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Description

In Appendix A, you are furnished with the IEEE Task
696.1/D2, S-100 Bus Standards.

In Appendices B and C, you are furnished the architecture
and instruction sets for the Intel 8085 microprocessor.

The 8085 microprocessor is an 8-bit general purpose micro-
processor that is capable of accessing up to 64K bytes of
memory and has status lines for controlling large systems.

Contained in the 8085 microprocessor are the functions of
clock generation, system bus control, and interrupt priority
selection, in addition to execution of the instruction set.

The 8085 microprocessor implements a group of instructions
that move data between registers, between a register and
memory, and between a register and an 1/O port. It also has
arithmetic and logic instructions, and machine control instruc-
tion. The CPU recognizes these instructions only when they
are coded in binary form.

The architecture and instruction set for the 8088 microproces-
sor are located in the iAPX 88 Book, which is included as
part of this Appendix.

The 8088 microprocessor is an 8-bit microprocessor. It com-
bines a 16-bit microprocessor internal architecture with an
easy to use 8-bit bus interface. Most of the bus lines are identi-
cal in function to the 8085A.

The 8088 is totally software compatable with the 16-bit 8086
CPU. All the power of the 8086 16-bit instruction set is avail-
able in the 8-bit 8088.



Vi

With the 16-bit internal architecture, the 8088 provides 16-bit
wide registers, data paths, a 16-bit ALU, and a set of powerful
16-bit instructions identical to the ones found in the 8086
microprocessor. It also provides a 20-bit memory address
range and a 16-bit input/output port address range for 1/O
cycles. This gives the 8088 a full megabyte of memory addres-
sability and 64K bytes of I/O addressability.

The instruction set for the 8088 includes a full complement
of arithmetic operations including addition, subtraction, multi-
plication, and division, on 8-bit or 16-bit quantities. If also has
a complete set of string manipulation operations for perfor-
mance and flexibility in application where large amounts of
data are involved.

Appendix D provides you with the data sheets and program-
ming instruction for the major IC’s.
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APPENDIX A
S$100 Bus Specifications

The following pages provide you 1EEE
Task 696.1/D2, S-100 Bus Standards.
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APPENDIX B
8085 Architecture

The following pages are reprinted with
the permission of intel Corporation.
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8085A ARCHITECTURE

21 WHAT THE 8085A IS

The 8085A is an 8-bit general-purpose micro-
processor that is very cost-effective in small
systems because of its extraordinarily low hard-
ware overhead requirements. At the same time
it is capable of accessing up to 64K bytes of
memory and has status lines for controlling
large systems.

2.2 WHAT'S IN THE 8085A

In the 8085A microprocessor are contained the
functions of clock generation, system bus con-
trol, and interrupt priority selection, in addition
to execution of the instruction set. (See Figure
2-1.) The 8085A transfers data on an 8-bit, bi-
directional 3-state bus (ADg.;) which is time-
multiplexed so as to also transmit the eight
lower-order address bits. An additional eight
lines (Ag.15) expand the MCS-85 system memory
addressing capability to 16 bits, thereby allow-
ing 64K bytes of memory to be accessed direct-
ly by the CPU. The 8085A CPU (central process-
ing unit) generates control signals that can be
used to select appropriate external devices and

iNTA RST 6.5 TRAP
INTR I RSY 55 1 RST7 5 l

l INTERRUPY CONTROL. ]

functions to perform READ and WRITE opera-
tions and also to select memory or /O ports.
The 8085A can address up to 256 different 1/O
locations. These addresses have the same
numerical values (00 through FFH) as the first
256 memory addresses; they are distinguished
by means of the I0/M output from the CPU. You
may aiso choose to address /O ports as
memory locations (i.e., memory-map the /O,
Section 3.2).

2.21 Registers

The 8085A, like the 8080, is provided with inter-
nal 8-bit registers and 16-bit registers. The
8085A has eight addressable 8-bit registers. Six
of them can be used either as 8-bit registers or
as 16-bit register pairs. Register pairs are
treated as though they were single, 16-bit
registers; the high-order byte of a pair is located
in the first register and the low-order byte is
located in the second. In addition to the register
pairs, the 8085A contains two more 16-bit
registers.

SID S0D

SERIAL 1/O CONTROL

ﬁ 8BIT INTERNAL DATA BUS ‘

<
ACCUMULATOR TEMP. REG.
{A REG.) {8) 8

3
INSTRUCTION
REGISTER (8)

FLAG (5)
FLIP-FLOPS

5 ® c @ |
INSTRUCTIO RS, RES.
10N
ARITHMETIC DECODER 0 @ E (@
aND REG REG
MACHINE H i8) L 8) i
CYCLE REG. REG. . REGISTER
ENCODING STACK POINTER  ('8) rnumv
PROGRAM COUNTER {19 ‘
5
:l?:;f‘: s INCREMENTER/DECREMENTER
ADDRESS LATCH (16}
L
TIMING AND CONTROL
(L] ®
L] F AT AJA R FFER
% ok AESET L ADDRESS BUFFER ] | o DORESS BUFFE! I
¥2—|  Gen CONTROL STATUS oMA \
CLK ouT I RD WR ALE Sp S, (O/M T HLDA I RESET OUT

READY HOLD ESET IN

Agts ADo >
ADDRESS BUS ADDAESS/DATA BUS

FIGURE 2-1 8085A CPU FUNCTIONAL BLOCK DIAGRAM
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The 8085A’s CPU registers are distinguished as
follows:

¢ The accumulator (ACC or A Register) is
the focus of all of the accumulator in-
structions (Table 4-1), which include
arithmetic, logic, load and store, and /O
instructions. It is an 8-bit register only.
(However, see Flags, in this list.)

¢ The program counter (PC) always points
to the memory location of the next in-
struction to be executed. It always con-
tains a 16-bit address.

¢ General-purpose registers BC, DE, and
HL may be used as six 8-bit registers or
as three 16-bit registers, interchangeably,
depending on the instruction being per-
formed. HL functions as a data pointer to
reference memory addresses that are
either the sources or the destinations in
a number of instructions. A smaller
number of instructions can use BC or DE
for indirect addressing.

* The stack pointer (SP) is a special data
pointer that always points to the stack
top (next available stack address). It is
an indivisible 18-bit register.

¢ The flag register contains five one-bit
flags, each of which records processor
status information and may also control
processor operation. (See following
paragraph.)

2.2.2 Flags

The five flags in the 8085A CPU are shown
below:

D Dg Ds Dy, D3 D, Dy Do

S Y4 AC P cY

The carry flag (CY) is set and reset by arithmetic
operations. Its status can be directly tested by
a program. For example, the addition of two
one-byte numbers can produce an answer that
does not fit into one byte:

HEXIDECIMAL BINARY
AEH 10101110
+74H 01110100
122H 100100010

Carry bit sets carry flagto 1

An addition operation that results in an
overflow out of the high-order bit of the ac-
cumulator sets the carry flag. An addition
operation that does not resuit in an overflow
clears the carry flag. (See 8080/8085 Assembly
Language Programming Manual for further
details.) The carry flag also acts as a “borrow”
flag for subtract operations.

The auxiliary carry flag (AC) indicates overflow
out of bit 3 of the accumulator in the same way
that the carry flag indicates overflow out of bit
7. This flag is commonly used in BCD (binary
coded decimal) arithmetic.

The sign flag is set to the condition of the most
significant bit of the accumulator foliowing the
execution of arithmetic or logic instructions.
These instructions use bit 7 of data to represent
the sign of the number contained in the ac-
cumulator. This permits the manipulation of
numbers in the range from — 128 to + 127.

The zero flag is set if the result generated by
certain instructions is zero. The zero flag is
cleared if the result is not zero. A result that has
a carry but has a zero answer byte in the ac-
cumuiator will set both the carry flag and the
zero flag. For example,

HEXADECIMAL BINARY
A7TH 10100111
+ 59H + 01011001
100H /1L00000000|
Carry bit /

Eight zero bits set zero flag to 1

Incrementing or decrementing certain CPU
registers with a zero result will also set the zero
flag.

The parity flag (P) is set to 1 if the parity
(number of 1-bits) of the accumulator is even. If
odd, it is cleared.

2.2.3 Stack

The stack pointer maintains the address of the
last byte entered into the stack. The stack
pointer can be initialized to use any portion of
read-write memory as a stack. The stack pointer
is decremented each time data is pushed onto
the stack and is incremented each time data is
popped off the stack (i.e., the stack grows
downward in terms of memory address, and the
stack “‘top” is the lowest numerical address
represented in the stack currently in use). Note
that the stack pointer is always incremented or
decremented by two bytes since all stack
operations apply to register pairs.
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2.2.4 Arithmetic-Logic Unit (ALU)

The ALU contains the accumulator and the flag
register (described in Sections 2.2.1 and 2.2.2)
and some temporary registers that are inac-
cessible to the programmer.

Arithmetic, logic, and rotate operations are per-
formed by the ALU. The results of these opera-
tions can be deposited in the accumulator, or
they can be transferred to the internal data bus
for use eisewhere.

2.2.,5 Instruction Register and Decoder

During an instruction fetch, the first byte of an
instruction (containing the opcode) is trans-
ferred from the internal bus to the 8-bit instruc-
tion register. (See Figure 2-1.) The contents of
the instruction register are, in turn, available to
the instruction decoder. The output of the
decoder, gated by timing signals, controls the
registers, ALU, and data and address buffers.
The outputs of the instruction decoder and in-
ternal clock generator generate the state and
machine cycle timing signals.

2.2.6 Internal Clock Generator

The 8085A CPU incorporates a complete clock
generator on its chip, so it requires only the ad-
dition of a quartz crystal to establish timing for
its operation. (It will accept an external clock in-
put at its X, input instead, however.) A suitable
crystal for the standard 8085A must be parallel-
resonant at a fundamental of 6.25 MHz or less,
twice the desired internal clock frequency. The
8085A-2 will operate with crystal of up to 10
MHz. The functions of the 8085A internal clock
generator are shown in Figure 2-2. A Schmitt
trigger is used interchangeably as oscillator or

Fom

* SCHMITT
; AMP, a o1
) — e
=]

Xz

»

T

$1

* EXTERNAL CAPACITORS REQUIRED ONLY FOR CRYSTAL FREQUENCIES - 4MMz.

FIGURE 2-2 8085A CLOCK LOGIC

as input conditioner, depending upon whether a
crystal or an external source is used. The clock
circuitry generates two nonoverlapping internal
clock signals, ¢, and ¢, (see Figure 2-2). ¢, and
¢ control the internal timing of the 8085A and
are not directly available on the outside of the
chip. The external pin CLK is a buffered, in-
verted version of ¢1. CLK is half the frequency of
the crystal input signa! and may be used for
clocking other devices in the system.

MEMORY ADDRESSES

STO
R 00H

RSTY

08H
TRAP

RST2

10H4

T3
ST TS ns 181
RST &5
RST 5.6

RSTe

RASTS

RST6

RST7

8085A
EXECUTING IcH
SOFTWARE
RST INSTRUCTIONS
IN RESPONSE TO INTR

8085A
SYSTEM
MEMORY

FIGURE 2-3 8085A HARDWARE AND SOFT-
WARE RST BRANCH LOCATIONS

2.2.7 Interrupts

The five hardware interrupt inputs provided in
the 8085A are of three types. INTR is identical
with the 8080A INT line in function; i.e., it is
maskable (can be enabled or disabled by El or
D! software instructions), and causes the CPU
to fetch in an RST instruction, externally placed
on the data bus, which vectors a branch to any
one of eight fixed memory locations (Restart ad-
dresses). (See Figure 2-3)) INTR can also be
controlled by the 8259 programmable interrupt
controller, which generates CALL instructions
instead of RSTs, and can thus vector operation
of the CPU to a preprogrammed subroutine
located anywhere in your system’s memory
map. The RST 5.5, RST 6.5, and RST 7.5 hard-
ware interrupts are different in function in that
they are maskable through the use of the SIM
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instruction, which enables or disables these in-
terrupts by clearing or setting corresponding
mask flags based on data in the accumulator.
(See Figure 2-4.) You may read the status of the
interrupt mask previously set by peforming a
RIM instruction. Its execution loads into the ac-
cumulator the following information. (See
Figure 2-5.}

e Current interrupt mask status for the

RST 5.5, 6.5, and 7.5 hardware status.

¢ Current interrupt enable flag status (ex-
cept that immediately following TRAP,
the IE flag status preceding that inter-
rupt is loaded).

* RST 5.5, 6.5, and 7.5 interrupts pending.

RST 5.5, 6.5, and 7.5 are also subject to being
enabled or disabled by the El and Dl instruc-
tions, respectively. INTR, RST 5.5, and RST 6.5
are level-sensitive, meaning that these inputs
may be acknowledged by the processor when
they are held at a high level. RST 7.5 is edge-
sensitive, meaning that an internal flip-flop in
the BO85A registers the occurrence of an inter-
rupt the instant a rising edge appears on the
RST 7.5 input line. This input need not be held
high; the flip-flop will remain set until it is
cleared by one of three possible actions:

e The 8085A responds to the interrupt,
and sends an internal reset signal to the
RST 7.5 flip-flop. (See Figure 2-6A.)

SIM — SET INTERRUPT MASK
(OPCODE = 30)

CONTENTS OF ACCUMULATOR BEFORE EXECUTING SIM:

7 0

% RIS MSE M7.5 Me.s M5.5

l |
RESEY INTERRUPT 7.5 INTERRUPT MASKS

FLIP-FLOP

MASK SET ENABLE

FIGURE 2-4 INTERRUPT MASKS SET USING
SIM INSTRUCTION

RIM — READ INTERRUPT MASK
{OPCODE = 20)

CONTENTS OF ACCUMULATOR AFTER EXECUTING RiM:

% s i6s 158 13 MT 5 M85 M55

PENDING INTERRUPTS INTERRUPT MASKS

INTERAUPT ENABLE FLAG

FIGURE 2-5 RIM — READ INTERRUPT MASK

RST 7.5

| SET 8085A |

RST 7.5 RESET
F.F. (INTERNAL)

l Q
INTERRUPT

REQUEST
(INTERNAL)

FIGURE 2-6A RST 7.5 FLIP FLOP

B8085A

YRAP

RESET IN SCHMITT
TRIGGER

RESET

CLK . SVT 4]

TRAP
INTERRUPT
AEQUEST
UNTERNAL)

FIf

CLEAR

TRAP F.F.
INTERNAL

ACKNOWLEDGE

FIGURE 2-6B TRAP INTERRUPT INPUTS

FIGURE 2-6 RST 7.5 AND TRAP INTERRUPT
INPUTS
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* The 8085A, before responding to the RST
7.5 interrupt, receives a RESET IN signal
from an external source; this also ac-
tivates the internal reset.

e The 8085A executes a SIM instruction,
with accumulator bit 4 previously set to
1. (See Figure 2-4))

The third type of hardware interrupt is TRAP.
This input is not subject to any mask or inter-
rupt enable/disable instruction. The receipt of a
positive-going edge on the TRAP input triggers
the processor’'s hardware interrupt sequence,
but the pulse must be held high until
acknowledged internally (see Figure 2-6B).

The sampling of all interrupts occurs on the
descending edge of CLK, one cycle before the
end of the instruction in which the interrupt in-
put is activated. To be recognized, a valid inter-
rupt must occur at least 160 ns before sampling
time in the 8085A, or 150 ns in the 8085A-2. This
means that to guarantee being recognized, RST
5.5 and 6.5 and TRAP need to be held on for at
least 17 clock states plus 160 ns (150 for
8085A-2), assuming that the interrupt might ar-
rive just barely too late to be acknowledged dur-
ing a particular instruction, and that the follow-
ing instruction might be an 18-state CALL. This
timing assumes no WAIT or HOLD cycles are
used.

The way interrupt masks are set and read is
described in Chapter 4 under the RIM (read in-

terrupt mask) and SIM (set interrupt mask) in-
struction listings. Interrupt functions and their
priorities are shown in the table that follows.

Address (1)

. Type
Name Priority Branched to .’
when inter- Trigger
rupt occurs

TRAP 1 24H Rising edge
AND high
level until
sampled

RST 7.5 2 3CH Rising edge
(latched)

RST 6.5 3 34H High leve!
until sam-
pied

RST 5.5 4 2CH High level
until sam-
pled

INTR 5 (2) High levei
until sam-
pled

NOTES:

(1) In the case of TRAP and RST 5.5-7.5, the
contents of the Program Counter are
pushed onto the stack before the branch
occurs.

(2) Depends on the instruction that is pro-
vided to the 8085A by the 8259 or other
circuitry when the interrupt is acknowl-
edged.

2.2.8 Serial Input and Output

The SID and SOD pins help to minimize chip
count in small systems by providing for easy in-
terface to a serial port using software for timing
and for coding and decoding of the data. Each
time a RIM instruction is executed, the status of
the SID pin is read into bit 7 of the accumulator.
RIM is thus a dual-purpose instruction. (See
Chapter 4.) In similar fashion, SIM is used to
latch bit 7 of the accumulator out to the SOD
output via an internal flip-flop, providing that bit
6 of the accumulator is set to 1. (See Figure 2-7)
Section 2.3.8 describes SID and SOD timing.

SID can also be used as a general purpose
TEST input and SOD can serve as a one-bit con-
trol output.

EFFECT OF RIM INSTRUCTION
S0

ACCUMULATOR

EFFECT OF SIM INSTRUCTION
soD

ACCUMULATOR

FIGURE 2.7 EFFECT OF RIM AND SIM
INSTRUCTIONS ON SERIAL DATA LINES
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23 HOW THE MCS-85 SYSTEM WORKS

The 8085A CPU generates signals that tell
peripheral devices what type of information is
on the multiplexed Address/Data bus and from
that point on the operation is aimost identical
to the MCS-80™ CPU Group. A multiplexed bus
structure was chosen because it freed device
pins so that more functions could be integrated
on the 8085A and other components of the fami-
ly. The multiplexed bus is designed to allow
complete compatibility to existing peripheral

components with improved timing margins and
access requirements. (See Figure 2-8.)

To enhance the system integration of MCS-85,
several special components with combined
memory and /O were designed. These new
devices directly interface to the multipiexed
bus of the 8085A. The pin locations of the 8085A
and the special peripheral components are
assigned to minimize PC board area and to
allow for efficient layout. The details on
peripheral components are contained in subse-
quent paragraphs of this chapter and in
Chapters 5 and 6.

INT ———1

‘_“] 8080A

—1 o

ADDRESS BUS )

8224
L., b NTA

8228 DATA
RESET IN —T ‘—» RESET i:‘; BUs

FIGURE 2-8A MCS-80™ CPU GROUP

DATA/ADDRESS BUS

ADDRESS

= > ADDRESS BUS
8085A

1 ————— ALE

INTR — - MULTIPLEXED
[Ty 7 S —: ADDRESS/DATA BUS

jo——— RO
RESETIN ————— ] o—————— WR
RESET OUT 10/M

FIGURE 2-8B MCS-85T™ CPU/8085A (MCS-80 COMPATIBLE
FUNCTIONS)

DATA IN OR OUT

X~ X

D, D, x

TIME MULTIPLEX DATA BUS

FIGURE 2-8C MULTIPLEXED BUS TIMING

FIGURE 2.8 BASIC CPU FUNCTIONS
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2.3.1 Multiplexed Bus Cycle Timing

The execution of any 8085A program consists
of a sequence of READ and WRITE operations,
of which each transfers a byte of data between
the 8085A and a particular memory or /O ad-
dress. These READ and WRITE operations are
the only communication between the processor
and the other components, and are all that is
necessary to execute any instruction or pro-
gram.

Each READ or WRITE operation of the 8085A is
referred to as a machine cycle. The execution of
each instruction by the 8085A consists of a se-
quence of from one to five machine cycles, and
each machine cycle consists of a minimum of
from three to six clock cycles (also referred to
as T states). Consider the case of the Store Ac-
cumulator Direct (STA) instruction, shown in
Figure 2-9. The STA instruction causes the con-
tents of the accumuiator to be stored at the
direct address specified in the second and third
bytes of the instruction. During the first
machine cycle (M), the CPU puts the contents
of the program counter (PC) on the address bus
and performs a MEMORY READ cycle to read
from memory the opcode of the next instruction
(STA). The My machine cycle is also referred to
as the OPCODE FETCH cycle, since it fetches
the operation code of the next instruction. In
the fourth clock cycle (T,4) of My, the CPU inter-
prets the data read in and recognizes it as the
opcode of the STA instruction. At this point the

CPU knows that it must do three more machine
cycles (two MEMORY READs and one MEMORY
WRITE) to complete the instruction.

The 8085A then increments the program
counter so that it points to the next byte of the
instruction and performs a MEMORY READ
machine cycle (M,) at address (PC + 1). The ac-
cessed memory places the addressed data on
the data bus for the CPU. The 8085A temporarily
stores this data (which is the low-order byte of
the direct address) internally in the CPU. The
8085A again increments the program counter to
location (PC + 2) and reads from memory (Ms)
the next byte of data, which is the high-
order byte of the direct address.

At this point, the 8085A has accessed all three
bytes of the STA instruction, which it must now
execute. The execution consists of placing the
data accessed in M, and M3 on the address bus,
then placing the contents of the accumulator
on the data bus, and then performing a
MEMORY WRITE machine cycle (My). When My
is finished, the CPU will fetch (M) the first byte
of the next instruction and continue from there.

State Transition Sequence

As the preceding example shows, the execution
of an instruction consists of a series of
machine cycles whose nature and sequence is
determined by the opcode accessed in the M,

MACHINE
CYCLE

TSTATE

TYPE OF

MACHINE CYCLE MEMORY READ

THE ADDRESS (CONTENTS OF THE

ADDRESS BUS FIRST BYTE (OPCODEj OF THE
INSTRUCTION

DATA BUS
INSTRUCTION OPCODE (STA!

INSTRUCTION CYCLE —- — >

— - My -l My -

MEMORY READ

THE ADDRESS {PC ¢ 1) POINTSITHE ADDRESS (PC + 2) POINTS|THE ADDRESS IS THE DIRECT
PROGRAM COUNTER} POINTS TO THE [TO THE SECOND BYTE OF
THE INSTRUCTION

LOW ORDER BYTE OF THF
DIRECT ADDRESS

- M3 - My »

MEMCRY READ MEMORY WRITE

TO THE THIRD BYTE OF THE (ADDRESS ACCESSED IN M»
INSTRUCTION AND M3

HIGH ORDER BYTE OF THE |CONTENTS OF THE
DIRECT ADDRESS ACCUMULATOR

FIGURE 2-9 CPU TIMING FOR STORE ACCUMULATOR DIRECT (STA) INSTRUCTION
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Taeser
MACHINE CYCLE PTA_YJS CONTROL___ |
T o/ s1]s0 |AD [ WR[TNTA
GPCODE FETCH «©F) o e | t 1 +—— RESET
MEMORY READ (MR) ol o|lof +E A
MEMORY WRITE MW o ol 1|1 | o 1t RESET
1/0 AEAD (1OR) v v olo |y
1/0 WRITE tow) 10 1|1 0 HALT
INTR ACKNOWLEDGE  {INA) I T I I R B
BUS IDLE (BH. DAD o, 1 o1 1 I 1
INAIRST/TRAP} 1 1o (IR HALT
HALT 1 Tsl o 0,75 78| ! S
(READY + BIMC)
0=togic "0 1=Logic “1”" TS=High Impedance X =Unspecified a \HTA%‘ FiNT

READY + BIMC

FIGURE 2-10 8085A MACHINE CYCLE CHART

VALIDINT

SET RESET
SET HLDA FF HALT FF

HLDA FF

machine cycle. While no one instruction cycle

. . . . YES SET
will consist of more than five machine cycles, INTA £
every machine cycle will be one of the seven INTE FF

NO SET

types listed in Figure 2-10. These seven types of
machine cycles can be differentiated by the
state of the three status lines (I0/M, Sy, and S)
and the three control signals (RD, WR, and
INTA).

HLDA FF
SET

NO @ ) HoLD
Most machine cycles consist of three T states, i
(cycles of the CLK output) with the exception of LasT HoLe
OPCODE FETCH, which normally has either actine CYCLE
four or six T states. The actual number of states HLDA FF
required to perform any instruction depends on

l

the instruction being executed, the particular
machine cycle within the instruction cycle, and
the number of WAIT and HOLD states inserted
into each machine cycle through the use of the
READY and HOLD inputs of the 8085A. The
state transition diagram in Figure 2-11 il-

lustrates how the 8085A proceeds in the course SET
of a machine cycle. The state of various status Neser
and control signals, as well as the system INTE FF
buses, is shown in Figure 2-12 for each of the !
ten possible T states that the processor can be
in. NOTE: SYMBOL DEFINITION
@ - CPUSTATET, . ALL CPU STATE TRANSITIONS OCCUR
ON THE FALLING EDGE OF CLK.
Figure 2-11 also shows when the READY, HOLD, <(X>> - ADECISION (X) THAT DETERMINES WHICH OF StVERAL
and interrupt signals are sampled, and how ALTERNATIVE PATHS TO FOLLOW.
they modify the basic instruction sequence (T;- I_T_] - PERFORM THE ACTION X.
—_— - FLOWLINE THAT INDICATES THE SEQUENCE OF EVENTS.

Te and Twair). As we shall see, the timings for

each of the seven types of machine cycles are e R CONOITION X 18 TRUE T O ENCE OF BVENTS
almost identical. cc - NUMBER OF CLOCK CYCLES IN THE CURRENT MACHINE
CYCLE.
BIMC = “BUS IGLE MACHINE CYCLE” - MACHINE CYCLE WHICH
DQESN'T USE THE SYSTEM BUS.
D o
OPCODE FETCH (OF): VALDINT ﬁ}'gﬁgg@’g?F3§L%’5232§1E'%"(m“;';““
) L OR RST 5.5,6.5, AND 7.5
The OPCODE FETCH (OF) machine cycle is INPUTS). o
Unlque in that it haS :nor)e than threey ClOCk HLDA FF - INTERNAL HOLD ACKNOWLEOGE FLIP FLOP. NOTE
) " THAT THE 8085A SYSTEM BUSES ARE 3-STATED ONE
cycles. This is because the CPU must interpret CLOCK CYCLE AFTER THE HLDA FLIP FLOP 1S SET

the opcode accessed in T4, T,, and T, before it
can decide what to do next. FIGURE 2-11 8085A CPU STATE TRANSITION
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;_Sinus & Buses‘ | Controlv

Machine

State [$1,S0{10/Mi |Ag-A15|ADg-AD;|RD WR W\ALE
T " x Tx X X g |t
T X X X ‘ X X X | o
TwaIT X | X X X X X ‘ 0
T3 X X X X X x| o
Ta 10 ] x TS 1 1.0 ‘
76 1o ox ‘ TS| 11 ‘ 0
Ts | 1 o X TS 1 1 : 0
TReser X TS, TS TS Ts 10
THALT 0 TS i s 1 oTs TS 100
{ THoto X | TS TS LTS s .1 ¢ |
0= Logic 0" 1=Logic “1"” TS=High Impedance X =Unspecified

TALE not generated during 2nd and 3rd machine cycles of DAD
instruction.

*10/M = 1 during T4-Tg states of RST and INA cycles.

FIGURE 2-12 8085A MACHINE STATE CHART

Figure 2-13 shows the timing relationships for
an OF machine cycle. The particular instruction
illustrated is DCX, whose timing for OF differs
from other instructions in that it has six T
states, while some instructions require only
four T states for OF. In this discussion, as well
as the following discussions, only the reilative
timing of the signals will be discussed; for the
actual timings, refer to the data sheets of the in-
dividual parts in Chapters 5 and 6.

The first thing that the 8085A does at the begin-
ning of every machine cycle is to send out three
status signals (IO/M, S1, S0) that define what
type of machine cycle is about to take place.
The 10/M signal identifies the machine cycle as
being either a memory reference or input/output
operation. The S1 status signal identifies
whether the cycle is a READ or WRITE opera-
tion. The S0 and S1 status signals can be used
together (see Figure 2-10) to identify READ,
WRITE, or OPCODE FETCH machine cycles as
well as the HALT state. Referring to Figure 2-13,
the 8085A will send out1O/M = 0,81 =1,S0 = 1
at the beginning of the machine cycle to iden-
tify it as a READ from a memory location to ob-
tain an opcocde; in other words, it identifies the
machine cycle as an OPCODE FETCH cycle.

The 8085A also sends out a 16-bit address at the
beginning of every machine cycle to identify the
particular memory location or I/O port that the
machine cycle applies to. In the case of an OF
cycle, the contents of the program counter is
placed on the address bus. The high order byte
(PCH) is placed on the Ag-A5 lines, where it will
stay unti! at least T,. The low order byte (PCL) is
placed on the ADy-AD; lines, whose three-state
drivers are enabled if not found aiready on.
Unlike the upper address lines, however, the in-
formation on the lower address lines will re-
main there for only one clock cycle, after which
the drivers will go to their high impedance state,
indicated by a dashed line in Figure 2-13. This is
necessary because the ADy-AD; lines are time
mulitplexed between the address and data
buses. During T4 of every machine cycle, ADg-
AD; output the lower 8-bits of address after
which ADg-AD; will either output the desired
data for a WRITE operation or the drivers will
float (as is the case for the OF cycle), allowing
the external device to drive the lines for a READ
operation.

Since the address information on ADg-AD; is of
a transitory nature, it must be latched either in-
ternally in special multiplexed-bus components
like the 8155 or externally in parts like the 8212
8-bit latch. (See Chapter 3.) The 8085A provides
a special timing signal, ADDRESS LATCH
ENABLE (ALE), to facilitate the latching of Ag-A;
ALE is present during T, of every machine cycle.

After the status signals and address have been
sent out and the ADy-AD; drivers have been
disabled, the 8085A provides a low ievel on RD
to enable the addressed memory device. The
device will then start driving the ADy-ADy lines;
this is indicated by the dashed line turning into
a solid line in Figure 2-13. After a period of time
(which is the access time of the memory) valid
data will be present on ADy-AD;. The 8085A dur-
ing T3 will load the memory data on ADy-AD; in-
to its instruction register and then raise RD to
the high level, disabling the addressed memory
device. At this point, the 8085A will have fin-
ished accessing the opcode of the instruction.
Since this is the first machine cycle (M,) of the
instruction, the CPU will automatically step to
T4, as shown in Figure 2-11.

During T4, the CPU will decode the opcode in
the instruction register and decide whether to
enter Ts on the next clock or to start a new
machine cycle and enter T,. In the case of the
DCX instruction shown in Figure 2-13, it will
enter T5 and then Tg before going to T;.
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M, 10F) My
SIGNAL 3 T, T, T, Ts T T,
—
eux / / / /
1078, 10/M =0,81=1,50=1
s1,50
Aghig X PCH X UNSPECIFIED L
out N

AD(-AD, x pcL { DDy (DCX) )— ____________ —————— _<

ALE ’ \
—

FIGURE 2-13 OPCODE FETCH MACHINE CYCLE (OF DCX INSTRUCTION)

During Ts and Tg, of DCX, the CPU will decre-
ment the designated register. Since the Ag-A;s
lines are driven by the address latch circuits,
which are part of the incrementer/decrementer
logic, the Ag-A45 lines may change during T5 and
Te. Because the value of Ag-A5 can vary during
T4 Te, it is most important that all memory and
/O devices on_the system bus qualify their
selection with RD. if they don’t use RD, they
may be spuriously selected. Moreover, with a
linear selection technique (Chapter 3), two or
more devices could be simultaneously enabled,
which could be potentially damaging. The
generation of spurious addresses can also oc-
cur momentarily at address bus transitional
periods in T,. Therefore, the selection of all
memory and /O devices must be qualified with
RD or WR. Many new memory devices like the
8155 and 8355 have the RD input that internally
is used to enable the data bus outputs, remov-
ing the need for externally qualifying the chip
enable input with RD.

Figure 2-14 is identical to Figure 2-13 with one
exception, which is the use of the READY line.
As we can see in Figure 2-11, when the CPU is in
T,, it examines the state of the READY line. If
the READY line is high, the CPU will proceed to
T, and finish executing the instruction. If the
READY line is low, however, the CPU will enter
Twair and stay there indefinitely until READY
goes high. When the READY line does go high,
the CPU will exit Twar and enter T, in order to
complete the machine cycle. As shown in

Figure 2-14, the external effect of using the
READY line is to preserve the exact state of the
processor signals at the end of T, for an integral
number of clock periods, before finishing the
machine cycle. This “stretching” of the system
timing has the further effect of increasing the
allowable access time for memory or /O
devices. By inserting Twair states, the 8085A
can accommodate even the slowest of
memories. Another common use of the READY
line is to singe-step the processor with a
manual switch.

23.2 Read Cycle Timing
MEMORY READ (MR):

Figure 2-15 shows the timing of two successive
MEMORY READ (MR) machine cycles, the first
without a Tywat state and the second with one
Twar state. The timing during T,4-T3 is absolute-
ly identical to the OPCODE FETCH machine cy-
cle, with the exception that the status sent out
during T4 is IO/M = 0,S1 = 1, S0 = 0, identify-
ing the cycles as a READ from a memory loca-
tion. This differs from Figure 2-13 only in that SO
= 1 for an OF cycle, identifying that cycle as an
OPCODE FETCH operation. Otherwise, the two
cycles are identical during T+-T3.

A second difference occurs at the end of T,. As
shown in Figure 2-11, the CPU always goes to T,
from T3 during M4, which is always an OF cycle.
During ali other machine cycles, the CPU wili
always go from T3 to T4 of the next machine
cycle.
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My (OF)
SIGNAL T T, Twart T3 Ta Ts T
—
w TN_S / / / / /
10/M, =
X 10/ 20,81 =1,50 = 1
S1,80
Aghis PCH X UNSPECIFIED
out IN
ADAD; PCL ( 0¢-D7 (DCX} ). ———— T m——— T —— p—
ALE / )
&
- \. /"
S
o
READY \_ 'L/,_\
r—
a . l

FIGURE 2-14 OPCODE FETCH MACHINE CYCLE WITH ONE WAIT STATE

MR OR IOR MR OR IOR
SIGNAL
T T2 T3 T T2 Twait T
ax [TN_/ / N/ / /S \_/
10/M, - =
10/M = 0 (MR} OR 1 (IOR), §1= 1,50 =0 x 10/M = 0 MR} OR 1 (1OR),$1=1,50 = 0
1,50
Aghis x
ouT IN ouT IN

e <

ADyAD; rvem o >
f
« M )
p

e
[
\

e SR

FIGURE 2-15 MEMORY READ (OR I/O READ) MACHINE CYCLES
(WITH AND WITHOUT WAIT STATES)
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The memory address used in the OF cycle is
always the contents of the program counter,
which points to the current instruction, while
the address used in the MR cycle can have
several possible origins. Also, the data read in
during an MR cycle is placed in the appropriate
register, not the instruction register.

VO READ (IOR):

Figure 2-15 also shows the timing of two suc-
cessive /0 READ (IOR) machine cycles, the first
without a Twar state. As is readily apparent, the
timing of an IOR cycle is identical to the timing
of an MR cycle, with the exception of IO/M = 0
for MR and 10/M = 1 for IOR; recall that IO/M
status signal identifies the address of the cur-
rent machine cycle as selecting either a
memory location or an I/O port. The address
used in the IOR cycle comes from the second
byte (Port No.) of an INPUT instruction. Note
that the 1/0 port address is duplicated onto both
ADg-AD7 and Ag-A:s. The IOR cycle can occur
only as the third machine cycle of an INPUT in-
struction.

Note that the READY signal can be used to
generate Tyt States for I/O devices as well as
memory devices. By gating the READY signal
with the proper status lines, one could generate
Twair States for memory devices only or for /O
devices only. By gating in the address lines, one
can further qualify Twa r state generation by the
particular devices being accessed.

2.3.3 WRITE Cycle Timing
MEMORY WRITE (MW):

Figure 2-16 shows the timing for two successive
MEMORY WRITE (MW) machine cycles, the first
without a Twa T state, and the second with one
TwaiT state. The 8085A sends out the status dur-
ing Ty in a similar fashion to the OF, MR and
IOR cycles, except that IO/M = 0, S1 = 0, and
S0 = 1, identifying the current machine cycle as
being a WRITE operation to a memory location.

The address is sent out during T, in an identical
manner to MR. However, at the end of T, there
is a difference. While the ADy-AD- drivers were
disabled during T»-Ta of MR in expectation of
the addressed memory device driving the ADq-
ADy; lines, the drivers are not disabled for MW.
This is because the CPU must provide the data
to be written into the addressed memory loca-
tion. The data is placed on ADy-AD; at the start
of T,2. The WR signal is also lowered at this time
to enable the writing of the addressed memory
device. During T,, the READY line is checked to
see if a Tyar state is required. If READY is low,
Twair states are inserted until READY goes
high. During T3, the WR line is raised, disabling
the addressed memory device and thereby ter-
minating the WRITE operation. The contents of
the address and data lines are not changed un-
til the next T4, which directly foliows.

Note that the data on ADg-AD; is not
guaranteed to be stable before the falling edge

MW OR 10W

MW OR 10W

SIGNAL
I~ T, 1, T

T T2 TwaT T3

ax TN_/" N\ \__/

/ / /

e

§1,80

10/M, - x
10/M =0 ({MW) OR 1 {IOW),S1=0,80=1 :

10/M = 0 (MW) OR 1 {IOW), S1 - 0, §0 =

Aghis

ouTt ouT

ouY ouT

ADG-AD, AgAy

x D07

AgA, Dy-D;

ALE
—' \

READY -\

y————»

7

\'—Q—L:l{;j:\—’

FIGURE 2-16 MEMORY WRITE (OR I/O WRITE) MACHINE CYCLES

(WITH AND WITHOUT WAIT STATES)
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of WR. The ADy-AD; lines are guaranteed to be
stable both before and after the rising edge of
WR.

110 WRITE (IOW):

As Figure 2-16 shows, the timing for an /O
WRITE (IOW) machine cycle is the same as an
MW machine cycle except that IO/M = 0 during
the MW cycle and IO/M = during the IOW cycle.

As with the IOR cycle discussed previously, the
address used in an IOW cycle is the I/O port
number which is duplicated on both the high
and low bytes of the address bus. In the case of
IOW, the port number comes from the second
byte of an OUTPUT instruction as the instruc-
tion Is executed.

2.3.4 Interrupt Acknowledge (INA) Timing
Figures 2-17 and 2-18 (a continuation of 2-17)
depict the course of action the CPU takes in

response to a high level on the INTR line if the
INTE FF (interrupt enable flip-flop) has been set

by the El instruction. The status of the TRAP
and RST pins as well as INTR is sampled during
the second clock cycle before My » Ty, If INTR
was the only valid interrupt and if INTE FF is
set, then the CPU will reset INTE FF and then
enter an INTERRUPT ACKNOWLEDGE (INA)
machine cycle. The INA cycle is identical to an
OF cycle with two exceptions. INTA is sent out
instead of RD. Also, IO/M = 1 during INA,
whereas |10/M = 0 for OF. Aithough the con-
tents of the program counter are sent out on the
address lines, the address lines can be ignored.

When INTA is sent out, the external interrupt
logic must provide the opcode of an instruction
to execute. The opcode is placed on the data
bus and read in by the processor. If the opcode
is the first byte of a multiple-byte instruction,
additional INTA pulses will be provided by the
8085A to clock in the remaining bytes.
RESTART and CALL instructions are the most

SIGNAL

My (INA)

Mz (INA)

T2 T T T2

—
Ta 5 s T L5

INTR

\
r”
]
!
|

/]
wa

INTA \ ’ \
10/M, 81,50 10,1,0) [LRRT SRR
AgAqg {PC-1IH PCH PCH
N
T
N ouTt N out N

AD(-AD, Dy-0; >J .( PCL
|
ALE \’ ~

u
.(00.07 ((:ALL>. — — == == ==L rcL >. Dy-D, (B2}
!
‘ !
! 1

FIGURE 2-17 INTERRUPT ACKNOWLEDGE MACHINE CYCLES
(WITH CALL INSTRUCTION IN RESPONSE TO INTR)
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logical choices, since they both force the pro-
cessor to push the contents of the program
counter onto the stack before jumping to a new
location. In Figure 2-17 it is assumed that a
CALL opcode is sent to the CPU during M,. The
CALL opcode could have been placed there by a
device like the 8259 programmable interrupt
controller.

After receiving the opcode, the processor then
decodes it and determines, in this case, that the
CALL instruction requires two more bytes. The
CPU therefore performs a second INA cycle (M»)
to access the second byte of the instruction
from the 8259. The timing of this cycle is iden-
tical to My, except that it has only three T
states. M; is followed by another INA cycle (M3)
to access the third byte of the CALL instruction
from the 8259.

Now that the CPU has accessed the entire in-
struction used to acknowledge the interrupt, it
will execute that instruction. Note that any in-
struction could be used (except El or DI, the in-
structions which enabie or disable interrupts),
but the RESTART and CALL instructions are the
most logical choices. Also notice that the CPU
inhibited the incrementing of the program
counter (PC) during the three INA cycles, so
that the correct PC value can be pushed onto
the stack during M4 and Ms.

During M4 and Ms, the CPU performs MEMORY
WRITE machine cycles to write the upper and
then lower bytes of the PC onto the top of the
stack. The CPU then places the two bytes ac-
cessed in M, and M3 into the lower and upper
bytes of the PC. This has the effect of jumping
the execution of the program to the location
specified by the CALL instruction.

SIGNAL

M3 (INA)

My (M)

Mg, (MW)

My (OF)

T

3

-
X
=

+—

Y T2

o

YaVaVa

iINYR

INTA

l |
10/M, S1, 50 (RIS )] x (0,0.1) 001 1 11
| Bl
a j
8415 l PCH (SP-1}H J‘ {SP-2}H l PCH(83i i
.
) 1
y out | IN our ouT ouT ouT ouT !
| T — —
ADy-ADy PCL Dy-D; (83 {SP- 1)L 0y D (PCH) (SP-2IL Dy 05 (PCL) 82
" I L
e -/ e

‘ RD

wa |
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FIGURE 2-18 INTERRUPT ACKNOWLEDGE MACHINE CYCLES
(WITH CALL INSTRUCTION IN RESPONSE TO INTR)
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2.3.5 Bus idle (Bl) and HALT State

Most machine cycles of the 8085A are
associated with either a READ or WRITE opera-
tion. There are two exceptions to this rule. The
first exception takes place during M, and M; of
the DAD instruction. The 8085A requires six in-
ternal T states to execute a DAD instruciton,
but it is not desirable to have M, be ten (four
normal plus six extra) states long. Therefore,
the CPU generates two extra machine cycles
that do not access either the memory or the 1/0O.
These cycles are referred to as BUS IDLE (BI)
machine cycles. In the case of DAD, they are
identical to MR cycles except that RD remains
high and ALE is not generated. Note that
READY is ignored during M, and M5 of DAD.

The other time when the BUS IDLE machine cy-
cle occurs is during the internal opcode genera-
tion for the RST or TRAP interrupts. Figure 2-19
illustrates the Bl cycle generated in response to
RST 7.5. Since this interrupt is rising-edge-
triggered, it sets an internal latch; that latch is
sampled at the falling edge of the next to the
last T-state of the previous instruction. At this
point the CPU must generate its own internal
RESTART instruction which will (in subsequent
machine cycles) cause the processor to push
the program counter on the stack and to vector
to focation 3CH. To do this, it executes an OF
machine cycle without issuing RD, generating
the RESTART opcode instead. After M,, the
CPU continues execution normally in all
respects except that the state of the READY
line is ignored during the Bl cycle.

M LOF)
SIGNALS

My (81 M3 (MW)

Ta T T,

T3 T Tg Ty 1, T,

VaVaVaVaVaVaVaVaVals
n

RST 75 —
&
.
10/M J/ ‘
|
| ‘ “
) —
s1.%0 \ —i
) ;
T * 1
AghAyg (PC. 11K PCH | x (S 1A ;
1
N out i oour | IN
ADy-AD, [ Su—— ST __J._ —_———— e — — ise ne Y een
I i

INTA

Ao _/

READY \

}

FIGURE 2-19 RST 7.5 BUS IDLE MACHINE CYCLE
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Figure 2-20 illustrates the BI cycle generated in in Figure 2-20 the RST 7.5 line is pulsed during
response to RST 7.5 when a HALT instruction ThaLt- Since RST 7.5 is a rising-edge-triggered
has just been executed and the CPU is in the interrupt, it will set an internal latch which is
Thart state, with its various signhals floating. sampled during CLK = “1” of every Tyt state
There are only two ways the processor can com- (as well as during CLK = 1" two T states
pletely exit the Tya.t state, as shown in Figure before any M, « T4.) The fact that the latched in-

2-11. The first way is for RESET to occur, which terrupt was high (assuming that INTE FF = 1
always forces the 8085A to Treser- The second and the RST 7.5 mask =0) will force the CPU to

way to exit Tyat permanently is for a valid in- exit the TyaLT state at the end of the next CLK
terrupt to occur, which will cause the CPU to period, and to enter M, » T.

disable further interrupts by resetting INTE FF,

and to then proceed to M, » T, of the next in- This completes our analysis of the timing of
struction. When the HOLD input is activated, each of the seven types of machine cycles.

the CPU will exit Tya,t for the duration of Tyolp
and then return to TyaT-

M, (OF) M2 (HALT) My (B)) M) (Mw)
SIGNALS

T3 Ta T THALT THALT A3l T2 T3 Ta Ts Ts T Ty

AN YV Ve W VaVa VaVals

RST 7.6 Jf\/‘ :_L

o — e J—
1,50
Ag-Ar5 (PC- 1IN PCH —— n—.__.L< PCH (SP-1)H

ouT out N

out
ADg-ADy HALT _T< PCL )p___T. —_T peL >—_._. __.T.__.___.__._..< (8P 1L pCH

iNTA
w | [ " LV
WR — — ——-lf

READY

FIGURE 2-20 HALT STATE AND BUS IDLE MACHINE CYCLE
RST 7.5 TERMINATES T, 1 STATE
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2.3.6 HOLD and HALT States

The 8085A uses the Tyop State to momentarily
cease executing machine cycles, allowing ex-
ternal devices to gain control of the bus and
peform DMA cycles. The processor internally
latches the state of the HOLD line and the un-
masked interrupts during CLK = ‘1" of every
ThaLt State. If the internal latched HOLD signal
is high during CLK = “1" of any Tya_7 State, the
CPU will exit TyaLr and enter Tuop On the
following CLK = “1"”. As shown in Figure 2-21
this will occur even if a valid interrupt occurs
simultaneously with the HOLD signal.

The state of the HOLD and the unmasked inter-
rupt lines is latched internally during CLK = 1
of each Tyop state as well as during Tya.t
states. If the internal latched HOLD signal is
low during CLK = 1, the CPU will exit Thop and
enter TyaLt on the following CLK = 1.

The 8085A accepts the first unmasked, enabled
interrupt sampled; thereafter, all interrupt
sampling is inhibited. The interrupt thus ac-
cepted will inevitably be executed when the
CPU exits the HOLD state, even at the expense
of holding off higher-priority interrupts
(including TRAP). (See Figure 2-22))

When the CPU is not in TyaLt of Thowo, it inter-
nally latches the HOLD line only during CLK =
1 of the last state before T; (T, or Twart) and dur-
ing CLK = 1 of the last state before Tg (T4 of a
six T-state M,). If the internal latched HOLD
signal is high during the next CLK = 1, the CPU
will enter Ty p after the following clock. When
the CPU is not in TyaLt of THoup, it will internally
latch the state of the unmasked interupts only
during CLK of the next to the last state before
each My « T4.

SIGNALS Ty ! Thoto (To*

Tuaro (Ty* Tuora (Te)* i Thowo

Troto

]

R

CLK

AN

ALE L

[
5
Bl

HOLD T

HLDA

INTERRUPT

-

— — 4

“SIGNIFIES THAT T, T4 MAY TAKE PLAGE INSIDE TME 8085A EVEN WHILE THE PROCESSOR IS IN AHOLD STATE

INTERRUPTS SAMPLED
| HERE REGARDLESS

| . OF HOLD

|

FIGURE 2-21 HOLD VS INTERRUPT — NON HALT

[R—

START OF INTERRUPT ~—___ |
CYCLE DELAYED
BY HOLD
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. -~ _
SIGNALS Thact THaLt Tharr Twolp l THoup T
—
aLE | ‘ \ —
LOW PRIORITY -
4 INTERRUPT CYCLE
1 /o A
T !
EXITS HALT
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HOLD REMOVED
wioA | — Al
T

-~

LOW PRIORITY
INTERRUPT(S)
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r—'——_/_._\ L
T

HIGH PRIORITY
INTERRUPT(S}

|
|
|

FIGURE 2-22 8085A HOLD VS INTERRUPTS — HALT MODE

2.3.7 Power On and RESET IN

The 8085A employs a special internal circuit to
increase its speed. This circuit, which is called
a substrate bias generator, creates a negative
voltage which is used to negatively bias the
substrate. The circuit employs an oscillator and
a charge pump which require a certain amount
of time after POWER ON to stabilize. (See
Figure 2-23.)

Taking this circuit into account, the 8085A is
not guaranteed to work until 10 ms after V¢
reaches 4.75V. For this reason, it is suggested
that RESET IN be kept low during this period.
Note that the 10 ms period does not include the
time it takes for the power supply to reach its
4,75V level — which may be milliseconds in
some systems. A simple RC network (Figure 3-6)
can satisfy this requirement.

The RESET IN line is latched every CLK = 1.
This latched signal is recognized by the CPU
during CLK = 1 of the next T state. (See Figure
2-24) If it is low, the CPU will issue RESET OUT
and enter Tya 1 for the next T state. RESET IN
should be kept low for a minimum of three clock
periods to ensure proper synchronization of the
CPU. When the RESET IN signal goes high, the

CPU will enter My « T, for the next T state. Note
that the various signals and buses are floated in
TRESET as well as THALT and THOLD- For this
reason, it is desirable to provide pull-up
resistors_for the main controi signals (par-
ticularly WR).

Specifically, the RESET IN signal causes the
following actions:

RESETS SETS
PROGRAM COUNTER RST 5.5 MASK
INSTRUCTION REGISTER RST 6.5 MASK
INTE FF RST 7.5 MASK
RST 7.5 FF

TRAP FF

SOD FF

MACHINE STATE FF’s

MACHINE CYCLE FF’s

INTERNALLY LATCHED
FF's for HOLD, INTR,
and READY

RESET IN does not explicitly change the con-
tents of the 8085A registers (A, B, C, D, E, H, L)
and the condition fiags, but due to RESET IN oc-
curring at a random time during instruction ex-
ecution, the results are indeterminate.
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POWER SUPPLY

M, (OF)

Theser T T2

-5V 1-

oV

475V

Vag UNTERNAL)
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24y i

RESET IN

-
OV -

— - 10msec —f

FIGURE 2-23 POWER-ON TIMING
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FIGURE 2-24 RESET IN TIMING

Following RESET, the 8085A wili start executing
instructions at location 0 with the interrupt
system disabled, as shown in Figure 2-24.

Figure 2-24 also shows READ and WRITE opera-
tions being terminated by a RESET signal. Note
that a RESET may prematurely terminate any
READ or WRITE operation in process when the
RESET occurs.

2.3.8 SID and SOD Signals:

Figure 2-25 shows the timing relationship of the
SiD and SOD signals to the RIM and SIM instruc-
tions. The 8085A has the ability to read the SID
line into the accumulator bit 7 using RIM instruc-
tions. The state of the SID line is latched inter-
nally during T3 « CLK = 0 of the RIM instruction.
Following this, the state of the interrupt pins
and masks are also transferred directly to the
accumulator.

The 8085A can set the SOD flip-flop from bit 7 of
the accumulator using the SIM instruction. (See
Figure 2-26.) The data is transferred from the ac-
cumulator bit 7 to SOD duringM; « T« CLK = 0
of the instruction following SIM, assuming that
accumulator bit 6 is a 1. Accumulator bit 6 is a
‘“serial output enable” bit.
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FIGURE 2-25 RELATIONSHIP OF SID AND SOD SIGNALS TO RIM AND SIM INSTRUCTIONS

EFFECT OF RIM INSTRUCTION
SiD

8085A

ACCUMULATOR

EFFECT OF SIM INSTRUCTION

sOD

7
a7

ACCUMULATOR

8085A

FIGURE 2-26 EFFECT OF RIM AND SIM INSTRUCTIONS

24 COMPARISON OF MCS-80 AND MCS-85
SYSTEM BUSES

This section compares the MCS-80 bus with the
MCS-85 bus. Figure 2-28 details the signals and
general timing of the two buses; the timing
diagrams are drawn to the same scale (8080A
clock cycle = 480 ns and 8085A clock cycle =
320 ns) to facilitate comparison.
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MCS-80™ System Bus

The MCS-80 bus is terminated on one end by the
CPU-GROUP (consisting of the 8080A, 8224,
8228) and on the other end by the various
memory and /O circuits. The following figure
shows the major signals of the MCS-80 bus.

HOLD ——
HLDA +———]

READY
RESET
L2770

8080A
8224
8228

FIGURE 2-27 COMPARISON OF SYSTEM BUSES

MCS-85™ System Bus

The MCS-85 bus is terminated on one end by the
8085A and the other end by various memory and
/0 devices. The MCS-85 bus may be optionally
de-multiplexed with an 8212 eight bit latch to
provide an MCS-80 type bus. The following
figure shows the major signals of the MCS-85

bus.

INTR

INTA - —

HOLD
HLDA

READY
RESET OUT w—0

R —

CLK = —

ALE
{OPTIONAL)
8212 Ag A,
A3

_l" /g > Ay Ay

£
§ AD, AD,

8085A

RAD. WR
10/M, ALE

4

MCS-80™ System Bus

SIGNAL(S)

READY, RESET,
HOLD, HLDA
¢2 (TTL), INT

FIGURE 2-28 COMPARISON OF SYSTEM BUSES

FUNCTION

The 16 lines of the address
bus identify a memory or I/O
location for a data transfer
operation.

The 8 lines of the data bus
are used for the parallel
transfer of data between
two devices.

These five control lines
(MEMORY READ, MEMORY
WRITE, I/O READ, I!/0 WRITE,
and INTERRUPT ACKNOWL-
EDGE) identify the type and
timing of a data transfer
operation.

These signals are used for
the synchronization of slow
speed memories, system
reset, DMA, sytem timing,
and CPU interrupt.

MCS-85™ System Bus

SIGNAL(S)
Ag-Ags

AD,-AD;

10/M

ALE

READY, RESET
OUT, HOLD,
HLDA, CLK, INTR

FUNCTION

These are the high order
eight bits of the address,
and are used to identify a
memory or |/O location for a
data transfer cycle.

These eight lines serve a
dual function. During the
beginning of a data transfer
operation, these lines carry
the low order eight bits of
the address bus. During the
remainder of the cycle,
these lines are used for the
parallel transfer of data be-
tween two devices.

These signals identify the
type and timing of a data
transfer cycile.

The I/O/MEMORY line iden-
tifies a data transfer as be-
ing in the /O address space
or the memory address
space.

ADDRESS LATCH ENABLE
enables the latching of the
Ag-A7 signals.

These signals are used for
the synchronization of slow
speed memories, system
reset, DMA, system timing
and CPU interrupt.
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MCS-80™ System Bus for READ CYCLE

The basic timing of the MCS-80 BUS for a READ
CYCLE is as follows:

O] @
AgArs X K
® ® ®
SO i G SR
A
@ (’/
MEME, 1OR or INTA @

The MCS-80 first presents the address (1) and
shortly thereafter the control signai@). The
data bus, which was in the high impedance
state, is driven by the selected device (®. The
selected device eventually presents the valid
data to the processor @). The processor raises
the control signal &), which causes the select-
ed device to put the data bus in the high impe-
dance state. The processor then changes
the address (7) for the start of the next data
transfer.

MCS-80™ System Bus for WRITE CYCLE

The basic timing of the MCS-80 BUS for a
WRITE CYCLE is as follows:

©

v X
@ ®
DBy-OB; — __.._< x

MEMW or IOW

The MCS-80 first presents the address (), then
enables the data bus driver(®, and later
presents the data(3). Shortly thereafter, the
MCS-80 drops the control signal (@ for an inter-
val of time and then raises the signal 5. The
MCS-80 then changes the address®in
preparation for the next data transfer. The ad-
vance write signal of the 8238 is also shown (7).

MCS-85™ System Bus for READ CYCLE

The basic timing of the MCS-85 BUS for a READ
CYCLE is as follows:

Ag-Ayg. 1O/R x x
{OPTIONALLY
AgA; LATCHED X X
SIGNALS)
_ouT_ (@ N @ our
W e ot
o e )

ALE @
RD or INTA [©) 3( £®

At the beginning of the READ cycle, the 8085A
sends out all 16 bits of address(3). This is
followed by ALE(@which causes the lower
eight bits of address to be latched in either the
8155/56, 8355, 8755A, or in an external 8212. RD
is then dropped (3) by the 8085A. The data bus is
then tri-stated by the 8085A in preparation for
the selected device driving the bus(); the
selected device will continue to drive the bus
with valid data (5), until RD is raised (§) by the
8085A. At the end of the READ CYCLE(®), the
address and data lines are changed in prepara-
tion for the next cycle.

MCS-85™ System Bus for WRITE CYCLE

The basic timing of the MCS-85 BUS for a
WRITE CYCLE is as follows:

Ag-Ag. 10/M >< X:
{OPTIONALLY
AyA;  LATCHED >< ><
SIGNALS)

ADO-AD7 -

The timing of the WRITE CYCLE is identical to
the MCS-85 READ CYCLE with the exception of
the ADgy-AD; lines. At the-beginning of the
cycle (1), the low order eight bits of address are
on ADgy-AD;. After ALE drops, the eight bits of
data 2 are put on ADy-AD;. They are removed (3)
at the end of the WRITE CYCLE, in anticipation
of the next data transfer.

FIGURE 2-28 (Continued) COMPARISON OF SYSTEM BUSES
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The following observations of the two buses
can be made:

1. The access times from address leaving
the processor to returning data are aimost
identical, even though the 8085A is
operating 50% faster than the 8080.

2. With the addition of an 8212 latch to the
8085A, the basic timings of the two
systems are very similar.

3. The 8085A has more time for address
setup to RD than the 8080.

4. The MCS-80 has a wider RD signal, but a
narrower WR signal than the 8085A.

5. The MCS-80 provides stable data setup to
the leading and trailing edges of WR,
while the 8085 provides stable data setup
to only the trailing edge of WR.

6. The MCS-80 control signals have different
widths and occur at different points in the
machine cycle, while the 8085A control
signals have identical timing.

7. While not shown on the chart, the MCS-80
data and address hold times are adversely
affected by the processor preparing to
enter the HOLD state. The 8085A has iden-
tical timing regardless of entering HOLD.

8. Also not shown on the chart is the fact
that all output signals of the 8085A have
—400ua of source current and 2.0 ma of
sink current. The 8085A also has input
voltage levels of V,  =0.8V and V| =2.0V.

CONCLUSION:

The preceding discussion has clearly shown
that the MCS-85 bus satisfies the two restric-
tions of COMPATIBILITY and SPEED. It is com-
patible because it requires only an 8212 latch to
generate an MCS-80 type bus. If the four control
signals MEMR, MEMW, IOR and IOW are
desired, they can be generated from RD, WR,

and 10/M with a decoder or a few gates. The
MCS-85 bus is also fast. While running at 3MHz,
the 8085A generates better timing signals than
the MCS-80 does at 2MHz. Furthermore, the
multiplexed bus structure doesn’t slow the
8085A down, because it is using the internal
states to overlap the fetch and execution por-
tions of different machine cycles. Finally, the
MCS-85 can be slowed down or sped up con-
siderably, while still providing reasonable
timing.

TO USE. The RD, WR, and INTA control signals
all have identical timing, which isn’t affected by
the CPU preparing to enter the HOLD state. Fur-
thermore, the address and data bus have good
setup and hold times relative to the control
signals. The voltage and current levels for the
interface signals will all drive buses of up to 40
MOS devices, or 1 schottky TTL device.

The MCS-85 system bus is also EFFICIENT. Effi-
ciency is the reason that the lower eight ad-
dress lines are multiplexed with the data bus.
Every chip that needs to use both Ag-A; and Dg-
D; saves 7 pins (the eighth pin is used for ALE)
on the interface to the processor. That means
that 7 more pins per part are available to either
add features to the part or to use a smaller
package in some cases. In the three chip
system shown in Figure 3-6, the use of the
MCS-85 bus saves 3 x 7 = 21 pins, which are
used for extra /O and interrupt lines. A further
advantage of the MCS-85 bus is apparent in
Figure 3-7, which shows a printed circuit layout
of the circuit in Figure 3-6. The reduced number
of pins and the fact that compatible pinouts
were used, provides for an extremely compact,
simple, and efficient printed circuit. Notice that
great care was taken when the pinouts were
assigned to ensure that the signals would flow
easily from chip to chip to chip.
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APPENDIX C
8085 Instruction Set

The following pages are reprinted with
the permission of Intel Corporation.
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8085A INSTRUCTION SET

5.1 WHAT THE INSTRUCTION SET IS

A computer, no matter how sophisticated, can
do only what it is instructed to do. A program is
a sequence of instructions, each of which is
recognized by the computer and causes it to
perform an operation. Once a program is placed
in memory space that is accessible to your
CPU, you may run that same sequence of in-
structions as often as you wish to solve the
same problem or to do the same function. The
set of instructions to which the 8085A CPU will
respond is permanently fixed in the design of
the chip.

Each computer instruction allows you to ini-
tiate the performance of a specific operation.
The B085A implements a group of instructions
that move data between registers, between a
register and memory, and between a register
and an |/O port. It also has arithmetic and logic
instructions, conditional and unconditional
branch instructions, and machine control in-
structions. The CPU recognizes these instruc-
tions only when they are coded in binary form.

5.2 SYMBOLS AND ABBREVIATIONS:

The following symbols and abbreviations are
used in the subsequent description of the
8085A instructions:

SYMBOLS MEANING

accumulator Register A

addr 16-bit address quantity

data 8-bit quantity

data 16 16-bit data quantity

byte 2 The second byte of the instruc-
tion

byte 3 The third byte of the instruc-
tion

port 8-bit address of an 1/O device

rr,r2 One of the registers AB,C,
D,E,H,L

DDD,SSS

P

RP

rh

rl

The bit pattern designating
one of the registers A,B,C,D,
E,H,L (DDD =destination,
SSS = source):

DDD or REGISTER
S§S8S NAME

111
000
001
010
011
100
101

One of the register pairs:

B represents the B,C pair with
B as the high-order register
and C as the low-order
register;

D represents the D,E pair with
D as the high-order register
and E as the low-order
register;

H represents the H,L pair with
H as the high-order register
and L as the low-order
register;

SP represents the 16-bit stack
pointer register.

rIMmMOoOOm>

The bit pattern designating
one of the register pairs
8,D,H,SP:

REGISTER
RP PAIR
00 8-C
01 D-E
10 H-L
1 sp

The first (high-order) register
of a designated register pair.
The second (low-order)

register of a designated
register pair.
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PC 16-bit program counter
register (PCH and PCL are
used to refer to the high-order
and low-order 8 bits respec-
tively).

SP 16-bit stack pointer register
(SPH and SPL are used to refer
to the high-order and low-order
8 bits respectively).

m Bit m of the register r (bits are

number 7 through 0 from left
) to right).

LABEL 16-bit address of subroutine.
The condition flags:

z Zero

S Sign

P Parity

cY Carry

AC Auxiliary Carry

() The contents of the memory

location or registers enclosed
in the parentheses.

— “Is transferred to”

Logical AND

Exclusive OR

Inclusive OR

Addition

Two’'s complement subtraction
Multiplication

- “Is exchanged with”

— The one’s complement(e.g., (A)
n The restart number O through 7

NNN The binary representation 000
through 111 for restart number
0 through 7 respectively.

+ >4 >

The instruction set encycliopedia is a detailed
description of the 8085A instruction set. Each
instruction is described in the following man-
ner:

1. The MCS-85 macro assembler format, con-
sisting of the instruction mnemonic and
operand fields, is printed in BOLDFACE on
the first line.

2. The name of the instruction is enclosed in
parentheses following the mnemonic.

3. The next lines contain a symbolic description
of what the instruction does.

4. This is followed by a narrative description of
the operation of the instruction.

5. The boxes describe the binary codes that
comprise the machine instruction.

6. The last four lines contain information about
the execution of the instruction. The number
of machine cycles and states required to ex-
ecute the instruction are listed first. If the in-
struction has two possible execution times,
as in a conditional jump, both times are
listed, separated by a slash. Next, data ad-
dressing modes are listed if applicable. The
last line lists any of the five flags that are af-
fected by the execution of the instruction.

5.3 INSTRUCTION AND DATA FORMATS

Memory used in the MCS-85 system is organ-
ized in 8-bit bytes. Each byte has a unique location in
physical memory. That location is described by one of
a sequence of 16-bit binary addresses. The 8085A can
address up to 64K (K = 1024, or 210; hence, 64K
represents the decimal number 65,536) bytes of
memory, which may consist of both random-access,
read-write memory (RAM) and read-only memory
(ROM), which is also random-access.

Data in the 8085A is stored in the form of 8-bit
binary integers:
DATAWORD

P T T T T T 1
D7 DG D5 D4 D3 D, D, Do

MSB LSB

When a register or data word contains a binary
number, it is necessary to establish the order in which
the bits of the number are written. In the Intel 8085A,
BIT O is referred to as the Least Significant Bit (LSB),
and BIT 7 (of an 8-bit number) is referred to as the
Most Significant Bit (MSB).

An BOB5A program instruction may be one, two or
three bytes in length. Multiple-byte instructions must
be stored in successive memory locations; the address
of the first byte is always used as the address of the in-
struction. The exact instruction format will depend
on the particular operation to be executed.

Single Byte Instructions

I [ | ] I |
D, Do | Op Code

Two-Byte Instructions

Bte [T T T T T T 1

gne D, Do | Op Code
Byte DI I ID Data or
Two | 7 0] Address
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Three-Byte Instructions

Byte T T 1T T T

One | D7 Do| Op Code

Byte 7 T T 1T T 1

Two | B7 Do) Data
or

Byte 7 17T 1T T T 1 Address

Three | P7 Do

5.4 ADDRESSING MODES:

Often the data that is to be operated on is stored in
memory. When multi-byte numeric data is used, the
data, like instructions, is stored in successive memory
locations, with the least significant byte first, follow-
ed by increasingly significant bytes. The 8085A has
four different modes for addressing data stored in
memory or in registers:

* Direct — Bytes 2 and 3 of the instruction
contain the exact memory ad-
dress of the data item (the low-
order bits of the address are in
byte 2, the high-order bits in
byte 3).

* Register — The instruction specifies the
register or register pair in which
the data is located.

* Register Indirect — The instruction
specifies a register pair which
contains the memory address
where the data is located (the
high-order bits of the address
are in the first register of the
pair the low-order bits in the
second).

* Immediate — The instruction contains
the data itself. This is either an
8-bit quantity or a 16-bit quanti-
ty (least significant byte first,
most significant byte second).

Unless directed by an interrupt or branch in-
stitution, the execution of instructions pro-
ceeds through consecutively increasing
memory locations. A branch instruction can
specify the address of the next instruction to be
executed in one of two ways:

* Direct — The branch instruction contains
the address of the next instruc-
tion to be executed. (Except for
the ‘RST’ instruction, byte 2
contains the low-order address
and byte 3 the high-order ad-
dress.)

* Register Indirect — The branch instruc-
tion indicates a register-pair
which contains the address of
the next instruction to be ex-
ecuted. (The high-order bits of
the address are in the first
register of the pair, the low-
order bits in the second.)

The RST instruction is a special one-byte call in-
struction (usually used during interrupt se-
quences). RST includes a three-bit field; pro-
gram control is transferred to the instruction
whose address is eight times the contents of
this three-bit field.

5.5 CONDITION FLAGS:

There are five condition flags associated with
the execution of instructions on the 8085A.
They are Zero, Sign, Parity, Carry, and Auxiliary
Carry. Each is represented by a 1-bit register (or
flip-flop) in the CPU. A flag is set by forcing the
bit to 1; it is reset by forcing the bit to 0.
Unless indicated otherwise, when an instruc-
tion affects a flag, it affects it in the following
manner:
Zero: If the result of an instruction
has the value 0, this flag is set;
otherwise it is reset.

Sign: If the most significant bit of the
result of the operation has the
value 1, this flag is set; other-
wise it is reset.

If the modulo 2 sum of the bits
of the result of the operation is
0, (i.e., if the result has even
parity), this flag is set; other-
wise it is reset (i.e., if the result
has odd parity).

If the instruction resulted in a
carry (from addition), or a bor-
row (from subtraction or a com-
parison) out of the high-order
bit, this flag is set; otherwise it
is reset.

Auxiliary Carry: If the instruction caused a
carry out of bit 3 and into bit 4
of the resulting value, the aux-
iliary carry is set; otherwise it is
reset. This flag is affected by
single-precision additions, sub-
tractions, increments, decre-
ments, comparisons, and logi-
cal operations, but is principal-
ly used with additions and in-
crements preceding a DAA
(Decimal Adjust Accumulator)
instruction.

Parity:

Carry:
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5.6 INSTRUCTION SET ENCYCLOPEDIA

In the ensuing dozen pages, the complete
8085A instruction set is described, grouped in
order under five different functional headings,
as follows:

1. Data Transfer Group — Moves data be-
tween registers or between memory
locations and registers. Includes moves,
loads, stores, and exchanges. (See
below.)

2. Arithmetic Group — Adds, subtracts, in-
crements, or decrements data in
registers or memory. (See page 5-13.)

3. Logic Group — ANDs, ORs, XORs, com-
pares, rotates, or complements data in
registers or between memory and a
register. (See page 5-16.)

4. Branch Group — Initiates conditional or
unconditional jumps, calls, returns, and
restarts. (See page 5-20.)

5. Stack, 1/0, and Machine Control Group
— Includes instructions for maintaining
the stack, reading from input ports,
writing to output ports, setting and
reading interrupt masks, and setting and
clearing flags. (See page 5-22)

The formats described in the encyclopedia
reflect the assembly language processed by
Intel-supplied assembler, used with the Intellec®
development systems.

5.6.1 Data Transfer Group

This group of instructions transfers data to and
from registers and memory. Condition flags are
not affected by any instruction in this group.

MOV r1, r2 (Move Register)

(r1) — (r2)

The content of register r2 is moved to

register r1.

] ! T I ]

0 1 D D D S S S
Cycles: 1
States: 4 (8085), 5 (8080)

Addressing: register

Flags: none

MOV I, M
(N — ((H) (L)

(Move from memory)

The content of the memory location, whose
address is in registers H and L, is moved to

register r.
T | | |
0 1 D D D 1 1 0
Cycles: 2
States: 7
Addressing: reg. indirect
Flags: none

MOV M, r
{(H)) (L)) = ()

(Move to memory)

The content of register r is moved to the
memory location whose address is in

registers H and L.

i | I
0 1 1 1

0 S S S

Cycles:
States:
Addressing:
Flags:

MVI r, data
() — (byte 2)

2

7

reg. indirect
none

(Move Immediate)

The content of byte 2 of the instruction is
moved to registerr.

[ i | 1 I
0 0 D D D 1 1 0

data
Cycles: 2
States: 7
Addressing: immediate
Flags: none

MVI M, data (Move to memory immediate)
(H) (L)) — (byte 2)
The content of byte 2 of the instruction is
moved to the memory location whose ad-
dress is in registers H and L.

I I I I T I ]
0 0 1 1 0 1 1 0

data
Cycles: 3
States: 10
Addressing: immed./reg. indirect

Flags:

none
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LX! rp, data 16 (Load register pair immediate)
(rh) — (byte 3),
(r) — (byte 2)
Byte 3 of the instruction is moved into the
high-order register (rh) of the register pair
rp. Byte 2 of the instruction is moved into
the low-order register (1) of the register pair
p.

] T T I T
0 0 R P 0 0 0 1

low-order data

high-order data

LHLD addr (Load H and L direct)
(L)—((byte 3)byte 2))
(H)—((byte 3)(byte 2)+ 1)
The content of the memory location, whose
address is specified in byte 2 and byte 3 of
the instruction, is moved to register L. The
content of the memory location at the suc-
ceeding address is moved to register H.

T I I I I j T
0 0 1 0 1 0 1 0

low-order addr

high-order addr

Cycles: 3
States: 10
Addressing: immediate
Flags: none

Cycles: 5
States: 16
Addressing: direct
Flags: none

LDA addr (Load Accumulator direct)
(A) — ((byte 3)(byte 2))
The content of the memory location, whose
address is specified in byte 2 and byte 3 of
the instruction, is moved to register A.

I I I I I | I
0 0 1 1 1 0 1 0

low-order addr

high-order addr

SHLD addr

Cycles: 4

States: 13
Addressing: direct
Flags: none

STA addr

(Store Accumulator direct)
((byte 3)(byte 2)) — (A)

(Store H and L direct)

((byte 3)(byte 2))—(L)

((byte 3)(byte 2)+ 1)—(H)

The content of register L is moved to the
memory location whose address is
specified in byte 2 and byte 3. The content
of register H is moved to the succeeding
memory iocation.

I I I I I | T
0 0 1 0 0 0 1 0

low-order addr

high-order addr

Cycles: 5
States: 16
Addressing: direct
Flags: none

The content of the accumulator is moved to
the memory location whose address is
specified in byte 2 and byte 3 of the instruc-
tion.

I I I I I I T
0 0 1 1 0 0 1 0

low-order addr

high-order addr

LDAX rp

(Load accumulator indirect)

(A) — ((rp)

The content of the memory location, whose
address is in the register pair rp, is moved
to register A. Note: only register pairs
rp=8B (registers B and C) or rp=D
(registers D and E) may be specified.

I I I I |
0 0 R P 1 0 1 0

Cycles: 4
States: 13
Addressing: direct
Flags: none

Cycles: 2
States: 7
Addressing: reg. indirect
Flags: none
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STAX rp
(rp) — (A) ,
The content of register A is moved to the
memory location whose address is in the
register pair rp. Note: only register pairs
rp=B (registers B and C) or rp=D
(registers D and E) may be specified.

(Store accumulator indirect)

T [ T T I
0 0] R P 0 0 1
Cycles: 2
States: 7
Addressing: reg. indirect
Flags: none
XCHG (Exchange H and L with D and E)
(H) - (D)
(L) -~ (E)

The contents of registers H and L are ex-
changed with the contents of registers D

and E.
| f I T T T
1 1 1 0 1 0 1 1
Cycles: 1
States: 4
Addressing: register
Flags: none

5.6.2 Arithmetic Group

This group of instructions performs arithmetic
operations on data in registers and memory.

Unless indicated otherwise, all instructions in
this group affect the Zero, Sign, Parity, Carry,
and Auxiliary Carry tlags according to the stan-
dard rules.

All subtraction operations are performed via
two’s complement arithmetic and set the carry
flag to one to indicate a borrow and clear it to
indicate no borrow.

ADDr (Add Register)
(A) — (A) + ()
The content of register r is added to the
content of the accumulator. The result is
placed in the accumulator.

! T T T ! !
1 0 0 0 0 S S S
Cycles: 1
States: 4
Addressing: register
Flags: Z,S,P,CY,AC

ADD M (Add memory)
(A) — (A) + (H) (L)
The content of the memory location whose
address is contained in the H and L
registers is added to the content of the ac-
cumulator. The result is placed in the ac-
cumulator.

1 11T 1T T T
it o o0 o o 1 1 O

Cycles: 2

States: 7
Addressing: reg. indirect
Flags: Z2,8,P,CY AC

ADI data (Add immediate)
(A) — (A) + (byte 2)
The content of the second byte of the in-
struction is added to the content of the ac-
cumulator. The result is placed in the ac-
cumulator.

Cycles: 2
States: 7
Addressing: immediate
Flags: Z2S8,P,CY,AC

ADCr (Add Register with carry)
(Ay — (A) + (n + (CY)
The content of register r and the content of
the carry bit are added to the content of the
accumulator. The result is placed in the ac-
cumulator.

Cycles: 1
States: 4
Addressing: register

Flags: Z,S,P,CY,AC
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ADC M

(Add memory with carry)

(A) — (A) + ((H) (L) + (CY)

The content of the memory location whose
address is contained in the H and L
registers and the content of the CY flag are
added to the accumulator. The result is
placed in the accumulator.

ACl data

Cycles: 2

States: 7
Addressing: reg. indirect
Flags: Z,5,P.CY,AC

(Add immediate with carry)

(A) — (A) + (byte 2) + (CY)

The content of the second byte of the in-
struction and the content of the CY flag are
added to the contents of the accumulator.
The result is placed in the accumulator.

SUB M

(Subtract memory)

(A) — (A) — ((H) (L)

The content of the memory location whose
address is contained in the H and L
registers is subtracted from the content of
the accumulator. The resuit is placed in the
accumulator.

SUI data

Cycles: 2

States: 7
Addressing: reg. indirect
Flags: Z,S,P,CY,AC

(Subtract immediate)

(A) — (A) — (byte 2)

The content of the second byte of the in-
struction is subtracted from the content of
the accumulator. The result is placed in the
accumulator.

data
Cycles: 2
States: 7
Addressing: immediate
Flags: ZS,P,CYAC

SUBTr
(A) — (A) — ()

(Subtract Register)

data
Cycles: 2
States: 7
Addressing: immediate
Flags: 2,5,P,CY AC

SBBr

(Subtract Register with borrow)

The content of register r is subtracted from
the content of the accumulator. The result
is placed in the accumulator.

(A) - (A) — (N - (CY)

The content of register r and the content of
the CY flag are both subtracted from the
accumulator. The result is placea in the ac-

Cycles: 1
States: 4
Addressing: register
Flags: ZS,P,CY,AC

cumulator.
I I I ] I T
1 0 0 1 S S S
Cycles: 1
States: 4
Addressing: register
Flags: 2,5,P,.CYAC
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SBB M (Subtract memory with borrow)
(A) = (A) — (H) (L) - (CY)
The content of the memory location whose
address is contained in the H and L
registers and the content of the CY flag are
both subtracted from the accumulator. The
result is placed in the accumulator.

