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Section 1
Introduction

General

A microprocessor is essentially an integrated circuit logic
replacement device that performs the functions of the cen-
tral processing unit (CPU) of a computer system. The
overall task of the microprocessor is to receive digital data
and store it for later processing, to perform arithmetic and
logic operations on the data in accordance with instruc-
tions contained in a stored program, and to present the
results of these operations to the user through some form
of output mechanism.

The program is a definable and non-varying specification for
any given application. It normally resides in a read only
memory (ROM) or program storage unit (PSU). Variable data
that is to be operated upon by the microprocessor is nor-
mally stored in a random access memory (RAM) or other
transient data storage element.

Although architectural details vary depending upon
manufacturer and technology, a typical microprocessor
comprises the following functional areas:

1. Instruction decoding to interpret program
instructions.

2. An arithmetic and logic unit (ALU) to perform binary
addition, subtraction, etc., and Boolean logic
operations.

3. Registers to temporarily store frequently manipulated
data.

4. Address buffers to provide the next program
instruction address.

5. Input/output (1/0) buffers to read information into
or write information out of the microprocessor.

Microprocessors are generally used in conjunction with
support devices that perform timing, program and transient
data memory, I/O signal interface, and other functions. A
wide range of configurations is possible with a
microprocessor and its related devices; each configuration
represents a full microcomputer system.

A single-chip microcomputer incorporates CPU, memory,
1/0, control, and other functions into one integrated circuit.
Typically, such devices have facilities for enhancement of

capabilities by interconnection with external devices.

The Fairchild Microprocessor Division product line encom-
passes microprocessors and their support devices, single-
and multi-chip microcomputers, and systems to emulate
and develop hardware and software.

Product Line

The Microprocessor Division product line includes a wide
range of devices to meet the specific needs of four broad
application areas:

1. 8-bit microprocessors

2. 8-bit single-chip microcomputers
3. 16-bit microprocessors

4. Development aids

Within these areas, the Division offers a blend of in-
novative, state-of-the-art devices and proven, well-
established devices. For example, the members of the
F6800 family, and of the F8 family, can be configured to
create a variety of 8-bit computer systems that have a wide
range of capabilities. Similarly, the F9445 family com-
ponents can create extremely fast 16-bit computer systems
that are exceptionally resistant to harsh environments, and
the F16000 family members can be used in configurations
that are ideally suited to communications applications. (The
F16000 has a 16-bit I/O structure and a 32-bit

internal architecture.)

To the user, the Microprocessor Division line represents a
single source of cost-effective solutions to the full
spectrum of application problems.

Data Book

This data book presents a complete technical description
of the Fairchild Microprocessor Division product line.
Where devices have been characterized, specific informa-
tion is presented in the form of data sheets. Information on
partially characterized devices, and on devices currently
under development, is in the form of advance product infor-
mation sheets. More complete data can be obtained from
the Product Marketing Department.
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Section 2
Ordering and Packaging
Information

General

Specific ordering codes, as well as the temperature ranges
and package types available, are included in each data
sheet of sections 3 through 8.

Temperature Range

The basic temperature ranges typically available are:

C Commercial (0°C to 75°C)
L Automotive (—40°C to 85°C)
M Military (—55°C to 125°C)

Package Types and Outlines

The basic package type of a device, such as dual-in-line
plastic or dual-in-line ceramic, is indicated by the ordering
code for that device. To accommodate various die sizes and
pin numbers, different package forms exist within each
package type.

The package forms indicated by device ordering codes are
illustrated in the following detailed outline drawings.

Selected products are optionally available in 44- and 68-pin
leadless chip carriers. Contact your local sales office for
more information.

24-Pin Ceramic Dual-In-Line

1.290 (32.766)
1.235 (31.369)
FaYAYAYAYAYAYAYAYAYAYAYA
12 1
' .030 (0.762)
570 (14.478) |~ 020 (0.508)
515 (13.081)
13 24
VﬂszVV\?VVW L
065 (1.651)
100 (2.540)
-045 (1.143) — .M:(HJIG)
1190 (4.826)
1140 (3.556)

083 (1.544)

600 (15.240)
NOM

—

L

200 (5.080) 4 P
100 (2.540)

I

.037 (0.940)
.027 (0.686)

TTTW =

110 (2.794) STANDOFF
090 (2.286) WIDTH
TYP

NOTES:

-

7].025 (0.613)

SEATING

f PLANE

.011 (0.279)
.009 (0.229)

750 (19 050)

020 (0.508)
.016 (0.406)

All dimensions are in inches bold and millimeters (parentheses).
Pin material is nickel gold-plated kovar.

Cap is kovar.
Base is ceramic.
Package weight is 6.5 grams.




Ordering and Packaging

Information
24-Pin Plastic DIP
1.260 (32.004)
1.240 (31.496)
JATAYATAYAYAYAYATATAYATAY
12 . "' ssR(140)
560 (14.224) Q 080021
.540 (13.716)
13 24
VVVl—\iVVVVVVV
. .060 (1.52) .085 (2.16)
.050 (1.27) =070 (1.78)
188 :g.;?; -05(‘1’.’2‘7?“ _.‘ ]._ ‘-Zg;g ?33:33;
150 (3. 020 (.508) Nom
+ IN
o

28-Pin Ceramic Dual-In-Line

—L seaTING
T PLANE

011 (.279)
.009 (.229)

—
4

2.794)
vsese || ¢ oar o0y || 020508 L s g7 J
125 (3.18) 9 1027 (686) 1016 (406) M(AX )
(268  STANDOFF
: WIDTH

NOTES:

All dimensions are in inches bold and millimeters (parentheses).
Pins are tin-plated kovar.

Package material is plastic.

1.470 (37.34)
1.450 (36.83)
WAYAYAYAYAYAYAYAYAYAYAYAYAYA
14 1
.030 (0.76)
/—.ozo_tosn RADIUS
570 (14.48) ¢
.515 (13.08) .
15 28
.ocsu.ss)_,' ‘__ .wo(z.su__l
04511.18) 7040 (1.02) ~
|~— 600 (15.24) —|
190 (4.83) NOM
140 (3.56)

063 (1.60)
.025 (0.64)

— SEATING

PLANE :011(0.28)

.009(0.23)
-200 (5.08)
002541 __| | .110(2.79) |-_-037(0.84) ___i|__ .020(051) ‘._ -75&(&05)',!
.090 (2.27) 1027 (0.68) 016 (0.47)
STANDOFF
WIDTH

NOTES: ’

All dimensions are in inches bold and millimeters (parentheses).
Pin material is nickel gold-plated kovar.

Cap is kovar.

Base is ceramic.

Package weight is 6.5 grams.
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Ordering and Packaging
Information

28-Pin Plastic Dual-In-Line

I——v—f—ues (37.21) MAX——‘}
[aYAYaYAYAYAYAYAYAYAYAYAYA YA

12 !
1080 (1.27) R x .020 (0.51) DP

560 (14.22) G
1550 (13.97)

15 28

(AYAVAVIVAVAVAVAVAVIVAVAVAY

‘.l l__i?sz%;rvv —{ f—075 (1.91) TP
. 600 (15.24)
NOM
086 (1.40)
160 (4.06) MAX msu.w_’H‘—
n 020 MIN
— i 30

-seaTing
PLANE
011 (0.28)
1009 (0.23)
— 680
o 130 (3.30)
00258 o e ]-—‘ 115 (2982) “—(Lﬁz)‘—’i
1037 (0.94) .018 (0.46) NOM

027 (0.68)

NOTES:

All dimensions are in inches bold and millimeters (parentheses).
Pins are tin-plated kovar.

Package material is plastic.

40-Pin Ceramic Dual-In-Line

2.075 (52.705)___
2.030 (51.562)

20 1

.025 R .580 MAX
(6354) (14.73)

21 40
NYAVAVAVAVAVAVAVAVIVAVAVAVAVAVAVAVAVATSY
il Yo

.060 (1.524) .100 (1.524)
.040 (1.016) 040 (1.016)
060 (1.524) .600 (15.240)
190 (4.826) NOM
140 (3556 .025 (0.635)
SEATING
3 PLANE 011 (.279)
.009 (.229)
110 (2.794) .037 (.940) .020 (.508) “_.750 (19.050) *t
.090 (2.286) .027 (.686) .016 (.406) MAX
L .200 (5.080)
1125 (2.540)

NOTES:

All dimensions are in inches bold and millimeters (parentheses).
Pin material is nickel gold-plated kovar.

Cap is kovar.

Base is ceramic.

Package weight is 6.5 grams.

25



Ordering and Packaging

Information
40-Pin Plastic Dual-In-Line
2.050
(52.070) —
i T Vo Vi Y Vi Vo T T Vol VAl Tl Yo Tk TR Ve Tl
? 20 ! .050R
.550 (1.27)
(13.97) ‘/
l | 40

-140 (3.56)
125 (3.18)

LELRLVLPLELVLPLP L LN P L L

Al

.060 (1.524)
1040 (1.016) 070 590 (14.99)
(1.778) ’“.sm (15.49)
1] |
. | _
I [ & Seating 010
020 Sy h
_.I L | T | (0508 "¢ (0:254)
110 (2.794) 018 | J MIN. 680 MAX
‘090 (2.286) TYP- (0.457)"|# | 075 s
Gy REF.

NOTES:

All dimensions are in inches bold and millimeters (parentheses).

Pins are tin-plated kovar.

Package material is plastic.

40-Pin Ceramic Dual-In-Line (EPROM)

2.020 (51 308)

1980 (50 292) ‘I
¥ Q000000000 ﬂﬂﬂﬂﬂﬂ{l
/590 (14 986) a 025 ;:) 6351
585 (14 351)
2. A2 . 61015493, |
TrooUuoyUouuguuuuuy L_ = 590 (14 9861
500 060 (1 524)
le 11271 _, 0401016} 500
480 112700)-
(12192) 160 (4 064) }‘ 480
060 (1 524) 110 (2 794) 12192)
o‘ouom) _ ___[

Snlm._{ 1 \ 1 \ T s

175 (4 445) 110 (2 794)
126 (3175) *{ Poso!: 286 T
NOTES:

011(0279)

21591 008 (0229
a4001 010 675017 s.l
YR X

@2 906|L
020 (0 508)
—={+ 016 (0 406
TvP

All dimensions are in inches bold and millimeters (parentheses).
Pin material is nickel gold-plated kovar.

Cap is kovar.
Base is ceramic.
Package weight is 6.5 grams.
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Ordering and Packaging

Information
48 Lead Sidebrazed Package
.610x.010
.030(0.76)R TYP (15.49 = 0.25)
5 [}
.550 =.003 SQ
(13.97 +.008)
.590 =.010
(15.00 +0.25)
2.400 = .024 .590+.010
(60.96 + 0.61) ["115.00= 0.25) "
.165(4.19)MAX .550 =.003
.125(3.12)MIN —{ |«—.040(1.02)TYP (13.97 +.008) ] }
[ E—
—J
- 010
(0.25) —
TYP

(1.27 +.025)

NOTES:

1. Lead Material Is Nickel Gold Plated Kovar or Alloy 42
2. Cap Is Kovar or Alloy 42

64-Pin Ceramic Dual-In-Line

1
050+ .rm]

1100 .00 TYP 018 = .002

(254 + 0.13) (0.46 = .05) ™ -160(4.06
1050 +.020 TYP
(1.27£0.51)

3. Base Is Ceramic
4. Cavity Size Is .400 x .400
5. Package Weight Is 7.7 Grams

MAX [<—.675(17.15)
.125(3.12)MIN MAX

1 TH I T T TH T T T T4 X I I I T T T T T I S T T L S L S T T )
32 1

.588 (14.935)
.582(14.783)

%Q{P{?{?QQQQ{P

64
VPP RRR LYY

.510(12.954)

1.630 (41.402)
(REF)

1.663 (42.240)

:— SOLDER GLASS

1.637 (41.580)

.060 (1.270)

1150 (3.810) Y=
130(3.302) (]

1040 (1.018)
TYP

Al203 WINDOW FRAME:
Al203 BASE: \

.025 (.635) R
(REF)

.600 (15.240)

BENDLINE

[

]

1165 (4.191)
1155 (3.937)

4 ’_.ma (457)
TYP

NOTES:

All dimensions are in inches bold and millimeters (parentheses).
Pin material is nickel goid-plated kovar.

Cap is kovar.

Base is ceramic.

Package weight is 6.5 grams.

1050 (1.270)
TYP

.011(.279)
009 (.229)

.655 (16.637)
615 (15.621)
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Ordering and Packaging

Information
68 Lead Ceramic Leaded Chip Carrier
2.000 REF
.98 REF
1.702 el .}:g
1.698 .
.020
817 =~
873
775
|
]
.
i
LEAD NO. 1—| |
I~
e
098 — -098
A 096
096 24 — 100
ot .098
C———— | |4 )
———————d |
1.750 REF — —_—
e —)
— 1
—
B — r———
e
.875 REF
.570
TYP
) |
[—.750 SQ—>| . L.wo TYP
910 SQ
.940 SQ
.031 y LID (REF)
| /.
v — Y S—
4 _:::—r
1
f
.1120 ! -050
100 REF
NOTES:
1. Lead Material Is Alloy 42 or Kovar Solder Coated
2. Lid Is Kovar or Alloy 42
3. Base & Top Are Ceramic
4. Cavity Size Is .400" x .400"
5. Package Weight Is 7.5 Grams
6. Lead Forming Is Optional

28



4 ||INTRODUCTION

2 ORDERING AND PACKAGE
INFORMATION

B F8 MICROCOMPUTER FAMILY

4 ||CONTROLLER FAMILY

5 ||Fe800 MICROPROCESSOR FAMILY

6 16-BIT I3L BIPOLAR
MICROPROCESSOR FAMILY

7 ||F16000 MICROPROCESSOR FAMILY

8 ||rom PRODUCTS

9 DEVELOPMENT SYSTEMS AND
SOFTWARE

10 || APPLICATIONS

11 ||RESOURCE AND TRAINING CENTERS

12 ||sALES OFFiCES







e —————————
FAIRCHILD
]

A Schiumberger Company

Section 3
F8 Microcomputer
Family

General

The distribution of logic among the various elements of a
microcomputer system is one of the most variable features
of such systems. The traditional division of logic cor-
responds to the requirements of a computer; e.g., one
device serving as CPU, one as memory, and one as I/O. In
the F8 microcomputer family, logic is implemented in
devices in terms of application complexity rather than in
terms of computer function. Thus, for example, two F8
devices implement all of the basic functions of a small
microcomputer.

To accomplish this, the design of the F8 family includes a
number of non-traditional function assignment features:

1. A small amount of RAM is implemented within the
CPU as a scratchpad memory.

2. Memory addressing logic is implemented in the
memory devices rather than in the CPU.

3. The /O ports are implemented in the CPU and
memory devices rather than in discrete 1/O devices.

Every F8 configuration must contain an F3850 CPU, at least
one F3851 Program Storage Unit (PSU) or memory interface
device, and standard ROM or PROM (see figure 3-1). The
memory-oriented devices may be used singly or together in
the same system; when necessary, multiple units of the
same type may be used. For example, an F3850 and two
F3851s may comprise a system requiring 2K words of ROM,
64 bytes of RAM, and six I/O ports.

Memory Interface Devices

When required by the application, the F3851 PSU may be
replaced by an F3853 Static Memory Interface (SMI). Both of
these devices interpret control signals output by the F3850
and generate the standard address and control signals re-
quired by off-the-shelf dynamic and static memory devices.

Input/Output Devices

Applications that require additional 1/0 and interrupt
capabilities but do not require the PSU storage capacity
can make use of the F3861 Peripheral Input/Output (P1O)
device. The PIO, which also contains interrupt logic and a

programmable timer, interprets CPU control signals to drive
two 8-bit /O ports.

Bus Structure
The F8 microcomputer components are interconnected by
means of a system bus structure that is composed of the
following elements:

1. Eight data bus lines (DB, — DB;)

2. Five control lines (ROMC, — ROMC,)

3. Two clock lines (®, WRITE) '

4. Three interrupt lines (PRI IN, PRI OUT, INT REQ)
Instruction Set
The instruction set of a microprocessor or microcomputer
is the software tool used to shape the device or system for
a particular application. The F8 instruction set is divided
into four functional groups.

1. Input/Output

2. Arithmetic/Logical

3. Address Register Control

4. Indirect Scratchpad Address Register (ISAR) and
Status Control

The F8 instruction set is presented in table 3-1.



F8 Microcomputer

Family

Table 3-1 F8 Instruction Set

Instruction Description

ADC
Al
AM
AMD
AS

"~ ASD

El

IN
INC
INS

Add Accumulator to Data Counter
Add Immediate to Accumulator

Add (Binary) Memory to Accumulator
Add (Decimal) Memory to Accumulator
Add (Binary) Scratchpad Memory

to Accumulator

Add (Decimal) Scratchpad Memory

to Accumulator

Branch on Carry
Branch on false
Branch on Negative
Branch if No Carry
Branch if No Overflow
Branch if Not Zero
Branch if Positive
Unconditional Branch
Branch on ISAR
Branch on True
Branch on Zero

Compare Immediate
Clear Accumulator

Complement

Load Data Counter Immediate

Disable Interrupt

Dessement Scratchpad Memory Content
Enable Interrupt

Input Long Address

Increment Accumulator
Input Short Address

Instruction Description

JMP

34

Branch Immediate

Load Immediate

Load Immediate Short

Load Lower Octal Digit of ISAR

Load Upper Octal Digit of ISAR

Load Accumulator from Memory
Link Carry to Accumulator

Load Register

AND Immediate

Logical AND from Memory

No Operation

Logical AND from Scratchpad Memory

OR Immediate

Logical OR from Memory
Output Long Address
Output Short Address

Call to Subroutine Immediate

Call to Subroutine Direct and Return from
Subroutine Direct

Return from Subroutine

Shift Left
Shift Right
Store to Memory

Exchange Data Counters
Ekxclusive-OR Immediate
Exclusive-OR from Memory
Exclusive-OR from Scratchpad Memory
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Descriptions

Following is data that describes the members of the F8
microcomputer system family.

F8 FAMILY ORGANIZATION

F3850
CENTRAL PROCESSING
UNIT

F3851
PROGRAM —-e
STORAGE UNIT

F3871
—1  PERIPHERAL

INPUT/OUTPUT
F3853
STATIC MEMORY -
INTERFACE
F3856
PROGRAM -

STORAGE UNIT

F3861
PERIPHERAL —
INPUT/OUTPUT
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A Schlumberger Company

F3850
Central Processing Unit (CPU)
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\

Microprocessor Product

Description

The Fairchild F3850 is the Central Processing Unit (CPU) for
the F8 8-Bit Microprocessor family. The F3850 contains more
than 70 instructions in its instruction set and operates on 8-bit
units of information.

* N-channel Isoplanar MOS Technology

® 2 us Cycle Time

® 64-Byte Scratchpad on the CPU Chip

e Two Bidirectional, 8-Bit I/0 Ports, with Output Latches

e 8-Bit Arithmetic and Logic Unit, Supporting Both Binary and
Decimal Arithmetic

e Interrupt Control Logic

e Power-on Reset Logic

e Clock Generation Logic Within the CPU Chip, With Crystal

and External Clock Generation

More Than 70 Instructions

+5V and +12 V Power Supplies

Low Power Dissipation (Typically Less Than 330 mW)

Signal Functions

-~ |9 INTREQ} <—— | \\rernupT
<«— | wriTE iCB| — | LINES
CLOCK
LINES —— | XTLX ROMCo | —»
~—» I XTLY ROMCy|
CONTROL
— | xTL2 ROMC;| . | LINES
ROMC3 | —
<> | /000
/0, SYTRES
- 01 EXTRES | «— RESET
<> | /002
~«—> [ /003 DBy | «—>
< | /004 DBy | «—p
~<«—» | /Ogs5 DB2 | «—p
o | <—» |00 DB3 | «—» | DATA
PORT — BUS
LINES | <— | /007 DBy | «—» | LINES
~<«— | /010 DBs | «—»
<«— | /011 DBg | «—>
<« |1/012 DB7 | <«—»
<«—» | /013
<« |1/014 Vss | «—
/0.
- 15 Vop | «— POWER
~«—»11/016 %
66| «—
-« }1/017
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Connection Diagram
Y o o ;| XTLZ
WRITE : 2 39 ] xmz
voo []3 38 : XTLY
Ves []4 37 [ ] ExTRES
0% [ s % [ 170w
DBy d 6 35 [ ] pBa
ey 4 34 [ ] 70w
02 []s 33 ] 705
DB2[]o 32 ] DBs
7602 ] 10 31 ] 05
7001 ] 11 30 [] 7006
0By [ 12 29[ ] 0B,
on ] 13 28 [ ] 77036
610 [] 14 27 [ ] 70y
0By [] 15 26 [ ] 0By
7000 [] 16 25 [ ] 007
ROMCo [] 17 24 [ Vss
Romc, [ 18 23 [ ] iNTREQ
RoMC, [] 19 2[]ics
ROMC; [} 20 21 [ ] rRomc,
(Top View)
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F3850

Device Organization

The Iogical org'anizéﬁon and pins for the F3850 CPU are
illustrated in Figure 1.

Arithmetic and Logic Unit

The arithmetic and logic unit (ALU) provides all data manipulating
logic for the F3850. It contains logic that operates on a single 8-bit
source data word or combines two 8-bit words of source data to
generate a single 8-bit result. Additional information is reported in
status flags, where appropriate.

Operations performed on two units of source data include addition,
compare, and the Boolean operations (AND, OR, Exclusive-OR).
The two sources are input to the ALU through the left and right
multiplexer buses; the result is placed on the result bus.

Operations performed on a single 8-bit unit of source data include
complement, increment, decrement, shift right, shift left, and clear.
The source is input to the ALU through either the left or right multi-
plexer bus; the result is placed on the result bus.

Instruction Register

The CPU contains registers for storing various types of data.
The instruction register holds an 8-bit code, which defines the
operations to be performed by the CPU.

The contents of the instruction register are decoded by control
unit logic, which generates signals to enable specific sequences
of logic operations within the CPU chip. In response to the con-
tents of the instruction register, the control unit also generates
five signals, ROMC, through ROMC4, that control operations
throughout the microprocessor system.

Accumulator

The accumulator is a general-purpose 8-bit data register,
which is the most common data source and results destination
for the ALU.

Scratchpad and ISAR
The scratchpad provides 64 8-bit registers that may be used
as general-purpose RAM memory (see Figure 2).

