 = IOF#RB12 TB14 = RLL*RB13
T810 = ANF¥RBLO*SB10
— 1812 = 10F#SB12 TBl4 = RLL*SB13
1810 = CMFE*RBLO
— TB12 = RL4*RBS 1814 = RSM6-9%*SRAL4
7810 = EOF#*RB10%S810
— 812 = RL4*SB8 TB14 = SLM*RB13
TB10 = EOF#RB10*S$B10
TB12 = RLL*RBL1 1814 = SLM*SB13
7810 = [OF#RB10
TBl2 = RLL*SB11 TBl4 = SRM*RB15
1810 = [OF*SB10
812 = RSM6~9%SRA12 T814 = SRM¥SB15
TB1C = PL&4¥RB6
‘ TB12 = SLM%RBI1
T8l0 = RL&*SB6 1815 = ADF*RB15*SBL5%Cl5
TB12 = SLM#%SB11 P —
1810 = RLL#*RB9 1815 = ADF*RB15#SB15*C1S
1812 = SRM*R313 e e
1810 = RLL*SB9 1815 = ADF*RBLG%SBLS*C15
_ 7812 = SRM#SB13 R —
Te1o = RSME-9%SRALO0 815 = ADF#RB15*5B15%C15
TB10 = SLM%RBO 1813 = ADF*RB13%SB13*C13 1815 = ANF*RB15%SB1S
AL = SLMeSBY TB13 = ADF*RBI3#SBL3+C13 815 = CMFE*RBIS
810 = SRM*RBLL 7813 = ADF#RBL3#SBI13*C13 T81s = EOF*RBIS$SB1S
elo = SRM®SBIL 1812 = ADF*RB13%*SB13%C13 1815 = EOF*RBI5#S815
= = 3
811 = ADF#*RBL1I*SB11%C11 TB13 ANF=RE13#5013 T815 10F*RB1
—_— —_— T = RBL3 = *
1811 = ADF*RBII1#SBL1%C11 813 CMFEARBI3 1815 10F*$B15
—————— = <p13 = *
1811 = ADF#RB11%SB11%¥C1l TB13 EOF#RB13%5813 815 RL4*RBL1
TB11 = ADFARBL1*SBIL*CI1 Te1s = ECF#RB13*5813 1815 = RLG4*SBL1
T = s -
TB11 = ANF*RBL1*SB1l 813 T0F*RB13 T81s RLL*RBLA4
— 1313 - - *
TB11 = CMFE#RBIL 1 10F*SB13 TB15 RLL*SBl4
——— T = = -
7811 - EOF*RBI1+SBII B13 RL4*RB9 1815 RSM6-9%SRALS
1811 — EQF#PBII*SBLL 7813 = RL&4*SB9 1815 = SLM*RB14
TB11 - IOF%RB11 Te1s = RLL*RB12 1815 = SLM*SBl4
1813 = = *T32TRE*TRT*
811 = l0F*SBLL B1 RLL*SBI2 TB15 SRG*T3*TRB*TRT*RB15(B]
T = - = *TS*TR2*TR1*
1811 = RL4*RBT 813 RSME-9%SRA13 T815 SRG*T5*TR2*TR1*¥RB15(8)
TB13 = = * T3 *TRT*
TB11 = RL4*SBT 1 SLM*RB12 1815 SRGHEFF#T34TR8*TRT*TR6
= = #* * * * *
1811 - RLL*RB10 TB13 SLM%5B12 TB1S SRGHEFF#T5%TR2*TR1*TRO
811 = RLL*SB10 1813 = SRM*RB14 1815 = SRM*RB0
811 = RSM6-9%SRALL 813 = SRM*SBl4 815 = SRM¥$80
1811 = SLM*RB10
TBl4 = ADF*RBL4*SB14*C14 TE1 = DMA OPTION
1811 = SLM%SB10 —_— —
T8l4 = ADF*RB14%SBl4*Cl4 TE2 = DMA OPTION
TB11 = SRM#*RBI12 e e
. ‘ TBl4 = ADF#RBI4*SBl4*C1l4 TEV = EAU CPTION
1811 = SRM%¥SB12 e o
. T814 = ADF#RB14%SB14%*Cl4 TOD = EAU CPTICN
1812 = ADF*RB12*SB12*(12 TBl4 = ANF*RB14%*SB14
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Model 2116B
Volume Two
Table 4-9. Logic Equations (Continued)
SIGNAL EQUATION SIGNAL EQUATION SIGNAL EQUATION
T REGISTER CLGCK = STBT TR13 FF
TRO FF DIRECT SET| = sT6 J = TB13
4 = T80 DIRECT CLR| = RST K = TB13
K = T80 CLOCK = STBT
TR7 FF
cLOCK = STBT DIRECT SET| = ST13
= 187
DIRECT SET|= sTO J . DIRECT CLR| = RST
= T87
DIRECT CLR|= RST K
cLack = STBT TR14 FF
TR1 FF QIRECT SET)| = ST? Jd = T814
J = T8l DIRECT CLR| = RST K = TBl4
K = TB1 cLOCK = STBT
TR8 EF
cLock = sT8T DIRECT SET| = STi4
J = 788
DIRECT SET|= sT1 . DIRECT CLR| = RST
K = 188
DIRECT CLR| = RST
CLOCK = STBT TR1S FF
TR2 FF DIRECT SET| = sT8 J = TB15
J = TB2 DIRECT CLR| = RST K = TBl§
K = 782 CLOCK = $TBT
TRS FF
cLOCK = sT8T DIRECT SET] = ST15
J = 189
DIRECT SET| = sT2 DIRECT CLR| = RST
K = T8O
DIRECT CLR| = RST
cLeek = STBT TRO = TRO FF
TR3 FF DIRECT SET| = ST9 TR0 = TRO FF
J = 183 DIRECT CLR| = RST TR1 = TR FF
K = 783 TR = TR1 FF
TR10 FF
cLOCK = STBT TR2 = TRZ FF
J = TB10 _—
DIRECT SET| = ST3 . TR2 = TRz FF
K = 1810
DIRECT CLR| = RST TR3 = TR3 FF
cLock = sTBT _— e
TR3 = TR3 FF
TR4 FF DIRECT SET] = ST10
TR4 = TR4 FF
4 = TB4 DIRECT CLR| = RST — —
. TR4 = TR% FF
K = TB4
®RS = TRS FF
cLack = STBT TR FE
=T TR5 = TR5 FF
DIRECT SET|= sT4 s 811
= TBL1 TRE = TR6 FF
DIRECT CLR| = RST K el —
CLOCK = STBT TRE = TR& FF
TRS FF DIRECT SET{ = ST1l R? = TR7 FF
J = T85 DIRECT CLR| = RST TRY = TRT FF
K = 185 RS = TR8 FF
TR12 FF — —
CLOCK = STBT TR = TR8 FF
J = TB12
DIRECT SET|= §T5 TRS = TR9 FF
K = TH1Z — o
DIRECT CLR|= RST TRS = TR9 FF
CLOCK = 13T
TR10 = TR10 FF
TR6 FF DIRECT SET| = ST12 — ——e
TR10 = TR10 FF
J = T86 DIRECT CLR{ = RST
TR11 = TR11 FF
K = 786 — ——
TR11 = TRIL FF
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Table 4-9. Logic Equations (Continued)

Model 2116B
Volume Two

SIGNAL EQUATION SIGNAL EQUATION SIGNAL EQUATION

TR12 = TR12 FF

TR1Z = TR12 FF

TR13 = TR13 FF

TRI3 = TR13 FF

TR14 = TR14 FF

TR14 = TR14 FF

TR15 = TR1S FF

TR15 = TR15 FF

TRO(B) = DMA CPTION

TR1(8) = DMA CPTION

TR2(B) = DMA CPTICON

TR3(B) = DMA OPTION

TR4(B) = DMA CPTION

TR5(B) = DMA OPTION

TR6(B) - DMA CPTION

TRT7(B) = DMA OPTICN

TR8{B) = DMA CPTION

TR9(B) = DMA CPTION

TR10(B) = DMA CPTION

TRIL(B} = DMA CPTION

TR12(8) = DMA CPTION

TR13(B) = DMA CPTION

TR14{8} = OMA CPTION

TR15(8) = DMA CPTION

s = CEL*DELAY

TSA = CFL*DELAY

TTK = MEMORY OPTION

WCR1 = DMA CPTION

WCR2 = DMA CPTION

X0 = MMDL4*MMD13%M12#TTK

x1 = MMD14*MMD12%M12

x2 = MMD14*MMD13*M12

X3 = MMDI4*MMD13%M12

Y0/1 = MMD14*MMD1Z+MMDL4*
MMD13#TTK

v2/3 = MMD14%MMD13
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4-48. CIRCUIT DESCRIPTION AND TEST

PROCEDURES.

4-49.  Descriptions and test procedures for the circuit
functions comprising the control, arithmetic, memory,
input/output, and power supply sections of the computer
are presented in paragraphs 4-60 through 4-513. The circuit
descriptions include information which is helpful during
troubleshooting. The test procedures include test data and
suggested test methods which can be used to substantiate or
disclaim that the circuit under test is the cause of the
trouble. In the event that the circuit under test is not the
cause of the trouble, references are provided to trouble-
shooting data for related circuit functions which could
cause the trouble symptom. If it is determined that the
circuit under test is the cause of the trouble, use of the
equations and troubleshooting diagrams in this section,
together with the detailed schematic diagrams, parts
location diagrams, and interconnection and wiring infor-
mation in section V will provide the additional data needed
to isolate the trouble to a replaceable or repairable assem-
bly or part.

4-50. TROUBLESHOOTING DIAGRAMS.

4-51.  The troubleshooting diagrams presented in figures
4-2 through 4-93 of this section consist of timing diagrams,
waveforms, and servicing diagrams. The purpose and use of
these diagrams is described in the following paragraphs.

4-52. TIMING DIAGRAMS. Timing diagrams are pro-
vided to show timing relationships between signals associ-
ated with a given circuit function. The timing diagram for
the basic timing circuit (figure 4-15) is a typical example.
The signals shown in timing diagrams are “‘idealized” (i.e.
not shown as they would actually appear on an
oscilloscope). This can be seen by comparing the 10MHz
oscillator output and time TO signal as they are shown in
figure 4-15 to the actual oscilloscope waveforms shown in
figure 4-16.

4-53. WAVEFORM DIAGRAMS. Waveform diagrams
are provided to show computer signals as they actually
appear on an oscilloscope. The waveforms in figure 4-16 are
a typical example. All waveforms in this manual were
observed on an HP 180A Plug-in Oscilloscope Main Frame
equipped with an HP 1801A Vertical Amplifier, an HP
1820A Time Base, and HP 10004A Miniature Resistive
Divider Probes (10:1). Unless otherwise noted in the wave-
form diagram or in text, oscilloscope connections and
settings are as specified in table 4-10.

4-54. SERVICING DIAGRAMS. The servicing diagrams
in this section include schematic diagrams, logic diagrams,
and block diagrams that show signal flow and interconnec-
tions for a complete circuit function. The purpose of these
diagrams is to provide the information needed at circuit
level that will enable the user to localize a trouble symptom
to a faulty assembly, and in some instances, isolate the
trouble directly to the part that failed. Typical servicing
diagrams are shown in figures 4-3, 4-36, and 4-81.

Section IV

Table 4-10. Oscilloscope Settings and Connections

Channel A:
Input .. .. ..................Asspecified
Inputcoupling. . . ...... ... ... ..., DC
Polarity ......... ... ... ... . ... Positive
Voltsfem ................... As specified
Channel B:
Input. . .................... As specified
Inputcoupling. .. ......... ... ... ... DC
Polarity ........ .. ... .. ... .... Positive
Voltsfem ...................Asspecified
Triggering:
Mode.......... ... Internal
Source . . ... e Channel B
Slope...... ... i, Positive
Coupling. . ...... ... ... L L, DC
Displaymode .................... Chopped
Timejem. . .. .. ... .. i oo, As specified
Magnification .. .......... ... ... ...... x1
Graticule divisions . .. ............ Centimeters

4-55. To understand and properly use the servicing
block diagrams presented for the instruction processing
circuits (figures 4-36 through 4-79), refer to figure 4-36 as a
typical example and review the following information:

a. The signal flow and timing shown on each diagram
is applicable to the phase during which the instruction is
executed. Some instructions are executed during the fetch
phase (phase 1), while others are executed during the
execute phase (phase 3).

b. The timing and phase signals used in executing the
instruction are shown extending from the block represent-
ing timing generator card A106. This block is located on
the left side of each diagram.

¢. The bit pattern for the instruction, as stored in the
instruction register (I-register), is indicated in a separate
block for instruction decoder card A107. This block is
located in the top-left of each diagram.

d. Blocks representing the circuits that decode and
process the instruction are grouped at the top-right of each
diagram.

e. Blocks representing the circuits that increment the
P- and M-registers are grouped at the bottom-right of each
diagram.
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f. Blocks representing the circuits that perform the
memory operation which occurs when the instruction is
processed are grouped at the left of each diagram.

g. Blocks, or groups of blocks, representing circuits
that perform special operations during the processing of a
given instruction are included on each diagram as required.

h. The “and” gate symbol, as used on these diagrams,
indicates that the associated signals at the input of the sym-
bol are logically combined in some manner to produce the
signal at the output of the symbol, but are not necessarily
“anded”.

i. The numbers within the blocks and symbols, where
the signal flow lines originate or terminate, correspond to
the pins on the 86-pin connector of the associated plug-in
card assembly.

j. An asterisk within a block or symbol denotes the
termination of a signal flowing within the associated plug-in
card assembly (i.e. the signal is not routed through the
backplane to reach its destination).

k. The mnemonics on the signal flow lines are defined
in table 5-7 of section V.

1. Equations for the signals shown are given in table
4-9.

m. In the timing diagram presented in the lower-left
corner, the signals shown are “idealized”, as explained in
paragraph 4-52. A vertical arrow pointing downward
denotes a signal that is continuously false during the timing
cycle. A vertical arrow pointing upward denotes a signal
that is continuously true during the timing cycle. Some
signals (i.e., SBO, RBO, etc.) are active at various times
during the processing of an instruction. Only the condition
needed to execute the instruction are shown in the timing
diagram. Data and unused active control signals are not
shown.

4-56. INFORMATION IN OTHER SECTIONS.

4-57. Information in other sections of this manual which
will be required during troubleshooting includes the circuit
descriptions and related diagrams presented in section
III, the maintenance instructions, tables, and diagrams pre-
sented in section V, and the replaceable parts information
presented in section VI. Total familiarity with the content,
purpose and use of the information presented in these
sections is recommended before attempting to troubleshoot
or repair the computer.

4-58. INFORMATION IN OTHER MANUALS.

4-59. Information in other manuals which may be
required during troubleshooting includes that presented in
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Volume One, Specifications and Basic Operation manual
(manual part no. 02116-9152), Volume Three, Input/
Output System Operation manual (manual part no.
02116-9154), the applicable operating and service manual
supplements to Volume Two and Volume Three which
document processing options and interface options,
installed in the computer and the applicable diagnostic test
procedures contained in the Manuai of Diagnostics. Famili-
arity with the content, purpose, and use of the information
presented in these manuals is recommended before attempt-
ing to troubleshoot or repair the computer.

460. CONTROL SECTION AND ARITHMETIC
SECTION TROUBLESHOOTING.

4-61. GENERAL.

4-62. Troubleshooting the control and arithmetic
sections of the computer consists of performing the basic
checkout (paragraph 4-9) and the diagnostic checkout
(paragraph 4-17) to test the overall operation of the circuits
comprising these sections. Trouble symptoms encountered
during the performance of the checkout procedures are
used to determine which circuit function is most likely to
be causing the trouble indication. References are then pro-
vided to applicable circuit level troubleshooting data for the
suspected circuit function.

4-63.  Troubleshooting data for the control and arithme-
tic sections consists of descriptions, test procedures, and
troubleshooting diagrams for the following circuit
functions:

a. Front panel switch and indicator circuits (paragraph
4-65).

b. Timing circuits (paragraph 4-151).
c. Phase logic circuits (paragraph 4-164).

d. A- and B-register addressing circuits (paragraph
4-187).

e. Memory reference instruction processing circuits
(paragraph 4-193).

f. Register reference instruction processing circuits
(paragraph 4-257).

g. Input/output instruction processing circuits (par-
agraph 4-390).

4-64. When troubleshooting this section of the com-
puter, refer to sections V and VI of this manual for detailed
schematic and logic diagrams, parts location diagrams, inter-
connection and wiring information, replaceable parts infor-
mation, and corrective maintenance instructions.
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4.65. FRONT PANEL SWITCH AND INDICATOR
CIRCUITS.

4.66. Troubleshooting data for the circuits associated
with the following switches and indicators are presented in

the referenced paragraphs:

a. A-and B-REGISTER indicators (paragraphs 4-86
and 4-92).

b. DISPLAY MEMORY switch (paragraph 4-116).
c. EXECUTE indicator (paragraph 4-176).

d. EXTEND indicator (paragraphs 4-264, 4-339, and

e. FETCH indicator (paragraph 4-167).

f. HALT switch and indicator (paragraph 4-76).
g. INDIRECT indicator (paragraph 4-171).

h. INSTRUCTION switch (paragraph 4-146).
i. LOAD A switch (paragraph 4-86).

j. LOAD ADDRESS switch (paragraph 4-98).
k. LOAD B switch (paragraph 4-92).

1. LOAD MEMORY switch (paragraph 4-106).

m. M-REGISTER indicators (paragraphs 4-98, 4-116,
and 4-124).

n. MEMORY switch (paragraph 4-136).

o. OVERFLOW indicator (paragraphs 4-441 and
4-446).

p. P-REGISTER indicators (paragraphs 4-98, 4-116,
and 4-124).

q. PARITY indicator (paragraph 4-67).
r. PHASE switch (paragraph 4-141).

s. POWER indicator (paragraph 4-68) and switch
(paragraph 4-485).

t. PRESET switch and indicator (paragraph 4-81).
u. RUN switch and indicator (paragraph 4-71).
v. SINGLE CYCLE switch (paragraph 4-124).

w. SWITCH REGISTER switches (paragraphs 4-86,
4.92, 4-98, and 4-106).

x. T-REGISTER indicators (paragraphs 4-106 and
4-116).
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4-67. Use the operating and service manual for the HP
12591A Parity Error Option (manual part no. 12591-9001)
to troubleshoot the circuiis associated with the PARITY
indicator.

4-68. POWER INDICATOR. The following paragraphs
provide a description and test procedure for the circuits
associated with POWER indicator DS109 located on con-
trol panel assembly A502.

4-69.  Description. The circuit for the POWER indicator
is shown in figure 4-2. Indicator lamp DS109 is powered by
the Power Indicator {(PIND) signal at pin 49 of power fail
interrupt card Al. Dropping resistor A1R4 is connected
between the +12-volt dc supply and one side of the lamp
filament. The other side of the lamp filament is connected
to ground through terminal G on display board A501.

IASOZCONTROL PANEL | |A501 DISPLAY
ASSEMBLY BOARD
l ASSEMBLY
| POWER | | |
DS109 l I
A G
PIND A200TB1-6
S — ———
—_—_‘ LAMP GND
A101 jif FROM POWER
I FRONT SUPPLY
| PANEL |
COUPLER
l_- CARD
- |-
PIND | a9
A1l
| R42 power |
FAIL
| 1502 inrerRUPT |
CARD
3
A100TBZ-1(P NOTE: ASTERISK (*)
DENOTES A
+12V FROM PIN ON A 48-
POWER SUPPLY PIN CONNECTOR.

2319-15¢

Figure 4-2. POWER Indicator Circuit, Servicing Diagram
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4-70.  Test Procedure. Using a multi-function meter and
the information presented in figure 4-2, proceed as follows:

a. Press the POWER switch to turn on power. Then
check the +12-volt de supply at A100TB2-1. If normal,
proceed to step “b”. If abnormal, refer to paragraph 4-508
and troubleshoot the power supply.

b. Press and release the POWER switch to turn off
power. After checking to ensure that indicator lamp
A502DS109 is not defective, make continuity and resis-
tance checks of points between A501-G and A100TB2-1.

4-71. RUN SWITCH AND INDICATOR. The following
paragraphs provide a description and troubleshooting pro-
cedure for the circuits associated with RUN switch S107
and RUN indicator lamp DS107 which are located on
control panel assembly A502.

4-72.  Description. The circuits associated with the RUN
switch and RUN indicator are shown in figure 4-3. The
timing diagram included in this figure shows the sequential
events that occur when the RUN switch is pressed and
released. In the following description it is assumed that
initially all flip-flops shown are in the reset condition, the
RUN indicator is off, the HALT indicator is on, and the
contacts of the RUN and HALT switches are in the released
position as shown.

4-73. The RUN switch is a momentary-action type
switch. When pressed, it places +4.5 volts at input pin 2 of
MC65 (RNS FF) causing the output at pin 13 to go false.
This false signal is felt at input pin 6. Input pin 7 of MC65
is false due to open contacts 1 and 3 of the pressed RUN
switch. Input pins 6 and 7 being false cause output pin 9 to
go true and generate signal RNS at pin 44 of front panel
coupler card A101. As long as the RUN switch is pressed,
signal RNS remains true. When the RUN switch is released,
+4.5 volts is transferred to input pin 7 of MC65 which
causes output pin 9 to go false.

4-74.  Signal RNS is transferred through pin 70 of timing
generator card A106 to input pin 14 of “and” gate MC86D
and input pin 6 of “and” gate MC76B. When signal RNS is
true, output pin 13 of MC86D goes true. This true signal is
transferred to pin 1 of STEP 1 FF MC94A. At the first time
T2, the STEP 1 FF sets and remains set until the first time
T2 after the RUN switch is released. The output at pin 13
of the STEP 1 FF is transferred to pin 7 of STEP 2 FF
MC94B which sets at the next time T1 and remains set until
the first time T1 after the RUN switch is released. The
output of the STEP 1 FF is also transferred to input pin 9
of “and” gate MC76C. Input pin 7 of MC76C is held true at
this time by “nor” gate MC8TA. Thus, output pin 10 of
MC76C goes true at time T2 and remains frue until the
following time T1 when STEP 2 FF sets (1.4 micro-
seconds). This output is transferred through MC76B to
input pin 14 of MC84 (RUN FF 1) and to input pin 14 of
MC74 (RUN FF 2). At the end of time T5, RUN FF 1 will
set. At the end of time T7S, RUN FF 2 will set. These
flip-flops will remain set until a PRESET or HALT signal is
received at pins 8 or 9 respectively of RUN FF 1 resetting
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this flip-flop. The outputs of both RUN flip-flops are trans-
ferred to the phase logic circuit along with the output of
MC76C. The output at pin 13 of RUN FF 2 is also trans-
ferred to the base of transistor Q5 turning it on and
completing the ground connection for the RUN indicator.
The false output at pin 10 of RUN FF 2 is transferred to
the base of transistor Q4 turning it off and turning off the
HALT indicator. At time T1 after the STEP 1 FF has been
set, the STEP 2 FF is set. Ifs output is transferred to input
pin 2 of MC87A causing output pin 13 of MC87A to go
false. This causes output pin 10 of MC76C to go false and
remove the input from RUN FF 1 (through MC76B) and
from RUN FF 2 and the phase logic circuits.

4-75.  Test Procedure. Using a multi-function meter, a
dual-trace oscilloscope, and the information presented in
figure 4-3, proceed as follows:

a. At the front of the computer, open the door assem-
bly to expose the plug-in cards in the card cage.

b. Using the multi-function meter, check the +7-volt
dc supply at pin A of RUN indicator A502DS107. If
normal, proceed to step “c”. If abnormal, check the con-
nection between A502DS107-A and A501-(+).

c. Using the multi-function meter, check the +4.5-volt
dc supply at pins 1 and 2 of A502S107. If normal, proceed
to step “d”. If abnormal, check the connection between
A502S107-1,2 and A101-39,40.

d. At the computer front panel, press and release the
POWER switch to turn off power. After checking to ensure
that indicator lamp A502DS107 is not defective, proceed
to step “‘e”.

e. Using the extender card (part no. 02115-6047) and
the extender cabie (part no. 02116-6040), extend timing
generator card A106 from the card cage.

f. At the computer front panel, press and release the
POWER switch to turn on power.

g. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.

(2) Triggering source: automatic (free-running).

(3) Time/cm: 0.2 us.

(4) Channel A volts/em: 0.2 (if using 10:1 probe).

(5) Channel A input: A106-70.

Note

In the following steps, any reference to a
signal voltage level of +4.5-volts is to be



Model 2116B
Volume Two

considered a logic “1” level except a spe-
cific voltage tie as shown on the trouble-
shooting and servicing diagrams. Any ref-
erence to a signal voltage level of 0-volis
is to be considered a logic “0” level. A
logic “1”” (true) voitage ievel can vary be-
tween approximately +1.8 volts to +3.0
volts. A logic “0” (false) voltage level can
vary between approximately 0 volts to
+1.5 volts. Refer to Appendix A for spe-
cific logic voltage levels required to drive
a specific logic circuit. For additional in-
formation concerning waveforms and os-
cilloscope settings, refer to paragraph
4-53 and table 4-10.

h. At the computer front panel, press and hold the
RUN switch and check the oscilloscope display for a
+4.5-volt level. Then release the RUN switch and check the
oscilloscope display for a O-volt level. If the oscilloscope
display is normal, proceed to step “i”. If the oscilloscope
display is abnormal, check A101MCS65, A101MCS83, and
the RUN switch A502S107 as the most probable cause of
trouble.

i. Place the channel A oscilloscope probe on
A106MC87-13.

j. At the computer front panel, press and hold the
RUN switch and check the oscilloscope display for a
+4.5-volt level. Then release the RUN switeh and check the
oscilloscope display for a 0-volt level. If the oscilloscope
display is normal, proceed to step “k”. If the oscilloscope
display is abnormal, check MC86D, STEP 1 FF MC94A,
and STEP 2 FF MC94B as the most probable cause of
trouble.

connections:
(1) Triggering mode: internal.
(2) Triggering source: channel B.
(3) Time/em: 1.0 us.

(4) Channel A and B volts/em: 0.2 (if using 10.1
probe).

(5) Channel A input: A206MC76-10.
(6) Channel B input: A106TP1 (time TO).

1. At the computer front panel, repeatedly press and
release the RUN switch. After one machine cycle (1.6 us) a
pulse 1.4 us in duration should be observed. If the oscillo-
scope display is normal, proceed to step “m”. If the oscillo-
scope display is abnormal, check A106MC76C as the most
probable cause of trouble.

m. Place the channel A oscilloscope probe on
A106MC76-13. At the computer front panel, repeatedly
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press and release the RUN switch and check the oscillo-
scope display for a 1.4 us pulse occuring every 1.6 pus. If the
oscilloscope display is normal, proceed to step “n”. If the
oscilloscope display is abnormal, check A106MC76B as the

most probable cause of trouble.

n. Place the channel A oscilloscope probe on
A106MC84-13 (RUN FF 1). At the computer front panel,
press and release the RUN switch and check the oscillo-
scope display for a +4.5-volt level. Then press and release
the HALT switch and check the oscilloscope for a 0-volt
level. If the oscilloscope display is normal, proceed to step
“o0”. If the oscilloscope display is abnormal, check pin 1 of
MC84 for a 45 s to 55 s pulse occuring every 1.6 us and
pin 8 of MC84 for a O-volt level. With the oscilloscope
probe on pin 9 of MC84 press and release the HALT switch
and check the oscilloscope display for a voltage level change
from 0O-volts to +4.5-volis back to O-volts. If the indication
at pin 1 is abnormal, refer to paragraph 4-153 and trouble-
shoot the basic timing circuits. If the indication at pin 8 is
abnormai, refer to paragraph 4-81 and troubieshoot the
circuits associated with the PRESET switch. If the indi-
cation at pin 9 is abnormal, refer to paragraph 4-76 and
troubleshoot the circuits associated with the HALT switch.

o. Place the channel A oscilloscope probe on
A106MC74-13 (RUN FF 2). At the computer front panel,
press and release the RUN switch and check the oscillo-
scope display for a +4.5-volt level. Then press and release
the HALT switch and check the oscilloscope for a 0-volt
level. If the oscilloscope display is normal, proceed to step
“p”. If the oscilloscope display is abnormal, check pin 1 of
MC74 for a 45 ns to 55 ns pulse occuring every 1.6 us, and
check pin 8 of MC74 for a +4.5-volt level. If the indication
at pin 1 is abnormal, refer to paragraph 4-153 and trouble-
shoot the basic timing circuits. If the indication at pin 81is

abnormal, check diode CR1 for an open condition.

p. Place the channel A oscilloscope probe on pin 7 of
the 48-pin connector of A106 and check the oscilloscope
display for a +7-volt level. At the computer front panel,
press and release the RUN switch and check the oscillo-
scope display for a 0-volt level. If the oscilloscope display is
normal, proceed to step “q”. If the oscilloscope display is
abnormal, check transistor Q5 for an open or shorted
condition.

q. At the computer front panel, press and release the
POWER switch to turn off power.

r. Using a multi-function meter, check the line
between pin 7 of cable 106 and RUN indicator
A502DS107-B for continuity.

s. If all indications of the above test procedure are
normal, the RUN switch and indicator circuits are operating
normally. If one or more indications of the above test
procedure are abnormal, refer to the related test pro-
cedures, diagrams, and schematics and troubleshoot the
related circuits.
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4-76. HALT SWITCH AND INDICATOR. The following
paragraphs provide a description and troubleshooting pro-
cedure for the circuits associated with HALT switch S106
and HALT indicator lamp DS106 located on control panel
assembly A502.

4-77.  Description. The circuits associated with the
HALT switch and HALT indicator are shown in figure 4-3.
The timing diagram included in this figure shows the
sequential events that occur when the HALT switch is
pressed and released. In the following description it is
assumed that initially RUN FF 1 and RUN FF 2 flip-flops
are in the set condition, the RUN indicator is on, the HALT
indicator is off, and the contacts of the RUN and HALT
switches are in the released position as shown.

4-78. The HALT switch is a momentary-action type
switch. When pressed, it places +4.5 volis through pins R
and 54 of front panel coupler card A101 and pin 50 of
timing generator card A106 to input pin 6 of HLS FF
MC64 on the timing generator card. The output at pin 9 of
MC64 will go false. This false signal is felt at input pin 2.
Input pin 1 of MC64 is false due to open contacts 1 and 3
of the pressed HALT switch. Input pins 1 and 2 being false
cause output pin 13 to go true. Aslong as the HALT switch
is pressed, the output at pin 13 remains true. As soon as the
HALT switch is released +4.5 volts is transferred to input
pin 1 of MC64 which causes output pin 13 to go false.

4-79.  The true condition at output pin 13 of MC64 is
transferred to the direct reset input pin @ of MC84 (RUN
FF 1) causing its output pin 10 to go true. Qutput pin 10
of RUN FF 1 is connected through diode CR1 to the reset
input pin 8 of MC74 (RUN FF 2) and at time T7S this
flip-flop is reset. The outputs of both RUN flip-flops are
transferred to the phase logic circuitry and by resetting
these flip-flops no signals can be generated from the phase
logic circuitry and all machine processing will stop. The
output at pin 10 of RUN FF 2 is also transferred to the
base of NPN transistor Q4 turning it on, completing the
ground connection for the HALT indicator turning it on.
The false output at pin 13 of RUN FF 2 is transferred to
the base of transistor Q5 turning it off and turning off the
RUN indicator.

4-80. Test Procedure. Using a multi-function meter, a
dual-trace oscilloscope, and the information presented in
figure 4-3, proceed as follows:

a. At the front of the computer, open the door assem-
bly to expose the plug-in cards in the card cage.

b. Using the multi-function meter, check the +7-volt
dc supply at pin A of HALT indicator A502DS106. If
normal, proceed to step “c”. If abnormal, check the con-
nection between A502DS106-A and A501-(+).

c. Using the multi-function meter, check the +4.5-volt
dc supply at pins 1 and 2 of HALT switch Ab502S106. If
normal, proceed to step “d”. If abnormal, check the con-
nection between A5025106-1,2 and A101-39.40.
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d. At the computer front panel, press and release the
POWER switch to turn off power. After checking to ensure
that indicator lamp A502DS106 is not defective, proceed to
step “e”.

e. Using the extender card (part no. 02116-6040) and
the extender cable (part no. 02115-6047), extend timing
generator card A106 from the card cage.

f. At the computer front panel, press and release the
POWER switch to turn on power.

g. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.
(2) Triggering source: automatic (free-running).
(3) Time/cm: 0.2 ys.
(4) Channel A volts/fem: 0.2 (if using 10:1 probe).
(5) Channel A input: A106-50.
Note

In the following steps, any reference to a
signal voltage level of +4.5-volts is to be
considered a logic “1” level except a spe-
cific voltage tie as shown on the trouble-
shooting and servicing diagrams. Any ref-
erence to a signal voltage level of 0-volts
is to be considered a logic “0” level. A
logic “1” (true) voltage level can vary be-
tween approximately +1.8 volts to +3.0
volts. A logic “‘0” (false) voltage level can
vary between approximately 0 volts to
+1.5 volts. Refer to Appendix A for spe-
cific logic voltage levels required to drive
a specific logic circuit. For additional
information concerning waveforms and
oscilloscope settings, refer to paragraph
4-53 and table 4-10.

h. At the computer front panel, press and hold the
HALT switch and check the oscilloscope display for a
+4.5-volt level. Then release the HALT switch and check
the oscilloscope display for a 0-volt level. If the oscilloscope
display is normal, proceed to step “i”. If the oscilloscope
display is abnormal, check A101MC84, and the HALT
switch A5025106 as the most probable cause of trouble.

i. Place the channel A oscilloscope probe on
A106MC64-13.

J- At the computer front panel, press and hold the
HALT switch and check the oscilloscope display for a
+4.5-volt level. Then release the HALT switch and check
the oscilloscope display for a 0-volt level. If the oscilloscope
display is normal, proceed to step “k”. If the oscilloscope
display is abnormal, check MC64 as the most probable
cause of trouble.
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k. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.
(2) Triggering source: Channel B.
(3) Time/cm: 1.0 us.

(4) Channel A and B volts/em: 0.2 (if using 10:1
probe).

(5) Channel A input: A106MC84-10.

(6) Channel B input: A106TP1 (time T0).

1. At the computer front panel, press and release the
RUN switch and check the oscilloscope display for a 0-volt
level. Then press and release the HALT switch and check
the oscilloscope for a +4.5-volt level. If the oscilloscope
display is normal, proceed to step “m”. If the oscilloscope
display is abnormal, check A106MC84-1 for 200 75 pulse
occuring every 1.6 us, check pin 8 for a 0-volt level, with
the oscilloscope. probe on A106MC84-14, repeatedly press
and release the RUN switch and check the oscilloscope
display for a 1.4 us pulse occuring every 1.6 us. If pin 1 is
abnormal, refer to paragraph 4-153 and troubleshoot the
basic timing circuits. If pin 8 is abnormal, refer to para-
graph 4-81 and troubleshoot the PRESET switch circuit. If
pin 14 is abnormal, refer to paragraph 4-71 and trouble-
shoot the RUN switch circuits.
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m. Place the oscilloscope probe on A106MC74-10
{RUN FF 2). At the computer front panel, press and release
the RUN switch and check the oscilloscope dispiay for a
0-volt level. Then press and release the HALT switch and
check the oscilloscope for a +4.5-volt level. If the oscillo-
scope display is normal, proceed to step “n”. If the oscillo-
scope display is abnormal, check A106MC74-1 for a 457s
to 55 ns pulse occuring every 1.6 us, and check pin 8 for a
+4.5-volt level. If pin 1 is abnormal, refer to paragraph
4-153 and troubleshoot the basic timing circuits. If pin 8 is
abnormal, check diode CR1 for an open condition.

n. Place the oscilloscope probe on pin 8 of the 48-pin
connector of A106 and check the oscilloscope display for a
O-volt level. At the computer front panel, press and release
the RUN switch and check the oscilloscope display for a
+7-volt level. If the oscilloscope display is normal, proceed
to step “o”. If the oscilloscope display is abnormal, check
transistor Q4 for an open or shorted condition.

o. At the computer front panel, press and release the
HALT switch and the POWER switch to turn off power.

p. Using a multi-function meter, check the connection
between pin 8 of cable 106 and the HALT indicator
A502DS106-B for continuity.

q. If all indications of the above test procedure are
normal, the HALT switch and indicator circuits are oper-
ating normally. If one or more indications of the above test
procedure are abnormal, refer to the related test pro-
cedures, diagrams, and schematics and troubleshoot the
related circuits.
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4-81. PRESET SWITCH AND INDICATOR. The fol-
lowing paragraphs provide a description and trouble-
shooting procedure for the circuits associated with PRESET
switch S108 and PRESET indicator lamp DS108 located on
control panel assembly A502.

4-82.  Description. The circuits associated with the
PRESET switch and PRESET indicator are shown in figure
4-4. The timing diagram included in this figure shows the
sequential events that occur when the PRESET switch is
pressed and released. In the following description it is
assumed that initially all flip-flops except the PH1 flip-flop
are in the reset condition, the PRESET indicator is on, the
RUN indicator is off, the HALT indicator is on, the FETCH
indicator can be off or on, and the contacts of the PRESET
switch are in the released position as shown.

4-83. The PRESET switch is a momentary-action type
switch. When pressed, it places +4.5 volts through the
switch and pin J of front panel coupler card A101 to pin 2
of “and” gate MC83A. The signal RF2 is transferred to pin
1 of MC83A and RUN FF 2 reset output pin 10 on timing
generator card A106. Therefore the machine must be in a
halt mode for the PRESET switch to be effective. The sig-
nal PRS at output pin 14 of MC83A is transferred through
pin 30 of the front panel coupler card, and pin 78 of power
fail interrupt card Al, to input pin 6 of MC47 (FLAG FF)
on the power fail interrupt card. With a true signal at input
pin 6 of MC47, the FLAG FF is reset and output pin 9 will
go false if input pin 1 of MC47 is false. This causes tran-
sistor Q1 of the power fail card to stop conducting and the
PRESET indicator to go out.

4-84.  Signal PRS is also transferred through pin 78 of
timing generator card A106 to input pin 6 of MC115 (PRS
FF) on the timing generator card. This causes output pin 9
of MC115 to go false. This false output is transferred to
input pin 2 of MC115. Input pin 1 of MC115 is false due to
open contacts 1 and 3 of the pressed PRESET switch. The
two false inputs at pins 1 and 2 of MC115 cause output pin
13 to go true. This true output is transferred to input pin
14 of “and” gate MC114A and at time T5 causes the signal
POPIO to be generated at output pin 13 of MC114A. This
signal is transferred through pin 61 of the timing generator
card to the I/O control card A201 where it conditions the
1/0 section for data transfer. The true output of MC115 is
also transferred through the single input “and” gates
MC106C and MC106A to the reset input pin 8 of MC84
(RUN FF1) to the direct reset pin 9 of MC74 (RUN FF 2)
and through “and” gate MC53B to the set input pin 14 of
MC44 (PH1 FF). This forces RUN FF 1 to be reset at the
first time T5 after the PRESET switch is pressed, RUN FF
2 to be reset immediately assuring that the RUN indicator
will be off and the HALT indicator will be on, and causing
PH1 FF to be set if the PHASE switch (PNS) is in the
NORM position, at the first time T7 and TS after the
PRESET switch is pressed and turn on the FETCH
indicator. Thus, pressing the PRESET switch will precon-
dition the computer for phase 1 (FETCH phase) operation.
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4-85. Test Procedure. Using a multi-function meter, a
dual-trace oscilloscope, and the information presented in
figure 4-4, proceed as follows:

a. At the front of the computer, open the door assem-
bly to expose the plug-in cards in the card cage.

b. Using the multi-function meter, check the +7-voit
dc supply at pin A of PRESET indicator A502DS108. If
normal, proceed to step “c”. If abnormal, check the con-
nection between A502DS108-A and A501-(+).

c. Using the multi-function meter, check the +4.5-volt
dc supply at pins 1 and 2 of A502S108. If normal, proceed
to step “d”. If abnormal, check the connection between
Ab5025108-1,2 and A101-39,40.

d. At the computer front panel, press and release the
POWER switch to turn off power. After checking to ensure
that indicator lamp A502DS108 is not defective, proceed
to step “‘e”.

e. Using the extender card (part no. 02115-6047)
extend power fail interrupt card Al from the card cage.

f. At the computer front panel, press and release the
POWER switch to turn on power.

g. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.