INR M

(Increment memory)

(H) L) = (H) L) + 1

The content of the memory location whose
address is contained in the H and L
registers is incremented by one. Note: All
condition flags except CY are affected.

T 1T 1T 1T 7T T T
1 0 0 1 1 1 1 0
Cycles: 2
States: 7
Addressing: reg. indirect
Flags: 2,5,P,CYAC

SBl data

(Subtract immediate with

Cycles: 3
States: 10
Addressing: reg. indirect
Flags: Z,S,P,AC

DCRr

borrow)
(A) — (A) — (byte 2) — (CY)
The contents of the second byte of the in-
struction and the contents of the CY flag
are both subtracted from the accumulator.
The result is placed in the accumulator.

(Decrement Register)
n—®-1

The content of register r is decremented by
one. Note: All condition flags except CY
are affected.

T T T T 1T 1T 1
1 1 0 1 1 1 1 0
data
Cycles: 2
States: 7
Addressing: immediate
Flags: Z,8,P,CY,AC
INRr (Increment Register)
N—(+ 1

Cycles:
States:
Addressing:
Flags:

DCR M

4 (8085), 5 (8080)
register
Z,S,P,AC

(Decrement memory)

(H) (L) — (H) (L) — 1

The content of register r is incremented by
one. Note: All condition flags except CY
are affected.

The content of the memory location whose
address is contained in the H and L
registers is decremented by one. Note: All
condition flags except CY are affected.

Cycles: 1
States: 4 (8085), 5 (8080)
Addressing: register
Flags: ZS,PAC

Cycles: 3
States: 10
Addressing: reg. indirect
Flags: ZS,P,AC
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INX

p (Increment register pair)

(rh) (rl) — (rh) (rl) + 1

The content of the register pair rp is in-
cremented by one. Note: No condition tlags
are affected.

Cycles: 1
States: 6 (8085), 5 (8080)
Addressing: register
Flags: none
DCX rp (Decrement register pair)

(rh) (rl) — (rh) (r) — 1

The content of the register pair rp is
decremented by one. Note: No condition
flags are affected.

Cycles: 1
States: 6 (8085), 5 (8080)
Addressing: register
Flags: none
DAD rp (Add register pair to H and L)

(H) (L) — (H) (L) + (rh) (r])

The content of the register pair rp is added
to the content of the register pair H and L.
The result is placed in the register pair H
and L. Note: Only the CY flag is atfected. it
is set if there is a carry out of the double
precision add; otherwise it is reset.

Cycles: 3
States: 10
Addressing: register
Flags: CY

DAA (Decimal Adjust Accumulator)
The eight-bit number in the accumulator is
adjusted to form two four-bit Binary-Coded-
Decimal digits by the following process:

1. If the value of the lease significant 4 bits
of the accumulator is greater than 9 or if
the AC flag is set, 6 is added to the ac-
cumulator.

2. If the value of the most significant 4 bits
of the accumulator is now greater than 9,
or if the CY flag is set, 6 is added to the
most significant 4 bits of the ac-
cumulator.

NOTE: All flags are affected.

T 1 T f I T I
0 0 1 0 1 1 1
Cycles: 1
States: 4

Flags: 2,5,P,CY AC

5.6.3 Logical Group

This group of instructions performs logical
(Boolean) operations on data in registers and
memory and on condition flags.

Unless indicated otherwise, all instructions in
this group affect the Zero, Sign, Parity, Auxiliary
Carry, and Carry flags according to the stan-
dard rules.

ANA T (AND Register)

(A) = (A A (D

The content of register ris logically ANDed
with the content of the accumulator. The
result is placed in the accumulator. The CY
flag is cleared and AC is set (8085). The CY
tlag is cleared and AC is set to the OR’ing
of bits 3 of the operands (8080).

Cycles: 1
States: 4
Addressing: register

Flags: Z2,5,P,CY,AC
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ANA M
(A) — (A) A ((H) (L)

(AND memory)

location

The contents of the memory
whose address is contained in the Hand L
registers is logically ANDed with the con-
tent of the accumulator. The result is
placed in the accumulator. The CY flag is
cleared and AC is set (8085). The CY flag is
cleared and AC is set to the OR’ing of bits 3
of the operands (8080).

Cycles: 2
States: 7
Addressing: reg. indirect

Flags: Z2,S,P,CY,AC

ANI data (AND immediate)
(A) — (A) A (byte 2)
The content of the second byte of the in-
struction is logically ANDed with the con-
tents of the accumulator. The result is
placed in the accumulator. The CY flag is
cleared and AC is set (8085). The CY flag is
cleared and AC is set to the OR’ing of bits 3
of the operands (8080).

f T I i i f I
1 1 1 0 1 1 0
data
Cycles: 2
States: 7
Addressing: immediate
Flags: Z,S5,PCY,AC
XRAr (Exclusive OR Register)
(A) — (A)v (1)

The content of register r is exclusive-OR'd
with the content of the accumulator. The
result is placed in the accumulator. The CY
and AC flags are cleared.

Cycles: 1
States: 4
Addressing: register
Flags: Z2,5,P,CY,AC

XRA M
(A) — (A)v ((H) (L)

(Exclusive OR Memory)

The content of the memory location whose

address

is contained

in the H and L

registers is exclusive-OR’d with the con-

tent of the accumulator.

The result is

placed in the accumulator. The CY and AC

flags are cleared.

Cycles:
States:
Addressing:
Flags:

XRI data
(A) — (A).v (byte 2)

2
7
reg. indirect
Z,S,P,CYAC

(Exclusive OR immediate)

The content of the second byte of the in-
struction is exclusive-OR’d with the con-

tent of the accumulator.

The result is

placed in the accumulator. The CY and AC

flags are cleared.

| T T 1 T ] T
1 1 1 0] 1 1 1 0
data
Cycles: 2
States: 7
Addressing: immediate
Flags: Z,S,P,CY,AC

ORAT
(A — (A) V(1)

(OR Register)

The content of register r is inclusive-OR'd
with the content of the accumulator. The
result is placed in the accumulator. The CY
and AC flags are cleared.

Cycles:
States:
Addressing:
Flags:

1
4

register
Z,S,P,CY,AC
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ORA M (OR memory)

(A) = (A) V ((H) (L)

The content of the memory location whose
address is contained in the H and L
registers is inclusive-OR’d with the content
of the accumulator. The result is placed in
the accumulator. The CY and AC flags are
cleared.

CMP M

(Compare memory)

(A) = ((H) (L)

The content of the memory location whose
address is contained in the H and L
registers is subtracted from the ac-
cumulator. The accumulator remains un-
changed. The condition flags are set as a
result of the subtraction. The Z flag is set
to 1 if (A)=((H) (L)). The CY flag is set to 1 if
(A) < ((H) (L))

Cycles: 2

States: 7
Addressing: reg. indirect
Flags: Z,S,P,CY,AC

Cycles: 2

States: 7
Addressing: reg. indirect
Flags: 2,5,P,CY,AC

ORI data (OR Immediate)
(A) — (A) V (byte 2)
The content of the second byte of the in-
struction is inclusive-OR’d with the content
of the accumulator. The result is placed in
the accumulator. The CY and AC flags are

CPIl data

(Compare immediate)

(A) — (byte 2)

The content of the second byte of the in-
struction is subtracted from the ac-
cumulator. The condition flags are set by
the resuit of the subtraction. The Z flag is
set to 1 if (A)=(byte 2). The CY flag is set to
1if (A)< (byte 2).

cleared..
I ! T I I I I
1 1 1 1 0 1 1 0
data
Cycles: 2
States: 7
Addressing: immediate
Flags: Z,S,P,CY,AC

CMP r

data
Cycles: 2
States: 7
Addressing: immediate
Flags: ZS,P,CYAC

(Compare Register)

(Ay —(n ,
The content of register r is subtracted from
the accumulator. The accumulator remains
unchanged. The condition flags are set as
aresult of the subtraction. The Z flag is set
to 1if (A) = (r). The CY flag is set to 1 if (A)
< (n.

(Rotate left)
(An+1) — (An) 5(Ao) — (A7)
(CY) — (A7)
The content of the accumulator is rotated
left one position. The low order bit and the
CY flag are both set to the value shifted out
of the high order bit position. Only the CY

Cycles: 1
States: 4
Addressing: register
Flags: Z2,8,P,CY AC

flag is affected.

Cycles: 1
States: 4
Flags: cYy
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RRC (Rotate right)

(An) = (An +1); (A7) — (Ag)

(CY) — (Ag)

The content of the accumulator is rotated
right one position. The high order bit and
the CY flag are both set to the value shifted
out of the low order bit position. Only the

CY flag is affected.

] I
0 0 0 0 1 1 1 1

Cycles: 1
States: 4
Flags: C

RAL (Rotate left through carry)
(An+1)—(Aq); (CY)—(A7)

(Ao)—(CY)

The content of the accumulator is rotated
left one position through the CY flag. The
low order bit is set equal to the CY flag and
the CY flag is set to the value shifted out of
the high order bit. Only the CY flag is af-
fected.

Cycles: 1
States: 4
Flags: cY

RAR (Rotate right through carry)
(An) — (An + 14(CY) — (Ag)

(A7) — (CY)

The content of the accumulator is rotated
right one position through the CY fiag. The
high order bit is set to the CY flag and the
CY flag is set to the value shifted out of the

low order bit. Only the CY flag is affected.

CMA _
(A) — (A)
The contents of the accumulator are com-
plemented (zero bits become 1, one bits
become 0). No tlags are affected.

(Complement accumuiator)

Cycles: 1
States: 4
Flags: none

CMC
(CY) — (CY)

___(Complement carry)

The CY flag is complemented. No other

flags are affected.

T | I I )
0 0 1 1 1 1 1 1
Cycles: 1
States: 4
Flags: cY

STC
(CY) — 1

(Set carry)

The CY flag is set to 1. No other fiags are

affected.

Cycles: 1
States: 4
Flags: cY
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5.6.4 Branch Group

This group of instructions alter normal sequen-

tial program fiow.

Condition flags are not affected by any instruc-
tion in this group.

The two types of branch instructions are uncon-
ditional and conditional. Unconditional
transfers simply perform the specified opera-
tion on register PC (the program counter). Con-
ditional transfers examine the status of one of
the four processor flags to determine if the
specified branch is to be executed. The condi-
tions that may be specified are as follows:

CONDITION CCC
NZ — not zero (Z=0) 000
Z— zero(Z=1) 001
NC — no carry (CY =0) 010
C — carry (CY=1) o1
PO — parity odd (P=0) 100
PE — parity even (P=1) 101
P — plus (S=0) 110
M — minus (S=1) 111
JMP addr (Jump)

(PC) — (byte 3) (byte 2)

Control is transferred to the instruction
whose address is specified in byte 3 and
byte 2 of the current instruction.

low-order addr

high-order addr

Cycles: 3
States: 10
Addressing: immediate
Flags: none

Jcondition addr (Conditional jump)
if (CCQ),

(PC) — (byte 3) (byte 2)

If the specified condition is true, control is
transferred to the instruction whose ad-
dress is specified in byte 3 and byte 2 of the
current instruciton; otherwise, control con-
tinues sequentially.

low-order addr

high-order addr

Cycles: 2/3 (8085), 3 (8080)
States: 7/10 (8085), 10 (8080)
Addressing: immediate

Flags: none

CALL addr (Call)
((SP) — 1) — (PCH)
((SP) —2) — (PCL)
(SP) — (SP) - 2
(PC) — (byte 3) (byte 2)
The high-order eight bits of the next in-
struction address are moved to the
memory location whose address is one
less than the content of register SP. The
low-order eight bits of the next instruction
address are moved to the memory location
whose address is two less than the content
of register SP. The content of register SP is
decremented by 2. Control is transferred to
the instruction whose address is specified
in byte 3 and byte 2 of the current instruc-
tion.

low-order addr

high-order addr

Cycles: 5
States: 18 (8085), 17 (8080)
., immediate/
Addressing: reg. indirect

Flags: none
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Ccondition addr (Condition call)
If (CCC),

((SP) — 1) — (PCH)
{(SP) — 2) — (PCL)
(SP) — (SP) — 2
(PC) — (byte 3) (byte 2)
If the specified condition is true, the ac-
tions specified in the CALL instruction (see
above) are performed; otherwise, control
continues sequentially.

low-order addr

high-order addr

Cycles: 2/5 (8085), 3/5 (8080)
States: 9/18 (8085), 11/17 (8080)
.. immediate/
Addressing: reg. indirect
Flags: none
RET (Return)

(PCL) — ((SP));

(PCH) — ((SP) + 1);

(SP) — (SP) + 2;

The content of the memory location whose
address is specified in register SP is moved
to the low-order eight bits of register PC.
The content ¢f the memory location whose
address is one more than the content of
register SP is moved to the high-order eight
bits of register PC. The content of register
SP is incremented by 2.

Cycles: 3
States: 10
Addressing: reg. indirect
Flags: none

Rcondition

If

(Conditional return)

(CCQ),

(PCL) — ((SP)

(PCH) — ((SP) + 1)

(SP) — (SP) + 2

If the specified condition is true, the ac-
tions specified in the RET instruction (see
above) are performed; otherwise, control
continues sequentially.

RST n

Cycles: 1/3
States: 6/12 (8085), 5/11 (8080)
Addressing: reg. indirect
Flags: none
(Restart)

((SP) — 1) — (PCH)

(SP) — 2) — (PCL)

(SP) — (SP) — 2

(PC) — 8 * (NNN)

The high-order eight bits of the next in-
struction address are moved to the
memory location whose address is one
less than the content of register SP. The
low-order eight bits of the next instruction
address are moved to the memory location
whose address is two less than the content
of register SP. The content of register SP is
decremented by two. Control is transferred
to the instruction whose address is eight
times the content of NNN.

Cycles: 3
States: 12 (8085), 11 (8080)
Addressing: reg. indirect
Flags: none

1514131211109 8 7 6 5 4 3 2 1 0

0

0|0|0|O|O|O|O|O|O|N{N[N|O]OjO

Program Counter After Restart
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PCH

L (Jump H and L indirect —
move H and L to PC)

(PCH) — (H)

(PCL) — (b)

The content of register H is moved to the
high-order eight bits of register PC. The
content of register L is moved to the low-
order eight bits of register PC.

Cycles: 1
States: 6 (8085), 5 (8080)
Addressing: register
Flags: none

5.6.5 Stack, /0, and Machine Control Group

This

group of instructions performs /O, manipu-

lates the Stack, and alters internal controtl
flags.

Unless otherwise specified, condition flags are
not affected by any instructions in this group.

PUS

Hrp (Push)

((SP) — 1) — (rh)

((SP) — 2) — (1)

((SP) — (SP) — 2

The content of the high-order register of
register pair rp is moved to the memory
location whose address is one less than
the content of register SP. The content of
the low-order register of register pair rp is
moved to the memory location whose ad-
dress is two less than the content of
register SP. The content of register SP is
decremented by 2. Note: Register pair rp =
SP may not be specified.

I 17 T 1T 1
1 |rR PlO 1 0 1

Cycles: 3
States: 12 (8085), 11 (8080)
Addressing: reg. indirect
Flags: none
PUSH PSW (Push processor status word)

((SP) — 1) — (A)

((SP) — 2)o — (CY), ((SP) — 2); — X

((SP) — 2); — (P), (SP) — 2)3 — X

((SP) — 2)4 — (AC), ((SP) — 2)s — X

((SP) — 2)s — (2), ((SP) — 2)7 — (8)

(SP) — (SP) - 2 X: Undefined.

The content of register A is moved to the
memory location whose address is one
less than register SP. The contents of the
condition flags are assembled into a pro-
cessor status word and the word is moved
to the memory location whose address is
two less than the content of register SP.
The content of register SP is decremented
by two.

T j I ] I [
1 1 1 1 0 1 o] 1
Cycles: 3
States: 12 (8085), 11 (8080)
Addressing: reg. indirect
Flags: none
FLAG WORD

D; D Ds Ds D3 D Dy Do

S pA X |AC| X P X | CY

POP rp

X: undefined

{Pop)
{r) — ((SP))

(rh} — ((SP) + 1)
(SP) — (SP) + 2

The content of the memory location, whose
address is specified by the content of
register SP, is moved to the low-order
register of register pair rp. The content of
the memory location, whose address is one
more than the content of register SP, is
moved to the high-order register of register
rp. The content of register SP is in-
cremented by 2. Note: Register pair rp =
SP may not be specified.

I I I ] |
1 1 R P 0 0 0 1

Cycles: 3
States: 10
Addressing: reg.indirect

Fiags: none
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POP PSW (Pop processor status word)
(CY) — ((SP)o
(P)— ((SP))
(AC)— ((SP))4
(Z) — (SP)s
(S) — ((SP))7
(A) — (SP) + 1)
(SP) — (SP) + 2
The content of the memory location whose
address is specified by the content of
register SP is used to restore the condition
flags. The content of the memory location
whose address is one more than the con-
tent of register SP is moved to register A.
The content of register SP is incremented

SPHL (Move HL to SP)
(SP) — (H) (L )
The contents of registers H and L (16 bits)
are moved to register SP.

by 2.

Cycles: 3
States: 10
Addressing: reg. indirect
Flags: Z2,5,P,CY,AC

Cycles: 1
States: 6 (8085), 5 (8080)
Addressing: register
Flags: none
IN port (Input)
(A)—(data)

The data placed on the eight bit bi-
directional data bus by the specified port is
moved to register A.

XTHL (Exchange stack top with H
and L)

(L) —~ ((SP)

H) - (SP) + 1)

The content of the L register is exchanged
with the content of the memory location
whose address is specified by the content
of register SP. The content of the H register
is exchanged with the content of the
memory location whose address is one
more than the content of register SP.

| T I | | 1 I
1 1 0 1 1 0 1 1
port
Cycles: 3
States: 10
Addressing: direct
Flags: none
OUT port (Output)

(data) — (A)

The content of register A is placed on the

eight bit bi-directional

data bus for

transmission to the specified port.

| I | | T 1 I
1 1 0 1 0 0 1 1
[ [ 1 | I | |
1 1 1 0 0 o0 1 1 port
Cycles: 5 Cycles: 3
States: 16 (8085), 18 (8080) States: 10
Addressing: reg. indirect Addressing: direct
Flags: none Flags: none
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El (Enable interrupts)
The interrupt system is enabled following
the execution of the next instruction. Inter-
rupts are not recognized during the EI
instruction.

Cycles: 1
States: 4
Flags: none

NOTE: Placing an El instruction on the bus in
response to INTA during an INA cycle is pro-
hibited. (8085)

DI (Disable interrupts)
The interrupt system is disabled immedi-
ately following the execution of the DI in-
struction. Interrupts are not recognized
during the DI instruction.

Cycles: 1
States: 4
Flags: none

NOTE: Placing a DI instruction on the bus in
response to INTA during an INA cycle is pro-
hibited. (8085)

HLT (Halt)
The processor is stopped. The registers
and flags are unaffected. (8080) A second
ALE is generated during the execution of
HLT to strobe out the Halt cycle status in-
formation. (8085)

Cycles: 1+ (8085), 1(8080)
States: 5 (8085), 7 (8080)
Fiags: none

NOP (No op)

No operation is performed. The registers
and flags are unaffected.

Cycles: 1
States: 4
Flags: none

RIM (Read Interrupt Masks) (8085 only)

The RIM instruction loads data into the ac-
cumulator relating to interrupts and the
serial input. This data contains the follow-
ing information:

* Current interrupt mask status for the
RST 5.5, 6.5, and 7.5 hardware inter-
rupts (1 = mask disabled)

¢ Current interrupt enable flag status (1
= interrupts enabled) except im-
mediately following a TRAP interrupt.
(See below.)

e Hardware interrupts pending (i.e.,
signal received but not yet serviced),
on the RST 5.5, 6.5, and 7.5 lines.

e Serial input data.

Immediately following a TRAP interrupt,
the RIM instruction must be executed as a
part of the service routine if you need to
retrieve current interrupt status later. Bit 3
of the accumulator is (in this special case
only) loaded with the interrupt enable (IE)
flag status that existed prior to the TRAP
interrupt. Foliowing an RST 5.5, 6.5, 7.5, or
INTR interrupt, the interrupt flag flip-flop
reflects the current interrupt enable status.
Bit 6 of the accumulator (17.5) is loaded
with the status of the RST 7.5 fiip-flop,
which is always set (edge-triggered) by an
input on the RST 7.5 input line, even when
that interrupt has been previously masked.
(See SIM Instruction.)

Opcode: 0 0 1 0 0 0 0 0

Accumulator
Content
After RIM:| SID [17.5|16.5 | 15.5| IE |[M7.5|M6.5|M5.5

L - 1 J

—[Interrupt Masks
Interrupt Enable Flag
Interrupts Pending
Serial Input Data

Cycles: 1
States: 4
Flags: none
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SIM (Set Interrupt Masks) (8085 only)

The execution of the SIM instruction uses
the contents of the accumulator (which
must be previously loaded) to perform the
following functions:

e Program the interrupt mask for the
RST 5.5, 6.5, and 7.5 hardware inter-
rupts.

* Reset the edge-triggered RST 7.5 in-
put latch.

¢ | oad the SOD output latch.

To program the interrupt masks, first set ac-
cumulator bit 3 to 1 and set to 1 any bits 0,
1, and 2, which disable interrupts RST 5.5,
6.5, and 7.5, respectively. Then do a SIM in-
struction. If accumulator bit 3 is 0 when the
SIM instruction is executed, the interrupt
mask register will not change. If ac-
cumulator bit 4 is 1 when the SIM instruc-
tion is executed, the RST 7.5 latch is then
reset. RST 7.5 is distinguished by the fact
that its latch is always set by a rising edge
on the RST 7.5 input pin, even if the jump to
service routine is inhibited by masking.
This latch remains high until cleared by a
RESET IN, by a SIM Instruction with ac-
cumulator bit 4 high, or by an internal pro-
cessor acknowledge to an RST 7.5 interrupt
subsequent to the removal of the mask (by
a SIM instruction). The RESET IN signal
always sets all three RST mask bits.

If accumulator bit 6 is at the 1 level when
the SIM instruction is executed, the state
of accumulator bit 7 is loaded into the SOD
latch and thus becomes available for inter-
face to an external device. The SOD latch is
unaffected by the SIM instruction if bit 6 is
0. SOD is always reset by the RESET IN

signal.
7 0
I T I I I I T
Opcode: 0 0 1 1 0 0 0 0
Accumulator 7 6 5 4 3 2 1 0
Content
gfx'e SOD|SOE| X |R7.5|MSE|M7.5|M6.5|M5.5
[}
RST 5.5 Mask
RST 6.5 Mask
RST 7.5 Mask
I ! ' ——Mask Set Enable
b Reset RST 7.5 Flip-Flop
Undefined
SOD Enable
Serial Output Data
Cycles: 1
States: 4

Flags: none
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" Five clock peaod astruction fetch with 8080A
TThe langer machine cycle sequesice apples regardless of condition evaiuation with 8080A
eAn extra READ cycle [R) will occur for this condihien with 8080A.

8085A
8080A/8085A INSTRUCTION SET INDEX
Table 5-1
Instruction Code Bytes 008'5Asm;:)801\ Machine Cycles Instruction Code Bytes ﬁ";;w' Machine Cycles

ACI DATA CE data 2 7 7 FR LXI RP,DATA16 { 0ORP 0001 datal6 3 10 10 FRR
ADC REG 1000 188S 1 4 4 F MoV REG,REG 010D DSSS 1 4 5 F*
ADC M 8E 1 7 7 FR Mov M REG 01110888 1 7 7 Fw
ADD REG 1000 0SSS 1 4 4 F Mov REG,M 0100 D110 1 7 7 FR
ARD M 86 1 7 7 FR MVi REG,DATA | 000D D110 data 2 7 7 FR
ADI DATA CB data 2 7 7 FR MVI( M,0DATA 36 data 2 10 10 FRW
ANA REG 1010 0SSS 1 4 4 3 NOP 00 1 ) 4 F
ANA W AB 1 7 7 FR ORA REG 1011 0§SS 1 4 4 F
ANI DATA E6 data 2 7 7 FR ORA M BB 1 7 7 FR
CALL  LABEL CD addr 3 18 17 {SRRwWwW" ORI DATA F6 data 2 7 7 FR
cc LABEL DC aadr 3 9/18 | 1117 [SRe/SRRWW™ ouT PORT D3 data 2 10 10 FRO
CM LABEL FC addr 3 /18 | 11/17 |SRe/SRAWW® PCHL ES 1 [ 5 §*
CMA 2F 1 4 4 F PoP RP 11RP 0001 1 10 10 FRR
CcMC If 1 4 4 F PUSH  RP 11RP 0101 1 12 n Swwe
CMP REG 10111888 1 4 4 F RAL 17 1 4 4 F
cmp M 8E 1 7 7 FR RAR 1F 1 4 4 F
CNC LABEL D4 addr 3 9/18 | 11/17 |SRe/SRRWW® RC D8 ! 6/12 5/11 | S/SRR*
CNZ LABEL C4 addr 3 9/18 | 1117 |SRe/SRRWW" RET o] t 10 10 FRR
cp LABEL F4 addr 3 9/18 | 1117 |SRe/SRRWW" RIM (BOBSA anty) 20 1 ) - F
CPE LABEL £C addr 3 9/18 [ 11717 |SRe/SRRWW® RLC 07 1 4 4 3
cPl DATA FE data 2 7 7 FR RM F8 1 6/12 5/11 |S/SRR*
CPO LABEL E4 addr 3 9/18 | 11/17 |SRe/SRRWW*" RNC Do 1 8/12 8/11 [S/SRR"
cz LABEL CC addr 3 9/18 [ N7 |SRe/SRARWW®" RNZ co 1 6/12 5/11 |S/SRR*
BAA 27 1 4 4 F AP 2] ! 6/12 5/11 |S/SRR"
DAD RP 00RP 1001 1 10 10 |F88B RPE E8 1 6/12 5/11 |S/SRR*
OCcR REG 00sS S101 1 4 5 F* RPO EQ 1 612 5/11 fS/SRR*
OCR Ll 35 1 10 0 |FRW RAC OF 1 4 4 F
Dex RP 00RP 1011 1 6 5 s RST N TIXX X111 1 12 i Sww*
bl £3 1 4 4 F RZ cs 1 6/12 5/11 |S/SAR"
El FB 1 4 4 F SB8 REG 1001 1888 1 4 4 F
HLT 76 1 5 7 FB SB8 M 9E 1 7 7 FR
IN PORT 08 data 2 10 0 |FRI SBI DATA DE data 2 7 7 FR
INR REG 008§ §100 1 4 g E* SHLD  ADOR 22 addr 3 16 16 FRRWW
INR M 34 1 10 10 |JFRW SIM (B085A only) 30 1 4 - F
INX RP 00RPOOT) 1 ] 5 §" SPHL F9 1 6 5 s
Jc LABEL DA addr 3 710 W0 |FR/FARE STA ADDR 32 addr 3 13 13 FRRW
M LABEL FA addr 3 710 10 [FR/FRR! STAX RP 000X 0010 1 7 7 Fw
JMP LABEL C3 addr 3 10 10 |FRR sTC 37 1 4 4 F
JNC LABEL D2 addr 3 710 10 fFR/FRR! sus REG 1001 0SS 1 4 4 F
INZ LABEL €2 addr 3 7o 10 [FR/FRA! SuB M 96 1 7 7 FR
”» LABEL F2 addr 3 710 10 |FR/FAR! sut 0ATA D6 data 2 7 7 FR
JPE LABEL EA addr 3 o 10 |FR/FRRY XCHG EB 1 4 4 F
JPQ LABEL E2 addr 3 mno 10 |FR/F-RRT XRA REG 1010 188§ ! 4 4 F
iz LABEL CA addr 3 1710 10 |FRIFRAY XRA M AE \ 7 7 FR
LOA ADDR 3A addr 3 13 13 FRRR XR} DATA EE data 2 7 7 FR
LDAX RP 0gox 1010 1 7 7 FR XTHL E3 1 16 18 FRRWW
LHLD ADDR 2A addr 3 3 16 {FRRAR

Macline cycle types:

F Four clock penod instr terch

S Six clock peniod instr tetch

R Semory read

) 1/0 read

W Memory wnite

0] 1/0 wnite

8 Bus dle

X Vatiable or ophional hinary digit

000 Bunacy digits identitying 2 destnation regiter 8 -000,C - 0NY, 0 -010 Memory - 119

SSS Birary digtsidestiyimy 3 suLrzo register E:=011,H- 130, L-101 A- 111

RP Register Pawe [BJE — ?](: :: - 1110
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8085A CPU INSTRUCTIONS IN OPERATION CODE SEQUENCE

Table 5-2
op oP oP opP oP opP
CODE MNEMONIC |CODE| MNEMONIC { CODE | MNEMONIC | CODE|MNEMONIC | CODE | MNEMONIC | CODE MNEMONIC

00 NOP 2B OCX H 56 MOV  DM| 81 ADD C AC XBRA H D7 RST 2
01 X1 8,016 2C INR L 57 MOV DA | 82 ADD D AD | XRA L D8 RC

a2 STAX B 2D DCR L 58 MOv EB |83 ADD E AE XRA M D9 -

03 INX B 2E MVl L,D8 59 MOV EC | 84 ADD H AF XRA A DA |JC Adr
04 INR B 2F CMA 5A MOV ED| 85 ADD L 80 ORA B DB IN D8
05 DCR B 30 SIM 58 MOV EE | 86 ADD M B1 ORA C oC ccC Adr
06 MvI 8,08 31 LX) SP,Di6 5C MOV  EH | 87 ADD A B2 ORA D bD |-

07 RLC 32 STA Adr 50 MOV E.L | 88 ADC 8 83 ORA E OE SBt D8
08 - 33 INX SP 5€ MOV EMI 89 ADC C B4 ORA H DF RST 3
09 DAD B 34 INR M 5F MOV  EA | 8A ADC o} B85 ORA L EOQ APO

0A LDAX B 35 DCR M 60 MOV  H,B | 8B ADC E 86 ORA M et POP H
0B DCX B 36 MVI  M,D8 61 MOV HC | 8C ADC H 87 ORA A E2 JPO Adr
ocC INR C 37 STC 62 MOV HD| 8D ADC L B8 CMP 8 E3 XTHL

00 DCR C 38 — 63 MOV H,E | 8E ADC M 89 CcMmpP C E4 CPO Adr
0E Mvi C,D8 39 DAD §SP 64 MOV  HH | 8F ADC A BA CcMP D E5 PUSH H
OF RRC 3A LDA Adr 65 MOV ML | 90 sus B 88 cmp £ E6 ANI D8
10 - 38 DCX §P 66 MOV HM| 91 suB C BC CMP H E7 RST 4
1 LXt D,D16| 3C INR A 67 MOV HA| 92 sus o] BD CMP L €8 RPE

12 STAX D 3D DCR A 68 MOV t,B | 93 suB € BE cwp M €9 PCHL

13 INX D 3E MVI  A.D8 89 MOV L.C | 924 suB H BF CMP A EA JPE Adr
i4 INR o] 3F cMC 6A MOV LD 95 SuB L Cco RNZ EB XCHG

15 DCR D 40 MGV B.,B 68 MOV LE | 96 SUB A C1 POP B EC CPE Adr
16 MVI D,D8 41 MOV B,C 6C MOV LR | 97 suB A c2 JNZ Adr| ED -

17 RAL 42 MOV B.D 860D MOV L, | 98 SBB 8 C3 Jmp Adr| EE XRI 08
18 - 43 MOV B.E 6E MOV LM} 99 SBB C C4 CNZ Adr| EF RST 5
19 DAD D 44 MOV B.H 6F MOV LA | 9A sBB D CH PUSH B FO RP

1A LDAX D 45 MOV B.L 70 MOV MB | 98B SB8 E Cé AD! 08 F1 POP PSW
18 bpCXx D 46 MOV B M 7 MOV MC| 9C SBB H Cc7 RST 0 F2 JP Adr
1C INR E 47 MOV B.A 72 MOV M0} 9D SBB L Cc8 RZ F3 Ol

10 DCR € 48 MOV C.8 73 MOV M,E] 9E SBB M cY RET Adr| F4 cP Adr
1E MVI £,08 49 MOV C.C 74 MOV MH| 9F sBB A CA 3z F5 PUSH PSW
1F RAR aA MOV C,D 75 MOV ML | AQ ANA B ce - F6 ORI D8
20 RiM 48 MOV C.,E 76 HLT At ANA C cC cz Adr| F7 RST 6
21 LxI H,D16{ 4C MOV C.H 77 MOV MA| A2 ANA D CD CALL Adr| F8 /M

22 SHLD Adr 40 MOV C,L 78 MOV AB | A3 ANA  E CE ACI Bk} 9 SPHL

23 INX H 4€ MOV CM 79 MOV A C|{ A4 ANA H CF RST 1 FA UM Adr
24 INR H a4F MOV C,A 7A MOV  AD| AS ANA L Do RNC B El

25 DCR H 50 MOV DB 78 MOV  AE ] A6 ANA M D1 POP D FC CcM Adr
26 MVI H,D8 51 mMmov D,C 7C MOV AH| A7 ANA A D2 JNC Adr] FD -

27 DAA 52 MOV DD 7D MOV AL | A8 XRA B D3 ouT D8 FE CcPl 08
28 - 53 MOV D,E 7€ MOV A M| A9 XRA C D4 CNC Adr| FF RST 7
29 DAD H 54 MOV D H 7F MOV  AA| AA |XRA D 05 PUSH D

2A LHLD Adr 55 MOV D.L 80 ADD B8 AB XRA E 06 SUl 08

D8 - constant, or logical/arithmetic expression that evaluates
to an 8-bit data quantity.

Adr = 16-Dit address

D16 = constant, or togical/anthmetic expresston that evaluates
to a 16-bit data guantity,
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8085A

8085A INSTRUCTION SET SUMMARY BY FUNCTIONAL GROUPING

Table 5-3
lnstruction Code (1) Instruction Code (1)

Mnemanic  Description D7 Dg Ds Dg D3 Dz Dy Dg Page Mnemonic  Description D7 Dg Og Dg D3 D2 Dy Dg Page
MOVE, LOAD, AND STORE
MOVr1 2 Move reqister to register 0 1 D D D S S S 54 cz Call on zern 1 1 0 0 1 1 0 0 514
MOV M1 Moveregstertomemary 0 1 1 1 0 § S 5 ba oNZ Call an no zeco 1 T 0 0 0 1 0 0 5
MOV .M Move memory 1o register 1] 1 D D D 1 1 0 54 cP Call on positive 1 1 1 1 0 1 0 0 514
MV ¢ Move immediate register 0 6 0 D D 1 10 54 cM Cail on mmus i 1 1 1 1 1 0 0 51
MVI M Move immediate memory 0 a 1 1 0 1 10 54 CPE Call an panty even ! 1 1 0 1 1 0 0 514
LXI8 Load immediate register 0 0 0 0 0 0 0 1 54 cPO Call on parity odd 1 1 1 0 0 1 0 0 514

Par B & C RETURN
LX) 0 Load immediate reqister a 0 0 1 1] Q 0 1 55 RLT Return 1 1 0 0 1 0 0 1 514

Par D& E AC Return on carry T 1 0 v 1 0 0 0 514
LXIH Load unmediate register 0 a 1 0 0 4] 0 1 55 ANC Return on o carry 1 1 0 1 0 0 0 0 514

Pair H & L RZ Retura ou zero ' 1 0 6 1 0 0 0 b4
STAX B Store A indirect ] 0 0 0 0 0 1 0 56 ANz Return on no zers ) ' 0 0 o 0 0 0 514
STAX D Store A indirect ] 0 1) 1 1] 0 1 0 56 /P Return on positive \ 1 i 1 0 0 0 0 514
LOAXB  Load A indirect L L AM Return on munus [ R T U T SR S BT R Y
LOAX D Load A mndirect o0 0 005 RPE Return on panity even 11 0 1 000 s
STA Store A direct o0 o100 10 s RPO Return on panty odd T 1 1 0 0 0 0 0 514
LDA Load A diect 0 0 1 1 1 0 1 0 55 RESTART
SHLD Stare H & L direct ¢ 0 1 0 0 0 1 0 55

RST Restart 1 1 A A A i 1 1 514

LHLD Load H & L direct 0 0 1 0 1 0 1 0 55
XCHG Exchange 0 & E H & L i 1 1 0 1 0 1 1 56 INPUT/OUTPUT

Regrsters IN Input 1 T 0 1 1 0 11 516
STACK OPS out Output 1 o 1 0 0 1 1 516
PUSHB  Push reqster Pair B & 11 0 0 0 1 0 1 515 INCREMENT AND DECREMENT

C on stack INR ¢ fucrement register 0 0 0 0O B 1 0 0 58
PUSHD  Push register Pavr D & 1 0 1 0 1 0 1 515 DCA ¢ Decrement register 0 0 0 0O O 1 0 1 58

E on stack INR M Incremeat memory 0 0 1 1 0 1 0 0 58
PUSH H Push reqister Parr H & 7 1 1 0 0 1 1] 1 51% OCA M Decrement memaory ] hil 1 1 0 1 0 1 58

L on stack INX 8 Increment B8 & C 00 0 0 0 0 1 1 59
PUSH PSW  Push A and Flags 1 1 o1 0 0 1 515 registers

on stack INX D Increment 0 & E 6 0 o0 ' 0 0O 1 1 59
POPB Pop register Par B & 1 1 B} 0 [l 0 [\ 1 5% rugisters

C oftstack INX H Increment H & L 0 0 1 0 0 0 1 1 59
POPD Pop register Pair D & 1 10 1 0 0 6 1 515 reqisters

E ott stack

oCcx 8 Decrement B & C 0 0 0 0 1 0 1 1 59

POPH Pop reqister Par H & ] 1 1 0 V] 0 0 1 515

L oft stack 0ocxX o Decrement D & k 0 0 a 1 1 0 1 1 59
POPPSW  Pop A and Flags | S TS N N (SN N NS T OexH Hecrement H & L o0 0t 08

aff stack ADD
XTHL Exchanie tp of 1 11 0 0 8 11 516 ADD ¢ Add register to A 9 0 0 0 S S S 56

stack, H & L ADC Add reqisien to A T 0 8 0 1S S5 S 56
SPHL H & L 10 stack pointer 1 [ T T T | I S R A 1 vath carry
LXI 8P Load immedate stack o 0 1 1 00 0 1 &5 ADD M Add memory to A 1 o ¢ 0 v ! 10 56

pointer ADC Add memaory 1o A 1 1] 0 0 1 1 1 0 &7
INX SP Increment stack pointer 0 0 1 vt 0 0 1 1 53 with Larry
DeX SP Decrement stack 00 1 1 1 0 1 i 58 AD) Add immediate to A i 0 0 0 v o0 56

pointer ACH Add inmediate 1o A 1 10 0 1 1 10 57
JUMP with cotry
P Jamg unconditional . Vs 0 0 0 1 1 s DAD B AddB& CtoH & L 0 6 0 0 Y 0 0 1 59
I Jump on carry ) e 1 1 0 0 513 DAD D Add D & Eta H & L 0O 0 0 1 v 0 0 1 59
NG Jump 06 o carry ) Vs 1 0 0 0 o sn DAUH Add H& LT H &L 0 0 1 6 ! 0 0 1 59
1z Jump on rero . Vo 0 1 0 1 o s DADSP  Add stack paater fo 0 0 1 1 %0 0 1 59
INZ Jump on no zero 1 tr 0 0 0 0 1 0 513 et
P Jump on positive 1 11 1 0 0 v g 513 SUBTRACT
m Jump on minus . T T S SUB« Subtract tequster | T T N H S A Y
WPE Jump on party even 1 1 @ 0 0 1 0 513 \ trom A
190 S on panty odd . Vo o 0 o 1 o s SBH ¢ Sublract reyister from | I TR s s s 57

A with borrow

PeHL H & L 10 program Vo010 01 s SUB M Sublract memory I R E T R N R

counter fram A
CALL SBE 2 Subtract memory from | V| B 1 10 98
caLl Call unconditionat 1 ¢ 0 1t 0 1 513 A with horow
ce Call on carry 1 ! 0 1 1 ! ¢ 0 54 Sut Subtiact immediate 1 1 0 ' 0 1 o057

CNC Call on o carry 1 i 0 1 1} 1 0 0 513 feom A
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8085A INSTRUCTION SET SUMMARY (Cont’'d)

Table 5-3
Instruction Code (1) tastruction Code (1)

Mnemonic  Description Dy O 05 Dg D03 D2 Dy Dp Page Mnemanic  Description 0y Og Ds Da 03 Dz 0y Dp Page
$el Suttract ‘mmedizte ! § s 1 ! 1 0 5§ ARC Rotale A nght ] G d 3 ! ! 1 1 512

from A wih borrow RAL Rotate A igft through ¢ 0 0 1 0 1 1 502
LOGICAL carry
ANA© And register with A 1 1] 1 0 Q N S § 5§ RAR Rotate A right througn 0 il 0 1 1 1 i 1§92
XRA ¢ Exciusive OR register 1 0 i il 1 S b S 510 carry

with A

SPECIALS

0RA ¢ QR register vrth A 1 0 1 1 0 N N S 510
CHP 1 Compare regsteraain A 1 0 1 1 1§ S § 511 Lua Compement A . R R
ANAM  Aod memory with A 10 1 0 0 ' 1 g 510 sTC Set carry L e
XRAM  Exchsive OR memory (I R R SR S S N B tme Compiement cany L

with A 0AA Decrmai adjust A 0 0 ] 0 0 1 i v 59
ORAM OR memory with A 1 1) 1 1 0 1 1 o 5N CONTROL
CMP M Compare memury sath A 1 0 1 1 1 1 1 0 5N
AN Andegesate i A 1 1 Y 00§ i 1 0 510 &l Erabie inteiupts L
XR! Exclusive OR immediate 1 1 1 i} 1 1 { 0 510 of Disabie Intecrupt } ! ! ) 0 g ! -y

with A NOP Ko-operation 0 0 1} 1] i} 0 Q 0 57
0RI 0R immedrafe with A i LA R T R HLY Halt [ L R -
CPI Compare inmediate ] 1 1 1 1 1 1 0 5t

with A NEW 8085A INSTRUCTIONS
ROTATE Rit Read Irterrupt VWask [ i} 1 i 4 |4 0 0 517
RLC Rotate A left 0 0 0 9 0 1 i 161 SiM Set Interrupt ask 0 0 1 i 0 Q 0 0 518

NOTES: 1. DDS or $8S: 8 000, C 601, 0 010, EQVI, H 100, L 101, Memory 110, A 171,

2. Two possible cycte times, (6/12} indicate instruction cycles dependent 0a candition Hags
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APPENDIX D
Data Sheets

The following pages are reprinted with
the permission of Motorola, Intel,
Monolithic Memories, Texas Instruments,
Western Digital Corporation, Advanced
Micro Devices, Fairchild, and Hitachi.
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Data Sheet Index
MAIN BOARD
PART MODEL DESCRIPTION PAGE
NUMBER NUMBER NUMBER
443-970 6665 Dynamic RAM D.4
443-1010 8085A-2 Single Chip 8 BIT N-Channel D.21
Microprocessor
443-1012 8259A Programmable interrupt Controller D.37
443-1014 68A21 Peripheral Interface Adapter D.56
443-1040 9602 Dual Retriggerable Resettable D.67
Monostable Multivibrator
443-1061 2661 Enhanced Programmable D.74
Communications Interface
443-1066 8253 Programmable Interval Timer D.94
444-126 PAL16L8 Memory Timing Control D.105
444-128 PAL12H6 Processor Swap D.105
444-129 PAL16L2 PROM Address Decode D.105
444-130 PAL14L4 Memory HIADS Decode D.105
444-9018 27821 1024 Bit Generic Series D.116
Bipolar PROM
444-9019 27819 Bipolar PROM D.122
444-9027 2764 UV Erasable PROM D.128
444-9031 8741A Universal Peripheral Interface D.134
VIDEO LOGIC BOARD
PART MODEL DESCRIPTION PAGE
NUMBER NUMBER NUMBER
443-1013 68A45 CRT Controller D.146
444-9011 TBP18522 PROM D.176
443-970 6665 64K Dynamic RAM D.4
443-1106 6633 32K Dynamic RAM D.219
FLOPPY DISK CONTROLLER BOARD (Z-207)
PART MODEL DESCRIPTION PAGE
NUMBER NUMBER NUMBER
443-997 1790 Floppy Disk Formatter D.184
443-998 1691 Floppy Support Logic D.207
443-1000 2143 Four Phase Clock Generator D.215
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Main Board
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(M/ MOTOROLA

SEMICONDUCTORS

3501 ED BLUESTEIN BLVD . AUSTIN. TEXAS 78721

MCM6665A

64K BIT DYNAMIC RAM

The MCMGB665A 15 a 65,536 bit, high-speed, dynamic Random-
Access Memory. Organized as 65,536 one bit words-and fabnicated
using HMOS high-performance N-channel siicon-gate technology, this
new breed of 5 volt only dynamic RAM cominnes high performance
with low cost and improved rehaoility

By muitiplexing row- and column-address inputs, the MCMBE65A
requires only eight address hnes and permits packaging in standard
16-pin dual-in line packages. Complete address decoding is done on
chip with address latches incorporated. Data out s controlled by CAS
allowing for greater system flexibility

All mputs and outputs, inciuding clocks, are fully TTL compatible
The MCMG6G665A incorporates a one transistor cell design and dynamic
storage techmques.
® Organized as 65,536 Words of 1 Bit
® Single +5 V Operation (+10%)
® Full Power Supply Range Capabilities
® Maximum Access Time

MCMB665A-12 =120 ns
MCMBBEHA-15 = 150 ns
MCMB665A- 20 = 200 ns
® {ow Power Dissipation
302.5 mW Maximum (Active) (IMCMGE6ELA-15)
22 mW Maximum (Standby)
Three-State Data Output
Internal Latches for Address and Data Input
Early-Write Cornmon /O Capability
16K Compatible 128 Cycle, 2 ms Refresh
RAS-only Refresh Mode
CAS Controlied Output
Upward Pin Compatible from the 16K RAM (MCM4116, MCM45H17)
Fast Page Mode Cycle Time
Low Soft Error Rate <0.1% per 1000 Hours (See Soft Error Testing)

MOS

(N-CHANNEL, SILICON-GATE)

65,536-BIT
DYNAMIC RANDOM ACCESS
MEMORY

P SUFFIX
PLASTIC PACKAGE
CASE 648

L SUFFIX
CELRAMIC PACKAGE
CASE 690

BLOCK DIAGRAM

- Ve
“Vgs
Precharge
Clock Memory 5 Memory

A0>» ¢ Array ISt Array o

X g 5

@ o0 R
Al > & - O e

= Row Decoder £ Row Decoder < RAS
a2 > = 2 £ leTas

@ Memory O Memory &
A3 2 Array Array Ol Write, W

=) ©

a3 o

- (@] o § *

Ad < Memory Memory = <~ REFRESH

5 -

2 Array @ Arra Q
Ab = 5 s v O e Data In, D
A6 —» ﬁ How Decoder o Row Decoder I ’_> Output

— j=s

5 £ o Data, O
A7 ™ g Memory 2 Memory =

Precharge Array o Array
Clock

* Retresh Function Available on MCM6664A

PIN ASSIGNMENT

PIN NAMES
AO A7 Address input
D Datan
Q Data Out
W Read/Write Input
RAS Row Address Strobe
CAS Cotumn Address Strobe
Vee Power {+5V)
Vsg Ground

This device contains circuitry to protect the
inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken to
avoid appiication of any voltage higher than
maximum rated voltages to this high-
impedance circuit.

DS-9863
{Replaces ADI 876)

OMOTOROLA INC | 1982
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MCMB6665A
ABSOLUTE MAXIMUM RATINGS (See Note) FIGURE 1 — OUTPUT LOAD
Rating Symbol Value Unit 5v
Voltage on Any Pin Relative to V5§
{except Ve i) Vin. Vout —21t0 +/ \ 9700
Voltage on Vo Supply Relative 1o Vgg vee —lto +7 v a
Operating Temperature Range Ta Cto +70 °C
Storage Temperature Range Tsig —651t0 + 160 °C
Power Dissipation PD 1.0 W 100 pF* 12 k2
Data Out Current fout 50 mA

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERATING =
CONDITIONS. Exposure to higher than recommended voltages for extanded penods

. “Inctudes Jig Capacitance
ot time could affect device reliability.

DC OPERATING CONDITIONS AND CHARACTERISTICS

(Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED CPERATING CONDITIONS

Parameter Symbol | Min | Typ Max Unit | Notes
Supply Voltage MCMB66HA-12, -15, 20 Ve 45 5.0 5.5 \ 1
Vs 0 0 0 v 1
Logic 1 Voltage, All Inputs VIH 24 — |Vee+1| V i
Logic O Voltage, All Inputs ViL -10"| — 0.8 \ 1

* The device will withstand undershoots 1o the — 2 volt level with @ maximum pulse width of 20 ns at the — 1.5 volt level. This is periodically
sampled rather than 100% tested.

DC CHARACTERISTICS

Characteristic Symbol | Min | Max | Units | Notes
Ve Power Supply Current (Standby) [feley) - 40| mA 5
Ve Power Supply Current
6665A-12, trc=2%0 ns - 60
6665A-15, trc =270 ns lcct - 5 | mA 4
6665A-20, tgc =330 ns = 50
Ve Power Supply Current During RAS only Refresh Cycles
6665A-12, tgc =250 ns - 50
6665A-15, trc =270 ns lcea - 45 | mA 4
6665A-20, tyc =330 ns — 40
Vce Power Supply Current During Page Mode Cycle for 1gag =10 usec
6665A-12, tpc=tpp=120 ns - 45
B665A-15, tpc=tpp=145ns Icca - 40 | mA 4
B6665A-20, tpc=tgp =200 ns — 35
Input Leakage Current iVgg <V p<Vecl L - 10 rA -
Output Leakage Current {CAS at logic 1, Vgg < Vo 1=Veg) 0L - 10 | wA -
Output Logic 1 Voltage @ o 1= —4 mA VOH 2.4 - vV -
Output Logic 0 Voltage @ lgy:= 4 mA VoL ~ 0.4 \ -
CAPACITANCE (t=1.0 MHz, TA=25°C, Vcc=5 V Penodically Sampled Rather Than 100% Tested)
Parameter Symbol | Typ | Max | Unit | Notes
Input Capacttance (AQ-A7), D n 3 5 pF 7
Input Capacitance RAS, CAS, WRITE C(2 6 8 pF 7
Output Capacitance (Q), (CAS = V| to disable output) Co 5 7 pF 7

NOTES: 1. All voltages referenced to Vgg

2. Vi min and V| max are reference levels for measunng timing of mput signals Transition times are measured between V| and
Vi _

3 An.mtial pause of 100 us 1s required after power-up followed by any 8 RAS cycles betore proper device operation 1s guaranteed

4. Current 1s a function of cycle rate and output loading, maximum current 1s measured at the fastest cycle rate with the output
open

5 RAS and CAS are both at a logic 1

6. The transition time specification applies for all inputs signals. In addition to meeting the transition rate specification, all input
signals must transmit between Vi and V| {or between V| and V|gy) 1n a mongctonic manner. 1AL

7 Capacitance measured with a Boonton Meter or effective capaciance calculated from the equation: C:E

@ MOTOROLA Semiconductor Products Inc.
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MG665A

AC OPERATING CONDITIONS AND CHARACTERISTICS (RRead. Wite, and Read Modify-Wrnite Cycles)
(Full Operating Voltage and Temperature Range Unless Otherwise Noted, See Notes 2, 3, 6, and Figure 1)
6665A-12 B6665A-15 6665A-20

Parameter Symbol { Min | Max | Min | Max | Min | Max [Units| Notes
Random Read or Write Cycle T e 1R 250 270 330 s 8,9
Read Wr e Cvoe Time tRWE | 255 - 280 - 345 - ns g 9
Access Time trom Row Aadress Strobe IRAC 120 150 - 200 ns co12
Access Time Colurr Address Strobe AL 60 7% o0 ns oz
Qutout Butfer ang Turr- O Deiay IOFF 0 XY 0 30 0 40 ns 18
Row Address Strobe Precharge Time typ 100 100 - 120 - ns -
Row Address Strobe Pulse Width RAS 120 110000 | 150 | 10000 [ 200 [10000 | ns -
Column Address Strobe Pulse Width CAS 60 1100001 75 (10600 | 100 |10000 | ns
Row to Column Strobe Lead Time WD 25 60 30 75 35 100 | ns 13
Row Address Setup Time TASR 0 0 - 0 — ns
Row Address Hold Time TRAH 14 20 - 25 - ns -
Column Address Setup Time TASC 0 0 Q0 ns
Column Address Held Time tCAH 25 - 35 45 - ns
Column Address Hold Time Referenced 1o RAG AR 85 - 9% - 120 - ns 17
Transition Time {Rise and Fall! 17 3 50 3 50 3 50 ns
Read Command Setup Time 1RO O - 0 0 ns -
Read Command Hold Time IRCH 0 0 0 ns 14
Read Command Hold Time Referenced to RAS iy | O 0 - 0 - ns 14
Write Command Hold Time WOH 24 35 45 - ns -
Write Command Hold Time Referenced to RAS wepr | 8y 95 - 120 | - ns 17
Write Command Pulse Width e h 35 a5 - ns -
Write Command to Row Strobe Lead Time TRWI 410 - 45 55 ns -
Write Command to Column Strobe Lead Time oWt 40 45 - 55 - ns -
Data in Setup Tirne 151 0 0 - 0 ns 15
Data in Hold Time OH 25 - 35 45 - ns 15
Data in Hold Time Referenced to RAS OHR 8h - 95 - 120 - ns 17
Column to Row Strobe Precharge Tirme 1CRY 0 - - 10 - -10 - ns -
RAS Hold Time ipsy |60 - 75 - 100 ns -
Refresh Period IRESH 20 - 20 - 20 ms -
WRITE Command Setup Time WS 10 -10 - -10 | - ns 16
CAS to WRITE Delay ewp | 40 - a5 - 55 - ns 16
RAS 1o WRITE Delay tRwD | 100 120 | - 156 § - ns 16
CAS Hold Time CSH 120 - 150 200 ns -
CAS Precharge Time (Page Mode Cycle Only! cp 50 - 60 - 80 - ns
Page Mode Cycle Time pg 120 145 2000 ns -

8. The specifications for tgc (min), and tRw (min} are used only to indicate cycle time at which proper operation over the full
temperature range {0°C<Ta <70°C} is assured.

9. AC measurements t7=5.0 ns.

10. Assumes that tRcp <trcp (max)

11, Assumes that IRCDZ IRCD Imax!

12. Measured with a current load equivalent to 2 TTL { - 200 gA, +4 mAl 0ads and 100 pF with the data output tnip points set at
VoH=20Vand Vo =08V

13. Operation withir the tRCD (max! limut ersures that tRAC (maxl can be met R (max! 1s specified as a reference poit only, if
tRCD s greater than the specified trcpimax) hmit, then access time s control ed exclusivery by 'CAC

14. Either tRRH OF IRCH Must be satistied for a read cycle

15. These parameters are referenced to CAS leading edge in random wnite cycles and 1o WRITE leading edge in delayed write or read-
modify-write cycles.

16. tws. tcwD and tRwpD are not restrictive operating parameters  They are included in the data sheet as electrical characternstcs
only; if hwes=twes (min), the cycle 1s an early write cycle and the data out pin will remain open circuit {high impedance)
throughout the entire cycie, iIf toywp 2 tewD (mint and tRwp = tRwD (min), the cycle 1s read-write cycle and the data out will
contain data read from the selected cell; it neither of the above sets of conditions s satisfied, the condition of the data out {at ac-
cess time) 1s indeterminate.

17. tAR MIn < tAR = IRCD + 'CAH
IDHR Min < IDHR = RCD *+ DH
WCR MmN = WCR = 'RCD *+ 'WCH

18. taff (max) defines the time at which the output achieves the open circuit condition and 1s not referenced 10 output voltage levels

@ MOTOROLA Semiconductor Products Inc.
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READ CYCLE TIMING
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PAGE MODE READ CYCLE
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RAS-ONLY REFRESH CYCLE
(Data-in and Write are Don't Care, CAS is HIGH)
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TYPICAL CHARACTERISTICS

FIGURE 2 — RAS ACCESS TIME versus SUPPLY VOLTAGE FIGURE 3 — CAS ACCESS TIME versus SUPPLY VOLTAGE
13r - — ~ - -
R N L]
s 12 1 t + 3 + s N + + + +
= (1.0~ tRACBVCC-5 V. IA-ZS"C)J b N | 10-1cAc@VCC-5V. Ta-25°0)
] L. - - A — =12 N o
I L
g 11 \ l E N
g | S~ . : SRR : \\
20l 1N , oo z N\ \\
v \ Ta=70°C 9 N ~ Ta-70°C
<A S M 290 ™ M, ]
™ ~ g N
= < N
|2 08 Ta-25°C 1% S
o 4 - ¢+ 4 09 ~—TA-25°C
= Ta-0°C = - ~~—
~ 08— I n O '
[ o8 Tp-0°C
4 45 5 55 6 ’ 4 45 5 55 6
Ve, SUPPLY VOLTAGE (VOLTS) Ve, SUPPLY VOLTAGE (VOLTS)
FIGURE 4 — RAS ACCESS TIME versus FIGURE 5 — CAS ACCESS TIME versus
AMBIENT TEMPERATURE AMBIENT TEMPERATURE
12— T r ] 1.2
_ [ [ [ ] [ [ L] —]
2 (1.0=tRACOVCC=4.5V, TA-25°C) ] (1.0=tcAC@VCC=4.5V, TA=25°C)
E 11 pece + “—7/ g 1 //
=3 -
= L1 = Pt
(<3 o
2, P =
WL + o o 1.0
S r al S o
- =
a a
& 09 é 09
w08 <08 B
N 1 3 |
0 20 40 60 80 0 20 40 60 80
TA, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C)
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ICC1, ACTIVE SUPPLY CURRENT (mA} I 1, ACTIVE SUPPLY CURRENT (mA)

IcC1, ACTIVE SUPPLY CURRENT (mA)

TYPICAL CHARACTERISTICS {continued)

FIGURE 9 — Iccy SUPPLY CURRENT

FIGURE 8 — Icct SUPPLY CURRENT versus CYCLE RATE versus SUPPLY VOLTAGE
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FIGURE 12 — Icc1 SUPPLY CURRENT

versus AMBIENT TEMPERATURE (min RAS) FIGURE 13 — Icc2 SUPPLY CURRENT versus SUPPLY VOLTAGE
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TYPICAL CHARACTERISTICS {continued)

FIGURE 14 — Icco STANDBY CURRENT
versus AMBIENT TEMPERATURE
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FIGURE 16 — ADDRESS INPUT LEVEL versus SUPPLY VOLTAGE
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SOFT ERROR TESTING

The storage cell depletion regions as well as the sense
amplifier and its associated bit lines are susceptible to charge
collection of electrons from an alpha "hit.” However, the
susceptibility of these vulnerable regions varies. Depleted
storage cells are vulnerable at all times, whereas the sense
amplifiers and associated bit lines are susceptible only during
the small portion of the memory cycle just prior to sensing.
Hence, an increase in the frequency of dynamic RAM access
will cause a corresponding increase in the soft error rate.

To take this memory access dependency into account, the
total soft error rate profile includes a cycie time component
The soft error rate due to bit line hits at the system’s memory
cycle rate is added to the soft error rate due to storage cell
hits which are not frequency dependent. Figure 18illustrates
tne impact that frequency of access has on the
MCMB664A/MCMBB65A overall soft error rate.

Under normal operating conditions, the die will be expos-
ed to radiation levels of less than 0.01 alpha/cm2/hr. Ac-
celerated soft error testing data is generated from at feast
three high-intensity sources having an Alpha Flux Density
range of 1x 105 1o 6x 105 (alpha/cm2hr} placed over un-

@ MOTOROLA Semiconductor Products Inc.

FIGURE 15 — Icc3 SUPPLY CURRENT versus CYCLE RATE
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coated die. Figure 19 shows the soft error rate for a given
alpha flux density at a cycle rate of 100 kHz. The accelerated
data of Figures 18 and 19 project that the soft error rate for
package level radiation will be less than 0.1% /1000 hours.

SYSTEM LIFE OPERATING TEST CONDITIONS

1

Cycle time: 1 microsecond for read, write and refresh

cycles
2) Refresh Rate: 1 millisecond
3) Voliage: 5.0 V
4) Temperature: 30° C +2° C (ambient temperature inside
enclosure}
5) Elevation: Approximately 620 feet above mean sea level
6) Data Patterns: Write the entire memory space sequential-

ly with ali ""1"”s and then perform continuous sequential
reads for 6 hours. Next, write the entire memory space
with all “"0"s sequentially and then perform continuous
sequentia! reads for 6 hours. Next, go back to the ali "1"'s
pattern and repeat the sequences all over agair.
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FIGURE 18 — ACCELERATED SOFT ERROR
versus CYCLE TIME
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FIGURE 20 — RAS/CAS CYCLE
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FIGURE 22 — RAS ONLY CYCLE
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FIGURE 18 — SOFT ERROR RATE versus
ALPHA FLUX DENSITY
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FIGURE 23 — PAGE MODE CYCLE
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DEVICE INITIALIZATION

Since the 84K dynamic RAM is a single supply 5 V only
device, the need for power supply sequencing is no longer
required as was the case in older generation dynamic RAMs,
On power-up an initial pause of 100 microseconds is required
for the internal substrate generator pump to establish the
correct bias voltage. This is to be followed by a mirimum of
eight active cycles of the row address strobe {clock) to
initialize the various dynamic nodes internal to the device.
During an extended inactive state of the device (greater than
2 ms with device powered up) the wake up sequence (8
active cycles! will be necessary to assure proper device
operation. See Figures 25, 26 for power on characteristics of
the RAM for two conditions (clocks active, clocks inactive).

The row address strobe is the primary “‘clock’ that
activates the device and maintains the data when the RAM is
in the standby mode. This is the main feature that distin-
quishes it as a dynamic RAM as opposed to a static RAM. A
dynamic RAM is placed in a low power standby mode when
the device receives a positive-going row address strobe. The
variation in the power dissipation of a dynamic RAM from
the active to the standby state is an order of magnitude or
more for NMOS devices. This feature is used to its fullest ad-
vantage with high density mainframe memory systems,
where only a very small percentage of the devices are in the
active mode at any one time and the rest of the devices are in
the standby mode. Thus, large memory systems can be
assembled that dissipate very low power per bit compared to
a system where all devices are active continuously.

ADDRESSING THE RAM

The eight address pins on the device are time multiplexed
with two separate 8-bit address fields that are strobed at the
beginning of the memory cycle by two clocks {active
negative) called the row address strobe and the column

FIGURE 25 — SUPPLY CURRENT versus SUPPLY
VOLTAGE DURING POWER UP, RAS, CAS=Vcc

vee

lcc

0.5 s/ Div Time (us)
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address strobe. A total of sixteen address bits will decode
one of the 65,536 cell locations in the device. The column
address strobe follows the row address strobe by a specified
minimum and maximum time called “tRrcp,” which is the
row to column strobe delay. This time interval is also referred
to as the multiplex window which gives flexibility to a system
designer to set up his external addresses into the RAM

These conditions have to be met for normal read or write
cycles. This initial portion of the cycle accomplishes the nor-
mal addressing of the device. There are, however, two other
variations in addressing the 64K RAM: one is called the page
mode cycle (described later) where an 8-bit column address
field is presented on the input pins and latched by the CAS
clock, and the other is the RAS only refresh cycle (described
later) where a 7-bit row address field is presented on the in-
put pins and latched by the RAS clock. In the latter case, the
most significant bit on Row Address A7 (pin 9} is not re-
quired for refresh. See bit address map for the topology of
the cells and their address selection.

NORMAL READ CYCLE

A read cycle ts referred to as normal read cycle to differen-
tiate if from a page-mode-read cycle, a read-while-write
cycle, and read-modify-write cycle which are covered in a
later section

The memory read cycle begins with the row addresses
valid and the RAS clock transitioning from V|n to the V(L
level. The TAS clock must also make a transition from Vi to
the V) level at the specified trcp timing limits when the
column addresses are latched. Both the RAS and TAS
clocks trigger a sequence of events which are controlled by
several delayed internal clocks. Also, these clocks are linked
in such a manner that the access time of the device is in-
dependent of the address multiplex window. The only
stipulation is that the CAS clock must be active before cr at

CURRENT WAVEFORMS

FIGURE 26 — SUPPLY CURRENT versus SUPPLY
VOLTAGE DURING POWER UP, RAS, CAS =Vgsg

vee

lcc

0.5 us/Div Time (us}
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the trcp maximum specification for an access {data valid)
from the RAS clock edge to be guaranteed (tRAC!. If the
tRCD maximum condition 1s not met, the access (tCAC)
from the CAS clock active transition will determine read ac-
cess time. The external CAS signal is ignored until an inter
nal RAS signal 1s available, as noted in the functionat block
diagram, Figure 24. This gating feature on the CAS clock will
allow the external CAS signal to become active as soon as
the row address hold time (tg o} specification has been met
and defines the tgcp minimum specification. The time dif
ference between tgcp Minimum and tRCH Maximum can be
used to absorb skew delays in switching the address bus
from row to column addresses and in generating the CAS
clock

Once the clocks have become active, they must stay active
for the minimum (1RAS) period for the RAS clock and the
minimum (tcag) perod tor the CAS clock. The RAS clock
must stay inactive for the minimum (tgp} time. The tormer 1s
for the completion of the cycle in progress, and the latter 1s
for the device internal circuitry to be precharged for the next
active cycle

Data out s not latched and s vahd as fong as the CAS
clock 15 active; the output will switch to the three-state mode
when the CAS clock goes inactive. The CAS clock can re-
main active for a maximum of 10 ns (1cRp! mto the next
cycle. To pertorm a read cycle, the write (W) input must be
held at the V|4 level from the tme the CAS clock makes 1ts
active transition (tRcg! to the tme when it transitions nto
the inactive {tRCH) mode.

WRITE CYCLE

A write cycle is simiar to a read cycle except that the Write
(W) clock must go active (V| levell at or before the CAS
clock goes active at a minimum tywCs tme. i the above
condition 1s met, then the cycle in progress is referred to as a
early write cycle. In an early write cycle, the write clock and
the data in is referenced to the active transition of the CAS
clock edge There are two important parameters with respect
to the write cycle: the column strobe to wnte lead time
(tow ) and the row strobe to write lead ume (tpyy} These
detine the minimum time that RAS and CAS clocks need 10
be active after the write operation has started (W clock at
ViL level)

It 15 also possible to perform a late write cycle. For this
cycle the write clock 1s activated after the CAS goes low
which is beyond tw s minimum time. Thus the parameters
tcwl. and tgw L must be satisited before terminating this
cycle. The difference between an early write cycle and a late
write cycle is that in a late write cycle the write (W) clock can
occur much later in time with respect to the active transition
of the CAS clock. This time could be as long as 10
microseconds — [tpwi 4+ tRp t 2Ty

At the start of a write cycle, the data outis in a three-state
condition and remains inactive throughout the cycle. The
data out remains three-state because the active transition
of the write (W) clock preverits the CAS clock from enabling
the data out butfers as noted in Functional Block Diagram
The three-state condition (high impedance} of the Data Out
Pin during a write cycle can be effectively utilized in a system
that has a common input/output bus. The only stipulation is
that the system use only early write mode operations for all
write cycles to avoid bus contention

@ MOTOROLA Semiconductor Products Inc.

READ-MODIFY-WRITE AND READ-WHILE-WRITE CYLES

As the name implies, both a read and a write cycle is ac-
complished at a selected bit during a single access. The read-
modify write cycle is similar to the late write cycle discussed
above.

For the read-modify-write cycle a normal read cycle is in-
itiated with the write (W) clock at the Vin level until the read
data occurs at the device access time (tRac) At this time
the write (W) clock 1s asserted. The data in is setup and held
with respect to the active edge of the write clock. The cycle
described assumes a zero modify time between read and
write

Another variaton of the read-modify-wrnite cycle is the
read-while-write  cycle. For this cycle, the following
parameters (tRWD. tCwD! play an important role. A read-
while write cycle starts as a normal read cycle with the write
(W) clock being asserted al minimum tRWD Of minimum
tcwpD time, depending upon the application. This results in
starting a write operation to the selected cell even before
data ‘out occurs. The minimum specificatton on tRywp and
tcwD assures that data out does occur. In this case, the
data m is set up with respect to wrte (W) clock active edge

PAGE-MODE CYCLES

Page mode operation allows faster successive data opera-
tons at the 256 column locations. Page access (tcac) s
typically haif the regular RAS clock access (tRac) on the
Motorola 64K dynamic RAM. Page mode operation consists
of holding the RAS clock active while cycling the CAS clock
to access the column locations determined by the 8-bit
column acldress field. There are two controlling factors that
limit the access to all 256 column locations in one RAS clock
active operation. These are the refresh interval of the device
(2 ms/128 =156 microseconds) and the maximum active
time specification for the RAS clock (10 microseconds)
Since 10 microseconds is the smalter value, the maximum
spectficatron of the RAS clock on time 1s the himiting factor
of the number of sequential page accesses possible. Ten
microseconds  witl  provide  approximately (10 micro
seconds/ page mode cycle tmel 50 successive page accesses
for every row address selected before the RAS clock 1s reset

The page cycle s always initiated with a row address being
provided and latched by the RAS clock, followed by the
column address and CAS clock. From the timing ilustrated,
the intial cycle 1s a normal read or wnite cycle, that has been
previously described, followed by the shorter CAS cycles
(tpch. The CAS cycle time (tpc) consists of the CAS clock
active time (1cag), and CAS clock precharge time (tcp) and
two transitions. in addition to read and write cycles, a read
modify-write cycle can also be performed in a page mode
operation. For a read-modify write or read while-write type
cycle, the conditions normal to that mode of operation will
apply 1in the page mode also. The page mode cycles il
lustrated show a series of sequential reads separated by a
series of sequental writes. This is just one mode of opera
tion. In practice, any combination of read, write and read-
modify-write cycles can be performed to suit a particular
application. .

REFRESH CYCLES

T'he dynamic RAM design 1s based on capacitor charge
storage for each bit in the array. This charge will tend to
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MCMBB65A

MCM4116

vVee

[ Vss
0 CAS
1!
l A6
b A3
] A4
) A5

1 A7

degrade with time and temperature. Therefore, to retain the
correct information, the bits need to be refreshed at least
once every 2 ms. This is accomphshed by sequentially
cycling through the 128 row address locations every 2 ms, or
at least one row every 156 microseconds. A norma! read or
write operation to the RAM will serve to refresh all the bits
(266) associated with that particular row decoded.

RAS Only Refresh — When the memory component is in
standby the RAS only refresh scheme 15 employed. This
refresh method performs a RAS only cycle on all 128 row
addresses every 2 ms. The row addresses are latched in with
the RAS clock, and the associated internal row locations are
refreshed. As the heading implies, the CAS clock is not re-
quired and should be inactive or at a Vi ievel to conserve

power.

PIN ASSIGNMENT COMPARISON

MCM45T7

A6
A3
a4
AS
N/C

aerREsH @~ 18h vss

D Q2 15 CAS
w3 4pQ
RAS 4 1301 A6
A0gs 12h A3
A2Q}6 np a4
Az 10 A5
Vee B8 9p A7

PIN VARIATIONS

MCMB632A

P Vss
bc_Aé
b Q
] A6
h A3
1R A4
b AL

A7

PIN NUMBER MCM4116 MCM4517 MCM6632A MCMB6663A MCMG664A MCM6665A
1 vagl~5 V) N/C REFRESH N/C REFRESH N/C
8 Vopl+12v) vce vVee Ve vee vee
9 Veel+5 V) N/C A7 A7 A7 A7

MOTOROLA Semiconductor Products Inc.
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PACKAGE DIMENSIONS

MILLIMETERS INCHES

piM[ MIN [ MAX | _MIN_| MAX
A [ 2007 [ 2057 [ 0790 0.810
B | 7.17] 762 0.280 [ 0300
L SUFFIX C | 2671 4.19] 0.105] 0.165
CERAMIC PACKAGE D | 038 ] 053] 0.015] 0.021
CASE 690-13 f { 076 ] 157 0.030] 0.060
G | _254BsC 0.100 BSC
H | 076 [ 1.78] 0.030 ] 0.070
3] 0201 030] 00081 8012
K | 3.8 5.08] 0.1256] 0.200
L] 76285C 0.300 BSC
R M| - Tee - | too
c F N | 038 ] 1.52] 0.015] 0.060
o i NOTES
B 1 1. A AND B AREDATUMS.
. 2. T ISSEATING PLANE
K Y 3. POSITIONAL TOLERANCE FOR LEADS (D).

T *“ 3 [3]9 025 (0010@[ T[A @[ B B]
‘ - \‘ M\/ 4. DIMENSION L TO CENTER OF LEADS
WHEN FOKRMED PARALLEL
5. DIMENSIONING AND TOLERANCING
PER ANSI Y145, 1973.

AN ANANANON AN AN MILLIMETERS]  INCHES
* ’ MIN | MAX | MIN | MAX

{ DM
iy 8 A [ 18.80 [ 2134 0.740 | 0.840
O B ] 5.10 | 6.60 | 0.240 | 0.260
; o P SUFFIX C | 406 | 508 | 0.160 | 0.200
VEVACESECRCEG RS PLASTIC PACKAGE D | 038 | 053 | 0.015 | 0.02]
el \ OPTIONAL LEAD CASE 648-05 F_[1.02 | 1.78 | 0.040 [ 0.070
CONFIG. (1, 8,9, & 16) 6 [ 25a85¢ 0.100 BSC
Powias - W[ 098 ] 247 [ 0015 ] 0.09
A NOTE 5 L 7 170.20 ]0.38 [ 0.008 | 0.015
I‘* A.‘ K[ 797 1 343 [ 0115 [ 0,135
7 L | 7.62B5C .300[ BSC
] ‘ M| 60 [ 169 | 00 [ 10¢
ST + / \\ ). LEADS WITHIN 0.13 mm N [ o051 [ 102 [ 0020 [0.040
I Nty | {0.005) RADIUS OF TRUE
‘ Lo POSITION AT SEATING
L e~ R A PLANE AT MAXIMUM
—H ~li—p SEAINE MATERIAL CONDITION.
2. DIMENSION “L" TO

CENTER OF LEADS
WHEN FORMED
PARALLEL.

. DIMENSION "“B” DOES NOT
INCLUDE MOLD FLASH.

4. “F"“ DIMENSION IS FOR FULL
LEADS. "HALF” LEADS ARE
OPTIONAL AT LEAD POSITIONS
1,8,9,and 16).

5. ROUNDED CORNERS OPTIONAL.

[X3

@ MOTOROLA Semiconductor Products Inc.
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MCM6665A BIT ADDRESS MAP
Pin 8
Row Address A7 AE AS Ad A3 A2 A1 AD
Column Address A7 A6 Ab Ad A3 A2 A) AO Cofumn Addresses
Row Hex Dec A7 A6 A3 A4 A5 A2 A0 Al
FE 254 1 1 1 17 1 1 10
fFFO2%% 1 1 1 1 1
FC 282 1 1 1 1 1 1 0 o]
D53 Y 1 1 1 iy 0
FA 250 ' 1 1 1 1 0 0
FB261 1 v v v o0
R a8 N i ‘ [
FO 249 1 1 1 1 4 a 0 1
.
o 192 1 t o0 0 0 0o 0 0
cr 193 1+ 1 2 0 0 u 0 1
BF 191 1 0 1 v o1
8E 1% ! D 1t 1 1 1 0
.
[ I T AR S VI i
82 130 1 0 0 0 0 o0 v O
§ v 129 ' o 0 O 0 o 0 1
4 8 128 ' 0 0O 0 O O 0o O
©
2 JE 126 O 1 1 1 ) 10
c w1270 | IR R S T B
g 7C 124 0 1 v 1 1 v 00
2 .
© .
.
a2 € o 1y 6 0 0 o0 1 O
43 6 O Y o 0 0 0o 1 1
40 64 0 1 G o] Q o 0 o]
44 6 0 1 0 0 0 0 0
3F 83 o 0 1 \ 1 i 1 !
R o
JRRUPRR [ TN -1 A R H N B BN
jrdive T .
23 « .
.
o] 4 Q 0 0 0 o 1 Q Q
o . 03 3 O 0o 1
% é 38% § 02 2 o o0 © 010
= Rl . oA . .
w0 0 ¢ 0o 0 0 0 o 0 O
x Led o i Is o e
Eox re 3133758
§ 273 e mo oo
8 [N
§ .c(’ o - « < -0 O
é - - - o > o~ >
R — O e e — oo oo
|2 —— — L eReNeReRo RSN elel
- - - DOOO »D OO
- - - - S« [ERURoR
-~ O N soo oo
l;kk s O OO OO Qoo
Data Stored=Din® Agx @ A1y
Column Row Deta
Address | Address
Al AO Stored
0 0 True
0 1 inverted
1 Q Inverted
\ 1 True
Motorota reseives the right to make changes to any products herein to improve reliability, function or design Matorola does not assume any liabihity arising
out of the application or use of any product or circuit described herein, neither does it convey any license under its patent rights nor the rights of others

— @ MOTOROLA Semiconductor Products Inc.