Figure2 F8 Programming Model

-+——— BITNO.

5 4 3 2 1 o
ISAR
HI Lo
NOT INCREMENTED 1 | INCREMENTED AND
OR DECREMENTED DECREMENTED

Figure 1 F3850 CPU Logical Organization
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The indirect scratchpad address register (ISAR) is a 6-bit register
used to address the 64 scratchpad registers.

The first 16 scratchpad bytes can be identified either by instruc-
tions without using the ISAR or referenced through the ISAR.
The remaining scratchpad bytes are referenced through the ISAR;

i.e., the ISAR is assumed to hold the address of the scratchpad
byte that is to be referenced.

The ISAR may be visualized as holding two octal digits, Hl and LO,
as illustrated in Figure 3. This division of the ISAR is important,
since a number of instructions increment or decrement the con-

Figure 3 ISAR Register

7 ACCUMULATOR 0 LR, A

CPU

L LRAr GENERAL
REGISTERS
0

7 ISAR 0 1

REGISTER

ADDRESS
POINTER

7 STATUS 0 8 8 PK 15 0
LRJ,W
I ! l I l<—> 9 J 9 I PROGRAM COUNTER ]
LRW.J
] A H 10 LRPO,Q
icB
B H 1
OVERFLOW
c K 12 | PK, P
ZERO
D K 13 POP
CARRY
E a 14
SIGN
F Q 15 15 0
LRP,K
10 16 —-—>r STACK POINTER J
RK.P
15 DATA COUNTER 0
LRDC,H
LRH,DC
LRDC,Q
LRQ,DC
MEMORY
ADDRESS
POINTER
-~
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F3850

tents of the ISAR, when referencing scratchpad bytes through the
ISAR. This makes it easy to reference a buffer consisting of con-
tiguous scratchpad bytes. However, only the low-order octal digit
(LO) is incremented or decremented; thus ISAR is incremented
from O'27"* to O'20', not to O'30". Similarly, ISAR is decremented
from O'20' to O'27', not to O'17". This feature of the ISAR is very
useful in that it greatly simplifies many program sequences.

Selected scratchpad registers are reserved for direct communi-
cation with other registers within the F8 system, as illustrated in
Figure 4.

Scratchpad register 9 (O'11’) is used as temporary storage for
the CPU status register (W register). Scratchpad registers 10
through 15 (012’ through O’17’) communicate directly with data

*The notation O'nn’ represents an octal number.

and program memory address registers that are maintained on
the F3851, F3852, and F3853 chips. Figure 4 identifies the data
transfers that can be implemented by executing a single F8
instruction. For example, the illustration:

W register of F3850 CPU —~ J

means that a single instruction can move the contents of the W
(or status) register to scratchpad register 9 (J register). Another
single instruction can move data in the opposite direction.

Status Registers

The status (W) register holds five status flags. Table 1 summarizes
the way each flag is used. Note that status flags are selectively
modified following execution of different instructions. See the
“Instruction Execution” section for a discussion of the way
individual F8 instructions modify status flags.

Figure4 F3850 CPU Scratchpad Registers

W REGISTER OF F3850 CPU w—» |

DC REGISTER OF F3851 PSU,
F3852 DMI AND F3853 SMI

PCOORPC1 (STACK) REGISTER OF F3851
U F3852 DMI AND F3853 SMI

DC OR PCO REGISTER OF F3851
U F3852 DMI AND F3853 SMi

SRS
SCRATCHPAD DECIMAL OCTAL

0 0
1 1
2 2

| |

| |

! |
9 "
10 12
" 13
12 14
13 15
14 16
15 17
16 20

| |

| |
58 72
59 73
60 74
61 75
62 76
63 ”
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<«—— BITNO.
3 2 1 0

wo-| >
[<]
N
o

S STATUS REGISTER (W)

L e

CARRY

ZERO

OVERFLOW

INTERRUPT MASTER
ENABLE

Sign (S Bit)—When the results of an ALU operation are being
interpreted as a signed binary number, the high-order bit (bit 7)
represents the sign of the number. At the conclusion of instruc-
tions that may modify the accumulator bit 7, the S bit is set to
the complement of the accumulator bit 7.

Table 1 Summary of Status Bits

OVERFLOW = CARRY; + CARRYs

ZERO = ALU7 me ms m,; 'AT.U;, mjz -AL_U1
ALU,

CARRY = CARRY;

SIGN = ALU;

Carry (C Bit)}—The C bit may be visualized as an extension of an
8-bit data unit; i.e., the ninth of a 9-bit data unit. When two bytes
are added, and the sum is greater than 255, then the carry out of
the high-order bit appears in the C bit; e.g.:

C 7,6'5432 10 — Bit Number
Accumulator contents: 01100101
Valueadded: 01110110
Sum: 011011011

Thereis no carry, so C is reset to 0.
-C76543210 — BitNumber
Accumulator contents: 10011101
Valueadded: 11010001
Sum: 101101110

Thereisacarry,so Cissetto 1.

Zero (Z bit)—The Z bit is set whenever an arithmetic or logical
operation generates a zero result. The Z bit is reset to 0 when an
arithmetic or logical operation could have generated a zero result
but did not.

Overflow (O Bit)—When the results of an ALU operation are
being interpreted as a signed binary number, since the high-order
bit (bit 7) represents the sign of the number, some method must
be provided for indicating a carry out of the highest numeric bit
(bit 6). This is done using the O bit. After arithmetic operations,
the O bit is set to the Exclusive-OR of a carry out of bits 6 and 7.
The simplification of signed binary arithmetic is described in the
F8 and F3870 Guide to Programming; examples are presented
below:

76543210 — Bit Number
Accumulator contents: 10110011
Value added: 01110001
Sum: 11100100

There is a carry out of bit 6 and a carry out of bit 7, so the O bit is
resetto0 (1D 1=0). The Cbitissetto 1.

76543210 — Bit Number
Accumulator contents: 01100111
Valueadded: 00100100
Sum: 10001011

There is a carry out of bit 6, but no carry out of bit 7; the O bit is
setto1 (1®0=1). The Cbitisresetto 0.

Interrupts (ICB Bit)—External logic can alter program execution
sequence within the CPU by interrupting ongoing operations.
However, interrupts are allowed only when the ICB is set to 1;
interrupts are disallowed when the ICB is reset to 0.

Control Unit

The control unit decodes the contents of the instruction register
and generates two sets of control signals. These signals are
transparent to the user.

Five control signals (ROMC, through ROMC,) are output by
the control unit to identify operations that other chips of the F8
family must perform. These signals are described in the “ROMC
Signals” section.

Interrupt Logic

This logic handles the interrupt requests. For a complete
description refer to the “Interrupt” discussion within the
“Instruction Execution” section.

Power on Detect

When the External Reset (EXT RES) signal is pulled low and then
returned high, or when power is turned on, the power on detect
logic sets the PC registers to 0, causing a program originating at
memory location 0 to be executed. Also, the interrupt control
status bit is set low, inhibiting interrupt acknowledgement. The
system is locked in an idle state while EXT RES is held low.
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Signal Descriptions

The F3850inputand output signals are described in Table 2.

Table2 F3850 Signal Descriptions

Mnemonic Pin No. Name Description

Clock

") 1 Clock These output signals drive all other devices in the F8 family.

WRITE 2 Write

XTLX 39 Crystal Clock The XTLX output signal is used when generating the system clock

L in the crystal mode (with the XTLY and XTLZ signals).

XTLY 38 External Clock The XTLY input signal is used with the XTLX signal when
generating the system clock in the crystal mode, and is also used
for operating in the external clock mode.

XTLZ 40 Crystal Clock This input signal must be grounded for crystal clock or
external clock.

/O Port

170 og-170 o7 16, 11,10, 5, 36, 31, 30, 25 1/0 Port Zero These bidirectional signals are ports through which the CPU
communicates with logic external to the microprocessor system.
1/04g-1/017 14,13,8,7,34,33,28,27 | 1/0OPortOne

Interrupt

iCB 22 Interrupt Control | The ICB output signal indicates whether or not the CPU is

Bit currently ignoring the INT REQ line. If the ICB signal is low, the
CPU responds to interrupt requests; if the ICB signal is high, the
CPU ignores interrupt requests.

INTREQ 23 Interrupt Request | This input line is used to signal the CPU that an interrupt is being
requested.The F3851 PSU, F3861 and F3871 PIOs, and F3853 SMI
devices contain logic to initiate interrupt requests by pulling the
INT REQ signal low. The CPU acknowledges interrupt requests
by outputting the appropriate ROMC signals.

Control

ROMCq- 1721 Control The ROMC output signals control logic operations for other

ROMC,4 devices in the F8 family. These signals assume a state early in

each machine cycle and hold that state for the duration of the
cycle. Refer to the “Instruction Execution” section for further
discussion and a summary table of the ROMC interpretation by
CPU logic.
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Table2 F3850 Signal Descriptions (Continued)

Mnemonic Pin No. Name Description

Reset

EXT RES 37 External Reset This input signal can be used to externaliy reset the system.
When the line is pulled low, a program originating at memory
address 0 is executed.

Data Bus

DBy-DBy 15,12,9,6, 35,32, 29, 26 Data Bus These eight bidirectional signals are data bus lines that link the
F3850 CPU with all other F8 devices in the system. They are
multiplexed lines used to transfer data and addresses.

Power

Voo 3 Power Supply Nominal +5.Vdc

Vae 4 Power Supply Nominal +12 Vdc

Vss 24 Ground Common power and signal return

Clock Circuits used in this mode of clock generation are summarized as:

A unique feature of the F8 microprocessor is that clock logic
forms an integral part of the F3850 CPU chip. The F3850 CPU
offers two methods of generating a system clock: crystal mode
and external mode.

Crystal Mode

Figure 5 shows the pin configuration for clock generation using
the crystal mode. A crystal in the 1- to 2-MHz range is placed
across the XTLX and XTLY pins, along with two capacitors (C4
and Cy), to provide a highly precise clock frequency. The external
crystal (and capacitors) together with internal circuitry combine to
form a parallel resonant crystal oscillator. Capacitors C4 and C,
should be approximately 15 pF. The characteristics of the crystal

Frequency: 1to 2 MHz, typical AT cut

Mode of Oscillation: Fundamental

Operating Temp. Range: 0°C to+70°C

Drive Level: 10 mW

Frequency Tolerance: fy=10r2 MHz+1000ppm @ C
=20pF

External Mode

For F8 applications where synchronization with an external sys-
tem clock is desired, the external clock mode may be used as
shown in Figure 6. For example, a slave F3850 CPU may receive
its timing from a master F3850 CPU by having the master ¢ output
drive the slave XTLY input.

Figure5 Crystal Mode Clock Generation

Vss

XTLZ

Ayl
il
o

XTLY F3850
<)

Figure 6 External Mode Clock Generation

Vss

XTLY F3850
CPU

XTLX

EXTERNAL
CLOCK
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Figure 7 illustrates the timing characteristics of the clock
signal needed for external mode clock generation and the
timing characteristics of the ¢ and WRITE signals generated
by the CPU.

Timing Signal Outputs

In response to the three clock mode inputs, the F3850 CPU
outputs two timing signals: clock signal ¢ and instruction cycle
control signal WRITE. As shown in Figure 7, ¢ is the signal used
to synchronize the entire microprocessor system. The WRITE
signal defines the duration of each machine cycle. Refer to the
“Instruction Execution” section. Parameters and specifications for
the timing signals are detailed in the “Timing Characteristics”
section. :

Instruction Execution

The F3850 CPU logic controls instruction execution through
the ¢ and WRITE timing signals, plus the five ROMC control
lines. Devices external to the F3850 CPU must respond directly
to these signals.

Instruction Cycle
All instructions are executed in cycles that are timed by the trailing
edge of WRITE.

There are two types of instruction cycle: the short cycle, which is
four ¢ periods long, and the long cycle, which is six ¢ periods long.
The long cycle is sometimes referred to as 1.5 cycles. Figure 7
illustrates the short cycle (PWs) and the long cycle (PW_ ). Note
that WRITE high appears only at the end of an instruction cycle.

The simplest instructions of the F8 instruction set execute in one
short cycle. The most complex instruction (Pl) requires two short
cycles plus three long cycles.

ROMC Signals

The CPU logic uses the five ROMC signals to identify operations
that devices must perform during any instruction cycle. The 32
possible ROMC states are described in the “ROMC Signal
Functions” section. The state of the ROMC signals and the
operation they identify last through one instruction cycle.

The general distribution of logic among devices of the F8 family
and general data movements associated with instruction execution
are given in the F8 and F3870 Guide to Programming.

Memory addressing logic is located on the F3851 Program
Storage Unit (PSU), the F3852 Dynamic Memory Interface
(DMI), and the F3853 Static Memory Interface (SMI) devices.
Each of these devices contains registers to address programs
(PCO0 and PC1) or data (DCO or DC1). The F3851 PSU does
not have a DC1 register.

Unlike other microprocessors, the F3850 CPU does not output
addresses at the start of memory access sequences; a simple
command to access the memory location addressed by PCO or
DCO is sufficient, since the device receiving the memory access
command contains PCO and DCO registers. (The PC1 and DC1
are buffer registers for PCO and DCO.)

Moving memory addressing logic from the CPU to memory
(and memory interface) devices simplifies CPU logic; however, it
creates the potential for devices to compete when responding to
memory access commands.

There will be as many PCO and DCO registers in amicrocomputer
system as there are PSU, DMI, and SMI devices; the ambiguity
of which unit will respond to a memory read or write command is
resolved by ensuring that all PC0O and DCO registers contain the
same information at all times. Every PSU, DM, and SMI device

Figure 7 Clock Generation Timing Signals
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has a unique address space, i.e., a unique block of memory
addresses within which it responds to memory access
commands.

For example, an F3851 PSU may have an address space of
H'0000’ through H'03FF’; an F3852 DMI may have an address
space of H'0400’ through H'O7FF". If a microcomputer system has
these two memory devices and no others, then the F3851 PSU
will respond to memory access commands when the PCO or DCO
registers (whichever are identified as the address source) contain
a value between H'0000’ and H'03FF’; the F3852 DMI will
respond to addresses in the range H'0400’ through H'O7FF'". No
device will respond to addresses beyond H'07FF’, even though
such addresses may exist in PC0 and/or DCO.

Each device compares its address space with the contents of PCO
and DCO, whichever is identified as the address source, and only
responds to a memory access command if the contents of PCO or
DCO is within the device’s address space.

If all memory address registers (PCO, PC1, DCO, and DC1) are to
contain the same information, then ROMC states that require any
of these registers’ contents to be modified must be acted upon by
all devices containing any of these four registers. If devices are
not to compete when an ROMC state specifies that a memory
access must be performed, then only a device whose address
space includes the identified memory address must respond to
the ROMC state.

As illustrated in Figure 8, the five ROMC signals that define the
ROMC state are output early in the instruction cycle and are main-
tained stable for the duration of the instruction cycle; i.e., only one
ROMC state can be specified per instruction cycle. Therefore,
devices can only be called upon to perform one instruction execu-
tion related operation per one instruction cycle.

As referenced in the “ROMC Signal Functions” section, each
ROMC state is identified by individual signal line states (1 for
high, 0 for low), and by a two-digit hexadecimal code. The
hexadecimal code is used to identify ROMC states throughout
this data sheet. Also given in the “ROMC Signal Functions” section
is the instruction cycle length (short orlong) implied by each code,
plus the way in which codes must be interpreted by the other

F8 devices.

Instruction Execution Sequence

Every instruction execution sequence ends with an instruction
code being fetched from memory to identify the next instruction
cycle. The instruction code is loaded into the CPU instruction
register, out of which it is decoded by the CPU control unit logic.
An instruction fetch is executed during the last instruction cycle
of the previous instruction, as illustrated in Figure 9.

There is a group of F8 instructions that cause operations to occur
entirely within the F3850 CPU. These instructions do not use the
data bus, therefore can execute in one cycle. Since one-cycle in-
structions do not use the data bus, no ROMC state needs to be
generated for the one-cycle instruction being executed; therefore,
as illustrated in Figure 9, ROMC state 0 is specified, causing the
instruction fetch of the next instruction.

Multi-cycle instructions must end with a cycle that does not use
the data bus; ROMC state 0 is specified at the beginning of this
last instruction cycle, causing the next instruction to be fetched.

Following an instruction fetch, CPU logic decodes the fetched
instruction code and executes the specified instruction. There
are Five types of instruction cycles that can follow.

1. Operations may all be internal to the CPU. This will be the last
or the only cycle for an instruction, and will specify ROMC
state 0, as illustrated in Figure 9.

Figure 8 ROMC Timing Signals Output by F3850 CPU
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Figure 9A Short Cycle Instruction Fetch
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2. Data may be transferred between the F3850 CPU and
memory devices. See the “Referencing Memory” section.

3. Data may be transferred from one memory device to all
memory devices. The CPU is not the transmitter or the
receiver of data in this transfer. See the “Memory-to-Memory

- Data Transfers” section.

4. Data may be transferred to or from an |/O port, as described
in the “Input/Output Interfacing” section.

5. An interrupt may be acknowledged, as described in the
“Interrupts” section.

Every F8 instruction is executed as one, or a sequence of,
standard instruction cycles. Timing for the standard instruction
cycles is illustrated in Figures 9, 10, 11 and 12

Refer to the “Instruction Cycle Execution and Timing” section for
a list of the instruction cycles and their associated ROMC state.

Referencing Memory

Memory may be referenced during an instruction cycle either to
transfer the data from the CPU to a memory word or to transfer
data from a memory word to the CPU. A memory reference
occurs as shown in Figure 10.

If data is being output by the CPU, then the delay before data out-
put is stable will be tdb, when data comes from the accumulator;
the instruction cycle will be long. The delay before data output is
stable will be tdb, when data comes from the scratchpad; the
instruction cycle in this case will also be long.

Figure 10 Memory Reference Timing

PW, |

(WRITE) — | \

| - tdb | l

I ' | | |

DATABUS (1) | X | |
! tdbo I (HIGH IMPEDANCE) | |

I [ l

DATABUS (1) | X | |
! b ! | sTaBLE |

| | |

DATABUS | X |
I tdbg |

i tdbs —>|

DATABUS X DATA STABLE |
I

i tdby -

DATABUS X DATA STABLE |
|

|

(1) Timing for CPU outputting data onto the data bus.
Delay tdb, is the delay when data is coming from the accumulator.

Delay tdb, is the delay when data is coming from the scratchpad (or froma
memory device).

Delay tdby is the delay for the CPU to stop driving the data bus.

317

(2) There are four possible cases when inputting data.to the CPU, via the data bus
lines which depend on the data path and the destination in the CPU, as follows:

tdbg: Destination — IR (instruction Fetch)

tdb,: Destination — Accumulator (with ALU operation — AM)
tdbs;: Destination — Scratchpad (LR K,P etc.)

tdbg: Destination — Accumulator (no ALU operation — LM)

In each case a stable data hold time of 50 ns from the WRITE reference point
is required.
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Figure 11 Timing for Data Input or Output at I/O Port Pins
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(1) This represents the timing for data at the I/0 pin during the execution of the (2) This represents the timing for data being output by the CPU at the 1/O pin.
INS instruction, i.e., the CPU is inputting.
Figure 12 Interrupt Signals Timing
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(1) The ICB signal will go from a 1 to a 0 following the execution of the E1 instruc- (2) Thisis an input to the CPU chip and is generated by a PSU or F3853 M1 chip.
tion and will go from a 0 to a 1 following either the execution of the D1 instruc- The open drain outputs of these chips are all wire—ANDed together on this
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If data is being input to the CPU, then the delay before incoming
data must be stable depends on the destination of the data, as
illustrated in Figure 10.

The type of data transfer is identified by the ROMC state that is
output at the beginning of the instruction cycle.

The instruction fetch may also be viewed as a memory reference
operation where the destination is the instruction register. Timing
for this case is illustrated in Figure 9.

Memory-to-Memory Data Transfers

In response to appropriate ROMC states, data can be trans-
ferred from one memory device to all memory devices during
one instruction cycle. For example, data can be transferred
from a memory byte within (or controlled by) one memory
device, to one byte of an address register (PCO or DCO0) within
all memory devices.

Three ROMC states (C, E, and 11) specify operations of this type,
and Figure 10 illustrates timing for the data transfer.

In Figure 10, tdb, is the delay until data from memory ora
memory address register is stable on the data bus.

Input/Output Interfacing
Programmed I/0 in the F8 microcomputer system is influenced
by the design of the I/O port pins. As illustrated in Figure 13, each

1/0 port pin is a “wire-AND” structure between an internal latch
and an external signal, if any. The latch is always loaded directly
from the accumulator.

Each F8 I/0 pin can be set high or low under program control.

If a 1 (high) is presented at the latch, then gate (b) turns on and
gate (a) turns off, so that P is at Vg (low). If a O (low) is presented
at the latch, then gate (a) turns on and gate (b) turns off, so that P

is at Vppp (high). u
When outputting data through an 1/0 port, the pin can be

connected directly to a TTL gate input (“TTL Device Input”

in Figure 13). Data is input to the pin from a “TTL Device

Output” in Figure 13.

In normal operation, high or low levels at P drive the external
TTL device input transistor (d). If a low level is set at P, transistor
(d) conducts current through the path J, 1, P, and FET(b). This is
transferred as a low level to the rest of the circuits in the TTL
device and results in a high or low level at the output of the
device, depending on its characteristics. If the level at P is set
high, transistor (d) does not conduct current, and a high level is
transferred by (d).

When data is input to the I/O pin, high or low levels at 0 drive the
hysteresis circuit in the port and result in logic ones or zeros being
transferred to the accumulator.

Figure 13 F81/0 Port Bit
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Since the I/0 pin and the TTL device output at 0 are wire-ANDed,
itis possible for the state of one to affect the transfer of data out
from the 1/0 pin or in from the TTL device output. For example, if
the latch in the 1/O port is set so that the pin is clamped low by
(b), then the level at 0 cannot pull P high. Conversely, if P is
clamped to a low level by (c), setting the latch for a high level

has no effect.

All I/O port bits should be set for a high level, before data input, to
prevent incoming logic zeros from being “masked” by logic ones
present at the port from previous outputs. In some instances, the
ability to mask bits of a port to logic 1 is useful. (Note that logic 1
becomes a 0 V electrical level at the /0 pin; logic 0 corresponds
to a high electrical level.)