(2) Triggering source: automatic (free-running).

(3) Time/ecm: 0.2 us.

(4) Channel A volts/em: 0.2 (if using 10:1 probe).

(5) Channel A input: A1-78.

Note

In the following steps, any reference to a
signal voltage level of +4.5-volts is to be
considered a logic “1” level except a spe-
cific voltage tie as shown on the trouble-
shooting and servicing diagrams. Any ref-
erence to a signal voltage level of 0-volts
is to be considered a logic “0” level. A
logic “1”° (true) voltage level can vary be-
tween approximately +1.8 volits to +3.0
volts. A logic “0” (false) voltage level can
vary between approximately 0 volts to
+1.5 volts. Refer to Appendix A for spe-
cific logic voltage levels required to drive
a specific logic circuit. For additional
information concerning waveforms and
oscilloscope settings, refer to paragraph
4-53 and table 4-10.
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h. At the computer front panel, press and hold the
PRESET switch and check the oscilloscope display for a
+4.5-voit level. Then release the PRESET switch and check
the oscilloscope display for a 0-volt level. If the oscilloscope
display is normal, proceed to step “i”. If the oscilloscope
display is abnormal, check A101MC83 and the PRESET
switch A5025108 as the most probable cause of trouble.

i. Place the channel A oscilloscope probe on
A1MCAT-9.

j. At the computer front panel, press and hold the
PRESET switch and check the oscilloscope display for a
0-volt level. Then release the PRESET switch and check the
oscilloscope display for a 0-volt level. If the oscilloscope
display is normal, proceed to step “k”. If the oscilloscope
display is abnormal, refer to the power fail interrupt sche-
matic and check MC47 and its input circuits as the most
probable cause of trouble.

k. Place the channel A oscilloscope probe on the
collector of transistor Q1 and check the oscilloscope
display for a +7-volt level. If the oscilloscope display is
normal, proceed to step “l1”. If the oscilloscope display is
abnormal, check transistor Q1 for a shorted condition, resis-
tor R1 for an open condition, and the connection between
A1-35 and A502DS108-B for continuity.

l. At the computer front panel, press and release the
POWER switch to turn off power.

m. Using the extender card and the extender cable

(part no. 02116-6040), extend timing generator card A106
from the card cage.

n. At the computer front panel, press and release the
POWER switch to turn on power.

0. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.
(2) Triggering source: Channel B.
(3) Time/cm: 1.0 us.

(4) Channel A and B volts/em: 0.2 (if using 10:1
" probe).

(5) Channel A input: A106MC115-13.
(6) Channel B input: A106TP1 (time TO).

p. At the computer front panel, press and hold the
PRESET switch and check the oscilloscope display for a
+4.5-volt level. Then release the PRESET switch and check
the oscilloscope display for a 0-volt level. If the oscilloscope
display is normal, proceed to step “q”. If the oscilloscope
display is abnormal, check MC115 (PRS FF) and the con-
nection between A101-30 and A106-78 as the most prob-
able causes of trouble.
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q. Place the channel A oscilloscope probe on
A106MC114-13:. At the computer front panel, press and
hold the PRESET switch and check the oscilloscope display
for a 200 ns pulse occuring every 1.6 us. If the oscilloscope
display is normal, proceed to step “r”. If the oscilloscope
display is abnormal, check A106MC114-2 for the 200 7s
pulse above referred to. If this display is abnormal, refer to
paragraph 4-153 and troubleshoot the basic timing circuits.

r. Place the channel A oscilloscope probe on
A106MC84-8 (RUN FF 1). At the computer front panel,
press and hold the PRESET switch and check the oscillo-
scope display for a +4.5-volt level. If the oscilloscope dis-
play is normal, proceed to step “s”. If the oscilloscope
display is abnormal, check A106MC106-9 in the same
manner.

s. If, at this point in the test procedure, all checks
have indicated normal operation but the RUN or HALT
indicators are not off and on respectively, refer to para-
graphs 4-71 and 4-76 and troubleshoot the RUN and HALT
switches. If the checks have indicated normal operation and
the RUN and HALT indicators are off and on respectively,
proceed to step “t”.

t. Place the channel A oscilloscope probe on
A106MC53-13. At the computer front panel, press and
hold the PRESET switch and check the oscilloscope display
for a +4.5-volt level. Then release the PRESET switch and
check the oscilloscope display for a 0-volt level. If the
oscilloscope display is normal, proceed to step “u”. If the
oscilloscope display is abnormal, check A106MC53-8 for a
+4.5-volt level.

u. Place the channel A oscilloscope probe on
A106MC44-13 (PH1 FF) and check the oscilloscope display
for a +4.5-volt level. If the oscilloscope display is normal,
proceed to step “v”. If the oscilloscope display is abnormal,
check A106MC44-1 for a 45 ns to 55 ns pulse occuring
every 1.6 us and A106MC44-8 for a 0-volt level. If these
pins are abnormal, refer to paragraphs 4-141 and 4-164 and
the timing generator schematic and check the PHASE
switch circuits, the phase logic circuits and A106MC35 as
the most probable cause of trouble.

v. Place the channel A oscilloscope probe on the
collector of transistor A106Q6 and check the oscilloscope
display for a 0-volt level. If the oscilloscope display is
normal, proceed to step “w”. If the oscilloscope display is
abnormal, check transistor A106Q6 for an open condition.

w. At the computer front panel, press and release the
POWER switch to turn off power.

x. Using a multi-function meter, check the line
between pin 3 of cable 106 and the FETCH indicator
A501DS84 and A501-(+) for continuity.

y. If all indications of the above test procedure are
normal, the PRESET switch and indicator circuits are oper-
ating normally.
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4.86. LOAD A SWITCH, A-REGISTER INDICATORS,
AND SWITCH REGISTER SWITCHES. The following para-
graphs provide a description and troubleshooting procedure
for the circuits associated with LOAD A switch S104 and
the SWITCH REGISTER switches located on control panel
assembly A502, and the A-REGISTER indicators located
on display board assembly A501.

4-87. Description. The circuits associated with the
LOAD A switch are shown in figure 4-5. The timing
diagram included in this figure shows the sequential events
that occur when the LOAD A switch is pressed and
released. In the following description it is assumed that
initially all flip-flops shown are in the reset condition, the
RUN indicator is off, the HALT indicator is on, and the
contacts of the LOAD A switch are in the released position
as shown.

4-88. The LOAD A switch is a momentary-action type
switch. When pressed, it places +4.5 volts through the
switch and pin T of front panel coupler card A101 to pin 3
of “and” gate MC93B. The signal RF2 is transferred to
A101MC93-6 from A106MC74-10 (RUN FF 2) on timing
generator card A106. Therefore the machine must be in a
halt mode for the LOAD A switch to be effective. With a
true signal at input pins 3 and 6 of MC93B output pin 13
will go true. This true signal is transferred to A101MC85-2
(LOAD A FF) causing A101MC85-13 to go false. This false
signal is felt at A101MC85-6. Input pin 7 of MC85 is false
due to open contacts 1 and 3 of the pressed LOAD A
switch. Input pins 6 and 7 being false cause output pin 9 to
go true and generate signal LAS at pin 62 of front panel
coupler card A101. As long as the LOAD A switch is
pressed, signal LAS remains true. As soon as the LOAD A
switch is released, +4.5 volts is transferred to A101MC85-7
which causes output pin 9 to go false.

4-89. — The signal LAS is transferred through pin 62 of
the front panel coupler card, and pin 80 of the timing
generator card to pin 1 of “and” gate MC117A and pih 14
of “and” gate MC116A. At time T2 the signal SWSA is
generated by MC117A at output pin 14. This signal is
transferred through pin 84 of the timing generator card and
pin 35 of the instruction decoder card A107 to pin 2 of
“and” gate MCT7A. At time T2 and TS the signal STBA is
generated at the output pin 13 of MC77A. This signal is
transferred through pin 50 of the instruction decoder card
and pin 38 of the arithmetic logic cards A102 through
A105 to the clock input pin 1 of the A-register flip-flops
and is used to clock the data on the T-bus into the
A-register flip-flops.

4-90.  As soon as the signal LAS is true at pin 14 of
MC116A the signal SEO is generated at pin 13 of MC116A
of the timing generator card. This signal is transferred
through pin 72 of the timing generator card and pin 22 of
the shift logic card A108 where it is used to generate the
signal ISR, which enables the switch register gates on the
front panel coupler card and transfers the switch register
data to the IOBI lines. At time T2 the signal SEO also
generates the signal IOI which is used to gate the data on
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the 10BI lines to the S-bus. The signal SEO is also trans-
ferred to pin 77 of the instruction decoder card where at
time T2 it is used to generate the negative going signal
EOFE at pin 13 of MC112A on the instruction decoder
card. The signal EOFE is transferred through pin 67 of the
instruction decoder card and pin 83 of the direct memory
logic card A20 where it is used to generate the negative
going signal EOF at pin 9 of “and” gate MC107B on the
direct memory logic card. This signal is transferred through
pin 75 of the direct memory logic card and pin 76 of the
arithmetic logic cards. The signal EOF is used in the arith-
metic logic cards to gate the data on the S-bus and R-bus to
the T-bus. (The R-bus is cleared to all “zeros” at this time.)
The T-bus data is then placed into the A-register flip-flops
by the clock pulse STBA and each “1” bit will be indicated
by a lighted A-register indicator lamp. Thus the LOAD A
switch, when pressed, transfers the switch register data into
the A-register and each switch that was in the up (“1”)
position will cause the corresponding A-register indicator
lamp to light.

4-91.  Test Procedure. Using a multi-function meter, a
dual-trace oscilloscope, and the information presented in

figure 4-5, proceed as follows:

a. At the front of the computer, open the door assem-
bly to expose the plug-in cards in the card cage.

b. Using the multi-function meter, check the +4.5-volt
dc supply at pins 1 and 2 of A502S104. If normal, proceed
to step “c”. If abnormal, check the connection between
A50258104-1,2 and A101-39,40 for continuity,

c. At the computer front panel, press and release the
POWER switch to turn off power.

d. Using the extender card (part no. 02115-6047) and
the extender cable (part no. 02116-6040), extend timing
generator card A106 from the card cage.

e. At the computer front panel, press and release the
POWER switch to turn on power.

f. At the oscilloscope, make the following settings
and connections:

(1) Triggering mode: internal.

(2) Triggering source: automatic (free-running).

(3) Time/em: 0.2 us.

(4) Channel A volts/em: 0.2 (if using 10:1 probe).

(5) Channel A input: A106-80.

Note

In the following steps, any reference to a
signal voltage level of +4.5-volts is to be
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considered a logic “1” level except a spe-
cific voltage tie as shown on the trouble-
shooting and servicing diagrams. Any ref-
erence to a signal voltage level of O-volts
is to be considered a logic “0” level. A

“logie “1” {frue) voltage level can vary he-
tween approximately +1.8 volts to +3.0°
volts. A logic “0” (false) voltage level can
vary between approximately 0 volts to
+1.5 volts. Refer to Appendix A for spe-
cific logic voltage levels required to drive
a specific logic circuit. For additional
information concerning waveforms and
oscilloscope settings, refer to paragraph
4-53 and table 4-10.

g. At the computer front panel, press and hold the
LOAD A switch and check the oscilloscope display for a
+4.5-volt level. Then release the LOAD A switch and check
the oscilloscope display for a 0-volt level. If the oscilloscope
display is normal, proceed to step “h”. If the oscilloscope
display is abnormai, check A10iMC85, A10iMC93B, and
the LOAD A switch A5025104 and A106MC74 as the most
probable cause of trouble.

h. Place the oscilloscope probe on A106M116-13.

i. At the computer front panel, press and hold the
LOAD A switch and check the oscilloscope display for a
+4.5-volt level. Then release the LOAD A switch and check
the oscilloscope display for a 0-volt level. If the oscillo-
scope display is normal, proceed to step “j”. If the oscil-
loscope display is abnormal, check A106MC116 as the most
probable cause of trouble.

j. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.
(2) Triggering source: Channel B.
(3) Time/em: 1.0 us.

(4) Channel A and B volts/em: 0.2 (if using 10:1
probe).

(5) Channel A input: A106MC117-14.
(6) Channel B input: A106TP1 (time T0).

k. At the computer front panel, press and hold the
LOAD A switch and check the oscilloscope display for a
200 7s pulse occuring every 1.6 us. If the oscilloscope
display is normal, proceed to step “1”. If the oscilloscope
display is abnormal, check A106MC117-2 for the 200 7s
pulse referred to above. If this display is abnormal, refer to
paragraph 4-153 and troubleshoot the basic timing circuits,

1. At the computer front panel, press and release the
POWER switch to turn off power.

Section IV

m. Using the extender card, extend shift logic card
A108 from the card cage.

n. At the computer front panel, press and release the
POWER switch to turn on power.

o. Place the channel A oscilloscope probe on pin 84 of
the shift logic card.

p. At the computer front panel, press and hold the
LOAD A switch and check the oscilloscope display for a
+4.5-volt level. Then release the LOAD A switch and check
the oscilloscope display for a O-volt level. If the oscilloscope
display is normal, proceed to step “q”. If the oscilloscope
display is abnormal, check A108MC106A and A108MC-
127A as the most probable cause of trouble.

q. Place the channel A oscilloscope probe on pin 44 of
the shift logic card. At the computer front panel, press and
hold the LOAD A switch and check the oscilloscope display
for a 200 ns pulse occuring every 1.6 us. If the oscilloscope
display is normal, proceed to step “r”. If the oscilloscope
display is abnormal, check MC44A and MC64A as the most
probable cause of trouble.

r. At the computer front panel, press and release the
POWER switch to turn off power.

s. Using the extender card, extend instruction decoder
card A107 from the card cage.

t. At the computer front panel, press and release the
POWER switch to turn on power.

u. Place the channel A oscilloscope probe on pin 67 of
the instruction decoder card. At the computer front panel,
press and hold the LOAD A switch and check the oscillo-
scope display for a negative going 200 ns pulse occurring
every 1.6 us. If the oscilloscope display is normal, proceed
to step “v”. If the oscilloscope display is abnormal, check
MC112A and MC122A as the most probable cause of
trouble.

v. Place the channel A oscilloscope probe on pin 50 of
the instruction decoder card. At the computer front panel,
press and hold the LOAD A switch and check the oscillo-
scope display for a 45 ns to 55 s pulse occurring every 1.6
us. If the oscilloscope display is normal, proceed to step
“w”. If the oscilloscope display is abnormal, check MC77A
as the most probable cause of trouble.

w. At the computer front panel, press and release the
POWER switch to turn off power.

x. Using the extender card, extend direct memory

" logic card A20 from the card cage.

y. At the computer front panel, press and release the
POWER switch to turn on power.

z. Place the channel A oscilloscope probe on pin 75 of
the direct memory logic card. At the computer front panel,
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press and hold the LOAD A switch and check the oscillo-
scope display for a negative going 200 ns pulse occurring
every 1.6 us. If the oscilloscope display is normal, proceed
to step “aa”. If the oscilloscope display is abnormal, check
MC97B and MC107B as the most probable cause of trouble.

aa. If, at this point in the test procedure, all checks
have indicated normal operation but by pressing the LOAD
A switch the switch: register data is not being properly
transferred into the A-register and displayed by the
A-register indicator lamps, refer to figure 4-5 and check the
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arithmetic logic card A102 through A105 that controls the
A-register bit or bits in question. Also check the particular
switch register switch or switches on control panel A502
and the switch register gate or gates on front panel coupler
card A101 for proper operation. Also check the cable
connection from the arithmetic logic card, through the
A-register indicator lamp or lamps, to the +7-volt connec-
tion on display board assembly A501-(+) for continuity.

bb. If all indications of the above test procedures are
normal, the LOAD A switch and circuits are operating
normally.
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Figure 4-5. LOAD A Switch Circuit, Servicing Diagram
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4-92. LOAD B SWITCH, B-REGISTER INDICATORS,
AND SWITCH REGISTER SWITCHES. The following para-
graphs provide a description and troubleshooting procedure
for the circuits associated with LOAD B switch S103 and
the SWITCH REGISTER switches located on control panel
assembly A502, and the B-REGISTER indicators located
on display board assembly A501.

4-93.  Description. The circuits associated with the
LOAD B switch are shown in figure 4-6. The timing dia-
gram included in the figure shows the sequential events that
occur when the LOAD B switch is pressed and released. In
the following description it is assumed that initially all
flip-flops shown are in the reset condition, the RUN indi-
cator is off, the HALT indicator is on, and the contacts of
the LOAD B switch are in the released position as shown.

4.94. The LOAD B switch is a momentary-action type.

switch. When pressed, it Places +4.5 volts through the
switch and pin U of front panel coupler card A101 to pins
8 and 9 of “and” gate MC93C. The signal RF2 is trans-
ferred to A101MC93-7 from A106MC74-10 (RUN FF 2)
on timing generator card A106. Therefore the machine
must be in a halt mode for the LOAD B switch to be
effective. With a true signal at input pins 8, 9 and 7 of
MC93C output pin 10 will go true. This true signal is
transferred to A101MC95-2 of (LOAD B FF) causing
A101MC95-13 to go false. This false signal is felt at
A101MC85-6. Input pin 7 of MC95 is false due to open
contacts 1 and 3 of the pressed LOAD B switch. Input pins
6 and 7 being false cause output pin 9 to go true and

A101. As long as the LOAD B switch is pressed, signal LBS
remains true. As soon as the LOAD B switch is released,
+4.5 volts is transferred to A101MC95-7 which causes out-
put pin 9 to go false.

4-95.  The signai LBS is transferred through pin 66 of the
front panel coupler card, and pin 65 of the timing generator
card to pin 6 of “and” gate MC117B and pin 2 of “and”
gate MC116B. At time T2 the signal SWSB is generated by
MC117B at output pin 13. This signal is transferred through
pin 71 of the timing generator card and pin 24 of the
instruction decoder card A107 to pin 6 of “and” gate
MC77B. At time T2 and TS the signal STBB is generated at
the output pin 9 of MC77B. This signal is transferred
through pin 51 of the instruction decoder card and pin 26
of the arithmetic logic cards A102 through A105 to the
clock input pin 1 of the B-register flip-flops and is used to
clock the data on the T-bus into the B-register flip-flops.

4-96. As soon as the signal LBS is true at pin 2 of
MC116B the signal SEO is generated at pin 13 of MC116B
of the timing generator card. This signal is transferred
through pin 72 of the timing generator card and pin 22 of
the shift logic card A108 where it is used to generate the
signal ISR, which enables the switch register gages on the
front panel coupler card and transfers the switch register
data to the IOBI lines. At time T2 the signal SEO also
generates the signal IOl which is used to gate the data on
the IOBI lines to the S-bus. The signal SEO is also trans-
ferred to pin 77 of the instruction decoder card where at
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time T2 it is used to generate the negative going signal
EOFE at pin 13 of MC112A on the instruction decoder
card. The signal EOFE is transferred through pin 67 of the
instruction decoder card and pin 83 of the direct memory
logic card A20 where it is used to generate the negative
going signal EOF at pin 9 of “and” gate MC107B on the
direct memory logic card. This signal is transferred through
pin 75 of the direct memory logic card and pin 76 of the
arithmetic logic cards. The signal EOF is used in the arith-
metic logic cards to gate the data on the S-bus and R-bus to
the T-bus. (The R-bus is cleared to ‘“zeros’ at this time.)
The T-bus data is then placed into the B-register flip-flops
by the clock pulse STBB and each ““1” bit will be indicated
by a lighted B-register indicator lamp. Thus the LOAD B
switch, when pressed, transfers the switch register data into
the B-register and each switch that was in the up (“1”)
position will cause the corresponding B-register indicator
lamp to light.

4-97.  Test Procedure. Using a multi-function meter, a
dual-trace oscilloscope, and the information presented in
figure 4-6, proceed as follows:

a. At the front of the computer, open the door assem-
Iby to expose the plug-in cards in the card cage.

b. Using the multi-function meter, check the +4.5-volt
dc supply at pins 1 and 2 of A5025103. If normal, proceed
to step “c”. If abnormal, check the connection between
A502S103-1,2 and A101-39,40 for continuity.

¢. At the computer front panel, press and release the
POWER switch to turn off power.

d. Using the extender card (part no. 02115-6047) and
the extender cable (part no. 02116-6040), extend timing
generator card A106 from the card cage.

e. At the computer front panel, press and release the
POWER switch to turn on power.

f. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.
(2) Triggering source: automatic (free-running).
(3) Time/em: 0.2 us.
(4) Channel A volts/ecm: 0.2 (if using 10:1 probe).
(5) Channel A input: A106-65.
Note
In the following steps, any reference to a
signal voltage level of +4.5-volts is to be
considered a logic “1” level except a spe-
cific voltage tie as shown on the trouble-

shooting and servicing diagrams. Any ref-
erence to a signal voltage level of C-volts
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is to be considered a logic “0” level. A
logic “1” (true) voltage level can vary be-
iween approximateiy +1.8 voits to +3.0
volts: A logic “0” (false) voltage level can
vary between approximately 0 volts to
+1.5 volts. Refer to Appendix A for spe-
cific logic voltage levels required to drive
a specific logic circuit. For additional
information concerning waveforms and
oscilloscope settings, refer to paragraph
4-53 and table 4-10.

g. At the computer front panel, press and hold the
LOAD B switch and check the oscilloscope display for a
+4.5-volt level. Then release the LOAD B switch and check
the oscilloscope display for a 0-volt level. If the oscilloscope
display is normal, proceed to step “h”. If the oscilloscope
display is abnormal, check A101MC95, A101MC93C, and
the LOAD B switch A5025103 and A106MC74 as the most
probable cause of {rouble.

h. Place the oscilloscope probe on A106MC116-13.

i. At the computer front panel, press and hold the
LOAD B switch and check the oscilloscope display for a
+4.5-volt level. Then release the LOAD B switch and check
the oscilloscope display for a 0-volt level. If the oscilloscope
display is normal, proceed to step ““j”. If the oscilloscope
display is abnormal, check A106MC116 as the most prob-
able cause of trouble.

j. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.
(2) Triggering source: Channel B.
(3) Time/em: 1.0 us.

(4) Channel A and B volts/ecm: 0.2 (if using 10:1
probe).

(5) Channel A input: A106MC117-13.
(6) Channel B input: A106TP1 (time TO).

k. At the computer front panel, press and hold the
LOAD B switch and check the oscilloscope display for a
200 7ns pulse occurring every 1.6 us. If the oscilloscope
display is normal, proceed to step “1”. If the oscilloscope
display is abnormal, check A106MC117-3 for the 200 ns
pulse referred to above. If this display is abnormal, refer to
paragraph 4-153 and troubleshoot the basic timing circuits.

1. At the computer front panel, press and release the
POWER switch to turn off power.

m. Using the extender card, extend shift logic card
A108 from the card cage.

Section IV

n. At the computer front panel, press and release the
POWER switch to turn on power.

o. Place the channel A oscilloscope probe on pin 84 of
the shift logic card.

p. At the computer front panel, press and hold the
LOAD B switch and check the oscilloscope display for a
+4.5-volt level. Then release the LOAD B switch and check
the oscilloscope display for a 0-volt level. If the oscilloscope
display is normal, proceed to step “q”. If the oscilloscope
display is abnormal, check A108MC106A and
A168MC127A as the most probable cause of troubie.

q. Place the channel A oscilloscope probe on pin 44 of
the shift logic card. At the computer front panel, press and
hold the LOAD B switch and check the oscilloscope display
for a 200 s pulse occurring every 1.6 us. If the oscilloscope
display is normal, proceed to step “r”. If the oscilloscope
dispiay is abnormai, check MC44A and MC64A as the most
probable cause of trouble.

r. At the computer front panel, press and release the
POWER switch to turn off power.

s. Using the extender card, extend instruction decoder
card A107 from the card cage.

t. At the computer front panel, press and release the
POWER switch to turn on power.

u. Place the channel A oscilloscope probe on pin 67 of
the instruction decoder card. At the computer front panel,
press and hold the LOAD B switch and check the oscillo-
scope display for a negative going 200 ns pulse occurring
every 1.6 us. If the oscilloscope display is normal, proceed
to step “v”. If the oscilloscope display is abnormal, check
MC112A and MC122A as the most probable cause of
trouble.

v. Place the channel A oscilloscope probe on pin 51 of
the instruction decoder card. At the computer front panel,
press and hold the LOAD B switch and check the oscillo-
scope display for a 45 ns to 55 1s pulse occurring every 1.6
ps. If the oscilloscope display is normal, proceed to step
“w”. If the oscilloscope display is abnormal, check MC77B
as the most probable cause of trouble.

w. At the computer front panel, press and release the
POWER switch to turn off power.

x. Using the extender card, extend direct memory
logic card A20 from the card cage.

y. At the computer front panel, press and release the
POWER switch to turn on power.

z. Place the channel A oscilloscope probe on pin 75 of
the direct memory logic card. At the computer front panel,
press and hold the LOAD B switch and check the oscillo-
scope display for a negative going 100 ns pulse occurring
every 1.6 us. If the oscilloscope display is normal, proceed
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to step “aa”. If the oscilloscope display is abnormal, check
MC97B and MC107B as the most probable cause of trouble.

aa. If, at this point in the test procedure, all checks
have indicated normal operation but by pressing the LOAD
B switch the switch register data is not being properly
transferred into the B-register and displayed by the
B-register indicator lamps, refer to figure 4-6 and check the
arithmetic logic card A102 through A105 that controls the
B-register bit or bits in question. Also check the particular
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switch register switch or switches on control panel A502
and the switch register gate or gates on front panel coupler
card A101 for proper operation. Also check the cable
connection from the arithmetic logic card, through the
B-register indicator lamp or lamps, to the +7-volt connec-
tion on display board assembly A501-(F) for continuity.

bb. If all indications of the above test procedure are
normal, the LOAD B switch and circuits are operating
normally.
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4-98. LOAD ADDRESS SWITCH, P- AND M-REGISTER
INDICATORS, AND SWITCH REGISTER SWITCHES.
The following paragraphs provide a description and trouble-
shooting procedure for the circuits associated with LOAD
switches located on control panel assembly A502, and the
P- and M-register indicators located on display board assem-
bly Ab01.

4-99.  Description. The circuits associated with the
LOAD ADDRESS switch are shown in figure 4-7. The
timing diagram included in this figure shows the sequential
events that occur when the LOAD ADDRESS switch is
pressed and released. In the following description it is
assumed that initially all flip-flops shown are in the reset
condition, the RUN indicator is off, the HALT indicator is
on, and the contacts of the LOAD ADDRESS switch are in
the released position as shown.

4-100. The LOAD ADDRESS switch is a momentary-
action type switch. When pressed, it places +4.5 volts
through the switch and pin V of front panel coupler card
A101 to pin 2 of “and” gate MC103A. The signal RF2 is
transferred to pin 1 of MC103A from A106MC74-10 (RUN
FF 2) on timing generator card A106. Therefore the
machine must be in a halt mode for the LOAD ADDRESS
switch to be effective. With a true signal at input pins 1 and
2 of MC103A output pin 14 will go true. This true signal is
transferred to A101MC105-2 (LOAD ADDRESS FF)
causing A101MC105-13 to go false. This false signal is felt
at input pin 6 of MC105. Input pin 7 of MC105 is false due
to open contacts 1 and 3 of the pressed LOAD ADDRESS
switch. Input pins 6 and 7 being false cause output pin 9 to
go true and generate signals LADS at pin 70 of front panel
coupler card A101. As long as the LOAD ADDRESS switch
is pressed, signal LADS remains true. As soon as the LOAD
ADDRESS switch is released, +4.5 volts is transferred to
A101MC105-7 which causes output pin 9 to go false.

4-101.  The signal LADS is transferred through pin 70 of
the front panel coupler card, and pin 68 of the timing
generator card to pin 8 of “and” gate MC116D, pin 9 of
“and” gate MC117C, pin 6 of “and” gate MC107B, and pin
7 of “and” gate MC106B. At time T2 the signal SWSM is
generated by MC117C at output pin 10. This signal is
transferred through pin 73 of the timing generator card and
pin 26 of instruction decoder card A107 to pins 7 and 14
of “and” gates MC55B and MC66A respectively. At time
T2 and TS the signals STM (0-15) are generated and trans-
ferred through pins 20, 21, 27, and 28 of the instruction
decoder card. These signals are transferred from the instruc-
tion decoder card, through pins 22 and 29 of the arithmetic
logic cards A102 through A105 to the clock input pin 1 of
the M-register flip-flops and is used to clock the data on the
T-bus into the M-register flip-flops.

4-102. Time T2 and signal LADS also causes the signal
SWSP to be generated by MC107B at output pin 13. This
signal is transferred through pin 64 of the timing generator
card and pin 37 of the instruction decoder card to pins 8
and 8 of “and” gates MC34C and MC36B respectively. At
time T2 and TS the signals STP (0-15) are generated and
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transferred through pins 7, 8, and 74 of the instruction
decoder card. These signals are transferred from the instruc-
tion decoder card, through pins 23 and 44 of the arithmetic
logic cards to the clock input pin 1 of the P-register flip-
flops and is used to clock the data on the T-bus into the
P-register flip-flops.

4-103.  The signal LADS being applied to pin 7 of
MC106B causes both RUN FF 1 (MC84) and RUN FF 2
(MC74) to be reset. It also causes the PH1 FF (MC44) to
be set at the end (time T7S) of the first machine cycle after
the LOAD ADDRESS switch is pressed.

4-104.  As soon as the signal LADS is true at pin 8 of
MC116D the signal SEQ is generated at pin 10 of MC116D
of the timing generator card. This signal is transferred
through pin 72 of the timing generator card and pin 22 of
the shift logic card A108 where it is used to generate the
signal ISR, which enables the switch register gates on the
front panel coupler card and transfers .he switch register
data to the IOBI lines. At time T2 the signal SEO also
generates the signal IO0I which is used to gate the data on
the IOBI lines to the S-bus. The signal SEO is also trans-
ferred to pin 77 of the instruction decoder card where at
time T2 it is used to generate the negative going signal
EOFE at pin 13 of MC112A on the instruction decoder
card. The signal EOFE is transferred through pin 67 of the
instruction decoder card and pin 83 of the direct memory
logic card A20 where it is used to generate the negative
going signal EOF at pin 9 of “and” gate MC107B on the
direct memory logic card. This signal is transferred through
pin 75 of the direct memory logic card and pin 76 of the
arithmetic logic cards. The signal EOF is used in the arith-
metic logic cards to gate the data on the S-bus and R-bus
onto the T-bus. (The R-bus is cleared to ‘““zeros” at this
time.) The T-bus data is then placed into the M- and
P-register flip-flops by the clock signals STM (0-15) and
STP (0-15) and each “1” bit will be indicated by a lighted
M- and P-register indicator lamp. Thus the LOAD
ADDRESS switch, when pressed, transfers the switch
register data into the M- and P-registers and each switch
that was in the up (““1”) position will cause the correspond-
ing M- and P-register indicator lamp to light.

4-105.  Test Procedure. Using a multi-function meter, a
dual-trace oscilloscope, and the information presented in
figure 4-7, proceed as follows:

a. At the front of the computer, open the door assem-
bly to expose the plug-in cards in the card cage.

b. Using the multi-function meter, check the +4.5-volt
dc supply at pins 1 and 2 of A5025102. If normal, proceed
to step “c”. If abnormal, check the connection between
A5025102-1,2 and A101-39,40 for continuity.

c. At the computer front panel, press and release the
POWER switch to turn off power.

d. Using the extender card (part no. 02115-6047) and
the extender cable (part no. 02116-6040), extend timing
generator card A106 from the card cage.
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e. At the computer front panel, press and release the
POWER switch to turn on power.

f. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.
(2) Triggering source: automatic (free-running).

(3) Time/cm: 0.2 us.

A

(4) Channel A voitsfem: 0.2 (if using 10:1 probe).

(5) Channel A input: A106-68.

Note

In the following steps, any reference to a
signal voltage level of +4.5-volts is to be
considered a logic “1” level except a spe-
cific voltage tie as shown on the trouble-
shooting and servicing diagrams. Any ref-
erence to a signal voltage level of 0-volts
is to be considered a logic “0” level. A
logic “1” (true) voltage level can vary be-
tween approximately +1.8 voits to +3.0
volts. A logic “0” (false) voltage level can
vary between approximately 0 volts to
+1.5 volts. Refer to Appendix A for spe-
cific logic voltage levels required to drive
a specific logic circuit. For additional
information concerning waveforms and
oscilloscope settings, refer to paragraph
4-53 and table 4-10.

g. At the computer front panel, press and hold the
LOAD ADDRESS switch and check the oscilloscope dis-
play for a +4.5-volt level. Then release the LOAD
ADDRESS switch and check the oscilloscope display of a
0-volt level. If the oscilloscope display is normal, proceed to
step “h”. If the oscilloscope display is abnormal, check
A101MC105, A101MC103A, LOAD ADDRESS switch
A5025102, and A106MC74 as the most probable cause of
trouble.

h. Place the channel A oscilloscope probe on
A106MC116-10.

i. At the computer front panel, press and hold the
LOAD ADDRESS switch and check the oscilloscope dis-
play for a +4.5-volt level. Then release the LOAD
ADDRESS switch and check the oscilloscope display for a
0-volt level. If the oscilloscope display is normal, proceed to
step 4. If the oscilloscope display is abnormal, check
A106MC116-9 for a +4.5-volt level.

j. Place the channel A oscilloscope probe on
A106MC44-13.

Section IV

k. At the computer front panel, press and hold the
LOAD ADDRESS switch and check the oscilloscope dis-
play for a +4.5-volt level. Then release the LOAD
ADDRESS switch and check the oscilloscope display for a
+4.5-volt level. If the oscilloscope display is normal, pro-
ceed to step “1”. If the oscilloscope display is abnormal,
check MC44, MCb3, and MC106 as the most probable cause
of trouble.

l. Place the channel A oscilloscope probe on
A106MC106-2.

m. At the computer front panel, press and hold the
LOAD ADDRESS switch and check the oscilloscope dis-
play for a +4.5-volt level. Then release the LOAD
ADDRESS switch and check the oscilloscope display for a
O-volt level.

n. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.
(2) Triggering source: Channel B.
(3) Time/cm: 1.0 us.

(4) Channel A and B voitsjem: 0.2 (if using 10:1
probe).

(5) Channel A input: A106MC117-10.
(6) Channel B input: A106TP1 (time TO).

o. At the computer front panel, press and hold the
LOAD ADDRESS switch and check the oscilloscope dis-
play for a 200 ns pulse occurring every 1.6 us. If the
oscilloscope display is normal, check A106MC117-7 for
the 200 ns pulse referred to above. If this display is abnor-
mal, refer to paragraph 4-153 and troubleshoot the basic
timing circuits.

p. Place the channel A oscilloscope probe on
A106MC107-13.

g. At the computer front panel, press and hold the
LOAD ADDRESS switch and check the oscilloscope dis-
play for a 200 ns pulse occurring every 1.6 us. If the
oscilloscope display is normal, proceed to step “r”. If the
oscilloscope display is abnormal, check A106MC107-3 for
the 200 ns pulse referred to above. If the display is abnor-
mal, refer to paragraph 4-153 and troubleshoot the basic
timing circuits.

r. At the computer front panel, press and release the
POWER switch to turn off power.

s. Using the extender card, extend shift logic card
A108 from the card cage.

t. At the computer front panel, press and release the
POWER switch to turn on power.
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u. Place the channel A oscilloscope probe on pin 84 of
the shift logic card.

v. At the computer front panel, press and hold the
LOAD ADDRESS switch and check the oscilloscope dis-
play for a +4.5-volt level. Then release the LOAD
ADDRESS switch and check the oscilloscope display for
the O-volt level. If the oscilloscope display is normal, pro-
ceed to step “w”. If the oscilloscope display is abnormal,
check MC106A and MC127A as the most probable cause of
trouble.

w. Place the channel A oscilloscope probe on pin 44 of
the shift logic card. At the computer front panel, press and
hold the LOAD ADDRESS switch and check the oscillo-
scope display for a 200 7s pulse occurring every 1.6 us. If
the oscilloscope display is normal, proceed to step “x”. If
the oscilloscope display is abnormal, check MC44A and
MC64A as the most probable cause of trouble.

X. At the computer front panel, press and release the
POWER switch to turn off power.

y. Using the extender card, extend instruction decoder
card A107 from the card cage.

z. At the computer front panel, press and release the
POWER switch to turn on power.

aa. Place the channel A oscilloscope probe on pin 67 of
the instruction decoder card. At the computer front panel,
press and hold the LOAD ADDRESS switch and check the
oscilloscope display for a negative going 200 ns pulse
occurring every 1.6 us. If the oscilloscope display is normal,
proceed to step “bb”. If the oscilloscope display is abnor-
mal, check MC112A and MC122A as the most probable
cause of trouble.

bb. Place the channel A oscilloscope probe on pin 7 of
the instruction decoder card. At the computer front panel,
press and hold the LOAD ADDRESS switch and check the
oscilloscope display for a 45 s to 55 »s pulse occurring
every 1.6 us. Place the oscilloscope probe on pins 8, 20, 21,
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27, 28 and 74 of the instruction decoder card and check
the oscilloscope for a 45 us to 55 us pulse occurring every
1.6 ps from each of these pins. If the oscilloscope displays
are normal, proceed to step “cc”. If any of the oscilloscope
displays are abnormal, check MC34, MC36, MC55, MC56,
and MC66 as the most probable cause of trouble.

ce. At the computer front panel, press and release the
POWER switch to turn off power.

dd. Using the extender card, extend direct memory
logic card A20 from the card cage.

ee. At the computer front panel, press and release the
POWER switch to turn on power.

ff. Place the channel A oscilloscope probe on pin 75 of
the direct memory logic card and check the oscilloscope
display for a 200 ns pulse occurring every 1.6 us. If the
oscilloscope display is normal, proceed to step “gg”. If the
oscilloscope display is abnormal, check MC97B and
MC107B as the most probable cause of trouble.

gg. If, at this point in the test procedure, all checks
have indicated normal operation but by pressing the LOAD
ADDRESS switch the switch register data is not being
properly transferred into the M- and P-registers and dis-
played by the M- and P-register indicator lamps, refer to
figure 4-7 and check the arithmetic logic card A102
through A105 that controls the M- and P-register bit or bits
in question. Also check the particular switch register switch
or switches on control panel assembly A502 and the switch
register gate or gates on front panel coupler card A101 for
proper operation. Also check the cable connection from the
arithmetic logic card, through the M- and P-register indi-
cator lamp or lamps, to the +7-volt connection on display
board assembly A501-(+) for continuity.

hh. If all indications of the above test procedure are
normal, the LOAD ADDRESS switch and circuits are
operating normally. If one or more indications of the above
test procedure are abnormal, refer to the related test pro-
cedures, diagrams, and schematics and troubleshoot the
related circuits.
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4-106. LOAD MEMORY SWITCH, T-REGISTER INDI-
CATORS, AND SWITCH REGISTER SWITCHES. The
following paragraphs provide a description and trouble-
shooting procedure for the circuits associated with LOAD
MEMORY switch S105 and the SWITCH REGISTER
switches located on control panel assembly A502, and the
T-register indicators located on display board assembly
A501.

4-107.  Description. The circuits associated with the
LOAD MEMORY switch are shown in figure 4-8. The
timing diagram included in this figure shows the sequential
events that occur when the LOAD MEMORY switch is
pressed and released. In the following description it is
assumed that initially all flip-flops shown on the timing
generator card A106 are in the reset condition, the RUN
indicator is off, the HALT indicator is on, and the contacts
of the LOAD MEMORY switch are in the released position
as shown.