3501 €D BLUESTEIN BLVD , AUSTIN. TEXAS 78721 ® A SUBSIDIARY OF MOTOROLA INC




Page D.20



page D.21

intel
8085A/8085A-2

SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS

B Single +5V Power Supply B Four Vectored Interrupt Inputs (One is
B 100% Software Compatible with 8080A "°“'M?_5b"lab,'et) P'“Sta“ 8080A-
mpa interru
W 1.3 s Instruction Cycle (8085A); compatible P
0.8 s (8085A-2) M Serial In/Serial Out Port
B On-Chip Clock Generator (with External . . -
Crystal, LC or RC Network) B Decimal, Binary and Doubie Precision

Arithmetic
B On-Chip System Controller; Advanced
Cycle Status Information Available for B Direct Addressing Capability to 64k
Large System Control Bytes of Memory

The Intel® 8085A is a complete 8 bit parallel Central Processing Unit (CPU). its instruction set is 100% software compatible
with the 8080A microprocessor, and it is designed to improve the present 8080A's performance by higher system speed.
Its high level of system integration allows a minimum system of three IC's [8085A (CPU !, 8156 (RAM/10) and 8355/8755A
{ROM/PROM/IC | while maintaining total system expandability. The 8085A-2 is a faster version of the 8085A.

The 8085A incorporates all of the features that the 8224 clock generator) and 8228 (system controller; provided for the
8080A, thereby offering a high level of system integration.

The 8085A uses a multiplexed data bus. The address is split between the 8 bit address bus and the 8 bit data bus. The
on-chip address latches of 8155/8156/8355/8755A memory products allow a direct interface with the 8085A

INTA RSTE.5 TRAP

['"I“ e L ll

INTERRUPT CONTROL

ﬁ 8817 INTERNAL DATA BUS
L 2
£
3
ACCUMULATOR TEMP. REG
(8 (81
! 1 '
| | B 3 T T
REG REG
INSTRUCTION
ITHMETI [t} (L1
ARITHMETIC DECODER o £
LaGIC o REG REG.
UNIT MACHINE M [l L 18 REGISTER
iy — CYCLE REG REG ARRAY
& ENCODING - e
STACK POINTER
| E—
116}
I PROGRAM COUNTER
POWER  —» +5V " p
SUPPLY * —» GND INCREMENTER/DECREMENTER
J ADDRESS LATCH  ne
TIMING AND CONTROL
[}
Xy ——e]  CLK RESET [ ADDRESS BUFFER ’] [ DATA/ADDRESS BUFFER'®
Xz — GEN CONTROL §TATUS DMA -
T LT T ] I g
CLK OUuT | AD WR ALE S¢Sy I0/M | HLDA RESET QUT
READY HOLD RESET IN Ats-Ag AD7-ADg
AUDRESS BUS ADDRESS/DATA 8US

Figure 1. 8085A CPU Functional Block Diagram
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= 40 vee
X2 2 39 1 HOLD
RESET OUT []3 38 HLDA
sop 4 37 CLK (OUT)
sSID s 36 [ RESETIN
TRAP 6 35 1 READY
RST75 37 34 10/mM
RST 6.5 []8 330 s
RST55 o 323 RD
INTR ] 10 31 WR
INTA O] 1 80854 5 0 ALE
ADg 12 2911 Sp
AD7 [J13 283 A1s
AD2 {14 273 A1s
AD3 [J 15 26 3 A3
ADg 416 2501 Ao
ADs 4 17 24P An
ADg [} 18 233 A
AD7 ] 19 22 Ag
vss [ 20 210 Ag

Figure 2. 8085A Pinout Diagram

8085A FUNCTIONAL PIN DEFINITION

The following describes the function of each pin:

Symbol
Ag-Ais
(Output, 3-state)

ADo-7
(Input/Output,
3-state)

ALE

(Output)

So, S1, and 10/M
(Output)

Function

Address Bus: The most significant 8
bits of the memory address or the 8
bits of the 1/0O address, 3-stated dur-
ing Hold and Halt modes and during
RESET.

Muitiptexed Address/Data Bus: Low-
er 8 bits of the memory address (or
1/0 address) appear on the bus dut-
ing the first clock cycle (T state) of a
machine cycle. it then becomes the
data bus during the second and third
clock cycles.

Address Latch Enable: It occurs dur-
ing the first clock state of a machine
cycle and enables the address to get
latched into the on-chip tatch of pe-
ripherals. The falling edge of ALE is
set to guarantee setup and hold times
for the address information. The fall-
ing edge of ALE can also be used to
strobe the status information. ALE is
never 3-stated.

Machine cycle status:

10/M S; So Status

Memory write
Memory read
170 write

1/0 read
Opcode fetch
Interrupt Acknowledge
Halt

Hold

Reset

* = 3-state ‘high impedance;
X = unspecified

B O w00

HXXO = = 4020
XXO = = 0O —=0=

Symbol

RD
(Output, 3-state)

WR
(Output, 3-state)

READY
(Input)

HOLD

(Input)

HLDA

(Output)

INTR
(Input)

Function

S1 can be used as an advanced R/W
status. 10/M,So and S1 become valid
at the beginning of a machine cycle
and remain stable throughout the
cycle. The falling edge of ALE may be
used to latch the state of these lines.

READ control: A low level on RD in-
dicates the selected memory or I/O
device is to be read and that the Data
Bus is availabie for the data transfer,
3-stated during Hold and Halt modes
and during RESET.

WRITE control; A low level on WR in-
dicates the data on the Data Bus is to
be written into the selected memory
or 170 location. Data is set up at the
trailing edge of WR. 3-stated during
Hold and Halt modes and during
RESET.

If READY is high duringaread or write
cycle, it indicates that the memory or
peripheral is ready to send or receive
data. If READY is low, the cpu will
wait an integral number of clock
cycles for READY to go high before
completing the read or write cycle.

HOLD indicates that another master
is requesting the use of the address
and data buses. The cpu, upon re-
ceiving the hold request, will re-
linquish the use of the bus as soon as
the comptetion of the current bus
transfer. Internal processing can con-
tinue. The processor can regain the
bus only after the HOLD is removed.
When the HOLD isacknowledged, the
Address, Data, RD, WR, and 10/M
lines are 3-stated.

HOLD ACKNOWLEDGE: Indicates
that the cpu has received the HOLD
request and that it will relinquish the
bus in the next clock cycle. HLDA
goes low after the Hold request is
removed. The cpu takes the bus one
half clock cycle after HLDA goes low.

INTERRUPT REQUEST: is used as a
general purpose interrupt. It is sam-
pled only during the next to the last
clock cycle of an instruction and dur-
ing Hold and Halt states. If it is active,
the Program Counter (PC) will be in-
hibited from incrementing and an
INTA will be issued. During this cycle
a RESTART or CALL instruction can
be inserted to jump to the interrupt
service routine. The INTR is enabled
and disabled by software. It is dis-
abled by Reset and immediately after
an interrupt is accepted.
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8085A FUNCTIONAL PIN DESCRIPTION (Continued)

allowing

Symbol Function Symbol Function

INTA INTERRUPT ACKNOWLEDGE: Is Schmitt-triggered  input,

(Output) used instead of rand has the same connection to an R-C network for
timing as' RD during the Instruction power-on RESET detlay. The cpu is
cycle afteran INTRis accepted. Itcan held in the reset condition as long as
be used to activate the 8259 Interrupt RESET IN is applied
chip or some other interrupt port.

) RESET OUT Indicates cpu is being reset. Can be

:21 :g RES-{A?T IN;;ERRUPTS. lThese ::Jfl?s (Output) used as a system reset. The signal is

RST 7'5 Inpu st &Ve gsame tmyr:g as' RE synchronized to the processor clock

. excep ey cause an interna . and lasts an integral number of clock

(Inputs) START to be automatically inserted. periods
Thde pgomy hof r:h.es?r Ete:ru_;;;s s X1, X2 X1 and X2 are connected to a crystal,
Qrt ere tashs ow h'mh able :t ”‘fse (Input) LC. or RC networktodrivetheinternal
interrupts have a higher priority than clock generator. Xy can also be an
INTR. tn addition, they may be indi- | clock i tf loqi
vidually masked out using the SiM exte(na clockinputiroma ogic gate.
; . The input frequency is divided by 2 to
instruction. . o

give the processor’'s internal oper-

TRAP Trap interrupt is a nonmaskable RE- ating trequency.

(Input) START interrupt. It is recognized at
the same time as INTR or RST 5.5-7.5. CLK Clock Output for use as a system
H is unatfected by any mask or Inter- (Output) clock. The period of CLK is twice the
rupt Enabte. it has the highest priority X1. Xz input period.
ot any interrupt. :See Table 1.! siD Serial input data line. The data on this

RESET IN Sets the Program Counter to zero and (Input) line is loaded into accumulator bit 7

(Input) resets the Interrupt Enable and HLDA whenever a RIM instruction is exe-
flip-tiops. The dataand address buses cuted.
and the control lines are 3-stated dur- SOD Serial output data line. The output
ing RESET and because of the asyn- (Output) SOD is set or reset as specified by the
chrono‘ug nature ot RESET. the pro- SIM instruction.
cessor's internal registers and flags
may be altered by RESET with unpre- Vee +5 voit supply.
dictable results. RESET IN is a Vss Ground Reference

TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY
Address Branched To (1) T
Name Priority When Interrupt Occurs Type Trigger

TRAP 1 24H Rising edge AND high level untit sampled.
RST 7.5 2 3CH Rising edge (tatched'.

RST 6.5 3 34H High level until sampled.

RST 5.5 4 2CH High tevel until sampled.

INTR 5 See Note (2:. High teve! until sampled

NOTES:

(1) The processor pushes the PC on the stack before branching to the indicated address.
(2) The address branched to depends on the instruction provided to the cpu when the interrupt is
acknowledged.
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FUNCTIONAL DESCRIPTION

The 8085A is a complete 8-bit parallel central processor.
Itis designed with N-channel depletion loads and requires
a single +5 volt supply. Its basic clock speed is 3 MHz
18085A  or 5MHz:8085A-2. . thusimprovingonthe present
8080A’s performance with higher system speed. Also it is
designed to fit into a minimum system of three IC’s: The
cpu 18085A, aRAM/10 18156, and a ROM or EPROM/IO
chip 18355 or 8755A .

The 8085A has twelve addressable 8-bit registers. Four of
them can function only as two 16-bit register pairs. Six
others can be used interchangeably as 8-bit registers or
as 16-bitregister pairs. The 8085A register setisasfollows:

Mnemonic Register Contents
ACCorA Accumulator 8 bits
PC Program Counter 16-bit address
BC.DE.HL General-Purpose 8 bits x 6 or
Registers; data 16 bits x 3
pointer iHL.
SP Stack Pointer 16-bit address
Flags or F Flag Register 5tiags - 8-bitspace:

The 8085A uses a multipiexed Data Bus. The address is
split between the higher 8-bit Address Bus and the lower
8-bit Address/Data Bus. During the first T state clock
cycle of a machine cycle the low order address is sent
out on the Address/Data bus. These lower 8 bits may be
latched externally by the Address Latch Enable signal
iALE . During the rest of the machine cycle the data bus is
used for memory or 1/0 data.

The 8085A provides RD, WR, Sy, S;, and 10/M signals for
bus control. An Interrupt Acknowledge signal (INTA) is
also provided. HOLD and all Interrupts are synchronized
with the processor’s internal clock. The 8085A also pro-
vides Serial Input Data (SID) and Serial Output Data
(SOD) lines for simple serial interface.

In addition to these teatures, the 8085A has three mask-
able, vector interrupt pins and one nonmaskable TRAP
interrupt.

INTERRUPT AND SERIAL I/0

The 8085A has 5 interruptinputs: INTR, RST 5.5, RST 6.5,
RST 7.5, and TRAP. INTR is identical in function to the
8080A INT. Each of the three RESTART inputs, 5.5, 6.5,
and 7.5, has a programmable mask. TRAP is also a
RESTART interrupt but it is nonmaskable.

The three maskable interrupts cause the internal execu-
tion of RESTART tsaving the program counter in the stack
and branching to the RESTART address: if the interrupts
are enabled and if the interrupt mask is not set. The non-
maskable TRAP causes the internal execution of a
RESTART vector independent of the state of the inter-
rupt enable or masks. 1See Table 1.:

There are two different types of inputs in the restart in-
terrupts. RST 5.5 and RST 6.5 are high level-sensitive like
INTR tand INT on the 8080 and are recognized with the
same timing as INTR. RST 7.5 is rising edge-sensitive,

For RST 7.5, only a pulse is reguired to set an internal
flip-flop which generates the internal interrupt request.
tSee Section 5.2.7.. The RST 7.5 request tlip-flop remains

set until the request is serviced. Then it is reset auto-
matically. This flip-flop may also be reset by using the
SIM instruction or by issuing a RESET IN to the 8085A.
The RST 7.5 internal flip-flop will be set by a pulse on the
RST 7.5 pinevenwhenthe RST 7.5 interruptismasked out.

The status of the three RST interrupt masks can only be
affected by the SIM instruction and RESET IN. (See SIM,
Chapter 5.

The interrupts are arranged in a fixed priority that deter-
mines which interrupt is to be recognized if more than
one is pending as follows: TRAP — highest priority,
R8T 7.5, RST 6.5, RST 5.5, INTR — lowest priority. This
priority scheme does not take into account the priority
of aroutine that was started by a higher priority interrupt.
RST 5.5 can interrupt an RST 7.5 routine if the interrupts
are re-enabled before the end of the RST 7.5 routine.

The TRAP interrupt is useful for catastrophic events such
as power failure or bus error. The TRAP input is recog-
nized just as any other interrupt but has the highest
priority. It is not atfected by any flag or mask. The TRAP
input is both edge and level sensitive. The TRAP input
must go high and remain high until it is acknowledged.
It will not be recognized again until it goes low, then high
again. This avoids any false triggering due to noise or
logic glitches. Figure 3 illustrates the TRAP interrupt
request circuitry within the 8085A. Note that the servicing
of any interrupt 'TRAP, RST 7.5, RST 6.5, RST 5.5, INTR
disables all future interrupts .except TRAPs  until an E!
instruction is executed.

INSIDE THE

EXTERNAL 80854

TRAP
INTERRUPT
REQUEST TRAP
1 t ]

RESET 1N SCHMITT
TRIGGER
RESET \ TRAP
INTERRUPT
sy—{o CLk | REQUEST
ol

X D

‘ FiF

CLEAR

INTERNAL TRAPF £
TRAP
ACKNOWLEDGE

Figure 3. TRAP and RESET IN Circuit

The TRAP interrupt is special inthat it disables interrupts,
but preserves the previous interrupt enable status. Per-
forming the first RIM instruction foliowing a TRAP inter-
rupt allows you to determine whether interrupts were
enabled or disabled prior to the TRAP. All subsequent
RIM instructions provide current interrupt enable status.
Performing a RIM instruction following INTR, or RST
55-7.5 will provide current Interrupt Enable status,
revealing that Interrupts are disabled. See the descrip-
tion of the RiM instruction in Chapter 5.

The serial 1/0 system is also controlled by the RIM and

SIM instructions. SID is read by RIM, and SIM sets the
SOD data.
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DRIVING THE X1 AND X2 INPUTS

You may drive the ciock inputs of the 8085A or 8085A-2
with a crystal, an LC tuned circuit, an RC network, or an
external clock source. The driving frequency must be at
least 1 MHz, and must be twice the desired internal clock
frequency; hence, the 8085A is operated with a 6 MHz
crystal (for 3MHz ciock;, and the 8085A-2 can be operated
with a 10 MHz crystat (for 5 MHz clock). If acrystal is used,
it must have the following characteristics:

Parallel resonance at twice the clock frequency desired
C_ 'load capacitance: < 30 pf

Cs (shunt capacitance) < 7 pf

Rs (equivalent shunt resistance) < 75 Ohms

Drive level: 10 mW

Frequency tolerance: +.005% (suggested)

Note the use of the 20pF capacitor between X, and
ground. This capacitor is required with crystal
frequencies below 4 MHz to assure oscitlator startup at
the correct frequency. A parallei-resonant LC circuit
may be used as the frequency-determining network for
the 8085A, providing that its frequency toierance of
approximately +10% is acceptable. The components
are chosen from the formula:

1

f= ——————
27y/LiCext + Cint:

To minimize variations in frequency, it is recommended
that you choose a value for Cext that is at least twice that
of Cint, or 30 pF. The use of an LC circuit is not recom-
mended for frequencies higher than approximately 5MHz.

An RC circuit may be used as the frequency-determining
network for the 8085A if maintaining a precise clock fre-
quency is of no importance. Variations in the on-chip
timing generation can cause a wide variation in frequency
when using the RC mode. Its advantage is its low com-
ponent cost. The driving frequency generated by the
circuit shown is approximately 3 MHz. It is not recom-
mended that frequencies greatly higher or lower than this
be attempted.

Figure 4 shows the recommended clock driver circuits.
Note in D and E that pullup resistors are required to assure
that the high level voltage of the input is at least 4 V.

For driving frequencies up to and including 6 MHz you
may supply the driving signal to X1 and leave X2 open-
circuited (Figue 4D). If the driving frequency is from 6 MHz
to 10 MHz, stability of the clock generator will be improved
by driving both X1 and X2 with a push-pull source (Figure
4E). To prevent self-osciliation of the 8085A, be sure that
X2 is not coupled back to X1 through the driving circuit.

X 8085A
|
1 {
! C
l INT
T * 15pF
—I: = |
- 200F* 2y, |
S |
*20 pF CAPACITORS REQUIRED FOR

CRYSTAL FREQUENCY - 4 MHz ONLY

A. Quartz Crystal Clock Driver

8085A

S E

Ciny

— 15pfF
Lext A= Cexy i

. Y

L__._E,____

B. LC Tuned Circuit Clock Driver

8085A

10K

20pF
I :
Xz

C. RC Circuit Clock Driver

P

"X2 LEFT FLOATING

D. 1-6 MHz Input Frequency External Clock Driver
Circuit

+5V
Low time > 40 ns
/

47052 /

X2

E. 1-10 MHz Input Frequency External Clock Driver
Circuit

Figure 4. Clock Driver Circuits
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GENERATING AN 8085A WAIT STATE

If your system requirements are such that slow memories
or peripheral devices are being used, the circuit shown in
Figure 5 may be used to insert one WAIT state in each
8085A machine cycle

The D flip-flops should be chosen so that
e CLK is rising edge-triggered
e CLEAR is low-level active.

The 8085A cpu can also interface with the standard
memory that does not have the multiplexed address/data
bus. It will require a simple 8212 (8-bit latch) as shown in
Figure 8.

o 17

CLEAR 8085A
ALE ——»=[CLK CLK OUTPUT -—+]CLK T0o
| 8085A
“D D . READY
FiF F/F INPUT
Q
5V —=|D a o} ,,,,L,

Figure 5. Generation of a Wait State for 8085A CPU

As in the 8080, the READY line is used to extend the read
and write pulse lengths so that the 8085A can be used with
slow memory. HOLD causes the cpu to relinquish the bus
when it is through with it by floating the Address and Data
Buses.

SYSTEM INTERFACE

The 8085A family includes memory components, which
are directly compatible to the 8085A cpu. For example, a
system consisting of the three chips, 8085A, 8156, and
8355 will have the following features:

e 2K Bytes ROM

* 256 Bytes RAM

e 1 Timer/Counter

e 4 8-bit 1/0 Ports

® 1 6-bit I/0 Port

e 4 Interrupt Levels

e Serial In/Serial Out Ports

This minimum system, using the standard 1/0 technique
is as shown in Figure 6.

In addition to standard 17O, the memory mapped 1/0
offers an efficient 1/0 addressing technique. With this
technique, an area of memory address space is assigned
for 170 address, thereby, using the memory address for
1/O manipuiation. Figure 7 shows the system configura-
tion ot Memory Mapped 1/0 using 8085A.

Xy X, RESET IN
—=] TrAP HOLD|=—
—={AsT75 HLDA |—
—=] ST $0D p—
8085A
—<]RAsT55 SIO f—
—=dINTR s, —
AESET
WTA aboRs out Sof—=
ADDR  DATA ALE AB WR 10/M  RDY CLK
Vss Ve
)] @) 1 l
X CE PORT
A
WH
PORT
RD
8156 ®

ALE pomt
DAYA/ ¢
ADDR

(LY

W0M rimeR
our

Jeasas

RESET

ALE
PORT
N oy
= Aqro
8355/
8755A
DATA/
ADDR
OM  poat @
RESET o
- +4—"|rov Vee
$—{CLK 1OR <—]

Vs Ve Voo PROG
AN Ve
—— A Ve
AN Vee

VN

"NOYE. OPYIONAL CONNECTION

Figure 6.
Technique)

8085A Minimum System (Standard (/O
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8085A

B80B5A MINIMUM SYSTEM CONFIGURATION

A8-15

%90.7

AL

m

N

RD

—e\ee

Wh

Vee

10/M

CLK

RESET Ul |

READY | |

M= Vee

RESET

TIMER

out

RD: ALE | CE \ 0.7 Q/M

a8-
A0

!

!

AD 10/ !
CE| , | ALE [ADKOWCLKRST

07,

8156

[RAM + )/O + COUNTER/TIMER]

8355 [ROM +1/0]
OR

8755A [PROM + 1/Q]

*NOTE: OPTIONAL CONNECTION ‘ t t

Figure 7. MCS-85™ Minimum System (Memory Mapped |/0)

1

A

RESET IN
—={TRaP HOLD|=+—
~——]AsT? HLDA p—
—=]nsTe $OD —=
—=1RSTS 8085A SI0 |-
—linTR Sif—
¥ RESET
Y ADDR/ ouT Sol—
ADODR DATA ALE AD WR 10/M ROV CLK
10/M (C5)
wR
RO
DATA
STANDARD
* MEMORY
ADDA (cS)
16}
cLx
RESEY
108 (CS) 10 POATS,
o CONTROLS
WR
AD
N
DATA
STANDARD
o
N
{ ADDR
\‘} ]
N\ VWVA—— vee
ANV Vee
A Ve

Figure 8. MCS-85™ System (Using Standard Memories)
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BASIC SYSTEM TIMING TABLE 2. 8085A MACHINE CYCLE CHART

The BOB5A has a muitiplexed Data Bus. ALE is used as a MACHINE CYCLE STATUS CONTROL

strobe to sampie the lower 8-bits of address on the Data 10/M | S1]S0 |RD | WR[INTA
. . QPCODE FETCH (OF) Q 1 1 o) N

Bus. Figure 9 shows an instruction fetch, memory read MEMORY READ  (MA) ol il olol

and I/0 write cycle ias would occur during processing of VEMORY WRITE  (MW! ol ol 1] 5

the QUT instruction:. Note that during the 1/O write and 110 READ 1OR? 1 1loflo |

read cycle that the 1/0 port address is copied on both the 11O WRITE frow oy ]9

half of the address ACKNOWLEDGE ;
upper and lower ha . OF INTR INA) . ol .
There are seven possible types of machine cycies. Which BUSIOLE (8l: DAD oy rjofryt
f th n takes place is defined by the status of the Atk oF
ot tnese seve plac ! Y RST.TRAP a0
three status lines (tO/M, S1, So) and the three control HALT s | o| ofTs| Ts

signals (RD, WR, and INTA). (See Table 2.; The status
lines can be used as advanced controls {for device selec-

tion, for exampie), since they become active at the T, TABLE 3. 8085A MACHINE STATE CHART

state, at the outset of each machine cycle. Control lines r Status & Buses Control
RD and WR become active later, at the time when the Machine ' -oT T ]
transfer of data is to take place, so are used as command State  $1,50|10/M|Ag-A15]ADo-AD7|RD WR |INTAJALE
) -+
lines. T, X | x X X 1 1 1
A machine cycle normally consists of three T states, with T2 XX X X X X |0
the exception of OPCODE FETCH, which normaily has Twarr X | % X X X x| o
either four or six T states (unless WAIT or HOLD states Ty X | X X X X X | o
are forced by the receipt of READY or HOLD inputs). Any Ta 1 1o X TS 1 1] o
T state must be one of ten possible states, shown in Ts 1 0 x Ts I 1 0
Table 3. Te T X TS 1 110
Theser X TS | TS TS Ts{ 10
ThaLT 0o TS| TS TS TS| 1} o
|Twoo_, X | TS | T8 TS TS| 1] 0
0 - Logic 0" TS * High Impedance
1 Loqic 1 X Unspecified
* ALE not genecated guring 2nd and 3rd machine cycles of DAD instruction
TIO/AY 1 duang T4 -Tg of INA machine cycle

T, i T N T
l
Ag-Ayg PC,, (HIGH ORDER ADDRESS) IX °c M, 10 PORT
1'—{?[;‘;2?“\“ DATA FROM i DATA FROM MEMORY DATA TO MEMORY |
s MEMORY {10 PORT ADDRESS) OR PERIPHERAL |

,
!
{INSTRUCTION] ! i
ALE ; m , ’ \ :/ \
-

WR \ ,
—_— +
1O/N \ / \
STATUS X SyS¢ (FETCH) 10 (READ) 01 WRITE x "

Figure 9. 8085A Basic System Timing
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TABLE 4. ABSOLUTE MAXIMUM RATINGS*
. . =] .
Ambient Temperature Under Bias. . . . ... .. 0°Cto 70°C COMMENT
o © Stresses above those listed under “Absolute Maximum Ratings™ may cause
— +
Storage Temperalgre """"""" 65°Cto+150°C permanent damage to the device. Thisis astress rating only and tunctronal
Voltage on Any Pin operation of the device at these or any other condittons abave those
R — + indicated in the operational sections of this specthcation 1s not implied
With Respect to Ground . .. ... .. .. .. 0.5V to +7V Exposure to absolute maximum rating conditions for extended periods

Power Dissipation . . . ... ............ 1.5 Watt

TABLE 5. D.C. CHARACTERISTICS

may affect device reliability.

(Tq = 0°C to 70°C; Vee = 5V £6%; Vgg = OV; unless otherwise specified)

Symbol Parameter Min. Max. Units Test Conditions
Vi Input Low Voltage -0.5 +0.8 \4

Vin Input High Voitage 2.0 Ve 10.5 A

Vor Output Low Voltage 0.45 \% loL = 2mA

VoH Output High Voltage 2.4 A" lop = -400uA
lec Power Supply Current 170 mA

I Input Leakage +10 pA Vin = Vee

Lo Output Leakage +10 HA 0.45V < Vo < Ve
ViLr Input Low Level, RESET -0.5 +0.8 \

ViR Input High Level, RESET 2.4 Ve 10.5 \%

Vhay Hysteresis, RESET 0.25 A\
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TABLE 6. A.C. CHARACTERISTICS
Ta=0°C t0 70°C; Vgc =5V +5%; Vgg =0V

\ 8085A-29
Symbol Parameter 80851 (Preliminary) Units
Min. Max. Min. Max.

teve CLK Cycle Period 320 2000 200 2000 ns
ty CLK Low Time (Standard CLK Loading) 80 40 ns
t, CLK High Time (Standard CLK Loading) 120 70 ns
Yy CLK Rise and Fall Time 30 30 ns
tykR X, Rising to CLK Rising 30 120 30 100 ns
txkF X, Rising to CLK Faliing 30 150 30 110 ns
tac Ag.y5 Valid to Leading Edge of Controll!! 270 115 ns
tacL Ag_7 Valid to Leading Edge of Control 240 115 ns
tap Ag.y5 Valid to Valid Data In 575 350 ns
taArR Address Float After Leading Edge of

READ (iNTA) 0 0 ns
taL Ag_15 Valid Before Trailing Edge of ALE!") 115 50 ns
taLt Aq.7 Valid Before Trailing Edge of ALE 90 50 ns
tARY READY Valid from Address Valid 220 100 ns
tca Address (Ag_y5) Valid After Control 120 60 ns
tee Width of Control Low (RD, WR, INTA)

Edge of ALE 400 230 ns
ter Trailing Edge of Controi to Leading Edge

of ALE 50 25 ns
{pw Data Valid to Trailing Edge of WRITE 420 230 ns
tHABE HLDA to Bus Enable 210 150 ns
tHaBF Bus Float After HLDA 210 150 ns
thAaCK HLDA Valid to Trailing Edge of CLK 110 40 ns
tvoh HOLD Hold Time 0 0 ns
thos HOLD Setup Time to Trailing Edge of CLK 170 120 ns
tiNH INTR Hold Time 0 0 ns
tins INTR, RST, and TRAP Setup Time to

Falling Edge of CLK 160 150 ns
ta Address Hold Time After ALE 100 50 ns
tc Traiting Edge of ALE to Leading Edge i

of Control 130 60 ' ons
tick ALE Low During CLK High 100 50 | ns
tLor ALE to Valid Data During Read 460 270 ns
‘Low ALE to Valid Data During Write 200 120 ns
tee ALE Width 140 80 ns
tLay ALE to READY Stable 110 30 ns
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8085A/8085A-2
Table 6. A.C. Characteristics (Cont.)
8085A-217]
Symbol Parameter 808542 (Preliminary) Units
Min. i Max. Min. Max.
tRag | Trailing Edge of READ to Re-Enabling 150 90 ns
of Address
trp | READ (or INTA) to Valid Data 300 150 ns
tRv Control Trailing Edge to Leading Edge 400 220 ns
of Next Control
tRDH Data Hold Time After READ INTA!”) 0 0 ns
tRyH | READY Hold Time 0 0 ns
tpys READY Setup Time to Leading Edge 110 100 ns
of CLK
) Data Valid After Trailing Edge of WRITE 100 60 ns
twpl | LEADING Edge of WRITE to Data Valid 40 20 ns

Notes:

1. Ag-Aygaddress Specs apply to 10/M. Sg. and Sy except Ag-Ayg are undefined during T4 Tg of OF cycle

whereas I0/M. Sq. andS, are stable
2. Test conditions teyg = 320ns (BOB5AN200 ns (8085A.

2). G = 150pF

3. For all outpul timing where C|_= 150 pF use the tollowing correction factors

25pF < C_ < 150pF. -0.10ns/pF
150pF « C_ < 300pF: +0.30ns/pF

Output timings are measured with purely capacitive

To calculate timing specifications at other values of

N O

Input Waveform for A.C. Tests:

load

ey use Table 7

Data hold time s guaranteed under all loading condiions

20

0.8

2.0
— —
_ 0 TEST POINTS \oax

All timings are measured at output votage V| = 0.8V. Vy; = 2.0V. and 15V with 20ns rise and falt time on inputs

D.31
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TABLE 7. BUS TIMING SPECIFICATION AS A T.yc DEPENDENT

8085A 8085A-2 {Preliminary)
Fta, - a/mT-45  MIN taL - (1/2T-50 O MIN |
. T iaT e MIN fia —  (1/2T-50 MIN
N /)y T-20000 MIN | ., - (/2T-20 MIN
ek - GmaT-e0  wMIN Yex - (/aT-s0  MIN |
T T TamTm ] The o mToawm
. tap  — [(5/2+N)T 225 MAX | tap ~  (5/2+N) T -150 MAX
tho ~ (32 +N)T-180 MAX . ~ (3/2+N)T-150 MAX
T taae a/aT-10 MIN tHAE ~ (/2 T-10 MIN
tea (1/2)T - 40 MIN toa - /2T-40 MIN
tow © {3/2+N) T-60 MIN tow — (3/2+N)T-70 MIN
two - (/2 T-60 MIN two -~ (/2T-40 MIN
Ctee - B2+N)T-80  MIN tee T @ERyNT-70 MmN
e, - /aT-110 MIN oL - (/2T-75 MIN
N (3/2) T - 260 MAX YARY - (3/2)T-200 MAX
ek - 0@aT-%0  MIN Yyack — (1/2T-60 MIN
T -~ (1/2) T +50 MAX tuapr  ~  (1/2)T+50 MAX
| thABE C (1/2) T +50 MAX tyage  — (/2 T+50 MAX
" — (22T-50 MIN tac — (22 T-85 MIN
( SO T-80 MIN 1 = (/2 T-60 MIN
t =TT/ T-40 MIN 1, - (1/2T-30 MIN
[ tay = w@aT-s0 MIN thy - @2aT-80 TMIN |
| tWon ~  4/2)T-180 MAX Lo — @2 T-130 MAX
NOTE N 1s equal to the total WAIT states NOTE N 15 equal to the total WAIT states.
T tove T tcve
Xy INPUT
outpuT

Figure 10. Clock Timing Waveform
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Read Operation

| T, | T, : T3 i T
cLk / k / \ / \ /
- Yok - P T
+
Ag-A, X ADDRESS

+
-  'Rag e
'ROH = -

=

e L - . "La - '
H———!, taps = ‘ - toy —"f*'——
ALE ‘ ‘ o — l ~—-WDR-——— - - ‘
‘ L : + i
- laL = | — ki —
N PO . |
ROANTA ‘ o \™ e ?
; N
}.__* -t —————»
Write Operation
T l T2 | Ty ] T

|<— ‘Lek ——»\
A
Ag-Ayg g ADDRESS K

Ay p—
r cA
‘,_7( on _,l |

ADy-AD, ADDRESS DATA OUT (
el et ]

ALE \ twnL

- typ —>

fow

o taL —>

!

I — tee
| -
|t 1 s

e~ e —

Read operation with Wait Cycle (Typical) — same READY timing applies to WRITE operation.

T T2 Twart T3 T
!
—- ok e —fca
: |
i ml
Ay Ays X | ADDRESS . X
1
! " *— 'Rag —=!
— e - - tAD —— — 1+ - fapH e -
AD, i 7 o |
o AD, ADORESS DATAIN !

-ty e e (g -
i tare = - i - - ‘CL'—’\
ALE Simaand I s 'woa - o - '
I
- AL - - - ——— tap .
T . e - e . ——— e e
AD/ANTA |
|-
iy e
- tac
- — tamy e w tavs ! tRww Hys fRvM
- - !

READY \ i ‘ 1

NOTE t READY 1 UST REMAIN STABLE DURING SETUP AND HOLD TIMES

Figure 11. 8085A Bus Timing, With and Without Wait
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Hold Operation

T 1 T TuoLo TroLo 1 T
o __/__\
I
' 5
HOLD \
___{ \ o
tHos tHoH ""HACK"‘
—
HLDA f \
+— thaBF —
tHaBE
BUS (ADDRESS, CONTROLS} &
Figure 12. 8085A Hold Timing.
i | ! | ‘ .
K ‘ T T3 I Ts ‘ s Ts ‘ Thato i T T
A\
Agoig x J {7
ADy ; X — caLL st —
‘ {¢———— e BUS FLOATING" - B
I
|
|
' RD —
,
i ¥
INTA \ / \
| thage
7
nvR, \ \
Ly / Ly
tins fINH
(
HOLD K f\' . ' \
()
Yos —r———L = tpK |
- [
HLDA ’ ) Q
!
B i
HACK HABE *10/M 1S ALSO FLOATING DURING THIS TIME.

Figure 13. 8085A Interrupt and Hold Timing
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8085A INSTRUCTION SET SUMMARY BY FUNCTIONAL GROUPING
Table 6-1

Instruction Code (1) Instruction Cade (1)
Mnemanic  Description D; Dg Ds Dg B3 D2 Dy 0g Page Mnemonic  Description 07 Dg Dg Dg 03 Dz Dy Dp Page
MOVE, LOAD, AND STORE
MOVrir2  Move register to register 0 1 o] o 0 s S S 54 cZ Call on rera t 1 0 0 1 1 0 0 44
MOV M. Move register to memory Q 1 1 1 0 S S S 54 GNZ Call on na zero 1 t 0 1] 0 1 n 0 514
MOV rM Move mematy to register a 1 0 D D 1 ! 2 54 cp Cali an positive 1 i 1 1 0 1 laj 0 514
Mvir Move immed;ate register 1 0 0o D D H 10 54 Cid Call on munus 1 1 1 1 i ! 0 0 51
MViM Move immediate memory 0 0 11 0 1 1 0 54 CPe Call on panity even 1 1 Vo0 v o 0 0 5
LXtB toad immediate register 0 0 0 bl 0 bl 0 1 5§ CPO Call on panty odd 1 1 1 bl 0 1 0 0 514
ParB&C RETURN
LXtn Load immediate register 4 9 ¢ 1 0 0 ol 185 RET Return 1 i Q 0 1 o 0 54
Pan D & € RC Return on cary 11 0 1t 0 6 0 51
LXIH Load immediate register 1] 0 1 0 0 0 0 1 5% RNC Return on no carry ] 1 0 1 0 a 0 0 514
Par HR L RZ Return on zero ! 1 0 0 1 0 0 0 514
STAX S Store A indirect 0 0 o0 0 0 10 ab ANZ Return on no zero i 1 0 0 0 e 0 5%
STAX O Store A indirect 0 [\ Q 1 Q 0 i 0 56 P Return on gositive ' 1 | 1 a 0 0 ¢ 514
LDAX B Load A 1adirect 0 0 0 0 1 0 1 0 5% RM Return on minus N ' ' 1 f 0 9 0 514
LDAX D Load A adirect 0 0 ] 1 1 Q 1 0 55 RPE Return on panity even 1 \ N 0 1 0 0 0 514
i;‘; i“”: : :"“' f (o) : ! ? E ! g :: AP0 Return on panity odd 11 1 @ 0 0 u 0 5n
03 irect gl i !
SHLD Store H & L. diect 0 0 1 0 ] 0 1 0 558 RESTART
RST Restart 1 1 A A A 1 \ 1 514
LHLD Load H & L direct 0 0 1 ¢ 3 0 1 0 55
XCHG Exchange D& E.H &I 1 1 1 0 i a ! 1 56 INPUT/OUTPUT
Registers IN fnput H 1 n 1 1 0 1 1516
STACK OPS ouv Qutput 1 1 0 1 0 7 ! ! A
PUSH 8 Push register Pair B & Tt 0 0 0 1 0 1 o515 INCREMENT AND DECREMENT
C on stack INR ¢ Increment register 0 b} D D D 1 0 0 58
PUSH D Push register Pair 0 & 1 1 0 i Q 1 g i515 OCR ¢ Oecrement regster 0 0 D D D 1 0 1 58
E an stark INR W Increment memory o 0 1 v 0+ D 0 53
PUSHH  Push register Par H & L L e DCR M Decrement memory 9 0 t Y 0 v 0 1 5%
L on stack INX B increment B& C 0 ] 0 0 0 0 1 159
PUSH PSW  Push A and Flags 1 ! 1 1 o 1 0 Voohis registers
on stack INX D Increment D & € e 0 0 1 0 0 1 159
PoPE Pop register Parr B & ! 1 0 b} 2 0 0 To5aE reqisters
Coft stack INX H Increment H & L 00 1 0 0 0 1 1 59
POP O Pop remister Pair D & 1 ! [ i 0 0 Y 1518 reqisters
E off stack
0cx 8 Decrement B & C 0 o 0 0 1 0 1 159
POPH Pap register Par H & 1 i H 0 ) [ a 1 515
Lol srack 0Cx 0 Decrement 0 & £ Q 0 0 1 i n 1 1549
POPPSW  Pop A and Flags [ S T R T Y S A 1 OCXH - DecrementH & L L
oft stack ADD
XTHL Exchange top of 1 1 1 0 0 0 1 1516 ADO ¢ Add register 10 A 1 0 G 0 0 s S S 55
stack. H& L ADC ¢ Add repstar 10 A 1 0 i 0 H S 5 § 56
SPML H & L tostank noimtee 4 1 i : 1 b 0 RS with carty
LXISP Load unmediate stack 0 0 1 1 1} 0 0 1 4% AQD M Add memory to A 1 1] r 0 0 1 t 0 54
pointer ADO M Add memory to A i 0 0 0 1 1 i 9 57
INX SP Increment stack pornter 0 0 1 1 0 1] 1 LI with carry
DCX SP Decrement stack 0 0 1 1 ! 0 1 i 59 ADY Addamimediate to A ¥ 1 n 0 [l 1 1 0 5k
pointer AL! Add imreiediats 10 A 1 i 1} 5 1 i H c 57/
Jump warth cany
P Jump unconditional (I T T R T B T B K DADE  AdcBACINEL L
i Jump oo catry ' f 2 1 \ N \ 0 513 DAN G AddD&EWHEL 1} n 0 1 1 [} 0 L
e Jung on ~3 carry O T T R B R S K DADH - Adeh Lre KA A S
2 Jump on zerg v v 0 0 19 1 0 513 DARSP Addstark pannter o L
JNZ Jump on no zero 1 J 0 0 0 0 1 0 513 HEL
JP Jump on positive 1 1 1 1 Q 0 H 0 513 SUBTRACT
e Jump on minus 1 tor 1t 0 % g 53 Sl Subteact reyster L e
JPE Jump an panity even 1 1 i 0 1 a0 1 0 513 A
JPO Jump on parity odd 1 1 1 Q 1] 0 1 0 513 S8R Subtean! pgstet from ! o 0 ! ! K s 5o
A wilh horraw
PCHL H & L to program L L sue s Subitract mesnry Vo601 a1 gy
counter e A
CALL SeE SLUTe ey S ! [ i ! 1oooosy
CALL Cali unconditional 1 1 [ 0 1 1 0 513 A wath horrow
cc Calt on carry L sul Subitra t immediate | A T
CNC Cal! on no carty 1 1 n i a 1 0 0 54 from A

“All mnemonics copyrighted : Intel Corporation 1976.
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8085A INSTRUCTION SET SUMMARY (Cont’d)

Table 6-1
Instruction Code (1) Instruction Code {1)

Mnemonic  Description 07 Dg Ds D3 D3 D2 Dy Dp Page Mnemonic  Description D7 0 Dg Dy D3 Dz Dy Dg Page
N:1I Subteact immedeate 1 1 0 1 1 1 1 0 58 RRC Rotate A right 0 1] 0 0 1 1 1 1 512

from A with borrow RAL Rotate A lett thraugh o 6 0 1t o 1 1 1 512
LOGICAL carry
ANA ¢ And register with A 1 [ 1 0 0 S S S 59 RAR Aotate A right thraugh 0 0 0 1 1 1 1 o512
XAA 1 Exclusive OR register 1 0 1 g 1 S$ § S 510 carry

with A
ORA ¢ OR rcegistar with A 1 1] 1 1 0 S S S 510 SPECIALS
CMP Compare egistecwsth A 1 0 11 1§ S 511 CMA Complement A 60 1 0 11 11512
ANA M And memory with A ¢ 1 0 0 1 1 0 510 STC Set carry o 0 1 v 0 1 1 52
XRA M Exclusive OR memory T 0 1 0 1 1 1 0 510 CML Complement carry L L

with A DAA Decimal adjust A 0 0 1 Q 0 1 1 1 59
ORAM 0OR memory wath A ¥ 0 1 1 0 1 1 0 5 CONTROL
CMP M Compare memory with A 1 0 1 1 1 1 1 0 5n
AN And inmedigtewith A 11 1 0 0 1 1 0 510 El Enable Interrupts oot s
XA Excluswe ORimmediate 1 1 1 0 1 1 1 0 510 ot Disable Intercupt oot 00 1 sy

with A NOP No-operation 0 0 0 0 0 0 0 0 517
ORI OR rmmediate with A 1 ! o0 10 51 HLT Hatt 0o 1 L A R
cPt Compare immediate 1 1 1 1 1 1 1 g 5N

with A NEW 8085A INSTRUCTIONS
ROTATE RIM Read Interrupt Mask 006 1 0 0 0 0 o0 517
ALC Rotate A left 0 0 0 0 0 1 1 1 5N LY Set Interrupt Mask 0 0 1 1 0 Q 0 0 518

NOTES: 1. DDS or SSS: 8 000, C 00, D 010, €011, H 100, L 101, Memory 110, A 111
2. Two possible cycle tnmes. (6/12) imdicate instruction cycles dependent an condition flags.

*All mnemonics copyrighted < Intel Corporation 1976.
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inte
8259A

PROGRAMMABLE INTERRUPT CONTROLLER

= MCS-86™ Compatible a Programmable Interrupt Modes

a MCS-80/85™ Compatible » Individual Request Mask Capability
m Eight-Level Priority Controller » Single + 5V Supply (No Clocks)

s Expandable to 64 Levels a 28-Pin Dual-In-Line Package

The Intel® 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses
NMOS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input.

The 8259A is designed to minimize the software and reai time overhead in handling multi-level priority interrupts. It has
several modes, permitting optimization for a variety of system requirements.

The 8259A is fully upward compatible with the Intel® 8259. Software originally written for the 8259 will operate the
8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered).

PIN CONFIGURATION BLOCK DIAGRAM
INTA INT
c_sd 1 ~ 28 [Jvee
wr2 27 [0 ay ~
Fﬁg 3 26 [ JiNTA
o,(]a 25 [11R7
p.[1s 21 11 1Re DATA CONTROL LOGIC
6 g g D;-Dq ¢:> BUS
p,]s6 23 t] IRS BUFFER
o, 7 22[11R4
4 8259A
o, 2R3
Na ) 20 [11R2 I
o, 0 19 [31R1 ﬂl I Iﬁ
ool:_lj 18 [J 1RO ) "o
caso 12 17 [JINT RD ——=Q la——1R1
= = WR — —=Cf READ/
casi1[] 3 16 [ SR/EN WRITE [« N kNTERRUPT] :::
LOGIC SERVICE PRIORITY REQUEST [+
GND L4 15 [Jcas2 aq REG Gassowenc REG  |+— R4
(ISR} (RR) 1 |Rs
r—mo
cs —A———? j—IR7
PIN NAMES
D,-0, DATA BUS (BI-DIRECTIONAL)
RO READ INPUT CASO = —-»f O INTERRUPT MASK REG
= eyl i - T CASCADE {IMR)
| WR WRITE INPUT _ CAS1 = —=l BUFFER/ |e—
Ay COMMAND SELECT ADDRESS COMPARATOR,|
— CAS 2 =« ——
cs CHIP SELECT
CAS2.CAS0 CASCADE LINES ? ~N
SP/ER SLAVE PROGRAM INPUT/ENABLE SP/EN \mrenmu 8US
INT INTERRUPT OUTPUT
INTA INTERRUPT ACKNOWLEDGE INPUT
IRO-1R7 INTERRUPT REQUEST INPUTS
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8259A

INTERRUPTS IN MICROCOMPUTER
SYSTEMS

Microcomputer system design requires that 1/O devices
such as keyboards, displays, sensors and other com-
ponents receive servicing in an efficient manner so that
large amounts of the total system tasks can be assumed
by the microcomputer with little or no effect on through-
put.

The most common method of servicing such devices is
the Polled approach. This is where the processor must
test each device in sequence and in effect “ask’ each
one if it needs servicing. It is easy to see that a large por-
tion of the main program is looping through this con-
tinuous polling cycle and that such a method would
have a serious, detrimental effect on system through-
put, thus limiting the tasks that could be assumed by
the microcomputer and reducing the cost effectiveness
of using such devices.

A more desirable method would be one that would allow
the microprocessor to be executing its main program
and only stop to service peripheral devices when it is
told to do so by the device itself. In effect, the method
would provide an external asynchronous input that
would inform the processor that it should complete
whatever instruction that is currently being executed
and fetch a new routine that will service the requesting
device. Once this servicing is compiete, however, the
processor would resume exactly where it left off.

This method is called Interrupt. It is easy to see that
system throughput would drastically increase, and thus
more tasks could be assumed by the microcomputer to
further enhance its cost effectiveness.

The Programmable Interrupt Controller (PIC) functions
as an overall manager in an Interrupt-Driven system
environment. It accepts requests from the peripheral
equipment, determines which of the incoming requests
is of the highest importance (priority), ascertains
whether the incoming request has a higher priority value
than the level currently being serviced, and issues an
interrupt to the CPU based on this determination.

Each peripheral device or structure usually has a special
program or “‘routine’ that is associated with its specific
functional or operational requirements; this is referred
to as a ‘'service routine”. The PIC, after issuing an Inter-
rupt to the CPU, must somehow input information into
the CPU that can “'point” the Program Counter to the
service routine associated with the requesting device.
This *pointer” is an address in a vectoring table and will
often be referred to, in this document, as vectoring data.

8259A BASIC FUNCTIONAL DESCRIPTION
GENERAL

The 8259A is a device specifically designed for use in
real time, interrupt driven microcomputer systems. It
manages eight levels or requests and has built-in fea-
tures for expandability to other 8259A's (up to 64 levels).
It is programmed by the system’'s software as an /O
peripheral. A selection of priority modes is available to
the programmer so that the manner in which the re-
quests are processed by the 8259A can be configured to

match his system requirements. The priority modes can
be changed or reconfigured dynamically at any time dur-
ing the main program. This means that the complete in-
terrupt structure can be defined as required, based on
the total system environment.

CPUDRIVEN
MULTIPLEXOR

— |57

O
RAM <: — 10 (1) I

ROM - <::> 170 (2)

r -/
|
<::>l vom  p———J
| I
L
A4
Polled Method
CPU INT |+=——

RAM <::> <: PIC
ROM :> <;\:"> 170 (1)
| <:> 170 (2)
| =
<,:>: 1/0 (N) :l——i
Ay

Interrupt Method
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INTERRUPT REQUEST REGISTER (IRR) AND
IN-SERVICE REGISTER (ISR)

The interrupts at the IR input lines are handled by two
registers in cascade, the Interrupt Request Register
(IRR) and the In-Service Register (ISR). The IRR is used
to store all the interrupt levels which are requesting ser-
vice; and the ISR is used to store all the interrupt levels
which are being serviced.

PRIORITY RESOLVER

This logic block determines the priorities of the bits set
in the IRR. The highest priority is selected and strobed
into the corresponding bit of the ISR during INTA puise.

INTERRUPT MASK REGISTER (IMR)

The IMR stores the bits which mask the interrupt lines
to be masked. The IMR operates on the IRR. Masking of
a higher priority input will not affect the interrupt
request lines of lower priority.

INT (INTERRUPT)

This output goes directly to the CPU interrupt input. The
Von level on this line is designed to be fully compatibie
with the 8080A, 8085A and 8086 input levels.

INTA (INTERRUPT ACKNOWLEDGE)

INTA pulses will cause the 8259A to release vectoring
information onto the data bus. The format of this data
depends on the system mode {uPM) of the 8259A.

DATA BUS BUFFER

This 3-state, bidirectional 8-bit buffer is used to inter-
face the 8259A to the system Data Bus. Control words
and status information are transferred through the Data
Bus Buffer.

READ/WRITE CONTROL LOGIC

The function of this block is to accept OUTput com-
mands from the CPU. It contains the Initialization Com-
mand Word (ICW) registers and Operation Command
Word (OCW) registers which store the various control
formats for device operation. This function block also
allows the status of the 8259A to be transferred onto the
Data Bus.

CS (CHIP SELECT)

A LOW on this input enables the 8259A. No reading or
writing of the chip will occur unless the device is
selected.

WR (WRITE)

A LOW on this input enables the CPU to write control
words (ICWs and OCWSs) to the 8259A.

RD (READ)

A LOW on this input enables the 8259A to send the
status of the Interrupt Request Register (IRR), In Service
Register (ISR), the Interrupt Mask Register (IMR), or the
Interrupt level onto the Data Bus.

iNTA L]

P; Og

DATA
BUS
BUFFER

CONTROL LOGIC

"D «—IR0
wa -—IR1
M. d Reap/ 1Rz
WRITE |4 IN INTERRUPT

A LOGIC SERVICE PRIORITY REQUEST [+—iA3
. REG RESOLVER AEG  |=—IRa

1SR AR le—ins

—

s f IR6
s -—1R7

. lcascape
CAS1 ) BUFFERY

- INTERRUPT MASK Rt ¢
MR
COMPA
CAS2 ] RAT
OR

SPIEN i N
— INTERNAL BUS

8259A Block Diagram

INTA INT

CONTROL LOGIC

[ 1 1

DATA
BUS
BUFFER

RD |~—IRO
WH 9 [=—IR1
22ed aE2D le— 52
WRITE j-=4 iN INTERRUPT)

A LOGIC SFRVICE PRIORITY AEQUEST [*—'R3
—] REG RESCLVER REG l=—IR4
18A) (RR]  |e—|Rs

cs T =+—IR6
--—IR7

I 1

INTERRUPT MASK REG
{IMR}

-—d

CASCADE
CAS 1 | BUFFER!
—

COMPA.
CAS 2| RATOR
-~

SPIEN ?

INTERNAL BUS

8259A Block Diagram

Ay

This input signal is used in conjunction with WR and RD
signals to write commands into the various command
registers, as well as reading the various status registers
of the chip. This line can be tied directly to one of the ad-
dress lines.
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THE CASCADE BUFFER/COMPARATOR

This function block stores and compares the IDs of all
8259A’s used in the system. The associated three I/O
pins (CAS0-2) are outputs when the 8259A is used as a
master and are inputs when the 8259A is used as a
slave. As a master, the 8259A sends the ID of the inter-
rupting slave device onto the CASO-2 lines. The slave
thus selected will send its preprogrammed subroutine
address onto the Data Bus during the next one or two
consecutive INTA pulses. (See section “Cascading the
8250A")

INTERRUPT SEQUENCE

The powerful features of the 8259A in a microcomputer
system are its programmability and the interrupt routine
addressing capability. The latter allows direct or indirect
jumping to the specific interrupt routine requested
without any polling of the interrupting devices. The nor-
mal sequence of events during an interrupt depends on
the type of CPU being used.

The events occur as follows in an MCS-80/85 system:

1.0ne or more of the INTERRUPT REQUEST lines
(IR7-0) are raised high, setting the corresponding IRR
bit(s).

2. The 8259A evaluates these requests, and sends an
INT to the CPU, if appropriate.

3. The CPU acknowiedges the INT and responds with an
INTA pulse.

4. Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set, and the corresponding
IRR bit is reset. The 8259A will also release a CALL in-
struction code (11001101) onto the 8-bit Data Bus
through its D7-0 pins.

5. This CALL instruction will initiate two more INTA
pulses to be sent to the 8259A from the CPU group.

6. These two INTA pulses allow the 8259A to release its
preprogrammed subroutine address onto the Data
Bus. The lower 8-bit address is released at the first
INTA pulse and and the higher 8-bit address is re-
leased at the second INTA pulse.

7. This completes the 3-byte CALL instruction released
by the 8253A. In the AEQOI mode the ISR bit is reset at
the end of the third INTA pulse. Otherwise, the ISR bit
remains set until an appropriate EOI command is
issued at the end of the interrupt sequence.

The events occurring in an MCS-86 system are the same
until step 4.

4. Upon receiving an INTA from the CPU group, the high-
est priority ISR bit is set and the corresponding IRR
bit is reset. The 8259A does not drive the Data Bus
during this cycle.

5. The MCS-86 CPU will initiate a second INTA pulse.
During this pulse, the 8259A releases an 8-bit pointer
onto the Data Bus where it is read by the CPU.

6. This completes the interrupt cycle. In the AEOI mode
the ISR bit is reset at the end of the second INTA
pulse. Otherwise, the ISR bit remains set until an
appropriate EOl command is issued at the end of the
interrupt subroutine.

If no interrupt request is present at step 4 of either
sequence (i.e., the request was too short in duration) the
8259A will issue an interrupt level 7. Both the vectoring
bytes and the CAS lines will look like an interrupt level 7
was requested.

CONTROL LOGIC

L1 1
¢
il I

DATA
BUS
BUFFER

RD [e—1R0

] 1

Hed READ/ JR2
WRITE | IN- INTERRUPT|

LOGIC SERVICE PRIORITY REQUEST [*—IR3

REG RESOLVER| REG  |=—IR4

{158} (AR} le—ps

Ao
e
. -— |RE
-—
ag1 |CASCADE
c BUFFER/

INTERRUPT MASK REG
{IMR}
COMPA

CAS2|] RATOR
-}

SPEN ?

INTERNAL BUS

8259A Block Diagram

L ADDRESS BUS (16) T
CONTROL BUS )

l i/OR | I/OW IINY INTA
( DATA BUS (8) y

RO  WR INT INTA

|
L4

-—=4 CAS 1 8258A

cs
-—)CASO

CASCADE

LINES

-] CAS2 IRQ IRQ IRQ IRQ IRQ IRQ {RQ IRQ
SPEN 7 6 5 4 3 2 1 0

LT

SLAVE
PROG

i
INTERRUPT
REQUESTS

8259A Interface to Standard System Bus
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INTERRUPT SEQUENCE OUTPUTS
MCS-80/85 SYSTEM

This sequence is timed by three INTA pulses. During the
first INTA pulse the CALL opcode is enabled onto the
data bus.

Content of First Interrupt
Vector Byte

D7 D6 Bs D4 D3 D2 D1 Do

CALL CODE 1 1 4] Q 1 1 0 1

During the second INTA pulse the iower address of the
appropriate service routine is enabled onto the data bus.
When Interval = 4 bits Ag-A; are programmed, while Ag-
A4 are automatically inserted by the 8259A. When Inter-
val =8 only Az and A; are programmed, while Ag-Ag are
automatically inserted.

Content of Second Interrupt
Vector Byte

IR Interval =4
v o Dbs o4 03 o2 D1 Do
7 A7 A6 A5 T 1 o o
e | A7 a6 a5 1 T o o o
5 | A7 A6 A5 1o 1 o o
a4 | a7 A s 10 o o o
3T a7 a6 a5 0 1 0 0o
T2 T A7 A As ) 1 o o o
1] AT As s 0 o 10 0
o | A7 a8 A5 0 0 0 oo
iR Interval =8
D7 D6 D5 Da D3 Dz D1 DO
71 a7 ae 1 1 1 0 0 0
6 | A7 A6 1 i o o o o
s * A7 AB 1o 1 o o o
a4l ar as 1 0 o 0o o o
3 ’ AT A6 0 1 1 o o o
R A I N T o o
S Y T 0
ol wr a6 0770 o 0 0 0

During the third INTA pulse the higher address of the ap-
propriate service routine, which was programmed as
byte 2 of the initialization sequence (Ag-A,s), is enabled
onto the bus.

Content of Third Interrupt
Vector Byte
D7 D6 D5 D4 D3 D2 D1 DO
[ a5 [ a1 [ A | a2 [ arr [ a0 [ as [ a8 ]

MCS-86 SYSTEM

MCS-86 mode is similar to MCS-80 mode except that
only two Interrupt Acknowledge cycles are issued by
the processor and no CALL opcode is sent to the proc-
essor. The first interrupt acknowledge cycle is similar to
that of MCS-80/85 systems in that the 8259A uses it to
internally freeze the state of the interrupts for priority
resolution and as a master it issues the interrupt code
on the cascade lines at the end of the INTA pulse. On
this first cycle it does not issue any data to the proc-
essor and leaves its data bus buffers disabled. On the
second interrupt acknowledge cycie in MCS-86 mode
the master (or slave if so programmed) will send a byte
of data to the processor with the acknowiedged inter-
rupt code composed as follows (note the state of the
ADI mode control is ignored and Ags-A,, are unused in
MCS-86 mode):

Content of Interrupt Vector Byte
for MCS-86 System Mode

D7 | D6 | D5 | Da | D3 | D2 | D1 | DO
B IR7 A15 A4 A3 A12 At 1 1 1
" IRe A15 | At4 | A13 | A12 | Art | 1 1] o]
IR5 A15 | Ala | A13 | A12 | AT1 | 1 0 1
T iRa A15 | A1a | a13 | A1z | A1 | 1 0o | o
IR3 A15 | A14 | A13 | A12 | AT | O 1 1
IR2 ats | ara [ a3 [arz [ ann | o 1 0
Y A15 | At | A13 | A2 LAl | 0 0 1]
1R ats [ ate Targ [ar | an Jo ol §
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PROGRAMMING THE 8259A

The 8259A accepts two types of command words gener-
ated by the CPU:

1. Initialization Command Words (ICWs): Before normal
operation can begin, each 8258A in the system must
be brought to a starting point — by a sequence of 2 to
4 bytes timed by WR pulses. This sequence is
described in Figure 1.

2. Operation Command Words (OCWs): These are the
command words which command the 8259A to oper-
ate in various interrupt modes. These modes are:
a. Fully nested mode
b. Rotating priority mode
c. Special mask mode
d. Polled mode

The OCWs can be written into the 8259A anytime after
initialization.

INITIALIZATION
GENERAL

Whenever a command is issued with AO=0and D4=1,
this is interpreted as Initialization Command Word 1
(ICW1). ICW1 starts the initialization sequence during
which the following automatically occur.

a. The edge sense circuit is reset, which means that
following initialization, an interrupt request (IR) input
must make a low-to-high transition to generate an
interrupt.

. The Interrupt Mask Register is cleared.

IR 7 input is assigned priority 7.

. The slave mode address is set to 7.

. Special Mask Mode is cleared and Status Read is set
to IRR.

f. 1f IC4 =0, then all functions selected in ICW4 are set

to zero. (Non-Buffered mode*, no Auto-EOQI, MCS-80/
85 system).

®© QO T

*Note: MasteriSlave in ICW4 is only used in the buftered mode.

Ag D, D, RD WR Ccs INPUT OPERATION (READ)
0 0 1 0 IRR, ISR or Interrupting Level —»DATA BUS (Note 1)
9 0 1 ) IMR —»DATA BUS
OUTPUT OPERATION (WRITE)
0 0 0 1 0 0 DATA BUS = OCW2
0 0 1 1 0 0 DATA BUS = OCWS3
0 1 X 1 0 0 DATA BUS —»ICW1
1 X X 1 0 0 DATA BUS -»OCW1, ICW2, ICW3, ICW4 (Note 2)
DISABLE FUNCTION
X X X 1 1 0 DATA BUS -» 3-STATE
X X X X X 1 DATA BUS = 3-STATE

Notes: 1. Selection of IRR, ISR or Interrupting Level is based on the content of OCW3 written before the READ operation
2. On-chip sequencer logic queues these commands into proper seguence.

8259A Basic Operation




Page D.43

8259A

INITIALIZATION COMMAND WORDS 1 AND 2
(ICW1, ICW2)

Ag-A5 Page starting address of service routines. In an
MCS 80/85 system, the 8 request levets will generate
CALLs to 8 locations equally spaced in memory. These
can be programmed to be spaced at intervals of 4 or 8
memory locations, thus the 8 routines will occupy a
page of 32 or 64 bytes, respectively.

The address format is 2 bytes long (Ag-A4s). When the
routine interval is 4, Ap-A,4 are automatically inserted by
the 8259A, while Ag-A;5 are programmed externally.
When the routine interval is 8, Ag-Ag are automatically
inserted by the 8259A, while Ag-A,; are programmed
externally.

The 8-byte interval will maintain compatibility with cur-
rent software, while the 4-byte interval is best fora com-
pact jump table.

In an MCS-86 system A,5-A;, are inserted in the five

most significant bits of the vectoring byte and the
8259A sets the three least significant bits according to

INITIALIZATION COMMAND WORD 3 (ICW3)

This word is read only when there is more than one
8259A in the system and cascading is used, in which
case SNGL = 0. It will load the 8-bit slave register. The
functions of this register are:

a. In the master mode (either when SP =1, or in buffered
mode when M/S=1 in ICW4) a "1" is set for each
slave in the system. The master then will release byte
1 of the call sequence (for MCS-80/85 system) and will
enable the corresponding slave to release bytes 2 and
3 (for MCS-86 only byte 2) through the cascade lines.

b. In the slave mode (either when SP=0, or if BUF =1
and M/S =0 in ICW4) bits 2-0 identify the slave. The
slave compares its cascade input with these bits and,
if they are equal, bytes 2 and 3 of the call sequence (or
just byte 2 for MCS-86) are released by it on the Data
Bus.

INITIALIZATION COMMAND WORD 4 (ICW4)
FNM: If FNM =1 the fully nested mode is programmed.

X ! BUF: If BUF =1 the buffered mode is programmed. In
.the interrupt level. A,p-Ag are ignored and ADI (Address buftered mode SP/EN becomes an enable output
interval) has no effect. and the master/stave determination is by M/S.
LTIM: If LTIM =1, then the 8259A will operate in the M/S: If buffered mode is selected: M/S =1 means the

level interrupt mode. Edge detect logic on the 8259A is programmed to be a master, MIS=0
interrupt inputs will be disabled. means the 8259A is programmed to be a slave. If
ADl: CALL address interval. ADI=1 then interval = 4, BUF =0, M/S has no function.
ADI =0 then interval = 8. AEOI: iIf AEOI=1 the automatic end of interrupt mode
SNGL: Single. Means that this is the only 8259A in the is programmed.
system. If SNGL =1 no ICW3 will be issued. uPM:  Microprocessor mode: uPM =0 sets the 8259A
I1C4: If this bit is set — ICW4 has to be read. If ICW4 for MCS-80/85 system operation, uPM =1 sets
is not needed, set IC4=0. the 8259A for MCS-86 system operation.
AQ o7 D6 DS D4 D3 D2 o1 00
[ 0 A7 A6 AS 1 LTIM ADI SNGL Ica IICW'I
]
u A1S A4 A13 A12 AN At0 A9 A8 ]ICW2
)
- —_— — ——YES
(SNGL=1)
NO (SNGL=0)
L s7 S6 S5 sa s3 s2 st so chwa
——NO
(ICa=0)
YES (IC4=1)
L 0 [ 0 FNM BUF Mis AEOI uPM llCW4
!
'
[ READY TO ACCEPT REQUESTS J
IN THE FULLY NESTED MODE

Figure 1. Initialization Sequence
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IcW1

LTIMJ F ] s 0 I
i 1. I1CW4 NEEDED

0= NO |CW4 NEEDED

A,IAG As].

1= SINGLE
Q= NOT SINGLE

CALL ADDRESS INTERVAL
1= INTERVALOF 4
0= INTERVAL OF 8

1= LEVEL TRIGGERED INPUT
0 = EDGE TRIGGERED INPUT

A7 — A5 OF LOWER
ROUTINE ADDRESS
{MCS-80/85 MODE ONLY)

O Y v

ADDRESS

1CW3 (MASTER DEVICE)
Ay O, Dg D, D Oy D D

LBl
ERNEEE

1 : IR INPUT HAS A SLAVE
@ = IR INPUT DOES NOT HAVE

mal

A SLAVE
ICW3 (SLAVE DEVICE)
% 0 Bg D, D Dy D D Dy
l\lu[ololozo 'Dzl'f"['Du
! | T I L
X X x X x
SLAVE 10!1]
ol1t2(3l4tsl6(7
DON'T oj1jojr|of1]o]
CARE olofrfi1]o]ofr |
olojofofr|r]r]
icwa

Ac D7 Dg Ds D04 D3 Dz O

[T LT ol
L

1 MCS.86 MODE
Q= MCS 80/85 MODE

1 AUTOQ EOI
0= NORMAL EOL

~ NON BUFFERED MODE
— BUFFERED MODE/SLAVE
[ 1 1 ¥ 1-BUFFERED MODE/MASTER

1+ FULLY NESTED MODE
0= NOT FULLY NESTED MODE

NOTE 1: SLAVED ID 1S EQUAL TO THE CORRESPONDING MASTER IR INPUT.
NOTE 2: X INDICATED “DON'T CARE”.

Initialization Command Word Format
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OPERATION COMMAND WORDS (OCWs)

Atter the Initialization Command Words (ICWs) are pro-
grammed into the 8259A, the chip is ready to accept
interrupt requests at its input lines. However, during the
8259A operation, a selection of algorithms can com-
mand the 8259A to operate in various modes through
the Operation Command Words (OCWSs).

OPERATION CONTROL WORDS (OCWs)

ocwi1
D6 D5 D4 D3 D2 D1 Do

A0 D7
E M7 M6 M5 M4 M3 M2 M1 Mo]

OCw2

II] [R seol eO1 0 0 2 wu LOJ

OoCw3
E l 0 SSMM SMM 0 1 P SRIS RIS

OPERATION CONTROL WORD 1 (OCW1)

OCWI1 sets and clears the mask bits in the Interrupt
Mask Register (IMR). M;-M; represent the eight mask
bits. M = 1 indicates the channel is masked (inhibited).
M =0 indicates the channel is enabled.

OPERATION CONTROL WORD 2 (OCW2)

R, SEOI, EOl — These three bits control the Rotate and
End of Interrupt modes and combinations of the two. A
chart of these combinations can be found on the Opera-
tion Command Word Format.

Ly, Ly, Ly — These bits determine the interrupt level
acted upon when the SEOLI bit is active.

OPERATION CONTROL WORD 3 (OCW3)

ESMM — Enable Special Mask Mode. When this bit is
set to 1it enables the SMM bit to set or reset the Speciat
Mask Mode. When ESMM =0 the SMM bit becomes a
“don’t care”.

SMM — Special Mask Mode, If ESMM =1 and SMM =1
the 8259A will enter Special Mask Mode. If ESMM =1
and SMM = 0 the 8259A will revert to normal mask mode.
When ESMM = 0, SMM has no effect.
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oowl

Lﬁ::I::IZI:IZ:I::I%T:I
[ TTTTTT]

INTEARUPT MASK
1= MASK SEY

0 = MASK RESEY

A% 0O DB O, D D O O O

KIE

SEOI| EO! 0

BCO LEVEL TOBE RESET
OR PUT INTO LOWEST PRICRITY

oJ1]2]|3j4|S]|6(7

1jefrrofrfoe |

0
ooy 1|joejo | 1
0

1 Non-specitic EOQ)

ofo
101 1] 1] Specihic EO1 LO L2 code of IS FF to be reset

Y[ 0] 1] Rotate st FOI Automatccaily Mode A}

V[ 1] 1] Rotate at EO1 (mode 81, LO L2 code of line

1/0(0 Set Rotate A FF

616G [0l ClearRotatea FF

10310 Rotate prionty {mode B) independently of EOI

altio No Operatron

ocwa

9 B b D

L?'I-l’ Pl T T T

READ IN-SERVICE REGISTER

DON'T
CARE 0 1 o 1
0 o 1 1
READ READ
IAREG | ISREG
NO ACTION ONNEXT | OntiexT
AD PULSE | AD PULSE
POLLING

A HIGH ENABLES THE NEXT AD PULSE
TO READ THE BCD CODE OF THE HIGH
EST LEVEL REQUESTING INTERAUPT.

SPECIAL MASK MODE

0 1 0 )
o o 1 1
RESET SET
NO ACTION SPECIAL | SPECIAL
MASK MASK

Operation Command Word Format
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INTERRUPT MASK
1 MASK SET
0 MASK RESEY

OCW2
A, D, Dg D, D, Dy D, D

[T Eelels

o[ [ T[]

BCD LEVEL YO BE RESET
GR PUT INTO LOWEST PRIORITY

of112]3tafs]e6]|7

1jofjsfofr]ofr

0
[ N R 1o 1
[

Fg ‘o *I Nan specitic €01
0711 Sprafic EOF 13 0Z codv nf 15 FF 1o by it
1 : D] (‘W Rotate at €0l Automaticaly (Mode Al
i Rotate at EOI tmade B1. L0 L2 code of line
17070, SetRote AFF
0 v O Clcar Ratate A FF
11 00 Rotaw prionty (made B) independentty of £01
N 6 1 6 NoOperaton

A, Dy Dg Dy D, Dy D

T
‘ o [ - ESMM| SMM o [ 1 { P ERlSI RIS
READ IN SERVICE REGISTER
DON'T
CARL ] 1 0 1
o o ) :
READ | READ
IR REG ISREG
NO ACTION ONNEXT |ONNEXT
RO PULSE | RD PULSE
POLLING
A MIGH ENABLES THE NEXT RD PULSE
TO READ THE BCD CODE OF THE HIGH
EST LEVEL RENUESTING INTERRUST
SPECIAL MASK MODE
0 ' o 1
0 0 ' 1
RESET | ser
NO ACTION SPECIAL | SPECIAL
MASK MASK

Operation Command Word Format
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INTERRUPT MASKS

Each interrupt Request input can be masked individu-
ally by the Interrupt Mask Register (IMR) programmed
through OCW1. Each bit in the IMR masks one interrupt
channel if it is set (1). Bit 0 masks IR0, Bit 1 masks IR1
and so forth. Masking an IR channel does not affect the
other channels operation.

SPECIAL MASK MODE

Some applications may require an interrupt service
routine to dynamically aiter the system priority struc-
ture during its execution under software control. For
example, the routine may wish to inhibit lower priority
requests for a portion of its execution but enable some
of them for another portion.

The ditficulty here is that if an Interrupt Request is
acknowledged and an End of Interrupt command did not
reset its IS bit (i.e., while executing a service routine),
the 8259A would have inhibited all lower priority
requests with no easy way for the routine to enable
them

That is where the Special Mask Mode comes in. In the
special Mask Mode, when a mask bit is set in OCWH1, it
inhibits further interrupts at that levet and enables inter-
rupts from all other leveis (lower as well as higher) that
are not masked.

Thus, any interrupts may be selectively enabled by
loading the mask register.

The special Mask Mode is set by OCW3 where:
SSMM =1, SMM =1, and cleared where SSMM=1,
SMM =0.

BUFFERED MODE

When the 8259A is used in a large system where bus
driving buffers are required on the data bus and the cas-
cading mode is used, there exists the problem of enabl-
ing buffers.

The buffered mode will structure the 8259A to send an
enable signal on SP/EN to enable the buffers. In this
mode, whenever the 8258A’s data bus outputs are ena-
bled, the SP/EN output becomes active.

This modification forces the use of software program-
ming to determine whether the 8259A is a master or a
slave. Bit 3 in ICW4 programs the buffered mode, and bit
2 in ICW4 determines whether it is a master or a slave.

NESTED MODE

This mode is entered after initialization unless another
mode is programmed. The interrupt requests are
ordered in priority from 0 through 7 (0 highest). When an
interrupt is acknowledged the highest priority request is
determined and its vector placed on the bus. Addition-
ally, a bit of the Interrupt Service register (IS0-7) is set.
This bit remains set until the microprocessor issues an

End of Interrupt (EQI) command immediately before
returning from the service routine, or if AEOI (Automatic
End of Interrupt) bit is set, until the trailing edge of the
last INTA. While the IS bit is set, all further interrupts of
the same or lower priority are inhibited, while higher
levels will generate an interrupt (which will be acknowl-
edged only if the microprocessor internal Interrupt
enable flip-flop has been re-enabled through software).

After the initialization sequence, IR0 has the highest
priority and IR7 the lowest. Priorities can be changed, as
will be explained, in the rotating priority mode.

THE SPECIAL FULLY NESTED MODE

This mode will be used in the case of a big system
where cascading is used, and the priority has to be con-
served within each slave. In this case the fully nested
mode will be programmed to the master (using t{CW4).
This mode is similar to the normal nested mode with the
following exceptions:

a. When an interrupt request from a certain slave is in
service this slave is not locked out from the master’s
priority logic and further interrupt requests from
higher priority IR’s within the slave will be recognized
by the master and will initiate interrupts to the proc-
essor. (In the normal nested mode a slave is masked
out when its request is in service and no higher
requests from the same slave can be serviced.)

b. When exiting the Interrupt Service routine the soft-
ware has to check whether the interrupt serviced was
the only one from that slave. This is done by sending
a non-specific End of Interrupt (EOl) command to the
slave and then reading its In-Service register and
checking for zero. If it is empty, a non-specific EOI
can be sent to the master too. If not, no EOI should be
sent.
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POLL

In this mode the microprocessor internal Interrupt
Enable flip-flop is reset, disabling its interrupt input.
Service to devices is achieved by programmer initiative
using a Poll command.

The Poll command is issued by setting P="1"in OCW3.
The 8259A treats the next RD pulse to the 8259A (i.e.,
RD =0, CS=0) as an interrupt acknowledge, sets the
appropriate IS bit if there is a request, and reads the
priority level. Interrupt is frozen from WR to RD.

The word enabled onto the data bus during RD is:
D7 D6 D5 D4 D3 D2 DI DO

! — - - = w2ow _Wi!

WO-W2: Binary code of the highest priority level
requesting service.
I: Equal to a 1" if there is an interrupt.

This mode is useful if there is a routine command com-
mon to several levels so that the iINTA sequence is not
needed (saves ROM space). Another application is to
use the poll mode to expand the number of priority
levels to more than 64.

END OF INTERRUPT (EOI)

The In Service (I1S) bit can be reset either automatically
following the trailing edge of the last in sequence INTA
pulse (when AEOQI bit in ICW1 is set) or by a command
word that must be issued to the 8259A before returning
from a service routine (EOl command). An EOl command
must be issued twice, once for the master and once for
the corresponding slave if slaves are in use.

There are two forms of EOl command: Specific and Non-
Specific. When the 8259A is operated in modes which
preserve the fully nested structure, it can determine
which IS bit to reset on EOl. When a Non-Specific EOI
command is issued the 8259A will automatically reset
the highest IS bit of those that are set, since in the
nested mode the highest IS level was necessarily the
last level acknowledged and serviced.

However, when a mode is used which may disturb the
fully nested structure, the 8259A may no longer be able
to determine the last level acknowledged. In this case a
Specific End of Interrupt (SEQOI) must be issued which
includes as part of the command the IS leve! to be reset.
EOI is issued whenever E= 1, in OCW2, where LO-L2 is
the binary level of the IS bit to be reset. Note that
although the Rotate command can be issued together
with an EOI where E= 1, it is not necessarily tied to it.

It should be noted that an IS bit that is masked by an
IMR bit will not be cleared by a non-specific EOl if the
8259A is in the Special Mask Mode.

AUTOMATIC END OF INTERRUPT (AEOI) MODE

If AEOI=1in ICW4, then the 8259A will operate in AEOQI
mode continuously until reprogrammed by ICW4, In this
mode the 8259A wiil automatically perform a non-
specific EOl operation at the trailing edge of the last
interrupt acknowledge pulse (third pulse in MCS-80/85,

second in MCS-86). Note that from a system standpoint,
this mode should be used only when a nested multilevel
interrupt structure is not required within a single 8259A.

To achieve automatic rotation (Rotate Mode A) within
AEOI, there is a special rotate flip-flop. It is set by OCW2
with R=1, SEOI=0, E=0, and cleared with R=0,
SEOQOI= 0, E=0.

