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INTRODUCTION 

The Central Processor is the computational and con­
trol center for GE-PAC* 3010/2 process computer 
systems. Its principal components are a Core Mem­
ory and a Model 70 Processor manufactured by 
INTERDATA Inc. The Model 70 Processor is a very 
efficient, fast, and highly compact unit, which makes 
extensive use of medium scale integration (MS!) cir­
cuits. 

Since detailed descriptions of Central Processor oper­
ation and analyses of its logic functions are available 
in other publications (see the "References" heading 
under this introduction), this publication provides a 
description of the overall operation of the Processor, 
so that with a good understanding of the basic princi­
pals and the relations of the user instruction set, the 
micro-program, and the hardware, the detailed 
material may be used more efficiently. 

FUNCTIONAL DESCRIPTION 
The entire Processor is contained on four printed 
wire boards, each of which is approximately 15 11 X 
15". These boards are installed in slots 7, 6, 5, and 
4 in a basic Central Processor Chassis, which is nor­
mally installed in a Central System Cabinet, The four 
PWB•s are: Read-Only Memory (ROM), Arithmetic 
Logic Unit (ALU), Memory Control (MC), and Input/ 
Output (l/O). In addition to the four Processor 
boards, the basic Central Processor Chassis may 
contain two 8KB Core Memory PWB•s and two Selec­
tor Channel PWB•s, two 15 11 X 15 11 I/O PWB•s, or up 
to four 7. 5 11 X 15" 1/0 controllers, Some systems 
use a Core Memory which is manufactured by General 
Electric Co. and is contained entirely in its own 
chassis. 

The Processor provides GE-PAC 3010/2 systems 
with a functional capability similar to much larger 
and more complex computers through the use of a 
solid state non-volatile Read-Only Memory (ROM), 
which contains a micro-program that executes micro­
instructions, Micro-program routines perform the 
113 user instructions, the automatic I/O sequences, 
and housekeeping operations, such as interrupt moni­
toring, Programming and Maintenance Console ser­
vice, and autorn.atic register storage and restoration 
during power down/restart sequences. 

The micro-program in ROM uses a set of 16 micro­
instructions, each of which is decoded and executed 
directly by the hardware, The running program uses 
a set of 113 user instructions, User instructions 
are executed by micro-program routines which are 
started as the hardware decodes the user instruction. 

Fig. INT. 1 is a functional block diagram of the Cen­
tral Processor. All of the elements on that block 
diagram except for Core Memory and the Bulk Mem­
ory Options are in the Processor. 

•Registered Trademark of General Electric Company 

User instructions are fetched from core and stored 
in the Instruction Register while they are decoded and 
executed. The Decoder ROM decodes the instruction 
to determine the starting address of the micro­
instruction routine in ROM that executes the user 
instruction. 

Overall control of the Processor operation is a func­
tion of the Program Status Word (PSW) which is held 
by the PSW Registero The upper half of the 32 bit 
PSW contains status bits which control the Proces­
sor•s response to interrupts and reflect the outcome 
of the execution of user instructions. The lower half 
of the PSW is the location counter. It contains the 
core address of the next user instruction to be exe-· 
cuted. 

Arithmetic and logical micro-instructions are exe­
cuted by the A register, Arithmetic Logic Unit, B 
Shifter, and the SRH and SRL shift registers. The 
register stack consists of 20 16-bit hardware regis­
ters, four of which are Micro-Program Registers, 
and 16 of which are General Purpose Registers for 
the user instructions, The fourth Micro-Program 
Register contains the Location Counter portion of 
the PSW (LOC)" 

The Multiplexer Channel and Bus is the interface to 
all I/O controllers in the 3010/2 system. All I/O 
controllers have an identi~al interface to the Multi­
plexer Bus. Core Memory may serve the Processor 
and up to four Direct Memory Access Channels 
(DMAC). DMAC users, such as the Selector Channel, 
interface with core via the Memory Bus. The Selec­
tor also has a Multiplexer Bus interface. 

REFERENCES 
The publications and drawings described here provide 
detailed information which is useful in understanding 
and maintaining the Processor, This publication is 
intended to provide an overall description of the 
Processor, and to relate each major functional area 
to all others, so that the other documentation will be 
more meaningful and can be used more efficiently. 
Not all of the documentation described is necessary 
to gain a basic understanding of the Processor•s 
operation, The Central Processor Reference Manual, 
the Surnmary of Characteristics card, this publication, 
and the schematics will probably be used most often. 
Reference to the Micro-Instruction Manual and the 
micro·-program listing will probably be necessary 
only when troubleshooting to the component replace­
rnent leveL 

GE-PAC 3010/2 Central Processor 
Reference Manual 
The Central Processor Reference Manual, GET-6174, 
provides a functional description of the Central Proces­
sor, including detailed descriptions of the Program 
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Status Word, dedicated Core Memory Addresses., 
interrupt handling, each user instruction,. and Auto­
matic I/O operation. The operation of the I/O sub- · 
system and the Direct Memory Access Channels are 
also described in detail, and the standards for an 
controllers and devices connected to these interfaces 
are provided. User instruction execution times are 
listed in Appendix 5 in the reference manual. This 
manual is included .in the Theory of Operation binders 
pvoviqed with each 3010/2 system. 

GE-:PAC 3010/2 General Description 
The General Description, GET-6227, describes the 
functions, parameters, speeds, tolerances, and 
operating sequences of all s.tandard 3010/2 subsystems, 
including the Central Processor and I/O subsystems. 
It. is included in the General Information section of 
3010/2 Computer Maintenance Manuals. 

Summary of Hardware Characteristics 

The. Summary of Hardware Characteristics, PCP-
231, is printed on card stock, and is designed to be 
carried in a pocket. · It contains a summary of hard­
ware specifications for standard 3010 /2 products, 
including summaries of user instructions in numerical 
order by "Op Code" and alphabetical by name. The 
command and status bytes for all standard controllers 
are 'provided, as well as notes on console operation, 
hexadecimal notation, and a bootstrap loader. 

INTERDATA Schematic Symbols and Notation 

The symbols and notation used on the INTERDATA 
functional schematics are described under Product 
Documentation heading in the General Information 
section of the 3010/2 Computer Maintenance Manual. 
Typical PWB and connector lay-outs are described 
with the pin numbering conventions. 

Processor Functional Schematics 

There are two manufacturing variations in the Model 
70 Processor. After the original PWB•s had under­
gone several revisions, it was decided that the board 
lay-out should be completely redesigned for future 
manufacture. As a result, 3010/2 systems have 
boards referred to as "old copper" or "new copper". 
They may be identified by the "M" (manufacturing 
variation) designators on the board part numbers, 
which are stamped near the front edge of each PWB: 

• 

• 

Old Copper - 35-388M01Rxx (ROM) 
35:-38~Rxx (ALU) 
35-387Rxx (MC) 
35-390Rxx (I/O) 

New Copper - 35-388M02Rxx (ROM) 
35-389M01Rxx (ALU) 
35-387M01Rxx (MC) 
35-390M02Rxx (I/O) 

S.ince the component locations on the two versions are 
different, different functional schematics are required: 

• Old Copper - GE drawing 71Al02027, 
INTERDATA dwg. no. 01-05LRxxD08. 

• New Copper - GE drawing 71A102054, 
INTERDATA dwg. no. 01-051MOliR.xxD08. 

The two schematics are almo.st identical and the 
functions in either version are the same with minor 
exceptions. All schematic location references, such 
as 8K8 (sheet 8, coordinates K8) are the same for 
either l;chematic. The component physical location 
designators, however, are all different. 

Model 70 Maintenance Specification 

The Model 70 Maintenance Specification is 
INTERDATA specification no. 01-051F01A21. It is 
part of the Model 70 Maintenance Manual 29-266, 
which is reprinted by GE as publication no. 3010 /2-T. 
The INTERDATA specification provides a detailed 
description of tl;le logic functions throughout the 
Processor. Once an understanding of the overall 
Processor functions and the relationships of the user 
instructions and the micro-program are attained, 
the maintenance specification is useful for a detailed 
ana1ysis of the logic functions. The Processor signal 
mnemonics and schematic origins are listed in the 
final pages of the INTERDATA maintenance specifica­
tion. The maintenance specification describes some 
tests and adjustments, but for GE-PAC 3010/2 sys­
tems, the instructions i1:\the Processor section of 
the 3010/2 Maintenance Manual are to be used. 

GE-PAC 3010/2 Processor Maintenance 
The Processor section of the 3010/2 Computer Mainte­
nance Manual contains preventive maintenance, per­
formance testing, adjustment, troubleshooting; 
repair, and parts information for the Processor. 

Micro-Instruction Reference Manual 

The Model70 Micro-Instruction Reference Manual is 
INTERDATA publication no. B29-253 and is reprinted 
as GE publication no. 3010/2MI-M. It provides de­
tailed descriptions of each micro-instruction plus 
general information on micro-programming technique. 

Micro-Program listings 
The micro-program listing consists of a listing of the 
contents of the Decoder ROM (DROM) plus the ROM 
micro-progr;:im listing. The Micro.-Instruction man.­
ual de~cribes the coding and symbols used. 

DROM Listing - GE drawing no. 71A101116, 
I.NrERDATA dwg. 05-038A13. 

ROM Listing - GE drawing no. 71A101117, 
. INTERDATA dwg. 05-039R:xxA13. 
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OPTIONS 

The only Processor option is the Power Failure De­
tector and Automatic Restart feature. The Power 
Failure Detector monitors the primary AC input to 
the Central Processor and, if the line voltage de­
creases to 95 VAC or less or drops out for more than 
about one cycle, it initiates storage of the contents of 
the PSW and all General Registers into the core area 
specified by dedicated core address X•22•, the regis­
ter save pointer. The Power Failure Detector ini­
tiates a micro-program routine which accomplishes 
the register and PSW storage before the logic power 
supply voltages decay below the operating levels. 

\\~hen AC power returns or is turned back on, another 
micro-program sequence is initiated which restores 
the PSW and General Registers, so that, after the 
hardware is initialized, the running program can con-

tinue sequencing from the same point where power 
failure (or turn-off) was detected 0 

Where the Processor does not have this option, the 
register storage and restoration micro-program 
sequences still run on power-down and power-up, 
but there is no guarantee that the PSW and register 
storage will start early enough to be successfully com­
pleted and the Processor goes to the Wait state after 
the power-up sequence. 

Central Processor Model numbers A 7503 and A 7504 
have this optiono Model numbers A 7501 and A 7502 
do not have the Power Failure Detector. If the 35-
390 I/O PWB in slot 5 of the Central Processor 
chassis has two trimmer potentiometers at the front 
edge, the Power Failure Detector is present. If it 
has only one trimmer, the option is not present (the 
second trimmer is for Teletypewriter Controller 
tili1ing). 

4 PROCESSOR 3010/2PRC-T 



THEORY OF OPERATION 

BASIC CONCEPTS 

Fig, THEORY. 1 is a functional schematic related 
block diagram of the basic Central Processor. Each 
functional area in the Processor is represented by a 
block which indicates the Processor PWB on which 
the area is located and the functional schematic sheet 
number where the area appears. The S Bus and B 
Bus are really just common tie points used as the 
source and destination of information enroute from 
one functional area to another, so they appear on 
several schematic sheets. Physically, the Multi­
plexer Bus is back panel wiring on the Central Proces­
sor chassis 1/0 slots and on I/O expansion chassis, 
so it appears in the functional schematics only where 
it interfaces with the Processor, 

The Programming and Maintenance ConBoie (Display 
Panel) iB considered as part of the Processor, but it 
is a separate module that plugs onto the Processor•s 
1/0 board and it has its own functional schematic, 
which is referenced on the block diagram, Core 
Memory is not a part of the Processor, but its rela­
tion to the Processor must be shown on the block 
diagram to make it complete, and the functional sche­
matic drawing number for the INTERDATA Core Mem­
ory appears on the block diagram. The logic drawing 
for the GE Core Memory will be referenced on the 
block diagram when it is developed, 

The Processor sequencing is under control of the 
micro-program and the phase control logic on the 
ROM board, The micro-program runs continually 
when power is on, even if the Processor is in the 
Wait state with no user instruction sequencing taking 
place, The micro-program must be running so that 
it can test the hardware and interrupt status to deter­
mine when there is something to do. When the Proces­
sor is not in the wait state, the micro-program and 
the phase control logic continually monitor internal 
and external conditions to determine what task, such 
as executing a user instruction, servicing an interrupt, 
or initiating the power-down sequence, should be 
accomplished. 

The Processor is always in one of four phases of 
operation as it sequences through its tasks. Phase 
control will be described in more detail later but the 
purpose of each of the phases should be understood 
at this point. The four phases are: 

• Phase 3 (P3) - This is the interrupt servicing 
phase. An interrupt can be from an I/O 
controller, or it may be an internal interrupt 
such as a machine malfunction interrupt, or 
a console service request. 

• Phase 0 (PO) - This is the user instruction 
decoding phase. 

• Phase 1 (Pl) - Second operand arithmetic is 
performed in Pl when user instructions are 
indexed, 

• Phase 2 (P2) -- This is the user instruction 
execution phase. 

The Decoder ROM translates the "Op Code" of each 
user instruction in the Instruction Register to the 
beginning address of the micro-routine that executes 
the user instruction, and that beginning address is 
transferred to the ROM address register as the 
Processor enters phase 2 to execute the instruction, 
The Processor hardware may also load the ROM Ad-­
dress register with the beginning address of micro­
routines dedicated to other functions such as house­
keeping and interrupt servicing. The micro-program 
also may load a new ROM address as it branches to 
new areas in the micro-program, 

As micro-instruction sequencing progresses, the 
ROM address is automatically incremented after 
each micro-instruction is fetched and executed. ROM 
data is strobed out of the ROM to the ROM Data Regis­
ter as the execution of the previous micro -instruction 
is completed, and the ROM Data Register holds each 
micro-instruction as it is decoded and executed by 
the Processor hardware. 

INITIAqZAJION 
The GE-PAC 3010/2 system hardware is initialized 
by the system clear line (SCLRO) from the Processor 
during the power-on sequence, or when the INT 
switch on the Display Panel is pushed. SCLRO goes 
true about three milliseconds after the Power Failure 
Detector detects a power loss and it remains true 
while power is off. It also goes true about three 
milliseconds after the INT switch on the Display 
Panel is pushed. When the Processor is initialized, 
the clock timing logic is initialized and the cl.ocks 
stop, all alarm and control flip-flops are reset, the 
ROM address is set to zero, the phase counter is 
set to P3, and the memory control logic is reset. 

Note that the PSW and its location counter and the 
General Registers are not reset. This is because 
during the period before the SCLRO line goes true, 
the micro--program enters phase 3, finds that a power 
failure interrupt is present (PPF) and it enters the 
routine at ROM address X•9E•'' which stores the PSW 
and General Registers in the core area specified by 
the contents of the register save pointer at core ad­
dress X•22•. 

When the micro-program has finished storing the 
PSW and registers, it executes a Do micro-instruction 

,•,x• ' indicates that the numbers between the ' 
marks are in hexadecimal notation. 
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specifying power down (POW), and that causes the 
initialize logic on sheet 9 of the schematic to drop the 
initialize relay, forcing SCLRO true. 

If the initialization and register storage was a result 
of pushing INT on the Display Panel, the initialize 
relay will pick back up after several milliseconds, 
making SCLRO false. If it was due to a power shut­
down, the relay will pick back up when logic power 
returns or is turned back on. In either case, the 
hardware will be initialized and the micro-program 
will start at ROM address zero. This sets the micro­
program RUN flip-flop (8J7), the micro-program 
steps to X•OOOl • and branches to the routine at 
X•0086' which restores the PSW and general registers 
from core. If the micro-program determines that the 
Display Panel controls call for the RUN mode, in­
struction sequencing will continue at the location 
count which was present when the initialization se­
quence began. 

This means that Processor initialization does not 
determine the PSW status, location count, nor the 
contents of the General Registers. If you want to 
change the PSW manually, a Load PSW (LPSW) or 
Exchange PSW (ESPR) instruction may be executed 
from the Display Panel. Only branch user instruc­
tions, LPSW, and Display .Panel entries in Address 
mode can change the location count. If you wish to 
initialize the PSW and the principal dedicated core 
addresses, prior to executing a bootstrap loader to 
load a binary tape, the procedure on page 5 of the 
Summary of Hardware Characteristics card, PCP-
231, is recommended. 

OSCl (19E8) 

GO 

SYSCLl (19G6) 

TFAl (19H8) 

TFBl (19H8) J 

If the Power Failure Detector is not present, the 
initialize relay will drop on power failure before the 
PSW and register storage micro-program routine can 
start, so the contents of the PSW and General Regis­
ters after power returns and the initialize sequence 
is finished is uncertain. If power is turned off at the 
Display Panel or if INT is pushed on such a system, 
storage and restoration of the PSW and registers will 
take place, and the Processor will go to the wait state. 

The Power Failure Detector and initialization logic 
are on sheet 19 of the Processor functional schematic. 
The INT and power off switch inputs from the Display 
Panel (INITO and POFFO) are at 19A4. The initialize 
relay is at 19M2. The primary power failure lead, 
PPFl (19F4), is tested by the micro-instruction test 
logic on sheet 18 to determine when the PSW and 
register storage sequence should be run. PPFl goes 
true when INT is pushed, when power is turned off 
at the Display Panel, or when the Power Failure 
Detector detects a drop in line voltage (PFDTO). 

TIMING 
A series of clock timing pulses controls the timing 
of Processor functions. The timing diagram on Fig. 
THEORY" 2 shows the relationships of the principal 
Processor clocks. Oscillator OCl (19D8) runs at 
16 MHz, so its period is 62. 5 nanoseconds. The 
clock logic is held reset when the system is initialized 
(SCLRO) and the system clock (SYSCLl) is held high 
until SCLRO and CLKSTPl (19N5) go false. When 
the initialize line is released, the GO flip-flop sets 
(19E8) and SCSCLl starts to run, producing a clock 
pulse train of the same frequency as OSC 1, but inverted. 

I J 
---1 One Machine Cycle f--

SCLO':' (19H9) LJ ---i__r 
--1 250 Nanoseconds r-

11 T21 (19J9) ___ _. 11 II 

Jl T21SY1 (9A6) ____ _, n n 
n DT21 (9M5)~~~~- n n 

''DCLO, RCLO, and RDSTBO are the same as SCLO unless skipped, 

Fig. THEORY. 2 Clocks 
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T21, T21SY1, and DT21 are the principal micro­
instruction clocks and they run at one clock per 
machine c:ycle, recurring each 250 nanoseconds. 
DT21 is delayed slightly from T21 in order to accom­
plish some of the functions in micro-instruction exe­
cution after the un.delayed clocks have passed, The 
delay is accomplished by toggling a flip-flop consisting 
of two cross connected .NAND gates. 

Several of the Processor clocks are skipped one or 
more times in order to delay micro-ini;;truction se­
quencing as the Processor waits for external events 
such as Core Memory and 1/0 responses, or internal 
functions, such as data and address modifications by 
the Arithmetic Logic Unit or multi-step arithmetic 
and shifting operations •. 

PHASE CONTROL 
As has been mentioned, the Processor is always in 
one of four operating phases and these phases are 
related to the basic task being performed by the 
processor. Fig. THEORY. 3 shows the relatioa of 
the four phases. Fig. THEORY. 4 is a flow chart of 
the Processor•s operating ·sequence. The phase con­
trol logic appears on sheet 9 of the functional sche­
matic. 

All entries to a new phase, except for the entry to 
phase three on initialization and exits from phase 
zero, are caused by the execution of a Do (D) micro­
instruction specifying phase change (PC) as one of 
its functions. The hardware determines which phase 
to enter next, according to the phase which the Do 
micro-instruction is , and the Processor oper-
ation required next. 

The following of four phases indicate 
the tasks accom.plished in each phase, and identify 
what is accomplished by hardware and what is accom-
plished by. the to Fig. 
THEORY. 4 when the phase descriptions. 
Micro-program instructions and sequences are de-
scribed under the in this 
publication. 

The phase control is on sheet 9 of the Processor 
schematic. The PCO (9F2) and PCl (9G2) flip-flops 
store a' bi.nary count equal to the current phase. 
Clock control and skipping logic used i.n micro­
instructi<;m execution is in the upper- left area of 
sheet 9. Most of the phase change logic is in the 
lower left area of sheet 9, and the SRAHxxxand 
SRALxxx gates in the lower·-right area of sheet nine 
force the ROM. address to appropriate points. for 
entries to the phase three tnforo'-instruction routines, 
as instruction sequencing is intern1pted by various 
events. 

Phase Three 
If phas.e three is entered as a of initializ:;;i.tion, 
the ROM address Will be zero, so :micro-:program 
steps to X•Ol ', the micro.,,prograrn RUN flip-flop 
(8J7} s~ts, and the micro-program bra:\].ches to X•B6•1, 

INITIALIZE 

PHASE 3 
INTERRUPT 
SERVICING 

PHASE 0 
USER INSTRUC­
TION DECODING 

PHASE 2 
USER INSTRUC­

TION EXECUTION 

PHASE 1 
SECOND OPER­
ND ARITHMETIC 

Fig. THEORY, 3 Phase Relationships 

the start of the power-up sequence which restores the 
PSW and General Register~ from core. 

The. term "interrupt", when used in relation to phase 
three, includes some events which might not be 
thought of as interrupts, but are interrupts in the 
sense that they cause user instruction sequencing to 
be suspended while some housekeeping furn;:tions take 
place. These include I/O interrupts, power failure, 
machine malfunctions, requests fol:'. service l:ly a con­
sole {Display Panel) operator, and power failure •. 
Fixed Point Divide Fault, Floating Point Arithmetic, 
and Queue Termination interrupts are handled by the 
micro .. program in phase two, and a.re not serviced in ' 

three. 

There are three interrupt entry points to the phase 
three portion of the micro-program. It is entered 
at X•lOO• if an illegal instruction is detected in phase 
2, an Illegal Instruction PSW swap takes place, and 
the mi.era-program executes .a Do to exit phase three 
and enter phase zero, If, during execution oft.he first 
micro-instruction in phase two, the hardware deter­
mines that the user instruction is one that can be 
interrupted without upsetting the user program, an 
enable flip-flop; EBL (483) is set which permits an 
abort of the user instruction execution, if an interrupt 
occurs, The micro-program is entered in phase 
three at X•OA • if such an abort occurs. If there is no 
abort in phase 2 but an interrupt occurs, the micro-, 
program will be entered in phase 3 at X•OIO•. 

Each time phase three is entered due to an interrupt, 
the micro-program executes Test ('V) rnicrq~ · 
ir;istructions to find out what kind of an interrupt is 
pending, and then performs whatever is necessary tO, 

·service the interrupt. In most cases, a PSW swap 
will take place 1 andwhen the phase tlu'ee micro-
progrf).m addresses the next user instruction, ~t wP,l, 
be. in .a new are.a of the user prograµ:i, which either . 
takes the. user•s corrective action, or executes .what­
ever user instructions are req:uired, to se:t;"vice the 
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interrupt. If the micro-program determines that the 
interl'.upt was a request for Automatic I/O service, 
it remains in phase three, executes the Automatic 
1/0 function, and then exec~tes a Do to exit to phase 
zero. 

If the interrupt was one of the class that can be Inhib­
ited by the PSW (see the Summary of Characteristics 
card, Section 4 of the General Description, or the 
CPU Reference Manual), the phase three micro­
program will not do anything that interrupts the user 
program, and it addresses the next user instruction 
and leaves phase three for phase zero. 

If the EXE button on the Display Panel is pushed, a 
console service request (CATN) is generated. If the 
SGL switch is down when EXE is pushed, the phase 
three micro-program tests will determine that the 
single step mode was requested. In the single step 
mode, sequential user instructions are executed each 
time EXE· is pushed, and after updating the display, 
the micro-program addresses the next sequential 
instruction and leaves for phase zero to decode and 
execute the instruction. 

If the RUN switch on the Display Panel is' up when 
CATN is pushed, the halt mode is requested, and the 
micro-program enters an idle loop while waiting for 
the next request from the console. There is another 
idle loop in the phase three micro-program area that 
runs while the Processor is actually i.n phase 2. The 
second loop is entered from the Load PSW or Ex­
change PSW micro-routines, if the new PSW has bit 
0 set, specifying the interruptible Wait State. The 
micro-program stays in this second wait loop until 
any interrupt occurs, and it then leaves the Wait 
State, re-enters phase three to Berv:ice the interrupt. 

Some of the interrupt and test logic which initiates 
phase three and is used in phase three is on the right 
half of sheet 18 of the Processor schematic. The 
enable flip-flop and the phase two abort logic are in 
the upper right-hand corner of sheet 4. This logic 
supplies signals to the phase control logic on sheet 9 
which sets up phase three, generates the phase three 
entry ROM addresses, and exits phase three for phase 
zero when a Do specifying phase change is executed 
in phase three. 

Phase Zero 

There are no micro-program routines associated 
with phase zero and the phase zero functions are 
accomplished entirely by hardware. In addition to 
the phase change function, the Do micro-instruction 
that exits phase three, requests a memory read which 
fetches the first halfword of the next user instruction 
and places it in the Memory Data Register and the In­
struction Register. If the instruction consists of a 
single halfword only, 'no second halfword fetch is 
required, so the ROM address of the user instruction 
micro-routine is loaded from the Decoder ROM and 
phase 2 is entered. 

If the user instruction is one of those consisting of a 
fullword the second halfword is requested by the same 

Do micro-instruction that initiated phase zero, be­
cause that micro-instruction is held in the ROM Data 
Register until phase zero is complete. After the 
second halfword has been transferred from core (the 
A field of the instruction) the hardware lOads the 
ROM Address of the micro-routine of the user in­
struction from DROM and goes to phase 2, or it goes 
to phase 1 so that the second operand arithmetic can 
be performed. 

If the user instruction is a Register to Indexed Memory 
instruction (RX; LH - Load Halfword is an example) 
or a Register Storage instruction (RS; LIIl - Load 
Halfword Immediate is an e~ample) which is to be 
indexed, an appropriate phase 1 entry address is 
loaded into the ROM Address Register and phase 1 
is entered. 

The Do micro-instruction that covers all of phase 
zero generates the one or two memory requests, and 
the phase control hardware on schematic 'sheet 9 
handles the change to phase two or phase one and 
generates the phase one entry ROM Addresses, as 
required. The Instruction Register Decoding Logic 
on sheet 10 generates an address modification term, 
ADMODl, which enters sheet 9 at 9Al. If ADMODl 
is true, phase one is entered from phase zero. If 
ADMODl is false, phase two is entered. The terms 
RR and RS from the instruction decoding logic on 
sheet 4 enter sheet 9 at 9D4 (RR) and 9L6 (RS) and 
these terms ?.re used to determine the type <?f.instruc­
tion. RRO is true for ,both RR and Short Form (SF) 
instructions. If RR and RS are false, the instruction 
is an RX type. The two GDROM lines at 9H9 load the 
ROM Address Register from DROM when phase two 
is entered from phase zero, 

Phase One 

The change from phase zero to phase one occurs (if 
phase two is not entered from phase zero) at the 
trailing edge of the final clock in the Do micro­
instruction which covered phase zero. At that time 
the memory data (A), which was fetched in phase zero 
will be in the Memory Data Register~ The phase one 
micro-program entry point determines what type of 
second operand modification takes place. There is 
a separate micro-routine for each of the three entries, 
and those routines do just what Fig. THEORY. 4 in­
dicates. 

If the entry is at X 10 2 •, an add micro-instruction forms 
the second operand from A and the contents of the 
General Register specified by X2, and a Do is exe­
cuted to go to phase two. 1f the entry is at X•04', A is 
transfer.red to the Memory Address Register and a Do 
is executed to fetch the contents of the core location 
specified by A and to enter phase two. If the entry is 
at X 106 1 , an Add is executed to form the second oper­
and address from A and the contents of the General 
Register specified by X2 and a Do is execut~d to fetch 
the contents of that address and to enter· phase two. 

There is an exception for the entries at X•04• and 
X•06•. User instructions STH, BAL, BTC, and BFC, 
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may have a valid X2 field, but do not require a mem­
ory read, so the memory fetch at the conclusion of 
phase one does not take place, even though the Do 
micro-instruction requests it. ST.RBl at 9E5 is true 
when any of these user instructions is in the Instruc­
tion Register and when the phase one Do is executed, 
no memory start, NOMEMO, at 9E9 goes true, dis­
abling the PS TART gate at 30N7, causing the memory 
control logic to ignore the memory read request. 
llser instructions STM, STE, AL, and RH also do not 
need the memory read on exit from phase one, but 
it takes place anyway, and the micro-routines which 
execute these instructions ignore the memory data. 

If phase one was entered, the starting address of the 
user instruction micro-routine will not yet have been 
loaded in the ROM Address Register, so the Do exit­
ing phase one generates GDROMA and GDROMB at 
9H9 to load the ROM address from DROM. 

Phase Two 

An illegal instruction interrupt may occur at the 
beginning of phase two if the user instruction "Op" 
code (IR bits 0 through 7) is not defined in the Decoder 
ROM and is therefore not that of one of the 113 user 
instructions, or if the instruction is a Privileged In­
struction and PSW bit 7 is set. PSW bit 7 is set, 
specifying the Protect Mode, when us er programs 
running under an operating system such as RTMOS-
30 are functioning. All 1/0 and PSW control instruc­
tions are Privileged and can be executed by the oper­
ating system only. RTMOS-30 runs with PSW07 reset 
and programs running under RTMOS-30 run with 
PSW07 set. If the Automatic Memory Protect Con­
troller is present, the memory protect function is 
enabled when PSW07 is set, 

If the Instruction Register does not hold a valid "Op" 
code, the ROM Address Register will be loaded with 
zeros at GDROM time because the DROM holds no 
information for undefined "op" codes, ROM address 
zero contains all zeros. Since bits 0 through 3 of a 
Do micro-instruction are all zeros, Dl at 8J5 will be 
true, but RDI40 at 8R3 will be high in this case. 
(RD14 is set in all Do micro-instructions.) Since 
the micro-instruction RUN flip-flop is set at this 
time, ILLEGO (8J9) goes true. ILLEGO makes "go 
to phase three," GTP30 (9G9), true, and produces 
a ROM address of X 1l00 1 from the SRAH and SRAL 
gates at 9J9 through 9LD, The Processor enters 
phase three at ROM address X 1l00 1 and the Illegal 
Instruction PSW swap is accomplished by the micro­
program. 

The DROM output for all privileged user instructions 
attempts to set the most significant ROM address bit, 
RAH04, but if PSW07 is reset, the DC clear input to 
RA H04 is held 1 ow so that stage will not set, If 
PSW07 is set RAH04 will be set at GDROM time if 
the user instruction is privileged. This produces a 
HOM address greater than x1S00 1 , which does not 
exist, because the ROM has addresses from X 1000 1 

through X 1 5FF 1 , only, If HAH04 remains set when 
RDSTBO gates data to the ROM Data Register, RD is 

cleared by the AND gate at 8A3. As a result, the 
ROM data for privileged instructions attempted when 
PSW07 is set will be all zeros, and ILL EGO will go 
true, causing an entry to phase three at ROM address 
X•lOO•. 

If the user instruction is legal, the execution of its 
micro-routine proceeds while the logic in the upper 
right hand corner of schematic sheet 4 watches for 
interrupts. The phase two abort enable flip-flop, 
EBLO, consists of two cross connected NAND gates, 
one of which has eight input leads. The enable flip­
flop sets if the current function is not: 

• 
• 
• 
• 

Loading a new PSW (LPSWO) 

Loading a new Location Count (LLOCO) 

An I/O operation (LDIOO or UDIOO} 

Loading a General Register specified by a 
user instruction (L YDO) 

• Writing into Core Memory (MWPWO) 

If any of these functions occur during phase two, EEL 
resets and a phase two abort cannot occur until the 
execution of the user instruction is completed. If 
EBL is set and a Machine Malfunction, Data Channel 
Request, or I/O interrupt occurs, INT AO (4Nl) goes 
true, and ABRTO goes true (4L5}, ABRTO makes 
GTP30 (9G9) true and forces the gates at 9J9 through 
9L9 to set the ROM address to X•OOA•, The Processor 
then enters phase three at X•OOA' to service the inter­
rupL 

When the user instruction micro-routine is completed, 
the Do micro-instruction at the end of the routine 
requests a phase change and tests for any interrupts, 
including a console service request, If an interrupt 
is pending, DTESTO (9J6) and GTP30 (9G9) go true 
and cause the Processor to enter phase three at ROM 
address X 1010 1 to service the interrupt. 

If no interrupt is pending when the Do is executed, 
DTESTO and GTP30 will be false and the Processor 
enters phase zero to decode the next user instruction. 

MICRO-PROGRAM 
Micro-instruction coding is summarized on sheet 3 of 
the Processor functional schematic and each micro­
instruction described in detail in the Model 70 Micro­
Instruction Reference manual, 3010/2MI-M (B29-253), 
The discussion in this publication is intended to relate 
the micro-program and the micro-instructions to the 
hardware. 

The micro-program instruction set consists of 16 
hardware executed micro-instructions of the following 
ROM Data Register format: 

I O Op Cod_e_
3 
_ _,__:_u_n_c_ti_· o __ n_/_s_· o_u_r_c_P_~ /_D_e_s._t_in_a_ti_o_n_/_D_a

1
_t:_. 
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The micro-instructions are: 

qp Code (Hex. ) Instruction Symbol 

0 Do D 
· Command c 

2 Test T 
3 Branch B 
4 Load L 
5 Load Immediate L 
G OR 0 
7 OR Immediate 0 
8 AND N 
9 AND Immediate N 
A Exclusive o·R x 
B Ex •. OR Immediate x 
c Add A 
D Add Immediate A 
E Subtract s 
F Subtract Immed. s 

Note that for Op codes X•5• and above, an odd Op. code 
(RD bit 3 set) indicates an immediate micro­
instruction where bits 8 through 15 of the ROM Data 
Register hold a data byte for immediate use of the 
micro-instruction. As an example a Load Immediate 
micro-instruction coded X•5810• specifies load the 
data byte X'10• into destination X•S•, 

Do Micro~lnstruction 
The Do micro-instruction is the principal Processor 
control instructioµ, ROM data bit 14 is always set in 
a Do micro-instruction, to differentiate it from ROM 
data equal to zero, which occurs when an illegal .user 
instruction is encountered, or an attempt is made to 
execute a Privileged user instruction while in the 
Protect Mode (PSW07 set), 

ROM data bits 4 through 15 of.a Do specify the func­
tion to take place, These functions include memory 
read, memory write, increment location counter, 
phase change, clearing and setting of flags, initializing 
the hardware (POW), and phase changes. Two Do 
inst!'!Uctions which are often used to leave phase two 
after a user instruction has been executed are: 

• OAC2 D P2N Phase two normal exit 

• OBC2 D P2J Phase two jam exit 

For P2N, RD bits 4 through 15 call for memory read 
(RD04) to fetch the next user instruction, increment 
the Location Count (RD06), request phase change. 
<RD0i8), and clear the BANK and UTility flip-flops 
(RDOD). P2j calls for the same functions plus JAM 
(J{IJ07), which copies (or jams) the contents of the 
flag Register into the Condition Code ih the current 
PSW. 

The Do Op code is detected by an AND gate on sche­
matk sheet 8 which generates Dl at 8D4 when RDOO . 

• through RD03 a:re all zero. RD bit. 14 must also be 
set to avoid making ILLEGO (8J9) true, and forcing 
an Illegal Instruction interrupt, Memory .Read (RD04) · 

and Memory Write (RD05) are interpreted in the 
Memory Control logic which they enter at 30S9. The 
BANK and UT flip-flops are on sheet 12 and are 
cleared by CLRO at 9N4, The Location Count is incre 
mented when FRCLOCO goes true, forcing the location 
counter two to be added to the Location Count by the 
ALU. FRCLOCl forces the GA140 input to the ALU 
(12R5) to be true while all other. GA bits are zero. 
This X 12' is added fo set the location count to the ad­
dress of the next sequential user instruction (the ALU 
is conciitioned to add on a Do micro-instruction). 

other Do functions can be found .in the logic by follow­
ing the ROM data leads from sheet 8 or by looking up 
the. mnemonics involved in the listing at the end of the 
Model 70 Maint, Specification (see References ·in the 
Infrodiwtion to this publication). 

Command 
The Command micro'-instruction is another. Processor 
control instruction .similar to Do, and in fact, Com­
mand duplicates the memory read and memory write 
functions of Do, In addition, Command can specify 
multiply, divide., repeat the next micro-instruction 
a specified number .of times, shift left, shift right, 
set and reset UT and BANK flip-flops, and carry in/ 
carry out of the ALU, 

The Command OP code is. detected by an AND gate at 
13G7 which produces CMNDl (13K7). Most of the 

. Command functions specified by RD04 through RDl 5 
are decoded near the bottom of sheet 13 and then 
applied to the ALU shift register logic and control 
logic on sheets 14 ant! 15, 

Test 

The Test micro-instruction tests for internal Proces­
sor conditions such as pending interrupts, the status 
of the UT flip-flop,, condition code bits, and the user 
instruction operation length.· 

The Test Op code is decoded by an AND gate at 1 7M2 
that produces CTESTl at 1 7Nl. The logic in the 
upper right-hand area on sheet 17 sets the G flag 
(FLB,14) if any of the tested functions are true. It 
sets the L flag (FLR15) if none of the tested functions 
are true. 

The functions tested are specified by ROlYI data bits 
4 through 15 which are compared with the appropriate 
RD bit in the upper right-hand area of sheet 18 of the 
Processor schematic, 

~oad, Add, Subtr.qd, and logical 
Micro-lnstrudions 
Micro-instruction L, A,, S, 0, A, and X condition 
the Arithmetic Logic Unit (ALU) to perform the func­
tion indicatedby the micro-instruction mime, ahd 
process data i11put from the source defined by the 

· micro~instruction :v-ia tlie. B Bus and from the A Reg­
ister, through the ALU and to the specified destina­
tion, via the S Bus. 
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Tiw opL'l'ation of the ALU is discussed under the 
-\ r·ithrnetic and Logical Operations heading in this 
publication. The Op codes for these micro-instructions 
are decoded in the upper-right area of schematic 
shel't 13, but the decoding does not result in individual 
n111cmnnics identifying the instruction. Instead, the 
_-\LC control leads, M, SO, Sl, S2, and SUB are 
conditioned to place the ALU in the mode required. 
Table THEORY. 1 lists the control lead equations for 
t'al'l1 arithmetic and logical function. 

The gates from 13C3 to 13G3 transfer ROM data bits 
8 through 15 directly to the B Bus for use in executing 
immediate arithmetic and logical micro-instructions. 
These gates are all enabled when RD03 is true, in­
dicating an immediate micro-instruction, if the micro­
instruction is not a Do or Command (DDCO). 

Immediate arithmetic and logical micro-instructions 
have the following ROM data format: 

0 3 4 7 8 15 
Op Code Dest, Data Byte 

:\on-immediate arithmetic and logical micro­
instructions have the following format: 

() 3 4 7 8 11 12 15 
Op Code Dest. Source Extended Op 

The destination fields specify which register the 
results of the micro-instruction execution will be 
placed in. The source field specifies the address of 
the register containing the first operand. The second 
operand to be used by the ALU in processing the data 
is in the A Register (AR). Table THEORY. 2 lists 
the available sources and destinations in terms of 
micro-program listing symbols and hexadecimal 
source and destination codes. 

Destination decoding logic appears principally in the 
lower-left area of schematic sheet 8. Most destina­
tion mnemonics begin with "L", as in LIRO (8D9), 
Load Instruction Register. Source decoding appears 
principally on sheets 13 and 18. Most source mne­
monics begin with "U" as in UMDRl (18C5), Unload 
l\Iemory Data Register. The 20 Micro-Instruction 
and General Registers may all be sources or destina­
tions and their source and destination addresses are 
decoded on sheet 10. 

The Extended Operation (E) field in the non-immediate 
arithmetic and logical micro-instructions specifies 
various data manipulation options such as shift, cross 
shift, carry in, carry out, etc., if the Multiplexer 
Bus is not the source or destination. If the Multi­
plexer Bus (IO) is the source or destination for a 
Load micro-instruction, the E field specifies which 
l\lux. Bus control line to activate (SR, ACK, DR, 
etc.) and it may specify data shifts or cross shifts. 
Refer to the Micro-Instruction manual for E field 
definitions. The data manipulations specified by the 
E field are decoded on schematic sheets 12 and 13, 

Load (L) 

Add (A) 

Subtract (S) M·SO·Sl·S2·SUB 

OR (0) 

AND(N) M· SO·Sl· §2.suB 

Exclusive OR (X) 

Do (D) =Same as Add 

Command (C) =Same as Add 

Test (T) = Same as Load 

Branch (B) = Same as Load 

Table THEORY.1 Micro-Instruction/ALU Control 
Lead Equations 

The Mux. Bus control line specified by the E field 
on an I/O Load originates on sheet 20. 

Branch 

The Branch micro-instruction causes the ROM ad­
dress to branch to a new micro-program location if 
any of the conditions specified by the micro­
instruction are true. If none of the specified condi­
tions are true, the ROM address is incremented nor­
mally and the next micro-instruction is executed. 
Only ROM address bits 8 through 15 (RAL8:15) can be 
changed if the branch takes place, so the branch can­
not extend beyond the area defined by the current 
RAH4:7 value. Branch has the following ROM data 
format: 

0 3 4 7 8 15 
Op Code Condition New Address 

The conditions tested are counter not equal to one 
(RD4:7 = 0), C flag true (RD4), V flag true (RD5), 
G flag true (RD6), and L flag true (RD7). The Branch 
decode and test logic is near the bottom of schematic 
sheet 18. BRAl (18H8) is true when Op code X 13 1 is 
decoded, Counter not equal to one, CTONE, and the 
Flag Register bits are tested, and GOBRAO goes true, 
if the branch is to take place. If GOBRAO goes true, 
LRALO (l 9K9) causes the RAL register to be loaded 
from RD8:15. 

Micro-Program/DROM/ROM Organization 
The Decoder ROM (DROM) consists of three 19-049 
MSI chips that appear on sheet 4 of the Processor 
schematic. Each of the DROM chips has four bits of 
each of 256 words built into it. The three chips have 
the capability of storing up to 256 12-bit DROM words, 
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I 
I 
! 

HD04:07(~ Symbol Destination 

r---------
I 

!=-"" 

~ 
I 
I 

0 RAH or MRO ROM Address Reg. High or Micro. Reg. 0':' 
1 RAL or MRl ROM Address Reg. Low or Micro. Reg. 1 ':' 
2 PSW or MR2 Upper PSW halfword or Micro.' Reg. 2':' 
3 LOC PSW Location Counter (MR3) 
4 l FLR Flag Register 
5 MAR Memory Address Register 
6 SRH Shift Register High 
7 SRL Shift Register Low 
8 AH A Register 
9 IR Instruction Register 
A MDR Memory Data Register 
B IO 

I 

Input/Output (Multiplexer Bus) 
c CTR Counter 
D YS User Inst. Source General Register (IR12:15) 
E YD I User Inst, Dest. General Register (IRS:ll) 
F YD Pl User Inst. Dest, General Register Plus 1 

Source 

0 MRO Micro. Register 0 
1 lVIRl I Micro. Register 1 
2 MR2 Micro. Register 2 
3 LOC PSW Location Counter (MR3) 
4 PSW Upper PSW halfword 
5 MAR Memory .Address Register 
6 SRH Shift Register High 
7 SRL Shift R.egister Low 
8 NULL X•OOOO• is the source data 
9 IR Instruction Register 
A MDR Memory Data Register 
B IO Input/Output Multiplexer Bus 
B IR4 X •OOJR 1 is the source data; IR. is from IRl 2: 15 
c 'lS User Inst. Sou re e General Hegister (IRl 2: 15) . 
D YD User Inst. Dest, General Register (IRS:ll) 
E YD Pl User Inst. Dest" General Register Plus 1 
F 

0:·The first symbol is the destination if the BANK flip-flop is set and the second is the 
destination if BANK is reset. 

Table THEORY, 2 Destinations and Sources 
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hut only some of DROM addresses X•OOl •through 
'('l1l1LI·'• (~3G10) are used, The Instruction Register 
Op l'ock (TR00:07) is applied to the address inputs of 
tlw llHOl\l chips, The addressed 12-bit DROIVI word 
is ~i l ways pres cnt on the outputs but is gated to the 
Ht n1 ~\c!dress l\cgister only when the GDROIVI leads 
go tnll' in phase zero or phase one, 

Each DHOJ\l location which corresponds to a user 
inst ruction Op code contains the ROM address of the 
first micro-instruction in the micro-routine which 
E''-:L'cutes the user instruction, DROM locations 
\1-hich do not correspond to user instruction Op codes 
contain zeros, and if addressed by the Instruction 
Register when the ROIVI address register is loaded 
from DROl\'I, will cause an Illegal Instruction Inter­
rupt in phase two, 

The ROl\1 consists of 24 19-049 MS! chips that appear 
on schematic sheets 6 and 7, Each of the ROM chips 
stores four bits of each of 256 words, Groups of 
four ROM chips are arranged into pages, each of 
which stores 256 16-bit ROM data words, Room is 
provided on the ROM PWB to implement an additional 
two pages (8 chips) but pages 6 and 7 are not used, 
Each of the four outputs from each chip in a page is 
tied in parallel with the outputs of the corresponding 
chips in all other pages, but since only one 16-bit 
ROJ\I word is addressed at any time, the ROM Data 
Register (RD) is loaded with data from the addressed 
location only, 

The first four ROM pages on sheet 6 store data for 
RO'.\I locations X•OOOO• through X3FF•. The four chips 
across the top of the page store locations X•OOOO• 
tiirough X•OOFE•, and each page (row of four chips) 
has an additional 256 (X•FE•) words. Sheet 7 has the 
final four pages, but as note 2 on that sheet indicates, 
the components for the last two pages are not installed, 
so the highest possible ROM address is X•5FE•, 
Actually, only addresses X•OOO• through X•5CE• are 
used, and not all of those locations have defined micro­
instructions, 

As an example of user instruction execution by the 
micro-program, consider Load Immediate Short (LIS) 
whose Op code is X•24•, The DROIVI listing, 
71Al01116, shows the following at DROM location 24: 

0024 01E8 DC LIS 

This listing line says that the micro-programmer 
coded DC (Define Constant), hexadecimal 1E8, and 
the comment, "LIS", The micro-program assembler 
generated 0024, 01E8, and printed that line of the 
listing as shown, The MS! circuit manufacturer, 
therefore, was directed to design X 1 lE8 1 , the ROM 
address of the first micro-instruction in the LIS 
routine, into DROM location X•24 •, 

The HOIVI listing, 71A101117, shows the following at 
lcJc-ution X 1lE8 1 : 

01E8 
01E8 
01 EA 

580F 
8E97 
OBC2 

LIS L 
N 
D 

AR, 1F 1 

YD, IR 
P2J 

MASK AR 
LOAD 
GO 

So LIS is executed by three micro-instructions, The 
first micro-instruction places X•OF• in the least sig­
nificant byte of the A Register, The second micro­
instruction forms the AND of the X•OF• in AR and the 
contents of the Instruction Register, and places the 
result in the us er instruction destination register, 
Since bits 12 through 15 of AR are set, and all other 
AR bits are reset, a copy of the contents of IR12:15 
is placed in the user•s General Register destination, 
and the Do instruction requests memory read to fetch 
the next instruction, requests a phase change, and 
copies the Flag Register contents into the Condition 
Code of the current PSW. 