4-108. The LOAD MEMORY switch is a momentary-
action type switch. When pressed, it transfers +4.5 volts
through the switch, and pin S of the front panel coupler
card A101 to pin 2 of “and” gate MC93A. The signal RF2
is transferred to A101MC93-1 from A106MC74-10 (RUN
FF 2) on the timing generator card A106. Therefore, the
computer must be in the halt mode for the switch to be
effective. With a true signai at input pins 1 and Z of MC93A
output pin 14 will go true. This true signal is transferred to
A101MC75-2 (LOAD MEMORY FF) causing
A101MC75-13 to go false. This false signal is felt at
A101MC75-6. Input pin 7 of MC75 is false due to open
contacts 1 and 3 of the pressed LOAD MEMORY switch.
Input pins 6 and 7 being false cause output pin 9 to go true
and generator signal LMS at pin 58 of front panel coupler
card A101. As long as the LOAD MEMORY switch is
pressed, signal LMS remains true. As soon as the LOAD
MEMORY switch is released, +4.5 volts it transferred to

4-109.  The signal LMS is transferred through pin 58 of
the front panel coupler card, pin 46 of the timing generator
card and through “and” gate MC86C to the set and reset pin
1 of STEP 1 FF MC94A. The first time T2 after the switch
has been pressed STEP 1 FF will be set and will remain set
until the first time T2 after the switch is released. The
output pin 13 of STEP 1 FF is transferred to the set and
reset input pin 7 of the STEP 2 FF MC94B which is set at
the next time T1 and remains set until the time T1 after the
switch is released. The output of STEP 1 FF is also felt at
pin 9 of “and” gate MC76C. The output of STEP 2 FF is
transferred to input pin 2 of “nor” gate MC8TA causing its
output pin 13 to go false. This false output is felt at input
pin 7 of “and” gate MC76C causing its output pin 10 to go
false. This action results in a 1.4 us pulse being generated at
the output pin 10 of MC76C. This pulse from pin 10 of
MC76C is transferred to the phase logic pin 3 of MC33 B,
and to the set input pin 14 of RUN FF 2 MC74 and at time
T7S the output pin 13 of MC74 goes true causing the RUN
indicator to go on for 1.6 us and enabling “and” gate
MC2T7A. The reset output pin 10 of MC74 goes false at the
same time the set output goes true. This false output causes
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the HALT indicator to go out and the LOAD MEMORY
switch gate MC33A on the front panel coupler card toc be
disabled thereby disabling the switch for 1.6 us. The signa!
LMS is also transferred through “and” gate MC96C to input
pin 6 of “and” gate MC33B causing the output pin 13 of
MC33B to go true. This true output is transferred through-
out the phase logic and causes all flip-flops to be reset
except PH3 FF which it causes to be set at time T7 and TS.
The signal LMS is also transferred to special logic which is
used when attempting to load data into memory locations
000000 or 000001 (the A- or B-registers). The signal LMS is
also transferred to the memory timing circuits where it is
used to inhibit the signal MST thereby preventing the sense
amplifier data being transferred into the T-register. It is also
used to enable the signal MWL which will allow the new
T-register data to be transferred into memory. The signal
LMS is also transferred to input pins 7 and 2 of “and” gates
MC116C and MC107A respectively where the signals SEO
and SWST are generated at the output pins 10 and 14
respectively of the respective gates and pins 72 and 62
respectively of the timing generator card. The output pin
13 of PH3 FF is transferred to input pin 14 of “and” gate
MC15A and through *“and” gate MC25A to input pin 2 of
“and” gate MC37A. The output of “and” gate MC27A
which is generated by the set output pin 13 of RUN FF 2 is
transferred to input pins 2 and 14 of MC15A and MC37A
respectively and allow the signal PH3 to be generated at the
output pin 13 of MC37A. The signais PH3 and P123 are
transferred out of the timing generator card on pins 60 and
23 respectively. The signal P123 is transferred through
“and” gate MC56B to the memory timing logic where it is
used to enable the memory timing signal MTE which allows
the necessary memory timing to be generated and the new
data to be written into memory.

4-110.  The signal SEQ is transferred to pin 22 of the
shift logic card A108 where it is used to generate the signal
ISR which enables the switch register gates on the front
panel coupler card transferring the switch register data onto
the IOBI lines. It is also used in the shift logic card at time
T2 to generate the signal IOl at pin 44 of the card. The
signal IOI is transferred to pin 31 of the arithmetic logic
cards A102 through A105 where it is used to gate the data
on the IOBI lines onto the S-bus. The signal SEO is also
transferred to pin 77 of the instruction decoder card where
it is used at time T2 to generate the negative going signal
EOFE at pin 67 of that card. The signal EOFE is trans-
ferred from pin 67 of the instruction decoder card to pin
83 of the direct memory logic card A20 where it is used to
generate the negative going signal EOF at pin 75 of that
card. The signal EOF is transferred to pin 76 of the arith-
metic logic cards where it is used to transfer the R- and
S-bus data onto the T-bus at time T2.

4-111. At time TO the signal P123 causes the signal RST
to be generated at pin 58 of the instruction decoder card.
This signal is transferred to pin 7 of the arithmetic logic
cards where it is used as a direct reset signal for all
T-register flip-flops.

4-112. At time T2 the signal SWST was generated in the
timing generator card. At time T2 and TS the signal SWST
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causes the signal STBT to be generated at pin 63 of the
instruction decoder card. The signal STBT is transferred to
pin 51 of the arithmetic logic cards where it is used to clock
the T-bus data into the T-register flip-flops. Each “1” bit
being indicated by a lighted T-register indicator lamp on the
door assembly.

4-113. At time T6T7 the signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) are generated within the instruc-
tion decoder card. These signals are transferred to the
arithmetic logic cards where they are used to transfer the
P-register data to the R-bus, set bit zero of the S-bus to a
“1”, add the R- and S-bus data together and transfer this
combined data (P-register plus one) to the T-bus, and store
the T-bus data into the P- and M-register flip-flops. This
new P- and M-register data being indicated by the P- and
M-register indicator lamps on the door assembly.

4-114. Thus by pressing the LOAD MEMORY switch
the data toggled into the switch register is transferred via
the T-register into the memory location addressed by the
M-register and the P- and M-registers are incremented by
one.

4-115. Test Procedure. Using a multi-function meter, a
dual-trace oscilloscope, and the information in figure 4-8,
proceed as follows:

a. At the front of the computer, open the door assem-
bly to expose the plug-in cards in the card cage.

b. Using the multi-function meter, check the +4.5-volt
dc supply at pins 1 and 2 of A5025105. If normal, proceed
to step “c”. If abnormal, check the connection between
A502S105-1,2 and A101-39,40 for continuity.

c. At the computer front panel, press and release the
POWER switch to turn off power.

d. Using the extender card (part no. 02115-6047) and
the extender cable (part no. 02116-6040), extend timing
generator card A106 from the card cage.

e. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.
(2) Triggering source: channel B.
(3) Time/cm: 0.2 us.

(4) Channel A and B volts/em: 0.2 (if using 10:1

(5) Channel A input: A106-46.

(6) Channel B input: A106TP1 (Time TO).
Note

In the following steps, any reference to a
signal voltage level of +4.5-volts is to be
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considered a logic “1” level except a spe-
cific voltage tie as shown on the trouble-
shooting and servicing diagrams. Any ref-
erence to a signal voltage level of 0-volts
is to be considered a logic “0” level. A
logic “1”” (true) voltage level can vary be-
tween approximately +1.8 volts to +3.0
volts. A logic “0’’ (false) voltage level can
vary between approximately 0 volts to
+1.5 volts. Refer to Appendix A for spe-
cific logic voltage levels required to drive
a specific logic circuit. For additional
information concerning waveforms and
oscilloscope settings, refer to paragraph
4-53 and table 4-10.

f. At the computer front panel, press and hold the
LOAD MEMORY switch and check the oscilloscope display
for a +4.5-volt level. Then release the LOAD MEMORY
switch and check the oscilloscope display for a 0-volt level.
If the oscilloscope display is normal, proceed to step “g”. If
the oscilloscope display is abnormal, check A101MC75,
A101MC93A, LOAD MEMORY switch A5025105, and
A106MC74 as the most probable cause of trouble.

g. Place the channel A oscilloscope probe on
A106MC116-10.

h. At the computer front panel, press and hold the
LOAD MEMORY switch and check the oscilloscope display
for a +4.5-volt level. Then release the LOAD MEMORY
switch and check the oscilloscope display for a 0-volt level.
If the oscilloscope display is normal, proceed to step “i”. If
the oscilloscope display is abnormal, check A106MC116 as
the most probable cause of trouble.

i. Place the channel A oscilloscope probe on A106-
MC86-9.

j. At the computer front panel, press and hold the
LOAD MEMORY switch and check the oscilloscope display
for a +4.5-volt level. Then release the LOAD MEMORY
switch and check the oscilloscope display for a 0-volt level.

k. At the oscilloscope, make the following settings and
and connections:

(1) Time/em: 1.0 us

(2) Channel A input: A106MC107-14.

l.. At the computer front panel, press and hold the
LOAD MEMORY switch and check the oscilloscope display
for a 200 ns pulse occurring every 1.6 us. If the oscilloscope
display is normal, proceed to step “o”. If the oscilloscope
display is abnormal, check A106MC107-1 for the 200 7s
pulse referred to above. If this display is abnormal, refer to
paragraph 4-153 and troubleshoot the basic timing circuits.
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m. At the oscilloscope, make the following settings and
connections:

(1) Time/cm: 2ms.

(2) Channel A input: A106MC24-13.

n. At the computer front panel, repeatedly press and
release the LOAD MEMORY switch and check the oscillo-
scope display for a 1.4 us pulse every time the switch is
pressed. If the osciiloscope display is normai, proceed to
step “o”. If the oscilloscope display is abnormal, check
A106MC24, A106MC33, A106MC76, A106MC87, A106-
MC94, and A106MC96 as the most probable cause of
trouble.

o. Place the channel A oscilloscope probe on pin 60 of
the timing generator card.

p. At the computer front panel, repeatedly press and
release the LOAD MEMORY switch and check the oscillo-
scope display for a 1.6 us pulse every time the switch is
pressed. If the oscilloscope display is normal, proceed to
step “q”. If the oscilloscope display is abnormal, check
A106MC15-2 for a 1.6 us pulse every time the switch is
pressed. If this display is abnormal, check A106MC27 as
the most probable cause of trouble.

qg. Place the channel A oscilloscope probe on pin 23 of
the timing generator card.

r. At the computer front panel, repeatedly press and
release the LOAD MEMORY switch and check the oscillo-
scope display for a 1.6 us pulse every time the switch is
pressed. If the oscilloscope display is normal, proceed to
step “s”. If the oscilloscope display is abnormal, check
A106MC37, and A106MC25 as the most probable cause
of trouble.

s. Place the channel A oscilloscope probe on
A106MC56-6.

t. At the computer front panel, repeatedly press and
release the LOAD MEMORY switch and check the oscillo-
scope display for a 1.6 us pulse every time the switch is
pressed. If the oscilloscope display is normal, proceed to
step “u”. If the oscilloscope display is abnormal, the most
probable cause of trouble is A106MC56.

u. At the computer front panel, press and release the
POWER switch to turn off power.

v. Using the extender card, extend shift logic card
A108 from the card cage.

w. At the computer front panel, press and release the
POWER switch to turn on power.

X. Place the channel A oscilloscope probe on pin 84 of
the shift logic card and adjust time/cm to 1.0 us.
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y. At the computer front panel, press and hold the
LOAD MEMORY switch and check the oscilloscope display
for a +4.5-volt level. Then release the LOAD MEMORY
switch and check the oscilloscope display for a 0-volt level.
If the oscilloscope display is normal, proceed to step “z”. If
the oscilloscope display is abnormal, check A108MC106
and A108MC127 as the most probable cause of trouble.

z. Place the channel A oscilloscope probe on pin 44 of
the shift logic card. At the computer front panel, press and
hold the LOAD MEMORY switch and check the oscillo-
scope display for a 200 ns pulse occurring every 1.6 us. If
the oscilloscope display is normal, proceed to step “aa”. If
the oscilloscope display is abnormal, check A108MC44 and
A108MC64 as the most probable cause of trouble.

aa. At the computer front panel, press and release the
POWER switch to turn off power.

bb. Using the extender card, extend instruction decoder
card A107 from the card cage.

cc. At the computer front panel, press and release the
POWER switch to turn on power.

dd. Place the channel A oscilloscope probe on pin 63 of
the instruction decoder card.

ee. At the computer front panel, press and hold the
LOAD MEMORY switch and check the oscilloscope display
for a 45 1s to 55 ms pulse occurring every 1.6 us. If the
oscilloscope display is normal, proceed to step “ff”. If the
oscilloscope display is abnormal, check A107MC92 as the
most probable cause of trouble.

ff. Place the channel A oscilloscope probe on pin 67 of
the instruction decoder card.

gg. At the computer front panel, press and hold the
LOAD MEMORY switch and check the oscilloscope display
for a negative going 200 ns pulse occurring every 1.6 us. If
the oscilloscope display is normal, proceed to step “hh”. If
the oscilloscope display is abnormal, check A107MC112
and A107MC122 as the most probable cause of trouble.

hh. At the oscilloscope, make the following settings and
connections:

(1) Channel B volts/cm: 0.1 (if using 10:1 probe).
(2) Channel B input: A107-72.

ii. At the computer front panel, repeatedly press and
release the LOAD MEMORY switch and check the oscillo-
scope display for a 400 ns pulse every time the switch is
pressed. If the oscilloscope display is.normal, proceed to
step “jj”’. If the oscilloscope display is abnormal, check
A107MC106, A107TMC107, and A107MC126 as the most

probable cause of trouble.

jj- Place the oscilloscope probe on pin 81 of the
instruction decoder card.
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kk. At the computer front panel, repeatedly press and
release the LOAD MEMORY switch and check the oscillo-
scope display for a 400 ns pulse every time the switch is
pressed. If the oscilloscope display is normal, proceed to
step “II”. If the oscilloscope display is abnormal, check
A107MC116, A107MC97, A107MC96, and A107TMC106 as
the most probable cause of trouble. Also check that the
INSTRUCTION switch on the display board assembly A501
is in the NORM position.

Il. Place the channel A oscilloscope probe on pin 75 of
the instruction decoder card.

mm. At the computer front panel, repeatedly press and
release the LOAD MEMORY switch and check the oscillo-
scope display for a 400 ns pulse every time the switch is
pressed. If the display is normal, proceed to step “nn”. If
the display is abnormal, check A107MC107 and A107MC-
127 as the most probable cause of trouble.

nn. Place the channel B oscilloscope probe on pin 58 of
the instruction decoder card.

00. At the computer front panel, repeatedly press and
release the LOAD MEMORY switch and check the oscillo-
scope display for a 45 ns to 55 7s pulse every time the
switch is pressed. If the oscilloscope display is normal, pro-
ceed to step “pp”. If the oscilloscope display is abnormal,
check A107MC114 and A107MC125 as the most probable
cause of trouble.

pp. Place the channel A oscilloscope probe on pin 7 of
the instruction decoder card.

qq. At the computer front panel, repeatedly press and
release the LOAD MEMORY switch and check the oscillo-
scope display for a 45 1s to 55 7ns pulse every time the
switch is pressed. Place the oscilloscope probe on pins 8,
20, 21, 27, 28, and 74 of the instruction decoder card and
check the oscilloscope display for a 45 ns to 55 ns pulse
from each of these pins every time the switch is pressed. If
the oscilloscope displays are normal, proceed to step “rr”.
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If any of the oscilloscope displays are abnormal, check
A107MC34, A107MC35, A107MC36, A107MC53, A107-
MC55, A107MC56, A107MC63 and A107MC66 as the
most probable cause of trouble.

rr. At the computer front panel, press and release the
POWER switch to turn off power.

ss. Using the extender card, extend direct memory
logic card A20 from the card cage.

tt. At the computer front panel, press and release the
POWER switch to turn on power.

uu. Place the channel B oscilloscope probe on pin 75 of
the direct memory logic card.

vv. At the computer front panel, press and hold the
LOAD MEMORY switch and check the oscilloscope display
for a negative going 200 ns pulse occurring every 1.6 us. If
the oscilloscope display is normal, proceed to step “ww”. If
the oscilloscope display is abnormal, check A20MC97 and
A20MC107 as the most probable cause of trouble.

ww. If, at this point in the test procedure, all checks
have indicated normal operation but by pressing the LOAD
MEMORY switch the switch register data is not being
properly transferred into the addressed memory location
and the P- and M-registers are not being properly incre-
mented, refer to figure 4-8 and check the arithmetic logic
card A102 through A105 that controls the bit or bits in
question. Also check the particular switch register switch or
switches on control panel assembly A502 and the switch
register gate or gates on front panel coupler card A101 for
proper operation. Also check the cable connection from the
arithmetic logic card, through the M- and P-register indi-
cator lamp or lamps, to the +7-volt connection on display
board assembly A5G1-(+) for continuity.

xx. If all indications of the above test procedure are
normal, the LOAD MEMORY switch and circuits are oper-
ating normally.
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4-116. DISPLAY MEMORY SWITCH AND T-, P-, AND
M-REGISTER INDICATORS. The following paragraphs
provide a description and troubleshooting procedure for
the circuits associated with DISPLAY MEMORY switch
S101 located on control panel assembly A502, and the T-,
P-, and M-register indicators located on display board
assembly A501.

4-117.  Description. The circuits associated with the DIS-
PLAY MEMORY switch are shown in figure 4-9. The
timing diagram included in this figure shows the sequential
events that occur when the DISPLAY MEMORY switch is
pressed and released. In the following description it is
assumed that initially all flip-flops shown on the timing
generator card A106 are in the reset condition, the RUN
indicator is off, the HALT indicator is on, and the contacts
of the DISPLAY MEMORY switch are in the released
position as shown.

4-118. The DISPLAY MEMORY switch is a
momentary-action type switch. When pressed, it transfers
+4.5 volts through the switch, and pin W of the front panel
coupler card A101 to pin 3 of “and” gate MC103B. The
signal RF2 is transferred to A101MC103-6 from
A106MC74-10 (RUN FF 2) on the timing generator card
A106. Therefore, the computer must be in the halt mode
for the switch to be effective. With a true signal at input
pins 3 and 6 of MC103B output pin 13 will go true. This
true signal is transferred to A101MC115-2 (DISPLAY
MEMORY FF) causing output pin 13 to go false. This false
signal is felt at input pin 6 of MC115. Input pin 7 of
MC115 is false due to open contacts 1 and 3 of the pressed
DISPLAY MEMORY switch. Input pins 6 and 7 of MC115
being false cause output pin 9 to go true and generate signal
DMS at pin 74 of front panel coupler card A101. As long as
the DISPLAY MEMORY switch is pressed, signal DMS
remains true. As soon as the DISPLAY MEMORY switch is
released, +4.5 volts is transferred to input pin 7 of MC115
which causes output pin 9 to go false.

4-119.  The signal DMS is transferred through pin 74 of
the front panel coupler card, pin 59 of the timing generator
card, through “and” gate MC86B to the set and reset pin 1
of STEP 1 FF MC94A. The first time T2 after the switch
has been pressed STEP 1 FF will be set and will remain set
until the first time T2 after the switch is released. The
output pin 13 of STEP 1 FF is transferred to A106MC94-7
(STEP 2 FF) which becomes set at the next time T1 and
remains set until the time T1 after the switch is released.
The output of STEP 1 FF is also felt at pin 9 of “and” gate
MC76C. The output of STEP 2 FF is transferred to input
pin 2 of “nor” gate MC87A causing its output pin 13 to go
false. This false output is felt at input pin 7 of “and” gate
MCT76C causing its output pin 10 to go false. This action
results in a 1.4 us pulse being generated at the output pin
10 of MC76C. This pulse from pin 10 of MC76C is trans-
ferred to pin 3 of “and” gate MC33B of the phase logic,
and to the set input pin 14 of RUN FF 2 MC74 and at time
T7S the output pin 13 of MC74 goes true causing the RUN
indicator to go on for 1.6 us and enabling “and” gate
MC27A. The reset output pin 10 of MC74 goes false at the
same time the set output goes true. This false output causes
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the HALT indicator to go out and the DISPLAY MEMORY
switch gate MC103B on the front panel coupler card to be
disabled thereby disabling the switch for 1.6 us. The signal
DMS is also transferred through “and” gate MC96D to
input pin 6 of “and” gate MC33B causing the output pin 13
of MC33B to go true when input pin 3 is also true. This
true output is transferred throughout the phase logic and
causes all flip-flops to be reset except PH3 FF which it
causes to be set at time T7S. The output at pin 13 of PH3
FF is transferred to input pin 14 of “and” gate MC15A and
through “and” gate MC25A to input pin 2 of “and” gate
MC37A. The output of “and” gate MC27A which is gener-
ated by the set output pin 13 of RUN FF 2 is transferred to
input pins 2 and 14 of MC15A and MC37A respectively and
allow the signals P123 and PH3 to be generated at the
output pin 13 of MC37A and pin 13 of MC15A
respectively. The signals PH3 and P123 are transferred out
of the timing generator card on pins 60 and 23 respectively.
The signal P123 is transferred through “and” gate MC56B
to the memory timing logic where it is used to enable the
memory timing signal MTE which allows the necessary
memory timing to be generated and the memory data to be
read into the sense amplifiers and thence into the T-register
during time T2.

4-120. At time TO the signal P123 causes the signal RST
to be generated at pin 58 of the instruction decoder card.
This signal is transferred to pin 7 of the arithmetic logic
cards where it is used as a direct reset signal for all
T-register flip-flops.

4-121. At time T6T7 the signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) are generated within the instruc-
tion decoder card. These signals are transferred to the
arithmetic logic cards where they are used to transfer the
P-register data to the R-bus, set bit zero of the S-bus to a
“1”, add the R- and S-bus data together and transfer this
combined data (P-register plus one) to the T-bus, and store
the T-bus data into the P- and M-register flip-flops. This
new P- and M-register data being indicated by the P- and
M-register indicator lamps on the door assembly.

4-122.  Thus by pressing the DISPLAY MEMORY switch
the data within the addressed memory location is trans-
ferred into the T-register and the P- and M-registers are
incremented by one.

4-123.  Test Procedure. Using a multi-function meter, a
dual-trace oscilloscope, and the information in figure 4-9,
proceed as follows:

a. At the front of the computer, open the door assem-
bly to expose the plug-in cards in the card cage.

b. Using the multi-function meter, check the +4.5-volt
dc supply at pins 1 and 2 of A502S101. If normal, proceed
to step “c”. If abnormal, check the connection between
A5025101-1,2 and A101-39,40 for continuity.

c. At the computer front panel, press and release the
POWER switch to turn off power.
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d. Using the extender card (part no. 02115-6047) and
the extender cabie (part no. 02116-6040), extend timing

A 4NN

generator card A1086 from the card cage.

e. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.

(2) Triggering source: automatic (free-running).

(3) Time/cm: 1.0 us.

(4) Channel B volts/em: 0.1 (if using 10:1 probe).

(5) Channel B input: A106-59.

Note

In the following steps, any reference to a
signal voltage level of +4.5-volts is to be
considered a logic “1”" ievel except a spe-
cific voltage tie as shown on the trouble-
shooting and servicing diagrams. Any ref-
erence to a signal voltage level of 0-volts
is to be considered a logic “0” level. A
logic “1” {true) voltage level can vary be-
tween approximately +1.8 volts to +3.0
volts. A logic “0” (false) voltage level can
vary between approximately 0 volts to
+1.5 volts. Refer to Appendix A for spe-
cific logic voltage levels required to drive
a specific logic circuit. For additional
information concerning waveforms and
oscilloscope settings, refer to paragraph
4-53 and table 4-10.

f. At the computer front panel, press and hold the
DISPLAY MEMORY switch and check the oscilloscope
display for a +4.5-volt level. Then release the DISPLAY
MEMORY switch and check the oscilloscope display for a
0-volt level. If the oscilloscope display is normal, proceed to
step “g”. If the oscilloscope display is abnormal, check
A101MC115, A101MC103B, DISPLAY MEMORY switch
A5025101, and A106MC74 as the most probable cause of
trouble.

g. Place the channel B oscilloscope probe on
A106MC96-13.

h. At the computer front panel, press and hold the
DISPLAY MEMORY switch and check the oscilloscope
display for a +4.5-volt level. Then release the DISPLAY
MEMORY switch and check the oscilloscope display for a
0-volt level.

i. Place the channel B oscilloscope probe on pin 13 of
MC24.

j. At the computer front panel, repeatedly press and
release the DISPLAY MEMORY switch and check the
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oscilloscope display for a 1.6 us pulse every time the switch
is pressed. If the oscilloscope display is normal, proceed to
step “k”. If the oscilloscope display is abnormal, check
A106MC24, and A106MC33 as the most probable cause of

trouble.

k. Place the channel B oscilloscope probe on
A106MC86-6

1. At the computer front panel, press and hold the
DISPLAY MEMORY switch and check the oscilloscope
display for a +4.5-volt level. Then release the DISPLAY
MEMORY switch and check the oscilioscope dispiay for a
0-volt level.

m. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.
(2) Triggering source: Channel B.
(3) Time/cm: 1.0 us.

(4) Channel B volts/em: 0.1 (if using 10:1 probe).
(5) Channel B input: A106MC76-10.

(6) Channel B input: A106TP1 (time TO).

n. At the computer front panel, repeatedly press and
release the DISPLAY MEMORY switch and check the
oscilloscope display for a 1.4 us pulse every time the switch
is pressed. If the oscilloscope display is normal, proceed to
step “o”. If the oscilloscope display is abnormal, check
A106MC94, and A106MC87 as the most probable cause of
trouble.

o. Place the channel B oscilloscope probe on pin 60 of
the timing generator card.

p. At the computer front panel, repeatedly press and
release the DISPLAY MEMORY switch and check the
oscilloscope display for a 1.6 us pulse every time the switch
is pressed. If the oscilloscope display is normal, proceed to
step ‘‘q’’. If the oscilloscope is abnormal, check
A106MC15-2 for a 1.6 us pulse every time the switch is
pressed. If this display is abnormal, check A106MC27 as
the most probable cause of trouble.

q. Place the channel B oscilloscope probe on pin 23 of
the timing generator card.

r. At the computer front panel, repeatedly press and
release the DISPLAY MEMORY switch and check the
oscilloscope display for a 1.6 us pulse every time the switch
is pressed. If the oscilloscope display is normal, proceed to
step “s”. If the oscilloscope display is abnormal, check
A106MC37, and A106MC25 as the most probable cause of
trouble.
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s. Place the channel B oscilloscope probe on
A106MC56-6.

t. At the computer front panel, repeatedly press and
release the DISPLAY MEMORY switch and check the
oscilloscope display for a 1.6 us pulse every time the switch
is pressed.

u. At the computer front panel, press and release the
POWER switch to turn off power.

v. Using the extender card, extend instruction decoder
card A107 from the card cage.

w. At the computer front panel, press and release the
POWER switch to turn on power.

x. Place the channel B oscilloscope probe on pin 58 of
the instruction decoder card.

y. At the computer front panel, repeatedly press and
release the DISPLAY MEMORY switch and check the
oscilloscope display for a 45 ns to 55 s pulse every time
the switch is pressed. If the oscilloscope display is normal,
proceed to step “z”. If the oscilloscope display is abnormal,
check A107MC114 and A107MC125 as the most probable
cause of trouble.

z. Place the channel B oscilloscope probe on pin 72 of
the instruction decoder card.

aa. At the computer front panel, repeatedly press and
release the DISPLAY MEMORY switch and check the
oscilloscope display for a 400 ns pulse every time the
switch is pressed. If the oscilloscope display is normal,
proceed to step “bb”. If the oscilloscope display is abnor-
mal, check A107MC106, A107TMC107, and A107MC126 as
the most probable cause of {rouble.

bb. Place the channel B oscilloscope probe on pin 81 of
the instruction decoder card.

cc. At the computer front panel, repeatedly press and
release the DISPLAY MEMORY switch and check the
oscilloscope display for a 400 ns pulse every time the
switch is pressed. If the oscilloscope display is normal,
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proceed to step “dd”. If the oscilloscope display is
abnormal, check A107MC116, A107MC97, A107MC96,
and A107MC106 as the most probable cause of trouble.
Also check that the INSTRUCTION switch on the display
board assembly A501 is in the NORM position.

dd. Place the channel B oscilloscope probe on pin 75 of
the instruction decoder card.

ee. At the computer front panel, repeatedly press and
release the DISPLAY MEMORY switch and check the
oscilloscope display for a 400 ns pulse every time the
switch is pressed. If the display is normal, proceed to step
“ff”. If the display is abnormal, check A107MC107 and
A107MC127 as the most probable cause of trouble.

ff. Place the channel B oscilloscope probe on pin 7 of
the instruction decoder card.

gg. At the computer front panel, repeatedly press and
release the DISPLAY MEMORY switch and check the
oscilloscope display for a 45 ns to 55 ns pulse every time
the switch is pressed. Place the oscilloscope probe on pins
8, 20, 21, 27, 28, and 74 of the instruction decoder card
and check the oscilloscope display for a 45 ns to 55 7s
pulse from each of these pins every time the switch is
pressed. If the oscilloscope displays are normal, proceed to
step “hh”. If any of the oscilloscope displays are abnormal,
check A107MC34, A107MC36, A107TMC55, A107MC56,
and A107MC66 as the most probable cause of trouble.

hh. If, at this point in the test procedure, all checks
have indicated normal operation but by pressing the DIS-
PLAY MEMORY switch the memory data is not being
properly transferred into the T-register or the P- and
M-registers are not being properly incremented, refer to
figure 4-9 and check the arithmetic logic card A102
through A105 that controls the bit or bits in question. Also
check the cable connection from the arithmetic logic card,
through the T-, M-, and P-register indicator lamp or lamps,
to the +7-volt connection on display board assembly
A501-(+) for continuity.

ii. If all indications of the above test procedure are
normal, the DISPLAY MEMORY switch and circuits are
operating normally.
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4-124. SINGLE CYCLE SWITCH AND P- AND M-
REGISTER INDICATORS. The following paragraphs pro-
vide a description and troubleshooting procedure for the
circuits associated with SINGLE CYCLE switch S100
located on control panel assembly A502 and the P- and
M-register indicators located on display board assembly
A501.

4-125.  Description. The circuits associated with the
SINGLE CYCLE switch are shown in figure 4-10. A timing
diagram showing the sequential events events that occur
when the SINGLE CYCLE switch is pressed is given in
figure 4-10. In the following description it is assumed that
initially all flip-flops shown on the timing generator card
A106 are in the reset condition, the RUN indicator is off,
the HALT indicator is on, and the contacts of the SINGLE
CYCLE switch are in the released position as shown.

4-126. The SINGLE CYCLE switch is a momentary-
action type switch. When pressed, it fransfers +4.5 volts
through the switch, and pin X of the front panel coupler
card A101 to pin 7 of “and” gate MC103C. The signal RF2
is transferred to pins 8 and 9§ of MC1i03C {from
A106MC74-10 (RUN FF 2) on the timing generator card
A106. Therefore, the computer must be in the halt mode
for the switch to be effective. With a true signal at input
pins 7, 8, and 9 of MC103 output pin 10 will go true. This
true signal is transferred to A101MC125-2 (SINGLE
CYCLE FF) causing output pin 13 to go false. This false
signal is felt at input pin 6. Input pin 7 of MC125 is false
due to open contacts 1 and 3 of the pressed SINGLE
CYCLE switch. Input pins 6 and 7 being false cause output
pin 9 to go true and generate signal SCS at pin 78 of front
panel coupler card A101. As long as the SINGLE CYCLE
switch is pressed, signal SCS remains true. As soon as the
SINGLE CYCLE switch is released, +4.5 volts is transferred
to input pin 7 of MC125 which causes output pin 9 to go
false.

4-127.  The signal SCS is transferred through pin 78 of
the front panel coupler card, pin 56 of the timing generator
card, through “and” gate MC86, to A106MC94-1 (STEP 1
FF). The first time T2 after the switch has been pressed
STEP 1 FF will be set and will remain set until the first
time T2 after the switch is released. The output pin 13 of
STEP 1 FF is transferred to A106MC94-7 (STEP 2 FF)
which is set at the next time T1 and remains set until the
time T1 after the switch is released. The output of STEP 1
FF is also felt at pin 9 of “and” gate MC76C. The output of
STEP 2 FF is transferred to input pin 2 of “nor” gate
MC8T7A causing its output pin 13 to go false. This false
output is felt at input pin 7 of “and” gate MC76C causing
its output pin 10 to go false. This action resultsin a 1.4 us
pulse being generated at the output pin 10 of MC76C. This
pulse from pin 10 of MC76C is transferred to the phase
logic and to A106MC74-14 (RUN FF 2) MC74 and at time
T7S the output pin 13 of MC74 goes true causing the RUN
indicator to go on for 1.6 us and enabling “and” gate
MC27A. The reset output pin 10 of MC74 goes false at the
same time the set output goes true. This false output causes
the HALT indicator to go out for 1.6 us and the SINGLE
CYCLE SWITCH GATE MC103C on the front panel
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coupler card to be disabled thereby disabling the switch for
1.6 us.

4-128.  The output from pin 14 of MC27 is transferred
to the phase logic and allows the currently active phase
flip-flops output to be transferred throughout the computer
for 1.6 us (one machine cycle).

4-129.  Thus the SINGLE CYCLE switch, when pressed,
allows the currently active phase to be operated for only
one machine cycle.

4-130.  Test procedure. Using a multi-function meter, a
dual-trace oscilloscope, and the information in figure 4-10,
proceed as follows:

a. At the front of the computer, open the door assem-
bly to expose the plug-in cards in the card cage.

b. Using the multi-function meter, check the +4.5-volt
de supply at pins 1 and 2 of A502S100. If normal, proceed
to step ‘“c”. If abnormal, check the connection between
A5025100-1,2 and A101-39,40 for continuity.

c. At the computer front panel, press and release the
POWER switch to turn off power.

d. Using the exiender card {part no. 52115-6047) and
the extender cable (part no. 02116-6040), extend timing
generator card A106 from the card cage.

e. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.

(2) Triggering source: automatic (free-running).
(3) Time/cm: 1.0

(4)  Channel B volts/em: 0.1 (if using 10:1 probe).

(5) Channel B input: A106-56.

Note

In the following steps, any reference to a
signal voltage level of +4.5-volts is to be
considered a logic “1”’ level except a spe-
cific voltage tie as shown on the trouble-
shooting and servicing diagrams. Any ref-
erence to a signal voltage level of 0-volts
is to be considered a logic *“0” level. A
logic “1” (true) voltage level can vary be-
tween approximately +1.8 volts to +3.0
volts. A logic “0” (false) voltage level can
vary between approximately 0 volis to
+1.5 volts. Refer to Appendix A for spe-
cific logic voltage levels required to drive
a specific logic circuit. For additionai
information concerning waveforms and
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oscilloscope settings, refer to paragraph
4-53 and table 4-10.

f. At the computer front panel, press and hold the
SINGLE CYCLE switch and check the oscilloscope display
for a +4.5-volt level. Then release the SINGLE CYCLE
switch and check the oscilloscope display for a 0-volt level.
If the oscilloscope display is normal, proceed to step “g”. If
the oscilloscope display is abnormal, check A101MC125,
A101MC103C, SINGLE CYCLE switch A502S100, and
A106MC74 as the most probable cause of trouble.

g. Place the channel B oscilloscope probe on
A106MC86-2.

h. At the computer front panel, press and hold the
SINGLE CYCLE switch and check the oscilloscope display
for a +4.5-volt level. Then release the SINGLE CYCLE
switch and check the oscilloscope display for a 0-volt level.

i. Place the channel B oscilloscope probe on
A106MC76-10, and set triggering source to channel B.

j- At the computer front panel, repeatedly press and
release the SINGLE CYCLE switch and check the oscillo-
scope display for a 1.4 us pulse every time the switch is
pressed. If the oscilloscope display is normal, proceed to
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step “k”. If the oscilloscope display is abnormal, check
A106MC94, and A106MC87 as the most probable cause of
trouble.

k. Place the channel B oscilloscope probe on
A106MCT74-13.

1. At the computer front panel, repeatedly press and
release the SINGLE CYCLE switch and check the oscillo-
scope display for a 1.6 us pulse every time the switch is
pressed. If the oscilloscope display is normal, proceed to
step “m”. If the oscilloscope display is abnormal, check
A106MC74-1 for a 45 ns to 55 7s pulse occurring every 1.6
us. If this display is abnormal, refer to paragraph 4-153 and
troubleshoot the basic timing circuits.

m. Place the channel B oscilloscope probe on
A106MC27-14.

n. At the computer front panel, repeatedly press and
release the SINGLE CYCLE switch and check the oscillo-
scope display for a 1.6 us pulse every time the switch is
pressed.

o. If all indications of the above test procedure are
normal, the SINGLE CYCLE switch and circuits are oper-
ating normally.



Model 2116B
Volume Two

AB02 CONTROL PANEL ASSEMBLY

1 SINGLE |
CYCLE

$100

!

| 3
I
L

A501 DISPLAY BOARD ASSEMBLY

Section IV

| 8 H
+7V FROM AZOOATB1-7 | (+) R 7 [
POWER SUPPLY © :_ > O O ¥
—_——— ] — . — — e — et . S —— . — ———— — — —— — — ———)
scsw scsw 8 —_— —— e — — et . — —— — T
A106 TIMING GENERATOR CARD
> >
R7 S R9
’7 nélch $33
M * *X 24* Q4 RNS 13145 13 10 Qs
T5 —_
*4'5"%1— SINGLE CYCLE FF | 8/ mces [0  LOGIC |
| | |
7 i MC125 i i B +4.5V +4.5V v i
| scs FROM
10 2 CR1
| SE‘D ; N1z | l7s 56 1 \2 1 1 13 7 g 9 HLS FF y
t STEP 1 FE STEP 2 FF
MC103C : | I l—/ TZ—Z- — T — L 14 J RUNFE2
| | I I MCBBA L MC94A 7 MC94B 175 LéC
8 mMCc74
L ls : : TO PHASE K
| IS 9 | | l LOGIC 9 ;
t — FROM
! : = | PRS FF |
e e - rF2 1 l
14 53y TO PHASE
LOGIC
A101 FRONT PANEL COUPLER CARD
NOTE:
1. ASTERISK (*) DENOTES A PIN ON
A 48-PIN CONNECTOR.
je————FIRST MEMORY CYCLE _;, SECOND MEMORY CYCLE ————ﬁ
0o | Tt | T2 )3 | T4l T7TO| Tt T2 | T} T 7 T0|T1] T2] T3
[ejmjr|r|r|m|wjo|jojn|r|r|M|B|ej7j0|T)|2]T8)
| ]
1 }
scsw /. : : N
| |
scs _| : : |
' :
STEP 1FF _—] { | |__
I
I T
STEP 2 FF I r |
| i
L |
MC87A | I !
I I
1 I
mMC76C ______J | ] !
]
! !
' ! |
MC768 , :
! |
L | |
RUN FF 1 + '
] 1
RUN FF 2 | !
|
MC27A | |

2019-165

Figure 4-10. SINGLE CYCLE Switch Circuit,

Servicing Diagram

4-75



Section IV

4-131. LOADER SWITCH. The following paragraphs
provide a description and troubleshooting procedure for
the circuits associated with the LOADER switch S110
which is located on the control panel assembly A502.

4-132.  Description. The circuits associated with the
LOADER switch are shown in figure 4-11. In the following
description it is assumed that the LOADER switch is in the
PROTECTED position as shown.

4-133. The LOADER switch is a toggle type switch.
When placed in the PROTECTED position, it transfers +4.5
volts through the switch, and pin Y of the front panel
coupler card A101 as signal LPS. Signal LPS is transferred
from pin 82 of the front panel coupler card through the
backplane wiring to pin 49 of memory module decoder
card A2 and through resistor R10 of that card to pin 12 of
“and” gate MC77. The other input pins of MC77 are tied to
memory address decoding signals which decode the upper-
most 64 locations of memory. When one of these 64
locations is addressed and the signal LPS is true at pin 12
the output signal MPT at pin 8 of MC77 will go false. The
signal MPT is transferred through pin 78 of the memory
module decoder card, and pin 12 of timing generator card
A106, to pin 7 of “and” gate MC27C. When the signal MPT
goes false it disables MC27C and causes its output signal
MTE at pin 10 to go false. The signal MTE going false
disables all memory timing signals and thus will not allow
data to be transferred into or out of memory.

4-134. Thus when the LOADER switch is in the PRO-
TECTED position, data cannot be transferred into or out of
the uppermost 64 locations of memory.

4-135.  Test Procedure. Using a multi-function meter, a
dual-trace oscilloscope, and the information in figure 4-11,
proceed as foliows:

a. At the front of the computer, open the door assem-
bly to expose the plug-in cards in the card cage.

b. Using the multi-function meter, check the +4.5-volt
dc supply at pin 3 of A50258110. If normal, proceed to step
‘““¢’>. If abnormal, check the connection between
A5025110-3 and A101-39,40- for continuity.
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c. At the computer front panel, press and release the
POWER switch to turn off power.

d. Using the extender card (part no. 02115-6047),
extend memory module decoder card A2 from the card
cage.

e. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.