ROTATING PRIORITY MODE A (AUTOMATIC
ROTATION) FOR EQUAL PRIORITY DEVICES

In some applications there are a number of interrupting
devices of equal priority. In this mode a device, after
being serviced, receives the lowest priority, so a device
requesting an interrupt will have to wait, in the worst
case untit each of 7 other devices are serviced at most
once. For example, if the priority and “in service" status
is:

Before Rotate (IR4 the highest priority requiring service)

IS7 1S6 IS5 IS4 1S3 1S2 1IS1 IS0

|
o ol Toelofo]o]
Lowest Priority

e ST [N

IS Status

Highest Priority

Priority Status

After Rotate (IR4 was serviced, all other priorities
rotated correspondingly)

IS7 1S6 1S5 1S4 1S3 1S2 ISt VISO
1 ialo o olol0]

Highest Priority

“IST Status
Lowest Priority

BN O e

Priority Status

The Rotate command mode A is issued in OCW2 where:
R=1, E=1, SEOI =0. Internal status is updated by an
End of Interrupt (EOI or AEOI) command. If R=1, E=0,
SEOI =0, a “'Rotate-A" flip-fiop is set. This is useful in
AEOI, and described under Automatic End of Interrupt.

ROTATING PRIORITY MODE B (ROTATION BY
SOFTWARE)

The programmer can change priorities by programming
the bottom priority and thus fixing all other priorities;
i.e., if IR5 is programmed as the bottom priority device,
then IR6 will have the highest one.

The Rotate command is issued in OCW2 where: R=1,
SEOl=1; LO-L2 is the binary priority level code of the
bottom priority device.

Observe that in this mode internal status is updated by
software control during OCW2. However, it is independ-
ent of the End of Interrupt (EQOI) command (also exe-
cuted by OCW?2). Priority changes can be executed dur-
ing an EQl command or independently.
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LTIt 81T TO OTHER PRIORTY CELLS
0= EOGE CLR ISR
1 LEVEL
! CLR o} ISRBIT
€DGE ‘ | | SET
SENSE :
PRIORITY
LATCH , s -+ s SET ISR RESOLVER
L ) IN SERVICE
N ‘ i LATCH N
- CONTROL
LOGIC
| . —
0 AEQUEST ; i |
SET LATCH :
| : o ‘ ‘ NON
IR -—LDO & ’ ap - MAbK | — masSKED
‘ LATCH REQ
—{c a —J ‘ —D Q
I IS
REEREREE b
e CLR
T
FRt: /€ i ? INTERNAL
1 I - - l l DATA BUS
w - a @ ¥
b A 3 9
w [=3=} z z =
= 0 . oA
i i3 = =
xx i 2
E s

NOTES

1. MASTER CLEAR ACTIVE ONLY DURING ICW1
2. FREEZE/ IS ACTIVE DURING INTA/ AND POLL SEQUENCES ONLY
3. TRUTH TABLE FOR D LATCH

c o ' 0
1 H o [o]]
o | x an-1

Priority Cell

__OPERATION

FOLLOW
HOLD

LEVEL TRIGGERED MODE
This mode is programmed using bit 3 in ICW1.

If LTM =*1", an interrupt request will be recognized by a
‘high' level on IR Input, and there is no need for an edge
detection. The interrupt request must be removed
before the EOl command is issued or the CPU interrupt
is enabled to prevent a second interrupt from occurring.

The above figure shows a conceptual circuit to give the
reader an understanding of the fevel sensitive and edge
sensitive input circuitry of the 8253A. Be sure to note
that the request latch is a transparent D type latch,

READING THE 8259A STATUS

The input status of several internal registers can be read
to update the user information on the system. The
following registers can be read by issuing a suitable
OCWS3 and reading with RD.

Interrupt Mask Register: 8-bit register whose content
specifies the interrupt request lines being masked.
acknowledged. The highest request level is reset from
the IRR when an interrupt is acknowledged. (Not
affected by IMR)

In-Service Register (ISR): 8-bit register which contains
the priority levels that are being serviced. The ISR is
updated when an End of Interrupt command is issued.

Interrupt Mask Register: 8-bit register which contains
the interrupt request lines which are masked.

The IRR can be read when, prior to the RD pulse, a WR
pulse is issued with OCW3 (ERIS =1, RIS=0.)

The ISR can be read in a similar mode when ERIS =1,
RIS=1in the OCWS3.

There is no need to write an OCW3 before every status
read operation, as long as the status read corresponds
with the previous one; i.e., the 8259A ‘“‘remembers”
whether the IRR or ISR has been previously selected by
the OCW3,

After initialization the 8259A is set to IRR.

For reading the IMR, no OCW3 is needed. The output
data bus will contain the IMR whenever RD is active and
AD=1.

Polling overrides status read when P=1, ERIS=1 in
OCWS3.
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Mnemonic
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ICW1
ICW1
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SUMMARY OF 8259A INSTRUCTION SET
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Operation Description

Format = 4, single, edge triggered

Format = 4, single, level triggered

Byte 1 Initialization Format = 4, not single, edge triggered
Format = 4, not single, leve! triggered

No ICW4 Required Format = 8, single, edge triggered
Format = 8, single, leve! triggered
Format = 8, not single, edge triggered
Format = 8, not single, level triggered

Format = 4, single, edge triggered
Format = 4, single, level triggered
Byte 1 Initialization  ¢4mat = 4, not single, edge triggered

Format = 4, not single, level triggered
Format = 8, single, edge triggered

ICW4 Required
Format = 8, single, level triggered
Format = 8, not single, edge triggered
Format = 8, not single, level triggered

8yte 2 initialization

Byte 3 initialization — master

Byte 3 initialization — slave

No action, redundant

Non-buffered mode, no AEOI. MCS-86

Non-butfered mode, AEOI, MCS-80/85

Non-buffered mode, AEOI, MCS-86

No action, redundant

Non-buffered mode, no AECI, MCS-86

Non-buffered mode, AEOI, MCS-80/85

Non-buffered mode, AEOI, MCS-86

Buftered mode, slave, no AEQOI, MCS-80/85

Butfered mode, slave, no AECI. MCS-86

Buffered mode, slave, AEO), MCS-80/85

Buffered mode, slave, AEOI, MCS-86

Buffered mode, master, no AEOI, MCS-80/85

Buffered mode. master, no AECI. MCS-86

Bulfered mode, master, AEOI, MCS-80/85

Buftered mode, master, AEOI, MCS5-86

Fully nested mode, MCS-80, non-buttered, no AEOI

ICW4 NB through ICW4 ND are identical to

ICW4 B through ICW4 D with the addition of
Fully Nested Mode

Fully Nested Mode, MCS-80/85, non-buffered. no AEOI

ICW4 NF through ICW4 NP are identical to
ICW4 F through ICW4 P with the addition of
Fully Nested Mode

Load mask register, read mask register
Non-specific EOI

Specific EOL LO-L2 code of IS FF to be reset
Rotate at EOI Automatically {Mode A)

Rotate at EOI (mode B). LO-L2 code of tine
Set Rotate A FF

Clear Rotate A FF

Rotate priority (mode B) independently of EOI
Poll mode

Read IS register

D.51
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SUMMARY OF 8258A INSTRUCTION SET (Cont.)

Inst. # Mnemenic A0 D7 D6 D5 D4 D3 D2 D1 DO
46 OCW3 RR 0 0 0 0 0 1 0 1
47 OCW3 SM 0 0 1 1 0 1 0 0
48 OCW3 RSM 0 0 1 0 0 1 0 0
Note: 1. in the master mode SP pin=1, in slave mode SP=0
Cascading

The 8259A can be easily interconnected in a system of
one master with up to eight slaves to handle up to 64
priority levels.

A typical MCS-80/85 system is shown in Figure 2. The
master controls, through the 3 line cascade bus, which
one of the slaves will release the corresponding
address.

As shown in Figure 2, the slave interrupt outputs are
connected to the master interrupt request inputs. When
a slave request line is activated and afterwards acknowl-
edged, the master will enable the corresponding slave

Operation Description

Read request register
Set special mask mode
Reset special mask mode

to release the device routine address during bytes 2 and
3 of INTA. (Byte 2 only for MCS-86).

The cascade bus lines are normally low and will contain
the siave address code from the trailing edge of the first
INTA pulse to the trailing edge of the third puise. It is
obvious that each 8259A in the system must follow a
separate initialization sequence and can be pro-
grammed to work in a different mode. An EOl command
must be issued twice: once for the master and once for
the corresponding slave. An address decoder is required
to activate the Chip Select (CS) input of each 8259A.

The cascade lines of the Master 8259A are activated for
any interrupt input, even if no slave is connected to that
input.

- ~ o ADDRESS BUS (18] i 1
( ‘ : CONTROL BUS } [ {
i — S Y

SLAVERB

Cs Ay INT cs Ay
CASO
82594
AS1
SLAVE A cas
cas2
SPIEN7 6 65 4 3 2 1 0 SPIEN? 6 5
7 6 6 4 3 2 1 0 7 6 5

- '

—_ Q

INT | CS A, INT

CASO CASO

32594

CAST CAs MASTER

CAS2 cAS 2
2 1 0 SPIENM7 M6 M5 M4 M3 M2 M1 MO
‘ ’ ’ Vcc |7 ] [ 1 I [

6

2 1 0 5 4 |32 1 0

- - .._‘J

T
INTERRUPT REQUESTS

Figure 2. Cascading the 8259A




Page D.53

8259A
PIN FUNCTIONS cS I 1 Chip Select: RD and WR are en-
Name /O Pin# Function o abled by Chip Select, whereas In-
- - - terrupt Acknowledge is inde-
Vee 28 + 5V supply. pendent of Chip Select.
GND 14 Ground.
- idi i 1 d for: . )
Do-7 Vo 11-4 aB)Idp'rrggf'laor:?nir?gt?hsurzbgzeof the AOQ | 27 Usually the least significant bit of
8259A (programming is done by the microprocessor address out-
software); b) the microprocessor Eﬂut.kV\éher? tA0:1 tgwe‘lntder(rjupt
can read the status of the 8259A; az v\?g's erAga_nO emoa 862590/;:
c) the 8259A will send vectoring read. etr: - ed it
data to the microprocessor when mode can be programmed or s
an interrupt is acknowledged status can be read. CS is active
' LOW.
IRg-7 I 18-25 Interrupt Requests: These are
asynchronous inputs. A positive-
going edge will generate an in- INT O 17 Goes directly to the micro-
terrupt request. Thus a request processor interrrupt input. This
can be generated by raising the output will have high Vg to
line and holding it high until match the 8080 3.3V V). INT is
acknowledged, or by a negative active HIGH.
pulse. In tevel triggered mode, no
i ired. Th i .
gggseli:g?’{uned ese lines are C0-C2 11O 12 Three cascade lines, outputs in
i ’ ) 13 master mode and inputs in slave
RD I 3 Read (generally from 8228 7” 15 mode. The master issues the
MCS-80 system or from 8086 in binary code of the acknowledged
__ MQS~86 system). . interrupt level on these lines.
R ' ? gg?Ségzngrﬂl)’o frfom %20%86 !n Each slave compares this code
i Y r trom n with its own.
MCS-86 system).
INTA I 26 Interrupt Acknowledge (generally I ) )
from 8228 in MCS-80 system, SP/EN 1/O 16 SP/EN is a dual function pin. In
8086 in MCS-86 system). The 8288 the buffered mode SP/EN is used
generates three distinct INTA to enable bus transceivers (EN). In
pulses when a CALL is inserted, the non-buffered modg SP/EN
the 8086 produces two distinct determines if this 8259A is a mas-
INTA pulses during an interrupt ter or a slave. If SP=1 the 8259A
cycle. is master; SP = 0 indicates aslave.
ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias —40°Cto85°C "COMMENT

Storage Temperature

-65°C to +150°C

Voltage On Any Pin

With Respect to Ground
Power Dissipation

—-05Vito +7V
1 Watt

D.C. CHARACTERISTICS

Ta=0°Cto70°C Vee=5V25% (8259A-8) V=5V = 10% (8259A)

Stresses ahove those listed under “Absolute Maximum Ratings™ may
cause permanent damage to the device. This is a stress rating onty and
functional operation of the device at these or any other conditions above
those indicated In the operational sections of this specification is not

implied.

Symbol Parameter Min. ] hill'::lix.~k Units Test Condiii:)ns B
Vie 1 Input Low Voltage -5 .8 \Y -
Vin Input Hig;w_\/oltage 20 Veg + .5V \ _*—777777
Vol Output Low Voltage | ' e v g=22mA
Vor ~ Output High_Vc'>Itrargieri 24 v o IOT:SOO uA -
T B A IR

lu InputﬁLoéd Current - ~~: 10 I v;/;\ - Vin = Ve to OV

ot Output Leakage Current | | =10 | uA | Vour=o04sv
lLon _ Output Leakage Current | 10 WA | Vour=Vee
lce Ve Supply Current T 85 mA
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8259A A.C. CHARACTERISTICS

Ta=0°Cto 70°C Vgc=5Vx5% (8259A-8)

Voo =5V £ 10% (8259A)

TIMING REQUIREMENTS 8259A-8 8259A
Symbol Parameter [ Min. Max. ~ Min. Max_._; Units Test Conditions
TAHRL | AQICS Setup to RDIINTA! 50 0 ns
TRHAX AO/CS Hold after RD/INTA? . 5 0 | ns
TRLRH | RD Pulse Width _ JT_‘@ 2% . _ns
TAHWL AO/CS Setup toWR! 0 o . ns
TWHAX | AO0ICS Hold after WR? L 20 o | ns
TWLWH | WR Pulse Width . 400 .20  ns |
TDVWH | Data Setup to WRt 300 | 240 | ns
TWHDX | Data Hold after WR? 40 0 ns
TJLJH Interrupt Request Width (Low) 4 100 ! 100 T ns See Note 1
Cascade Setup to Second or Third
TOVIAH | (Slave Opnly) oL 55 ns
TRHRL End of RD to Next Command 160 160 ns
TWHRL | End of WR to Next Command | 190 190 ns
Note: 1. This is the low time reqguired to clear the input latch in the edge triggered mode
TIMING RESPONSES 8259A-8 B259A
Symbol Parameter Min. —Max. Min. | Max. | Units Test Conditions
TRLDV | Data Valid from RD/INTA/ | 300 200 | ns | CofDataBus=100pF
TRHDZ | Data Float after RD/INTA! " 20 | 200 | 100 ns | Cof DataBus
TJHIH Interrupt Output Delay 400 | 350 ns Max. test C =100 pF
" Cascade Valid from First INTA 4 ‘ T ‘ ! Min test C=15pF
TIAHCV 565 565 ns c =100 pF
(Master Only) ~ , INT
TRLEL | Enable Active from RD! or INTA! 160 125 ns | Ccascape=100pF
TRHEH Enable Inactive from RD1 or INTA? ] 325 150 ns
TAHDV Data Valid from Stable Address ) 350 200 | ns |
TCVDV Cascade Valid to Valid Data B l 300 300 ns
CAPACITANCE
Ta=25°C; Voo = GND =0V
Symbol Parameter Min. Typ. ‘ Max Unit Test Conditions
CiNn Input Capacitance i | 10 pF fc=1 MHz
_Cwo IO Capacitance L ! 20 | pF Unmeasured pins returned to Vgs
Input Waveforms for A.C. Tests
2.4
2.2 2.2
‘> TEST POINTS <
0.8 o 0.8

0.45
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WRITE MODE
wh -~ TWLWH — ——|
|
—| TAHWL |« — —t= TWHAX [*—
cs
ADDRESS BUS
Ao
+— TDVWH —=|~ +— TWHDX
DATA BUS .
READ/INTA MODE
= — TRLRK —
RO/ANTA
\ 4
N
EN
— - TRLEL — TRHEH
| |
l—— TAHRL —=1 TRHAX
cs
ADDRESS BUS
Ao
~————— TRLDV ———>| — TRHDZ -~

} TAHDV
DATABUS: — — e m — —m - e — - —— — — — —i ——————

OTHER TIMING

RD/INTA
|
WR | ’
\ '%.— TWHRL __,¥‘ /

INTA SEQUENCE

\+ — TJHIH
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- TILIH -

— N

INTA

i (O DL
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Tevov A - / \
co2 .
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T HCS 4088 Syatema oniy
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PERIPHERAL INTERFACE ADAPTER (PIA)

The MC6821 Peripheral Interface Adapter provides the universal
means of interfacing peripheral equipment to the MC6800 Micro-
processing Unit {(MPU). This device is capable of interfacing the MPU
to peripherals through two 8-bit bidirectional peripheral data buses
and four control lines. No external logic is required for interfacing to
most peripheral devices.

The functional configuration of the PIA is programmed by the
MPU during system initialization. Each of the peripheral data lines
can be programmed to act as an input or output, and each of the
four control/interrupt lines may be programmed for one of several
control modes. This allows a high degree of flexibility in the over-all
operation of the interface.

® 8-Bit Bidirectional Data Bus for Communication with the MPU
® Two Bidirectional 8-Bit Buses for Interface to Peripherals

® Two Programmable Control Registers

® Two Programmable Data Direction Registers

°

Four Individually-Controlled Interrupt Input Lines; Two Usable
as Peripheral Control Qutputs

® Handshake Control Logic for Input and Output Peripheral
Operation

® High-impedance 3-State and Direct Transistor Drive Peripheral
Lines

Program Controlled Interrupt and Interrupt Disable Capability
CMOS Drive Capability on Side A Peripheral Lines

Two TTL Drive Capability on All A and B Side Buffers
TTL-Compatible

Static Operation

MC6821

(1.0 MHz)

MC68A21

(1.5 MHz)

MC68B21

(2.0 MHz)

MOS

(N-CHANNEL, SlLlCON—(‘.‘sATE,
DEPLETION LOAD)

PERIPHERAL INTERFACE
ADAPTER

L SUFFIX
CERAMIC PACKAGE
CASE 715

P SUFFIX
PLASTIC PACKAGE
CASE 711

ORDERING INFORMATION

Speed Device Temperature Range
1.0 MHz MC6821P, L 0 to +70°C
MC6821CP,CL -40 to +85°C
MIL-STD-883B MC6821BQCS - 55 to +125°C
MIL-STD-883C MC6821CQCS
1.5 MHz MC68A21P, L 0 to +70°C
MC68A21CP,CL ~-40 to +85°C
2.0 MHz MC68B821P, L 0 to +70°C

PIN ASSIGNMENT

1d. o calb a0
Vss
24pPa0 CA2h 39
3 gprPal iRQA P 38
agraz iRa8 P 37
5 [ PA3 RSO {1 36
60prPas RS1 P 35
7 QPas Reset P 34
8 f] PA6 DO p a3
9.4 PA7 D1 Q32
10 g4 P8O D2 P 3%
114 PB1 03D 30
12 ff PB2 D4 f1 29
13 FB3 DS [ 28
14 [ PB4 o6 p 27
15 P8BS o7p 26
16 (0 P86 €D 25
17 g PBY csip 24
18 g ce cs2p 23
19 f cB2 csof 22
20Qveec R/WPR2Y
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MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS (vcc =50V

©5%,Vgg =0, Ta = T to T unless otherwise noted)
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Rating Symbol Value Unit
Supply Voitage Vee -0.3t0+7.0 Vdc This device contains circuitry to protect the
Input Voltage Vin 0310 +70 Vdc inputs against damage due to high static voltages
Operating Temperature Range Th TLtoTH or electric fieIQS; however, it is.advise.d lbat
MC6821 MCE8A21 MCE8B21 0 to 70 o¢ normal precautions be taken to avoid application
MC6821E: MC68A2‘1C _40 10 85 oc of any voltage higher than maximum vateq
MC6821CQCS, MCB8218QCS -5510 125 o¢ voltages to this high impedance.
Storage Temperature Range Tstg ~-55 10 +150 oc
Thermal Resistance o)A 825 Ociw

r Characteristic lSymboI l Min ] Typ I Max l Unit
BUS CONTROL INPUTS (R/W, Enable, Reset, RS0, RS1, CS0, CS1, CS2)
Input High Voltage ViK Vgg+20 - Vee -Vdc
Input Low Voitage ViL Vgg -0.3 - Vgg+08 Vdc
Input Leakage Current lin - 1.0 25 uAdc
(Vin =010 5.25 Vdc}
Capacitance Cin - - 7.5 pF
(Vin =0, Ta =25°C, f=1.0MHz2)
INTERRUPT QUTPUTS (IRQA, IRQB)
Output Low Voltage VoL - - Vgg+04 Vdc
(1] pag = 3.2 mAdc)
Output Leakage Current (Off State) lLoH - 1.0 10 uAdc
{(VoH = 2.4 vdc)
Capacitance Cout - - 50 pF
(V,n =0, Ta = 25°C, f = 1.0 MHz)
DATA BUS (D0-D7)
Input High Voltage VIiH Vgg +2.0 - vVee Vdc
loput Low Voltage ViL Vgg -0.3 - Vgg +08 Vdc
Three-State (Off State) Input Current ITs) - 20 10 uAde
(Vin =0.4 10 2.4 Vdc)
Output High Voltage VOH Vgg +2.4 - - Vdc
ILoad = -205 uAdc)
Output Low Voltage VoL - - Vgg +0.4 Vdc
(I gad = 1.6 mAdc)
Capacitance Cin - - 125 pF
(V,n =0, Ta =25°C. f = 1.0 MH2)
PERIPHERAL BUS (PA0-PA7, PB0O-PB7, CA1, CA2,CB1, CB2)
Input Leakage Current  R/W, Reset, RSO, RS1, CS0, CS1, CS2, CA1, lin - 1.0 25 uAdc
(Vin =010 5.25 Vdc) CB1, Enable
Three-State (Off State) Input Current PBO-PB7,CB2 i) - 20 10 uAdc
(Vin =0.4 10 2.4 Vdc)
Input High Current PAO-PA7,CA2 HH -200 -400 - MAdc
(V4 = 2.4 Vdc)
Darlingtan Drive Current PBO-PB7,CB2 l1oH -t.0 - -10 mAdc
Vg = 1.5 Vde
Input Low Current PAO-PA7, CA2 I - -1.3 -24 mAdc
(V)L = 0.4 vdc)
Output High Voltage VoH Vdc
{1 Load = —200 uAdc) PAO-P7, PBO-PB7, CA2, CB2 Vgg+2.4 - -
(I_oad = ~10 nAde) PAO-PA7, CA2 Vee - 1.0 - -
Output Low Voltage VoL — — Vgg+0.4 Vdc
(I_oad = 3.2 mAdc)
Capacitance Cin - - 10 pF
(Vin =0,Ta =25°C, f = 1.0 MH2)
POWER BREQUIREMENTS
[Power Dissipation l Pp I - l - l 550 l\ mw J
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BUS TIMING CHARACTERISTICS (Voc =50V £5%,Vgg =0, Ta = T to T4 unless otherwise specified.)

MC6821 MC68A21 MCe8B21 Ref.
Characteristic Symbol Min Max Min Max Min Max Unit Fig. No.
Enable Cycle Time teycE 1000 - 666 - 500 - ns 1
Enable Pulse Width, High PWEH 450 - 280 - 220 - ns 1
Enable Pulse Width, Low PWEL 430 - 280 - 210 - ns 1
Enable Pulse Rise and Fall Times tEr. YEf - 25 = 25 - 25 ns 1
Setup Time, Address and R/W valid tAS 160 - 140 - 70 - ns 2,3
to Enable positive transition

Address Hold Time tAH 10 — 10 — 10 - ns 2,3
Data Detay Time, Read tDDR — 320 - 220 - 180 ns 2,4
Data Hold Time, Read tDHR 10 - 10 - 10 - ns 2,4
Data Setup Time, Write tHSW 195 - 80 - 60 - ns 3,4
Data Hold Time, Write tDHW 10 - 10 — 10 - ns 3,4

FIGURE 1 — ENABLE SIGNAL CHARACTERISTICS

FIGURE 2 — BUS READ TIMING CHARACTERISTICS
{Read Information from PtA)

teycE
PWEenH > PW g | —
tEr—w tEf e f——
lZ,OV 2.0 V}
Enable
_J 08V 08V c j

0.8V

FIGURE 3 —~ BUS WRITE TIMING CHARACTERISTICS

{Write Information into PiA)

2.0 20
0.8 0.8
L— (AS taAH
RS, 2.0 2.0
CS,
R/W 0.8 0.8
tDSW tDHW
2.0 290
0.8 0.8

2.0
Enable 0.8 0.8
l=—tas tAH
RS, 20V 20V
CSs,
R/W 0.8V 0.8V
Data Bus
FIGURE 4 — BUS TIMING TEST LOADS
{D0—-D7)
5.0 v
R =25k
Test Point MMO6150
or Equiv.
Cc ]
130 pF 1.7k MMD 7000
or Equiv.
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PERIPHERAL TIMING CHARACTERISTICS (Vcc =50V 5%, Vgg =0V, Ta = T to T unless otherwise specified.)

MC6821 MC68A21 MC68B21 Reference
Characteristic Symbol Min Max Min Max Min Max Unit Fig. No.
Peripheral Data Setup Time tPDSU 200 - 135 - 100 - ns 8
Peripheral Data Hold Time tPDH 0 - 0 - 0 - ns 8
Delay Time, Enable negative transition to CA2 tCA2 - 1.0 - 0.670 — 0500} us 5,9,10
negatlve transition
Detay Time, Enable negative transition to CA2 tRS1 - 1.0 - 0.670 - 0500 wus 59
posttive transition
Rise and Fall Times for CA1 and CA2 input signals t, tf - 1.0 - 10 - 1.0 us 5,10
Delay Time from CA1 active transition to CA2 tRS2 - 20 — 1.35 - 10 us 5, 10
positive transition
Delay Time, Enable negative transition to Peripheral tPOW - 1.0 - 0.670 - 05 us 5 11,12
Data Valid
Delay Time, Enable negative transition to Peripheral tcmMOS - 20 - 1.35 - 10 us 6,11
CMOS Data Valid PAO-PA7, CA2
Delay Time, Enable positive transition to CB2 tcB2 - 1.0 - 0.670 - 05 Hs 5,13,14
negative transition
Delay Time, Peripheral Data Valid to CB2 1pe 20 - 20 - 20 — ns 5,12
negative transition
Delay Time, Enable positive transition to CB2 tRS1 - 10 — 0.670 - 05 us 5,13
positive transition
Peripheral Control Output Pulse Width, CA2/CB?2 PWeT 550 - 550 - 500 - ns 5,13
Rise and Fall Time for CB1 and CB2 input signals t, b - 1.0 — 1.0 — 10 us 14
Delay Time, CB1 active transition to CB2 RS2 - 20 - 1.35 — 1.0 Ms 5,14
positive transition
Interrupt Release Time, IRQA and IRQB R - 1.60 - 1.10 — 085 us 7,16
Interrupt Response Time tRS3 — 1.0 — 1.0 — 1.0 Hs 7,15
Interrupt Input Pulse Width PW) 500 - 500 - 500 — ns 15
Reset Low Time* tRL 1.0 - 0.66 — 0.5 - us 17
*The Reset tine must be high a minimum of 1.0 us before addressing the PIA.
FIGURES — TTL EQUIV. TEST LOAD FIGURE 6 — CMOS EQUIV. TEST LOAD FIGURE 7 — NMOS EQUIV. TEST LOAD
(PAO—PA7, PBO—PB7, CA2, CB2) (PAO-PA7, CA2) (IRQ Only)
Vece
50V
RL
Test -— MMD6150
Point . Test Point 3k
v, or Equiv. oj
C R 30 pF Test Point
MMD7000 I
or EqQuiv.

C -40pF, R=12k

Adjust RL so that |} - 3.2 mA
with V| = 0.4 Vand Voe = 5.25 Vv

100 pF I
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FIGURE 8 — PERIPHERAL DATA SETUP AND HOLD TIMES FIGURE 9 — CA2 DELAY TIME
{Read Mode) {Read Mode; CRA-5 = CRA-3 = 1, CRA4 =0}

PAO-PA7 20V Enable
PBO-PB7 0.8 v

. tcA2 trRs1*
PWeT —=
€ CcA2 24V
nable 04V
*Assumes part was deselected during
the previous E pulse.
FIGURE 10 — CA2 DELAY TIME FIGURE 11 — PERIPHERAL CMOS DATA DELAY TIMES
(Read Mode; CRA-5 = 1, CRA-3 = CRA4 =0) {Write Mode; CRA-5 = CRA-3 =1, CRA4 =0)
Enable 08 v »
ki Enabl
— - Tty nabte 08V

t
=7/ 2.0V CMOSs

ca1 08 v tPOW oy # - I- ------ Vce -30% Vee
L._J e
7

PAOPA?Z 24V
= tca2 RS2 = CcA2 0.4 v

24V
CA2
04V
FIGURE 12 — PERIPHERAL DATA AND CB2 DELAY TIMES FIGURE 13 — CB2 DELAY TIME
(Write Mode; CRB-6 = CRB-3 = 1, CRB-4 = 0) (Write Mode; CRB-5 = CRB-3 = 1, CRB-4 = 0)
Enable \ 08V
tPDW Enable
24V .
rP80o-PB7 tRS1
04V
Fwer Zav
toc.1 cBe2 0 av !
cB2 2.4 VI\
CB2 Note: CB2 goes low as a result of the *Assumes part was deselected during the
positive transition of Enable. previous E puise

FIGURE 14 — CB2 DELAY TIME =T
FIGURE 15 — PT P Q RESP E
{Write Mode; CRB-5 = 1, CRB-3 = CRB4 = 0) U 1 INTERRUPT PULSE WIDTH AND IRQ RESPONS|

Enable 20V
/ - }_————- PW, —-1

/, CA1, 2 ><2.ov
—
ce1 20V x cB1, 2 0.8V |><

7
letcB2 tRS2 %]

24V, TRGA/B \oav
cB2 .
0.4V tRs3” ——

*Assumes part was déselected during
any previous E pulse.

*Assumes Interrupt Enabie Bits are set.
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FIGURE 16 — IRQ RELEASE TIME FIGURE 17 — RESET LOW TIME
20V
Enable tRL .
PR | [ Reset \_ /
IR 24V 08V
IRQ =
*The Reset line must be a V)4 for a minimum of
1.0 us before addressing the PiA.

EXPANDED BLOCK DIAGRAM

IRQA 38 - [+—— 40 CA1
Interrupt Status
¥ " Control A e— 39 CA2
Control
Register A
DO 33 (CRA) ]
D1 32 o l Data Direction
02 31 » Register A
D3 30 -w— Data Bus [ :[ [ (ODRA)
Buffers
D4 29 «--—o (OBB) Output Bus v
D5 28 -w—a
D6 27 --— t——a 2 PAO
Output —a 3 PA
7 2 4—.{
o 6 Registar A
:'> (ORA) *:> le—a 4 PA2
Peripheral lg—a= 5 PA3
ln(ezace —o 6 PA4
» g— 7 PAS
J
Bus Input o
Aegister = la—— 8 PAG
(BtR) g la—ae 9 PA7
Vee =P 20 la—= 10 PBO
A\ =Pin 3
ss Output le—a 11 PB1
Register B
: > (ORE) ﬁ1> |—e- 12 PB2
CSO 22 -——e- Peripheral g—a= 13 P83
Intertace
CS1 24 ———& B a—>= 14 PB4
CS2 23 — SCh»p lg— 15 PB5
elect
RSO 36 —— and j*—- 16 PB6
RSY1 35 —a~ R'W 17 P87
R/W 21 - Control
Enable 25 ——
Reset 34 ——o»
Control Register B
_:> Register 8 {DDRB)
(CRB)

_J ];> Dsata Direction

lag—— 18. CB1
Interrupt Status

IRAB 37 - Control B

la—a 19 CB2
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PIA INTERFACE SIGNALS FOR MPU

The PIA interfaces to the MC6800 MPU with an eight-
bit bi-directional data bus, three chip select lines, two
register select lines, two interrupt request lines, read/write
line, enable line and reset line. These signals, in conjunc-
ton with the MC6800 VMA output, permit the MPU to
have complete control over the PIA. VMA should be uti-
lized in conjunction with an MPU address line into a chip
select of the P1A.

PIA Bi-Directional Data (D0O-D7) The brdirectionat
data hnes (DO-D7) altow the transfer of data between the
MPU and the PIA. The data bus output drivers ate three
state devices that remamn m the high-impedance (off) state
except when the MPU performs a PIA read operation The
Read/Write hine 15 in the Read (high) state when the PIA
is selected for a Read operation

PIA Enable (E) - The enable puise, E, s the only
tming signal that is supplied to the PIA. Timing ot all
other signals 15 referenced to the leading and trathing edges
ot the E pulse. This signal will normally be a derwvative of
the MC6800 ¢2 Clock

PIA Read/Wnite (R/W) - This signal 1s generated by
the MPU to contro! the direction of data transfers on the
Data Bus. A low state on the PIA Read/Write Iine enables
the input butfers and data s tansferred from the MPU to
the PIA on the E signal if the device has been selected. A
high on the Read/Wnite hine sets up the P1A for a transfer of
data to the bus. The PIA output buffers are enabled when
the proper address and the enable pulse E are present.

Reset — The active low Reset line 1s used to reset
all register bits in the PIA to a logical zero {(low). This tine
can be used as a power-on reset and as a master reset during
system operation.

PIA Chip Select {CSO, CS1and CS2) - These three nput
signals are used to select the PIA. CSO and CS1 must he
high and CS2 must be low tor selection of the device
Data transfers are then performed under the control of the
Enable and Read/Write signals. The chip select lines must
he stable for the duration of the E pulse. The device is

deselected when any of the chip selects are in the
inactive state.

PIA Register Select (RSO and RS1) — The two register
select lines are used to select the various registers inside
the PIA. These two lines are used i1n conjunction with
internal Control Registers to select a particular register
that is to be written or read.

The register and chip select lines should be stable for
the duration of the E pulse while in the read or write cycle.

Interrupt Request (IRQA and IRQB} The active low
Interrupt Request lines (IRQA and IRQB) act to interrupt
the MPU either directly or through interrupt priority
circuitry. These lines are “open drain’’ (no load device on
the chip). This permits all interrupt request lines to be
tied together in awire-OR configuration.

Each Tnterrupt Request line has two internal interrupt
flag bits that can cause the Interrupt Request line 10 go
low. Each flag bit 15 associated with a particular peripheral
interrupt line. Also four interrupt enable bits are provided
in the PIA which may bhe used to nhibit a partcular
interrupt from a peripheral device.

Servicing an interrupt by the MPU may be accom-
plished by a software routine that, on a prioritized basis,
sequentially reads and tests the two control registers in
each PIA for interrupt flag bits that are set.

The interrupt flags are cleared (zeroed) as a result of an
MPU Read Peripheral Data Operation of the corresponding
data register. After being cleared, the interrupt flag bit
cannot be enabled to be set until the PIA is deselected
during an E pulse. The E pulse is used to condition the
interrupt contro! lines (CA1, CA2, CB1, CB2). When
these lines are used as interrupt inputs at least one E
pulse must occur from the inactive edge to the active
edge of the interrupt input signal to condition the edge
sense network. |f the interrupt flag has been enabled and
the edge sense circuit has been properly conditioned,
the interrupt flag will be set on the next active transition
of the interrupt input pin.
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PIA PERIPHERAL INTERFACE LINES

The PIA provides two 8-bit bi-directional data buses
and four interrupt/conuol hines for interfacing to periph
eral devices.

Section A Peripheral Data (PAQ-PA7) — Each of the
peripheral data lines can be programmed to act as an input
or output. This is accomplished by setting a "“1"" in the
corresponding Data Direction Register bit for those lines
which are to be outputs. A “0"” in a it of the Data
Direction Register causes the corresponding peripheral
data line to act as an input. During an MPU Read Peripheral
Data Operation, the data on peripheral Iines programmed
to act as inputs appears directly on the corresponding
MPU Data Bus lines. In the input mode the internal
pullup resistor on these lines represents a maximum of 1.5
standard TTL loads.

The data in Output Register A will appear on the data
lines that are programmed to be outputs. A logical 1"
written into the register will cause a "high’ on the cor
responding data line while a ’0"" resutts 1n a “low’". Data
in Output Register A may be read by an MPU “"Read
Peripheral Data A’ operation when the corresponding
lines are programmed as outputs. This data will be read
property if the voltage on the peripheral data lines
1s greater than 2.0 volts for a logic *'1" output and
tess than 0.8 volt for a logic ‘0" output. Loading the
output lines such that the volitage on these tines does not
reach full voltage causes the data transferred into the MPU
on a Read operation to differ from that contained in the
respective bit of Qutput Register A.

Section B Peripheral Data (PBO-PB7) - The peripheral
data lines in the B Section of the PIA can be programmed

to act as either inputs or outputs in a similar manner to
PAQ-PA7. However, the output buffers driving these lines
differ from those driving lines PAQ-PA7. They have three:
state capability, allowing them to enter a high rmpedance
state when the peripheral data hine is used as an input. In
addition, data on the peripheral data lines PBO-PB7 will
be read properly from those lines programmed as outputs
even if the voltages are below 2.0 volts for a “high". As
outputs, these fines are compatible with standard TTL and
may also be used as a source of up to 1 nuithampere at 1.5
volts to directly drive the base of a transistor switch.

Interrupt input (CA1 and CB1) - Peripheral Input hines
CA1 and CB1 are input only hines that set the interrupt
flags of the control registers. The active transition for these
signals 15 also programmed by the two control registers.

Peripheral Control {CA2) — The peripheral control hine
CA2 can be programmed 10 act as an interrupt input or as
a peripheral control output. As an output, this line 1s com:
patible with standard TTL, as an input the internal pullup
resistor on this line represents 1.5 standard TTL loads.
The function of this signal line is programmed with
Control Register A.

Peripheral Control {CB2) — Peripheral Control hine CB2
may also he programmed to act as an interrupt iNput or
peripheral control output. As an input, this line has
high 1nput impedance and is compatible with stand-
ard TTL. As an output it is compatible with standard
TTL and may also be used as a source of up to 1 milli-
ampere at 1.5volts to directly drive the base of a transistor
switch. This line 1s programmed by Control Register B.
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INTERNAL CONTROLS

There are six locations within the P1A accessible to the
MPU data bus: two Peripheral Registers, two Data
Direction Registers, and two Control Registers. Selection
of these locations is controlled by the RS0 and RS1 inputs
together with bit 2 in the Control Register, as shown
in Table 1.

TABLE 1 — INTERNAL ADDRESSING

. Control -
Register Bit
RS1 | RSO | CRA-2 | CRB.2 Location Selected
o] 1 X Peripheral Register A
0 [} X Data Direction Register A
0 1 X X Control Register A
1 0 X 1 Peripheral Register B
1 0 X Data Direction Register B
1 1 X Control Register B
X = Don't Care
INITIALIZATION

A low reset line has the effect of zeroing all PIA regis-
ters. This will set PAO-PA7, PBO-PB7, CA2 and CB2 as
inputs, and all interrupts disabled. The PIA must be con-
figured during the restart program which follows the reset.

Details of possible configurations of the Data Direction
and Control Register are as follows.

DATA DIRECTION REGISTERS (DDRA and DDRB)

The two Data Direction Registers allow the MPU to
control the direction of data through each corresponding
peripheral data line. A Data Direction Register bit set at
0" configures the corresponding peripheral data line as
an input; a "1’ results in an output.

CONTROL REGISTERS (CRA and CRB)

The two Control Registers (CRA and CRB) allow the
MPU to control the operation of the four peripheral
control lines CA1, CA2, CB1 and CB2. In addition they
allow the MPU to enable the interrupt lines and monitor
the status of the interrupt flags. Bits O through 5 of the
two registers may be written or read by the MPU when
the proper chip select and register select signals are
applied. Bits 6 and 7 of the two registers are read only
and are modified by external interrupts occurring on
control lines CA1, CA2, CB1 or CB2. The format of the
control words is shown in Table 2.

TABLE 2 — CONTROL WORD FORMAT

716 |5 ]afla] 2[1]0
CRA [IRQA1[IRQAZ| CA2Control | DORA [CA1 Control
Access
716 |5 a3 2]1]o0
CRB |irQ81IRQB2 CB2 Control DORB | CB1 Control

Access

Data Direction Access Control Bit (CRA-2and CRB-2) —
Bit 2 in each Contro! register (CRA and CRB) allows
selection of either a Peripheral Interface Register or the
Data Direction Register when the proper register select
signals are applied to RSO and RS1.

Interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-7) -
The four interrupt flag bits are set by active transitions of
signals on the four Interrupt and Peripheral Control lines
when those lines are programmed to be inputs. These bits
cannot be set directly from the MPU Data Bus and are
reset indirectly by a Read Peripheral Data Operation on
the appropriate section.

TABLE 3 - CONTROL OF INTERRUPT INPUTS CA1 AND CB1

MPU Interrupt
CRA-1 CRA-0 Interrupt Input interrupt Flag Request
(CRB-1) | (CRB-0) CA1 (CB1) CRA-7 (CRB-7) IRGA (IRQB)
0 0 . Active Set high on | of CA1 | Disabled — AT re-
(CB1) mains high
0 1 . Active Set high on | of CA1 Goes low when the
(CB1) interrupt flag bit CRA-7
(CRB-7) goes high
1 0 * Active Set high on * of CA1 | Disabled — [RQ re-
. (CB1) mains high
1 1 ) ' Active Set high on t of CA1 | Goes low when the
(CBY1) interrupt flag bit CRA-7
(CRB-7) goes high
Notes. 1 T indicates positive transition (iow to high)
| indicates negative transition (high to low)
The Interrupt flag bit CRA-7 1s cleared by an MPU Read of the A Data Register.
and CRB-7 is cleared by an MPU Read of the B Data Regster
4 it CRA-0 (CRB-0) is low when an interrupt occurs (Interrupt disabled) and is later brought

high, IRQA (IRQB) occurs after CRA-0 (CRB-0) is written to a "‘one’’.
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Control of CA1and CB1 Interrupt Input Lines (CRA-O,
CRB-0, CRA-1, and CRB-1} — The two lowest order bits
of the control registers are used to control the interrupt
input lines CA1 and CB1. Bits CRA-0 and CRB-0 are
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used to enable the MPU interrupt signals IRQA and IRQB,
respectively. Bits CRA-1 and CRB-1 determine the active
transition of the interrupt input signals CA1 and CB1

{Table 3).

TABLE 4 — CONTROL OF CA2 AND CB2 AS INTERRUPT INPUTS
CRAS5 {CRB5) 15 low

MPU interrupt
CRA-5 | CRA-4 | CRA-3 Interrupt Input interrupt Flag Request
(CRB-5) | (CRB-4) | (CRB-3) CA2 (CB2) CRA-6 (CRB-6) IRQA (IRQB)
0 0 0 . Active Set high on | of CA2 | Disabled — TRQ re-
(CB2) mains high
0 0 1 . Active Set high on , of CA2 | Goes low when the
(CB2) interruptttagbit CRA-6
S (CRB-6) goes high
0 1 0 * Active Set high on ' of CA2 | Disabled — IRQ re-
(CB2) mains high
0 1 1 t Active Set high on * of CA2 | Goes low when the
(CB2) interrupt flagbt CRA-6
(CRB-6) goes high
Notes 1 " indicates positive transition (low to high)
. indicates negative transition (high 10 low)
The Interrupt flag bit CRA-6 1s cleared by an MPU Read of the A Data Register and CRB-6 15
cleared by an MPU Read of the B Data Register
4. It CRA-3 (CRB-3) 1s low when an interrupt occurs (Interrupt disabled) and 1s later brought
high, IRQA (IRQB) occurs after CRA-3 (CRB-3) is written to a "‘one””
TABLE 5 — CONTROL OF CB2 AS AN OUTPUT
CRB8-5is high
[ cB2
CRB-5 |CRB-4 | CRB-3 Cleared Set
1 0 0 Low on the positive transition ot | High when the nterrupt tlag bit
the first £ pulse following an | CRB-7 s set by an active transi-
MPU Wrte "B Data Register | tion of the CB1 signal
operation
1 0] 1 Low on the positive transition of High on the positive edge of
the first E pulse after an MPU the first “"E" pulse following an
Write “B"" Data Reagister opera- “"E’" pulse which occurred whiie
tion. the part was deselected
1 1 [¢] Low when CRB-3 goes low as a | Always low as long as CRB-3 s

result of an MPU Write in Control
Register B

low Willgohigh onan MPU Write
in Control Register B that
changes CRB-3 to one

Always high as long as CRB-3 1s
high Wil be cleared when an
MPU Write Control Regrster "B
resuits 1n clearing CRB-3 to
zero

High when CRB-3 goes high as a
result of an MPU Write into
Control Register "'8"",
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Control of CA2 and CB2 Peripheral Control Lines
{CRA-3, CRA-4, CRA-5, CRB-3, CRB-4, and CRB-5) —
Bits 3, 4, and 5 of the two control registers are used to
control the CA2 and CB2 Peripheral Control lines. These
bits determine if the control lines will be an interrupt
input or an output control signal. If bit CRA-5 (CRB-5)

TABLE 6 — CONTROL OF CA-2 AS AN OUTPUT

is low, CA2 (CB2) is an interrupt input line similar to
CA1 (CB1) (Table 4). When CRA-5 (CRB-5) is high, CA2
{CB2) becomes an output signal that may be used to
control peripheral data transfers. When in the output
mode, CA2 and CB2 have slightly different characteristics
{Tables 5 and 6).

result of an MPU Write
Control Register A"

to

CRA5 is high
CRAS5 | CRA4 | CRA3 Cleared Set

1 0 0 Low on negative transition of E High when the interrupt flag bit
after an MPU Read A’ Data CRA-7 is set by an active transi-
operation. tion of the CA1 signal.

1 0 1 Low on negative transition of £ High on the negative edge of
after an MPU Read "'A’ Data the first “’E’’ pulse which occurs
operation. during a deselect.

1 1 0 Low when CRA-3 goes low as a Aiways low as long as CRA-3 is

low. Will go high on an MPU
Write to Control Register A"’
that changes CRA-3 to ““one’”’.

Always high as long as CRA-3
is high. Will be cleared on an
MPU Write 1o Control Register
“A’" that clears CRA-3 to
a'‘zero”.

High when CRA-3 goes high as
a result of an MPU Write to
Control Register A",

PACKAGE DIMENSIONS

{gﬁhﬁﬁﬁh(\hﬁhﬁhﬁh

CJL{\I’\I;\ e
1

! MILLIMETERS |  INCHES

| CASE 711-01 DIM[ MIN [ max | MIN | max

8 PLASTIC A [51.82 |5232 ] 2.040 | 2.060

8 | 1372 | 1422 [ 0.540 | 0,560

C | 457 | 508 0.180 | 0.200

O 2 D | 036 | 0.51[0.014] 0.020
: F | 102 | 1.52(0.040 | 0.060

G | 241 | 267 0095] 0.105

W | 1.65 | 2.16] 0.065 0.085

J | 020 [ 030 0.008] 0012

K | 368 | 419 ] 0.145] 0.165

L | 1499 | 1549 | 0.590 | 0.610

3 M 00 [100 | o° 100

‘ U U | R } . N | 051 | 1.02] 0.020 | 0.040

~JHl— gl kb SEATING ~ = M
PLANE

- - MILLIMETERS | INCHES
] DIM| MIN | MAX | MIN | maX
] 8 NOTE: A | 50.28 [51.31 | 1980 | 2.020
1. LEADS, TRUE POSITIONED WITHIN B | 14.86 | 15.62 | 0.585 | 0.615
o J 0.25 mm (0.010) DIA (AT SEATING C 254 | 419 |0.100]0.165
o PLANE), AT MAX. MAT'L D | 038 053 |0.015]0021
|- - A — .l CONDITION. F | 076] 1.40 [0.030 [ 0.055
G 7.54 BSC 0.100 BSC
rF n W | 076 1.78 | 0.0300.070
, S m e v) R J | 020 0.33 [0.008 | 0.013
| REERN ‘y E CASE 715.02 K | 254 419 [0.100 o.lgs
Hﬁtﬂ‘o SEATINGPLANEG__J L K,.,, M \ CERAMIC b. ”_'60 ]?iﬁz 0'5_75 0"02
— L—j N | 051 ] 152 | 0.020 { 0,060
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CONNECTION DIAGRAM

PINOUT A
e ] = 16] vec
DUAL RETRIGGERABLE RESETTABLE A 2] (7] cxe
MONOSTABLE MULTIVIBRATOR €3] 73] ne
I E 13| Cp2
DESCRIPTION — The 96S02 and 96LS02 are dual retriggerable and reset- to (5] Is
table monostabie muitivibrators. These one-shots provide exceptionally wide '} E o
delay range, pulse width stability, predictable accuracy and immunity to o] 5] 0
noise. The pulse width is set by an external resistor and capacitor. Resistor f
values up to 1.0 M(} for the 96LS02 and 2.0 MQ for the 96502 reduce required GNO[8 [9]0:

capacitor values. Hysteresis is provided on both trigger inputs of the 961502
and on the positive trigger input of the 96502 for increased noise immunity.

® REQUIRED TIMING CAPACITANCE REDUCED BY FACTORS
OF 10 TO 100 OVER CONVENTIONAL DESIGNS

® BROAD TIMING RESISTOR RANGE — 1.0 k(2 to 2.0 M2 LOGIC SYMBOL

® OUTPUT PULSE WIDTH IS VARIABLE OVER A 2000:1 RANGE
BY RESISTOR CONTROL

® PROPAGATION DELAY OF 35 ns 96LS02, 12 ns 96502
® 0.3V HYSTERESIS ON TRIGGER INPUTS cx Ay
® QUTPUT PULSE WIDTH INDEPENDENT OF DUTY CYCLE T—! 16
® 35 ng TO » OUTPUT PULSE WIDTH RANGE us) 1 2um

QpFP——=6(10)
ORDERING CODE: See Section 9

(12) 4
piIN | COMMERCIAL GRADE MILITARY GRADE prG | s:ci )"
PKGS Vee = 45.0 V £5%, Vee = +5.0 V £10%, ap—77®
OUT | 1. Z0°Ct0+70°C | T =-85°C to +125°¢c| TYPE £
Plastic (13) 3
DIP (P) A |96S02PC, 96LS02PC 9B
gf;a(’g;c A |96502DC, 96LS02DC | 96S02DM, 96LS02DM 68 Vee = Pin 16
GND = Pin 8
F'fg’ak A | 96502FC, 96LS02FC 96S02FM, 96LS02FM 4L
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
96S (U.L.) 96LS (U.L.)
PIN NA T
IN NAMES DESCRIPTION HIGH/L OW HIGH/LOW

10 Trigger input (Active Falling Edge) 0.5/0.625
lo Schmitt Trigger Input (Active Falling Edge) 0.5/0.25
I_1 Schmitt Trigger Input (Active Rising Edge) 0.5/0.625 0.5/0.25
Cp Direct Clear Input (Active LOW) 0.5/0.625 0.5/0.25
Q True Pulse Output 25/12.5 10/5.0
_ (2.5
Q Complementary Pulse Qutput 25/12.5 10/5.0

(2.5)
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LOGIC DIAGRAM

Veo 16
[}

| 7(9)

|
)
POSITIVE
TRIGGER

Rx

4012 (SCHMITT)

2(14) J
‘k}’—iﬁ 2L
Cx
(ol inbnlatvwieibts | e
1 $02 _—161 (1%)

-
|
=
|

[

6 (10)

NEGATIVE
TAIGGER

5(11)

1

LS

1
19
[ 5

2

FUNCTIONAL DESCRIPTION — The 96S02 and 96LS02 dual retriggerable resettable monostable multivibra-
tors have two dc coupled trigger inputs per function, one active LOW (To) and one active HIGH (1), The |1 input of
both circuit types and the o input of the 98LS02 utilize an internal Schmitt trigger with hysteresis of 0.3 V to
provide increased noise immunity. The use of active HIGH and LOW inputs allows either rising or falling edge
triggering and optional non-retriggerable operation. The inputs are dc coupled making triggeringindependent
of input transition times. When input conditions for triggering are met the Q output goes HIGH and the external
capacitor is rapidly discharged and then allowed to recharge. An input trigger which occurs during the timing
cycle will retrigger the circuit and result in Q remaining HIGH. The output pulse may be terminated (Q to the
LOW state) at any time by setting the Direct Clear input LOW. Retriggering may be inhibited by tying the Q
output to To or the Q output to I1. Differential sensing techniques are used to obtain excellent stability over
temperature and power supply variations and a feedback Darlington capacitor discharge circuit minimizes
pulse width variation from unit to unit. Schottky TTL output stages provide high switching speeds and output
compatibility with all TTL logic families.

Operation Notes

TIMING

1. An external resistor (Rx) and an external capacitor (Cx) are required as shown in the Logic Diagram. The
value of Rx may vary from 1.0 k(2 to 1.0 M} (36LS02} or 2.0 M (96502,

2. The value of Cx may vary from O to any necessary value available. |If, however, the capacitor has significant
leakage relative to Vcc/Rx the timing equations may not represent the pulse width obtained.

3. Polarized capacitors may be used directly. The (+) terminal of a polarized capacitor is connected to pin 1
(15), the (-} terminal to pin 2 {14) and Rx. Pin 1 (15) will remain positive with respect to pin 2 (14) during the
timing cycle. In the 96302, however, during quiescent (non-triggered) conditions, pin 1(15) may go negative
with respect to pin 2 (14) depending on values of Rx and Vcc. For values of Rx = 10 k(2 the maximum amount
of capacitor reverse polarity, pin 1 {15) negative with respect to pin 2 (14) is 500 mV. Most tantalum electro-
lytic capacitors are rated for safe reverse bias operation up to 5% of their working forward voltage rating;
therefore, capacitors having a rating of 10 WVdc or higher should be used with the 96502 when Rx > 10 k{}.

4. The output pulse width ty for Rx = 10 k(2 and Cx = 1000 pF is determined as follows:

(96S02)  tw = 0.55 RxCx
(96LS02) tw = 0.43 RxCx
Where Rx is in k3, Cx is in pF, tisin ns or Rx is in k(}, Cx is in uF, tis in ms.

5. The output pulse width for Rx < 10 kQ) or Cx <1000 pF should be determined from pulse width versus Cx or
Rx graphs.

6. To obtain variable pulse width by remote trimming, the following circuit is recommended:

1.0 ki)

PIN 2 (19) OT'\M———— ————————
\ Rx -1.5 k{}

O_J" AS CLOSE AS POSSIBLE
PIN 1 (15) TO DEVICE
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Operation Notes (Cont'd)

7. Under any operating condition, Cx and Rx (Min) must be kept as close to the circuit as possible to minimize
stray capacitance and reduce noise pickup.

8. Vcc and ground wiring should conform to good high frequency standards so that switching transients on
Vcc and ground leads do not cause interaction between one shots. Use of a 0.01 uF to 0.1 uF bypass capaci-
tor between Vcc and ground located near the circuit is recommended.

TRIGGERING

1. The minimum negative pulse width into To is 8.0 ns; the minimum positive pulse width into 11 is 12 ns.

2. Input signals to the 96502 exhibiting slow or noisy transitions should use the positive trigger input |y which
contains a Schmitt trigger. Input signals to the 96LS02 exhibiting slow or noisy transitions can use either
trigger as both are Schmitt triggers.

3. When non-retriggerable operation is required, i.e., when input triggers are to beignored during quasi-stable
state, input latching is used to inhibit retriggering.

Ch R C Ry
Vee

Q OUTPUT | | l Qp——OUTPUT I l
l INPUT
weor— 2N

:‘%’r
L

Q ajo—
Co Co
NEGATIVE EDGE TRIGGER POSITIVE EDGE TRIGGER

4. Anoverriding active LOW level direct clear is provided on each multivibrator. By applying aLOW to the clear,
any timing cycle can be terminated or any new cycle inhibited until the LOW reset input is removed. Trigger
inputs will not produce spikes in the output when the reset is held LOW. A LOW-to-HIGH transition on Cp
will not trigger the 96502 or 96L.S02. If the Cp input goes HIGH coincident with atrigger transition, the circuit
will respond to the trigger.

TRIGGERING TRUTH TABLE

PIN NO'S.
5011 4(12 any| OPERATION
H=L L H Trigger
H L-H H Trigger
X X L Reset

H = HIGH Voitage Level = Vi

L = LOW Voltage Level < Vi

X = Immaterial (either H or L)

H»L = HIGH to LOW Voltage Level transition
LeH = LOW to HIGH Voltage Level transition
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TYPICAL CHARACTERISTICS
96502
OUTPUT tw vs Rx and Cx 11 DELAY TIME vs Ta
103 T==oEr: 17
» ]
°f-vee -50Vv - Ve = 5.0V
“—Ta = +25°C y, 2 18— =15pF
= |
x 2 7 _—//
| 5 15— tm — COMPLEMENT OUTPUT (Q) |
@ 102 a
[=] 8 -
et 8 >
e ° o
g o
-3 -
o 2 = 13
z vV >
- <
£y 3 ——
| ¢ a 12 toLn TRUE OUTPUT () 1]
¢ A
7 = n
2
1.0 it _ i 10
1.0 2 4 o810 2 2 68102 2 4 & 4103 0 25 50 75
v —OUTPUT PULSE WIDTH — s T — AMBIENT TEMPERATURE — C
To DELAY TIME vs Ta OUTPUT tw vs T
15 42
] "
i Rx = 1 ki
o x
1 ng 155ng :L 10 Cx ~ 5 pF —
2 ! I CL - 15 pF
i a
» 13 SuTeul ) 2w
- N\ENT @ 7
2 MP\-E 1 Lo
[ <0 ‘ 5 — N;
5 12— - & 3 Sy
<) LT 5 \
R E T~ s
Q) p? 2 T—— 0
f RUE ouTPU'”/ o) ~——dvee - P 4
LS v A I [T~32sy
a :7', ™~
| o
£ 90 c'L 30
Z
8.0 28
0 25 50 75 ) 25 50 75
Ta —AMBIENT TEMPERATURE — *C Ta— AMBIENT TEMPERATURE — “C
NORMALIZED Aty vs Ta PULSE WIDTH vs RxCx
£ 104 T Eas
| -t0 ' 8 20 k( EA
z . }
o -0.8 Rx - 10 ki) — e . 15k0 ]
[+ Cx = 1000 pF | T
2 .06 - ty - 5.5 us z 9 ki 7]
; : E ' 6‘;“: ! r” b
z 04 Voo - 475V F3 PIININLD 4 4
[ w
a +02 | 4] 7
: — :
w0
& Vcce S.OIV D:-, - 1
D 0.2 1= LT e AR ]
T 5 s2A3% 39k
a o
w -04 Vcc =525V w 8 HP
E 2 6 - 3.0k ™
T -0.6 Lo : 2.0 k
H 8 i s kS:ﬂﬁ
c -08 a 2 i Hi1 k2
z ; s
] -1.0 | 10 I Bl J L
& 0 ~25 -50 ~75 1.0 2 33 65890 2 34 658102 2 34 68103
<
Ta — AMBIENT TEMPERATURE — °C TIMING CAPACITOR Cx —pF
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TYPICAL CHARACTERISTICS
96LS02
OUTPUT tw vs Rx and Cx 11 DELAY TIME vs Ta
3
103 25 52 T 1
& y4 Vce - 5.0V
a 50 €1 =15 pF 7
- V4 2
., H | 48N
! 2
§ 10; sé‘ 4 4 2 a8 [
|7 S 5 s teL — TRUE OUTPUT (Q)
g . A °
« \Y o a2
¢ IS : .
z G =
H A @-l/ 1 > 40
F o1 A & <
3 ~ % a8
| N w
= 6 QL =1
« v, Iy [ N
‘7 7 V4 o 3
Y y E
2 y y 34— tpn. COMPLEMENT OUTPUT (&) ]
1.0 d d . 32
.0 2 ¢ 10 BEEEATH 468903 .65 -35 -15 ~§ 25 45 65 B85 105 125 145
tw —OUTPUT PULSE WIDTH (us) Ta~~AMBIENT TEMPERATURE —°C
lo DELAY TIME vs Ta OUTPUT tw vs Ta
48 T 1 - 100 T 7T
46 Vee 50V | T Rx = 1 k{}
v C. -15¢F < Cx - 100 pF |
| 44 E 90 CL 15pF ]
» r 2 Y Vce 50V
5 42 P / >
W
E o |1 °
6 % tpLH — TRUE OUTPUT (Q) g 80
2 1 5
2 3
- 2
3 36 3
w
w34 >
o e =
: 32 [~ a 60
3 tor. — COMPLEMENT OUTPUT (Q) b4
20 T S T N ] ;
HEREN 4
28 50
-55 -35 -15 5 25 45 65 85 105 125 145 75 -25 +25 +75 +125
Ta—AMBIENT TEMPERATURE — °C Ta—AMBIENT TEMPERATURE — °C
NORMALIZED Atw vs Ta PULSE WIDTH vs RxCx
2 +2.0 104 .
I e oK
8 k()
3 Rx = 10 k(} 2, 13
= Cx = 1000 pF | 3 Tt
< +1.0 tw =43 us  — T CTi
[ I 2 ) kf 7 4|
< - -] 8.
> Yeo o 3 RN
3. 103 f
T v, SV wooa
B o — R R ]
H P— v 4 E . : 7 :
w 3. a H
3 < N\ 5, = S
3 -0 < g e
5 H
102
e N 8 ks
g 2 H aa g H2.0 k
a .2 [= 4= et 3.
2 ’ g B i S, 9 k3]
5] & 2 1.0 k rhet
z oy 18
I -3.0 i 10 [T [
2 -25 25 +78 125 10 2 34 6810 2 34 608102 2 3 4 68103
Ta —AMBIENT TEMPERATURE —°C TIMING CAPACITOR Cx — pF
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DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

SYMBOL PARAMETER 96S 96LS UNITS CONDITIONS
Min  Max | Min  Max
Positive-going Threshold _
v Voltage, To, 11 (96LS02) |1 (96S02) 20 2.0 v Vec =5.0V
Negative-going
V- Threshold Voltage ))(:g 82 8; \ Vce =50V
To, 11 (96L.S02) 11 (96S02) ’ ’
Vee = Min, VIN = Vin or ViL
Vom Output HIGH Voltage ’% g; §§’ v lom = -400 uA (LS02)
’ ' lon = -1.0 mA (S02)
XM 0.5 0.5 . _
VoL Output LOW Voltage XC 0.5 0.4 Vv Vce =Min, VIN = ViH or Vi
Capacitor Voltage -0.85 3.0 0 3.0 Rx = 1.0 k(2 Vee = 4.75 V
Vex Pin 1 (15) Referenced 05 30| 0 30 v Rx =>10kn"°C 2 00
to Pin 2 (14) -0.4 3.0 0 3.0 Rx > 1.0 MQ '

20 20 nA VIN=2T7V Voe =
hH Input HIGH Current VIN =5.5V ('S02)

0.1 0.1 mA ViN = 10 V (LS02) Max
hiL Input LOW Current -1.0 -0.4 mA VIN = 0.4 V, Vcc = Max
los Output Short Circuit Current -40 -100| -20 -100 mA Vecc = Max, Voytr =0V
lcc Power Supply Current 75 36 mA VIN = Open, Vcc = Max

100 ns —{ INPUT PULSE
f =100 kHz
Amp =3.0V
Width = 100 ns
15v r=t<5ns
Vin
—] oy [—
1.5V
Q
- tw
[*]
15V
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AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25°C (See Section 3 for waveforms and load configurations)
96S 96LS
SYMBOL PARAMETER CL=15pF |CL=15pF| UNITS CONDITIONS
Min  Max [ Min Max

Propagation Delay

tPLH Toto Q 15 55 ns
Propagation Delay
- = 1
tPHL Toto Q 9 50 ns
Propagation Delay
tPLH I to Q 19 60 ns
Propagation Delay
tPHL htoQ 20 55 ns Fig. a
Propagation Delay
tPHL TbtoQ 20 30 ns
Propagation Delay
= = 14
tPLH GotoQ 35 ns
tw (L) Yo Pulse Width LOW 8.0 15 ns
tw (H) Iy Pulse Width HIGH 12 30 ns
tw (L) Cb Pulse Width LOW 7.0 22 ns
tw (H) Minimum Q Pulse Width HIGH | 30 45| 25 55 ns Rx = 1.0 ki1, Cx = 10 pF

including jig and stray
tw Q Pulse Width 5.2 58| 4.1 4.5 us Rx = 10 k2, Cx = 1000 pF
Ta =-55°C to +125°C,

R Timing Resistor R : 1.0 20 1.
X iming Resistor Range 00 0 1000 kQ Vee = 4.5V 10 6.5 V
Change in Q Pulse Width | XM 3.0 _ _
t over Temperature XC 1.0 1.0 % Rx =10 kf2, Cx = 1000 pF
Ta=25°C,Vcc =475V to
1.0 0.8 525V, Rx = 10 k{2,
' Change in Q Pulse Width o Cx = 1000 pF
over Vcc Range ° Ta =25°C, Vcc =45V to
1.5 55V, Rx =10 k2,

Cx = 1000 pF

“Applies only over commercial Vcc and Ta range for 96502
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MC2661A/MC68661A

(Baud Rate Set A)
SEMICONDUCTORS Mczfgﬁi‘!‘ggﬁf‘im

3501 ED BLUESTEIN BLVD.. AUSTIN. TEXAS 78721 MC2661C/MC68661C
(Baud Rate Set C)

@ MOTOROLA

Advance Information

ENHANCED PROGRAMMABLE COMMUNICATIONS MOS
INTERFACE (EPCI) {N-CHANNEL, SILICON-GATE)

The MC2661/MC68661, Enhanced Programmable Communications
Interface (EPCI), 1s a universal synchronous/asychronous data com- ENHANCED PROGRAMMABLE
munications controller chip that is an enhanced version of the Signetics COMMUNICATIONS INTERFACE
2651. The EPCI directly interfaces to most 8-bit MPUs and easily to the (EPCI)
MCB68000 MPU and other 16-bit MPUs. {t may be used in either a polled or

interrupt driven system. Programmed instructions can be accepted from

the host MPU while supporting many synchronous or asynchronous serial-
data communication pratocols in a full or half-duplex mode. Special sup-
port for BISYNC is provided.

The EPCI converts parallel data characters, accepted from the
microprocessor data bus, into transmit-serial data. Simultaneously, the
EPCI can convert receive-serial data to parallel data characters for input to
the microprocessor. L SUFFIX

A baud rate generator in the EPCI can be programmed to either accept ! CERAMIC PACKAGE
an external clock, or to generate internal transmit or receive clocks. Sixteen [ CASE 719
different baud rates can be selected under program control when operating
in the internal clock mode. Each version of the EPCI (A, B, C) has a dif-
ferent set of baud rates.

FEATURES
® Synchronous Operation
¢ Single or Double SYN Operation

Internal or External Character Synchronization PLASPTiUPTCIZ):AGE
Transparent or Non-transparent Mode CASE 710
Transparent Mode DLE Stuffing (Tx) and Detection (Rx}
Automatic SYN or DLE-SYN Insertion
SYN, DLE, and DLE-SYN Stripping

* Baud Rate: dc to TM bps (1X Clock)
® Asynchronous Operation

® 1, 1%, or 2 Stop Bits Transmitted

® Parity, Overrun, and Framing Error Detection

C SUFFIX

® Line Break Detection and Generation CERDIP PACKAGE
® False Start Bit Detection CASET33
® Automatic Serial Echo Mode {Echoplex)
® Baud Rate: dc 1M bps (1X Clock)
dc to 62.5k bps (16X Clock) PIN ASSIGNMENT
dc to 15.625k bps (64X Clock)
® Common Features D2 1 .w 28 01
¢ Internal or Fxternal Baud Rate Clock; No System Clock Required 03 2 27 {1 DO
® 3 Baud Rate Sets (A, B, C); 16 Internal Rates for Each Set
® 5- 10 8-Bit Characters plus parity, Odd, Even, or No Parity RxD @13 26 ;]VCC
® Double Buffered Transmitter and Receiver GND 14 25 []m/BKDET
® Dynamic Character Length Switching D4 g ]
® Full- or Half-Duplex Operation ° 24 [1 577
¢ Local or Remote Maintenance Loop-Back Made os Q6 23 0 ATS
® TTL-Compatible Inputs and Qutputs D6 7 22 [1 5SR
® RxC and TxC Pins and Short Circuit Protected
* 3 Open-Drain MOS Outputs can be Wire ORed b7 gs 21 {1 RESET
* Single 5 V Power Supply TxC/XSYNC [} 9 20 F] BRCLK
® Applications
® Intelligent Terminals i Gro 19 DTXD
® Network Processors CE g1t 18 {1 TXEMT/ DSCTHG
. ;ront End Processors A0 [] 12 171 CTS
* Remote Data Concentrators =y Evars
® Computer-to-Computer Links Riw I: 13 16 15C0
® Serial Peripherals RxRDY [} 14 15 [] TxRDY
L]

BISYNC Adaptors
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BLOCK DIAGRAM

DATA BuUS DATA BUS SYN/DLE CONTHQLU
Bo-D7 BUFFER
SYN 1 REGISTER
(27.281.2
5.6.7.8) * SYN 2 REGISTER
—-
DLE REGISTER
RESET @n OPERATION CONTROL
Ao _('Z)—, MODE REGISTER 1
A1 L R MOOE REGISTERA 2 *
- TRANSMITTER s TxRDY
Arw ()
—_— COMMAND REGISTER
cE on >
EEEE——d SYATUS REGISTER TRANSMIT DATA
HOLDING REGISTER
TRANSMIT 0% "o
SHIFT REGISTER
BACLK @0 {— |
BAUD RATE -
TT/swNe o 1Y GENERATOR L T
oo 29 CLOCK CONYROL RECEIVER 4 RerDy ™
RECEIVE DATA
HOLDING REGISTER
osR —ﬂ———> AECEIVE 3 "
6¢o (18) o - SHIFT REGISTER 0
crs an e MODEM
ATS 23y CONTROL
oTh (20
nEnr 18 - B e
DSCHG (@
-—  GND
NOTE
* Open drain output pin
BLOCK DIAGRAM Table 1 BAUD RATE GENERATOR CHARACTERISTICS
The EPCI consists of six major sections.  Set A (BRCLK = 4.9152MHz)
These are the transmitter, receiver, timing, 1
operation control, modem controt and [ ACTUAL
SYN/DLE control. These sections communi- BAUD FREQUENCY PERCENT
cate with each other via an internal data bus MR23-20 RATE 16X CLOCK ERROR DIVISOR
and an internal control bus. The internal data 0000 50 0.8kHz - 6144
bus interfaces 1o the microprocessor data 0001 75 1.2 - 4096
bus via a data bus buffer. 0010 110 1.7598 -0.01 2793
0011 134.5 2.152 - 2284
Operation Control 0100 150 2.4 - 2048
This functional block stores contiguration 0101 200 3.2 - 1636
and operation commands from the CPU and 0110 300 4.8 - 1024
generates appropriate signals to various in- o111 600 9.6 - 512
ternal sections to control the overall device 1000 1050 16.8329 0 196 292
operation. It contains read and write circuits 1001 1200 19.2 - 256
to permit communications with the 1010 1800 28.7438 -0.19 171
microprocessor via the data bus and con- 1011 2000 31.9168 -0.26 154
tains mode registers 1 and 2, the command 1100 2400 38.4 - 128
register, and the status register. Details of 1101 4800 76.8 - 64
register addressing and protocol are pre- 1110 9600 153.6 - 32
sented in the EPC! programming section of 1111 19200 307.2 - 16

this data sheet.

@ MOTOROLA Semiconductor Products Inc.
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Timing Table 1 BAUD RATE GENERATOR CHARACTERISTICS (Cont'd)
The EPCI contains a baud rate generator Set B (BRCLK = 4.9152MHz)
(BRG) which is programmable to accept ex- ‘

ternal transmit or receive clocks or to divide ACTUAL '
an external clock to perform data communi- BAUD FREQUENCY PERCENT
cations. The unit can generate 16 commonly MR23-20 RATE 16X CLOCK ERROR DIVISOR
used baud rates, any one of which can be 0000 455 0.7279kHz 0.005 6752
selected for full duplex operation. See 0001 50 08 - 6144
table 1. 0010 75 1.2 - 4096
Q011 110 1.7598 -0 01 2793
Receiver 0100 1345 2,152 - 2284
The receiver accepts serial data on the RxD 0101 150 2.4 2048
pin, converts this serial input 1o parallel for- 0110 300 4.8 - 1024
mat, checks for bits or characters that are o 600 96 - 512
unigue to the communication technique and 1000 1200 18.2 - 256
sends an "assembled” character to the 1001 1800 28.7438 -0.19 171
CPU. 1010 2000 31.9168 —-0.26 154
1011 2400 38.4 - 128
Transmitter 1100 4800 76.8 - 64
The transmitter accepts parallel data from 1101 9600 153.6 i - 32
the CPU, converts it to a serial bit stream, 1110 19200 307.2 - 16
inserts the appropriate characters or bits IARN 38400 614.4 - 8
(based on the communication technique)
and outputs a composite serial stream of
data on the TxD output pin. Set C (BRCLK = 5.0688MHz)
Modem Control ACTUAL
The modem control section provides inter- BAUD FREQUENCY PERCENT
facing for three input signals and three out- MR23-20 RATE, 16X CLOCK . ERROR DIVISOR
put signals used for "handshaking” and sta- 0000 50 0.8kHz - 6336
tus indication between the CPU and a 0001 75 1.2 - 4224
modem. 0010 110 1.76 - 2880
oo 134.5 2.15623 0.016 2355
SYN/DLE Control 0100 150 2.4 - 2112
This section contains control circuitry and 0101 300 4.8 - 1056
three 8-bit registers storing the SYNI1, 0110 600 96 - 528
SYN2, and DLE characters provided by the i1t 1200 19.2 - 264
CPU. These registers are used in the syn- 1000 1800 28.8 - 176
chronous mode of operation to provide the 1001 2000 32.081 0.253 158
characters required for synchronization, idte 1010 2400 38.4 - 132
fill and data transparency. 1011 3600 57.6 - 88
1100 4800 76.8 - 66
1101 7200 115.2 - 44
1110 9600 153.6 - 33
1111 19200 316.8 3.125 16

NOTE
16X clock 1s used in asynchranous mode In synchconous mode clock multipher 1s 1X and
BRG can be used only tor TxC

ORDERING CODE

COMMERCIAL RANGES
PACKAGES Vee = 5V £5%, Ta = 0°C to 70°C
Ceramic DIP MC2661A/MC68661A
MC2661B/MC68661B See table 1 for baud rates
MC2661C/MC68661C
Ptastic DIP MC2661A/MC68661A
MC2661B/MC68661B See table 1 for baud rates
MC2661C/MC68661C

@ MOTOROLA Semiconductor Products Inc.
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Table 2 CPU-RELATED SIGNALS

FUNCTION

INPUT/
PIN NAME PIN NO. OUTPUT
Vce 26 |
GND 4 1
RESET 21 |
Aq-Ag 10,12 |
R/W 13 1
CE 1 |
D7-Do 8,7.6,5, 1/0
2,1,28,17
TxRDY 15 0o
RxRDY 14 0
TxEMT/
DSCHG 18 0

+5V supply input

Ground

A high on this input performs a master
reset on the 2661. This signal asynchro-
nously terminates any device activity and
clears the mode, command and status reg-
isters. The device assumes the idie state
and remains there until initialized with the
appropriate control words.

Address lines used to select internal EPCI
registers.

Read command when low, write command
when high.

Chip enable command. When low, indi-
cates that control and data lines to the
EPC! are valid and that the operation
specified by the R/W, Ay and Ag inputs
should be performed. When high, places
the Dg-D7 lines in the three-state condi-
tion.

8-bit, three-state data bus used to transfer
commands, data and status between EPCI
and the CPU. Dg is the least significant bit;
D7 the most significant bit.

This output is the compiement of status
register bit SRO. When low, it indicates
that the transmit data holding register
(THR) is ready to accept a data character
from the CPU. It goes high when the data
character is loaded. This output is valid
only when the transmitter is enabled. It is
an open drain output which can be used as
an interrupt to the CPU.

This output is the compiement of status
register bit SR1. When low, it indicates
that the receive data holding register
(RHR) has a character ready tor input to
the CPU. It goes high when the RHR is read
by the CPU, and also when the receiver is
disabled. It is an open drain output which
can be used as an interrupt to the CPU.

This output is the complement of status
register bit SR2. When low, it indicates
that the transmitter has completed serial-
1zation ot the last character loaded by the
CPU, or that a change of state of the DSR
or DCD inputs has occurred. This output
goes high when the status register is read
by the CPU, it the TxEMT condition does
not exist. Otherwise, the THR must be
loaded by the CPU for this line to go high. It
is an open dran output which can be used
as an interrupt to the CPU.
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OPERATION

The functional operation of the 2661 is pro-
grammed by a set of control words supplied
by the CPU. These control words specify
items such as synchronous or asynchronous
mode, baud rate, number of bits per charac-
ter, etc. The programming procedure is de-
scribed in the EPCI programming section of
the data sheet.

After programming, the EPClis ready to per-
form the desired communications functions
The receiver performs serial to parailet con-
varsion of data received from a modem or
equivalent device. The transmitter converts
parallel data received from the CPU to a
serial bit stream. These actions are accom-
plished within the framework specified by
the control words.

Receiver

The 2661 is conditioned to receive data
when the DCD input 1s low and the RxEN bit
in the command register is true. In the asyn-
chronous mode, the receiver looks for a high
to low {mark to space) transition of the start
bit on the RxD input line. If a transition is
detected, the state of the RxD line is sam-
pled again after a delay of one-half of a bit
time. If RxD is now high, the search for a
valid start bit is begun again. If RxD is still
low, a valid start bit is assumed and the
receiver continues to sample the input line
at one bit time intervals until the proper num-
ber of data bits, the parity bit, and one stop
bit have been assembled. The data are then
transferred to the receive data holding reg-
ister, the RxRDY bit in the status register is
set, and the RxRDY output is asserted. If the
character length is less than 8 bits, the high
order unused bits in the holding register are
set to zero. The parity error, framing error,
and overrun error status bits are strobed
into the status register on the positive going
edge ot RXC corresponding to the received
character boundary. If the stop bit is
present, the receiver will immediately begin
its search for the next start bit. If the stop bit
is absent (framing error), the receiver will
interpret a space as a start bit if it persists
into the next bit time interval. If a break con-
dition is detected (RxD is low for the entire
character as well as the stop bit), only one
character consisting of ail zeros (with the
FE status bit SR5 set) will be transferred to
the holding register. The RxD input must re-
turn to a high condition betore a search for
the next start bit begins.