ARITHMETIC AND LOGICAL 

OPERATIONS 
As micro-instructions are executed, all data travel­
ing from a source to a destination must pass from the 
source to the B Bus, through the B Bus Shifter, 
through the ALU to the S Bus, and from the S Bus to 
the destination. The B Shifter and ALU handle the 
data manipulations for most micro-instructions, 
Command micro-instructions which specify shift left/ 
right, multiply, or divide also manipulate data in the 
SRH and SRL shift registers. 

ALU Operation 

Each micro-instruction conditions the control lines to 
the ALU to place it in one of its six states as indicated 
on Table THEORY. 1. The Arithmetic Logic Unit con­
sists of four 19-039 MSI chips which appear on sche­
matic sheet 14, Each of the chips is an individual 
ALU that handles four bits in the 16-bit data halfword, 
and the four ALU•s are interconnected through a 
19-040 carry/look-ahead device, such that carrys 
resulting from arithmetic operations are propagated 
from one 4-bit ALU to the next, as appropriate, 

The ALU B Bus inputs, GBOOO through GB150, are 
from the B Bus Shifter, which consists of eight dual 
4-line to 1-line data selectors, The data selectors 
are connected to the B Bus so that the SHCAl and 
SHCBl input selection lines can shift the GB outputs 
one bit to the left, one bit to the right, or exchange 
the upper byte with the lower byte (cross shift), The 
selection lines come from the lower left corner of 
sheet 12 where the micro-instruction extended oper­
ation fun'ctions CSl, XO, LOAD, DIV, and MPY con­
dition the selection lines according to the operation 
taking place. 

The second operand for the ALU consists of gated A 
Register lines GAOOO through GA150. The A Register 
is loaded by a previous micro-instruction if a second 
operand is needed, The AR is gated to the ALU when 
a micro-instruction other than Do, Command, Test, 
Branch, or Load is being executed. ULARl and 
ULARlA (13N6) enable the GA gates on sheet 12, 

The A Register is loaded from the S Bus when it is 
the destination specified by a micro-instruction, as 
LARl and clock DCLl go true (12A2), 
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Th<' names of the six states of the ALU indicate the Multiplication 
l ogj cal .,or ar~thmetiC function pe;rformed in corrirnon 
ter:rps, The following logical equations can be proved 
by analy.z~ng the schematic of an ALU stage ~n Fig. 3, 
page 1 7' of· the INTERDATA MOdel 70 Maintenance 
i\Ianual, The GA and GB terms .have been 'defined, 

, Cl is the carry input from carry/look-ahead device. 

Fig. THEORY. 5 is a block diagram of the principal 
hardware elements involved in the execution of a Com­
mand micro-instruction specifying Multiply (RD,06 • 
RD07• RD14 ·.RD15)~ 

's. is tl1¢ S Bus output for the stage under consiqeration. Micro-routines which use a Command specifying 
Multiply must load zeros into SRH, the multiplier 
i.nto SRL, and the multipli~and into the A Register, 
The Co.unter must contain 1610. a:nd it will, because 
Multiply is used only in micro-routines executing 
user instructions involving multiplication, and the 
Do micro-instruction entering phase two to execute 
the user instruction will initialize the Counter to 16; 

16 

• 
• 
• 
• 

Load: . S = GB, 

Add: S = (GA/GB)• CI + (GA~GB)! Cl, 

Subtract: S = (GA=GB)•CI +(GA/GB)· CI. 

OR: s = GA + GB • 

• AND: S = GA· GB. 

The Counter is conditioned to set to 16 when the "clear". 
input go\')S 'high (27E5). 

• Exc,lusive OR: S = GA I GB • 

16 

B BUS 

16 

~-----..o 15 
B SHIFTER 

Shift 
Right 

GB Sh. 14 
16, 

I 
.MPY 

I 15 
L __ ~'._RYO ···---·---

'J;'he multiply command is executed in 16 machine cycle 
clock times, as determined by t.he count in the Counter, 

S BUS 

Shift 
Ri ht 

Multiplicand 
r:=---"--~ 

[ AREGISTE~ 
Sh. 12 

16 

Sh, 12 

GA 
16 

ALU 

Command 
Micro-

Instruction 
=Add 

Multiplier 

.SRL. 

ULARl = 
MPY·SRL151 

Sh. 13 

15 16 

Sh, 15 

SRL151 

Sheet Numbe;r.s Refer to the Processor. 
Schematic, 

Fig. 'J:'HEORY. 5. Multiply Command 
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The multiplicand in AR stays constant and is added to 
the GB data from the B Shifter at the trailing edge of 
each DCLO clock if SRL151 is true. At the trailing 
edge of each DCLO, SRL and SRH shift one bit to the 
right and the B Bus data from SRH is moved one bit to 
the right through the B Shifter, Any carry propagated 
out of the ALU is stored in FLR12 and shifted into the 
most significant bit of the B Shifter at each clock time, 
The partial product is accumulated in SRH, and 
shifted into SRL a bit at a time, as the B Shifter and 
SRL shift right, After the 16 shifts and additions of 
GA with GB (if SR151 is true), the 32 bit product is 
in the SRH, ALU, and SRL loop, but it must be shifted 
one more bit to the right before it is stored in the 
user 1s destination, This is accomplished by specify­
ing a shift right in the extended operation field of the 
micro-instructions that load the product from SRH 
and SRL into the user's two destination registers,, 

Division 

Fig. THEORY. 6 is a block diagram of the principal 
hardware elements involved in the execution of a 
Command micro-,instruction specifying divide (RD6 • 
RDS•RD15). 

Micro-routines using a Command specifying Divide 
must load a 32-bit dividend into SRH and SRL, and a 
16-bit 2 1s complement divisor into the A Register, 
The Counter must contain 1610, and it will, because 
Divide is used only in micro-routines executing user 
instructions involving division, and the Do micro­
instruction entering phase two to execute the user in­
struction will initialize the Counter to 16, The 
Counter is conditioned to set to 16 when the "clear" 
input goes high (27E5). 

The divide command is executed in 16 machine cycle 
clock times, as determined by the count in the Counter, 
The 2 1s complement divisor in AR stays constant and 
is added to the GB data from the B Shifter at the 
trailing edge of each DCLO clock, The addition of the 
2 1s complement divisor is in effect a trial subtraction, 
and the partial remainder is loaded into SRH if no 
carry results (CSVl). If a carry does result, the 
partial quotient is shifted into SRL15 from the CSVl 
output of the ALU. The B Shifter is conditioned to 
shift the B Bus one bit to the left for division, and 
SRLOOl is shifted into GB15 at each DCLO time. 
After the 16th trial subtraction, the quotient is in 
SRL and the remainder is in SRH, 

S BUS 

16 
Sh, 15 

0 
SRH 

\...._ __ 

MD 

16 

B BUS 

16 

15 14-------------- 0 
CSVl =Shift Left 
CSVl=Load 

Dividend 

0 15"---------------~ 

B SHIFTER --- Shift Left 

Sh. 14 

16 GB 

Sheet numbers refer to the 
Processor Schematic. 

A 

CSVl 

SRL 

Shift 
Left 

2 •s Complement 
Divisor 

r--~ 
0 15 

A REGISTER 

Sh. 12 

16 
~---Divide= 

GA 
16 

ALU 

Command 
Micro­

Instruction 
=Add 

ULARl 

12 

16 

Fig. THEORY. 6 Divide Command 
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PSW bit 03, if set, permits response to a fixed point 
divide fault interrupt if an impossible division is 
attempted. This interrupt and PSW swap are func­
tions of the micro-routines which execute the user 
instruction divisions, and the Processor does not 
enter phase three to service the interrupt. If the 
interrupt occurs, the Processor remains in phase 
two while. the PSW swap takes place and it enters 
phase zero when a Do micrr)'-instruction is executed 
as the last step in the micro-routine. 

Fixed Point and Floating Point User Instructions 

There are two classes of arithmetic and logical user 
instructions - fixed point and floating point. The 
Processor hardware is not concerned at all about the 
resultant data formats. The manipulation of fixed 
po.int and floating point data is handled entirely by the 
micro-routines which execute the user instructions. 
Core Memory locations X•OO• through X•lF• are 
dedicated as eight 32-·bit floating point registers for 
the use of the floating point user instructions, and 
the storage of floating point data in those locations 
is handled by the micro-program. There is no hard­
ware restriction on writing into the floating point lo·· 
cations, unless they are protected by the Automatic 
Memory Protect Controller, However, only floating 
point user instructions should be allowed to write in 
the floating point registers, so that floating point 
data will not be altered. 

PSW bit 05, if set, permits response to the Floating 
Point Arithmetic Fault interrupt. This interrupt ar;d 
PSW swap are functions of the micro-routine's which 
execute the floating point us er instructions, and the 
Processor does not enter phase three to service the 
interrupt. If the interrupt occurs, the Processor 
remains in phase two while the PSW swap takes 
and it enters phase zero when a Do instruction is 
executed as the last step in the micro routine. 

MULTIPLEXER BUS 
The Processor 1s interface with all I/O controllers is 
the Multiplexer Bus. The Multiplex.er (Mux.) Bus 
consists of 16 bi-directional data lines, nine control 
lines, and five response lines. A detailed description 
of the Multiplexer Bus, I/O operations, I/O user 
instruction execution, and I/O interrupt operation is 
provided in Chapter 5 of the GE> PAC 3010/2 Central 
Processor Reference Manual, GET··6174,. A physical 
description of the Mux, Bus and the interrupt 
daisy chain is provided in subsection 4 0 4. 2 in the 
GE-PAC 3010/2 General 
Multiplexer Bus extension a.nd options and 
rules are described in section 5 of the General De­
scription. 

Data are transferred out to the Multiplexer Bus vi::i. 
the S Bus when IO is specified as a destinati.on by a 
micro-instruction. Data are transferred in fron:1 the 
Mux, Bus via the B Bus when JO is as .a 
source by a micro-instruction. 1\!Jux. Bus data lines 
000 through D07 are in the lower left-hand corner 
of schematic sheet lG. DOS through D15 appear on 
sheet 20, UDIOO is true when IO is the source, and 

it enables the gates which pass the data to the B Bus 
LDIOl is true when IO is the destination, and it en- • 
ables the gates which pass the data on to the Mu.'<: 
Bus from the S Bus. 0 

Seven of the nine control line signals originate on the 
right half of sheet 20. These signals are activated by 
extended operation fielt! bits (RD12 through 15) of 
micro-instructions specifying IO as source or desti­
nation, Logic in the upper right-hand corner of 
sheet 4 controls the timing of the control line signals, 
and checks that the addressed controller on the Mux, 
Bus responds within 13 to 15 microseconds, If a 
controller fails to respond in that time, FSYNO goes 
true, setting PSW bit 13 (V). 

Two of the control line signals, SCLRO and CL070 
originate on schematic sheet 19. SCLRO is the sy~ -
tem hardware initialize signal from the initialize 
relay Kl. CL070 goes true when a primary power 
failure (PPFl) is detected. 

Most of the I/O subsystems in the GE-PAC 3010/2 
line make extensive use of Central Processor•s Auto­
matic I/O feature. Automati.c I/O provides interrupt 
driven service of controllers on the Mux. Bus with 
very little effect on the running program, Once 
necessary tables are set up the hardware and micro­
program handle interrupt servici.ng and data exchanges, 
without affecting the register8 used by the user in­
structions, and delaying the running program only 
momentarily, Autorn.atic I/O is enab]ed when PSW 
bits 01 and 04 are set. Once the nece.ssary tables 
and pointerf1 are set up by the program, 
Autor.o.ati.e operations are handled by the phase 
three rnicro-progrmn. 

TI1e 13us accorn.:rnodate both conven-
t.i.onal. Mm;" Bus controllers and Interleaved Data 
Channel controllers" Interl.eaved Data Channel con­
trollers use two response lines in addition to those 
m;ed by conventional. Mux. Bus controllers (DC and 
DACI<::}. Data Channel operations are semi-direct 
to memory functions which do not disturb the running 
program. l\.s of the date of thi.s publication, no 
st;mdard I/O controllers used with GE-PAC 3010/2 
systems 8.re the Data Channel type, 

The Processor•s basic JV!ux. Bus line drivers and 
receivers can handle up to nine JVIux. Bus loads, tut 
since two loads are built-in, one for the Teletype­
writer Controller and one for the Display Panel Con­
troller, only seven additional controll.ers may be 
added to chassis Mux. Bus on the back 

without implerncnting one or more of the bus 
eicterrn ion op1:ions 0 

PROGRAMMING AND MAINTENANCE 

CONSOLE 

The and Maintenance Console (Display 
Panel) permits control of internal Central Processor 
conditions and display of Core Mcm.ory and hardware 

contents, The Display Panel is a user 
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device on the Multiplexer Bus, and is operated by a 
built-in I/O controller that appears on sheet 21 of 
the Processor schematic. The Display Panel oper­
ations are supported by the phase three micro­
program. In addition, user instructions can be ad­
dressed to the Display Panel (device address X•Ol • 
to display) data on the indicators or to read data from 
the panel•s 16 data switches. 

The Display Panel is described from a User•s stand­
point in Chapter 7 of the Central Processor Reference 
Manual, GET-6174. The General Description, 
GET-6227, describes the Display Panel from a func­
tional viewpoint in subsection 4. 5. 

The connection to the Display Panel is made by a 
cable which attaches to connector 3 on the 35-390 I/O 
PWB. The connections to the panel all have a suffix 
of "-3" as they appear on the schematic. For example, 
the normally open contacts of the EXEcute switch con­
nect to pin 104-3 (ESNOO at 21M3). The interface 
between the Processor and the panel will be more . 
meaningful if the Display Panel schematic, 
71D102025 (09-051RxxD08) is used with sheet 21 of 
the Processor schematic. 

The Display Panel does not generate a typical I/O 
interrupt. Instead it generates console attention, 
CATNO, at 21N9. CATNO is set by the EXEcute 
switch and is tested by the micro-program each time 
it enters phase three. The CATN flip-flop is reset 
by ATSYNO when any load micro-instruction addressed 
the Display Panel Controller. 

A detailed analysis of the Display Panel operation is 
provided in Section 5, Display Subsystem, in the 
Model 70 Maintenance Manual. 

TELETYPEWRITER CONTROLLER 
The Processor•s I/O board includes a built-in Tele­
typewriter Controller that interfaces the Processor 
via the Multiplexer Bus and uses two conventional 
serial current loop interfaces to send data to, 
and receive data from a model 33 or 35 teletypewriter 
set. 

The controller appears on sheets 22 and 23 of the 
Processor schematic. A detailed analysis of its 
operation is provided in Section 6 of the Model 70 
Maintenance Manual. 

The controller logic is typical of I/O controllers used 
on the Multiplexer Bus with one exception. The ex­
ception is that the Teletypewriter Controller will be 
the first controller in the I/O interrupt priority chain, 
if an Automatic Memory Protect Controller is not in 
the system. If it is the first controller, the interrupt 
acknowledge pulse, RACKO (24Al) is wired from 
ACKAOO (20N6) in the I/O gating logic. If the Auto­
matic Memory Protect Controller is present, its 
RACKO input is connected to ACKAOO, and the RACKO 
input on the Teletypewriter Controller is wired to 
T ACKO in the memory protect controller, making the 
memory protect controller have the highest interrupt 

priority, and the Teletypewriter Controller the second 
priority. 

The teletypewriter set is connected by a cable that is 
attached to connector 2 on the 35-390 I/O board, and 
each connector pin number on the schematic has a 
suffix of "-2". For example, the serial data output 
to the space/mark distributor in the teletypewriter 
set is on pin 102-2, and the current loop return is on 
pin 202-2 (22N8). 

CORE MEMORY INTERFACE 
The Processor•s interface with Core Memory consists 
of the Memory Address Register (MAR) and Memory 
Address Slave Register (MAS) on schematic sheet 25, 
the Memory Data Register (MDR) on sheet 26, the 
Memory Timing and Control logic on sheet 30, and 
the Parity, Protect, and Read/Write logic on sheet 
27. A detailed analysis of the memory interface is 
in Section 4 of the Model 70 Maintenance Manual. 

Memory Address Registers 

MAS contains the address of the next core location 
that the Processor is to access. MAR is loaded from 
the S Bus when a micro-instruction specifies it as a 
destination, or when the Processor enters phase zero 
from phase three or phase two. Usually MAR and 
MAS have the same address, but it is possible for 
MAR to be changed while a core cycle is in progress, 
so MAS is provided to hold the address during the 
memory cycle, even though MAR may be changing. 

As the Processor enters phase zero to fetch and de­
code the next user instruction, FRCLOCO (9J4) goes 
true, (see Fig. THEORY. 4), and that term makes 
load MAR, LMARO (8G9) true. Since FRCLOC makes 
the location counter (LOC) both a source and destina­
tion, the contents of LOC are loaded into the MAR to 
provide the address of the next user instruction. 
FRCLOCl forces GA140 true (12N5), and because all 
other GA bits are zero and LOC is both the source 
and destination, the GA value of X•2• is added to LOC 
after MAR is loaded, and LOC then contains the ad­
dress of the next sequential user instruction. 

Micro-instructions may load MAR from any valid 
source when it is necessary to read from or store in 
core for purposes other than fetching a user instruc­
tion. 

When Direct Memory Access Controllers (DMAC•s) 
such as the Selector Channel are addressing core, 
the MAS register contents will not be gated onto the 
Memory Address (MA) lines on the memory bus be­
cause PSELl will be false. 

Memory Address lines MAOO through MA06 are avail­
able to the optional Automatic Memory Protect Con­
troller through pins 100-3 through 106-3 on Memory 
Control board connector 3. These lines define the 
core memory area currently addressed by the proces­
sor. Note that since these are not Memory Bus Ad­
dress lines, they define only the ::rea addressed by 
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the "Prbcessor, so the memory protect controller 
does. not protect from writing by Direct Memory 
Access Controllers such as the SELCH. 

Memory Data Register 

The Memory Data Register is loaded from the Mem­
ory Sense {MS) lines on the memory bus when instruc­
tions and data are read from core and it can be 
loaded from the S Bus if specified as .a destination 
by a micro.-instruction. MDR can be specified as a 
source b:y a micro-instruction, in which .case it will 
be gated to the B Bus by the selection gates on s.che­
matic sheet 29, 

During a Processor memory write operation, PSELl 
is true and READ! is false, so a gate at 26B2 enables 
the transfer of the MDR contents to the Memory Data 
(MD) lines on the memory bus. · 

Memory Timing and Control 

The memory timing pulse generators appear on the 
left side of schematic sheet 30. These timing circuits 
produce the same timing pulse sequence for both read 
and write operations for the Processor and for ;:i.ny 
DMAC •s. The .control logic on the right half of sheet 
.30 grants access to the Processor and the Direct 
Memory Access Controllers, such as the Selector 
Channel, on a priority basis, There may be up to 
four core users in addition to the Processor and 
each of the four DMAC•s has higher memory priority 
than the Processor, so if the Processor and a DMAC 
need access at the same time, the Processor waits, 

When one of the DMAC•s wants access to core, it 
lowers REQO at 30Kl. If a core cycle is not in prog­
ress, the Processor lowers ENO at 30M9, and ENO 
becomes an ACTO/TACO priority pulse that travels 
down the memory bus and through each DMAC until it 
finds the first one with REQO true. When ENO and 
the priority pulse reach the first user with REQO true, 
it is "captured" by that user which then turns REQO 
false and completes the core access. 

The Processor can have access to core if access has 
not been granted to an .external user' if there is no 
external user•s memory cycle in progress, and if the 

' . I 
micro-program is executing a Do or Command micro-
instruction specifying memory read (RD4·Ri55) or 
memory write (RD4·RD5). When all of these condi­
tions are satisfied PSTARTO at 30H2 goes true, 
starting a Processor Memory cycle. 

Parity, Protect, and Read/Write Logic 

The Processor•s optional parity logic generates Core 
Memory parity for core accesses by the Processor 
and the Direct Memory Access Controllers. If an 
area of core which does ·not store the parity bit is 
addressed, the PARO line on the memory bus will be 
low, deactivating the parity logic. If a core area 
which stores the parity bit is addressed on a memory 
write, GMD160 sets the. 17th bit in the addressed 
halfword if the number of bits set in the remaining 
16 bits is even, generating odd parity for each half­
word. 

If, on a Processor memory read, the parity regener­
ated by the parity tree in the upper right area of sheet 
27 does not regenerate a GMD160 parity bit of the 
same polarity as read from MS160 in core, PPFl at 
2 7H9 ·will go true, generating a Machine Malfunction 
interi:upt and PSW swap, if permitted by PSW bit 02. 

DMAC •s must do their own parity checking on memory 
read operations, if required, 

The READ flip-flop at 27N9 is set on Processor read 
operations, only. It is used in the Processor only, 
because each core cycle is the same whether it is a 
read or a write operation, On a read operation core 
data i.s read during the first half of the cycle and then 
the core data is restored by a write .operation during 
the second half of the cycle. This is necessary be­
cause core data is lost as it is switched out of the 
cores. On a write operation, data from the addressed 
cores will be on the MS lines during the first half of 
the cycle, but it is ignored. 

If the optional Automatic Memory Protect Controller 
detects an attempt by the Processor to write into a 
protected core area, it generates change write to 
read, CWRO at 27R9. CWRO sets the read flip-flop 
so that core data will be restored, only, and not 
changed by the Processor's access. Note that this 
does not provide protection from writing in core by 
DMAC•s. 
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1. INTRODUCTION 

MODEL 70 
GENE.HAL DESCRIPTION 

The Model 70 combines advanced circuitry and packaging designs to give the user a price/performance optimized ma­
chine. The Model 70 is completely upward compatible with INTERDATA Model 3, 4 and 5 Processors user instructions, 
interrupt handling, input/output formats and control sequencing. Because of this compatabiiity, the Model 70 can use · 
the wide range o{existing software and peripheral devices. 

The Model 70 offers a comprehensive set of 113 instructions making the system both easy to program and efficient to 
operate. Through multi-function instructions and direct core addressing, coding and debugging time is reduced to a 
minimum. 

Memory is addressable to the eight-bit byte level. Memory is expandable from the basic 8, 192 bytes to 65, 536 bytes. 
All memory is directly addressable with the primary instructions, no paging or indirect addressing is required. Six­
teen 16-bit General Registers can be used as Accumulators, fifteen of which can also be used as Index Registers. Regis­
ter-to-Register instructions permit operations between any of the Sixteen General Registers, eliminating redundant 
loads and stores. 

The Protect Mode of the Model 70 enables Memory Protect and detection of Privileged instructions, and can be ac-· 
tivated under program control. This mode is invaluable in process control, data communication, and time-sharing 
operations to guarantee that a running program cannot interfere\ with the integrity of the system. 

The Model 70 also provides a flexable Input/Output system in addition to conventional means of programmed I/O. In 
. the Automatic I/O Service Mode, the Processor acknowledges all 1/0 interrupts and automatically performs much of 
the overhead prior to activating the Interrupt Service Routine, In conjunction with the Automatic 1/0 Service, an I/O 
Channel can perform data transfers and signal counting without interrupting the running program until the specified 
sequence is completed. 

Up to four Direct Memory-Access Channels can be added to a Model 70 Memory System. These channels operate over 
the common Memory Bus, on a cycle stealing bl!.sis, through a Direct Memory Access Port which is build into the Pro­
cessor. Two types of Direct Memory Access Ch&nnels can be used with the Model 70 System: The Selector Channel. 
which.permits direcit data transfer between any standard oriented INTERDATA device controller and memory; and the. 
Direct Memory Access Channel custom designed by the user for special applications. 

2. SCOPE 

This specification is intended to enable the digital technician to understand the INTERDATA documentation system. 
Number Notation, the Part Numbering System, and the Drawing System are described. Illustrations are provided 
to help understand these systems. other publications which may be .of interest to Model 70 users are shown in Table 1. 

TABLE 1. RELATED PUBLICATIONS 

Title Publication Number 

Universal Clock Instruction Manual 29-265 
Model 70 Users Handbook 29;,.261 
Model 70 Maintenance Manual 29-266* 

I 
I 

Multiplexor Bus Buffer Instruction Manual 29-267 
8 Line Interrupt Module Instruction Manual 29-268 

*This General Description is a part of 29-266 
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3. BLOCKDIAGMM 

A Model 70 .simplified bloekdiS,gram is. shown ltt Figure lo. Tl'le ~ 70 ts a l&: ... blt ~tat computei-. The ProeelJlilOr 
logic is contained onfour PC boards: 

Put No. 

35-387 

35-390 

35-389 

35-388 

4. DOCUMENTA'f.10~ . 

CORE 
MEMORY 
BLOCKS 

PROCESSOR 

POWER 

Descrigief 

Memory Control 

I/O Board 

ALU Board 

ROM Board 

IIO 
CONTROl..LERS 

Figure 1. Model 70 Simplttled Block Diagram 

This section describes the style and conventions used with INTERDATA documentation. 

4.1 Number Notation 

Caret File 
Positk>11 

4 

5 

6 

7 

The most common form of number notation used. in nr.t'ERDATAdOcumentatton is bex.adecilnal notation. In tbts system, 
groups of four binary digits are represented by a single hexadeetmal digit. Table 2 lists the hexadecimal characters 
employed. 

TABLE 2. HEXADECIMAL NOTATION DATA 

Binary Decimal Hexadecimal Btna.ry Declnial lle:xadlcf.mal ·~·· Decimal Hexadeetmal 

0000 0 0 0110 6 6 1100 12 c 
0001 1 1 0111 7 7 1101 13 D 
0010 2 2 1000 8 8 1110 14 E 
0011 3 3 1001 9 9 1111 15 F 
0100 4 4 1010 10 A 
0101 5 5 1011 u B 

To differentiate between decimal and hexadecimal numbers, . baadecimal numbers pre preceded by tbe letter ''X", and 
the number is enclosed in single quotation marks. Ex8.Dlples of~al 11.u:rnbers are: X:'l234', X:'2EC6', X:'A340, 
X1EEFA11 and X'10B9 1• 
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4. 2 Part Numbering System 

INTERDATA parts, drawings, and publications employ a common numbering system. The part number and drawing 
numbers for drawings which describe the part are related. The publication number is also often related to the part 
number of the device or program described. Figure 2 shows the format used for INTERDATA part numbers. The 
fields are described in the following paragraphs. 

MNN FNN RNN 
'---y--1 '-v--' '---y--1 

CATEGORY SEQUENCE MANUFACTURING FUNCTIONAL REVISION 

VARIATION 

Figure 2. Part Number Format 

A 
B 
c 
D 
E 

SIZE TYPE 

DRAWING 

4. 2.1 Category Field. The two-digit Category number indicates the broad class or category to which a part 
belongs. Typical examples of category number assignments are: 

01 - Basic Hardware Systems 13 - Panels 

02 - · Basic Hardware Expansions 17 - Wire and Cables 

03 - Basic Software Systems 19 - Integrated Circuits 

04 - Basic Software Expansions 20 - Transistors 

05 - Major Application Programs 27 - Peripheral Equipment 

06 - Self-contained Utility Programs 29 - Manuals 

07 - Subroutines of General utility 34 - Power Supplies 

10 - Spare Parts Packages 35 - Assembled Printed Circuit Boards 

12 - Card File Assemblies 36 - Electro-Mechanical Devices 

4. 2. 2 Sequence Field. The Sequence number identifies a particular item within the category. Sequence num­
bers are assigned serially, and have no other significance • 

NOTE 

The Sequence Field, like all other 
part number fields, may be length­
ened as required. The field lengths 
shown on Figure 2 are minimum 
lengths (insignificant zeros must be 
added to maintain these minimums). 

4. 2. 3 Manufacturing Variation Field. The optional Manufacturing Variation Field consists of the letter "M" 
followed by two digits. 

NOTE 

A part number must contain a 
Category number and a Sequence 
number. All other fields are 
optional. 

The M Field is used to distinguish between.parts which are electrically and mechanically equivalent (interchangeable), 
·but which vary in method of manufacture, For example, if leads are welded instead of soldered on an assembly, the 
M Field changes. 
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An important exception to the meaning of the M Field exists for eategories related to software. Here the M Field num­
ber, when used, indicates the form in which a particular progi'alm i's; presented. For example, defi11e a prngra m as a 
set of machine instructions. These same identical instructions may· lite presented on punched cards, paper tape, or 
magnetic tape; and for any of these they could be in symbolic fot!m~ Thus,. there are ma11y ways to represent the same 
identical program. These ways are identified by the M Field n~ers as follows: 

MOl - Symbolic Punched Cards 

M02 - Relative Binary Punched Cards 

M03 - Absolute Binary Punched Cards 

1\104 - Symbolic Magnetic Tape 

M05 - Relative Binary Magnetic Tape 

M06 - Absolute Binary Magnetic Tape 

M07 - Symbolic Punched Paper Tape 

MOB - Relative Binary Punched Paper Tape 

M09 - Absolute Binary Punched Paper Tape 

Ml 0 - Bootstrap Binary Object Punched Paper Tape 

Mll - Read-Only-Memory (ROM) Absolute Binary Object Ptmehd Paper Tape 

Ml2 - ROM Wiring and Test Set (ROMWATS) Wiring Punehed Paper Tape 

Ml3 - ROMWATS Check Punched Paper Tape 

1\111 - Eight-bit Paper Tape 

1, 2, 4 Functional Variation Field. The optional Functional Variation Field consists of the letter "F" followed 
by two digits. The F Field is used to disti11guish between parts wh:i<elt are not necessarily electrically or mechanica.lly 
equivalent, but which are described by the same set of drawings. For example, a power supply may be strapped inter­
nally to operate 011 either 110 vac or 220 vac. Except for this strap;. all power supplies of this type are ide11tical, .The 
strapping option is easily described by a note on the assembly amd test specification drawings. Therefore, this is a 
functional variation, 

4, 2. 5 Revision Field. The optional Revision Field consists of the letter "R'' followed by two digits, The R 
Field is used to indicate minor electrical or mechanical changesi to a part which do not change the part's original char­
acter. R Field changes often reflect improvements. A part witii a revision level JUGHER than the one specified will 
work. A part with a revision level WWER than specified should not be used. 

4, 2, 6 Drawing Field. The optional Drawing Field consists of a letter from "A" to "E" followed by two digits. 
The letter indicates the size of the original drawing. The sizes. fol' each fetter are: 

The two digits indicate the drawing type as follows: 
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01 - Parts List 

02 - Machine Details 

03 - Assembly Details 

05 - Art Details 

06 - Wire Run List 

08 - Schematic 

09 - Test Specification 

10 - Purchase Specification 

11 - Bill of Material 

12 - Information 

A - Bk" X n•r­
B -11" X Jl7'r 
c - 17" x 22" 
D - 22" X :U" 
E - 34'' X. 44"' 

13 .., Program Listing 

l4 -· Abstracts 

1 & - Program Description 

16 - Operating lnstrttctfons 

17 - Program Design Specification 

18 - Flow Charts 

19 - Product Specification 

2& - Installation Specification 

Zl - Maintenance Specification 

ZZ ~. Pro·gramming Specification 



4. 2. 7 Examples. The following list provides some examples of the part numbering system. The numhers' 
were arbitrarily selected, and in most cases are fictitious. 

35-060 

35-060M01 

The 6oth printed-circuit board assigned a part number under this system. 

A printed circuit board electrically and mechanically interchangeable with the 35-060, but differing in 
method of manufacture. 

35-060F01 A printed-circuit board not electrically and mechanically interchangeable with the 35-060, but described 
by the same set of drawings. 

35-060B01 

35-060A01 

35-060B08 

06-072 

06-072Al3 

06-072M03 

06-072Al2 

29-060 

A revised 35-060 printed-circuit board. Probably supercedes the 35-060. 

The s! by 11 inch parts list for a 35-060. 

The 11 by 17 inch schematic for a 35-060. 

The 72nd utility program assigned a part number. 

An s! by 11 inch listing of the 06-072 program. 

An absolute binary deck of punched cards for the 06-072 program. 

An Si by 11 inch information drawing on the 06-072 program. Probably a part of the program. 

The 6oth manual assigned a number under this system. Note that this number is not referenced in any 
way to the part number of equipment described in the manual. 

4, 3 Drawing System 

This section describes the drawings provided with INTERDATA equipment. Note that drawings provided with peripheral 
devices and other purchased items may vary from the system described in this Section. · 

A digital system may be divided into a collection of functionally independent circuits such as core memory, Processor, 
and I/O device controllers. These circuits may or may not be saleable units .in their own right, but in the electrical 
sense they are essentially self contained and capable of performing their function with minimum dependence on other 
functional circuits in the system. Hence a functional circuit is treated as a building block. Each functional circuit is 
described electrically by a detailed functional schematic:- Ea.Ch schematic contains a variety of information including 
type and location of discrete integrated circuits (!C's), pin connections, all interconnections within the schematic con­
nector pin numbers and connections to other schematics. Further, the schematics are drawn to reflect, in an orderly 
fashion, all logical operations performed by the circuits. Generally, symbols used on schematics conform to · 
MIL-STD-806B. 

Registers are named according to the following rules: 

1. The register mnemonic name has a maximum of three letters, excluding "I, o, Q, and z•. 

2. Each bit in the register is numbered, usually starting at 00 on the left, or most significant position, and 
continuing to N-1 on the right, where N is the number of bits in the register. 

3. The 00 bit is the Most Significant Bit and the N-1 is the Least Significant Bit. 

The IC's, mounted directly on the logic board, are represented on the schematic drawings by logic symbols. Each 
symbol contains the reference designation; device part number (category and sequence), and symbol mnemonic de­
signation. Refer to Figure 3 .• 
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r SAME SHEET DESIGNATION 

I -- ANOTHER SHEET DES14NA-1'10N ~. 

LI ENB I I ~ 

218 ~o RD020 02 Al20 o• NAMEO {•OM1 
RD0.31 04 19-025 12.A2 

117-0 HA 18K4 
114 ...., 0 >---'-'R;,;:Dc.:0..:::6..:...1 __ ..,...,.0..,_...__~. 

Figure 3. Example of a lliJlh Speed NAND Gate. 

The designations, numbers, and references shown ln Figure 3 ere: 

A120 - This indicates the component location on the l.ofrt~ board. Figu!J'e 4 illustrates the method generally 11Hcd 

to determine component location on a logic board. With the logic board oriented so that the hcnder con­

nectors (Qonn O and Conn 1) are on the right, the components are numbered from left to right starting 
in the upper left corner. That is, the first IC in the 1,1pper left corner is AOl and the first capacitor is 

Cl. '!'est points are lettered bottom to top from A ... y (omitting I, o, L, E). 

19-025- The number 19 is the category number of ICs, and the 025 is the sequence number of the component. 

HA - Indicates this component is a high speed AND gate. Some other common designations used arc: 

P - Power Gate 
HP - High Speed Power Gate 
G - Gate 
HG ... High Speed Gate 
HGOC - High Speed Gate, Open Collector 
B - Buffer 
HB - High Speed Buffer 

Ll - This input lead is from area L1 on the same schematic sheet, 

lOMl, 12A2, 18K4 - Indicate outputs to another logic schematic sheet. 

218-0, 117-0, 114-0 - Indicate inputs from Connector O. 

Note that the pin numbers (01, 02, 04, 05, and 06) correspond directly to the actual IC pin numbers. 

Figure 4 also shows the locations of the header connectors (Corm O and Conn 1) and the cable connectors (Conn 2 and 
Conn 3). All logic boards always contain Header Connectors 0 and 1, h<>Wever, any combination (either, both, or none) 
of cable connectors (Conn 2 and Conn 3) may be provided. 
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I 
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Figure 4. Example of a logic aoard Layout 



Figure 5 provides the pin numbering scheme for the header and cable connectors. Header connectors always have 
2 rows of pins and 42 positions. Cable connectors always have 2 rows of pins but may vary in the number of positions. 
The number of positions may only vary in increments of five positions (10 contacts). For instance, if 24 positions are 
desired, five blocks of five positions each (25 positions) must be used. 

24 0 0 
23 0 0 
22 0 0 122- 3 

202-3 
02 0 0 102-3 
01 0 0 
00 0 0 

2 I 

2 

00 0 0 
01 0 0 
02 0 0 102-2 

222-2 
22 0 0 122-2 
23 0 0 
24 .o 0 

241-1 
141-1 0 41 

0 40 
0 39 
0 38 
0 37 

CONNECTOR Th} 
203-1 
103-1 0 0 03 

0 0 02 
0 0 01 
0 0 00 

I 2 

241-0 
141-0 0 0 41 

203-0 

0 0 40 
0 0 39 

103-0 . 0 0 03 
0 0 02 
0 0 01 
0 0 00 

I 2 

Figure 5. Connector Pin Numbering 

A net is defined as an electrical connection between two or more points in a circuit. Ordinarily, a net bas an origin­
ating end (usually a collector where the signal is generated) and one or more terminating ends. Often it is convenient 
to assign descriptive mnemonic names to nets as a way of identifying them· on schematics. Whether a net is named or 
not is sometimes arbitrary. However, a net is always assigned a name if: 

1. The net is contained on one drawing sheet but is not shown as a complete solid line on that sheet. 

2. . Part\ of the net appears on more than one sheet. 

3. Part of the net connects with a different schematic. 

4. Part of the net leaves a logic board. 

If a net is named, the following rules are observed. 

1. All mnemonic names are a maximum of six characters •. 

2. \. All decimal digits and upper case letters except the letters ''I, 0, Q; and Z" are permitted. 

3. No other characters permitted. 

4. · · Where possible, mnemonics are descriptive. However, it should be recognized that descriptive names are 
not always possible and a danger of misinterpreting a mnemonic exists. 

5. Mnemonic names are not repeated within a schematic. 

6. Every mnemonic is suffixed by a state indicator. This indicator consists of the digit ''1" for the logically 
true state, or the digit "O" for the logically false state. For example, the set side of a flip-flop would 
have the "1" state indicator, while the reset side would have the "O" state indicator. The state indicator 
for a function changes each time that function is inverted. Thus, the state_ indicator permits assigning the 
same mnemonic to functions that are identical except for an inversion. 

7. When a logical function is inverted, an inversion indicator is added after the state indicator. This allows for 
functionally equivalent, but electrically different nets to have the same mnemonic name. For example, 
assume a signal NAMEl. NAMEl may be inverted to produce ;NAMEO. If NAMEO is then inverted, NAMElA 
is produced. NAMEl and NAMElA are functionally equivalent, but physically different nets. 
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Sometimes a net fans-out to many sheets in a schematic. It is also possible for a net to fan-out to sheets in different 
schematics, In these situations, the net is assigned a mnemonic name. The net is also "zoned" from sheet to sheet 
to allow for properly identifying the originating and terminating ends of the net. The originating end of a net is defined 
as the collector at which a signal is generated. All other points to which the net connects are called terminating ends. 
When a lead leaves a sheet at the originating end, it is zoned to each and every sheet on which the net reappears, hy 
indicating first the page number, followed by the schematic number that contains the page. For example, assume that 
the gate shown on Figure 3 is on a schematic, sheet 20, The output, NAMEO, appears on sheets 10, 12 :ind I Hof flw 
schematic. Note that the schematic number is implied. When a net enters a sheet from another sheet, it is labeled 
with the same mnemonic name, and is zoned back to the originating end of the net only. Thus, on Figure 3, the !·;NJH,I 
may, however, have many other terminations in addition to the one shown. Generally then, when a net leaves the sheet 
where it originates, it is zoned to every other sheet where the net terminates, while the terminating end is 7.0ned only 
to the originating sheet. Note that in the Model 70 schematics, signals are co-ordinated between sheets only when the 
sheets are related to the same board. When a signal leaves a board, the Back Panel Map must be used. 

When a lead leaves a logic board, it usually does so through a logic board back panel connector pin. These connector 
pins must be shown on the schematic even if the complete net is shown on one drawing sheet. Only the connector pin 
number need be indicated under the pin symbol, since the connector number itself is implied by the logic board loca­
tion number in the logic symbol or in the footnote. Thus, on Figure 3, RD061 enters the logic board on Pin 114 of 
Header Connector o. 

Figure 6 is a typical schematic sheet with call-outs illustrating many of the conventions described in this section. 

The schematic drawings for the basic Digital System and some· of the more common expansions are commonly included 
in the rear of the appropriate Digital System Maintenance Manual. Schematic drawings for other expansions arc 
included with the expansion or with the publications that describe the expansion. 
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MODEL 70 CHASSIS AND POWER SUPPLY 

1.l-115AI. 
!VI :i r C' h l !J 7 

EXPANSION INFORMATION SPECIFICA1~ION 

1. INTRODUCTION 

The INTERDATA Model 70 Digital System features a highly modular structure which permits configuration:; to suit the 
user's exact needs. It provides the means for convenient expansion as the user's requirements grow. This document 
describes the Processor and System Expansion Chassis, Power Supply Mounting, Filler and Display Panel mounting, 
and the interconnecting cables. Integrated circuit boards are discussed with respect to cabling and location only. Cir­
cuit descriptions of these boards are provided in the appropriate maintenance or instruction manuals. Note fhat tlw fol­
lowing discussion assumes that the equipment is mounted in standard INTEHDATA cabinets. 

2. MECHANICAL COMPONENTS 

This section is intended to familiarize the reader with the mechanical components that are discussed here (i.e. Cabin('t 
Uprights, Chassis Support Rails, Filler Panels). Figures 1 through 4 provide the dimensions and mounting configura­
tions for the Rack, Chassis Support Rails, and J<'iller/Display Panels. Note in. Figure 4, that while :1 1/4", 7", ancl IO 1/2" 
Filler Panels and the Display Panei mount the same way (via retaining brackets), the smaller 1 3/4" Filler Panel mounts 
with spring clips. 

3. POWER SUPPLY MOUNTING 

The Power Supply mounts in the rear of the cabinet, immediately behind its respective Processor or Expansion Chassis. 
It is attached to the right mounting upright (looking from rear) via two mounting blocks and two nylon spacers. See fig­
ures 1 and 5. 

The mounting blocks mount to the upright via three number 10-32 Hex Socket Cap Screws. It may be necessary to.drill 
clearance holes in the upright to accept the three number 10-32 screws. 

The power supply may be swung in or out on its mounting pivot (see Figure 6) for easy access to the back plane. 

WARNING 

Before hinging out the power supplies, the 
rack levelling feet should be lowered. Only 
three power supplies can be hinged out at 
one time, after the levellers are in contact 
with the floor surface. 

When th•~ Power supply is in the installed operating position, it is secured by two 10-32 screws which attach to the left 
mount;ng upright (looking from rear). Care must be taken when installing the two mounting blocks to assure proper 
alignment of the screws. The power supply cable connects to a terminal board (35-382) at the right rear (looking from 
rear) of its respective Processor or Expansion Chassis via faston lugs and a connector for fan A. C. power. There is 
adequate slack provided in the cable to allow the Power Supply to hinge out freely. In order to prevent the cable from 
being pinched between the Power Supply and the Chassis Support Rails, a service loop.is required. A maximum of four 
Power Supplies may be mounted in one rack. 
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SECTION A-A 

UPRIGHTS: 1/8 THK CRS. TAPPED 
WITH 10-32 HOLES ON 
RETMA t 5/8- 5/8- 1/2 

1/8 THK CRS WITH 
SLOTS FOR VERT 
ADJUSTMENT 

RAILS ARE NOT SUPPLIED WITH 
BASIC SYSTEMS CABINET 

WEIGHT - 300 
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OF "BLANK" COt4NECTO R 
PANEL OR "FUSED A.C,11 

CONVENIENCE MODULE AND 
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Figure 2. Basic Cabinet Physical Dimensions 
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Figure 3. Chassis Support Rail 
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Figure 4. Typical Mounting Configuration ta.r Display and Futer Panels 
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-L EXPANSION CHASSIS MOUNTING 

Two Expansion Chassis (10 inch and 15 inch) are available for e:tpanding the Model 70 Digital System. The Expansion 
Chassis have the same over-all dimensions as the Processor Chassis. See Section 5 on Configuration. 

The Expansion Chassis slides into the rack on the two Chassis support rails (See Figures 2 and :l) from thC' front of the 
rack. 

CAUTION 

No chassis should be mounted in cantilever 
fashion. Chassis support rails MUST be 
used. If a rack cabinet other than an 
INTERDATA cabinet is used, consult rack 
manufacturer for proper support rails. ·· 

The chassis support rails are fastened to the niounting uprights at the front and rear of the rack. Slots arc provided in 
the rails to allow vertical adjustment. The Expansion Chassis lock in place at the mounting uprights in front of tho rack. 
The Expansion Chassis does not fasten in any way to the Chassis support rails. All Expansion Chassis mount below the 
Processor Chassis. Expansion Chassis cabling 1s discussed later in this document. Figure 7 shows Expansion Chassis 
location with respect to the filler panel and power supply. 

POWER SUPPLY 0 

AIR FLOW 

0 

7" 
FILLER PANEL 

r-
28°MIN. 

.19" 
~ONT MTG SURFACE 

Figure 7. Expansion Chassis Location 

4.1 15 Inch Expansion Chassis 

The 15 inch Expansion Chassis contains eight universal expansion slots which can accept combinations of memory mod­
ules, single board peripheral controllers, system modules, selector channels, or user designed interfaces. Included 
with this chassis are the cooling fans and interconnecting cables. The chassis may be ordered with or without a power 
supply. 