(2) Triggering source: automatic (free-running).

(3) Time/cm: 0.2 us.

(4) Channel A volts/cm: 0.2 (if using 10:1 probe).
(5) Channel A input: A2-49.

f. At the computer front panel, assure that the
LOADER switch is in the PORTECTED position and check
the oscilloscope display for a +4.5-volt level. Then place the
LOADER switch in the ENABLED position and check the
oscilloscope for a 0-volt level. If the oscilloscope display is
normal, proceed to step “g”. If the oscilloscope display is
abnormal, check the connection from A2-49 to
A502S110-2 for continuity and check the LOADER switch
for proper wiring and operation.

g. Place the channel A oscilloscope probe on pin 78 of
the memory module decoder card.

Note

In the following steps, any reference to a
signal voltage level of +4.5-volts is to be
considered a logic “1” level except a spe-
cific voltage tie as shown on the trouble-
shooting and servicing diagrams. Any ref-
erence to a signal voltage level of 0-volts
is to be considered a logic “0” level. A
logic “1” (true) voltage level can vary be-
tween approximately +1.8 volts to +3.0
volts. A logic “0” (false) voltage level can
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Figure 4-11. LOADER Switch Circuit, Servicing Diagram
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vary between approximately 0 volts to
+1.5 voits. Refer to Appendix A for spe-
cific logic voitage leveis required to drive
a specific logic circuit. For additional
information concerning waveforms and
oscilloscope settings, refer tc paragraph
4-53 and table 4-10.

h. At the computer front panel, assure that the
LOADER switch is in the PROTECTED position and that
the M-register is not addressing any of the uppermost 64
locations of memory. Then check the oscilloscope display
for a +4.5-volt level.

i. Address any of the uppermost 64 locations of
memory by placing the address (ex. 177770) in the switch
register and pressing the LOAD ADDRESS switch. Check
the oscilloscope display for a 0-volt level.

j. If the oscilloscope display for step “h” is abnormal,
check A2MCT77 as the most probable cause of trouble. If
the oscilloscope display for step “i” is abnormal, refer to
paragraphs 4-458 and 4-474 and troubleshoot the memory
module decoder card.

k. At the computer front panel, press and release the
POWER switch to turn off power.

1. Using the extender card and the extender cable
(part no. 02116-6040), extend timing generator card A106
from the card cage.

m. At the computer front panel, press and release the
POWER switch to turn on power.

n. Place the channel A oscilloscope probe on
A106MC27-10.

o. At the computer front panel, assure that the
LOADER switch is in the PROTECTED position and that
the M-register is addressing any of the uppermost 64 loca-
tions of memory. Then check the oscilloscope display for a
0-volt level. If the oscilloscope display is normal, proceed
to step “p”. If the oscilloscope display is abnormal, check
A106MC27 as the most probable cause of trouble and refer
to paragraph 4-136 and troubleshoot the MEMORY switch
circuits.

p- At the computer front panel, assure that the
LOADER switch is in the PROTECTED position. Address
any of the lower locations of memory by placing the ad-
dress in the switch register and pressing the LOAD AD-
DRESS switch. Then check the oscilloscope display for a
+4.5-volt level. If the oscilloscope display is normal, pro-
ceed to step ““q”. If the oscilloscope display is abnormal,
check A106MC27 as the most probable cause of trouble
and refer to paragraph 4-136 and troubleshoot the MEM-
ORY switch circuits.

q. If all indications of the above test procedure are
normal, the LOADER switch and circuits are operating
normally.
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4-136. MEMORY SWITCH. The following paragraphs
provide a description and troubleshooting procedure for the
circuits associated with the MEMORY switch S111 located
on display board assembly A501.

4-137.  Description. The circuits associated with the
MEMORY switch are shown in figure 4-12. In the following
description it is assumed that the MEMORY switch is in the
NORM position as shown.

4-138. The MEMORY switch is a slide type switch.
When placed in the NORM position, it transfers the signal
PON from power fail card Al, through front panel coupler
card A101, and through the MEMORY switch and pin 17
of the front panel coupler card as signal MNS. Signal MNS
is transferred from pin 22 of the front panel coupler card
through the backplane wiring to pin 74 of memory module
decoder card A2 to pin 7 of “nor” gate MC87B. When the
signal MNS is true at pin 7 of MC87B the output signal
MNS at pin 9 will go false. The signal MNS is transferred
through pin 76 of the memory module decoder card, and
pins 19, 20, 22, and 26 of timing generator card A106, to
pins 1, 2, 3, and 14 of “and” gate MC47A. When the signal
MNS goes false it disables MCATA and causes its output at
pin 13 to go false. This false output is transferred to pin 1
of “‘nor” gate MC46A and causes its output at pin 13 to go
true. This true output is transferred to pin 8 of MC27C
which is the controlling gate for the signal MTE. When all
inputs to MC27C are true the signal MTE will be generated
and allow the transfer of data into and out of memory.

4-139. Thus when the MEMORY switch is in the NORM
position, data can be transferred into or out of memory.
When the switch is in the OFF position all memory data
transfers are disabled.

4-140.  Test Procedure. Using a multi-function meter, a
dual-trace oscilloscope, and the information in figure 4-12,
proceed as follows:

a. At the front of the computer, open the door assem-
bly to expose the plug-in cards in the card cage.

b. Using the multi-function meter, check for a
+4.5-volt level at A501-F. If normal, proceed to step “c”. If
abnormal, check the connection between A501-F and
A1-58 for continuity.

c. At the computer front panel, press and release the
POWER switch to turn off power.

d. Using the extender card (part no. 02115-6047),
extend memory module decoder card A2 from the card
cage.

e. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.

(2) Triggering source: automatic (free-running).
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Figure 4-12. MEMORY Switch Circuit, Servicing Diagram

(3) Time/cm: 0.2 us.
(4) Channel A volts/cm: 0.2 (if using 10:1 probe).
(5) Channel A input: A2-74.

f. At the computer display board assembly, assure
that the MEMORY switch is in the NORM position and
check the oscilloscope display for a +4.5-volt level. Then
place the MEMORY switch in the OFF position and check
the oscilloscope for a 0-volt level. If the oscilloscope display
is normal, proceed to step “g”. If the oscilloscope display is
abnormal, check the connection from A2-74 to A501-17
for continuity and check the MEMORY switch as the most
probable cause of trouble.

g. Place the channel A oscilloscope probe on pin 76 of
the memory module decoder card.

Note

In the following steps, any reference to a
signal voltage level of +4.5-volts is to be
considered a logic “1” level except a spe-
cific voltage tie as shown on the trouble-
shooting and servicing diagrams. Any ref-
erence to a signal voltage level of 0-volts
is to be considered a logic “0” level. A
logic “1” (true) voltage level can vary be-
tween approximately +1.8 volts to +3.0
volts. A logic “0” (false) voltage level can
vary between approximately 0 volts to
+1.5 volts. Refer to Appendix A for spe-
cific logic voltage levels required to drive
a specific logic circuit. For additional
information concerning waveforms and
oscilloscope settings, refer to paragraph
4-53 and table 4-10.
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h. At the computer display board assembly, assure
that the MEMORY switch is in the NORM position and
check the oscilloscope display for a 0-volt level. Then place
the MEMORY switch in the OFF position and check the
oscilloscope for a +4.5-volt level. If the oscilloscope display
is normal, proceed to step “i”. If the oscilloscope display is
abnormal, check A2MC87 as the most probable cause of
trouble.

i. At the computer front panel, press and release the
POWER switch to turn off power.

j- Using the extender card and the extender cable
(part no. 02116-6040), extend timing generator card A106
from the card cage.

k. At the computer front panel, press and release the
POWER switch to turn on power.

l. Place the channel A oscilloscope probe on
A106MC27-10.

m. At the computer display board assembly, assure

that the MEMORY switch is in the NORM position and
check the oscilloscope display for a +4.5 volt level. Then

place the MEMORY switch in the OFF position and check
the oscilloscope display for a 0-volt level. If the oscilloscope
display is normal, proceed to step “n”. If the oscilloscope
display is abnormal, check A106MC27, A106MC46, and
A106MCA47 for proper operation and refer to the LOADER
switch test procedure.

n. If all indications of the above test procedure are
normal, the MEMORY switch and circuits are operating
normally.

4-141. PHASE SWITCH. The following paragraphs
provide a description and troubleshooting procedure for the
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circuits associated with the PHASE switch S112 located on
display board assembly AbO1.

4-142.  Description. The ecircuits associated with the
PHASE switch are shown in figure 4-13. In the following
description it is assumed that the PHASE switch is in the
NORM position as shown.

4-143. The PHASE switch is a slide type switch. When
placed in the NORM position, it transfers +4.5 volts
through front panel coupler card A101, and through the
PHASE switch and pin E of the front panel coupler card as
gignal PNS. Signal PNS is transferred from pin 18 of the
front panel coupler card through the backplane wiring
through pin 43 of timing generator card A106, to pin 7 of
“and” gate MC35C. When the signal PNS goes false (The
PHASE switch is placed in the LOOP position.) it disables
MC35C and inhibits its output at pin 10, which is the clock
pulse to the phase logic flip-flops. This causes the currently
active phase to remain set.

4.144. Thus when the PHASE switch is in the NORM
position, the phase flip-flops are clocked normally and
change according to the computer logic. When the switch is
in the LOOP position the clock pulse is inhibited and the
phase logic cannot change.

4-145.  Test Procedure. Using a muiti-function meter, a
dual-trace oscilloscope, and the information in figure 4-13,
proceed as follows:
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a. At the front of the computer, open the door assem-
bly to expose the plug-in cards in the card cage.

b. Using the multi-function meter, check for a

+4.5-volt level at A501-M. If normal, proceed to step “c”.

If abnormal, check the connection between A501-M and
A101-39,40 for continuity.

c. At the computer front panel, press and release the
POWER switch to turn off power.

d. Using the extender card (part no. 02115-6047) and
the extender cable (part no. 02116-6040), extend timing
generator card A106 from the card cage.

e. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode:_iptemal.

(2) Triggering source: automatic (free-running).

(3) Timejem: 0.2 us.

(4) Channel A volts/em: 0.2 (if using 10:1 probe).
(5) Channel A input: A106-43.

f. At the computer display board assembly, assure
that the PHASE switch is in the NORM position and check
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Figure 4-13. PHASE Switch Circuit, Servicing Diagram
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the oscilloscope display for a +4.5-volt level. Then place the
PHASE switch in the LOOP position and check the oscillo-
scope for a O-volt level. If the oscilloscope display is
normal, proceed to step “g”. If the oscilloscope display is
abnormal, check the connection from A106-43 to A501-E
for continuity and check the PHASE switch as the most
probable cause of trouble.

g. Place the channel A oscilloscope probe on
A106MC35-10.

h. At the computer display board assembly, assure
that the PHASE switch is in the NORM position and check
the oscilloscope display for a 45 s to 55 5s pulse occurring
every 1.6 us. Then place the PHASE switch in the LOOP
position and check the oscilloscope display for a 0O-volt
level. If the oscilloscope display is normal, proceed to step
“4”. If the oscilloscope display is abnormal, check A106-
MC35 as the most probable cause of trouble and refer to
paragraph 4-153 and troubleshoot the basic timing circuits.

i. If all indications of the above test procedure are
normal, the PHASE switch and circuits are operating nor-
mally.

4-146. INSTRUCTION SWITCH. The following para-
graphs provide a description and troubleshooting procedure
for the circuits associated with the INSTRUCTION switch
5113 located on display board assembly A501.

4-147.  Description. The circuits associated with the
INSTRUCTION switch are shown in figure 4-14. In the
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following description it is assumed that the INSTRUCTION
switch is in the NORM position as shown.

4-148.  The INSTRUCTION switch is a slide type switch.
When placed in the NORM position, it transfers O-volts
from the INSTRUCTION switch and pin H of the front
panel coupler card A101 as signal ILS. Signal ILS is trans-
ferred from pin 26 of the front panel coupler card through
the backplane wiring to pin 73 of instruction decoder card
A107, to pin 7 of “and” gate MC106C. When the signal ILS
goes true (The INSTRUCTION switch is placed in the
LOOP position.) it enables MC106C and causes its output
at pin 10 to go true. This true output is transferred to pin 1
of “nor” gate MC96A and causes its output at pin 13 to go
false. This false output is transferred to pin 14 of “and”
gate MCI7A and disables this gate which is the controlling
gate for the signal SBO. By disabling MC97A the signal SBO
is inhibited and the P- and M-registers will remain in their
current configuration.

4-149.  Thus when the INSTRUCTION switch is in the
NORM position, the signal SBO can be generated and the
normal incrementing of the P- and M-registers can take
place. When the switch is in the LOOP position, signal SBO
cannot be generated and the P- and M-registers cannot be
incremented. '

4-150.  Test Procedure. Using a multi-function meter, a
dual-trace oscilloscope, and the information in figure 4-14,
proceed as follows:

a. At the front of the computer, open the door assem-
bly to expose the plug-in cards in the card cage.
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Figure 4-14. INSTRUCTION Switch Circuit, Servicing Diagram
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b. Using the multi-function meter, check for a
+4.5-volt level at A501-M. If normal, proceed to step “c”.
If abnormal, check the connection between A501-M and
A101-39,40 for continuity.

c. At the computer front panel, press and release the
POWER switch to turn off power.

d. Using the extender card (part no. 02115-6047),
extend instruction decoder card A107 from the card cage.

e. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.

(2) Triggering source: automatic (free-running).

(3) Time/cm: 0.2 us.

(4) Channel A volts/em: 0.2 (if using 10:1 probe).
(5) Channel A input: A107-73.

f. At the computer display board assembly, assure
that the INSTRUCTION switch is in the NORM position
and check the oscilloscope display for a 0-volt level. Then
piace the INSTRUCTION switch in the LOOP position and
check the oscilloscope for a +4.5-volt level. If the oscillo-
scope display is normal, proceed to step ‘“g”. If the oscillo-
scope display is abnormal, check the connection from
A107-73 to A501-H for continuity and check the
INSTRUCTION switch as the most probable cause of
trouble.

g. Place the channel A oscilloscope probe on
A107MC96-13.

Note

In the following steps any reference to a
signal voltage level of +4.5-volts is to be
considered a logic “1” level except a
specific voltage tie as shown on the
troubleshooting and servicing diagrams.
Any reference to a signal voltage level
of 0-volts is to be considered a logic “0”
level. A logic “1” (frue) voitage level
can vary between approximately +1.8
volts to +3.0 volts. A logic “0” (false)
voltage level can vary between approx-
imately O volts to +1.5 volts. Refer
to Appendix A for specific logic voltage
levels required to drive a specific logic
circuit. For additional information con-
cerning waveforms and oscilloscope set-
tings, refer to paragraph 4-53 and table
4-10.

h. At the computer display board assembly, assure
that the INSTRUCTION switch is in the NORM position
and check the oscilloscope display for a +4.5-volt level.
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Place the INSTRUCTION switch in the LOOP position and
check the oscilloscope display for a 400 ns negative-going
pulse occurring every 1.6 us. If the oscilloscope display is
normal, proceed to step “i”. If the oscilloscope display is
abnormal, check A107MC96 and A107MC106 as the most
probable cause of trouble and refer to paragraph 4-153 and
troubleshoot the basic timing circuits.

i. If all indications of the above test procedure are
normal, the INSTRUCTION switch and circuits are oper-
ating normally.

4-151. TIMING CIRCUITS.

4.152.  The timing circuit function is comprised of the
basic timing circuit and the memory timing circuit. Trouble-
shooting data for the basic timing circuit is presented in
paragraphs 4-153 through 4-155. Troubleshooting data for
the memory timing circuit is presented in paragraphs 4-156
through 4-163.

4-153.  BASIC TIMING. The foliowing paragraphs pro-
vide a description and test procedure for the basic timing
circuit which is located on timing generator card A106.

4-154.  Description. Basic computer timing is derived
from a free-running, crystal-controlled, 10-MHz oscillator.
A timing diagram showing the basic timing signal outputs is
presented in figure 4-15, and typical signal waveforms are
presented in figures 4-16 through 4-20. Refer to paragraphs
3-28 through 3-43 in Section III for a detailed description
of the circuits used in generating these signals, and to figure
5-24 in section V for a detailed logic diagram.

4-155.  Test Procedure. Using a dual-trace oscilloscope
and the diagrams referenced in the preceding paragraph,
proceed as follows:

a. Press and release the POWER switch to turn off
power.

b. Using the extender card (part no. 02116-6040) and
the extender cable (part no. 02115-6047), extend timing
generator card A106 from the card cage.

¢. Press and release the POWER switch to turn on
power.

d. Using the information provided in figure 4-16,
check the 10-MHz oscillator output and time TO wave-
forms. (The 10-MHz waveform must have an overall am-
plitude of 2 to 7 volts peak-to-peak, with the positive-
going peak reaching the +1.5-volt level or higher, and the
negative-going peak reaching the +1-volt level or lower.) If
both waveform indications are normal, proceed to step
“j. If the waveforms cannot be displayed on the oscil-
loscope, perform steps “e”” through “i” following.
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e. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.

(2) Triggering source: automatic (free-running).
(3) Time/em: 0.2 us.

(4) Channel A volts/em: 0.2 (if using 10:1 probe).

(5) Channel A input: A106-3 (External Clock
signal).

f. Adjust the oscilloscope to observe the output of
the 10-MHz oscillator (External Clock signal). The output
should be similar to that shown in figure 4-16 and as de-
scribed in step “d” above. If the indication is normal, pro-
ceed to step “g”. If the indication is abnormal, trouble-
shoot the 10-MHz oscillator circuit.

g. Connect the channel A oscilloscope probe to A106-
55 and then to A106-67 to check signals TS and TSA, re-
spectively (see figure 4-15). If both signals are normal, pro-
ceed to step “h”. If signal TS is normal, but signal TSA is
abnormal, MC75 is the most probable cause of trouble. If
signal TSA is normal, but signal TS is abnormal, MC42 is
the most probable cause of trouble. If signals TS and TSA
are both abnormal, MC52 or MC82 (CF1 FF) is the most
probable cause of trouble.

h. At the oscilloscope, make the following settings and
connections:

(1) Triggering mode: internal.
(2) Triggering source: channel B.
(3) Time/cm: 0.2 us.

(4) Channel A and channel B voltsjem: 0.2 (if
using 10:1 probes).

(5) Channel A input: MC62-14 (signal CL1).
(6) Channel B input: A106-55 (signal TS).
i. Adjust the oscilloscope fo observe signal CL1 on

channel A (see figure 4-15). Then connect the channel A
input to MC62-13 to observe signal CL2. If both signals
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are normal, troubleshoot the ring counter and the asso-
ciated output and conirol gates. If both signals are ab-
normal, MC72 (CF2 FF) is the most probable cause of
trouble. If one signal or the other is abnormal, but not
both, MC62 is the most probable cause of trouble.

j. Using the information provided in figures 4-15 and
4-17 through 4-20, check the remaining signal cutputs from
the basic timing circuit. If all waveform indications are
normal, the basic timing circuit is operating properly. If an
abnormal waveform indication is observed, troubleshoot
accordingly.

Note

To check the operation of the basic
timing circuits during a 2.0-microsecond
machine cycle, refer to the test procedure
presented in paragraph 4-163 (steps “f”
and “g”).

4-156. MEMORY TIMING. The following paragraphs
provide a description and test procedure for the memory
timing circuit which is located on timing generator card
A106.

4-157.  Description. The memory timing circuit is shown
in detail in figure 5-24. Memory timing signals MRT, MST,
MWT, and MIT control the read and write operations per-
formed in the memory section of the computer. Memory
timing signai MWL is a status signal used for control by the
memory protect option and memory parity check option
(refer to the applicable operating and service manuals for

these options if installed in the computer).

4-158.  The memory timing signals are derived from basic
timing signal inputs which include “not” CF1, CF2, “not”
CF2, TO, TOT1, T1T2, T2, T4T5, T5T6, and T6T7. The
generation of the memory timing signals is controlled by
signal inputs from the phase logic circuits (PH3 and P123B
signals), A- and B-register addressing circuits (AAF and
BAF signals), instruction decoding logic (JSB, STR, and
ISZ signals), memory protect circuits (“not”” MPT signal),
MEMORY switch A501S111 and LOAD MEMORY switch
A502S105 at the front panel (“not” MNS and LMS
signals), and the extended arithmetic unit option (ISG
signal; refer to the operating and service manual for this
option if installed in the computer).
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OSCILLOSCOPE CONNECTIONS AND SETTINGS

OSCILLOSCOPE CONNECTIONS AND SETTINGS

Channel A (10 MHz):

Input . ... .............. A106-3

Volts/em . ... ... 0.2 (if using 10: 1 probe)
Channel B (TO):

lnput . ................ A106TP1

Volts/fem . . ... .. 0.2 (if using 10:1 probe)
Timefem . .. .. ............. 0.2 us

Figure 4-16. 10-MHz Oscillator Output and Time TO
Waveforms

Channel A (CF2):

Input . ... ... ....... A106MC72-13

Volts/lem . ... ... 0.2 (if using 10:1 probe)
Channel B (T0):

Input . .. .............. A106TP1

Voltsfem . .. .... 0.2 (if using 10:1 probe)
Timelem ... ............... 0.2 us

Cl e |

20i8-107

Figure 4-18. Signal CF2 and Time T0 Waveforms
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Channel A (CF1):

lnput . . ............A106MC8213

Volts/em . . ..... 0.2 (if using 10:1 probe)
Channel B (T0):

Input . . . ... ... ... ... A106TP1

Volts/lem . ... ... 0.2 (if using 10:1 probe)
Timelem . . ... ... ... ... 0.2us

OSCILLOSCOPE CONNECTIONS AND SETTINGS

Channel A (T1):

Input . .. ... ........... A106-53

Volts/em ., . ... .. 0.2 (if using 10:1 probe)
Channel B (T0):

Input . .. .............. A106TP1

Volts/fem . .. .. .. 0.2 (if using 10:1 probe)
Time/lem . . . .. . ... ... 0.2 us

Figure 4-17. Signal CF1 and Time T0 Waveforms
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Channel A {T6T7):
Input . . . ... ... .. L. A106-30

Voltsfcm . ...... 0.2 (if using 10:1 probe)
Channel B (TO):

Input . ................ A106TP1

Volts/em . .. .. .. 0.2 (if using 10:1 probe)
Time/lem . . ...........0.4... 0.2 us

Figure 4-20. Time T6T7 and Time TO Waveforms

Section IV

4-159.  Figures 4-21 through 4-25 show timing and wave-
forms for the memory read and write periods occurring dur-
ing 2 normai 1.6-microsecond machine timing cyecie. In
order for the memory timing signals to be generated as
shown in figure 4-21, the state of the control signal inputs
specified in the preceding paragraph must be such that gates
MC27C and MC77C are enabled and providing true out-
puts, and gate MC204B is disabled and providing a false
output. Under these circuit conditions, memory timing
enable signal MTE is true, and the basic timing circuit
generates a 1.6-microsecond machine timing cycle. (If gate
MC27C is disabled, signal MTE will be false and all memory
timing signal outputs will be inhibited during the machine
cycle. If gate MC104B is enabled, the basic timing circuit
will generate a 2.0-microsecond machine timing cycle and
the memory timing signals will be generated as explained
in paragraphs 4-160 through 4-162 which follow.) During
the memory read period (TOTS through T2), signal MRT
is generated at the output of gate MC57A, and signal MST
is generated at the output of gate MC57B. As noted in
figure 4-21, the pulse width at the output of gate MC57B
is controlled by the position of jumper W2. (Also note that
if gate MC77C is disabled during the memory read period,
signal MST will not be generated). During the memory
write period (T3TS through T5), gates MC55A, MC36B,
MC36B, MC36C, and MC37B work in combination to
generate signal MIT. Similarly, gates MC55A, MC26B, and
MC67B work in combination to generate signal MWT at
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Figure 4-21. Memory Timing Circuit (1.6 Microsecond Machine Cycle), Timing Diagram 4-85
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OSCILLOSCOPE CONNECTIONS AND SETTINGS

OSCILLOSCOPE CONNECTIONS AND SETTINGS

Channel A (MRT):

Input . . ............... A106-29

Volts/fem . .. .. .. 0.2 (if using 10:1 probe)
Channel B (TO):

Input . . . . . .. e A106TP1

Volts/fem . ... ... 0.2 (if using 10:1 probe)
Time/em . .. .. ... ... ..., 0.2 us

Channel A (MIT):

Input . . . ... ........... A106-25

Voltsfem . . ... .. 0.2 (if using 10: 1 probe)
Channe! B (T0):

fnput . ... ... ... ... A106TP1

Voltsfecm ... .. .. 0.2 (if using 10:1 probe)
Timefem . ... ........¢.c... 0.2us

Figure 4-22. Signal MRT and Time T Waveforms
During 1.6 Microsecond Machine

Figure 4-24. Signal MIT and Time T0 Waveforms
During 1.6 Microsecond Machine
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OSCILLOSCOPE CONNECTIONS AND SETTINGS

OSCILLOSCOPE CONNECTIONS AND SETTINGS

Channel A (MST):

Input . . ... ... ... ... ... A106-32

Volts/lem . ... ... 0.2 (if using 10:1 probe)
Channel B (TO):

Input . . ... ... ... ... A106TP1

Voltsfem . ... ... 0.2 (if using 10:1 probe)
Time/lem . . . . . . . ¢ttt 0.2 us

Channel A (MWT):

Imput . . .. ... .. A106-35

Volts/em ... .... 0.2 {if using 10:1 probe)
Channel B (TO):

Input . .. ... ........... A106TP1

Volts/em .. ... .. 0.2 (if using 10:1 probe)
Time/lem . .. ... ............ 0.2 us

Figure 4-23. Signal MST and Time T0 Waveforms During
1.6 Microsecond Machine Cycle
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Figure 4-25. Signal MWT and Time TO Waveforms
During 1.6 Microsecond Machine
Cycle
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time T4T5. Signal MWL is inhibited and remains false dur-
ing a 1.6-microsecond machine cycle, unless circuit condi-
tions are such that gate MC77C is inhibited and causes gate
MC55B to produce a true output.

4-160. Figures 4-26 through 4-30 show timing and
waveforms for a read and write cycle that occurs when an
ISZ instruction is processed and the machine cycle is
stretched by an additional 0.4 microseconds. In order for
the memory timing signals to be generated as shown in
figure 4-26, the state of the control signal inputs specified
in paragraph 4-158 must be such that gates MC27C,
MC77C, and MC104B are enabled and providing true out-
puts. This circuit condition will exist only when an ISZ
instruction is processed, and is the only condition under
which the basic timing circuit will generate a 2.0-micro-
second machine timing cycle. During the read portion of
this machine cycle, the MRT and MST signals are gener-
ated in exactly the same manner as described in the pre-
ceding paragraph. However, with the ISZ signal true, the
operation of the bhasic timing circuit and the generation of
the MIT and MWT signals is modified, as explained in the
following paragraphs, due to the true signal output at gate
MC104B.

4-161.  The gating network consisting of gates MC124A,
MC104A, MC124B, and MC62C controls the operation of
the T6T7 FF in the basic timing circuit. During a normal
1.6-microsecond machine cycle, the output at MC62C is

true during time T5T6, as shown in figures 4-15 and 4-26.

This permits two consecutive CL1 clocking pulses to set the
T6T7 FF at the 1.2-microsecond point in the machine
cycle, and to reset the T6T7 FF at the 1.6-microsecond
point in the machine cycle. With the output from gate
MC104B true, however, the operation of the gating net-
work is modified so that the output of MC62C is false
during the time that the T6T7 FF is normally clocked. As
shown in figure 4-26, this delays the clocking of the T6T7
FF by two time periods, or 0.4 microseconds, and a

2.0-microsecond machine cycle results.

4-162.  During the 2.0-microsecond machine cycle, gates
MC16C, MC16A, and MC37B work in combination to
generate signal MIT, and gates MC104C, MC26C, and
MC67B work in combination to generate signal MWT.
Signal MWL, generated at the output of gate MC67A, is
true during the entire machine cycle. As shown in figure
4-26, signal T6 is not generated during a 2.0-microsecond
machine cycle, because the T5T6 FF and the T6T7 FF are
not set during the same time period as they normally are
during a 1.6-microsecond machine cycle.

4-163.  Test Procedure. Using a dual-trace oscilloscope
and the diagrams referenced in the preceding description,
proceed as follows:

a. Press and release the POWER switch to turn off
power.

b. Using the extender card (part no. 02116-6040) and

the extender cable (part no. 02115-6047), extend timing
generator card A106 from the card cage.

Section IV

c. Press and release the POWER switch to turn on
power.

d. At the front panel of the computer, proceed as
follows:

Note

Steps (1) through (6) below contain a
step-by-step procedure for manually load-
ing a test program into the computer’s
memory. These instructions can be stored
in any two consecutive memory locations
in a memory page (other than protected,
reserved, or unaccessible areas of
memory). The locations specified below
for these instructions are typical, and
may be changed to any suitable area in
memory not being used to prevent des-
troying program data or instructions
already stored in the specified locations.
If a starting address other than 004000 is
used, modify the octal values accordingly
for the SWITCH REGISTER settings
given in steps (1), (3), and (5).

(1) Set the SWITCH REGISTER to 004000 (typ-
ical address for the first instruction) and press
and release the LOAD ADDRESS switeh.

(2) Set the SWITCH REGISTER to 003000 (CMA)
and press and release the LOAD MEMORY
switch.

(3) Set the SWITCH REGISTER to 026000 (JMP)
and press and release the LOAD MEMORY
switch.

(4) Set the SWITCH REGISTER to 177777 and
press and release the LOAD A switch.

(5) Set the SWITCH REGISTER to 004000 (start-
ing address) and press and release the LOAD
ADDRESS switch.

(6) Press and release the RUN switch and proceed
to step “e”.

e. Using the information provided in figures 4-22
through 4-25, check the MRT, MST, MIT, and MWT signal
waveforms. If all waveform indications are normal, proceed
to step “f”. If one or more waveform indications are
abnormal, refer to the timing information provided in
figure 4-21, and to the applicable equations in table 4-8,
and check the related timing and control input signals. If all
input signals are normal, the trouble is in the memory
timing circuit. (Check signal MTE as the first step of
troubleshooting.) If one or more input signals are abnormal,
troubleshoot the circuit functions providing the faulty
input signal.
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Figure 4-26. Memory Timing Circuit (2.0 Microsecond Machine Cycle), Timing Diagram
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Channel A (MRT):

Input . ... ............. A106-29

Volts/em . ... ... 0.2 {if using 10:1 probe)
Channel B (ISZ):

Input . ... .. ........... A106-24

Voltsfem . ... ... 0.2 (if using 10:1 probe)
Time/lem ... ........¢c..c0.c... 0.5us

OSCILLOSCOPE CONNECTIONS AND SETTINGS

Figure 4-27. Signals MRT and ISZ Waveforms During
2.0 Microsecond Machine Cycle

Channel A (MWT):

Input . . ............... A106-35

Voltsfem . . ... .. 0.2 (if using 10:1 probe)
Channel B (1S2):

Input . . . ... ... ... A106-24

Volts/lem . ... ... 0.2 (if using 10:1 probe)
Timefem . ... .... ... ... ... 0.5 us

Figure 4-29. Signals MWT and ISZ Waveforms During
2.0 Microsecond Machine Cycle
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OSCILLOSCOPE CONNECTIONS AND SETTINGS

Channel A (MIT):

Input . . .. .. ... e A106-25

Voltsfem . . ... .. 0.2 (if using 10:1 probe)
Channel B {ISZ):

fnput . .. ... ... A106-24

Voltsfem . .. .... 0.2 {if using 10:1 probe)
Timelem . ... .............. 0.5 us

Channet A (MWL):

Input . . . .. ... oL A106-33

Volts/fem . .. .. .. 0.2 (if using 10:1 probe)
Channel B (1S2):

Input . ... ......... < .. .A106-24

Volts/fem .. ... .. 0.2 (if using 10:1 probe)
Timelem . .. .. ............. 0.5 us

Figure 4-28. Signals MIT and ISZ Waveforms During
2.0 Microsecond Machine Cycle

Figure 4-30. Signals MWL and ISZ Waveforms During
2.0 Microsecond Machine Cycle
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f. At the front panel of the computer, proceed as
follows:

Note

Any three consecutive locations in a
memory page can be used to store the
program instructions specified in the fol-
lowing procedure. If a starting address
other than 004000 is used, modify the
octal values accordingly for the SWITCH
REGISTER settings given in steps (1),
(3), and (4).

(1) Set the SWITCH REGISTER to 004000 (typ-
ical address for the first instruction) and press
and release the LOAD ADDRESS switch.

(2) Set the SWITCH REGISTER to 036001 (ISZ)
and press and release the LOAD MEMORY
switch.

(3) Set the SWITCH REGISTER to 026000 (JMP)
and press and release the LOAD MEMORY
switch twice.

(4) Set the SWITCH REGISTER to 004000 (start-
ing address) and press and release the LOAD
ADDRESS switch.

(5) Press and release the RUN switch. Then pro-
ceed to step “g”.

g. Using the information provided in figures 4-27
through 4-30, check the MRT, MIT, MWT, and MWL signal
waveforms. If all waveform indications are normal, the
memory timing circuit is operating properly. If one or more
waveform indications are abnormal, refer to the timing
information provided in figure 4-26, and to the applicable
equations in table 4-9, and check the related timing and
control input signals. If all input signals are normal, the
trouble is in the memory timing circuit. (Check the signal
output at gate MC104B as the first step of trouble-
shooting.) If one or more input signals are abnormal,
troubleshoot the circuit functions providing the faulty
input signal.

Table 4-11. Fetch Phase
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4-164. PHASE LOGIC CIRCUITS.

4-165. The phase logic circuits generate the control
signals that provide the four machine phases for the basic
computer. The four phases are the fetch phase (phase 1),
the indirect phase (phase 2), the execute phase (phase 3),
and the interrupt phase (phase 4). These phases are shown
with respect to the basic timing and memory timing cycles
in figures 4-31 through 4-34.

4-166. A phase is set for one complete machine cycle
(time TO through time T7). One or another (but only one)
of these phases is set during every machine cycle. The phase
setting signals are generated by the logic of the basic timing
circuits and the logic of the various instructions to be
processed. When a phase is set, it will remain set until the
end of the current machine cycle. At the end of the current
machine cycle the same phase can remain set or a different
phase can be set. But, a new phase cannot be set during a
currently operating phase.

4-167. FETCH PHASE. The following paragraphs pro-
vide a description and test procedure for the circuits used
by the fetch phase (phase 1). The processing operations are
summarized in table 4-11. Point-to-point signal flow during
phase 1 is shown in figure 4-31.

4-168.  Description. Phase 1 can be thought of as the
computers basic phase. During this phase the content of the
currently addressed memory location is transferred into the
T-register and is interpreted as an instruction. If bit 15 of
the instruction is true (indirect bit), the computer will set
the indirect phase (phase 2) and will operate under phase 2
control during the next machine cycle. If bit 15 of the
instruction is not true but the instruction has been decoded
as a two phase instruction, the computer will set the exe-
cute phase (phase 3) and will operate under phase 3 control
during the next machine cycle. If bit 15 of the instruction
is not true and the instruction has not been decoded as a
two phase instruction, phase 1 will remain set and the
computer will operate under phase 1 control during the

Processing Operations

T3 T4 TS T6 T7

SO SSSNSSNS
NWRITE (TR to Mem \
ANNNSANNANNSS\

TIME PERIODS TO T1 T2
W OOSONSRANNNNNN N
PHASE NREAD (Mem to TR)\\\\
AN
TR (10-15)
FETCH 1 Clear Clear to IR
IR TR (Set
Functions)

TR to M (0-9)

If Z: 0in M (10-15)
If I: Set PH2

If D: Set PH3
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next machine cycle. Phase 4 (interrupt) constitutes an
exception to the above in that it takes precedence over the

e 1

operation of all other phases upon their completion.

4-169.  Test Procedure. To test the fetch phase circuits,
proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the SWITCH
REGISTER settings accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 027000 (JMP
instruction) and press and release the LOAD MEMORY
switch.

Section IV

c. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

d. Open the door assembly. At display board A501,
set the INSTRUCTION and PHASE switches to the LOOP
position.

e. At the computer front panel, press and release the
RUN switch.

4-170.  The computer is now in the run mode executing
the JMP instruction and is locked into the fetch phase.
Using a dual-trace oscilloscope, check the signals shown in
figure 4-31. These signals can be checked at the backplane
connectors, or at a specific card by using the extender card
and the extender cable. Connect oscilloscope channel B
input to signal TO at A106TP1, and use channel B as the
triggering source.

PHE —— *
IMP —e—134  A106
PH2 —wme] % MCE38
TR15 —w—{ 36
PH3 —a—] %
A106
MC53C
ra *
A106
PHE —>=—1 % wcs3a PH1
P
1S - 25, [__ ss AT o9 ) A6
* A B o RS 12 —=— 59 a2 1R15 40
A502 7106 1 TO —e=— 46  A107 H8
PRESET PRSW F/’;})UA}T PRS o P123 TS —e—4s e SET
SWITCH 4 ’ 3 30 78 7 78 — VREGISTER 15 " NEXT
s PANEL 1R10 15 PHASE
14 COUPLER (PH1, PH2,
— TR0 15 TR15 PH3, OR
RF2 , ‘ . PH4)
58 FETCH AT02 AT0L TRi5
3 - 3 1 REGISTER e | 3
78 INDICATOR TRO TRY TROQ
POWER SUPPLY POFP .
VOLTAGES ——————#—] A0l 56 7
EPF —a— 42
RFZ —a—] » Ms1 ST0 15 A108
32 41 A2 A3 SHIFT
PH5 ——m— 69 LOGIC
EPH
A2 72 18
iR —ed 1 | e1238
T7 ——— % 10 p————— INOT USE{D:
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61
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A101 . RPE ,
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SWITCH  E E ST a3
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S COUPLER 27 i NO
1 PHASE ONE WILL REMAIN SET
UNLESS ANY OTHER PHASE iS SET

Figure 4-31. Fetch Phase Circuit, Servicing Diagram
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4171 INDIRECT PHASE. The [oilowing paragraphs
provide a description and test procedure for the circuits
used by the indirect phase (phase 2). The processing oper-
ations are summarized in table 4-12. Point-to-point signal

flow during phase 2 is shown in figure 4-32.

4-172.  Description. Phase 2 is generated by bit 15
(indirect bit) of the instruction word being true during a
memory reference type instruction. During phase 2 the
content of the currently addressed memory location is
transferred into the T-register, interpreted as a new address
and transferred to the M-register. If bit 15 of this new
address is true, the computer will again set phase 2 and will
operate under its control during the next machine cycle. If
bit 15 of the address is not true, the computer will execute
the instruction read into the I-register during the preceding
phase 1. The data contained in the last addressed location
will be used, and the computer will operate under phase 1
or phase 3 control during the next machine cycle. Phase 2
operation permits addressing any of the possible 32,768
memory locations and can be repeated indefinitely each
machine cycle by bit 15 of each addressed location being
true.

4-173.  The instruction with bit 15 true is read from
memory during phase 1. Bit 15 being true causes the next
phase generated to be phase 2. The INDIRECT indicator is
lit and the T-register is cleared (signal RST). The M-register
continues to address the same location that was read into it
during phase 1. The contents of that location are read into
the T-register at time T2 (signal MST). The T-register data is
then read onto the S-bus (signal RTSB). The S-bus data is
transferred to the T-bus (signal EOF) and stored in the
M-register (signals STM 0-15). If bit 15 of the T-register is
again true, phase 2 will remain set and the above process
will be repeated. If bit 15 of the T-register is false, the
instruction read into the I-register during the preceding
phase 1 will be executed under either phase 1 or phase 3
control using the data contained in the last addressed
location.

Model 2116B
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4-174. Test Procedure. To test the indirect phase, pro-
ceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 127001 (JMP-I
instruction) and press and release the LOAD MEMORY
switch.

c. Set the SWITCH REGISTER to 101001 and press
and release the LOAD MEMORY switch.

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. At the computer front panel, press and release the
RUN switch.

4-175.  The computer is now in the run mode executing
the JMP-I instruction in location 001000. Using a dual-
trace oscilloscope, check the signals shown in figure 4-32.
These signals can be checked at the backplane connectors,
or at a specific card by using the extender card and the
extender cable. Connect oscilloscope channel B input to
signal TO at A106TP1, and use channel B as the triggering
source.