The F8 CPU can execute two types of programmed 1/0
operation:

1) 1/0 via the two CPU ports (0 and 1)
2) 1/O via ports on the other devices

Input/Output operations that use the two CPU 1/0 ports execute
in two instruction cycles. During the first cycle, the fetched
instruction is decoded; the data bus is unused. In this cycle data
is either sent from the accumulator to the 1/0 latch or enabled
from the I/0 pin to the accumulator, depending on whether the
instruction is an output or an input. At the falling edge of the
WRITE signal (marking the end of the first cycle and beginning of
the second cycle), the data is strobed into either the latch (OUTS)
or the accumulator (INS), respectively. The second cycle is then
used by the CPU for its next instruction fetch. Figure 11 illustrates
1/0 timing.

Note that for the data input (INS) the setup and hold times
specified are with respect to the WRITE pulse occurring at the
end of the first cycle in the two-cycle instruction. For output data
(OUTS) the delay is specified with respect to the falling edge

of the WRITE signal marking the beginning of the second cycle in
the two-cycle instruction.

Input/Output instructions that address 1/O ports with an I/O port
address greater than H'OF’ occupy two bytes; the first byte
specifies an IN or OUT instruction, while the second byte
provides the I/0 port address. Required timing at I/O port pins is
given in the section of this data sheet that describes the device
containing the addressed 1/0 port.

Interrupts
There are three CPU signals with interrupt processing; timing
for all signals is illustrated in Figure 12

An interrupt sequence is initiated by pulling either the INT REQ
signal or the EXT RESsignal low. In the case of the INT REQ
signal nothing happens unless the ICB signal is low. Also,

nothing happens until the next interruptable instruction comes to
the end of execution. In the case of the EXT RES signal,
execution of the interrupt routine begins in the machine cycle
immediately following that in which the signal goes low, pro-
vided that the setup time specified in Figure 12 has been met. The
EXT RES signal response logic ignores the ICB signal.

In response to the INT REQ signal being low, when the CPU
acknowledges the interrupt, it forces the ICB signal high and
initiates instruction cycles with ROMC states 1C, OF, 13, and 00, in
that order. This causes program execution to branch to the inter-
rupting device’s address vector.

In response to the EXT RES signal being low, when the CPU
acknowledges the interrupt, it forces the ICB signal high, then
initiates instruction cycles with ROMC states 1C, 08, and 00, in
that order. This causes program execution to branch to memory
location 0.

The ICB signal is pulled low by the E1 instruction and is returned
high by the D1 instruction.

Instruction Set Summary

The F3850 CPU instruction set is summarized in Table 3. This sec-
tion does not attempt to give complete directions for programming -
the F8 microcomputer system; it explains signals and timing
associated with the execution of every instruction. Refer to F8

and F3870 Guide to Programming for programming details:

The columns used in Table 3 are described below.

Op Code—The Op Code is the instruction mnemonic that
appears in the mnemonic field of an assembly language
instruction and identifies the instruction.

Operand (s)—If the instruction contains any information in the
operand field of the assembly language source code, the infor-
mation is shown in-this column. Arrows identify the portion of
object code that represents the operand field. Any portion of
object code that does not represent the operand field must
represent the mnemonic field. Table 4 explains symbology used
in the operand field.

Object Code—This is the hexadecimal representation of the
instruction’s object code. The first byte of object code, or in

some cases the first hexadecimal digit of object code, represents
the Op Code. The operand is represented by the second and third
bytes of object code, if present, or in some cases by the second
hexadecimal digit of the first object code byte. Refer to Table 4 for
symbology used in the object code field.

Cycle—This column identifies each instruction cycle for every
instruction. Every cycle is listed on a separate horizontal line and
is identified by the letter S for a short (four clock period) cycle or
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the letter L for a long (six clock period) cycle. Thus, the entry
S

represents an instruction that executes in one short cycle. The
entry

wrow

represents an instruction that executes in three cycles: the first is
a short cycle; the second is a long cycle; the third (and last) is a
short cycle.

ROMC State—This is the state, as identified in the “ROMC Signal
Functions” section, that is output by the F3850 CPU in the early
stages of the instruction cycle.

Timing—Timing for all instructions, except INS and OUTS
accessing 1/0 ports 0 and 1, can be created out of Figures 9 and
10. For the exceptions, Figure 11 is required.

The ROMC lines are always set after a delay of tds, as shown in
Figure 9. The only timing variations for each instruction cycle are
data bus timing variations. Therefore, data bus timing is defined
using the delays tdb through tdbg. With the exception of tdbg,
these time delays are unambiguous in that they are keyed to
either the leading edge or the trailing edge of the WRITE signal
high, for a long or short instruction cycle, as illustrated in Figure
10. There are two cases for tdbs, however, as illustrated in Figure
9. These are identified in Table 4 as 3S for Figure 9A and 3L for
Figure 9B; tdb, through tdbg are otherwise identified by the
numbers 1 through 6.

Cycles that do not use the data bus are identified by 0 in the
timing column; Figure 8 illustrates timing in this case.

Cycle Represents

Figure 8

tdb, in Figure 10
tdb, in Figure 10
tdbs in Figure 9A
tdbg in Figure 9B
tdbg in Figure 10
tdbs in Figure 10
tdbg in Figure 10

ocnr@Broao

Status Flags—Status flags are identified as follows:
O—Overflow
Z—Zero
C—Carry
S—Sign

Within each column, symbology is used as follows:

—  Status not affected

0 Status setto 0

1/0  Status set to either 1 or 0,depending on the results
of the instruction’s execution

Interrupt—An “x” in this column identifies an instruction that
disallows interrupts at the end of the instruction’s execution. A
“y” identifies cycles in which the ICB is reset to 0 (cleared).

Function—The effect of each instruction cycle is described in
this column using symbology given in Table 4.

Instruction Cycle Execution and Timing

Table 3 lists the instruction cycles, plus the ROMC state
associated with each cycle, for every F8 instruction. Note that
instructions are described in the table by order of ascending
instruction (first byte) object code. Table 4 lists the symbology
used in Table 3.

Table 3 Instruction Cycle Execution and Timing

op Object ROMC Status Flags
Code | Operand(s) | Code | Cycle | State | Timing z C S | Interrupt Function

LR A KU 00 S 0 3s — — — A~ (r12)
LR A, KL o1 S 0 3s — — — A~ (r13)
LR A, QU 02 S 0 3s — — — A — (r4)
LR A QL 03 S 0 3s — — — A — (r15)
LR KU, A 04 S 0 3S — — — ri2 — (A)
LR KL, A 05 S 0 3s — — — r13 — (A)
LR Qu, A 06 S 0 3S — — — ri4 — (A)
LR QLA 07 S 0 3s — — — r15 — (A)
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Table 3 Instruction Cycle Execution and Timing (Continued)
op Object ROMC Status Flags
Code | Operand(s) | Code | Cycle | State Timing (o] z (o] S | Interrupt Function
LR K,P 08 L 7 5 — — — — r12 — (PC1U)
L B 5 — — — — r13 — (PC1L)
S 0 3s — — — —
LR P K 09 L 15 2 — — — — PC1U — (r12)
L 18 2 B e — PCIL — (r13)
S 0 3s —_ — - —
LR A IS 0A S 0 3sS — — — - A — (ISAR)
LR IS, A oB S 0 3S — — — — ISAR — (A)
PK oc L 12 2 — — — — PC1 — (PCO);
L 14 2 — -— — — PCOL ~— (r13)
S 0 3s — — — - PCOU — (r12)
LR PO, Q oD L 17 2 — — — — X
L 14 2 — — — — PCOL - (r15)
S 0 3s — — — — PCOU - (r14)
LR Q,DC OE L 6 3 — — — — r14 — (DCOU)
L 9 5 — — — — r15 — (DCOL)
S 0 3s —_ — —_ -
LR DC.Q OF L 16 2 — — — — DCOU - (r14)
L 19 2 — — —_ — DCOL ~ (r15)
S 0 3s — — — —
LR DC,H 10 L 16 2 — — — — DCOU - (r10)
L 19 2 — — — — DCOL - (r11)
S 0 3s — — — -
LR H,DC 1 L 6 5 — — — — r10 — (DCOU)
L 9 5 — — — — ri1 — (DCOL)
S 0 3s — — — —

SR 1 12 S 0 3sS 0 1/0 0 1 Shift (A) right one bit
position (zero fill)

SL 1 13 S 0 3s 0 1/0 0 1/0 Shift (A) left one bit
position (zero fill)

SR 4 14 S 0 3S 0 10 0 1 Shift (A) right four bit
positions (zero fill)

SL 4 15 S 0 3s 0 1/0 0 10 Shift (A) left four bit
positions (zero fill)

LM 16 L 2 6 — — — — A — ((DCO0))

S 0 3S — — — -
ST 17 L 5 1 — — — — (DC) — (A)
S 0 3s — — — -
COM 18 S 0 3s 0 1/0 0 1/0 A~ (A) ® HFF'"
Complement
accumulator
LNK 19 S 0 3S 10 | 1/0 | 1/0 | 10 A~ (A)+ (C)
DI 1A S 1C 0 — — — — y Clear ICB
S 0 3s — — — —

El 1B S 1C 0 — — — - Set ICB
S 0 3s — — — — X

POP 1Cc S 4 0 — — — — PCO — (PC1)
S 0 3s — — — — X
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Table 3 Instruction Cycle Execution and Timing (Continued)
op Object ROMC Status Flags
Code | Operand(s) | Code | Cycle | State | Timing (o] y 4 (o] S | Interrupt Function
LR W, J 1D S 1C 0 1/0 1/0 1/0 1/0 W — (r9)
S 0 3s — — — — X
LR J,W 1E S 0 3S — — — — r9 — (W)
INC 1F S 0 3S 1/0 1/0 10 | 10 A—(A)+1
L aa 20 L 3 6 —_ — — —_ A — Haa'
L — aa S 0 3s — — — —
NI aa 21 L 3 4 0 1/0 0 1/0 A~ (A) v Haa'
L 1 .aa s 0 3s - =] ==
Ol aa 22 L 3 4 0 10 0 10 A~ (A) v Haa’'
L 1 .aa S 0 3s - =] ==
Xl aa 23 L 3 4 0 1/0 0 1/0 A~ (A) ® Haa'
l— 1 .aa s 0 3s - =1 =1 =
Al aa 24 L 3 4 10 | 10 10 10 A~ (A) + Haa’
L | .aa s 0 3s - = =1 =
cl aa 25 L 3 4 - -1 =1 = Perform H'aa’ + (A)
L 1 .aa s 0 3s 10| 10| 10|10 + 1. Do not save resut,
) but modify status flags
to reflect result.
IN PP 26 L 3 2 —_ - - —_ DB — PP
PP L 1B 6 0 1/0 0 1/0 A — (I/O Port PP)
S 0 3s — — — —
ouT PP 27 L 3 2 — . — — DB - PP
. PP L 1A 1 — — — — 1/O Port PP — (A)
S 0 3s - - — — X
Pl jijj 28 L 3 6 —_ — —_ — A — H'ii’
— ii S D 0 — - — — PC1 — (PCO) + 1
— jj L C 2 — — . — PCOL — H'jj’
L 14 1 — — — — PCOU — (A)
S 0 3s — — — — X
JMP iijj 29 L 3 6 — — — — A — Hii’
Lt:—» i L c 2 - = =1 - PCOL — Hij’
— j L 14 1 - =] =1 - PCOU — (A)
S 0 3s — — — — X
DCI iijj 2A L 11 2 — — — — DCOU ~ i
—= i S 3 0 (increment PCO)
L~ jj L E 2 - -] - = DCOL — jj
S 3 0 (increment PCO)
S 0 3s — - — —
NOP 2B S 0 0 — — — —
XDC 2C S 1D 0 — — — — DCO = DC1
S 0 0 —_ _ . —
DS r 3r L 0 3L /01| 10| 10| 10 r — (r) + H'FF' Decrement
L} ¢ scratchpad byte
LR Ar 4r S 0 3S — — —_ — A—(n
L1 4
LR rA 5r S 0 3S —_ — — — r—(A)
I
LISU e 6e S 0 3S — — — — ISARU — 0'¢’
L1 ¢
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Table 3 Instruction Cycle Execution and Timing (Continued)
op Obiject ROMC Status Flags :
"Code | Operand(s) | Code | Cycle | State | Timing (o] z C S | interrupt Function .
LISL e 68+e| S 0 3s ISARL — 0%’
LIS a 7a S 0 3s — — — — A — H'0a'
[E—
BT e, ii W S 1C 0 — — — — Test e A W register
,——-———n S 3 0 —_ —_ — —_— Res = 0so PCO = (PC0) + 2
S 0 3s
S (o] 0 — — — —
L 1 2 — — — — Teste A W register
— — — — Res # 0 so PCO = (PCO)
S 0 3s + H'ii' + 1
AM : 88 L 2 4 — — — —
10 | 1/0 | 1/0 | 100 A — (A) + ((DCO)) Binary,
S 0 3s DCO - (DC) .+ 1
AMD 89 L 2 4 — — — —
10 | 10 | 1/0 | 1/0 A — (A) + ((DCO0)) Decimal,
DCO — (DCO) + 1
S 0 3s — — — —
NM 8A L 2 4 0 1/0 0 1/0 A — (A) A ((DCO));
S 0 3s — — — —_ DCO — (DCO) + 1
OM 8B L 2 4 0 1/0 0 1/0 A — (A) A ((DCO));
S 0 3s — — — — DCO — (DCO) + 1
XM 8C L 2 4 0 1/0 0 1/0 A — (A) ® ((DCO));
S 0 3S — — — — DCO — (DCO) + 1
CM 8D L 2 4 10 | 1/0 | 1/0 | 10 Set status flags on basis
S 0 3S — — — — of (DC)) + (A) + 1;
— — — — DCO — (DCO) + 1
ADC 8E L A 1 — — — — DC — (DC) + (A)
S 0 3s — — — —
BR7 ii 8F S 3 0 — — — — PCO — (PCO) + 2
[——— ii S 0 3s — — — — because (ISARL) = 7
: L 1 2 — —_ - —_ PCO — (PCO0) + H'ii' + 1
1 3 S 0 3s — — — — because (ISARL) # 7
BF t,ii ot S 1C 0 — — — — Testt A W. register
[ L 1 2 N R R Res = 050 PCO = (PCO)
S 0 3s — — — — + Hii' + 1
S 1C 0 — — — — Testt A W. register
S 3 0 — — — — Res # 0so PCO = (PCO) + 2
S 0 3s — — — —
INS Oor1 A0, A1 S 1C 0 0 1/0 0 1/0 A — (I/OPort0or1)
S 0 3s — — — —
INS 4 Ad L 1C 0 0 1/0 0 1/0 ‘DB — Port address (4 thru 15)
thru ) thru L 1B 6 — — —_ —
15 AF S 0 3s — — — — A — (Port 4 thru 15)
ouTS Oor1 B0, B1 S “1C 0 — — — — I1/OPortOor1 — (A)
S 0 3S - — — — )
OuUTsS 4 B4 L 1C 0 — — — — DB — Port address (4 thru 15)
thru thru L 1A 1 — — — —_—
15 BF S 0 3s — — — — X Port (4 thru 15) (A)
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Table3 Instruction Cycle Execution and Timing (Continued)
op Object ROMC Status Flags
Code Operand(s) | Code | Cycle | State |Timing | O Z C S Interrupt Function
AS r Cr S 0 3S 10 (10| 1/0 | 10 A — (A) + (r) Binary
ASD r Dr S 1C 0 10 [ 10 | 1/0 | 1/0 A — (A) + (r) Decimal
S 0 3s — — — —
XS r Er S 0 3s 0 1/0 0 1/0 A—-A)B(M
NS r Fr S 0 3s 0 1/0 0 1/0 A—(A)v ()
INTRPT XX L 1C 0 - — — — IDLE
L OF 2 — — —_ — PCOL — Int. address
(lower byte); PC1 — PCO
L 13 2 — — — — y PCOU - Int. address
(upper byte)
S 0 3s — — | — — X
RESET XX S 1C 0 - - | = — IDLE
L 8 1 — — | — — y PCO — 0, PC1 — PCO
S 0 3s — — | — — X
Table 4 Instruction Execution and Timing Symbology
Symbol Interpretation Symbol Interpretation
A The accumulator ISAR The 6-bit scratchpad address register
@A) The complement of accumulator contents ISARL  The low order three bits of ISAR
a A single hexadecimal digit being interpreted as ISARU  The high order three bits of ISAR
data J Scratchpad byte 9
aa Two hexadecimal digits being interpreted as a Ji Two hexadecimal digits being interpreted as the
single byte of data or as the high order byte of 16 low order byte of a 16-bit address
bits of data K Scratchpad bytes 12 and 13
bb Two hexadecimal digits being interpreted as the KL Scratchpad byte 13
low order byte of 16 bits of data KU Scratchpad byte 12
Binary  Binary arithmetic specified o The overflow status flag
C The carry status flag P A single hexadecimal digit being interpreted as an
DB F8 system data bus 1/0 port address (0-15)
DCo The primary data counter register PP Two hexadecimal digits being interpreted as an 1/0
DCOL  The low order byte of the primary data counter port address (0-255)
register PCO The program counter register
DCOU  The high order byte of the primary data counter PCOL The low order byte of the program counter register
register PCOU The high order byte of the program counter
DC1 The secondary data counter register register
Decimal Decimal arithmetic specified PC1 The stack register
e A single octal digit being interpreted as data PCIL  The low order byte of the stack register
H Scratchpad bytes 10and 11 PC1U The high order byte of the stack register
ii Two hexadecimal digits being interpreted as the Q Scratchpad bytes 14 and 15
high order byte of a 16-bit address or as a simple QL Scratchpad byte 15
byte address displacement Qu Scratchpad byte 14
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Table 4 Instruction Execution and Timing Symbology (Continued)
Symbol Interpretation Symbol Interpretation
r Single hexadecimal digit interpreted as scratchpad Z The zero status flag
address: A The logical OR of 8-bit quantities on each side of
4 = 0 through B for locations 0 through B in this symbol is specified
scratchpad v The logical AND of 8-bit quantities on each side of
r = C for ISAR as address source with no change this symbol is specified
after access @ The logical Exclusive-OR of 8-bit quantities on
r = D for ISAR as address source with each side of this symbol is specified
ISARL = ISARL + 1 after access - The value to the right of this symbol is to be loaded
r = E for ISAR as address source with into the location specified on the left of this symbol
ISARL = ISARL—1 after access () The contents of the location within the brackets is
r = F is not allowed specified
S The sign status flag () The contents of the memory word addressed by
t A single hexadecimal digit identifying a status the contents of the location within the double
condition that is tested by a Branch on brackets is specified
Condition instruction + The binary address of 8-bit quantities on each side
w The status register of this symbol is specified :
ROMC Signal Functions
Table 5 describes the ROMC signals and their functions.
Table5 ROMC Signal Functions
ROMC Cycle
4 3 21 0| HEX | Length Function
00000 00 S,L | Instruction Fetch. The device whose address space includes the contents of the PCO register must
| place on the data bus the op code addressed by PCO; then all devices increment the contents of PCO.
00001 O1 L The device whose address space includes the contents of the PCO register must place on the data bus
the contents of the memory location addressed by PCO; then all devices add the 8-bit value on the data
bus, as a signed binary number, to PCO.
00010 02 L The device whose DCO addresses a memory word within the address space of that device must
place on the data bus the contents of the memory location addressed by DCO; then all devices
increment DCO.
00011) 03 L,S | Similar to 00, except that it is used for Immediate Operand fetches (using PCO) instead of
instruction fetches.
00100( 04 S Comy the contents of PC1 into PCO. :
00101 05 L Store the data bus contents into the memory location pointed to by DCO; increment DCO.
00110 06 L Place the high order byte of DCO on the data bus.
00111]| 07 L Place the high order byte of PC1 on the data bus.
01000} 08 L All devices copy the contents of PCO into PC1. The CPU outputs zero on the data bus in this ROMC
state. Load the data bus into both halves of PCO, thus clearing the register.
01001)| 09 L The device whose address space includes the contents of the DCO register must place the low order
byte of DCO onto the data bus.
01010( OA L All devices add the 8-bit value on the data bus, treated as a signed binary number, to the data counter.
01011] 0B L The device whose address space includes the value in PC1 must place the low order byte of PC1 on
the data bus.

3-26



F3850
Table5 ROMC Signal Functions (Continued)
ROMC Cycle

4 3210 |HEX |Length Function

01100]| OC L The device whose address space includes the contents of the PCO register must place the contents of
the memory word addressed by PCO onto the data bus; then all devices move the value that has just
been placed on the data bus into the low order byte of PCO.

01101| OD S All devices store in PC1 the current contents of PCO, incremented by 1; PCO0 is unaltered.

01110]| OE L The device whose address space includes the contents of PCO must place the contents of the word

addressed by PCO onto the data bus. The value on the data bus is then moved to the low order byte

of DCO by all devices.

01111 OF L The interrupting device with highest priority must place the low order byte of the interrupt vector on the
data bus. All devices must copy the contents of PCO0 into PC1. All devices must move the contents of
the data bus into the low order byte of PCO.

10000| 10 L Inhibit any modification to the interrupt priority logic.

10001} M L The device whose memory space includes the contents of PCO must place the contents of the
addressed memory word on the data bus. All devices must then move the contents of the data bus
to the upper byte of DCO.

10010]| 12 L All devices copy the contents of PCO0 into PC1. All devices then move the contents of the data bus into
the low order byte of PCO.

10011 13 L The interrupting device with highest priority must move the high order half of the interrupt vector onto
the data bus. All devices must move the contents of the data bus into the high order byte of PC0. The
interrupting device resets its interrupt circuitry (so that it is no longer requesting CPU servicing and can
respond to another interrupt).

10100]| 14 L All devices move the contents of the data bus into the high order byte of PCO.

10101 15 L All devices move the contents of the data bus into the high order byte of PC1.

10110| 16 L All devices move the contents of the data bus into the high order byte of DCO.

10111 17 L All devices move the contents of the data bus into the low order byte of PCO.

11000/ 18 L All devices move the contents of the data bus into the low order byte of PC1.

11001{ 19 L All devices move the contents of the data bus into the low order byte of DCO.

11010]| 1A L During the prior cycle, an 1/0 port timer or interrupt control register was addressed; the device

containing the addressed port must move the current contents of the data bus into the addressed port.
11011| 1B L During the prior cycle, the data bus specified the address of an 1/O port. The device containing the
addressed I/0 port must place the contents of the 1/0 port on the data bus. (Note that the contents of
timer and interrupt control registers cannot be read back onto the data bus.)

11100| 1C LorS| None.