4.1.1 7 and 10 Inch Boards in a 15 Jnch Chassis. A 10 inchI/O Controller (provided it does not use Connector l 
may be inserted in a 25 inch chassis via the 02-234 I/O Adapter Kit. (See Figure 8). One or two 7 inch boards (half 
boards) may be inserted into a 15" chassis via the 16-398 Half Board Adapter Kit (see Figure 9). The Half Board Adap­
ter Kit may hold tWo active 7" boards or one active and one blank 7" board, depending oti requirements. No wiring 
takes place between the boards and the adapters. The adapters are designed such that the connectors on the boards 
plug directly into the Expansion Chassis. 

4. 2 10 Inch Expansion Chassis 

The 10 inch Expansion Chassis contains six 10 inch I/O expansion slots which can accept any combination of up to six 
wire-wrap or copper peripheral controllers, systems modules, or user designed interfaces. Included with the chassis 
are the cooling fan and system interconnecting cables. The Power Supply is separate. Power for this chassis is sup­
plied by the system power supply. 
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rrr 1: ::. J1 

ILO 0 0 -9JI 

HALF BOARD HALF BOARD 

I 
I 

0 ...2.. ...2.. 

~ • • . 
c.::::-., __ ,l___<i ar 

5. CONFIGURATION 

5. 1 System ExPansion Chassis 

NOTE: 35-398 HALF BOARD CAN BE LOCATED ON 
EITHER SIDE. 

Figure 9. 16-398 Half Board Adapter 

When configuring a multi-chassis system there are four rules that must be followed: 

CABLE EXIT PATH 
(TO 1/0 PANEL OR 
DEVICI;:) ON RIGHT 
SIDE OF .CHASSIS 

· 1. The system exPansion chassis must be mounted below the basic Processor chassis. 

2. AU chassis must be contiguous. 

3. All 15 iil.ch system expansion chassis must be mounted above the 10 inch system exPansion chassis. 

4. Multfboard peripheral device controllers (on.10 inch circuit boards) can only be used in the 10 inch 
system expansion chassis. 
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5. 2 Circuit Board Distribution 

Model 70 Digital System may be configured in a ·variety of ways. However, the following factors must be considcrcil 
when determining circuit board distribution within the basic PrQcessor and the system expansion chassis. Sec Figure 10. 

1. The Selector Channel can only be placed in Slot 0 of the Processor Chassis (and Slot 2 if the syi:;tcm 
contains a maximum of 8KB core memory), or Slots 6, 4, 2, or 0 of the system expansion chassis. 

2. All slots below the position where the SELCH is inserted become SE.LCH Bus slots. (This on'y 
applies within the chassis containing the BELCH.) The BELCH Bus extends down the left side 
connectors (front view). Note that all 7", and 10" with adapter, devic.e contro11ers connect to 
the Multiplexor Bus .from the right side connectors (front view). Therefore, these device con­
trollers may be inserted in vacant BELCH Bus slots. 

3. The BELCH Bus can be extended by cable to any even numbered slot in an 1/0 chassis adjacent to 
the chassis containing the SELCH controller. 

4. The Universal Clock module (7" x 1511) is always mounted on the right side (front view). 

5. The Memory Protect module (7" x 15") is always mounted on the left side, and is normally mounted 
with the Universal Clock module. 

6. All device addresses are hard-wired on the device controller cards, so that the distribution of I/O 
device controllers in the chassis normally need only be considered as a matter of convenience. 

7. Slots 3, 2, 1, and O of the Processor chassis and all slots of the universal expansion chassis arc 
prewired with memory module addresses for up to 64KB. It is mandatory that these slots he used 
for memory when, and if, required. 

8. The 15 inch system expansion chassis, and the basic Processor chassis may only be used for single 
board J/O device controllers. For multi'-board 10 inch device controllers, use the 10 inch system 
expansion chassis. 

9. The Memory Protect module must be placed in the first available 1/0 slot. 

NOTE 

The Memory Protect Module must be placed ahead of all other 1/0 device 
controllers with respect to the device interrupt priority, including the BELCH. 

10. Priority is established by the physical placement within a chassis. After the Memory Protect and 
the Universal Clock modules, priority for interrupt driven devices should normally be established 
in order of descending speed, i.e. , drum higher than magnetic tape, and card reader higher than 
a paper tape reader; etc~ · 

INTERDATA Configuration Data Sheet B, Figure 10, shows an example of circuit board distribution in the basic Pro­
cessor and System expansion chassis. 

5. 3 Back Panel Wiring 

Control Line CL050 from the Processor carries the Interrupt Acknowledge (ACK) signal. This line breaks up into a 
series of short lines to form the "daisy-chain" priority system. The ACK signal must pass through every controller 
that is equipped with Interrupt Control circuits. 

Back panel wiring for interrupt control at a given position is: the Received ACK (RACKO) at Pin 122-1 and the Trans­
mitted ACK (TACKO) at Pin 222-1. The daisy-chain bus is formed by a series of isolated lines which connect 'l:erminal 
222-1 of a given position to Terminal 122-1 of the next position (lower priority). On unequipped positions, a jumper 
shorts 122-1 and 222-1 of the same connector to complete the bus. Back panels are wired with jumpers on all positions. 
Whenever a card chassis position is equipped with a controller, the Jumper from 122-1 to 222-1 must be removed from 
the back panel at that position. 

For controllers that occupy several positions, the jumper is removed only at the position where the controller board 
has ATN/ ACK circuits~ For details on the various devices (i.e. SELC H, Memory Protect Module, etc.), see the ap­
propriate installation specification. 

5. 4 System Configuration 

System configuration data is provided in the Model 70 User's Manual, Publication Number 29-261. 
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CONFIGURATION DATA SHEET"B"- CHASSIS.FRONT VIEW 
SALES ORDER NO.: P. 0. OR QUOTE NO.: 

CUSTOMER: DATE: 
SALESMAN t f: IN- HOUSE PERSONNEL • COMPLETED BY: 

t 

p R 0 c E s • 0 " • 0 A " D s 7 CABLING 

CONNI CONNO 6 C.ONNI CONNO 

' ' 5 ' ' SELECTOR BUS INTERLEAVED 4 
OR DATA 

1st 8KB BUFFERED BUS CHANNEL 3 .1 A 

H 2nd 8KB,SELCH,MBFRj l 2 1 I j_ 
111- J 

3rd 8KB I I l . ./ I ~--] 
4th 8KB,SELCH, MBFR 1 0 ' • 111- ==i 

I 11- -----, 
5th 8KB I 1* ,- _A_ 0M49-000 
6th 8KB,SELCH, MBFR _l 6* 

T I I 6 EA.10" CARDS I 

7th8KB I 5 l I I 0M49-00I 
I T I I 8 EA.15"CARDS 

8th8KB,SELCH,MBFR I 4 

8th8KB I 3 l l OM49-002 
I POWER SUPPLY 

7th8KB,SELCH,MBFR i 2 1 I I 

6th8KB I I II T 111- I 
I 

5th 8KB, SELCH,MBFR ~· 0 •• • 111- I 
111- I 

1/0 ONLY l 7• ,- -.L 111- I 
1/0 ONLY OR MBFR I 6* 

''T 
OM49-000 

..J. I _LI 

l II 6EA.I011 CARDS 
1/0 ONLY _l 5 

I l 11 I 
OM49-00I 

1/0 ONLY OR MBFR 4 8EA.15 11 CAROS 

1/0 ONLY I 3 I I ..J. J... .1. OM49-002 
1/0 ONLY OR MBFR I 2 r .L I POWER SUPPLY 

...... 
I 11 

. 
111- I 1/0 ONLY I I 

1/0 ONLY OR MBFR l 0 f' • 111- I 
111- I 

1/0 ONLY ,.--1 -
I 7* .L 111- I 

1/0 ONLY OR MBFR I 6* 1 _l_ I 

1/0 ONLY 
I 

5 l ;: 0M49-000 
I 6 EA.IO"CARDS 

1/0 ONLY OR MBFR I 4 T I ~· 
~ 

OM49-00I 
1/0 ONLY .l 3 .J. I 8EA.15"CARDS 

1/0 ONLY OR MBFR I 2 I j_ I 
OM49-002 

1/0 ONLY I 
I 1_ I 

POWER SUPPLY 

1/0 ONLY OR MBFR .l 0 T • 
MBFR • M48-005 MULTIPLEXOR BUS BUFFER 
17-162 • CONN 0 1/0 AND MEM BUS CABLE g 4" 
17-163• CONN I 1/0 AND MEM BUS CABLE f 4 11 

17 -164: CONN 0 1/0 AND MEM BUS CABLE .Ji 9" 
17-165 • CONN I 1/0 AND MEM BUS CABLE J""& 9 11 *SLOT IS NOT AVAILABLE ON M49-000 EXPANSION CHASSIS 
17-166. CONN 0 15 11 TO 10" CHASSIS I 36' - • THE MULTIPLEXOR BUS MAY BE CUT HERE 
17 -167 •CONN I 15" TO 10 .. CHASSIS J 36" -+-- : THE MULTIPLEXOR BUS IS CUT 
17-168 •(CONN I) IO"TO IO"CHASSISl 36" --· : DEVICE PRIORITY (ACKNOWLEDGE) LINE AT44 _4 

Figure 10. Configuration Data Sheet ''B" (Chassis-Front View) 
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H. CABLES 

G. 1 Power Cable 

The standard six foot rack is wired for 20 Amp service. On tbematn.power cable (part of the AC Distribution Panel), 
the 20 Amp UL plug has one blade perpendicular to the other. A thre.e wire, grounding, 20 Amp, 125 VAC receptacle 
(Hubbel #5362 or equivalent) is required to accept this plug, 

6. 2 Jumpers 

Drawing 01-051 Cl2, provided in the Model 70 Maintenance Ma:nual, Pllblicatton Number 29-266, provides Uw various 
jumper part numbers and cionfigurations used between Power Sqpplies and Expansion Chassis in the Model 70. A <IP­
tailed view of the terminal boards at the front and rear of the E'lq>ansion Chassis is shown in Figure I J. 

FRONT 

Jt'igun• 11. Terminal Boardt1. 

10 
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1. INTRODUCTION 

MODEL 70 
MAINTENANCE SPECIFICATION 

The INTERDATA Model 70 Digital System is n low cost, general purpose systl~m, versatile enough to perform a wide 
range of industrial control, data processing, and scientific computation. The Modd 70 is well suited to Ute real-time 
scanning of hundreds of instrument readings, process alarnrn, and pulse trains. 11 is particularly useful where larger 
amounts of mafo processor time are needed for eonipuf at ion. 

This specification provides maintenance information for the Model 70 Processor. A block diagram analysis is followed 
by functional descriptions of major processor :ireas with reference to functional schematics. 

2. BLOCK DIAGRAM ANALYSIS 

Figure 1 is a block diagram of a Model 70 Digit.al System. Processor operation is controlled hy the Head-Only-Mem­
ory (ROM). The micro-program in the ROM makes the Model 70 appear to have the capabilities of a much larger ma­
chine. When executing the instructions of the emulated t"omputer, the micro-program directs the hardware to read the 
instruction from core memory. The hardware decodes the uHei·'s instruction and steers the micro-proi.,rram to a micro­
subroutine that performs the emulated instruction. When the subroutine is finish.ed, the micro-program directs the 
hardware to read the next instruction from core mcmor.v, t:hus closing the loop. 

The micro-program in the ROM consists of combinations of micro-instructions. Each micro-instruction performs :i 
basic machine operation. Table 1 lists the 16 different micro-instructions. 

TABLI•: 1. MIC1«HN8THUCTION8 

JNSTHUCTION OP-CODE 

DO 0000 
COMMAND 0001 
TEST 0010 
BRANCH 0011 
LOAD 0100 
LOAD IMMEDIATE 0101 
OR 0110 
O:R IMMEDIATE 0111 
AND 1000 
.-\ND IMMEDIATE 1001 
EXCLUSIVE OR 1010 
EXCLUSIVE OR IMMEDIATE 1011 
ADD 1100 
ADD IMMEDIATE 1101 
SUBTRACT lJ 10 
SUBTRACT IMMEDJATE 1111 

The Head-Only-Memory (ROM) is a high spt•ed, solid ::daft~, 11011--clestructive memory used lo contain the micro-program. 
'fhe Model 70 micro-program occupit•s 15:Ui \\·1>rds of Hlll\1. Sp:1ce is provided for an adclil ional 512 words. Micro­
instruction cycle time is :ipproxhn:1tely 2f>O nanost•1,011ds. 
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The ROM location of a micro-instrlJ(ltion is defined by the 124tlit address eontai:ned in the <MUM Addcf'm;s 81,avc Uc~t>tcr 

(RAS) and the ROM Address Lower Register (HAL). RAL is 'IW etght:-bit micro-i~tkm fucat·iun coonf,t'J'. ft is 
loaded from the S Bus during a Branch Micro-instru€tion, or '.\\'hen specifi~ ·as a Dest~Uon Register. RAt • .incre­
ments, by one, between the execution of all <>titer rnjcro-instxuctions so that it holds the addl'ese of tbe nest micro-in­
struction to be executed. RAS is a four~bit reifster that hold• the RQM page 11\tmbel'. · It u iloaded &om the .ROM Ad­
dress Higher Register (RAH)whenever RAL is·h>aded from the :S Bus. Neither the RAS nor the RAH is involved when 
the RAL is incremerited. · 

To transfer from one page (256 ROM words) to another, the destination page DQrnber is first loaded into RAH from the 
S Bus. When the location address is loaded into RAL, RAS is 'loaded from RAH. This insures that all 12•bHs <1l the 
new ROM address are sensed simultaneously. 

The ROM Address Registers may also be loaded from the Decoder Read-'C)nly-Memory {DROM). All 12-htts :lrc loacl<>d 
in parallel from the DROM read-out. RAH and RAS are loaded with the same page number. 

Every micro-instruction read from ROM is placed in the ROM Data Register (RD) wher-e it remains until the micro-in­
struction is executed .and the next micro-instruction is read out. The output from the RD is input to the Processor con­
trol logic. 

The control logic decodes the micro;,.instruction and activates the gating leads to the Arithmetic Logic Unit (ALU). The 
Source and Destination addresses are decoded, and the signals to unload registers to the B Bus and load registers from 
the S Bus are generated. Core memory activity and Input/Output operations are initiated in: the control logic as well as 
the signals directing the clock system and initialize circuits. 

The OP field (RD 0:3) is decoded as. the operation code of the micro-instruction be.mg executed. RD Bit-3 defines Im­
mediate instructions. An Immediate instruction is one that has the data to be manipulated appended to the micro-in­
struction word itself. During the execution of an Immediate instruction or a Branch instruction RD Bits 8:15 are gated 
onto B Bus Bits 8:15, and treated as data. 

The D Field (RD 4:7) specifies the destination of the micro-instruction result formed in the ALU. The result is placed 
on the S Bus by the ALU and then gated to the Destination Register specified by the D field. 

The S field (RD 8:11) specifies the register to be gated to the B Bus. The selected register is the source of one oper­
and to participate in arithmetic or logical operations. The other operand is in the A Register (AR). 

The E field (RD 12:15) is an extended micro-operation modifier. This field provides control of flag actions, shifts, or 
i/O operations. 

The Instruction Register (IR) is a 16-bit register used to hold the user instruction currently being executed. The OP 
field of JR (ffi 0:7) holds the user's operation code. The meaning of the remaining bits depends on the type of instruction. 
Generally the following applies. The. YD field (IR 8:11) specifies the Destination RegiSter of the user's result. The S 
Bus data is gated into the General Register specified by this field. The YD. field can also specify a Condition Code (CC) 
to match in the case of a user Branch instruction. The YS field (IR 12 :15) selects the General Register to be gated to 
the B Bus as an operand. The IR is automatically loaded directly.from core memory during the instruction fetch phase. 
The m may also be loaded from the S Bus when specified as the destination in a micro-instruction. A provision is made 
to unload the entire IR to the B Bus or just the YD field (IR 8:11). The YI> field (ffi 8:11) is ANPed with the Condition 
Code field of PSW to assist the emulation of user's Branch instructions (MSK). 

The outputs of the Instruction Register are input to Control. The user's instruction is interpreted and, through the De­
coder Read-Only-Memory (DROM), the micro-program is steered to the subroutine designed to execute the user's in­
struction. The resulting 12-bit read-out is jammed into RAH/RAS and RAL. 

The Flag Register (FLR) is a four-bit register containing the following flags: Carry (C). Overflow (V), Greater than 
zero (G), and Less than zero (L). These· flags are modified at the conclusion of arithmetic and logical micro-operations 
to reflect the result of the operation. The FLR is tested by the Branch Micro-instruction. The FLR can be loaded from 
S Bus Bits 12:15 and unloaded to the Condition Code field of PSW. 

The Program Status Word (PSW) is a 16-bit register used to define the system status relative to the user prog..am being 
executed. Bits 0:11, the Status field, may be loaded from S Bus Bits 0:11. Some of the status bits have hardware sig­
nificance, while others are of significance only to the .emulator. Bits 12:15, the Condition Code field (CC), may be 
loaded from the micro Flag Register (FLR). When PSW is loaded from the S Bus, Bits 12:15 of the S Bus are captured 
in the FLU. PSW (12:15) remains unchanged. 

The Alarm Register (ALRM) is a three-bit register containing the following flags: Parity Fail on Data Read (PFD), 
Parity Fail on Instruction Read (PFI), and Early Power Fail detect (EPF). The alarm bits can also be loaded into the 
Condition Code field of PSW. 

The micro-register· stack contains three general purpose registers (MRO, MRl, and l\tR2) and one special purpose re­
gister, the Location Counter (LOC). The Location Counter (LOC) is a 16-bit appendum to PSW holding the memory ad­
dress of the next user instruction to be emulated. 
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The user's register stack consists of 16 general purpose ngiStef.8 (GI$ lh:ro~ GiUih The~ tegtsteh ne each Hi­
bits long and may be addt'essed only from the YD and YI fields ohhe m. The mit:t-e"'fJ~ -~ ·~ Ge'l'lfi'~I Re­
gister by specifying the ft:eld of m - YD or Ys w. that cotit.atns the desired t"Clster ~ 

The Shift Registers High and Low (SlUI and SRL) are two l6•bit gtthel'al tyQi'i>Ose mid'~""t"C~ th4t catt also he \fsed 
in combination .as a 32..:bu shift register. The extended shift cap1lbility is used in multiply, divide., aM othtt douhtc 
precision operations. 

The Arithmetic Logic Unit (ALU) performs the arithmetic orlogieal operation specified by Rt>. The otJetatton e1mcuted 
is determined by the control lines activated when the control logi'C decodes the micr<>•in.struction. 

The B Bus, through the Shifter, provides one operand to the ALlt The Shifter performs Shift Left, Shift Right, Cross 
Shift, or direct gating of the B. Bus data. The other operand ts tllken from the A RegUrter (AR). The AR is 11 16-bit re­
gister that can be loaded from the S Bus and input to the ALU as '1le second operatld, if needed by the instruction being 
executed. The. output from the ALU is the 16-bit S Bus. 

The Counter (CTR) is a five-bit decrementini register used on multiply, d1Vide, and repeat operlitions, and on the 
Branch on Counter Micro-instruction. The Counter is initialized to a count of 16~ however, it may be pre•loaded with 
any value from 0 to 31 from the S Bus Bits 11:15. 

The core memory is the source of user ibstructions and data conwtants. It contains 4K to 32K 16-bit locations. Mem­
ory operations are initiated by the control logic during a 00 or Oommand Micro-instruction or by Direct Memory Ac­
cess devices. For Processor initiated memory operations, the lbcation selected in core menrory is designated by the 
16-bit Memory Address Slave Register (MAS). MAS is updated from the 16...;bit outer-rank Memory Address Register 
(MAR) whenever a memory operation is not in progress. MAR may be loaded from the S Bus at any time and unloaded 
to the B Bus. Whenever the Location Counter (LOC) is loaded from the S Bus~ MAR is also, loaded with the same data. 
The 16-bits read-out or written into the addressed memory locatton are buffered in the Memory Data Register (MDR). 
MDR is separated into two eight-bit halves which may be loaded .simultaneously or individUally from the S Bus. 

The memory timing signals are generated in the Processor. The Processor also resolves memoey usage conflicts, 
handling external and internal reque11ts for memory access. If Ute Processor attempts to unload MDR when memory 
data is not yet available, or load the Ml)R, or initiate another memory cycle when memory ts still busy from the pre­
vious access, the Processor watts until memory data is available or t'he currect access ts completed. Non-memory 
oriented operations may be interleaved with memory operations for maximum efficiency. 

The Processor controls the multiplexed 1/0 :nus by directing devtce controllers to load data onto the D Bus or to ac• 
cept data from the D Bus. The D Bus is a 16-bit bi-directional lkis that can recei\re data ft-Om the S Bus or present 
data to the B Bus. The nature of the dat.a on the D Bus is determined by the parUcutar cotttrol line that has been ac­
tivated. 

The device controllers for the Control Console and the ASR 3.3 or 35 Teletype are built into the Model 70 Processor. 

3. FUNCTIONAL DESCRIPTIONS 

This section describes the major functional areas of the ProcesM>r. The descriptions r&fet'ence both simp'ltfied draw­
ings provided in this section, and the Processor Functional Sche1natic, 01-05UJ08. 

3.1 Clock Control · 

The clock generator is sho~n on Sheet 19 and is located on the 35 .. 390 1/0 mother~bo&l'd. The clock system etti.t)loys a 
free-running l6MHz oscillator. The sinusiodal oscillator output (19C6) is Olttld with the normally high btetaal Clock 
(EXTCLK0)(19E6) producing OSCl (19C7). The EXTCLKO lead t& provtdt!d so that an external clock may be u1ed to run 
the system during troubleshooting. This is abcomplished by gt®hdifig ihe CLKOFFO lead to Pin 133"'1 oti the back 
panel to disable the internal oscillator, and then pulsing the EXTCLKO lead. The external oscillatot' used should meet 
the following specifications: · 

1. Logic levels 0 to +o. 45\'DC for logic Zero. 
+2. 6 to +5 VDC for logic One. 

2. Square wave output, frequency up to 16 MHz. 

3. Output drive = 7 milliamperes, 
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The Oscillator output (OSC 1) is connected to the T input of the GO flip-flop (1 !JCS), The K input to the GO fl Ip-flop is 
tied to CLKSTPI (l9C5). When the system is initialized, CLKSTPl goes high. The GO flip-flop toggles reset. and 
SYSCLl (19G5) is inhibited until the initialize sequence is terminated. At this time, CLKSTPl goes low and shortly 
thereafter CLKSTPO on the J input goes high. The GO flip-flop sets on the next negative going transition of OSCl. 
SYSCLl is enabled by a high GOl and a low CLKSTPl.. 

The oscillator is adjustable (via the variable Capacitor, C9) over the range of 50 to 110 nanoseconds. The oscil.lator is 
nominally adjusted for a period of 62. 5 nanoseconds, and may be monitored at Test Point E during troubleshooting. 

The negative going transitions of SYSCLl step the two-stage clock count~r, TFA and TFB (19G7,8), The system clocks 
are produced by decoding particular states of the clock counter. The system clocks occur every 250 nanoseconds and 
have a fixed pulse width of 62. 5 nanoseconds, the period of SYSCLI. · Figure 2 shows the clock sequencing. 

OSCI 

SYSCLI 

TFAI 

TFBI 

SCLO} DCLO 
RCLO 

ROST BO 

T21 } 
T21NSI 

T21SYI 

DT21 

INITIAL 
STATE I 

I I 
I ...---. 

Figure 2. Clock Sequence 

The initialize state of the clock counter is TFA and TFB set. This state 'is not decoded and no clocks are active. On the 
next negative transition of SYSCLl, TF~ resets. This state (TFA reset, TFB set) is decoded to produce T21 and T21NS1 
(19K9). T21 is inhibited (skipped) when the signal STPAO (19J5) is low; T21NS1 is never skipped. T21 and SYSCLl 
generate T21SY1 if STPAO is high. T21SY1 serves as a strobe pulse for CLIRO and RACLRO which clear the IR and 
the ROM address registers respectively. It also is the toggle signal for the Device Stop flip-flop (DST). In addition, 
T21SY1, together with T21, generates a delayed T21 pulse, DT21, which appears on the ROM Board Back Panel Pin 
115-1. DT21 goes high on the leading edge of T21SY1 and goes low on the falling edge of T21. These clock pulses, 
T21SY1 and DT21, are used when multiple operations have to be completed within one machine cycle. On the next 
negative transition of SYSCLl, TFB resets. This state (TFA reset, TFB reset) is not decoded. and no clocks are 
active. On the next negative transition of SYSCLl, TFA sets. This state (TFA set, TFB reset) is decoded to pro-
duce RDSTBO, RCLO, DCLO, and SCLO. 

ROM 'Data Strobe (RDSTBO) (19L9) is used to strobe data from the ROM into RI'. RDSTBO is skipped whenever any of 
the following signals are active: STPAO, DSTO, STOPO, STPCO, or LRALO. 

ROM Clock (RCL0)(19L9) is used to load the ROM address registers and increment RAL. RCLO is skipped whenever 
any of the following signals are active: STPAO, DSTO, STOPO, or STPCO. 

Destination Clock (DCLO)(l9M9) is used primarily to gate data into the Processor registers. DCLO is skipped whenever 
any of the following signals are active: STPAO, DSTO, LRALO, or KILDSTO. 

System Clock (SCL0)(19J9) is an uninhibited clock. The basic machine cycle is defined as the interval between the 
trailing edges of two consecutive System Clocks (SCLO). 

After SCLO, the clock counter returns to the initial state, TF A and TFB set. 
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It is necessary to prevent the generation of certain timinjf fubcttons at: specific times~. T.o, achi~thiB't, Si hienaooliy, of 
clock inhibits is implemented. Thisnetwol'kofcl~ck stopa,~8J3lb&di\ridect:ibt.o1ttira.c~~ 

l, Initialize - All clocks are stopp.ed:. 

2. Asynchronous to· synchronous timing· conflicts• - Thi& categoey. incl\16s; mcnncu:;;y,. O:l!iellt.e,dl opnations1 andl I~. 
put/Output operations. 

3. Extended cycle operations - This category includes Branches. a.rut .r.oads to the RAL. which i:e«pdre, an. e•a 
clock period to allo'W the new ROM address to be acoessed; the Commands.Multiply, Dtvide•, and'.Bttgeat11, and 
the user instruction access activities carried on in 11 DO Micro-instruction• 

When a memory oriented operation is atterupted aoo memory i&i not ready, STPAO goes low, disabling Rt)S!l'Bo· •. ireuo~. 
DCLO, and T21. 

STPAO is generated at 4:K4 and is located on the 35-388 ROM mother-board~ Jf llll attemptz is• made to unloatl'the· MDR 
(UMDR1)(18C4) when ipemory data is not available (FMDUA1)(3:0J4), STPA-0.goes l0w) stopping the Processoi: until: 
memory data is available •. If an attempt iEt made to load• the MIR (LMDJU).{8:f8)1 when. ttte M•moey Data: Regf:stel!' is•. 
being used for the re-write cycle of me:mOry (FMDBY0)(30R4) 1, STPAQ goes J~w until ttte memo.ry·has fim:shed!witft the 
MDR. If an attempt is made to Ettart memory while memory iS!bUsy (FPMBY1)~0S8).,, MSS1l0· (4-K2) goesiJ.ow,. gener­
ating ST PAO to· stop. the Processor until·. memory becomes un•bllsy .•· Note that MSST01 ts oot active if'tfie. ~cessor is 
in Phase Zero (P00)(4Ll) •. 

When an 1/0 Loaci Mforo,..instruction is performed, DSTO (4A4)1 goes low, disabling RDSTBO, RCLO, and: DCLO. DSTO 
is generated .at ~A4 and is located on the ROM mother""'.board. · · 

The DST flip-flop (4A4) toggles. set on the trailing edge of the l!lrst T2ISY1 in the Load' Micro-instruction (GI01 true), 
producing DSTO. The DST flip-flop renlatns set un:til a Sync ia returned: from the device (.SYNCH1)(4E3) or a false 
Sync time-out, . FSYNO, is. generated. An I/0. Load ~icro.:.iri:sttruction takes a; minimum. of two system. clocks. 

The Skip. flip-flop (18J8 ). provides· the cap!lbility of skipping <lne; clock period while performing: a Branch>. or Load' HAL 
Micro-instruction. The J input to the Skip flip.-flopis. normall~ low and goes higJr when crock cycles ue to be skipped. 
The J input is fed by two NAND gates who.se outputs are tied together. During a Branch instruction, if.'ttle braneh is to 
be taken, GOBRAO (18H8) is low, forcing both NAND gate outputs high. Durtoga Load!R'AL instructibn~. LIDl()1(l\&F9) 
is low, forcing one NAND gate output high (18J7) •. On a DO Micro-instruction, if the Processor is in Phase Zero. of a 
non-RR instruction, SSKIPO (1'8'K6) is low, forcing the outputs from both NAND gates high. SSKIPO: is: getumated; at 9B8, 
The high present on the J ·input to the Skip flip-flop is ANDed with its reset output (18K9) and SSKIPO to produce· I.BALO 
(18K9). (LRALO is not active if Skip is being used by the Phase Zero DO.) 

LRALO inhibits RDSTBO and DCLO (l9;J:.5) for one clock interval, until the Skip flip-flop toggles set~ Note that KJ'l.O has 
not been inhibited. The S :Bue. daia is toggled into the RAL on• the trailing edge of HCLO •. On the trailing edge of SCLl, 
the Skip flip-flop toggles set and LRALO goes· false. RDSTBO' and DCLO are. re-enabled.. On the next system clock, 
the Skip flip-flop will toggle reset because of a. low LDIO or OOBRAO. If Skip is being used by the: Phase Zer0. D~ 
KSKIPO (18J5) goes low when memory becomes un-busy. KSKilPO is generated at 9F9. The DO Mtcro ... instwction 
will be· described later. 

Referring again to Sheet 19, STOPO (19L5) is active during Phase Zero of a. Jl>O; MieTO.-i!D.stwctmn. &'l©J?O; Jew· inhibits 
RDSTBO and RCLO. 

STOPO is generated at 9B4. · STOPO is low, if the miero-propam is executing a 00 Micro-tnstructWawithi ~ 
change specified (DRD081) and is currently in Phase Two or 'nree (PCOl > with· no hltnr~ pencftDg (f>~lHES'.f\Ol)>,, oiu if 
in Phase Zero (POlA) and memory data is not yet availabte (F'MDUAl), or if in· Phase Z:eft· ~lr.f\)\ of ai mm.-Q user 
instruction (RRO) and memory. is stiU bus-y (FPMB'Yl}.. STOP9 prevents the strobing ef a new M>M wam (Bl)S!JlBO false) 
or the incrementing of the RAL (RCLO fal'se) until the Proces•r is ready to leave Phaa Z'ftO' .. 

The KILDSTO signal (19M5) is active if a Command Repeat ts attempted when the Counter' Register ia equal\ tG.i zero. 
KlLDSTO stops DCLO so that no Destination Register ls loaded! and the FLB. ia not ch~ Tile. attempted; futiruetion 
is effectively skipped, KILDSTO is also low during a Phase 1'ro Abort. See 3. 9,2:. 

The STPCO signal (19L5) ts active during the Co.rnmands Maltftly ,. Dlv1de,,. aNl Repeat.~ tbee Count.a Beglatu decre­
ments to one or zero. STPCCJ' inhibits RCLO' and RDSTBO• so t1lat the same ml'cft•msmetio11: :rematu illt Bll' k a& many 
machine cycles as required to complete it. 



3. :J. Initialize Control 

The Initialize Control logic is shown on Sheet 19. This logic provides an orderly system shutdown when Initialize occurs. 
The following actions take place on initialization: 

1. Stop clocks 

2. Preset Clock Counter (TF A, TFB) 

3. Clear RAH, RAS, RAL 

4. Clear RD 

5. Clear FLR 

6. Clear ALRM 

7. Preset CNTR to 16 

8. Set Phase Counter to Phase Three 

9. Clear BANK and UTILITY flip-flops 

10. Clear RUN, CMODE, and RPT flip-flops 

11. Reset I/O Control (DST, LINE) 

12. Reset Memory Control 

13. Provide reset signal to Multiplexor Bus. 

The system is initialized as a result of one of the following conditions: 

I. Command Power Down (POW) 

2. AC input (with optional power fail detector) falls below minimum operating level. 

The master reset signal (SCLRO)(l9Nl) is active when the Initialize Relay Kl (19M2) is de-energizf:)d. This happens 
when the POWDNO signal (19Fl) is active, During normal operating conditions, POWDNO is high, allowing the Dar­
lington circuit to conduct (Q5 and Q6). As long as the Darlington circuit conducts, the Initialize Relay Kl remains 
energized. 

POWDNO goes tow if the STPSYS flip-flop sets (19,J4), or if one of the voltages; +5 volts, +15 volts, -15 volts, or the 
AC input is lost. 

The STPS\".S flip-flop (19J4) Is direct set if a command Power Down (POW) is executed, or it toggles set one milli­
second after Primary Power Fail (PPF) is detected. PPFO (19H5) is true one millisecond after the key-operated power 
switch is turned off(POFFO)(l9A4}, if the Control Console Initialize switch is depressed (INITO)(l9A4), or if the op­
tional Primacy Power Fail Detector determines that the AC voltage is too low (PFDT0)(19C3). 

If one of the three above mentioned items occur, the one millisecond delay at l9G2 is set, The negative transition of 
the zero (0) side toggles the Early Power _Failflip-flop set (EPF)(l 787). If PSW02 is set, Alarm Register Bit-15 sets. 
generating a Machine Malfunction Interrupt (MALFl ). As soon as ALRMl? flip-flop sets, the· EPF flip-flop is cleared. 
The Processor tests for MALF .between the execution of each user instruction. In response to the Machine Malfunction 
Interrupt, the user has an opportunity to do any necessary system resetting. 

After the initial one millisecond delay, .the negative transition <>f the one (1) side of thc:i EPF delay toggles the Primary 
Power Fail flip-flop set· (PPF)(l9J3), This. starts the .other one millisecond·delay atl9G4, If this ?elay times. out be­
fore the micro-program executes a Command Power Down, the STPSYS flip-flop toggles set (19J.ffii.'.i;Jfhe. Pro6essor 
tests for PPF between the execution of each user .instruction. \VhenPPF is detected, the micro-program stores the 
PSW, LOC, and General Registers in core and f:)xecutes a Command PowerDown (POW), setting the STPSYS flip-flop 
:rnd clearing the second one-millisecond delay. When STPSYSJ goes high, the POWDNO lead goes low, de-energizing 
the Initialize Relay Kl. STPSYSO active causes CU<STPl (l!)N5) to go high. The GO flip-flop toggles reset (19D9), 
stopping the Rystem clocks. 

7 



The second instance when POWDNO goes l9W is when t>U. of the volt¥ei.I :i'lil lo,Jt. If the Nt5 (-l:li\ll)C, ,supply voltage Is 
lost (19Jl), the output from the NAND gate at l9J1 goes low. lftbe Pl~ (+15~) supply •oltage Js loet (l9Dl)" the 
POWDNO lead becomes effectively open as Tra.nsistoJ' QUs nc>rmdJy off. U t~ PS {T!SVDC) is ID!lt, ·IN eoUector sup­
ply for the Darlington circuit is removed (19:L2)1 c;iusing the $Jdtitdi~'Bel$¥ Kl to ~rgi~. 'ff the AC inppt is lost, 
the POWDNO lead is also forced low. The AC input is sampled from tJui ~r,v 9f a UVAC t~«" Md recti­
fied, The pulsating DC voltage is applied to Potentiom~ RM (1981). .,,_ potentifd sd~ted by the potentiometer is 
applied to the optional Power Fail Detector.. · · 

Initially, Transistors Q2, Q3, and Q4 are o.ff and Transifltor Ql is conducting. Wit:h TrlUls:istor QI cotlducti11g~ a high 
enough potential on the base of Q4 keeps Q4 cut off, and applies about of6 volts to the emnter of Q2.. 'ff.re potential from 
Potentiometer R60 (approximately. 8 volts) is felt on the b&se of Q2. ·If the· AC ~ ts lost, DJ!' ftuctuatea enough. the 
potential on the base of Q2 becomes more negative and Q2 conducts. 

When Q2 conducts, it places a positive potential on the base'of Q3., turpfng Q3 on. This causes the potential on the emit­
ter of Ql (by way of Q2) to become less positive, t~ing Ql. of(, When Qa coliducts, its oolt~Ol' goes to ground, gen• 
erating the low signal, PFDTO · (1900). 

When Transistor Ql turns off, the positive potential is re.moved from the base of Q4. Transistor. Q4 coaducts, grounding 
the POWDNO lead, turning the Darlington ci.rcuit off, and de-9l11P'8iz1q the fnttlattze Belt.J. tct, (The lnttiaUze Relay Kl,. 
which is a dry reed relay with Single Pole Double Throw contaats. is shown de . •DSJ'lilied.) WJleJ>. the relay de-energizes, 
the SCI.Ro' contact is grounded. This metallic ground ts dietrtbuted to the DMl'nOl'J • l/O boarda for ttdtlalize control. 
SCLRO also holds CLKSTPl active, keeping the clocks off. 

SCLRO is inverted through the gate at 19N2. The output SCLRl.A J'ises to +i volts and senerateaSCLROA (19H5) and 
SCLROB (19R5) for use on thel/O board. SCLRlA (19Rl) 18 a.., distributed OD the back paael for use by the other Pro­
cessor boards. 

SCLROA holds CLKSTPl active and also clears the STPSYS .tU.p-flop, Reaettiog t)Mt STl'SYS flip•ftop removes the 
ground from the POWDNO line. The two 33mfd .eapacitoJ's. (Cl ad C2)charge stowly (19K3) •. When the threshold of the 
input Transistor Q5 of the Darlington circuit is reached, the ciJ'euit conducts and the ln1Ualfze Relay Kl is energize(!. 

The SCLRO contact opens and SCLRlA goes to ground. SCLRQB goes htg]a, removing tbe direct set ejpd on the Timer 
flip-flops (TF A and TFB) and the dU:ect cleai- st.gnat oil the GO ftlp..flop •. SCLROA goes btgh allowlJll CLKSTPl tlld. the 
K input to the GO flip-flop to go low. The J input (CLKSTPQ) it delayed by the 2,2mfd capacitor (19.R$) to ensure that 
the clocks do not start until all initialize activity is completed • 

. ·. . 
In the case where Initialize is caused by a failure of P5, N15, Pl5, or the AC supply, the Inltialtze fletay Kl de-ener-
gizes and remains in that state until the fault ls corrected. 

3. 3 Read-Only-Memory 

The Read-Only-Memory (ROM} is a high-speed, JOlid•.state, Hll--destructtve memoey IHled to hold the ui:icro-prO,ram. 
The ROM is organized into pages of 256. 16..iblt wordl!I. EaCh pap of ROM COJ!talns low lntep'ated einiutt (IC) pack-. 
ages arranged such that each integrated circuit holds foil'-bit• of every-wpnl on thi ueocta.ted ~· 

The Model 70 micro-program is complete in six ROM pages, U ROM intep'ated clrcults. . 'nu'" ddttloul RQM inte­
grated circuits comprise the Decoder ROM (t>ROM). ·Spaee ls provided oa·tbe llOM mother-boud fo:r •additional two 
pages of ROM. · · 

Each ROM integrated circuit has two enable leads. Both· eaabl• bave to be tow before a read.-out ts obtaiaed. If the 
enables are false, the four data output leads are high. Addrelill. decodfng. lt doae lnteJ'nal to the IC., 

3. 3.1 ROM Addresi Lower @A;L). The ROM Mdres• .~ Besteter (BAL) ia an elj,b.t.,;blt rqiater that selects .·. 
one of 256 addresses in a Read-Only-Memory page. J\AL la sWwn f)f .Uet &, · 

During the performance of the malor portloa of ·the. mtero-~ •• mJ.c~lou al'e Mtect4',CUrom miecessJve 
locations in the ROM. RAL ts an up-eounter. · The UL le·~ u Neh. new·~~ is reed from 
ROM. During a Branch M1cro-bwtruotf.on with the es>eclfted ooadlUon b:u, OJ' !f the ML .i.. ~ u tbe Deeti~ 
nation Register, the RAL increment sigual .111 dlaabW ,ud tbe aew addreee 1s ·lotded fmm the it ·9w1 •. · 
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RAL is direct cleared by System Clear (SCLH0)(5Al) when the system is initialized, or conditionally on a DO Micro­
instr~ction by RACLRO (5Al). the ROM Clock (RCL0)(5Kl) is used to inc.rement RAL or to gate the S Bus data into 
the RAL. If a Branch or a Load RAL inl'!truction is performed, LRALO (5R2) is low and LRALl (5N4) is high. LRALl · 
is NANDed with each bit of the S Bus (8:15) to set up the J a~d K inputs to each RAL flip-flop. LRALO low causes the 
two 19-040 four-bit carry networks to pass RCLl to the toggles of RAL 09 through 14. RCLl is always present on 
RAL15 and is gated to RALOS by LRALl. On the trailing edge of RCLO, the S Bus data is copied into RAL. 

When the Processor is not executing a Branch or a Load RAL, LRALO is high and LRALl is low. LRALl low causes 
both the J and K inputs to each RAL flip-flop to be high. If a flip-flop receives a toggle, it will complement. A flip-
flop is given a toggle pulse if all previous flip-flops are set. RAL15 will complement on the trailing edge of every RCLO. 
The 19-040 four-bit carry network (5R7) toggles RAL14 if RAL15 is set. RALl.3 toggles if RAL14 and RAL15 are 
both set, etc. The signal PFO, low if RAL 12 through 15 are set, enables the second 19-040 four-bit carry network 
(5M7) which supplies the toggles for RAL09, RALlO, and RALll. The toggle for RAL08 is g-enerated separately if 
the PFO lead from the 19-040 four-bit carry network (5M7) is, low, indicating that RAL09 through 15 are all set. 

When the DO Micro-instruction generates a new ROM address, the ROM Address Registers are first cleared~ then the 
new address is loaded. The DO instruction generates RACLRO (9B9), a 30 nanosecond pulse, T21SY1. RACLRO 
clears RAH, RAS, and RAL. DT21• which extends beyond ihe falling edge of T21SY1, is applied to the direct set in­
put of the appropriate ROM Address Register bits. 

. . . 
3. 3. 2 ROM Address Higher (RAH). The ROM Address Higher Register (RAH) is shown on Sheet 5, RAH is a 

four-bit extension of the RAL which increases the ROM addressing capability to 4096 locations. RAH is independent of 
the RAL from both the programming and hardware viewpoint. When·RAL is incremented from its highest value (hexa­
decimal 'FF'), it recycles to zero, but no carry is propagated into RAH. Consequently, the RAH must be loaded inde­
pendently each time a Branch or Load RAL selects a different page. 

A new page address is loaded into RAH at the trailing edge of RCLO when the RAH is specified as the Destination Regis­
ter (LRAHO low)(5Kl). RAH is cleared by SCLRO (5Al) on Initialize or by RACLRO on a DO Micro-instruction. Both 
the RAH and RAS receive the same page number when the DO instruction generates a .new ROM address. 

3. 3. 3 ROM Address Slave (RAS). The ROM Address Slave Register (RAS) is slaved to the four-bit RAH. The 
outputs from RAS select the page of ROM to be accessed. 

The contents of RAH are loaded into RAS every titne RAL is loaded from the $ Bus. This allows the proper page number 
to be established in RAH in advance of a BranGh or Load RAL •. 

The RAS is cleared by SCLRO on Initialize or by the RACLRO signal on a DO instruction. Note that RAH04 arid RAS04 
are cleared separately from the remaining bits of RAH, RAS, and RAL. Bit-4 of RAH and RAS is unconditionally held 
clear when PSW Bit-7 is reset. The only. time that ROM Pages 8 and al:Jove can be specified is when PSW Bit-7 is set. 
Since Pages 8 and above physically do not exist, the illegal condition will be forced upon access. The connec;tion be­
tween ROM addrel'!S Bit-4 and PSW07 will be explained later in Section 3. 4. 

3.3.4 ROM Addressing Logic. Pages o through 3of the ROM are shown on Sheet 6 and Pages 4 through 7 Ql'e 
shown on Sheet 7. One enable lead to the16 ROM integrated circuits on Sheet 6 is RAH051. If RAH specifies Page O, 
1, 2, or 3, RAH051 is low, enabling the 16 devices on Sheet 6• If'RAH specifies Page 4, 5, 6, or 7, RAH050 is.low, en· 
abling the 16 devices on Sheet 7. One ROM page (four devices) out of the four pages enabled by RAH05 is selected by 
decoding RAH06 and RAH07. The signal ENOOO is low if Page O or 4 is selected. ENOlO is low if Page 1 or 5 is se­
lected. Page 2 or 6 selected causes ENlOO to go low. Page 3 or 7 causes ENllO to go low. The combination of an 
ENXXO lead and RAH05X causes 4 ROM integrated circuits, out of 32 possible, to be enabled. The enabled devices 
each gate four-bits of data onto the high active SRDXXl leads. 

The address decoding of a word within a page is done internal to the ROM integrated circuits. The address s~t~ted is 
specified in RAL. Page o, 1, 2, and 3 devices are.addressed by the one (1) side of t}le RAL flip-flops and Page 4, 5, 6, 
and 7 devices are addressed by the zero (0) side of the RAL flip-..fiops •. 'l'.his is done for fan-out reasons. 

The SRDXXl leads are tied to the J inputs of the ROM Data Register,(RD) flip,..flops and inverted <>nto the K inputs 
(Sheet 8). At clock time, the ROM data is toggled into RD. 