Pin 25 can be programmed to be a break
detect output by appropriate setting of
MR27-MR24. If so, a detected break will
cause that pin to go high. When RxD returns
to mark for one RxC time, pin 25 will go low.
Refer to the break detection timing diagram.
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Table 3 DEVICE-RELATED SIGNALS

PIN NAME

l
PIN NO.

INPUT/ |
OUTPUT

FUNCTION

BRCLK

*RxC/BKDET

“Tx

O

/XSYNC

RxD

|

jo]
%]
ps]

w)
Q)
o

O
pav|
w

[=]
=1
by

|

el
3
2]

20

25

22

24

23

110

Clock input to the internal baud rate gener-
ator (see table 1). Not required if external
recever and transmitter clocks are used

Receiver clock. If external receiver clock
is programmed, this input controls the rate
at which the character is to be received.
Its frequency is 1X, 16X or 84X the baud
rate, as programmed by mode register 1

Data are sampled on the rising edge of the
clock. If internal receiver clock is pro-
grammed, this pin can be a 1X/ 16X clock

! or a break detect output pin

110

Transmitter clock. If external transmitter
clock is programmed, this input controls
the rate at which the character is transmit-
ted. its frequency is 1X, 16X or 64X the
baud rate, as programmed by mode regis-
ter 1. The transmitted data changes on the
talling edge of the clock. It internal trans-
mitter clock is programmed. this pin can
be a 1X/16X clock output or an external
jam synchrgnization input.

Serial data input to the receiver. "Mark” i1s
high, “space” is low.

Serial data output from the transmiiter
“Mark" 1s high, "space” is low. Held In
mark condition when the transmitter is dis-
abled.

General purpose input which can be used
tor data set ready or ring indicator condi-
tion. Its complement appears as status
register bit SR7. Causes a low output on
TxEMT /DSCHG when its state changes if
CR2 or CRO =1

Data carrier detect input. Must be low in
order for the receiver to operate. its com-
plement appears as status register bit
SR6. Causes a low output on
TxEMT/DSCHG when its state changes if
CR2 or CRO = 1. If DCD goes high while
receiving, the RxC is internally inhibited

Clear to senc input. Must be low in order
for the transmitter to operate. If it goes
high during transmission, the character in
the transmit shift register will be transmit-
ted before termination.

General purpose output which is the com-
plement of command register bit CR 1. Nor-
mally used to indicate data terminal ready.

General purpose output which is the com-
plement of command register bit CR5. Nor-
mally used to indicate request to send. If
the transmit shift register is not empty
when CR5 is reset (1 to 0), then RTS will
go high one TxC time after the last serial
bit is transmitted.

a

RQTE

*RxC and TxC outputs have short circuit protection max CL = 100pF Outputs become
open circuited upon datection of a zero pulled high or a one pulled low
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When the EPCiis initialized into the synchro-
nous mode, the receiver first enters the hunt
mode on a 0to 1 transition of RxEN(CR2) In
this mode, as data are shifted into the re-
ceiver shift register a bit at a time, the con-
tents of the register are compared to the
contents of the SYN 1 register. If the two are
not equal, the next bit 1s shifted in and the
comparison is repeated. When the two reg-
isters match, the hunt mode is terminated
and character assembly mode begins. If sin-
gle SYN operation is programmed, the SYN
DETECT status bit is set. If double SYN op-
eration is programmed, the first character
assembled after SYN1 must be SYN2 in or-
der for the SYN DETECT bit to be set. Other-
wise, the EPC! returns to the hunt mode
(Note that the sequence SYN1-SYN1-SYN2
will not achieve synchronization.) When syn-
chronization has been achieved, the EPCI
continues to assembie characters and
transfer them 10 the holding register, setting
the RxRDY status bit and asserting the
RxRDY output each time a character is
transferred. The PE and OE status bits are
set as appropnate. Further receipt of the
appropriate SYN sequence sets the SYN
DETECT status bit. if the SYN stripping
mode is commanded, SYN characters are
not transferred to the holding register. Note
that the SYN characters used to establish
initilal synchronization are not transferred to
the holding register in any case.

External jam synchronization can be
achieved via pin 9 by approgriate setting of
MR27-MR24. When pin 9 is an XSYNC input,
the internal SYNt, SYN1-SYN2, and DLE-
SYN1 detection is disabled. Each positive
going signal on XSYNC will cause the re-
ceiver to establish synchromzation on the
rising edge of the next RxC pulse. Character
assembly will start with the RxD input at this
edge. XSYNC may be lowered on the next
rising edge of RxC. This externa! synchrom-
zation will cause the SYN DETECT status bit
to be set until the status register is read.
Refer to XSYNC timing diagram.

Transmitter

The EPCI is conditioned to transmit data
when the CTS input is low and the TxEN
command register bit is set. The 2661 indi-
cates to the CPU that it can accept a char-
acter for transmission by setting the TxRDY
status bit and asserting the TxRDY output.
When the CPU writes a character into the
transmit data hoiding register, these condi-
tions are negated. Data are transferred from
the holding register to the transmit shitt reg-
ister when it is idle or has completed trans-
mission of the previous character. The
TxRDY conditions are then asserted agan.
Thus, one full character time of buffering is
provided.
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In the asynchronous mode, the transmitter
automatically sends a start bit followed by
the programmed number of data bits, the
least significant bit being sent first. It then
appends an optional odd or even parity bit
and the programmed number of stop bits. If,
following transmission of the data bits, a
new character is not available in the trans-
mit holding register, the TxD output remains
in the marking (high) condition and the
TxEMT/DSCHG output and its correspond-
ing status bit are asserted. Transmission
resumes when the CPU loads a new charac-
ter into the holding register. The transmitter
can be forced to output a continuous low
(BREAK) condition by setting the send
break command bit (CR3) high.

In the synchronous mode, when the 2661 is
initially conditioned to transmit, the TxD out-
put remains high and the TxRDY condition is
asserted until the first character to be trans-
mitted (usuvally a SYN character) is loaded
by the CPU. Subsequent to this, a continu-
ous stream of characters is transmitted. No
extra bits (other than parity, it commanded)
are generated by the EPCI unless the CPU
tails to send a new character to the EPCI by
the time the transmitter has completed
sending the previous character. Since syn-
chronous communication does not allow
gaps between characters, the EPCI asserts
TxEMT and automatically “filis" the gap by
transmitting SYN1s, SYN1-SYN2 doublets,
or DLE-SYN1 doublets, depending on the
state of MR16 and MR 17. Normal transmis-
sion of the message resumes when a new
character is availabie in the transmit data
holding register. if the SEND DLE bit in the
command register is true, the DLE character
i1s automatically transmitted prior to trans-
mission of the message character in the
THR.

EPCI PROGRAMMING

Prior to initiating data communications, the
2661 operational mode must be pro-
grammed by performing write operations to
the mode and command registers. In addi-
tion, if synchronous operation is pro-
grammed, the appropriate SYN/DLE regis-
ters must be loaded. The EPCI can be
reconfigured at any time during program ex-
ecution. A flowchart of the intialization proc-
ess appears in figure 1.

The internal registers of the EPCI are
accessed by applying specific signals to the
CE. R/W, Ay and Ag inputs. The conditions
necessary to address each register are
shown in table 4

The SYN1, SYN2, and DLE registers are
accessed by performing write operations
with the conditions Ay = 0, Ag = 1, and
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Table 4 MC2661/MC68661 REGISTER ADDRESSING

CE Aq Ag R/W FUNCTION
1 X X X Three-state data bus

o] o] 0] 0 Read receive holding register
o} o} 9] 1 Write transmit holding register
4] o] 1 [o] Read status register

o] 0 1 1 Write SYN1/SYN2/DLE registers
0 1 o] 0 Read mode registers %

0 1 0 1 Write mode registers 2

0 1 1 0 Read command register

0 1 1 1 Write command register

NOTE

See AC characternstics section tor iming requirements

MC2661/MC68661 INITIALIZATION FLOW CHART

INITIAL RESEY

LOAD
MODE REGISTER 1
LOAD
MODE REGISTER 2

NOTE

Mode register 1 must be written

betore 2 can be watten Mode register 2
need not be programmed Il external
clocks are used

NOTE

TRANSPARENT
MODE”

LOAD
DLE REGISTERA

LOAD
COMMAND REGISTER

o——-—
| ’ OPERATE I

L

—_——-——

——

DiSABLE
ACVR AND XMTR

Figure 1

SYNI register must be wrilten
tefore SYNZ can ba wrilten, and
SYN2 before DLE can be writen
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R/W = 1. The first operation loads the
SYN1 register. The next loads the SYN2
register, and the third loads the DLE regis-
ter. Reading or loading the mode registers is
done in a similar manner. The first write (or
read) operation addresses mode register 1,
and a subsequent operation addresses
mode register 2. If more than the required
number of accesses are made, the internal
sequencer recycles to point at the first reg-
ister. The pointers are reset to SYN1 regis-
ter and mode register 1 by a RESET input or
by pertorming a read command register op-
eration, but are unaffected by any other read
or write operation

The 2661 register formats are summarized
in tables 5, 6, 7 and 8. Mode registers 1 and
2 define the general operational character-
istics of the EPCI, while the command regis-
ter controls the operation within this basic
framework. The EPCI indicates its status in
the status register. These registers are
cleared when a RESET input is applied.

Mode Register 1 (MR1)

Table 5 illustrates Mode Register 1. Bits
MR 1t and MR 10 select the communication
format and baud rate multiplier. 00 specifies
synchronous mode and 1X multiplier. 1X,
16X, and 64X multipiiers are programmable
for asynchronous format However, the mul-
tiplier in asynchronous format applies only if
the external clock input option is seiected
by MR24 or MR25

MR 13 and MR 12 select a character length
ot 5, 6, 7 or 8 bits. The character length
does not include the parity bit, if pro-
grammed, and does not include the start and
stop bits in asynchronous mode.

MR 14 controls parity generation. If enabled,
a parity bit is added to the transmitted char-

Table 5 MODE REGISTER 1 (MR 1)

acter and the receiver performs a parity
check on incoming data. MR 15 selects odd
or even parity when parity is enabled by
MR 14,

In asynchronous mode, MR 17 and MR 16 se-
lect character framing of 1, 1.5, or 2 stop
bits. (If 1X baud rate is programmed, 1.5
stop bits defaults to 1 stop bits on transmit.)
In synchronous mode, MR17 controls the
number of SYN characters used to establish
synchronization and for character fill when
the transmitter is idle. SYN1 alone is used if
MR17 = 1, and SYN1-SYN2 is used when
MR 17 = 0. If the transparent mode is speci-
fied by MR 16, DLE-SYN 1 is used for charac-
ter fill and SYN detect, but the normal syn-
chronization sequence is used to establish
character sync. When transmitting, a DLE
characterin the transmit holding register will
cause a second DLE character to be trans-
mitted. This DLE stuffing eliminates the soft-
ware DLE compare and stuff on each trans-
parent mode data character. If the send OLE
command (CR3) is active when a DLE is
toaded into THR, only one additional DLE witi
be transmitted. Also, DLE stripping and DLE
detect (with MR 14 = 0) are enabled.

The bits in the mode register affecting char-
acter assembly and disassembly (MR12-
MR 18) can be changed dynamically (during
active receive/transmit operation). The
character mode register attfects both the
transmitter and receiver; therefore in syn-
chronous mode, changes should be made
onty in half duplex mode (RxEN 1 or
TxEN = 1, but not both simultaneously = 1).
In asynchronous mode, character changes
should be made when RxEN and TXEN=0 or
when TxEN = 1 and the transmitter is mark-
ing in half duplex mode (RxEN = 0).

To effect assembly/disassembly of the next
received/transmitted character, MR12-1§
must be changed within n bit times of the
active going state of RxRDY /TxRDY. Trans-
parent and non-transparent mode changes
(MR 18) must occur within n- 1 bit times of the
character to be affected when the receiver
or transmitter is active. (n = smaller of the
new and old character lengths.)

Mode Register 2 (MR2)

Table 6 illustrates mode register 2. MR23,
MR22, MR21 and MR20 control the frequen-
cy of the internal baud rate generator (BRG).
Sixteen rates are selectable for each EPCI
version (A, B, C). Versions A and B speci-
fy a 4.9152 MHz TTL input at BRCLK (pin
20); version C specifies a 50688 MHz input
which is identical to the Signetics 2651.
MR23-20 are don't cares if external clocks
are selected (MR25-MR24 = 0) The individ-
val rates are given in tabte 1.

MR24-MR27 select the receive and transmit
clock source (either the BRG or an external
input) and the function at pins 9 and 25. Re-
fer to table 6.

Command Register (CR)

Table 7 illustrates the command register.
Bits CRO (TxEN) and CR2 (RxEN) enable or
disable the transmitter and receiver respec-
tively. A O to 1 transition of CR2 torces start
bit search (async mode) or hunt mode (sync
mode) on the second RxC rising edge. Dis-
abling the receiver causes RxRDY to go
high (inactive). If the transmitter is disabled,
it will complete the transmission of the char-
acter in the transmit shift register (if any)
prior to terminating operation. The TxD out-
put will then remain in the marking state

MR 10

MR17 MR16 MR15 MR14 MR13 MR12 MR11
Character Mode and Baud
Sync/Async Parity Type Parity Control Length Rate Factor

Async: Stop 8it Length
00 = Invahd 0 = Odd 0 = Disabled 00 = 5 bits 00 = Synchronous 1X rate
01 = 1 stop bit 1 = Even ; 1 = Enabled 01 = 6 bits 01 = Asynchronous 1X rate
10 = 1'2 stop bits 10 = 7 bits 10 = Asynchronous 16X rate
11 = 2 stop bits 11 = 8 bits 11 = Asynchronous 64X rate
Sync: Sync:
Number of Transparency
SYN char Control
0 = Double 0 = Normal

SYN 1 = Transparent
1 = Single

SYN

NOTE

Baud rate factor in asynchronous apphes only it external clock 1s selected Factor s 16X
nternal clock (s selected Mode must be selected (MR11. MR10) in any case

@ MOTOROLA Semiconductor Products Inc.
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Table 6 MODE REGISTER 2 (MR2)

MR27-MR24 MR23-MR20
TxC RxC Pin® Pin 25 TxC RxC Pin 9 Pin 25 Mode Baud Rate Selaction
0000 E E TxC RxC 1000 E E XSYNC! RxC/TxC sync
0001 E ) TxC 1X 1001 E [ TxC BKDET async
0010 | E 1X RxC 1010 ! E XSYNC! RxC sync
0011 I | 1.4 1X 1011 | 1 1X BKDET async See baud rates in table ?
0100 E E TxC RxC 1100 E E XSYNC! RxC/TxC sync
0101 E | TxC 16X 1101 E | TxC BKDET async
0110 | E 16X RxC 1110 | E XSYNC! RxC sync
o111 ! ! 16X 16X 1111 ! ! 16X BKDET async
NOTES
1. When pin 9 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detec-
hion ia disabled
E = Exterpal clock
| = internai clock (BRG)
1X and 16X are clock culputs
Table 7 COMMAND REGISTER (CR)
CR7 CRé CRS CR4 CR3 CR2 CR1 CRO
Receive Transmit
Request Control Data Terminal Control
Operating Mode To Send Reset Error Sync/Async (RXEN) Ready (TxEN)
00 = Normal! opaeration 0 = Force RTS 0 = Normal Async:
Ot = Async: output high 1 = Reset Force break
Automatic one clock time error flags 0 = Normal O = Disable 0 = Force DTR 0O = Disable
echo mode after TxSR n status register [ 1 = Force break t Enable output high 1 = Enable
Sync: SYN and/or seriatization {FE, OE, PE/DLE 1 = Force DTR
DLE stripping mode 1 = Force RTS detect) output tow
10 = Local loop back output low
11 = Remote loop back
Sync:
Send DLE
Q = Normal
1 = Send DLE
Table 8 STATUS REGISTER (SR)
SR7 SR6 SRS i SR4 SR3 Jr SR2 : SR1 SRO
Data Set Data Carrier !
Ready Detect FE. SYN Detect Overrun PE 'DLE Detect TxEMT DSCHG RxRDY TxRDY
0 = DSR input |0 = DCD tnput | Async: Q = Normal Async:
i1s high 1s high 0 = Normal 1 = Overrun 0 = Narmal 0 = Normal 0 = Recewve 0 = Transmit
t = DSRnput |1 = DCD wmput | 1 = Framing Error 1 = Pardy error t = Change in holding holding
15 low 15 low Ercor DSR. or DCD.or register empty register busy
transmit shitt 1 = Recewe "1 = Transmit
register s holding register holding register
{ empty has data i empty
i
S _l |
Sync: Sync:
= Normal 0 = Normal
t = SYN 1 = Parity error or
detected DLE received \
1

(high) while TxRDY and TxEMT will go high
(inactive). If the receiver is disabled, it will
terminate operation immediately. Any char-
acter being assembled will be neglected. A
0 to 1 transition of CR2 will initiate start bit
search (async) or hunt mode (sync).

Bits CR1 (DTR) and CR5 (RTS) control the
DTR and RTS outputs. Data at the outputs
are the logical complement of the register
data.

In asynchronous mode, setting CR3 will
force and hold the TxD output low (spacing
congition) at the end of the current transmit-
ted character. Normal operation resumes
when CR3 is cleared. The TxD line will go
high for at teast one bit time before begin-
ning transmission of the next character in
the transmit data holding register. In syn-
chronous mode, setting CR3 causes the
transmission of the DLE register contents
prior to sending the character in the transmit

@ MOTOROLA Semiconductor Products Inc.

data holding register. Since this is a one
time command, CR3 does not have to be
reset by software. CR3 should be set when
entering and exiting transparent mode and
for all DLE—non-DLE character sequences.

Setting CR4 causes the error tlags in the
status register (SR3, SR4, and SR5) to be
cleared. This is a one time command. There
is no internal latch for this bit.
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Table 9 MC2661/MC68661 EPCI vs SIGNETICS 2651 PCI

[ FEATURE EPCI pCl
1
1. MR2Bit 6,7 Control pin 9, 25 Not used
2. DLE detect-SR3 | SR3 = 0 for DLE-DLE. SR3 = 1 for DLE-DLE,
DLE-SYNC1 DLE-SYNC1

3. Reset of SR3, DLE
detect

or CR4 = 1

4. Send DLE-CR3

5. DLE stuffing in
transparent mode

CR3 =1
6. SYNC1 stripping All SYNC1
in double sync
non-transparent
mode
7. Baud rate Three
! versions

8. Terminate ASYNC
transmission

(drop RTS)
9. Break detect Pin 25°
10. Stop bit searched | One
11. External jam sync Pin 9

12. Data bus timing
Sink 2.2mA
Source 400uA

13. Data bus drivers

Second character after
DLE, or receiver disable,

One time command

Automatic DLE stuffing when
DLE is loaded except if

Reset CR5 in response to
TxRDY changing from O to 1t

tmproved over 2651 —

Receiver disable, or CR4 = 1

Reset via CR3 on next TxRDY
None

First SYNC1 of pair

One

Reset CRO when TxEMT
goes from 1 to Q. Then reset
CR5 when TxEMT goes from
Oto 1

FE and null character

Two
No

Sink 1.6mA
Source 100uA

NOTES
1 Internal BRG used tor RxC
2 Internal BRG used for TxC

When CRS (RTS) is set, the RTS pin is
forced low and the transmit seral logic is
enabled. A 1 to O transition of CRS will cause
RTS to go high (inactive) one TxC time after
the last serial bit has been transmitted (if
the transmit shift register was not empty).

The EPCI can operate in one ot four sub-
modes within each major mode (synchro-
nous or asynchronous). The operational
sub-mode is determined by CR7 and CR6.
CR7-CR6 = Q0 is the normal mode, with the
transmitter and receiver operating indepen-
dently in accordance with the mode and sta-
tus register instructions.

In asynchronous mode, CR7-CR6 = 01
piaces the EPCI in the automatic echo
mode. Clocked, regenerated received data
are automatically directed to the TxD line
while normal receiver operation continues.
The receiver must be enabled (CR2 = 1), but
the transmitter need not be enabted. CPU to
receiver communications continues normal-
ly, but the CPU to transmitter link is dis-
abled. Only the first character of a break
condition is echoed. The TxD output will go
high until the next valid start is detected.
The following conditions are true while in
automatic echo mode:

1. Data assembled by the receiver are
automatically placed in the transmit hold-
ing register and retransmitted by the
transmitter on the TxD output.

2. The transmitter is clocked by the receive
clock.

3. TxRDY output = 1.

4. The TxEMT/DSCHG pin will reflect only
the data set change condition.

5. The TxEN command (CRO) is ignored.

In synchronous mode, CR7-CR6 = 01 places
the EPCI in the automatic SYN/DLE strip-
ping mode. The exact action taken depends
on the setting of bits MR17 and MR 16:

1. In the non-transparent, single SYN mode
(MR 17-MR 16 = 10), characters in the
data stream matching SYN1 are not
transferred to the receive data holding
register (RHR).

2. Inthe non-transparent, double SYN mode
(MR17-MR16 = 00), characters in the
data stream matching SYN1, or SYN2 it
immediately preceded by SYN1, are not
transferred to the RHR.

3. Intransparent mode (MR 16 = 1), charac-
ters in the data stream matiching DLE, or
SYN1 if immediately preceded by DLE,
are not transferred to the RHR. However,
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only the first DLE of a DLE-DLE pair is
stripped.

Note that automatic stripping mode does not
aftect the setting of the DLE detect and SYN
detect status bits (SR3 and SR5)

Two diagnostic sub-modes can also be
configured. In local loop back mode (CR7-
CR6 = 10), the following loops are connect-
ed internally:

1. The transmitter output is connected to
the receiver input

2. DTRis connected to DCD and RTS is con-
nected to CTS.

3. The receiver is clocked by the transmit
clock.

4. The DTR, RTS and TxD outputs are held
high.

5. The CTS, DCD, DSR
ignored.

and RxD inputs are

Additional requirements to operate in the lo-
cal loop back mode are that CRO (TxEN),
CR1 (DTR). and CR5 (RTS) must be set to 1.
CR2 (RxEN) is ignored by the EPCI.

The second diagnostic mode is the remote
ioop back mode (CR7-CR6 = 11). In this
mode:

1. Data assembled by the receiver are
automatically placed in the transmit hoid-
ing register and retransmitted by the
transmitter on the TxD output.

2. The transmitter is clocked by the receive
clock.

3. No data are sent to the local CPU, but the
error status conditions (PE, OE, FE) are
set.

4. The RxRDY, TxRDY, and TxEMT/DSCHG

outputs are held high

. CRt (TxEN) is ignored.

6. All other signals operate normally.

&)

Status Register

The data contained in the status register (as
shown in table 8) indicate receiver and
transmitter conditions and modem /data set
status.

SRO is the transmitter ready (TxRDY) status
hit. It, and its corresponding output, are valid
only when the transmitter is enabled If equal
to 0, it indicates that the transmit data hold-
ing register has been loaded by the CPU and
the data has not been transterred to the
transmit shift register. If set equal to 1, it
indicates that the holding register is ready
to accept data from the CPU. This bit is
initialty set when the transmitter is enabled
by CRO, unless a character has previously
been loaded into the holding register. It is
not set when the automatic echo or remote
loopback modes are programmed. When
this bit is set, the TxRDY output pin is fow. In
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the automatic echo and remote loop back
modes, the output is held high.

SR 1, the receiver ready (RxRDY) status bit,
indicates the condition of the receive data
holding register. If set, it indicates that a
character has been loaded into the holding
register from the receive shift register and is
ready to be read by the CPU. If equal to
zero, there is no new character in the hold-
ing register. This bit is cleared when the
CPU reads the receive data holding register
or when the receiver is disabled by CR2.
When set, the RxRDY output is low.

The TXEMT/DSCHG bit, SR2, when set, indi-
cates either a change of state of the DSR or
DCD inputs (when CR2 or CRO = 1) or that
the transmit shift register has completed
transmission of a character and no new
character has been loaded into the transmit
data holding register. Note that in synchro-
nous mode this bit will be set even though
the appropriate “fill” character is transmit-
ted. TXEMT will not go active until at least
one character has been transmitted. It is

ABSOLUTE MAXIMUM RATINGS'

cleared by loading the transmit data holding
register. The DSCHG condition is enabled
when TXxEN = 1 or RXEN = 1. It is cleared
when the status register is read by the
CPU. If the status register is read twice and
SR2 = 1 while SR6 and SR7 remain un-
changed, then a TxEMT condition exists.
When SR2 is set, the TXEMT/DSCHG output
is low.

SR3, when set, indicates a received parity
error when parity is enabled by MR14. In
synchronous transparent mode (MR16 = t),
with parity disabled, it indicates that a char-
acter matching DLE register was received
and the present character is neither SYN1
nor DLE. This bit is cleared when the next
character following the above sequence is
loaded into RHR, when the receiver is dis-
abled, or by a reset error command, CR4.

The overrun error status bit, SR4, indicates
that the previous character ioaded into the
receive holding register was not read by the
CPU at the time a new received character
was transferred into it. This bit is cleared

PARAMETER RATING UNIT
Operating ambient temperature? Oto +70 °C
Storage temperature —55t0 +150 °C
All voltages with respect to ground® -03to +7.0 v
THERMAL CHARACTERISTICS
CHARACTERISTIC SYMBOL VALUE UNIT
Thermal Resistance
Ceramic 50
Plastic 8JA 100 °C/W
Cerdip 60

DC ELECTRICAL CHARACTERISTICS T, = 0°Cto +70°C, Voo = 5.0V +5% 456

when the receiver is disabled or by the reset
error command, CR4.

In asynchronous mode, bit SRS signifies that
the received character was not framed by a
stop bit, i.e., only the first stop bit 1s
checked. If RHR = O when SRS = 1, a break
condition is present. In synchronous non-
transparent mode (MR16 = 0), it indicates
receipt of the SYN1 character in single SYN
mode or the SYN1-SYN2 pair in double SYN
mode. In synchronous transparent mode
(MR 16 = 1), this bit is set upon detection of
the initial synchronizing characters (SYN1
or SYN1-SYN2) and, after synchronization
has been achieved, when a DLE-SYN1 pair
is received. The bit is reset when the receiv-
er is disabled, when the reset error com-
mand is given in asynchronous mode, or
when the status register is read by the CPU
in the synchronous mode.

SR6 and SR7 reflect the conditions of the
DCD and DSR inputs respectively. A low in-
put sets its corresponding status bit, and a
high input clears it.

LIMITS
PARAMETER TEST CONDITIONS Min Typ Max UNIT

Input voltage \'
viL Low -03 0.8
ViH High 2.0 vee

OQutput voitage v
VoL Low loL = 2.2mA 0.4
VoW’ High loH = —400uA 2.4
e Input leakage current VIN=0to55V 10 uA

3-state output leakage current HA
ILH Data bus high VOUT = 010 5.25 V 10
L Data bus low 10
lcc Power supply current 150 mA

CAPACITANCE 71, = 25°C, vgg = OV
LIMITS
PARAMETER TEST CONDITIONS UNIT
Min Typ Max

Capacitance Vin = V, Y pF
CIN Input IN out 20
Cout Output fc = 1MHz 20
Cyyo Input/Output Unmeasured pins tied to ground 20

Naotes an tollowing page

@ MOTOROLA Semiconductor Products Inc.




Page D.84

AC ELECTRICAL CHARACTERISTICS T4 =0°Cto +70°C, Vg = 5.0V + 5% 456

PARAMETER TEST CONDITIONS Min Typ Max UNIT
Pulse width ns
tRES Reset 1000
tCE Chip enable 250
Setup and hold time ns
tAs Address setup 10
tAH Address hold 10
ics R/W control setup 10
tcH R/W control hold 10
tps Data setup for write 150
tDH Data hold for write 0
tRXS Rx data setup 300
tRXH Rx data hold 350
tbD Data delay time for read CL = 150pF 200 ns
tDF Data bus floating time for read CL = 150pF 100
tcED  CE to CE delay 600
input clock frequency MHz
fBRG Baud rate generator
(MC2661A,B/MC68661A,B) 1.0 49152 | 4.9202
{BRG Baud rate generator
(MC2661C/MC68661C) 1.0 5.0688 | 5.0738
fRT TxC or RxC dc 1.0
Clock width ns
tgRH® Baud rate high (MC2661A,B/MC68661A,B) 75
tBRHY Baud rate high (MC2661C/MC68661C) 70
tgRL? Baud rate low (MC2661A,B/MC68661A,B) 75
teRL? Baud rate low (MC2661C/MC68661C) 70
tR/TH TxC or RxC high 480
t{R/TL TxC or RxC low 480
tTXD TxD delay from falling edge of TxC CL = 150pF 650 ns
trcs Skew between TxD changing and falling edge of TxC
output8 C| = 150pF TBD TBD
NOTES
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and functional operation of the device at these or
at any other ion above those in the operation section of this specilication is not implied.
2. For operating at elevated temparatures, the device must be derated based on + 150°C maximum junction temperature and thermal resistance of 60°C/W junction to ambient {IQ ceramic
package)

3. This product inciudes circuitry specitically designed lor the protection of its internal devices from the damaging etfects of excessive static charge. Nonetheless, it is suggested that
conventional precautions be taken to avoid applying any voltages larger than the rated maxima,

4. Parameters are valid over operating temperature range uniess otherwise specitied.

5. All voltage measurements are referenced to ground. All time measurements are at the 50% level for inputs (except tgrH and 1gR() and at 0.8 V and 2.0 V for outputs. Input lavels swing
between 0.4 V and 2.4 V, with a transition time of 20ns maximum.

6. Typical values are at + 25°C, typical supply voltages and typical p ing p S.

7. TxRDY, RxADY and TXEMT/OSCHG outputs are open drain.

8. Parameter applies when internal transmitter clock is used.

9. Under test conditions of 5.0688 MHz fgrg (MC2661C/MC6E8661C) and 4.9152 MHz tgrG (MC2661A B:MC6B8661A,B), f[gri and tgRy measured at Vi and Vy_ respectively

POWER CONSIDERATIONS

The average chip-junction temperature, T4, in °C can be obtained from:
TJ=Ta+(Ppedja) (n
Where:
Ta=Ambient Temperature, °C
8 ja = Package Thermal Resistance, Junction-to-Ambient, °C/W
Po=PINT +PPORT
PINT=ICcC x Ve, Watts — Chip Internal Power
PpPORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT < P|NT and can be neglected. PPORT may become significant if the device is configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if PPORT is neglected) is:

PD=K + (T +273°C) 2
Solving equations 1 and 2 for K gives:
K=Ppe(Ta+273°C) + 8 jA*PD2 (31

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for aknown TA. Using this value of K the values of Pp and T j can be obtained by solving equations (1) and (2) iteratively for any

value of Ta.
@ MOTOROLA Semiconductor Products Inc.
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MC2661A,B,C/MC68661A,B,C

TIMING DIAGRAMS

RESET CLOCK

- tBAn —>[*— tgRL — ™

v T e T
RESET |
]'— tRES — BRCLK. TxC n-c_/

enc
KA Tad

TRANSMIT RECEIVE

1 BIT TIME
(116 OR 63 CLOCK PERIODSI

TiC
(INPUT)

| l*=—Tl1cs
A\
woureuT)

READ AND WRITE

‘cs - fch— "_
0o-07 —_————1m
(WRITE)
—— e ——— ———————
~— los— ton

0g-07 BUS NOY
(READ}  FLOATING LAUD OATA vaLID X BUS FLOATING
b
e
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MC2661A,B,C/MC68661A,B,C

TIMING DIAGRAMS  (Cont'd)

TxRDY, TXEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) )
Tic (1X)
L 32 )03 4§51 ]2 3 )4 5 )\ |23 p 45t 2} 4 Sj 1|23 )4, sy
TD [ DATA Y l DATA 2 I DATA 3 I SYN 1 I DATA &
—
| | | | |
Wl TeEn | | | | |
§ | ! | |
2 I | | | I
2
2/ viwev l i / l
] [
I |
¢ !
z i A
i £ T
@ f taemr ) ) ) S
CE FOR
WRITE W lj/
OF THR
CATA Y DATA 2 DATA D DATA 4
- D — a 1 1 1 2 1 3 1 + 1 5 8 [« A L 1 1 2 3 4 1 5 1 B c A 1 2 L 3 1 4 L s | B C - D —% A il 2
I RTINS e ) SO e B BT
t
| | | ) |
wl Tew l | | | | i
g [ [ | ' 1
2 I I ' ' |
3 |
e/
g TuRDY l
H N
¢ \
~+ +
2 Fewr / \ ) / ‘7
CEFOR
<7 17 17
OF THR
DATA 1 DATA 2 DATA 3 DATA &
NOTES
A = Start but
B8 = Slop bit 1
C = Stop bit 2
D = TxD marking condition
TxEMT goes low at the beginming of the last data bit. or. if party 15 enabled. at the beguning of the panty bit
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TIMING DIAGRAMS (Cont'd)

1X AxC

XSYNC  cmmem—

EXTERNAL SYNCHRONIZATION WITH XSYNC

-

T

tes - XSYNC SEYUP TIME  200ns
th  XSYNC HOLD TIME  ONE RxC

& ERED &b €D ED &

CHARACTER ASSEMBLY

BREAK DETECTION TIMING

Rx CHARACTER 5 BITS. NO PARITY

RxC - 16 or 64

NOTE

MISSING STOP BIT I

DE TECTED SET FE BIT¥*

LOOK FOR START BIT - LOW (IF RxD IS HIGH, LOOK FOR HIGH TO LOW TRANSITION)

{

FALSE START BIT CHECK MADE (RxD LOW)
I |
|

1ST DATA BIT
SAMPLED

* it the stop bit 18 present. the start bit search
will commence immed:ately

P | —

MISSING STOP BIT DETECTED. SET FE BIT
0 - RHA. ACTIVATE RxRDY SET BKDET PIN
RxD INPUT — AxSR UNTIL A MARK TO SPACE TRANSITION OCCURS
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MC2661A,B,C/MC68661A,B,C

TIMING DIAGRAMS (Cont'd)

RxRDY (Shown for 5-bit characters, no parity, 2 stops bits [in asynchronous mode] )
m:c
J'lzl:‘l‘lsl‘IZIJI‘ISI‘IZAJLAI51'1ZIJA‘LSJY_‘IZIJA‘I51'12131'151 L
RxO SYN 1 DATA DATA 2 J DATA 3 i DATA 4 1 DATA S
w i - - r - R
g N ’ IGNORED
2 | RxEn [ |
b4 |
F
=3 I
z SYNDET |
S\ sTaruseir |
&
: \ (
n \
AxADY \ \ 1
3 o~ 1T
- k4 Wy U &
AEAD —
AEAD READ READ AEAD READ AEAD
STATUS STATUS AHA RHA RHR RHA
(DATA 1) {DATA 2) (DATA 3) {DATA 3
o)
A1 2374 5 8)C A1, 2) 34 4(5 1 B Cy " 0y~ A 1V, 243,484,858, C A,y 1,2 314
a0 DATA ! } I DAYA 2 l [ I DATA 3 : DAYA 4
|
1
wl RiEN :
o
x |
» |
3/ AxAoY |
2 L.
=]
g OVERAUN
g1 statusoir
>
q N /
CE FOR
1 ~|f
READ READ
RHA ANR
(DATA 1) l_DA'A 3)
NOTES
A = Start bit
B = Stop bit 1
C = Stop bit 2
O = TxD marking condition
Only one stop bit 1s detected
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MC2661A,B,C/MC68661A,B,C

TYPICAL APPLICATIONS
ASYNCHRONOUS INTERFACE TO CRT TERMINAL

g ADDRESS BUS /

*l [ CONTROL BUS h )
Ty

\ DATA BUS j

R0 |—————| ElA YO TTL I -

| CONVERT }
(OPT)
Hof————— -} s
2661 L J -

BAUD RATE CLOCK CRT
BRCLK OSCILLATOR TERMINAL

ASYNCHRONOUS INTERFACE TO TELEPHONE LINES

ADDRESS BUS

4

1 S
conTRoL BUS L - A
-

==

EGI

DSR 0‘—J PHONE
ASYNC LINE
6TRA O—— = MODEM INTERFACE

2661 €78 O]

OATA BUS

- —

BRCLK

BAUD RATE CLOCK
OSCILLATOR
TELEPHONE
LINE
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MC2661A,B,C/MC68661A,B,C

TYPICAL APPLICATIONS (Cont'd)
SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE

| ;

CONTROL BUS
— —

| N _

. _ — o -
K— ADORESS BUS \

DATA BUS 43
@ 7 7
RxD
a0
SYNCHRONOUS
RxC TEAMINAL
2661 OR PERIPHERAL
N DEVICE
TxC

SYNCHRONOUS INTERFACE TO TELEPHONE LINES

( ADDRESS BUS

L i 1
1L

L— s

j

-

( DATA BUS

NEE .

A0
150 e
AxC PHONE
LINE
ic INTERFACE l
SYNC
seolo MODEM
2661 |
crs O - —
RTS O——— l
OSR Ot s
1) o Semm—
TELEPHONE
UINE
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MC68000 MPU-TO-EPCI INTERFACE
REQUIREMENTS

The circuit shown in Figure 2 interfaces the
EPCI to the MC68000 MPU. The 8-bit data
bus of the EPCl is connected to the low order
8 bits of the MPU data bus (D0-D7). Due to
this, the EPCI's registers are addressed on
word (even byte) boundaries and so address
line A1 of the MPU is connected to the AO
address line of the EPCI. Similarly, A2 of the
MPU is connected to A1 of the EPCI. RW on
the MC68000 is inverted and connected to R/
W of the EPCI.

The CE signal must be generated for the EPCI
and the DTACK signal must be supplied to the

MPU. To allow for the data setup time on a
read of the EPCI, CE must be delayed one-
half clock cycle and DTACK generated on the
next rising edge of the system clock. This
causes the processor to insert one wait state
in the bus cycle. In addition to this, CE must
not be reasserted until the chip enable period
tCE has expired. Since some instructions on
the MC68000 can cause access to consecu-
tive addresses on consecutive bus cycles
(e.g., MOVEP), an INHIBIT signal must be
generated to hold-off an access during this
period. A state machine consisting of a 74LS161
binary counter and a 74L.574 D flip-flop is con-
figured as a digital “one shot.” The rising edge

of CE starts the counter which times out after
given number of clock cycles. Since tCE is 600
ns, a minimum of 5 clock cycles at 8 MHz (625
ns) is required. The timing for two consecutive
read bus cycles is shown in Figure 3. The IN-
HIBIT signal prevents CE from being gener-
ated and DTACK from being asserted, causing
the processor to generate wait states until IN-
HIBIT is negated.

M6809 FAMILY MPU-TO-EPCI
INTERFACE REQUIREMENTS

The M6809 family of microprocessors can be
easily interfaced to the EPCI as shown in Fig-
ure 4,

FIGURE 2 — MC68000-TO-EPCI INTERFACE — EXAMPLE CIRCUIT

8 MHz
]
oLk
|
vV +5V
cuK 3
. +5 CARRY
e < 5 CYCLE DELAY
s o =
Q woao O 1
PRE 7415161
A1-23
+5V
C88000 INMIBIT  74LS74 -
ity ENABLE
| CE
ADOR
DO-D7 ¢ DECODE epeI
+5V +5V —_:u ™ a0
CLR CLR
o s} ?-{ ) l___—_>u a1
Q —t Q
PRE PRE
vsv ) oour
J 74LS74 T
+5V O
DTACK — <IL / Aw
RESET
RW
AESET )
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MC2661A,B,C/MC68661A,B,C

UDSILDS \

FIGURE 3 — MC68000-TO-EPCI READ BUS CYCLE TIMING

6 s7 S0 L3 52 EX] S4 w w w w w w w w 85 56 s7

INHIBIT

/

ENABLE \

;
7

» VI
*

|«——— - scLock cYcLEs —— |
(SEE NOTE) \

a

7/

H VALID

— VALID >
-«—— 200ns 4—{

VALID

NOTE: INSERTION OF INHIBIT PERIOD DELAYS NEXT READ CYCLE FOR 5 CLOCK CYCLES

FIGURE 4 — INTERFACE CONNECTIONS TO MC6809

MC6809

HIGH ORDER >l CE
ADDRESS DECODE >
<7 DATA DO-D7 >

MC68661
EPCI
RW ™S~ Aw
a0 3{ a0
A1 ! A
RESET RESET

TO RESET CIRCUITRY

Motorola reserves the right to make changes to any products herein to improve rehability, function or design Motorola does not assume any lrabdity arising
out of the apphcation or use of any product or circuit described herein, neither does it convey any license under its patent rights nor the rights of others
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MC2661A,B,C/MC68661A,B,C

NOTES:
1. POSITIONAL TOLERANCE OF LEADS (D),
SHALL BE WITHIN 0.25mm(0.010) AT
MAXIMUM MATERIAL CONDITION, IN _—”‘““ME;EA’)‘(S ':““Es
RELATION TO SEATING PLANE AND |DIM} MIN | MIN | MAX
2 T
2. DIMENSION L TO CENTER OF LEADS g T84 T 5os | 0155710900
WHEN FORMED PARALLEL. o 103571 0.56 | 0.01a ] 0022
3. DIMENSION B DOES NOT INCLUDE F T 1021 7.52 | 0.040] 0.060
MOLD FLASH. G 2.548SC | 0.100 BSC
H | 165] 216 | 0.065] 0.085
J | 0.20] 038 0.008]0.015
A K | 292 343 0.115]0.135
B L | 1524 BSC | 0.600 BSC
M | 00 ] 150 [ g0 T 180
N | 051 ] 1.02 | 0.020] 0,040
’ ! Jl CASE 710
—H~ G- i P -
- -i6- F D \\sumc el M
PLANE
78 = TS
NOTES:
1. LEADS, TRUE POSITIONED WITHIN
5 8 0.25 mm {0.010) DIAMETER (AT MILLIMETERS| INCHES
SEATING PLANE) AT MAXIMUM DIM| MIN [ MAX | MIN | MAX
MATERIAL CONDITION. A | 3520 3692 | 1.386 | 1.414
! T 2. DIMENSION “L" TO CENTER OF B | 14.73 | 15.34 | 0.580 | 0.604
S LU | C | 3.0 0.120 | 0.165
; | LEADS WHEN FORMED PARALLEL. C [ 3 . . }
: D | 038 0.53]0015]0.021
- CA— - F | 076 | 1.40 | 0.030 ] 6.055
[ 2.54 BSC 0.100 BSC
- L R | 076 ] 1.J8 ] 0.030 [ 0.07
) .20 | 0.30 | 0.008 | 0.01
" K | 2.54 | 4.19 {000 0.16
S L [ 14.99 1 1549 | 0.590 ] 0.610
‘ M| - 100 | — [ 10
A N | 051 | 1.52 | 0.020 | 0.060
J
L —j\
Hom e -G - = wF Debre - SEATING ~ M J -l CASE 719
PLANE -
NOTES:
1. DIM A ] IS DATUM.
2. POSITIONAL TOL FOR LEADS: MILLIMETERS INCHES
L 5 t (817 025000®[T[AG) DIM[ MIN_| MAX | MIN | MAX
2' ) A]iEEAJ::gLPl}l;\SSEMEN SCUS AL 3045 1789 1436, L490
R | .
B 5.0IM -L- TOCENTER OF LEADS 81 ]426750 '::: g?gg gggg
WHEN FORMED PARALLEL. 1t & : :
| 6. DIMENSIONING AND TOLERANGING D 038 | 05 | 0015] 0022
, " 1 PER ANSI Y14.5,1973. [ F 127 165 ] 0050] 0085
YU UV UUTIUOUVY I _G 2.54 BSC 0.100 BSC
_ Lo 4 020 ] 030 ] 0.008] 0.012
A - rc K | 254 | 406 | 0.100] 0.160
q ‘ L] 15248sC 0,600 BSC
M 52 [ 150 | 50 | 180
- N . 051 | 127 (0207 0.050
[ ’ ; CASE 733
al— _.l L A e
F D i M
Published by Motorola Inc. with portions copied by permission of Signetics Corporation
— @ MOTOROLA Semiconductor Products Inc.
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intgl

a 3 Independent 16-Bit Counters

s DC to 2 MHz

u Programmable Counter Modes

8253/8253-5
PROGRAMMABLE INTERVAL TIMER

a MCS-85™ Compatible 8253-5

= Count Binary or BCD

a Single + 5V Supply

® 24-Pin Dual In-Line Package

The Intel® 8253 is a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It uses
nMOS technology with a single +5V supply and is packaged in a 24-pin plastic DIP.

It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft-
ware programmable.

PIN CONFIGURATION

o,
0,
0,
o,
0,0
0,0
0,(
b,
cuk o]
out o]
GaTe 0[]

GND

C

24 [ vee
23 [1wA
2[0AD

Fil ol
4,
8253 19 [a,
18P0cLk2
17our2
16 {JGATE 2
ek

GATE 1
out1

© @ N e N s W -
3

-3
R

~
w

PIN NAMES

DATA BUS (8-BIT)

COUNTER CLOCK INPUTS

COUNTER GATE INPUTS

COUNTER OUTPUTS

READ COUNTER

WRITE COMMAND OR DATA

CHIP SELECT

COUNTER SELECY

+5 VOLTS

GROUND

BLOCK DIAGRAM

DATA
0,0, [} BUS
BUFFER

-

RD —————e]
wR s Y,
WRITE
A, LOGIC

—_—]
Ay

w1

CONTROL
WORD
REGISTER

|

l

=)

COUNTER
=0

je——— CLK O

fe———— GATEO

F———0uT 0

-

COUNTER
=1

joe——— CLK
f+——— GATE

j——» ouT

[ ]

COUNTER
=2

fe— CLK 2

f*— GATE 2

F——= 0uT 2

INTERNAL BUS /
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8253/8253-5

FUNCTIONAL DESCRIPTION
General

The 8253 is a programmable interval timer/counter
specifically designed for use with the Intel™ Micro-
computer systems. Its function is that of a general
purpose, multi-timing element that can be treated as an
array of 1/0 ports in the system software.

The 8253 solves one of the most common problems in any
microcomputer system, the generation of accurate time
delays under software control. Instead of setting up timing
loops in systems software, the programmer configures the
8253 to match his requirements, initializes one of the
counters of the 8253 with the desired quantity, then upon
command the 8253 will count out the delay and interrupt
the CPU when it has completed its tasks. It is easy to see
that the software overhead is minimal and that multiple
delays can easily be maintained by assignment of priority
levels.

Other counter/timer functions that are non-delay in
nature but also common to most microcomputers can be
implemented with the 8253.

e Programmable Rate Generator

e Event Counter

e Binary Rate Multiplier

® Real Time Clock

® Digital One-Shot

e Complex Motor Controller

Data Bus Buffer

This 3-state, bi-directional, 8-bit buffer is used to interface
the 8253 to the system data bus. Data is transmitted or
received by the buffer upon execution of INput or OUTput
CPU instructions. The Data Bus Buffer has three basic
functions.

1. Programming the MODES of the 8253,

2. Loading the count registers.
3. Reading the count values.

Read/Write Logic

The Read/Write Logic accepts inputs from the system bus
and in turn generates control signais for overall device
operation. It is enabled or disabled by CS so that no
operation can occur to change the function unless the
device has been selected by the system logic.

RD (Read)

A “low" on this input informs the 8253 that the CPU is
inputting data in the form of a counters value.

WR (Write)

A "low” on this input informs the 8253 that the CPU is

outputting data in the form of mode information or loading
counters.

A0, At

These inputs are normally connected to the address bus.
Their function is to select one of the three counters to be
operated on and to address the control word register for
mode selection.

CS (Chip Select)

A “low" on this input enables the 8253. No reading or
writing will occur unless the device is selected. The CS
input has no effect upon the actual operation of the
counters.

fe—— CLK O

T

ouT 0

0y- DATA
Do 8 BUS
BUFFER

WR ——— =4
wR READ/

LN
-J countes
WRITE K 21 f—oacares
a LoGIC
——=out1
le— cLk 2
CONTROL SN
WORD (‘-‘ cou_szm GATE 2
REGISTER =

| (——= OUuT 2

[ |

INTERNAL BUS /

Figure 1. Block Diagram Showing Data Bus Buffer and
Read/Write Logic Functions

fe—— CLK 1

CS [ RD | WR | Ay | A

0 1 0 0 0 Load Counter No. 0
0 1 0 0 1 Load Counter No. 1
0 1 0 1 ] 0 Load Counter No. 2
0 1 0 1 1 Write Mode Word

0 0 1 0 0 Read Counter No. 0
0 0 1 0 1 Read Counter No. 1
0 0] 1 1 0 Read Counter No. 2
0 0 1 1 1 No-Operation 3-State
1 X X X X Disable 3-State

0 1 1 X X No-Operation 3-State
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Control Word Register

The Control Word Register is selected when A0, Alare 11, ™
It then accepts information from the data bus buffer and

fe——CLK O

stores it in a register. The intormation stored in this 0y- DATA | A n COUNTER

register controls the operational MODE of each counter, °v<I\> BUPFER \——\> <::> =0 Gareo
selection of binary or BCD counting and the loading of |—outo
each count register.

The Control Word Register can only be written into; no l

read operation of its contents is available. .

Ab — ()
Counter #0, Counter #1, Counter #2 Wi ——d oo
WRITE

jo—— CLK

—\J counTteR
K = l—— GavE
r*'—\) '

These three functional blocks are identical in operation so Ay — . LoGic
only a single Counter will be described. Each Counter A —= OUT 1
. : ; v
consists of a single, 16-bit, pre-settable, DOWN counter.
The counter can operate in either binary or BCD and its j
input, gate and output are configured by the seiection of cs —
MODES stored in the Control Word Register.
The counters are fully independent and each can have conTRO |-— cix2
. . . N v L L~
separate Mode configuration and counting operation, ORD | —— COUNTER
Wi K C*\) =2 ‘—— GATE 2

binary or BCD. Also, there are special features in the REGISTER
control word that handle the loading of the count value so
that software overhead can be minimized for these I

functions. L j

— 0uT 2

The reading of the contents of each counter is available to

the programmer with simple READ operations for event /
counting appiications and special commands and logic INTERNAL BUS -
are included in the 8253 so that the contents of each

counter can be read “on the fly” without having to inhibit

the clock input.
Figure 2. Block Diagram Showing Control Word

8253 SYSTEM INTERFACE Register and Counter Functions

The 8253 is a component of the Intel™ Microcomputer
Systems and interfaces in the same manner as all other

peripherals of the family. it is treated by the systems L ADDRESS BUS (16} i)
software as an array of peripheral |/O ports; three are P‘ Aq
counters and the fourth is a control register for MODE ¢

CONTROLQ}JS

programming.

I70R (10w

|
Basically, the select inputs A0, A1 connect to the AQ, A1 ‘

address bus signals of the CPU. The CS can be derived { DATA BUS (8)

directly from the address bus using a linear select method. ’ l

Or it can be connected to the output of a decoder, such as

an Intel® 8205 for larger systems. L
Ay A, CS 0,0, RD WR

8253
COUNTER COUNTER COUNTER
0 1

OUT GATE CLK r()UT GATE CLK OUT GATE CLX

AT

Figure 3. 8253 System Interface
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M — MODE:

OPERATIONAL DESCRIPTION M2 M1 MO
General 0 0 0 | ModeO
The complete functional definition of the 8253 is 0 0 1 Mode 1
programmed by the systems software. A .selt' of control X 1 0 Mode 2
words must be sent out by the CPU to initialize each
counter of the 8253 with the desired MODE and quantity X 1 1 | Mode 3
information. Prior to initialization, the MODE, count, and 1 0 0 | Mode 4
output of all counters is undefined. These control words ] ] Vode 5
program the MODE, Loading sequence and selection of o ode
binary or BCD counting.
Once programmed, the 8253 is ready to perform whatever BCD:
timing tasks it is assigned to accomplish.
The actual counting operation of each counter is 0 Binary Counter 16-bits
completely independent and additional logic is provided - -
on-chip so that the usual problems associated with 1 BJ“S"V (3od)ed Decimal (BCD) Counter
efficient monitoring and management of external, (4 Decades

asynchronous events or rates to the microcomputer
system have been eliminated.

Programming the 8253

All of the MODES for each counter are programmed by the
systems software by simple |/O operations.

Each counter of the 8253 is individually programmed by
writing a control word into the Contro! Word Register.
(AO, A1 =11)

Control Word Format
D Dg Ds Ds D3 D, Dy Dg
lsc1 [ sco | RL1 | RLO [ m2 | M ] Mo | Bcoj

Definition of Control
SC — Select Counter:

SC1 SCo
0 0 Select Counter 0
0 1 Select Counter 1
1 0 Select Counter 2
1 1 Illegal

RL — Read/Load:

RL1 RLO
0 0 Counter Latching operation (see
READ/WRITE Procedure Section)
1 0 Read/Load most significant byte only.
0 1 Read/Load least significant byte only,
1 1 Read/Load least significant byte first,
then most significant byte.

Counter Loading

The count register is not loaded until the count value is
written (one or two bytes, depending on the mode
selected by the RL bits), followed by a rising edge and a
falling edge of the clock. Any read of the counter prior to
that talling clock edge may yield invalid data,

MODE Definition

MODE 0: Interrupt on Terminal Count. The output will
be initially low after the mode set operation. After the
count is loaded into the selected count register, the out-
put will remain low and the counter will count. When ter-
minal count is reached the output will go high and re-
main high until the selected count register is reloaded
with the mode or a new count is lcaded. The counter
continues to decrement after terminal count has been
reached.

Rewriting a counter register during counting results in
the following:

(1) Write 1st byte stops the current counting.
(2) Write 2nd byte starts the new count.

MODE 1: Programmable One-Shot. The output will go
iow on the count following the rising edge of the gate in-
put.

The output will go high on the terminal count. If a new
count value is loaded while the output is low it will not
aftect the duration of the one-shot pulse until the suc-
ceeding trigger. The current count can be read at any
time without affecting the one-shot pulse.

The one-shot is retriggerable, hence the output will re-
main low for the full count after any rising edge of the
gate input.

D.97
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MODE 2: Rate Generator. Divide by N counter. The out-
put will be low for one period of the input clock, The
period from one output pulse to the next equals the
number of input counts in the count register. If the
count register is reloaded between output pulses the
present period will not be affected, but the subsequent
period will reflect the new value.

The gate input, when low, will force the output high.
When the gate input goes high, the counter will start
from the initial count. Thus, the gate input can be used
to synchronize the counter.

When this mode is set, the output will remain high until
after the count register is loaded. The output then can
also be synchronized by software.

MODE 3: Square Wave Rate Generator.Similar to MODE
2 except that the output will remain high untii one half
the count has been completed (for even numbers) and
go low for the other half of the count. This is accom-
plished by decrementing the counter by two on the fali-
ing edge of each clock pulse. When the counter reaches
terminal count, the state of the output is changed and
the counter is reloaded with the full count and the whole
process is repeated.

If the count is odd and the output is high, the first clock
pulse (after the count is loaded) decrements the count
by 1. Subsequent clock pulses decrement the clock by
2. After timeout, the output goes low and the full count
is reloaded. The first clock pulse (following the reload)
decrements the counter by 3. Subsequent clock pulses
decrement the count by 2 until timeout. Then the whole
process is repeated. In this way, if the count is odd, the
output will be high for (N+ 1Y/2 counts and low for
(N — 1)/2 counts.

MODE 4: Software Triggered Strobe. After the mode is
set, the output will be high. When the count is loaded,
the counter will begin counting. On terminal count, the
output will go low for one input clock period, then will
go high again.

It the count register is reloaded between output pulses,
counting will continue from the new value. The count
will be inhibited while the gate input is low. Reloading
the counter register will restart counting beginning with
the new number.

MODE 5: Hardware Triggered Strobe. The counter will
start counting after the rising edge of the trigger input
and will go low for one clock period when the terminal
count is reached. The counter is retriggerable. The out-
put will not go low until the full count after the rising
edge of any trigger.

Signal Low
Stalus Or Going
Modes Low Rising High
"] Disables - Enables
counting counting
1 —_ 1) Intiates ——
counting
2) Resets output
after next clock
2 1) Disables
counting n ?:L:::? Enables
2) Sets output 2) Initiates counting
immediately countin
high 9
3 1) Disables
counting Irntiates Enables
2} Sets output counting counting
immediately
high
4 Disables _ Enables
counting counting
5 —— ininates —_
counting

Figure 4. Gate Pin Operations Summary
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MODE 0: Interrupt on Terminal Count

crock LU AU

I

W I I [
4 2 1 ¢

=4 fe—d—o0—

wa L

=

OUTPUT {INTERRUPT)

'
! )
GATE il | gy
5 4 3 2 1 0
OUTPUT {INTERRUPT} ) ! I
{m =5) — [en——
A B
AsB=m

MODE 1: Programmable One-Shot

eroex MMM MM

WA~ ] |
TRIGGER —
4 3 2 0
OouTPUT I l
n=4)
T —_—T j S—
4 3 2 a4 3 2 v O

ouTPUY 1

MODE 2: Rate Generator

clock_MUMLMALANAnLnULn

4 3 2 ' 043 2 Y 02t o0
QUTPUT L
0(3) 3 2 V032 1 032 1
OUTPUT {n = 3) — LI LT

RESET —™__

MODE 3: Square Wave Generator
cock _LIILLULUULALLIruUruyL
4 2 4 2 4 2 4 2 4 2 a 2 4
ouTPUT (=& __ [~ | g I L __J
5 4 2 2 5 4 2 5 2 5 2

OUTPUT (p« 5) J

5
—J

4

—

MODE 4: Software Triggered Strobe

WR n=4
4 3 2 1 0
OUTPUT I J
LOAD n n=4
GATE 1 |
4 4 3 2 1 0
QUTPUT 1 I

MODE 5: Hardware Triggered Strobe

GATE '

OQUTPUT (n = 4} | S|

GATE I I I

OUTPUT (n = 4)

Figure 5. 8253 Timing Diagrams
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8253 READ/WRITE PROCEDURE
Write Operations

The systems software must program each counter of the
8253 with the mode and quantity desired. The program-
mer must write out to the 8253 a MODE control word and
the programmed number of count register bytes (1 or 2)
prior to actually using the selected counter.

The actual order of the programming is quite flexibie.
Writing out of the MODE control word can be in any
sequence of counter selection, e.g., counter #0 does not
have to be first or counter #2 last. Each counter’'s MODE
control word register has a separate address so that its
loading is completely sequence independent. (SC0, SC1)

The loading of the Count Register with the actual count
value, however, must be done in exactly the sequence
programmed in the MODE control word (RLO, RL1). This
loading of the counter’s count register is still sequence
independent like the MODE control word loading, but
when a selected count register is to be loaded it must be
loaded with the number of bytes programmed in the
MODE control word (RLO, RL1). The one or two bytes to
be loaded in the count register do not have to follow the
associated MODE control word. They can be programmed
at any time following the MODE control word loading as
long as the correct number of bytes is loaded in order.

All counters are down counters. Thus, the value loaded
into the count register will actually be decremented.
Loading all zeroes into a count register will result in the
maximum count (2'¢ for Binary or 10¢for BCD). in MODE 0
the new count will not restart until the load has been
completed. It will accept one of two bytes depending on
how the MODE control words (RLO, RL1) are program-
med. Then proceed with the restart operation.

MODE Control Word

Counter n
LSB Count Register byte
Counter n
MSB Count Register byte

Counter n

Note: Format shown is a simple example of loading the 8253 and
does not imply that it is the only format that can be used.

Figure 6. Programming Format

A1 Ao
No-1 YO om0 R
- G R
s |

Count Register Byte o .
No.5 | MSB Counter 1
No.6 | LSB “”"g‘:’iits:; Byte N
No.7 | MsB ““";‘zii::rz Byte o
No.8 | LS oo
S K

Note: The exclusive addresses of each counter’s count register make
the task of programming the 8263 a very simple matter, and
maximum effective use of the device will result if this feature
is fully utilized.

Figure 7. Alternate Programming Formats
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Read Operations

In most counter applications it becomes necessary to read
the value of the count in progress and make a
computational decision based on this quantity. Event
counters are probably the most common apphcation that
uses this function. The 8253 contains logic that will allow
the programmer to easily read the contents of any of the
three counters without disturbing the actual count in
progress.

There are two methods that the programmer can use to
read the value of the counters. The first method involves
the use of simple 1/0 read operaticns of the selected
counter. By controlling the A0, A1 inputs to the 8253 the
programmer can select the counter to be read (remember
that no read operation of the mode register is allowed AQ,
A1-11). The only requirement with this method 1s that in
order to assure astable count reading the actual operation
of the selected counter must be inhibited either by
controlling the Gate input or by external logic thatinhibits
the clock input. The contents of the counter selected will
be available as foliows:

first 1/0 Read contains the feast significant byte (LSB).

second 1/0 Read contains the most significant byte
(MSB).

Due to the internai logic of the 8253 it is absojutely
necessary to complete the entire reading procedure. {ftwo
bytes are programmed to be read then two bytes must be
read before any loading WR command can be sent to the
same counter.

Read Operation Chart

A1 AOQ RD
0 0 0 Read Counter No. 0
0 1 0 Read Counter No. 1
1 0 0 Read Counter No. 2
1 1 0 Ilegal

Reading While Counting

In order for the programmer to read the contents of any
counter without effecting or disturbing the counting
operation the 8253 has special internal logic that can be
accessed using simple WR commands to the MODE
register. Basically. when the programmer wishes to read
the contents of a selected counter "on the fly" he toads the
MODE register with a special code which latches the
present count value into a storage register so that its
contents contain an accurate, stable quantity. The
programmer then issues a normal read command to the
selected counter andthe contents of the latched registeris
available.

MODE Register for Latching Count
A0, A1 = 11

D7 Dé D5 | D4 | D3 | D2 | D1 DO
SC1 SCo 0 0 X X X X

SC1,8C0— specify counter to be iatched.

D5.D4 — 00 designates counter latching operation.
X - don't care.

The same limitation applies to this mode of reading the
counter as the previous method. That is, it is mandatory

to complete the entire read operation as programmed.
This command has no effect on the counter's mode.

3MHz

* 1.6MHz

CLK

—=1CLK

8085

8253-5

“If an 8085 clock output is to drive an 8253-5 clock input, it must be reduced to 2 MHz or less.

Figure 8. MCS-85™ Clock Interface*
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ABSOLUTE MAXIMUM RATINGS* "COMMENT: Stresses above those listed under “Absolute
Maximum Ratings’* may cause permanent damage to the
. . device. This is a stress rating only and functional opera-
ature Under Bias ... .. ... 0°Cto70° . . L.

gtrgrban;r;tg;mp:ramre 1as 652 Cto +150"(C: tion of the device at these or any other conditions above
Voltage On Any Pin those indicated in the operational sections of this specifi-
With Respectto Ground  .............. —05Vto t7V cation is not implied. Exposure to absolute maximum
Power Dissipation ........................... 1 Watt rating conditions for extended periods may affect device

reliability.

D.C. CHARACTERISTICS (T4 = 0°C 10 70°C; Vo = 5V +10%)

SYMBOL PARAMETER MIN, MAX. UNITS TEST CONDITIONS
ViL Input Low Voltage -0.5 0.8 \Y

ViH Input High Voltage 7 2.2 Vee+.bV A

VoL Output Low Voltage 0.45 \Y Note 1

Vor Output High Voltage 2.4 \ Note 2

he Input Load Current *10 UA Vin = Ve to OV
loFL Output Float Leakage £10 HA Vout = Ve to OV
lce Ve Supply Current 140 mA

Note 1: oL = 2.2 mA.
Note 2: lgn = -400 uA,

CAPACITANCE 71, = 25°C; Voc = GND = 0V

Symbol Parameter Min, Typ. Max. Unit Test Conditions
CiN Input Capacitance 10 pF fc=1 MHz

Cyo 1/0O Capacitance 20 pF Unmeasured pins returned to Vgg
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A.C. CHARACTERISTICS T, =0°C to 70°C; Ve = 5.0V £5%; GND = 0V

Bus Parameters (Note 1)

Read Cycle:
8253 82535
SYMBOL PARAMETER MIN, MAX. MIN. MAX, UNIT
tAR Address Stable Before READ 50 30 ns
tRA Address Hold Time for READ 5 5 ns
tRR READ Pulse Width 400 300 ns
tRD Data Delay From READ!?I 300 200 ns
toF READ to Data Floating 25 . 125 25 100 ns
trv Recovery Time Between' READ 1 1 us
and Any Other Control Signal
Write Cycle:
8253 8253-5
SYMBOL PARAMETER MIN. MAX, MIN. MAX, UNIT
tAw Address Stable Before WRITE 50 30 ns
twA Address Hold Time for WRITE 30 30 ns
tww WRITE Pulse Width 400 300 ns
tow Data Set Up Time for WRITE 300 250 ns
twp Data Hold Time for WRITE 40 30 ns
tRv Recovery Time Between W'Fj_lfﬁ 1 ! Hs
and Any Other Control Signal
Notes: 1. AC timings measured at Vo = 2.2, Vo = 0.8
2. CL = 150pF,
Write Timing: Read Timing:

Ag-1, CS X

|<——— taw —=| —= lWA"_

DATA BUS

-ty —— ity p—]

N

-t

Input Waveforms for A.C. Tests:

rones__ X

_X

-

tap—— o] —! ‘kxm\

tan

DATA BUS%GH ]MPEDANCE% VALl

i

HIGH IMPEDANCE

2.4
2.2 2.2
> TEST POINTS <
0.8 0.8
0.45
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Clock and Gate Timing:

8263 8253-5
SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNIT
toLK Clock Period 380 dc 380 dc ns
tPWH High Pulse Width 230 230 ns
N tewL Low Pulse Width 150 150 ns
tow Gate Width High 150 150 ns
toL Gate Width Low 100 100 ns
tGs Gate Set Up Time to CLK? 100 100 ns
tGH Gate Hold Time After CLK?! 50 50 ns
o too Output Delay From CLK 1] o 400 400 ns
o tong Output Delay From Gated!1 300 300 ns
Note 1: Cyp = 150pF.
town+
CLK
|
GATEG

QUTPUT O

L

topg —+i
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Programmable Array Logic Family

PAL Series 20

U.S. Patent 4124899

March 1981
Features/Benefits DA CESCRIPTION
* Programmable replacement for conventional TTL PAL10HS OCTAL 10 INPUT AND-OR GATE ARRAY
logic. PAL12H6 HEX 12 INPUT AND-OR GATE ARRAY
PAL14H4 QUAD 14 INPUT AND-OR GATE ARRAY
Reduces IC inventories substantially and simplifies PAL16H2 DUAL 16 INPUT AND-OR GATE ARRAY
their control. PAL16C1 16 INPUT AND-OR/AND-OR-INVERT GATE ARRAY
. PALIOLS OCTAL 10 INPUT AND-OR-INVERT GATE ARRAY
* Reduces chip count by 4 to 1. PAL12L6 HEX 12 INPUT AND-OR-INVERT GATE ARRAY
Expedites and simplifies prototyping and board PAL14L4 QUAD 14 INPUT AND-OR-INVERT GATE ARRAY
layout. PAL16L2 DUAL 16 INPUT AND-OR-INVERT GATE ARRAY
PAL 16L8 OCYAL 16 INPUT AND-OR-INVERT GATE ARRAY
Saves space with 20-pin SKINNY DIP® packages. PAL15AS OCTAL 16 INPUT REGISTERED AND-OR GATE ARRAY
Hi R . . PAL16R6 HEX 16 INPUY REGISTERED AND-OR GATE ARRAY
igh speed: 25ns typical propagation delay. PAL16RA QUAD 16 INPUT REGISTERED AND-OR GATE ARRAY
Programmed on standard PROM programmers. PAL16X4 QUAD 16 INPUT REGISTERED AND-OR-XOR GATE ARRAY
PAL16A4 QUAD 16 INPUT REGISTERED AND-CARRY-OR-XOR GATE ARRAY

Programmable three-state outputs.

Special feature reduces possibility of copying by
competitors.

Description

The PAL family utilizes an advanced Schottky TTL process and
the Bipolar PROM fusible link technology to provide user pro-
grammable logic for replacing conventional SSI/MSI gates and
flip-flops at reduced chip count.

The family lets the systems engineer “design his own chip” by
blowing fusible links to configure AND and OR gates to perform
his desired logic function. Complex interconnections which
previously required time-consuming layout are thus “lifted” from
PC board etch and placed on silicon where they can be easily
modified during prototype check-out or production.

The PAL transfer function is the familiar sum of products. Like
the PROM, the PAL has a single array of fusible links. Unlike the
PROM. the PAL is a programmable AND array driving a fixed
OR array (the PROM is a fixed AND array driving a
programmable OR array). In addition the PAL provides these
options:

« Variable input/output pin ratio
« Programmable three-state outputs

* Registers with feedback

« Arithmetic capability

PAL® 15 & req slered trademark of Monohthc Mo « e

Unused inputs are tied directly to Vo or GND. Product terms
with all fuses blown assume the logical high state, and product
terms connected to both true and complement of any single
input assume the logical low state. Registers consist of D type
flip-flops which are loaded on the low to high transition of the
ctock. PAL Logic Diagrams are shown with all fuses blown,
enabling the designer use of the diagrams as coding sheets.

The entire PAL family is programmed on inexpensive con-
ventional PROM programmers with appropriate personality and
socket adapter cards. Once the PAL is programmed and ver-
ified, two additional fuses may be blown to defeat verification.
This feature gives the user a proprietary circuit which is very
difficult to copy.

Ordering Information

[ - -~ PROGRAMMABLE ARRAY LOGIC FAMILY
r — —-—~ NUMBER OF ARRAY INPUTS

I

|

|

|

,,,,, QUTPUT TYPE
H = ACTIVE HIGH
L - ACTIVE LOW
C = COMPLEMENTARY
R - REGISTERED
X = EXCLUSIVE-OR REGISTERED
A = ARITHMETIC REGISTERED
NUMBER OF OUTPUTS

[ TEMPERATURE RANGE
C -

0C TO +75C
| M - -55C TO +125C
— PACKAGE

| N = PLASTIC DIP
‘ J < CERAMIC DIP

| | ---OPTIONAL HI-REL PROCESSING
1 | r 883B  MIL-STD-883, METHOD 5004 & 5005 LEVEL B
| D 883C MIL-STD-883, METHOD 5004 & 5005 LEVEL C

! il B - MIL-STD-883, METHOD 5004 EQUIVALENT
o b b

PAL14 L4 CJ 883B

M;nolltl;lc m

1165 East Arques Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 TWX: 910-339-6229 Memorles
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R R — R — ————
J20 Ceramic DIP
6JA =75°C/W
= O
fyc = 35°C/W sininlisialinlslinlals!
20 1
) 2.65-.300
6.73-7.62
1 10
oo td
.070 .000
— - 1.78 000 - | ja—
MAX. MIN,
.955-.990
- ———— — P —
24.26-25.15 >
.015-.035 i
.38-.89 190
4.83
MAX.
o
3.8
MAX,‘ }
S | -
| .125-,165 '
- e - . 318-419 ! o015 ‘_‘.'?gg:gf
.090-.110 .016-.020 ,055—,065 '
2.29-2.79 41-.51 1.40-1.65
UNLESS OTHFERWISE SPECIFIED:
ALL DIMENSIINS MIN.-MAX. IN INCHES.
ALL DIMENSIONS MIN.-MAX, IN MILLIMETERS.
N20 Plastic Kool Dip™
A= T5°C/W
0Jc = 35°C/W
n
AR A ANV AN AV ANV ANVAWAN
20 " ;
.240-.290
6.10-7.37
o1 10 i
L NAYAYAYAVAVAVEY
.080 000
203 —» ~-— »| lt— .00
MAX. MIN.
1.000-1.075 -
* 25.40-27,30 - 280-320_
7.11-8.13
,015-.060 \
98152 [ £-7 A 200 .
- 5.08 -
U D | JJ i i ‘
140 4 N/ / —_ {
355 ) 0 I 120-165
MIN. Y _u ‘ Ut Y0449,
0-16 .008-.012
- - —» —> T 20-31
090110 1016-.020 .055-.065
2.29-2.79 471-.51 1.40-1.65
UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES.
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS,
Monolithue Memories reserves the night to make changes in order 1o improve circuitry and supply the Frat preduct possible
Monolithic Memories cannot assume responstbilily 161 the use of any circuitry descrnibed other than ciccuitry entirely embodied in their pre-fct No other e rcut patent icenses ar¢ implied
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PAL16C1

PAL16H2

PAL Series 20
PAL14H4

PAL12H6

PAL10H8
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Absolute Maximum Ratings

Operating Programming

SUPPly VOIAGE, VOC - oo e e 7o 12v
INPUE VORAGE .ot ottt e e e e e e e e 55V ..., 12v*
Off-state output VORAGE . .. ..o e e 55V .......... 12v
SIOrage teMPErature . .. ... ... e -65° to +150°C
Operating Conditions
SYMBOL PARAMETER MILITARY COMMERCIAL UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 45 5 55 475 5 525 \Y
Ta Operating free-air temperature ] 0 75| °C
Tc Operating case temperature -55 125 i °C
Electrical Characteristics oOver Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL Low-level input voltage 08
ViH High-level input voltage 2
Vic Input clamp voitage Vee = MIN I} = -18mA -15
m Low-level input current Voo = MAX Vi~ 0.4V -025 | mA
liH High-level input current T Vee = MAX Vi = 24V 25 1 pA
U] Maximum input current Voo ~ MAX V| - 55V o 11 mA
10H8.12H6, T4H4[ |\ -
Vo = MIN [16H2.16C1,10L8 oL - 8mA
CcC
VoL Low-tevel output voltage Vi = 08V 1216, 14L4, 1612 | COM 05 vV
16L8  16R8 | MIL oL = 12mA
ViH =2V | 16R6  16R4
16X4  16A4 | COM JoL = 24mA
Vece - MIN MIL loH = —2mA
VoH High-level output voitage Vi = 08v 24 v
Vig — 2V COM lop ~ —3.2mA
o IR
lozL Voo © MAX| 1618 16R8 Vo - 04V 2100 | uA
Off-state output current T Vi =08V 16R6 16R4 [ —
lozH ViH 72V | iexa 16A4 Vo =24 100 4 pA
los Output shortcircuit current**| Voo = 5v Vg = oV -30 ~130 j mA
10H8, 12H6, 14H4,16H2 16C1
55 20
10L8, 1216, 1414, 16L2
16R4, 16R6, COM
16R8. 16L.8 120 180
lce Supply current Voo = MAX . — 1 mA
16L8 MIL 140 210
16R4, 16R6, 16R8 MiL 150 225
16X4 160 225 i
e —- e e - ‘
l‘ [ 16A4 170 240 J
T PO pinleakage isthe worst case of IO/X 01 'I)( ©q ‘IL and ‘()ZH

¥ Pios 1 and 11 may be raised to 22V max

* % Only one output shorted at a ime
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Switching Characteristics
Over Operating Conditions

SYMBOL ’L PARAMETER j TEST CONDITIONS { MINMI1L'|YTPAR:AAX M?:M:ﬂvEPRC:ALxlULT_}
- - . I S L= .
10H8 12H6 14H4 ‘f
pp | IPUL 1O 16H2 10L8 12L6 Ry - 5600 25 45 25 35 | e
output 114L4 16L2 Ry 11k0
16C1 ﬂ 25 45 25 a0 |
" tpp | Input or teedback to output o r 55 45 : 5 35 ns j
'CLK Clock to outputr or feedback | L_ - 15 25 “1s 2 ns
N tpzxr ,F,Pm 11 to oglpu( e%_ ,—__13~—2—5 B E. 05 ns
Ipxz Pin 11 to output disable ; 15 25 . 15 25 ns
—t_PE)(__y _I?pjto output t;nable T 16R8 16R6 1614 1618 . 25 475—' 25 35 ' ns
tpxz | Input tclout?)m (ISEEE ' _: 16X 16A4 j_ 25 4§7T 26 35 | ns |
High R, 3000 R I
Setup time | 16R8 16R6 16R4 45 35
tsy from input —— ns
or feedback 16X4  16A4 55 a5
Ty Hold time o ] —O— -15 B 0 -15 - ns
x| Maxmum - [16R8 1686 16R4| | 14 B 16 *MHZ
frequency 16X4  16A4 12 14
Test Load

Available Programmers

g"! ( PERSONALITY | SOCKET ADAPTER
MANUFACTURER
OUTPUT ()—---4 (&) TEST POINT o l 7CARD SET | CONFIGURATION
§ — oo Cybernetic CYMPC-1
Rz 7= 0p Programming
- - Systems. Inc
= Data 1:0O Corporatlorj 909-1427 715 1428-1
715 1428-2
. 715 1428-3
Schematic of Inputs and Outputs - =
LPro—Log Corporation PM9068
- | 4 - —
Veery FOUNVELENTINPUY | TYPIGALOUTRUT. e Stag Systems PM202 AMI0H8 AMI0L8
AM12HE  AMI2LE
g““ o §‘° NoM AMI4HS  AMIT4LS |
. ~ B . AMIBH2 AMIBL2
;t J i AM16C 1
n - ! 4
; . Structured Der.gn 5D20/24 1
nwufo-—f—«Ff *K» . - g A
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Programming

PAL fuses are programmed using a low-voltage linear-select
procedure which is common to all 15 PAL types. The array Is
divided into two groups, products 0 thru 31 and products 32 thru
63, for which pin identifications are shown in Pin Configurations
below. To program a particular fuse, both an input line and a
product line are selected according to the following procedure:

Step 1 Raise Output Disable, OD, to V)

Step 2 Select an inputline by specifyinglg. 14, 12.13.14. 15. 1. 17
and L/R as shown in Table 1.

Step 3 Select a product line by specifying Ag. A1 and Ay one-of-
eight select as shown in Table 2.

Step 4 Raise Voo (pin20) to Vg

Step 5 Program the fuse by pulsing the output pins, O, of the
selected product groupto V) as shown in Program-
ming Waveform.