11101]| 1D S Devices with DCO and DC1 registers must switch registers. Devices without a DC1 register perform no
operation. ‘ )

11110( 1E L The device whose address space includes the contents of PCO must place the low order byte of PCO
onto the data bus.

11111] 1F L The device whose address space includes the contents of PCO must place the high order byte of PCO
onto the data bus.
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Timing Characteristics

The timing characteristics of the F3850 are described in Table 6.

Vpp=+5V 5%, Vgg=+12 V+5%, Vgg =0V, To=0°C to +70°C

Table6 F3850 CPU Signal Timing Characteristics

Symbol Characteristic Min Typ Max Units Test Conditions

P External Input Period 05 1.0 us

PW,* External Pulse Width 200 Py-200 ns t, ;<30 ns

x4 Ext. to ¢ - to - Delay 250 ns C_=100pF
Extended Temp. Range 500 ns

txo Ext. to ¢ + to + Delay 250 ns C_=100pF
Extended Temp. Range 500 ns

P¢ ¢ Period 0.5 10 us

PW, ¢ Pulse Width 180 P¢ - 180 ns t, ty=50 ns; C_ =100 pF

td4 ¢ to WRITE + Delay 150 250 ns C_=100pF
Extended Temp. Range 400 ns

td, ¢ to WRITE - Delay 150 250 ns C_=100pF
Extended Temp. Range 400 ns

PW, WRITE Pulse Width P¢ -100 P¢ ns t, 1150 ns typ; C= 100 pF

PWg WRITE Period; Short 4P¢

PW_ WRITE Period; Long 6P¢

tds WRITE to ROMC Delay 80 300 550 ns C_=100pF

tdg* WRITE to ICB Delay 350 ns C_=50pF

tds WRITEto INT REQ Delay 430 ns C_=100pF

tox” EXT RES Setup Time 1.0 us C_=20pF

tsu” 1/0 Setup Time 300 ns

th” 1/0 Hold Time 50 ns

to" 1/0 Output Delay 25 us C_=50pF

tdby* WRITE to Data Bus Stable 06 13 us C_=100pF

tdb, WRITE to Data Bus Stable 2P¢ 2P+ 1.0 us C_ =100 pF

tdbs* Data Bus Setup 200 ns

tdby* Data Bus Setup 500 ns

tdbs Data Bus Setup 500 ns

tdbg™ Data Bus Setup 500 ns

1. Symbols marked with an asterisk (*) refer to parameters that are most frequently

of importance when interfacing to an F8 system. They encompass I/O timing,
external timing generation, and possible external RAM timing. The remaining
parameters are typically those that are only relevant between F8 devices, and

not normally of concern to the user.

2. Input and output capacitance is 3 to 5 pF typical on all pins except Vpp, Vga.

and Vgg.

3. IfINT REQ is being supplied asynchronously, it can be pulled down at any
time except during a fetch cycle that has been preceded by a non-privileged
instruction. Inthatcase INT REQ must go down according to the requirements

of tds.
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DC Characteristics

The DC characteristics of the F3850 are provided in Table 7.

Vpp=+5V+ 5%, Vag=+12V+ 5%, Vgg=0V, TA=0°C to +70°C

Table 7 F3850 CPU Signal DC Characteristics

Signal Symbol Characteristic Min Max Unit Test Conditions
¢, WRITE Vou Output High Voltage 44 Voo \Y lon=-50 uA u
VoL Output Low Voltage Vss 04 \ lor=16mA
Vou Output High Voltage 29 Vv loy=—100 uA
XTLY ViH Input High Voltage 45 Vaag \"
Vie Input Low Voltage Vss 038 Vv
i1 Input  High Current 5 50 pA Vin=Vop
I Input Low Current -10 -120 pA ViN=Vss
ROMCg4 Vou Output High Voltage 39 Vop Vv loy=—100 A
Voo Output Low Voltage Vss 04 \' lor=16mA
DBg.7 Vi Input High Voltage 29 Voo \"
ViL Input Low Voltage Vss 0.8 \Y
VoH Output High Voltage 39 Vop \ lon=—100 uA
Voo Output Low Voltage Vss 04 \ lor=16mA
ik Input High Current 3 pA Vin=7V 3-State mode
I Input Low Current -3 pA V|n= Vgg 3-State mode
1/0¢-17 VoH Output High Voltage 39 Vbp \" loy=—30pA
Vou Output High Voltage 29 Vop \" lon=—150 A
VoL Output Low Voltage Vss 04 \" loL=1.6mA
ViH Input High Voltage™ 29 Vbp \" Internal pull-up to Vpp
Vi Input Low Voltage Vss 0.8 \
I Input Low Current —1.64 mA ViN=04V®
EXT RES Vi Input High Voltage 35 Vbp \ Internal pull-up to Vpp
Vi Input Low Voltage Vss 0.8 \"
e Input  Low Current -0.1 -1.0 mA ViN=Vss
INT REQ ViH Input High Voltage 35 Vpp Vv Internal pull-up to Vpp
ViL Input Low Voltage Vss 08 \
I Input  Low Current -0.1 -1.0 mA Vin=Vss
VoH Output High Voltage 39 Vbp \ lon=-10pA
iCB VoH Output High Voltage 29 Vob \ lon=—100 uA
VoL Output Low Voltage Vss 04 \" loL= 100 uA

1. Hysteresis input circuit provides additional 0.3 V noise immunity while internal
pull-up provides TTL compatibility.

2. Measured while F8 port is outputting a high level.
3. Guaranteed but not tested.

4. —1.8 V max. for extended temperature range.

5. Positive current is defined as conventional current flowing into the pin

referenced.
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Supply Currents Absolute Maximum Ratings
Test Vaa -03 V,+15V
Symbol Parameter Min Typ Max Unit Conditions Vop -03 V,+7V
f=2MHz, XTLX, XTLY,and XTLZ —0.3 V,+15V
Iop Vpp Current 45 75 mA  Outputs All other inputs —03 V,+7V
Unloaded Storage temperature —55°C, +150°C
H 0 |0
f=2MHz, Operating temperature 0° C,+70°C
FeYe} Vgg Current 12 30 mA Outputs
Unloaded These are stress ratings only, and functional operation at these

Recommended Operating Ranges

The recommended operating ranges of the F3850 are shown
below.

ratings, or under any conditions above those indicated in this
data sheet, is not implied. Exposure to the absolute maximum
rating conditions for extended periods of time may affect device
reliability, and exposure to stresses greater than those listed may
cause permanent damage to the device.

Supply Voltage (Vpp) Supply Voltage (Vgg)
Part Number Min Typ Max Min Typ Max Vss'
F3850 +4.75V +5V +5.25V +114V . H12V +126V ov
Ordering Information
Order Code Package Temperature Range
- F3850DC Ceramic 0°Cto+70°C
F3850DM Ceramic -55°C to+125°C
F3850PC Plastic 0°Cto+70°C
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FAIRCHILD
I

A Schlumberger Company

F3851/F3856
Program Storage Unit

Microprocessor Product

Description

The Fairchild F3851 and F3856 are the principal program
storage devices for the F8 microcomputer system. The
F3851 provides 1024 bytes of ROM; the F3856 provides 2048
bytes. The program storage unit (PSU) is customized with
programs and permanent data tables, which are specified
as ROM masks.

The PSU devices have two 8-bit, bidirectional 1/0 ports,
interrupt logic, a programmable timer, and a pulse width
measurement circuit. They also contain memory addressing
logic with data counters and program counters. The inter-
rupt logic responds to requests from an external device and
internally from the timer. The pulse width measurement cir-
cuit (F3856) is a combination of these two capabilities.

The PSU devices are manufactured using N-channel, iso-
planar MOS technology; therefore, power dissipation is very
low, typically less than 275 mW.

© 1024/2048 Bytes of Program Storage

® Internal Memory Addressing Logic

© 16 Bidirectional, Individually Controlled 1/0
Lines, Organized as Two 8-Bit Ports

©® Programmable Timer (F3856)— Preset, Start, Stop,
and Read-Back Ability; Four Selectable Timer
Count Rates, and Pulse Width Measurement

© Full Interrupt Level — Daisy-Chain Expandable,
Independent Interrupt Address Vectors
for Timer and External Interrupt

©® 2 MHz Operation i

® TTL and LSTTL Compatible

©® Low Power Dissipation, Typically Less Than 275 mW

® +5Vand +12 V Power Supplies

Connection Diagram

oB 1 a0 [] oer
VoA []2 39[ ] oBs
ves [ 3 38| Jo8s
voo [] 4 s7[J7o A
EXTINT 5 36 [ JoAs
PRIOUT 6 5[ Jvoss
WRITE []7 3a[ ] oss
o[]s 33| ]oss
INTREQ [ o s2[Jvoes
PRIIN ] 10 s Joa
DBDR [ 11 30f J/0as
STROBE/NC” [] 12 29[ ]VoBs
ROMC: q 13 28 [ oBs
ROMC; ] 14 27 [ os,
Romc: [] 15 26 [ ] 0B
Romc: [ 16 5[ ]Vo A
ROMCo [] 17 24 Joa
vss ] 18 23 Jvos:
70 A0 []19 22 [ ]os;
70 Bo [j 20 21 :]oso

Signal Functions

-~ 10 A, DBy <> )
<10 A, DB, <>
<—1i/0 A, DB, |
<110 A, DBj je—>
~[© A oe, [ ) 283"
-«>11/0 A DB |-
<110 Ag DBg j—>
o ) <=0 A, DB; [«
PORTS <«—=]10 B, DBDR
<10 B, r»
<{i0 B, ROMCq |«—
<] & ROMC, J=—
|5 5, ROMC, |«— % CONTROL
<|io B ROMC; |e—
<>} i70 B ROMC, f<—
<«»]il0 B, EXT iNT je—
INT REQ }—>
STROBE -<«— STROBE/NC* BRI i fe— INTERRUPT
PRI OUT —>
“‘"‘ Voo
POWER { —{vee ole
—Vss WRITE } CLOCK

*NC for F3851 only.
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Device Organization

The PSU is more than a read-only memory unit: every mem-
ory device within the F8 system contains its own memory
addressing logic along with associated address registers.
Refer to figure 1 for a simplified block diagram of the PSU.
A single 8-bit data bus provides all necessary communica-
tion between a PSU (or any other memory device) and an
F3850 CPU.

The PSU has an elementary arithmetic unit that can incre-
ment and add 16-bit data units; for memory addressing
logic, these two operations are sufficient. The PSU is func-
tionally illustrated in figure 2. These devices also contain a
control unit that decodes the five read-only memory control
(ROMQC) lines, generated by the CPU, as though they were a
5-bit instruction code. Similar to the CPU, the PSU gener-
ates internal signals to control data flow and arithmetic
logic within itself. One control output, data bus drive
(DBDR), is generated to coincide with data being output

by the PSU.

System Clock Timing

All timing within the F3851/F3856 PSU is controlled by the
¢ and WRITE signals, which are generated from the F3850
CPU. Refer to the F3850 data sheet for a description of
these clock signals, The WRITE clock refreshes and up-
dates PSU address registers, which are dynamic. The ¢
clock drives sequencing logic to precharge the ROM matrix;
it also drives the programmable timer.

/O Ports

The unit contains four preassigned 1/0O port addresses: the
two lowest are assigned to 1/0 ports A and B and are used
to transfer data to and from external devices. The other two
1/0 addresses are assigned to the programmable timer and
the interrupt control register and are treated as 1/0 ports.
Associated with the 1/0 ports is an 1/0O port address select
register (ASR). This is a 6-bit register for the F3851 and a
5-bit register for the F3856. The contents are a mask option,
which must be specified at the time the PSU is created. The
ports are addressed as follows:

XXXXXX00 1/0 port A

XXXXXX01 1/0 port B

XXXXXX10 Interrupt control register
XXX 11 Programmable timer

Figure 1 PSU Simplified Block Diagram

F3856

OUTPUT
VOPORTA  STROBE 1/0 PORT B
DATA
|  woeorta | |  wvorporte | < 8 > Bus
PROGRAM
fr———
COUNTERS DBDR
ROM
DATA 5 CONTROL
ROM COUNTERS LINES
EXTERNAL
PROGRAMMABLE INTERRUPT
TIMER PRIORITY IN
= PRIORITY OUT
INTERRUPT INTERRUPT
CONTROL LOGIC INTERRUPT
> REQUEST
Vos Voo GND » WRITE
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For example, if the six binary digits are 000010, the four 1/0

port addresses are H'08), H'09, H'0A, and H'0B’,

When a logic 1 is output to I/0O port A or B, it places a0 V
level on the output pin. This same inverted logic applies to

input.

The F3851 1/0 ports, timer, and interrupt control register are

not initialized during the power-on reset cycle. The F3856
1/0 ports and interrupt control register are initialized during
both the power-on or external reset cycle; the timer register
is not initialized during power-on or external reset cycles.

ROM Addressing

The F3851 8K PSU has 1024 bytes of read-only memory; the
F3856 16K PSU has 2048 bytes. This ROM array may con-
tain object program code and/or tables of nonvarying data.
Every PSU is implemented using a custom mask that speci-
fies the state of every ROM bit and certain address mask
options that are external to the ROM array.

Figure 2 PSU Functional Diagram
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The ROM addressing logic consists of 16-bit registers: pro-

gram counter PCy, stack register PC4, and data counter DCy.

Data counter DC, is provided on the F3856 as an additional
buffer for DCy.

A 6-bit page select register and 10-bit address select regis-
ter provide decode logic for the F3851. The F3856 uses a
5-bit page select register and an 11-bit address select
register.

Program Counter, Data Counter, and Stack Registers
Program counter PCy always addresses the memory loca-
tion out of which the next program instruction byte is read.
If the instruction requires data (i.e., an operand) to be
accessed, data counter DCy must address memory for this
purpose; PCq cannot be used to address data, since it is
saving the address of the next instruction code. By using
the exchange DC instruction in the F3856 program, the two
data counter contents of DCq and DC4 can be exchanged.

The provision of two address registers, PCy and DCy, is a
convenience to the F3850 CPU and is not a necessary part
of the memory addressing logic sequence within a PSU.
Address decoding is identical, whether originating in PCy or

DCo.

The PCy, PC4, and DCy are loaded from two consecutive
single-byte inputs on the data bus; PC4 and DCy are trans-
mitted as two single-byte outputs on the data bus. The con-
tents of DCy and DC, of F3856 can be exchanged in one
instruction.

Stack register PC, is a buffer for program counter PCgy; the
contents of PC, are never used directly to address memory.
When an interrupt is acknowledged, the contents of PC are
saved in PC,.

Page Select and Address Select Registers

All memory addresses are 16 bits wide, whether originating
in the program counter or in the data counter. Address
decode logic within the PSU separates the 16-bit address
into two portions: the low order addresses the ROM storage
bytes; the high order addresses the page.

High-Order Low-Order
Byte Address Page Address
F3851 1024 Byte Select 64 Page Options
6 Bits 10 Bits
F3856 2048 Byte Select 32 Page Options
5 Bits 11 Bits

If the high-order bits of the address coincide exactly with
the page select mask, an enable signal is generated, caus-
ing the PSU logic to respond to a memory access request. If
the high-order bits of the address do not coincide exactly
with the page select, no enabling signal is generated and
the PSU does not respond to memory access requests.

The page select register identifies the memory addressing
space of the individual PSU device. Each of the 32 (or 64)
page select options allowed by the 5-bit (or 6-bit) page
select register identifies a single address space consisting
of 2048 (or 1024) continguous memory addresses.

Incrementer Adder Logic

There are only two arithmetic operations that memory
devices need to perform on the contents of memory address
registers:

1. Increment by 1 the 16-bit value stored in address PCy or

DCo.

2. Add an 8-bit value, treated as a signed binary number
(subject to twos complement arithmetic) to the 16-bit
value stored in an address register. If the 8-bit value is
being treated as a signed binary number, the high-order
bit of the 8-bit value is the sign bit; the sign bit must be
propagated through the missing high-order eight bits.

The PSU control unit implements the incrementer adder
logic through control signals internal to PSU device logic.

Addressing Consistency in Multiple

Memory Devices

When an ROMC state specifies a memory access, only one
memory device responds to the memory access operation
itself. However, every memory device responds to ROMC
states that call for modifying the contents of a program
counter or data counter register. Providing every memory
device that is connected to the 8-bit data bus of an F3850
CPU is also connected to the ROMC control lines of the
same CPU, address contentions cannot arise. Every memory
device simultaneously receives the same ROMC state sig-
nals from the CPU; every memory device responds to ROMC
states by identically modifying the contents of memory
address registers, if such modifications are specified.
Therefore, every PCy register on every memory device
always contains identical information; the same is true for
DCy and PC, registers.

Only one memory device (the one whose address space
includes the specified memory address) actually responds
to any memory access request. To avoid addressing con-
flicts, it is only necessary to ensure that the following
conditions exist:

L
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Signal Descriptions
The PSU input and output signals are described in table 1.
Table 1 PSU Signal Descriptions
Mnemonic Pin No. Name Description
Clock
$ 8 Clock The two clock input signals that originate at the
WRITE 7 F3850 CPU. u
1/0 Ports
110 Ag-1/0 A; 19, 24, 25, 1/0 Ports A Bidirectional ports through which the PIO
30, 31, 36, communicates with logic external to the
37,2 microprocessor system.

1/0 By-1/0 By 20, 23, 26, 1/0 Ports B
29, 31, 35,
38, 1

Control

ROMCy;-ROMC,4 17, 16, 15, Read-Only Input signals that originate at the F3850 CPU
14,13 Memory Control control internal functions of the PSU.

Data Bus

DBy-DB; 21,22, 27, Data Bus Bidirectional 3-state lines that link the PSU to all
28, 33, 34, other devices within the microprocessor system.
39, 40

DBDR n Data Bus Drive A low output, open-drain signal that indicates the
data bus currently contains data flowing from the
PSU.

Strobe

STROBE 12 Strobe This output signal provides a positive pulse
whenl/O port A is being read by an input instruc-
tion or is being updated by an output instruction
(F3856).

Interrupt

EXTI 5 External Interrupt | A high-to-low transition on this input signal is
interpreted as an interrupt request from an

. external device.

INT REQ 9 Interrupt Request | This output signal is the INT REQ input to the
F3850 CPU; it must be output low to interrupt the
CPU, which occurs only if PRI IN is low and PSU

‘ interrupt control logic is requesting an interrupt.

PRI IN 10 Priority In Unless this input signal is low, the PSU does not
set the INT REQ signal low in response to an
interrupt.

PRi OUT 6 Priority Out This output signal becomes the PRI IN signal to
the next device in the interruptpricgg{ daisy
chain; it is output high unless the PRI IN signal is
entering the PSU low and the PSU is not
requesting an interrupt

Power

Voo 4 Power Supply +5V £5%

Vaa 3 Power Supply +12V £5%

Vss 18 Ground System ground — 0 V; Vpp and Vgg are referenced
to Vgs.
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1. All memory devices must receive the same ROMC state ROMC States
signals from one CPU and must contain identical Table 2 lists the data bus contents as a function of ROMC
information. states.
2. Page select masks must not be duplicated —more than Instruction Execution
one memory device cannot have the same memory
space. The PSU responds to signals that are output by the F3850
CPU in the course of implementing instruction cycles. Refér
3. The memory address contained in the specified register to table 2 for a summary of the data bus response to the
(PCp or DCp) must be within the memory space of at ROMC states generated by the CPU.
least one memory device.
Data Output by the PSU

Figure 3 provides timing when the PSU outputs data on the

Figure 3 Data Bus Timing
|«——Po>—>|

—| PW; ‘4—

S A W W W WVan WV AN Ve
A N

e PW— LONG CYCLE
< td3 —>|
ROMC ] X STABLE
td7 >
DATA BUS OUTPUT STABLE
DEDR AN
(START OF DATA OUT)
| ——— tdg —|
DBDR
(END OF DATA OUT
IN SUBSEQUENT CYCLE)

- tds >
DATA BUS INPUT * STABLE
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data bus. This timing applies whenever a PSU is the data worst case, in time for the setup required by any F3850 CPU
source. The PSU places data on the data bus, even in the destination (refer to the F3850 CPU data sheet).
Table 2 Data Bus Contents as a Function of the ROMC State
ROMC Sme If F3851/F3856 PSU is the Source* If F3850 CPU is the Source
(Hex) Description of Data Address** Description of Data m
00 Instruction ) PCy
01 Offset for branch PCy
02 Operand DCy
03 Operand PCy
04 .
05 ‘ Byte to be stored
06 : Upper byte, DCy
07 Upper byte, PC,
08 . =00 for PCy
09 Lower byte, DCq
0A Offset for DCy
0B Lower byte, PC,
oC Byte for PCy, lower PCy
oD
OE Byte for DC,, lower PCo
OF Lower byte of interrupt vector if it is source of
the interrupt
10 '
1 Byte for DCq, upper PCo
12 Byte for PCy, lower
13 Upper byte of interrupt vector if it is source of
the interrupt
14 Byte for PCgq, upper
15 Byte for PC4, upper
16 ) Byte for DCy, upper
17 Byte for PCg, lower
18 ' Byte for PC4, lower
19 Byte for DCy, lower
1A Byte for selected /O port
1B Byte from 1/0 register, if selected
1C (Note 1)
1D
1E " Lower byte, PCq
1F ) Upper byte, PCy

*Only drives the data bus within the segment of address space that belongs to the PSU.
**An entry in this column specifies the register from which a memory address was obtained.

Note 1

During INS or OUTS instruction for port 0 or 1: 1/0 byte
During INS or OUTS instruction for port 4-F: /0 address
During all other instructions, F3850 does not drive.
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The data bus drive signal (DBDR) is low, while data output
by the PSU is stable on the data bus. Thus, a DBDR low
signal indicates that the data bus currently contains data
flowing from a PSU. For systems with more than one PSU,
the DBDR outputs can be wire-ORed and the result used as
a bus data flow direction indicator. The DBDR signal
remains low until timing delay tdg into the instruction cycle
following the one in which DBDR was set low.

Data Input to the PSU

When the PSU receives data off the data bus, in the worst
case, the data must be added to a 16-bit number within the
PSU adder/incrementer. This worst case corresponds to
data coming from the accumulator of the CPU for an ADC
instruction or from a memory device for a BR instruction.
For this worst case, arriving data must allow sufficient time
for 16-bit adder logic (time delay td, in figure 3 identifies this
worst-case timing).