3. 3, 5 ROM Data Register ffiD). The ROM Data Register (RD)ls f!,l6•bit register shoWn on Sh~ 8, 'l'tle RD .· 
can be thought of as the micro instruction register. Each bit (Jfthe.lU> has a dllal-rail input fron) the '.ROM array. ·Each 
micTo-instructiob. read from ROM is clocked into RD, where it ~emains whtle the .tnstructtoo ts. executed, 

Bits 0:3 of RD hold the Op-Code of the micro-instruction being executed. If the tnstruction is not a comm.and, RD Bit-3 
set means the instruction is Immediate. The data to be used as the firtt operand is c::ontained lb Bits a through 15 of the 
instruction. During an Immediate instruction, RD 8:15 are gated onto the B Bus Bits 8:15~ 

Bits 4:7 of RD are decoded as the Destination Register address for all micro-instructions except DO, Command, Test, 
and Branch. ·This identifies the register that will contain the result upon completion of the micro-instruction. If the 
micro-instruction is a DO, Command, or Test, Bits 4:15 of RD are the function code. If the instruction is a Branch, 
RD 4:7 defines the condition that the Processor will branch on. 

Bits 8:11 of RD are decoded as the Source Register address for micro-instructions in the Register-to-Register format, 
The Source Register contains the first operand for the micro-operation. 

Bits 12:15 of RD make up the Extended operation field for Register-to-Register Micro-instructions. The Extended 
field controls shifting, flags, I/O operations, or whether to enable the A Register input to the ALU. 

The RD is cleared by SCLRO on Initialize or when a Privileged instruction is addressed and the Processor has PSW 
Bit-7 enabled• · 

3. 4 Decoder Read-Only-Memory 

The Decoder Read-Only-Memory (DROM) consists of the three ROM lntegfated circuits. shown on Sheet 4. Each IC 
contains 256 four-bit words. The Read-Only-Memories are addressed in parallel by Bits 0.:7 front the Instruction Re­
gister (IR), The high active DROM read-out is gated onto the SRAXXO leads by the GDROMA and GDROMB signal 
(4C8) that occurs at DT21 before the Processor enters Phas~ Two. The ROM Address Registers are direct cleared at 
T21SY1. The DROM data is the starting address in ROM of a Phase Two micro-subroutine. 

DROM read-out Bit-4 is active only on the privileged user i~structions. A Privileged instruction may only be executed 
if PSW Bit-7 is reset. PSW071 (5Al) on the DC clear input to RAH04 (5C3) keeps RAH04 frorn setting if PSW07 is reset. 
If PSW07 is set, RAH04 is allowed to seth'om the DROM output. If a Privileged instruction is in the IR, RAH04 sets 
and the illegal address condition exists. The gates at 8A2 wlll cause the RD to clear on the next RDSTBO and the illegal 
condition will occur. Privileged instructions that are attempted when PSW07 is set, are treated as illegal. 

3. 5 Processor Registers 

The Processor e:;icecutes micro-instructions received from the ROM, The majority of micro-instruct.ions move data ... 
'from one register to another and modify it in the ALU. Most of the Processor regiaters are16-btt registers.·. Borne · 
of these registers perform special function81 but the majorjty are general purpose. Data ts transferred between re• 
gisters and other system elements by way of the 16-btt Band S Buses in the Processor. Eiwh re.gister isdesc.J.'lbed in 
the following paragraphs. · 

3. 5.1 Flag Register <FLRl. The Flag Reitster (FLR)(Sheet 17) is a fC>ur-btt l'8gister focated on the 3S•390 I/O 
mother-board. The FLR is direct cleUed by the SCLROA signal (l 7D5). '!'.he FLR is loaded from the S bus when the 
FL!\ (address '41) or the PSW (address '21) ls specified as the destination. · DosttDNton 8ddres8 '4' causes LFLRO· (1781) 
to be active. Destination address i2• causes LPsWl to be active (1781). LFLRO is generated on the 35-388 ROM 
mother".'board at 8D9. LPSWl is inverted and NANDed with LP'LRO, producing LDFLRl (17K2). LDFLRl is NANDed 
with S Bus Bits 12 through 15. If aey bit of the S Bus 18 true, SFLRXXO. on the K input to the con'eepondtng bit in the 
FLR goes low and the J input goes high, allowing the conHponding flip-flop .to toiJlile set on the tra1ling edge of the next 
Destination Clock (DCLO)(l 7Al). If the S Bus bit is false, the K input ls high and the J input is low, and the flip-flop 
toggles reset. 

. . . 
Since the FLR is used .to hold flags indicative o~ the result of mtcro-tnstruct'°ns, there are instances when individual 
bits will be changed independently. To facilitate this• different toggle leads are de\reloped for the dtfferent .blts. 

LDFLRO is inverted· and ANDed with the CLRO signal (17Rl) producing LDCLlltl (17M4). CLRO is act•ve, when specified. 
during a DO Micro-instruction. CLRO is generated on the ROM board .at 9N4. If the P;rocessor ts executing a DO Micro 
.instruction, D1 is high (8D5). If the Proces.sor ls uot In Phase "zero· (POO) and no memory ciook .stopJs ll) effect (MSSTO 
CLRO i~ allowed to go low. MSSTO assures that CLRO only occurs during the last clockinterval of a DO Micro.:.instruc­
tion. CLRO is forced low when the new phase ts to J>e Phase Three (GTP30). LDCLRO allows all the FLR.bits tO change 

The toggle lead for FLR Bit• 14 and 15 is devetlbped by the two NAND pttlla collectJ>r ANJ> ~led at 11ll4'• Thelnpu,fto 
one gate is the Destination Clock (DCLO) and one input to the other gate is l.J)CLRO. The togl~ for BltS 12 and 13 is 
the ungated DCLl. The gating for these bits ts done iJldtvtduaUy on the J and K inputs. 



FLR Bit-12 is used as the Carry Save flip-flop (C)(l 7E5). FLR12 is set or reset to reflect whether or not a carry or 
borrow resulted from an Add or Subtract Micro-instruction, or to reflect the state of the bit. shifted out during a Load 
Micro-instruction. FLR12 is allowed to change stat~ when LDCLRO, SVSCO, or SVACO is active. If none of the gating 
leads are active, the J and K inputs are held at ground. 

SVSCO·is generated in two places with an OR tie across the back panel. The first source is on the ROM board at 8S9. 
SVSCO goes low if the Processor is executing a Load Micro-instruction (LOADl) other than I/O (LDIOO· UDIOO) and RD 
Bit-15 is set (RD151), specifying Carry Out. The second source of SVSCO is on the ALU board at 13A4. SVSCO is ac­
tive during a Command Shift Left (CSLO) or a Command Shift Right (CSRO) other than during a Multiply (MPY~) if RD 
Bit-15 is set (RD151), specifying Carry Out. 

SVACO is also generated in two places with an OR tie across the back panel. The first source is on the ROM board at 
8S9. SVACO is active during a non-immediate (RD030) AND, OR, Exclusive OR, Add, or Subtract Micro-instruction 
(RDOOl +RDOll· RD021) if RD Bit-15 is set (RD151), specifying Carry Out. The second source of SVACO is on the ALU 
board at 13B4. SVACO is low during a Command Multiply Micro-instruction (MPYl) if RD15 is set (RD151), specifying 
Carry Out, 

FLR12 is set when SFLR120 is low. SFLID20 is generated by four NAND gates collector OR tied. The input to the 
first NAND gate is SHOT! (17Cl), generated on the ALU board (13C9). SHOT! goes high when the Processor is executing 
a Shift Right (SHRl) and B Bus Bit-15 is active (Bl50), or a Shift Left (SHLl) and B Bus Bit-0 is active (BOOO), or a 
Command Shift Right (CSR!) other than on Multiply (MPYO) and Shift Register Lower Bit-15 is set (SRL151), or Com­
mand Shift Left (CSL!) and Shift Register Higher Bit-0 is set (SRHOOl). · 

The second NAND gate is enabled by SVACl (17D3). The Carry Output from the ALU (CSVl) is Exclusive ORed with 
Subtract (SUB!) and applied as the second input. The third input to the NAND gate at 17D3 is the Exclusive-NOR of 
RDOOO and RDOlO and is high when RDOOO and RDOlO are alike. The only time that RDOOO and RDOlO are alike when 
SVACl is high, is during an Add, Subtract, or Command Micro-instruction. The meaning of CSVI from the ALU differs 
depending on whether an Add or Subtract Micro-instruction is performed. The Exclusive OR of CSVl and SUB! inverts 
the ALU Carry on a Subtract Micro-instruction. 

The third NAND gate (l 7C2), enabled by LDFLRl, has a low output when S Bus Bit-12 (8121) is active. Th.e fourth 
NAND gate is the master enable for the K input to FLR12. SFLR120 is inverted and the J input is allowed to go high. 
FLR12 toggles set on the trailing edge of the next Destination Clock (DCLl). 

FLR Bit-13 serves as the Overflow flag (V) for Add and Subtract operations. FLR13 is allowed to change state when 
LDCLRO or STFLO is active. If neither of the gating leads are active, the J and K inputs are held at ground. 

STFLO (l 7Fl) is generated on the ROM board at 8R9. STFLO goes low if the Processor is doing a non-immediate 
(RD030) Add or Subtract Micro-instruction (RDOOl· RDOll) and RD Bit-13 is set (RD131), specifying set flags. 

FLR13 is set when SFLR130 is low. SFLR130 is generated by three NAND gates collector OR tied. The first NAND 
gate (17H3) is enabled by LDCLRO. The second input is the Exclusi\l'e OR of sooo and GBOOO. The third input is DIFFl, 
the Exclusive OR of GBOOO and, the Exclusive OR of GAOOl and SUBl. ··The NAND gate at l 7H3 is low when the over­
flow condition exists. The overflow indication is created after the ALU has produced the Sum or Difference. Overflow 
occurs on an Add with like· signs or a Subtract with different signs when the. resulting sign is different from the sign of 
the first operand on the B Bus. 

The second NAND gate at 17H2, enabled by LDFLRl, has a low output when S Bus Bit•l3 (Sl31) is active. The third 
NAND gate (l 7F3) is the master enable for the K input to FLR13. SFLR130 is inverted and the J input is allowed to go 
high. FLR13 toggles set on the trailing edge of .the next DCLl. 

FLR13 can also be direct set by SVO. SVO goes low when the False Sync flip-flop is set (4E3). The False Sync flip­
flop is set if the Processor does not receive a return Sync from a device controller within 13 to 15 microseconds from 
the time the I/O control line is activated to start an I/O operation. 

FLR14 and FLR15 serve as the Greater than and Less than flags respectively. FLR14 is set by SFLR140 if the data 
manipulated on the S Bus is greater than zero or the result of a Test Micro-instruction is true. FLR15 is set by 
SFLR150 if the data manipulated on the S Bus is less than zero or if the result of a Test Micro-instruction is false. 

SFLR140 is generated by three NAND gates collector OR tied. The first NAND gate (17J2) is used to load FLR14 from 
S Bus Bit-14. The second NAND gate (17J2) is enabled by STFl, The second input is CTFl and the third input, SOOO, is 
high when the S Bus is not negative. 

The gating leiids STFO and STFl are active during a non-immediate AND, OR, Exclusive 9R, Add, or Subtract Micro~. 
instruction if RD Bit-13 is set, specifying set flags (8R9). · 
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The change Test Flags sisnal (CTFl )(1 'l Jl) is ~~ve if llDY·. blt of the·~· Bio\$ 1$ ~··· or l, the G or L fl• t•. Ht•· If· 
either the G or L flag is .set, FRNSl is lowJ1'1N5).• /~is t~alil N"~~ OJi the ALU~ WttlHlut ~ inch9•~> • 
output11 from the four 4-bit ALtJs atl4S8. Ifs Bull Bits 0:3 •re zero. ~~1 ls hlgti. If S B\18 Jfiti 4t7 ~•left•• ~Tl 
is high. If s Bus Bits 8 :11 are zero~ S81U is high. Jf S 8Us1 Bitl 12 :lfare z.ro. Sl.Hl is~· ·The. ~Put fl'Om th-
NAND gate at 1489 (CTFl) returns to theJ/O board to eDab•e :ch&liging the Gail.cl L flap. · ·· · 

The third NAND gate (1 'lK2) is active 'during a Test Mforo•fnstruotion (CTESTl) if the relldtt qf tli. teat 18- tt'ft ('l'Ti;&tl{ 

The TTESTO signal (1 'lKl) is generated on Sbeet 18 a11 the collector OR tie of the inverted outPuts of th• ,three 19~026 
four-to-one multiplexors. TTESTO (18H5) is low if a testable function ls trUe and the corresponding mask bit ln the. •o 
is set. The testable functions and the associated RD bits are listed below. ·· 

-~~~!.l'!W~~ 

TESTABLE FUNCTION 

RD BIT MNEMONIC MEANING 

4 FSTl Fast I/O Intel'l'upt 

5 ATNl • PSWOll I/O Attention and PSW Bit-1 11et 

6 ARSTl I Automatic Restart 

'l . CATNl Con110le Attention 

8 SNGLl I Conl!IOle Single Mode 

9 UTl utility flip-flop set 

10 MALFl Machine MalfulUltion 

11 PPFl Primary Power Fail 

12 DCl Data Channel Requellt 

13 DRDl Data Channel Read 

14 MSKl Mask 

15 OPl Operation Length 

The logic to generate SFLR150 is similar to that that generat,s st'LR140 •. Except when the FLR is being loaded from 
the S Bus or cleared on a DO Micro-instruction (CLRO), SFUU.40 and SFLR150 are complementary~ 

The toggle for FLR14 .and 15 is. generated at l 'lN4 as the collector AND tie of DCLO and LDCLRO. S'l'FO. or CTE;STO. 

3. 5.2 Program Status Word (PSW). The Program St~tusWord (PSW) is a 16-bit register Ued to define the · 
system status relative to the u11er program being exeeuted. Tlie Status field (PSW 0:11) is located on the 35-387 ?dem•. 
ory Control mother-board and is llhown on Sheet 29. The Condi11on Code field (PSW 12:15) is located on the 85~390 I/O 
mother-board and i11 shown· on Sheet 17. · · · 

PSW 0:11 is loaded from S Bua Bits 0:11 when the PSW ls specified as the deetlnation (LPSW1)(29Cl). LPSWl is ANDed. 
with the Destination Clock (DCL1)(29Cl) at the gate (29C2) and applied to the clock input of the three 19-030 four-bit 
shift regillter11 (A48-A50). Pin 06 of each 19-030 shift register 18 tied to P5 to establish the toad Mode rather than 
Shift Right Mode. 

PSW Bits 12:15 are contained in the 19-01 'l quad latch (l 'lB-G9). The Condition Code ltegiater may be loadeid from the 
Flag Register or from the Alarm Register. The clock input to the Condition Code latch ts higb at System Clock time 
(SC LO) (l 'lB5) when either LCCO or J ACCO is active· (l 7C5). LCCO i11 generated at 9M4 and is low on a DO Mlcro-tn­
Eltruction (Dl) if the Processor is in Phase Three (P31) and RD Blt-12 is set, !Jpeoifyillg copy alarm flags to the Con­
dition Code. The data inputs to the quad latch are LCCl and FLR 12:15, o~ JACCl and ALRM 13:15. . . . 

AU 16 PSW bits are applied to the eight 19-038 dual four-to-one line multiplexors on Sheet 29 for gatilg ontcl the• BUs. 
When the PSW is specified as the Source Register (address '4') 1 the stpa.1 USTRBO (29A4) goes low enabling all the · 
19-038 multiplexors. USTRBO is generated at 18C5 and is active when the Source Regiatet'. addre .. la hexadeelmal 4, 
5. 9. or A. RD Bits 9 and 11 are decoded internal. to the multiplexors to select which of the four llllJUt regiatera are 
gated out to the B Bus. 
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PSW Bit-1 is the I/O interrupt enable. PSWOll is ANDed with ATNl at 18J3 for the .Test Micro-instruction and at 18N3 
for generating an interrupt. PSW Bit-2. set allows the Alarm Register Bits 13:15 to be set (l 7K6). PSW Bit-4 is avaU­
able at Pin 226--0 on the I/O board back panel to enable detection of the Fast I/O interrupt. (For the regular Model 70, 
this pin is tied to ground instead of PSW041.) PSW Bit-7 co~trols the supervisor/user mode of the Model 70 Processor. 
If PSW07 is set, detection of Privileged instructions is allowed and th,e optional Memory Protect feature is enabled. 
PSW07 set allows RAH04 to be set from the DROM (5C2). Privileged inst:ructions are flagged in the DROM by having· 
Bit-4 set. If RAH04 sets, the non-existent ROM address forces the Illegal instruction trap. No hardware significance 
is attached to the remaining PSW bits. 

3. 5. 3 Alarm Register (ALRM),. The three-bit Alarm Register is located on the 35-390 1/0 mother-board and 
is shown on Sheet 17, PSW Bit-2 (17K6) enables setting any bit in the Alarm Register. 

ALRM15 is set on the occurrence of Early Power Fail (EPF)(l 7S6). Refer to. 3. 2. ALRMl4 is set if a Memciry Parity 
Failure occurs (PF Fl) (l 7M6) during Phase Zero or Phase One (PCOO). ALRM13 is set if a parity failure occurs 
during Phase Two. or Phase Three (PCOl )(l 7K6). I( any bit in the Alarm Register sets, Machine Malfunction goes high 
(MALFl)(l 789), 

The Alarm Register bits can be copied ip.to the Condition Code of the PSW on a DO Micro-instruction, JACCl high, Th,is 
is done during the PSW swap routine. for Machine M·alfunction Interrupt so that the user is informed of the nature of the 
interrupt. 

The Alarm Register is cleared by SCLRO on Initialize or it toggles clear at SCLl time when JACCl is high. 

3. 5. 4 Counter Register (CTR). The Counter Register (CTR) is shown on Sheet 27. It is used to count the num­
ber of repetitions of a single micro-instruction when the Processor is executing a Command Repeat, Multiply, or Divide, 
The Counter is also a te'stable item for the Branch Micro-instruction. · 

The five-bit decrementing CTR is loaded from S .Bus .Bits 11:15 by LDCTRO (27Bl). LDCTRO is generated at 8C9. and 
is low when the Destination address is hexadecimal 'C'~ LDCTRO is inve:rf:ed and NANDed with DCLl (27E3), produ~ing 
the low active load pulse for the 19-035 four-bit counter at 27F5. The S Bus Bits 12:15 are toggled into CTR 12:15 lit 
the trailing edge of the load pulse. CTR Bit-11 is maintained in a separate JK flip-flop (27B5) and is toggled by the i 
AND of LDCTRl and DCLl (17A3). The J and K inputs to CTRll track SB. us Bit-11 when DECTRO is false (27Cl). r . . ' 

The DECTRO lead goes.low to allow the CTR to decrement on the trailing edge of DCLl, DECTRO is generated in two 
places with an OR tie across the back panel. The first place is on the 35-390 1/0 board at 18E9. DECTRO goes low; tf 
the Processor is executing a Branch on Counter Micro-instruction. Op-Code '3' causes BRAl (18H8) to go high. If ;the . 
CTR is the specified condition, RD 04:07 are reset and LDOl (18D7) is high. The second place DECTRO is generated, 
is on the ALU board at 13F9. DECTRO is low if the CTR is not zero (CEMTO false)(13F7) and the Processor is exe4uttrig 
a Command Multiply (MPYO), or a Divide (DIVO) Micro-instruction, or if the Counter Mode flip-flop (CMODE) is se~ af.­
ter a Command Repeat (13G8). For these instructions,' DECTRO remains active until the counter decrements to zero. 

DECTRO is inverted and ANDed with DCLl (27Al) to produce the low active decrement pulse to the 19-035 four-bit , 
counter. If the low four-bits are zero when the decrement pulse occurs, a carry pulse· is pro!'.)uced on Pin 13 of the ~. C. 
and the CTR 12:15 wraps to a count of 1 F 1 ~ The carry pulse complements CTR Bit-11. 1 

Two states of the CTR are decoded. Counter equal to zero causes CEMTO at 27C9 to go low. ·counter eqU:alto one : 
causes CTONEO at 27C9 to go low, These signals are u'sed by the Btanch on Counter and the Counter mode logic • 

. The Counter is preset to a count of 16 by SCLRO (27Cl) on initialize, or CLRl andSCLl -(27D2) on a DO Micro-instr~ction. 
i. 

3. 5. 5 Register Stack. The register stack shown on Sheet 11 is located on the 35.,;3~9 t\LU mother ... board, . The 
register stack consists of 20, general purpose, 16-bit registers which can be specified as Source aild Destination }\e­
gisters for micro-instructions. These registers can be loaded from the S Bus and unlo8.ded to the B Bus. 

The register staQk consists of 20, 19-041 four-bit by four-word register files. Ji;ach IC has a·.read enable and tWO 
read select lines, and a Write. enable and two write select lfnes. This allows a stack register to be both the $0U:tCe ahcl< 
destination in the same micro-instruction •. The read enable level selects .one of five sets of fotirIC:s. The micro~reg.:­
ister stack (MRO, MRI,, MR2 and LQC) is se\ected byRMSO (llA2). J'he RMSO signal is geJ1.erated 11.t l-OD4. and is ac•. 
thre when the Source Regii;iter addJ,'ess is hexadecimal o •. l. 2, or 3, or when the DOMictp,-instructio11.forces the LOc 
to be both the source and destination (FRCLQC0)(9J4). · . . . . . 



General Registers O through 3 are selected by the signal GROO (UCl). General Registen 4 through '1 are selected by 
GRl o (11 Gl ). General Registers 8 thJ,'Ough 11 by GR20 (llJl) and General Registers lZ through 15 by Gfa.30 (11 Ml). The 
General Registers are addressed by the YD or YS field of the lmltruction Register (JR). The m~am accesses 
a General Register by specifying the field ofthe IR that contains the register's address. lf the SC>lill'Ce ~ster is YS 
(hexadecimal D), or if a DO Micro-instruction in Phase Zero has generated Lo~ AR fNrn YS (LARYS0)(9C-4h RYSl is 
high (l0B6). RYSl is NANDed with the four decoded states of Ill Bits 12 and l3 (lOMl) t"O activate the a:pprQPriate GRX6 
lead on Sheet 10. If the Source Register is YD or YDPl (hexadecimal E or Fh RY.Dl is high (10A:6.). RYDI is NANDed 
with the four decoded states of mos and 09 (lOLl) to activate the GRXO leads~ . 

Given that RMSO or one of the arum leads is active, selection of the particular register is done internal to the 19•041 by 
decoding the state of the two read select lines. 

The micro-registers are selected by the leads RMAJ. and RMBl (10F3). These lines track RD Bits 10 and 11 resp<!c­
tively. Both lines are forced high by FRCLOCO (lOFl). 

The General Registers are selected by the leads RAl (10H9) and RBl (lOF9). RBI tracks IR Bits 10 or 14 depending on 
whether YD or YS is the source. If YDP:l. is the source, RAl is forced high so that an odd address register is selected 
(llCl). 

The logic for writing into the register stack is similar t~ that for reading. The significant difference is that the write 
enable line is .a pulse rather than a level. This pulse occurs at SYSCLl time during DCLl (10113). The write pulse is 
about 30 nanoseconds wide. The minimum pulse width necessary to satisy the 19-041 is 25 nanoseconds. The maxi­
mum pulse width depends on the· delay through the ALU and is approximately 50 nanoseconds. A wider write pulse mu­
tilates data in a register if the same register is specified as the source and destination. 

3. 5. 6 Shift Registers (SRH and SRL). The two 16-bit Shift Registers, SRH and SRL, are located o~ the 35-389 
ALU mother-board and are shown on Sheet 15. Either shift register may be loaded from the S Bus and unloaded to the 
B Bus. The SRH and SRL consist of four 19-048, eight-bit, shift register packs, that function as a single 32-bit register 
when used by the Command Shift Left, Shift Right, Multiply, or Divide Micro'."" instructions. 

The shift register devices can load, shift left, or shift right, depending on the state of the two mode control leads on 
Pins 01 and 23 of the devices. The logic that generates the mode control leads is shown on Sheet 15. 

SRH is loaded from the S Bus when the Destination address is hexadecimal 6, SRH is forced to be a destination during 
a Command Multiply or during a Command Divide Micro-instruction when the ALU Carry is active (CSV1)(15Rl). When 
SRH is the destination, HDESTO is low (15Ll). HDESTO causes both SRH mode control leads, 8RHM01 and SRHMll 
(15J4), to go high, establishing the load function. On the trailing edge of DCLO (1581), the S Bus data is copied into 
SRH. When the Processor is executing a Command Multiply Micro-instruction, MPYO is low (15Ll), forcing SRHMOl 
and SRHMll high. During a Command Divide Micro-instruction (l5Ll), DIVO is low, forcing SRHMll high. If CSVl is 
high (15Rl), SRHMOI is also forced high, establishing the Load Mode. If CSVl is false, SRHMOl is low and SRH is in 
the Shift Left Mode. 

The data in SRH is shifted left one bit position when SRHMOl is high and SRHMll is low. This condition is established 
as mentioned previously for the Divide Micro-instruction, or by CSLO (15Ll) during a Command Shift Left. Anytime 
SRH is shifted left, SRL' Bit-0 shifts. into SRH Bit-15. Bits shifted out of SRHOO may be saved in the Carry flag (FLR12) 
if RD Bit-15 is set, specifying Carry Out (15A3). 

The data in SRH is shifted right one bit position when SRHMOl is low and SRHMll is high. This condition occurs only 
during a Command Shift Right Micro-instruction (CSRO)(l5Ml). If RD Bit-14 is set, specifying Carry In, the state of 
the Carry flag (FLR12) is shifted into SRHOO (15A3). 

SRL is loaded from the S Bus when the Destination address is hexadecimal 7. LSRLO (15Nl) goes low forcing SRLMOl 
and SRLMI 1 high, establishing the Load. Mode. 

The data in SRL is shifted left one bit position when SRLMOl is high and SRLMll is low. This condition occurs during 
a Command Shift Left (CSLO) or a Command Divide Micro-instruction (DIVO). If RD Bit-14 is set, the state of the 
Carry flag (FLR12) or, if Divide, the static ALU Carry (CSVl), is shifted into SRL15 (1589), 

The data is SRL is shifted right when SRLMOl is low and SRT1Mll is high. This conditio.n occurs during a Command 
Shift Right (CSRO) or a Command Multiply Micro-instruction (MPYO). The state of SRH15 is .shifted into SRLOO. If RD 
Bit-15 is set; specifying Carry Out, the bit shifted from SRL15 is saved in FLR12 (15A3) except during Multiply (MPYO). 

The gates that unload SRH and SRL to the B Bus are shown on Sheet 16, The SRH is unloaded when the Source address 
is hexadecimal 6 (USRHO)(l6Al) or when the Processor is executing a Command Multiply or Divide (MD0)(16Al). The 
SRL is unloaded when the Source address is hexadecimal 7 (USRL1)(16A3). 
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:l. 5. 7 Instruction Hegisler (IH). The lnstruction Hcµ;istcr (IH) is located on the :1G-:1K7 Memory Control rnolhcr­
board and is shown on Sheet 28. The In holds ihe user's instruction word during emulated execution. The TH may be 
loaded from the S Bus when it is specified as the Destination. It is also loaded directly from memory upon instruction 
access Phase Zero. The IR may be unloaded to the B Hus. 

During Phase Zero (POI), the Memory Strobe Bus (l\IS O:lf>) is gn!.ed to the direct set inputH of the lH Olp-flops hv 
Gl\1SIR1 (28B3). IR was previously direct cleared when PhasP 7.ero waH entered, CLTHHO from 28Al. 

When the IR is specified as the Destination (hexadecimal !l), LIRO goes low (28SI ). L!HO is used to dcvclon I.he toggle 
inputs (TIR0)(28S3) to the IR flip-Hops. 

Bits 0:7 of the IR are applied, :is the address, to lhe Decoder Head-Only-Memory and to the instruction ch1sH decoders 
on Sheet 4. IR Bits 8:15 are used to select the General Hegisters (Sheet 10). In addition, m Dits 8:11 are ANDed with 
PSW Bits 12 :15 at 29S7 to generate the testable MSK function. 

All 16 IH bits are applied to the eight 19-038 dual four-to-one line multiplexors (Sheet ~!l) for gating onto thf~ B Bus. When 
the IR is specified as the Source Hegister (address '9'), USTHBO goes low 12!lA4). HD Bits !J :md 11 :ire decoderl infernal 
to the multiplexors to select the lH. When the Source Regi.ster address is 'C', lllIMO goes low (l 8E5). lJlHO iH in-
verted and ANDed with m Bits 8:11 (Sheet 28) to develor the B Bus Bits 12:15. The remaining B Bus bits stay false. 

3. 5. 8 Arithmetic Register (AH). The Arithmetic Register (AH\, located on the :!5-38!l ALI! mother--hoard, is 
shown on Sheet 12. The AR is used to hold the second operand of the Add, Subtract, OH, AND, or Exclusive OH Micro-­
instruction. The AR may be loaded from the S Bus and unloaded to the Arithmetic Logic Unit (ALU). 

When the AR is specified as the Destination (hexadecimal 8), LAHl goes high (12Al). LAHI is used to devclor the tog­
gle inputs to the AR flip-flops. 

The set outputs from the AR are NANDed with the ULAHl signal to develop the UA leads (GA000:150) as gated inputs to 
the ALU. ULAHl is generated at 13N5. For fan-out reasons, it is developed twice. One input to each AND gall' at 
13Nfi is NAO (13H4). The other input comes from the 19--02(; four-wide AND/OH pack ai 13N3. 

NAO is only low during a non-immediate (RDO:Hl) Micro-instruction that has Bit-12 set, specifying the No AH option. 
The 19-026 pack produces a high output whenever one of the following conditions it> met: 

1, The Processor is executing an AND, Exclusive OH, Add or Subtract. Micro-instruct ion (HDOOI ). 

2. The Processor is executing an OH Micro-instruction (RDOll • RD021 ). 

3. The Processor is f'Xecuting a Command Divide Micro-instruction (HDOlO· HD020· HD031 · HDO{H · HDOHl) 

4. The Processor is executing a Command Multiply Micro-instruction (HDOlO· RD020· RD031 • HDO(il • HD071) 
and SRL Bit 15 is set (SHL151). 

3. 6 B Bus Shifter 

The GA leads provide the second operand input to the ALU (Sheet 14). The other input is the GB output from the B Bus 
Shifter (Sheet 14). The B Bus Shifter can load, shift left, shift right, or cross shift the B Bus data prior to presenting 
it to the ALU. The function performed is determined by the state of the SHCAl and SHCBl control lends applied to the 
eight 19-038 dual four-to-one multiplexors. 

3. 6. 1 Load. The quiescent state of the B Bus Shifter is the Load Mode. This mode exists when both n Bus 
Shifter control leads are low. SHCAl is low (12B9) when the Processor is not doing a Command Divide (DJVO)(l2BCi) or 
a Load specifying Shift Left or Cross Shift. SHCBl is low (12C9) when the Processor is not doing a Command Multiply 
(MPY0)(12C6) or a Load specifying Shift Right or Cross Shift. SHCAl and SHCBl are decoded internal to the 19-038 
packs to gate each bit from the B Bus to the corresponding GD lead. 

3. 6. 2 Shift Left. The B Bus Shifter is conditioned to shift the B Bus data left one position when SHCAl is high 
and SHCBl is low. This occurs on a Command Divide or on a Load specifying Shift Left (LOAD1·RD121)(12B6). Each 
bit from the B Bus is gated onto the next more significant GB line. If Carry In is specified on the Load (RD141· DIVO) 
(15A3), the state of the Carry flag (FLH12) is applied to GB150. 

3. 6. 3 Shift Right. When SHCAI is low and SHCBl is high, the B Bus,Shifter shifts the B Bus data right one po­
sition. This occurs on a Command Multiply (MPYO) or on ::i Load specifying Shift Hight (LOADI • RD13l). F.:ich bit from 
the B Bus is gated to the next lower position of the GB Bus. If Carry In is specified (DIVO· HD141)(15A3), the state of 
the Carry flag (FLR12) is gated onto GBOOO. 

15 



3. 6. 4 Cross Shift. The B Bus data is byte swapped by the B Bus Shifter when SHCAl and SHCBl are both high. 
This condition exists only during a Load Micro-instruction (LOAD1)(12B6). if Cross Shift .is specified (RD121·RD131) 
and not suppressed by the XO lead (12A6). A Cross Shift becomes conditional if the Memory Data Register (MDR~ is 
specified as either the Source or Destination, or if on an I/O data read or data write, the Halfword te;st line is active. 
If the Processor is executing a Data Available or Data Request 1/0 operation, NOCSO goes low (9K4) if the Halfword 
line is low (HW0)(9Kl). NOCSO suppresses Cross Shift (CSl) and jam sets RAL14. If the Cross Shift is not suppressed 
by NOCSO, and MDR is involved, the Cross Shift is allowed if the Memory Address Register is even (MAR150 high).. If 
MAR is odd (MAR150 low), the Cross Shift is not performed. When the Cross Shift occurs, Bits 00:07 from the D Bus 
are gated to GB 08:15 and B 08:15 are gated to GB 00:07. 

3. 7 Arithmetic Logic Unit (ALU). The Arithmetic Logic Unit (ALU) consists of four 19-039 tour-bit ALU packs and 
one 19-040 carry look-ahead pack. The ALU im shown on Sheet 14. The ALU receives five control lines defining the 
function it is to perform. These control lines are summarized on Table 2. 

TABLE 2. ALU CONTROL LINES. 

OP M so Sl 82 SUB 

D 0 1 0 0 0 

c 0 1 0 0 0 

T 1 1 1 1 0 

B 1 1 1 1 0 

L 1 1 1 1 0 

0 1 1 1 0 0 

N 1 0 1 1 0 

x 1 1 0 0 0 

A 0 1 0 0 0 

s 0 0 1 1 1 

Each 19-039 ALU pack develops four-bits of the low active S Bus. The four S Bus bits are internally NANDed to pro­
duce the 8XXX1 zero indicating signal. When the signals 81251. 88111, S0471, and 80031 are all high, the S Bus data 
is zero. Each ALU produces an output carry on Pin 16. Only the carry output of the most significant ALU is used 
(CSV1){14D9). The internal Carry Propagated. {CP) to the most significant stage of each ALU pack is available on Pin 
15, and the Carry Generated (CG) for the most significant stage is available on Pin 17. These signals, CPXXl and 
CGXXI ar~ applied to the 19-040 carry look-ahead pack to develop the Carry In to the next more significant ALU pack 
(CNXXl). 

Each function of the ALU is described in the following paragraphs. Unless otherwise noted, all gate references are to 
the arbitrary labels on Figure 3. 

3, 7.1 Load. The ALU is conditioned to the Load Mode on a Test, Branch, or Load Micro-instruction. In this 
mode, Gates 1~ and 4 are enabled by SOI, SU, 821 and SUBO respectively, and Gate 8 is disabled by Ml, The 
AR is not unloaded; so the false GAXXO Bus disables Gates 2 and 3. Gate 1 produces a high output causing the output 
from Gate 5 to go low. The state of the GBXXO Bus is passed to the SXXO Bus from Gates 4, 6, 7 and 9. 

3. 7. 2 AND. In this mode, conditioned by the AND Micro-instruction, each bit from the B Bus is logically 
ANDed with th~esponding bit from the GA Bus. The output equation for Gate 5 becomes A· B. The output equation 
for Gate 6 is simply B. Consequently, Gate 7 yields the function A· B which is inverted. by Gate 9, forming the S Bus. 

3. 7. 3 OR. The OR Micro-instruction causes each bit from the B Bus to be logically ORed with the corresponding 
bit from the GA Bus. Gate 5 produces a low output because of the complimentary GA inputs. The OR function is realized 
entirely by Gate 4. Gate 4 produces a low output whenever either the GA or GB input is active (low). The logical sum is 
double inverted by Gates 6 and 9, forming the S Bua. 

16 



CII 

Ml 
8 

SUBO 

4 

S21 3 

GAl50 

Sii 

SOI • 
88150 

Figure 3. Least Significant ALU Stage 

3. 7. 4 :bclustve OR. The Exclusive OR Micro-instruction produces the logical difference of the data on the GA 
and GB Busses0 Gate 5 produces a high output when the A· B condition is met. Gate 6 produces a high output when the 
A+B condition ts met. When. combined by Gate 7, the Exclusive OR function (A· "13 t· A· B) is realized. 

3. 7. 5 ~ The ALU is conditioned to the Add Mode on a 00., . Command, or Add Micro-instruction. Note that 
with the exception of the M control ltne, Add is the same as Exclusive OR.· The M control line enables the carry net• 
works internal to the ALU device so that the output from Gate 8 is (AB+AB)· c + (AB+AB)C. Figure 3 shows only the 
least significant stage of the 19-039 .. four-bit ALU. The next three stages are identical with the exception of the inter­
nally propagated carry. 

3. 7. 6 ·subtract. The Subtract function produced by the 19-039 four-bit device is A.:.B-1. For this reason, the 
Carry In to the least significant· state is inverted on the Subtril,ct Micro-instruction. The output equation for Gate 5 is. 
AB and the equation for Gate 6 is A+B. Gate 7 produces a high output when the equation Ati+AB is satisfied. If no 
Carry In is specified, the en· (14A5) lead is high and the output from Gate 9 ·is high. If Carry In is specified, the out­
put from Gate 7 is inverted by Gate 9, producing th.e S Bus. 

3. 8 Counter Dependent Operations 

A Command Micro-instruction with RD Bit-6 set implies a counter dependent mode of operation that is maintained until 
the Counter Register (CTR) is zero. Command Repeat causes the next micro-instruction to be repeated the number of· 
times specified i~ the CTR. Command Multiply and Command Divid·e cause the Command itself to be repeated with SRH 
forced to be the Source and Destination Register. These modes are implemented by the circuit shown on Sheet 13. 

3. 8.1 Repeat. When a Command Repeat Micro-instruction is executed, CMDl goes high (13K7). The Repeat 
flip-flop (RPT)(13K8),toggles set on the trailing edge of SCLl • SYSCLl. On the same edge,, the Counter Mode fli~flop 
(CMODE) will toggle set if the CTR is not zero (CEMTO)(l3N~). If the CTR is zero, the next micro..;instruction sbo~d 
not be executed. Since, at the same time RPT fiip~tlop toggles set, the next micro-instruction toggles into RD, the ·Pro­
cessor has to execute the instruction. However, KILDSTO gi>es active (13N9) stopping the Destination Clock, DCLO · 
(19M9). No register will be modified, nor will the FLR change. RPT wiUtog~lc reset on the next SCLl • SYSCLl. 

Ifthe CTR is not zero, CMODE and RPT both toggle set. Now the target micro-instruction is in RD. Because CMODE 
is set, DECTRO (13F9) goes low until the CTR is zero. The CTR will decrement on each Destination Clock. As long 
as CMODE is set and the CTR does not equal zero or one (CTLT21)(13M8). STPCO is lOw (13R9), disabling RCLO a:nd 
RDSTBO (19L9). The RAL will not increment nor will another micro-instruction be strobed into RD until the Counter · 
decrements from one to zero. As soon as the CTR decrements from one to zero, CMODE and. RPT both toggle reset •. 
STPCO is high and the next sequential micro-instruction is executed. . . . . . . 

• 
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3. 8. ~ Multiply. Prior to executing the Command Multiply Micro.,.fnstruction, the following preliminary condi­
tions are assumed: The multiplier is in SRL, SRH contains zel'Q; the AR holds the multiplicand, the Carry flag is 
cleared, and the Counter contains 16. The Command Multiply ill executed in 16 machine cycles. On each Destination 
Clock; the CTR is decremented, SRL is shifted right one place, FLR12 is updated from the ALU Carry (CSVl )(1409). 
and SRH is loaded from the S Bus. Reff:lr to Figure 4. · 
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Figure 4. Command Multiply Timing Diagram 

As soon as the Command Multiply Micro-instruction is decoded, the signal MPYO goes low (13H7). As long as the CTR 
is not zero (CEMTO false), DECTRO is low (13F9) and the Counter decrements on the trailing edge of each Destination 
Clock. Shift Register Lower (SRL) is also conditioned to the Shift Right Mode, SRLMOl low and SRLMll high, by the 
l\TPYO signal. Similarly, Shift Register High (SRH) is conditioned to the Load Mode, SRHMOl and SRHMll high. At the 
trailing edge of each DCLO, SRL shifts right one position and SRH is loaded from the S Bus. 

The data loaded into SRH constitutes the sum of the accumulated partial products. The signal MPYO is ORed with DIVO 
to produce MDO (13H9). MDO forces the contents from SRH"to be gated onto the B Bus (16Al). The B Bus Shifter is 
forced to the Shift Right Mode by MPYO. Now, depending on the state of the least significant bit from the multiplier 
(SRL15), the multiplicand in AR is either gated to the ALU or not. If SRL151 is high, ULARl (13N5) is high. The AR 
is gated to the ALU and the sum frqm AR and the shifted SRH is gated back into SRH. IfSRL151 is low, the AR is not 
gated to t~e ALU and zeros are added to the shifted SRH. The result of the latter case is a 32-bit shift right. 

Carries resulting from the additions that occur are saved in the Carry flag (FLR12) which is shifted back into the high 
end of the B Bus Shifter for the next cycle so no data is lost. 

After the Command Multiply, the product in SRH and SRL must be shifted right one more position. 

3, 8. 3 Divide, Prior to executing the Command Divide Micro-instruction, the following preliminary conditions 
are assumed: The 32-bit positive dividend is in SRH and SRL, the divisor is in two's complement negative form in the 
AR, the Carry fla:g is reset, and the CTR contains 16, The Command Divide executes in 16 machine cycles. On each 
DCLO; the CTR is decremented, SRL is shifted left one position, FLR12 is updated from the ALU Carry, and SRH is 
either shifted left one position or loaded from the S Bus. Refer to Figure s. 

The signal DIVO is low during the Command Divide. DIVO causes DECTRO to go low until the Counter decrements to 
zero. SRL is conditioned to the Shift Left Mode, and SRH assumes the Load Mode or the Shift Left Mode depending :up­
on the state of the ALU Carry (CSVl). 

The most significant 16-bits of the dividend in the SRH are present on the B Bus. The data is shifted left one pcisition 
by the B Bus. Shifter and presented to the ALU. Note that SRLOO is carried into GB15 (14Rl). The AR i.s unloaded to 
the ALU and an 'Add' is performed. 
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Figure 5. Command Divide Timing Diagram 
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By adding the two's complement from the divisor in the AR to the most significant half of the dividend in the SHH, the 
result on the S Bus is actually the difference between the two. If this 'trial subtraction' is successful, the ALU pro­
duces a Carry (CSVl high), and the partial remainder on the S Bus is gated into the SHH. If the 'subtraction' is unsuc­
cessful, CSVl is low, and the SHH is shifted left one position; the S Bus data is ignored. The CSVl signal is shifted 
into SRL15 to form the quotient bits. CSVl is also saved in I~LR12. After the Command Divide, the remainder is in the 
SHH and the quotient is in the SRL. 

3. 9 Phase Control 

3. 9.1 General Description.. The Phase Control logic, contained on the 35-388 ROM board, is shown on Sheet 9 
and in block diagram form on Figure 6. Phase is a hardware condition that is affected by the DO Micro-instruction and 
user program activity. Phase, in turn, affects actions resulting from the DO Micro-instruction. 

The two stage Phase Counter defines the four hardware phases. Referring to Figure 6, from a count of 00 (Phase Zero), 
the Phase Counter can go to a count of 01 (Phase One) or 10 (Phase Two). From Phase One·, the Phase Counter can 
only go to Phase Two. From Phase Two, the Phase Counter can go to a count of 00 (Phase Zero ) or 11 (Phase Three). 
From Phase Three, the Phase Counter can only go to Phase Zero. A phase change usually occurs on a DO Micro-in­
struction. Initialize unconditionally forces the Phase Counter to Phase Three, as does a Phase Two abort. 

INITIALIZE 

F'lgure 6. Phase Control Flow Iliai..rram 
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Each phase, other than Phase.Zero, has corresponding sets of micro-code routines. The_ phase control hardware gen­
erates the starting addresses of these routines. 

Ph~se Zero is dedicated to user's instruction decoding. Phase Zero is a purely hardware state, lasting for two or four 
system clocks. During Phase Zero, the user's instruction is automatically 1oaded into the Instruction Register (Jn),-

and the A Register (AR) is automatically loaded from the User's second operand register (YS). If the user's instruction 
is of the RR format (OJ>-:-Codes On, In, 2n, 3n, Sn, or 9n), Phase Zero is exited and Phase Two is entered. If the user's 
instruction is not RR, a second memory read is generated to fetch the second half of the fullword instruction, the Loca­
tion Counter (LOC) is incremented by two and Phase Zero is exited. 

If the user's instruction is RS (Op Codes Cn or En), Phase One is entered if the instruction is indexed - IR Bits 8:11 not 
zero - and the ROM Address Registers are forced to '002 '. If the instruction is not indexed, Phase Two is entered. 

If the user's instruction is RX (Op Codes 4n, 5n, 6n, 7n, An, Bn, Dn, or Fn), Phase One is entered. The ROM Address 
Registers are forced to 1006' if the instruction is indexed or to '004' if the instruction is not indexed. 

The Phase One micro-code routines perform the second operand address arithmetic. 

The Phase Two entry point for a particular user instruction is derived from the Decoqer Read-Only-Memory (OROM). 
Words in the DROM are addressed by the Operation Code field. of the user's instruction, m 0:7 ~ The DROM. contains 
256, 12-bit words. The Model 70 user's instruction repertoire uses 113 words. The words not used contain zeros :md 
correspond to illegal user's instructions. 

As Phase Two is entered, the DROM read-out is jammed into the ROM Address Registers. The next micro-instruction 
executed will be that at the specified location. 

The Model 70 instruction repertoire includes 22 Privileged instructions. Privileged instructions (all 1/0 instructions 
plus LPSW and EPSR) may only be executed if PSW Bit-7 is reset. H PSW07 is set and an attempt is made to execute 
a Privileged instruction, the Illegal instruction interrupt is forced. 

• 
The Privileged instrucUons are identified in the DROM by having Bit-4 of the read-out set. When Phase Two is entered, 
the ROM Address Registers are allowed to be jammed from the DROM. Then, when the non-existant location is read­
out, the ROM Data Register (RD) is direct cleared. 