Step 6 Lower Vi (pin 20) to 60V

Step 7 Pulse the CLOCK pin and verify the output pin, O, to be
Low for active Low PAL types or High for active High
PAL types.

Step 8 Lower Vi (pin 20) to 4.5 V and repeat step 7.
Step 9 Should the output not verify, repeat steps 1 thru 8 up to

five (5) times.

This procedure is repeated for all fuses to be blown (see
Programming Waveforms).

To prevent further verification, two last fuses may be blown by
raising pin1andpin11toVp. Vo is not required during this
operation.

Voltage Legend L = Low-level input voltage, V) HH = High-level program voltage, V|4
H = High-level input voltage. V| Z = High impedance (e.g., 10k() to 5.0V)
INPUT PIN IDENTIFICATION PRODUCT ‘ PIN IDENTIFICATION
LINE \ 1 LINE ! T

NUMBER |7 e[ 1514 13 ]12, 1y ]| 1lp LR NUMBER 03 | 02 | O4 Oo(Az A1 | Ao
0 "HH|HH | HH | HH{HH [HH | HH | L | Z ! 0 32 z |z Z ' HH| 2 z z

1 HH | HH | HH | HHHH HH HH ) H | Z | 1,33 zlzlz  w| 2z z]| HH

2 HH|HH| HH | HH{HH | HH| HH | L | HH | 2,34 z z Z |HH| Z | HH| Z

3 HH | HM | HH [ HH | HH [ HH | HH | H | HH \ 3,35 z z Z | HH| Z | HH| HH

4 HH|{HH | HH | HH{HH | HH | L | HH| Z [ 4,36 z z Z | HH | HH | Z z

5 HH|HH| HH [HH{HH |HH | H |HH| Z i 5,37 z z Z | HH| HH| Z | HH

6 HH | HH | HH | HH [ HH [ HH | L | HH | HH 6. 38 z Z Z |HH | HH| HH| Z

7 HH|HH | HH [HH | HH | HH | H | HH | HH 7.39 Z z Z | HH | HH | HH | HH

8 HH|HH | HH [HH [ HH | L [HH | HH| 2 8,40 . z Z |HH | Z z z z

9 HH|HH | HH [HH | HH | B [HH | HH | Z 9.41 | 2 Z |HH | Z z Z | HH
10 HH | HH | HH [HH [ HH | L | HH | HH | HH 10,42 ! z Z {HH | Z Z | HH| Z
11 HH | HH | HH P HH [ HH | H | HH | HH | HH 11, 43 z Z |HH | Z Z | HH | HH
12 HH | HH | HH [HH| L [HH | HH | HH| Z 12, 44 z z|lHH ]| zZ | HH| 2 z
13 HH|HH | HH [HH| H |HH |HH | HH | Z 13, 45 i Z |HH | Z | HH| Z | HH
14 HH|HH | HH {HH| L |HH | HH | HH | HH 14. 46 z Z |HH | Z | HH| HH | Z
15 HH | HH | HH |HH | H [HH | HH [ HH | HH 15. 47 z Z |HH | Z | HH| HH | HH

\ 16 HH|HH | HH| L |HH|[HH | HH I HH] Z 16. 48 Z |HH| Z z z z z
17 HH|HH | HH | H [HH [HH | HH [ HH | 2 17,49 Z |HH| Z z z Z | HH
18 HH | HH | HH | L | HH [HH | HH | HH | HH 18. 50 Z | HH | Z z Z | HH| Z
19 HH|HH | HH | H | HH | HH | HH | HH | HH 19, 51 Z | HH| Z z Z | HH | HH
20 HH [HH| L |HH|HH |HH | HH | HH| 2 20, 52 Z (HH| Z Z | HH| Z z
21 HH|HH | H [HH | HH [ HE | HH {HA | Z 21,53 Z HH| Z Z | HH | Z | HH
22 HH{HH| L [HH|HH|HR | HH | HH | HH 22,54 Z | HH | Z Z | HH| HH | Z
23 HH [HH | H [HH |{HH |HH | HH | HH | HH 23,55 Z | HH | Z Z | HH | HH | HH
24 HH| L [ HH|{HH|HHHH | HH | HH | Z 24, 56 HH | Z z z z z z
25 HH| H | HH [HH|HH [HH | HH | HH | Z 25,57 HH | Z z z z Z | HH
26 HH| L | HH [HH| HH | HH [ HH | HH | HH 26. 58 HH | Z z z Z |HH | Z
27 HH H | HH [HH | HH|HH | HH | HH | HH 27.59 HH | Z z z Z | HH | HH
28 L HH|HH|HH|HH 'HH [HH |HH | Z 28. 60 HH | 2 z Z | HH| Z z
29 H {HH |HH |HH |HH HH | HH |HH | Z 29. 61 HH | Z z Z |HH| Z | HH
30 L |HH | HH | HH | HH | HH | HH | HH | HH 30. 62 HH | Z z Z | HH| HH | Z
31 H o HH | HHE CHB D HH | HH | HA | HE | HA 31.83 1 HH | Z . Z Z | HH ! HH | HH

Table 1 Input Line Select

Table 2 Product Line Select
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Pin Configurations

PRODUCTS 0 THRU 31

OOAOO0nOnn

oD

GNO

\/
vce

o

02
O3
a0
Ay
Az

LR

OO0oUooooo

CLOCK

Programming Parameters 7, - 25°C

PRODUCTS 32 THRU 63 ~

Ej CLOCK

alainininininialsl

vee

. R

LIt

4p

Ay

a2

Oo

0o

|NjEIBEIRIEIE]E|

SYMBOL PARAMETER LIMITS UNIT
MIN TYP MAX
VIHH Program-level input voltage 11 1y 12 v
Output Program Pulse 50
HHH Program-level input current OD. L/R 25 mA
All Other Inputs 5
lceH Program Supply Current 400 mA
Tp Program Pulse Width 10 50 us
tD Delay time 100 ns
toy Delay Time to Verity 100 S
Program Pulse duty cycle 25 Y%
Vp Verify-Protect-input voltage 20 21 22 v
Ip Verify-Protect-input current 400 mA
Tpp Verify-Protect Pulse Width 20 50 msec
Programming Waveforms
VIHH - |
oD \_
ViL |
Lt o -
VIHH H o ’j |
I.L/R. A VIH
viL | j VIHH
vee
6.0V
5.0V e} | \
! Tp : t t
- D r'—Dhﬂ DV a5y /
VIHH— ——— - {» VERIFY
VOH |
o)
VoL
V- - - r_, [_. VERIFY
cLOCK { 1
to| to o] o
ViL
— —————— R —
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Logic Diagram PAL16L8
INPUTS (0-31)

01713 456 7 8 9101y 12131815 16171819 20212223 23252627 2823301

P swN e

-ll
I

!
I

&

;

—

—

PRODUCT TERMS (0-63)

i

i
Iy iyl

;

1 !

— — ———

012 456 7 B 91011 12131415 16171819 20212273 24257627 2829301

f




PAL Series 20

Page D1 1 3

PRODUCT TERMS (0-63)

Yoy % ow ¥

0123

11

\d
u

45

1

INPUTS (0-31)

1213
'

617

2021
[

24252627
[

Logic Diagram PAL12H6

28293031

P

16
7

1
5

32
35

40
a

a1y

50
51

T+

1w

21267671
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Logic Diagram PAL16L2
INPUTS (0-31)

0123 4 567 8 91011 12131415 16171819 202172223 24252627 28293031

4 o

1 o

JEERE

q y

PRODUCT TERMS (0-63)

7.4& ﬁ 13

1 -

I

0123 4567 89101 12131415 16171818 20212223 24252627 28231013
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PRODUCT TERMS (0-63)

INPUTS (0-31)

Logic Diagram PAL14L4

0123 A5%6 7 890N 1213 %17 20212223 23252627 2829303
‘ k
2
: k
: %
%
B
gt
19
: %
2
25
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27
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33
3
35
: &
40
41
a2
23
—Ps— ‘
: a
H__&—‘ 1
013y 2723 45067 g 910M 1213 %17 0212223 23257627 282930

——
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Am27S20 o

Am27S21

1024-Bit Generic Series Bipolar PROM

DISTINCTIVE CHARACTERISTICS

o High Speed — 45ns max commercial range access time

® Excellent performance over full MIL and commercial ranges
e Highly reliable, ultra-fast programming Platinum-Silicide
fuses

High programming yield

Low current PNP inputs

High current open coliector and three-state outputs

Fast chip select

Access time tested with N? patterns

Pin for pin replacements for industry standard products
Common Generic PROM series electrical characteristics
and simple programming procedures.

FUNCTIONAL DESCRIPTION

The Am27520 and Am27S21 are high speed electrically pro-
grammable Schottky read only memories. Organized in the
industry standard 256 x 4 configuration, they are available in
both open collector Am27320 and three-state Am27S21 out-
put versions. After programming, stored information is read on
outputs Og—0O3 by applying unique binary addresses to
Ag—A; and holding the chip select inputs, CS, and CS,, at a
logic LOW. If either chip select input goes to a logic HIGH,
Op—03 go to the off or high impedance state.

GENERIC SERIES CHARACTERISTICS

The Am27520 and Am27S21 are members of an Advanced
PROM series incorporating common electrical characteristics
and programming procedures. All parts in this series are pro-
duced with a fusible link at each memory location storing a
logic LOW and can be selectively programmed to a logic
HIGH by applying appropriate voltages to the circuit.

All parts are fabricated with AMD's fast programming highly
reliable Platinum-Silicide Fuse technology. Utilizing easily im-
plemented programming (and common programming personal-
ity card sets) these products can be rapidly programmed to
any customized pattern. Extra test words are pre-programmed
during manutacturing to insure extremely high field program-
ming yields, and produce excellent parametric correlation.

Platinum-Silicide was selected as the fuse link material to
achieve a well controlled melt rate resulting in large non-
conductive gaps that ensure very stable long term reliabilty.
Extensive operating testing has proven that this low-field,
large-gap technology offers the best reliability for fusible link
PROMs.

Common design features include active loading of all critical
AC paths regulated by a built-in temperature and voltage
compensated bias network to provide excellent parametric
performance over MIL supply and temperature ranges. Selec-
tive feedback techniques have been employed to minimize de-
lays through all critical paths producing the fastest speeds
possible from Schottky processed PROMSs.

BLOCK DIAGRAM

COLUMN TEST RAIL

'
$

A 0—]
' 32132 F]
o
260 Lors FUSE ARRAY 9
a,0—| Row 3
DECODER F

A, 0—1

A, 00—

TEST WORD 0

@I@r@l@

QUAD 1 OF 8 MULTIPLEXER

% iv i"z 0 BPM-027

A, O—f
M 10F8
A, 0— column
DECODER
Ay 0—]
s,
cs;

ORDERING INFORMATION

Package Temperature Order
Type Range Number
Open Collectors
Hermetic DIP 0°C to +75°C AM27820DC
Hermetic DIP —-55°C to +125°C AM27S20DM
Hermetic Flat Pak —55°C to +125°C AM27S20FM
Three-State Outputs
Hermetic DIP 0°C to +75°C AM27S21DC
Hermetic DIP —55°C to +125°C AM27S21DM
Hermetic Flat Pak -55°C to +125°C AM27S21FM

LOGIC SYMBOL

s Ao

6 Ay

7 Az

a A3

3 Ag Am27520/1Am27S21

2 Ag 256 X 4 PROM

I — G

1 —— Ay

" R

1 cs [ 0, 0, 0y
Vee = Pin 16 I
GND = Pin 8 12 1" 10 9

BPM-028

CONNECTION DIAGRAM
Top View

Vee A7 €8 €85 09 Oy O O

OaO0annm[n

16 15 14 13 1z 1 10 9
®

) 2 3 4 5 6 ? 8
Loy uuy

Ag Ag Ag; Az Ag Ay A; GND

Nate: Pin 1 1s marked for orientation.
BPM-028
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MAXIMUM RATINGS (Above which the useful life may be impaired)

page D.117

Storage Temperature

—65°C to +150°C

Temperature (Ambient) Under Bias

-55°C to +125°C

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous

-0.5V to +7.0V

DC Voltage Applied to QOutputs (Except During Programming)

~0.5V to +V¢c max.

DC Voltage Applied to Outputs During Programming 21V
Output Current into Outputs During Programming (Max. Duration of 1 sec.) 200mA
DC Input Voltage -0.5V to +5.5V

DC Input Current

—30mA to +5mA

OPERATING RANGE

COM'L

Am27520XC, Am27821XC

Ta = 0°C to +75°C

Vcc =50V 5%

MiIL

Am27S820XM, Am27S21XM

TA=

—55°C to +125°C

Vee = 5.0V £10%

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE {Unless Otherwise Noted)

PRELIMINARY DATA

Typ.
Parameters Description Test Conditions Min. (Note 1) Max. Units
Vou o | Vee = MIN, gy = —2.0mA )
(Am27521 only) utput HIGH Voltage ViN = Vi or V)| 4 Volts
\ =MIN., | = 16mA
Vou Output LOW Voltage cc oL 0.45 Volts
VIN = Vigor Vi -
G - -
Vin Input HIGH Level uaranteed input logical HIGH 20 Volts
voltage for all inputs
viL Input LOW Level Guaranteed '"‘_)”‘ logical LOW 0.8 Volts
voltage far all inputs ‘J
I Input LOW Current Vee = MAX,, VN = 0.45V -0.010 —0.250 mA
H Input HIGH Current Vee = MAX,, Vin =27V 25 uA
1 Input HIGH Current Vee = MAX., Vin = 5.5V 1.0 mA
1
&%\27321 onlyl QOutput Short Circuit Current Vee = MAaX,, VouT = 0.0V (Note 2) —-20 —40 —-80 mA
All inputs = GND
] P, I
ce ower Supply Current Vec - MAX, 95 130 mA
V) Input Clamp Voltage Vee - MIN, Ly = —18mA -1.2 Volts
Vo = 4.5V 40
ICEX Output Leakage Current Vee = MAX | 4 a7g01 | Vo = 2.4V 40 LA
VGS3 = 2.4V
only Vo = 0.4V ~40
Cin Input Capacitance Vin - 20V @f = 1 MHz (Note 3} I 4
F
Cout Output Capacitance VouTt = 2.0V @ f = 1 MHz {Note 3) 8 p

Note 1. Typical limits are at VCC = 5.0V and TA =25°C
2. Not more than one output should be shorted at a time . Duration of the short circuit should not be more than one second.

3. These parameters are not 100% tested, but are periodically sampled.
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE
PRELIMINARY DATA

Am27520 - Am27S21

Typ Max
5V
Parameter Description Test Conditions 25°C COM'L MIL Units
taa Address Access Time 25 45 60 ns
) e AC Test Load
tEA,,,, Enable Access T'T?, (See Notes 1-3) 15 20 30 ns
ter Enable Recovery Time 15 20 30 ns

Notes: 1. tap is tested with switch Sy closed and Cy = 30pF.

2. For open collector outputs, tgs and tgg are tested with Sy closed to the 1.5V output level. C = 30pF.

3. For three state outputs, tg, is tested with C; = 30pF to the 1.5V level; S, is open for high impedance to HIGH tests and closed for high
impedance to LOW tests. tgg is tested with C, = 5pF. HIGH to high impedance tests are made with Sy open to an output voltage of Voy
~ 0.5V; LOW to high impedance tests are made with Sy closed to the Vg + 0.5V level.

SWITCHING WAVEFORMS

e

TUERY oo

e
m OH

ULF

VoL + 0.5V
Vou
Note: Level on output while either CS is HIGH is determined externally. BPM-030
KEY TO TIMING DIAGRAM
WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS
MUST BE WILL BE Dm"g:‘fsgé CHATSING:
STEADY STEADY A s
PERMITTED UNKNOWN
WILL BE CENTER
MAY CHAN DOES NOT LINE IS HIGH
oM HTNGE  CHANGING M APPLY IMPEDANCE
FROM HTO L “OFF" STATE
maY crance  WILLBE
FROM L TO H
FROMLTOH
AC TEST LOAD

BPM-031
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PROGRAMMING

The Am27520 and Am27S21 are manufactured with a conduc-
tive Platinum-Silicide link at each bit location. The output of
the memory with the link in place is LOW. To program the de-
vice, the fusible links are selectively opened.

The fusible links are opened one at a time by passing current
through them from a 20 volt supply which is applied to one
memory output after the TSy input is at a logic HIGH. Current
is gated through the addressed fuse by raising the CS; input
from a logic HIGH to 15 volts. After 50 usec, the 20 volt sup-
ply is removed, the chip enabled, and the output level sensed
to determine if the link has opened. Most links will open within
50 usec. Occasionally a link will be stronger and require addi-
tional programming cycles. The recommended duration of ad-
ditional programming periods is 5 msec. If a link has not
opened after a total elapsed programming time of 400 msec,
further programming of the device should not be attempted.
Successive links are programmed in the same manner until all
desired bit locations have been programmed to the HIGH
level.

Typical current into an output during programming will be ap-
proximately 140mA until the fuse link is opened, after which

the current drops to approximately 40mA. Current into the
CS, pin when it is raised to 15 volts is typically 1.6mA.

The memories may become hot during programming due to
the large currents being passed. Programming cycles should
not be applied to one device more than 5 seconds to avoid
heat damage. If this programming time is exceeded, all power
to the chip including V¢ should be removed for a period of 5
seconds after which programming may be resumed.

When all programming has been completed, the data content
of the memory should be verified by sequentially reading all
words. Occasionally this verification will show that an extra
undesired link has been fused. Should this occur, immediately
check the programming equipment to make sure that all de-
vice pins are firmly contacting the programming socket, that
the input signal leveis exhibit sufficient noise margins, and
that the programming voltages are within the specified limits.
All of these conditions must be maintained during program-
ming. AMD PROMs are thoroughly tested to minimize un-
wanted fusing; fusing extra bits is generally related to pro-
gramming equipment problems.

PROGRAMMING PARAMETERS

Parameter Description Min. Max. Units
Veee Ve During Programming 5.0 5.5 Volts
Vinp input HIGH Lével During Programming 2.4 5.5 Volts
ViLe Input LOW Level During Programming 0.0 0.45 Volts
Vese C—S1 Voltage During Programming 145 15.5 Volts
Vor Output Voltage During Programming - 195 20.5 Volts
VonP Voltage on Outputs Not to be Programmed 0 Vecp+0.3 Volts
loNp Current into Outputs Not to be Programmed 20 mA
d(Vgp)/dt Rate of Output Voltage Change 20 250 Viusec
d(Vgg)dt Rate of CS,, Voitage Change 100 1000 Viusec
> Programming Period — First Attempt 50 100 usec

Programming Period — Subsequent Attempts 5.0 15 msec

Notes: 1. All delays between edges are specified from completion of the first edge to beginning of the second edge; i.e., not to the midpoints.
2. Delays ty, ta, ty and t; must be greater than 100 ns; maximum delays of 1 usec are recommended to minimize heating during

programming.

3. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses

are required.

4. Outputs not being programmed are connected to Vonp through resistor R which provides output current limiting,

PROGRAMMING WAVEFORMS

SELECYED ADDRESS STABLE

ADDRESS ( Vine
INPUTS Vip

Yese
— v
28, m cs)
ENABLE v
IHP

I—— ¥Yup
l; ty
— | ~————|—— Vop
PROGRAMMED
ouTPUT Vem
- o) %
C " outPuT J7 O
— ERIFY
g
cYCLE -
BPM-032

SIMPLIFIED PROGRAMMING DIAGRAM

Veer Vone
| R 3000
M
w0y o
0y o—4
- Am27520 VA
€s; OR
Amzrszr |92 o—4
s,
03 o—
A
vesp || Yop

B8PM-033




Page D.120

Am27S520 « Am27S21

PROGRAMMING EQUIPMENT

Generic programming boards and device adapters are avail-
able from the sources listed below. In each case, the pro-
gramming boards are used in these manufacturer's automatic

SOURCE AND LOCATION

PROGRAMMER MODEL(S)

Data /O Corp
P.O. Box 308
Issaquah, Wash. 98027

Model 5, 7 and 9

programmers to program all AMD generic series bipolar
PROMSs; individual adapters are required for each basic pan
type in the series.

Pro-Log Corp

2411 Garden Road
Monterey, Ca. 93940

M900 and M920

AMD GENERIC BIPOLAR 909-1286-1 PM9058
PROM PERSONALITY BOARD
Am27820 » Am27S521 715-1408-1 PA16-5 and 256 x 4 (L)

ADAPTERS AND
CONFIGURATOR

OBTAINING PROGRAMMED UNITS

Programmed devices may be purchased from your distributor
or Advanced Micro Devices. The program data should be
submitted in the form of a punched paper tape and must be
accompanied by a written truth table. The punched tape can
be delivered with your order or may be transmitted over a
TWX machine or time-sharing terminal. ASCIl BPNF is our
preferred paper tape format.

Truth tables are also acceptable, but are much less desirable
especially for larger density PROMs. Submission of a truth
table requires the generation of a punched paper tape at the
distributor or factory resulting in longer lead times, greater
possibility of error, and higher cost.

ASCIl BPNF

An example of an ASCII tape in the BPNF format is shown
below. They can be punched on any Teletype® or on a TWX
or Telex machine. The format chosen provides relatively good
error detection. Paper tapes must consist of:

1. A leader of at least 25 rubouts.
2. The data patterns for all 256 words, starting with word 0, in
the following format:
a. Any characters, including carriage return and line feed,
except "B".
b. The letter
word.
c. A sequence of four Ps or Ns, starting with output O;.
. The letter “F", indicating the finish of the data word.
e. Any text, including carriage return and line feed, except

"B"”, indicating the beginning of the data

a

3. A trailer of at least 25 rubouts.

A P is a HIGH logic level = 2.4 volts.
An N is a LOW logic level = 0.4 volts.

A convenient pattern to use for the data words is to prefix the
word (or every few words with the word number, then type the
data word, then a comment, then carriage return and line feed
as shown below. There must be no characters between the B
and the F except for the four Ps and Ns. If an error is made in
a word, the entire word must be cancelled with rubouts back
to the letter B, then the word re-typed beginning with the B.

When TWXing your tape, be sure the tape is in even parity.

4 P8 OR'N'e

LLF

4'P'BOR'N's
OPTIONAL COMMENTS MAY BE INSERTED HERE

the letter “B". Parity is not necessary if the tape is mailed.
TYPICAL PAPER TAPE FORMAT RESULTING DEVICE TRUTH TABLE (CS, & CS, = LOW)
A; Ag As As A3z Ay Ay AglO3 0, 0 Og
§@g  BNNNPF  WORD ZERO@ L L L L L L L L)L L L H
BPPNNF ~ COMMENT FIELD (R) (D) CoL oL Lot omlam oL
¢¢23P_PPNFAM L L L Lt L H LlH a8 L
BNINNF ’I‘E?(’I L L L L ¢ L M H|lL U U v
ggu  BNNFF  CAN (R) (U t L L L L H L L|L L L H
BPPNNF GO (R) (U L L L L v H L H|lH nw L ¢
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APPLYING THE Am27S20/21

Typical application of the Am27S20/21 is shown below. The
Am27S20/21's are employed as mapping ROMs in a micro-
program computer control unit. The eight-bit macroinstruction
from main memory is brought into the Ag_; inputs of the
mapping ROM array. The instruction is mapped into a 12-bit
address space with each PROM output supplying 4 bits. The
12 bits of address are then supplied to the “D" inputs of the
Am2910 as a possible next address source for microprogram

memory. The MAP output of the Am2910 is connected to the
CS, input of the Am27S520/21 such that when the CS, input is
HIGH, the outputs of the PROMs are either HIGH in the case
of the Am27S20 or in the three-state mode in the case of the
AmM27S21. In both cases the CS, input is grounded, thus data
from other sources are free to drive the D inputs of the
Am2910 when MAP is HIGH.

OTHER DATA INPUTS

Ao
A
A2
MACRO A3 09
INSTRUCTION
OF CODE Ay Am(z)z‘szo o,
Ag  Am27s21 0,
As O3
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B3
[
L—o,
Ag 0y
Ay D2
ay D3
Ay Og 04 am29t0
Ay Am27S20 Oy og 12 MICROPROGRAM
on Y011 —X—> MEMORY
A Am27821 O Dg a-n A;DRESS
Ag [ o7
Az Og
€5y Dy
r Y Do
— Pn
MAP
—_ AO
A
A2
A3 %o
Ay Am21S20 O,
on
Ag  Am27s2t O
g 93
Ay
5
iy
MICROPROGRAMMING INSTRUCTION MAPPING -~
PHYSICAL DIMENSIONS
Dual-In-Line
16-Pin Ceramic 16-Pin Flat Package
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Am27S18 »

Am27S19

256-Bit Generic Series Bipolar PROM

DISTINCTIVE CHARACTERISTICS

® High Speed — 40ns max commercial range access time

e Excellent performance over full MIL and commercial ranges
e Highly reliable, ultra-fast programming Platinum-Silicide
fuses

High programming yield

Low current PNP inputs

High current open collector and three-state outputs

Fast chip select

Access time tested with N? patterns

Pin for pin replacements for industry standard products
Common Generic PROM series electrical characteristics
and simple programming procedures.

FUNCTIONAL DESCRIPTION

The Am27818 and Am27S19 are high speed electrically pro-
grammable Schottky read only memories. Organized in the
industry standard 32 x 8 configuration, they are available in
both open collector Am27S18 and three-state Am27S19 out-
put versions. After programming, stored information is read on
outputs Oy-0; by applying unique binary addresses to
Ag—A,4 and holding the chip select input, CS, at a logic LOW.
It the chip select input goes to a logic HIGH, Oy—05 go to the
oft or high impedance state.

GENERIC SERIES CHARACTERISTICS

The Am27S18 and Am27S19 are members of an Advanced
PROM series incorporating common electrical characteristics
and programming procedures. All parts in this series are pro-
duced with a fusible link at each memory location storing a
logic LOW and can be selectively programmed to a logic
HIGH by applying appropriate voltages to the circuit.

All parts are fabricated with AMD’s fast programming highly
reliable Platinum-Silicide Fuse technology. Utilizing easily im-
plemented programming (and common programming personal-
ity card sets) these products can be rapidly programmed to
any customized pattern. Extra test words are pre-programmed
during manufacturing to insure extremely high field program-
ming yields, and produce excellent parametric correlation.

Platinum-Silicide was selected as the fuse link material to
achieve a well controlled meit rate resulting in large non-
conductive gaps that ensure very stable long term reliabilty.
Extensive operating testing has proven that this low-field,
large-gap technology offers the best reliability for fusible link
PROMSs,

Common design features include active loading of all critical
AC paths regulated by a built-in temperature and voltage
compensated bias network to provide excellent parametric
performance over MIL supply and temperature ranges. Selec-
tive feedback techniques have been employed to minimize de-
lays through all critical paths producing the fastest speeds
possible from Schottky processed PROMSs.

BLOCK DIAGRAM

Ag O— 3
P 2x8 %
10F 34 FUSE ARRAY A
A20—{ now @
A3 O— TEST WORD 0 4
A o0— TEST WORD 1 ~
Op 04 02 03 04 Oy O¢ 0y
BPM-018
LOGIC SYMBOL
10 A9
no—a A,
12— A
Am27518/Am27519
3 A3 32 X 8 PROM
14— Ay
s A es Og 0y 0, O3 04 Og Og Oy
Vee = Pin 16 't 2 3 4 5 6 7 9
GND - Pin 8
BPM-019

ORDERING INFORMATION

Package Temperature Order
Type Range Number
Open Collectors
Hermetic DIP 0°C to +75°C AM27518DC
Hermetic DIP ~55°C to +125°C AM27S18DM
Hermetic Flat Pak -55°C to +125°C AM27S18FM
Three-State Outputs

Hermetic DIP 0°C to +75°C AM27S19DC
Hermetic DIP -55°C to +125°C AM27S19DM
_Hermetic Flat Pak -55°C to +125°C AM27S19FM

CONNECTION DIAGRAM
Top View

Vee B8 Ay A3 Ay Ay A O
100000

1 15 14 13 12 n 10 9

1 2 3

|ERERERERERERENE

Op Oy O, O3 Oy O Og GND

IS
@
S
~
®

Note: Pin 1 is marked for orientation.
BPM-020
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Page D.123

Storage Temperature

-65°C to +150°C

Temperature (Ambient) Under Bias

-55°C to +125°C

Supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7.0V
DC Voltage Applied to Outputs (Except During Programming) —0.5V to +V¢c max.
DC Voltage Applied to Outputs During Programming 21V
Output Current into Outputs During Programming (Max. Duration of 1 sec.) 200mA

-0.5V to +5.5V

DC input Voltage

DC Input Current

—30mA to, +5mA

OPERATING RANGE

comL

Am27S18XC, Am27S19XC

Ta

]

0°C to +75°C

Ve = 5.0V x5%

MIL

Am27S18XM, Am27S19XM

Ta

-55°C to +125°C

Vcc = 50V :_10%

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

PRELIMINARY DATA

Typ.
Parameters Description Test Conditions Min. (Note 1) Max. Units
VoH OQutput HIGH Voitage vee = MIN. o = =2.0mA 2.4 Volt
utpu . s
(AM27L519 only) I ad VIN = Vigor V),
\% =MIN,, | =16mA
VoL Output LOW Voltage VCC N SL 0.45 Volts
IN= VIR Oor Vi
Vil Input HIGH Leve! Guaranteed input logical HIGH 20 Volts
voltage for all inputs
viL Input LOW Leve! Guaranteed um logical LOW 08 Volts
voltage for ail inputs
L Input LOW Current Ve = MAX., VN = 0.45V —-0.010 —0.250 mA
liH Input HIGH Current Vee = MAX, VN = 2.7V 25 uA
] Input HIGH Current Vee = MAX, VIN = 6.5V 1.0 mA
Isc out ircui = -
put Short Circuit Current \% =MAX.,, V = 0.0V (Note 2} -20 —4 -90
(Am27LS19 only) ce out ° 9 mA
Icc Power Supply Current Cg(':"f‘:\;s;xGND 90 115 mA
Vi Input Clamp Voltage Vee = MIN., iy = —18mA -1.2 Volts
Vp =45V 40
\" = MAX,
ICEX Qutput Leakage Current Vg_g = 24y | Am27LS10 Vo =24V 40 uA
only Vo = 0.4V -40
Cin Input Capacitance ViN =20V @f=1MHz (Note 3)
F
CouTt Output Capacitance Vour = 2.0V @f = 1 MHz {Note 3) P

Notes: 1. Typical limits are at Veg =50Vand Ty = 25°C.
2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second.
3. These parameters are not 100% tested, but periodically sampled.
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE
PRELIMINARY DATA

Am27S18 « Am27519

Typ Max
5V
Parameter Description Test Conditions 25°C COM'L MIL Units
taa Address Access Time 25 40 50 ns
- AC Test Load
tea Enable Access Time (See Notes 1-3) 15 25 30 ns
ter Enable Recovery Time 15 25 30 ns
Notes: 1. taa is tested with switch Sy closed and C| = 30pF.

N

. For open collector outputs, tgs and tgg are tested with Sy closed to the 1.5V output level. C; = 30pF.

3. For three state outputs, tga is tested with C| = 30pF to the 1.5V level; S, is open for high impedance to HIGH tests and closed for high
impedance to LOW tests. tgp is tested with C = 5pF. HIGH to high impedance tests are made with S; open to an output voltage of Voy
— 0.5V; LOW to high impedance tests are made with Sy closed to the Vo + 0.5V level.

s

WITCHING WAVEFORMS

3.0v

1.5v

ov

—

o

ANN\ %y

% 1.8v
o

e

You
Vou - 0.5V
1.5V

////f VoL + 0.5V
Voo
Note: Level on output while CS is HIGH is determined externally.
8PM 021
KEY TO TIMING DIAGRAM
WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS
MUST BE WILL BE DON'T CARE; CHANGING;
STEADY STEADY ANY CHANGE  STATE
PERMITTED UNKNOWN
WILL BE CENTER
MAY CHANGE DOES NOT LINE IS HIGH
FROMH TOL  CHANGING H appPLY IMPEDANCE
FROM H TO L. iy e
MAY CHANGE ~ WILL BE
FROMLTOH  CHANGING
FROM L TO H
AC TEST LOAD
Yee 0———0/
s1
R1
30011
ouTPUY

R2

cL ]
I 6001

BPM-022
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PROGRAMMING

The Am27518 and Am27S19 are manufactured with a conduc-
tive Platinum-Silicide link at each bit location. The output of
the memory with the link in place is LOW. To program the de-
vice, the fusible links are selectively opened.

The fusible links are opened one at a time by passing current
through them from a 20 volt supply which is applied to one
memory output after the CS input is at a logic HIGH. Current
is gated through the addressed fuse by raising the CS input
from a logic HIGH to 15 volts. After 50 usec, the 20 volt sup-
ply is removed, the chip enabled, and the output level sensed
to determine if the link has opened. Most links will open within
50 usec. Occasionally a link will be stronger and require addi-
tional programming cycles. The recommended duration of ad-
ditional programming periods is 5 msec. If a link has not
opened after a total elapsed programming time of 400 msec,
further programming of the device should not be attempted.
Successive links are programmed in the same manner until all
desired bit locations have been programmed to the HIGH
level.

Typical current into an output during programming will be ap-
proximately 140mA until the fuse link is opened, after which

the current drops to approximately 40mA. Current into the CS
pin when it is raised to 15 volts is typically 1.5mA.

The memories may become hot during programming due to
the large currents being passed. Programming cycles should
not be applied to one device more than 5 seconds to avoid
heat damage. It this programming time is exceeded, all power
to the chip including V¢ should be removed for a period of §
seconds after which programming may be resumed.

When ali programming has been completed, the data content
of the memory should be verified by sequentially reading all
words. Occasionally this verification will show that an extra
undesired link has been fused. Should this occur, immediately
check the programming equipment to make sure that all de-
vice pins are firmly contacting the programming socket, that
the input signal levels exhibit sufficient noise margins, and
that the programming voltages are within the specified limits.
Al of these conditions must be maintained during program-
ming. AMD PROMs are thoroughly tested to minimize un-
wanted fusing; fusing extra bits is generally reiated to pro-
gramming equipment problems.

PROGRAMMING PARAMETERS

Parameter Description Min. Max. Units
Veee V¢ ¢ During Programming 5.0 5.5 Voits
Vinp input HIGH Level During Programming 2.4 5.5 Voits
ViLp Input LOW Level During Programming 0.0 0.45 Volts
Vesp ﬁVo!tage During Programming 145 15.5 Volts
Vop Output Voitage During Programming 19.5 20.5 Volts
Vone Voltage on Outputs Not to be Programmed 0 Veep+0.3 Voits
lone Current into Outputs Not to be Programn;;ad 20 mA
d(Vgp)/dt Rate of Output Voitage Change 20 250 V/u;ec
d(Vgg)/dt Rate of CS Voitage Change 100 1000 Viusec
o Programming Period — First Attempt 50 100 ,7:5;0

Programming Period — Subsequent Attempts 5.0 15 msec

Notes: 1. All delays between edges are specified from compietion of the first edge to beginning of the second edge; i.e., not to the midpoints.
2. Delays ty, tp, t3 and t; must be greater than 100 ns; maximum delays of 1 usec are recommended to minimize heating during

programming.

3. During ty, a user defined period, the output being programmed is switched to the load R and read to determine if additional pulses

are required.

4. Outputs not being programmed are connected to Voup through resistor R which provides output currant limiting.

PROGRAMMING WAVEFORMS

ADDRESS (

N SELECTED ADDRESS STABLE

‘)(— Viup
Vie

d
— = (V.
& @ (¥es)
ENABLE
Vinp
t2

— Ve
4 s t [ v
i .
~-— Vop
PROGRAMMED
ouTeuT \ d
. & (Voe) Vou
X OUTPUT
\VERIFY 77

BPM-023

Vcse

SIMPLIFIED PROGRAMMING DIAGRAM

Veer Vone
i R - 3001
%
wa Ty ]
0, o—4
Am27SIE | ot
OR .
Am27819 | . | I
. | !
[43 —
0y o—
Vese _r]_ Yop

BPM-024
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Am27S18 « Am27S19

PROGRAMMING EQUIPMENT

Generic programming boards and device adapters are avail-
able from the sources listed below. In each case, the pro-
gramming boards are used in these manufacturer's automatic

programmers to program all AMD generic series bipolar
PROMSs; individual adapters are required for each basic part
type in the series.

SOURCE AND LOCATION

PROGRAMMER MODEL(S)

Data 1/O Corp.
P.O. Box 308
Issaquah, Wash. 98027

Model 5, 7 and 9

Pro-Log Corp.
2411 Garden Road
Monterey, Ca. 93940

M900 and M920

ADAPTERS AND
CONFIGURATOR

AMD GENERIC BIPOLAR 909-1286-1
PROM PERSONALITY BOARD
Am27518 « Am27519 715-1407-1

PM9058

PA16-6 and 32 x 8 (L)

OBTAINING PROGRAMMED UNITS

Programmed devices may be purchased from your distributor
or Advanced Micro Devices. The program data should be
submitted in the form of a punched paper tape and must be
accompanied by a written truth table. The punched tape can
be delivered with your order or may be transmitted over a
TWX machine or time-sharing terminal. ASCIl BPNF is our
preferred paper tape format.

Truth tables are also acceptable, but are much less desirable
especially for larger density PROMs. Submission of a truth
table requires the generation of a punched paper tape at the
distributor or factory resulting in longer lead times, greater
possibility of error, and higher cost.

ASCIil BPNF

An example of an ASCII tape in the BPNF format is shown
below. They can be punched on any Teletype® or on a TWX
or Telex machine. The format chosen provides relatively good
error detection. Paper tapes must consist of:

1. A leader of at least 25 rubouts.
2. The data patterns for all 32 words, starting with word 0, in the
following format:
a. Any characters, including carriage return and line feed,
except “B".
b. The ietter
word.
¢. A sequence of eight Ps or Ns, starting with output O5.

B”, indicating the beginning of the data

3. A trailer of at least 25 rubouts.

A P is a HIGH logic level = 2.4 volts.
An N is a LOW logic level = 0.4 volts.

A convenient pattern to use for the data words is to prefix the
word (or every few words with the word number, then type the
data word, then a comment, then carriage return and line feed
as shown below. There must be no characters between the B
and the F except for the eight Ps and Ns. If an error is made
in a word, the entire word must be cancelled with rubouts
back to the letter B, then the word re-typed beginning with the
B.

d. The letter "F", indicating the finish of the data word.
e. Any text, including carriage return and line feed, except When TWXing your tape, be sure the tape is in even parity.
the letter “B". Parity is not necessary if the tape is mailed.
TYPICAL PAPER TAPE FORMAT RESULTING DEVICE TRUTH TABLE (CS = LOW)
¢¢¢ BPNPPNNNPF  WORD ZERO (R) (L) Ae A3 Ay A, Ag| O; Og Os O4 O3 0y Oy Op
BPPPPPPNNF  COMMENT FIELD (R) (D)
@¢2  BNNNPPPPNF  ANY L t L L L|H L H H L L LU H
BNNNN‘HNNNI-‘TE:X‘I C L L L H|H H H H H H L
P g”}{“““g‘g ggN L L L H LlL L L H H H W L
WPPNP
" L L L H H L L L L L L L L
#g6  pemermnT  HERE @ ©
$31  BNNNNPPPNF  END (R) (D) L L H L H|IL H H L H H L L
L L H H L H L L H H H L L
: CARRIAGE RETURN . .
(D~ LINE FEED H oW oM oW owlL L oL H R oH oL
ASCIHl PAPER TAPE
ASCH B ASCH ‘8 'F
LEADER WORD 'O’ i WORD ‘7' CcR TRAILER
Sl P L R v O —

0000000000

o000

©00000000C00

o000 oo

o coooo ° cc0ooo0
———— ————— L
B8P3 OA NS 8PsORNs \F

L

OPYIONAL COMMENTS MAY BE INSERTED HERE BPM-025
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APPLYING THE Am27518 AND Am27S19

The Am27S518 and Am27519 PROMs may be used as code
converters. Examples include conversion of hexadecimal,
octal or BCD to seven segment display drive format. In many
code conversion applications an extra PROM address input is
available and may be used as a polarity controt, blanking con-

Am25L52569
4-BIT COUNTER

Yy-¥o
CODE SELECT 4
INPUT
Ay Ag-Ag
c_sfo Am27518/19
0704 0309
4 a
CODE  COOE
BPM-026

trol or code selector input. The use of a single Am27S18 or
Am27S519 to convert the outputs of a binary counter to either
excess three or gray code format is illustrated below. In this
case both codes are generated in true and complemented
form simuitaneously.

TRUTH TABLE

ADDRESS COMPLEMENT TRUE
Ay Ay Ay A, Ag | O; Og O5 O, | O3 0, O, Op
00 0 0 0 11 0 0 0 0 1 1
00 0 0 1 1.0 1 1 01 0 0
00 0 1 0 10 1 0 0 1 0 1
00 0 1 1 1.0 0 1 o110 W
00 t 0 0 100 0 o111 O
0 0 1 0 1 0 1 1 1 100 0
00 1 1 0 0 1 1 0 10 0 1 L
00 1 1 1 01 0 1 1 01 0 |3
0 1 0 0 O o1 060 [ 10 1 %
01 0 0 1 0 0 1 1 t 1.0 0 |m
01 0 1 0 X X X X X X X X | o
01 0 1 1 X X X X X x x x |8
01 1 0 0 X X X X X X X X | m
01 1 0 1 X X X X X X X X
01 1 1 0 X X X X X X X X
01 1 11 X X X X X X X X
1.0 0 0 0 111 00 0 O
10 0 0 1 1110 0 0 0 1
1t 00 1 0 1 1. 0 0 0 0 1 1
1.0 0 1 1 1t 101 ,00 1 0
101 0 0 10 0 1 01 1 0
10 1 0 1 1t 00 0 R I T
10 1 1 0 10 1 0 01 0 1 -
10 1 1 1 10 1 1 o100 X
1 1.0 0 0 0 0 1 1 11t 00| o
110 0 1 00 1 0 1 101 | 0O
1101 0 .00 0 0 T | B
11 0 1 0 0 0 1 11 10
111 0 0 0 1 0 1 10 1 0
11 1 0 1 01 0 0 10 1 1
11 1 1 0 01 1 0 1.0 0 1
1111 0 1 1 1 1 00 0

PHYSICAL DIMENSIONS
Dual-In-Line

16-Pin Ceramic

01%0 _o4s - 0.2%
i ™ 078 ! -
|

"7 0009

53% -l

001y i
0fug
SEATING
t Prane

16-Pin Flat Package

0924
DL Lo e
0245
0285

1 sl

f .|
0ots - —__a
001 - - - 0370 1
- Gazs ———)

| — —3 -

! e 1 ]
| e A 1) S

0045
Goss
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intgl

2764
(8K x 8) UV ERASABLE PROM

® 200 ns (2764-2) Maximum Access 8 Pin Compatible to 2732A EPROM
Time ... HMOS*-E Technology .
& [ndustry Standard Pinout ... JEDEC

B Compatible to High Speed 8mHz Approved
8086-2 MPU ... Zero WAIT State B Low Active Current...100mA Max.

® Two Line Control ® +10% V. Tolerance Available

The Intel® 2764 is a 5V only, 65,536-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The
standard 2764 access time is 250ns with speed selection available at 200ns. The access time is compatible to high
performance microprocessors, such as Intel’'s 8mHz 8086-2. In these systems, the 2764 allows the microprocessor to operate
without the addition of WAIT states.

An important 2764 feature is the separate output control, Qutput Enable {(OE) from the Chip Enable control (CE). The OE
control eliminates bus contention in multiple bus microprocessor systems. Intel's Application Note AP-72 describes the
microprocessor system implementation of the OE and CE controls on Intel's EPROMs. AP-72 is available from Intel's
Literature Department.

The 2764 has a standby mode which reduces the power dissipation without increasing access time. The active current is
100mA, while the standby current is only 40mA. The standby mode is achieved by applying a TTL-high signal to the CE
input.

+10% V¢ tolerance is available as an aiternative tothe standard +. 5% V¢ tolerance forthe 2764. This can aliow the system
designer more leeway in terms of his power supply requirements and other system parameters.

The 2764 is fabricated with HMOS"-E technology, Intel's high-speed N-channel MOS Silicon Gate Technology.

2764
BLOCK DIAGRAM 2732A PIN CONFIGURATION
PIN CONFIGU \
vcco—— DATA OUTPUTS RATION vee ] 28| |vece
GNo 00-07 ——\/—-b az(]2 27 [ ) PGm
vpp o—— Cprp e =B 2 PVee ar(]s [ nem
L x L Asgz 21 1% m g S apy
5F —] QUTPUT ENABLE | — 0] 3 2215 as(]s 2| as
PG —| CHIPENABLE Al s nay as[]s z[Tan
CE —-| proG LoGIC || OVTPUT BUFFERS GEs 20 [IOF Veu X1 ks 2[] o€
. . | _ a.(s 19340 az[]s 2[J a0
| oecooer |- Y-GATING ag- 18 [1¢e Ao 20 7] €€
ADDF?’E.gg ' =l ) Aol s »ho. ¥ AT [ o7
INPUTS | —=] . (] 4 16 [10g oo} 18] ] 0s
—=| oECODER 65 536-BIT o 0 15 [0, o] [ os
f—- CELL MATRIX o, 14 [0, OQG 13 6] ] 04
—1 ono(] 12 13[]0y aNo[] 1e wiJos
mFor upgradability to JEDEC approved
128K EPROMs, provide an address line
to pin 26, For compatibility with the
MODE SELECTION ﬁZS:A\/ZILd‘iA’?;:g)SMs. provide a trace
PINS | CE| OE | PGM | V, Vee Outputs
MODE (20) | (22) (27) ) (28) {11-13, 15-19)
Read Vi [V Vi Vee Vee Dour PiN NAMES
Standby Viu X X Veo Vee High Z -A_, | ADDRESSES
Program __ Vi | % Vi Vero | Vec | Ow CE | CHIP ENABLE
Program Verify Vi, Vi Vi Voo Vee Doyr OE OUTPUT ENABLE
Program Inhibit Viy X X Vep Vee High 2 0.-O OUTPUTS
x can be either V,_ or V,, PGM PROGRAM
N.C. NO CONNECT

‘HMOS 1s a patented process of inte! Corporation.




Page D.129

'ntel 2764

ABSOLUTE MAXIMUM RATINGS* “COMMENT _
Stresses above those histed under "Absolute Maximum Ratings” may cause
Temperature UnderBias ................. —10°C to +80°C permanent damage to the device Thisis astress rating only and tunctional
o o operation of the device at these or any other conditions above those
Storage Temperature """""""""" —65°C to +125°C indicated 1n the operational sections of this specification 15 not imphed
All Input or Output Voltages with Exposure to absolute maximum rating conditions for extended penods
Respectto Ground ...................... +6V to —0.6V may attect device reliability
Ve» Supply Voitage with Respect to Ground
During Programming ................... +22V to —0.6V

D.C. AND A.C. OPERATING CONDITIONS DURING READ

2764-2 2764 2764-3 2764-4 2764-25 2764-30 2764-45

Operating Temperature 0°C-70°C 0°C-70°C 0°C-70°C 0°C-70°C 0°C-70°C 0'C-70°C 0°C-70°C
Range

Ve Power Supply'? 5V + 5% | 5V <5% | 5V =5% | 5V : 5% 5V ¢+ 10% | 5V ¢ 10% | 5V + 10%

Vpp Voltage? Vep = Vee | Vep = Vee [ Vep = Vee | Ver = Ve Vpp = Vec| Ve — Vec | Ver < Vee

READ OPERATION
D.C. AND OPERATING CHARACTERISTICS

Limits
Symbol Parameter Min Typ* Max Unit Conditions
Iy Input Load Current 10 A Viy = 5.5V
lo Output Leakage Current 10 A Vour = 5.5V
lopy? Vep Current Read 5 mA Vep= 5.5V
lech? Ve Current Standby 40 mA CE = V,
Fecs? Vee Current Active 70 100 mA CE - OE - V,
Vi input Low Voltage A 1.8 \
Vi Input High Voltage 20 Vee 1 \
Vou Output Low Voltage 45 Vv loe = 2.1 mA
Vou Output High Voltage 2.4 v oy — —400 pA
A.C. CHARACTERISTICS
2764-25 & 2764-30 & 2764-45 &
2764-2 Limits | 2764 Limits | 2764-3 Limits |2764-4 Limits Test
Symbol Parameter Min Max Min Max Min Max Min Max Unit Conditions
tace Address to Output Delay 200 250 300 450 ns CE OE v,
tee CE to Output Delay 200 250 300 450 ns | OE Vv,
toe OE to Output Delay 75 100 120 150 ns CE v,
o’ OE High to Output Float 0 60 0 85 0 105 Y 130 ns CE- Vie
toH Output Hold from Addresses, 0 0 0 0 ns CE OE Vv,
CE or OE Whichever Occurred
First
NOTES: 1. V.. must be applied simultaneously or before V,, and removed simultaneously or after V,,.

2. V,. may be connected directly to V.. except during programming. The supply current would then be the sum of i and l,,,.

3. Typical values are for t, - 25°C and nominal supply voltages

4. This parameter is only sampled and not 100% tested.
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CAPACITANCE T,p=25°C, f=1MHz
Symbol Parameter Typ.'| Max. | Unit Conditions
Cn? Input Capacitance 4 6 | pF Vin=0V
Cour Output Capacitance 8 12 pF Vour=0V
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
INPUT/OUTPUT
13V
24 1IND14
2.0 2.0
:> TEST POINTS 3.3KQ
o8 < 08 UNbER our
0.45 TEST
€, - 100 pF
AC TESTING INPUTS ARE DRIVEN AT 24V FORALCGIC 1 AND 0.45V FOR l
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC
AND 0.8V FOR A LOGIC 0 -
C, - 100 pf
C, INCLUDES JIG CAPACITANCE
A.C. WAVEFORMS
ADDRESSES
ADDRESSES VALID
CE /
e
ot /
l«~lozm~—* ‘DF:M
o —- - chc[3 — e OH —{  re—
p— . . - o
HIGH Z Z; ; ;; ; N HIGH 2
euTPUT VALID CUTPUT
NN S
NOTES: 1. Typical values are for T, = 25°C and nominal supply voltages.

2. This parameter is only sampled and is not 100% tested. o
3. OE may be delayed up 0 ticc — Yo¢ after the falling edge of CE without impact on tuc.
1o, 15 specified from OE or CE, whichever occurs first.

4.
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PROGRAMMING
D.C. PROGRAMMING CHARACTERISTICS: T, = 25 +5°C, Vo = 5V 5%, V. = 21V +0.5V (see Note 1)

Limits
Symbol Parameter Min. Typ. Max. Unit Test Conditions
I Input Current (All Inputs) 10 pA | Viy — V, orVy
Vou Output Low Voltage During Verify 0.45 \ lo. = 2.1 mA
Vou Output High Voltage During Verify 2.4 \ low = — 400 pA
locz Vee Supply Current (Active) 100 mA
Vi Input Low Level (All inputs) -0.1 0.8 Vv
Vin Input High Level 2.0 Vee+1 \
lop Vee Supply Current 30 mA |CE = V, = PGM

A.C. PROGRAMMING CHARACTERISTICS: T, = 25 +5°C, V.. = 5V +5%, V,,, = 21V =0.5V (see Note 1)

Limits
Symbol Parameter Min. Typ. Max. Unit Test Conditions*
tas Address Setup Time 2 us
toes OE Setup Time 2 us
tos Data Setup Time 2 us
tan Address Hold Time 0 us
ton Data Hold Time 2 us
tor Chip Enable to Output Float Delay 0 130 ns
tvs Vpp Setup Time 2 us
tow PGM Pulse Width During Programming 45 50 55 ms
tees CE Setup Time 2 us
toe Data Valid from OE 150 ns

*A.C. CONDITIONS OF TEST

Input Rise and Fall Times (10% to 90%)
Input Pulselevels . .................. .. 0.45V to 2.4V
Input Timing Reference Level
Output Timing Reference Level

NOTE:

.............. 1V and 2v
......... 0.8V and 2.0V

1. Ve must be applied simultaneously or betore Vpp and removed simultaneously or after Vpp.
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" PROGRAM
PROGRAM VERIFY
Vin
ADDRESSES X ADDRESSN
V.
le— ,‘gy—» L
2 — o]
4 "\ /[ o
DATA DATA IN STABLE N_ HZ -, DATA OUT VALID ‘___
ADD. N N ADD. N t
N 5
G tor
e fos | 2 el — 0013)
[2) (2] MAX.
Vee oo
4
Voo ;
Vec "
2"
Vie
CE I
Vi \G
3 —
Vin 0
FGM
Vi
tow N
|45] le— 3
12} tor
Vi e—(0.15]—n e
\ MAX. /
OE
Y \ v’
1. ALL TIMES SHOWN IN { ] ARE MINIMUM AND IN .SEC UNLESS OTHERWISE SPECIFIED.
2. THE INPUT TIMING REFERENCE LEVEL IS 1V FOR A V,. AND 2V FOR A V.
3. tog AND t. ARE CHARACTERISTICS OF THE DEVICE BUT MUST BE ACCOMMODATED BY THE PROGRAMMER.

ERASURE CHARACTERISTICS

The erasure characteristics of the 2764 are such that erasure
begins to occur when exposed to light with wavelengths
shorter than approximately 4000 Angstroms (A). It should be
noted that sunlight and certain types of fluorescent lamps
have wavelengths in the 3000-4000 A range. Data show that
constant exposure to room level fluorescent lighting could
erase the typical 2764 in approximately 3 years, while itwould
take approximately 1 week to cause erasure when exposed to
direct sunlight. If the 2764 is to be exposed to these types of
lighting conditions for extended periods of time, opaque
labels are available from Intet which should be placed over
the 2764 window to prevent unintentional erasure.

The recommended erasure procedure for the 2764 is expo-
sure to shortwave ultraviolet light which has a wavelength of
2537 Angstroms (A). The integrated dose (i.e., UV intensity X
exposure time) for erasure should be a minimum of 15
W-sec/cm2. The erasure time with this dosage is approxi-
mately 15 to 20 minutes using an ultraviolet lamp with 12000
uW/cm? power rating. The 2764 should be placed within 1

inch of the lamp tubes during erasure. Some lamps have a
filter on their tubes which should be removed before erasure.

DEVICE OPERATION

The five modes of operation of the 2764 are listed in Table 1. A
single 5V power supply is required in the read mode. All
inputs are TTL levels except for Vpp.

TABLE 1. MODE SELECTION

PINS |CE| OE|PGM| V., | V.| Outputs
MODE (20)| (22)} (27) | (1) | (28)](11-13, 15-19)
Read Vie | Vo | VM | Ve | Vec Dour
Standby Viu X X | Vee | Vec} High Z
Program Vi X Vie | Vep | Vec | Din
Program Verify | Miu | Vic | Viw | Vee | Vec | Dour
Program Inhibit| Vi, X X Vep | Vec High Z

X can be either V|_ or V,,,
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READ MGDE

The 2764 has two control functions, both of which must be
logically active in order to obtain data at the outputs. Chip
Enable (CE) is the power control and should be used for
device selection. Output Enable (OE) is the output control
and should be used to gate data to the butput pins, indepen-
dent of device selection. Assuming that addresses are stable,
address access time (ticc) is equal to the delay from CE to
output (i.¢). Data is available at the outputs after a delay of t5¢
from the falling edge of OE, assuming that CE has been low
and addresses have been stable for at least t,cc—tge.

Standby Mode

The 2764 has a standby mode which reduces the active
power current from 100mA to 40mA. The 2764 is placed in
the standby mode by applying a TTL high signal to the CE
input. When in standby mode, the outputs are in a high
impedance state, independent of the OE input.

Output OR-Tieing

Because EPROMSs are usually used in larger memory arrays,
Intel has provided 2 control ilines which accommodate this
multiple memory connection. The two controllines ailow for:

a) the lowest possible memory power dissipation, and
b) complete assurance that output bus contention will not
occur.

To use these two control lines most efficiently, CE (pin 20)
should be decoded and used as the primary device selecting
function, while OE (pin 22) should be made a common con-
nection to all devices in the array and connected to the READ
line from the system control bus. This assures that all de-
selected memory devices are in their low power standby
mode and that the output pins are only active when data is
desired from a particular memory device.

System Consideration

The power switching characteristics of HMOS-E EPROMs
require careful decoupling of the devices. The supply cur-
rent, Icc. has three segments that are of interest to the sys-
tem designer — the standby current level, the active current
level, and the transient current peaks that are produced on
the falling and rising edges of Chip Enable. The magnitude of
these transient current peaks is dependent on the output
capacitance loading of the device. The associated transient
voltage peaks can be suppressed by complying with intel's
Two-Line Control, as detailed in intel's Application Note,
AP-72, and/or by properly selected decoupling capacitors. It
is recommended that a 0.1 uF ceramic capacitor be used on
every device between Vo and GND. This shouid be a high

frequency capacitor of low inherent inductance. In addition,
a 4.7 uF bulk electrolytic capacitor should be used between
Vce and GND for each eight devices. The bulk capacitor
should be located near where the power supply is connected
to the array. The purpose of the bulk capacitoris to overcome
the voltage droop caused by the inductive effects of the PC
board-traces.

Programming

Caution: Exceeding 22V on pin 1 (Vpp) will damage the
2764.

Initially, and after each erasure, all bits of the 2764 are in the
“1" state. Datais introduced by selectively programming “0s”
into the desired bit locations. Although only "0s” will be
programmed, both “1s” and "0s” can be present in the data
word. The only way to change a "0 to a “1" is by ultraviolet
light erasure.

The 2764 isin the programming mode when Vee inputis at21V
and CE and PGM are both at TTL low. The data to be pro-
grammed is applied 8 bits in parallel to the data output pins.
The levels required for the address and data inputs are TTL.

For programming, CE should be kept TTL low at all times
while Vi is kept at 21V, When the address and data are stabie,
a 50 msec, active low, TTL program pulse is applied to PGM
input. A program pulse must be applied at each address
location to be programmed. You can program any location at
any time—either individually, sequentially, or atrandom. The
program puise has a maximum width of 55 msec.

Programming of multiple 2764s in parallel with the same data
can be easily accomplished due to the simplicity of the pro-
gramming requirements. Like inputs of the paralleled 2764s
may be connected together when they are programmed with
the same data. Alow level TTL pulse applied to the PGM input
programs the paralleled 2764s.

Program Inhibit

Programming of multiple 2764s in parallel with different data
is also easily accomplished. A high level CE or PGM input
inhibits the other 2764s from being programmed. Except for
CE (or PGM), all like inputs (including OE) of the parallel
2764s may be common. A TTL low level pulse applied to a
2764 CE and PGM input with Ve at 21V will program that
2764.

Program Verify

A verify should be performed on the programmed bits to
determine that they were correctly programmed. The verify is
accomplished with CE and OE at V.. However, PGM is at V.
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UNIVERSAL PERIPHERAL INTERFACE

8-BIT MICROCOMPUTER

m 8-Bit CPU plus ROM, RAM, 1/O, Timer » Fully Compatible with MCS-48™,
and Clock in a Single Package MCS-80™, MCS-85™, and MCS-86™
Microprocessor Families

Interchangeable ROM and EPROM
Versions

3.6 MHz 8741A-8 Available

Expandable 1/O

RAM Power-Down Capability

Over 90 Instructions: 70% Single Byte
Single 5V Supply

= One 8-Bit Status and Two Data Regis-
ters for Asynchronous Slave-to-Master
Interface

u DMA, Interrupt, or Polled Operation
Supported

s 1024 x 8 ROM/EPROM, 64 x 8 RAM,
8-Bit Timer/Counter, 18 Programmable
110 Pins

[ ]
n
[ ]
[ ]
a
The intel® 8041A/8741A is a general purpose, programmable interface device designed for use with a variety of 8-bit
microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, 110
ports, timer/counter, and clock in a single 40-pin package. Interface registers are included to enable the UPI device to
function as a peripheral controlier in MCS-48™, MCS-80™, MCS-85™, MCS-86™, and other 8-bit systems.

The UPI-41A™ has 1K words of program memory and 64 words of data memory on-chip. To allow full user flexibility the
program memory is available as ROM in the 8041A version or as UV-erasable EPROM in the 8741A version. The 8741A
and the B041A are fully pin compatible for easy transition from prototype to production level designs. The 8641A is a
one-time programmable (at the factory) 8741A which can be ordered as the first 25 pieces of a new 8041A order. The
substitution of 8641A’s for 8041A’s allows for very fast turnaround for initial code verification and evaluation resuits.

The device has two 8-bit, TTL compatible /O ports and two test inputs. Individual port lines can function as either in-
puts or outputs under software control. /O can be expanded with the 8243 device which is directly compatible and has
16 /O lines. An 8-bit programmable timer/counter is included in the UPI device for generating timing sequences or
counting external inputs. Additional UPI features include: single 5V supply, low power standby mode (in the 8041A),
single-step mode for debug (in the 8741A), and dual working register banks.

Because it's a complete microcomputer, the UP| provides more flexibility for the designer than conventional LS! inter-
face devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include key-
board scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral
devices to microprocessor systems.

PIN CONFIGURATION BLOCK DIAGRAM
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UPI-41A™ FEATURES AND
ENHANCEMENTS

1. Two Data Bus Buffers, one for input and one for out-
put. This allows a much cleaner Master/Siave pro-
tocol.

INTERNAL
DATA BUS

INPUT
DATA

BUS
BUFFER
@
0o-D7 {\>
OuTPUT
DATA
BUS
BUFFER

L

2. 8 Bits of Status

st, I STq I STg l ST, I Fy I Fo l 1BF I oar|
D ©Dg Dg DOy D3 D, D Do

ST4-ST; are user definable status bits. These bits are
defined by the MOV STS, A” single byte, single
cycle instruction. Bits 4-7 of the accumulator are
moved to bits 4-7 of the status register. Bits 0-3 of
the status register are not affected.

MOV STS, A Op Code: 90H

[ foflelsJofefe]-]

oy [

3. AD and WR are edge triggered. IBF, OBF, Fyand INT
change internally after the trailing edge of RD or WR.

FLAGS AFFECTED
AD or WR \ 52;

4. P,4 and P,g are port pins or Buffer Flag pins which
can be used to interrupt a master processor. These
pins default to port pins on Reset.

If the “"EN FLAGS"” instruction has been executed,
P,4 becomes the OBF (Output Buffer Full) pin. A *1"
written to P,4 enables the OBF pin (the pin outputs
the OBF Status Bit). A 0" written to P,4 disables the
OBF pin (the pin remains low). This pin can be used
to indicate that valid data is available from the UPI-
41A (in Output Data Bus Buffer).

If “EN FLAGS" has been executed, P25 becomes the
iBF (Input Buffer Full) pin. A “1” written to Py
enables the IBF pin (the pin outputs the inverse of the
iBF Status Bit). A “0"" written to P, disables the IBF
pin (the pin remains low).| This pin can be used to
indicate that the UPI-41A is ready for data.

P24 |— OBF (INTERRUPT REQUEST)

H

25
. Pas |—= IBF (INTERRUPT REQUEST)

O

18F

DATA BUS BUFFER INTERRUPT CAPABILITY

EN FLAGS Op Code: OFSH

I ENEREEER RN EREN

D7 Do

. Pog and P,; are port pins or DMA handshake pins for

use with a DMA controller. These pins default to port
pins on Reset.

If the “EN DMA" instruction has been executed, Pyg
becomes the DRQ (DMA ReQuest) pin. A 1’ written
to P,g causes a DMA request (DRQ is activated). DRQ
is deactivated by DACK:-RD, DACK -WR, or execution
of the “EN DMA" instruction.

If "EN DMA"” has been executed, P,; becomes the
DACK (DMA ACKnowledge) pin. This pin acts as a
chip select input for the Data Bus Buffer registers
during DMA transfers.

DRQ{ P26 (——————|DRQn
80414/ 8257
8741A
DACK] P27 JO+— ———C] DACK

DMA HANDSHAKE CAPABILITY

EN DMA Op Code: 0ESH

RN EEEN BN EEERER N

D, Do
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PIN DESCRIPTION UPI™ INSTRUCTION SET
Mnemonic Description Bytes Cycles
ACCUMULATOA
Signal  Description ADD A Rr Add register 10 A 1 1
ADD A.@Rr Add data memory to A 1 1
Dy-D;  Three-state, bidirectional DATA BUS BUFFER lines ADD A#data  Add immediate to A 2 2
(BUS) used to interface the UPI-41A to an 8-bit master ADDC A.Rr Add register to A with carry 1 1
system data bus. ADDC A.@Rr  Add data memory 10 A with carry 1 1
Pio-Py; 8bit, PORT 1 quasi-bidirectional 1O lines. ADDC A#data Add immed. to A with carry 2 2
ANL A Rr AND register to A 1 1
P2o-Paz 8-bit, PORT 2 quasi-bidirectional I/O fines. The lower ANL A.@Rr AND data memory to A 1 1
4 bits (P~ Pyq) interface directly to the 8243 /O ex- ANL A.#data AND immedsate to A 2 2
pander device and contain address and data infor- ORL A.Rr OR register to A 1 1
mation during PORT 4-7 access. The upper 4 bits ORL A.@Rr OR data memory 10 A 1 i
(P24-P,;) can be programmed to provide interrupt ORL A.#data OR immediate to A 2 2
Request and DMA Handshake capability. Software XRL A.Rr Exclusive OR register to A 1 1
control can configure Py, as OBF (Output Buffer XRL A.@Rr Exclusive OR data memory to A 1 1
Full), Pys as 1BF (Input Butfer Full, Py as DRQ XRL A#data  Exclusive OR immediate to A 2 2
(DMA Request), and P,; as DACK (DMA INC A Increment A 1 1
ACKnowledge). DEC A Decrement A 1 !
WR I/O write input which enables the master CPU to CLR A Clear A ! !
write data and command words to the UPI-41A IN- CPLA Complement A 1 !
PUT DATA BUS BUFFER. DA A Decimal Adjust A ! !
— SWAP A Swap nibbies ot A 1 1
]D /O read input which enables the master CPU to RL A Rotate A lef! 1 1
read data and status words from the OUTPUT DATA RLC A Rotate A left through carry 1 1
BUS BUFFER or status register. RR A Rotate A right 1 1
cs Chip select input used to select one UPI-41A out of RRC A Rotate A night through carry ! !
several connected to a common data bus.
Ag Address input used by the master processor to in- INPUT/OUTPUT
dicate whether byte transfer is data or command. IN A.Pp Input port to A 1 2
QUTL Pp A Output A to port 1 2
TEST 0, input pins which can be directly tested using condi- ANL Pp. #data  AND immediate to port 2 2
TEST 1 tional branch instructions. ORL Pp.#data OR immediate to port 2 2
. - IN A.0BB input DBB to A clear IBF 1 !
T, also functions as the event timer input (under
software control). Ty is used during PROM program- 0OUT DBB A Output A to DBB. set OBF ! !
ming and verification in the 8741A. MOV STS.A  A4-Ay to Bits 4-7 of Status 1 !
MQVD A Pp Input Expander port to A 1 2
XTALY, inputs for a crystal, LC or an external timing signal MOVD Pp.A Output A to Expander port 1 2
XTAL2 to cetermine the internal oscillator frequency. ANLD Pp.A AND A to Expander port 1 2
SYNC Output signal which occurs once per UPI-41A in- ORLD Pp.A OR A to Expander port ! 2
struction cycle. SYNC can be used as a strobe for
external circuitry; it is also used to synchronize DATA MOVES
single step operation. MOV A Rr Move register to A 1 1
EA External access inpul which allows emuiation, MOV A @Rr Move data memory to A 1 1
testing and PROM/ROM verification. MOV A #data  Move tmmediate to A 2 2
R 1 1
PROG Muititunction pin used as the program pulse input ng& @IRI? A ’;\:ng: ﬁ :g ;Z%;Sl;remo'y 1 1
during PROM programming. MOV Rr.data  Move immediate to register 2 2
During 1/O expander access the PROG pin acts as MOV @Rr #data Move immediate to data memory 2 2
an address/data strobe to the 8243, MOV A PSW Move PSW to A 1 1
RESET Input used to reset status flip-tiops and to set the ?(ﬁ(?g :SR\:JA EMxocvrfaﬁg‘eoApg\:ld register : :
program counter to zero. XCH A .@Rr Exchange A and data memory 1 1
RESET is also used during PROM programming and XCHD A.@Rr  Exchange digit of A and register ! !
verification, MOVP A @A Move to A trom current page 1 2
o ) ) MOVP3, A @A Move to A from page 3 1 2
SS Single step input used in the 8741A in conjunction
with the SYNC output to step the program through
each instruction. TIMER/COUNTER
) . MOV AT Read Yimer/Counter 1 1
v .
ce + SV main power supply pin. MOV T.A Load Timer/Counter 1 1
Voo + 5V during normal operation. + 25V during pro- STRT T Start Timer 1 1
gramming operation. Low power standby pin in STRT CNT Start Counter 1 1
ROM version. STOP TCNT Stop Timer/Counter 1 1
v Gircuit 4 potential EN TCNTI Enable Timer/Counter Interrupt 1 1
58 ircuit ground potential. DIS TCNTI Disable Timer/Counter interrupt 1 1
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Mnemonic Description Bytes  Cycles Mnemonic Description Bytes  Cycles
CONTROL CPL FO Comptement Flag 0 1 1
EN DMA Enable DMA Handshake Lines 1 1 CLRF1 Clear F1 Flag t 1
ENI Enable IBF Interrupt 1 1 CPL F1{ Complement F1 Flag 1 1
DiS 1 Disable IBF Interrupt 1 1
EN FLAGS Enable Master Interrupts 1 1
SEL RBO Select register bank 0 1 1 BRANCH
SEL RB1 Select register bank 1 1 1 JMP adar Jump unconditional 2 2
NoP No Operation 1 ! JMPP @A Jump indirect 1 2

DJNZ Rr, addr Decrement register and jump 2 2
REGISTERS JC agdr Jump on Carry =1 2 2
INC Rr Increment register 1 1 JINC addr Jump on Carry =0 2 2
INC @Rr Increment data memory 1 1 J2 addr Jump on A Zero 2 2
DEC Rr Decrement register 1 1 INZ addr Jump on A not Zero 2 2

JTO addr Jump on TO=1 2 2
SUBROUTINE JNTO addr Jump on T0=0 2 2
CALL addr Jump to subroutine 2 2 JT1 adar Jumpon Ti=1 2 2
RET Return 1 2 JNT1 agar Jumpon T1=0 2 2
RETR Return and restore status 1 2 JFO addr Jump on FQ Flag=1 2 2

JF1 addr Jump on £1 Flag=1 2 2
FLAGS JTF addr Jump on Timer Flag = 1, Clear Flag 2 2
CLR C Clear Carry 1 1 JNIBF aadr Jump on IBF Flag=0 2 2
CPLC Complement Carry 1 1 JOBF addr Jump on OBF Flag=1 2 2
CLR FO Clear Flag 0 1 1 JBb addr Jump on Accumulator Bit 2 2
APPLICATIONS

80414/ hﬂ _ .
DATA 87414 HD RD
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[ cs n
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Figure 1. 8085A-8041A Interface Figure 2. 8048-8041A Interface
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ABSOLU

Ambient Temperature Under Bias
Storage Temperature
Voltage on Any Pin With Respect

TE MAXIMUM RATINGS*

......... 0°Cto70°C
-65°Cto +150°C

toGround ............ ... . 0.5Vto +7V

Power Dissi

pation ... ... . 1.5 Watt

D.C. AND OPERATING CHARACTERISTICS

Ta=0°C to 70°C, Vgg = OV, 8041A: Voo = Vpp= +5V = 10%, 8741A: Voo =Vpp= +5V+ 5%

“COMMENT: Stresses above those listed under "Absolute Maximum
Ratings"” may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

Symbol | Parameter - | Min. | Max. Unit Test Conditions
”7\/.,_ | _Input Low Voltage (Except XTAIj17 XTALZ, RE%@L;OE» 0.8 \
Vil Input Low Voltage (XTAL1, XTAL2, RESET) -05 | 06 v
Vin | Input High Voltage (Except XTAL1, XTAL2, RESET) | 22 | Vee
" Vi Input High Voltage (XTAL1, XTAL2, RESET) 38 | Ve v
VoL Output Low Voltage (Dg-D5) 045 | v | 1o =20mA
Vo | Output Low Voltage (P1oP1y. PaoPa7, Sync) 045 | V | lo= 1.6 mA
Vor? Output Low Voltage (Prog) 0.45 v loo=10 mA
Vou Output High Voltage (Dg-D;) T ea | V| loy= — 400 4A
Vom Output High Voltage (A!l Other Outputs) 2.4 V | logy= —50 A
:i,,_ ~ | Input Leakage Current (T,, T,, RD, WR, CS, Ao, EA) | [ =10 | 4A | Vgs = Vin = Veo
loz Output Leakage Current (Dy-D-, High Z State) +10 nA Vgs+0.45 < V) = Ve
I Low Input Load Current (PyoP 17, PaoPa7) 05 | mA | v, =08V
T Low Input Load Current (RESET, 55) 02 | mA | v, =08V
ﬁioo ] Voo Subbl_y Current o 15 | mA Typical =5 mA
' lcc+Ipp | Total Supply Current o B 125 mA Typical = 60 mA

A.C. CHARACTERISTICS
Ta=0°C t0 70°C, Vgs =0V, 8041A: Voo = Vpp= + 5V * 10%, B741A: Voo =Vpp= + 5V 5%

DBB READ
Symbol Parameter Min. Max. Unit Test Conditions
tan CS, Aq Setup to RD! 0 ns
tra CS, A Hold After RD! 0 ns
tar RD Pulse Width 250 ns
tap CS, Ap to Data Out Delay 225 ns C_ =150 pF
tap RDI to Data Out Delay 225 ns C_= 150 pF
tor RD! to Data Float Delay 100 ns
tey Cycle Time (Except 8741A-8) 25 15 us 6.0 MHz XTAL
tey Cycle Time (8741A-8) 4.17 15 us 3.6 MHz XTAL
DBB WRITE
Symbol Parameter Min. Max. Unit Test Conditions
taw CS, A, Setup to WRI 0 ns
twa CS, A Hold After WR! 0 ns
tww WR Puise Width 250 ns
tow Data Setup to WR! 150 ns
two Data Hold After WR1 0 ns
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INPUT AND OUTPUT WAVEFORMS FOR A.C. TESTS

24 2.2 2.2
og— TEST Po'ms\o.aX CL =150 pF

WAVEFORMS

1. READ OPERATION—DATA BUS BUFFER REGISTER.

| (SYSTEM'S
€3 0R Ay ADDRESS BUS)

- tap-—e!

- T e *‘ " tRa "1‘
RO \3 M \ {READ CONTROL!
oo - e
-— —tap ——————~
‘DOAUT'ADSl'J‘S - - DATAVALID -

2. WRITE OPERATION—DATA BUS BUFFER REGISTER.

> : (SYSTEM'S
C3 OR Aq X ADDRESS BUS)
|

- taw -— ey —— —- -ty >
wR \ j (WRITE CONTROL)
|- Tow - - -‘ wo

DATA BUS DATA ><_ >< DATA
(INPLT) MAY CHANGE DATAVALID - MAY CHANGE

TYPICAL 8041/8741A CURRENT

80 mA
60 mA

40 mA |-

lcc + oo

20 mA -

1 1 |
20° 40° 60° 80°
TEMP (°C)
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A.C. CHARACTERISTICS—PORT 2
TA=0°C to 70°C. 8041A: Vcc= +5V = 100/0, 8741A: VCC: +5V 5%

Symbol Parameter Min. Max. Unit Test Conditions
tcp Port Control Setup Before Falling
Edge of PROG 110 ns
tpc Port Control Hold After Falling
Edge of PROG 100 ns
teR PROG to Time P2 Input Must Be Valid 810 ns
tPF Input Data Hold Time 0 150 ns
topP Output Data Setup Time 250 ns
tro Output Data Hold Time 65 ns
tpp PROG Pulse Width 1200 ns
PORT 2 TIMING
SYNC / \ / \ /_
EXPANDER - top -l
PORT ; -—
QUTPYT :X PORT 25.3 DATA X PORY CONTROL X OUTPUY DATA C
\
EXPANDER o ’
PORT P 7

INPUT X PCRT 2.3 DATA

' 4
PORT CONTROL x

INPUT
DATA

:w—'cw» --1pC >;
PROG -
A.C. CHARACTERISTICS—DMA
~ Symbol Parameter Min. | Max. | Unit Test Conditions
tace DACK to WR or FE)- ns
teac RD or WR to DACK ns
taco DACK to Data Vaiid 225 ns | C_=150pF
tcra RD or WR to DRQ Cleared 200 ns

WAVEFORMS—DMA

DATA BUS . . i
X vauo X

DACK

"/

\ ;
l'ACClH —=ficaci—
WR 1

—-hcc}*—

"CAC -—

x VAL

10

3(

‘_|ACD_’
ORQ

—-ncnol-—

—=ltcRaj=—
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CRYSTAL OSCILLATOR MODE DRIVING FROM EXTERNAL SOURCE
R 2} xTaL1
- i 1.6 mHz
(INCLUDES XTAL, = = XTALI
SOCKET, STRAY) |
Lo 31 xvaL2

15-25 pF
(INCLUDES SOCKET, I
STRAY)

XTAL2

CRYSTAL SERIES RESISTANCE SHOULD BE <75Q AT 6 MMz, <1802 AT 3.6 MHz.
BOTH XTAL1 AND XTAL2 SHOULD BE DRIVEN.

RESISTORS TO Vcc ARE NEEDED TO ENSURE Vi = 3.8V
IF TTL CIRCUITRY IS USED.