PSU Input/Output Interfacing

The 1/O ports with addresses XXXXXX00 and XXXXXX01
(XXXXXX is the 6-bit 1/0 port address select) are used to
transmit data between the PSU and external devices. The IN
and INS instructions cause data at the 1/O ports to be trans-
mitted to the CPU; the OUT and OUTS instructions cause
data in the CPU accumulator to be loaded into an 1/0O port.
Each 1/0 pin has an output latch that holds the pin DC data.

Input and output operations using the two PSU 1/0 ports
execute in three instruction cycles. During the first cycle,
the port address is transmitted to the data bus. During the
second cycle, data is either sent from the accumulator to
the 1/0 latch or enabled from the I/O pin to the accumulator,
depending on whether the instruction is an output or an
input. At the falling edge of the WRITE signal (marking the
end of the second cycle and beginning of the third cycle),
the data is strobed into either the latch (OUTS) or the
accumulator (INS), respectively. The third cycle is then used
by the CPU for its next instruction fetch.

1/0 Port Options

Data bus timing associated with the execution of I/0
instructions does not differ from data bus timing associated
with any other data transfer to or from the PSU. However,
timing at the 1/0 port itself depends on which port option is
being used. Figures 4, 5, and 6 illustrate the three port
options; figure 7 illustrates timing for the three cases.

Standard Pull-Up Configuration (Figure 4)— All 1/0 port bits
should be set for a high level, before data input, to prevent
incoming logic Os from being masked by logic 1s preset at
the port from previous outputs. In some instances, the abil-
ity to mask bits of a port to logic 1 is useful. (Note that logic
1 becomes a 0 V electrical level at the 1/0 pin; logic 0 cor-
responds to a high electrical level.)

Each 1/0 port pin is a wire-AND structure between an inter-
nal latch and an external signal, if any. The latch is always
loaded directly from the accumulator. Each 1/O pin is set
high or low under program control. If a 1 (high) is presented
at the latch, gate (b) turns on and gate (a) turns off, so that
Pis at Vgg (low). If a O (low) is presented at the latch, gate (a)
turns on and gate (b) turns off, so that P is at Vpp (high).

When data is output through an 1/0 port, the pin is connect-
ed directly to a standard TTL gate input. Data is input to the
pin from a TTL output. In normal operation, high or low
levels at P drive the external TTL device input transistor

(d). If a low level is set at P, transistor (d) conducts current
through the path J, |, P, and FET (b). This is transferred as

a low level to the rest of the circuits in the TTL device and
results in a high or low level at the output of the device,
depending on its characteristics. If the level at P is set high,
transistor (d) cuts off and a high level is transferred by (d).
When data is input to the I/O pin, a high or low signal at the
pin transfers a logic 1 or 0 to the accumulator.

Since the 1/O pin and the TTL device output at 0 are wire-
ANDed, it is possible for the state of one to affect the trans-
fer of data out from the 1/O pin or in from the TTL device
output. For example, if the latch in the I/O port is set so that
the pin is clamped low by (b), the level at 0 cannot pull P
high. Conversely, if P is clamped to a low level by (c), setting
the latch for a high level has no effect.

Open-Drain Configuration (Figure 5)— When the 1/O port is
configured as shown in figure 5, the drain connection of
FET (a) is open, i.e., not connected to Vpp through a pull-up
transistor. This option is most useful in applications where
several signals (possibly several I/0 port lines) are to be
wire-ORed together. A common external pull-up, Ry, is used
to establish the logic 1 levels. Another advantage of this
option is that the output (point Y) can be tied through a pull-
up resistor to a voltage higher than Vpp (clear up to Vgg) for
interfacing to external circuits requiring a higher logic 1
level than Vpp provides.

If a high level is present at point X (coming from the port
latch), FET (a) will conduct and pull point Y to a low level by
current flow through R. This low level at Y causes transis-
tor (b) to turn on and present a low level to the input TTL
circuit.

If a low level is present at X, FET (a) turns off and point Y is
pulled toward Vpp by R.. This causes transistor (b) to turn
off and present a high level to the internal TTL circuits.

When data is input, a high level at the base of transistor (c)
causes (c) to conduct and puil point Y low, with current flow
through T,. This transfers a high level to the internal I/O port
logic through inverting action by the hysteresis circuit. If a
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Figure 4 Standard Pull-Up Configuration
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Figure 5 Open-Drain Configuration
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Y
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CIRCUIT | | 1L inpUT
X — (a) | -
| ———— e —————
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| | R
| |
| | =
_______________ G gmewr
Figure 6 Driver Pull-Up Configuration low level is present at the base of (c), conduction stops and
___________ - point Y is pulled toward Vpp by Ry. This is then transferred
/O PORT Voo | Voo as a low level to internal 1/0 port logic through the hystere-
sis circuit.

LED

Driver Pull-Up Configuration (Figure 6)— Figure 6 shows the
(c) 1/0 port driver pull-up option used to drive an LED indicator.
This application is typical of a front-panel address or data
display, where a row of LED indicators shows the logic
state at each pin of an I/O port.

A high level at X turns FET (b) on and (a) off, providing a

path for current through resistor R from the base of transis-
tor (c). This stops (c) from conducting and the LED does not
light. If a low level is present at X, (b) turns off and (a) turns
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on, providing a path for current from Vpp through (a) to R.
This current through R turns on (c), which causes the LED to
conduct and be lighted.

The three options for 1/0 port output configurations describ-
ed above are provided to aid the designer in optimizing
(minimizing) the system hardware for a particular applica-
tion. The choice in configuration is specified as a mask
option by the designer.

During input instrucions, the trailing edge of the STROBE
signal is used to indicate to the external device that the
current data on the 1/0 port is read and new data can be
changed. For example, if a shift register is connected to the
1/0 port, the trailing edge of the STROBE signal is used to
advance the shift register.

During output instruction, the trailing edge of this STROBE
signal indicates that the new data on the 1/0O port latches is
being changed. The output on the latches becomes true
after typically 500 ns of the trailing edge of this signal.

Figure 7 PSU /O Port Timing

Refer to the “Timing Characteristics” section for all signal
characteristics.

WRITE / \
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INPUT DATA MAY CHANGE x DATA STABLE XDATA MAY CHANGE
- tsp S
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(STANDARD PULLUP) )( 29V STABLE
€———fod ——»
@)
OUTPUT 7
(OPEN DRAIN) X 29V STABLE
-— ldp—b]
ouTpuT @
x 2.9v STABLE

F3856 1/0 Strobe

An additional output strobe signal is provided on the F3856
to indicate the execution of an input or output instruction
for the low address 1/0 port on the PSU circuit. (This is port
4 of the PSU circuit with the 4-7 address.) A pulse of the
duration of the WRITE clock on the STROBE pin is provided
at the end of the second cycle of the I/0 instruction for this
port. Figure 8 shows the timing relationship of this output
with respect to the execution being performed.

Although this pulse appears for both input and output
instructions for this port, two different signals for input only
are derived from the external gating of the STROBE and
ROMC; signals, as shown below.

STROBE

ROMCo

INPUT ONLY

D—— OUTPUT ONLY

F3851 Programmable Timer

The F3851 PSU has an 8-bit shift register, addressable as
110 port XXXXXX11, that can be used as a programmable
timer (XXXXXX is the 6-bit /O port address select, a PSU
mask option). Figure 9 illustrates the shift register logic and
the exclusive-OR feedback path.

Based on the logic illustrated in figure 9, binary values in
the range 0 through 254, when loaded into the timer, are
converted into “timer counts.” As shown in table 3, “timer
contents” is the actual binary value loaded into a timer, and
“timer counts” is the corresponding number of time inter-
vals the timer takes to time out. Data cannot be read out of
the programmable timer 1/0 port.

As described in the Guide to Programming the F8 Micro-
computer, an assembly-language program specifies timer
counts, and the assembler converts timer counts into the
binary value that must be loaded into the programmable
timer. This is the value given under “Contents” in table 3. To
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Figure 8 1/0 Instruction Fetch and Strobe Timing
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Figure 9 F3851 Timer Block Diagram
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use a programmable timer, bypassing assembly-language
programming, load the programmable timer with the value
given under “Contents” in table 3 to time out after the num-
ber of intervals given under “Counts.”

It is also possible to write small subroutines that calculate
time values one count faster or slower than a given value.
Such subroutines would be used if programmed delays are
required.

The OUT or OUTS instruction is used to load timer counts
-into the programmable timer. The contents of the program-
mable timer cannot be read using an IN or INS instruction.
The timer times out after a time interval given by the prod-
uct (period of ¢ clock x (timer counts) x 31). For example, a
value of 200 (11001000, or H'C8") loaded into the program-
mable timer becomes 215 timer counts. The timer, therefore,
times out in 3.33 ms, if the period of clock signal ¢ is 500 ns.

A value of 255 (H'FF’) loaded into a programmable timer
stops the timer.

All timers run continuously, unless they have been stopped
by loading H'FF’ into the timer. Upon timing out, the timer
transmits an interrupt request to the interrupt logic. If
proper interrupt logic conditions exist, the timer interrupt
request is passed on to the CPU through the INT REQ
signal.

After a programmable timer has timed out, it again times
out after 255 timer counts; therefore, if the programmable
timer is left running, it times out every 7905 ¢ clock periods,
or every 3.953 ms for a 500 ns clock.

If the timer is actually loaded with a zero value, it times out
in 24 counts, whereas, once it has timed out, it next times
out in 255 counts; i.e., a time-out is not the same thing as
counting down to zero.

When the timer and timer interrupt are being set to time a
new interval, the timer is always loaded before enabling the
timer interrupt. Loading the timer clears any pending timer
interrupts. When the timer interrupt is enabled, any pending

—
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timer interrupt is acknowledged and forwarded to the CPU. F3851 Interrupt Control Register
Since the timer runs continuously, unless stopped under
program control, enabling the timer before loading a time The interrupt control register (ICR) has the 1/0 port address
count can cause errors. Prior time-outs of the timer are XXXXXX10 (where XXXXXX is the 6-bit 1/0 port address
latched in the interrupt logic of the PSU, even while timer select). Data is loaded into this register (I/0 port) using an
interrupts are disabled. When the timer is enabled, an OUT or OUTS instruction. Data cannot be read out of this
immediate interrupt acknowledge occurs if, by chance, the register. The contents of the ICR are interpreted as follows:
continugus-running timer happens to time out while timer
interrupts are disabled.
upts are disable Contents of 1/0 Port Interpretation
If the timer is loaded just before enabling timer interrupts, - - -
loading the timer clears pending timer interrupts. Now a BXXXXXme Disable all '“te"‘”pts
spurious interrupt request does not exist when the timer BXXXXXX01 Enable e?(terngl interrupt,
interrupt is enabled. disable timer interrupt
BXXXXXX10' Disable all interrupts
Figure 10 illustrates a possible signal sequence for a timer BYXXXXXX11 Disable external interrupt,
that is initially loaded with 200, then allowed to run con- enable timer interrupt
tinuously.
Figure 10 Time-Out and Interrupt Request Timing
3.3 ms —»«——3.953 ms 3.953
—» 14 I I — I3
J
A B o] c
D D D

A — 200 LOADED INTO TIMER

B — FIRST TIME OUT

C — SECOND AND SUBSEQUENT TIME-OUTS

D — INTERRUPT SERVICE ROUTINES BEING ENTERED BY CPU

I, I2, I3 — INTERVALS BETWEEN TIME-OUT INTERRUPT REQUEST.REACHING
INTERRUPT LOGIC AND SERVICE ROUTINES BEING ENTERED BY CPU

Table 3 F3851 Timer Counts )
Contents Counts . -Contents Counts Contents Counts Contents Counts

of to of to of to of to
Counter Interrupt Counter Interrupt Counter Interrupt Counter Interrupt
FE 254 4D 189 D2 124 9F 59
FD 253 9A 188 A5 123 3D 58
FB 252 34 187 4B 122 7C 57
F7 251 69 186 96 121 F8 56
EE 250 D3 185 2D 120 F1 55
DC 249 A7 184 5B 119 E2 54
B8 248 4F 183 B7 118 C5 53
7 247 9E 182 6E 117 8A 52
E3 246 3C 181 DD 116 15 51
c7 245 78 180 BA 115 2A 50
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Table 3 F3851 Timer Counts

8E 244 FO 179 75 114 55 49
1D 243 EO 178 EB 113 AA 48
3B 242 c1 177 D6 112 54 47
76 241 82 176 AD 1 A8 46
ED 240 04 175 5A 110 50 45
DA 239 06 174 85 109 A0 44
B4 238 12 173 6A 108 41 43
68 237 24 172 D5 107 83 42
D1 236 48 171 AB 106 06 41
A3 235 90 170 56 105 oD 40
47 234 21 169 AC 104 1A 39
8F 233 42 168 58 103 35 38
1F 232 84 167 B1 102 6B 37
3F 231 oA 166 62 101 D7 36
7E 230 14 165 c4 100 AF 35
FC 229 28 164 88 99 S5E 34
F9 228 51 163 1 98 BD 33
F3 227 A2 162 22 97 7B 32
E6 226 45 161 44 96 F6 31
CD 225 8B 160 89 95 EC 30
9B 224 17 159 13 94 D8 29
36 223 2E 158 26 93 BO 28
6D 222 5D 157 4C 92 60 27
DB 221 BB 156 98 91 Cco 26
B6 220 77 155 30 90 80 25
6C 219 EF 154 61 89 00 24
D9 218 DE 153 Cc2 88 01 23
B2 217 BC 152 84 87 03 22
64 216 79 151 03 86 07 21
Cc8 215 F2 150 10 85 OF 20
91 214 E4 149 20 84 1E 19
23 213 c9 148 40 83 3D 18
46 212 93 147 81 82 7A 17
8D 211 27 146 02 81 F4 16
1B 210 4E 145 05 80 E8 15
37 209 9C 144 0B 79 DO 14
6F 208 38 143 16 78 A1 13
DF 207 70 142 2C 77 43 12
BE 206 E1 141 59 76 87 "
7D 205 Cc3 140 B3 75 OE 10
FA 204 86 139 66 74 1C 9
F5 203 oc 138 CcC 73 39 8
EA 202 18 137 99 72 72 7
D4 201 31 136 32 7 E5 6
A9 200 63 135 65 70 CB 5
52 199 Cc6 134 CA 69 97 4
A4 198 8C 133 95 68 2F 3
49 197 19 132 2B 67 5F 2
92 196 33 131 57 66 BF 1
25 195 67 130 AE 65 7F 0
4A 194 CE 129 5C 64 FE 254
94 193 9D 128 B9 63
29 192 3A 127 73 62
53 191 74 126 E7 61
A6 190 E9 125 CF 60

3-43



|

|

F3851

In these 1/O port contents definitions, X represents “don’t
care” binary digits.

F3856 Timer and Interrupt Control Registers

The F3856 logic responds to an interrupt request that can
originate internally from the timer logic or from input by an
external device, or from the pulse width measurement cir-
cuits. Interrupt functions present in the F3856 include the
ability to program the active transition of the external inter-
rupt, the ability to have both the timer and the external
interrupts active at the same time, and the ability to mea-
sure pulse width of an external signal.

The timer is an 8-bit binary count-down register that is used
in conjunction with interrupt logic to generate real-time
intervals, to measure elapsed time between two events, or
to measure a pulse width appearing on the EXT INT signal.
The timer is selected to run in one of four values provided
by the prescaler and can be made to start counting or stop
counting under program control. Also, the timer contents
can be read back under program control.

A zero-detect circuit in the timer detects transitions from a
one-count to a zero-count and provides a signal to the inter-
rupt circuits. If all other conditions are satisfied, interrupt
circuits, after receiving this signal, request an interrupt
service from the CPU.

An external interrupt can be selected under program control
to detect the falling or rising edge of the signal. The active
edge is determined by the contents in a bit in the interrupt
control register.

Both interrupts can be enabled at the same time. When
both interrupts are enabled, they are serviced on a first-
come, first-served basis. For example, if the timer interrupt
arrives later than the unserviced external interrupt, the
external interrupt is serviced first, and the timer interrupt
remains stored until it is serviced or cleared. If both
interrupts arrive at the same cycle, the timer interrupt is
handled first. -

The internal timer register (TR) and interrupt control register
(ICR) are associated with the two high address ports. The
TR, depending on various functions, is in one of two modes:
stationary or run. In the stationary mode, the contents of the
TR remain unaffected. In the run mode, the TR is a binary
count-down register, which decrements every 2, 8, 32, or 128
¢ clock time, depending on the value of the two prescaler
bits on the ICR. A circuit detects the one-count-to-zero-count
transition of the register and stores it in a flip-flop for
interrupt purposes. This flip-flop is cleared any time a new
value is loaded into TR.

The flip-flop is not cleared by a loading of ICR. While count-
ing, the timer jumps from all-zero value to all-one value and,
depending on prescaler values, provides an interrupt period
of every 512, 2048, 8192, or 32768 ¢ clocks.

If the timer is in the run mode and the ICR is set for a
prescaler value of 2 at the time a value of 2 or 1 is loaded
into the TR, the next transition from a one-count to a zero-
count is not detected.

F3856 Interrupt Control Register Configuration

The ICR is a 7-bit register used to define various modes of
interrupt, the value of the prescaler, and external pulse
width measurement. This register is loaded by output in-
structions; no provision is made to read the contents of this
register. The ICR, along with the 1/O ports on the F3856, is
reset to zero during the reset sequence.

The configuration of this register is shown in figure 11.

Figure 11 F3856 ICR Configuration
6 5 4 3 2 1 0
C LOCAL INTERRUPT CONTROL BITS
PRESCALER CONTROL BITS
START/STOP BIT

EDGE DETECT BIT
EXTERNAL PULSE WIDTH MODE

Local Interrupt Control (Bits 0-1)— These modes define
the interrupt state of the timer and external interrupts
(see table 4).

Table 4 F3856 Timer and External Interrupt Modes

Bit 1 Bit 0 Function
0 0 No Interrupt
0 1 Enable External Interrupt Only
1 0 Enable Both External and Timer
Interrupts
1 1 Enable Timer Interrupt Only

Prescaler Control (Bits 2-3)— These bits define one of the
four different prescalers for the timer (refer to table 5).
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Table 5 F3856 Timer Prescaler Modes

Timer Timer

Prescaler Resolution Period
Bit 3 | Bit 2 Value at 2 MHz at 2 MHz
1 1 2 1us 256 us
1 0 8 4us 1.024 ms
0 0 32 16 us 4.095 ms
0 1 128 64 us 16.384 ms

Start-Stop Timer (Bit 4)— This bit controls the TR. When at
0, the TR is in the run mode; when at 1, the TR is in the sta-
tionary mode.

Edge Detect Control (Bit 5)—This bit defines the active
edge of the EXT INT input signal as the source during
external interrupts. When this bit is at 0, the falling edge is
active; when it is at 1, the rising edge is active.

External Pulse Width Mode (Bit 6)—When this bit is at 0, no
special function is performed and the interrupts and timer
circuits are controlled by bits 0 through 5 of the ICR. How-
ever, when this bit is at 1, the special function of pulse
width measurement is performed.

Pulse Width Measurement
The following procedure is used to measure pulse width for
the F3856 PSU (refer to figure 12).
1. Before the pulse arrives, set the ICR as follows:
a. Set the external pulse width mode bit to 1.

b. Set the edge detect bit to 1 for a negative pulse or

to O for a positive pulse.
. Set the start/stop bit to 1 (stop mode).

. Set the prescaler bits to the value of prescaler
desired.

e. Set the interrupt bits to turn on both interrupts.

2. Load TR with an initial value.

3. As soon as the pulse arrives, the timer starts counting
and provides the timer interrupts at zero crossing.

4. At the end of the pulse, the timer stops counting and
provides an external interrupt, indicating the end of the
pulse. The timer contents can now be read under pro-
gram control for calculating the pulse width.

In this procedure, both interrupts are enabled. It is possible
to disable one or both interrupts. If the external interrupt is
not enabled, the timer stops at the end of the pulse. How-
ever, some means of indication are necessary to detect the
end of the pulse to the main program. If the timer interrupt
is not enabled, the timer zero crossing is not detected. If the
pulse duration is always short, such that the timer is
stopped before reaching zero, it is not necessary to enable
the timer interrupt.

When the timer is loaded with a zero count, the timer inter-
rupt does not occur immediately, although the timer is a
zero-count. The timer interrupt occurs only after the one-to-
zero transition during the countdown. Hence, when the
timer is loaded with a zero count, the timer interrupt occurs
after 256 timer counts.

This feature of being able to load a zero count in the timer
without getting interrupted allows the programmer to have
complete control over the timer count and is also useful
during the pulse width measurement mode.

During reset procedures, the ICR is loaded with zero, which
disables the local interrupt controls and establishes the
trailing edge of the EXT REQ input signal as the active edge
for the external interrupt. The active edge of the external
signal can be changed by bit 5 of the ICR. However, when
this bit is changed, and the level appearing on the external
signals is of the same level as the one obtained after the
new active edge, an external interrupt is generated. For
example, when changing the active edge of the external sig-
nal from trailing edge to rising edge under program control,
if the external signal is already at a high level, an interrupt
is generated.

Figure 12 F3856 Pulse Width Measurement
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If such interrupts are undesirable, an additional step is nec-
essary to disable the local external interrupt control during
the change of ICR bit 5. For example, when loading the ICR
for the change of direction, the external interrupt control
can be disabled with the same instruction, and the next
instruction can then enable it.

Note that the feature of generating an interrupt by changing
bit 5 of the ICR can be used for software (program-gener-
ated) interrupts.

PSU Interrupt Handling

A typical F8 system interrupt interconnection is shown in
figure 13. Each PSU and PIO has a PRI IN and a PRI OUT
line so that they can be daisy-chained together in any order
to form a priority level of interrupts. Depending on the con-
tents of the ICR, the interrupt control logic can be accepting
timer interrupts or external interrupts, or neither, but never
both.

Figure 14 is a diagram of the PSU interrupt logic. Between
the E EXT iNT input signal or the time-out input and the INT
REQ output signal, there are three flip-flops. The EXT INT
signal and the time-out interrupt input each have a synchro-
nizing flip-flop and edge detect logic.

Each edge detect clock is followed by its own interrupt flip-
flop that latches the true condition.

The outputs of the timer interrupt flip-flop and the external
interrupt flip-flop are ORed to set the service request flip-
flop, providing that an interrupt from some other PSU is not
being acknowledged.

The INT REQ signal is the NAND of priority input and serv-
ice request. This is an open-drain signal. The INT REQ sig-
nal of several PSUs can be tied together so that any one
can force the line to 0 V if it is requesting interrupt service;
a pull-up to Vpp is provided by the F3850 CPU to the iNT
REQ input pin.