When Phase Two is entered, the abort Enable flip-flop (EBL) is set, As long as EBL is set, the Processor can be in­
terrupted by the occurrence of an I/O Attention (ATN), a Data Channel request, or a Machine Malfunction which includes 
parity failure and Early Power Fail (EPF) detection.. This abo.rt condition forces the Processor to Phase Three and 
jams the ROM Address Registers to 'OOA', the starting address of the abort micro-routine. The EBL flip-flop auto­
matically resets whenever the micro-program does a Memory Write (MW or PW), an 1/0 operation, or changes a user 
General Register or the PSW or the LOC, When Phase Two is exited, the DO Micro-instruction automatically tests for 
interrupts, regardless of the state of EBL. The interrupts tested for are 1/0 Intel'rupt (ATN), Console Interrupt (CATN), 
Console Single Mcide (SNGL), Machine Malfunction (MALF), Primary Power Fail (PPF), Data Channel request (DC), 
and Fast 1/0 Interrupt (FAST). If any interrupt is true, Phase Three is entered and the ROM Address Registers are 
jammed to '010'. If no interrupts are pending, Phase Zero is entered. 

The Phase Three firmware sets (entry points '000', 'OOA', '010', and '100') are dedicated to display and interrupt sup­
port. When Phase Three is exited, Phase Zero is entered. 

3. 9,2 Functional Description. When RD 00:03 are zero, DI goes high (8K4). This may occur on the DO Micro­
instruction or an Illegal instruction. The illegal condition exists if the Run flip-flop is set (8J6) and the RDI4 flip-flop 
is reset (8R3). (A DO Micro-instruction always· has RD Bit-14 set.) 

When the Processor is initialized, the signal SCLRIA (8A6) is active. Initialize clears the ROM Address Registers and 
the ROM Data Register, and the Run flip-flop at 8J6 is reset. DI is ANDed with RDI40 and RUNI. If the Run flip-flop 
is not reset at this time, ILEGO goes low, forcing the Processor to Phase Three and the ROM address to '100 1,· As 
soon as a word whose Op-Code is not zero is read from the ROM, DO on the J input to Run goes high and the flip-flop 
toggles set. 
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The DO Micro-instruction may specify one or more functions to be performed, Bits 4 and 5 specify a Memory Head, 
Memory Write, or Privileged Write. DDCl (8B9) is high if the Processor is executing a DO or Command Micro-instruc­
tion. DDCl at 30R9 generates a memory start (PST ARTO), See Section 4. 

Bit-6 set causes the Location Counter (LOC) to be incremented by two. If the Processor is not going to Phase Three 
(GTP30) or is not in Phase Zero with Memory Busy (POl·FPMBYl), FRCLOCO goes low (9.Jfi). FRCLOCO forces the 
LOC to be both the Source and Destination (25Bl) and forces GA140 to be active (l2S3). The AH is nol unloaded, so the 
GAXXO Bus equals 2. The ALU is conditioned to do an Add operation and, al DCLO, y;oc is lomlccl with I.he value (f.OC) 12. 

Bit-7 set causes the contents of the Flag Register to be copied into the Condition Code Register. LCCO at 9N4 goes low 
during the last machine cycle of a DO Micro-instruction. A DO Micro-instruction is normally executed in one machine 
cycle (250 nanoseconds). It takes more than one cycle if a memory operation is specified and memory is busy, or if a 
phase change is specified and the new phase is Phase Zero. 

The. phase change is specified by RD Bit-8. The signal DRD081 goes high (8.J9) to indirectly enable the Phase Counter. 
The Phase Counter is initialized to Phase Three. :From Phase Three, the Phase Counter can only step to Phase Zero. 
The K input to the PCl flip-flop (9G2) goes high with DRD081. The K input to the PCO flip-flop (9F2) goes high because 
DTESTO and GTP30 are false. DTESTO can only be active d~ring Phase Two and, GTP30 can only be active during 
Phase Two or on Illegal. The NAND gate at 9F7 produces a low output on DRD081 if memory is not busy (FPMBYO). 
The Phase Enable lead (PHENl) at 9F9, goes high. This lead is ANDed with MSSTO and SCLl to develop the toggle in­
put to the Phase Counter flip-flops (9F2). MSSTO (9El) is low if an attempt is made to start memory when the memory 
is busy. On the trailing edge of SCLl, Phase Zero is entered. 

The DO Micro-instruction that causes Phase Zero to be entered must specify a Memory Head. The word read from 
memory will be taken as the next user instruction to perform. Phase Zero lasts for two or four machine cycles (as­
suming one microsecond core memory). For the duration of Phase Zero. the DO Micro-instruction remains in RD. 
The signal STOPO goes low for the cycle before Phase Zero was entered by DHD08l·DTESTO·PC01 (9Bl). As soon as 
Phase Zero is entered, POlA· FMDUAl (901) holds STOPO down until memory data is available. STOPO disables 
RDSTBO and RCLO (19LG) so that another micro-instruction is not strobed into HD, and HAL does not increment. 

On the machine cycle before Phase Zero is entered, the HOM Address Registers are cleared (PHENl· POO• T21SY1 = 
RACLRO) (9B9). At the same time, the Instruction Register' is direct cleared by CHLIRO (9A9). 

When the memory data is strobed into MDR, the IR re.ccives the same information. GMSIRl goes high (28C2) to gate 
the Memory Strobe Bus (MS) to the direct set inputs of the m flip-flops. Shortly after the Memory Strobe (MS), and 
one machine cycle into Phase Zero, the data unavailable signal FMDUAl goes low. See Figure 7. 

If the instruction in IR is of the RH type, RHl (9D5) goes high. Phase Zero and RR generate GTP21 (9D9) and PHENl 
(9F9). GTP21 allows the J input to the PCl flip-flop to go high (9G2). The Phase Counter steps to Phase Two on the 
SCLl. GTP21 also generates GDROMOA and GDROMOB at DT21 time (9H9). These signals strobe the DROM read-out 
into the ROM Address Registers on Sheet 5, On the clock that steps the Phase Counter to Phase Two, the AR is loaded 
from the user's second operand register, specified by YS. LARYSO at 9C4 goes low when memory data becomes avail­
able. LARYSO forces YS to be the source and the AR to be the destination. The contents of YS are added to zero and 
placed into the AR. 

If the user's instruction is not RH, the signal STOPO is held low until memory becomes un-busy (903). Phase Zero 
will last for four machine cycles~ After memory data becomes available, the AR is loaded from YS and, at the same 
time, the Skip flip-flop (Sheet 18) is toggled set by SSKIPO (9B9), 

The Skip flip-flop resets, on the clock, after memory goes un-busy (KSKJP0)(9l•'!.l). The Skip flip-flop keeps YS off the 
B Bus for the remainder of Phase Zero by disabling the LARYSO signal at 9C4, 

The B Bus must be kept clear so that when memory does go un-busy, the LOC can be incremented again (FHCLOC)(9J5). 
As soon as memory goes un-busy, another Memory Read is started. This occurs because the DO Micro-instruction is 
still in RD. This. Memory Read will fetch the second half of the user's instruction. If the instruction in JH. is HS with 
no indexing (AMODO), the new phase is Phase Two (GTP21 = 1)(9D!.l), When memory goes un-busy, PIIEN1 goes :ict.ive 
to step the Phase Counter to Phase Two. See Figure 8. 
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Figure 7. Phase Zero Timing (RR) 

If the instruction in IR is RS with indexing or is RX, the new phase will be Phase One. The J input to PCl goes high 
(POl· GTP20). On T21, the Phase One entry point is generated by the gates in area 9G3 and at SCLl, Phase One 1.s 
entered. 

The DO .Micro-instruction exiting Phase One always causes Phase Two to be entered. GTP21 is active during all of 
Phase One. The DO Micro-instruction that exits the two RX Phnoo One routines ('004', '00G1) specifies a Memory Read. 
Normally, execution of the DO Micro-instruction l.s delayed because memory is still busy from the Memory Read gen­
erated in Phase Zero. 

If m holds a STH, BAL, BTC, or BFC user instruction (Op-Codes '40', '41', '42', or '43'), the signal STBRl at ~E(} 
goes high. STBRl generates DISBO at 9C9 which in turn causes PHENl to go high and NOMEMO to go low. This Phase 
One DO Micro-instruction will execute in only one machine cycle. NOMEMO keeps the memory from starting (8A9) and 
DISBO keeps the clocks. from stopping (4Ll). See Figure 9. 
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Figure 9, Phase One Timing 

If the instruction in IR is illegal, the· associated DROM read-out is zero. The Processor enters Phase Two and reads 
the contents of ROM location '000' Into RD. ROM location '000' contains zeros so the illegal condition occurs. ILEGO 
goes low (9G5), PHENl goes high due to the GTP30 signal. On the next SCLl, the Phase Counter steps to Phase 
Three. The ROM Address Registers clear at T21SY1 (RACLRO), and RAH07 is forced set (SRAH070)(9H9). If the 
instruction in IR is privileged (DROM Bit-4 set) and if PSW07 is set, RAH04 is allowed to set. The illegal ROM ad­
dress causes RD to be direct cleared on RDSTBO and the illegal condition occurs. See Figure 10. 

As soon as Phase Two is entered, the abort Enable flip-flop (I<:BL)(4S3) is allowed to set. EBL rt$efs when a Memory 
Write or Privileged Write is performed (MWPWO), an 1/0 operation is performed (lJDlOO, LDlOO), a General Hegister 
is loaded (LYDO), PSW is loaded (LPSWO), or the LOC is loaded (LLOCO, FHCLOCO). If one of these conditions occurs 
on the first micro-instruction in Phase Two, EBL resets immediately. As .long as EHL remains set, if an 1/0 Inter­
rupt (ATNl· PSWOl), Data Channel Interrupt (DCO), or Machine Malfunction (MAI.Fl) occurs, the TESTA flip-flop is 
allowed to set. If TEST A sets during Phase Two, ABRTO goes low if NLRALO is high. NLRALO goes low on a branch 
micro-instructio;n or a micro-instruction other than Do, Command, or Test in which RAL is.the destination. ABRTO 
causes GTP30 to go low (9G6). On the next SCLl, the Processor enters Phase Th.ree at ROM address 'OOA'. See 
Figure 11. 
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Figure 11. Phase 'I'wo Timing (Abort) 

If an abort has not occurred, the DO Micro-instruction that exits Phase Two automatically tests for interrupts, Sec 
Sheet 18. The interrupts tested for are ATNl• PSWOll, nco, and MALFl which form INT AO; and CATNO, SNGLO, or 
PPFO which form INTBO. The occurrence of any interrupt is synchronized by the Test flip-flop. If Test is set when 
the DO Micro-instruction that exits Phase Two is executed, ])}. HD081A. TESTl generates DTESTO. DTl•:STO (I HN~I) 
causes GTP30 to 'go low. The Processor enters Phnsc Three at HOM address '010'. See Figure 12. 

If no interrupts are pending, DTESTO remains high and the Processor goes to Phase Zero instead of Phase Three, as 
shown in :Figures 7 and 8. 
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Figure 12. Phase Two Timing (Interrupt) 

nit-9 set causes CLRO to go low during the last machine cycle of a DO Micro-instruction. CLRO, also low on GTP30, 
resets the Bank flip-flop (12M8), the Utility flip-flop (12M8), the CMODE flip-flop (13M8), the RPT flip-flop (13K8), 
the Flag Hegister (Sheet 17), and the Counter (27F5). For the cnse where CLno and LCCO are both active, the Condi­
tion Code of PSW is updated from the FLR before the FLR is reset. 

lf HD Bit-10 is set, the Wait indicator on the Control Panel. is set. The Wait lamp is driven by the RS flip-flop shown 
on Sheet x, HD Bit-11 set causes the Wait flip-flop to reset. 

If RD Bit-12 is set, Bits 13, 14 and 15 of the ALRM Register are loaded into Bits 13:15 of the Condition Code. The sig­
. nal JACCO (9L4) goes low if Dl, MSSTO, POO, and RD121 are active. On Sheet 17, if LCCO is also active, the AIBM 

bits are ORed with the FLR bits and loaded into the Condition Code. 

If RD Bit-15 is set, a Power Down is generated (POW0)(19L2) to set the STPSYS flip-flop. 

3.10 I/O Control 

An I/O operation is initiated if IO is the Source or Destination of a Load Micro-instruction, The I/O Control logic is 
shown on Sheet 4. The control line gating is shown on Sheet 20 and the data line gating is shown on Sheets 16 and 20. If 
RD contains a Load Micro-instruction, LOADl at 4Bl is high. ·If IO is the Source, UDIOO is low. If IO is the Destin­
ation, LDIOO is low. LOADl· ABORTO• (LDIOl+UDIOl) produces GlOl (4B2) which starts the I/O sequence. I/O timing 
is discussed separately for input and output. 

3.10.1 Input. The initialized. state of the I/O sequencer ls Line, DST, and DIO flip-flops reset. On input, 
UDIOO is low and LDIOO is high. The gate at 4C3 produces a low output at DT21 time, direct setting the Line flip-flop. 
On the trailing edge of T21SY1, the DST flip-flop toggles set. This disables the clocks DCLO, RDSTBO and RCLO until a 
Sync returns to reset the DST flip-flop. Because the Line flip-flop sets, a control line, selected by RD 14 and 15 is 
gated out (Sheet 20), The addressed device contrQHer should respond to the control line with data on Data Lines D00:15 
and a Sync, 

When the Line flip-flop sets, the 13-15 microsecond delay at 4H2 starts. This delay generates a False Sync if a device 
fails to ·respond within the delay period, assuring that the Processor does not hang up. The RS flip-flop (DI0)(4E3) 
latches the occurrence of a False Sync and locks out the other. SYNCHl goes high allowing DST to toggle reset on the 
next T21SY1, and the Line flip-flop to toggle reset on the following DCLO which resets the RS flip-flop had Sync time out 
occurred. The False Sync delay is also direct cleared. 
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When the Line flip-flop resets, the control line drops and the device coutroller drops SYNO. SYNCllO ii; used to keep 
an 1/0 operation from starting until SYNO from the previous operation has hcen dropped. 

In the case of a False Sync, the Overflow flag (FLIU3) is direct set al SCLI time by the svo lead (4F4). If the I/O oper­
ation was a Status Request, B Bus Bit-13 is forced active (Bl30)(4G4) to simulate the Examine Status condition. 

At the end of an Input type I/O operation, the DCLO that toggles the Line flip-flop reset also loads the specified .Destin­
ation.Register from the S Bus. See Figure 13. 

SCLO 

LJ LS 
T21 n_ ---- ,__, 
UDIOO 

OSTO 

LINEI -coNTROL LINE ACTIVE 

SYNO 

SYNC HI 

Figure 13. I/O Timing (Input) 

3.10. 2 Output. With LDIOO active, DST toggles set at T21SY1 time and 100 nanoseconds later, the Line flip­
flop is direct set by the gate at 4C4. The delay is to guarantee that the data to be output is present on Data Lines DOO:l5 
at least 100 nanoseconds before the control line is switched on. The control line, selected by HD Bits 14 and 15, is ac­
tive from the time the Line flip-flop sets until DST resets. The control line is dropped early so that the data lines re­
main active for at least 100 nanoseconds after the control line. When the Line flip-flop sets, the False Sync delay starts. 
When a Sync returns (SYNO) or a False Sync is generated, the DST flip-flop toggles reset followed at DCLl by the Line 
flip-flop. The DIO flip-flop latches the occurrence of a False Sync until the Line flip-flop resets. See Figure 14, 
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LINEI 

SYNO 

SYNCH I 

Figure 14. I/O Timing (Output) 
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3, 10, 3 Halfword I/O. Special device controllers that make use of the 16 .. bit 1/0 ®ta bus activate the Halfword 
(HWO) test line while they are addressed. 

NOTE 

Data Channel devices must not activate the Halfword test line (HWO), 

The HWO line has no affect on the Input/Output sequencing described above. NOCSO forces Cross Shift (C$l).(8M9) to be 
false so that XO is high and no Cross Shift can occur. Also, RAL Bit-14 is forced set by SRAL140 at 5H5, Thif1 re~n,ilts 
in a skip of two micro-instructions, unless RAL14 is already set. 

Data should only be exchanged with halfword devices with the RH, RHR, WH and WHR user instructions. Only on these 
instructions has the firmware been purposely aligned to take advantage of the skip on Halfword I/O, 

4. MEMORY INTERFACE . 

4. 1 General Description 

The memory interface consists of data, address, timing, and control lines which provide the communication path be­
tween the memory modules, the Processor, and the Direct Memory Access (DMA) ports. Up to four Direct Memory 
Access devices plus the Processor may be connected to the memory via the memory interface, 

The timing and control circuits for the memory are contained on the Memory Control mother-boa:rd. The logic for con­
trolling the memory parity and the Memory Protect controller is also included on this board; although these features are 
optional, the basic circuits are always provided. The memory may be expanded up to 32K 16-bit wo:rds with no modifi-
cation to {he existing control circuits. · 

The Data and Address Registers are OR tied to the Memory Bus. They are contained on the Memory Control mother­
board and are dedicated for Processor memory operations. The timing and control logic is shared by all the devices 
using the memory, All busses are of the false type (low active). That is; an active bit is O to • 4 VOC and an inactive 
bit is 2, 4 to 5, 0 voe. 

4. 2 Functional Analysis 

4,2, 1 Memory Address Registers. The Memory Address Register (MAR) shown on Sheet 25, is a double rank 
register consisting of four 19-030 four-bit shift registers (MAR), and four 19-027 quad latch circuits, the Memory Ad­
dress Slave Register (MAS). The shift registers are permanently tied in the parallel load mode. These registers are 
loaded on the trailing edge of DCLO when LMARO is present. MAR may be unloaded to the B Bus via the eight 19-038 
multiplexors shown on Sheet 29, The MAS Register follows the MAR whenever the. memory is not in use. This is ac­
complished by holding the clock on the MAS latch circuits high except when MBl or PMBYl arf.l active (25Al). MBl 
and/or PMBYl are active thJ'oughout the memory cycle. See Figure 15. It is therefore possible that the MAR holds 
information different from that in the MAS Register. The outputs from the MAS Register (MA000:140) are gated to the 
Memory Address Bus any time PSELl and .PSEL1A are active (25H7). When a Direct Memory Access device captures 
a memory. cycle, PSELl and PSELlA are inactive, inhibiting the MAS Register outputs to the Memory Address Bu$, 

. Memory Address Bits MAOOO, MAOlO, and MA020 are inverted and assigned to back panel pins. The true and false 
sides of these memory address bits are used to define the active memory module, The memory positions on the back 
panel have pre-wired slots to accept eight memory modules. 

In addition to the Memory Address Bus, the seven most significant bits of the MAS Register (25A-G6) are brought out 
via connector three, where they are available for the Memory Protect controller option. 

4. 2. 2 Memory Data Register. The Memory Data Register shown on Sheet 26 is a 16-bit register whtch can be 
loaded from the S Bus or the Memory Bus. Its outputs can be unloaded to the B Bus or the Memory Data Bus. When 
the MDR is loaded from the S Bus, data is toggled in on the falltng edge of DCLl_. The gating provided allows three dif-; 
ferent modes to load the MDR. If the micro-code specifies no Cross Shift operation, the entire 16-bits on the S Bus are 
loaded into the MDR. This is accomplished by the inactive Cross Shift (CS1)(26Al) which allows the clock DCLl to ap­
pear at all toggle inputs. If a Cross Shift operation is specified, either the least or the most significant byte is loaded 
without changing the remaining byte. The state of X1 (26Al) determines which byte ts loaded. X1 is generated on 
Sheet 9 and is active if Memory Address Register Bit-15 is inactive. An active X1 loads the cross shifted S Bus Bits 
'8:15 (on S Bus 0:7) into the MDR 0:7, thus only the left-most byte at the specified 16 bit memory location is changed. 
If X1 is inactive (MAR15 active), the cross shifted S Bus Bits 0:7 (on S Bus 8:15) are loaded into the MDR 8:15, thus 
only the odd or right-most byte is changed • 

• 
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'Figure 15. Memory Interface Timing Dia1-.rram 

When a Memory Read operation is specified by the micro-code, the MDR is loaded directly from I.he Memory Bus (MS). 
In this case, READl (26Al) and PSELlA (26Bl) are true and the single rail MS Bus is gated to the direct set inputs of 
the MDR. MDR is cleared .prior to memory data being strobed to the MS Bus by the gate at 26A2. Data Unavailable 
(DlJAl) and READl (2GA1) are both true during the ('Jock pulse (SCLJ) that follows a Processor initiated Memory Read 
operation. MDRCLRO goes active clearing the MDR. The memory accrsi-i lime is approximately :100 nanmwconds thus 

. memory data appears on the MS Bus between the lwo Clocks pulses (8CLI) following a Proecssor memory starl. 

4. 2. 3 Memory Control Circuit. The memory control circuit shown on She.et :m consists of two sets of control 
flip-flops, one set is used when a DMA device captures memory, the other is used when the Processor captures mem-
ory. Figure 15 indicates the control sequence. · 
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Assume that a Selector Channel requests a memory cycle. REQO (30Ll) is activated and (,n the falling edge of the 
Clock pulse (SCLl), the EN flip-flop toggles set and ENO to the channel drops. The EN flip-flop also prevents the Pro­
cessor from starting memory, by holding PSTARTO high and FPMBYO low. An active ENl is applied to the .,J input of 
the AXMBY flip-flop. On the falling edge of the next T21NS1, AXMBYO goes active and maintains FPMBY-0 low after 
ENO resets. FPMBYO is used primarily to stop the clocks. 

When the EN flip-flop is set, the sELCH is guaranteed the next memorycycle. If memory is not busy, the EN flip-flop 
is cleared on the next SCLI. This causes the XMB and PSEL flip-'flops to toggle set, allowing the memory t.o he started 
on the next occurrence of T21NS1 and deselecting the Processor registers. The Selector Channel may continue requesting 
memory and capture succeeding cycles urider control of the EN flip-flop. On the Clock pulse following the start of the 
memory cycle, the FPMBY and XMBS flip-flops toggle set assuring FPMBYO to the Processor and setting up conditions 
for a graceful completion of the memory cycle. MBCLO is activated from the memory timing pulse generator. The 
rising edge of MBCLO triggers a one shot, the output of which produces the CLMFO pulse. This pulse falls between 
the second and third SCLl. CLMFO is of sufficient width to reset the AXMBY, XMB, and PMB flip-flops. With XMR 
reset, the J-K inputs to XMBS are low and high respectively. On the third SCLl after memory start, XMBS toggles 
reset and MBO becomes inactive, allowing EN and the FPMBY flip-flop to be cleared on the fourth SCLl. If the Selec­
tor Channel is not requesting a second cycle, MNBl is high before the fourth SCLl occurs. On the leading edge of 
SCLl, PSEL is cleared and the Processor is free to start a memory cycle via PSTARTO. 

For a CPU memory cycle (PSTARTO), the sequence of events is similar to the Selector Channel memory cycle except 
that the DUA flip-flop is set for one system clock period following CPU memory start. The DUA flip-flop prevents 
the unloading of the Memory Data Register prior to memory readout which is in the order. of 300 nanoseconds from 
memory start. 

4. 3 Memory Timing Pulses 

The memory timing pulses, ERO, LRO, INHO, and WO are generated on the Memory Control mother-board and are 
used to drive the memory modules. Figure 16 provides the waveforms for a memory cycle. A memory cycle is ini­
tiated by XSTARTO or PSTARTO. These signals enable an oscillator and direct set a flip-flop. The set state of the 
flip-flop enables toggle pulses to the A, B, C, D, and E flip-flops. 

A, B, C, and Dare connected as a 2n state shift register in which only one flip-flop changes state on any toggle 
pulse. Initially, these cells and the E flip-flop are in the cleared state. When a memory cycle is initiated, the 
first toggle pulse sets A, the second B, the third C, and the fourth D. With all flip-fl.ops set, the J input to A is low 
and the K is high. On the fifth pulse, A is reset, the sixth, B etc. until all flip-flops are in their initial cleared state 
after the eighth toggle pulse. 

The E flip-flop is in the reset state during the read portion of the memory cycle and set during the write interval. E 
toggles if C is reset, and D is set. 

The flip-flop which enables the toggle pulses has its J input grounded. The K input goes high when E and D are set and 
C is reset. In this interval, the toggle resets the flip-flop and the toggle signals are disabled until another memory 
cycle is initiated. 

Note that pie period of the oscillator must be 60 nanoseconds, and therefore the memory pulses are multiples of the 
oscillator period. 

4, 4 Parity Check Circuit 

The parity control circuit is shown on Sheet 27. Parity is generated on each Write operation and is checked on each 
Processor initiated read cycle. The Exclusive OR circuits at locations 27Rl-5, are tied directly to the Memory Data 
Bus and statically generate GMD160 which is low if the bus contains an even number of active bits. If a memory read 
cycle is initiated by the Processor, the Read flip-flop at 27R9 is set. This allows the MS Bus, including the parity bit, 
to be gated to the Memory Data Register. Bit-16, the parity bit, is loaded into the flip-flop at 27Jl. The register is 
cleared on the start of each cycle by ERO. If the generated parity bit (GMD160) is the same as the received parity 
bit (MS160), the Parity Fail signal (PFFl) at 27J9 remains inactive. The signal PFFl will be active on a failure for 
one clock period during the memory cycle where READl, PARO, PMBYl~ and FPMBYl are active and FMDBYO is 
high. See Figure 15. Note that non-parity memory modules, when accessed, hold PARO high which disables the 
parity fail gate. 

The parity bit written to memory during the restore portion of the memory cycle is generated by the check circuit on a 
write cycle. On a read cycle, the received parity bit is returned to memory. The circuits at 27B3 control this oper­
ation. The signal WR'.I'OA presented by a Selector Channel, is active when the Selector Channel is writing. 
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Figure Hl. Typical l\kmory Cycle. 

4. 5 Memory Protect 

Memory Address Bits 00:06 from the Processor Address Register, are presented to the optional Memory Protect Con­
troller. Note that this provides for p1·otection only on Processor initiated Write operations. If PSW Bit-7 is set, in­
dicating the protect mode, the signal, PRTECTO, is sent to the controller at T21NS1 when FPMBYO is inactive. The 
controller, if it recognizes a protected address, returns with the Change Write to Read signal (CWRO) which sets the 
Read flip-flop and allows the MS Bus to be gated to the Memory Data Register, thus creating a read cycle. 

5. DISPLAY SYSTEM 

The Display System provides a means for reading the content~ of all the ,system registers and any core memory location, 
together with the capability of manually entering data and programs. FiguJ"e J 7 shows the Control Console layout. Two 
register displays are provided. Sixteen switch<~s provide a means for entering memory data and addresses into the 
machine. The momentary EXEcute control swHeh rl'fJ1tt-:-1L,; 1hnt any opuration, sele£:ted by the 12 position rotary Func­
tion switch and the SGL and HUN function switches, he executed. The Initialize (INT) control t1witch resets the system 
and peripherals. The LOCK-ON-OFF lw.\' operated i;e<!ur-Hy lock swit<'h, controls power to tl1e system and permits 
locking the controls. Thtl Control Console is nn input lllufµnl devicf' interfaced w.ith I.he Multiplexor Hus. The Display 
System is supported by a special micro-program sequcnl'1.! 1n lhe Ht>:1.d---th1l.v· Memory. The Control Console operating 
proc~dures may be f~und in the Modc!_'!QJ!_f?_t'.:r.:_s _ _Man!_lJ!!, Puhlicntion Numher 29 261. 
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Figure 17. Control Console 

fi.1 Block DiagTam Analysis 

Heter to the block dia1-,Tam on Figure 18. The Processor Multiplexor Bus i8 8hown on !he left, the Display System de­
vice controller is sho\\111 in the center, and the Control Console is shown on the right 8ide. 

The address logic is shown in the upper left area of lhe block diagTarn. On receiving a request for service via the 
l·:XJ<:cute switch and the CATN sig11al, the Processor outputs the eight-bit display address (X'Ol ') on Data Lines D08:15. 
This is followed by the ADRS control line which causes the deeoded address to be strobed into the Address Storage tlip­
flc>p. The set output from this flip-flop enables all other I/O commands into the display controller 101-,ric. 

Data to the Control Console is transmitted one byte at a time. The first byte is output on Data Lines DOS:lfi, and the 
Data Available (DA) control line is raised. This command causes the first byte of data to be strobed into Bits 8 through 
15 of Display Register Two. The DA line is then dropped, and the two-stag·e byte counter is incremented. The seeond 
l;yte of data is then placed on Data Lines D08:15, and the DA activated again. This process is repeated four times. 
Fach time the display is addressed, the byte counter is automatically reset to zero for the first byte of data. 

Oa1a from the Input Register data switches is read into the system one byte at a time via Data Lines D08:15. On raising 
the Data Request (DR) control line, Bits 8 through 15 of the data switches are read into the system. The DH command 
is then dropped and the one-stage byte counter is toggled, enabling the second byte of data. The DI,~ control line is again 
activated and Bits O through 7 of the data switches are read. The one-stage byte counter is "automatically reset when 
1hc display is addressed. 

The stnius of the control and register switches is read into 1he sys1em as a single byte of encorled d:11a by raising the 
S1atus Hequest (SR) c•ontrol line. The twelve positions of the register dispby rotary Funetion switch :1r(' encoded into 

Bits ·1:7 of the status byte and the Control switches arc encoded into Bits 0:7. The status byte is read into the system 
rm Data Lines D08:15 •. The 32 register display lamps and the JG rlata switches may be l/O programnwrl by the user. 
An Output Command (OC) instruction causes the CMD control lirw to set a flip-flop that disable~ the byte countPrs from 
IJeing reset when the device is addressed. 

The control logic is shown on the bottom of the block diagram. Depressing the EXEcute switch sets a flip-flop in the 
console attention control logic (21N7). This generatl':'S a CATN signal to the Processor. On receiving CATN, the Pro­
cessor addresses the display, which in turn resets the flip-flop. 

The Single switch (SGL) causes the Single control line (SNGL) to go active after the EXEcutc switch is depressed to sig­
nify the Single Step Mode of operation to the Processor. A user instruction is executed each time the EXEcute switch 
is depressed. The Initialize (INT) switch causes the resetting of the Processor, Display Panel and all I/O devices. 

5, 2 Addressing Logic 

Hefer to Sheet 21. The Control Console's device number is decoded from Data Lines D08:15 by the eight-input NANO 
gate at 21L3. The Address flip-flop (ADR)(21L5) toggles set on the falling edge of ADHS1. When the display is ad­
dressed, ASYNO goes low (21B4). ASYNO generates a return Sync, SYNO on 2308, 

lf the Command flip-flop :it 21 A2 is reset, SC LROF go!'.'8 low to reset the two-stage byte counter at 21 D:l and the onc­
sf ag·p hvt<• C'ounter at 21AG. 
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5. 3 Data Output 
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The two-stage byte counter at 21D3 is set to zero on Initialize (SCLHO), on an Output Command to the display (21D8), 
or when the display is addressed in the Normal Mode. The state of the two-stage byte counter, the Data Available lead 
IDAl), and the set output from A.DRS are input to the 19-032 one-of-ten decoder. The outputs LAO, LBO, LCO, and LDO 
correspond to the four states of the byte counter and enable th~ four bytes of the two display registers. The display reg­
isters are shown on 09-051D08, Sheet 2. 

The DAO control line causes Data Lines D08:15 to be gated onto the bi-directional SD00:07 Bus (GSDIA)(21K6). On 
09-051D08, Sheet 2, LAO gates SD00:07 into Display Register 2, Bits 08:15. LBO gates the SD Bus into Display Reg­
ister 2, Bits 00:07. LCO gates into Display Register 1, Bits 08:15. LDO gates into Display Register 1, Bits 00:07. 

The GSDIA lead is delayed from the DAO line so that the LXO line will drop before the SD Bus drops. The trailing edge 
of the gated Data Available (DAGl at 21C9) increments the two-stage byte counter, 

5. 4 Data Input 

The one-stage byte counter at 21A6 is cleared by SCLHOF on Initialize, Output Command, or when the display is ad­
dressed while in the Normal Mode. When the Data Request control line (DRGI) goes high, the least significant byte 
enable goes high to gate Bits 8:15 of the data switches onto the SD 00:07 lines. (The switches are shown on Sheet 2 of 
09-'-051008.) When the DRGl line goes low, the flip-flop at 21AG toggles set. The next time DHGI goes high, Bits 0:7 
of the data switches are gated onto the SD00:07 lines. DHGO generates STHBO (MG5) which gates the SD00:07 lines 
through the 19-038 dual four-to-one line multiplexors onto Bits 8:15 of the D Bus. · 

5. 5 Status Input 

The status byte encoding is shown on Sheet 1 of 09-051D08. The register display rotary Function switch is encoded in­
to the least significant four bits of the status byte. The Control switches, SGL and RUN, in conjunction with the first 
two positions of the rotary Function switch, c)FF /MWH and ADR/MRD, form the most significant four bits of the status 
byte.. The status byte is gated onto the SD00:07 lines by the SRGO lead. SRGO generates STRBO to gate the SD00:07 
lines onto Bits 08:15 of the D Bus. Table 3 lists the status codes for the switch positions. 
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The EXEcute switch outputs, ESNOO and ESNCO, are latched in the RS flip-flop at 21N4. The differentiated output sets 
the Console Attention flip-flop (CATN) at 21N7. This flip-flop hi reset by ADSYO when the Processor addresses the 
display. 

When the SGL Control switch is latched and the rota,ry Function switch is in a position other th!ln OFF/MWR or 
ADR/MRD, the SSGLl lead is high. When EXEcute is depresse<,l, the SNGL flip-flop toggles set.. SNGL resets when 
SSGLl. is low and EXEcute is depressed. 

6. TELETYPE CONTROLLER 

The built-in Teletype device controller is used to interface an ASR/KSR 33 or 35 Teletype to the Procesl;l()r. It con­
verts serial eight level ASCII code (11ee Figure 19) to a pa:riillel form for p:roce8.sillJ by the computef. 

23415678 ......,.,......,_ 
STOP 

· I -l. EUTS \_ 
START BIT ____,.Ir.,. ___ ...,,.___ DATA BITS ------.ji.t · . · NEXT CHARACTER START BIT 

r II BITS 
100 MS/CHARACTER 
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6, 1 Block DiagTam Analysis 

Figure 20 is a block diagTam of the Teletype controller. The control circuits consist of Command flip-flops (Head or 
Write, etc), circuits to direct the flow of information (Teletype Terminal to/from Processor), and the circuil s to 1·on­
trol the timer when transmitting/receiving to/from the Teletype Terminal, 

The serial information received from the terminal, is sampled by the timer and strobed into the Shift Hei~istcr. Whnn 
the entire character has been shifted in, the data is placed in a byte Buffer Hegister from which the Proccsimr takes tlw 

parallel data. When transmitting to the terminal, the inform::ition is placed directly in the Shift Hegister and then Hhifted 
out (serially) to the terminal, 

6. 2 Multiplexor Bus Communication 

Communication between the Processor and the Teletype controller is via the low order eight hits of the D Bus. The hu::; 
receivers are shown on Sheet 22, The Data Lines D08:15 are buffered to form the DAL 00:07 leads. The device ad­
dress, X102', is detected by the gate at 22Gl, On the trailing edge of ADRSl, the Address flip-Oop toggles sci, enahlin~ 
the other control lines. 
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Figure 20, Teletype Controller Block Diagram 
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6. 3 Data Output 

The interface is conditioned to the Write Mode by an Otltput CoJnmand with I> B1IS' mt-12' set;, ~ :R4!\~ lift'-ftot> at 
22R5 resets. When the Data Available line (DAO) goes low, DAGOA (23:86) add TDAG& ~3R> tJD tow. DAOOA ~a11tse-& 
the 19-035 four-bit counter at 23M7.tobe loaded with.a '5'. TlrtAGO> resets the ~DY fftp .... ffqp if. 23\E:J. 'l1te'. ~Stow 
Bit flip-flops (STP)(24D4) are set, the Start Bit flip-flop (STR1)(24E:3) is reset and the data to be; OUCput (&II Ml. 00:6'7) 
is loaded into the two 19-030 four-bit shift registers (Sheet 24),. When the DAO cofttt'ol .,_, i:IJ remeved:. the TMG ·mp.­
flop (23G4) toggles set. As soon as TMG sets, the oscillator d 23Kl starts. The CLKl outpt.ie {23\Ml) is a 300 mno­
second pulse occurring every 2. 27 milliseconds or 440 Hz. CJ.Kl steps the two-stage countei> ~Cl alld C2:) to divide the 
frequeney by four. Thus, the TDRO signal at 23L5 is a 300 nadosecond pulse occurring every 9. 09 mi:lHseconds. Each 
pulse increments the four-bit counter at 23M7 and, as long as the counter does not equal all oees, shifts the H bit Shift 

·Register (Sheet 24) left one position,; The Counter counts up frem 5 so that by the time it equals 15, the Shift Rcgistm· 
has shifted ten places. 

The DRSO lead from the least significant bit of the Shift Register is gated with READO and TMGl at 22C7 forming the 
TRNSO lead to the Teletype. 

When the Counter increments from all ones to all zeros, the Carry Output (EOCO) goes low. EOCO cleai-s the TMG flip­
flop stopping the oscillator. 

While TMG is set, B.SYl is high (2389) indicating that the intenace is busy serializing the eight bit character sent to 
it, See Figure 21. 

DAGO 

TMGI 

BSYI 

CL SRO 

TR'NSO 

EOCO 

--------ONE CHARACTER TIME--------

Figure 21, Write Timing 

6. 4 Data Input 

The interface is conditioned to the Read Mode by Initialize or by an explicit Output c01;1m~md with D Bus 'Rit-l:J set. 
The Read flip-flop (22R5) is set. In the Read Mode, the interface remains busy (BSY1=1} until a complete character is 
received from the Teletype. The data input line (DD0)(22F8) is quiescently high. When the Teletype starts to transmit 
a character, the DDO line goes low for one bit period, 9. 09 milliseconds, to signify the statt of a character. Following 
this start bit are eight data bits and at least two Stop bits. See :F'igure 22. 

DDO causes the RDY flip-flop at 23E3 to momentarily set. This transition is differentiated to produce the STO pulse 
(23G4). STO sets TMG, clears RDY, and loads the four-bit counter at 23M7 with '5'. When TMO sets, the oscillator 
at 23Kl starts. After 4. 5 millisecond, the first TDRO pulse occurs. TDRO produces CLSRO which shifts the state of 
the DDl line into the 11-bit Shift Register (24Dl). The first bit that shifts in is the start bit that statted the timer. Af­
ter ten shifts, the start bit will be in Bit-7 of the Data Register. The EOCO pulse generates LBBl (23R6) to clock the 
eight bits from the Shift Register into the byte buffer (24Gl). 

The signal BSYl is high until the LBBl pulse toggles the BSY fiip-ftop at 22U set. When the Processor takes the data 
from the byte buffer• the signal DRGOA clears the BSY flip-flop at 221.2 and BSY1 again goes active. 
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Figure 22. Read Timing 

6. 5 Status and Commands 

The interface is initialized to the Read Mode and is consequently busy until a character is processed. If another char­
acter is processed before a Data Request is received, the ERR flip-flop (22M2) toggles set to indicate the overflow con­
dition. 

The Block Command sets the BLK flip-flop (22L4). In Block Mode, serial data received from the Teletype is not echoed 
back. In the Unblock Mode, serial data received is turned around by the gate at 22C8 and transmitted back to the Tele­
type. 

In the Write Mode, the interface is busy only for the time that TMG is set. 

The Device Unavailable status bit (DU) is active when· the Teletype is off-line or powered down. The DU network on 
Sheet 22 senses the open circuit condition from Pin 10 of the stub cable and raisei; the Dlll lead. 

The Break status occurs when a Stop Bit is not received from the Teletype. When the EOCO pulse occurs, the input 
data line should be high to set the RDY flip-flop (23E3). If TMG resets, and HDY did not get set, the BRKl signal at 
2209 goes high. 

Teletype status is gated onto Data Lines D08:15 by the l!J-038 Dual four-to-one line multiplexors on Sheet 21, when the 
ADRSAl and ADRSBl gating leads are both low. These leads arc generated at 23F6 as follows: 

AD RS Al ADRSBl 

TTY Status Request 0 0 

TTY Interrupt Acknowledge 0 1 

TTY Data Request 1 () 

Display Data Request 1 

Display 81 :it us HequPst 

:l7 



TABLE4. TELETYPE STA'rtrs AND COMMAND BYTE 

BIT NUMBER 0 1 2 3 4 5 ;I >6 7 

STATUS BYTE ERR BRK BSY EX DU 

COMMAND BYTE DISABLE ENABLE UNBLOCK Bl.LOCK WRlTE READ 

• EHH The Error bit is set when a character is not taken from the controller buffer before another character 
is assembled. 

BHK The Break bit is set at the end of one character time when the line is held in the space condition for a 
period greater than a character period. 

BSY Head l\lode - The Busy bit is normally set and is reset when data is available for transfer to the Processor. 
Write Mode - The Busy bit is normally reset and is set when data is being transferred to the terminal. 

EX The Examine bit is set when BRK or ERR is set. 

Dl' The Device Cnav:iilablc hit is set when the terminilll is powered down or in Local Mode. 

DISABLE Disables device interrupts; :illows queuing of interrupts. 

ENABLE Enables device interrupts. 
Note: A command byte with both Bits 0 and l set Disarms the interface (no interrupt queuing). 

UNBLOCK Allows Printer to print data entered via keyboard ror tape reader. 

BLOCK Disables the Unblock feature. 

WRITE The interface is placed .in the Write Mode. 

HEAD The interface is placed in the Read Mode. 

Ii. G lntt>rrupt Circuit 

The Teletype controller is prevented from queuing interrupts wfuen the Arm flip-flop is reset (24B3), The interface is 
disarmed by SCLRO or by the Disarm Output Command. The Arm flip-flop sets whenever an Output Command Enable 
or Disnblc is received. If armed, the ATN flip-flop sets whenever an Output Commnnd Enable or Dis:ihle is received. 
lf armed, the AT N flip-flop (24B7) also sets on the negative going transition of BSYl. If EBL is al so set (2c1B~), the 
ATNO lead at 24C9 goes low. 

The Processor responds to an ATN by executing an Acknowledge Interrupt. The ACKAOO:O lead (20N6) goes low. This 
lead is connected to the RACKO input (24Al) to the Teletype controller if the Teletype is to be first in pri'ority. When 
HACKO goes low, if ATN and EBL are set, the signal ATSYNO goes low. If either ATN or EBL is reset, the TACKO 
lead to the next device controller in the daisy chain goes low. 

ATSYNO toggles the ATN flip-flop reset and gates the Teletype's device number onto Dttta Lines D08:15, by way ofthe 
DAL 00:07 inputs to the 19-038 multiplexors on Sheet 24. 

7. MAINTENANCE 

This section describes maintenance procedures which may be used to check and, if necessary, adjust the Processor. 

7. I Clock Timing 

There is only one adjustment associated with the system clocks. The variable Capacitor C9 on the 1/0 mothcr-boar<i is 
very stable and should not require field adjustment, The adjustltlent should only be changed after the test indicates that 
it is out of tolerance and there are no faulty components in the system. 
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l, Force the RD Register to all ones by grounding tht~ DISRO signnl af Pin 217-1 on the HOl\I hoard 
and depress the Initialize switch. 

NOTE 

Exercise care in grounding points in the 
digital system as some components mny be 
damaged if the wrong pins are grounded. 

2. Use an oscilloscope to check that the period of the SCLO at Pin 211-1 on the 1/0 motlwr hoard iH :.!fiO nano­
seconds. Adjust Capacitor C9 to get the 250 nanosecond period. The pulse wiclth iH clc•pc•ndc•nf on a d1•1·odl'd 
state of the clock counter. Check the associated logic if there is a discrepam~.v. 

3. Check that the following system clocks occur at the same time as SC'LO: 

DCLO 121-0 

RCLO 225-1 

RDSTBO 228-0 

If a discrepancy occurs, check the associated logic. 

4. Check that T21 and T21NS1 occur approximately 60 nanoseconds after the rising edge ofSCLO and last 
for approximately 60 nanoseconds. These clocks are available on the I/O mother-hoard at Pins 22!l-O 
and 123-0 respectively. These clocks are also decoded states of the clock counter. 

5, Check that T2SYS1 on the ROM mother board (12-087) is a 30 nanosecond pulse occurring during T21. 

6, Check that STCLKl is a 30 nanosecond pulse occurring during DCLO and approximately 25 nanosccondi:; 
after the falling edge of DCLO (06-107 on the ALU mother-board). 

7. Remove the ground from Pin 217-1 on the ROM back panel. 

7. 2 Mem~ry Timing Adjustments 

Refer to Figures 15 and 16, Timing adjustments are checked by grounding Consol~ Attention (CATNO), Pin 238-1 on 
the I/O Control Board at Position 05 in the Processor chassis. The Control Console rotary Function switch should be 
placed in the Memory Read (MRD) position with the Single (SNG) switch depressed. Sync may be obtained from the 
STARTl Test Point on the Memory Control board at Position 04 of the Processor chassis. 

The E flip-flop Test Point F on the memory control board should be set for 480 nanoseconds. The adjustment for this 
is the trimmer capacitor in the memory pulse generating oscillator. After adjustment, remove the ground from CA TNO. 

This adjustment is performed at the factory and no field adjustment should be required. 

7. 3 Teletype Controller 

Refer to the vendor operating and service manuals for maintenance information on the terminal being used. The over­
all operation of the terminal and interface can be checked by running the 06-004 test program. 

The only adjustment on the Teletype controller is the potentiometer (R63) on the oscillator, A check of the timing can 
be made as follows: 

1. Initialize the interface. 

2, Connect an oscilloscope to C21, Pin 6 of IC 14 
Vertical scale: 2 volts/centimeter 
Horizontal scale: !Oms/centimeter 

3. Generate a continuous stream of data from the terminal by tape or by the REPEAT key function of the 
keyboard. 

4. Adjust the oscillator for the waveform shown on Figure 23, 
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7. ·1 Overall Processor Test 

i:se the OG-106 Model 5 Test Program to perform tit cornprehensive test of the Processor. 

-I , ,......, ....- ,-- ......... ,....., ~~ 1--'1 ........, ,...... ~ ,.... 
--I 
-I 

.cL 
-I 

LL 
TTT T -r T I 1 T fTT T T -qr• T 

......... i-- "-+"""" ~ l....ilili L......o.I i..-.i i.......J L...o.. ~ ......... -
-

-"" 

100 rn s ( 11 CYCLES) ----~------"""-"""""-""---"---

Figure 23, Character Timer Adjustrnent 

8. MNEMONICS 

The following list provides a brief description of eilch mnemonie found in the Model '70 Processor. The source of each 
signal on Schematic Drawing Ol-051D08, is also pt't>vided. 