LC OSCILLATOR MODE

L € NOMINAL Y ' 1
45.H  20pF 5.2 MHz 2. LC
120, 20pF 3.2 MHz 2

XTALY o €+ Chs
c - 2

Cpp - 5~ 10 pF PIN-TO-PIN
XTAL2 CAPACITANCE

EACH C SHOULD BE APPROXIMATELY 20 pF. INCLUDING STRAY CAPACITANCE.*

PROGRAMMING, VERIFYING, AND WARNING:
ERAS'NG THE 8741A EPROM An attempt to program a missocketed 8741A will result in severe

damage to the part, An indication of a properly socketed part is the
appearance of the SYNC clock output. The lack of this clock may

programming Verification be used to disable the programmer.

In brief, the programming process consists of: activating The Program/Verify sequence is:

the program mode, applying an address, latching the 1 Ag= 0V, CS = 5V, EA = 5V, RESET = 0V, TESTO = 5V

address, applying data, and applying a programming pulse. Vpp = 5V. clock applied or internal oscillator operating,
Each word is programmed completely before moving on to BUS and PROG floating.
the next and is followed by a verification step. The follow- 2. Insert 8741A in programming socket
ing is a list of the pins used for programming and a descrip- 3. TEST 0= Ov (select program mode)
tion of their functions:
4. EA =23V (activate program mode)
5. Address applied to BUS and P20-1
Pin Function 6.  RESET = 5v (latch address)
XTAL 1 Clock Input (1 to 6MHz) 7 Dataapplied to BUS
Reset Initialization and Address Latching 8. Vpp = 25v (programming power)
Test O Selection of Program or Verify Mode 9 PROG = Ov followed by one 50ms pulse to 23v
EA Activation of Program/Verify Modes 10. Vpp=5v
BUS Address and Data Input 11.  TEST 0 = 5v (verify mode)
Data Output During Verify 12.  Read and verify data on BUS
P20-1 Address Input 3. TESTO=0Ov
Voo Programming Power Supply 14, RESET = Ov and repeat from step 5
PROG Program Pulse |nput 15.  Programmer should be at conditions of step 1 when
8741A is removed from socket.
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8741A Erasure Characteristics

The erasure characteristics of the 8741A are such that
erasure begins to occur when exposed to light with
wavelengths shorter than approximately 4000 Ang-
stroms (A). It should be noted that sunlight and certain
types of fluorescent lamps have wavelengths in the
3000-40004A range. Data show that constant exposure to
room level fluorescent lighting could erase the typical
8741A in approximately 3 years while it would take ap-
proximately one week to cause erasure when exposed
to direct sunlight. If the 8741A is to be exposed to these
types of lighting conditions for extended periods of
time, opaque labels are available from Intel which

should be placed over the 8741A window to prevent
unintentional erasure.

The recommended erasure procedure for the 8741A is
exposure to shortwave ultraviolet light which has a
wavelength of 2537A. The integrated dose (i.e., UV inten-
sity x exposure time) for erasure should be a minimum
of 15 w-sec/cm®. The erasure time with this dosage is
approximately 15 to 20 minutes using an ultraviolet
lamp with a 12,000 yW/cm2 power rating. The 8741A
should be placed within one inch of the lamp tubes dur-
ing erasure. Some lamps have a filter on their tubes
which should be removed before erasure.

A.C. TIMING SPECIFICATION FOR PROGRAMMING

Ta = 25°C £5°C, Voe = 5V £5%, Vpp = 25V = 1V

Symbol Parameter Min. Max. Unit Test Conditions
taw Address Setup Time to RESET ! 4icy
twa Address Hold Time After RESET ! 4tcy
tow Data in Setup Time to PROG 1 dricy
two Data in Fiiki)ild Time After PROG | drcy
tPr RESET Hold Time to Verity dicy
tvDDW Vpp Setup Time to PROG ! 4rcy
tODH Vbn Hold Time After PROG | o]
: tpw Program Pulse Width 50 60 mS
trw Test 0 Setup Time for Program Mode ‘;C7y B
twr Test 0 Hold Time After Program Mode drcy
too Test 0 to Data Out Delay dricy
tww RESET Puise Width to Latch Address aricy
te. Vpp and PROG Rise and Fall Times 05 20 us
tcy CPU Operation Cycle Time 50 us
o tRE RESET Setup Time Beftore EA 1. 4icy
Note: If TEST 0 is high, tpg can be triggered by RESET 1.
D.C. SPECIFICATION FOR PROGRAMMING
Ta = 25°C £5°C, Voo = 5V £5%, Vpp = 25V = 1V
Symbol Parameter Min. Max. Unit Test Conditions
VDOH Voo Program Voitage High Level 240 260
Vool Vpp Voltage Low Level 475 525 v
Ven PROG Program Voltage High Level 215 245 A
Vep PROG Voltage Low Level 02 \
VEAH EA Program or Verity Voltage High tevel 215 245 v
VeaL EA Voltage Low Level 5.25 \
{Ie]s) Vop High Voltage Supply Current 300 mA
1PROG PROG High Voltage Supply Current 16.0 mA
lEA EA High Voltage Supply Current 1.0 mA
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WAVEFORMS FOR PROGRAMMING

COMBINATION PROGRAM/VERIFY MODE {EPROM'S ONLY)

2v /
EA
5V
| PROGRAM | VERIFY _— PROGRAM ———
— | +
TESTO * * \
1 i

——— tww —

e TN N/

taw - -t ’T twa
ADDRESS DATA TO BE _ —— NEXT ADOR
DBy -08; - (0-7) VALID PROGRANMED VALID - VALID
LAST >< NEXT
P20-P1 ADDRESS X ADDRESS (8-9) VALID ADDRESS

tyoow — e }4— ——{ ttvnon {

wr —

tov T"’*“‘ . j+—st o
i

"0 ‘ ——— TTTTN

VERIFY MODE (ROM/EPROM)

DR -DB ADDRESS DATA OUT . NEXT NEXTDATA N\ _ _ _ _ _____
0= - (0-7) VALID VALID ADDRESS OUT VALID
P20-Py X ADDRESS (8-31 VALID x NEXT ADDRESS VALID

NOTES:

1. PROG MUST FLOAT IF EA IS LOW {i.e., #23V), OR IF T0 =5V FOR THE 8741A. FOR THE
8041A PROG MUST ALWAYS FLOAT.

2. XTAL1 AND XTAL 2 DRIVEN BY 3.6 MHz CLOCK WILL GIVE 4.17 «sec tcy. THIS IS ACCEPT.
ABLE FOR 8741A-8 PARTS AS WELL AS STANDARD PARTS,

3. AO MUST BE HELD LOW (l.e., = 0V) DURING PROGRAM/VERIFY MODES.

The 8741A EPROM can be programmed by either of two

Intel products:

1. PROMPT-48 Microcomputer Design Aid, or

2. Universal PROM Programmer (UPP series) peripheratl
of the Intellec® Development System with a UPP-848
Personality Card.
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HD684SS, HDG68AA4SS,

HDG68BA4SS
CRTC (CRT Controller)

The CRTC is a LSI controller which is designed to provide an
interface for microcomputers to raster scan type CRT displays.
The CRTC belongs to the HMCS6800 LSI Family and has full
compatibility with MPU in both data lines and control lines. Its
primary function is to generate timing signal which is necessary
for raster scan type CRT display according to the specification
programmed by MPU. The CRTC is also designed as a
programmable controller, so applicable to wide-range CRT
display from small low-functioning character display up to

raster type full graphic display as well as large high-functioning
limited graphic display.

8 FEATURES

® Number of Displayed Characters on the Screen, Vertical
Dot Format of One Character, Horizontal and Vertical
Sync Signal, Display Timing Signal are Programmable

® 3.7 MHz High Speed Display Operation

Line Buffer-less Refreshing

14-bit Refresh Memory Address Qutput (16k Words

max. Access)

Programmable Interiace/Non-interlace Scan Mode

Built-in Cursor Control Function

Programmable Cursor Height and its Blink

Built-in Light Pen Detection Function

Paging and Scrolling Capabi|ity

TTL Compatibie

Single +6V Power Supply

Upward compatible with MC6845

SYSTEM BLOCK DIAGRAM

Retrem
i LK HDBBASSP ey
[ onve

A, -
na,

HD68455P, HD68A455P, HD68BA6SP

(DP-40)

= PIN ARRANGEMENT

HD6845S

{Top View)

% ORDERING INFORMATION

Crmectan
Genervior
Voo
o
OIPTMG * o L
cuowr
HavHC
veyne Lo
LPETR Pon
Lopt Pon
Control

CRTC Bus Timing CRTT"?‘:;‘;'“
HD6846SP 1.0 MHz
HD68A45SP 1.5 MHz 3.7 MHz max.
HD68B45SP 2.0 MHz
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8 ABSOLUTE MAXIMUM RATINGS

ftem Symbol Value Unit
Supply Voltage Vee * -0.3~ +7.0 \
Input Voltage Vin * -0.3~+7.0 v
Operating Temperature Topr ~-20~+75 °C
Storage Temperature Tern - 55~ +150 °c

*  With respect to Vgg (SYSTEM GND)

[NOTE] Permznent LS| damage may occur if maximum ratings are exceaded. Normal operation should be under recommended operating
conditions. |f these conditions are exceeded, it could affect reliability of LSI.

8 RECOMMENDED OPERATING CONDITIONS

Item Symbol min typ max Unit
Supply Voltage Veeo 4.75 5 5.25 \%
AV -0.3 - 0.8 v
Input Volta
nput Voltage Voi® 2.0 - Vee v
Operating Temperature Toor -20 25 75 °c

*  With respect 10 Vgg (SYSTEM GND)

% ELECTRICAL CHARACTERISTICS
® DC CHARACTERISTICS (Vgc =5V 5%, Vgg =0V, Ta = -20~+75°C, unless otherwise noted.)

Item Symbol Test Condition min typ max Unit
Input “High" Voltage Viu 2.0 — Vee \4
Input “Low” Voltage Vo -0.3 - 0.8 \
Input Leakage Current lin Vin =0~ 5.25V (Except Dy~D,) -2.5 - 25 uA
Three-State Input Current Vin = 0.4~ 24V
(off-state) s Ve = 5.25V (Do~ D) - 10 - 10 KA
! =-205 ~
Output “High” Voltage Vou Loao KA (D™ D) 24 - - v
lioao = -100 uA {Other Outputs)
Output “’Low* Voltage Voo lLoap = 1.6 mA - - 0.4 \%
_ Vin =0 Do ~ D, - - 12,5 pF
Input Capacitance Cin Ta=25C
f=1.0 MHz Other Inputs - - 10.0 pF
Output Capacitance Cout Vin =0V, Ta=25°C,f=1.0MHz - ~ 10.0 pF
Power Dissipation Pp - 600 1000 mwW
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® AC CHARACTERISTICS (Vgc =5V £5%, Vgg = OV, Ta = -20~+75°C, unless otherwise noted.)
1. TIMING OF CRTC SIGNAL

Item Symbol Test Condition min typ max Unit
Clock Cycle Time toyee 270 - — ns
Clock ““High”’ Pulse Width PWey 130 = — ns
Clock “’Low’ Pulse Width PWe 130 - — ns
Rise andFall Time for Clock Input ter, tet - - 20 ns
Memory Address Delay Time tmao - - 160 ns
Raster Address Delay Time taaD Fig. 1 - - 160 ns
DISPTMG Delay Time toTp — — 250 ns
CUDISP Delay Time tepo — — 250 ns
Horizontal Sync Delay Time thso - — 200 ns
Vertical Sync Delay Time tvsop - - 250 ns
Light Pen Strobe Pulse Width PW py 60 — - ns
Light Pen Strobe tipDy Fig. 2 - - 70 ns
Uncertain Time of Acceptance t pp2 - -~ 0 ns

2. MPU READ TIMING

ttem Symbol Test HD6845SP HD68A45SP HD68B45SP Unit
Condition | min | typ | max | min | typ | max | min | typ | max
Enable Cycle Time Yiyee 1.0} — ~ 10666 | — - 05| — - s
Enable ‘“High’ Pulse Width PWe 0.45 — — 10.280 | — — 0.22 - — s
Enable “Low’’ Pulse Width PWg, 0.40 — — [0.280 — — 0.21 — — Hs
Enable Rise and Fali Time te,, tey - - 25 - - 25 — - 25 ns
Address Set Up Time tas Fig. 3 140 -~ — 140 - — 70 - - ns
Data Delay Time topbr - - 320 - - 220 - - 180 ns
Data Hold Time ty 10 — = 10| — = 10 — — ns
Address Hold Time tan 10 - - 10} — - 10 - - ns
Data Access Time tace - - 460 - - 360 - - 250 ns
3. MPU WRITE TIMING
Iem Symbol Test HD6845SP HD68BA45SP HD68B45SP Unit
Condition min typ | max | min typ | max | min typ | max
Enable Cycle Time teyce 1.0 - - |0666 | — - 0.5 - - us
Enable “*High” Pulse Width PWey 0.45 - — |0.280 | - - | 022 - - us
Enable “Low’’ Puise Width PWe 0.40 - — |0.280| - - 0.21 — - us
Enable Rise and Fall Time te,, tes Fig. 4 - - 25 - - 25 - - 25 ns
Address Set Up Time tas 140 — — 140 | — - 70 — - ns
Data Set Up Time tosw 195 — — 80| — — 60 — — ns
Data Hold Time th 10 - - 10| — - 10 - - ns
Address Hold Time tan 10 - - 10| - - 10 - - ns
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cyce
20v 20V PWe,
0.8v 0.8v 0.8v 08V
CLK PWCH
— | fonp——
ter tet
%2.4V
/ 0.4v
MA,~MA,,
i |
tMAD tMAD
l2.4V
/ 0.4v
RA,~RA,
tRAD tRAD
( 2.4V
/ oav
DISPTMG
toTp toTo
(z.av
/ 0.4v
cubiIsP
tcoD tcoo
L 2.4v
/ 0.4V
HSYNC
VSYNC
tHsD tHsD
tvsp tvsD
20v 20v
PW pH
LPSTB |

This Figure shows the relation in time between
CLK signa) and each output signals. Output
sequence is shown in Figs. 9 ~ 15,

Figure 1 Time Chart of the CRTC
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tLPD2 —= F_ — ] L—tu’m

cLK _/——\t_ 0.8V _A 0.8V

MA,~MA,,X M M+1 X M+2 X X
losv K

LPSTB

2,ov7L ’ \
LPSTE

When LPSTB rises in this period,
Refresh Memory Address "M+2")
is ot into the light pen register.
tLPDY. tLppD2 : LPSTB’s uncertain time of acceptance.

Figure 2 LPSTB Input Timing & Refresh Memory Address that is set into the light pen register.

et o
PWe, 2.0V
0.8v o8y
: 7
e -—tp
(3
L 20V 20V
@BV 0.8v
R/W,RS
-t A H
tacc W
24V 4 2.4V
0,~D,
O,4Vx 0.4v

Figure 3 Read Sequence
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teyoe
fe———— PWg p ——
- tag—=
£ N— 20V
2.0V 20V x PWE
7 0.8V cO,BV j 0.8V
E
tEr —o| o —e| e tEy
; tosw
b A
R/W 20V 2.0V
RS (Address
Ragister)
0.8V 0.8v
RS r
(Control Register) et 14
—ty
L2.0V 2.0V
D,~D,
(O.BV 0.8V

Figure 4 Write Sequence

® SYSTEM DESCRIPTION

The CRTC is a LSI which is connected with MPU and CRT
display device to control CRT display. The CRTC consists of
internal register group, horizontal and vertical timing circuits,
linear address generator, cursor control circuit, and light pen
detection circuit. Horizontal and vertical timing circuit generate
RA,~RA,4, DISPTMG, HSYNC, and VSYNC. RA,~RA, are
raster address signals and used as input signals for Character
Generator. DISPTMG, HSYNC, and VSYNC signals are received
by video control circuit. This horizontal and vertical timing
circuit consists of internal counter and comparator circuit.

Linear address generator generates refresh memory address MA,
~MA,; to be used for refreshing the screen. By these address
signals, refresh memory is accessed periodically. As 14 refresh
memory address signals are prepared, 16k words max are
accessible. Moreover, the use of start address register enables
paging and scrolling. Light pen detection circuit detects light
pen position on the screen. When light pen strobe signal is
received, light pen register memorizes linear address generated
by linear address generator in order to memorize where light
pen is on the screen. Cursor control circuit controls the position
of cursor, its height, and its blink.
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D,~D,

Vee Vss  RES RW E CS RS
. l _ SR S —_
T v 1
Address Reg A
& R/W Control M
CLK Character Counter R1 Horizontal Displayed
CcK {+256) Register
", I Horizontal Total
! % RO cvp K CMP = RO | Regicter Ic:
HMAX
¢ Horizontal Sync
:i R2 Position Register k—-_—
Q:a l—vte HSYNC
& i K oy
~ . N Sync
CK Horizontal Synd] 4 CMP lﬁ_“:{ R3I f ; }c:
Width Counter J’ Width Register
RQ, ~ S o7
Ra, ¢ Maximum Raster
_l Raster CounteFl,._ A9
cK (+32) T | Address Register
MR -
Line Counter Vertical Displayed
cK (%128l 1 M CMP :‘ R6 l Register k:
vT
! MR ¢ — 4 s
= 1 ical Total
oMP g41Vergnca ota k:
VTOTAL Controt Register
e
H H
i =1
R8 - Vertica! Total Adjust
- ] CMmP RS Register 1=
! Vs Skew _—
H o} | [[Skew, L DISPTMG
. CE ;
Vertical Sync p % R7 Ver_n_cal Svng
c'&hdth Counter(+16)) M N ] Position Register
MR
2 {R12[ Start Address
— Linear Addressfv T :‘Lm:! ReZmer k:’;
Generator
CK
Cursor Start
R10| Raster Register E
RQ, ~Ra, CcuDISP
vT R11]| Cursor End
Raster Register
VS
—
) | 1 cMP :{S:gl Cursor Register k::}
VSYNC
Interlace 0 1 4 28 s 7
RA,~ A Control |a 2.2 2. 2" 2ﬁ| Interlace & Skew
RA, ¥ — Register
~IR16| Light Pen
vV IR17| Register =
_l_—“
LPSTB. L[ | sYne | Set i
\,’Y_
MA, ~MA,,

Figure 5 internal Block Diagram of the CRTC



= FUNCTION OF SIGNAL LINE
The CRTC provides 13 interface signals to MPU and 25
interface signals to CRT display.

® Interface Signals to MPU
Bi-directional Data Bus (D,~D,)

Bi-directional data bus(Dy~D,) are used for data transfer
between the CRTC and MPU. The data bus outputs are 3-state
buffers and remain in the high-impedance state except when
MPU performs a CRTC read operation.

Read/Write (R/W)

R/W signal controls the direction of data transfer between
the CRTC and MPU. When R/W is at “High” level, data of
CRTC is transfered to MPU. When R/W is at “Low” level, data
of MPU is transfered to CRTC.

Chip Select (CS) _

__Chip Select signal (CS) is used to address the CRTC. When
CS is at “Low” level, it enables R/W operation to CRTC internal
registers. Normally this signal is derived from decoded address
signal of MPU under the condition that VMA signal of MPU is at
“High” level.

Register Select (RS)

Register Select signal (RS) is used to select the address
register and 18 control registers of the CRTC. When RS is at
“Low” level, the address register is selected and when RS is at
“High” level, control registers are selected. This signal is
normally a derivative of the lowest bit (AQ) of MPU address bus.

Enable(E)

Enable signal (E) is used as strobe signal in MPU R/W
operation with the CRTC internal registers. This signal is
normally a derivative of the HMCS6800 System ¢, clock.

Resst (RES)
Reset signal (RES) is an input signal used to reset the CRTC.
When RES is at “Low” level, it forces the CRTC into the
following status.
1) All the counters in the CRTC are cleared and the device
stops the display operation.
2) All the outputs go down to “Low” level.
3) Control registers in the CRTC are not affected and remain
unchanged.
This signal is different from other HMCS6800 family LSIs in the
following functions and has restrictions for usage.
1) RES signal has capability of reset function only when
LPSTB is at “Low” level.
2) The CRTC starts the display operation immediately after
RES signal goes “‘High”.

HD6845S, HD68A45S, HD68B45S
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o Interface Signals to CRT Display Davice
Character Clock (CLK)

CLK is a standard clock input signal which defines character
timing for the CRTC display operation. This signal is normally
derived from the external high-speed dot timing logic.

Horizontal Sync (HSYNC)
HSYNC is an active “High” level signal which provides
horizontal synchronization for display device.

Vertical Sync {(VSYNC)
VSYNC is an active “High” level signal which provides verti-
cal synchronization for display device.

Display Timing (DISPTMG)

DISPTMG is an active “High” level signal which defines the
display period in horizontal and vertical raster scanning. It is
necessary to enable video signal only when DISPTMG is at
“High” level.

Refresh Memory Address (MA,~MA ;)

MA,~MA,; are refresh memory address signals which are
used to access to refresh memory in order to refresh the CRT
screen periodically. These outputs enables 16k words max.
refresh memory access. So, for instance, these are applicable up
to 2000 characters/screen and 8-page system.

Raster Address (RA,~RA,)

RA,~RA, are raster address signals which are used to select
the raster of the character generator or graphic pattern
generator etc.

Cursor Display (CUDISP)

CUDISP is an active “High” level video signal which is used
to display the cursor on the CRT screen. This output is in-
hibited while DISPTMG is at “Low” level. Normally this output
is mixed with video signal and provided to the CRT display
device.

Light Pen Strobe (LPSTB)

LPSTB is an active “High™ level input signal which accepts
strobe pulse detected by the light pen and control circuit. When
this signal is activated, the refresh memory address (MAp~
MA ;) which are shown in Fig. 2 are stored in the 14-bit light
pen register. The stored refresh memory address need to be
corrected in software, taking the delay time of the display
device, light pen, and light pen control circuits into account.
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s REGISTER DESCRIPTION

Table 1 Internal Registers Assignment

Address . .
CS |Rs|  Register Register| o gister Name Program Unit | READ | WRITE Oata Bit
4 3 210 # 7 6 5 4 3 2 1 o]
e e ‘ ass A4
) ,\\xx\@\\‘§§§&.§
0 |0 |x X X %X X AR |Address Register - X o] \\\\\\\\\\\
of(t1]o00000 RO |Horizontal Total ® Character X o
|
0 [1/0 000 1| R |Horizontal Displayed | Character x o
}
0 7Joo0o0 10 R2 Horizontal Sync* Character % o
Position
Vertical-Raster,
0 110 00 11 R3 Sync Width Horizontal- x (&} wv3d| wv2| wvl| wvO | wh3 [ wh2] wh1 | whO
Character
0 110 01 00 R4 Vertical Total * Line X o}
oO|1 |00 1 O1 RS Vertical Total Adjust | Raster X o
0 1{0 01 10 R6 Vertical Displayed Line X Q
Vertical Sync * .
0j11]001 11 R7  |position Line X o
0j1]01 000 R8 |Interlace & Skew - X [e] Cc1 CcCo! D1 | DO \" S
Maximum Raster
0 (1|01 001 RO | Address Raster X o
01101 01O R10  {Cursor Start Raster Raster X [¢] B P
0 1101 0 1 1t R11  [Cursor End Raster Raster X [¢]
0|10 1100 R12 |Start Address(H) - [e] o
0 t (01101 R13 |Start Address(L) - e} e} | ’
o101 1 10O R14 |[Cursor(H) - o o
o1t ]O0 1 1t 11 R15 | Cursor (L) - o (o)
0oj1110000 R16 [Light Pen(H) - o] X
0|11 0001 R17 |Light Pen{L) - [e] X

[NOTE] 1. The Registers markad *: (Written Value) = (Specified Value) — 1
2. Written Value of R9 is mentioned below.
1 :‘:\‘::r::é:rlsl;c:chﬁ’gge} {Written Value Nr) = (Specified Value) — 1
2) Interlace Sync & Video Mode
(Written Value Nr) = {Specified Value) — 2
3. CO and C1 specity skew of CUDISP output signal.
DO and D1 spacify skew of DISPTMG output signal,
When S is "1, V specifies video mode. S specifies the Interlace Sync Mode.
B specifies the cursor blink. P specifies the cursor blink period.
wv0~wv3 specify the pulse width of Vertical Sync Signal.
whO~wh3 specify the pulse width of Horizontal Sync Signal.
. RO is ordinaliy programmed to be odd number in interlace mode.
O; Yes, x; No

NO s
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® Address Register {AR) Table 2 Pulse Width of Vertical Sync Signal

This is a 5-bit register used to select 18 internal control
registers (RO~R17). Its contents are the address of one of 18 VSW
internal control registers. Programming the data from 18 to 31 27
produces no results. Access to RO~R17 requires, first of all, to
write the address of corresponding control register into this
register. When RS and CS are at “Low” level, this register is
selected.

Pulse Width

N
o

N
“

N
>

I

1

¢ Horizontal Total Register (RO}

This is a register used to program total number of horizontal
characters per line including the retrace period. The data is 8-bit
and its value should be programmed according to the specifi-
cation of the CRT. When M is total number of characters,(M-1)
shall be programmed to this register. When programming for
interlace mode, M must be even.

© 0O N O O s WN =

® Horizontal Displayed Register (R1)

This is a register used to program the number of horizontal
displayed characters per line. Data is 8-bit and any number that
is smaller than that of horizontal total characters can be

programmed.

® Horizontal Sync Position Register (R2)

This is a register used to program horizontal sync position as
multiples of the character clock period. Data is 8-bit and any
number that is lower than the horizontal total number can be
programmed. When H is character number of horizontal Sync
Position, (H-1) shall be programmed to this register. When pro-
grammed value of this register is increased, the display position Table 3 Pulse Width of Horizontal Sync Signal
on the CRT screen is shifted to the left. When programmed HSW
value is decreased, the position is shifted to the right. Therefore, Pulse Width
the optimum horizontal position can be determined by this
value,
® Sync Width Register (R3)

This is a register used to program the horizontal sync pulse
width and the vertical sync pulse width. The horizontal sync
pulse width is programmed in the lower 4-bit as multiples of the
character clock period. “0” cannot be programmed. The
vertical sync pulse width is programmed in higher 4-bit as
multiples of the raster period. When “0” is programmed in
higher 4-bit, 16 raster period (16H) is specified.

- = = 00 00 = =% =2 =2 00 O0O0
- s s
W NN = O

—_
o

- =200 ~2002 200200
-0 -0 -0-20+0—-0—-0 =20

p—y
-
o

; Raster period

N
w
N
[
N
r
N
©

— (Note)
1CH
2

o Vertical Total Register (R4)

This is a register used to program total number of lines per
frame including vertical retrace period. The data is within 7-bit
and its value should be programmed according to the specifica-
tion of the CRTC. When N is total number of lines, (N-1) shall
be programmed to this register.

© 0 N ;s W

1"
12
13
14
15

® Vertical Total Adjust Register (R5)
This is a register used to program the optimum number to
adjust total number of rasters per field. This register enables to

decide the number of vertical deflection frequency more
strictly. CH; Character clock period
{Note} HSW = “0* cannot be used.

- - m s s w0000 O0COOO

- -2 0000—= == 20000
- - 002200 - —-00==00
-~ 0O =2 020 =020 —=0=0 =0

p—
-

® Vaertical Displayed Register (R6)

This is a register used to program the number of displayed
character rows on the CRT screen. Data is 7-bit and any number
that is smaller than that of vertical total characters can be
programmed.
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® Vertical Sync Position Register (R7)

This is a register used to program the vertical sync position
on the screen as multiples of the horizontal character line peri-
od. Data is 7-bit and any number that is equal to or less than
vertical total characters can be programmed. When V is charac-
ter number of vertical sync position, (V-1) shall be programmed
to this register. When programmed value of this register is in-
creased, the display position is shifted up. When programmed
value is decreased, the position is shifted down. Therefore, the
optimum vertical position may be determined by this value,

® Interlace and Skew Register (R8)
This is a register used to program raster scan mode and skew
(delay) of CUDISP signal and DISPTMG signal.
Interlace Mode Program Bit (V, S)
Raster scan mode is programmed in the V, S bit.

Table 4 Interlace Mode (2!, 2°)

Raster Scan Mode

} Non-interlace Mode

Interlace Sync Mode

- 0 = o<
- =0 O]|Wwn

Interlace Sync & Video Mode

In the non-interlace mode, the rasters of even number
field and odd number field are scanned duplicatedly. In the
interlace sync mode, the rasters of odd number field are
scanned in the middle of even number field. Then it is
controlled to display the same character pattern in two
fields. In the interlace sync and video mode, the raster scan
method is the same as the interlace sync mode, but it is
controlled to display different character pattern in two field.

Skew Program Bit (C1, CO, D1, DO)

These are used to program the skew (delay) of CUDISP
signal and DISPTMG signal.

Skew of these two kinds of signals are programmed
separately.

Table 5 DISPTMG Skew Bit (27, 2°)

D1 DO DISPTMG Signal
0 0 Non-skew

0 1 One-character skew

1 0 Two-character skew

1 1 Non-output

HD6845S, HD68A45S, HD68B45S

Skew function is used to delay the output timing of
CUDISP and DISPTMG signals in LSI for the time to access
refresh memory, character generator or pattern generator,
and to make the same phase with serial video signal.

® Maximum Raster Address Register (R9)

This is a register used to program maximum raster address
within 5-bit. This register defines total number of rasters per
character including space. This register is programmed as fol-
lows.

Non-interlace Mode, Interlace Sync Mode

When total number of rasters is RN, (RN-1) shall be
programmed.

Interlace Sync & Video Mode

When total number of rasters is RN, (RN-2) shall be
programmed.

This manual defines total number of rasters in non-interlace
mode, interlace sync mode and interlace sync & video mode as
follows:

Non-interlace Mode

0 Total Number of Rasters 5

1 Programmed Value Nr = 4

2 (The same as displayed }

3 total number of rasters

4 —

Raster Address

Interlace Sync Mode

0 Total Number of Rasters S
-------------- 0 Programmed Value Nr = 4

! T In the interlace sync mode,

2 2 total number of rasters in

3 = both the even and odd fields

PRRhbhidhi 3 is ten. On programming,
.............. 4 the half of it is defined as

Raster Address total number of rasters.

Interlace Sync & Video Mode

0o— Total Number of Rasters 5

, 777772 1 Programmed Value Nr = 3
............ 3

4

displayed in the even field

and the odd field.

Total number of rasters
Raster Address ( )

® Cursor Start Raster Register (R10)

This is a register used to program the cursor start raster
address by lower 5-bit (2°~2%) and the cursor display mode by
higher 2-bit (25 , 2%).

Table 7 Cursor Display Mode (2%, 2°)

Table 6 Cursor Skew Bit (2%, 2°)

Cc1 co Non-skew
0 0 Non-skew

0 1 One-character skew
1 0 Two-character skew
1 1 Non-output

8 P Cursor Display Mode
0 0 Non-blink

0 1 Cursor Non-display

1 0 Blink, 16 Field Period
1 1 Blink, 32 Field Period
Blink Period

| light I dark |

16 or 32 Field Period



® Cursor End Raster Register (R11)
This is register used to program the cursor end raster address.

o Start Address Register (R12, R13)

These are used to program the first address of refresh
memory to read out.

Paging and scrolling is easily performed using this register.
This register can be read but the higher 2-bit (2¢,27) of R12 are
always *0”.

® Cursor Register (R14, R15)

These two read/write registers stores the cursor location. The
higher 2-bit (2¢, 27) of R14 are always “0”.

® Light Pen Register {R16, R17)

These read only registers are used to catch the detection
address of the light pen. The higher 2-bit (2%, 27) of R16 are
always “0”. Its value needs to be corrected by software because
there is time delay from address output of the CRTC to signal
input LPSTB pin of the CRTC in the process that raster is lit
after address output and light pen detects it. Moreover, delay
time shown in Fig. 2 needs to be taken into account.

Restriction on Programming Internal Register

1) 0<Nhd<Nht + 1 £256

2) 0<Nvd<Nvt+1 <128

3) 0 £ Nhsp < Nht

4) 0 < Nvsp S Nvt*

5)o < NesSTART £ NCeND £ Nr (Non-interlace, Interlace sync
mode
0 N)CSTART S<NCEND & Nr + 1 (Interlace sync & video
mode)

HD6845S, HD88A45S, HD68B45S
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6)25Nr<30
7) 3 £ Nht (Except non-interlace mode)
5 £ Nht (Non-interlace mode only)

In the interlace mode, pulse width is changed % raster time when
vertical sync signal extends over two fields.

Notes for Use

The method of directly using the value programmed in the
internal register of LSI for controlling the CRT is adopted.
Consequently, the display may flicker on the screen when the
contents of the registers are changed from bus side asyncronous-
ly with the display operation.
Cursor Register

Writing into this register at frequent intervals for moving the
cursor should be performed during horizontal and vertical
retrace period.
Start Address Ragister

Writing into the start address register at frequent intervals for
scrolling and paging should be performed during horizontal and
vertical display period.

It is desirable to avoid programming other registers during
display operation.

= OPERATION OF THE CRTC

® Time Chart of CRT Interface Signals

The following example shows the display operation in which
values of Table 8 are programmed to the CRTC internal
registers. Fig. 6 shows the CRT screen format. Fig. 9 shows the
time chart of signals output from the CRTC.

/——————-— Number of Horizontal Total Charaaters {(Nht + ”_—ﬁ

= Number of Horizontal Displayed Characters (Nhd) —

+ . i
s s Horizontal
v Z B Retrace
g ‘L': 2 Period
£ 5
3 ) 8
o o
5 F -
g 2| 8.
['4 2 + £
re o
: £2
v 2% , :
= § s g Display Period
g | %
2 58
o 20
X
[
]
z \
L Vertical Retrace Period

Vertical Total Adjust (Nadj)

Figure 6 CRT screen Format
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Table 8 Programmed Values into the Registers

Register Register Name Value Register Register Name Value
RO Horizontal Total Nht R9 Max. Raster Address Nr:
R1 Horizontal Displayed Nhd R10 Cursor Start Raster
R2 Horizontal Sync Position Nhsp R11 Cursor End Raster
R3 Sync Width Nvsw, Nhsw R12 Start Address (H) 0
R4 Vertical Total Nvt R13 Start Address (L) 0
RS Vertical Total Adjust Nadj R14 Cursor (H)

R6 Vertical Displayed Nvd R15 Cursor (L)
R7 Vertical Sync Position Nvsp R16 Light Pen (H)
R8 Interlace & Skew R17 Light Pen (L)

[NOTE] Nhd<Nht, Nvd<Nwvt

The relation between values of Refresh Memory Address
(MA,~MA,, ) and Raster Address (RA;~RA,) and the display
position on the screen is shown in Fig. 15. Fig. 15 shows the
case where the value of Start Address is 0.

® Interlace Control

Fig. 7 shows an example where the same character is
displayed in the non-interlace mode, interlace sync mode, and

video mode.
Non-interlace Mode Display

Non-interlace Mode

0

M- lisiniuinieiaie o-—1
4—-0——------———4>--3
6—-0—0‘0—0-0-0—0-—-5
~ Q- ---=---=-O---7
8 . ot o--9
A

Py B .
@m0
2.3 ©0--1
4--0 ------------ ®---3
P -0-0-0-0-0-0--5
R S o --
8--0——— : ;
A

S ———E

Interlace Sync & Video Mode

line #0

line #1

{Total number of rasters in a line is even,)

In non-interlace mode, each field is scanned duplicatedly.
The values of raster addresses (RA,~RA,) are counted up one

from 0.

Interlace Sync Mode Display

In the interlace sync mode, raster addressed in the even field
and the odd field are the same as addressed in the noninterlace
mode. One character pattern is displayed mutually and its dis-
played position in the odd field is set at 1/2 raster space down
from that in the even field.

e :
P et 21
B e --2
3
R Sttt ©--3
4
5 e oo oo oo 2
= 0-6-6-0-0--5
——@---—— - ©°--6
7
a - Q- —- - O--7
9--«_» —————————— -©--8
A——5 —————————— ©--9
e e e = A
8
________________ B
Interlace Sync Mode
g—-g--—-—-——»—-—w-— 17
[ -SSP ©--3
4
6
8
A
1
3
5
7
9‘7’

B AR A

interlace Sync & Video Mode

lina #9

line #1

[Total number of rasters in a line is odd.)

Figure 7 Example of Raster Scan Display



interlace Sync & Video Mode Display

In interlace sync & video mode, the output raster address
when the number of rasters is even is different from that when
the number of rasters is odd.

Table 8 The Output of Raster Address in
Interlace Sync & Video Mode

Total Field
Number of Even Field 0Odd Field
Rasters in a Line
Even Even Address Odd Address
Odd Even Line” Even Address Odd Address
Odd Line* 0Odd Address Even Address

* Internal line address begins from 0.

1) Total number of rasters in a line is even;

When number of rasters is programmed to be even, even
raster address is output in the even field and odd raster address
is output in the odd field.

2) Total number of rasters in a line is odd;

When total number of rasters is programmed to be odd, odd
and even addresses are reversed according to the odd and even
lines in each field. In this case, the difference in numbers of dots
displayed between even field and odd field is usually smaller the
case of 1). Then interlace can be displayed more stably.
[NOTE] The wide disparity of dots between number of dots

between even field and odd field influences beam
current of CRT. CRT, which has a stable high-voltage
part, can make interlace display normal. On the con-
trary, CRT, which has unstable high-voltage part,
moves deflection angle of beam current and also dots
displayed in the even and odd fields may be shifted.
Characters appears distroting on a border of the
screen. So 2) programming has an effect to decrease
such evil influences as mentioned above. Fig. 12
shows fine chart in each mode when interlace is
performed.

® Cursor Control

Fig. 8 shows the display patterns where each value is
programmed to the cursor start raster register and the cursor
end raster register. Programmed values to the cursor start raster
register and the cursor end raster register need to be under the
following condition.

Cursor Start Raster Register S Cursor End Raster Register €

Maximum Raster Address Register.

Time chart of CUDISP output signal is shown in Fig. 13 and
Fig. 14.

8 INTERFACE TO DISPLAY CONTROL UNIT

Fig. 16 shows the interface between the CRTC and display
control unit. Display control unit is mainly composed of
Refresh Memory, Character Generator, and Video Control
circuit. For refresh memory, 14 Memory Address line
(0~16383) max are provided and for character generator, S
Raster Address line (0~31) max are provided. For video control
circuit, DISPTMG, CUDISP, HSYNC, and VSYNC signals are
sent out. DISPTMG signal is used to control the blank period of
video signal. CUDISP signal is used as video signal to display the
cursor on the CRT screen. Moreover, HSYNC and VSYNC
signals are used as drive signals respectively for CRT horizontal
and vertical deflection circuits.

HD6845S, HD88AA45S, HD88B45S
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D NGO EWN-=-O

CWW N O & WN - O

10

|

Cursor Start Address = 9
Cursor End Address =~ 9

Cursor Start Address = 9
Cursor End Address = 10

© 0w aewWwNN =00

-
o

Cursor Start Address = 1
Cursor End Address = 6

Figure 8 Cursor Control

Outputs from video control circuit, (video signals and sync
signals) are provided to CRT display unit to control the
deflection and brightness of CRT, thus characters are displayed
on the screen.

Fig. 17 shows detailed block diagram of display control unit.
This shows how to use CUDISP and DISPTMG signals. CUDISP
and DISPTMG signals should be used being latched at least one
time at external flip-flop F1 and F2. Flipflop F1 and F2
function to make one-character delay time so as to synchronize
them with video signal from parallel-serial converter. High-speed
D type flipflop as TTL is used for this purpose. After being
delayed at F1 and F2 DISPTMG signal is AND-ed with character
video signal, and CUDISP signal is OR-ed with output from
AND gate. By using this circuitry, blanking of horizontal and
vertical retrace time is controlled. And cursor video is mixed
with character video signal.

Fig. 17 shows the example in the case that both refresh
memory and CG can be accessed for horizontal one character
time. Time chart for this case is shown in Fig. 20. This method
is used when a few character needed to be displayed in
horizontal direction on the screen.
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CRTC

CLK

A 14 max Refresh
M v Memory
A4
RA 5 max Character
CRTC v Generator
DISPTMG
cuDpIsP Video
. Signals
HSYNC Video Control Sync
Signals
CLK VSYNC
Figure 16 Interface to Display Control Unit
F1
CUDISP
CHCP-N
DISPTMG
MA Refresh
v Memory
RA
CHCP-P

DOT COUNTER

Figure 17 Display Control Unit (1)

VIDEO
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When many characters are displayed in horizontal direction
on the screen, and horizontal one-character time is so short
that both refresh memory and CG cannot be accessed, the
circuitry shown in Fig. 18 should be used. In this case refresh
memory output shall be latched and CG shall be accessed
at the next cycle. The time chart in this case is shown in Fig,
21. CUDISP and DISPTMG signals should be provided after
being delayed by one-character time by using skew bit of
interlace & skew register (R8). Moreover, when there are some

HD@845S, HD68A45S, HD68BA5S

troubles about delay time of MA during horizontal one-
character time on high-speed display operation, system shown in
Fig.19 is adopted. The time chart in this case is shown in Fig,22.
Character video signal is delayed for two-character time because
each MA outputs and refresh memory outputs are latched, and
they are made to be in phase with CUDISP and DISPTMG
signals by delaying for two-character time. Table 10 shows the
circuitry selection standard of display units.

Table 10 Circuitry Standard of Display Control Unit

Block Interlace & Skew Register
Case Relation among tqcy, RM and CG Di oc Bit Programming
iagram
c1 co D1 Do
1 ten > RM Access + CG Access + tyap Fig. 17 0 0 0 0
2 RM Access + CG Access + tyap = tcn - RM Access + tyap Fig. 18 0 1 0 1
3 RM Access + tyap = tck > RM Access Fig. 19 1 0 1 0

tcq ¢ CHCP Period; tpyap @ MA Delay

F1
CUDISP
CHCP-N
DISPTMG
CRTC
———a
A
fresh
MA ~ Refres NZ:
v C
H
RA
CLK
CHCP-P
DOT COUNTER
Figure 18 Display Control Unit (2)
F1
CuUDIsP
CHCP-N
DISPTMG
CRTC % g
MA . '-?-; N Refresh ¢
—~ C Memory C A
H H;
01 1)]
RA
CLK

CHCPP

Figure 19 Display Control Unit (For high-speed display operation} (3)
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MA

DISPTMG

cuDisP

F2 -Q

F1-Q

—
~ N—

RMOUT

ale

VIDEO \
CRT Display ...’. ..
Figure 20 Time Chart of Display Control Unit (1)
CHCPP \__/—\_/_—_\L / \_ / M N
MA X 0 X ! X 2 X 5 ) & 4 X
DISPTMG } ik Ay
cuoIsP F?::Jvcr‘aramrj\ A D G
F2:Q \ 4 \
F1-Q y | S
RMOUT W 0 W 1 W 2 W 3 m X
I
Laten 1y X X 0 ) & ! ) ¢ 2 ) & 3 A
T
cGouT X X XX o A X 2 X X=X
AN
VIDEO ; \‘F
T
CRT Display 9000000 ‘

Figure 21 Time Chart of Display Control Unit {(2)
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cHecPP

><
’
!
N

DISPTMG

_/
MA X o X X 2
\

CuDIsP

I
\'\——-—Two-Churacter skew J —-——————

\
LATCH(2) XY o X 1 X 2 X 3 X a4 X

F2-Q

F1-Q

[
.o"/

AMOUT —m 0 1

LATCH(1) D G ¢ o X

csour :PD( @ GRS

VIDEO /

CRT Display ® ‘ o0 L L

Figure 23 Time Chart of Display Unit (3)

s HOW TO DECIDE PARAMETERS SET ON THE CRTC

e How to Decide Parameters Based on Specification of CRT
Display Unit (Monitor)
Number of Horizontal Tota! Characters
Horizontal deflection frequency fh is given by specification
of CRT display unit. Number of horizontal total characters is
determined by the following equation.

1

b= @D

where,
tc : Cycle Time of CLK (Character Clock)
Nht : Programmed Value of Horizontal Total Register
(RO)
Number of Vertical Total Characters
Vertical deflection frequency is given by specification of
CRT display unit. Number of vertical Total characters is
determined by the following equation.
1) Non-interlace Mode
Rt=(Nvt+ 1)(Nr + 1) + Nadj
2) Interlace Sync Mode
Rt=(Nvt + 1) (Nr+ 1)+ Nadj + 0.5
3) Interlace Sync & Video Mode

(Nvt + 1) (Nr + 2) + 2Nadj
Rt= 3

Rt

_(Nvt+ 1) (Nr + 2) + 2Nadj +1
N 2

(a) is applied when both total numbers of vertical characters
(Nvt + 1) and that of rasters in a line (Nr + 2) are odd.
(b) is applied when total number of rasters (Nr + 2) is even, or
when (Nr + 2) is odd and total number of vertical characters
(Nvt + 1) is even.
where,
Rt : Number of Total Rasters per frame
(Including retrace period)
Nvt : Programmed Value of Vertical Total
Register (R4)
Nr : Programmed Value of Maximum Raster
Address Register (R9)
Nadj : Programmed Value of Vertical Total Adjust
" Register (RS)
Horizontal Sync Pulse Width
Horizontal sync pulse width is programmed to low order
4-bit of horizontal sync width register (R3) in unit of horizontal
character time. Programmed value can be selected within from 1
to 15.



Horizontal Sync Position

As shown in Fig. 24, horizontal sync position is normally
selected to be in the middle of horizontal blank period. But
there are some cases where its optimum sync position is not
located in the middle of horizontal blank period according to
specification of CRT. Therefore, horizontal sync position
should be determined by specification of CRT. Horizontal sync
pulse position is programmed in unit of horizontal character
time.

I 1H

[
oiwrmg —d e ——

e st — ol R
Video Perod Blank

Vudwo Period
) -

HSYNC

Figure 24 Time Chart of HSYNC

Vertical Sync Pulse Width

Vertical Sync Pulse Width is programmed to high order 4-bit
of vertical sync pulse width register (R3) in unit of raster
period. Programmed value can be selected within from 1 to 16.

HD6845S, HD88A45S, HD68B45S
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Vertical Sync Position

As shown in Fig. 2S5, vertical sync position is normally
selected to be in the middle of vertical blank period. But there
are some cases where its optimum sync position is not located in
the middle of vertical blank period according to specification of
CRT. Therefore, vertical sync position should be determined by
specification of CRT. Vertical sync pulse position is pro-
grammed to vertical sync position register (R7) in unit of line
period.

® How to Decide Parameters Based on Screen Format
Dot Number of Characters (Horizontal)

Dot number of characters (horizontal) is determined by
character font and character space. An example is shown in Fig.
26. More strictly, dot number of characters (horizontal) N is
determined by external N-counter. Character space is set by
means shown in Fig. 27.

Dot Number of Characters (Vertical)

Dot number of characters (vertical) is determined by
characters font and line space. An example is shown in Fig. 26.
Dot number of characters (vertical) is programmed to maximum
raster address (register R9) of CRTC. When Nr is programmed

Vertical Vertical Vertical
Video Period Blank Video Period
4 & -
oo T T T T L M T T T T 1
1 Frame ‘,’
VSYNC n

Figure 25 Time Chart of VSYNC

Don Number of

k-——Horizontal Characterm—‘
ce

Character Font

™~

-
[ ] o|lo|j00 |0
® [ J [ [
[ J [ J [ J o
® L ] [ ] [ J
[ [ ] [ 2K BK BN J
NI ® ® Dot Number of
Vertical Characters
® o L i {Number of Rasters)
[ ] [ o [
® ® o600 0|0
Line
Space
1[ |

Dot Numbaer of Horizontal Characters
Dot Number of Vertical Characters

10
13

7%9 Character generator is used.

Figure 26 Dot Number of Horizontal and Vertical Characters
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@]
ol

o
[ |

e LT T [T]]

Shift Register

Figure 27 How to Make Character Space

Horizonta! Deflection Period (ty,) -1

h

Horizonta! Display Period

| Horizontal Retrace Period

~

[—
tc

T-—— Horizontal Character Time =

Number of Horizontal Displayed Characters

Horizontal Display Period

Number of Horizonta! Displayed Characters

Figure 28 Number of Horizontal Displayed Characters

value of R9, dot number of characters (vertical) is (Nr+1).
Number of Horizontal Displayed Characters

Number of horizontal displayed characters is programmed to
horizontal displayed register (R1) of the CRTC. Programmed
value is based on screen format. Horizontal display period,
which is given by specification of horizontal deflection fre-
quency and horizontal retrace period of CRT display unit,
determines horizontal character time, being divided by number
of horizontal displayed characters. Moreover, its cycle time and
access time which are necessary for CRT display system are
determined by horizontal character time.
Number of Vertical Displayed Characters

Number of vertical displayed characters is programmed to
vertical displayed register (R6). Programmed value is based on
screen format. As specification of vertical deflection frequency
of CRT determines number of total rasters (Rt) including verti-

cal retrace period and the relation between number of vertical
displayed character and total number of rasters on a screen is
as mentioned above, CRT which is suitable for desired screen
format should be selected.

For optimum screen format, it is necessary to adjust number
of rasters per line, number of vertical displayed characters, and
total adjust raster (Nadj) within specification of vertical
deflection frequency.

Scan Mode

The CRTC can program three-scan modes shown in Table 11
to interlace mode register (R8). An example of character display
in each scan mode is shown in Fig. 7.



Table 11 Program of Scan Mode

HD6845S, HD6B8A45S, HD68B45S

2t 2° Scan Mode Main Usage
0 0 . Normal Display of Characters
Non-interlace .
1 0 & Figures
Fine Display of Characters
0 1 Interlace Sync .
& Figures
Disptay of Many Characters
Interlace Sync ) .
1 1 . & Figures Without Using
& Video . .
High-resolution CRT
[NOTE] In the interlace mode, the number of times per

sec. in raster scanning on one spot on the screen
is half as many as that in non-interlace mode.

Therefore, when persistence of
short, flickering may happen, [t
select optimum scan mode for th

luminescence is
is necessary to
e system, taking

characteristics of CRT, raster scan speed, and

number of displayed characters
account.

and figures into
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Cursor Display Method

Cursor start raster register and cursor end raster register
(R10, R11) enable piogramming the display modes shown in
Table 7 and display patterns shown in Fig. 8. Therefore, it is
possible to change the method of cursor display dynamically
according to the system conditions as well as to realize the
cursor display that meets the system requirements.
Start Address

Start address resisters (R12, R13) give an offset to the
address of refresh memory to read out. This enables paging and
scrolling easily.
Cursor Register

Cursor registers (R14, R15) enable programming the cursor
display position on the screen. As for cursor address, it is not X,
Y address but linear address that is programmed.

= EXAMPLES OF APPLIED CIRCUIT OF THE CRTC

Fig. 30 shows an example of application of the CRTC to
monochrome character display. Its specification is shown in
Table 12. Moreover, specification of CRT display unit is shown
in Table 13 and initializing values for the CRTC are shown in
Table 14.

Table 12 Specification of Applied Circuit

ftem

Specification

Character Format

5 x 7 Dot

Character Space

Horizontal : 3 Dot Vertical : 5 Dot

One Character Time

1us

Number

of Displayed Characters

40 characters x 16 lines = 640 characters

Access Method to Refresh Memory

Snychronous Method (DISPTMG Read)

Refresh Memory 1kB
215 214:213 212 211 210 29 28 27 26 25 24 23 22 21 20
Refresh « e 4 e & & s s =
MemoryOOOOOO
CRTC
Address Map Address 0 O 0 1 0 0 »* % x % x x x » x 0
Register
CRTC
Control 0O 0 0 1 0 0 «x X  x X X PR X % 1
Register
x +--don‘tcare, *---0o0r 1

Synchronization Method

HVSYNC Method

Table 13 Specification of Character Display

ltem Specification
Scan Mode Non-interlace
Horizontal Deflection Frequency 15.625 kHz
Vertical Deflection Frequency 60.1 Hz
Dot Frequency 8 MH2
Character Dot {Horizontal x Vertical) 8 x 12 (Character Font 5 x 9)
Number of Displayed Characters (Row x Line) 40x 16
HSYNC Width 4 us
VSYNC Width 3H
Cursor Display Raster 9~ 10, Blink 16 Field Period
Paging, Scrolling Not used )
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Table 14 Initializing Values for Character Display

Register Name Symbol In}i‘t;ih(zéneg::i\r/na;r)e
RO Horizontal Total Nht 3F (63)
R1 Horizontal Displayed Nhd 28 {40)
R2 Horizontal Sync Position Nhsp 34 7(52)
R3 Sync Width Nvsw, Nhsw 34 ’

R4 Vertical Total Nvt 14 (20)
RS Vertical Total Adjust Nadj 08 { 8)
R6 Vertical Displayed Nvd 10 {16}
R? Vertical Sync Position Nvsp 13 (19)
R8 Interlace & Skew 00

R9 Maximum Raster Address Nr [o]:] (11)
R10 Cursor Start Raster B, P, NCSTART 49

R11 Cursor End Raster NcenD 0A (10)
R12 Start Address (H) 00 { 0)
R13 Start Address (L) 00 { 0)
R14 Cursor (H) 00 (o
R15 Cursor (L) 00 (0

@ PO BLINI—=O

}01234567’01234567 01234567

te 1 us

Figure 29 Non-interlace Display (Example)
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Differences between the HD6845R (Motorola MC6845 Compatible) and the HD6845S (Enhanced)

No.

Functional Difference

HD6845R

HD6845S

Interiace
Sync

&

Video Mode
Display

'~ EVEN number
-0- -Q-0-3

- 5-«= ODD number
-7

-0-6-6-0-

Programming Character line address Character line address
Method .
of ABC Programming | 9 "A B C } Programming
number of O——————77"—"—"—~—~——~—— unit for 1 unit for
vertical number of 2 number of
characters | ————————_—_——— = —— vertical vertical
characters 3 characters
Y S 4
5
_________ 6
3 7
_ 8
4 9
In HDB845R, number of characters is vertically In HD68458, number of characters is vertically
programmed in units of two lines, as iliustrated programmed in unit of one line, as illustrated
above. {Number of vertical total characters, above. (Number of vertical total characters,
Number of vertical displayed characters, Number of vertical displayed characters,
Vertical Sync Position) Vertical Sync Position)
Example of above figure . . . Example of above figure . . .
Programmaed number into Vertical Displayed Programmed number into Vertica! Displayed
Register = § Register = 10
Number of Both even number and odd number can be
raster per Only even number can be specified. specified.
character Character Character
line 0 — ] line address line address
2 —& 0
i 3 \ 0 1 1
4858, Number of raster 2 3 2 3
6 4 4 0
7 520 5
: Charact 0 s 7 s 7
aracter
[ A
line address 8 9 8 0
2 [} 1
1 2
4 2 3 '
Q- -3 4
6 F) 5
-4 s 1 6
8 6 9
g 10007 8
,,,,,,,,,,,,,,, 9
Number of raster = 10 scanline (specified)
When number of raster When number of raster
However, number which is programmed into per character line per character line
register is calculated as follows. is EVEN is ODD.
Programmed number (Nr) Number of raster Number of raster
= (Number specified) — 1 = 10 scan line = 9 scan line
{specified) (specitied)
However, number which is programmed into
register is calculated as follows.
Programmed number (NR)
= (Number specified} — 2
Cursor Cursor is displayed in either EVEN field Cursor is d_isplayed in both EVEN fietd
Display or ODD field and ODD field.
’ 0
_______________ f
2 ~4— EVEN number
[4 \ - >-3
_______________ >
—6—6—06—06— -t 5
j - EVEN number 6 = EVEN number
Zs 8
6§ —6—6—6—0—6— 74—- EVEN number o
8 2
0 I, . -9-0--9 - 3 4= ODD number
2 - -0-6-0-0-6-5 -
. -0-6-6--0-6- 3 ~—— ODD number § ——————— ; ODD number
N -0-6--6-0-6- 5 ~—=0ODD number 8
——————————————— 7 0
e
2
4
8
8
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No.

Functional Difference

HDG84SR

HD6845S

Vertical Sync
Pulse Width

{VSYNC output)

Fixed at 16 raster scan cycle (16H)

Le—Fixed at 16
] scan cycle
VSYNC

ro| [T T T T 1]

Not used Horizontal Sync Width

Programmable (1 - 16 raster scan cycle)
Specified by
‘1— high order —D’
4 bits of R3
VSYNC
R3 \wulww]wn]ww[ [ ] ]j

i i
Vertical Sync Horizontal Sync
Width Width

SKEW Function

Not included

e [ 1 T [ [ [v]s]

Not used

SKEW capability is inctuded in DISPTMG,
CUDISP signals.

Attached byte
P, N

re |olololo] | [v]s]

CUDISP DISPTMG

Example of DISPTMG output

I L__ Not skewed
One character skew
Two character skew

t character time
2 character time

Start Address Register

Write Only

Read or Write

RESET Signa! ({RES)

MA, ~ M,; Output
‘ _____ Synchronous reset

RA, ~ KA, Output

Other Outputs — == ———=- Asynchronous reset

Output signais of MAg ~ MA,;, RA; ~ RA,,
synchronized with CLK “"LOW" level, go to
"LOW" level, after RES has gone to “LOW."
Other outputs go to "LOW" immediately after
RES has gone to “LOW" level.

MA?® ~ MA,; Output,

RA, ~ RA, Output —== - Asynchronous reset
Other Outputs

Output signals of MA; ~ MA,;. RA, ~ RA, and

others go to "LOW" level immediately after
RES has gone to "LOW™ level.

AC Characteristic Differences between HD8845R (Motorola MC6845 Compatible) and HD8845S (Enhanced)

HD46505R HD465055 T
No. Characteristic Difference Symbol in typ. max. min T typ. T max. Unit
1 Clock Cycle Time tcyce 330 — - 270 - — ns
2 Clock Pulse Width "High" PWen 150 — - 130 — - ns
3 Clock Pulse Width "Low” PWe, 150 — - 130 - | - ns
4 Rise and Fall Time for Clock Input Tea, Ter — — 15 — - 20 ns
5 Horizontal Sync Delay Time Thso — — 250 — — 200 ns
! 6 Light Pan Strobe Pulse Width 1 PWien 80 — — 60 - | - ns
7 Light Pan Strobe, Tieon - - 80 - - 70 ne
Uncertain Time of Acceptance Teroz _ _ 10 _ - | 0 ns
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SERIES 14 AND 18
PROGRAMMABLE READ-ONLY MEMORIES

JUNE 1981

e Titanium-Tungsten (Ti-W) Fuse Link For Re-

liable Low-Voltage Full Family Compatible

Programming

e Full Decoding And Fast Chip Select Simplify

System Design

e P-N-P Inputs For Reduced Loading On System

e Applications Include:

Microprogramming/Firmware Loaders
Code Converters/Character Generators

Translators/Emulators

Address Mapping/Look-Up Tables

Buffers/Drivers
YPE NUMBER TYPICAL PERFORMANCE
NEW TYPE NUMBER oD T NU 81T SI12E OUTPUT
° © °C to 70°C {ORGANIZATION) | CONFIGURATION? ADDRESS POWER
0°Cro70°C ocro ACCESS TIME | DISSIPATION
A 56 Bi
TBP18SA030 (J, N) SN745188 (J, N} 256 Bits QO 25 ne 400
TBP185030 (J, N)4 SN745288 (J, N) (32W X 8B) \V4
TBP14510 (J, N)4 SN745287 {J, N) 1024 Bits v
42 ns 500 mw
TBP14SA10 (J, N} SN74S387 {J, N) (256W X 4B) Q
A .
TBP185A22 (J, N) SN748470 (J, N) 2048 Bits Q 50 s 550 mw
TBP18522 (J, N)4 SN745471 (4, N) (256W X 8B} \V4
. 4096 8
TBP18S42 {J, N) SN748472 (J, N) 096 Bits 4 55 ns 600 mw
TBP18SA42 (J, N4 SN745473 (J, N) {512W X 8B) Q
TBP18S46 (J, N4 SN745474 (J, N} 4096 Bits Vi
55 ns 600 mwW
TBP18SA46 (J, N)4 SN745475 (J, N) (512w X 88) Q&

4 For full temperature parts {-55°C 10 +125°C) use suffix MJ. For devices with MIL-STD 8838 processing (-55“C 1o +125 C) see page 2-3,
1 & - open collector, V = three state.

TBP18SA030, TBP18S030 TBP14S10, TBP14SA10
256 BITS 1024 BITS

TBP18SA22, TBP18S22 TBP18842, TBP18SA42 TBP18S46, TBP185A46

2048 BITS 4096 BITS 4096 BITS
(32 WORDS BY 8 BITS) (256 WORDS BY 4 BITS) (256 WORDS BY 8 BITS) (512 WORDS BY 8 BITS) (512 WORDS BY 8 BITS)
(TOP VIEW) ITOP VIEW) (TOP VIEW) (TOP VIEW) (TOP VIEW)
oo% fvee  as] U % vee Aol U [vee a0l Bjvee A7 % U FEvee
012 E] G A5{2 15| A7 A1z E] A7 A1z 191 A8 A6 (2 23] A8
Q23] hAs A4f5] %(‘32 A2(3] 5] A6 A2z [a] A7 A5 [5] 2] NC
Q3[q] N3} A3 A3[¢] 13 G1 A3[4] 7] AS A3 7] A6 A4 ] 21 (_34
aa 5] 17} A2 A0[E] %oo A4[5] 6] G2 NG ) AS A3 [5] %61
05 [5] %m A1[5] 1] Q1 Qols 151G 1 Qo [¢] Ble A2[] ]G3
er o] A0 AZ% [] Q2 a1z 4] o7 IE eja7 A1% (9] G2
GND(E 2] Q7 GND[s 2] Q3 a2{s 1] Q6 02% 71 Q6 A0 E miey
a3[s] ) Q5 a3[s] 7] Q5. Qo (s ['c] Q6
GND [rg] n]Q4  GND[v] W 04 Q1w ['s] a5
Q2 4] Q4
GNDE 17] Q3

Pin assignments for all of these memories are the same for the J and N packages, See Product Guide, Section 7, for chip carrier pin assignments.

description

These monolithic TTL programmable read-only memories (PROMs) feature titanium-tungsten {Ti-W) fuse links with
each link designed to program in 100 microseconds. The Schottky-clamped versions of these PROMs offer considerable
flexibility for upgrading existing designs or improving new designs as they feature full Schottky clamping for improved

performance, low-current MOS-compatible p-n-p inputs, choice of bus-driving three-state or open-collector outputs, and
improved chip-select access times.

The high-complexity 2048- and 4096-bit PROMs can be used to significantly improve system density for fixed
memories as all are offered in the 20-pin dual-in-line package having pin-row spacings of 0.300 inch (7,62 mm).
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logic symbols

TBP14S10 TBP18S22
T8P18S030 PROM 756 X 4 PROM 258 X 8
PROM 32X 8 a—2_ 1o a0 ° -
(81 @ AT a0
P N 02) A Avp—Z—a
AV—2 _ay T AV T avl—2
prLil o al A_’l-:_ Al AV‘—O—-m A3 o al. W o
a Av az as—3 7 agp— g2 aa— 5 ‘V'T

2} o avl—4 as a2 avl—® o3 [TE] avp o
YL - an 5! ] = N 1i2),

03 N avy [ ag—L ag 18 | AV T—m
A ] Avh—E o ST R RS S AV :" e
POTTTIr avh—L s LIS PANTINN Q) i}

8 b Agl—9 o F1 13 I e F1-08 ] l“‘
TBP14SA10 TBP18SA22
TBP18SA030 PAOM 268 X 4 PROM 256 X &
(54 (31}
PROM 32X & A0 ° A0 °
a8 (@ ) I E—Y

wol o » nn o, N aol—2 o

a0l @ g T S A A agl—® o
oo |, —a o [ TS s B pam Aol @ o
ar iy :g L1 g: M = A9 (9) a M b Y| SELL
NNTED a2 o g2 aop—_ 03 As—— 12)

an 3t aQ o4 Ag—1 as 0 AQ o5
A: a1 . A8 o L] PRSI B a0 %m
] o 14 aQ

181 AQ ] a2 I~ g2 18 &

[ I aol—® o FRETET EN 108 l"‘
TBP18S46
™ PROM 512X 8
TBP18S42 A0——o 0 .
[T ) T R TN
It
a0 o N
2 AY| :: a0 - N T
a2t AT—o—a AV T ®
T AV @ :g s
(5) AVp———a e >
A4 A [§3]] A9 as
ag e &1 AVTQO . Agp—on
JOSIET] Av._sL_as | a7
a8 A ::‘: ae .
ap-t1® N AV ar [
RTINS
TBP18SA46
TBP18SA42 ot omou T2xe
FROM 612 X o ::: . i91
1) A2 agpo g
o o "
NIE] AQ :7: a0 T , e
P (131
a2 A T 3 Rai At —
At AS— @ A A0 o
16) 0 AQ as aop 8 o
ad A () m e
as-18 611 A0 o4 AT AQh——— 08
an agla o a8 . PN ST
A P ] L Y PP AN
a7 a8 PSR
PO — AQp——a G: e €N
F AL W PN G120 I
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PROGRAMMABLE READ-ONLY MEMORIES

description (continued)

Data can be electronically programmed, as desired, at any bit location in accordance with the programming procedure
specified. All PROMs, except the TBP14S10 and TBP14SA10 are supplied with a low-logic-level output condition stored
at each bit location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level at
selected locations. The procedure is irreversible; once altered, the output for that bit location is permanently program-
med. Outputs that have never been altered may later be programmed to supply the opposite output level, Operation of
the unit within the recommended operating conditions will not alter the memory content.

A tow level at the chip-select input(s) enables each PROM. The opposite level at any chip-select input causes the outputs
to be off.

The three-state output offers the convenience of an open-collector output with the speed of a totem-pole output; it can
be bus-connected to other similar outputs yet it retains the fast rise time characteristic of the TTL totem-pole output.
The open-collector output offers the capability of direct interface with a data line having a passive pull-up.

schematics of inputs and outputs

EQUIVALENT OF TYPICAL OF ALL TYPICAL OF ALL

EACH INPUT OPEN-COLLECTOR OUTPUTS THREESTATE QUTPUTS
Vee —-—-
--—-——e—VcC
58 2 NOM
— OUTPUT }
INPUT
OUTPUT

J
i ] -

Programming circuit not shown Programming circuit not shown

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage (see NOte 1) . . . .. . e e e Vv
INPUE VOIIAGE . . . L e e e e 5.5V
Off-state outPUL VOITAGE . . . . . . o e e 5.5V
Operating free-air temperature range: Full-temperature-range circuits . .. . ... .. ... ....... —55°C to 125°C

Commercial-temperature-range circuits . . .. ............. 0°C to 70°C

Storage temperature range

recommended conditions for programming the TBP18S’, TBP18SA’, TBP14S’, and TBP14SA’ PROMs

MIN NOM MAX | UNIT
Steady st 4.75 5 .
Supply voitage, V¢ (see Note 1) eady state 5.25 v
Program puise 9 9.25 9.5
Input voltage High level, Vi 24 5 v
Low level, V| 0 0.5
|
Termination of alt outputs except the one to be programmed See load circu !
(Figure 1)
Voltage applied to output to be programmed, Vo(p,) {see Note 2) 0 025 03 A
Duration of Ve programming putse X (see Figure 2 and Note 3} 15 25 100 HS
Programming duty cycle for Y puise 25 35 %
Free-air temperature 20 25 30 °c

t Absolute maximum ratings,

NOTES: 1.

Voltage values are with respect to network ground terminal. The supply voltage rating does not apply during programming.

2. The TBP18S030, TBP185SA030, TBP18SA22, TBP18S22, TBP18542, TBP18SA42, TBP18546 and TBP18SA46 are supplied with
all bitlocationscontaining a low logic level, and programming a bit changes the output of the bit to high logic ievel. The TBP14S10,
TBP14SA10 are supplied with all bit outputs at a high logic level, and programming a bit changes it to a low logic level.

3. Programming is guaranteed if the pulse applied as 98 us in duration.
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SERIES 14 AND 18
PROGRAMMABLE READ-ONLY MEMORIES

step-by-step programming procedure for the TBP18SA030, TBP18S030, TBP14S10, TBP14SA10,
TBP18SA22, TBP18522, TBP18SA42, TBP18S42, TBP18S46, TBP18SA46

1. Apply steady-state supply voltage {(VoC = 5 V) and address the word to be programmed.
2. Verify that the bit location needs to be programmed. If not, proceed to the next bit.

3. If the bit requires programming, disable the outputs by applying a high-logic-level voltage to the chip-select
input(s).

4. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through
3.9 k€2 and apply the voltage specified in the table to the output to be programmed. Maximum current into the
programmer output is 150 mA.

5. Step V¢ to 9.25 nominal. Maximum supply current required during programming is 750 mA.

6. Apply a low-logic-level voltage to the chip-select input(s}. This should occur between 1 us and 1 ms after Vo
has reached its 9.25 level. See programming sequence of Figure 2,

After the X pulse time is reached, a high logic level is applied to the chip-select inputs to disable the outputs.

Within the range of 1 us to 1 ms after the chip-select input(s) reach a high logic level, Vo¢ should be stepped
down to 5 V at which level verification can be accomplished.

9. The chip-select input(s) may be taken to a low logic level (to permit program verification) 1 us or more after
Ve reaches its steady-state value of 5 V.

10. Ata Y pulse duty cycle of 35% or less, repeat steps 1 through 8 for each output where it is desired to program
a bit.

11, Verify accurate programming of every word after all words have been programmed using VGG values of 4.5 and
5.5 volts,

NOTE: Only one programming attempt per bit is recommaeanded.

sV

OUTPUT . % 39ka

LOAD CIRCUIT FOR EACH OUTPUT
NOT BEING PROGRAMMED OR FOR
PROGRAM VERIFICATION

FIGURE 1 ~ LOAD CIRCUIT

VERIFY }._ Y —e———3Y TYPICAL

NEED TO }e————«VERIFY PROGRAM a.25 v
PROGRAM | | REMOVE Vg TO
Voc REDUCE AVERAGE - sV
POWER

1ustotms b j Tusto1ms oo
e X
LTl L
t t

ViL

APPLY REMOVE
Volpr) VOipr)

FIGURE 2 - VOLTAGE WAVEFORMS FOR PROGRAMMING
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SERIES 14 AND 18
PROGRAMMABLE READ-ONLY MEMORIES
WITH 3-STATE OUTPUTS

recommended operating conditions

TBP14510, TBP18522 TBP18S030 TBP18S42, TBP18S46
PARAMETER UNIT
MIN NOM MAX MIN NOM MAX MIN NOM MAX
. v MJ 4.5 5 55 45 5 55 4.5 5 55 v
| S
Supply voltage, Vce N 475 5 525 | 4.75 5 525 | 4.75 5 575
MJ -2 2 -2
High-level output current, ion N o5 Y3 65 mA
Low-level output current, Ig 16 20 12 mA
o ina § T MJ —55 125 —55 125 —55 125 "
- t ture
perating free-air temperature, Ta TN o 70 o 75 3 70
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
FULL TEMP COMM. TEMP
PARAMETER TEST CONDITIONS (MJ) {J, N) UNIT
MIN TYP'! MAX [ MIN TYP! MAX
Vi High-level input voltage 2 2 \
Vi Low-level input voltage 0.8 0.8 A
Vik Input clamp voltage Vee = MIN, Iy - =18 mA -1.2 1.2 A
Vee = MIN, ViH=2V,
VoH High-level output voltage 24 34 24 32 \Y
ViL=08V, loH = MAX
Ve = MIN, Vin=2V,
VoL Low-level output voltage cc IH 0.5 0.5 \
ViL=08V, loL = MAX
f-sta tput t A\ = MAX, VIH=2V,
lozk Off-state output current, cc IH 50 50| wA
high-level voltage applied Vp=24V
Off-state output current, \% =MAX, ViH=2V,
ozt ° ce H -50 50| wA
fow-level voltage applied Vp=058V
Input current at maximum
1y . Vee = MAX, V=565V 1 1 mA
input voltage
It High-level input current Vee = MAX, V=27V 25 251 uA
T Low-level input current Vee = MAX, V)=-05V —250 250 uA
105 Short-circuit output current?|  Voe = MAX -30 —100 | -30 —100| mA
Vee = MAX, TBP14S10 100 135 100 135
Chip selectis) at 0 V, | TBP185S030 80 110 80 10
lcc  Supply current mA
Outputs open, TBP18S22 110 155 110 155
See Note 4 TBP18542, TBP18S46 120 155 120 155
switching characteristics over recommended ranges of T A and V¢ (unless otherwise noted)
ta(A) {ns} ta(s) {ns) tpxz (ns)
Access time from Access tims from Disable time from
TYPE TEST CONDITIONS UNIT
addraess chip salact {enable time) high or low level
MIN  TYP! MAX | MIN  TYPY* MAX [ MIN TYP! MAX
TBP14S10MJ 42 75 15 40 12 40 ns
TBP14S10 a2 65 15 35 12 35 ns
TBP18S030MJ Ci =30 pF for 25 50 12 30 8 30 ns
TBP185030 ta(A) and to(s), 25 40 12 25 8 20 | ns
F f
TBP18S22MJ 5pF for tpxz, 50 80 20 40 15 35 ns
[3 .
TBP18522 Sea Page 112 50 70 20 a5 15 30 ns
TBP18S42MJ, TBP18S46MJ 55 85 20 45 15 40 ns
TBP18S42, TBP18S46 55 75 20 40 15 35 ns
NOTE: MJ designates full-temperature-range circuits (formerly 54 Family), J and N designate commercial-temperature-range circuits

{(formerly 74 Family).
t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
4 . o
_All typical values are at Ve ™ 5V, T =25 C,
3 Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.
NOTE 4: The typical vatues of lcc are with all outputs low,
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PROGRAMMABLE READ-ONLY MEMORIES
WITH OPEN-COLLECTOR OUTPUTS
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recommended operating conditions

TBP14SA10, TBP18SA22 TBP18SAQ30 TBP18SA42, TBP18SA46
PARAMETER UNIT
MIN NOM MAX | MIN NOM MAX MIN NOM MAX

MJ 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5
Supely voltage, Vce I N 475 5 525 |4.75 5 526 | 475 5 525 | ¥
High-level output volitage, VoH 5.5 55 5.5 v
Low-level output current, 10y 16 20 16 mA

MJ —55 125 —b55 125 —-55 125 °
Operating free-air temperature, T N o 70 5 70 o 70 C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS! MIN TYP' MAX [UNIT
ViH High-level input voltage 2 \4
ViL Low-ievel input voltage 0.8 A\
Vi Input clamp voltage Vee = MIN, I =—-18 mA —-1.2 \
\% = MIN,
' High-tevel Vcc 2v Vo - 24V 201 ua
A t] = B H
OH igh-ievel output current iH Von =55V 100
ViL=08V
\Y = MiN, ViH=2V,
VoL  Low-nvel output voltage cc 'H 0.5 \Y
ViL=08v, loL = MAX
) Input current at maximum input voltage Vg = MAX, V)=5656V 1 mA
hH High ‘evel input current Ve = MAX, V=27V 25 | uA
L Low-ievel input current Vee = MAX, V=05V —250 | uA
Vee = MAX, TBP18SA030 80 110
| s \ Chip select(s) at 0 V, TBP14SA10 100 135 A
; ent
€C  Supelycurren Outputs open, TEBP18SA22 110 185 |
See Note 4 TBP18SA42, TBP18SA46 120 155
switching characteristics over recommended ranges of T A and V¢ (uniess otherwise noted)
tPLH
ta(s) R .
ta(A) N Propagation delay time,
Access time from
TEST Access time from low-to-high-lavel out-
TYPE chip select UNIT
CONDITIONS address i put from chip select
{enable time)
(disable time)
MIN _ TYP!* MAX [ MIN TYP' MAX | MIN TYP!* MAX
TBP18SA030MJ 25 50 12 30 12 30 ns
TBP18SA030 25 40 12 25 12 25 ns
CL =30pF,
TBP14SA10MJ 42 75 15 40 15 40 ns
Ry 1 =300 2,
TBP14SA10 42 65 15 35 15 35 ns
Ri2 =600 2,
T8P18SA22MJ Seo Page 1.12 50 80 20 40 15 35 ns
ee Page 1-
TBPSA22 9 50 70 20 35 15 30 ns
TBP18SA42MJ, TBP18SA4d6MI 55 85 20 45 15 40 ns
TBP18SA42, TBP18SA46 55 75 20 40 15 35 ns

NOTE:

MJ designates full-teamperature-range circuits {formerly 54 Family), J and N designate commercial-temperature-range circuits (formarly

74 Family).

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions,
¥ All typical values are at Vee =5V, Ta= 25°C.
NOTE 4: The typical values of ICC are with all output low.
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SCHOTTKY'
PROMS

SERIES 24 AND 28
STANDARD, LOW-POWER, POWER-DOWN, REGISTERED
PROGRAMMABLE READ-ONLY MEMORIES

JUNE 1981

» New, Expanded Family of Standard, Low Power,
Power Down, And Registered PROMs

e Titanium-Tungsten (Ti-W) Fuse Links for Re-
liable Low-Voltage Full-Family-Compatible

Programming

o Full Decoding And Fast Chip Select Simplify

System Design

STANDARD PROMS

e P-N-P Inputs for Reduced Loading On System

Buffers/Drivers

e Each PROM Supplied With a High Logic Level
Stored At Each Bit Location

e Applications Include:
Microprogramming/Firm Ware Loaders
Code Converters/Character Generators
Translators/Emulators
Address Mapping/Look-Up Tables

TYPE NUMBER OUTPUT BIT SI1ZE TYPICAL PERFORMANCE
CONFIGURATION* | [(ORGANIZATION) ACCESS TIMES POWER
NEW TYPE NUMBER | OLD TYPE NUMBER
ADDRESS | SELECT | DISSIPATION
. 1024 Bi
TBP24510 U, N) AV e 35ns 20 ns 376 mW
TBP24SA10 {J, N)* (o] (256W X 4B)
TBP28S42 (4, N}* \4
TBP28SA42 Q 4096 Bi
t
TBP28S45 (J, N) T \V 512w xlass) 350ns 20 ns 500 mW
TEP28546 \V4
TBP28SA46 [0
TBP24S41 (J, N)4 SN745476 (J, N) \V 4096 Bits
40 ns 20 ns 475 mW
TBP24SA41 (4, N)* SN745477 (J, N) Q (1024W X 4B}
TBP24S81 (J, N) & SN745454 (J, N) < 8192 Bits
45 ns 20 ns 625 mw
TBP24SA81 (4, N) 4 | SN745455 (J, N) [ {2048W X 4B)
TBP28S86 (J, N} SN745478 {J, N) v
TBP28SA86 (J,N) a | SN745478 {J, N) o] 8192 Bits 45 ns 20 ns 625 mW
TBP28S2708 (J, N) SN7452708 (4, N) \v4 (1024W X 8B}
TBP28S85 (J, N) 14 \v4 35ns 15 ns 550 mw
TBP285S166 . 16,384 Bit
. N) Y e 35 ns 15ns 650 mwW
TBP28SA166 [ (2048W X 8B)
LOW POWER PROMS
TYPE NUMBER OUTPUT BIT SIZE TYPICAL PERFORMANCE
CONF t | (ORGANIZATION E ES POWER
NEW TYPE NUMBER | OLD TYPE NUMBER IGURATION' | { ) ACCESS TIM o
ADDRESS | SELECT | DISSIPATION
TBP28L22 (J, N)* \4 2048 Bits
TBP28LLA22 Q {256W X 8B) 45 ns 20 ns 375 mwW
TBP28L42 (J,N} 4 v .
TBP28LAS (4, N) 4 iV 4096 Bits 60 30ns 250 mW
- (512W X 88) s
TBP28L46 (J,N) * v
TBP28L86 (J, N)4 SN74LS478 (J, N) \VJ 8192 Bits 80 ns 35ns 350 mW
TBP28LSS (J, N) 4 < (1024w X 8B) 65 ns 30 ns 275 mw
16,384 Bits
TBP2BL166 (J, N) T4 '
\V, (2048W X BB) 65 ns 30 ns 350 mwW

All PROMs are also available in chip carriers,

T NOTE — Electrical parameters for these devices are design goals onty.