Table 4-12. Indirect Phase Processing Operations

TIMEPERIODS | T0 | T | T2 ™ | 14 | T5 ™ | 17
ONOOOOURONNNNNN N NOMNONNNNANNNNNN N
PHASE QEAD (Mem to TR)\\ N WRITE (TR to Mem) \\
Nt -
INDIRECT | 2 | Clear TR to M
TR If I: Set PH2
If D: Set PH3
JMP-I 2 | Clear If D: TR to P, M
TR and set PH1
IfI: TRto M
and set PH2
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Figure 4-32. Indirect Phase Circuit, Servicing Diagram

4-176.  EXECUTE PHASE. The following paragraphs pro-
vide a description and test procedure for the circuits used
by the execute phase (phase 3). Point-to-point signal flow
during phase 3 is shown in figure 4-33.

4-177.  Description. Phase 3 processes the data refer-
enced by a memory reference or two-phase instruction
according to the specific instruction. Refer to the specific
instruction description for further information. Phase 1 will
immediately follow phase 3 operation unless an interrupt
(phase 4) has been generated.

4-178.  Test Procedure. To test the EXECUTE phase
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 070000 (STA instruction) and press and
release the LOAD A switch.

b. Set the SWITCH REGISTER to 000000 and press
and release the LOAD ADDRESS switch.

c. Press and release the SINGLE CYCLE switch.

d. Open the door assembly. At display board A501,
set the PHASE and INSTRUCTION switches to the LOOP
position.

e. At the computer front panel, press and release the
RUN switch.

4-179.  The computer is now in the run mode executing
the STA instruction and is locked into the execute phase.
Using a dual-trace oscilloscope, check the signals shown in
figure 4-33. These signals can be checked at the backplane
connectors, or at a specific card by using the extender card
and the extender cable. Connect oscilloscope channel B
input to signal TO at A106TP1, and use channel B as the
triggering source.

Note

Signal PNS is inhibited when the PHASE
switeh is in the LOOP position.

2019-46

Figure 4-33. Execute Phase Circuit, Servicing Diagram
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4-180. INTERRUPT PHASE. The following paragraphs
provide a description and test procedure for the circuits
used by the interrupt phase (phase 4). The processing
operations are summarized in table 4-13. Point-to-point
signal flow during phase 4 is shown in figure 4-34.

Note

If the PRESET indicator is on, the
INTERRUPT PHASE is inoperative. The
priority chain is broken by PRESET.
Refer to paragraph 4-83 for a description
of this indicator and related circuits.

4-181.  Description. Any input/output device attached to
the computer can interrupt the computers operation by
requesting service by the computer. When an input/output
device does request service, phase 4 is generated. At the end
of the currently operating phase, phase 4 will be activated
(exceptions to this are the JMP-I and JSB instructions).
Phase 4 causes the P-register to be decremented by one and
the select code of the interrupting device to be forced into
the M-register forming the address of the next instruction.
Phase 1 is then set and the computer is ready to process the
instruction in the interrupt location. Phase 4 cannot occur
again until phase 1 is complete (exceptions to this are the
JMP-I instruction which must complete phase 1 and phase
2, and the JSB instruction which must complete two phase-
one operations).

4-182.  During times T1 through T5 of phase 4, the
P-register number is read onto the R-bus (signal RPRB),
complemented and transferred to the T-bus (signal CMF),
stored back into the P-register (signal STP 0-15), read onto
the R-bus again (signal RPRB), incremented and transferred
to the T-bus (signals SBO and ADF), stored back into the
P-register (signal STP 0-15), read for the third time onto the
R-bus (signal RPRB), complemented and transferred to the
T-bus (signal CMF), and stored in the P-register (signal STP
0-15). Thus the P-register is decremented by one.

4-183. During time T7 bits 6 through 15 of the
M-register are cleared (signal RSM 6-15), the interrupt
address is read directly onto the T-bus from the central
interrupt register which is located on the I/O Address card
(part no. 02116-6194), signals TBO through TB5, and
stored into the M-register (signal STM 0-5). Phase one is
set and the computer is ready to process the instruction in
the interrupt address.

4-184.  Test Procedure. To test the interrupt phase
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly. The following test requires
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that an input/output device interface card
be plugged into slot 203 of the computer.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 103100 (CLF-0
instruction) and press and release the LOAD MEMORY
switch.

¢. Set the SWITCH REGISTER to 102100 (STF-0
instruction) and press and release the LOAD MEMORY
switch.

d. Set the SWITCH REGISTER to 102700 (STC-0
instruction) and press and release the LOAD MEMORY
switch.

e. Set the SWITCH REGISTER to 102110 (STF-10
instruction) and press and release the LOAD MEMORY
switch.

f. Set the SWITCH REGISTER to 102710 (STC-10
instruction) and press and release the LOAD MEMORY
switch.

8. Set the SWITCH REGISTER to 102000 (HLT
instruction) and press and release the LOAD MEMORY
switch.

h. Set the SWITCH REGISTER to 000000 (NOP
instruction) and press and release the LOAD MEMORY
switch.

i. Set the SWITCH REGISTER to 027000 (JMP
instruction) and press and release the LOAD MEMORY
switch.

j- Set the SWITCH REGISTER to 000010 (interrupt
location) and press and release the LOAD ADDRESS
switch.

k. Set the SWITCH REGISTER to 002004 (INA
instruction) and press and release the LOAD MEMORY
switch.

l. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

m. Continuously press and release the RUN switch.
The A-register will increment by one if the interrupt
circuifs are operating correctly.

Note

Refer to Volume Three of this manual
for additional input/output section infor-
mation.
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Table 4-13. Interrupt Phase Processing Operations
TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
INTERRUPT 4 Reset M
Read P to R Bus Read P to R Bus Read P to (6-15)
CMF Store T Bus in P Read “1”to S Bus | R Bus Store T Bus
ADF Store T Bus CMF (0-5)in M
inP Store T Set PH1
Busin P

4-185. If the A-register does not increment by one,
indicating the interrupt circuits are not operating properly,
proceed as follows:

a. Set the SWITCH REGISTER to 001005 and press

and release the LOAD ADDRESS switch.

b. Set the SWITCH REGISTER to 000000 (NOP
instruction) and press and release the LOAD MEMORY
switch.

c. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

d. Press and release the RUN switch.

4-186. The computer is now in the run mode continu-
ously looping the program beginning at location 001000.
Using a dual-trace oscilloscope, check the signals shown in
figure 4-34. These signals can be checked at the backplane
connectors, or at a specific card by using the extender card
and the extender cable. Connect oscilloscope channel B
input to signal TO at A106TP1, and use channel B as the
triggering source. Set oscilloscope time/em for 2 us per
division.
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Figure 4-34. Interrupt Phase Circuit, Servicing Diagram
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4-187. A- AND B- REGISTER ADDRESSING
CIRCUITS.
4-188.  The following paragraphs provide a description

and test procedure for the circuits used in addressing the A-
and B-registers. Point-to-point signal flow is shown in figure
4-35.

4-189.  DESCRIPTION. Memory locations 000000 and
000001 are non-usable locations. Whenever these locations
are addressed, the data in the A- or B-register is transferred
to the T-register just as though the data was coming from
memory.

4-190. At time TO of every machine cycle the signals
RMSB and EOF are generated by instruction decoder card
A108. These signals are applied to arithmetic logic cards
A102 through A105 and transfer the number contained in
the M-register to the T-bus via the S-bus. The number on
the T-bus is decoded by the TAN gates and the signals from
these TAN gates are transferred to shift logic card A108
along with signals TB1, TB2, TB3, TB12, TB13, and TB14
from the T-bus. If the number in the M-register is 000000,
the signal AAF will be generated at the end of time TO. If
the number in the M-register is 000001, the signal BAF will
be generated at the end of time TO. The signal AAF or BAF
will remain true until the following time TO. AAF or BAF
will cause signal RARB or RBRB to be generated and
transfer the A- or B-register data onto the R-bus. The signal
EOF is generated during times TO and T1 and transfers the
R-bus data to the T-bus. The signal STBT is generated
during the end of time T1 and causes the T-bus data to be
stored in the T-register. Either signal AAF or BAF will
inhibit the signal MST and prevent data being read from
memory into the T-register. Thus, when addressing
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locations 000000 or 000001, the data displayed in the
T-register will come from either the A- or B-register and not
from the addressed memory location.

4-191. TEST PROCEDURE. To test the AAF or BAF
signal circuits, proceed as follows:

a. Set the SWITCH REGISTER to 000000 and press
and release the LOAD ADDRESS switch.

b. Set the SWITCH REGISTER to 010000 (AND
instruction, A-register) or to 010001 (AND instruction,
B-register) and press and release the LOAD A switch.

¢. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

d. At the computer front panel, press and release the
RUN switch.

4-192.  The computer is now in the run mode executing
the AND instruction and referencing either the A- or
B-register. Using a dual-trace oscilloscope, check the signals
shown in figure 4-35. These signals can be checked at the
backplane connectors, or at a specific card by using the
extender card and the extender cable. Connect oscilloscope
channel B input to signal TO at A106TP1, and use channel
B as the triggering source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP
position.
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Figure 4-35. A- and B-Register Addressing Circuits, Servicing Diagram
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4-193. MEMORY REFERENCE INSTRUCTION
PROCESSING CIRCUITS.

4-194.  The circuits that process the 14 memory refer-
ence instructions are shown in figures 4-36 through 4-45.
Memory reference instructions are used in the computer
program to address a selected memory location and specify
a desired arithmetic or control operation involving the
memory location which is addressed. The format for these
instructions is shown in figure 4-1. The paragraphs which
follow describe the purpose and use of each instruction and
explain how the processing circuits implement and execute
the instructions. Tables summarizing the processing oper-
ations, and servicing diagrams showing signal flow and
timing within the processing circuits, are included for refer-
ence during explanation and troubleshooting. Suggested
troubleshooting test procedures are presented for each
instruction.

4-195. AND INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the AND instruction. Processing operations are
summarized in table 4-14. Point-to-point signal flow during
phase 3 is shown in figure 4-36. Phase 2 operations are not
shown. For a description of phase 2 operations, refer to
paragraph 4-171.

4-196.  Description. The AND instruction is used to
combine (“and”) the data in the addressed memory loca-
tion with data in the A-register. The result is stored in the
A-register. The data in the addressed memory location
remains unchanged, but the previous A-register data is
destroyed. At the end of the processing cycle the P- and
M-registers are incremented by one and the next phase is
set.

4-197. The AND instruction is read from memory
during phase 1 and executed during phase 3. During time
T2 of phase 3 the data from the addressed memory location
is read into the T-register. Bit configuration 0010 in the
I-register causes signals RARB, RTSB, ANF, and STBA to
be generated during time T3T4. These signals control the
“anding” of the A- and T-register data, and store the result
in the A-register at time T4TS.

4-198.  During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P-and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4-98

Model 2116B
Volume Two

4-199.  Test Procedure. To test the AND instruction
processing circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press the LOAD ADDRESS
switch,

b. Set the SWITCH REGISTER to 013001 (AND
instruction) and press the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 001000 and press
the LOAD ADDRESS switch.

d. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

e. At the computer front panel, press the RUN switch.

4-200.  The computer is now in the run mode and exe-
cuting the AND instruction continuously. Using a dual-
trace oscilloscope, check the signals shown in figure 4-36.
These signals can be checked at the backplane connectors,
or at a specific card by using the extender card and the
extender cable. Connect oscilloscope channel B input to
signal PH3 at XA106-60 or A106-60, and use channel B as
the triggering source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP
position. If all signals indicated above are
correct, vary the data being “anded” and
check for incorrect results. This will in-
dicate a bad ‘“‘and’ gate on one of the
Arithmetic Logic cards, A102 through
A105.
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Table 4-14. AND Instruction Processing Operations

TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
ANAAANRANNNNN N ANNANNR NN RN S SNANY
PHASES \\\'\READ {Mem to TR)\Q\s\\ NWRITE (TR to Mem\\§
AR A
TR (10-15) TR to M (0-9)
Clear Clear to IR If Z: 0 to M (10-15)
FETCH 1 IR TR (Set If I: Set PH2
Functions) If D: Set PH3
TR to M
INDIRECT | 2 Clear If I: Set PH2
TR If D: Set PH3
Read P to R Bus
Read A to R Bus Read “1”” to S Bus
Clear Read TR to S Bus ADF
EXECUTE | 3 TR ANF Store T Bus in P, M
Store T Busin A Set next phase
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4-201. - XOR INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the XOR instruction. Processing operations are
summarized in table 4-15. Point-to-point signal flow during
phase 3 is shown in figure 4-37. Phase 2 operations are not
shown. For a description of phase 2 operations, refer to
paragraph 4-171.

4-202.  Description. The XOR instruction reads a num-
ber from memory, combines that number with another
number from the A-register, and stores the resulting num-
ber in the A-register. The number in memory remains
unchanged, but the previous number in the A-register is
destroyed. At the end of the processing cycle the P- and
M-registers are incremented by one and the next phase is
set.

4-203. The XOR instruction is read from memory
during phase 1 and executed during phase 3. During time
T2 of phase 3 the number in the addressed memory loca-
tion is read into the T-register. Bit configuration 0100 in
the IL-register causes signals RTSB, RARB, EOF, and STBA
to be generated during time T3T4. These signals transfer
the number in the T-register to the S-bus (signal RTSB),
and the number in the A-register to the R-bus (signal
RARB), combine these numbers (signal EOF), and read the
result back into the A-register via the T-bus (signal STBA).

4-204. During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4-205. Test Procedure. To test the XOR instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
! for the following test, modify the
SWITCH REGISTER settings

Model 2116B
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a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 023001 (XOR
instruction) and press and release the LOAD MEMORY
switch.

c. Set the SWITCH REGISTER to 052525 (alternate
“ones” and “zeros’) and press and release the LOAD MEM-
ORY switch.

d. Set the SWITCH REGISTER to 000000 and press
and release the LOAD A switch.

e. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

f. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

g. At the computer front panel, press and release the
RUN switch.

4-206. The computer is now in the run mode executing
the XOR instruction. Using a dual-trace oscilloscope, check
the signals shown in figure 4-37. These signals can be
checked at the backplane connectors, or at a specific card
by using the extender card and the extender cable. Connect
oscilloscope channel B input to signal PH3 at XA106-60 or
A106-60, and use channel B as the triggering source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP

accordingly. position.
Table 4-15. XOR Instruction Processing Operations
 TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
— S B S e < T S g ~
PH READ (Mem to TR WRITE (TR to Mem)NN\\N
ASE NSRS SQ\Q\\{\\\\\\\\\ NS \\\)\&\\\
TR (10-15) TR to M (0-9)
FETCH 1 Clear Clear to IR If Z: 0 to M (10-15)
TR IR (Set If I: Set PH2
Functions) If D: Set PH3
TR to M
INDIRECT | 2 Clear If I: Set PH2
TR If D: Set PH3
Clear EOF P+1toP,M
EXECUTE | 3 TR A, TRto A Set next phase
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Figure 4-37. XOR Instruction Processing Circuits, Servicing Diagram
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4-207. IOR INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the IOR instruction. Processing operations are
summarized in table 4-16. Point-to-point signal flow during
phase 3 is shown in figure 4-38. Phase 2 operations are not
shown. For a description of phase 2 operations, refer to

paragraph 4-171.

4-208.  Description. The IOR instruction reads a number
from memory, combines that number with another number
from the A-register, and stores the resulting number in the
A-register. The number in memory remains unchanged, but
the previous number in the A-register is destroyed. At the
end of the processing cycle the P- and M-registers are
incremented by one and the next phase is set.

4-209. The IOR instruction is read from memory during
phase 1 and executed during phase 3. During time T2 of
phase 3 the number in the addressed memory location is
read into the T-register. Bit configuration 0110 in the
I-register causes signals RTSB, RARB, I0F, and STBA to be
generated during time T3T4. These signals transfer the
number in the T-register to the S-bus (signal RTSB), and
the number in the A-register to the R-bus (signal RARB),
combine these numbers (signal TOF), and read the result
back into the A-register via the T-bus (signal STBA).

4-210. During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is

# ot

ready to process the next instruction.

4-211.  Test Procedure. To test the IOR instruction
circuits, proceed as follows:

Note

If an address other than 001000 is
used for the following test, modify
the SWITCH REGISTER settings

Model 2116B
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a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 033001 (IOR in-
struction) and press and release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 052525 (alternate
‘“ones” and ‘“zeros”) and press and release the LOAD
MEMORY switch.

d. Set the SWITCH REGISTER to 000000 and press
and release the LOAD A switch.

e. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

f. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

g. At the computer front panel, press and release the
RUN switch.

4-212.  The computer is now in the run mode executing
the IOR instruction. Using a dual-trace oscilloscope, check
the signals shown in figure 4-38. These signals can be
checked at the backplane connectors, or at a specific card
by using the extender card and the extender cabie. Connect
oscilloscope channel B input to signal PH3 at XA106-60 or
A106-60, and use channel B as the triggering source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP

accordingly. position.
Table 4-16. IOR Instruction Processing Operations
TIME PERIODS TO T1 T2 T3 T4 I T5 T6 T7
NREAD (Mem to TR) \\\ \WRITE (TR to Mem) \\
A . —,-" N \\\\\\\\\\\\\\
TR (10-15) ‘ TR to M (0-9)
Clear Clear to IR If Z: 0 to M (10-15)
FETCH 1
TR IR (Set If I: Set PH2
Functions) If D: Set PH3
INDIRECT | 2 Clear TR to M
TR If I: Set PH2
If D: Set PH3
Clear IOF P+1toP,M
EXECUTE | 3 | 1 A, TR to A Set next phase
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Figure 4-38. IOR Instruction Processing Circuits, Servicing Diagram
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4-213.  JSB INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the JSB instruction. Processing operations are
summarized in table 4-17. Point-to-point signal flow during
phase 3 is shown in figure 4-39. Phase 2 operations are not
shown. For a description of phase 2 operations, refer to
paragraph 4-171.

4-214.  Description. The JSB instruction inhibits the
read-memory cycle, reads the P-register number onto the
R-bus, increments it by one, and stores the resulting num-
ber in the addressed memory location. The instruction then
reads the M-register number onto the S-bus, and stores this
number in the P-register. At the end of the processing cycle
the P-register number is incremented by one and stored in
the P- and M-registers and the next phase is set.

4-215.  The JSB instruction is read from memory during
phase 1 and executed during phase 3. Bit configuration

0011 in the I-register causes signals JSB, RPRB, SBO, ADF,

and STBT to be generated. The read-memory cycle during
phase 3 of this instruction is inhibited (signal JSB). During
times T1 and T2 of phase 3 the number in the P-register is
read onto the R-bus (signal RPRB), incremented by one
(signals SBO and ADF), and stored in the T-register via the
T-bus (signal STBT). The T-register number is then written
into the addressed memory location during the write-
memory cycle.

4-216.  During times T3 and T4 signals RMSB, EOF, and
STP(0-15) cause the number in the M-register (address
portion of the JSB instruction) to be read onto the S-bus
(signal RMSB), transferred to the T-bus (signal EOF), and
stored in the P-register by signal STP(0-15).

4-217.  During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.
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4-218. Test Procedure. To test the JSB instruction
circuits, proceed as follows:

Note

If addresses other than 001001 and
001005 are used for the following test,
modify the SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch. Then, press and release the LOAD
MEMORY switch ten times (This sets locations 001000
through 001012 to 001000).

b. Set the SWITCH REGISTER to 001001 and press
and release the LOAD ADDRESS switch.

c. Set the SWITCH REGISTER to 017004 (JSB
instruction) and press and release the LOAD MEMORY
switch.

d. Set the SWITCH REGISTER to 001005 and press
and release the LOAD ADDRESS switch.

e. Set the SWITCH REGISTER fo 017000 (JSB
instruction) and press and release the LOAD MEMORY
switch.

f. Set the SWITCH REGISTER to 001001 and press
and release the LOAD ADDRESS switch.

g. Press and release the SINGLE CYCLE switch twice.
Location 001004 should contain 001002, and the P- and
M-registers should contain 001005.

h. Repeat step g above. Location 001000 should con-
tain 001006, and the P- and M-registers should contain
001001.

Table 4-17. JSB Instruction Processing Operations

TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
- LA TTUUVNTNTNNNNEXNXN \
PHASE \\READ (Mem to T}N \\VV}}{I\TE\(\’I‘\R\t\o\Me\n})\\\‘
RN AN R RN
TR (10-15) TR to M (0-9)
FETCH 1 Clear Clear to IR If Z: 0 to M (10-15)
TR IR (Set If I: Set PH2
Functions) If D: Set PH3
INDIRECT | 2 Clear TR to M
TR If I: Set PH2
If D: Set PH3
Clear TR
EXECUTE | 3 Inhibit P+1to TR Mto P P+1toP,M
Mem. Data Set next phase
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Figure 4-39. JSB Instruction Processing Circuits, Servicing Diagram
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i. At the computer front panel, press and release the
RUN switch.

4-219.  The computer is now in the run mode executing
the JSB instructions in locations 001001 and 001005.
Using a dual-trace oscilloscope, check the signals shown
in figure 4-39. These signals can be checked at the back-
plane connectors, or at a specific card by using the extender
card and the extender cable. Connect oscilloscope channel
B input to signal PH3 at XA106-60 or A106-60, and use
channel B as the triggering source.

4-220. JMP_INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the JMP instruction. Processing operations are
summarized in table 4-18. Point-to-point signal flow during
phase 1 is shown in figure 4-40. Phase 2 operations are not
shown. For a description of phase 2 operations, refer to
paragraph 4-171.

4-221.  Description. The JMP instruction causes the
address portion of the instruction (bits 0 through 9) to be
transferred to the P- and M- registers. The next phase is
then set.

4-222. The JMP instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the
instruction is read from memory to the T-register and bits
10 through 15 of the T-register are transferred to the
I-register. Bit configuration 0101 0/1 in the I-register causes
signals OPO, JMP, and TRI0 or IR10 to be generated during

times TO through T2, These signals cause the signals RTSB,

ADF, STP(0-15), RSM(10-15), and STM(0-9) to be genera-
ted during times T5 through T7.

4-223.  During times T5 through T7 signal STP(10-15)
causes P-register bits 10 through 15 to be set to zeros if
signal TR10 is true. If TRIO is false, signal STP(10-15) will
not be generated. Signal RTSB causes the T-register number
to be read onto the S-bus. Signal ADF transfers the S-bus
number to the T-bus. Signal STM(0-9) causes bits 0 through
9 of the T-bus to be stored in the M-register. Signal
RSM(10-15) causes bits 10 through 15 of the M-register to
be set to zeros if signal TR10 is true. If TR10 is false, signal
RSM(10-15) will not be generated. The next phase (phase

Model 2116B
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1, phase 2, or phase 4 if an interrupt is in progress) is then
set, and the computer is ready to process the next
instruction.

4-224. Test Procedure. To test the JMP instruction
circuits, proceed as follows:

Note

If addresses other than 001000 and
001001 are used for the following test,
modify the SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 027001 (JMP
instruction) and press and release the LOAD MEMORY
switch.

c. Set the SWITCH REGISTER to 027000 (JMP
instruction) and press and release the LOAD MEMORY
switch.

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. Press and release the SINGLE CYCLE switch once:
The P- and M-registers should contain 001001.

f. Repeat step e above. The P- and M-registers should
now contain 001000.

g. At the computer front panel, press and release the
RUN switch.

4-225.  The computer is now in the run mode executing
the JMP instructions in locations 001000 and 001001.
Using a dual-trace oscilloscope, check the signals shown in
figure 4-40. These signals can be checked at the backplane
connectors, or at a specific card by using the extender card
and the extender cable. Connect oscilloscope channel B
input to signal TO at A106TP1, and use channel Bias the
triggering source.

Table 4-18. JMP Instruction Processing Operations

TIME PERIODS | TO T1 T2 T3 ™ | T T6 T7
e < oS S - <
PHASE READ (e 0 TRANNYY  NURITE (TR fo Mer) NN
If Z: 0 to M (10-15)
TR (10-15) If D: TR to P, M (0-9)
FETCH 1 Clear Clear to IR If7Z: and set next phase
(JMP) TR IR (Set OtoP If I: TR to M (0-9)
Functions) and set PH2
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Figure 4-40. JMP Instruction Processing Circuits, Servicing Diagram
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4-226. ISZ INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the ISZ instruction. Processing operations are
summarized in table 4-19. Point-to-point signal flow during
phase 3 is shown in figure 4-41. Phase 2 operations are not
shown. For a description of phase 2 operations, refer to
paragraph 4-171.

4-227.  Description. The ISZ instruction reads a number
from memory, increments the number by one, and stores
the incremented number in its original location. If, after
being incremented, the number is not zero, the program
continues with the next instruction in sequence. If, how-
ever, the number is zero after being incremented, the next
instruction in sequence is skipped (i.e., the P- and
M-registers are incremented by two instead of one).

4-228.  The ISZ instruction is read from memory during
phase 1 and executed during phase 3. During time T2 of
phase 3 the number in the addressed memory location is
read into the T-register. Bit configuration 0111 in the
I-register causes signals RTSB, RBO, ADF, and STBT to be
generated during times T3 through T5. These signals trans-
fer the number in the T-register to the S-bus (signal RTSB),
increment the number by one (signals RB0 and ADF), and
read it back into the T-register via the T-bus (signal STBT).
Signal C16 is generated during times T3 through T5 if the
incremented number equals zero. Signal C16 sets the Carry
FF (CFF) at time T4TS. Signal CFF causes CO to be
generated at time T6T7.

4-229. Two additional time periods (0.4 usec) are gener-
ated between time periods TS5 and T6 to allow the incre-
mented number in the T-register to be written back into the
addressed memory location. Refer to paragraph 4-160 for a
description of memory timing for the ISZ instruction.

4-230. During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) normally cause the P- and
M-registers to increment by one. However, if the Carry FF
is set, these signals in combination with signal CO will cause
the P- and M-registers to increment by two. The next phase
(phase 1, or phase 4 if an interrupt is in progress) is then
set, and the computer is ready to process the next instruc-
tion.

4-231. Test Procedure. To test the ISZ instruction
circuits, proceed as follows:
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Note

If a starting address other than 001000 is
used for the following test, modify the
SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 (starting address) and press and
release the LOAD ADDRESS switch.

b. Set the SWITCH REGISTER to 037003 (ISZ
instruction) and press and release the LOAD MEMORY
switch.

c. Set the SWITCH REGISTER to 027000 (JMP
instruction) and press and release the LOAD MEMORY
switch twice.

d. Set the SWITCH REGISTER to 000000 and press
and release the LOAD MEMORY switch. (This initializes
the number in the memory location addressed by the ISZ
instruction.)

e. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

f. At the computer front panel, press and release the
RUN switch.

4-232.  The computer is now in the run mode executing
the ISZ instruction. Using a dual-trace oscilloscope, check
the signals shown in figure 4-41. These signals can be
checked at the backplane connectors, or at a specific card
by using the extender card and the extender cable. Connect
oscilloscope channel B input to signal PH3 at XA106-60
or A106-60, and use channel B as the friggering source.

Note
Signal SBO is inhibited when the

INSTRUCTION switch is in the LOOP
position.
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Table 4-19. ISZ Instruction Processing Operations

TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
PHASE READ (Mem to %ﬁ‘\\\\\\ \WRITE (TR t\o\ﬁgx;li\\\\
ANTEEEIRTRA RN ANRERRRRESRNNN.
TR (10-15) TR to M (0-9)
FETCH 1 Clear Clear to IR If Z: 0 to M (10-15)
TR IR (Set If I: Set PH2
Functions) If D: Set PH3
INDIRECT | 2 Clear TR to M
TR If I: Set PH2
If D: Set PH3
EXECUTE | 3 Clear TR+1to TR Write P+1+ Carry to P, M
TR If C16: Set Carry (Add 0.4 | Set next phase
Inhibit Write u Sec)
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Figure 4-41. ISZ Instruction Processing Circuits,

Servicing Diagram
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4-233. ADA/B INSTRUCTION. The following para-
graphs provide a description and test procedure for the
circuits that process the ADA/B instruction. Processing
operations are summarized in table 4-20. Point-to-point
signal flow during phase 3 is shown in figure 4-42. Phase 2
operations are not shown. For a description of phase 2
operations, refer to paragraph 4-171.

4-234.  Description. The ADA/B instruction reads a
number from memory, adds that number to another
number from the A- or B-register, and stores the resulting
number in the A- or B-register. The number in memory
remains unchanged, but the previous number in the A- or
B-register is destroyed. The result of the addition may set
the Extend or Overflow registers. At the end of the
machine cycle the P- and M-registers are incremented by
one and the next phase is set.

4-235. The ADA/B instruction is read from memory
during phase 1 and executed during phase 3. During time
T2 of phase 3 the number in the addressed memory
location is read into the T-register. Bit configuration 1000
or 1001 in the I-register causes signals ADD, RTSB, RARB
or RBRB, ADF, and STBA or STBB to be generated during
times T3 through T4. These signals transfer the number in
the T-register to the S-bus (signal RTSB), and the number
in the A- or B-register to the R-bus (signal RARB or
RBRB), add these numbers together (signal ADF), and read
the result back into the A- or B-register via the T-bus (signal
STBA or STBB).

4-236. During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4.237.  Test Procedure. To test the ADA/B instruction
circuits, proceed as follows:

Note
If an address other than 001000 is used
for the following test, modify the

SWITCH REGISTER settings
accordingly.
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a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 043001 (ADA
instruction) or 047001 (ADB instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 052525 (alternate
“ones” and ‘“‘zeros”) and press and release the LOAD
MEMORY switch.

d. Set the SWITCH REGISTER to 052525 and press
and release the LOAD A switch, if testing the ADA
instruction, or the LOAD B switch if testing the ADB
instruction.

e. Set the SWITCH REGISTER to 001000 and préss
and release the LOAD ADDRESS switch.

f. Open the door assembly. At display board A501,
set the INSTRUCTION switch to the LOOP position.

g. At the computer front panel, press and release the
SINGLE CYCLE switch twice. The A-register should now
contain 125252.

h. At the computer front panel, press and release the
RUN switch.

4-238.  The computer is now in the run mode executing
the ADA or ADB instruction. Using a dual-irace oscillo-
scope, check the signals shown in figure 4-42. These signals
can be checked at the backplane connectors, or at a specific
card by using the extender card and the extender cable.
Connect oscilloscope chunnel B input to signal PH3 at
XA106-60 or A106-60, and use channel B as the triggering
source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP
position.
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Table 4-20. ADA/B Instruction Processing Operations
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Figure 4-42. ADA/B Instruction Processing Circuits,
Servicing Diagram
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4-239. CPA/B INSTRUCTION. The following para-
graphs provide a description and test procedure for the
circuits that process the CPA/B instruction. Processing
operations are summarized in table 4-21. Point-to-point
signal flow during phase 3 is shown in figure 4-43. Phase 2
operations are not shown. For a description of phase 2
operations, refer to paragraph 4-171.

4-240.  Description. The CPA/B instruction reads a
number from memory, compares that number with another
number from the A- or B-register. If the compare is unequal
the Carry FF is set which causes signal CO to be generated.
The numbers in memory and the A- or B-register remain
unchanged. At the end of the machine cycle the P- and
M-registers are incremented by one or by two if signal CO is
generated and the next phase is set.

4-241. The CPA/B instruction is read from memory
during phase 1 and executed during phase 3. During time
T2 of phase 3 the number in the addressed memory
location is read into the T-register. Bit configuration 1010
or 1011 in the I-register causes signals RTSB, RARB or
RBRB, and EOF to be generated during times T3 through
T4. These signals transfer the number in the T-register to
the S-bus (signal RTSB), transfer the number in the A- or
B-register to the R-bus (signal RARB or RBRB), combine
these numbers and transfer the resultant number to the
T-bus (signal EOF), and check the T-bus for zero via the
TAN gates. If the T-bus is not zero (S-bus and R-bus are
unequal), the Carry FF will be set at the end of time T4TS
and cause signal CO to be generated during time T6T7.

4-242.  During time T6T7 signals RPRB, SB0O, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. However, if the Carry FF is set, these
signals in combination with signal CO will cause the P- and
M-registers to increment by two. The next phase (phase 1,
or phase 4 if an inferrupt is in progress) is then set, and the
computer is ready to process the next instruction.

4.243. Test Procedure. To test the CPA/B instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.
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a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 053003 (CPA
instruction) or 057003 (CPB instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 027000 (JMP
instruction) and press and release the LOAD MEMORY
switch.

d. Set the SWITCH REGISTER to 000000 and press
and release the LOAD A switch if testing the CPA instruc-
tion, or the LOAD B switch if testing the CPB instruction.

e. Set the SWITCH REGISTER to 001003 and press
and release the LOAD ADDRESS switch.

f. Set the SWITCH REGISTER to 077777 (for
unequal compare) or to 000000 (for equal compare) and
press and release the LOAD MEMORY switch.

g. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

h. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

i. At the computer front panel, press and release the
SINGLE CYCLE switch twice. The P- and M-registers
should increment by one and contain 01001 if using an un-
equal compare, or 01000 if using an equal compare.

j. At the computer front panel, press and release the
RUN switch.

2-244.  The computer is now in the run mode executing
the CPA or CPB instruction. Using a dual-trace oscilloscope,
check the signals shown in figure 4-43. These signals can
be checked at the backplane connectors, or at a specific
card by using the extender card and the extender cable.
Connect oscilloscope channel B input to signal PH3 at
XA106-60 or A106-60, and use channel B as the triggering
source.

Note
Signal SBO is inhibited when the

INSTRUCTION switch is in the LOOP
position.



Model 2116B

Section IV

Volume Two
Table 4-21. CPA/B Instruction Processing Operations
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Figure 4-43. CPA/B Instruction Processing Circuits,

Servicing Diagram
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4-245, LDA/B INSTRUCTION. The following para-
graphs provide a description and test procedure
for the circuits that process the LDA/B instruction.
Processing  operations are summarized in table
4-22. Point-to-point signal flow during phase 3 is shown in
figure 4-44. Phase 2 operations are not shown. For a des-
cription of phase 2 operations, refer to paragraph 4-171.

4-246.  Description. The LDA/B instruction reads a num-
ber from memory, transfers and stores that number in the
A- or B- register. The number in memory remains
unchanged, but the previous number in the A- or B-register
is destroyed. At the end of the machine cycle the P- and
M-registers are incremented by one and the next phase is
set.

4-247. The LDA/B instruction is read from memory
during phase 1 and executed during phase 3. During time
T2 of phase 3 the number in the addressed memory
location is read into the T-register. Bit configuration 1100
or 1101 in the I-register causes signals LOD, RTSB, EOF,
and STBA or STBB to be generated during times T3
through T4. These signals transfer the number in the
T-register to the S-bus (signal RTSB), then to the T-bus
(signal EOF), and store it in the A- or B-register (signal
STBA or STBB).

4-248.  During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4-249.  Test Procedure. To test the LDA/B instruction
circuits, proceed as follows:

Note
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a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 063001 (LDA
instruction) or 067001 (LDB instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 052525 (alternate
“ones” and ‘“‘zeros”) and press and release the LOAD MEM-
ORY switch.

d. Set the SWITCH REGISTER to 000000 and press
and release the LOAD A switch if testing the LDA instruc-
tion, or the LOAD B switch if testing the LDB instruction.

e. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

f. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

g. At the computer front panel, press and release the
SINGLE CYCLE switch twice. The A-register should now
contain 052525.

h. At the computer front panel, press and release the
RUN switch.

4-250. The computer is now in the run mode executing
the LDA or LDB instruction. Using a dual-trace oscillo-
scope, check the signals shown in figure 4-44. These signals
can be checked at the backplane connectors, or at a specific
card by using the extender card and the extender cable.
Connect oscilloscope channel B input to signal PH3 at
XA106-60 or A106-60, and use channel B as the triggering
source.

Note
If an address other than 001000 is used
for the following test, modify the Signal SBO is inhibited when the
SWITCH REGISTER settings INSTRUCTION switch is in the LOOP
accordingly. position.
Table 4-22. LDA/B Instruction Processing Operations
TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
7/////// 77// V77777 77277277 //
PHASE CREAD (Mem to TI%/// L WRITE (TR to MeW
VS S /] JAI SIS SIS IS 7
TR (10-15) TR to M (0-9)
FETCH 1 Clear Clear to IR If Z: 0 to M (10-15)
TR IR (Set If I: Set PH2
Functions) If D: Set PH3
INDIRECT | 2 Clear TR to M
TR If I: Set PH2
If D: Set PH3
EXECUTE | 3 Clear IfA: TRto A P+1toP,M
TR IfB:TRto B Set next phase
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Figure 4-44. LDA/B Instruction Processing Circuits, Servicing Diagram
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4-251. STA/B INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the STA/B instruction. Processing operations
are summarized in table 4-23. Point-to-point signal flow
during phase 3 is shown in figure 4-45. Phase 2 operations
are not shown. For a description of phase 2 operations,
refer to paragraph 4-171.

4-252.  Description. The STA/B instruction reads a
number from the A- or B-register, and stores the resulting
number in the addressed memory location. The number in
the A- or B-register remains unchanged, but the previous
number in the addressed memory location is destroyed. At
the end of the machine cycle the P- and M-registers are
incremented by one and the next phase is set.

4-253. The STA/B instruction is read from memory
during phase 1 and executed during phase 3. During times
T1 and T2 of phase 3 the number in the A- or B-register is
read into the T-register. Bit configuration 1110 or 1111 in
the I-register causes signals RARB, or RBRB, EOF, and
STBT to be generated during times T1 and T2. These signals
transfer the number in the A- or B-register to the R-bus
(signal RARB or RBRB), then to the T-bus (signal EOF),
and stare it in the T-register (signal STBT). The number is
then written into the addressed memory location during
the write-memory cycle.

4-254. During time T6T7 signals RPRB, SB0, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4-255.  Test Procedure. To test the STA/B instruction
circuits, proceed as follows:

Note
If an address other than 001000 is used

for the following test, modify the
SWITCH REGISTER settings
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a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 073001 (STA
instruction) or 077001 (STB instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 052525 (alternate
“ones” and “zeros”) and press and release the LOAD
MEMORY switch.

d. Set the SWITCH REGISTER to 000000 and press
and release the LOAD A switch if testing the STA instruc-
tion, or the LOAD B switch if testing the STB instruction.

e. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

f. Open the door assembly. At display board A501,
set the INSTRUCTION switch to the LOOP position.

g. At the computer front panel, press and release the
SINGLE CYCLE switch twice. Location 001001 should
now contain 000000.

h. At the computer front panel, press and release the
RUN switch.

4-256.  The computer is now in the run mode executing
the STA or STB instruction. Using a dual-trace oscillo-
scope, check the signals shown in figure 4-45. These signals
can be checked at the backplane connectors, or at a spe-
cific card by using the extender card and the extender
cable. Connect oscilloscope channel B input to signal PH3
at XA106-60 or A106-60, and use channel B as the trigger-
ing source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP

accordingly. i position.
Table 4-23. STA/B Instruction Processing Operations
TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
PHASE N\READ (Mem to"i‘l‘{;\\\‘% \‘W‘R‘ITE‘(‘TE{‘&‘M&&S\\\\Q
ANARERERRRRARRNNEN AN
TR (10-15) TR to M (0-9)
FETCH 1 Clear Clear to IR If Z: 0 to M (10-15)
TR IR (Set If I: Set PH2
Functions) If D: Set PH3
INDIRECT | 2 Clear TR to M
TR If I: Set PH2
if D: Set PH3
Clear TR If A: AtoTR P+1toP,M
EXECUTE | 3 Inhibit If B: Bto TR Set next phase
Mem. Data
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Figure 4-45. STA/B Instruction Processing Circuits, Servicing Diagram
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4-257. REGISTER REFERENCE INSTRUCTION
PROCESSING CIRCUITS.

4-258.  The circuits that process the 39 register reference
instructions are shown in figure 4-46 through 4-67. Register
reference instructions are used in the computer program to
address a selected data register and specify a desired arith-
metic or control operation involving the register which is
addressed. The format for these instructions is shown in
figure 4-1. The paragraphs which follow describe the pur-
pose and use of each instruction and explain how the
processing circuits implement and execute the instructions.
Tables summarizing the processing operations, and servicing
diagrams showing signal flow and timing within the pro-
cessing circuits, are included for reference during explana-
tion and troubleshooting. Suggesied troubleshooting test
procedures are presented for each instruction.