MNEMONIC 

ABRTO 

ACKAOO 

AD 

ADM ID 

ADR 

ADRSO 

ADRSAl 

ADRSBl 

ALRM131 

ALRM141 

ARLM151 

AMO DO 

AR00:15 

l\RSTl 
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tviEANING 

Abort Phase Two sequence 

Acknowledge Interrupt Control Line 

TTY Address flip-flop 

TTY Address Select 

Display Address flip•tlop 

Address Control Line 

Display/TTY D Bus gilting lead 

Display /TTY D Bus giting lead 

Data Parity Fail Allltih 

Instruction Parity Fail Alarm 

Early Power Fail Alafrfi 

Address Modification 

Arithmetic :Register 

Automatic Restart 

SCIIEMATIC t..OCA'l'lON 

4N4 

22Jl 

22"1 

21t5 

23E6 

l'7N7 

18Ji 



l\INEMONIC MEANING HCJIEMJ\TIC' 1.0C'/\TIOI'\ -------
ASTO TTY Timer Start 2:1n:i 

ASYNO Display Address Sync 21D4 

ASYNOA TTY Address Sync 2:rnr. 

ATNO I/O Attention Test Line IS.NI, 24CH 

ATSYNO TIY Interrupt Acknowledge Sync 211B!i 

B B Bus Sheets 11, 1:1, 
Iii, 20, 2!l 

Bl30 B Bus Bit-13 ·1F·I 

BANK Bank flip-flop 121\1!1 

BLKDTO Block Se.rial Data Transfer 22N·1 

BR Al Branch 181-18 

BRKl Line Break 220!) 

BSY Busy flip-flop 22L2 

BSYl Busy 23M9 

cl,C2 TTY Time Counter flip-flops 2:l.J4, 23.J5 

CATNO Console Attention 21N9 

CC121 :151 Condition Code Bits 12:15 Sheet 17 

CEMTO Counter Empty 27C9 

CG Gated ALU Carry Sheet 14 

GJl Carry In 14A5 

CL070 Control. Line. 7 1905 

CLKO System Clock Oscillator Output 19B6 

CLKl TTY Timer Clock 23Ml 

CLI<OFFO Clock Off 19B6 

CLKSTPO Clock Stop 19M4 

CLMF Clear Memory flip-flops 30H8 

CLRO Clear Function 9N4 

CL RAO Clear ROM Address Higher 5C3 

CLRBO Clear ROM Address Lower 5B3 

CLRBKO Clear Bank and utility flip-flops 12K9 

CLRIRO Clear Instruction Register !lA7 

CLRSTO Clear Memory Timer 30J3 
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:\INEMONIC 

CLSRO 

C:\IDO 

Cl\lDGO 

CMDGOA 

CMNDl 

CMODE 

CP 

CRYO 

CSl 

CSLO 

CSRO 

CSVl 

CT ES Tl 

CTFl 

CTLT21 

CTONEl 

CTR121:151 

CWRO 

D 

D1 

DAO 

DAGO 

DAGO A 

DAL 

DCO 

DC AKO 

DCLO 

DDO 

DDCl 

DECTRO 

DIFFl 

ME"ltN.G 

Data Register Clock 

Command Control Lint 

Gatetl Commatid Line (btsptay) 

Gated Command Line ('rTY) 

Command 

Counter Mode ftip•flol) 

i>ropogated ALU Carrj' 

Carry 

Cross Shift 

Command Shift Left 

Com.mand Shift :hight 

Carry Save 

Command Test 

Change Test Flags 

Counter is Less than 1\vo 

Counter Eqoals One 

Counter '.Bits 12:15 

Change .Write to Read 

D Bus Bits 

00 Micro-ln$troctton · 

Data A\'ailable Co11t:rot Lljit 

Gated Data Available (biaptay) 

. Ga*9<1 Datil. AVatlable ('l'TY) 

t>tta AvaUltbte t.tnes 

Data Chlltmel Rfl(tUHt 

Data Channel Acknowtldp 

Destination Clock 

Devtee t>ata ('M'Y) 

DO or Command 

Decrettteht the Couttte:t 

nttf e:rent Signs 

SU!MAf1£ .. l.(,.lt'J\t~.ltr4 

ra:mr. 

lhli\t5 

2H>9 

2:lB8 

1307 

13M8 

Sheet 14 

i5A5 

sM6 

13J8 

1308 

14D7 

i7M3 

14S9 

13K7 

2?C9 

Sheet 27 

:Htt9 

Sheets l6.20,24 

8C5 

20M5 

21C8 

2~'M 

Sheet 22 

181tl 

:ZOk5 

10M9 

22F8 

885 

iars.tttEn 

1'1G3 



MNEMONIC MEANING· SCHEMATIC LOCATION 

DIS BO Disable Memory Start !11-:H 

DISRO Disable ROM (;/\ 7 

DIVO Command Divide 1:1.IH 

DLAYAO ERO/LRO Delay :JOFI 

DLAYBl ERO/INHO Delay :UH ;H 

DLAYCl ER-0/WO Delay :UIFH 

DRO Data Request Control Line 20Na 

DR001B:071B TTY Data Buffer Register Sheet 2,1 

DRDO Data Channel Read/Write Test Line 18Ml 

DRD081 DO and RD Bit-8 8.J!I 

DRGl Gated Data Request (Display) 21C8 

DRGOA Gated Data Request (TTY) 23B7 

DRSO Data Register Start Bit 24E4 

DSTO I/O Device Clock Stop 4A4 

DT21 Delayed T21 9Na 

DTESTO True Interrupt Test on Phase 2 DO l8M9 

DUAO Device Unavailable 30D4 

EBL Abort Enable flip-flop 4S3 

EN ROM Page Enable Sheet 6 

ENO External Memory Request Enable 30L4 

ENABLl TTY Interrupt Enable 24E8 

EOCO TTY End Of Character Detect 23M7 

EPFO Early Power Fail 19G3 

EROA Early Read, memory timing lead 3004 

ERl Early Read, memory timing lead 30E6 

ERRl TTY Interface Overflow Error 22M2 

ESNCO Execute Switch Normally Closed Contact 21N3 

ESNOO Execute Switch Normally Open Contact 21M3 

EXl Examine Status 22Nl 

EXES I Execute Switch Depressed 21N5 

EXTCLKO External Clo.ck Input 19E6 
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MNEMONIC 

FAST.O 

FLR 

FMDBY 

FMDUA 

FPMBY 

FRCLOCO 

FRNSl 

FSTl 

FSYNO 

GA 

GB 

GCMNDl 

GDESTl 

GDESTlA 

GDRLO 

GDROMO 

GIOl 

GMD160 

GMSIRl 

GMSMDl. 

GO 

GOB RAO 

GR 

GTP20 

GTP30 

GW 

HD ESTO 

HIDUO 

HWO 

IL.EGO 

INHO 

44. 

Fast External Intern.Pt Test Line 

Flag Register 

Memory Data Register Busy flip"."flop 

Memory Data Unavailable fltp-flop 

Processor Memory Busy flip-flop 

Force Location Counter to be Source and Deattaatton 

Flag Register Bits 14 and 15 Not Set 

Fast External. Interrupt Test Line 

False Sync 

Gated AR Input to A LU 

Gated B Bus Input to ALU 

Clocked Command Micro-InstJ"Uction 

Gated Destination Enable 

Gated ·Destination Enable 

Gated Data Request Lines (Dtsplay) 

Gate DROM Output 

Gated 1/0 Control Line 

Gated MD Bit-16 

Gate MS Bus to IR 

Gate MS. Bus to MDR. 

GO flip-flop 

GO Branch 

Gate Read Register Stack Euble 

Go to Phase 2 

Go to Phase 3 

Gate Wrtte Register Stack Enable 

Load SRH 

ROM Read lnhtbtt 

Halfword I/0 Test Ltne 

Illegal Instruction Detect 

Inhibit, memory ttmtnr; lead 

30N4 

~OJ4 

30M4 

9J4 

17N5 

1888 

4F2 

Sheet 12 

Sheet 14 

13L7 

1003 

18[)2 

23B5 

9ff7 

4A2 

27R5 

28A3 

2682 

1909 

18H9 

Sheet 10 

91>8 

907 

Sheet l'O 

81)7 

8A1 

9Kl 

30C9 



MNEMONIC MEANING SCHEMATIC' L<>CATI< IN 

INHINCO Iilhibit RAL Increment !iH2 

IN ITO Initialize Switch l!IA4 

INT AO Interrupt Set A 17l!!J, IHN:l 

INTBO Interrupt Set B IHH·I 

IR Instruction Register ShePI 2H 

IR Al Clear, Jam, and Alarm DO Option Timing Lead !J 1\1:1 

JACCO Jam Alarms to Condition Code !JL·I 

JCLl ROM Address Jam Clock !)117 

KILDSTO Kill Destinations 4N·l, l:IN~J 

KS KI PO Reset Skip flip-flop !JI" 7 

LAO Load Display Byte A 211"!1 

LARCLKl AR Loading Clock 12A2 

LARl Load AR 8FH 

LARYSO Load AR from YS !)Ca 

LBO Load Display Byte B 21F!J 

LBBI Load TTY Byte Buffer 23Nfl 

LCO Load Display Byte C 21F9 

LCCO Load Condition Code from FLR 9M4 

LDO Load Display Byte D 21FH 

LDOl Load Destination Address 0 (RAH) 1808 

LDlO Load Destination Address I (RAL) l8F.8 

LDIOI Load I/O 20K3 

LDCTRO Load CTR 8C7 

LDCLRO Load FLR or CLR 17R4 

LOFLRO Load FLR 17S3 

LFLRO Lo.ad FLR 8D7 

LINE 1/0 Control Line flip-flop 4C4 

LIRO Load IR 807 

LLOCO Load LOC RG8 

LMARO Load MAR 809 

LMASI Load MAS 25A3 
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l\INEMONIC 

Ll\IDHl Load MDR High O':'l 

L:\TDLl Load MDR LQw 8:15 

LJ\TDRl Load MDR srs 

LO ADI Load Micro-Instruction 8D5 

LPSWO Load PSW 

LRO Late Read, memory timintt lead 30E6 

LR AHO Load RAH l8C8 

LRALO Load RAL J;8K9· 

LSRLO LoadSRL 81!>7 

LYDO Load YS~ YD or YDPl 8C7' 

Ml ALl' Control Line 13J5 

MA Memory Address Bus Sheet 25 

MALFl Machine Malfunction 1:7'R9· 

MAR Memory Address Register Sheet 2'5 

MBO Memory :Susy 30:M3 

MBCLO Memory Busy Clelll' 30£4 

MBCLIP Memory Busy Clear Pulse 

MCLRl Memory Cleal' Input 

MD Memory Data Bus ~t26 

MDO Multiply or Divide 

MDR M'emory Data. Re•ter Sheet 26. 

MDRCLRO MDR Clear 

MNBl Memory En.mle 

MPYO Multiply. 

MS 

MSKl 

MSSTO Memo:cy Contention Cl~k -

MSTO 

MWPWO Memory Write· or Pl'tvtltgec:I Wi:ite 

NAO 

NOC SO No Cross Shf,ft 



MNEMONIC MEANING SCHEMATIC LOCATION 

NOMEMO Surpress Memory Read !I ED 

OP Operation Length flip-flop 4 J,!I 

OSCl Oscillator Output l!ICH 

POO Phase Zero !llvl 

PIO Phase One !Hl7 

P21 Phase Two !IF-I 

P30 Phase Three !lWi 

PCO Phase Counter Bit-0 !IF3 

PCl Phase Counter Bit-1 !JF:l 

PERRI Parity Error Detect 27.Hi 

PFO RAL Increment Internal Carry 5R8 

PFDTO Power Fail Detect 19D4 

PF Fl Parity Fail 27J9 

PHENl Phase Change Enable 91''9 

PMB Processor Memory Busy flip-flop 30R5 

POFFO Power Off (Switch Contact) 19A4 

POWO Command Power Down 19L2 

POWDNO Power Down 19J2 

PPFO Primary Power Fail 19J3 

PR5 Pullup Resistor 12N9 

PRTECTO Memory Protect Test 27N9 

PSELO Processor Selected 30L8 

PSTARTO Processor Memory Start 30N7 

PSW Program Status Word Sheet 29 

RAl User's Stack Read Enable 10H8 

RACKO Receive Acknowledge Control Line 24Al 

RACLRO ROM Address Register Clear 9B7 

RAH ROM Address Higher Sheet 5 

RAL ROM Address Lower Sheet 5 

RBl User's Stack Read Enable 10F8 

RCLO ROM Address Clock 19L9 
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).INEJ\IONIC 

RD 

RDSTBO 

RDYO 

READ 

READ 

REQO 

RM Al 

RM Bl 

RMSO 

RRO 

RSO 

RUN 

RYDl 

RYSl 

s 

S01,Sll,Sl2 

SCLO 

SCLRO 

SD 

SFLR120 

SFLR130 

SFLR140 

SFLR150 

SHIO 

SHCAl 

SHCBl 

SHLl 

SHOT! 

SHRl 

. SLOO 

SNGLO 
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M~A§:ll'iG 

ROM Data Register 

RD Strobe 

TTY Ready 

TTY Read flip-flop 

Memory Read flip-flop 

External Memory Request 

Micro Stack Read Enable 

Micro Stack Read Enable 

Read Micro Stack 

RR User Instruction 

RS User Instruction 

Run flip-flop 

Read YD 

Read YS 

S Bus 

ALU Control Lines 

System Clock 

System Clear 

Display Status and Data Bas 

Set FLR12 (C) 

Set FLR13 (V) 

Set FLR14 (G) 

Set FLR15 (L) 

Input High Data Switches 

Shifter Control Line 

Shifter Control Line 

Shift Left 

Bit Shifted Out 

Shift Right 

Input Low Data Switches 

Single Mode 

~Yl;l·:MAtR: J;{)CA'iflON 

Sheet 8 

19L9 

23E3 

22R5 

27N9 

30Ll 

10F4 

10F4 

lOD5 

4M8 

41\18 

8.T7 

10A5 

10C5 

Sheet 14 

Sheet 13 

13Gl, l9J9 

l9Nl 

Sheet 21 

17D4 

17G4 

17J3 

17L4 

21A9 

12B9 

12C9 

8Nti 

l3C9 

8N6 

21A9 

21H8 



MNEMONIC MEANING SCllEMATJ(' LOCATION 

SRO Status Request Control Line 20B5 

SRAH Set RAH Sheet ·I 

SRAL Set RAL Sheets ·I, !J 

SRD Set RD Sh<!C'I s Ii, 7, H 

SRDYO TTY Set Ready 2:rn:1 

SRGO Gated Status Request (Display) 2lB7 

SR GOA Gated Status Request (TTY) 2:rn1 

SRH Shift Register Higher Slwet 15 

SRHMOl SRH Mode Control Lead lfifA 

SRHMll SRH Mode Control Lead HiM4 

SRL Shift Register Lower Sheet 15 

SRLCil SRL Carry In 1584 

SRLMOl SRL Mode Control Lead 15R4 

SRLMll SRL Mode Control Lead 15N4 

SSGLl Set SNGL flip-flop 21 H7 

SSKJPO Set Skip 9Il7 

SSMEMl Solid State Memory Control Line :rn.n 

STO TTY Data Start 23.J3 

STARTl Memory Start 30G2 

STBRI Store or Branch 4N8 

. STFO Set Test Flags 8H7 

ST FLO Set Test Flags 8H9 

STOPO Clock Stop (Phase Zero) 9C4 

STPAO Memory Contention Clock Stop 4J4 

STPCO MPY, DIV, and RPT Clock Stop 13R9 

STPSYS Stop System flip-flop 19J4 

STRBl Display /TTY D Bus Strobe 23Efi 

SUBO Subtract I:JK5 

svo Set V Flag 4F4 

SVACO Save Adder Carry 8S7,13B4 

svsco Save Shifted Carry 8Sli, 13A4, 
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l\INEMONIC MEANII!G . ~H.EMATfC LOCATION 

SYD Decoded YD Field Bits b'heet 10 

SYNO System Synchronize 4F.l, 2:107 

SYNCHO Receive Synchronize 4D4 

SYS Decoded YS Field Bits Sheet 10 

SYSCLl System Clock 19E8 

T21 Time 2 (Clock) 19J9 

T21NS1 Unskipped T21 19K9 

T21SY1 T21 and SYSCLl 9A6 

TACKO Transmit Acknowledge 24A9 

TD AGO TTY Gated Data Available 23B6 

TORO Toggle TTY Data Register 23L5 

TESTl Test Micro-Instruction 18M8 

TESTA Abort Test flip-flop 4M3 

TFA Clock Timer flip-flop A 19G7 

TFB Clock Timer flip-flop B 19G8 

TIRO Toggle IR 2883 

TMGO TTY Timing Gate 23G4 

TPl Toggle TTY Data Register 23ffi 

TRA RAL Sheet 5 

TRNSl TTY Data Transmit 22C8 

TT ESTO True Testable Function l8H5 

UDIOO Unload 1/0 1805 

UIR41 Unload IR 08:11 18F3 

ULARl Unload AR 00:07 13N5 

ULARlA Unload AR 08:15 13N5 

UMDRl Unload MDR 18C4 

USRHO Unload SRH 18E5 

USRLO Unload SRL 18D5 

USTRBO Unload Register to B Bus 18C5 

UT utility flip-flop 12L9 

WO Write, memory timing lead 30B9 
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MINEMONIC MEANING HCllEM/\TlC' I.( l(',\TH I:'-. 
-· ----" 

WAl Write User Stack Enable 1088 

WAITO Wait flip-flop HL7 

WAITl Wait flip-flop 21H1 

WBl Write User Stack Enable lOHH 

WM Al Write Micro Stack Enable 10G4 

WM Bl Write Micro Stack Enable 10G1 

WMSO Write Micro Stack 10.rn 

WR TOA Memory Write Control Line 27L2 

WYDl Write YD lOH5 

WYSl Write YS 10J5 

XO Conditional Cross Shift HR9 

XMBSO External Memory Busy (Slave) 30M5 

XMBYO External Memory Busy 30L5 

XSTARTO External Memory Start 30LG 
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SERIES 5 MEMORY 
MAINTENANCE SPECIFICATION 

1. INTRODUCTION 

This specification applies to the INTERDATA Series 5 Memories listed in Table 1. 

TABLE 1. SEHIES 5 MEMORIES 

INTERDATA PART NUMBER SPEED SIZE CON !<'JG UllA TION 

02-211F01 1. 0 us 4KB 4K X 17* 
02-211F02 1. 0 us 4KB 4KX Hi 

*The seventeenth bit is a parity bit. 

2. SCOPE 

This specification describes the operation of the Series 5 Memory. It does not include Processor to Memory Interface 
information, except the input13 necessary to operate the Memory and the resultant outputs provided by the Memory. A 
brief review of core memory theory precedes the detailed circuit description. Thfa specification also provides a block 
diagram analysis, timing information, troubleshooting and maintenance information, and a mnemonics list. 

3. PHYSICAL DESCRIPTION 

The Series 5 Memory consists of one mother-board (approximately 15" x 15") that can be installed in a card file on 
O. 75 inch centers. Figure 1 shows the physical location on the mother-board of the major circuit blocks compri:-;in~; 
the Series 5 Memory. A back panel Map is shown in Functional Schematic 02-211D08, Sheet fi, 

VT POT ] 

ct_5TROBE f'q!j 

VT 
INHIBIT AND 

STROBE 

BIT 16 BIT 0 
X MATRIX ,... 

BIT 0 

~ 

CORE MEMORY 
SENSE 

X COLUMNS 
BIT 16 

X AND Y 
CURRENT Y COLUMNS Y MATRIX 

LOGIC 
RESISTORS 

Figure 1. Series 5 Memory Basic Layout of Major Circuit Sections 
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l. ll/\SIC COltE MEMOHY THEOHY 

This memory is wired in a coincident current, 3D, .3 wire configuration. As an aid in descrihiag haHic c01·e Hwilching 
techniques, a portion of the core plane in the Serfos 5 Memory is illustrated in J<'ibrure 2, where the core orientation mi.· 
wirin1;t configuration of four typical bit planes are shown. Although there are numerous core and wiring eonfignrations 
existing in various types of memories, the basic core thEitlry still holds for any version •.. 

A core is switched by·applying one-half the current, necessary to switch the core, to the appropriate X and Y rll'ive linP.·<. 
One core in each plane is thereby addressed~ During a Rtad operation, current flow in the drive lines is such itH t.o ro11·1· 

the cores to the ZERO state. Nothing occurs in any core which is already in the 7.F:HO state. However, i[ a 1·or1' ii; in 
the ONE state, the core switches. When the core change11 state, a signal is induced in the sense winding for thnl: hil 
plane. The induced signal is used to generate a ONE indieation for that bit position. During .a Writ<' orieralion, 1·111·1·pnl. 

flow is in the opposite directiQ.n in the drive lines, and teRds to force the cores to the oN·E state. An opposing c111Tt-nl 

is applied to the inhibit winding for each bit plane which is: to remain at ZERO. 

The arrows corresponding to current direction in Figure 2 indicate the current direction necessary through all cores for 
a Write operation. A half current on XO and YO will swiflch the cores at the intersection of XO/YOto the ONE state; if 
an XO/YO core in a particular bit plane is to remain in its present (ZERO) state, an inhibit. current in the aprropriatc hit 
plane is also applied to cancel one of the X or Y half currents. During Read, the inhibit current is never appliPd and th<· 
current direction for the X and Y wires is reversed. 

INH INH INH INH 

~ ' t t t t ' ' BITS I, 
3,9,11 

BITS 0,2, 
X3- E!i_IO 16 .. ... i.> ..... 

... l't-
...... 

i...,.i.- ~ ~ 
......... x2-

x1- ... I'!'- .. ... 
k'. ... .. i.> ... l""'t- r-

!').. l't-
~ .. 

" ... xo- ... ... ,., .,... . _,, 
... l't- ...... .. ~ 

l""'t- ......... 

INH INH INH IlltH 

' 'BITS4, t t t tBITS !5, ' ' J- ~ 6,12,14 _...I X3 7,131 1!1 

"' "' .., " " 
.. 

"' 
l't-

.., v ... ~ _,,j X2 
..,i.> ..>' t- !"'" " 

-., 
fl' r _,,J. XI _,. 

"' 
·~ 

"' .. 
.,. .. 

!..>' ... _,,J xo- "' .A' 

"' "' 
I' -., 

t t ' ' ' ' t t 
YO YI Y2 Y3 YO YI Y2 Y3 

NOTE: CURRENT DIRECTION SHOWN FOR "WRITE" PORTION OF MEMORY CYCLE. 

Figure 2. Basic Three Wire, 3 D Memory 
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5, SERIES 5 MEMORY CORE PLANE CONFIGUHATION 

For clarity, the core plane wiring is shown in two parts. Figure 3 de·picts the X and Y wires and Fif.,'11r«' ,1 dnpid.s llw 
Sense-Inhibit wires. 

Each bit plane contains 64 rows of cores in the horizontal direction (fi4Y), with each row containing Ci'1 cores (fi4X), for 
a total of 4096 cores (Figure 3). The X and Y wires are common to all bi.t planes. For a non-·parity memory, the cor<''' 
in Bit 17 are omitted and the X wires terminate as shown. Each bit plane has a pair of Sense-Inhibit windin~·:s (Fii.;u1T l ). 
These serve a dual purpose: during a Read operation they are used to sense the readout of the cores: durin~ ;1 Wl"il<' 
operation, they are used to carry inhibit current. The operation of the core plane is described in greater ddai I l:it ,,,. in 
this specification. 
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Figure 3. X and Y Core Plane Wiring 

14 15 

l-6'4 WIRES -

(YOO)-----(Y63) 

Note that the cores are oriented in opposite alignments for specific bit planes. The inhibit current direction n ltcrnatcs 
in every other bit plane. Inhibit current for bits 0, 2, 4, 6, 8, 10, 12, 14, and Hi flows from+ 16. 5 volts (at the inhibit 
end) to ground (at the sense end). Inhibit current for bits 1, 3, 5, 7, 9, 11, 13, and 15 flows from ground (at the sense 
end) to - 16. 5 volts (at the inhibit end). As shown in Figure 4, the inhibit current direction (in any bit plane) in the first 
two rows of cores (and subsequent alternate pairs of rows) is in the opposite direction from the second two rows of cores 
(and subsequent alternate second pairs of rows). 

Since the Y write current must be such as to always oppose the direction of inhibit current (see Figure 2), the Scnse­
Inhibit wiring pattern dictates that the Y write current of a pair of Y wires be in a direction opposite to the next adjacent 
pair of Y wires. This is described in greater detail later in this specification. 

The Sense-Inhibit wiring pattern used in the Series 5 Memory minimizes noise, thereby maximizing readout ZERO-ONE 
separation. 
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Figure 4. Sense-Inhibit Core Plane Wiring 

6. BLOCK DIAGRAM ANALYSIS 

The Block Diagram for the Series 5 Memory is on Sheet 6 of Functional Schematic 02-211008. It consists of five basic 
blocks. The Logic Block receives the four main timing pµlses, LRO, WO, ERO, and INHO, and sends a parity indicating 
signal (PARO) signifying whether or not the memory has a parity bit. The logic contains double inverting gates for fan-out 
and a decoder that generates other timing pulses used in the Y access. 

The Y and X Access Blocks receive external memory addresses and timing pulses from the input logic, Each block 
contains decoders, current switches and drivers, and a diode matrix, Sixty-four wires from the Y Diode Matrix and 
64 wires from the X Diode Matrix are threaded through the core plane. 

The Inhibit and Sense Block receives memory data and sends memory sense pulses. Each pair of the 17 pairR of dual 
purpose sense-inhibit wires is threaded through its corresponding bit core plane. The Inhibit and Sense Block also 
contains the inhibit current drivers, sense amplifiers, strobe circuit, and bus sending and receiving gates. 

7. TIMING 

The timing for the Series 5 Memory is shown in Figure 5, The pulse widths and pulse timing must be matntained within 
± 9 nanoseconds. 
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Figure 5. Series fr Memory Timing 

For a Write (Erase and Write) operation, EBO (Early Head) which controls Y drive current, is lowered at T0 aft<>r 
the address (MAOOO - MA140) has settled. LHO (Late Read) which controls X drive current, is lowered fiO nano:-;t>conds 
after ERO is lowered. Both ERO and LRO are raised at the same time, at 300 nanoseconds. The addressed word is 
read and switched to ZERO, and gated onto the MS Bus. The Read data is not written back into the same address loca­
tion. The net effect is an erase of data in the addressed location. 

INHO (Inhibit Current Control) is lowered 120 nanoseconds after ERO and LRO are raised, followed 60 nanoseconds later 
by the lowering of WO (Write), which controls the X and Y drive ciurrent. WO is raised 60 nanoseconds before JNHO. 
New data is written into this addressed location depending on MDOOO - MD160. Raising the MD line signifies a ZEHO; 
lowering the MD line. signifies a ONE. 

The Read (Read-Restore) operation timing functions in the same manner as in the Write operation, except that data 
read out is written back into the same address location. 

Output PARO is a DC level. When the Series 5 Memory is addressed, PAHO is high if the memory does not have a 
parity bit and low if it does have a parity bit. This allows Parity Core Memories and Non-Parity Core Memories to be 
intermixed in the same system. 

8. ADDRESSING 

Addressing in the Series 5 Memory requires the selection of two core plane wires. Figure 6 tabulates the memory 
address assignments. MAOOO, MAOlO, and MA020 are used in selecting up to one-out-of-eight memory boards. This 
is accomplished on the back panel pins of memory slots in the Processor card file and expansion card file, where each 
memory slot is uniquely preconnccted so that each memory responds to its one-out-of-eight address code. Memory 
boards can easily be interchanged without necessitating any wiring changes on the memory board itself. Refer to Schematic 
02-211D08, Sheet 6, for the memory back panel map and the address decoding table. 

The X access contains an 8 x 8 diode matrix to drive current in the 64 X wires. MA030, MA040, and MA050 are used 
for the X column selection, while MA060, MA070, and MAOSO select the X lines. The 64 Y wires are driven by an 
8 x 8 diode matrix in the Y access. MA090, MAlOO, and MAllO select the Y columns and MA120, MA130, and MA140 
are used in the selection of the Y lines. 
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Figure 6. Memory Address Assignments 

Figure 7 shows a simplified schematic of the Series 5 Memory with Bits 0 and 15 used for illustrntive purpo::WR. The> 
sense-inhibit wiring pattern for Bits 0 and 15 is shortened and simplified. The sense amp ends, exit the bit plancR in 1hc 

Y62 an Y63 rows (see Figure 4 for the precise wiring pattern). The direction of inhibit current is shown for each bit 
plane. Note that in order for the Y current to be opposition to the inhibit current at each core location, approprintc 
switches must be closed. The currents in YLOO and YL01 must be opposite to those in YL02 and YL03. This current 
direction alternates throughout successive pairs of Y lines. See Section !) and Functional Schematic 02-211D08, 
Sheet 2, for more detailed information on the Y access. 

Examples of core switching arc tabulated in. Table 2, referencing Figure 7. Sl through Sl fl represent switching circuits. 

TABLE 2. COHE SWITCHING EXAMPLES 

OPERATION SWITCHES CLOSED 

x y Inhibit 

Head Core AO and Al* S2, 83 85, 814 ---
Read Core CO and Cl* S2, 83 SlO, 813 ---
Write One in AO and Zero in Al Sl, S4 S6, Sl3 SHi 
Write Zero in AO and One in Al Sl, S4 s6, srn Sl5 
Write One in CO and Zero in Cl Sl, 84 S9, 814 Sl6 
Write Zero in CO and One in Cl Sl, S4 S9, Sl4 Sl5 

*Cores BO/Bl operate in same fashion as the AO/ Al cores; DO/Dl operate the same as CO/Cl. 

!). CTHCUIT DESCHJPTION 

!J. l Introduction 

This section describes the Series 5 Memory circuits shown on Functional Schematic 02-21.l DOS. The decoders referenced 
in the logic and Y and X access sections, are one-out-of,-ten decoders in which only eight, or fewer, outputs are used for 
one-out-of-eight decoding. A high on the D input (pin 12) of any decoder enables the last two outputs that are not used, 
and disables the first eight outputs. Therefore, the D inputs to the decoders are driven by timing pulses which either 
enable or disable a decoder. The access decoder outputs are activated, in order, by the memory addresses, with input 
A being the least significant and the timing pulse on input D being the most significant. 

The zone location in the schematics of components referenced or which generates signals referenced during the course 
of the following descriptions are provided in parenthesis after the circuit designation or signal mnemonic. 

9, 2 Logic 

Refer to Schematic 02-211D08, Sheet 3. The Logic consists of an enabling gate, input buffer gates, inverting gates, a 
timing decoder, and a parity indic:lting gate. The three back p:mel decoded addresses, MAOO, MAOl, and MA02, are 
the three inputs to the enabling gate, A:l (:JB3). The Address Connection Table on Sheet fi of Functional Schematic 
02-21 lDOH t:lbulntes the eight strap configurations to obtain onc-out-of~eight address decoding. Whenever the three 
i11pub; to the AND gate Aa arc high, the output is high. This enables Pertain gates in A4, A5, and decoder A2. If 
any input to AND gate A3 is low, all the ahove-nwntionecl gates are tiisabled to prevent any timing pulses from reaching 
their destinations in the memory circuits. 
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The input to gate AlA (3B4) is strapped to the enable linemf A3 {F:l) when the board contains n parity core plane. Whcncvci 
the memory board .is addressed, PARO goes low. This 'i\S used to enable .a par.ity-check.ing circuit t>,xl;er,nal to the Series 
5 Memory. By strapping the input to Al (A) to ground (0),, a high PARO defines a ·non~parity memory. 

Gates AS (3E2) buffer and invert the four major timing iqputs (LRO, WO, ERO, INHO), and the A4 gates (3E3) then in:vert 
these pulses to their correct negative-going levels (LR04,. WOA, EROA, INHOA) to .enable the X and Y access decoders. 
INHlA (3H2), however, is positive-going to enable the m~ory data input gates on Sheets 4 and 5, LIU.A and WlA are 
positive-going to turn on the positive and negative current generating switches in the X Access. 

Decoder A2 (3E4). decodes EROA, WOA, and MA130, Two pairs of outputs are OR tied to obtain EHW13PO nnd EHW13NO. 
The ERW13PO and ERW13NO signals are used to enable Column Decoders in the Y Access, which effectively reverses 
the direction of Y drive current (during Read and Write) ln successive pairs of Y wires, depending on the state of MA130. 
ERW13Pl and ERW13Nl are positive-going to turn on theipositive and negative current generating switches in the Y acces1 

9,3 Y Access 

Hefer to Schematic 02-211D08, Sheet 2, Memory addree§es MA120 through MA140 (2A2) are three inputs to ono""'.out-of­
eight Read/Write line decoders, A12 and A7. MA090 thr9ugh MAllO (2S2) are three inputs to the one-out-of-eight 
Head/Write column decoders, Al8 and A13. The Y Acc~ss is an eight-by-eight matrix. 0ne:..out-of-eight decoder, 
Al2 (2B4) turns on one of the eight line Read switches, Q9-Qlfi, during Read time when it is enabled by EHOA. Another 
one-out-of-eight decoder, A7 (2B7) turns on one of the ef;ght Write switches, Ql-Q8, during Write time when it is en­
abled by INHOA. The decoder A18 (2H2) and the eight pc>,sitive column switches Q25-Q32 are enabled by ERW13PO, 
and decoder Al3 and the eight negative column switches ~17-Q24 are enabled by ERW13NO. A column is turned on after 
one of the Write lines has been turned on by INHOA durilij!; Write time. For Read, one line and one column are tu.rued 
on simultaneously. The positive (2Dl) and negative (2Ll) currents are turned on when gates A20 are onahled by 
ERW13Pl and ERW13Nl respectively. SCLROA connects to the second inputs of the current switching gates at 2n1 
and 2Jl. This input is low during power on power off sequences; the currents are thereby inhibited and memory contents 
are preserved. 

Note that the pplarity of alternate line switch transistor pairs (Q9-Ql0; Qll-Q12) is reversed in order to drive current 
into alternate Y line pairs in an opposite direction. The Y Column Decoders correspondingly turn on appropriate positive. 
or negative column switches. The decision of whether to turn on a positive or negative switch is controlled by EllW13PO 
and ERW13NO, an OR function of EROA, WOA, and MA13-0. MA130 (second least significant) is also a control input to 
the line decoders, where it turns on pairs of Read or Write switches (each of which is in turn selected by MA140, the 
least significant). When a Line switch with its. collector ;grounded (Q9, QlO, Q13, Q14, Q3, Q4, Q7, QS) is turned on, 
a negative column switch is turned on (Ql 7 through Q24); ~onversely, when a Line switch with its emitter grounded 
(Qll, 12, 15, 16, 1, 2, 5, 6) is turned on, a positive cowmn switch is turned on (Q25 through Q32) to allow current to 
flow in the Y line which is opposite to that of the current generated by the first example. Also note that the Y Access 
current is turned on before the X Access current during ;Iii.cad time. This is to minimize the effect of noise on the sense 
wire which occurs when currents are .:turned on. Two test points (2Gl; 2Rl) are available to observe voltages. For a 
basic example of access operation, see Section 8, Addressing. 

The Y Access line and column switches are selected acCQJ'ding to the truth table in Table 3. An active decoder output 
turns on the transistor switch connected to it. 

9,4 X Access 

The X Access circuit is shown on Sheet 1 of Functional Sehematic 02-211008. Memory addresses MA060, MA070, and 
MAOSO (1A2) are used to drive the one-out-of-eight Read/Write line decoders, A27 and A32. MA030, MA040, and 
MA050 are used for driving the one-out-of-eight Read/Wl"ite column decoders A20 and A21. The X Access is an eight­
by-eight matrix. The one-out-of-eight decoder, A27, tur,ns on one of the eight line Read switches (Q53-Q60) during 
Read time when it is enabled by EROA. The one-out-of-•ight decoder A32 turns on one of the eight line Write switches 
(Q61-Q68) during Write time, when it is enabled by INHOA. The eight column Read and Write switches (Q37-Q5.2), 
when activated by decoders A26 and A21, function in the pme fashion, EROA and INHOA enable the line decoders and 
switches first; lJlOA and WOA enable the column decode11s and switches after the line switches have been turned on. 
The positive (lDl) and negative (lLl) currents are turned on when gates A20 are enabled by LRlA and WlA respectively. 
SCl-ROA connects to the second inputs of the current swiW.hing gates at lBl and lJl. Thi!'! input is low during power 
on/power off sequences; the currents are thereby inhibiteil and the memory contents ar<i preserved, Two test points 
(161, ffil) are available for observing voltages. For a b11;sic example of access operation, sec Section 8, Addressio.g. 
The X Acc.ess. line and column switches are selected accofding to the truth table in Table 4. An active decoder output 
turns on the transistor switch connected to it. 
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TABLE 3. Y SELECTION DATJ\ 

Y LINE SELECTION DATA 

EHOA mHOA MA120 MA130 MA140 Decoder Output Mnemonic 

0 1 1 1 A12-09 YLOOPO 
0 1 1 0 07 YLOl PO 
() 1 0 1 06 YLO'.::NO 
0 1 0 0 05 YLO~INO 

0 0 1 1 04 YL04PO 
0 0 1 0 0.3 YL05PO 
0 0 0 1 02 YL<HiNO 
0 0 0 0 01 YLO'lNO 

0 1 1 1 A7-09 YLOONO 
0 1 1 0 07 YL01NO 
0 1 0 1 06 YL02PO 
0 1 0 0 05 YLO:lPO 
0 0 1 1 04 YL0·1NO 
0 0 1 0 03 YL05NO 
0 0 0 1 02 YL06PO 
0 0 0 0 01 YL0'7PO 

Y COLUMN SELECTION DATA 

ERW13PO ERW13NO MA090 MAlOO MAllO Decoder Output Mnemonic 

0 1 1 1 A18-09 YCOO 
0 1 1 0 07 YCOl 
0 1 0 1 06 YC02 
0 1 0 0 05 YC03 
0 0 1 1 04 YC04 
() 0 1 () o:i YC05 
0 () 0 1 02 YCO() 
0 0 0 0 01 YC07 

0 1 1 1 Al3-09 YCOO 
() 1 1 0 07 YCOl 
0 1 0 1 06 YC02 
0 1 0 0 05 YC03 
0 0 1 1 04 YC04 
0 0 1 0 03 YC05 

0 0 0 1 02 YC06 
0 0 0 0 01 YC07 

9. 5 Sense-Inhibit Circuits 

The Sense-Inhibit Circuits are shown in 02-211D08, Sheets 4 and 5. Since the circuits in Sheets 4 and 5 are similar, 
only Sheet 5 will be used in the description. Nine MD gates, A38, A40, and A45 (5A2-5R2), are used to turn on the 
nine Inhibit switches, Q77-Q85 (5A3-5R3). During Write time, INHIA (5Al) is high enabling the nine MD gates. The 
state of the MD lines determines if a ONE or a ZERO is to be written at a particular address. A high MD (Write Zero) 
line turns on the Inhibit switch causing current to flow in the Sense-Inhibit wires. This current cancels the X or Y 
current with the result that the core remains in the ZERO state (not switched). A low MD (Write One) will not turn on 
the Inhibit switch. The coincident X and Y current causes the core to switch to the ONE state. 

Bit 0, 2, 4, 6, and 8 currents flow from +16. 5 volts, through switches, to ground. Bit 1, 3, 5, and 7 currents flow 
from ground, at the balun network (5A5-5R5), to -16. 5 volts through switches. The inhibit current is divided through 
a pair of Sense-Inhibit wires (5A4-5R4) unique to each bit. The balun network at the sense end equalizes the current 
in each pair of Sense-Inhibit wires. Note, therefore, that the Inhibit switch carries approximately 600 milliamps with 
300 milliamps flowing in each leg of the Sense-Inhibit pair. 

During Read time, bipolar readouts are sensed by the sense amplifiers, A44, A48, A49, A55, and A56 (5A6-5H6). The 
positive-going sense amplifier output is enabled by the positive-going strobe pulse STBBl. The VT (threshold voltage) 
of the sense amplifiers is adjusted to provide maximum ZERO/ONE margins. The voltage division at the reference 
input to the sense amplifier is approximately 100 to 1. 
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TABLE 4. X SEl.ECTION DATA 
' 

X LINE SELECTION DATA 
--· 

EROA IN HOA Ml\060 MA070 MA080 Decoder-Outpid: Mnomonic 
I 

- .. .~ . 

0 1 i 1 A27..;.0.9 Xl.OONO 
0 1 1 0 07 XLOlNO 
0 1 0 1 06 XL02NO 
0 1 0 0 05 Xl.03NO 
0 0 1 1 -04 XL04NO 
0 0 1 0 03 XL05NO 
0 0 0 1 02 XUlliNO 
0 0 0 0 01 XI117NO 

0 1 1 1 A32-09 XLOOPO 
0 1 1 0 07 XLOI PO 
0 1 0 1 06 XL02PO 
0 1 0 0 05 XL03PO 
0 0 1 1 04 XL04PO 
0 0 1 0 03 XL05PO 
0 0 0 1 02 XL06PO 
0 0 0 0 Q! XL07PO 

X COLUMN f;ELECTION DATA 

LROA WOA MA030 MA040 MA050 Decoder--Output Mnemonic 

0 1 1 1 A26-09 xcoo 
0 1 1 0 07 XCOl 
0 I 0 1 06 XC02 
0 1 0 0 05 XC03 
0 0 1 1 04 XC04 
0 0 1 0 03 XC05 
0 0 0 1 02 XCOG 
0 0 0 0 01 XC07 

0 1 1 I A21-09 xcoo 
0 1 1 0 07 XCOl 
0 l 0 1 06 XC02 
0 1 0 0 05 XC03 
0 0 l 1 04 XC04 
0 0 1 0 03 XC-05 
0 () 0 1 02 XC06 
0 0 0 0 01 XC07 

~ 

The flip-flop circuit at location 5A8; which is typical of all the sense amp flip-.ftops, is used In the following description: 
The set input (Pin 5 of A60) goes high when a Strobe pulse (STBDl) is generated. The positive-going sense amp output 
(when a ONE is read out) is inverted by gate A57, whose output connects to the ONE sid.e of the flip-flop (Pin 6 of A60), If 
a ONE is read out, the flip-flop is reset. The ZERO Bidt! of the flip-flop (Pin 3 of A60) is lnverted by A58 and the 
negative-going pulse is placed on the MS Bus. When the Strobe pulse (STBDl) goes low, the flip-flop is set again. If a 
ZERO is read out, the flip-flop is never reset and the MS Bus stays high. 

9. 6 Sense Awdliary Circuits and Decoupling 

Refer to Schematic 02-211008 Sheet 3 during the followi:Qg descriptions. 

9, 6, l Strobe. The strobe pulse (STBO) ts deri'Vf3d from a dual single shot monostable, A42 (3N2). The negative­
going edge of LROA triggers the firirt monostable. The negative-going output from the second monostable is connected 
to fan-out and inverting gates, A41. STBAl and STBBl 1nable the sense ampl:lfters; STBCl and STBDl are used to set 
the MS flip-flops. Potentiometer P2 (3Nl) and Capacitor C85 (3N2) are tJmtng cornponents used to vary the strobe pulse 
delay. C114 and R251 determine the width of the strobe pulse. A test point, STB, is provided to observe the strobe. 

9. 6. 2 VT. The VT circuit (3M5) provides a regulated threshold voltage for the aense amplifiers, This VT can 
be varied by Pl. Terminals 129..,1 and 228-1 allow connectioJJ. to an external test circuit to override the VT circuit for 
factory test purposes. A teirt point is provided to measure VT. · -
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9, 6, 3 -6, 2 Volts.:. The network at 3N7 derives -6. 2 volts from the -1G,5 volt source. The -(i, 2 volts i:-; one 
of the supply voltages required by the sense amplifiers. 

9. 6, 4 Thermistor. The thermistor connections to the back panel are shown at 387. The thermistor is a 
temperature sensitive device which connects to the ± 16. 5 volt power supply. The± 16. 5V will vary as the temperature 
varies. At o0 c the supply voltages are approximately 18. 00 volts; at 50°c the supply voltages are approximately 15. 00 
volts. (See Section 11, 2, Voltage Adjustment, and Figure 8.) This temperature/voltage tracking is necessary sin<'c the 
memory drive current requirements vary with temperature; at 'ooc more drive current is required, while al, 50°C lcirn 
drive current is required to realize optimum memory performance. 

OUTPUT 
VOLTAGE 

oo 

__ __,_NOMINAL TEMPERATURE 
PROGRAM: 62.5 MV/°C 

10° 20° 30° 

TOLERANCE BAND=±MV 
FOR THERMISTOR 

(FENWAL # KA31J I) 

40° 60° 

TEMPERATURE- 0 c 
(5/9 (Of-32): 0 C) 

Figure 8, Thermistor Temperature Program 

9, G. 5 Decoupling. Vari.ous capacitors are used throughout the board for voltage decoupling. Their values and 
their approximate physical location in the vicinity of IC's are referenced at 3B7 through 3K7, 

10, TESTPOINTS 

Figure 9 illustrates the approximate physical locations of test points. These are tabulated in Table 5 with their correspond 
ing location in Functional Schematic 02-211D08, 

TABLE 5. TEST POINT LOCATIONS 

Test Point Function Schematic Location 

VT Sense Amplifier Threshold Voltage 3S5 
STB strobe 3M3 
LROA X Column Read Timing and strobe Generation 1G2 
GRD Ground 
PYC Positive Y Column Voltage 2Gl 
NYC Negative Y Column Voltage 2Rl 
PXC Positive X Column Voltage lGl 
NXC Negative X Column Voltage lRl 
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Figure 9. Series 5 Memory Test Points 

11. TESTS AND ADJUSTMENTS 

11. 1 Introduction 

This section describes tests and adjustments which should be used periodically as a check of memory system operation, 
and as an aid in troubleshooting when a memory problem exists. Perform the checks in the order that they are listed 
in this section. 

11. 2 Voltage Adjustment 

NOTE 

The power supply adjustments listed in the appropriate 
Power System Manual, and the system clock adjustments 
listed in the appropriate digital system maintenance manual, 
should be performed pribr to the memory adjustments. 