The PRI IN signal is part of the interrupt priority chain. The
chain begins by a strap to Vgg. Each device in the chain  has
a PR PRI iN input signal and a PRI OUT output signal. The PRI
ouT signal of the PSU is active (0 V) only if the PRI IN
signal is active (0 V) and service request is inactive This
means that the PRI OUT and INT REQ signals are always at
opposite levels. The PRI OUT signal becomes the PRI IN sig-
nal for the next device in the interrupt priority daisy chain, if
there is one. The function of the priority daisy chain is to
ensure that just one device at a time is requesting interrupt
service.

The service request flip-flop cannot become set if another
interrupt request is being acknowledged anywhere in the
system. Rather, if an interrupt request has been latched into
the timer interrupt flip-flop or the external interrupt flip-flop,
the PSU logic waits until after the process of acknowledg-
ing the other interrupt has been completed before setting
the service request. This precaution is necessary to ensure
that the priority chain is not altered during acknowledge-
ment; an error would occur if one half of the interrupt vector
came from one device and the second half from some other
device.

The service request flip-flop is cleared after an interrupt
from the PSU has been acknowledged. It is also cleared
whenever the interrupt control register for the PSU is
accessed by an output instruction.

The conditions for setting the timer interrupt flip-flop and
the external interrupt flip-flop differ slightly. External inter-
rupts must be enabled before the external interrupt flip-flop
can be set by a negative-going transition of the EXT INT sig-
nal. However, the timer interrupt flip-flop is set by a timer
time-out independent of the timer interrupt enable bit. This
means that the PSU can detect a time-out interrupt that is re-
quested while the PSU was checking for external interrupts.

The timer interrupt flip-flop is cleared whenever the PSU
device timer is loaded or when its timer interrupt has been
acknowledged. The external interrupt flip-flop is cleared
whenever the device interrupt control register is accessed
by an output instruction or when its external interrupt has
been acknowledged.

Interrupt Acknowledge Sequence

Upon receiving an interrupt request, whether from an exter-
nal source through the EXT INT signal or from the internal
timer, the PSU and CPU go through an interrupt sequence
that ultimately results in the execution of an interrupt
service routine located at the memory address indicated by
the interrupt address vector. Figures 15 and 16 illustrate the
interrupt sequences for the two cases. Events occurring in
these sequences are labeled A through H.

Event A—The initial interrupt request arrives. The falling
edge of the EXT INT pin identifies an external interrupt. The
rising edge of the interval timer output indicates a time-out.

Event B—The synchronizing flip-flop in the PSU control
logic changes state.

Event C—The timer or external interrupt flip-flop goes true,
indicating the local interrupt logic acknowledgement of the
interrupt. The timer interrupt flip-flop always responds and
saves the time-out occurrence, whereas the external inter-
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Figure 13 F8 System Interrupt Interconnection
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rupt flip-flop is set at this time only if the external interrupt
mode is enabled within the local control logic.

Event D—The INT REQ line is pulled low by the PSU,
passing the request for servicing on to the CPU. The follow-
ing conditions must be present for this to occur:

1. The PRI IN pin must be low.

2. The proper enable state must exist in the local con-
trol logic for the type of interrupt (timer or external).

3. The system is not already into Event F because of
servicing some other interrupt.

Event E—The CPU now begins its response to the INT
REQ line by transmitting the unique ROMC state H'10"

This occurs only when the following conditions are
satisfied:

1. The CPU is executing the last cycle of an instruction
(beginning an instruction fetch).

2. The ICB is enabled (ICB =0).

3. The current instruction fetch is not protected.

Event F— The CPU generates the interrupt acknowledge
sequence of ROMC states.

Event G— At this point, the CPU begins fetching the first
instruction of the interrupt service routine. In the PSU inter-
rupt logic, the service request flip-flop and the appropriate
interrupt request flip-flop have been cleared.

Event H— The CPU begins executing the first instruction of
the interrupt service routine.

Interrupt Address Vector

During the interrupt acknowledge, the interrupting PSU pro-
vides a 16-bit interrupt address vector (refer to figure 17).
The CPU causes this vector to be loaded into PCy so that
program execution can branch to the routine that handles
this particular interrupt. Fifteen bits of the interrupt vector
are specified as a mask option. Bit 7 cannot be masked; it
is set by the interrupt control logic to 0 if the timer interrupt
is enabled or to 1 if the external interrupt is enabled.

Figure 15 Timer Interrupt Sequence
EVENTS A B

WRITE CLOCK I I (ws) l I (us)

SYNC FF I I

D
(Us) (LS)

|
.

i
’(S)I I (L) [—1 (L) r-l [C] r—l (S)

!

- 0

F

TIMER INT FF I

INT REQ (TO CPU)

ROMC STATE (FROM CPU)

(LIS) ——3 LONG OR SHORT CYCLE
(L) = LONG CYCLE
(S) =~ SHORT CYCLE
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Figure 16 External Interrupt Sequence

EVENTS A B c D E

A S
WRITECLOCK_I__l (Ls) ﬂ (Ls) [—l sy I I(US) ’_ﬂr_l L) l——l v n [(8) [—l (s) I_l

SYNC FF l l
rga
TIMER INT FF [ . 4 I

iNT REQ (TO CPU) l I

ROMC STATE (FROM CPU)

(LS) — LONG OR SHORT CYCLE
(L) —> LONG CYCLE
(S) —» SHORT CYCLE

Figure 17 Interrupt Address Vector
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o MASK ‘ o MASK _

| PROGRAMMABLE
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0 FOR TIMER INTERRUPT
1 FOR EXTERNAL INTERRUPT
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Interrupt Signal Timing

Timing for signals associated with the PSU interrupt logic is
shown in figure 18. All signal characteristics are given in the
timing characteristics section of this data sheet.

Note: Timing measurements are made at valid logic level to
valid logic level of the signals referenced unless otherwise
noted.

Figure 18 PSU Interrupt Timing
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Timing Characteristics

The timing characteristics of the PSU devices are described
in table 6. The ac characteristics are Vgg=0V, Vpp= +5.0V
+5%, Vgg = +12 V£5%, Tp =0°C to +70°C, unless other-
wise specified.

Table 6 PSU Signal Timing Characteristics u

Symbol| Parameter Min. Typ. Max. Units Test Conditions

Pé ¢ Period 05 10 us

PW; $ Pulse Width 180 P¢-180 ns t;, ty =50 ns typ.

tdy, td | 4 to Write + Delay 250 ns C_=100 pF

tdy WRITE to DB Input Delay 2P$ +1.0 us

PW, WRITE Pulse Width P$ —100 P$ ns t;, ty=50 ns typ.

PWg WRITE Period; Short 4Pé .

PW_ WRITE Period; Long ns

tds WRITE to ROMC Delay 550 ns

td; WRITE to DB Output Delay | 2P$+100—-td, | 2P$+200 | 2P$+850—td, ns C, =100 pF
WRITE to DBDR — Delay

tdg WRITE to DBDR + Delay ) 200 ns Open drain

try WRITE to INT REQ — Delay 430 ns C_ =100 pF®

trp WRITE to INT REQ + Delay 430 ns C, =100 pF®

tpry  [PRIN to INT REQ - Delay 200 ns C_=100 pF®@

tpg1, PRI iN to PRI OUT Delay 800 ns C_=50pF

tpd,

tpga, WRITE to PRI OUT Delay 600 ns C_=50pF

tpd,

tsp WRITE to Output Stable 1.0 us C_ =50 pF, standard pull-up®

tod WRITE to Output Stable 25 us C_ =50 pF, R =125 kQ,

open drain®

tap WRITE to Output Stable 200 400 ns C =50 pF, driver pull-up

tsu 1/0 Set-up Time 13 us

th 1/0 Hold Time 0 ns

tox EXT INT Set-up Time 400 ns

tsBy WRITE to STROBE + Delay 5P¢ +300 ns C_ =50 pF

tsBa WRITE to STROBE - Delay 6P$ +410 ns C_=50pF

Notes —

1. Assume priority in was enabled (PRI IN = 0) in the previous F8 cycle, before the interrupt is detected in the PSU.

2. The PSU has an interrupt pending before priority in is enabled.

3. Assume pin tied to INT REQ input of the F3850 CPU.

4. Input and output capacitance is 3 to 5 pF, typical, on all pins except Vpp, Vgg, and Vss.

DC Characteristics

The dc characteristics of the PSU devices are provided in tables 7 and 8.

Supply Currents Vss =0V, Vpp = +5V £5%, Vgg = +12V £5%, TA=0°C, +70°C

Symbol Parameter Min. Typ. Max. Units Test Conditions

Ibp Vpp Current 28 60 mA f =2 MHz, outputs unloaded

lag Vaa Current 10 30 mA f =2 MHz, outputs unloaded

e e e e ]
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Table 7 F3851 PSU DC Characteristics
Symbol | Parameter Signal Min. Max Units | Test Conditions
ViH Input High Voltage Data Bus (DBg -DBjy) 29 Voo \"
ViL Input Low Voltage Vss 0.8 \'
Vou Output High Voltage 39 Voo Vv loq= —100 pA
VoL Output Low Voltage Vss 04 \" lor=1.6 mA
M Input High Current 1.0 uA VN = Vpp, 3-state mode
loL Input Low Current -1.0 uA Vin = Vss, 3-state mode
ViH Input High Voltage Clock Lines (¢, WRITE) 4.0 Vop \"
ViL Input Low Voltage Vss 0.8 v
I Leakage Current 3.0 uA Vin=Vpp
Vi Input High Voltage Priority In and Control 35 Voo \"
ViL Input Low Voltage Lines (PRI IN, ROMCy - Vss 08 \"
I Leakage Current ROMC,) 3.0 pA Vin =Vop
VoH Output High Voltage Priority out (PRI OUT) 39 Voo v lon = —100 pA
VOL Output Low Voltage Vss 0.4 \' |o|_ =100 MA
VoH Output High Voltage Interrupt Request v Open-drain output
VoL Output Low Voltage (INT REQ) Vss - 04 \ loo =1mA
I Leakage Current 3.0 WA Vin =Vpp
VoH Output High Voltage Data Bus Drive (DBDR) External pull-up
VoL Output Low Voltage Vss 04 v lo,=2mA
I Leakage Current 3.0 uA Vin=Vpp
ViH Input High Voltage External Interrupt 35 v
ViL Input Low Voltage (EXT INT) 0.8 \"
Vic Input Clamp Voltage 15 \ liy =185 pA
m Input High Current 10 uA ViN=Vbp
I Input Low Current -225 uA ViN =2V
e Input Low Current —-150 —500 uA Vin=Vss
VoH Output High Voltage 1/0 Port Option A 3.96 Voo \ lon= —30 pA
Vou Output High Voltage (Standard Pull-up) 29 Vbp \' lon= —150 A
VoL Output Low Voltage Vss 0.4 v lo,=1.6 mA
Viu Input High Voltage 2.9 Vbp \ Internal pull-up to Vpp®
ViL Input Low Voltage Vss 0.8 Vv
' Leakage Current 1.0 uA Vin=Vpp
M Input Low Current -1.6 mA Vin=0.4 V¥
VoH Output High Voltage 1/0 Port Option B External pull-up
VoL Output Low Voltage (Open Drain) Vss 04 Vv loL=2mA
ViH Input High Voltage 2.9@ Vpp v @
ViL Input Low Voltage Vss 08 \
I Leakage Current 20 uA Vin=+12V
Von Output High Voltage 1/0 Port Option C 3.75 Vbp \" lon=-1mA
VoL Output Low Voltage (Driver Pull-up) Vss 04 Vv loL=1.6 mA
Notes

. Pull-up resistor to Vpp on CPU.
. Positive current is defined as conventional current flowing into the pin referenced.

. Measured while I/0 port is outputting a high level.

1
2
3. Hysteresis input circuit provides additional 0.3 V noise immunity while internal/external pull-up provides TTL compatibility.
4
5.

. Guaranteed but not tested.
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Table 8 F3856 PSU DC Characteristics
Symbol | Parameter Signal Min. Max. Units | Test Conditions
ViH Input High Voltage Data Bus (DBg -DB7) 29 Voo \
ViL Input Low Voltage Vss 0.8 \
Vo Output High Voltage 39 Vop \ loy = —100 A
Vo, Output Low Voltage Vss 0.4 \" lor=1.6mA
hH Input High Current 3.0 uA Vin = Vpp, 3-state mode
loL Input Low Current -3.0 uA Vin = Vss, 3-state mode
ViH Input High Voltage Clock Lines (¢, WRITE) 40 Vbp \
ViL Input Low Voltage Vss 0.8 \"
I Leakage Current 3.0 uA Vin=Vop
ViH Input High Voltage Priority In and Control 35 Vop \
ViL Input Low Voltage Lines (PRI IN, ROMCg - Vss 0.8 Vv
' Leakage Current ROMC,) 3.0 uA Vin =Vop
Vou Output High Voltage Priority out (PRI OUT) 39 Vob v lon = —100 uA
VoL Output Low Voltage Vss 0.4 \'/ loL =100 pA
VoH Output High Voltage Interrupt Request \" Open-drain output®
VoL Output Low Voltage (INT REQ) Vss 0.4 Vv lop =1.0mA
I Leakage Current 3.0 uA Vin =Vop
Vou Output High Voltage Data Bus Drive (DBDR) External pull-up
VoL Output Low Voltage Vss 0.4 \" lor=2.0mA
I Leakage Current 3.0 uA Vin=Vpp
Vou Input High Voltage Strobe 39 Voo \ lon = -1.0 mA
VoL Output Low Voltage Vss 0.4 \ lop = 20mA
ViH Input High Voltage External Interrupt 29 Vop \ in = —130 pA (internal pull-up)
ViL Input Low Voltage (EXT INT) Vss 0.8 \'
e Input Low Current —-1.6 mA Vin =04V
VoH Output High Voltage 1/0 Port Option A 39 Voo Vv lon = —30 uA®
Vou Output High Voltage (Standard Pull-up) 29 Vpp v loy= —150 A
VoL Output Low Voltage Vss 0.4 \Y lo=1.6 mA
ViH Input High Voltage 29 Vbop \" Internal pull-up to Vpp®
ViL Input Low Voltage Vss 0.8 v
i Input Low Current -1.6 mA Vin=0.4 V&
VoH Output High Voltage 1/0 Port Option B External pull-up
VoL Output Low Voltage (Open Drain) Vss 0.4 \" loL =2 mA®
ViH Input High Voltage 29 Vbp \
ViL Input Low Voltage Vss 0.8 \
Vou Output High Voltage 1/0 Port Option C 4.0 Vop \" lon=-1.0mA
VoL Output Low Voltage (Driver Pull-up) Vss 0.4 v lor=20mA
Notes

. Puli-up resistor to Vpp on CPU.

. Positive current is defined as conventional current flowing into the pin referenced.

. Measured while 1/0 port is outputting a high level.

1
2
3. Hysteresis input circuit provides additional 0.3 V noise immunity while internal/external pull-up provides TTL compatibility.
4
5,

. Guaranteed but not tested.
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Mask Options

The ROM array may contain object program code, tables of
nonvarying data, or both. Every PSU is implemented using a
custom mask that specifies the state of every ROM bit, as
well as certain address mask options that are external to
the ROM array. The following mask options are specified:

1. The 1024 or 2048 bytes of ROM storage. This reflects
programs and permanent data table stored in the
PSU memory.

2. The 5-bit or 6-bit page select. This defines the PSU
address space.

3. The 6-bit I/0 port address select. This defines the
four PSU 1/O port addresses.

4. The 16-bit interrupt address vector, excluding bit 7.

5. The I/O port output option. The choices are the standard
pull-up (option A), the open-drain (option B), and the
driver pull-up (option C).

PSU Mask Option Formats

The format for mask options must be submitted to Fairchild
Microprocessor Division before device manufacture. The
data to be stored in permanent memory may be submitted
in the form of an EPROM or HP2644/HP2645 cartridge
(Formulator format only). Other options must be specified
on the Fairchild ROM Code Entry Form, available from a
Fairchild representative.

Absolute Maximum Ratings

These are stress ratings only, and functional operation at
these ratings, or under any conditions above those indi-
cated in this data sheet, is not implied. Exposure to the
absolute maximum rating conditions for extended periods
of time may affect device reliability, and exposure to
stresses greater than those listed may cause permanent
damage to the device.

Supply Voltage Vgg -03V, +15V
Supply Voltage Vpp -03V, +7V
1/0 Port Open Drain Option -0.3V, +15V
External Interrupt Input (F3851) —600 A, +225 uA
Other |/O Port Options -03V, +7V
All inputs and Outputs -03V, +7V
Storage Temperature -55°C, +150°C
Operating Temperature 0°C, +70°C
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Thermal Resistance Values

Plastic
)a (Junction to Ambient) =60°C/W (Still Air)
§)c (Junction to Case)  =42°C/W

Ceramic
6)a (Junction to Ambient) =48°C/W (Still Air)
6)c (Junction to Case)  =33°CW

Recommended Operating Ranges

The recommended operating ranges of the PIO devices are
shown below.

Symbol Parameter Min. Typ. Max.

Voo Supply Voltage +475V  +5V 4525V

Vae Supply Voltage +114V  +12V +126V

Vss Ground ov

Ordering Information

Temperature

Part Number Package Range*
F3851DC Ceramic (o}
F3851DM Ceramic M
F3851PC Plastic C
F3856DC Ceramic (o}
F3856DM Ceramic M
F3856PC Plastic C

*C = Commercial Temperature Range 0° to +70°C
L = Limited Temperature Range —40°C to +85°C
M = Military Temperature Range —55°C to +125°C
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Peripheral Input/Output

Microprocessor Product

Description

The Fairchild F3861 Peripheral Input/Output (PIO) device
provides two 8-bit 1/0 ports, external interrupt, and a pro-
grammable timer. An 8-bit wide bidirectional data bus
transfers 1/O data bytes between the F3870 Central
Processing Unit (CPU) and the PIO.

The PIO is used in systems that require the 1/0 capability
and interrupt functions of the F3851 PSU but do not need
the read-only memory (ROM) storage of the PSU. The PIO is
pin-compatible with the PSU.

The F3861 PIO has five versions available, each with its
own set of preassigned I/O port addresses and interrupt
vectors.

The F3861 is manufactured using isoplanar N-channel,
silicon-gate technology; therefore, power dissipation is very
low (less than 250 mW).

® 16 Bidirectional, Individualy Controlled |/O Lines
Organized as Two 8-bit Ports

® Programmable Timer--Preset, Start, Stop, and Read-
Back Ability; Selectable Timer Count Rates

® Full Interrupt Level--Daisy-Chain Expandable,

Independent Interrupt Address Vectors for Timer and

External Interrupt

Pulse Width Measurement Capability

TTL and LSTTL Compatible

+5V and +12 V Power Supplies

2-MHz Operation

Low Power Dissipation, Typically Less Than 250 mW
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Connection Diagram
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Device Organization

The peripheral input/output device includes I/O logic, timer
logic, interrupt logic, data bus logic and control logic, as
illustrated in figure 1.

The interrupt logic responds to an interrupt request signal
originating from internal timer logic or an external device.
Based on priority considerations, the interrupt request is
passed on to the F3850 CPU. The programmable timer uses
a polynomial shift register in conjunction with interrupt
logic to generate real-time intervals.

The 8-bit data bus in the PIO is the main path for transfer
of information between the F3850 CPU and other devices in
the F8 microprocessor system. The device contains four
preassigned I/O port addresses: the two lowest are assign-
ed to the two I/O ports (A and B) and are used to tranfer
data to and from external devices. The other two /O ad-
dresses are assigned to two internal registers of the PIO
that control interrupt logic and are treated as 1/O ports.

Signal Descriptions
The F3861 input and output signals are described in table 1.

System Clock Timing

All timing within the F3861 PIO is controlled by the ¢ and
WRITE signals, which are input from the F3850 CPU. Refer
to the F3850 data sheet for a description of these clock
signals. The WRITE clock refreshes and updates PIO
registers, which are dynamic. The ¢ clock also drives the
programmable timer.

/0 Ports

The PIO has two bidirectional 8-bit I/O ports used to
transmit data between itself and external devices. In binary
notation, the address for port A is XXXXXX00 and for port B
is XXXXXX01, where the X binary digits are the unique /0
port select code for the PIO (see table 2). For example, if
the port select code is 000001, port A may be called port 4
and port B may be called port 5. (The PIO port select code
is never designated as all Os, since ports 0 and 1 are reserv-
ed for the F3850 CPU.) In addition, the interrupt control Port
(ICP) is addressed as port XXXXXX10 and the binary timer
is addressed as port XXXXXX11, which become ports 6 and
7, respectively, for the port select code example given
above. '

Figure 1 F3861 Block Diagram

1/0 PORT A OUTPUT 1/0 PORT B
STROBE

1

— DBDR

INTERRUPT PROGRAMMABLE

VECTOR ADDRESS TIMER ROM
5 CONTROL
LINES

EXTERNAL
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~——— PRIORITY IN

INTERRUPT INTERRUPT

CONTROL
LOGIC | PRIORITY OUT

> INTERRUPT
REQUEST

Vool |

Vee Voo Vss ® WRITE
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Table 2 F3861 Port Addresses

ADDRESS | ASSIGNED TO

XXXX XX00 | 1O Port A

XXXX XX01 110 Port B

XXXX XX10 Interrupt Control Register
XXXX XX11 Programmable Timer

The port and interrupt address vector assignments are
given in table 3. :

Table 3 F3861 Port and Address Assignments (HEX)

Version Port Interrupt Address Vector
Addresses Timer External
F3861A 4.7 0600 068C
F3861B 8B 0340 03CO0
F3861C 20-23 0320 03A0
F3861D 24-27 0360 03EO0
F3861E 4.7 0020 00A0
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Table 1 F3861 Signal Descriptions
Mnemonic Pin No. Name Description
Clock .
¢ 8 Clock The two clock input signals originate at the F3850 CPU.
WRITE 7 :
110 Ports
JIO Ag— 19, 24, /O Ports A Bidirectional ports through which the PIO communicates with
110 A7 25, 30 . logic external to the microprocessor system.
31, 36
37,2
110 By — 20, 23, /O Ports B
110 226, 29,
31, 35,
38, 1
Control
ROMCy 17, 16, Read Only Input signals that originate at the F3850 CPU and control
ROMC, 15, 14, Memory internal functions of the PIO.
13 Control
Data Bus
DBy — 21, 22, Data Bus Bidirectional three-state lines that link the PIO to all other
DB; 27, 28, devices within the microprocessor system.
33, 34,
39, 40
DBDR 11 Data Bus A low output, open drain signal that indicates the data bus
Drive currently contains data flowing from the PIO.
Interrupt
EXT INT 5 External A high-to-low transition on this input signal is interpreted as
Interrupt an interrupt request from an external device.
INT REQ 9 Interrupt This output signal is the INT REQ input to the F3850 CPU; it
' Request must be output low to interrupt the CPU, which occurs only if
PRI IN is low and PIO interrupt control logic is requesting
an interrupt.
PRI IN 10 Priority Unless this input signal is low, the PIO does not set the INT
In REQ signal low in response to an interrupt.
PRI OUT 6 Priority This output signal becomes the PRI IN signal to the next
Out device in the interrupt-priority daisy chain; it is output high
unless the PRI IN signal is entering the PIO low and the PIO
is not requesting an interrupt.
Power
Vpp 4 Power 5V (x 5%)
Supply
Vga 3 Power +12V (£ 5%)
Supply
Vss 18 Ground System ground—O V; Vpp and Vgg are referenced to Vgs.
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Port Pin Description

An output instruction (OUT or OUTS) causes the contents
of the CPU accumulator (ACC) to be latched into the ad-
dressed port. An input instruction (IN or INS) transfers the
contents of the port to the ACC (port 6 is an exception that
is described later). The 1/0 pins on the PIO are logically
inverted; the schematic of an I/O pin and available output
drive options are shown in figure 2. Each output pin has an
output latch that holds the data last output to that pin. The
I/O ports of the PIO are configured in the standard

pull-up option.