Note

Shift or rotate instructions can be proc-
essed during times T3 and T5 of the
same machine cycle. Only time T3 proc-
essing is illustrated in the figures and ex-
plained in the text of these instructions.
Time T5 processing uses identical signals
between the various circuit cards. How-
ever, both processes should be checked as
circuit structure varies within the circuit
cards.

4-259. NOP INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the NOP instruction. Processing operations are
summarized in table 4-24. Point-to-point signal flow during
phase 1 is shown in figure 4-46.

4.260. Description. The NOP instruction provides a one
machine cycle (1.6 usec) program delay. At the end of the
machine cycle the P- and M-registers are incremented by
one and the next phase is set.
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4-261. The NOP instruction is read from memory and
executed during phase 1. During time T6T7 signals RPRB,
SB0O, ADF, STP(0-15), and STM(0-15) cause the P- and
M-registers to increment by one. The next phase (phase 1,
or phase 4 if an interrupt is in progress) is then set, and the
computer is ready to process the next instruction.

4-262. Test Procedure. To test the NOP instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 000000 and press and release the LOAD A
switch and LOAD B switch.

b. Open. the door assembly. At display board assembly
A501, set the MEMORY switch to the OFF position.

c. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

4-263.  The computer is now in the run mode executing
the NOP instruction. Using a dual-trace oscilloscope, check
the signals shown in figure 4-46. These signals can be
checked at the backplane connectors, or at a specific card
by using the extender card and the extender cable. Connect
oscilloscope channel B input to signal TO at A106-TP1,
and use channel B as the triggering source.

Table 4-24. NOP Instruction Processing Operations

TIME PERIODS | TO T1 T2 T3 T4 TS5 T6 ™
\\\\(‘\\\ AR \ N LU U HTUTITTTTITNNYNETYT™ \
PHASE READ (Mem to TR \\ WRITE (TR to Mem \\\
AN \\\\\(\\\ \\\{\\ \ \\\\(\\\\\\\\)\ \
FETCH | 1 | Clear Clear | TR (10-15) TR to M (0-9)
TR IR to IR If Z: 0 to M (10-15)
(Set Set next phase
Functions)
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Figure 4-46. NOP Instruction Processing Circuits, Servicing Diagram
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4-264. CLE INSTRUCTION (Shift-Rotate Group). The
following paragraphs provide a description and test pro-
cedure for the circuits that process the CLE instruction.
Processing operations are summarized in table 4-25. Point-
to-point signal flow during phase 1 is shown in figure 4-47.

4-265. Description. The CLE instruction resets the
Extend register (E-register). The instruction is read from
memory and executed during phase 1. During time T2 of
phase 1 the instruction code is read into the I-register. Bit
configuration 0000 in the I-register causes signals SRG,
OPO, and RARB to be generated during times T3 and T4.
These signals in combination with signal TR5 from the
T-register cause the E-register to reset at time T4TS. The
A-register data is read onto the R-bus (signal RARB) during
times T3 through T5 but is not used.

4-266. During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4-267. Test Procedure. To test the CLE instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the

Model 2116B
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a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 000040 (CLE
instruction) and press and release the LOAD MEMORY
switch.

c. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

d. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

e. At the computer front panel, press and release the
RUN switch.

4-268. The computer is now in the run mode executing
the CLE instruction. Using a dual-trace oscilloscope, check
the signals shown in figure 4-47. These signals can be
checked at the backplane connectors, or at a specific card
by using the extender card and the extender cable. Connect
oscilloscope channel B input to signal T0 at A106-TP1, and
use channel B as the triggering source.

Note
SBO is

Signal inhibited when the

SWITCH REGISTER settings INSTRUCTION switch is in the LOOP
accordingly. position.
Table 4-25. CLE Instruction (Shift Rotate Group) Processing Operations
TIME PERIODS TO T1 T3 T4 T6 T7
NN VN NVNNNKNNASNSN \‘
PHASE READ (Mem to TR)\\ \ TE (TR to Mem \\
WANRNRNANNNNNS \ N \\\\\\\\\\\
FETCH 1 Clear Clear TR (10-15) Execute P+1toP,M
TR IR to IR Set next phase
T3 T4 TS
SHIFT-ROTATE Clear E and Ski
INSTRUCTIONS All Shifts and Rotates ~oar - ane 2o All Shifts and Rotates
Read A or Bto R Bus g gzg - i gi‘im. Read A or B to R Bus
Shift R Bus to T Bus P Shift R Bus to T Bus
Store T Bus in Aor B Read A or B to R Bus Store T Busin Aor B
If RBO = 0, Set Carry
Reset E Flip-flop
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Figure 4-47. CLE Instruction (Shift-Rotate Group) Processing Circuits, Servicing Diagram
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4-269. SLA/B INSTRUCTION (Shift-Rotate Group).
The following paragraphs provide a description and test
procedure for the circuits that process the SLA/B
instruction. Processing operations are summarized in table
4-26. Point-to-point signal flow during phase 1 is shown in
figure 4-48.

4-270.  Description. The SLA/B instruction reads a
number from the A- or B-register and compares bit zero of
the A- or B-register (RBO) with bit zero of the T-register
(TRO). If the comparison is equal, the next instruction in
sequence is skipped (i.e., the P- and M-registers are incre-
mented by two instead of one). If the comparison is
unequal, the program continues with the next instruction is
sequence.

4-271.  The SLA/B instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
0000 or 0010 in the I-register causes signals SRG, OPO, and
RARB or RBRB to be generated during times T3 and T4.
These signals in combination with signal TR3 from the
T-register cause the A- or B-register number to be read onto
the R-bus (signal RARB or RBRB), and the Carry FF
(CFF) to set at time T4TS if bit zero of the R-bus and bit
zero of the T-register are equal. Signal CFF causes signal C0
to be generated at time T6T7.

4-272.  During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) normally cause the P- and
M-registers to increment by one. However, if the Carry FF
is set, these signals in combination with signal CO will cause
the P- and M-registers to increment by two. The next phase
(phase 1, or phase 4 if an interrupt is in progress) is then
set, and the computer is ready to process the next
instruction.

4-273. Test Procedure. To test the SLA/B instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.
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a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 001010 (SLA
instruction) or to 004010 (SLB instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 027000 (JMP
instruction) and press and release the LOAD MEMORY
switch.

d. Set the SWITCH REGISTER to 000000 (equal
compare and press and release the LOAD A switch if testing
the SLA instruction, or the LOAD B switch if testing the
SLB instruction.) (Substitute 000001 to 000000 for an
unequal compare.)

e. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

f. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP

position.

g. At the computer front panel, press and release the
SINGLE CYCLE switch. The P- and M-registers should have
001001 in them.

h. Repeat step g above. The P- and M-registers should
have 001000 in them.

i. At the computer front panel, press and release the
RUN switch.

4-274.  The computer is now in the run mode executing
the SLA or SLB instruction in location 001000. Using a
dual-trace oscilloscope, check the signals shown in figure
4-48. These signals can be checked at the backplane con-
nectors, or at a specific card by using the extender card and
the extender cable. Connect oscilloscope channel B input to
signal TO at A106-TP1, and use channel B as the triggering
source.
Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP
position.
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Table 4-26. SLA/B Instruction (Shift Rotate Group) Processing Operations
TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
AR ARARLAIRARRRR AR N A UL T T TTTREYTNT SKIPCONDII_‘PEESTPROCESS —-—— —— — — ——
PHASE \READ (Mem to TR) \\\\ \WRITE (TR to Mem)&\\\\
AMLHILLINRIRR RN \\\\\\\\“\\\\\\\\\\\ A107 SRG = PH1- EIR - IR15 -1R14 - IR13-IR12-IR10 RARB 34
38 * 19
FETCH 1 Clear Clear TR (10-15) % P+1+ Carry to P,M |, 1ecisTeRBITS 1510 0po - PH1-EIR+1R14 IR13 - IR1Z A107 Aﬁ;%gs}?a R-BUS
TR IR to IR Execute Set next phase SHIFTROTATESLA/R | 1= o0 o . oL_rers jeRcasTEn :
IEA_D—MEMERY CYCLE _ RBO
A102-2105 52
/ Nfz::: At 58 RST s © % TR3 4+ :z 108 (HS;FTJ) . a8 7 co
T3 T4 TS | TS ——am 45 T-R%ﬁlssTER p I
SHIFT-ROTATE Clear E and Skios I foros | * I
INSTRUCTIONS All Shifts and Rotates — All Shifts and Rotates - _ - -
If TR6 =1, CLE a3
Read Aor Bto R Bus If TR3 = 1, SLA/B: Read A or Bto R Bus a1
Shift R Bus to T Bus Read A or B to R Bus Shift R Bus to T Bus _— —-—
Store T Busin Aor B _ Store T Busin Aor B
If RBO = 0, Set Carry i st 12
41 32
54 T4
Read A/B to R Bus A0 | TS
Set Carry if 2011677
RBO = 0 and TRO = 8
0,or RBO =1 and 2
TRO=1 - [T0|Y1V|T2|T3|T4|T5|T6;T7IT0I
*Combination of SSA/B, SLA/B, and RSS is a special case; see paragraph 4-384. [ S R A A R
i ? INCREMENT P-AND M-REGISTERS
P23 | [ - - -
SRG * RPRB A102-A108
oro A107 72 12
—J &9 P REOG:éTEH
RST _ﬂ N I I — I
MST r-‘l | R . $80 |
69 A107
RARB/RBRB
ILS —8= 73
CFF TR3- RBO
co 78 ! 69 75 ADF —i
o I A107 s 1 I
e JR — | P123 — i 78 %':120? |
T ) ' TBUS
$BO ,_-—I__
ADF r*——l.__ * 7j — Lij A102-A105
45 A107 8
STP(0-15) l I J 32 7 pREOG:gTER |
STM (0-15) I_ I I
* 20 22
45 A107 z;: ;29 A‘IOZA“%*i
1 ! M-REGISTER
{132 2 !—‘ %45 H

201867 Figure 4-48. SLA/B Instruction (Shift-Rotate Group)

Processing Circuits, Servicing Diagram
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4-275. A/BLS INSTRUCTION. The following para-
graphs provide a description and test procedure for the
circuits that process the A/BLS instruction. Processing
operations are summarized in table 4-27. Point-to-point
signal flow during phase 1 is shown in figure 4-49.

4-276.  Description. The A/BLS instruction reads a
number from the A- or B-register and moves all bits of that
number except bit 15 one position to the left. Bit 14 is
discarded; replaced by bit 13. Bit 15 remains unchanged
(refer to table 4-27). At the end of the machine cycle the
 Pregister number is incremented by one and stored in the
P- and M-registers and the next phase is set.

4-277.  The A/BLS instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
0000 or 0010 in the I-register causes signals SRG, OPO, and
RARB or RBRB to be generated during time T3. These
signals in combination with signals TR6, TR7, TRS8, and
TRY from the T-register cause the signals SLM, and STBA
or STBB to be generated. These signals cause the A- or
B-register number to be read onto the R-bus (signal RARB
or RBRB), the bits of the number moved one position to
the left (signal SLM), and the number stored back into the
A- or B- register (signal STBA or STBB).

4-278.  During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4-279.  Test Procedure. To test the A/BLS instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.
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b. Press and release the LOAD MEMORY switch (ALS
instruction), or set the SWITCH REGISTER to 005000
(BLS instruction) and press and release the LOAD
MEMORY switch.

c. Set the SWITCH REGISTER to 052525 (alternate
“ones” and “zeros”) and press and release the LOAD A
switch if testing the ALS instruction, or the LOAD B
switch if testing the BLS instruction. (To check bit 15, set
the SWITCH REGISTER to 152525.)

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

f. At the computer front panel, press and release the
SINGLE CYCLE switch. The P- and M-registers should
retain 001000 in them and the A-register will have 025252
in it.

g. Repeat step f above. The P- and M-registers will
have 001000 in them and the A-register should have
052524 in it.

h. At the computer front panel, press and release the
RUN switch.

4-280. The computer is now in the run mode executing
the ALS or BLS instruction in location 001000. Using a
dual-trace oscilloscope, check the signals shown in figure
4-49. These signals can be checked at the backplane con-
nectors, or at a specific card by using the extender card and
the extender cable. Connect oscilloscope channel B input to
signal TO at A106-TP1, and use channel B as the triggering
source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP
position.
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Table 4-27. A/BLS Instruction Processing Operations

TIME PERIODS TO T1 T2 T3 T4 TS5 T6 T7
PHASE READ (Mem to TR) WRITE (TR to Mem) LEFT-SHIFT PROCESSING
i i
] _ PH1- EIR- iRT5 - IR14 - [RT3.1R712- (R0
FETCH 1 Clear Clear TR (10_15) . 1 P+1toP,M ato7 ] SR6 - PHI-EIR Eszafa R12- IR0 . " RARB % o
TR IR to IR [ xecute | Set next phase e I-REGI?‘&SﬁLBS 1510 | OPO = PH1-EIR-IR14-IR13+IR12 | s, A_HEg;STER R-BUS
| I SHIFT.ROTATEA/BLS | o | RBRE BREGISTER l
* 18 28 '
READ'EM&RY CYCLE I "
T RS -TRT-TEE A108 8 ol 70 A0 77 il
p123 —=|78 asT 23
T3 T4 T5 TO ~——=46 A107 58 7 | TRe l 45
5 I TS a5 TREGISTER
SHIFT-ROTATE Clear E and SklpS I 015 | RB15 »_T_l '
INSTRUCTIONS All Shifts and Rotates — All Shifts and Rotates Jsross % ! e I
Re If TRS = 1, CLE l =5 sIe A102-A105,
Shf;-d A or Bto R Bus It TR3 = 1, SLA/B: Re_ad A or Bto R Bus A10A13 I ’t% .
S&l t RT};us ?o T BusB Read A or B to R Bus Shift R Bus 1.:0 T Bus @ L '
tore us in A or If RBO = 0, Set Carry Store T Bus in A or B — — — —
PH1 MST - T2 I
a1 32 P 7BUS !
Read A or Bto R Bus 16
SLM e
Shift R Bus to T Bus R
. 617
Store T Bus in A or B o ]
18 |
P123
23
Note: Data movement is as foliows: i sTBA -
3 50 3 at024108
* 07 AREGISTER
* . sTB8B 5 BREGISTER
-0 57
AT AT A FNFNY
[ro s fm2a v |va|rs |t |7 || —_—— _—— _—
INCREMENT P-AND M-REGISTERS
1) ] | 1 - -
15 14 13 2 1 0
P23 4§ * RPRB A102.A105 .
a7 72 12 us
PH1  §
o PREGISTER
RST M [
MST 1 ! * 81 $80
o 6  A107
1
LS ——=~ 73
oro
ADF
RARB/RBRB 69 75 ]
l ; A107 l
Stm 5 42 x
l—l I i p123 -l 78 A102-A105, l
TE1S | 1 ' T8US
STBA/STEB N ' 1
i . g STPO15) 2
RPRB 1 I‘ . oo i ] o AT024105
ws 4 : : 32 74 P REGISTER :
sBO
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i — 45 AN 2}-—0 1% =
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Figure 4-49. A/BLS Instruction Processing Circuits,
Servicing Diagram
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4-281. A/BRS INSTRUCTION. The following para-
graphs provide a description and test procedure for the
circuits used by the A/BRS instruction. Processing oper-
ations are summarized in table 4-28. Point-to-point signal
flow during phase 1 is shown in figure 4-50.

4-282.  Description. The A/BRS instruction reads a
number from the A- or B-register and moves all bits of that
number one position to the right. Bit zero is discarded;
replaced by bit one. Bit 15 remains unchanged (table 4-28).
At the end of the machine cycle the P-register number is
incremented by one and stored in the P- and M-registers and
the next phase is set.

4-283. The A/BRS instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
0000 or 0010 in the I-register causes signals SRG, OPO, and
RARB or RBRB to be generated during time T3. These
signals in combination with signals TR6, TR7, TR8, and
TR from the T-register cause the signals SRM, and STBA
or STBB to be generated. These signals cause the A- or
B-register number to be read onto the R-bus (signal RARB
or RBRB), the bits of the number moved one position to
the right (signal SRM), and the number stored back into the
A- or B- register (signal STBA or STBB).

4-284. During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4.285.  Test Procedure. To test the A/BRS instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH

REGISTER to 001000 and press and release the LOAD
ADDRESS switch.
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b. Set the SWITCH REGISTER to 001100 (ARS
instruction) or 005100 (BRS instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 052525 (alternate
“ones” and “‘zeros”) and press and release the LOAD A
switch if testing the ARS instruction, or LOAD B switch if
testing the BRS instruction.

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

f. At the computer frontA panel, press and release the
SINGLE CYCLE switch. The P- and M-registers should
retain 001000 in them and the A-register will have 025252
in it.

g. Repeat step f above. The P- and M-registers will
have 001000 in them and the A-register should have 012525
in it.

h. At the computer front panel, press and release the
RUN switch.

4-286. The computer is now in the run mode executing
the ARS or BRS instruction in location 001000. Using a
dual-trace oscilloscope, check the signals shown in
figure 4-50. These signals can be checked at the backplane
connectors, or at a specific card by using the extender card
and the extender cable. Connect oscilloscope channel B
input to signal TO at A106-TP1, and use channel B as the
triggering source.

Note
Signal SBO is inhibited when the

INSTRUCTION switch is in the LOOP
position.
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Table 4-28. A/BRS Instruction Processing Operations

TIME PERIODS TO T1 T2 T3 T4 T5 Te6 T7
PHASE READ (Mem to TR) WRITE (TR to Mem) RIGHT-SHIFT PROCESSING —_— —_— —_—
FETCH 1 | Clear Clear | TR (10-15) ' ! P+1toP, M R i S R il e e
— Execute — LREGISTER BITS 1510 | 0pO - PH1-EIR -TRTA -TRT3 -TR12 | " ol oot R-BUS
TR IR to IR |l i Set next phase 1™ suirr noTATE A/BRS T oR 18T | a A7 . more | S - |
: I
IRELD'LAEME_RY CYCLE . m
3 _ —
reryern Bl E R e F 0 A8 32 i % A 78—
P123 — w78 ast 36
T3 T4 T5 | l :Z : :Z per e ;-REGISTER I RO I =
SHIFT-ROTATE Clear E and SklpS ! l 015 ' RB15 |
INSTRUCTIONS All Shifts and Rotates R — All Shifts and Rotates foros , s '
If TR5 =1, CLE | Ltzu L AT02-A105,
Read A or B to R Bus If TR3 = 1, SLA/B: Read A or Bto R Bus AT0AT3 | s o1 TaUs
Shift R Bus to T Bus Read A or B to R Bus Shift R Bus to T Bus Ll P 1
Store T Busin Aor B If RBO = 0, Set Carry Store T Busin Aor B - -
P MST -T2 I
“ % TATS i
i
Read A or B to R Bus RE :
Shift R Bus to T Bus R ,
Store T Bus in A or B N I
IS | I
Note: Data movement is as follows: | 0 5 e T
* AREGISTER
;7 ’ o sTeB - BRECISTER
\W/RTA NN
lvolmifv2 sl 1] n] —_—— —_—— —_—
il INCREMENT Pﬂl[‘)—M‘REGlSTERS _ o
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A107 72 12
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4-287. RA/BL INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the RA/BL instruction. Processing operations
are summarized in table 4-29. Point-to-point signal flow
during phase 1 is shown in figure 4-51.

4-288. Description. The RA/BL instruction reads a num-
ber from the A- or B-register and moves all bits of that
number one position to the left. Bit 15 is placed in bit
position zero (see table 4-29). At the end of the machine
cycle the P-register number is incremented by one and
stored in the P- and M-registers and the next phase is set.

4-289. The RA/BL instruction is read from
memory and executed during phase 1. During time
T2 of phase 1 the instruction code is read into the
I-register. Bit configuration 0000 or 0010 in the I-register
causes signals SRG, OPO, and RARB or RBRB to be
generated during time T3. These signals in combination
with signals TR6, TR7, TRS, and TRY from the T-register
cause the signals SLM, RLL, SL14, and STBA or STBB to
be generated. These signals cause the A- or B-register
number to be read onto the R-bus (signal RARB or RBRB),
the bits of the number moved one position to the left
(signals SLM, RLL, and SL14), and the number stored back
into the A- or B- register (signal STBA or STBB).

4-290. During time T6T7 signals RPRB, SBO, ADF, STP
(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4-291., Test Procedure. To test the RA/BL instruction
circuits, proceed as follows:

Note
If an address other than 001000 is used

for the following test, modify the
SWITCH REGISTER settings accordingly.
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a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 001200 (RAL
instruction) or 005200 (BAL instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 0562525 (alternate
“ones” and “zeros”) and press and release the LOAD A
switch if testing the RAL instruction, or LOAD B switch if
testing the BAL instruction.

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

f. At the computer front panel, press and release the
SINGLE CYCLE switch. The P- and M-registers should
retain 001000, and the A-register should have 125252.

g. Repeat step f above. The P- and M-registers will
have 001000 in them and the A-register should have
052525 in it.

h. At the computer front panel, press and release the
RUN switch.

4-292.  The computer is now in the run mode executing
the RAL or BAL instruction in location 001000. Using a
dual-trace oscilloscope, check the signals shown in figure
4-51. These signals can be checked at the backplane con-
nectors, or at a specific card by using the extender card and
the extender cable. Connect oscilloscope channel B input to
signal TO at A106-TP1, and use channel B as the lriggering
source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP
position.



Model 2116B Section IV
Volume Two

Table 4-29. RA/BL Instruction Processing Operations

TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
ROTATE-LEFT PROCESS _
PHASE READ (Mem to TR) WRITE (TR to Mem) | - - -
3 ‘\ . 1 A107 33 SRG = Pm-sm-m_ag-ﬁ-mim-m . - RARB i ]
FETCH 1 | Clear Clear | TR (10-15) ' ! P+1toP, M | veecisTERBiS 1810 | 0P0 - po-eim iR TRER-TA: [ “ Antcisren| _maus
— Execute — a4 0000 0/10 23 A107 OR l
TR IR to IR | | Set next phase SHIFT-ROTATE RA/BL TR110R IRT1 I . - RBRE 2 B-REGISTER l
| |
R_Eﬂ-!EMﬂiY CYCLE — p
sim B
P123 —==78 RST Aoz I T 23 e ’ ” e
T3 T4 T5 | Iz___: :: e ':I,'-REGISTER I RS I = I
0-15
I __
SHIFT‘ROTATE ) Clear E and Skips | 451’0—15 ‘ RB15/RB]5 I
INSTRUCTIONS All Shifts and Rotates — All Shifts and Rotates -
If TR5 = 1, CLE A10-A13 s .
Read A or B to R Bus If TR3 - 1, SLA/B: Read A or B to R Bus “ | 7 as 4l R
- . 45
Shift R Bus tfo T Bus Read A or B to R Bus Shift R Bus t.o T Bus L - — . ! , ey
Store T Bus in A or B If RBO = 0, Set Carry Store T Busin A or B \SJ |
all P 32 w ) TB0 I
T4T - —
Read Aor Bto R Bus e = - e Wl S Em T
Shift R Bus to T Bus A06 : s :: slz 3780 82 *
SLM, RLL, SL14 30|27 | AT02.4105
Store T Busin Aor B 182
LI I I
! i . 0 STBA 35 * i
Note: Data movement is as follows: e AREGISTER
! * STBB B~RE8?STER
[ro |7 T2 |73 [T1a|715 |76 |17 |70 | H 57 51 26

m m m m g B § N A G B ! INCREMENT PE‘D—M-REGISTERS - -
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M aw7 72 12
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63 A107

! ILS ———® 73
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Figure 4-51. RA/BL Instruction Processing Circuits,

Servicing Diagram
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4-293. RA/BR INSTRUCTION. The following para-
graphs provide a description and test procedure for the
circuits that process the RA/BR instruction. Processing
operations are summarized in table 4-30. Point-to-point
signal flow during phase 1 is shown in figure 4-52.

4-294. Description. The RA/BR instruction reads a
number from the A- or B-register and moves all bits of that
number one position to the right. Bit zero is placed in bit
position 15 (see table 4-30). At the end of the machine
cycle the P-register number is incremented by one and
stored in the P- and M-registers and the next phase is set.

4-295.  The RA/BR instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
0000 or 0010 in the I-register causes signals SRG, OPO, and
RARB or RBRB to be generated during time T3. These
signals in combination with signals TR6, TR7, TRS, and
TR9 from the T-register cause the signals SRM, RRS, and
STBA or STBB to be generated. These signals cause the A-
or B-register number to be read onto the R-bus (signal
RARB or RBRB), the bits of the number moved one
position to the right (signal SRM and RRS), and the
number stored back into the A- or B- register (signal STBA
or STBB).

4-296.  During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4.297. Test Procedure. To test the RA/BR instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.
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a. At the computer front panel, set the SWITCH

REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 001300 (RAR
instruction) or to 005300 (RBR instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 052525 (alternate
“ones” and “zeros”) and press and release the LOAD A
switch if testing the RAR instruction, or LOAD B switch if
testing the RBR instruction.

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

f. At the computer front panel, press and release the
SINGLE CYCLE switch. The P- and M-registers should
retain 001000 in them and the A-register will have 125252
in it.

g. Repeat step f above. The P- and M-registers will
have 001000 in them and the A-register should have 052525
in it.

h. At the computer front panel, press and release the
RUN switch.

4-298. The computer is now in the run mode executing
the RAR or RBR instruction in location 001000. Using a
dual-trace oscilloscope, check the signals shown in figure
4-52. These signals can be checked at the backplane con-
nectors, or at a specific card by using the extender card and
the extender cable. Connect oscilloscope channel B input to
signal TO at A106-TP1, and use channel B as the triggering
source.

Note
Signal SBO is inhibited when the

INSTRUCTION switch is in the LOOP
position.
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Table 4-30. RA/BR Instruction Processing Operations
TIME PERIODS TO T1 T2 T3 T4 T5 T6 T
ROTATE-RIGHT PROCESS - o -
PHASE READ (Mem to TR) WRITE (TR to Mem) N\ -
i | A107 SRG = PH1- EIR TTT'W~W . o RARB
FETCH 1 Clear Clear TR (10-15) _I E N I_ P+1toP,M - ::f:gﬁigz:}:jx: [ﬁ - PH1-EIR-TR14-IRT3-1R12 i - A7 AA'R'EE,%ER RBUS l
TR IR to IR e Set next phase FOTERAER | Wi on v ' I L |
[ I ﬁ- EMEY CYCLE . X -
/ o123 — ol s A102:A105 IT_R8~TR7~TRS 3: atog 32 s 76 A2 76 =
| TO —={46 A107 58 il :REG'STER I TR ' 45
T3 T4 T5 K o5 |
: l s |
SHIFT-ROTATE Clear E and Skips foros | RE0/RE0 I
INSTRUCTIONS All Shifts and Rotates —_— All Shifts and Rotates | T %
If TR5=1, CLE | T s
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4-299. A/BLR INSTRUCTION. The following para-
graphs provide a description and test procedure for the
circuits used by the A/BLR instruction. Processing oper-
ations are summarized in table 4-31. Point-to-point signal
flow during phase 1 is shown in figure 4-53.

4-300.  Description. The A/BLR instruction reads a
number from the A- or B-register and moves all bits of that
number one position to the left. Bit 14 is discarded;
replaced by bit 13. Bits 15 and 0 are cleared to ‘“zero”
(table 4-31). At the end of the machine cycle the P-register
number is incremented by one and stored in the P- and
M-registers and the next phase is set.

4-301. The A/BLR instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
0000 or 0010 in the [-register causes signals SRG, OPO, and
RARB or RBRB to be generated during time T3. These
signals in combination with signals TR6, TR7, TRS8, and
TR from the T-register cause the signals SLM, and STBA
or STBB to be generated. These signals cause the A- or B-
register number to be read onto the R-bus (signal RARB or
RBRB), the bits of the number moved one position to the
left (signal SLM), and the number stored back into the A-
or B- register (signal STBA or STBB).

4-302. During time T6T7 signals RPRB, SB0, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4-303. Test Procedure. To test the A/BLR instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and préss and release the LOAD
ADDRESS switch.
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b. Set the SWITCH REGISTER to 001400 (ALR
instruction) or 005400 (BLR instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 052525 (alternate
“ones” and “zeros”) and press and release the LOAD A
switch if testing the ALR instruction, or the LOAD B
switch if testing the BLR instruction. (To check bit 15, set
the SWITCH REGISTER to 152525.)

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS SWITCH

e. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

f. At the computer front panel, press and release the
SINGLE CYCLE switch. The P- and M-registers should
retain 001000 in them and the A-register will have 025252
in it.

g. Repeat step f above. The P- and M-registers will
have 001000 in them and the A-register should have
052524 in it.

h. At the computer front panel, press and release the
RUN switch.

4-304. The computer is now in the run mode executing
the ALR or BLR instruction in location 001000. Using a
dual-trace oscilloscope, check the signals shown in figure
4-53. These signals can be checked at the backplane con-
nectors, or at a specific card by using the extender card and
the extender cable. Connect oscilloscope channel B input to
signal TO at A106-TP1, and use channel B as the triggering
source.

Note
Signal SBO is inhibited when the

INSTRUCTION switch is in the LOOP
position.
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Table 4-31. A/BLR Instruction Processing Operations
TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
AN VALV RINRNNN ALVVUVUVVNNTTNNANN \
PHASE NREAD (Mem to TRINN___ NWRITE (TR to ¥em) \W\
i i
FETCH 1 Clear Clear |TR (10-15) ! Execute ! P+1toP,M
TR IR to IR . .
‘ l\
T3 T4 T5

SHIFT-ROTATE
INSTRUCTIONS

All Shifts and Rotates

Read A or Bto R Bus
Shift R Bus to T Bus
Store T Busin A or B

Clear E and Skips

If TR6 =1, CLE
IfTR3=1,SLA/B:
Read A or B to R Bus
If RBO = 0, Set Carry

All Shifts and Rotates

Read A or Bto R Bus
Shift R Bus to T Bus
Store T Busin A or B

Read A or Bto R Bus
Shift R Bus to T Bus
SLM

Store T Busin A or B

Note: Data movement is as follows:

N~ N\
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15

Section IV

LEFT-ROTATE PROCESSING
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Figure 4-53. A/BLR Instruction Processing Circuits,
Servicing Diagram

4-133



Section IV

4-305. ERA/B INSTRUCTION. The following para-
graphs provide a description and test procedure
for the circuits that process the ERA/B instruc-
tion. Processing operations are summarized in table
4-32. Point-to-point signal flow during phase 1 is
shown in figure 4-54.

4-306.  Description. The ERA/B instruction reads a
number from the A- or B-register and moves all bits of that
number one position to the right. Bit zero is placed in the
Extend register (E-register), and the E-register bit is placed
in the bit 15 position (table 4-32). At the end of the
machine cycle the P-register number is incremented by one
and stored in the P- and M-registers and the next phase is
set.

4-307. The ERA/B instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
0000 or 0010 in the I-register causes signals SRG, OP0, and
RARB or RBRB to be generated during time T3. These
signals in combination with signals TR6, TR7, TRS, and
TR from the T-register cause the signals SRM, and STBA
or STBB to be generated. These signals cause the A- or
B-register number to be read onto the R-bus (signal RARB
or RBRB), the bits of the number moved one position to
the right and the E-register cleared or set depending on the
state of signal RBO (signal SRM). The number is then stored
back into the A- or B-register (signal STBA or STBB).

4-308. During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-regisiers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then sef, and the computer is
ready to process the next instruction.

4-309. Test Procedure. To test the ERA/B instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.
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b. Set the SWITCH REGISTER to 001500 (ERA
instruction) or 005500 (ERB instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 052525 (alternate
“ones” and ‘“‘zeros”) and press and release the LOAD A
switch if testing the ERA instruction, or the LOAD B
switch if testing the ERB instruction. (To check bit 15, set
the SWITCH REGISTER to 152525.)

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

f. At the computer front panel, press and release the
SINGLE CYCLE switch. The P- and M-registers should
retain 001000 in them, the A-register should have 025252
or 125252 in it, and the E-register will be set (EXTEND
indicator should go on).

g. Repeat step f above. The P- and M-registers will
have 001000 in them and the A-register should have
112525 or 152525 in it, and the E-register will be
cleared (EXTEND indicator should go out).

h. At the computer front panel, press and release the
RUN switch.

4-310.  The computer is now in the run mode executing
the ERA or ERB instruction in location 001000. Using a
dual-trace oscilloscope, check the signals shown in
figure 4-54. These signals can be checked at the backplane
connectors, or at a specific card by using the extender card
and the extender cable. Connect oscilloscope channel B
input to signal TO at A106-TP1, and use channel B as the
triggering source.

Note
Signal SBO is inhibited when the

INSTRUCTION switch is in the LOOP
position.
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Table 4-32. ERA/B Instruction Processing Operations

Section IV

TIME PERIODS TO T1 T3 T4 To6 T7
PHASE \READ (Mem to TR) \\\\\\ \WRITE ?'Im‘a‘t‘o‘ Mefn)\\\
ATEEEEEARERRR RN N \\X!L\ AN
FETCH 1 Clear Clear | TR (10-15) ! P+1toP,M
— Execute —
TR IR to IR | | Set next phase
| {
T3 T4 T5
SHIFT-ROTATE -
Clear E and Skips

INSTRUCTIONS

All Shifts and Rotates

Read A or Bto R Bus
Shift R Bus to T Bus
Store T Bus in A or B

If TR5 =1, CLE

If TR3=1, SLA/B:
Read A or Bto R Bus
If RBO = 0, Set Carry

All Shifts and Rotates

Read A or Bto R Bus
Shift R Bus to T Bus
Store T Busin A or B

Read A or Bto R Bus
Shift R Bus to T Bus
SLM

Store T Busin A or B

TEND- RIGHT PROCESS

Note: Data movement is as follows:
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Figure 4-54. ERA/B Instruction Processing Circuits,
Servicing Diagram
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4-311. ELA/B INSTRUCTION. The following para-
graphs provide a description and test procedure for the
circuits that process the ELA/B instruction. Processing
operations are summarized in table 4-33. Point-to-point
signal flow during phase 1 is shown in figure 4-55.

4-312.  Description. The ELA/B instruction reads a
number from the A- or B-register and moves all bits of that
number one position to the left. Bit 15 is placed in the
Extend register (E-register), and the E-register bit is placed
in the bit zero position (see table 4-33). At the end of the
machine cycle the P-register number is incremented by one
and stored in the P- and M-registers and the next phase is
set.

4-313. The ELA/B instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
0000 or 0010 in the I-register causes signals SRG, OPO,
RARB or RBRB to be generated during time T3. These
signals in combination with signals TR6, TR7, TR8, and
TR9 from the T-register cause the signals SLM, SL14, and
STBA or STBB to be generated. These signals cause the A-
or B-register number to be read onto the R-bus (signal
RARB or RBRB), the bits of the number moved one
position to the left and the E-register cleared or set depend-
ing on the state of signal RBO. (signal SLM and SL14). The
number is then stored back into the A- or B-register (signal
STBA or STBB).

4-314.  During time T6T7 signals RPRB, SB0, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4-315. Test Procedure. To test the ELA/B instruction
circuits, proceed as follows:

Note
If an address other than 001000 is
used for the following test, modify

the SWITCH REGISTER settings
accordingly.
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a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 001600 (ELA
instruction) or 005600 (ELB instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 152525 and press
and release the LOAD A switch if testing the ELA instruc-
tion, or LOAD B switch if testing the ELB instruction.

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. Open the door assembly. At display board assembly
Ab01, set the INSTRUCTION switch to the LOOP
position.

f. At the computer front panel, press and release the
SINGLE CYCLE switch. The P- and M-registers should
retain 001000 in them and the A-register should have
125252 or 125253 in it and the E-register should be set.

g. Repeat step f above. The P- and M-registers will
have 001000 in them and the A-register should have
052525 or 052527 in it and the E-register should be
cleared.

h. At the computer front panel, press and release the
RUN switch.

4-316. The computer is now in the run mode executing
the ELA instruction in location 001000. Using a dual-trace
oscilloscope, check the signals shown in figure 4-55. These
signals can be checked at the backplane connectors, or at a
specific card by using the extender card and the extender
cable. Connect oscilioscope channel B input to signal TO at
A106-TP1, and use channel B as the triggering source.

Note
Signal SBO is inhibited when the IN-

STRUCTION switch is in the LOOP
position.
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Table 4-33. ELA/B Instruction Processing Operations
TIME PERIODS TO T1 T3 T4 T6 T7
R\\\ \\\‘\\\r:\ AN (\\ AN v‘{\\.\\\\\\\()\\\e\\ﬁ\\\\
FETCH Clear Clear | TR (10-15) ! Ereerie—— P+1toP,M
TR IR to IR I ¢ I Set next phase
l I\
T3 T4 T5

SHIFT-ROTATE . —
INSTRUCTIONS All Shifts and Rotates Clear E and Skips

Read A or Bto R Bus
Shift R Bus to T Bus
Store T Busin Aor B

If TR6=1, CLE

If TR3=1, SLA/B:
Read A or B to R Bus
If RBO = 0, Set Carry

All Shifts and Rotates

Read A or Bto R Bus
Shift R Bus to T Bus
Store T Busin Aor B

Read A or Bto R Bus
Shift R Bus to T Bus
SLM, SL14

Store T Busin A or B

Note: Data movement is as follows:
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Figure 4-55. ELA/B Instruction Processing Circuits,

Servicing Diagram
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4-317. A/BLF INSTRUCTION. The following para-
graphs provide a description and test procedure for the
circuits that process the A/BLF instruction. Processing
operations are summarized in table 4-34. Point-to-point
- signal flow during phase 1 is shown in figure 4-56.

4-318.  Description. The A/BLF instruction reads a
number from the A- or B-register and moves all bits of that
number four positions to the left. The high order bits are
placed in the low order bit position (see table 4-34). At the
end of the machine cycle the P-register number is incre-
mented by one and stored in the P- and M-registers and the
next phase is set.

4-319. The A/BLF instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
0000 or 0010 in the I-register causes signals SRG, OPO, and
RARB or RBRB to be generated during time T3. These
signals in combination with signals TR6, TR7, TR8, and
TR9 from the T-register cause the signals RL4, and STBA
or STBB to be generated. These signals cause the A- or
B-register number to be read onto the R-bus (signal RARB
or RBRB), the bits of the number moved four positions to
the left (signal RL4), and the number stored back into the
A- or B- register (signal STBA or STBB).

4-320. During time T6T7 signals RPRB, SB0O, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4-321.  Test Procedure. To test the A/BLF instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.
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b. Set the SWITCH REGISTER to 001700 (ALF
instruction) or 005700 (BLF instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 152525 and press
and release the LOAD A switch if testing the ALF instruc-
tion, or LOAD B switch if testing the BLF instruction.

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. Open the door assembly. At display board assembly
Ab01, set the INSTRUCTION switch to the LOOP
position.

f. At the computer front panel, press and release the
SINGLE CYCLE switch. The P- and M-registers should
remain at location 001000, and the A-register should have
052535 in it.

g. Repeat step f above. The P- and M-registers will
remain at location 001000, and the A-register should have
052725 in it.

h. At the computer front panel, press and release the
RUN switch.

4-322.  The computer is now in the run mode executing
the ALF instruction in location 001000. Using a dual-trace
oscilloscope, check the signals shown in figure 4-56. These
signals can be checked at the backplane connectors, or at a
specific card by using the extender card and the extender
cable. Connect oscilloscope channel B input to signal TO at
A106-TP1, and use channel B as the triggering source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP
position.
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Table 4-34. A/BLF Instruction Processing Operations
TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
PHASE READ (Mem to TR) WRITE (TR to Mem)\ ROTATE LRI IROCES —— —— ——
I | B I RAE . R, RiA. RS, A ey nARR
H N A107 SRG = (iR15- IR14-iRI3+iR12- iR10- EIR) . 2ARE
FETCH 1 Clear Clear TR (10-15) __l_ Execute I_ P+1toP,M PREGISTER BITS 1510 ® OPO = (T4 - RT3+ IRTZ - IR | o * * el RBUS
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Figure 4-56. A/BLF Instruction Processing Circuits,
Servicing Diagram
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4-323. CLA/B INSTRUCTION. The following para-
graphs provide a description and test procedure for the
circuits that process the CLA/B instruction. Processing
operations are summarized in table 4-35. Point-to-point
signal flow during phase 1 is shown in figure 4-57.