The nominal± 16. 5 volt input to the memory system should be checked prior to any other memory checks. The 16. 5 
volt regulator on the power supply has a control input frt>tn a thermistor mounted on the memory board, It is therefore 
important to consider the ambient temperature when adjusting the 16. 5 volt regulator. The following test equipment is 
required for this adjustment. 

1. A laboratory thermometer accurate to :I: 1 %. 
2. A digital voltmeter capable of reading 15 to 18 vGlts :1:: 1 %. 

Use the following procedure to check, and adjust if necel!lsary, the 16. 5 volt regulator. 
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1. Measure the ambient temperature. Refer to Fig\tre 8 and determine the voltage setting for the temperature 
measured. 

2, Compare the voltage of -16. 5 and +16. 5 at the batik panel terminals to assure that the voltages are equal. If 
the voltages are not equal, adjust the trimpot on the power supply to obtain equal readings. 

3. Measure the voltage at the +16, 5 back panel terminal. 
4. Adjust the trimpot on the power supply to obtain the reading calculated in Step 1. 



11 • :i strobe Timing Adjustment 

There is a single timing adjustment on the Series 5 Memory. 

CAUTION 

The adjustment described in this section is carefully set 
at the factory using sophisticated test equipment not 
normally available in the field. The adjustment is very 
stable and should not require field adjustment. The 
adjustment should be changed only after the check provided 
indicates that it is out of tolerance and there arc no faulty 
components in the system. 

A dual trace oscilloscope with a calibrated time base is required for this check. Use the following procedure to <'heck 
strobe timing. 

1. Load and run the appropriate Memory Test Program. 
2. Synchronize the oscilloscope to the negative-going edge of LROA on TP "LROA ". (See Figure !)).Observe ! his pulse. 

· 3. On the second trace, observe the strobe pulse on TP "STB" (see Figure 9). The relationship should he as shown in 
Figure 10. 

4. If the relationship is not as shown in Figure 10 and all components are found to be operating correctly, adjust 
the strobe trimpot shown on Figure 9~ 

The above is a rough adjustment that places the strobe in the general correct area. The VT trimpot is increaser! to 
2. 0 volts (see Section 11. 5, Marginal Test, for proper procedure). If there are memory errors, the Strobe trimpot is 
fine adjusted 1,1ntil there are no errors. Then verify that there are no errors with VT at 1. 0 volt. When memory is 
operating properly, adjust the VT trimpot back to its nominal 1. 5V :l: O. lV. 

Figure 10. I.ROA - STB Relationship 

11. 4 Memory Test 

Run the appropriate Memory Test· Program. 

11. 5 Marginal Test 

The following Marginal Test may be performed periodically to locate memory areas which 'may cause future problems. 
Test equipment require<t for this test is: 

1. A voltmeter capable of measuring 5 volts :l: 2%. 

Use the following procedure: 

1. Connect the voltmeter to test-points VT and GRD. 
2. Run the Memory Test referenced in Section 11. 3. 
3. Vary the VT trimpot to 1. 0 volt and then to 2. 0 volts. The test program should continue to run normally within 

these VT voltages. Return VT to its nominal 1. 5 volts :l: 1. OV setting after tests are completed. 

11. 6 Trouble Shooting Aid 

Sheets 7 and 8 of Drawing 02-211008 are provided as an aid in trouble-shooting circuits and locating components. They 
are used in conjunction with Functional Schematic 02-211008, Sheets 1 through 6. 
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12. MEMORY MNEMONICS 

The following list provides a brief description of each mnemonic in the Series 5 Memory. The 02-211008 source of 
each signal is also provided. 
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MNEMONIC 

EN AB LEI 

ERO 

ERW13NO 

ERW13PO 

ERW13Nl 

ERW13Pl 

INHO 

LRO 

MAOO-MA02 

MA030-MA140 

MDOOO-MD160 

MSOOO-MS160 

NXC 

NYC 

PARO 

:PXC 

PYC 

SCLROA 

STBO 

ST BAI 
and 
STBBl 

STBCl 
and 
STBDl 

TEMP A 

TEMPB 

VT 

WO 

XCOO-XC07 

MEANING LOCATION 

Enables logic and access circuits 3C3 

Early Read; X and Y lines read timing pulse 3El 

Early Read or Write; Y column read and write current 
3H5 

direction control timing pulses 

Inhibit; X and Y lines write, and inhibit drivers timing pulse 3El 

Late Read; X column read timing pulse and strobe generation 3El 

Decoded Memory block selection address 3Bl 

Memory Address Bus 2A2, 2S2, 3A2, 382 

Memory Data Bus 4Al-4Nl, 5Al-5Rl 

Memory Sense Bus 4B9-4S9, 5B9-5S9 

Negative X column voltage lRl 

Negative Y column voltage 2Rl 

Parity indicating signal 3A5 

Positive X column voltage lGl 

Positive Y .column voltage 2Gl 

System Clear lAl 

strobe Pulse 3N3 

Enables sense amplifiers 383 

Sets MS flip-flops 3S5 

Connection to thermistor 387 

Connection to thermistor 3$7 

Sense amplifiers threshold voltage 3S6 

Write; X and Y column write timmg pulse 3El 

X column wires (common) 1J6-1$6 



MNEMONIC 

XC00-0 
through 
XC07-7 

XLOONO,-XL07NO 

XLOOPO-XL07PO 

YCOO-YC07 

YC00-0 
through 
YC07-7 

YLOONO-YL07NO 

YLOO PO-YL07PO 

MEANJNG LOCATH lN 

X wire; Column O, Wire 0 through Column 7, Wire 7 1J5-1S5 

X Line Cathodes 1 Fli-1 F!l 

X Line Anodes 

Y column wires (common) 2.Hi-2Sli 

Y Wire; Column 0, Wire 0 through Column 7, Wire 7 

Y Line Cathodes 2FG-2F!l 

Y Line Anodes 2Ffi-2F!l 
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1. INTRODUCTION 

MODEL 70 SELECTOR CHANNEL 
INSTALLATION SPECIFICATION 

This specification provides the necessary information for the installation of the 02-232 Selector Channel (SELCH) in a 
Model 70 Processor System. The Model 70 Selector Channel is complete on one 35-391 printed circuit bo:ircl. 

2. PHYSICAL CHARACTERISTICS 

2. 1 Dimensions 153/8x14 7/8" 

2.2 Weight 2! pounds maximum 

3, INSTALLATION 

The Model 70 SELCH may be instail.ed in any even numbered universal expansion slot (i.e. 0,2,4, or 6) in the Central 
Processor Unit (CPU) or in the first Memory or 1/0 expansion chassis. See Figure 1. 

3, l Back Panel Wiring 

NOTE 

If a Memory-1/0 chassis is used 
in the system, any Selector Chan­
nel must be installed in that chassis. 

3.1.1 Multiplexor Channel Bus. At the time of installation it is necessary to cut the Multiplexor Bus wiring be­
tween the even numbered slot accepting the SELCH and the next higher numbered slot on the One (1) connector only. The 
RACKO/TACKO daisy chain wiring on the back panel is rerouted according to Figure 1. The lower numbered card slots 
in the chassis become part of the private SELCH Bus on the One (1) connector only. 

For the convenience of cutting the Multiplexor Bus, the connections between every other slot are made using ''top" wire 
wraps, This allows the cutting of the bus by simply lifting the top wraps when the SELCH is installed in an even numbered 
slot. Refer to Figure 1 (A) during the following example. 

To install a SELCH in Slot 4: 

1. Remove all wires on Connector One (1), between Slots 4 and 5, on Pins n through 26, Rows 1 and 2. (See 
backpanel map in 02-232D08 ·sheet 7). 

2. Remove the wire between 222-0001 and 122-0700. 

3. Remove the RACKO/TACKO jumper between Pins 122 and 222 on both the Zero (0) and One (1) connectors of 
Slot 4. 

4. Connect 122-0700 to 222-0501. 

5, Install the SELCH into Slot 4 of the chassis. The private SELCH Bus now appears on the Connector One (1) 
side of Slots 4,3,2,1, and o. All slots on the Connector Zero (0) side and Slots 7,6, and 5 on Connector One 
(1) side remain as standard Multiplexor Bus slots. 

To insbll a SELCH in any other even numbered slot of a CPU chassis or a Memory-I/O chassis, a similar procedure 
is followed. Refer to Figure 1 B and C, 

3.1. 2 ACTO/TACO. The ACTO/TACO jumper between ·Pins 137-:0 and 237-0 must be removed from the slot used 
by the SELCH controller. If the Selector Channel is not the first Direct Memory Access (DMA) channel on the Memory 
Bus, jumper ''K" on the SELCH controller must be removed. 
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CONN 0 

A A 

7 

6 

5 

MEMORY 4( 

I/0 CHASSIS 3 

2 

0 

CONN 0 

B A 

7 

6 

5 

4 

CPU CHASSIS 122-0300 
3 

2 

0 

c 

3.3 Cabling 

CONN I 
B 

CONN I 
B 

222-0301 

CONN I 
B 

NOTE: THE CIRCLED NUMBERS ON ILLUSTRATIONS A, B, AND C 
REFER TO THE CORRESPONDING NUMBERS IN THE 
FOLLOWING INSTALLATION PROCEDURES. 

TO INSTALL A SELECTOR CHANNEL IN SLOT 4 OF THE MEMORY 
I/O CHASSIS --

(D CUT THE MULTIPLEXOR BUS BY REMOVING THE TOP 
WRAPS. 

@ JUMPER RACKO/TACKO AS SHOWN, REMOVE '1ASHED 
JUMPER. 

@ THIS SECTION BECOMES THE PRIVATE SELECTOR BUS 
ON THE CONNECTOR ONE (CONN.I) SIDE ONLY. ALL 
SLOTS ON THE CONNECTOR ZERO (CONN.0) SIDE, AND 
SLOTS 7, GANO 5 ON CONNECTOR ONE SIDE REMAIN AS 
STANDARD MULTIPLEXOR BUS SLOTS. 

@ @ IF REQUIRED, EXTEND THE SELECTOR CHANNEL BUS 
TO OTHER CHASSIS BY INSTALLING A CABLE HERE. 

@ EXTEND THE MULTIPLEXOR BUS TO OTHER CHASSIS 
BY INSTALLING A CABLE HERE. 

@ MEMORY MODULE 7, IF IT EXISTS, MUST BE LOCATED 
IN SLOT 3. 

TO INSTALL A SELECTOR CHANNEL IN SLOT 2 OF THE CPU 
CHASSIS--

© CUT THE MULTIPLEXOR BUS BY REMOVING THE TOP 
WRAPS. 

@ JUMPER RACKO/TACKO AS SHOWN, REMOVE DASHED 
JUMPER. 

@ THIS SECTION BECOMES THE PRIVATE SELECTOR BUS 
ON THE CONNECTOR ONE (CONN.I) SIDE ONLY. ALL 
SLOTS ON THE CONNECTOR ZERO ( CONN.0) SI DE 
REMAIN AS STANDARD MULTIPLEXOR BUS SLOTS. 

@ IF REQUIRED, EXTEND THE SELECTOR CHANNEL BUS 
TO OTHER CHASSIS BY INSTALLING A CABLE HERE. 

@ EXTEND THE MULTIPLEXOR BUS TO OTHER CHASSIS 
BY INSTALLING A CABLE HERE. 

NOTE: 
IF A MEMORY I/O CHASSIS IS USED IN THE SYSTEM, 
ANY SELECTOR CHANNELS MUST BE INSTALLED IN 
THAT CHASSIS. 

TO INSTALL 4 SELECTOR CHANNELS (IN SLOTS 6, 4, 2 ANO 0) 
OF THE MEMORY 1/0 CHASSIS --

(D CUT THE MULTIPLEXOR BUS IN FOUR PLACES. 

@ JUMPER RACKO/TACKO AS SHOWN, REMOVE DASHED 
JUMPER. 

@ EACH SELCH EXCEPT THE ONE IN SLOT O, HAS ONE 
SLOT AVAILABLE ON n's PRIVATE BUS. THE PRIVATE 
SUSSES CAN BE EXTENDED TO OTHER CHASSIS BY 
INSTALLING CABLES IN SLOT POSITIONS O, I, 3 ANO 5 
ON CONNECTOR ONE (CONN. I ) SIDE. 

@ ALL SLOTS ON THE CONNECTOR ZERO (CONN.0) SIDE 
REMAIN AS THE STANDARD MULTIPLEXOR BUS. THIS 
BUS CAN BE EXTENDED BY INSTALLING A CABLE HERE. 

@ MEMORY MODULES 5 ANO 7, IF THEY EXIST, MUST BE 
LOCATED IN SLOTS I AND 3. 

Figure 1. Backpanel Modifications 

The cabling necessary for the SELCH depends on the system's physical configuration. When the SELCH Bus does not 
extend outside the chassis, no cabling is required. When the SELCH Bus must be extended to another chassis, a number 
of cable configurations can be used. See Figure 2. 
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See Figure 2 for a summary of all cables. Refer also to Chapter 8, Model 7-0 User's Manual, Publication Numl1tff 
29-261 1 for further details on system configurations. 

CONN. CONN • 
.. 0 .. u 111 

15" CHASSIS! ... _I __ I I r 0001 I 
-7 _[Fli:_l7-165 

15°CHASSIS : I'- 1g : 0700 0701 
0 

15" CHASSIS 

15" CHASSIS 

15" CHASSIS ! I lrOOOI I 
_:_~~17-1~ 
l l\_oTOO I I 10" CHASSIS 

4. ADDRESS STRAPPING 

(A) CONNECTS TWO ADJACENT 15" CHASSIS. THE PRIVATE SELCH dUS APPEARS 
AT BOTH CONNECTORS 0 AND I OF THE LOWER CHASSIS. NOTE THE DATA 
CHANNEL DOES NOT APPEAR IN THE LOWER CHASSIS. 

(B) USED TO CONNECT TWO ADJACENT 1511 CHASSIS. THE MULTIPLEXOR BUS 
APPEARS AT CONNECTOR O,AND THE SELCH BUS APPEARS AT CONNECTOR 
I. WHEN USING THIS CONFIGURATION, THE RACKO/TAC KO JUMPER FROM 
122-0, SLOT 7, TO 222-1,SLOT 0, MUST BE REMOVED FROM THE LOWER CHASSIS. 

(C) CONNECTS THE PRIVATE SELCH BUS TO A 10'' CHASSIS ONE OR TWO CHASSIS AWAY. 

Figure 2. Cabling 

The preferred address of the Model 70 Selector Channerts X'FO'. The controller is strapped for this address at the 
factory. To change the address, refer to Functional Schematic 02-232D08. The number and letter designations shown 
on the schematic refer to the designations on the apparatus side of the SELCH controller board. 

5. INSTALLATION CHECKS 

The Model 70 SELCH is factory tested using a special high speed device. Therefore,· field checks are contingent upon 
the user having appropriate hardware and software available with which to exercise the Selector Channel. 
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1. INTRODUCTION 

MODEL 70 SELECTOR CHANNEIJ 
MAINTENANCE SPECIFICATION 

The 02-232 Model 70 Selector Channel (SELCH) is n Direct Memory Access port (DMA) which provides block data tr:uu;­
fer between a device controller and memory. Once initiated, the transfer is independent of the Processor. The Pro­
cessor sets up the device controller, loads the SELCR with the starting and final addresses of the memory block, spe­
cifies the type of operation (Read or Write), and issues a GO Command. The SELCH then handles the transfer without 
further direction by the Processor. 

The Model 70 Selector Channel is complete on one printed circuit board and occupies one slot in a system chassis, The 
SELCH provides the drivers, receivers and termination resistors for the private SELCH Bus. This bus originates nt 
Connector One (1) of the SELCH slot and extends to each lower numbered slot in the system chassis on the Connector 
One (1) side only. The private SELCH Bus can be extended to other chassis, as required. For installation information, 
refer to Installation Specification 02-232A20, 

2. SCOPE 

This specification describes the operation of the SELCH in its various modes; Setup, Memory Read, Memory Write, 
and Termination. Where necessary, this specification references the Multiplexor Channel Bus and Memory Bus oper­
ations. These buses are described in detail in the Model 70 User's Manual, Publication Number 29-2Gl, 

3. BLOCK DIAGRAM ANALYSIS 

Refer to the SELCH block diagram on Sheet 7 of Functional Schematic 02-232D08, and the SELCH Flow Chart, Figure 
1, during the following analysis. Before initiating a data transfer via the SELCH, the device controller and the SELCH 
must be set up. The setup procedure is implemented by the Processor via the Multiplexor Bus (MPX-Bus). When the 
SELCH is in the Idle Mode, the MPX-Bus is tied directly to the private SELCH Bus through the SELCH. This allows 
the Processor to communicate directly with any device on the private SELCH Bus. 

To prepare the SELCH for data transfer, the Address Register (AR) and Auxiliary Address Register (AAR) must be 
loaded with the starting address in memory where the transfer is to begin, and the Final Address Register (FAR) must 
be loaded with the address of the last memory location to be accessed. These registers are loaded from the eight least 
significant Data Lines D080:150 by four consecutive Data Availables (DAs) from the Processor. The first two Data 
Availables simultaneously load the AR and AAR, which are 16-bit incrementing registers. The AR is incremented, by 
two, after each halfword is transferred to/from memory, and the AAR is incremented, by one, with each byte trans­
ferred to/from the device. Data transfer is terminatea when the AAR is equal to the FAR or when the AAR increments 
past its maximum value, X'FFFF'. 

Data transfer is begun by the Processor issuing a GO Command to the SELCH. Transfer to/from the device is now in­
dependent of the Processor. The GO Command also prevents communication between the Processor and any device on 
the private SELCH Bus until the transfer is terminated and the SELCH is addressed. 

Data transfer is controlled in the Move Data circuit by inspection of the four least significant bits of the Status Byte pre­
sented by the active device on the private SELCH Bus. When any one of the three least significant bits are set, (EX, 
EOM, or DU), the transfer is terminated. Bit-12 (Busy) regulates the rate of data transfer. In the Memory Head Mode, 
the actual data transfer begins with a memory request, REQO active, as soon as a GO Command is issued. When the 
memory request is serviced by the Processor, the SELCH Memory Bus Control circuit activates Select (SEL), which 
gates the contents of the Address Register (AR) onto the Memory Address Bus, and gates a halfword of data from memory 
into the Data Register (DR). At the termination of the memory transfer, the data is loaded from the DR to the Data Buf­
fer (DB) and the AR is incremented. 

NOTE 

Unless the SELCH has dropped REQO in time 
to remain selected during the next memory cycle, 
the SELCH will be deselected by the rising edge of 
Inhibit (INHO) after the halfword has been transferred. 
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INCREMENT AAR 
BY I (BYTE MODE) 

2(HALFWORD MODE 

2 

RESET 
BUFFER ACTIVE 

SET UP DEVICE CONTROL 
LOAD AR, A'AR' ANO FAR 

OPERATION COMM'AND 
GO COMMAND 

REQUEST MEMORY ______ YE_S-c :>:N-"O;._ ___ _..,NPl.JT STATUS BYTEM1 >'-------, 

END OF 
MEMORY TRANSFE 

INCREMENT AR 
BY 2 

REQUEST MEMORY 
LOAD DATA BUFFER 
SET BUFFER ACTIVE 

INPUT STATUS BYTE 

EX,EOMORDU=I 

EX,EOM OR DU: I 

TRANSFER DATA 
TO D.EVICE 
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DATA TRANSFER 

CLEAR: BUSY 
SET ATTENTION 

END 

Figure 1, Ftow Chart 
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Once the DB is loaded, data transfer to the device over Private Data Lines l'DOOO:l 50 is initiated and, when appl i<';1lilc, 
a request is made to fetch the next halfword from memory. This cycle continues until either a match is detected be­
tween the contents of the Auxiliary Address Register and contents of the Final Address Hegister, or until the tr:msfor 
is aborted due to an error condition. 

In the Memory Write Mode, the data transfer sequence described prevkni'lly for Memory Read Mode is reversed. Thnl' 
is, two bytes of data are loaded into the DR from the device prior to a memory request and the data flow is from the de­
vice to the DR, DR to the DB, and finally into memory, 

The Branch Gate circuit and the Move Data circuit contr0l the flow of data between memory and the device, The hr:11wh 
Gate supervises the overall data flow, while the Move Data circuit performs the handshaking between the 8ELCH and "''' 
active device on the private SELCH Bus. 

Upon termination of the data transfer, the program is notified via an interrupt and by the inactive state of !ho 81·: LC II 
Busy flip-flop which is presented to the program as Bit-12 of the SELCH Status Byte. 

Selector Channel Status and Ccmmand Byte Data is shown on Table I. 

BSY 

HEAD 

GO 

STOP 

TABLE 1. SELECTOR CHANNEL STATUS AND COMMAND BYTE DATA 

BIT 0 l 2 3 4 5 I' 7 .) 

NUMBER 

STATUS 
BSY 

BYTE 

COMMAND READ GO STOP 
BYTE 

When this bit is set, an RC circuit generates tlrn EBSl pulse to start the appropriate 
SELCH operntion. When this bit is clenred an interrupt is generated. 

This command, Bit-2, sets the Memory Write (WT) flip-flop. The controller on the 
SELCH Bus is setup for a device Hend operation, 

This command, Bit-3, clears the MSC flip-flop and sets the BSY flip-flop to initintc 
the Data Transfer Mode. 

This command, Bit-4, from the Processor clears the BSY flip-flop and initializes the 
Load/Unload Sequencer. During the Data Transfer Mode, execution of the command is 
delayed until the end of a memory cycle, if one is in progress. 

4, FUNCTIONAL DIAGRAM ANALYSIS 

4.1 Introduction 

This section relates to Functional .Schematic 02-232D08, Sheets 1 through 6, Note that in INTERDATA functional sche­
matics, the last character in the mnemonic symbol designates the logic level when the signal is active. For example; 
D080 is Data Line Number 8 (DOS). The last character (0) indicates that when D080 is active, the line is at a logical 
Zero level. · 

4. 2 SELC H Control Circuit 

In the Idle Mode, the SELCH Address (2M8), Busy (3F3), and Multiplexor-SELCH (MSC) (3FA) flip-flops are reset and 
the private SELCH Bus is tied directly to the Multiplexor Bus. This allows the Processor to communicate, vin the 
Multiplexor Bus, with any device on the private SELC H Bus. 

To communicate with the SELCH, it must first be addressed. The SELCH Address (X'FO' preferred) is placed on Data 
Lines 0080:150 (1A3-8) and the Address control line is activated (AORS0)(4B8), The SELCH Address is decoded by the 
four input NAND gate (1F4) and the Address flip-flop is set (2M8). The set output from the Address flip-flop (AD1)(2J7), 
when active, prevents the control signals on the M_PX-Bus from passing onto the private SELCH Bus by holding the Con­
trol Line Gate inactive (CLG1)(1B2). The Capacitors C33 and C34 (408) delay the propagation of the Private Address 
control line (PAORS0)(4F9) to the SELCH Bus so that when the SELCH is being addressed, PADRSO will not become ac­
tive. This delay allows the SELCH to be addressed.without resetting the Address flip-flop of the active device on the 
private SELCH Bus. 
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The simultaneous loading of the Address Register (AR) and AWc:iliary Address Register (AAn>, arnl the ioaclinv; of fhc 
Final Address Register (FAR) is accomplished by four consecutive Data Availabies (t>As) from t.he Processor. The 
Load/Unload Sequencer (2L2) controls the loading of these registers (AR; AAR, and FAR) and the unloading of the AA fl. 
The sequencer is set to its initial state by the termination of the last data transfer, a Stop Comniand, or a HyHfem Clear 
(SCLR0)(4MS) so that the first DA, through Data Available Gate (DAG0)(2L4), will activate toad Address Hegistcr High 
ILARH0)(2S2). 

LARHO gates Data Lines DA081:151 (1D3-8) into the eight most significant bits of the AR and AAH. The rising (;(Jgc of 
the first and each successive Data Available Gate (DAG0)(2L4) increments the sequencer and allows the next DA to acti­
vate the next load line. The second DA loads the eight least significant bits of these registers. The third :1nd fourth 
DAs will then load the Final Address Register in the same order. The contents of the AAR may be inspected, via the 
program, by issuing two Data Requests (DR) to the SELCH whenever the Load/Unload Sequencer is in its initial state. 
(e. g, Upon termination of a SELCH transfer, sequencer initialized, the FAR may be inspected to determine if the en·· 
tire block of data.had.been.transferred.) 

_ If a Memory Write operation is desired, an Output Command with Bit-Hi set must be issued to set the Write flip-flop 
(3F5). Since the Write flip-flop is reset by the Data Available/Request Gate (DARG1)(2L5) whenever a DA or DH iH 

·· sent to the SELCH (setup procedure), no command is necessary to initiate a Mernory Read op!l~at.ion. 

·Data transfer commences with a GO Command from the Processor, which is an Output Command with Bit-11 set. The 
GO Command sets both the Busy (3F3) and MSC (3F4) flip-flops. The setting of the Busy flip-flop causes an End of 

. Busy Set pulse (EBS1)(3H4) to be generated, This pulse is generated by differentiating the falling edge of RSYO (:JF3), 
and is used hy the Branch Gate circuit to initiate the transfer cycle. The Busy latch circuit remains set until the Selec­
tor Channel detects the termination of transfer and its state is presented to the program via Bit-12 of the Sense Status 
Byte, . · 

The MSC flip-flop is reset by SCLROA or by addressing the SELCH, Set Gate active (SGAD1)(2L9), when the Busy flip­
flop is reset, The resetting of the MSC flip-flop, MSCO active, clears any pending interrupt in the Selector Channel. 

Information is steered from the SELCH to both the Data Lines (D080:150)(1B4-9) and the Private Data Lines (PD080:150) 
(184-9) by the proper gating of four each, four-to-one line multiplexors (Sheet 1). For example; with the SEJ,CH idle, 
Busy reset, all Data Lines are tied directly to the Private Data Lines in both dir~ctions. 

4. 8 Memory Bus Control Circuit 

Memory Bus Control timing relationships are shown in Figure 2. A SELCH request for memory is started by activating 
Set Request (SREQ0)(3S4). SREQO is activated by the Branch Gate circuit (3M8) when either the SELCH has received a 
halfword of data from the device or, in the Memory Read Mode, whenever the Memory Data Register is available to ac­
cept the next halfword. 

SREQO is applied to the direct set input of the Request flip-:-flop (REQ)(4L5) which sets the flip-flop and sends R EQO to 
the Processor. When REQO is received, the Processor generates Enable (ENO). ENO, on the first DMA device, is 
jumpered to Accept (ACTO) which generates the daisy chain priority loop through all DMAs in the system. The daisy 
chain begins at the highest priority DMA as ENO, and propagates to the· lower priority DMAs as Transmit Accept (TACO) 
until it is captured by the first DMA requesting a memory cycle. When the REQ flip-flop is set and ACTO (ENO) is 
active, the AC TO/TACO contention circuit (4H2) will block the -propagation of TACO, and provide highs on the ,J input to 
the SEL flip-flop and the K input to the REQ flip-flop. Thus, oii the rising edge of ENO, the Selecf fllp-flop will become 
set and the Request mp-flop will be reset. When the SELCH REQ flip-flop is reset and ACTO (ENO) is active, the ACTO 
signal is propagated as TACO to the DMA with a lower priority. ' 

The trailing edge of Inhibit (INH0)(4H5), from the Processor, indicates the end of the memory cycie. This edge, unless 
the SELCH has dropped REQO in time to remain selected during the next cycle, will cause the SEL flip-flop to reset. 
Two pulses, End of Memory Transfer (EMX0)(4M7) and Inhibit (INHOP)(4M2), are generated by the leading and trailing 
edges of INHO respectively. EMXO is used by the Branch Gate circuit to indicate the end of the memory transfer, and 
is also used together with INHOP to generate Toggle AR (I'A'.RO) which increments the Address Register. 

In the Memory Read Mode, the Memory Data Register (MDR) is cleared by Clear Data Register (CDR0)(4R2) which is 
generated by the trailing edge of REQl. Write Not (WTOA)(3F5) is ANDed with SELl to form Enable Memory Data Read 
(ENMDR1)(4R6), which gates the contents of the MDR onto the Memory Data Linell for the restore portion of the mem­
ory cycle. (This function is disabled when using solid state memory.) The contents of the memory location accessed 
is gated to the direct set in~ of the MDR by Enable Memory Strobe (ENMS1)(4lt4). This f11nction is WT· SEV 1NJt for 
use with core memory and WT• SEL· INH when using solid state memory (4R4), 

When writing to memory, the contents of the Data Buffer is gated onto Memory Da.ta Lines MD000:150 (Sheet 6) by En­
able Memory Data Write (ENMDW1)(4R3), when selected. A Memory Write opertltion is indicated to the Processor by 
activating WRTOA (483), 

4 



REQO 

I ~ 
SELi I ! -------------+__. ---I 30ns ... (M_l_N_) ____________ _ 

F 75ns L. MAOOO- 14 IOOns (MAX) 

EMXO 

I:NHOP 

CORO 

(MAX l"""'•~r------ (SETTLED) 

LJ 

u------­
---u 

INDICATES SIGNALS WHEN SELCH 
~IS USED WITH SOLID STATE 

Mi~~~y: --:-:.;;..:;..;.~;_I ____________ • _ __.:~~~-~~~~I~ -_E ... _ •_E_M_O_R_Y _______ _ 

80ns MOOOO-l5 100 ns (MAX) ~ ~ .30ns (MIN) r-
(MAX) (SETTLED) 

{

E_N_M_Dw_1 ______________ __,ll ~---------------
M~~,~~y WRTOA -------------------

Figure 2, Memory Bus Control Timing Diagram 

4. 4 Address Register and Auxiliary Address Register. 

The Address Register (AR) and Auxiliary Address Register (AAR) (Sheet 5) each consist of four, four-bit counters. 
These registers are loaded simultaneously by the Processor from Data Lines D080:150 (1A3-8), under control of the 
Load/Unload Sequencer (as discussed in Section 4. 2), with the starting address from which the block transfer is to be­
gin. The contents of the AR (Sheet 5) is gated onto Memory Address Lines MAOOO:l40 (5Rl-8) whenever the SELCH is 
selected, SEL flip-flop set. The AR is incremented, by two, with each memory transfer by Toggle Address Register 
(TAR0)(4R7). The AAR (Sheet 5) keeps track of the transfer between the SELCH and the device. This register is in­
cremented, by one, for each byte of data transferred by Toggle Auxiliary Address Register (TAAR0)(3Ml). When the 
transfer is in the Halfword Mode, T AARO is generated twice for each transfer. The outputs of the AAR are used hy the 
Match circuit to determine the end of the data block. Its contents may be examined, via the program, by issuing two 
consecutive DRs to the SELCH when the sequencer is initialized. In addition, AAR151 is used in the Byte Transfer Mode 
to determine whether the byte being transferred is odd or even, for byte steering. Carry Out from the most significant 
stage of the AAR (C00)(541) will terminate the transfer, clear Busy, when a transfer is attempted past the maximum 
memory address. This feature prevents 'wrap-around' in memory. 

4, 5 Final Address Register 

The Final Address Register (FAR) is implemented by four quad latches (Sheet 5). This register, like AH and AAH, is 
loaded by the Processor under.control of the Load/Unload Sequencer. The outputs of this register are used exclusively 
by the Match circuit to determine when the final address of the transfer is reached. 
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4, G Memory Data Register and Data Buffer 

The Memory Data Register (MDR) (Sheet 6) is a 16-bit register composed of .16 edge triggere1LTK flip-flops. In the 
Memory Read Mode, the lVlDR is first cleared by Clear Data Register (CDR0)(4R2) and then direct set by each active 
bit on Memory Strobed Data Lines MSOOO:l50 (Sheet 6). During a Memory Write, the data, in double rail format, pre­
sent at the J and K inputs to the MDR, is toggled into the flip.,.flops on the trailing edge of either Load Data Rcgisfer 
High (LDRH0)(649) or Load Data Register Low (LDRL0)(6J9). 

As soon as the MDR is loaded, if the Data Buffer (DB) is empty ( as determined by the inactive state of the Bu:fcr Ac­
tive flip-flop)(3Hl), the MDR contents are loaded into the DB (Sheet (i) by Load Data Buffer (I,0131 )(357). Information 
present in the DB is, in turn, either written into memory via Memory Data Lines MD000:150 or sent to the device on 
Private Data Lines PDOOO:l50. 

4. 7 Data Transfer Circuit 

Refer to Figure 3 for Memory Read timing diagrams and Figure 4 for Memory Write timing diagrams. The Memory 
Read timing diagram shows the timing of a three byte transfer, in the Byte Mode, of 2, 000, 000 Bytes/second. Figure 
4 shows a transfer of two halfwords, in the Halfword Mode, to a slower device. 
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Vigure 3. Memory Head (Byte Mode) 
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Figure 4. Memory Write (Halfword I/O Mode) 

A GO Command to the Selector Channel sets the Busy flip-flop which generates the End of Busy Set pulse (EBS1)(3K8). 

In the Memory Read Mode, EBSl is decoded by the Branch Gate circuit and SREQO is generated. Thus, a request for 
memory is initiated. When the halfword of data is present in the MDR, the End of Memory Transfer pulse (EMX1)(4R6) 
becomes active and the Branch Gate circuit once again requests memory and generates Set Status Transfer (SSXO) (3S5) 
and Load Data Buffer (LDB1)(3S7). These signals initiate the transfer to the device and load the Data Buffer respectively. 

SSXO sets the Status Request flip-flop (3F6) which activates the Private Status Request control line (PSR0)(3G6) to the 
active device on the private SELCH Bus. This Status Request examines the four least significant bits of the Status Byte. 
If any of the three least significant bits (EX, EOM, or DU) are set, the transfer is terminated by resetting the Busy 
flip-flop (3F3). The assumption is made that each of these status bits remain reset for the remainder of.this discussion. 
With Bit-12 (Busy) of the Status Byte reset, the Data Transfer flip.-flop becomes set (3F7). Data Transfer (DX0)(3El) 
inhibits the generation of PSRO, which causes Private Sync (PSYN1)(4B4) from the device to become inactive. This en­
ables. Engage to go high (ENG1)(3D8), which allows the Private Data Available control line (PDA0)(3H5) to become active. 
The Private Data Available/Request signal (PDAR1)(3H5), generated whenever a Private Data Available (PADO)or Private 
Data Request (PDRO) signal is active, will then clear the Status Request flip-flop. Upon receipt of Sync from the device, 
PSYNl active, the Data Transfer flip-flop becomes reset and ENGl goes low, disabling PADO. When the Sync is re­
moved by the device, a 100 millisecond End of .Data Transfer pulse is generated (EDX0)(3J8) which increments the Aux­
iliary Address Register and is used by the Branch Gate circuit to generate a function in accordance with the truth table 
for EDX on Sheet 3. This cycle continues until termination of the transfer is detected. 
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In 1hc Mernory Write Mode, WT! actjve (3F5). EBSl is used to generate SSXO, and the Branch liatl! circuilclirct'.ls lhl' 
loading of a halfword of data into the DB before a memory request is made. The transfer of 1fala froni llw dt•vice is Ow 
same as described in the Memory Read Mode, except that ENGl is used to generate the Private l)at:1 Hequnsl conlrol 
line (PDRO) (3H5) rather than PDAO. Data from the device is loaded into the MDR -On the trailing edge of <dil1d· Lo:ld 
Data Register High (LDRH0)(2R2) or Load Data Register Low (LDRL0)(2R2), depending on which eight hits are being 
loaded. In the Halfword Transfer Mode, both LDRHO and LDRLO are generated simultaneously, With W1'1 active, fhe 
generation of EDXl is delayed by activating the clear input to the one-shot (3H8) when the Buffer Active flip-flop iH set 
(BACT1)(3Hl), if either the transfer to the device is on an odd boundary or when a Match is detecte<l (MCTIO)(fi.J~l. This 
prevents the reloading of the Data Buffer before the last halfword has been written into memory. 

4. 8 RACKO/TACKO Contention C:i:rctdt 

The Selector Channel directs the propagation of the Acknowledge signal to lower priority devices on the Mult.iplexol' Chan 
nel Bus as well as devices on the private SELCH Bus. If the Selector Channel Attention flip..:flop (4B4) i8 set, the SF:LCll 
will capture the Receive Acknowledge signal (RACK0)(4B3), place its devi.ce address on the Data Lines an<l return Syn<' fc1 

the Processor, Attention Sync (ATSYN0)(4F4) active. If the Attention flip-flop is reset, HACKO is prop:1g;af.Pd as ciflwr 
Private Transmit Acknowledge (PTACK0)(4F2) or Transmit Acknowledge (TACK0)(4F3). Since devices on the private• 
SELCH Bus have a higher interrupt priority than devices below the SELCH on the MPX Bus; if the Private Atlcntion 
Test line is active (PATN0)(4Bl), PTACKO will be generated rather than TACKO. Note that when MSCO is high (3F4), 
PATNO is disabled so that a device on the private SELCH Bus may not interrupt the Processor while the SELCH is nctive, 

5. MAINTENANCE, TROUBLE SHOOTING, AND TEST 

Before attempting any maintenance or testing, insure that the necessary back panel modifications have been lll:tde in 
accordance with the Model 70 Selector Channel Installation Specification 02-232A20. 

To insure n 2, 000, 000 Byte/second transfer rnte in the Byte Transfer Mode, it is necessary to limit the maximum delay 
between PDAO, PDRO, and PSRO and the return of Sync from the device (PSYNO), to 30 nanoseconds, In n<ldition, lhe de­
vice must be ready for the next byte of data, Busy Status Bit reset, whenever a Status Request is made. Field testing of 
this device is contingent upon the user having appropriate software and hardware available with which to exercise the 
Selector Channel. There are no adjustments associated with this device. 

6. JVINEMONICS 

The following list provides a brief description of each mnemonic found in the SELCH. The source of each signal on 
Schematic Drmving, 02-232D08, is also provided. 

MNEMONIC 

AAR001:151 

ACTO 

ADl 

ADRSO 

AG081:151 

ATNO 

ATSYN 

BACTl 

BSY 

C'DRO 

CBSYO 

CL070 

CI.GI 

8 

MEANING SCHEMATIC LOCATION 

Outputs of the Auxiliary Address Register . 5Fl-5F9 

Accept - Request for memory accepted by Processor 4m 

Address - Active when SELCH is addressed 2K7 

Address control line from MPX-Bus 4B8 

Address Gated Lines - Outpt1t of Address Strap 1 E3 - 1 ES 

Attention - Attention to Processor 4F1 

Attentio~ Sync - Generated by an Acknowledge Attention from 4F4 
Processor 

Buffer Active - Indicates that valid data is present in the bB 3lt1 

Bt1sy - Indicates a data transfer is in progress 3F3 

Clear Data Register - Clears MDR prior to loading from MS()OO:l50 4H.2 

Clear Busy - Terminates transfer when a match is detected 3M3 

Control Line 7 - Control Line from MPX-Bus 4B6 

Control Line Gate - Gates Private Control Lines 1C2 



MNEMONIC 

CL USO 

CMDO 

CMG 

coo 

DOOO:l50 

DAO 

DLGO 

DB001:151 

DRO 

DRGO 

DX 

EBSl 

EDXl 

El\.fXl 

ENO 

ENGl 

ENMDRl 

ENMDWl 

ENMSl 

HWO 

INHO 

LARHO 

LARLO 

LDBl 

LDRHO 

LDRLO 

LFRHO 

LFRLO 

MA000:140 

MCHl 

MEANING 

Clear Load/Unload Sequencer - Clears Sequencer 

Command Control Line from MPX-Bus 

Command Gated by ADI 

Carry Out of the AAR - Prevents Memory 'Wrap-around' 

Data Lines from MPX-Bus 

Data Available Control Line from MPX-Bus 

Data Line Gate - Gates Data Lines and Private Data Lines 

Outputs of Data Buffer 

Data Request Control Line from MPX-Bus 

Data Request Gated by ADI 

Data Transfer flip-flop 

End of Busy Set - Signals the start of a SELCH transfer 

End of Data Transfer - Signals the end of a device transfer 

End of Memory Transfer - Signals the end of a memory transfer 

Enable from Memory Bus 

Engage - Gates either PDSO or PDRO 

Enable Memory Data Register Read - Gates:contents of MDR to 
MDOOO:l50 

Enable Memory Data Register Write - Gates contents of DB to 
MD000:150 

Enable Memory Strobe - Gatesicontents of MSOOo:150 to MDR 

Halfword Control Line from MPX-Bus 

Inhibit from Memory Bus 

Load Address .~egister High - Loads AAR and AR, Bits 00:07 

Load Address Register Low - Lards AAR and AR, Bits 08:15: 

Load Data Buffer - Load contents of MI;>R to DB 

Load Data Register High - Loads MDR Bits 00:07 

Load Data Register Low - Loads MDR Bits 08:15 

Load Final Address Register High - Loads FAR Bits 00:07 

Load Final Address Register Low - Loads FAR Bits 08:15 

Memory Address Lines to Memory Bus 

Match - Indicates a match between AAR and FAR 

SCHEMA TIC LOCATION 

382 

4B8 

287 

5Al 

1A3 - 1A8 
2Al - 2A8 

4B7 

1R2 - 1D3 

6G2 - 6G9 
6R2 - 6R9 

4B7 

2L5 

3F8 

3J4 

3J8 

4R7 

4H2 

3D8 

4R6 

4R3 

4R4 

1D2 

4H5 

2R2 

2R2 

382 

3F8 

3H9 

283 

283 

5Rl - 5R8 

5J6 
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MNEMONIC 

MDOOO:l50 

MSOOO:l50 

MSGO 

PADRSO 

PATNO 

PCL070 

PCMDO 

PDOOO:l50 

PDAO 

PHWO 

PSRO 

PSYNO 

PTACKO 

RACKO 

HBAO 

REQO 

SCLRO 

SGADl 

SRO 

SREQO 

ssxo 

sx 

SYNO 

TACO 

TACKO 

TAARO 

TARO 

UAAHO 

UAARLO 

WT 

WRTOA 

10 

MEANING 

Memocy Data Lines to Memory Bus 

Memory Strobed Data Lines from Memory Bus 

Multiplexor SELCH Control flip-flop 

Private Address Control Line to SELCH Bus 

Private Attention from SELC ll Bus 

Private Control Line 7 to SELCH Bus 

Private Command Control Une to SELCH Bus 

Private Data Lines - SELC H Bus 

Private Data Available Control Line to SELC H Bus 

Private Halfword Control Line from SELCH Bus 

Private Status Request Control Line to SELCH Bus 

Private Sync from SELC H Bus 

Private Transmit Acknowledge to SELCH Bus 

Receive Acknowledge from MPX-Bus 

Reset Buffer Active - Resets Buffer Active flip-flop 

Request - Request for memory cycle to Memory Bus 

System Clear - Initialize Signal 

Set Gate - Sets Address flip-flop 

Status Request Control line from MPX-Bus 

Set Request - Initiates a request for memory 

Set Status Transfer - Sets the Status Request flip-flop 

Status Transfer - Status Request flip-flop 

Sync to MPX-Bus 

Transmit Accept - To lower priority DMAs 

Transmit Acknowledge - To lower priority devices on MPX Bus 

Toggle Auxiliary Address Register - Increments AAR 

Toggle Address Register - Increments AR 

SCHEMATIC LOCA'.l~ION 

Mil - 6G8 
6Rl - 6RH 

6Al - GAB 
6Hl - 6H8 

3F4 

4Fs 

4Bl 

4R6 

4FR 

2Fl- 2F8 
18:1 - 189 

3H5 

I Al 

3H6 

4B5 

4F2 

4B5 

3M2 

4R5 

4H4 

2LR 

4B6 

384 

385 

3F6 

285 

4Rl 

4F3 

3Ml 

487 

Unload Auxiliary Address Register High - Unloads AAR Bits 00:07 

Unload Auxiliary Address Register Low - Unloads AAR Bits 08:15 

2R4 

2R4 

Write flip-flop 3F5 

Write to Memory Bus, when selected 4R.'l 
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02-232 SELECTOR CHANNEL 
PROGRAMMING SPECIFICATION 

1. INTRODUCTION 

The 02-232 Selector Channel (SELCH) controls the transfer of data between 1/0 devices and memory at rates of up to 
2, 000, 000 bytes per second. Up to 16 1/0 devices can be connected to the Selector Channel, but only one device can 
transfer data at a time. The advantage in using the Selector Channel is that other program processing can occur simul­
taneously with the transfer of data between the I/O device and memory. This is accomplished by allowing the Selector 
Channel and the Processor to access memory on a cycle-stealing basis. In some instances, the execution times of the 
program in progress are affected, while in others, the effect is negligible. This depends upon the rate at which the 
Selector Channel and Processor both compete for access to memory, Data transfer to the device may be made in either 
the Byte or Halfword Mode. Figure 1 is a block diagram which shows the incorporation of the Selector Channel into Uw 
INTERDATA peripheral system. 

CORE 
MEMORY 

~ 

PROCESSOR 

MULTIPLEXOR 
CHANNEL 

MULTIPLEXOR BUS 

DEVICE DEVICE 
CONTROLLER CONTROLLER 

DEVICE DEVICE 

2. CONFIGURATION 

SELECTOR 
CHANNEL 

SELECTOR BUS 

DEVICE 
CONTROLLER 

DEVICE 

DEVICE 
CONTROLLER 

DEVICE 

Figure 1. Systems Interface Block Diagram 

...-----.... 

OMA 
PORT 

DEVICE 
CONTROLLER 

DEVICE 

The 02-232 Selector Channel is used with Model 70, Model 80, or other compatible Processors. The Selector Channel 
requires one 15 inch boara, and one slot in a 15" chassis. 

The priority of the Selector Channel is determined by its position on the Multiplexor Bus. Devices on the Selector Chan­
nel Private Bus have higher priority then devices which appear after the Selector Channel .in the daisy chain of the Mul­
tiplexor Bus. Refer to 02-232A20 for installation information. 

3. OPE'.:u\TING PROCEDURES 

The 02-232 St•lector Channel iB controlled solely. by programmed 1/0 sequences over the Multiplexor Bus. 