Figure 2 1/0 Pin Diagram with Output Buffer Options
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o
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=
<
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Voo Voo
6 ko TYP. i 1k TYP.
STANDARD OPEN DRAIN DIRECT DRIVE
OUTPUT OuTPUT OUTPUT

Each 1/O port pin is a wire-AND structure between an inter-
nal output data latch and the external signal. The latch is
loaded from the data bus. The output latches are not
initialized by the system reset sequence.

When outputting data through an I/0 port, the pin can be
connected directly to a TTL gate input; data is input to the
pin from a TTL device output. Since the I/O pin and the TTL
device output are wire-ANDed, it is possible for the state of
one to affect the transfer of data out from the I/O pin or in
from the TTL device output. In most cases, therefore, 1/0O
port bits should be set for a high level (logic 0) before data
input to prevent incoming logic zeros from being masked
by logic ones present at the port from previous outputs.
However, the ability to mask bits of a port to logic 1 is
useful during some input functions.

Programmable Timer

The 8-bit shift register, addressable as an I/O port, functions
as a polynomial timer. This timer is loaded with a value of
delay; it counts down this value of delay and, after the
programmed interval, generates an interrupt through the
interrupt logic of the PIO.

The OUT or OUTS instruction is used to load the interval
value into the programmable timer; the port number is
H07’, H'0B’, H'23', or H'27’, as appropriate. The timer times
out after a time interval given by the product

(period of & clock) x (timer counts) x 31

The timer continues to run after a time-out; subsequent
time-outs occur at intervals of 7905 ¢ clock periods. The
timer does not run if it is loaded with the value H'FF’.

Interrupt Logic

The interrupt logic block is programmed by output instruc-
tions to the interrupt control port (port H'06’, H'0A’, H'22’, or
H’26’, as appropriate). Only the least significant two bits are
used; their interpretation is as follows.

Contents of ICP Interpretation

B’XXXXXX00' Disable all interrupts

B’XXXXXX01’  Enable external interrupt, disable
timer interrupt

B’XXXXXX10’  Disable all interrupts

B’XXXXXX11’  Disable external interrupt, enable

timer interrupt

Note: The X designation represents “don’t care” binary digits.
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Figure 3 PIO Data Bus Timing
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Instruction Execution

The PIO responds to signals that are output by the F3850
CPU in the course of implementing instruction cycles.
Figure 3 illustrates timing during PIO data output to the
data bus. This timing applies whenever a PIO is the data
source. The PIO places data on the data bus, even in the
worst case, in time for the setup required by any F3850
CPU destination. The PIO receives a byte input from the
data bus when commanded by an output instruction to load
one of its two I/O ports or internal registers. Data bus tim-
ing requirements for input to the PIO are also shown in
figure 3; signal characteristics are given in the “Timing
Characteristics” section. The data bus drive (DBDR) signal
is low while data output by the PIO is stable on the data
bus. Thus, a DBDR low signal indicates that the data bus
currently contains data flowing from a PIO. For systems
with more than one program storage unit (PSU) or PIO, the
DBDR output signals may be wire-ORed and the result used
as a bus data flow direction indicator. The DBDR signal
may remain low until timing interval td of the next
instruction cycle following the one in which DBDR was
set low.

The PIO device executes the OUT instruction in the same
manner as the OUTS instruction; the same is true for the IN
and INS instructions. The difference between the long- and
short-form instructions is only in the source of the

1/0 address.

The F8 input/output instructions place the I/O port address
on the data bus during one instruction cycle and then use
the data bus in the following instruction cycle to do the
actual 1/0 data movement. The read only memory control
(ROMC) lines coming from the F3850 CPU signal the PIO
that an 1/0 data movement is occurring during the current
instruction cycle. Therefore, the PIO needs to recognize
whether the contents of the data bus during the instruction
cycle just prior matched any of its four assigned |/O ad-
dresses, wherever the ROMC lines indicate an l/O transfer.
The address select logic constantly monitors the data bus
for a match to any of the four addresses and holds the
information of a match through the following cycle.

Input instructions that select a port cause the contents of
the selected port to be placed on the data bus during the
input cycle. Only the two I/O ports (lowest two addresses)
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respond to input instructions. Output instructions that
select a port transfer the contents of the data bus to that
port. Outputs of the latches change at the end of the I/O
transfer cycle.

Interrupt Handling

A typical F8 system interrupt interconnection is shown in
figure 4. Each PSU and PIO has a PRI IN and PRI OUT line
so that they can be daisy-chained together in any order to
form a priority level of interrupts. When a PIO receives an
interrupt (either timer or external), it pulls its PRI OUT out-
put signal high, signaling all lower priority peipherals that it
has a higher priority interrupt request pending on the CPU.
Also, when the PIO device PRI iN input signal is pulled high
by a higher priority peripheral, signaling the PIO that there
is a still higher priority interrupt request, it passes that
signal along by pulling its PRI OUT signal high. When the
CPU processes an interrupt request, it commands the inter-
rupting device to place its interrupt vector address on the
data bus. Only the device with a PRI iN signal low and an
interrupt request pending responds. Should there be
another lower priority device with a pending request, it does
not respond at that time because its PRI IN input signal is
high.

If there are both a timer interrupt request and an external
interrupt request when the CPU starts to process the re-
quests, the timer interrupt is handled first.

Within each local interrupt control circuit is a 16-bit inter-
rupt address vector. This vector is the address to which the
program counter is set after an interrupt is acknowledged
and is therefore the address of the first executable instruc-
tion of the interrupt routine.

The interrupt address is unique to the version of the PIO
device selected by the user. Fifteen bits are fixed: bits 0
through 6 and bits 8 through 15. Bit 7 (27) is dependent on
the type of interrupt. This bit is a 0 for internal timer-
generated interrupts and a 1 for external interrupts. When
the interrupt logic sends an interrupt request signal and the
CPU is enabled to service it, the normal state sequence of
the CPU is interrupted at the end of an instruction. The
CPU signals the interrupt circuits through the five ROMC
lines. The requesting local interrupt circuit sends a 16-bit
interrupt address vector (from the interrupt address
generator) onto the data bus in two consecutive bytes. The
address is made available to the program counter through
the address demultiplexer circuits. It is simultaneously
made available to all other devices connected to the data
bus and is the address of the next instruction to be ex-
ecuted. The program counter of each memory device is set
with this new address while the stack register is loaded
with the previous contents of the program counter. The in-
formation in the program counter is lost. Thus, the next in-
struction to be executed is determined by the value of the
interrupt address vector.

The interrupt control bit (ICB) of the CPU (loaded in the W
register) allows interrupts to be recognized. Clearing the
ICB prevents acknowledgement of interrupts. The ICB is
cleared during power-on, during external reset, and after an
interrupt is acknowledged. The interrupt status of the PSU,
PIO, or memory interface (M) device is not affected by ex-
ecution of the disable interrupt (DI) instruction from the
CPU. At the conclusion of most instructions, the fetch logic
checks the state of the interrupt request line. If an inter-
rupt, occurs the next instruction fetch cycle is suspended
and the system is forced into an interrupt sequence.

Figure 4 F8 System Interrupt Interconnection
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Interrupt Sequence

Figure 5 details the interrupt sequence that occurs, whether
the interrupt request is from an external source through the
EXT INT pin or from the PIO device internal timer. Events
are labeled A through G.

Event A

An interrupt request must satisfy a set-up time requirement.
If not satisfied, the INT REQ signal delays going low until
the next negative edge of the WRITE clock.

Event B

Event B represents the instruction being executed when the
interrupt occurs. The last cycle of B is normally the instruc-
tion fetch for the next cycle. However, if B is not a privileg-
ed instruction and the CPU interrupt control bit is set, the
last cycle becomes a freeze cycle raher than a fetch. At the
end of the freeze cycle the interrupt request latches are in-
hibited from altering the interrupt daisy chain so that
sufficient time is allowed for the daisy chain to settle.

If B is a privileged instruction, the instruction fetch is not
replaced by a freeze cycle; instead, the fetch is performed
and the next instruction is executed. Although unlikely to
be encountered, a series of privileged instructions would be
executed sequentially. One more instruction (a protected in-
struction) is executed after the last privileged instruction.
The last cycle of the protected instruction then performs
the freeze.

In figure 5, the dashed lines on the EXT INT. (El) timing il-
lustrate the last opportunity for the EXT INT signal to cause
the last cycle of a nonprotected instruction to become a
freeze cycle. The freeze cycle is a short cycle (four ¢ clock
periods) in all cases except where B is the decrement
scratchpad instruction, in which case. the freeze cycle is a
long cycle (six ® clock periods).

The INT REQ signal goes low on the next negative edge of
the WRITE signal if both the PRI IN signal is low and the
appropriate interrupt enable bit of the ICP is set.

Event C

This_is a no-operation (NO-OP) long cycle, allowing time for
the PRI INJPRI OUT chain to settle. At a 2-Mhz ¢ clock rate,
a total of seven PIO, PSU, or M| devices can be daisy-
chained without the need for look-ahead logic.

Event D

In PSU circuits, the program counter (PO) is pushed to the
stack register (P) to save the return address. The interrup-

ting PIO places the lower eight bits of the interrupt vector
address onto the data bus. This is always a long cycle.

Event E
In this long cycle, the PIO places the upper eight bits of the
interrupt vector address onto the data bus.

Figure 5 Interrupt Sequence
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Event F

In this short cycle, the PIO interrupting interrupt request
latch is cleared. Also, the CPU interrupt control bit is
cleared, thus disabling interrupts until an El instruction is
performed. Additionally, during Event F, the PRI IN/PRI OUT
daisy-chain freeze is removed, since the interrupt vector
address has been passed to the CPU. Another action is the
fetch of the instruction from the interrupt address.

Event G
This event starts executing the first instruction of the
interrupt service routine.

Summary of Interrupt Sequence

For the PIO, the interrupt response time is defined as the
time elapsed between the occurrence of the EXT INT signal
going active (or the timer transition to H’N’) and the begin-
ning of execution of the first instruction of the interrupt
service routine. The interrupt response time is a variable
dependent on what the microprocessor is doing when the
interrupt request occurs.

As shown in figure 5, the minimum interrupt response time
is three long cycles plus two short cycles plus one write
clock pulse width plus a set-up time of an EXT INT signal
prior to the leading edge of the write pulse, a total of 27 ¢
clock periods plus the set-up time. At 2 MHz, this is 14.25
us. Although the maximum could theoretically be infinite, a
practical maximum is 35 us (based on the interrupt request
occurring near the beginning of a Pl and LR K, P sequence).

ROMC States

Table 4 shows the function performed by the PIO device for
each ROMC command. Each function is performed entirely
within one machine cycle (one cycle of the WRITE clock).
All other ROMC states are decoded as NO-OP.

Table 4 PIO Functions Versus ROMC States

ROMC State
Binary Hex | PIO Functions

01111 OF | If this circuit is interrupting and is
highest in the priority chain, move
lower half of interrupt vector into
the data bus.

10000 ‘ 10 | Place interrupt circuitry in an in-
hibit state that prevents altering

the interrupt priority chain.

If the contents of the data bus in
the prior cycle was an address of
1/Q ports on this device, move the
current contents of the data bus
into the appropriate port (/O A, I/0O
B, timer or control).

10011 13

11011 1B | If the contents of the data bus in
the prior cycle was an address of
110 ports on this device, move the
contents of the appropriate /0O
port onto the data bus (/O A

or 1/O B).

Timing Characteristics

Timing signals are illustrated in figures 3, 6, and 7; the
signal timing characteristics are presented in table 5.

Figure 6 F3861 Input/Output Timing
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Figure 7 F3861 Interrupt Logic Timing
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Table 5 F3861 Timing Characteristics
The ac characteristics are Vgg =0V, Vo = +5V(£5%),
Tpo=0C to + 70°C.
Symbol Parameter Min Typ Max Units Test
Conditions
Po & Period 05 10 Sus
PW, ® Pulse Width 180 Po — 180 ns t,t; = ns typ.
td, & to WRITE + Delay 60 250 ns C_ =100 pF
td, ® to WRITE - Delay 60 225 ns Cp =100 pF
td, WRITE to DB Input Delay 2Po + 1.0 us
PW, WRITE Pulse Width Pé - 100 Po ns t,t, =50 ns typ.
PWg WRITE Period; Short 4P
PW_ WRITE Period; Long 6P®
td, WRITE to ROMC Delay 550 ns
WRITE to DB Output Delay
td, WRITE to DBDR - Delay 2P¢ + 100 — td, 2P + 200 2P+850—-td, | ns C_ =100 pF
tdg WRITE to DBDR + Delay 200 ns Open Drain
tr, WRITE to INT REQ - Delay 430 ns C_ = 100 pF(1)
tr, WRITE to INT REQ + Delay 430 ns C_ =100 pF (3)
tpry PRI IN to INT REQ — Delay 240 ns C_ =100 pF (2
tpr, PRI IN to INT REQ + Delay 240 ns C_ =100 pF
tpd, PRI IN to PRI OUT - Delay
tpd, PRI IN to ﬁj‘_l_gﬂ + Delay 365 ns C_ =50 pF
tpd, WRITE to PRI OUT + Delay 700 ns C_=50pF
tpd, WRITE to PRI OUT — Delay 640 ns C_ =50 pF
‘tsp WRITE to Output Stable 25 us C_ =50 pF
Standard
Pull-up
*tsu 1/O Setup Time 1.3 us
*th I/0 Hold Time 0 ns
*tox EXT INT Setup Time 400 ns
Notes:

1. Assume Priority In was enabled (PRI IN = 0) in the previous F8 cycle
before the interrupt is detected in the PIO.

2. The PSU has an interrupt pending b_efgre priority in is enabled.

3. Assume the pin is tied to the iNT REQ input of the F3850 CPU.

4. The starred » parameters in the table represent those most frequently
of importance when interfacing to an F8 system. Other parameters are
typically those that are relevant between F8 chips and are not normally
of concern to the user.

5. Input and output capacitance is 3 to 5 pF typical on all pins except
Vpp» Vagr and Vgs.
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DC Characteristics
The dc characteristics of the F3861 PIO are supplied in

table 6.

Table 6 F3861 PIO DC Characteristics

Symbol | Parameter Signal Min Max Units Test Conditions
ViH Input High Voltage Data Bus (DBO-DB7) 35 Vop \"

Vio Input Low Voltage Vss 0.8 \J

VoH Output High Voltage 39 Voo \ loy = —100 uA
VoL Output Low Voitage Vss 0.4 v lo, = 1.6 mA
hn Input High Current 1 WA V|y = 6V, 3-State mode
loL Input Low Current -1 pA Vin = Vgg,3-State mode
Viu Input High Voltage Clock Lines 4.0 Voo v

ViL Input Low Voltage (®,WRITE) Vss 0.8 v

I Leakage Current 1 WA Viy = 6V

ViH Input High Voltage Priority In and Control 35 Voo v

Vie Input Low Voltage Lines (PRI IN, ROMCO- Vss 0.8 \

I Leakage Current ROMC4) 1 uA Vin = 6V

Vou Output High Voltage Priority Out (PRI OUT) 39 Voo v loy = —100 pA
VoL Output Low Voltage Vss 0.4 v lo, = 100 uA
Vo Output High Voltage Interrupt Request \" Open Drain Output (1)
\o Output Low Voltage (INT REQ) Vss 0.4 v lop = TmA

I Leakage Current 1 WA Viy = 6V

VoH Output High Voltage Data Bus Drive External Pull-up
VoL Output Low Voltage (DBDR) Vss 0.4 \ lop = 2mA

I Leakage Current 1 uA Vin = 8V

\m Input High Voltage External Interrupt 35 \J

\ Input Low Voltage (EXT INT) 1.2 \

Vic Input Clamp Voltage 15 \ hy = 185 A

" Input High Current 10 # | Vin=Vop

" Input Low Voltage -225 WA Vin = 2V

h Input Low Current -150 | -500 pA Vin = Vss

Vou Output High Voltage /0 Port 39 Voo v loh = —30 uA
Vou Output High Voltage (Standard Pull-Up) 29 Vop v loy = —100 uA
VoL Output Low Voltage Vss 0.4 v loL = 2mMA

ViH Input High Voltage 29 Voo \" Internal Pull-up to Vpp (3)
ViL Input Low Voltage Vss 0.8 \

e Leakage Current, -16 mA Vin = 04V

DC/PC ‘
e Leakage Current, -20 mA Viy = 04V
DC/PL/IDM

I Input Low Current -16 mA Vin Vss @) (7)
Notes:

1. Pull-up resistor to Vpp on CPU.

Output device off.

NOOSON

—2.0 mA for extended temperature range.

Positive current is defined as conventional current flowing into the pin referenced.
Hysteresis input circuit provides additional 0.3 V noise immunity while internal/external pull-up provides TTL compatibility.
Measured an K a high-level I/O port OUT port.

Vgs = °V,Vpp = %5V = 6%, Vgg = +12V 5%, Ty = 0°C to 70°C
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The supply currents are given in table 7.

Table 7 Supply Currents

Symbol | Parameter Min Typ Max Units | Test Conditions

Ibp Vpp Current 30 70 mA F = 2 MHz, Outputs Unloaded

lga Vgg Current 10 18 mA f = 2 MHZ, Outputs Unloaded

Absolute Maximum Ratings

These are stress ratings only, and functional operation at
these ratings, or under any conditions above those in-
dicated in this data sheet, is not implied. Exposure to the
absolute maximum rating conditions for extended periods
of time may affect device teliability, and exposure to

stresses greater than those listed may cause permanent

damage to the device.

Vag +15V, -03V
DD +17V, =03V
External Interrupt Input —600 A, +225 uA
All Other Inputs and Outputs +7V, -03V
Storage Temperature -55°C, +150° C
Operating Temperature 0°C, +70°C

Recommended Operating Ranges

Note .
All voltages are with respect to VSS'

Supply Voltage (Vpp) Vee
Part )
Number Min Typ Max Min Typ Max Vss
F3861 +4.75V +5V + 525V +11.4V +12V +126V ov
Ordering Information
Part Number Package Temperature Range C = Commericial Temperature Range 0° to +70°C
F3861 Ceramic (o} L = Limited Temperature Range —40°C to +85°C
F3861 DM Ceramic M M = Military Temperature Range —55°C to +125°C
*F3861 PC Plastic C * Version A, B, C, D, and E are stocked items.
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]
———— Peripheral Input/Output

A Schlumberger Company

Microprocessor Product

Description Connection Diagram

The Fairchild F3871 Peripheral input/Output (PIO) device

provides two 8-bit /O ports, external interrupt, and a pro- 7w [ e |7 08s
grammable timer. An 8-bit-wide bidirectional data bus trans- .
fers 1/0 data bytes between the F3870 Central Processing 7oA []2 »l] ""6_
Unit (CPU) and the PIO. vee []3 38| o8
. . Voo E 4 37 :'I—IE_AZ
The PIO is used in systems that require the 1/O capability o -
and interrupt functions of the F3851 PSU, but do not need EXTiNT [ 5 36 [ ] V0 As
the read-only memory (ROM) storage of the PSU. The PIO is PRIOUT 6 5[ ]voBs
pin-compatible with the PSU. wire []7 34 [ ] oes
The F3871 has the same improved timer and ready strobe s[]e 33 [ ] o8,
output as the F3870 CPU; therefore, for software compatibil- NT REG [ 9 2[]vos.
ity with the F3870, the F3871 PIO should be used in the F8 i 10 ™ & L
multichip configurations. -
BBDR [ 11 0[]0
The F3871 is manufactured using isoplanar N-channel STROBE [ 12 29[ 708
silicon-gate technology; therefore, power dissipation is very )
low (less than 200 mW). Romcs [ 13 [ Joe
ROMC; [] 14 27 [] oe:
ROMC: [] 15 2 :T/B"B_z
©® 16 Bidirectional, Individually Controlled 1/O Lines N
Organized as Two 8Bit Ports Rowe: [J1e =%
® 1/O Strobe ROMCo [] 17 24[]on
® Programmable Timer — Preset, Start, Stop, and Read- . vss [ 18 n[]7oE
Back Ability: Selectable Timer Count Rates S 2F08
© Full Interrupt Level — Daisy-Chain Expandable, __f:" g ] oe:
Independent Interrupt Address Vectors for Timer and 176 8o [] 20 21[J oo

External Interrupt
©® Pulse Width Measurement Capability
® +5Vand +12 V Power Supplies
©® 2 MHz Operation
©® TTL and LSTTL Compatible
® Low Power Dissipation, Typically Less Than 200 mW
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Signal Functions
( <176 A, B, fe— )
<1110 A, DB, |
<100 A, DB, >
<1170 Ay DBy |
76 i DATA
- |l_3 :A, DB, j—> BUS
>11/0 Ag DBg |
<«»{i/0 Ag DBg |
vo | <>|io A DB; j>
PORTS |\ «—s]il0 B, DBDR |—> )
1170 B,
<«—>1ii0 B, ROMC, [
75 B, ROMC, Je—
6 B, ROMC, f«— » CONTROL
«>] 170 Bs ROMC; fe——
<170 Bg ROMC, [
<«—>{i70 B, EXT INT jt—
INT REQ INTERRUPT
STROBE  ~«— STROBE 71 TN e
PRI ——
Voo PRI OUT
POWER { —afvcc °
—a]v. . cLock
ss WRITE |e—
Figure 1 F3871 Block Diagram
1/0 PORT A 1/0 PORT B
DATA
1/0 PORT A 1/0 PORT B BUS
l——— DBDR
INTERRUPT PROGRAMMABLE
VECTOR ADDRESS TIMER ROM
5 CONTROL
LINES
EXTERNAL
INTERRUPT
INTERRUPT INTERRUPT PRIORITY IN
CONTROL LOGIC PRIORITY OUT
—> INTERRUPT
REQUEST
Voo Voo GND ° WRITE
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Table 1 F3871 Signal Descriptions

Description

The two clock input signals that originate at the

F3850 CPU.