4-324.  Description. The CLA/B instruction resets the A-
or B-register. The instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
00001 or 00011 in the I-register causes signals ASG and
OPO to be generated during time T3. These signals in
combination with signal TR8 from the T-register cause the
signals EOF and STBA or STBB to be generated also at
time T3. These signals cause the R- and S-buses to be
combined and transferred to the T-bus (signal EOF), and
the T-bus data (zeros) to be stored in the A- or B-register
(signal STBA or STBB).

4-325. During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4-326. Test Procedure. To test the CLA/B instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.
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b. Set the SWITCH REGISTER to 002400 (CLA
instruction) or 006400 (CLB instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 177777 and press
and release the LOAD A switch if testing the CLA instruc-
tion, or LOAD B switch if testing the CLB instruction.

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

f. At the computer front panel, press and release the
SINGLE CYCLE switch. The A-register should be cleared
to zero.

g. At the computer front panel, press and release the
RUN switch.

4-327. The computer is now in the run mode executing
the CLA instruction. Using a dual-trace oscilloscope, check
the signals shown in figure 4-57. These signals can be
checked at the backplane connectors, or at a specific card
by using the extender card and the extender cable. Connect
oscilloscope channel B input to signal TO at A106-TP1, and
use channel B as the triggering source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP
position.

Table 4-35. CLA/B Instruction Processing Operations

TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
PHASE READ (Mem to TR) WRITE (TR to Mem)
| T
FETCH 1 Clear Clear TR (10-15) ! Execut '_ P+1toP,M
TR IR to IR | cute I Set next phase
J ]
T3 T4 T5
ALTER-SKIP
INSTRUCTIONS No Read (R Bus all zeros)
EOF
Store T Bus in A/B
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Figure 4-57. CLA/B Instruction Processing Circuits, Servicing Diagram
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4-328. CMA/B INSTRUCTION. The following para-
graphs provide a description and test procedure for the
circuits that process the CMA/B instruction. Processing
operations are summarized in table 4-36. Point-to-point
signal flow during phase 1 is shown in figure 4-58.

4-329.  Description. The CMA/B instruction compli-
ments the data in the A- or B-register. The instruction is
read from memory and executed during phase 1. During
time T2 of phase 1 the instruction code is read into the
I-register. Bit configuration 00001 or 00011 in the I-register
causes signals ASG and OPO to be generated during time
T3. These signals in combination with signal TR8 and TR9
from the T-register cause the signals RARB or RBRB, CMF,
and STBA or STBB to be generated also at time T3. These
signals cause the A- or B-register data to be read onto the
R-bus (signal RARB or RBRB), the R-bus to be compli-
mented and transferred to the T-bus (signal CMF), and the
T-bus data to be stored in the A- or B-register (signal STBA
or STBB).

4-330. During time T6T7 signals RPRB, SB0O, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4-331. Test Procedure. To test the CMA/B instruction
circuits, proceed as follows:
Note
If an address other than 001000 is use

for the following test, modify the
SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.
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b. Set the SWITCH REGISTER to 003000 (CMA
instruction) or 007000 (CMB instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 177777 and press
and release the LOAD A switch if testing the CMA instruc-
tion, or the LOAD B switch if testing the CMB instruction.

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

f. At the computer front panel, press and release the
SINGLE CYCLE switch twice. The A-register data should
be complemented to ‘“‘zeros’ and then back to “ones”.

g. At the computer front panel, press and release the
RUN switch.

4-332.  The computer is now in the run mode executing
the CMA instruction. Using a dual-trace oscilloscope, check
the signals shown in figure 4-58. These signals can be
checked at the backplane connectors, or at a specific card
by using the extender card and the extender cable. Connect
oscilloscope channel B input to signal TO at A106-TP1, and
use channel B as the triggering source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP
position.

Table 4-36. CMA/B Instruction Processing Operations

TIME PERIODS T0 Tl T2 T3 T4 T5 T6 7
PHASE 'READ (Mem to TR) .\ & - WRITE (TR to Mem)- 3\
S
FETCH 1 | Clear Clear  |TR (10-15) ' Execute — P+1toP,M
TR IR to IR | cute I Set next phase
J 1
T3 T4 5
ALTER-SKIP
INSTRUCTIONS Read A/B to R Bus
CMF
Store T Bus in A/B
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Figure 4-58. CMA/B Instruction Processing Circuits, Servicing Diagram
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4-333. CCA/B INSTRUCTION. The following para-
graphs provide a description and test procedure for
the circuits that process the CCA/B instruction.
Processing operations are summarized in table 4-37.
Point-to-point signal flow during phase 1 is shown
in figure 4-59.

4-334.  Description. The CCA/B instruction compliments
the data (zeros) on the R-bus and transfers this compli-
mented data (ones) to the T-bus. The T-bus data is then
stored in the A- or B-register. At the end of the machine
cycle the P-register number is incremented by one and
stored in the P- and M-registers and the next phase is set.

4-335. The CCA/B instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
00001 or 00011 in the I-register causes signals ASG and
OPO to be generated during time T3. These signals in
combination with signals TR8 and TR9 from the T-register
cause the signals CMF, and STBA or STBB to be generated.
These signals cause the R-bus data (zeros) to be compli-
mented and transferred to the T-bus (signal CMF), and the
complimented data (ones) to be stored into the A- or
B-register (signal STBA or STBB).

4-336.  During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4.337. Test Procedure. To test the CCA/B instruction
circuits, proceed as follows:

Note
If an address other than 001000 is used

for the following test, modify the
SWITCH REGISTER settings
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a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 003400 (CCA
instruction) or 007400 (CCB instruction) and press and
release the LOAD MEMORY switch. ‘

c. Set the SWITCH REGISTER to 000000 and press
and release the LOAD A switch if testing the CCA instruc-
tion, or the LOAD B switch if testing the CCB instruction.

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

f. At the computer front panel, press and release the
SINGLE CYCLE switch. The P- and M-registers should
retain 001000 in them and the A-register should have
177777 in it.

g. At the computer front panel, press and release the
RUN switch.

4-338.  The computer is now in the run mode executing
the CCA instruction in location 001000. Using a dual-trace
oscilloscope, check the signals shown in figure 4-59. These
signals can be checked at the backplane connectors, or at a
specific card by using the extender card and the extender
cable. Connect oscilloscope channel B input to signal TO at
A106-TP1, and use channel B as the triggering source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP

accordingly. position.
Table 4-37. CCA/B Instruction Processing Operations
TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
PHASE \READ (Mem to TR) . ¢ | WRITE (TR to Mem)- -
N L N L N, . \-H]\- . T NS
FETCH 1 Clear Clear |TR (10-15) ! Execut N P+1toP, M
TR IR to IR ] Set next phase
| |
T3 T4 T5
ALTER-SKIP
INSTRUCTIONS No Read (R Bus all zeros)
CMF
Store T Busin A/B
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Figure 4-59. CCA/B Instruction Processing Circuits, Servicing Diagram
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4-339. CLE INSTRUCTION (Alter-Skip Group). The
following paragraphs provide a description and test pro-
cedure for the circuits that process the CLE instruction.
Processing operations are summarized in table 4-38. Point-
to-point signal flow during phase 1 is shown in figure 4-60.

4-340. Description. The CLE instruction resets the
Extend register (E-register). The instruction is read from
memory and executed during phase 1. During time T2 of
phase 1 the instruction code is read into the I-register. Bit
configuration 00001 in the I-register causes signals ASG,
OPO, and RARB to be generated during time T3. These
signals in combination with signals TR6 and TR7 from the
T-register cause the E-register to reset at time T3TS. The
A-register data is read onto the R-bus (signal RARB) during
time T4T5 but is not used.

4-341. During time T6T7 signals RPRB, SB0O, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4-342. Test Procedure. To test the CLE instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
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a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 002100 (CLE
instruction) and press and release the LOAD MEMORY
switch.

c. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

d. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

e. At the computer front panel, press and release the
RUN switch.

4-343.  The computer is now in the run mode executing
the CLE instruction. Using a dual-trace oscilloscope, check
the signals shown in figure 4-60. These signals can be
checked at the backplane connectors, or at a specific card
by using the extender card and the extender cable. Connect
oscilloscope channel B input to signal TO at A106-TP1, and
use channel B as the triggering source.

Note

Signal SBO is inhibited when the

SWITCH REGISTER settings INSTRUCTION switch is in the LOOP
accordingly. position.
Table 4-38. CLE Instruction (Alter-Skip Group) Processing Operations
TIME PERIODS TO Tl T2 T3 T4 T5 T6 T7
PHASE YREAD (Mem to TR)\\\;; NWRITE (TR to Mem)?
1 T
FETCH 1 Clear Clear TR (10-15) _' Execut ‘_ P+1toP,M
TR IR to IR | ‘] Set next phase
| |
T3 T4 T5
ALTER-SKIP
INSTRUCTIONS
Reset E Flip-flop
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Figure 4-60. CLE Instruction (Alter-Skip Group) Processing Circuits, Servicing Diagram
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4-344, CME INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the CME instruction. Processing operations are
summarized in table 4-39. Point-to-point signal flow during
phase 1 is shown in figure 4-61.

4-345.  Description. The CME instruction reverses the
state of the Extend register (E-register). The instruction is
read from memory and executed during phase 1. During
time T2 of phase 1 the instruction code is read into the
I-register. Bit configuration 00001 in the I-register causes
signals ASG and OPO to be generated during time T3. These
signals in combination with signals TR6 and TR7 from the
T-register cause the E-register to reverse its state at time
T3TS. The A-register data is read onto the R-bus (signal
RARB) during time T4T5 but is not used.

4-346. During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4-347. -Test Procedure. To test the CME instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.
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a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 002200 (CME
instruction) and press and release the LOAD MEMORY
switch.

c. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

d. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

f. At the computer front panel, press and release the
RUN switch.

4-348.  The computer is now in the run mode executing
the CME instruction. Using a dual-trace oscilloscope, check
the signals shown in figure 4-61. These signals can be
checked at the backplane connectors, or at a specific card
by using the extender card and the extender cable. Connect
oscilloscope channel B input to signal TO at A106-TP1, and
use channel B as the triggering source.

Note
Signal SBO is inhibited when the

INSTRUCTION switch is in the LOOP
position.

Table 4-39. CME Instruction Processing Operations

TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
PHASE READ (Mem to TR)\ S " WRITE (TR to Mem) 33\ 8
e S SN
FETCH 1 | Clear Clear  |TR (10-15) ! brecute . P+1toP,M
TR IR to IR | xecute | Set next phase
| 1
T3 T4 5
ALTER-SKIP
INSTRUCTIONS
Complement E Flip-flop
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4-349. CCE INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the CCE instruction. Processing operations are
summarized in table 4-40. Point-to-point signal flow during
phase 1 is shown in figure 4-62.

4-350.  Description. The CCE instruction sets the Extend
register (E-register). The instruction is read from memory
and executed during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
00001 in the I-register causes signals ASG and OPO to be
generated during time T3. These signals in combination
with signals TR6 and TR7 from the T-register cause the
E-register to set at time T3TS.

4-351. During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4-352. Test Procedure. To test the CCE instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
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a. At the computer front panel, set the SWITCH REG-
ISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 002300 (CCE
instruction) and press and release the LOAD MEMORY
switch.

c. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

d. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

e. At the computer front panel, press and release the
RUN switch.

4-353. The computer is now in the run mode executing
the CCE instruction. Using a dual-trace oscilloscope, check
the signals shown in figure 4-62. These signals can be
checked at the backplane connectors, or at a specific card
by using the extender card and the extender cable. Connect
oscilloscope channel B input to signal TO at A106-TP1, and
use channel B as the triggering source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP

accordingly. position.
Table 4-40. CCE Instruction Processing Operations
TIME PERIODS TO Tl T2 T3 T4 T5 T6 T7
PHASE READ (Mem to TR) WRITE (TR to Mem) X\
NN\ N\
! T
FETCH 1 | Clear Qear |TR (10-15) ‘ ' P+1toP,M
—— Execute —
TR IR to IR | i Set next phase
I |
T3 T4 T5
ALTER-SKIP
INSTRUCTIONS
CCE Set E Flip-flop
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4-354. SEZ INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the SEZ instruction. Processing operations are
summarized in table 4-41. Point-to-point signal flow during
phase 1 is shown in figure 4-63.

4-355.  Description. The SEZ instruction compares bit
zero from the T-register with the reset output of the
E-register. If both signals are true, the next instruction in
sequence is skipped (i.e., the P- and M-registers are incre-
mented by two instead of one). If both signals are false or
one true and one false, the program continues with the next
instruction in sequence.

4-356. The SEZ instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
00001 in the I-register causes signals ASG and OPO to be
generated during time T3. These signals in combination
with signal TR5 from the T-register cause T-register bit zero
(TRO) signal and the signal from the reset side of the
E-register flip-flop (EFF) to be compared and the Carry FF
(CFF) to set at time T3TS if signals TRO and EFF are both
true. Signal CFF causes signal CO to be generated at time
T6T7.

4-357.  During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) normally cause the P- and
M-registers to increment by one. However, if the Carry FF
is set, these signals in combination with signal CO will cause
the P- and M-registers to increment by two. The next phase
(phase 1, or phase 4 if an interrupt is in progress) is then
set, and the computer is ready to process the next
instruction.

4-458.  Test Procedure. To test the SEZ instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
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SWITCH REGISTER
accordingly.

settings

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 002040 (SEZ
instruction) and press and release the LOAD MEMORY
switch.

c. Set the SWITCH REGISTER to 027000 (JMP
instruction) and press and release the LOAD MEMORY
switch.

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

f. At the computer front panel, press and release the
RUN switch.

4-359.  The computer is now in the run mode executing
the SEZ instruction in location 001000. If the E-register is
‘“zero” the JMP instruction will be executed. Using a dual-
trace oscilloscope, check the signals shown in figure 4-63.
These signals can be checked at the backplane connectors,
or at a specific card by using the extender card and the ex-
tender cable. Connect oscilloscope channel B input to sig-
nal TO at A106-TP1, and use channel B as the triggering
source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP
position.

Table 4-41. SEZ Instruction Processing Operations

TIME PERIODS TO Tl T2 T3 T4 T5 T6 T7
PHASE READ (Mem to TR) N\ WRITE (TR to Mem)
NN\
T I
FETCH 1 Clear Clear TR (10-15) ' E | P +1 +Carry to P,M
TR IR to IR —‘- xecute -'-— Set next phase
J 1
T3 T4 T5
ALTER-SKIP
INSTRUCTIONS Set Carry if:
E=0and TRO=0, or
E=1and TRO=1
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Figure 4-63. SEZ Instruction Processing Circuits, Servicing Diagram
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4-360. SSA/B INSTRUCTION. The following para-
graphs provide a description and test procedure for the
circuits that process the SSA/B instruction. Processing oper-
ations are summarized in table 4-42. Point-to-point signal
flow during phase 1 is shown in figure 4-64.

4-361. Description. The SSA/B instruction reads a
number from the A- or B-register and compares bit 15 of
the A- or B-register with bit zero of the T-register (TRO). If
the comparison is equal, the next instruction in sequence is
skipped (i.e., the P- and M-registers are incremented by two
instead of one). If the comparison is unequal, the program
continues with the next instruction in sequence.

4-362. The SSA/B instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
00001 or 00011 in the I-register causes signals ASG, OPO,
and RARB or RBRB to be generated during times T3 and
T4. These signals in combination with signal TR4 from the
T-register cause the A- or B-register number to be read onto
the R-bus (signal RARB or RBRB), and the Carry FF
(CFF) to set at time T4TS if bit zero of the T-register
(TRO) and bit 15 of the R-bus (RB15) are equal (both true
or both false). Signal CFF causes signal CO to be generated
at time T6T7.

4-363. During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) normally cause the P- and
M-registers to increment by one. However, if the Carry FF
is set, these signals in combination with signal CO will cause
the P- and M-registers to increment by two. The next phase
(phase 1, or phase 4 if an interrupt is in progress) is then
set, and the computer is ready to process the next
instruction.

4.364. Test Procedure. To test the SSA/B instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.
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a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 002020 (SSA
instruction) or 006020 (SSB instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 027000 (JMP
instruction) and press and release the LOAD MEMORY
switch.

d. Set the SWITCH REGISTER to 000000 (equal
compare) and press and release the LOAD A switch if
testing the SSA instruction, or the LOAD B switch if
testing the SSB instruction. (Substitute 100000 for 000000
for an unequal compare.)

e. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

f. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

g. At the computer front panel, press and release the
SINGLE CYCLE switch. The P- and M-registers should have
001001 in them.

h. Repeat step g above. The P- and M-registers should
have 001000 in them.

i. At the computer front panel, press and release the
RUN switch.

4-365. The computer is now in the run mode executing
the SSA instruction in location 001000. Using a dual-trace
oscilloscope, check the signals shown in figure 4-64. These
signals can be checked at the backplane connectors, or at a
specific card by using the extender card and the extender
cable. Connect oscilloscope channel B input to signal TO at
A106-TP1, and use channel B as the triggering source.

Note
Signal SBO is inhibited when the

INSTRUCTION switch is in the LOOP
position.
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Table 4-42. SSA/B Instruction Processing Operations
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Figure 4-64. SSA/B Instruction Processing Circuits,
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4-366. SLA/B INSTRUCTION (Alter-Skip Group). The
following paragraphs provide a description and test pro-
cedure for the circuits that process the SLA/B instruction.
The processing operations are summarized in table 4-43.
Point-to-point signal flow during phase 1 is shown in figure
4-65.

4-367.  Description. The SLA/B instruction reads a
number from the A- or B-register and compares bit zero of
the A- or B-register with bit zero of the T-register. If the
comparison is equal, the next instruction in sequence is
skipped (i.e., the P- and M-registers are incremented by two
instead of one). If the comparison is unequal, the program
continues with the next instruction in sequence.

4-368. The SLA/B instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
00001 or 00011 in the I-register causes signals ASG, OPO,
and RARB or RBRB to be generated during times T3 and
T4. These signals in combination with signal TR3 from the
T-register cause the A- or B-register number to be read onto
the R-bus (signal RARB or RBRB), and the Carry FF
(CFF) to set at time T4TS if bit zero of the R-bus (signal
RBO) and bit zero of the T-register (signal TRO) are equal
(both true or both false). Signal CFF causes signal CO to be
generated at time T6T7.

4-369. During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) normally cause the P- and
M-registers to increment by one. However, if the Carry FF
is set, these signals in combination with signal CO will cause
the P- and M-registers to increment by two. The next phase
(phase 1, or phase 4 if an interrupt is in progress) is then
set, and the computer is ready to process the next
instruction.

4-370. Test Procedure. To test the SLA/B instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITGCH REGISTER settings
accordingly.
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a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 002010 (SLA
instruction) or 006010 (SLB instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 027000 (JMP
instruction) and press and release the LOAD MEMORY
switch.

d. Set the SWITCH REGISTER to 000000 (equal
compare) and press and release the LOAD A switch if
testing the SLA instruction, or the LOAD B switch is
testing the LSB instruction. (Substitute 000001 to 000000
for an unequal compare.)

e. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

f. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

g. At the computer front panel, press and release the
SINGLE CYCLE switch. The P- and M-registers should have
001001 in them.

h. Repeat step g above. The P- and M-registers should
have 001000 in them.

i. At the computer front panel, press and release the
RUN switch.

4-371.  The computer is now in the run mode executing
the SLA instruction in location 001000. Using a dual-trace
oscilloscope, check the signals shown in figure 4-65. These
signals can be checked at the backplane connectors, or at a
specific card by using the extender card and the extender
cable. Connect oscilloscope channel B input to signal TO at
A106-TP1, and use channel B as the triggering source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP
position.
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Table 4-43. SLA/B Instruction (Alter-Skip Group) Processing Operations

Section IV

RBO = 0and TRO =
0, or RBO =1 and
TRO=1

TIME PERIODS TO T1 T2 T3 T4 T5 T6 v
PHASE READ (Mem to TR\ WRITE (TR to Mem)
.. NN AN \\? N i N

FETCH 1 Clear Clear |TR (10-15) L ' P +1 +Carry to P, M

TR IR to IR — Execute —— Set PH1
| |
T3 T4 T5
ALTER-SKIP Read A/B to R Bus
INSTRUCTIONS Set Carry if:

*Combination of SSA/B, SLA/B, and RSS is a special case; see paragraph 4-384.

TEST FOR SKIP CONDITION

A107 ‘o ASG = PH1- EIR- IR15-IR14-1R13-IR12-IR10 RARB
10 * 19 34
- — A102-A105
1-REGISTER BITS 1510 | OPO = PH1-EIR - IR14 -IR13+1R12 | A-REGISTER RBUS
— 44 0000 0/1 1 43 A107
ALTER-SKIP SLA/B TRTI OR IR11 | RBRB 8-REGISTER I
* 18 2 l
READ-MEMORY CYCLE —
— —_— —_— RBO/RBO
— CFF
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123 —wmi 78 ast o TR w0 2 iF TR0 AND
o o | TRO/TRO | RBO ARE
——= 45 A107 58 7 T e 12 EQUAL co
| Ts P T.REGISTER TR9 g AT08 A8 71 I
015
l —165 T6T7 —— 72
I STO-15 ' |
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a1 l
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J— | E—
e e — —— TOF £oF :
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a3 i
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0 32 I
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63 | A102:A105,
A106 TS I
1617 |
30
T7 }
18 |
P123 I |
23— - i I
| srea *
1 43 50 38 I
A102.A105
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Figure 4-65. SLA/B Instruction (Alter-Skip Group)
Processing Circuits, Servicing Diagram
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Section 1V

4-372. INA/B INSTRUCTION. The following para-
graphs provide a description and test procedure for the
circuits that process the INA/B instruction. The processing
operations are summarized in table 4-44. Point-to-point
signal flow during phase 1 is shown in figure 4-66.

4-373.  Description. The INA/B instruction reads a
number from the A- or B-register and increments that
number by one. The incremented number is then stored
back in the A- or B-register. At the end of the machine
cycle the P-register number is incremented by one and
stored in the P- and M-registers and the next phase is set.

3-374.  The INA/B instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the in
instruction code is read into the I-register. Bit configuration
000 0/11 in the I-register causes signals ASG, OP0, RARB
or RBRB, SB0, ADF, and STBA or STBB to be generated
during time T4T5. These signals in combination with signal
TR2 from the T-register cause the A- or Bregister number
to be read onto the R-bus (signal RARB or RBRB) incre-
mented by one and transferred to the T-bus (signals SBO
and ADF), and stored in the A- or B-register (signal STBA
or STBB).

4-375.  During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. The next phase (phase 1, or phase 4 if an
interrupt is in progress) is then set, and the computer is
ready to process the next instruction.

4-376. Test Procedure. To test the INA/B instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
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a. At the computer front panel, set the SWITCH REG-
ISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 002004 (INA
instruction) or 006004 (INA instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 000000 and press
and release the LOAD A switch if testing the INA
instruction, or the LOAD B switch if testing the INB
instruction.

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

f. At the computer front panel, press and release the
SINGLE CYCLE switch. The P- and M-registers should have
001000 in them and the A-register will have 000001 in it.

h. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

g. At the computer front panel, press and release the
RUN switch.

4-377.  The computer is now in the run mode executing
the INA instruction in location 001000. Using a dual-trace
oscilloscope, check the signals shown in figure 4-66.
These signals can be checked at the backplane connectors,
or at a specific card by using the extender card and the
extender cable. Connect oscilloscope channel B input to
signal TO at A106-TP1, and use channel B as the triggering
source.

Note

Signal SBO is inhibited when the

SWITCH REGISTER settings INSTRUCTION switch is in the LOOP
accordingly. position.
Table 4-44. INA/B Instruction Processing Operations
TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
PHASE READ (Mem to TR) ‘WRITE (TR to Mem) X\
I I '
FETCH 1 Clear Clear |TR (10-15) ! ‘ P+1toP, M
— Execute —
TR IR to IR | | Set next phase
] 1
T3 T4 . TS
ALTER-SKIP
INSTRUCTIONS Read A/B to R Bus
Read “1” to S Bus *Combination of SSA/R,
ADF SLA/B, and RSSisa
Store T Bus in A/B special case;see text.
If C16: Set E
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Section IV

INCREMENT REGISTER PROCESS
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Figure 4-66. INA/B Instruction Processing Circuits, Servicing Diagram
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Section IV

4-378. SZA/B INSTRUCTION. The following para-
graphs provide a description and test procedure for the
circuits that process the SZA/B instruction. Processing
operations are summarized in table 4-45. Point-to-point
signal flow during phase 1 is shown in figure 4-67.

4-379.  Description. The SZA/B instruction reads a
number from the A- or B-register and checks it for an all
“zero” condition. If all the bits of the number are zero, the
next instruction in sequence is skipped (i.e., the P- and
M-registers are incremented by two instead of one). If all
the bits of the number are not zero, the program continues
with the next instruction in sequence.

4-380. The SZA/B instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
00001 or 00011 in the I-register causes signals ASG, OPO,
RARB or RBRB, and ADF to be generated during times T3
through T5. These signals in combination with signals TRO
and TR1 from the T-register cause the A- or B-register
number to be read onto the R-bus (signal RARB or RBRB),
transferred to the T-bus (signal ADF), and the Carry FF
(CFF) to set at time T5TS if all the bits of the T-bus are
equal to zero (TAN gates signals). Signal CFF causes signal
CO to be generated at time T6T7.

4-381. During time T6T7 signals RPRB, SB0O, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. In combination with signal CO will cause
the P- and M-register to increment by two. The next phase
(phase 1, or phase 4 if an interrupt is in progress) is then
set, and the computer is ready to process the next
instruction.

4-382. Test Procedure. To test the SZA/B instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.
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b. Set the SWITCH REGISTER to 002002 (SZA
instruction) or 006002 (SZB instruction) and press and
release the LOAD MEMORY switch.

c. Set the SWITCH REGISTER to 027000 (JMP
instruction) and press and release the LOAD MEMORY
switch.

d. Set the SWITCH REGISTER to 000000 (all bits
zero test) and press and release the LOAD A switch if
testing the SZA instruction, or the LOAD B switch if
testing the SZB instruction. (Substitute 000001 to 000000
for all bits not zero test.)

e. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

f. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

g. At the computer front panel, press and release the
SINGLE CYCLE switch. The P- and M-registers should have
001001 in them.

h. Repeat step g above. The P- and M-registers should
have 001000 in them.

i. At the computer front panel, press and release the
RUN switch.

4-383. The computer is now in the run mode executing
the SZA instruction in location 001000. Using a dual-trace
oscilloscope, check the signals shown in figure 4-67.
These signals can be checked at the backplane connectors,
or at a specific card by using the extender card and the
extender cable. Connect oscilloscope channel B input to
signal TO at A106-TP1, and use channel B as the triggering
source.

Note

Signal SBO 1is inhibited when the
INSTRUCTION switch is in the LOOP
position.
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sTo-1
4
R Bus to T Bus L
Set Carry if: A10-A13 I
T Bus all zeros and o | * AoF
TRO=0, or L — b0
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Figure 4-67. SZA/B Instruction Processing Circuits,
Servicing Diagram
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Section IV

4.384. RSS INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the RSS instruction.

4-385.  Description. The RSS instruction, when proc-
essed alone (not in combination with any of the other
ASG skip instructions), or when processed in combination
with any of the ASG non-skip instructions, causes an
unconditional skip to occur. Normally the other ASG skip
instructions will cause a skip to occur when a zero con-
dition (RB15 or RBO are false) is sensed. When the RSS
instruction is used in combination with any of the other
ASG skip instructions a skip will occur when a non-zero
condition (RB15 or RBO are true) is sensed. Only when
used in combination with the SSA/B and SLA/B instruc-
tions, must bits 15 and 0 both be true for the skip to occur.
At the end of the machine cycle the P-register number is
incremented by one if no skip condition has been gener-
ated, or is incremented by two if a skip condition has been
generated. The incremented number is then stored in the P-
and M-registers and the next phase is set.

4-386. The RSS instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
00001 or 00011 in the I-register causes signals ASG and
OP0 to be generated during time T3. These signals in
combination with signal TRO from the T-register cause the
Carry FF (CFF) to be set. Signal CFF causes signal CO to be
generated at time T6T7.

4-387.  During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) normally cause the P- and
M-registers to increment by one. However, if the Carry FF
is set, these signals in combination with signal CQ will cause
the P- and M-registers to increment by two. The next phase
(phase 1, or phase 4 if an interrupt is in progress) is then
set, and the computer is ready to process the nexi
instruction.

4-388. Test Procedure. The RSS instruction is tested in
combination with the SEZ instruction (paragraph 4-354).
To test the RSS instruction circuits proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 002041 (SEZ and
RSS instructions) and press and release the LOAD
MEMORY switch.

c. Set the SWITCH REGISTER to 027000 (JMP
instruction) and press and release the LOAD MEMORY
switch.

4-162

Model 2116B
Volume Two

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

f. At the computer front panel, press and release the
RUN switch.

4-389.  The computer is now in the run mode executing
the SEZ and RSS instructions in location 001000. The
signal CO will be generated if the E-register is set. Using a
dual-trace oscilloscope, check the signals shown in figure
4-63. These signals can be checked at the backplane con-
nectors, or at a specific card by using the extender card and
the extender cable. Connect oscilloscope channel B input to
signal TO at A106TP1, and use channel B as the triggering
source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP

position.
4-390. INPUT/OUTPUT INSTRUCTION PROCESSING
CIRCUITS.
4.391. The circuits that process the 17 input/output

instructions are shown in figures 4-68 through 4-79. Input/
output instructions are used in the computer program to
address a selected input/output location (select code) and
specify a desired data transfer or control operation involv-
ing the select code which is addressed. (Four instructions
included in the input/output instruction set are used to
perform control operations involving the overflow register.
For this reason, these four instructions are sometimes con-
sidered to be part of the register reference instruction set.
However, for troubleshooting purposes they are treated as
input/output instructions because they use the input/
output instruction format.) Input/output instruction
formats are shown in figure 4-1. The paragraphs which
follow describe -the purpose and use of each instruction,
and explain how the processing circuits implement and
execute the instructions. Tables summarizing the processing
operations, and servicing diagrams showing signal flow and
timing within the processing circuits, are included for refer-
ence during explanation and troubleshooting. Suggested
troubleshooting test procedures are presented for each
instruction.

4-392. HLT INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the HLT instruction. Processing operations are
summarized in table 4-46. Point-to-point signal flow during
phase 1 is shown in figure 4-68.

4-393.  Description. The HLT instruction clears RUN FF
1 and RUN FF 2, turns off the RUN indicator, turns on the
HALT indicator and the FETCH indicator, and enables the
front panel switches. It also causes the A- or B-register data
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to be transferred to the T-bus but makes no use of this
data. It clears any addressed I/O device FLAG FF if bit 9 of
the instruction (signal TR9) is true. At the end of the
machine cycle, the P-register number is incremented by one
and stored in the P- and Mregisters and phase 1 is set.

4-394. The HLT instruction is read from memory and
executed during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
100001 or 100011 (IR15 through IR10) in the I-register
causes signals I0G, OPO, and RARB or RBRB to be gener-
ated during time T3 through T5. These signals in combina-
tion with signals TR6, TR7, and TRS from the T-register
cause the signal HIN to be generated at time T3 which
clears the RUN FF 1 {(RF1) at time T5. Clearing RUN FF 1
causes PH1 FF to set and the FETCH indicator to go on
allowing RUN FF 2 (RF2) to clear at time T7S. Clearing
RUN FF 2 causes the HALT indicator to go on, the RUN
indicator to go off, and the front panel switches to be
enabled. During times T3 through T5 the A- or B-register
data is read ontc the R-bus (signal RARB or RBRB), and
transferred to the T-bus (signal TOF) but is not used. During
time T4 the INTERRUPT SYSTEM ENABLE FF and the
1/O device FLAG FF whose address appears in the last six
bits of the HLT instruction are cleared. (signals TR9 and
CLF).

4-395. During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(C-15) cause the P- and M-registers to
increment by one. Phase 1 is then set, and the computer
stops ready to process the next instruction.

4-396. Test Procedure. To test the HLT instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the

SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 103001 (HLT
instruction) and press and release the LOAD MEMORY
switch.

c. Set the SWITCH REGISTER to 027000 (JMP
instruction) and press and release the LOAD MEMORY
switch.

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. Open the door assembly. At display board assembly
A501, set the INSTRUCTION switch to the LOOP
position.

f. At the computer front panel, press and release the
RUN switch. The computer will appear to remain in the
halt mode.

4-397.  Using a dual-trace oscilloscope check the signals
shown in figure 4-68 at the backplane connectors or at a
specific card by using the extender card and the extender
cable. The signals are generated each time the RUN switch
is pressed. Connect oscilloscope channel B input to signal
TO at A106-TP1, and use channel B as the triggering source.

Note
Signal SBO is inhibited when the

INSTRUCTION switch is in the LOOP
position.

Table 4-46. HLT Instruction Processing Operations

Section IV

TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
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Figure 4-68. HLT Instruction Processing Circuits,
Servicing Diagram
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4-398. STF INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the STF instruction. Processing operations are
summarized in table 4-47. Point-to-point signal flow during
phase 1 is shown in figure 4-69.

4-399.  Description. The STF instruction sets the flag
flip-flop addressed in the select code portion of the
instruction. The instruction is read from memory and exe-
cuted during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
100001 in the I-register causes signals IOG and OPO to be
generated during times T3 through the following time TO.
The IOGE signal in combination with the TR8, TR7, and
TR6 signals from the T-register cause the STF signal to be
generated at time T3. The IOGE signal in combination
with the TR5, TR4, TR3, TR2, TR1, and TRO signals from
the T-register are used to address the desired computer or
interface flip-flop. The STF signal then sets the flip-flop.

4-400. During time T6TT signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. Phase 1 is then set, and the computer
is ready to process the next instruction.

ready to process the next instruction.

4-401. Test Procedure. To test the STF instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
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SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 1021XX (STF
instruction) and press and release the LOAD MEMORY
switch. (The variable “XX” represents the select code of
the addressed I/O device.)

c. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

d. Open the door assembly. At the display board
assembly A501, set the INSTRUCTION switch to the
LOOP position.

e. At the computer front panel, press and release the
RUN switch.

4-402. The computer is now in the run mode executing
the STF instruction. Using a dual-trace oscilloscope, check
the signals shown in figure 4-69. These signals can be
checked at the backplane connectors, or at a specific card
by using the extender card and the extender cable. Connect
oscilloscope channel B input to signal TO at A106-TP1, and
use channel B as the triggering source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP
position.

Table 4-47. STF Instruction Processing Operations

TIME PERIODS TO Ti T2 T3 T4 T5 T6 T7
PHASE READ (Mem to TR) WRITE (TR to Mem)
N
FETCH 1 Clear Clear TR to IR Set Flag: P+1toP,M
TR IR Select Code Set next phase
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4-403. CLF INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the CLF instruction. Processing operations are
summarized in table 4-48. Point-to-point signal flow during
phase 1 is shown in figure 4-70.

4-404.  Description. The CLF instruction clears the Flag
flip-flop addressed in the select code portion of the
instruction. The instruction is read from memory and exe-
cuted during phase 1. During time T2 of phase 1 the
instruction code is read into the I-register. Bit configuration
100001 in the Iregister causes signals IOG and OPO to be
generated during times T3 through the following time TO.
The IOGE signal in combination with the TR9 signal from
the T-register causes the CLF signal to be generated at time
T4. The IOGE signal in combination with the TR5, TR4,
TR3, TR2, TR1, and TRO signals from the T-register are
used to address the desired computer or interface flip-flop.
The CLF signal then clears the flip-flop.

4-405. During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. Phase 1 is then set, and the computer is
ready to process the next instruction.

4-406. Test Procedure. To test the CLF instruction
circuits, proceed as follows:
Note

If an address other than 001000 is used
for the following test, modify the
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SWITCH REGISTER
accordingly.

settings

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 1031XX (CLF
instruction) and press and release the LOAD MEMORY
switch. (The variable “XX” represents the select code of
the addressed I/O device.)

c. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

d. Open the door assembly. At the display board
assembly Ab501, set the INSTRUCTION switch to the
LOOP position.

e. At the computer front panel, press and release the
RUN switch.

4-407. The computer is now in the run mode executing
the CLF instruction. Using a dual-trace oscilloscope, check
the signals shown in figure 4-70. These signals can be
checked at the backplane connectors, or at a specific card
by using the extender card and the extender cable. Connect
oscilloscope channel B input to signal TO at A106-TP1, and
use channel B as the triggering source.

Note
Signal SBO is inhibited when the

INSTRUCTION switch is in the LOOP
position.

Table 4-48. CLF Instruction Processing Operations

TIME PERIODS TO T1 T2 T3 T4 TS5 T6 T7
PHASE READ (Mem to TR)\\\ WRITE (TR to Mem)
FETCH 1 Clear Clear TR to IR | Set Flag: |Clear Flag: P+1toP,M

TR IR Select Code} Select Code Set next phase
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4-408. SFC INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the SFC instruction. Processing operations are
summarized in table 4-49. Point-to-point signal flow during
phase 1 is shown in figure 4-71.

4-409.  Description. The SFC instruction causes the com-
puter program to skip the next instruction if the addressed
Flag flip-flop is cleared. This allows the computer to test
the status of the input/output interface under program
control. The instruction is read from memory and executed
during phase 1. During time T2 of phase 1 the instruction
code is read into the I-register. Bit configuration 100001 in
the I-register causes the IOG and OPO signals to be gener-
ated during times T3 through the following time TO. The
IOGE signal together with the TR8, TR7, and TR signals
cause the SFC signal to be generated. The SFC signal is
routed to the interface cards. The state of the addressed
Flag flip-flop is compared with the SFC signal. If the Flag
flip-flop is not set, the SKF signal is generated. If the SKF
signal is generated it will set the Carry flip-flop at time
T4TS. At time T6T7 the set Carry flip-flop will generate
the CO signal.

4-410. The CO signal is used with the SBO signal to
increment the P- and M-registers by two instead of the
normal one. This causes the computer to skip the next
program instruction. If the CO signal is not generated, the
normal increment by one operation will occur. During
times T6 and T7 the RPRB, SBO, ADF, STP(0-15), and
STM(0-15) signals cause the P- and M-registers to be incre-
mented by one. Phase 1 is then set, and the computer is
ready to process the next instruction.

4-411. Test Procedure. To test the SFC instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
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SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 1022XX to test the
SFC instruction. Press and release the LOAD MEMORY
switch, (The variable “XX” represents the select code of
the addressed I/O device.)

c. Set the SWITCH REGISTER to 027000 (JMP
instruction). Press and release the LOAD MEMORY switch.

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. Open the door assembly. At the display board
assembly A501, set the INSTRUCTION switch to LOOP.

f. At the computer front panel, press and release the
RUN switch.

4-412. The computer is now in the run mode executing
the SFC instruction. The state of the addressed Flag flip-
flop is being tested. Check the signals shown in figure 4-71
using a dual-trace oscilloscope. These signals can be checked
at the backplane connectors, or at a specific card by using
the extender card and the extender cable. Connect the
oscilloscope channel B input to signal TO at A106-TP1, and
use channel B as the triggering source.

Note
Signal SBO is inhibited when the

INSTRUCTION switch is in the LOOP
position.

Table 4-49. SFC Instruction Processing Operations

Interfac_e Carry FF

TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
PHASE READ (Mem to TR) WRITE (TR to Mem) NN\
NN NN NN
FETCH 1 Clear Clear TR to IR SFCto |SKF sets P+1+Carryto P, M
TR IR Set next phase
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4-413. SFS INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the SFS instruction. Processing operations are
summarized in table 4-50. Point-to-point signal flow during
phase 1 is shown in figure 4-72.

4-414.  Description. The SFS instruction causes the com-
puter program to skip the next instruction if the addressed
Flag flip-flop is set. This allows the computer to test the
status of the input/output interface under program control.
The instruction is read from memory and executed during
phase 1. During time T2 of phase 1 the instruction code is
read into the I-register. Bit configuration 100001 in the
L-register causes the IOG and OPO signals to be generated
during times T3 through the following time T0. The IOGE
signal together with the TR8, TR7, and TR6 signals cause
the SFS signal to be generated. The SFS signal is routed
to the interface cards. The state of the addressed Flag flip-
flop is compared with the SFS signal. If the Flag flip-flop
is set, the SKF signal is generated. If the SKF signal is gen-
erated it will set the Carry flip-flop at time T4TS. At time
T6T7 the set Carry flip-flop will generate the CO signal.