4, DATA FOHMAT 

Not applicable to the 02-232 Selector Channel. 
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3. PHOGRAMMING INSTRUCTIONS 

Table 1 illustrates the Selector Channel Status and Command Byte coding. A Sense Status instruction (SS or SSR} is 
used to transfer the status byte from the Selector Channel Device Controller to·the Processor. The.least significant 
four bits (4:7) of the status byte are copied into the· Condition Code during the Sense Status operation. Branch instruc­
tions can test these four bits directly. 

The Output Command instruction (QC or OCR) causes a command byte to be sent to the Selector Ch:mnol Controller. 

TABLE 1. SELECTOR CHANNE.L STATUS AND COMMAND BYTE DATA 

BIT NUMBER 0 l 2 3 4 5 6 7 

STATUS BYTE BSY 

COMMAND BYTE READ GO STOP 

STATUS 

BSY 

COMMAND 

READ 

GO 

STOP 

This bit is set when the Selector Channel is in the process of transferring data. 

This command changes the mode of the Selector Channel from Write to Read. In 
the Read Mode, data is transmitted from the active device on the Selector Chan­
nel and Written into memory. Whenever a data transmission has been completed, 
the Selector Channel is placed in the Write Mode. Each time a Read operation is 
required, a Read Command must be issued. 

This command initiates a data transmission. This command can be issued nt the 
same time the Read/Write Mode is established. 

This command halts any data transmission in progress, and initializes the Sclecto1 
Channel for starting a new operation. It should be given when the Selector Chan..,. 
nel terminates. 

The Write Data (WD or WDR) or Write Halfword (WH or WHR) instructions may be used to send the starting and final 
addresses to the Selector Channel Controller. 

The Read Data (RD or RDR) or Read Halfword (RH or RHR) instructions may be used to obtain the last Processor mem­
ory location either written into or read from memory. 

The Read Block (RB or RBR) .or Write Bio.ck (WB or WBR) instructions should not be used since the status byte pro­
duced by an idle SELCH is the status of any active device on the SELCH Bus with Bit-4 (BSY) forced to zero. De­
pending on the device status, the Read Block or Write Block instructions may terminate. 

NOTE 

The user should be aware that programs 
using Block I/O instructions to control 
the SELCH may not work when using the 
02-232 Selector Channel. 

If an interrupt is pending, an Immediate Interrupt or Acknowledge Interrupt instruction (AI or AIR) clears the interrupt 
and causes the device number of the Selector Channel to be sent to the Processor. If the Acknowledge Inte.r:rupt instruc­
tion is used, the SELCH status is also sensed by the Processor. The SELCH status is the status of the peripheral de­
vice in use with BSY forced to a zero. 

6. PROGRAMMING SEQUENCES 

Programming a device on the Selector Channel consists of setting up the device, setting up the Selector Channel~ and . 
sending a GO command to the Selector Channel. When all devices on the Selector Channel are idle, the Selector Bus 
becomes a part of the Multiplexor Bus. This provides the path to set up the device and .the 8elector Channel. 
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The last device addressed prior to sending the GO command is the device the Selector Channel controls, assurnin~ t.hal: 
the device is connected to the Selector Channel. The program must, therefore, send the GO command before addressing 
any other device. Note that when the SELCH device is heing addressed, prior to the GO command, the 8ingfo Mode may 
not be used since the Display Panel is addressed in this mode. 

During data transfer, the Selector Channel provides a direct data path between the device and memory. l!ntil the frami­
fer is complete, no 1/0 instruction can be issued to any device on the Selector Channel Bus, includinp; the device I rans-­
ferring data. If devices. on the Selector Channel Bus arc referenced while the Selector Channel is busy, thi False Hync 
bit is set (V Condition Code). 

The initialization of a device on the Selector Channel Bus is accomplished by executing an Output Command (OC or OCH) 
instruction. Refer to the device Programming Manual for the bit configuration of the Output Command. Note that the 
Selector Channel has a unique device number just like all other 1/0 devices. Output Commands, as with all Input/Out­
put instructions, affect only the device addressed. 

The Selector Channel has a 16-bit incrementing Address Hegister and a 16-bit Final Address Register. The user pro­
gram loads the starting address into the incrementing Address Register and the final address into the Final Address 
Register. Transfer is completed when the incrementing Address Register matches the Final Address Register. The 
address limits are expressed inclusively; transfers begin and end on the addresses placed in the starting and final ad­
dress registers. 

The memory is addressed on halfword boundaries; that is, each time memory is accessed, two bytes or a halfword are 
obtained. 16-bit addressing is used, with the least significant bit, Bit-15, determining the byte desired. See Figure 2. 

CORE MEMORY 
0 7 8 15 'JI 

HALlORD .... 
0 

EVEN BYTE ODD BYTE 

BYTE BYTE 

2 

BYTE BYTE 

4 
BIT-15=0 BIT-15=1 

lo ••1 "I 
... _______ M_E_M_o_R_Y_A_D_D_R_E_s_s_R_E_G_is_T_E_R __________ .. r-~~E'~ ~~C~FIES ODD OR 

Figure 2. Memory Addressing 

Each time the Selector Channel accesses memory, two bytes (halfword) are transferred. It is mandatory that data trans­
fers begin on a halfword boundary. The following results if data transfers are ended on byte boundaries: 

1. Write Mode (memory to device) - End on byte boundary (Bit-15 = 0) - No effect. 

2. Read Mode (device to memory) - End on byte boundary (Bit-15 = 0) - The previous contents 
of the last odd byte in memory is written into the current odd byte in memory. See Figure 3. 

NEXT TO LAST · 
HA'-FWORD 

LAST HALFWORD 

0 7 8 15 

EVEN BYTE ODD BYTE 

011--~--~-~---~-~-+--~--~--~--~~~ 
BYTE BYTE 

2------------.~----------~--~-------LAST BYTE SPECIFIED 

Figure 3. Memory Configuration, End on Byte Boundary 

BOTH BYTES HAVE 
SAME VALUE 

The user program specifies the mode, either Read or Write, and gives the GO command. The following sections pro­
vide details for programming the Selector Channel. 

6.1 Starting and Final Addresses 

An Output Command with the .Stop bit set should be issued prior to starting any operation on the Selector Channel to 
clear any preceding conditions. Four successive bytes are required to specify the starting and final addresses of the 
user's buffer area. Either the Write· Data (WD or WDR) or Write Halfword (WH or WHR) instructions may be used to 
send the s~arting and final addresses to the Selector Channel Controller. Figure 4 defines the four bytes Used for ad­
dressing. 
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STARTING ADDRESS 

-----HIGH ----.,....7 8 ... .----,..--LOW _,_ __ ,..._.,1$ 

2 

4 

FINAL ADDRESS 

1. Starting Address High (Bits 0:7) 
2. Starting Address Low (Bits 8:15) 
3. Final Address High (Bits 0:7) 
4. Final Address Low (Bits 8:i5) 

Figure 4. Starting and Final Address Data Bytes 

6. 2 Status and Commands 

A Sense Status instruction (SS or SSR) is used to transfer the status byte from the Selector Channel Device Controller 
to the Processor. The least significant four bits (4:7) of the status byte are copied into the Condition Code during the 
Sense status operation. Branch instructions can test these four bits directly. The status hyte returned by the SELCTJ 
when idle, is the status of any device on the SELCH Bus with Bit-4 (BSY) forced to a zero. The Output Comm:mcl in­
struction (OC or OCR) is used for transmitting the command byte to the Selector Channel Controller. 

6. 3 Termination 

Data transmission between the Selector Channel and the device presently connected to it is halted if any of fhl' fol lowin!4" 
conditions occur: 

1. The starting address matches the final address. This denotes a normal termination. 

2 The starting (incrementing) address goes from all Ones to all Zeros (maximum count). Jn this ens<', 
a match has not occurred and is considered an abnormal termination. 

3. Any of the DU, EOM, or EX status bits of the device presently connected to the Selector Channel 
changes to a One. This is also an abnormal termination. 

4. A Stop command is sent to the Selector Channel via a user program. 

The terminaUon condition is determined in one of two ways: by a status scan, or by the interrupt method. These 
methods are described in the following paragraphs. An Output Command Stop should be issued to the Selector Chan­
nel following its termination. 

4 

NOTE 

In the status scan method of programming, it is possible for the 
Busy Bit to change from One to Zero during a Sense Status in­
struction without returning the SELCH to Idle. To guarantee the. 
Idle Mode after Busy = 0 on the Sense Status instruction, a Stop 
command should be sent to the SELCH. 

Status Scan. The status of the Selector Channel Controller may be examined l>y issuing a Sense Status instruc­
tion (SS or SSR). The Busy Bit (Bit-4) is a One while transmission is in progress, and Zero when transmission 
is terminated. One method of testing for termination would be to continually or periodically test tho Busy Bit 
of the Selector Channel Controller. The change from One to Zero would then indicate the termination of a data 
transfer. When the Selector Channel is busy, only the Busy Bit (Bit-4) is present in the status byte and all 
other bits are Zero. At termination, the status of the device is presented in the status byte, except for the 
Busy Bit which is Zero. 

Interrupt Method. When data transmission is initiated on the Selector Channel, the interrupts are alwayR enable< 
If external device interrupts are enabled (PSW Bit-1 set), the Processor is interrupted when the Selector Chan­
nel terminates. The interrupt can be serviced via Immediate Interrupt or Acknowledge Interrupt imitruction 
(AI or AIR), which clears the interrupt and causes the device number of the Selector Channel (X'FO' preferred) a 
status of the peripheral device to be sent to the Processor. The Busy Bit is treated in the manner described pre 
vioqsly for Status Scan. 



NOTE 

When programming the SELCH in the Interrupt Mode, a Termination Interrupt will 
be lost if the SELCH is addressed between the termination of the transfer and the 
acknowledgement of the interrupt. Therefore, avoid issuing any J/O instructions 
to the SELCH after the GO command until the interrupt has been acknowledged. 

6. 4 Reading the Final Address 

The last Processor memory location either written into or read from may be obtained hy executing a pai~· of Head Data 
instructions (RD or RDR) or a Read Halfword instruction (RH or RHR). The Read Block im;truction (HH or llBH) shoulrl 
not be used. This information permits a user program to verify a successful data transmission or determine al. what 
address termination occurred. Figure 5 illustrates the order in which the data is read into the Processor. 

FINAL ADDRESS 

-----H IGH-----7 a-----LOW----•15 

2 

1. Final Address High (Bits 0:7) 
2. Final Address Low (Bits 8:15) 

Figure 5. Read Data Instructions 

7. INTERRUPTS 

Refer to Section 6. 3 Termination, Interrupt Method. 

8. INITIALIZATION 

Whenever the Initialize switch (INT) on the Display Panel is depressed, or a Stop command is issuer!, the following 
actions occur: 

1. Any data transmission in process is halted and the stop Mode is effected. 

2. The Selector Channel is placed in the Write Mode. 

3. The Selector Channel is placed in the Idle Mode. 

4. The Selector Channel interrupt is reset. 

9. DEVICE NUMBER 

The Selector Channel is normally assigned device number X'FO', but may easily be changed by a minor wiring modifi­
cation on the Selector Channel Device Controller board. Refer to the Installation Specification, 02-232A20, for specific 
details. 

1 O. SAMPLE PROGRAM 

Appendix 1 presents a sample driver program for a magnetic tape unit connected to the Selector Channel. The purpose 
of this sample program is to show the program instructions used to control the Selector Channel and the order in which 
they may be executed. 

The function of Subroutine 1 is to prepare the Selector Channel and device for a data transfer. Upon entry to Subroutine 
1, Steps 1, 2, and 3 load the device number of the Selector Channel into a register and tests the Selector Channel's Busy 
Bit. If the Busy Bit is set, return is made to the calling program via the Busy Exit. If the Selector Channel is idle, 
Steps'& and 6 test the status of the tape unit. If the tape unit status reveals it is available, Step 7 sends a command .to 
the tape unit. If the tape unit is not available, return is made to the calling program via the error return exit. Steps 
8 through 11 load the Selector Channel's Address Register. Step 12 then gives the GO command to the Selector Chan­
nel initiating the data transfer. 

The function of Subroutine 2 is to service the interrupt caused by the Selector Channel. Step 14 acknowledges the inter­
rupt, and at the same time loads the status of the device into register Status. Steps 15 and 16 read the incrementing 
(start) register of the Selector Channel and load the results into memory locations, LFINLH and LFIXLL. Steps 17 
through 19 compare the actual ending address to that loaded into the Final Address Register. . If not equal, return is 
made to the call program via the error return exit; if equal, return is made to the normal return. 

5/6 





PAGE 1 

OOOOR C8AO 
OOFO 

0004R 9DAC 
0006R 428F 

0004 
OOOAR C8BO 

0020 

OOOER 9D!:tC 

OOlOR 45CO 
OOSAR 

00l4R 423F 
0008 

0018R DEHO 
00~2R 

OOlCR DEAO 
0054R 

0020R OAAO 
0056R 

0024R OAAO 
0057R 

00i?8R DAAO 
· 0058R 

002CR DAAO 
0059R 

0030R DEAO 
0053R 

0034R 030F 

* SAMPLE DRIVER PRUGRAM FOR A MAGNETIC 
• TAPE UNIT UNDER CONTROL OF SEL~CTOR i I " I 
• CHANNEL INTERFACE . · APPSllDIX 1 
• SAMPLE PROGRAM 
• NORMAL RETURN -REGISTER 15 
• BUSY RETURN - REGISTER 15+4 
• ERRO~ RETURN - REGISTER 15+8 

• SUBROUTINE l INITIALIZES UEVICE ANO SELECTOR CHANNEL 
• 
SUBRl 

• 

• 
• 

LHI 

SSR 
BTC 

LHI 

SSR 

CLH 

t:tNE 

oc 

oc 

WO 

WO 

WO 

WD 

oc 

BR 

SCDVNU,x•F0 1 

SCDVNIJ,STATUS 
8,4<RETURN) 

TPDVNU,STATUS 

STATUS.COMSAT 

ti<RETURN) 

TPUVNU,CMUMOD 

SCDVNU,RESET 

SCDVNU,STARTH 

SCDVNU,STARTL 

SCDVNU,f INALH 

SCDVNU,FINALL 

SCDVNU,GORU 

RETURN 

(1) LUAOS t)E.VICE NUMKl::R OF 

SEL CHAN IN REGISrtk 
<2> TEST SEL CHAN AVAIL-
(3) BUSY RETURN 

(4) LOADS OEVICE NUMHER UF 

TAPE UNIT IN RE<;ISTF.R 
<S> TEST TAPE UNIT AVAIL­

ABLE. FUk COMDS 
(6) TST STATUS OF TPE UNll 

<7 ) COMMANUS TAPE UNIT lU 

REAU MOOE 
~ESET SC REGISTERS 

<8 > SENUS ~ITS 0-7 OF 

START ADDR TO SEL CHAN 
<9 > SENUS t:tITS 8-15 OF 

START AOOR TO SEL CHAN 
<lO> SENDS ~ITS 0-7 OF 

ENO AUOR TO SEL CHAN 
<ll>SENUS BITS H-15 OF 

END AODR TO SEL·CHAN 
<12> STARTS DATA THANSFlM 

BETWEEN TAPE AND COM~ 

Cl3> RETURN TO CALLING ROUTI~E 

• 4JlnJB .. ~OO.S.JJ*itlr*'B'"•lJ· .. *Wotl*o*** **OOUOU*i>* ** * i>O it *U it U itOi> ft ft U U t>O U i> it it· 

• SU~ROUTINE 2 SERVICES INTERRUPT RETURN 

0036R 9F9C S8UR2 AIR DEVICE, STATUS ( 14) ACK NOW LE OGE I NTERRlJP r 
AND OBTAIN STATUS 

0038R DEAO 
oos41r -

... 
oc SCDVNU,RES£T SENO STOP TO SELECTOR 

Al-1 
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003CR DHAO 
OOSCR 

0040R DHAO 
005lJR 

0044R 48t::O 
OOSCR 

U04HR 45£0 
0058R 

004CR t+23F 
0008 

OOSOR 030F 
OOS?.R Y-:130 
OOSlR 
OOS4R 0808 
OOSnR 
0057R 
0058R 
005g~ 

0009 
OOOA 
OOOR 
oooc 
00011 
OOOF 
UOOF 
OOSAR 
OOSCR 
OOSl>R 
005F R 
AlH1R 0000 
CMDM01) 0052R 
COM5Al OOSAR 
DEVICE 0009 
Fll\JALH 0058R 
FI NALL 0059R 
GORI) 0053R 
LFINLH OOSCR 
LFINLL OOSDR 
RESET 0054R 
RETIJRN OOOF 
SRI JR?. 0036R 
SCDVNU OOOA 
STARTH 0056R 
STARTL 005 7f< 
STATUS oooc 
SUHRl OOOOR 
TEST OOOE 
TPIWNLJ 00011 

Al-2 

~o·· 

RO 

LH 

CLH 

BNE 

BR 
Ct'1Di"100 IJC 
GORD EQU 
~t::SET DC 
STARTH OS 
STARTL EQU 
FINALH OS 
FI NALL EQU 
UEVICE EQU 
SCOVNU E<..lU 
TPDVNU EQU 
STATUS EQU 
AOOR EC~U 

TEST t::QU 
RETURN EQU 
CUMSAT us 
Lf INLH OS 
LFINLL E<..lU 

END 

SC'OVNUtLtlNLH 

SCDVNIJtLFINLl 

TESTtLFINLH 

TESTtFINALH 

8CHETUWN> 

RETURN 
X•9930• 
CMDMOD+l 
X•080A• 
2 
STARTH+l 
2 
f INALH+l 
f.J 
10 
1 1 
12 
13 
14 
15 
2 
2 
LFINLH+l 

CHANNEL FOLLOWING ft~M. 
Cl5J READ SEL CHAN HITS 

0-1 FON ENUING ADON 
ClbJ Rt:::AO ~tL CHAN HITS 

8• 15 F'O~ ENO I Nb Al}I >I-<' 

Cl 7 > LOAOS ACTUAL END I l·Jb t\IJD~ 

<18> TO COMPARt:. WI TH SPH.lt- ff 

Cl~) E~~OR ~ETURN 

<20> RETURN TO CALLING ROllf 11' 

CONTAINS EXPECTt.U STATUS 



1. INTRODUCTION 

MODEL 70 MEMORY PROTEC'f 
INSTALLATION SPECIFICATION 

02-2:lGH01 A: 
Ma re h l 'l 7. 

This specification provides the necessary information for the installation of the 02-236 Memory Protect Module in a 
Model 70 Processor System. The module assembly consists of one 35-396 711 board and one 17-169 cable. The 3G-:J!lG 

711 board must be strapped to a blank 7" board or an active 7" board (e.g. Universal Clock Module) by an INTEHDJ\TA 
16 ... 398 Half Board Kit, so that it may be installed in a chassis designed for standard 15" boards. The Memory Protect 
Module may be installed in either the right or left half position, depending on the system configuration. See Figure l • 

2. UNPACKING 

m lJ Dtl 

@: ~ ~· 

7" BOARD 7" SOARD 

0 ::11: 0 

~ s • 
NOTE: 35-396 7" SOARD CAN BE LOCATED ON 

EITHER SIDE. 

Figure 1. 7" Board Assembly 

~a 

0: 

,,. 

~ 

When the Memory Protect Module is shipped with a system, it is installed at the factory so there is no special unpack­
ing procPtlure. If the module assembly is purchased separately, it should be inspected for damage prior to installation. 

3. LOCATION 

The 35-396 Memory Protect Modu}e 7" board, once assembled using a half board kit, may be installed in any available 
I/O slot of a standard 15" chassis which is located no more than one chassis from the Processor. 

1 



NOTE 

Normally it is required that the Memory Protect Module be installed 
as the highest priority device controller (with respect to interrupts) 
on the Multiplexor Bus to insure proper recognition and response to 
Memory Protect violation interrupts that may occur in the system. 
This is accomplished by installing the Memory Protect Module in the 
first available 1/0 slot with respect to the daisy chain priority line, 
and rerouting the RACKO/TACKO line which is ordinarily connected 
first to the built-in Teletypewriter controller. See Section 4. 

4. BACK PANEL WffiING 

To insure that the Memory Protect has the highest priority on the Multiplexor Bus, the RACKO/TACKO line on the Pro­
cessor chassis back panel must be rerouted. Refer to Figure 2 during the following rerouting procedure. 

1. Remove the RACKO/TACKO jumper from the slot occupied by the Memory Protect Module. '1110 

jumper is located between Terminals 122 and 222 on the selected slot. 

2. Break the daisy chain line from the next higher priority device controller and to the next lowc~r 
priority device controller, at Terminals 122-1 and 222-1 on the Memory Protect Module's 
selected slot. Connect the TACKO Terminal 222-1 from the next higher priority device to 
the RACKO Terminal 122-1 on the next lower priority device controller on the Multiplexor 
Bus. This removes the Memory Protect Module from the daisy chain priority sequence, and 
re-establishes the daisy chain to lower priority device controllers. 

3. Break the connection between Acknowledge Interrupt (ACKAOO) Terminal 236-0 and Teletypewriter 
Receive Acknowledge (RACKO) Terminal 234-1 on the I/O Board, Slot 5. This disconnects tho 
Teletypewriter device controller from the Acknowledge Interrupt (ACKAOO) line. 

4. Connect a jumper between Memory Protect Module RACKO Terminal 122-1and1/0 Board ACKAOO 
Terminal 236-0. This connects the Memory Protect Module as the first device controller in the 
RACKO/TACKO line. 

5. Connect a jumper between Memory Protect Modulu TACKO Terminal 222-1 and I/O Board 
Teletypewriter B.ACKO Terminal 234-1. This connects the Teletypewriter as the second 
device controller in the RACKO/TACKO line. 

The Memory Protect Module is now the highest priority device controller in the daisy chain. The built-in Teletypewriter 
device controller is second in priority and the remaining device controllers arc as before in their required sequence. 

2 



I/O BOARD 
CPU SLOT- 05 

ACK INT ( ACKAOO) 

RACKO 

TELETYPEWRITER RACKO/TAC KO 
DEVICE CONTROLLER LOGIC 

~-------~----T-A_C_K_O _ _, I~~ 
MEMORY/IO BOARD J 

SLOT-03 

...-.... R_A..,.c..,.K .... o_ ...... _12«2-1 

RACKO/TACKO 
LOGIC 

TACKO 

MEMORY PROTECT BOARD 
SLOT-02 

RACKO 

MEMORY PROTECT RACKO/TACKO 
DEVICE CONTROLLER LOGIC 

TAC KO 

MEMORY/10 BOARD 
SLOT-01 

RACKO 

RACKO/TACKO 
LOGIC 

222-1 

122-1 

I 
I 
I 

:0 0 
I 

222-1 

122-1 

© © 

NOTE: THE CIRCLED NUMBERS REFER 
TO THE CORRESPONDING NUMBERS 
IN THE FOLLOWING RACl<O/TACKO 
LINE REROUTING PROCEDURE 

REMOVE RACK.0/TACKO JUMPER 
ON THE SELECTED SLOT 

@ BREAK DAISY CHAIN LINE 

© 

AT TERMINALS 122-1 AND 222-1 
ON THE SELECTED SLOT. 
CONNECT NEXT HIGHER 
PRIORITY DEVICE TERMINAL 222-1 
TO NEXT LOWER PRIORITY 
DEVICE TERMINAL 122-1 

BREAK CONNECTION BETWEEN 
THE 1/0 BOARD TERMINAL 236-0 AND 
THE TELETYPEWRITER 
DEVICE CONTROLLER TERMINAL 234-1 

CONNECT JUMPER BETWEEN 
MEMORY PROTECT MODULE TERMINAL 122-1 
AND I/0 BOARD 
TERMINAL 236-0 

© CONNECT JUMPER BETWEEN 
MEMORY PROTECT MODULE TERMINAL 222-1 
AND 1/0 BOARD TELETYPEWRITER 
DEVICE CONTROLLER TERMINAL 234-1 

Figure 2. RACKO/TACKO Rerouting with Memory Protect Module 
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!i. CABLE CONNECTION 

Jnstall the 17-169 cable between the 35-396 Memory Protect board and the 35-387 Memory Control hoard. See Figure 
3. The Memory Control board is located in Slot 4 of the Central Processor Unit (CPU) chassis. 

17-169 

Figure 3. Cable Connection 

fi. STRAP OPTIONS 

(i. 1 Address Strapping 

The preferred address of the Memory Protect Controller is X' AE'. The module is strapped for this address at the fac­
tory. To change the address, refer to Functional Schematic 02-236D08, Sheet 1. 

6, 2 Block Size Option 

The Memory Protect Controller is strapped for 1, 024 Byte blocks at the factory. To change the block size, refer to 
the Block Size Table on Sheet 2 of Functional Schematic 02-236D08. 

7. INSTALLATION CHECKS 

NOTE 

The alpha-numeric designations referred to 
on the functional schematic, indicate similar 
designations on the apparatus side of the 
printed circuit board. 

To insure proper operation of the Model 70 Memory Protect, Test Program 06-123F04 should be executed in accor­
dance with its test program description. 
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1. INTRODUCTION 

MODEL 70 MEMORY PROTECT 
MAINTENANCE SPECIFICArfION 

o 2 - 2 :Hi A 2 J 
,J an u a r .v 1 ~l 

The 02-236 Model 70 Memory Protect provides a means of allocating selected blocks of memory to be protected. The 
Memory Protect Controller (MPC) converts a Write operation to any location in a protected block to a Read operation, 
notifies the Processor via an interrupt, and sets a status bit in the controller. The memory may be partitioned into 
a maximum of 64 blocks with individual protect control for each block. An overall protection override provides a means 
of loading any area in memory. 

The Model 70 Memory Protect consists of one Memory Control mother-board and one cable, The cable interconnects 
the Memory Protect Controller with the Memory Control board of the Central Processor Unit (CPU). Refer to the In­
stallation Specification, 02-236A20, for necessary installation information. 

2, SCOPE 

This specification describes the functional operation of the Memory Protect Controller and its associated circuits in 
the Processor. This specification contains a block diagram analysis, a functional diagram analysis, timing information, 
and a mnemonic list for the Memory Protect Controller. Strapping information for block size selection is found on 
Sheet 2 of Functional Schematic 02-236D08. 

3. BLOCK DIAGRAM ANALYSIS 

Refer to the block diagram of the Memory Protect Controller (MPC) on Sheet 3 of Function.al Schematic 02-236D08, 

Prior to installation, the Memory Protect should be strapped for the desired block size. The following block sizes 
may be selected; 512 bytes, 1, 024 bytes, or 2, 048 bytes. Refer to the table on Sheet 2 of Functional Schematics 
02-236D08 for strapping information. 

Having selected the desired block size, the MPC is setup by the Processor via the Multiplexor Channel Bus. This set­
up includes the loading of the 64-bit Mask Register with the block or blocks to be protected, either selecting or over­
riding the protect function, and either arming or disarming the 1/0 interrupts at the controller. The loading of the 64 
bit Mask Register is accomplished by steering up to eight Data Availables (DAs), by the Control Circuit, to the Mask' 
Register. The most significant bit of the first DA corresponds to block one, the next less significant bit of the first 
DA corresponds to block two, etc. 

The Memory Protect Controller constantly monitors the true outputs from the Memory Address Hegister in the Pro­
cessor (MAOOlA:MA06lA) and generates Protected Address (PRTADl) whenever a protected memory address, as de­
fined by the 64-bit Mask Register, is accessed. Meanwhile, if protect is enabled at the Processor, and a Write oper­
ation is attP.mpted, Protect (PRTECTO) is generated on the Memory Control board and sent to the MPC. PRTECTO is 
ANDed wi.th Protected Address (PRTADl) and Override Protect (ORPl), by the MPC Control Circuit, to generate CWRO. 
CWRO is in turn sent to the Read flip-flop on the Memory Control board. It sets the Read flip-flop which disables the 
Write attempt and causes a normal Head operation to be performed. 

CWRO also sets a status bit in the controller and generates an interrupt, when enabled, to indicate to the program that 
an attempt was made to Write to a protected area in memory. 

1 



-1-. FUNCTIONAL DIAGRAM ANALYSIS 

4, 1 Introduction 

To understand INTERDATA functional schematics, it must be noted that the last character in the mnemonic s.vmlml des­
ignates the logic level when the signal is active. For example; D080 .is Data Line Number 8 and the last ch:1racler o 
means that when DOSO is active, the line is at a iogical Zero level. 

This section relates to Functional Schematic 02-236D08. 

4. 2 Multiplexor Bus Communication 

When the Memory Protect Controller is addressed by the Processor, all highs are presented to the inputs of the Nl\ND 
gate at 1G3. The output from this gate is inverted and applied to the J input of the Address flip-flop (AD)(l L:l) while 
the non-inverted signal is applied to the K input of the Address flip-flop. The trailing edge of ADHSO toggle:-; tho Ad­
dress flip-flop set producing ADl. 

The Processor is notified that the address was recognized by a device controller by activating SYNO (1 H7). SYNO is 
generated by ADSYNO (1D6), which is the ANDed output of ADRSI and the recognition ofthe address. SYNO is gener­
ated for each of the other control signals (CMD, DR, DA, and SR) by gating them with an active ADI and applying the . 
gated output to the NAND gate at 1 E7. 

If an interrupt is generated by this controller, the Attention flip-flop (1J9) is set, and Attention (ATNO) is sent to the 
Processor. When the Processor acknowledges this interrupt:, Receive Acknowledge (RACKO)(l L8) becomes ndive. 
RACKO is inverted and applied to the contention circuit (1R5) which generates either Attention Sync (ATSYNO), when 
ATNl is active or Transmit Acknowledge (TACKO); when ATNl is inactive. ATSYNI (1 H8) gates the address onto Data 
Lines 8:15, and its falling edge resets both the ATN and the Write Attempt (WATT) flip-flops. Interrupts may be en­
abled and disabled, via program control, by the setting or clenring of the ARM/DISARM flip-flop (1M7). Initialize 
(SCLRO active) or an Output Command with Bit-8 active and Bit-9 inactive, sets this flip-flop to the Disarm state, and 
an Output Command with Bit-8 inactive and Bit-9 active, places it in t:he Arm stale. Jn the Disarm state, a low is pre­
sented to the direct clear input of the ATN flip-flop, preventing it from becoming set. 

4. 3 Status and Command 

The Status and Command Byte data is shown in Table 1. 

BIT NUMBER 

STATUS BYTE 

COMMAND BYTE 

PON 

PWF 

EX 

DISARM· 

ARM 

PON 

POFF 

2 

TABLE 1. MEMORY PROTECT STATUS AND COMMAND BYTE DATA. 

0 1 2 3 4 5 6 7 

PON PWF EX 
' 

DISARM ARM PON POFF 

Indicates that protect is enabled. 

Indicates that an attempt was made to Write into a protected memory area. This bit 
is reset by an Output Command, or an Acknowledge Interrupt instruction. 

Examine is set when PWF is set. 

Disables interrupts. They will not be queued. 

Enables interrupts. 

Enables the protect function on the controller. 

Disables the protect function on the controller. 



4. 4 Load Mask Sequencer 

The load mask sequencer steers up to eight Data Availables (DAs) to l.oad the 64-bit Mask Ucgister with the desired pro­
tect pattern. The four-bit counter (2L7) is initialized by CL! which is the OR output from SCLRO and CMGO (IH!:l). When 
initialized, all outputs from the counter are at a logical Zero level. This causes the first DA to activate BADG20 which 
enables the loading of the two 4 x 4 register stacks located at 2G2 and 2G6. Since BADOl and BADll arc hoth low, lhe 
first DA loads Word 101 into the two registers. The trailing edge of DAGO increments the counter, allowing the nexl 
DA to load Word 'l' into the same two registers (BADOl active). For the last four DA outputs, output C from the 
counter is high causing these DAs to activate BADG30 which enables the loading of the remaining two reghter stacks. 
If more than eight DAs are issued, wrap-around occurs (i.e., the ninth DA will once again lond Word '0' into the 
first pair of registers). 

4. 5 Protect Pattern Recognition 

The Memory Protect Controller constantly monitors the true outputs from the Memory Address Rei,.>i.ster (MAH) in the 
Processor (MA001A:MA061A). The MAR outputs are strapped in accordance with the table on Sheet 2 of Functional 
Schematic 02-236D08 for the desired block size, to generate Memory Address Lines MAOl to MA051 (2C3--267). The 
four most significant signals, MAOl :MA031, are decoded by the four-to-four line decoder (2D2-2D9) to enable one of 
the four register stacks and to select one of the four-bit words of that register for a particular group of memory ad­
dresses. 

Each of the four outputs from the four-bit register stacks is OH tied with the corresponding output from the other reg­
ister stacks (i.e., the 1 output from register 35 is OR tied with the 1 output from register stacks 34, 33, and 32), but 
only the selected stack may be active. The two least significant memory address bits monitored by the Memory Pro­
tect Module for any given block size, MA41 and MA51, are used to select one of the four outputs of the selected regis­
ter stack (2L3). This selection is accomplished by the four-to-one line multiplexor (2M8). If the selected data input 
to the multiplexor is high, the Protected Address signal (PRTADl) is active. 

Each time a Memory Write function is decoded by the Processor with Program Status Word (PSW) Bit-7 set, PRTECTO 
is generated unless the Write function is a privileged write. The one-shot at 2K5 generates a pulse approximately 60 
nanoseconds in duration on the trailing edge of PRTECTO. This pulse, when the protect function is enabled in the mod­
ule, QRPl and PRTADl active, generates CWRO and ASATNO. These signals (CWRO and ASATNO) cause the Write at­
tempt by the Processor to be converted into a Read operation, and the Attention flip-flop in the Memory Protect Module 
to be set respectively. 

5. TIMING 

Refer to Figure 1. Worst case delays are indicated. 

/MEMORY ADDRESS BUS SETTLED 

MAOOIA- ----- I 
MA061A 

PRTADI 

PRTECTO 

CWRO 

60 ns 

Figure 1. Memory Protect Timing 

6. MAINTENANCE AND TESTS 

The Memory Protect Module requires no adjustments. Before attempting any maintenance or testing, insure that the 
cable and the controller nre installed properly. Refer to the Insta11ation Specification, 02-23GA20, for necessary in­
stallntion information. 

To test the Memory Protect Module, run the Memory Protect Test O<i-123F04 in accordance with its test program de-
scription. 
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7. MNEMONICS 

The following list provides a brief description of each mnemonic in the Memory Protect Module. The source of each 
signal on Schematic Drawing 02-236D08 is also provided. 

MNEMONIC 

AD 

ADRSO 

ADSYNO 

ASATNO 

ATN 

ATSYNO 

BADOl-11 

BADG20-30 

CLl 

CMDO 

CWRO 

D080:Dl50 

DAO 

DRO 

MA001A:061A 

MA01:051 

OR Pl 

PRTADl 

PRTECTO 

RACKO 

SCLRO 

SRO 

SYNO 

TACKO 

4 

MEANING SCHEMATIC },()CATION 

Address flip-flop IM3 

Address control line from CPU 1J4 

Address Sync - Causes Sync to be returned on an ADRSO IM4 

Set Attention - Sets the Attention flip-flop on a protect violation 2R4 

Attention flip-flop 1J8 

Attention Sync - Causes Sync to be returned on an Acknowledge 1S5 
Interrupt 

Block Address - Selects the indicated word in the 64-bit Mask 2M6 
Register 

Block Address Gated - Enables the indicated pair of registers 
in the 64-bit Mask Register 

Clear - Initialize the load mask sequencer on a Command or 
System Clear 

Command control line from the CPU 

Convert Write to Read - To CPU to change the Write operation 
into a Read operation 

Data Lines from the CPU 

Data Available control line from the CPU 

Data Request control line from the CPU 

Ungated Memory Address from the Memory Address Register 

Memory Address lines selected by the Block Size strapping 

Override Protect - Overrides the protect function of the 
Memory Protect Module 

Protected Address - Indicates that the Memory Address Register 
in the CPU contains a protected address when active. 

Protect - Generated by the Processor when a non-privileged 
Write attempt is made 

Receive Acknowledge - Acknowledge from the lower priority 
device in the RACKO/TACKO daisy chain 

System Clear from the CPU 

I 
Status Request1 control line from the CPU 

Sync - Composite Sync signal to the CPU 

Transmit Acknowledge - Acknowledge to the higher priority 
device in the RACKO/TACKO daisy chain 

2S6 

1K9 

1A6 

2S4 

!Al - 1A5 

1A7 

1A7 

2A3 - 2A9 

2C4 - 2C7 

lLl 

2N3 

2J5 

lLS 

1A8 

1A8 

1G7 

186 
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MODEL 70 Ml~MORY PROTECT 
PROGRAMMING SPECIFICATION 

1. INTRODUCTION 

The 02-236 Model 70 Memory Protect provides a means of allocating selected blocks of memory to be protected from 
user writing. The Memory Protect Controller (MPC) converts a Write operation to any location in a protected block 
to a Read operation, notifies the Processor via an interrupt, and sets a status bit in the controller. The memory may 
be partitioned into a maximum of 64 blocks with individual protect control for each block. Block sizes of 512 bytes, 
1, 024 bytes, or 2, 048 bytes may be selected by strap options on the controller. Refer to Installation Specification 
02-236A20, for block size strapping information. An overall protection override provides a means of disabling the 
protect function at the controller. Note that the protect function is enabled at the Processor only when Bit-7 of the 
current Program Status Word is set. When Bit-7 is reset, all Writes are treated the same as Privileged Writes 
(i.e. protect disabled). 

2. CONFIGURATION 

The Model 70 Memory Protect consists of one Memory Control mother-board and one cable. The cable interconnects 
the Memory Protect Controller With the Memory Control Board in the Central Processor Unit (CPU). The priority of 
the Memory Protect Controller on the Multiplexor Bus is determined by its installation in the systems chassis. Refer 
to 02-236A20 for installation information. 

3. OPERA TING PROCEDURES 

NOTE 

It is imperative that the Memory Protect 
Controller have the highest priority on 
the Multiplexor Bus, to avoid ambiguity 
in identifying the source of a protect vio­
lation when executing interrupt routines 
with I/O interrupts enabled. 

The Model 70 Memory Protect is controlled by programmed 1/0 sequences using the Multiplexor Bus. See Sections 5 and 6. 

4. DATA FORMAT 

Refer to Appendix 1 for the definition of the Load Mask Bytes. 

5. PROGRAMMING INSTRUCTIONS 

The Output Command instruction (OC or OCR) causes a command byte, as defined in Table 1, to be sent to the controller. 
Any command causes all status except Protect On (PON) to be reset, and the Load Mask Sequencer to be initialized. The 
Sense Shtus instruction (SS or SSR) is used to read the status byte, as defined in Table 1, from the Memory Protect Con­
troller. The status byte reflects the operational state of the controller. The least significant four bits (4:7) of the status 
byte are copied into the Condition Code of the current Program Status Word so they can be tested directly by the use of 
Branch instructions. 

The Write Data (WD or WDR), Write Halfword (WH or WHR), or the Write Block (WB or WBR) instructions may be used 
to load the protect pattern into the controller. 

1 



TABLE 1. MEMORY PROTECT STAWS AND COMMAND BYTE DATA 

BIT NUMBER 

STATUS BYTE 

COMMAND BYTE 

~~ATUS 
PON 

PWF 

EX 

COMMAND 

DISARM 

ARM 

PON 

POFF 

0 1 

DISARM ARM 
; 

2 3 4 5 .6 7 

PON PWF EX 

PON POFF 

Indicates that protect is enabled. 

Indicates that an attempt was made to Write into a protected mem­
ory area. This bit is reset by an Output Command, or an Acknowl­
edge Interrupt instruction. 

Examine is set when PWF is set. 

Disables interrupts. They will not be queued. 

Enables interrupts. 

Enables the protect function at the controller. 

Disables the protect function at the controller. 

If an interrupt is pending, the Acknowledge Interrupt instruction (AI or Affi) clears the interrupt and causes the inte.r­
rupting device address and status to be read into the Processor. Executing an Acknowledge Interrupt instruction when 
no interrupt is pending, results in a device address of zero and a status of X'041 • 

6. PROGRAMMING SEQUENCE 

The setting up of the Memory Protect Controller consists of loading the desired protect pattern into the controllel', en­
abling the protect function, and either Arming or Disarming the interrupts. Any Output Comm.and initializes the load 
sequencer in the controller so that the first byte to the protect module, following the Output Command, will load the 
Mask Register, Blocks 0:7. Refer to Appendix. I for the correspondence between. the load mask bytes, block size, and 
memory addresses protected. An active bit in the load mask byte masks (protects) the selected addressef.'I. If more 
than eight bytes are used to load the Mask Register, wrap-around occurs (i.e. the ninth byte once .again loads blocks 
0:7). For the 2K byte block size option only four bytes are required to protect maximum memory, 64K. If more than 
four bytes are issued, bytes 4:7 load the Mask Register but are not used. The Protect Enable Command and Arm or 
Disarm Command may be issued simultaneously. 

After setting up the Protect Controller, Bit-7 o.f the Program Status Word must be .set to enable the protect function at 
the Processor. 

7. INTERRUPTS 

An interrupt can be used to signal the Processor that an attempt was made to Write into a protected area in memory. 
In the Arm state, interrupts ~e armed and enabled. In the Disarm state, interrupt_s are neitber enabled not queued. 

When an interrupt is acknowledged by an Acknowledge Interrupt instruction (AI or ~IR) tbe internpt is cleared and 
all status bits except PON are reset. The normal status returned by an Acknowledge Interrupt is X'20'. 

8. INITIALIZATION 

During power up, power down, or whenever the Initialize (INT) switch on the Display Panel is dep.ressed, the Memory 
Protect Controller is placed in the Disarm state with all status conditions reset. The Load Mask Sequence.r is initial­
ized and the protect function is disabled at the controller. 

9. DEVICE NUMBER 

The Model 70 Memory Protect is normally as.signed device address X' AE'. This address can be changed by the mod­
ification of straps on the controller. Refer to the Installati-0n Specification 02-2:3f;A20, for details about the wiring 
alteration. 

10. SAMPLE PROGRAM(S) 

Not applicable to the Model 70 Memory Protect. 
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APPENDIX 1 
TABLE OF MEMORY ADDRESSES VS. BLOCKS 

LOAD MASK MEMORY ADDRESSES (HEX) 
BLOCK DATA 

BYTE BIT .5K BYTE lK BYTE 2K BYTE 

1 0 0 0000-0lFF 0000-03FF 0000-07FF 
2 0 1 0200-03FF 0400-07FF 0800-0FFF 
3 0 2 0400-05FF 0800-0BFF 1000..;17FF 
4 0 3 0600-07FF OCOO-OFFF 1800-lFFF 
5 0 4 0800-09FF 1000-13FF 2000-27FF 
6 0 5 OAOO-OBFF 1400-17FF 2800-2FFF 
7 0 6 OCOO-ODFF 1800-lBFF 3000-37FF 
8 0 7 OEOO-OFFF lCOO-lFFF 3800-3FFF 
9 1 0 1000-llFF 2000-23FF 4000-47FF 

10 1 1 1200-13FF 2400-27FF 4800-4FFF 
11 1 2 1400-15FF 2800-2BFF 5000-57FF 
12 1 3 1600-17FF 2C00-2FFF 5800-5FFF 
13 1 4 1800-19FF 3000-33FF 6000-67FF 
14 1 5 lAOO-lBFF 3400-37FF 6800-6FFF 
15 1 6 lCOO-lDFF 3800-3BFF 7000-77FF 
16 1 7 

i lEOO-lFFF 3C00-3FFF 7800-7FFF 
I 

17 2 0 2000-21FF 4000-43FF 8000-87FF 
18 2 1 2200-23FF 4400-47FF 8800-8FFF 
19 2 2 2400-25FF 4800-4BFF 9000•97FF 
20 2 3 2600-27FF 4C00-4FFF 9800-9FFF 
21 2 4 2800-29FF 5000-53FF AOOO-A7FF 
22 2 5 2A00-2BFF 5400-57FF A800-AFFF 
23 2 6 2C00-2DFF 5800-5BFF BOOO-B7FF 
24 2 7 2E00-2FFF 5C00-5FFF B800-BFFF 
25 3 0 3000-31FF 6000-63FF COOO-C7FF 
26 .3 1 3200-33FF 6400-67FF C800-CFFF 
27 3 2 3400-35FF 6800-6BFF DOOO;_D7FF 
28 3 3 3600-37FF 6C00-6FFF • D800-DFFF 
29 3 4 3800-39FF 7000-73FF EOOO-E7FF 
30 3 5 3A00-3BFF 7400-77FF E800-EFFF 
31 3 6 3C00-3DFF 7800-7BFF FOOO-F7FF 
32 3 7 3E00-3FFF 7C00-7FFF F800-FFFF 
33 4 0 * 8000-83FF 
34 4 1 8400-87FF 
35 4 2 8800-SBFF 
36 4 3 8C00-8FFF 
37 4 4 9000-93FF 
38 4 5 9400-97FF 
39 4 6 9800-9BFF 
40 4 7 9C00-9FFF N/A 
41 5 0 AOOO-A3FF 
42 5 1 A400-A7FF 
43 5 2 A800-ABFF 
44 5 3 ACOO-AFFF 
45 5 4 BOOO-B3FF 
46 5 5 B400-B7FF 
47 5 6 BBoo..:BBFF 
48 5 7 BCOO-BFFF 

* If more than 32K Bytes of memory exists, and the 512 Byte Block option is used, the 'pattern defined for the first 
32K repeats itself for.the second 32K. · 



APPENDIX· 1 
TABLE OF MEMORY ADDRESSES VS. BLOCICS .(Co11tinued) 

LOAD MASK MEMORY ADDRESSES (HEX) 
BLOCK DATA 

BYTE BIT .5K BYTE lKBYTE 2K BYTE 

49 6. 0 COOO-C3FF 
50 6 1 C400-C7FF 
51 6 2 C800-CBFF 
52 6 3 CCOO-CFFF 
53 6 4 DOOO-D3FF 
54 6 5 D400-D7FF 
55 6 6 0800-DBFF 
56 6 7 DCOO-DFFF N/A 
57 7 0 EOOO-E3FF 
58 7 1 E400-E7FF 
59 7 2 ESOO-EBFF 
60 7 3 ECOO-EFFF 
61 7 4 FOOO-F3FF 
62 7 5 F400-F7FF 
63 7 6 . FSOO-FBFF 
64 7 7 FCOO-FFFF 

Al-2 
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