Bidirectional ports through which the PIO
communicates with logic external to the
microprocessor system.

Input signals that originate at the F3850 CPU
control internal functions of the PIO. )

Bidirectional 3-state lines that link the PIO to all
other devices within the microprocessor system. -

A low output, open drain signal that indicates the
data bus currently contains data flowing from the

PIO.

Provides a single low output pulse after valid data
is present on 1/O Ag-1/0O A7 during an output

instruction.

A high-to-low transition on this input signal is
interpreted as an interrupt request from an

external device.

This output signal is the INT REQ input to the
F3850 CPU; it must be output low to interrupt the
CPU, which occurs only if PRI IN is low and PIO
interrupt control logic is requesting an interrupt.

Unless this input signal is low, the PIO will not set
the INT REQ signal low in response to an

interrupt.

This output signal becomes the PRI IN signal to
the next device in the interrupt-priority daisy
chain; it is output high unless the PRI IN signal is
entering the PIO low and the PIO is not requesting

an interrupt.

Mnemonic Pin No. Name
Clock
[ 8 Clock
WRITE 7
110 Ports
110 Ag-110 Ay 19, 24, 25, 110 Ports A

30, 31, 36,

37,2
110 By-1/0 B; 20, 23, 26, 1/0 Ports B

29, 31, 35,

38, 1
Control
ROMCy-ROMC, 17, 16, 15, Read-Only

14, 13 Memory Control
Data Bus
DBy-DB; 21,22, 27, Data Bus

28, 33,34

39, 40
DBDR 1 Data Bus Drive
Strobe :
STROBE 12 _ Strobe
Interrupt
EXT INT 5 External Interrupt
iNT REQ 9 Interrupt Request
PRIIN 10 Priority In
PRI OUT 6 Priority Out
Power
Voo 4 : Power Supply
Vea 3 Power Supply
Vss 18 Ground

+5V (£5%)
+12V (£5%)

System ground —0 V; Vpp and Vgg are referenced

to Vss.
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Device Organization

The peripheral input/output device includes 1/0 logic, timer
logic, interrupt logic, data bus logic, and control logic, as
illustrated in figure 1.

The interrupt logic responds to an interrupt request signal
originating from internal timer logic or an external device.
Based on priority considerations, the interrupt request is
passed on to the F3850 CPU.

The programmable timer uses a polynomial shift register in
conjunction with interrupt logic to generate real-time
intervals.

The 8bit data bus in the PIO is the main path for transfer of
information between the F3850 CPU and other devices in
the F8 microprocessor system. The device has four pre-
assigned /O port addresses: the lowest two are assigned to
the two 1/0 ports, A and B, and are used to transfer data to
and from external devices. The other two 1/O addresses are
assigned to two internal registers of the PIO that control
interrupt logic and are treated as 1/0 ports.

Signal Descriptions
The F3871 input and output signals are described in table 1.
System Clock Timing

All timing within the PIO is controlled by the ¢ and WRITE
signals input from the F3850 CPU. (Refer to the F3850 data
sheet for a description of these clock signals.) The WRITE
clock refreshes and updates PIO registers, which are
dynamic. The ¢ clock drives sequencing logic to precharge
interrupt logic. The ¢ clock also drives the programmable
timer.

1/0 Ports

The PIO has two bidirectional 8-bit 1/0 ports used to trans-
mit data between it and external devices. In binary notation,
the address for port A is XXXXXX00 and for port B is XXXX-
XX01, where the X binary digits are the unique 1/0 port
select code for the PIO (see table 2). For example, if the port
select code is 000001, port A can be called port 4 and port B
can be called port 5. (The PIO port select code is never
designated as all “0”s, since ports 0 and 1 are reserved for
the F3850 CPU.) In addition, the interrupt control port (ICP)
is addressed as port XXXXXX10 and the binary timer is
addressed as port XXXXXX11, which become ports 6 and 7,
respectively, for the port select code example just given.
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Table 2 F3871 PIO Port Addresses

Address Assigned To

XXXX XX00 110 Port A

XXXX XX01 1/0 Port B

XXXX XX10 Interrupt Control Register
XXXX XX11 Programmable Timer

The port and interrupt address vector assignments for the
F3871 are given in table 3.

Table 3 F3871 Port and Address Assignments (HEX)

Interrupt
Port Port Address Vector
Version Addresses Output Type Timer | External
3871E 4-7 Standard 0020 | O0OAO
3871F 4-7 Direct Drive | 0020 | 00AO
3871G 4-7 Open Drain | 0020 | 00AO
3871H 8-B Standard 4420 | 44A0

Port Pin Description -

An output instruction (OUT or OUTS) causes the contents of
the CPU accumulator (ACC) to be latched into the address-
ed port. An input instruction (IN or INS) transfers the con-
tents of the port to the ACC (port 6 is an exception that is
described in the “Timer and Interrupt Control Port” section).
The 1/0 pins on the PIO are logically inverted; the schematic
of an 1/0 pin and available output drive options are shown
in figure 2. Each output pin has an output latch that holds
the data last output to that pin. The 1/O ports of the PIO are
configured in the standard pull-up option.

The STROBE output is always configured in a manner simi-
lar to a standard output, except that it is capable of driving
three TTL loads.

Each 1/0 port pin is a wire-AND structure between an inter-
nal output data latch and the external signal. The latch is
loaded from the data bus. The output latches are not initial-
ized by the system reset sequence.

When transmitting data through an /O port, the pin can be
connected directly to a TTL gate input; data is input to the
pin from a TTL device output. Since the /0 pin and the TTL
device output are wire-ANDed, it is possible for the state of
one to affect the transfer of data out from the 1/O pin or in
from the TTL device output. In most cases, /O port bits
should, therefore, be set for a high level (logic 0), before
data input, to prevent incoming logic “0”s from being
masked by logic “1”’s present at the port from previous
outputs. However, the ability to mask bits of a port to logic
1 is useful during some input functions.
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Figure 2 F3871 1/O Pin Diagram with Output Buffer Options
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Figure 3 F3871 Timer and Interrupt Control Port Block
Diagram
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Strobe

An output ready strobe is associated with port A. This flag
is used to signal a peripheral device that the F3871 has just
completed an output of new data to port A. Since the strobe
provides a single low pulse shortly after the output opera-
tion is completed, either edge can be used to signal the
peripheral. The STROBE signal is also used as an input
strobe by performing a dummy output of H'00 to port A
after completing the input operation.

Timer and Interrupt Control Port

The timer is software-programmable to operate in one of
three modes: the interval timer mode, the pulse width
measurement mode, and the event counter mode. As shown
in figure 3, an 8-bit register (interrupt control port), a pro-
grammable prescaler, and an 8-bit modulo-N register are
associated with the timer.

The desired timer mode, prescale value, timer start and
stop, active level of the external interrupt pin, and local
interrupt enable or disable are selected by the proper bit
configuration output from the accumulator to the interrupt
control port (port XXXXXX10), with an OUT or OUTS
instruction.

Interrupt Control Port

A special situation exists when reading the ICP with an IN or
INS instruction. The accumulator is not loaded with the con-
tents of the ICP; instead, accumulator bits 0 through 6 are
loaded with “0’s, while bit 7 is loaded with the logic level be-
ing applied to the EXT INT pin, thus determining the status
of the EXT INT signal without servicing an external interrupt
request. This capability is useful in two ways: establishing a
high-speed polled handshake procedure and using the EXT
INT pin as an extra input pin if external interrupts are not
required and if the timer is used only in the interval timer
mode. However, if it is desirable to read the contents of the
ICP, one of the 64 scratchpad registers is used to save a
copy of material written to the ICP.

The timer clock rate in the interval timer mode is determined
by the frequency of the ¢ clock and by the division value
selected for the prescaler. If ICP bit 5 is set and bits 6 and 7
are cleared, the prescaler divides ¢ by two. If bit 6 or 7 is
individually set, the prescaler divides ¢ by five or twenty,
respectively. Combinations of bits 5, 6, and 7 can also be
selected. For example, if bits 5 and 7 are set while 6 is
cleared, the prescaler divides by 40. Thus, possible prescaler
values are +2, +5, +10, +20, +40, +100, and +200.

Any of three conditions causes the prescaler to reset:
1. When the timer is stopped by clearing ICP bit 3.

2. When an output instruction to the timer (port XXXXXX11)
is executed.

3. On the trailing edge transition of the EXT INT pin,
when in the pulse width measurement mode.

An OUT or OUTS instruction to the timer loads the contents
of the accumulator (the interval value) to both the timer and
the 8-bit modulo-N register, resets the prescaler, and clears
any previously stored timer interrupt request. The timer is
clocked by the prescaler in the interval timer mode and in
the pulse width modulator mode; the prescaler is not used in
the event counter mode. The modulo-N register is a buffer
that saves the value most recently output to port XXOXXXX11
and is used in all three timer modes.

Interval Timer Mode

When ICP bit 4 is cleared (logic 0) and at least one prescale
bit is set, the timer operates in the interval timer mode.
When bit 3 of the ICP is set, the timer starts counting down
from the modulo-N value. After counting down to H'01/, the
timer returns to the modulo-N value at the next count. On
the transition from H'01' to H'N’, the timer sets a timer inter-
rupt request latch. Note that the interrupt request latch is
set by the transition of H'N’ in the timer, thus allowing a full
256 counts if the modulo-N register is preset to H'00"

If bit 1 of the ICP is set and the PRI IN signal is low, the
interrupt request is passed to the F3850 CPU. However, if bit
1 of the ICP is a logic 0, the interrupt request is not passed
on to the CPU. If bit 1 is subsequently set, the interrupt
request is then passed to the CPU. Only two events reset the
timer interrupt request latch:
1. Acknowledgement by the CPU of the timer interrupt
request. ‘

2. Performance of a new load operation of the modulo-N
register.

(The interrupt priority sequence is discussed in the
“Interrupt Sequence” section.)

For example, if the modulo-N register is loaded with H'64’
(decimal 100), the timer interrupt request latch is set at the
100th count following the timer start, and the timer interrupt
request latch is repeatedly set on precise 100-count inter-
vals. If the prescaler is set at -+ 40, the timer interrupt
request latch is set every 4000 ¢ clock periods. For a 2 MHz ¢
clock, this setting produces 2 ms intervals.

The range of possible intervals is from 2 to 51,200 ¢ clock
periods (1 us to 25.6 ms for a 2 MHz ¢ clock). However,
approximately 50 ¢ clock periods is a practical minimum,
because the time between setting the interrupt request latch
and the execution of the first instruction of the interrupt
service routine is at least 29 ¢ clock periods (the response
time is dependent on how many privileged instructions are
encountered when the request occurs). To establish time
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intervals greater than 51,200 ¢ clock periods, use the timer
interrupt service routine to count the number of interrupts,
saving the result in one or more of the scratchpad registers
until the desired interval is achieved. With this technique,
virtually any time interval, or several time intervals, can

be generated.

The F3871 timer can be read at any time and in any mode,
using an input instruction (IN or INS), and can take place
“on-the-fly” without interfering with normal timer operation.
The timer can be stopped at any time by clearing bit 3 of the
ICP. The timer holds its current contents indefinitely and
resumes counting when bit 3 is set again. The prescaler is
reset whenever the timer is stopped; thus, a series of start-
ing and stopping results in a cumulative truncation error.

For a free-running timer in the interval timer mode, the time
interval between any two interrupt requests can be in error
by plus or minus six ¢ clock periods, although the cumula-
tive error over many intervals is zero. The prescaler and timer
generate precise intervals for setting the timer interrupt
request latch, but the time-out can occur at any time within
a machine cycle. (There are two types of machine cycles:
short cycles that consist of four ¢ clock periods and long
cycles that consist of six ¢ clock periods.) The write clock
corresponds to a machine cycle. Interrupt requests are syn-
chronized with the write clock, thus creating the possible
plus or minus six ¢ error. Additional errors can arise if the
interrupt request occurs while a privileged instruction or
muiticycle instruction is being executed. However, for most
applications, all of the above errors are negligible, especially
if the desired time interval is greater than one ms. Other
timer errors are summarized in the “Timing Characteristics”
section.

Pulse Width Measurement Mode

When ICP bit 4 is set (logic 1) and at least one prescale bit
is set, the timer operates in the pulse width measurement
mode. This mode is used to accurately measure a pulse
duration applied to the EXT INT pin. The timer is stopped
and the prescaler is reset whenever the EXT INT pin is at its
inactive level. The active level of the EXT INT pin is defined
by ICP bit 2: if cleared, the EXT INT pin is active low; if set,
the EXT INT pin is active high. If ICP bit 3 is set, the pre-
scaler and timer start counting when the EXT INT signal
goes through a transition to the active level.

When the EXT INT pin returns to the inactive level, the timer
stops, the prescaler resets, and, if ICP bit 0 is set, an exter-
nal interrupt request latch is set. (Unlike timer interrupts,
external interrupts are not latched if the ICP interrupt
enable is not set.)
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As in the interval timer mode, the timer can be read at any
time and can be stopped at any time by clearing ICP bit 3,
the prescaler, and ICP bit 1 functions as previously des-
cribed. The timer still functions as an 8-bit binary down
counter with the timer interrupt request latch set on the
timer’s transition from H2'01’ to H'N". Note that the EXT INT
pin is not involved with loading the timer; its action is that
of automatically starting and stopping the timer and of gen-
erating external interrupts. Pulse widths longer than the pre-
scale value times the modulo-N value are easily measured
by using the timer interrupt service routine to store the num-
ber of timer interrupts in one or more scatchpad registers.

The actual pulse duration is typically slightly longer than
the measured value, because the status of the prescaler is
not readable and is reset when the timer is stopped. Thus,
for maximum accuracy, using a small division setting for
the prescaler is advisable.

Event Counter Mode

When ICP bit 4 is cleared and all prescale bits (ICP bits 5, 6,
and 7) are cleared, the timer operates in the event counter
mode. This mode is used for counting pulses applied to the
EXT INT pin. If ICP bit 3 is set, the timer decrements on
each transition from the inactive level to the active level of
the EXT INT pin. The prescaler is not used in this mode. As
in the other two timer modes, the timer can be read at any
time and can be stopped at any time by clearing ICP bit 3.
ICP bit 1 functions as previously described, and the timer
interrupt request latch is set on the timer’s transition from
H'01’ to H'N".

Normally, ICP bit 0 is kept cleared in the event counter
mode; otherwise, external interrupts are generated on the
transition from the inactive level to the active level of the
EXT INT pin.

For the event counter mode, the minimum pulse width
required on EXT INT is two ¢ clock periods, and the mini-
mum inactive time is two ¢ clock periods; the maximum
repetition rate is 500 Hz.

External Interrupts

When the timer is in the interval timer mode, the EXT INT
pin is available for non-timer-related interrupts. If ICP bit 0 is
set, an external interrupt request latch is set when there is a
transition from the inactive level to the active level of the
EXT INT pin. (The EXT INT pin is an edge-triggered input.)
The interrupt request is latched either until acknowledged
by the CPU or until ICP bit 0 is cleared (unlike timer inter-
rupt requests that remain latched even when ICP bit 1 is
cleared).
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External interrupts are handled in the same manner when
the timer is in the pulse width measurement mode or in the
event counter mode, except that in the pulse width mea-
surement mode only, the external interrupt request latch is
set on the trailing edge of the EXT INT signal (i.e., on the
transition from the active level to the inactive level).

Instruction Execution

The PIO responds to signals that are output by the F3850
CPU in the course of implementing instruction cycles. The
PIO places data on the data bus, even in the worse case, in
time for the setup required by any F3850 CPU destination.
The PIO receives a byte input from the data bus when com-
manded by an output instruction to load one of its two /O
ports or internal registers.

The data bus drive signal (DBDR) is low while data output
by the PIO is stable on the data bus. Thus, a DBDR low sig-
nal indicates that the data bus currently contains data flow-
ing from a PIO. For systems with more than one program
storage unit (PSU) or PIO, the DBDR output signal can be
wire-ORed and the result used as a bus data flow direction
indicator. The DBDR signal can remain low until timing
interval tdg of the next instruction cycle following the one

in which DBDR was set low.

The PIO device executes the OUT instruction in the same
manner as it does the OUTS instruction; the same is true
for the IN and INS instructions. The difference between the
long- and short-form instructions is found only in the source
of the 1/O address.

The F8 input/output instructions place the I/O port address
on the data bus during one instruction cycle and then use
the data bus in the following instruction cycle to do the
actual 1/0 data movement. The Read-Only Memory Control
(ROMC) lines coming from the F3850 CPU signal the PIO
that an I/O data movement is occurring during the current
instruction cycle. Therefore, the PIO needs to recognize
whether the contents of the data bus during the instruction
cycles just prior matches any of its four assigned /O
addresses wherever the ROMC lines indicate an 1/O trans-
fer. The address select logic constantly monitors the data
bus for a match to any of the four addresses and holds the
information of a match through the following cycle.

Input instructions that select a port cause the contents of
the selected port to be placed on the data bus during the

input cycle. Only the two 1/0O ports (lowest two addresses)
respond to input instructions. Output instructions that
select a port transfer the contents of the data bus to that
port. Outputs of the latches change at the end of the /O
transfer cycle.

Interrupt Handling

A typical F8 system interrupt interconnection is shown in
figure 4. Each PSU and PIO has a PRI IN and a PRI OUT line
so that they can be daisy-chained together in any order to
form a priority level of interrupts. When a PIO receives an
interrupt (either timer or external), it pulls its PRI OUT output
signal high, signaling all lower priority peripherals that it
has a higher priority interrupt request pending on the CPU.
When the PIO device’s PRI IN input signal is pulled high by
a higher priority peripheral, signaling the PIO that there is a
still higher priority interrupt request pending, it passes that
signal along by pulling its PRI OUT signal high. When the
CPU processes an interrupt request, it commands the inter-
rupting device to place its interrupt vector address on the
data bus. Only the device with a PRI IN signal low and an
interrupt request pending responds. Should there be another
lower priority device with a pending request, it does not
respond at that time because its PRI IN input signal is high.

If there is both a timer interrupt request and an external
interrupt request when the CPU starts to process the
requests, the timer interrupt is handled first.

Within each local interrupt control circuit is a 16-bit interrupt
address vector. This vector is the address to which the pro-
gram counter is set after an interrupt is acknowledged and
is, therefore, the address of the first executable instruction
of the interrupt routine.

The interrupt address is unique to the version of the PIO
device selected by the user. Fifteen bits are fixed: bits 0
through 6 and bits 8 through 15. Bit 7 (27) is dependent
on the type of interrupt. This bit is a O for internal timer-
generated interrupts and a 1 for external interrupts.

When the interrupt logic sends an interrupt request signal
and the CPU is enabled to service it, the normal state se-
quence of the CPU is interrupted at the end of an instruc-
tion. The CPU signals the interrupt circuits through the five
ROMC lines. The requesting local interrupt circuit sends a
16-bit interrupt address vector (from the interrupt address
generator) onto the data bus in two consecutive bytes.
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The address is made available to the program counter
through the address demultiplexer circuits. It is simultane- the following:
ously made available to all other devices connected to the

data bus. It is the address of the next instruction to be exe- Eg:)()

cuted. The program counter of each memory device is set (POP)

with this new address while the stack register is loaded WMP)

with the previous contents of the program counter. The (OUTS)
information in the program counter is lost. Thus, the next

instruction to be executed is determined by the value of (©ouT)

the interrupt address vector. (E))

The interrupt control bit (ICB) of the CPU (loaded in the W (LRW,J)
register) allows interrupts to be recognized. Clearing the ICB POWER ON

prevents acknowledgement of interrupts. The ICB is cleared
during power-on and external reset, and after an interrupt is
acknowledged. The interrupt status of the PSU, PIO, or

of the disable interrupt (DI) instruction. At the conclusion of interrupted.
most instructions, the fetch logic checks the state of the

interrupt request line. If there is an interrupt, the next

instruction fetch cycle is suspended and the system is

forced into an interrupt sequence.

PUSH

K

The CPU allows interrupts after all F8 instructions except

PUSH IMMEDIATE

POP
JUMP

OUTPUT SHORT
(Excluding OUTS 00 and 01)

OUTPUT
SET ICB

LOAD THE STATUS REGISTER

FROM SCRATCHPAD

As a result, it is possible to perform one more instruction
memory interface (MI) devices is not affected by execution after each of the above CPU instructions without being

Figure 4 F8 System Interrupt Interconnection
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Interrupt Sequence

Figure 5 details the interrupt sequence that occurs whether
the interrupt request is from an external source through the
EXT INT pin or from the PIO device’s internal timer. The
events in the sequence are labeled A through G.

Event A

An interrupt request must satisfy a set-up time requirement.
If not satisfied, the INT REQ signal delays going low until
the next negative edge of the write clock.

Event B

Event B represents the instruction being executed when the
interrupt occurs. The last cycle of B is normally the instruc-
tion fetch for the next cycle. However, if B is not a privileged
instruction and the CPU interrupt control bit is set, the last
cycle becomes a freeze cycle rather than a fetch. At the end
of the freeze cycle, the interrupt request latches are inhib-
ited from altering the interrupt daisy chain so that sufficient
time is allowed for the daisy chain to settle.

If B is a privileged instruction, the instruction fetch is not
replaced by a freeze cycle; instead, the fetch is performed
and the next instruction is executed. Although unlikely to be

encountered, a series of priviledged instructions would be
executed sequentially. One more instruction (a protected
instruction) is exe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>