4-415. The CO signal is used with the SBO signal to
increment the P- and M-registers by two instead of the
normal one. This causes the computer to skip the next
program instruction. If the CO signal is not generated, the
normal increment by one operation will occur. During
times T6 and T7 the RPRB, SB0O, ADF, STP(0-15), and
STM(0-15) signals cause the P- and M-registers to be incre-
mented by one. Phase 1 is then set, and the computer is
ready to process the next instruction.

4416, Test Procedure. To test the SFS instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
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SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 1023XX to test the
SFS instruction. Press and release the LOAD MEMORY
switch. (The variable “XX” represents the select code of
the addressed I/O device.)

c. Set the SWITCH REGISTER to 027000 (JMP
instruction). Press and release the LOAD MEMORY switch.

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. Open the door assembly. At the display board
assembly A501, set the INSTRUCTION switch to LOOP.

f. At the computer front panel, press and release the
RUN switch.

4-417.  The computer is now in the run mode executing
the SFS instruction. The state of the addressed Flag flip-
flop is being tested. Check the signals shown in figure 4-72
using a dual-trace oscilloscope. These signals can be checked
at the backplane connectors, or at a specific card by using
the extender card and the extender cable. Connect the
oscilloscope channel B input to signal TO at A106-TP1, and
use channel B as the triggering source.

Note
Signal SBO is inhibited when the

INSTRUCTION switch is in the LOOP
position.

Table 4-50. SFS Instruction Processing Operations

TIME PERIODS TO T1 T2 T3 T4 TS T6 T
PHASE NREAD (Mem to TR) N1 WRITE (TR to Mem) 3
FETCH 1 Clear Clear IRto IR |SFSto |SKF sets P+ 1+ Carryto P, M

TR IR

Interface | Carry FF

Set next phase
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Figure 4-72. SFS Instruction Processing Circuits, Servicing Diagram
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4-418. MIA/B INSTRUCTION. The following para-
graphs provide a description and test procedure
for the circuits that process the MIA/B instruction.
Processing operations are summarized in table 4-51. Point-
to-point signal flow during phase 1 is shown in
figure 4-73.

4-419.  Description. The MIA/B instruction merges input
data into the 8 least significant bits of a specified register
(TRT1 specifies the A-register and IR11 specifies the
B-register). If bit nine of the T-register (TR9) is true, the
Flag flip-flop on the addressed interface card will be
cleared. The instruction is read from memory and executed
during phase 1. During time T2 of phase 1 the instruction
code is read into the I-register. Bit configuration 100001 or
100011 in the I-register causes signals IOG and OPO to be
generated during times T3 through the following time TO.
The IOGE signal in combination with the TR9 signal (if
this bit is set) from the T-register causes the CLF signal to
be generated at time T4. The IOGE signal in combination
with the TR8, and TR7 signals from the T-register causes
the IOI signal to be generated during times T4 and T5. The
I0G signal causes the TOF signal to be generated during
times T4 and T5. The 10G, TR6, and IR11/IR11 signals
cause the appropriate RARB or RBRB signal to be gen-
erated during times T4 and T5.

4.420. The 101, TIOF, and RARB or RBRB signals route
the input data onto the computer bus lines and combine it
with the contents of the indicated register. The I0I signal
reads the data from the interface card onto the IOBI lines
and then onto the S-Bus lines. The RARB or RBRB signal
reads the data in the indicated register onto the R-Bus
lines. The TOF signal combines the data on the R- and S-
Bus lines and reads the merged data onto the T-bus lines.
At time TS of time T5, the IOG and TR8 and TR7 signals
generate the STBA or STBB signal which stores the data
on the T-bus lines into the indicated A- or B-register.

4-421. During times T6 and T7 the RPRB, SB0O, ADF,
STP(0-15), and STM(0-15) signals cause the P- and
M-registers to be incremented by one. Phase 1 is then set,
and the computer is ready to process the next instruction.

Model 2116B
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4-422.  Test Procedure. To test the MIA/B instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.

a. Set the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 1024XX. This will
test the MIA instruction. To test the MIB instruction use
1064XX. To test the CLF operation set bit 9 of the
SWITCH REGISTER. Press and release the LOAD
MEMORY switch. (The variable “XX” represents the select
code of the addressed I/O device.)

¢. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

d. Open the door assembly. At the display board
assembly A501, set the INSTRUCTION switch to LOOP.

e. At the computer front panel, press and release the
RUN switch.

4-423.
output device data register will be loaded into the
A-register. By using select code 01 and keying data into the
SWITCH REGISTER, the bit pattern of the data may be
easily modified. Check the signals shown in figure 4-73 with
a dual-trace oscilloscope. These signals can be checked at
the backplane connectors, or at a specific card by using the
extender card and the extender cable. Connect the oscillo-
scope channel B input to signal TO at A106-TP1, and use
channel B as the triggering source.

The computer is now in the run mode executing

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP
position.

Table 4-51. MIA/B Instruction Processing Operations

TIME PERIODS TO T1 T2 T3 T4 T5 T6 7
PHASE _\’iREAD (Mem to TR)2NNRNWN WRITE (TR to Mem) \
\D (M (TR ‘
| Read A/Bto R Bus
FETCH 1 Clear Clear TR to IR Buffer to S Bus P+1toP,M
TR IR I1OF Set next phase
Store T Bus in A/B
If TRY = 1, CLF
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Figure 4-73. MIA/B Instruction Processing Circuits, Servicing Diagram
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4-424, LIA/B INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the LIA/B instruction. Processing operations
are summarized in table 4-52. Point-to-point signal flow
during phase 1 is shown in figure 4-74.

4-425.  Description. The LIA/B instruction transfers
input data into a specified register (IR11 specifies the
A-register and IR11 specifies the B-register). If bit nine of
the T-register (TR9) is true, the Flag flip-flop on the
addressed interface card will be cleared. The instruction is
read from memory and executed during phase 1. During
time T2 of phase 1 the instruction code is read into the
I-register. Bit configuration 100001 or 100011 in the
I-register causes the signals IOG and OPO to be generated
during times T3 through the following time TO. The IOGE
signal in combination with the TR signal (if this bit is set)
from the T-register causes the CLF signal to be generated at
time T4. The IOGE signal in combination with the TRS,
and TRY signals from the T-register causes the IOI signal to
be generated during times T4 and T5. The IOG signal
causes the TOF signal to be generated during times T4 and
T5.

4-426. The I0I, IOF, and STBA or STBB signals route
the input data onto the computer bus lines and store it in
the indicated register. The IOI signal reads the data from
the interface card onto the IOBI lines and then onto the
S-Bus lines. The TOF signal transfers the data on the S-Bus
lines to the T-Bus lines. At time TS of time T5, the I0G,
TR11 or IR11, TR8 and TRT signals generate the STBA or
STBB signal which stores the data on the T-Bus lines into
the indicated A- or B-register.

4-427.  During times T6 and T7 the RPRB, SBO, ADF,
STP(0-15), and STM(0-15) signals cause the P- and
M-registers to be incremented by one. Phase 1 is then set,
and the computer is ready to process the next instruction.

4-428.  Test Procedure. To test the LIA/B instruction
circuits, proceed as follows:

Note
If an address other than 001000 is used

for the following test, modify the
SWITCH REGISTER settings accordingly.
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a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 1025XX. This will
test the LIA instruction. To test the LIB instruction use
1065XX. To test the CLF operation set bit 9 of the
SWITCH REGISTER. Press and release the LOAD MEM-
ORY switch. (The variable “XX” represents the select code
of the addressed 1/O device.)

c. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

d. Open the door assembly. At the display board
assembly A501, set the INSTRUCTION switch to LOOP.

e. At the computer front panel, press and release the
RUN switch.

4-429.  The computer is now in the run mode executing
the LIA instruction. The contents of the addressed input/
output device data register will be loaded into the
A-register. By using select code 01 and keying data into the
SWITCH REGISTER, the bit pattern of the data may he
easily modified. Check the signals shown in figure 4-74 with
a dual-trace oscilloscope. These signals can be checked at
the backplane connectors, or at a specific card by using the
extender card and the extender cable. Connect the oscillo-
scope channel B input to signal TO at A106-TP1 and use
channel B as the triggering source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP
position.

Table 4-52. LIA/B Instruction Processing Operations

TIME PERIODS TO T1 T2 T3 T4 T5 T6 ™
PHASE ‘READ (Mem to TR): WRITE (TR to Mem)
FETCH 1 Clear Clear TR to IR Buffer to S Bus P+1toP,M
TR IR IOF Set next phase
Store T Bus in A/B
If TR9 = 1, CLF
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Figure 4-74. LIA/B Instruction Processing Circuits, Servicing Diagram
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4-430. OTA/B INSTRUCTION. The following para-
graphs provide a description and test procedure for the
circuits that process the OTA/B instruction. Processing
operations are summarized in table 4-53. Point-to-point
signal flow during phase 1 is shown in figure 4-75.

4-431. Description. The OTA/B instruction transfers
output data from a specified register to an output device
(TRT1 specifies the A-register and IR11 specifies the
B-register). If bit nine of the T-register (TR9) is true, the
Flag flip-flop on the addressed interface card will be
cleared. The instruction is read from memory and executed
during phase 1. During time T2 of phase 1 the instruction
code is read into the I-register. Bit configuration 100001 or
100011 in the I-register causes the signals IOG and OPO to
be generated during times T3 through the following time
TO. The 10G, TR, and TRI1 or IR11 signals cause the ap-
propriate RARB or RBRB signal to be generated at time
T3. The IOGE signal in combination with the TR9 signal
(if this bit is set) from the T-register causes the CLF signal
to be generated at time T4. The IOGE signal in combina-
tion with the TR8, TR7, and TR6 signals from the T-
register causes the I00 and I0CO signals to be generated
during times T4 and T5.

4-432. The RARB or RBRB, I0CO, and 100 signals
route the output data onto the computer bus lines and then
to the addressed output interface card. The RARB or
RBRB signal reads the data from the register onto the
R-bus lines. The I0CO signal transfers the data to the IOBO
lines. The IOGE signal together with T-register bits TRO
through TR5 provide select code signals to the interface
card. The I0O signal transfers the data on the IOBO lines
onto the addressed interface card.

4-433.  During times T6 and T7 the RPRB, SB0, ADF,
STP(0-15), and STM(0-15) signals cause the P- and
M-registers to be incremented by one. Phase 1 is then set,
and the computer is ready to process the next instruction.
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4-434. Test Procedure. To test the OTA/B instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 1026XX. This will
test the OTA instruction. To test the OTB instruction use
1066XX. To test the CLF operation set bit 9 of the
SWITCH REGISTER. Press and release the LOAD MEM-
ORY switch (The variable “XX” represents the select code
of the addressed 1/O device.)

c. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

d. Open the door assembly. At the display board
assembly A501, set the INSTRUCTION switch to LOOP.

e. At the computer front panel, press and release the
RUN switch.

4-435.  The computer is now in the run mode executing
the OTA instruction. The contents of the A-register will be
loaded into the addressed input/output device data register,
Check the signals shown in figure 4-75 with a dual-trace
oscilloscope. These signals can be checked at the backplang
connectors, or at a specific card by using the extender card
and the extender cable. Connect the oscilloscope channel B
input to signal TO at A106-TP1, and use channel B as the
triggering source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP
position.

Table 4-53. OTA/B Instruction Processing Operations

TIME PERIODS TO T1 T2 T3 T4 TS T6 T7
PHASE READ Q/Iem to TR) N\ WRITE (TR to Mem)
FETCH 1 Clear Clear TR to IR Read A/BtoRBus| P+1toP,M
TR IR R Bus to Buffer Set next phase
If TR9 =1, CLF
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Figure 4-75. OTA/B Instruction Processing Circuits, Servicing Diagram
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4-436. STC/CLC INSTRUCTIONS. The following para-
graphs provide a description and test procedure for the
circuits that process the STC and CLC instructions. Pro-
cessing operations are summarized in table 4-54. Point-to-
point signal flow during phase 1 is shown in figure 4-76.

4-437.  Description. The STC instruction sets the
addressed Control flip-flop. The CLC instruction clears the
addressed Control flip-flop. The instruction is read from
memory and executed during phase 1. During time T2 of
phase 1 the instruction code is read into the I-register. Bit
configuration 100001 or 100011 in the I-register causes the
I0G and OPO signals to be generated during times T3
through the following time T0. The IOGE signal together
with the TR11 or TR11, TR8, TR7, and TR6 signals gen-
erate the STC or CLC signals. A true TR11 bit will cause
the CLC instruction to be generated. A false TR11 bit will
cause the STC signal to be generated. If the TR9 bit is true
the IOGE signal will cause a CLF signal to be generated at
time T4. The STC or CLC signals together with the select
code signals cause the Control flip-flop on the addressed
interface card to be set or cleared respectively. If the CLF
signal has been generated the Flag flip-flop will also be
cleared.

4-438. During the T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. Phase 1 is then set, and the computer is
ready to process the next instruction.

4-439.  Test Procedure. To test the STC and CLC instruc-
tion circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
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SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 1027XX. This will
test the STC instruction. To test the CLC instruction, use
1067XX. To test the CLF operation set bit 9 of the
SWITCH REGISTER. Press and release the LOAD
MEMORY switch. (The variable “XX represents the select
code of the addressed I/O device.)

c. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

d. Open the door assembly. At the display board
assembly A501, set the INSTRUCTION switch to LOOP.

e. At the computer front panel, press and release the

RUN switch.

4-440. The computer is now in the run mode executing
the STC (CLC) instruction. The addressed Control flip-flop
will be set (cleared). Check the signals shown in figure 4-76
with a dual-trace oscilloscope. These signals can be checked
at the backplane connectors, or at a specific card by using
the extender card and the extender cable. Connect the
oscilloscope channel B input to signal TO at A106-TP1, and
use this as the triggering source.

Note
Signal SBO is inhibited when the

INSTRUCTION switch is in the LOOP
position.

Table 4-54. STC/CLC Instruction Processing Operations

TIME PERIODS TO T1 T2 T3 T4 T5 T6 T
PHASE READ (Mem to TR) WRITE (TR to Mem) 20N\
FETCH Clear Clear Set Control P+1toP,M
TR to [ ’
STC 1 TR IR to IR (Sel. Code Set next phase
FETCH 1 Clear Clear TR to IR Clr. Control P+1toP, M
CLC TR IR (Sel. Code) Set next phase
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4-441. STO INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the STO instruction. Processing operations are
summarized in table 4-55. Point-to-point signal flow during
phase 1 is shown in figure 4-77.

4-442.  Description. The STO instruction sets the Over-
flow register (O-register). The instruction is read from
memory and executed during phase 1. During time T2 of
phase 1 the instruction code is read into the I-register. Bit
configuration 100001 in the I-register causes signals [I0G
and OPO to be generated during times T3 through the
following time TO. The IOGE signal in combination with
the TR8, TR7, and TR6 signals from the T-register

cause the STF signal to be generated at time T3. The IOGE

signal in combination with the TR5, TR4, TR3, TR2, TR1,
and TRO signals from the T-register cause the IOS signal
to be generated. At time T3TS the 10S and STF signals
set the Overflow register and generate the overflow indi-
cation on the front panel.

4-443. During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. Phase 1 is then set, and the computer is
ready to process the next instruction.

4-444. Test Procedure. To test the STO instruction
circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
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SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 102101 (STO
instruction) and press and release the LOAD MEMORY
switch.

c. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

d. Open the door assembly. At the display board
assembly A501, set the INSTRUCTION switch to the
LOOP position.

e. At the computer front panel, press and release the
RUN switch.

4-445.  The computer is now in the run mode executing
the STO instruction. Using a dual-trace oscilloscope, check
the signals shown in figure 4-77. These signals can be
checked at the backplane connectors, or at a specific card
by using the extender card and the extender cable. Connect
oscilloscope channel B input to signal T0 at A106-TP1, and
use channel B as the triggering source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP
position.

Table 4-55. STO Instruction Processing Operations

TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
PHASE N\ READ (Mem to TR)\\ WRITE (TR to Mer\n) N
FETCH 1 Clear Clear TR to IR STF to P+1toP,M
TR IR (F)‘;erﬂow Set next phase
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4-446. CLO INSTRUCTION. The following paragraphs
provide a description and test procedure for the circuits
that process the CLO instruction. Processing operations are
summarized in table 4-56. Point-to-point signal flow during
phase 1 is shown in figure 4-78.

4-447.  Description. The CLO instruction clears the Over-
flow register (O-register). The instruction is read from mem-
ory and executed during phase 1. During time T2 of phase
1 the instruction code is read into the I-register. Bit con-
figuration 100001 in the I-register causes signals IOG and
OPO to be generated during times T3 through the follow-
ing time TO. The IOGE signal in combination with the
TR signal from the T-register causes the CLF signal to be

the T-register cause the IOS signal to be generated. At time
TATS the 10S and CLF signals clear the Overflow register
and remove the overflow indication on the front panel.

4-448. During time T6T7 signals RPRB, SBO, ADF,
STP(0-15), and STM(0-15) cause the P- and M-registers to
increment by one. Phase 1 is then set, and the computer is
ready to process the next instruction.

4-449. Test Procedure. To test the CLO instruction
circuits, proceed as follows:

Note
If an address other than 001000 is used

for the following test, modify the
SWITCH REGISTER settings

Model 2116B
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a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 103101 (CLO
instruction) and press and release the LOAD MEMORY
switch.

c. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

d. Open the door assembly. At the display board
assembly A501, set the INSTRUCTION switch to the
LOOP position.

e. At the computer front panel, press and release the
RUN switch.

4-450. The computer is now in the run mode executing
the CLO instruction. Using a dual-trace oscilloscope, check
the signals shown in figure 4-78. These signals can be
checked at the backplane connectors, or at a specific card
by using the extender card and the extender cable. Connect
oscilloscope channel B input to signal TO at A106-TP1, and
use channel B as the triggering source.

Note

Signal SBO is inhibited when the
INSTRUCTION switch is in the LOOP

accordingly. position.
Table 4-56. CLO Instruction Processing Operations
TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
PHASE \READ (Mem to TR) N\ WRITE (TR to Mem):
N N N ~ >,
CLFt
FETCH 1 Clear Clear TR to IR Y P+1toP,M
TR IR Overflow
FF Set next phase
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Figure 4-78. CLO Instruction Processing Circuits, Servicing Diagram
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4-451. SOS/SOC INSTRUCTION. The following para-
graphs provide a description and test procedure for the
circuits that process SOS and SOC instructions. Processing
operations are summarized in table 4-57. Point-to-point
signal flow during phase 1 is shown in figure 4-79.

4-452.  Description. The SOS instruction causes the com-
puter to skip the next program instruction if the Overflow
flip-flop is set. The SOC instruction causes the computer to
skip the next program instruction if the Overflow flip-flop
is clear. The SOS and SOC instructions are read from
memory and executed during phase 1. During time T2 of
phase 1 the instruction code is read into the I-register. Bit
configuration 100001 in the I-register causes the IOG and
OPO signals to be generated during times T3 through the
following time TO. At time T3 the TR8, TR7, and TR6
signals together with the IOGE signal generate the SFS
signal. If TR6 is false for the SOC instruction, the SFC
signal will be generated instead. The IOGE signal together
with the select code bits cause the IOS signal to be
generated.

4-453. If the Overflow flip-flop is set and the SOS
instruction is being executed, the SFS and IOS signals will
generate the SKF signal. If the Overflow flip-flop is clear
and the SOC instruction is being executed, the SFC and
I0OS signals will generate the SKF signal. If TR9 has been
set, the CLF signal will be generated at time T4. The CLF
signal will clear the Interrupt Control flip-flop on the I/O
Control card. This prevents I/O interrupts during normal
CLF instructions and is coincidental to the SOS and SOC
instructions. The Interrupt Control flip-flop is set during
T7TS. The CLF signal together with the 10S signal cause
the Overflow flip-flop to be cleared at time T4TS.

4-454. The SKF signal sets the Carry flip-flop at time
T4TS. During times T6 and T7 the output of the Carry
flip-flop, CO, is used to increment the P- and M-registers by
two instead of one. This causes the computer to skip the
next program instruction. The Carry flip-flop is cleared at
time TO of the following machine cycle.

4-455.  During times T6 and T7 the RPRB, SB0, ADF,
STP(0-15), and STM(0-15) signals cause the P- and
M-registers to increment by one if an SKF signal has not
been generated. The next phase (phase 1) is then set, and
the computer is ready to process the next instruction.
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4-456.  Test Procedure. To test the SOS and SOC instruc-
tion circuits, proceed as follows:

Note

If an address other than 001000 is used
for the following test, modify the
SWITCH REGISTER settings
accordingly.

a. At the computer front panel, set the SWITCH
REGISTER to 001000 and press and release the LOAD
ADDRESS switch.

b. Set the SWITCH REGISTER to 102301. This will
test the SOS instruction. To test the SOC instruction, use
102201. To test the CLF operation set bit 9 of the
SWITCH REGISTER. Press and release the LOAD MEM-
ORY switch.

¢. Set the SWITCH REGISTER to 027000 (JMP in-
struction). Press and release the LOAD MEMORY switch.

d. Set the SWITCH REGISTER to 001000 and press
and release the LOAD ADDRESS switch.

e. Open the door assembly. At the display board
assembly A501, set the INSTRUCTION switch to LOOP.

f. At the computer front panel, press and release the
RUN switch.

4-457.  The computer is now in the run mode executing
the SOS (SOC) instruction. Using a dual-trace oscilloscope
check the state of the signals shown in figure 4-79.
These signals can be checked at the backplane connectors,
or at a specific card by using the extender card and the
extender cable. Connect oscilloscope channel B input to
signal TO at A106-TP1, and use channel B as the triggering
source.

Note
Signal SBO is inhibited when the

INSTRUCTION switch is in the LOOP
position.

Table 4-57. SOS/SOC Instruction Processing Operations

TIME PERIODS TO T1 T2 T3 T4 T5 T6 T7
PHASE ‘READ (Mem to TR) WRITE (TR to Mem) Y
FETCH 1 Clear Clear TRtoIR | SFSto SKF to P+1+ Carry to P, M
SOS TR IR OVF OVF Carry FF Set next phase
FETCH Clear Clear TRto IR | SFCto SKF to P +1 +Carry to P,M
SOC TR IR OVF Carry FF Set next phase
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Figure 4-79. SOS/SOC Instruction Processing Circuits, Servicing Diagram
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4458, MEMORY SECTION TROUBLESHOOTING.

4-459. GENERAL.

4-460. The core memory in the 2116B Computer is of
conventional design, except that the use of a reverse-current
technique in the X drive-lines permits use of an 8K (8,
192-word) core stack assembly, rather than the more usual
4K stack. The computer can contain either one or two 8K
stacks. An additional one or two 8K stacks may be used in
an I/O and memory extender unit external to the
computer.

4-461. Figure 3-1 is an overall block diagram of the
computer, including the memory section. When a word is to
be read from memory, the address is placed in the
M-register. The address is decoded by the address decoding
gates, which select the appropriate driver and switch. Cur-
rent then flows from the driver to the switch, or vice versa,
and the cores of the selected word are set to the zero state.
For each core that contained logic 1, a sense amplifier
detects an output from the core. The sense amplifier sets
the corresponding position of the T-register to logic 1. Since
the T-register is cleared before the word is read out, the
register contents become the same as the word read from
memory. The word read out must then be restored in the
memory location from which it was acquired. To do this,
the memory section attempts to store logic 1 in every bit
position of the word. However, the inhibit driver for each
bit of the word senses the corresponding bit in the
T-register, and if the bit is iogic 0 the inhibit driver prevents
the writing of logic 1 in the appropriate bit position of the
selected word location in memory. By this means the word
read from memory is restored in the original location.

4-462. The read operation described above is also per-
formed for a memory write operation, except that the
word read out is not stored in the T-register. Instead, a
new word is placed in the T-register, and the new word is
stored rather than the original word. Refer to paragraph
3-77 for a more detailed account of memory operation.

4-463. When troubleshooting the memory section, it is
necessary to determine which of the following types of
faults exist:

a. Addressing fault.
b. Read fault.
c. Write fault.

4-464. The type of fault can be determined from the
symptoms observed, from running the diagnostic programs,
and by using panel controls to store and read test words. As
a further means of determining the type of fault, small test
programs can be manually inserted to read or write in the
memory section. During these test operations oscilloscope
examination of waveforms will serve as an aid in deter-
mining the type of fault. It should be noted that when an
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addressing fault exists it affects both read and write
operations. Therefore, if a word is written in a given loca-
tion and then read back, operation may appear normal
because the word will have been written in and read from
the wrong location.

4-465. Loading the entire core memory with known
contents can serve as an aid to troubleshooting. A simple
method of doing this is described below. The procedure
stores any desired 16-bit word in all memory locations
except the protected area containing the binary loader
program. After loading, the computer continues to reload
each memory location, thereby providing continued use of
all addressing, write, and read circuits to permit oscilloscope
examination of waveforms. The procedure for bringing this
about is as follows:

Note

Do not omit step “a’ below, otherwise
data in the protected area will be
destroyed.

a. Make sure the LOADER switch is in the PRO-
TECTED position.

b. Press and release the PRESET switch.

c. Set all SWITCH REGISTER switches to logic O
(down) position.

d. Press and release the LOAD ADDRESS switch.

e. Set the SWITCH REGISTER switches to 070000
(octal).

f. Press and release the LOAD A switch.
g. Press and release the SINGLE CYCLE switch.
h. Set the PHASE switch to LOOP position.

i. Set into the SWITCH REGISTER switches the
16-bit test word which is to be stored.

j. Press and release the LOAD A switch.
k. Press and release the RUN switch.

4-466. When using the above procedure, less than one
second is required for storing the test word in all memory
locations except the protected area. The word is stored in
each location in turn, proceeding in memory-address
sequence. After the test word has been stored in all mem-
ory locations, the test word will continue to be rewritten
in the same sequence of addresses until the HALT switch
is pressed. The word cannot be changed while the com-
puter is running because the SWITCH REGISTER switches
are disabled. To use a different test word, press and re-
lease the HALT switch, set the desired test word in the
SWITCH REGISTER switches, press and release the LOAD
A switch, and press and release the RUN switch.
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4-467. FIGURE AND TABLE REFERENCES FOR
TROUBLESHOOTING.

4-468.  When performing troubleshooting in the mem-
ory section, the following figures and tables will be found
useful: figures 3-1, 3-7, and 3-11, and tables 3-1, 3-2, 3-3,
and 34.

4-469.  Additional illustrations which will serve as an aid
in troubleshooting are the troubleshooting block diagram in
figure 4-80, the illustration in figure 4-81 showing selection
of a typical core memory location, and the waveforms in
figures 4-82 through 4-88. The waveforms show signals at
the indicated points when writing or reading logic 1’s
throughout core memory (except the protected area) with
the procedure described in paragraph 4-465. Included in
each waveform illustration is timing pulse TO, which serves
to indicate the timing relationship of the pulses shown. It
will be noted that in some of the waveforms the trace
baseline continues beneath or above the pulse. This results
from the lack of a pulse when the M-register designates an
address in the protected area. The Y-axis driver/switch
output in figure 4-82 is a result of readout, while the
waveform in figure 4-83 is a resuit of writing. In figures
4-84 and 4-85 two pulses appear in the upper part of each
illustration. This results from the current-reversal that takes
place for the X drive-lines when reading and writing in the
upper module of the core stack assembly. One pulse in each
pair (the one corresponding to the Y-axis operation) is used
when reading or writing in the lower module. The second
puise of each pair is for the upper module. In figure
4-86, the second pulse is produced when writing takes
place. This pulse is stopped by the gate to which it is
applied; only the first pulse, occurring during readout,
passes the gate. This is illustrated in figure 4-87, which
shows the gate output. In the final waveform illustration,
figure 4-88, two baseline traces appear above the pulse. One
baseline occurs when the M-register designates addresses in
the protected area, and the other occurs when the M-
register indicates location 000000 and 000001, the A- and
B-register respectively.

4-470. ADDRESSING CIRCUITS.

4-471. DESCRIPTION. The selection of a particular
word-location in the core stack assembly is a function of
the following cards;

a. Timing generator card A106.

b. Arithmetic logic cards A102, A103, A104, and
A105.

c. Direct memory logic card A20.
d. Memory module decoder card A2.
e. Driver/switch cards A8, A9, Al4, and A15. (Cards

A8 and A9 are not installed when only a single 8K
core stack assembly is used.)

Section IV

4-472. Timing Generator Card. The timing generator
card produces timing and control signals for the memory
section. Refer {o paragraph 4-156 for complete memory
timing information.

4-473. Arithmetic Logic Cards. The arithmetic logic
cards contain the M-register, which specifies the address in
memory in which reading or writing will take place.

4-474.  Direct Memory Logic Card. The direct memory
logic card contains circuits which are intermediary com-
bining circuits for memory addressing and logic control.
When used without the DMA optional feature, the circuits
on the direct memory logic card merely act as buffering
circuits for the memory addressing and logic control sig-
nals. When used with the DMA optional feature, the direct
memory logic card circuits allow the DMA optional fea-
ture to control the memory addressing and logic control
signals.

4-475. Memory Module Decoder Card. The memory
module decoder card determines, from the specified mem-
ory address, the core stack in which the addressed location
is situated, and whether the addressed location is in the
lower or upper module of the stack. The core stack speci-
fied by the memory module decoder card may be in the I/O
and memory extender, if this optional feature is used. When
the LOADER switch is in the PROTECTED position, the
memory module decoder card also provides a signal which
prevents core memory reading or writing when an address is
specified which is one of the highest 77 (octal) addresses of
the total core memory capacity installed. Refer to para-
graph 3-146 for complete memory module decoder circuit
information.

4-476. Driver/Switch Cards. The driver/switch cards
decode the address specified by the Mregister for reading
or writing in core memory, and furnish the required X and
Y drive-iine currents for the addressed memory location.
Refer to paragraph 3-150 for complete driver switch cir-
cuit information.

4-477. TEST PROCEDURE. The procedure to be used
for troubleshooting the addressing circuits depends on
whether the failing addresses are known, and from other
symptoms observed. As a general-purpose procedure, the
following technique may be used:

a. Load all locations in memory, except the protected
area, with logic 1’s, using the method described in para-
graph 4-465.

b. With an oscilloscope, examine the output of each
address decoding gate on the driver/switch cards. If failing
groups of addresses are known, only the gates for these
addresses need be examined. (Refer to tables 3-3 and 3-4
for the gates corresponding to each address. Figure 3-7
shows the arrangement of digits in the address.)

c. If the decoding gates furnish an output pulse, the
fault lies in the driver or switch circuit corresponding
to the failing addresses. If a decoding gate does not furnish
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an output, the fault is between the gate and the M-
register. In either case make oscilloscope, voltmeter, and
ohmmeter checks to locate the defective component or
faulty connection.

4-478. READ AND WRITE CIRCUITS.

4-479. DESCRIPTION. The read and write circuits con-
trol data bits as they are stored in, and removed from, the
core memory. These functions are performed by the fol-
lowing circuit cards:

a. Timing generator card A106.

b. Sense amplifier cards A10, A11l, A12, and A13.
(Cards A10 and All are not installed if only a single 8K
core stack assembly is used.)

c. Arithmetic logic cards A102, A103, A104, and
A105.

d. Inhibit driver cards A4, A6, A16, and A18. (Cards
A4 and A6 are not installed when only a single 8K core
stack assembly is used).

4-480. Timing Generator Card. The timing generator
card produces timing and control signals for the memory

section. Refer to paragraph 4-156 for complete memory
timing information.

4-481.  Sense Amplifier Cards. The sense amplifier cards
each contain 17 amplifier circuits which sense the pulses
from the 17 ferrite cores of the addressed location in
memory. A pulse is produced when a core storing a logic 1
is switched to the logic 0 state during memory read time.
One of the 17 sense amplifiers on each card is used only
when the memory-parity optional feature is installed in the
computer. One sense amplifier card is used for each module
(upper or lower) of each core stack assembly.
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4-482.  Arithmetic Logic Cards. The arithmetic logic
cards contain the T-register, which receives the word read
from core memory via the sense amplifier circuits. The
T-register also provides the word to be written in memory
via the inhibit driver circuits.

4-483.  Inhibit Driver Cards. The inhibit driver cards each
contain 17 inhibit drivers which sense the bit-positions of
the Tregister. For each bit-position containing logic O,
an inhibit driver is turned on and prevents the writing of
logic 1 in the corresponding bit position of the addressed
memory location during memory write time and memory
inhibit time. One of the 17 inhibit drivers on each card is
used only when the memory-parity optional feature is
installed in the computer. One inhibit driver card is used
for each module (upper or lower) of each core stack
assembly. Refer to paragraph 3-169 for complete inhibit
driver circuit information.

4-484. TEST PROCEDURE. The procedure to be used
for troubleshooting the read and write circuits depends on
the symptoms observed. As a general-purpose procedure,
the following technique may be used:

a. Load all locations in core memory, except the pro-
tected area, with logic 1’s, using the method described in
paragraph 4-465. Alternatively, if symptoms indicate that
logic 0’s are not being read or written properly, load core
memory with logic 0’s.

b. With an oscilloscope, examine the output of the
inhibit driver corresponding to the bit that fails. If all bits
of the word fail, examine the signals that control the inhibit
function. If this function is satisfactory, examine the out-
put of the sense amplifier corresponding to the bit that
fails. If all bits fail, examine the signals that control writing.
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Figure 4-80. Memory Section, Servicing Diagram
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Figure 4-81. Typical Address Selection Circuits, Readout Address 15270 (Octal)
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OSCILLOSCOPE CONNECTIONS AND SETTINGS

OSCILLOSCOPE CONNECTIONS AND SETTINGS

Channel A (Y driver/switch output, readout):

Input . ... ......... A8TP2/A14TP2

Voitsiem . . ... ... 1 {if using 10:1 probe)
Channel B {TO):

Input . .. ... ... ... ... A106TP1

Voltsiem . . ... .. 0.2 (if using 10:1 probe)
Timelem . ... .............. 0.2 us

Channel A (X driver/switch output):

Input . .. .......... A9TP1/A15TP1

Voltsfem . ... .... 1 {if using 10:1 probe}
Channetl B (T0):

Input . . . .. ..o A106TP1

Volts/fem . .. .. .. 0.2 {if using 10:1 probe)
Time/fem . . . . . ... 0.2 us

Figure 4-82. Y Driver/Switch Output Waveform,
Readout Lower or Upper Module

Figure 4-84. X Driver/Switch Output Waveform,
Readout Upper Module, Write
Lower Module
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OSCILLOSCOPE CONNECTIONS AND SETTINGS

OSCILLOSCOPE CONNECTIONS AND SETTINGS

Channel A (Y driver/switch output, write):

Input . . ........... A8TP1/A14TP1

Volts/fem .. ... ... 1 (if using 10:1 probe)
Channel B (T0):

Input . . ............... A106TP1

Voltsfem . ... ... 0.2 {if using 10:1 probe)
Timelem . ................. 0.2 us

Channel A (X driver/switch output):

Input . . ... .. ...... A9TP2/A15TP2

Voltsfem . ... .... 1 {if using 10:1 probe)
Channel B {TO):

Input . .. . ... i A106TP1

Volts/fem . ...... 0.2 (if using 10:1 probe)
Timelem . . ... . ... ... 0.2us

Figure 4-83. Y Driver/Switch Output Waveform,
Write Lower or Upper Module

Figure 4-85. X Driver/Switch Output Waveform,
Readout Lower Module, Write
Upper Module
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OSCILLOSCOPE CONNECTIONS AND SETTINGS

Channel A (sense amplifier output):

Input . ... ........... A12MC17-14
Volts/fem . ... ... 0.2 (if using 10:1 probe)
Channel B (TO): i
Input . . ... ..... ... A106TP1
Volts/lem ... .. . .0.2 (if using 10:1 probe)
Timelem . ... .............. 0.2 us

Figure 4-86. Typical Sense Amplifier Qutput Waveform
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OSCILLOSCOPE CONNECTIONS AND SETTINGS

Channel A (Gated sense amplifier output):

Input . . ... .......... A12MC17-13

Voltsflem . . ... .. 0.2 (if using 10:1 probe)
Channel B (TO):

Input . . ... ....... ... A106TP1

Volts/lem . .. .... 0.2 (if using 10:1 probe)
Time/lem . .. ... .0t 0.2 us

Figure 4-87. Typical Sense Amplifier
Gated Output Waveform
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4-192

OSCILLOSCOPE CONNECTIONS AND SETTINGS

Channel A {inhibit driver output):

Input . . .. ... ... ... A16CR1 anode

Voltsfem . .. ..... 1 (if using 10:1 probe)
Channel B {TO):

Input . . . ... oo A106TP1

Volts/em . .. .. .. 0.2 {if using 10:1 probe)
Time/em . . v v v o i e e 0.2 us

Figure 4-88. Typical Inhibit Driver Output Waveform
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4.485. POWER SUPPLY SECTION TROUBLE-
SHOOTING.

4-486. GENERAL.

4-487. The troubleshooting instructions which follow

are based on the assumption that the basic checkout pro-
cedure has been performed up to a certain point, at which
an abnormal condition has been encountered.

4-488. As with other troubleshooting procedures
described in this section, only the most usual faults and the
most probable causes are dealt with. From the information
given, the great majority of faults can be corrected without
undue loss of time if the serviceman understands the circuit
theory of the power supply section. Refer to paragraph
3-178 for a detailed account of power supply operation.

4-489. The 2116B power supply section produces seven
regulated voltages for the circuit cards in the card cage.
These voltages, +4.5, -2, +32, +22, +12, -12, and -22 volts,
are referred to as controlled voltages because they are turned
on and off in a controlled manner. The first two of these
voltages, +4.5 and -2 volts, furnish the operating potentials
required by most of the logic circuits in the computer. The
remaining five voltages are used principally by the com-
puter memory section.

4-490. Two additional voltages are furnished by the
power supply section. These are unregulated voltages, and
their potentials are +7 volts and +35.5 volts. The +7 volt
power is used for lighting all indicator lamps with the
exception of the POWER indicator lamp, which operates
from regulated +12 volts. The +35.5 volt power is used by
optional circuit cards which install in the input/output
section (figure 5-5) of the card cage.

4-491. Distribution of dc voltages in the computer is
shown in figure 5-49, the overall interconnection diagram,
and in table 5-8, the backplane wiring list. To find any
given voltage in the backplane wiring list, refer to table 5-7,
the signal index.

4-492. In addition to the dc voltages furnished for use
outside the power supply section, additional subsidiary
voltages are produced for use within the power supply
section itself. If failure or overloading occurs for one of the
seven regulated voltages, some or all of the remaining six
voltages may be shut down. Figure 3-23 illustrates the
requirements of each power supply with respect to the
outputs from other supplies. When a power supply is shut
down the series regulator transistors for the supply cut off
the flow of current from the power supply to its load. The
voltage source itself remains turned on.

4493. When failure of some or all regulated voltages
takes place, a power-fail interrupt is not generated.

4-494.  When optional circuit cards in the computer card
cage increase the load on the +4.5 and/or -2 volt power
supplies beyond the capabilities of the power supplies, a
power supply extender is used. This unit furnishes +4.5 and
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-2 volt power which connects in parallel with the same
voltages produced in the computer. Power failure in the
extender will cause a power-fail interrupt in the computer.
Power failure in the extender will also cause shut-down of
voltages in the computer because the -2 or +4.5 volt power
supply in the computer is overloaded when failure occurs in
the extender.

4-495. PRECAUTIONS.

'WARNING

Before remocving the transformer cover
(figure 1-4) during troubleshooting, press
the POWER switch off, unplug the ac
power cable, and wait 3 minutes for filter
capacitors to discharge. If this procedure
is not followed, ac line-voltage and dc
voltages with heavy current capability
exist at exposed ierminals beneath the
transformer cover. If the metal cover
touches one of these terminals when
being removed, the result may be death,
injury, an unpleasant electric shock, or
damage to equipment.

CAUTION

Before removing or installing a circuit
card in the power supply section, press
the POWER switch off and wait 3 min-
utes for filter capacitors to discharge.
Failure to observe t