£ NOTE — These devices available as full-temperature-range and as high-rel processed devices {use suffix MJ or NJ),
t{2 = open ccllec(ur,vr three state,
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Floppy Disk Controller Board (Z-207)
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FEATURES e PROGRAMMABLE CONTROLS g’
¢ TWO VFO CONTROL SIGNALS — RG & VFOE Selectable Track to Track Stepping Time -
 SOFT SECTOR FORMAT COMPATIBILITY Side Select Compare 2
o AUTOMATIC TRACK SEEK WITH VERIFICATION * WRITE PRECOMPENSATION I
* ACCOMMODATES SINGLE AND DOUBLE DENSITY * WINDOW EXTENSION 2
FORMATS *» INCORPORATES ENCODING/DECODING AND
IBM 3740 Single Density (FM) ADDRESS MARK CIRCUITRY
IBM System 34 Double Density (MFM) o FD1792/4 IS SINGLE DENSITY ONLY
Non IBM Format for Increased Capacity * FD1795/7 HAS A SIDE SELECT OUTPUT
e READ MODE 179X-02 FAMILY CHARACTERISTICS
SlnEgnIz/rh;#IrtézLe;::(;or Read with Automatic Search or FEATURES Y791 | 1792 | 1793 i 1794 | 1795 } 1797
Selectable 128, 256, 512 or 102+ Byte Sector Lengths Single Density (FM) X | X | X X ] X X
« WRITE MODE Double Density (MFM)| X x| ' x_ X
Single/Multiple Sector Write with Automatic Sector True Data Bus X L X X
Search - T T Ty
X X
Entire Track Write for Diskette Formatting V\I/r:lv.em:d Data Bus X i ' X = X X-“ X_
o SYSTEM COMPATIBILITY .“‘e recomp X _4_1_
Double Buffering of Data 8 Bit Bi-Directional Bus for Side Selection Output , X X | X
Data, Control and Status APPLICATIONS

WES

TERN D7

FD179X-02

GITAL
/ o N

F O A A 7

FLOPPY DISK FORMATTER/CONTROLLER FAMILY

DMA or Programmed Data Transfers
All Inputs and Outputs are TTL Compatible
On-Chip Track and Sector RegistersiComprehensive

8" FLOPPY AND 5% " MINI FLOPPY CONTROLLER
SINGLE OR DOUBLE DENSITY

Status Information CONTROLLER/FORMATTER
RAW READ
! RCLK
NC (] - 40[} vppi¢12v) RG/SSO
WE ] 2 39[7 INTRQ A0 68
s > B[ DRO c At LATE
AE (] « 37f BBER: ° a3 EARLY r
Aq ] 5 36 WPRT M 3 WD o
ALl 6 B[0P P — 5 P
U WE P
paLo J 7 34[° TROO T — — — 5
DALT [ # 3 WF/VFOE E MR 179X 10K 5
DAaL2 ] 9 32{ . READY R FLOPPY DISK WF/VFOE X
_ [ CONTROLLER g — s
BACS ] 10 N~ wo . FORMATTER WPRT X
bACE [ Wl we N - WG
DALS (]2 29~ 1Ga3 T .5V = 1
BALE (]2 281 MLD E — N
— ) [ A TROO T
OA.7T {1a 2707 RAWREAD F 10K E
1
STEP (]15 6] RCLK A oK ___ READY 2
OIRC ] 16 %0 - c 1G43 A
EARLY (17 241 cLn E DRO STEP ¢
LATE (] '8 231 MLt T INTRO DIRC
MR (19 22 TeEST CUK
IGNDIvgg ] 20 2 Vee (05V) :
+5v
HLD
“17913=RAG 17957 = SSO '\_ NE SHOT
**1793/7 TRUE BUS HLT ?IFEUSSEg)
"+ 1792/4 OPEN DBEN lvss vop  voc -
PIN CONNECTIONS = T

l

+12

+5V

+5v

FD179X SYSTEM BLOCK DIAGRAM
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PIN OUTS
PIN
NUMBER PIN NAME SYMBOL FUNCTION
1 NO CONNECTION NC Pin 1 is internally connected to a back bias generator and

must be left open by the user.

19 MASTER RESET MR A logic low (50 microseconds min.) on this input resets the
device and loads HEX 03 into the command register. The Not
Ready (Status Bit 7) is reset during MR ACTIVE. When MR is
brought to a logic high a RESTORE Command is executed,
regardless of the state of the Ready signal from the drive.
Also, HEX 01 is loaded into sector register.

20 POWER SUPPLIES Vss Ground

21 Vee +5V +5%

40 Voo +12V 5%

COMPUTER INTERFACE:
2 WRITE ENABLE

4
m

A logic low on this input gates data on the DAL into the
selected register when CS is low.

3l

3 CHIP SELECT A logic low on this input selects the chip and enables

computer communication with the device.
4 READ ENABLE

]
m

A logic low on this input controls the placement of data from a
selected register on the DAL when CS is low.

56 REGISTER SELECT LINES | AQ, A1 These inputs select the register to receive/transfer data on the
DAL lines under RE and WE control:
CS A1 A0 RE WE
0 0 0 Status Reg Command Reg
0 0 Track Reg Track Reg

1
0 1 0 Sector Reg Sector Reg
0 1 1 ata Reg Data Reg

714 DATA ACCESS LINES DALO-DAL7 Eight bit Bidirectional bus used for transfer of data, control,
and status. This bus is receiver enabled by WE or transmitter
enabled by RE. Each line will drive 1 standard TTL load.

24 CLOCK CLK This input requires a free-running 50% duty cycle square wave
clock for internal timing reference, 2 MHz + 1% for 8" drives,
1MHz + 1% for mini-floppies.

38 DATA REQUEST DRQ This open drain output indicates that the DR contains
assembled data in Read operations, or the DR is empty in
Write operations. This signal is reset when serviced by the
computer through reading or loading the DR in Read or Write
operations, respectively. Use 10K pull-up resistor to + 5.

39 INTERRUPT REQUEST INTRQ This open drain output is set at the completion of any com-
mand and is reset when the STATUS register is read or the
command register is written to. Use 10K pull-up resistor to

+5.
FLOPPY DISK INTERFACE:

15 STEP STEP The step output contains a pulse for each step.

16 DIRECTION DIRC Direction Output is active high when stepping in, active low
when stepping out.

17 EARLY EARLY Indicates that the WRITE DATA pulse occuring while Early is
active (high) should be shifted early for write precom-
pensation.

18 LATE LATE Indicates that the write data pulse occurring while Late is

active (high) should be shifted late for write precompensation.
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PIN
NUMBER

PIN NAME

SYMBOL

FUNCTION

22

23

25

25

26

27

28

31

32

TEST

HEAD LOAD TIMING

READ GATE
(1791, 1792, 1793, 1794)

SIDE SELECT OUTPUT
(1795, 1797)

READ CLOCK

RAW READ

HEAD LOAD

TRACK GREATER THAN 43

WRITE GATE

WRITE DATA

READY

WRITE FAULT
VFO ENABLE

TRACK 00

TEST

HLT

RG

SSO

RCLK

RAW READ

HLD

TG43

WG

WD

READY

WF/VFOE

TROO

This input is used for testing purposes only and should be tied
to + 5V or left open by the user unless interfacing to voice coil
actuated steppers.

When a logic high is found on the HLT input the head is
assumed to be engaged. It is typically derived from a 1 shot
triggered by HLD.

This output is used for synchronization of external data
separators. The output goes high after two Bytes of zeros in
single density, or 4 Bytes of either zeros or ones in double
density operation.

The logic level of the Side Select Output is directly controlled
by the 'S’ flag in Type Il or ll commands. When U = 1, SSO is
set to a logic 1. When U = 0, SSO is set to a logic 0. The SSO
is compared with the side information in the Sector 1.D. Field.
If they do not compare Status Bit 4 (RNF) is set. The Side
Select Output is only updated at the beginning of a Type Il or
Il command. It is forced to a logic 0 upon a MASTER RESET
condition.

A nominal square-wave clock signal derived from the data
stream must be provided to this input. Phasing (i.e. RCLK
transitions) relative to RAW READ is important but polarity
(RCLK high or low} is not.

The data input signal directly from the drive. This input shall
be a negative pulse for each recorded flux transition.

The HLD output controls the loading of the Read-Write head
against the media.

This output informs the drive that the Read/Write head is
positioned between tracks 44-76. This output is valid only
during Read and Write Commands.

This output is made valid before writing is to be performed on
the diskette.

A 200 ns (MFMj) or 500 ns (FM) output pulse per flux transition.
WD contains the unique Address marks as well as data and
clock in both FM and MFM formats.

This input indicates disk readiness and is sampled for a logic
high before Read or Write commands are performed. If Ready
is low the Read or Write operation is not performed and an
interrupt is generated. Type | operations are performed
regardless of the state of Ready. The Ready input appears in
inverted format as Status Register bit 7.

This is a bi-directional signal used to signify writing faults at
the drive, and to enable the external PLO data separator. When
WG = 1, Pin 33 functions as a WF input. If WF = 0, any write
command will immediately be terminated. When WG = 0, Pin
33 functions as a VFOE output. VFOE will go low during a read
operation after the head has loaded and settled (HLT = 1). On
the 1795/7, it will remain low until the last bit of the second
CRC byte in the ID field. VFOE will then go high until 8 bytes
(MFM) or 4 bytes (FM) before the Address Mark. It will then go
active until the last bit of the second CRC byte of the Data
Field. On the 1791/3, VFOE will remain low until the end of the
Data Field. This pin has an internal 100K Ohm pull-up resistor.

This input informs the FD179X that the Read/Write head is
positioned over Track 00.
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PIN
NUMBER PIN NAME SYMBOL FUNCTION

35 INDEX PULSE P This input informs the FD179X when the index hole is en-
countered on the diskette.

36 WRITE PROTECT WPRT This input is sampled whenever a Write Command is received.
A logic low terminates the command and sets the Write
Protect Status bit.

37 DOUBLE DENSITY DDEN This input pin selects either single or double density
operation. When DDEN = 0, double density is selected. When
DDEN = 1, single density is selected. This line must be left
open on the 1792/4.

GENERAL DESCRIPTION

The FD179X are N-Channel Silicon Gate MOS LS|
devices which perform the functions of a Floppy Disk
Formatter/Controller in a single chip implementation.
The FD179X, which can be considered the end result
of both the FD1771 and FD1781 designs, is IBM 3740
compatible in single density mode (FM) and System 34
compatible in Double Density Mode (MFM). The
FD179X contains all the features of its predecessor the
FD1771, plus the added features necessary to
read/write and format a double density diskette. These
include address mark detection, FM and MFM encode
and decode logic, window extension, and write precom-
pensation. In order to maintain compatibility, the
FD1771, FD1781, and FD179X designs were made as
close as possible with the computer interface, instruc-
tion set, and /O registers being identical. Also, head
load control is identical. In each case, the actual pin
assignments vary by only a few pins from any one to
another.

The processor interface consists of an 8-bit bi-direc-
tional bus for data, status, and control word transfers.
The FD179X is set up to operate on a multiplexed bus
with other bus-oriented devices.

The FD179X is TTL compatible on all inputs and
outputs. The outputs will drive ONE TTL lcad or three
LS loads. The 1793 is identical to the 1791 except the
DAL lines are TRUE for systems that utilize true data
busses.

The 1795/7 has a side select output for controlling
double sided drives, and the 1792 and 1794 are “Single
Density Only” versions of the 1791 and 1793 respec-
tively. On these devices, DDEN must be left open.

ORGANIZATION

The Floppy Disk Formatter block diagram is illustrated
on page 5. The primary sections include, the parallel
processor interface and the Floppy Disk interface.

Data Shift Register — This 8-bit register assembles
serial data from the Read Data input (RAW READ)
during Read operations and transfers serial data to the
Write Data output during Write operations.

Data Register — This 8bit register is used as a
holding register during Disk Read and Write operations.
In Disk Read operations the assembled data byte is
transferred in paralle! to the Data Register from the
Data Shift Register. In Disk Write operations in-
formation is transferred in parallel from the Data
Register to the Data Shift Register.

When executing the Seek command the Data Register
holds the address of the desired Track position. This
register is loaded from the DAL and gated onto the
DAL under processor control.

Track Register — This 8bit register holds the track
number of the current Read/Write head position. It is
incremented by one every time the head is stepped in
(towards track 76) and decremented by one when the
head is stepped out (towards track 00). The contents of
the register are compared with the recorded track
number in the ID field during disk Read, Write, and
Verify operations. The Track Register can be loaded
from or transferred to the DAL. This Register should
not be loaded when the device is busy.

Sector Register (SR) — This 8-bit register holds the address
of the desired sector position. The contents of the register
are compared with the recorded sector number in the ID
tfield during disk Read or Write operations. The Sector
Register contents can be loaded from or transferred to the
DAL. This register should not be loaded when the device is
busy.

Command Register (CR) — This 8-bit register holds the
command presently being executed. This register should
not be loaded when the device is busy unless the new
command is a force interrupt. The command register can
be loaded from the DAL, but not read onto the DAL.

Status Register (STR) — This 8-bit register holds device
Status information. The meaning of the Status bits is a
function of the type of command previously executed. This
register can be read onto the DAL, but not loaded from the
DAL.

CRC Logic — This logic is used to check or to generate the
16-bit Cyclic Redundancy Check (CRC). The polynomial is:
Gi(x) = X" 4+ x'7 + x* + 1.

The CRC includes all information starting with the address
mark and up to the CRC characters. The CRC register is
preset to ones prior to data being shifted through the
circuit.

Arithmetic/Logic Unit (ALU) — The ALU is a serial com-
parator, incrementer, and decrementer and is used for
register modification and comparisons with the disk
recorded ID field.

Timing and Control — All computer and Floppy Disk In-
terface controls are generated through this logic. The in-
ternal device timing is generated from an external crystal
clock.

The FD179X has two different modes of operation ac-
cording to the state of DDEN. When DDEN = 0 double
density (MFM) is assumed. When DDEN = 1, single
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density (FM) is assumed. 1792 & 1794 are single density Al - A READ (RE) WRITE (WE)
only. - :
y 0 0 Status Register Command Register
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PROCESSOR INTERFACE

The interface to the processor is accomplished through the
eight Data Access Lines (DAL) and associated control
signals. The DAL are used to transfer Data, Status, and
Control words out of, or into the FD179X. The DAL are three
state buffers that are enabled as output drivers when Chip
Select (CS) and Read Enable (RE) are active (low logic state)
or act as input receivers when CS and Write Enable (WE)
are active.

When transfer of data with the Floppy Disk Controller is
required by the host processor, the device address is
decoded and CS is made low. The address bits A1 and A0,
combined with the signals RE during a Read operation or
WE during a Write operation are interpreted as selecting
the following registers:

During Direct Memory Access (DMA) types of data
transfers between the Data Register of the FD179X and the
processor, the Data Request (DRQ) output is used in Data
Transfer control. This signal also appears as status bit 1
during Read and Write operations.

On Disk Read operations the Data Request is activated (set
high) when an assembled serial input byte is transferred in
parallel to the Data Register. This bit is cleared when the
Data Register is read by the processor. If the Data Register
is read after one or more characters are lost, by having new
data transferred into the register prior to processor readout,
the Lost Data bit is set in the Status Register. The Read
operation continues until the end of sector is reached.

On Disk Write operations the data Request is activated
when the Data Register transfers its contents to the Data



Shift Register, and requires a new data byte. It is reset
when the Data Register is loaded with new data by the
processor. If new data is not loaded at the time the next
serial byte is required by the Floppy Disk, a byte of zeroes
is written on the diskette and the Lost Data bit is set in the
Status Register.

At the completion of every command an INTRQ is
generated. INTRQ is reset by either reading the status
register or by loading the command register with a new
command. In addition, INTRQ is generated if a Force
Interrupt command condition is met.

The 179X has two modes of operation according to the
state of DDEN (Pin 37). When DDEN = 1, single density is
selected. In either case, the CLK input (Pin 24) is at 2 MHz.
However, when interfacing with the mini-floppy, the CLK
input is set at 1 MHz for both single density and double
density.

GENERAL DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtainable in
either FM or MFM formats. For FM, DDEN should be
placed to logical “1.” For MFM formats, DDEN should be
placed to a logical “0.” Sector lengths are determined at
format time by the fourth byte in the “ID” field.

Sector Length Table*
Sector Length Number of Bytes
Field (hex) in Sector (decimal)
00 128
01 256
02 512
03 1024

*1795/97 may vary — see command summary.

The number of sectors per track as far as the FD179X is
concerned can be from 1 to 255 sectors.. The number of
tracks as far as the FD179X is concerned is from 0 to 255
tracks. For IBM 3740 compatibility, sector lengths are 128
bytes with 26 sectors per track. For System 34 com-
patibility (MFM), sector lengths are 256 bytes/sector with 26
sectors/track; or lengths of 1024 bytes/sector with 8
sectors/track. (See Sector Length Table)

For read operations in 8" double density the FD179X
requires RAW READ Data (Pin 27) signal which is a 200 ns
pulse per flux transition and a Read clock (RCLK) signal to
indicate flux transition spacings. The RCLK (Pin 26) signal
is provided by some drives but if not it may be derived
externally by Phase lock loops, one shots, or counter
techniques. In addition, a Read Gate Signal is provided as
an output (Pin 25) on 1791/92/93/94 which can be used to
inform phase lock loops when to acquire synchronization.
When reading from the media in FM. RG is made true when
2 bytes of zeroes are detected. The FD179X must find an
address mark within the next 10 bytes; otherwise RG is
reset and the search for 2 bytes of zeroes begins all over
again. If an address mark is found within 10 bytes, RG
remains true as long as the FD179X is deriving any useful
information from the data stream. Similarly for MFM, RG is
made active when 4 bytes of “00” or “FF’" are detected. The
FD179X must find an address mark within the next 16
bytes, otherwise RG is reset and search resumes.

During read operations (WG = 0), the VFOE (Pin 33) is
provided for phase lock loop synchronization. VFOE will go
active low when:

page D.189

a) BothHLTand HLD are True
b) Settling Time, if programmed, has expired
¢) The 179X is inspecting data off the disk

if WF/VFOE is not used, leave open or tie to a 10K resistor
to +5.

GENERAL DISK WRITE OPERATION

When writing is to take place on the diskette the Write Gate
(WG) output is activated, allowing current to flow into the
Read/Write head. As a precaution to erroneous writing the
first data byte must be loaded into the Data Register in
response to a Data Request from the FD179X before the
Write Gate signal can be activated.

Writing is inhibited when the Write Protect input is a logic
low, in which case any Write command is immediately
terminated, an interrupt is generated and the Write Protect
status bit is set. The Write Fault input, when activated,
signifies a writing fault condition detected in disk drive
electronics such as failure to detect write current flow
when the Write Gate is activated. On detection of this fault
the FD179X terminates the current command, and sets the
Write Fault bit (bit 5) in the Status Word. The Write Fault
input should be made inactive when the Write Gate output
becomes inactive.

For write operations, the FD179X provides Write Gate (Pin
30) and Write Data (Pin 31) outputs. Write data consists of a
series of 500 ns pulses in FM (DDEN = 1) and 200 ns
pulses in MFM (DDEN = 0). Write Data provides the unique
address marks in both formats.

Also during write, two additional signals are provided for
write precompensation. These are EARLY (Pin 17) and
LATE (Pin 18). EARLY is active true when the WD puise
appearing on (Pin 30) is to be written EARLY. LATE is active
true when the WD pulse is to be written LATE. If both
EARLY and LATE are low when the WD pulse is present,
the WD pulse is to be written at nominal. Since write
precompensation values vary from disk manufacturer to
disk manufacturer, the actual value is determined by
several one shots or delay lines which are located external
to the FD179X. The write precompensation signals EARLY
and LATE are valid for the duration of WD in both FM and
MFM formats.

READY

Whenever a Read or Write command (Type Il or lll) is
received the FD179X samples the Ready input. If this input
is logic low the command is not executed and an interrupt
is generated. All Type | commands are performed re-
gardless of the state of the Ready input. Also, whenever a
Type Il or lIl command is received, the TG43 signal output
is updated.

COMMAND DESCRIPTION

The FD179X will accept eleven commands. Command
words should only be loaded in the Command Register
when the Busy status bit is off (Status bit 0). The one
exception is the Force Interrupt command. Whenever a
command is being executed, the Busy status bit is set.
When a command is completed, an interrupt is generated
and the Busy status bit is reset. The Status Register
indicates whether the completed command encountered
an error or was fault free. For ease of discussion,
commands are divided into four types. Commands and
types are summarized in Table 1.
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TABLE1. COMMAND SUMMARY
A. Commands for Models: 1791, 1792, 1793, 1794 B. Commands for Models: 1795, 1797
Bits Bits
Type Command 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
I Restore 0 0 0 0 h \ 8| 0 0 0 0 0 h \Y " 0
| Seek 0 0 0 1 h \ A 0 0 0 0 1 h \Y " 0
| Step 0 0 1 T h \ " 0 0 0 1 T h \ " 0
| Step-in 0 1 0 T h \" " 0 0 1 0 T h v n 0
| Step-out 0 1 1 T h \ " 0 0 1 1 T h \ n 0
Il Read Sector 1 0 0 m S E o} 0 1 0 0 m L E u 0
Il Write Sector 1 0 1 m S E Cc ao 1 0 1 m L E u ao
Il Read Address 1 1 0 0 0 E 0 0 1 1 0 0 0 E u 0
Il Read Track 1 1 1 0 0 E 0 0 1 1 1 0 0 E U 0
I Write Track 1 1 1 1 0 E 0 0 1 1 1 1 0 E U 0
IV Force Interrupt 1 10 N1 I3 2 Il o 1 10 1 I3 12 1 1o
TABLE 2. FLAG SUMMARY
FLAG SUMMARY
Command Bit
Type No(s) Description
| 0,1 " 70 = Stepping Motor Rate
See Table 3 for Rate Summary
| 2 V = Track Number Verify Flag| V = 0, No verify
V = 1, Verify on destination track
| 3 h = Head Load Flag h = 0, Load head at beginning
h = 1, Unload head at beginning
| 4 T = Track Update Flag T = 0, Noupdate
T = 1,Update track register
&l 0 a0 = Data Address Mark a0 = 0, FB(DAM)
a0 = 1, F8(deleted DAM)
1l 1 C = Side Compare Flag C = 0, Disable side compare
C = 1, Enable side compare
1n&nm 1 U = Update SSO U = 0,Update SSOto 0
U = 1,Update SSO to 1
&I 2 E = 15 MS Delay E = 0, No 15 MS delay
E = 1,15MS delay
1] 3 S = Side Compare Flag S = 0, Compare for side 0
S = 1, Compare for side 1
i 3 L = Sector Length Flag
LSB’s Sector Length in ID Field
00 01 10 11
L =0 256 512 1024 128
L =1 128 256 512 1024
1l 4 m = Multiple Record Flag m = 0, Single record
m = 1, Multiple records
v 0-3 x = Interrupt Condition Flags
lo = 1 Not Ready To Ready Transition
H = 1 Ready To Not Ready Transition
12 = 1Index Pulse
13 = 1Immediate Interrupt, Requires A Reset
131 = 0 Terminate With No Interrupt (INTRQ)

“NOTE: See Type IV Command Description for further information.




TYPE | COMMANDS

The Type | Commands include the Restore, Seek, Step,
StepIn, and Step-Out commands. Each of the Type |
Commands contains a rate field (f0 1), which determines
the stepping motor rate as defined in Table 3.

A 2 us (MFM) or 4 us (FM) pulse is provided as an output to
the drive. For every step pulse issued, the drive moves one
track location in a direction determined by the direction
output. The chip will step the drive in the same direction it
last stepped unless the command changes the direction.

The Direction signal is active high when stepping in and
low when stepping out. The Direction signal is valid 12 us
before the first stepping pulse is generated.

The rates (shown in Table 3) can be applied to a Step-
Direction Motor through the device interface.

TABLE 3. STEPPING RATES

CLK 2 MHz 2 MHz 1 MHz 1 MHz 2 MHz 1 MHz
DDEN o] 1 0 1 X X

R1 RO TEST-1 TEST-t TEST-1 TEST=1 TEST=0 TEST-0

00 3 ms 3 ms 6 ms 6 ms 184us  368us
o1 6 ms 6 ms 12 ms 12 ms 190us  380us
10 10 ms 10 ms 20 ms 20 ms 198us  396us
11 15 ms 15 ms 30 ms 30 ms 208us  416us

After the last directional step an additional 15 milliseconds
of head settling time takes place if the Verify flag is set in
Type | commands. Note that this time doubles to 30 ms for
a 1 MHz clock. If TEST = 0, there is zero settling time.
There is also a 15 ms head settling time if the E flag is set in
any Type Il or Il command.

When a Seek, Step or Restore command is executed an
optional verification of Read-Write head position can be
performed by settling bit 2(V = 1) in the command word to
a logic 1. The verification operation begins at the end of the
15 millisecond settling time after the head is loaded against
the media. The track number from the first encountered 1D
Field is compared against the contents of the Track
Register. If the track numbers compare and the ID Field
Cyclic Redundancy Check (CRC) is correct, the verify
operation is complete and an INTRQ is generated with no
errors. If there is a match but not a valid CRC, the CRC error
status bit is set (Status bit 3), and the next encountered ID
field is read from the disk for the verification operation.

The FD179X must find an ID field with correct track number
and correct CRC within 5 revolutions of the media;
otherwise the seek error is set and an INTRQ is generated.
ItV = 0, no verification is performed.

The Head Load (HLD) output controls the movement of the
read/write head against the media. HLD is activated at the
beginning of a Type | command if the h flag is set (h = 1), at
the end of the Type | command if the verify flag (V = 1), or
upon receipt of any Type Hl or Il command. Once HLD is
active it remains active until either a Type | command is
received with (h = 0 and V = 0); or if the FD179X is in an
idle state (non-busy) and 15 index puises have occurred.
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Head Load timing (HLT) is an input to the FD179X which is
used for the head engage time. When HLT = 1, the FD179X
assumes the head is completely engaged. The head
engage time is typically 30 to 100 ms depending on drive.
The low to high transition on HLD is typically used to fire a
one shot. The output of the one shot is then used for HLT
and supplied as an input to the FD179X.

HLD ﬁ—J

fe——50 10 100ms -]

F——
'
} 1

HLT (FROM ONE SHOT)

HEAD LOAD TIMING

When both HLD and HLT are true, the FD179X will then
read from or write to the media. The “and” of HLD and HLT
appears as status Bit 5in Type | status.

In summary for the Type | commands: if h = OandV = 0,
HLD is reset. If h = 1 and V = 0, HLD is set at the
beginning of the command and HLT is not sampled nor is
there an internal 15 ms delay. if h = 0andV = 1, HLD is
set near the end of the command, an internal 15 ms occurs,
and the FD179X waits for HLT to be true. If h = Tand V =
1, HLD is set at the beginning of the command. Near the
end of the command, after all the steps have been issued,
an internal 15 ms delay occurs and the FD179X then waits
for HLT to occur.

For Type Il and 11l commands with E flag off, HLD is made
active and HLT is sampled until true. With E flag on, HLD is
made active, an internal 15 ms delay occurs and then HLT
is sampled until true.

RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 (TROQ) input is
sampled. If TROO is active low indicating the Read-Write
head is positioned over track 0, the Track Register is loaded
with zeroes and an interrupt is generated. If TROO is not
active low, stepping pulses (pins 15 to 16) at a rate specified
by the 170 field are issued until the TROO input is activated.
At this time the Track Register is loaded with zeroes and an
interrupt is generated. If the TROO input does not go active
low after 255 stepping pulses, the FD179X terminates
operation, interrupts, and sets the Seek error status bit. A
verification operation takes place if the V flag is set. The h
bit allows the head to be loaded at the start of command.
Note that the Restore command is executed when MR
goes from an active to an inactive state and that the DRQ
pin stays low.

SEEK

This command assumes that the Track Register contains
the track number of the current position of the Read-Write
head and the Data Register contains the desired track
number. The FD179X will update the Track register and
issue stepping pulses in the appropriate direction until the
contents of the Track register are equal to the contents of
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A TYPE

COMMANO BEEN

RECEIVED
k)

SEY BUSY RESET CRC
SEEK EAROR DRQ INTRQ

NO

RESET HLD
SET
DIRECTION
AESET
DIRECYION

SEY HLD

NO

s
COMMAND

A
STEP-QUT
2

1S

HEAD AY

TRACK 0 AND

DIRECTION
9

TYPE | COMMAND FLOW

the Data Register (the desired track location). A verification
operation takes place if the V flag is on. The h bit allows the
head to be loaded at the start of the command. An interrupt
is generated at the completion of the command. Note:
When using multiple drives, the track register must be
updated for the drive selected before seeks are issued.

STEP

Upon receipt of this command, the FD179X issues one
stepping pulse to the disk drive. The stepping motor
direction is the same as in the previous step command.
After a delay determined by the "T0 field, a verification
takes place if the V flag is on. if the U flag is on, the Track
Register is updated. The h bit allows the head to be loaded
at the start of the command. An interrupt is generated at
the completion of the command.

STEP-IN

Upon receipt of this command, the FD179X issues one
stepping pulse in the direction towards track 76. if the U

TYPE | COMMAND FLOW

flag is on, the Track Register is incremented by one. After a
delay determined by the 110 field, a verification takes place
if the V flag is on. The h bit allows the head to be loaded at
the start of the command. An interrupt is generated at the
completion of the command.

STEP-OUT

Upon receipt of this command, the FD179X issues one
stepping pulse in the direction towards track 0. If the U flag
is on, the Track Register is decremented by one. After a
delay determined by the M0 field, a verification takes place
if the V flag is on. The h bit allows the head to be loaded at
the start of the command. An interrupt is generated at the
completion of the command.

EXCEPTIONS

On the 1795/7 devices, the SSO output is not affected
during Type 1 commands, and an internal side compare
does not take place when the (V) Verify Fiag is on.



VERIFY
SEQUENCE

INTRQ RESET BUSY

HAS

13 M3

EXPIRED
2

NO

INTRQ RESET BUSY
SET SEEX ERROR

NO 10 AM.BEEN

DETECTED
B

COES

TR TRACK

ADORESS OF 1D

FIELD
3

NO

INTRQ
RESET BUSY -—

NOTE IFTEST 0 THERE 15 NO 15M5 DELAY

TWTEST 1 AND CLK 1 Mb; THEAE IS A YOMS DEIAY

TYPE | COMMAND FLOW

TYPE Il COMMANDS

The Type || Commands are the Read Sector and Write
Sector commands. Prior to loading the Typge Il Command
into the Command Register, the computer must ioad the
Sector Register with the desired sector number. Upon
receipt of the Type || command, the busy status Bit is set. If
the E flag = 1 (this is the normal case) HLD is made active
and HLT is sampled after a 15 msec delay. |f the E flag is O,
the head is loaded and HLT sampled with no 15 msec
delay. The ID field and Data Field format are shown on page
13.

When an ID field is located on the disk, the FD179X
compares the Track Number on the ID field with the Track
Register. If there is not a match, the next encountered ID
tield is read and a comparison is again made. If there was a
match, the Sector Number of the ID field is compared with
the Sector Register. If there is not a Sector match, the next
encountered ID field is read off the disk and comparisons
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again made. If the ID field CRC is correct, the data field is
then located and will be either written into, or read from
depending upon the command. The FD179X must find an
ID field with a Track number, Sector number, side number,
and CRC within four revolutions of the disk; otherwise, the
Record not found status bit is set (Status bit 3) and the
command is terminated with an interrupt.

S

TYPE 11

COMMAND

RECEIVED
?

SET BUSY, RESET DRQ. LOST
DATA. RECORD NOY FOUND. &
STATUS BTS 5 & 8§ INTRQ

INTR
RESET BUSY

F4
(<)

YES
COPY S FLAG TO
SSO LINE {17957 ONLY)
SEY HLO

*SEE NOTE

HAS

15 MS®

EXPIRED
>

INTRQ. RESET BUSY
SET WRITE PROTECT

#NOTE 1+ TEST 0 THERE 15 NO 15MN DELAY
1F TEST 1 ANDCLK 1 MHy THERE (5 10MS DELAY

TYPE Il COMMAND

Each of the Type Il Commands contains an (m) flag which
determines if muitiple records (sectors) are to be read or
written, depending upon the command. If m = 0, a single
sector is read or written and an interrupt is generated at the
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completion of the command. If m = 1, multiple records are
read or written with the sector register internally updated
so that an address verification can occur on the next
record. The FD179X will continue to read or write multiple
records and update the sector register in numerical
ascending sequence until the sector register exceeds the
number of sectors on the track or until the Force Interrupt
command is loaded into the Command Register, which
terminates the command and generates an interrupt.

For example: If the FD179X is instructed to read sector 27
and there are only 26 on the track, the sector register ex-
ceeds the number available. The FD179X will search for 5
disk revolutions, interrupt out, reset busy, and set the
record not found status bit.

The Type Il commands for 1791-94 also contain side select
compare flags. When C = 0 (Bit 1) no side comparison is
made. When C = 1, the LSB of the side number is read off
the ID Field of the disk and compared with the contents of
the (S) flag (Bit 3). If the S flag compares with the side
number recorded in the ID field, the FD179X continues with
the 1D search. If a comparison is not made within 5 index

INTRQ. RESEY BUSY
SET RECORD-NOT FOUND,

HAS

NO IDAM

BEEN
DETECTED
)

TR TRACK

ADDRESS OF (D

FIELD
>

NO SA SECTOR

ADDRESS OF 10

BRING IN SECTOR LENGTH FIELD
STORE LENGTH IN INTERNAL
REGISTER

1S

THEAE A

CRC ERROR
2

SET CAC
STATUS ERROR

READ

pulses, the interrupt line is made active and the Record-
Not-Found status bit is set.

The Type Il and Il commands for the 179597 contain a side
select flag (Bit 1). When U = 0, SSO is updated to 0.
Similarly, U ="1 updates SSO to 1. The chip compares the
SSO to the ID field. If they do not compare within 5
revolutions the interrupt line is made active and the RNF
status bit is set.

The 1795/7 READ SECTOR and WRITE SECTOR com-
mands include a ‘L’ flag. The ‘L’ flag, in conjunction with
the sector length byte of the ID Field, ailows different byte
lengths to be implemented in each sector. For IBM
compatability, the 'L’ flag should be set to a one.

READ SECTOR

Upon receipt of the Read Sector command, the head is
loaded, the Busy status bit set, and when an ID field is
encountered that has the correct track number, correct
sector number, correct side number, and correct CRC, the
data field is presented to the computer. The Data Address

READ SECTOR
SEQUENCE

HAS
DATA AM
QOCCURED
IN TIME

INTRQ RESET BUSY
SEY RECOAD-NOT FQUND

'

YES

PUT RECORD TYPE IN
STATUS REG @IT 5

YES

ALL BYTES
BEEN INCFUTTED
»

INTRO. RESET BUSY
SET CRC ERROR
INTRQ RESET BUSY

TYPE It COMMAND

TYPE Il COMMAND



WRITE SECTOR
SEQUENCE

DELAY 2 BYTES OF GAP
SET ORQ
DELAY 8 BYTES OF GAP

A

DA BEEN

LOADED BY

COMPUTER

(DRQ : 0
2

TURN ON WG & WRITE
6 BYTES OF ZEROS

i

WAITE DATA AM
ACCCRCING TO A0 FIELD
OF WRITE COMMAND

TURN ON WG 8 WRITE
12 BYTES OF ZEROS

—

SET DATA
Losrt

WRITE BYTE
OF ZERQS

WRITE CRC
WRITE 1 BYTE OF FF

TURN OFF WG

HAVE

ALL BYTES

BEEN WRITTEN
)

TYPE I} COMMAND

Mark of the data field must be found within 30 bytes in
single density and 43 bytes in double density of the last ID
field CRC byte; if not, the Record Not Found status bit is
set and the operation is terminated.

When the first character or byte of the data field has been
shifted through the DSR, it is transferred to the DR, and
DRQ is generated. When the next byte is accumulated in
the DSR, it is transferred to the DR and another DRQ is
generated. If the Computer has not read the previous
contents of the DR before a new character is transferred
that character is lost and the Lost Data Status bit is set.
This sequence continues until the complete data field has
been inputted to the computer. If there is a CRC error at the
end of the data field, the CRC error status bit is set, and the
command is terminated (even if it is a multiple record
command).

At the end of the Read operation, the type of Data Address
Mark encountered in the data field is recorded in the Status
Register (Bit 5) as shown :
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STATUS
BITS
1 Deleted Data Mark
0 Data Mark

WRITE SECTOR

Upon receipt of the Write Sector command, the head is
loaded (HLD active) and the Busy status bit is set. When an
ID field is encountered that has the correct track number,
correct sector number, correct side number, and correct
CRC, a DRQ is generated. The FD179X counts off 11 bytes
in single density and 22 bytes in double density from the
CRC field and the Write Gate (WG) output is made active if
the DRQ is serviced (i.e., the DR has been loaded by the
computen. If DRQ has not been serviced, the command is
terminated and the Lost Data status bit is set. If the DRQ
has been serviced, the WG is made active and six bytes of
zeroes in single density and 12 bytes in double density are
then written on the disk. At this time the Data Address
Mark is then written on the disk as determined by the a0
field of the command as shown below:

_ ag Data Address Mark (Bit 0)
1 Deleted Data Mark
0 Data Mark

The FD179X then writes the data field and generates DRQ's
to the computer. If the DRQ is not serviced in time for
continuous writing the Lost Data Status Bit is set and a
byte of zeroes is written on the disk. The command is not
terminated. After the last data byte has been written on the
disk, the two-byte CRC is computed internally and written
on the disk followed by one byte of logic ones in FM or in
MFM. The WG output is then deactivated. For a 2 MHz
clock the INTRQ will set 8 to 12 usec after the last CRC byte
is written. For partial sector writing, the proper method is to
write the data and fill the balance with zeroes. By letting the
chip fill the zeroes, errors may be masked by the lost data
status and improper CRC Bytes.

TYPE Il COMMANDS
READ ADDRESS

Upon receipt of the Read Address command, the head
is loaded and the Busy Status Bit is set. The next
encountered ID field is then read in from the disk, and
the six data bytes of the ID field are assembled and
transferred to the DR, and a DRQ is generated for each
byte. The six bytes of the ID field are shown below:

TRACK SIDE SECTOR [ SECTOR |CRC |CRC
ADDR NUMBER | ADDRESS | LENGTH 1 2
1 2 3 4 5

Although the CRC characters are transferred to the
computer, the FD179X checks for validity and the CRC
error status bit is set if there is a CRC error. The Track
Address of the ID field is written into the sector
register so that a comparison can be made by the
user. At the end of the operation an interrupt is
generated and the Busy Status is reset.
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READ TRACK

Upon receipt of the READ track command, the head is
loaded, and the Busy Status bit is set. Reading starts with
the leading edge of the first encountered index pulse and
continues until the next index pulse. All Gap, Header, and
data bytes are assembled and transferred to the data
register and DRQ's are generated for each byte. The ac-
cumulation of bytes is synchronized to each address mark
encountered. An interrupt is generated at the completion of
the command.

This command has several characteristics which make it
suitable for diagnostic purposes. They are: the Read Gate

is not activated during the command; no CRC checking is
performed; gap information is included in the data stream;
the internal side compare is not performed; and the ad-
dress mark detector is on for the duration of the command.
Because the A.M. detector is always on, write sptices or
noise may cause the chip to look for an A.M. If an address
mark does not appear on schedule the Lost Data status flag
is set.

The ID A.M,, ID field, ID CRC bytes, DAM, Data, and Data
CRC Bytes for each sector will be correct. The Gap Bytes
may be read incorrectly during write-splice time because of
synchronization.

NG
YES

SEY BUSY RESET DRQ
LOST DATA STATUS
BITS 4 5

INTRQ
RESET RUSY

YES
COPY 'S’ FLAG TO
S50 LINE (17957 ONLY)

HAS

18 MS

EXPIRED
>

DR YO

SET CRQ

INTRG HESET
Ay T wPRT

DELAY 3 BYTE
TIMES

DRQ BEEN
SEAVICE

SET INTRQ
LOST DATA
RESET BUSY

“30 MS IF CLOCK
= | MHz

U

YIS IMFMy
—

§ O

WRITE FO FE OR
FpFB CLR C7
INITIALIZE CRC

DOES
DSR FD FE
OR F8.FB

WRITE
BYTE OF ZEROS
3€7 DATA LOST

HAS
DR BEEN
LOADED?

WRITE A1" IN MFM
WITH MISSING CLOCK | ——-8n{
INITIALIZE CRC

WRITE C2° IN MEM

WiTH MISSING CLOCHK:

WRITE 2 CRC
CHARS

WRAITE OSA
IN MFM

TYPE Hll COMMAND WRITE TRACK

TYPE Il COMMAND WRITE TRACK
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CONTROL BYTES FOR INITIALIZATION

DATA PATTERN

FD179X INTERPRETATION

FD1791/3 INTERPRETATION

F8 thru FB
FC Write FC with Clk = D7

IN DR (HEX) IN FM (DDEN = 1) IN MFM (DDEN = 0)
00 thru F4 Write 00 thru F4 with CLK = FF Write 00 thru F4, in MFM
F5 Not Allowed Write A1* in MFM, Preset CRC
F6 Not Allowed Write C2** in MFM
F7 Generate 2 CRC bytes Generate 2 CRC bytes

Write F8 thru FB, Clk = C7, Preset CRC

FD Write FD with Clk = FF Write FD in MFM
FE Write FE, Cik = C7, Preset CRC Write FE in MFM
FF Write FF with Clk = FF Write FF in MFM

Write F8 thru FB, in MFM
Write FC in MFM

*Missing clock transition between bits 4 and 5

WRITE TRACK FORMATTING THE DISK
(Refer to section on Type lil commands for flow diagrams.)

Formatting the disk is a relatively simple task when
operating programmed /O or when operating under DMA
with a large amount of memory. Data and gap information
must be provided at the computer interface. Formatting the
disk is accomplished by positioning the R/W head over the
desired track number and issuing the Write Track com-
mand.

Upon receipt of the Write Track command, the head is
loaded and the Busy Status bit is set. Writing starts with
the leading edge of the first encountered index pulse and
continues until the next index pulse, at which time the
interrupt is activated. The Data Request is activated im-
mediately upon receiving the command, but writing will not
start until after the first byte has been loaded into the Data
Register. If the DR has not been loaded by the time the
index pulse is encountered the operation is terminated
making the device Not Busy, the Lost Data Status Bit is set,
and the Interrupt is activated. If a byte is not present in the
DR when needed, a byte of zeroes is substituted.

This sequence continues from one index mark to the next
index mark. Normally, whatever data pattern appears in the
data register is written on the disk with a normal clock
pattern. However, if the FD179X detects a data pattern of
F5 thru FE in the data register, this is interpreted as data
address marks with missing clocks or CRC generation.

The CRC generator is initialized when any data byte from
F8 to FE is about to be transferred from the DR to the DSR
in FM or by receipt of F5 in MFM. An F7 pattern will
generate two CRC characters in FM or MFM. As a con-
sequence, the patterns F5 thru FE must not appear in the
gaps, data fields, or ID fields. Also, CRC's must be
generated by an F7 pattern.

Disks may be formatted in IBM 3740 or System 34 formats
with sector lengths of 128, 256, 512, or 1024 bytes.

TYPE IV COMMANDS

The Forced Interrupt command is generally used to ter-
minate a muitiple sector read or write command or to in-

**Missing clock transition between bits 3 & 4

sure Type | status in the status register. This command can
be loaded into the command register at any time. If there is
a current command under execution (busy status bit set)
the command will be terminated and the busy status bit
reset.

The lower four bits of the command determine the con-
ditional interrupt as follows:

10 = Not-Ready to Ready Transition
I1 = Ready to Not-Ready Transition
12 = Every index Pulse

13 = Immediate Interrupt

The conditional interrupt is enabled when the cor-
responding bit positions of the command (I3 - 10) are set to
a 1. Then, when the condition for interrupt is met, the IN-
TRQ line will go high signifying that the condition specified
has occurred. If 13 - 10 are all set to zero (HEX DO), no in-
terrupt will occur but any command presently under
execution will be immediately terminated. When using the
immediate interrupt condition (I3 = 1) an interrupt will be
immediately generated and the current command ter-
minated. Reading the status or writing to the command
register will not automatically clear the interrupt. The HEX
DO is the only command that will enable the immediate
interrupt (HEX D8) to clear on a subsequent load command
register or read status register operation. Follow a HEX D8
with DO command.

Wait 8 micro sec (double density) or 16 micro sec (single
density before issuing a new command after issuing a
forced interrupt (times double when clock = 1 MH2).
Loading a new command sooner than this will nullify the
forced interrupt.

Forced interrupt stops any command at the end of an in-
ternal micro-instruction and generates INTRQ when the
specified condition is met. Forced interrupt will wait until
ALU operations in progress are complete (CRC
calculations, compares, etc.).

More than one condition may be set at a time. If for
example, the READY TO NOT-READY condition (11 = 1)
and the Every Index Pulse (12 = 1) are both set, the
resultant command would be HEX “DA”, The “OR" func-
tion is performed so that either a READY TO NOT- READY
or the next Index Pulse will cause an interrupt condition.
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READ TRACK
SEQUENCE

ENTER

SET BUSY
RESET STATUS
BITS 2. 4.5

INTRQ
RESET BUSY

SHIFT ONE BIT
INTO DSR
COPY'S FLAG
TO SSO LINE
(17967 ONLY)
SET INTRQ
RESET BUSY
SET HLD
ADDRESS YES
MARK DETECTEC
2
NO
YES
NO HAVE 8
BITS BEEN
ASSEMBLED
DELAY 15MS" 2
i
HLT -1 NO SET LOST
5 DATA BIT
VES J
1643
UPDATE TRANSFER
DSA TO OR
4
SET
DRQ
READ
ADDRESS

TYPE lil COMMAND
Read Track/Address

‘It TEST= §. NO DELAY

N TEST =1 and CLK=1 MHZ, 30 MS DELAY




8 READ ADDRESS
SEQUENCE
HAVE 6 YES RESET BUSY
INDEX HOLES SET INTRQ
PASSED SET ANF
7
NO
HAS
NO IDAM BEEN
DETECTED
?
YES
SHIFT 1 BYTE
INTO DSR
TRANSFER
BYTE TO DR
SET DRQ

HAVE 6
BYTES BEEN

READ
?

TRANSFER TRACK
NUMBER TO SECTOR
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STATUS REGISTER

Upon receipt of any command, except the Force Interrupt
command, the Busy Status bit is set and the rest of the
status bits are updated or cleared for the new command. If
the Force Interrupt Command is received when there is a
current command under execution, the Busy status bit is
reset, and the rest of the status bits are unchanged. If the
Force Interrupt command is received when there is not a
current command under execution, the Busy Status bit is
reset and the rest of the status bits are updated or cleared.
In this case, Status reflects the Type | commands.

The user has the option of reading the status register
through program control or using the DRQ line with DMA or
interrupt methods. When the Data register is read the DRQ
bit in the status register and the DRQ line are automaticaily
reset. A write to the Data register also causes both DRQ's
to reset.

The busy bit in the status may be monitored with a user
program to determine when a command is complete, in
lieu of using the INTRQ line. When using the INTRQ, a busy
status check is not recommended because a read of the
status register io determine the condition of busy will reset
the INTRQ line.

The format of the Status Register is shown beiow:

(BITS)
7 6 5 4 3 2 1 0
s7 | s6 | s5 | s4 | s3] s2 ] s1 [ s0

Status varies according to the type of command executed
as shown in Table 4.

Because of internal sync cycles, certain time delays must
be observed when operating under programmed [/O. They
are: (times double when clock = 1 MHz2)

REGISTOR
CRC YES SET CAC
ERROA ERFOR BIT
NO

SET INTRQ
RESET BUSY

TYPE Il COMMAND
Read Track/Address

Delay Req'd.

Operation Next Operation FM | MFM
Write to Read Busy Bit 12us | Bus
g)_rnmand Reg.ﬂ (Status Bit0) L B
Write to Read Status 28us | 14us
Command Reg. | Bits1-7 I L
Write Any Read From Dift. o | o
Register Register |

IBM 3740 FORMAT — 128 BYTES/SECTOR

Shown below is the IBM single-density format with 128
bytes/sector. In order to format a diskette, the user must
issue the Write Track command, and load the data register
with the following values. For every byte to be written, there
is one Data Request.
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issue the Write Track command and load the data register

. NUMBER HEX VALUE OF with the following values. For every byte to be written, there
OF BYTES BYTE WRITTEN is one data request.
40 FF (or 0Q)!
6 00 NUMBER HEX VALUE OF
1 FC (Index Mark) OF BYTES BYTE WRITTEN
*_ 26 FF (or 00)’ 80 4aE
6 00 12 00
1 FE(ID Address Mark) 3 F6 (Writes C2)
1 Track Number 1 FC (Index Mark)
1 Side Number (00 or 01) + 50 4E
1 Sector Number (1 thru 1A) 12 00
1 00 (Sector Length) 3 F5 (Writes A1)
! F7(2 CRC's written) 1 FE (ID Address Mark)
1(13 g('): (or 00)’ 1 Track Number (0 thru 4C)
1 Side Number (0 or 1)
1 FB (Data Address Mark) 1 Sector Number (1 thru 1A)
128 Data (IBM uses E5) 1 01 (Sector Length)
! F7(2 CRC's written) 1 F7 (2 CRCs written)
27 FF (or 00)' 22 4E
247** FF (or 00)' 12 00
3 F5 (Writes A1)
*Write bracketed field 26 times 1 FB (Data Address Mark)
* *Continue writing until FD179X interrupts out. 256 DATA
Approx. 247 bytes. 1 F7 (2 CRCs written)
1-Optional ‘00’ on 1795/7 only. 54 4E
598** 4E
IBM SYSTEM 34 FORMAT-
256 BYTES/SECTOR “Write bracketed field 26 times
Shown below is the IBM dual-density format with 256 “ *Continue writing until FD179X interrupts out.
bytes/sector. In order to format a diskette the user must Approx. 598 bytes.

sectos |secron | cac coc N cne c8e
Lo .t USER OA BYTE BYTE 2

wancn | v seerio
e o | veaen | venan | wvve | wec

ag wg
Gasn

IN MFM ONLY, IDAM AND DATA AM
ARE PRECEDED BY TWREE BYTES OF

A1 WITH CLOCK TRANSITION BETWEEN

BITS ¢ AND § MISSING

T
! I
[y b . i .
WSS L SR TAANGST O | |
BETwtEn T L AND | |
- _._un.m__}._ corren e 0 L] e I’L‘“"“ -
Mo 2B TES / FEIEN ) By \ )

WHITE GATE TUMN GNECR uPOATE /) C WEITE TURN OFF 4CR UPDATE
6 NEXT OATA S ELD V4 REGCUS DATA FIELO
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1. NON-IBM FORMATS
Variations in the IBM formats are possible to a limited
extent if the following requirements are met: - 16 OR 32 ___.I
—— ToRR
1) Sector size must be 128, 256, 512 of 1024 bytes. —-,_a__ _
2) Gap 2 cannot be varied from the IBM format. ono ! L r '
3) 3 bytes of A1 must be used in MFM. ' e — — Tim — ]
INTRG Qe
In addition, the Index Address Mark is not required for ° f__' SERVICE e [
operation by the FD173X. Gap 1, 3, and 4 lengths can be as Tmo vou
short as 2 bytes for FD179X operation, however PLL lock up -]
time, motor speed variation, write-splice area, etc. will add o
more bytes to each gap to achieve proper operation. It is 20 a1 G __l b— e
recommended that the I1BM format be used for highest B (e
system reliability. - -
FM MFM .
Gap | 16 bytes FF 32 bytes 4E —e=]{ ToACC
6aTy ALL
Gap !l 11 bytes FF 22 bytes 4E @ | _vawo
' 6 bytes 00 12 bytes Q0 0o
* 3 bytes A1 -
NOTE 1 S MAY BE PEAMANENTLY TIED LOW If DESIRED
Gap "I L} 10 by(eS FF 24 byteS 4E "TIME DOUBLES WHEN CLOCK  YMH:
4 bytes 00 8 bytes 00 LGRS yoRaT Caser
l 3 bytes A1 TNEM 135 uS
! y g:VQAH\S‘NG EDGE INDICATES THAY THE DATA REGISTER =AS ASSEMELED
Gap [\ 16 bytes FF 16 bytes 4E DRQ FALLING EDGE INDICATES THAT THE DATA REGISTER WAS READ
INTRG RISING EDGE OCCURS AT END OF COMMAND
INTRQ FALLING EDGE INDICATES THAT THE STATUS REGISTER WAS READ

* Byte counts must be exact.
* *Byte counts are minimum, except exactly 3 bytes of A1
must be written.

READ ENABLE TIMING

TIMING CHARACTERISTICS
Ta = 0°C to 70°C, Voo = + 12V = .6V, Vss = QV, Vcc =+5V += .25V

READ ENABLE TIMING (See Note 6, Page 21)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TSET Setup ADDR & CS to RE 50 nsec
THLD Hold ADDR & CS from RE 10 nsec
TRE RE Pulse Width 400 nsec C. = 50.pf
TDRR DRQ Reset from RE_ 400 500 nsec
TIRR INTRQ Reset from RE 500 3000 nsec See Note 5
TDACC Data Access from RE nsec C. = 50 pf
TDOH Data Hold From RE 50 150 nsec CL = 50 pf

WRITE ENABLE TIMING (See Note 6, Page 21)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. | UNITS | CONDITIONS
TSET Setup ADDR & CS to WE 50 nsec
THLD Hold ADDR & CS from WE 10 nsec
TWE WE Pulse Width 350 nsec
TDRR DRQ Reset from WE 400 500 nsec
TIRR INTRQ Reset from WE 500 3000 nsec See Note 5
TDS Data Setup to WE 250 nsec
TDH Data Hold from WE 70 nsec




Page D.202

e g

o]

Ivm

YSERVICE N
HLD

———

- TWE =]

AW READ

o oATA MUST NOMINAL
DISKETTE |MODE |DDEN | ClK | T. | T, | T
L 8" MFM 0 2MHzZ [V us [ 1 us |2 us
8" FM 2MHz [2us | 2us | 4us
wew s TIME GOUBLES WHEN GLOCK s e CL e INPUT DATA TIMING
DAQ RISING EOGE' INDICATES THAT THE DATA AEGISTER iS EMPTY
ORQ FALLING EDGE INDICATES THAT THE DATA REGISTER IS LOADED
INTRQ RISING EDGE INDICATE THE END OF A COMMAND
INTRQ FALLING EDGE INDICATES THAT THE COMMAND REGISTER
IS WRITTEN TO
WRITE ENABLE TIMING
INPUT DATA TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS | CONDITIONS
Tpw Raw Read Pulse Width 100 200 nsec | See Note 1
tbc Raw Read Cycle Time 1500 2000 nsec | 1800 ns @ 70°C
Tc RCLK Cycle Time 1500 2000 nsec |[1800 ns @ 70°C
Tx: RCLK hold to Raw Read 40 nsec | See Note 1
Txz Raw Read hold to RCLK 40 nsec | See Note 1
WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1 MHz) (See Note 6, Page 21)
SYMBOL CHARACTERISTICS MIN. TYP. MAX. UNITS [ CONDITIONS
Twp Write Data Pulse Width 450 500 550 nsec FM
150 200 250 nsec MFM
Twg Write Gate to Write Data 2 usec FM
1 usec MFM
Tbe Write data cycle Time 23.0r4 pnsec =CLK Error
Ts Early (Late) to Write Data 125 nsec MFM
Th Early (Late) From 125 nsec MFM
Write Data
Twi Write Gate off from WD 2 usec FM
1 usec MFM
Twd! WD Valid to Clk 100 nsec CLK=1 MHZ
50 nsec CLK=2 MHZ
Twd2 WD Valid after CLK 100 nsec CLK=1 MHZ
30 nsec CLK=2 MHZ




—— 500 NS A—‘.i
CLK
(IMHZ) I I

. AR
o | e

-~ -
*———lZS—T—QS—D{
CLK

(2MHD) —l | L—

1

} MR

R —

WD MUST HAVE RISING EDGE IN FIRST SHADED AREA AND TRAILING
EDGE IN SECOND SHADED AREA.

WRITE DATA/CLOCK RELATIONSHIP

(DDEN= 0)

WRITE DATA TIMING

MISCELLANEOUS TIMING: (Times Double When Clock = 1 MHz) (See Note 6, Page 21)
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SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TCD: Clock Duty (low) 230 250 20000 nsec
TCD2 Clock Duty (high) 200 250 20000 nsec
TSTP Step Pulse Output 20r4 usec
TDIR Dir Setup to Step 12 usec +%eLeKNEothggR
TMR Master Reset Pulse Width 50 usec -
TIP Index Pulse Width 10 usec
TWF Write Fault Pulse Width 10 psec See Note 5
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NOTES:
Pulse width on RAW READ (Pin 27) is normally
100-300 ns. However, pulse may be any width if

e —= pulse is entirely within window. If pulse occurs in both
we T vim windows, then pulse width must be less than 300 ns
for MFM at CLK = 2 MHz and 600 ns for FM at 2
| MHz. Times double for 1 MHz.
- - 2. A PPL Data Separator is recommended for 8" MFM.
3. tbc should be 2 ps, nominal in MFM and 4 n.s nominal
I in FM. Times double when CLK = 1 MHz
4. RCLK may be high or low during RAW READ (Polarity
ferere o is unimportant).

- _‘_l—l__

— ‘a:’. 6.
L or

5. Times double when clock = 1 MHz.

Output timing readings are at Vo. = 0.8vand Von =
2.0v.

’ STEP IN

DIRG  VOH
v

oL ~— AIRY" —-

'—'nm .I'swl——-——{‘c,w'* l—'om —'VSVD"

TEP J [ AI—_L‘ [& |—_L
STE }

i

vOL

MISCELLANEOUS TIMING

*FROM STEP RATE TABLE

Table 4. STATUS REGISTER SUMMARY

ALL TYPE | READ READ READ WRITE WRITE
BIT | COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK
S7 [NOT READY |NOT READY NOT READY NOT READY |[NOT READY |NOT READY
S6 |WRITE 0 0 0 WRITE WRITE

PROTECT PROTECT PROTECT

S5 |HEAD LOADED 0 RECORD TYPE 0 WRITE FAULT |WRITE FAULT
S4 |SEEK ERROR |RNF RNF 0 RNF 0
S3 |CRC ERROR |CRC ERRCR | CRC ERROR 0 CRC ERROR 0
S2 |TRACK 0 LOST DATA LOST DATA LOST DATA |LOST DATA  |LOST DATA
S1 |INDEX PULSE |DRQ DRQ DRQ DRQ DRQ
S0 |BUSY BUSY BUSY BUSY BUSY BUSY

STATUS FOR TYPE | COMMANDS

BIT NAME

MEANING

S7 NOT READY

This bit when set indicates the drive is not ready. When reset it indicates that the drive
is ready. This bit is an inverted copy of the Ready input and logically ‘ored’ with MR.

S6 PROTECTED

When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT
input.

S5 HEAD LOADED

When set, it indicates the head is loaded and engaged. This bit is a logical “and” of
HLD and HLT signals.

S4 SEEK ERROR

When set, the desired track was not verified. This bit is reset to 0 when updated.

S3 CRC ERROR

CRC encountered in ID field.

S2 TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted
copy of the TROO input.

S1 INDEX When set, indicates index mark detected from drive. This bit is an inverted copy of the
IP input.

S0 BUSY When set command is in progress. When reset no command is in progress.
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STATUS FOR TYPE Il AND Il COMMANDS

BIT NAME

MEANING

S7 NOT READY

This bit when set indicates the drive is not ready. When reset, it indicates that the drive
is ready. This bit is an inverted copy of the Ready input and ‘ored’ with MR. The Type |i
and 1l Commands will not execute unless the drive is ready.

S6 WRITE PROTEC

On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a
Wirite Protect. This bit is reset when updated.

S5 RECORD TYPE/
WRITE FAULT

On Read Record: It indicates the record-type code from data field address mark.
1 = Deleted Data Mark. 0 = Data Mark. On any Write: It indicates a Write Fault. This bit
is reset when updated.

S4 RECORD NOT
FOUND (RNF)

When set, it indicates that the desired track, sector, or side were not found. This bit is
reset when updated.

S3 CRC ERROR

It S4 is set, an error is found in one or more ID fields; otherwise it indicates error in
data field. This bit is reset when updated.

S§2 LOST DATA

When set, it indicates the computer did not respond to DRQ in one byte time. This bit is
reset to zero when updated.

S1 DATA REQUEST

This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read
Operation or the DR is empty on a Write operation. This bit is reset to zero when up-
dated.

S0 BUSY

When set, command is under execution. When reset, no command is under execution.

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings
Voo with repect to Vss (ground): + 15to — 0.3V
Voltage to any input with respectto Vss = + 15to —0.3V
lec = 60 MA (35 MA nominal)
loo = 15 MA (10 MA nominal)

Dissipation = 0.6 W

Cin & Cout = 15 pF max with all pins grounded except
one under test.

Operating temperature = 0°C to 70°C

Storage temperature = —55°Cto + 125°C

OPERATING CHARACTERISTICS (DC)
TA = 0°Cto70°C, Voo = + 12V + 6V, Vss = OV,Vce = + 5V = 25V

SYMBOL CHARACTERISTIC MIN. MAX. UNITS CONDITIONS
le Input Leakage 10 uA Vin = Vop**
lou Output Leakage 10 uA Vour = Voo
Vv Input High Voltage 26 \

ViL Input Low Voltage 0.8 Vv

VoH Output High Voltage 28 \ lo= —100uA
VoL Output Low Voltage 0.45 Vv lo = 1.6 MA*
Po Power Dissipation 0.6 W

*1792and 179410 = 1.0

mA

**Leakage conditions are for input pins without internal pull-up resistors.
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WD1691 FLOPPY SUPPORT LOGIC (F.S.L.)

FEATURES GENERAL DESCRIPTION

. . The WD1691 F.S.L. has been designed to minimize the
e Direct interface to the FD179X external logic required to interface the 179X Family of Floppy
Disk Controilers to a drive. With the use of an external VCO,
the WD 1691 will generate the RCLK signal for the WD179X,
while providing an_adjugtment pulse (PUMP) to control the
VCO frequency. VFOE/WF de-multiplexing is also accom-
plished and Write Precompensation signals have been in-
cluded to interface directly with the WD2143 Clock Generator.

October, 1980

o Eliminates external FDC Logic
® Data Separation/RCLK GENERATION

e Write Precompensation Signais

& VFOE/WF Demultiplexing The WD1691 is implemented in N-MOS silicon gate
technology and is available in a piastic or ceramic 20 pin
® Programmable Density dual-in-line package.

® 8" or 5.25" Drive Compatible
e All inputs and outputs TTL Compatible
® Single +5V Supply

-l RCLK
vCo +N
Py
O s COMPARE > -~
WOIN * 20| Jvee L » 70

1%
RCO
S D 18 DLATE

& : 4 17 %EARLY
TG43
se[] s worser veo —_— al
WDOUTE 6 15 DDEN W DE et mx tggc.coup 2
wa[] 7 14 [ ]PD . :
vroEwe (] s 13 PU wa ] N
Taaa{ ] o 12 _lRCK e 1
VSS C 10 1 :E ATE becooe WOIN
I WOOUT
L > ST8

BLOCK DIAGRAM
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PIN NAME SYMBOL FUNCTION
1 WRITE DATA WOIN Ties directly to the FD179X WD pin.
INPUT
2,3,4,19 PHASE 2 & o od 4 Phase inputs to generate a desired Write Precompensation
2,314 delay. These signals tie directly to the WD2143 Clock
Generator.
5 STROBE STB Strobe output from the 1691. Strobe will latch at a high level
on the leading edge of WDIN and reset to a low level on the
leading edge of 04.
6 WRITE DATA wDOouT Sernal, pre-compensated Write data stream to be sent to the
OUTPUT disk drive’s WD line.
7 WRITE GATE WG Ties directly to the FD179X WG pin.
8 VFO ENABLE/ VFOE/WF Ties directly to the FD179X VFOE/WF pin.
WRITE FAULT
9 TRACK 43 TG43 Ties directly to the FD179X TG43 pin, It Write Precompen-
sation is required on TRACKS 44-76.
10 Vi Vs Ground
11 READ DATA ROD Composite clock and data stream input from the drive.
12 READ CLOCK RCLK RCLK signal generated by the WD1691, to be tied to the
FD179X RCLK pin.
13 PUMP UP PU Tri-state output that will be forced high when the WD1691
requires an increase in VCO frequency.
14 PUMP DOWN PO Tri-state output that will be forced low when the WD1691 re-
quired a decrease in VCO frequency.
15 Double Density DDEN Double Density Select input. When Inactive (High), the VCO
Enable frequency is internally divided by two.
16 Voitage vCQO A nominal 4.0MHz (8” drive) or 2.0MHz (5.25" drive) master
Controlled clock input.
Oscillator
17,18 EARLY EARLY EARLY and LATE signals from the FD 179X, used to deter-
LATE LATE mine Write Precompensation.
20 Vee Vee + 5V = 10% power supply




DEVICE DESCRIPTION

The WD1691 is divided into two sections:

1) Data Recovery Circuit
2) Write precompensation Circuit

The Data Separator or Recovery Circuit has four inputs:
DDEN, VCO, RDD, and VFOE/WF; and three outputs: PU,
PD and RCLK. The VFOE/WF input is used in conjunction
with the Write Gate signai to enable the Data recovery circuit.
When Write Gate is high, a write operation is taking place,
and the data recovery circuits are disabled, regardless of the
state on any other inputs.
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When VFOE/WF and WRITE GATE are low, the data
recovery circuit is enabled. When the RDD iine goes Active
Low, the PU or PD signals will become active. If the RDD
line has made its transition in the beginning of the RCLK
window, PU will go from a Hi-Z state to a Logic I, requesting
anincrease in VCO frequency. If the ADD line has made its
transition at the end of the RCLK window, PU will remain in
a HI-Z state while PD will go to a logic zero, requesting a
decreasa in VCO frequency. When the leading’edge of RDD
occurs in the center of the RCLK window, both PU and PD
will remain tri-stated, indicating that no adjustment of the
VCO frequency is needed. The RCLK signal is a divide-by-
16 (DDEN=1) or a divide-by-8 (DDEN=0) of the VCO
frequency.

WG VFOE/WF

RDD PU+PD

CX-X-3
00—« X

X Hi-Z
X HI-Z
1 HI-Z
0 Enable

The Write Precompensation circuit has been designed
to be used with the WD2143-01 clock generator. When the
WD1691 is operated in a “single density only” mode, write
precompensation as well as the WD2143-01 is not needed.
In this case, 01, §2. D3, P4, and STB should be tied together,
DOEN left open, and TG43 tied to ground.

In the double-density mode (DDEN=0), the signals Early
and Late are used to select a phase input ('9_1- -~ 94) on the
leading edge of WDIN. The STB line is latched high when
this occurs, causing the WD2143-01 to start its pulse gen-
eration. P2 is used as the write data pulse on nominal
(Early=Late=9), B2 is used for early, and 03 is used for late.
The leading edge of P4 resets the STB line in_anticipation of
the next write data pulse. When TG43=0 or DDEN=1, Pre-
compensation is disabled and any transitions on the WDIN
line will appear on the WDout line. if write precompensation
is desired on all tracks, ieave TG43 open (an internal pull-up
will force a Logic |) while DDEN=0.

The signals, DDEN, TG43, and RDD have intemal pull-
up resistors and may.be ieft open if a logic | is desired on
any of these lines.

The minimum Voh level on PU is specified at 2.4V,
sourcing 200ua. During PUMP UP time, this output will “drift”
from a tri-state to .4V minimum. By tying PU and PD together,
a PUMP signal is created that will be forced low for a de-
crease in VCO frequency and forced high for an increase in
VCO frequency. To speed up rise times and stabilize the
output voitage, a resistor divider can be used to set the tri-
state level to approximately 1.4V. This yields a worst case
swing of = 1V; acceptable for most VCO chips with a linear
voltage-to-frequencv charactenstic.

Both PU and PD signals are affected by the width of the
RAW READ (RDD) pulse. The wider the RAW READ puise,
the longer the PU or PD signal (depending upon the phase
relationship to RCLK) will remain active. If the RAW READ
puise exceeds 250ns, (VCO = 4MHz, DDEN = 0) or 5Q0ns.
(VCO = 4MHz, DDEN = 1), then both a PU and PD will occur
in the same window. This is undesirable and reduces the
accuracy of the external integrator or low-pass filter to con-
vert the PUMP signals into a slow moving D.C. correction
voltage.

Eventually, the PUMP signals will have corrected the
VCO input to exactly the same frequency muitiple as the
RAW READ signal. The leading edge of the RAW READ
pulse will then occur in the exact center of the RCLK window,
and ideal condition for the FD179X internal recovery circuits.
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
Ambient Temperature under Bias .......... -25°to 70°C Storage Temp.—Ceramic—85°C to +150°C
Voltage on any pin with respect Plastic—55°C to +125°C
o Ground (VSS) ........coviiiiiiiiiianannn -0.2t0 +7V
Power Dissipation ............... ..ottt W

NOTE: Maximum limits indicate where permanent device
damage occurs. Continuous operation at these limits is not

B CHARACTERISTICS intended and should be limited to those conditions specified

T, = ¢ 10 70°C; Vee = 5.0V=10%; V,,=OV in the DC Electrical characteristics.
SYMBOL PARAMETER MIN TYP MAX UNIT TEST CONDITIONS

Vi Input Low Voltage -0.2 +0.8 Y

Vin Input High Voltage 2.0 v

Voo Output Low Voltage 0.45 \ lou=3.2MA

Von High Level Output Voltage 24 \ low=—200ua

Vee Supply Voltage 4.5 5.0 5.5 \

lee Supply Current 40 100 MA All outputs open

AC ELECTRICAL CHARACTERISTCS
Ta = 0° 10 70°C; V. = 5V= 10%; Vss = OV

SYMBOL PARAMETER MIN TYP MAX UNIT TEST CONDITIONS
FIN VCO Input Frequency 5 4 6 MHz DDEN=0
5 2 6 MHz DDEN=1
Ao RDD Pulse Width 100 200 ns.
W, EARLY (LATE) to WDIN 100 ns.
Pon PUMP UP/DN Time 0 250 ns.
| W, WDIN to WDOUT 80 ns. DDEN=1
T . Intemal Pull-up Resistor 40 6.5 10 KQ
| N i
| 1
8 le— FIN —m
Vee
veo 1 L

PINS

! 8,9, 11,15 ADD
o anty L 1

INTERNAL PULL-UP RESISTOR -—————— Voo + 16—

P
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wbouT
NOM EARLY LATE NOM
TG43 1
DDEN =0 WRITE DATA TIMING (MFM)
— < Wpw
WOIN ! l ,I L
| 1
] I
WDOUT .
H — :._. Woi
TG43 ="0"
DDEN = "1

WRITE DATA TIMING (FM)
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TYPICAL APPLICATIONS

Figure 1 illustrates the 1691 to FD1771-01 floppy disk con-
troiler. The RCLK signal is used to gate the RAW data pulses
which are inverted by the 74LS04 inverter. Since RCLK will
be high during data and low during clock a 74LS08 is used
to switch the proper clock or data puise to the FD1771.

Shown in Figure 2 is a Phase-Lock Loop data separator
and the support logic for a single and doubie-density 8” drive.
The raw data (Both clock and data bits) are fed to the
WD1691 and FD179X. The WD1691 outputs its PU or PD
signal, which is integrated by the .33ut capacitor and 33ohm
resistor to form a control voitage for the 745124 VCO device.
The 4.0MHZ nominal output of the VCO then feeds back to
the WD1691 completing the loop. The WD2143-01 is also
used, providing write precompensation when in double-den-
sity, from tracks 44-77. The DDEN line can either be con-
troiled by a toggle switch or a logic level from the host
system.

To adjust write precompensation, issue a command to
the FD179X so that write data pulses are present. This can
be done with a ‘'WRITE TRACK' command and the 1P line
open, or a continucus ‘WRITE SECTOR’ operation. With a
scope on pin 4 of the WD1691, adjust the precomp pot for
the desired value. This will range from 100 to 300 ns typically.
The puise width set on pin 4 (§1) will be the desired precomp
delay from nominal.

The data separator must be adjusted with the RDD or
VFOE/WF line at a Logic . Adjust the bias voitage poten-
tiometer for 1.4V on pin 2 of the 745124, Then adjust the
range control to yield 4.0MHZ on pin 7 of the 745124,

RAW
DATA 1771-01
74LS04 —_—
™
1691 11 =y
RDD
74L.508
12 N\
7
RCLK f 2 FDDATA
— - 2 | FocLock
15
DDEN — N.C.
—_

WD1691 to FD1771-01 INTERFACE

SUBSTITUTING VCO's

There are other VCO circuits available that may be sub-
stituted for the 74S124. The specifications required are:

1) The VCO must free run at 4.0MHz with a 1.4V controi
signal. The WD1691 will force this voltage 1 Volt in
either direction (i.e., .4V = decrease frequency, 2.4V
= increase frequency). If a = 15% capture range is
desired, then a 1 Voit change on the VCO input should
change the frequency by 15%. Capture range should
be limited to about = 25%, to prevent the VCO from
breaking into oscillaticn and/or losing lock because of
noise spikes (causing abnormally quick adjustments of
the VCO frequency). Jitter in the VCO output frequency
may further be reduced by increasing the integration
capacitor/resistor, but this will also decrease the final
capture range and lock-up time.

2) The sink output current of the WD1691 is 3.2ma mini-
mum. The source output current is —200ua. Therefore,
source current is the limiting factor. Insure that the input
circuitry of the VCO does not require source current in
excess of —200ua.

Another alternative is to use a voitage follower/level
shifter circuit to match the input requirements of the VCO
chosen. A more complex filter can be used to convert the
PUMP UP/PUMP DOWN pulses to the varying DC voitage
signal required by the VCO, achieving an optimum condition
between lock-up time and high frequency rejection.
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This is a preiiminary specification wrth tentative device parameters and may be subject to change after final product charactenzation is comoietsd.

intormation furmshed by Westem Digital Corporation is beisved 1o be accurate ang rellable. However, no responsibility is assumed by Western Digitai Corporation
tor 1S use: nor any infringements of patents or other rights of third parties which may resuit from its usa. No license 18 granted by impiication o gth:erwise under
any patent or patent nghts of Westem Digital Corporanon. Western Digital Corporation reserves the nght to change saxl circudry at any time wrthout nouce.
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NEWPORT BEACH CA 92663 (714) 557-3550 TWX 210-595-1139
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WD2143-03 Four Phase Clock Generator

FEATURES GENERAL DESCRIPTION

)
[}
¢ IMPROVED VERSION OF WD2143-01 The WD2143-03 Four-Phase Clock Generator is a MOS/
e TRUE AND INVERTED QUTPUTS LS! device capable of generating four phase clocks. The out- &
o SINGLE 5 VOLT SUPPLY put pulse widths are controlled by tying an external resistor =
e TTL COMPATABLE to the proper control inputs. All pulse widths may be set to E
e ON CHIP OSCILLATOR the same width by tying the #PW line through an external re- w
e TTL CLOCK INPUTS sistor. Each pulse width can also be individually pro- *
e TTL CLOCK OUTPUT grammed by tying a resistor through the appropriate ¢1PW—
o PROCRAMMABLE PULSE WIDTHS $4PW control inputs.
o PROGRAMMABLE PHASE WIDTHS
o NO EXTERNAL CAPACITOR
P1PW
/
ST3IN ) T a _
—AMV o T—
_ v osef - = |
p4 1 18 ] Vee a - 31
f_‘ O 17 [ dPwW osc | T
#3303 16 [] papwW our T a » P2
fz[: a 15 [] ¢3PW $2PW )——J —AAA 02
2> 14 [ ¢2PW —T1 -T_ - _
¢2[]s 13 [ p1PW [e} - 2
o117 12 [7] osc ouT N
¢1C8 11 jSTBIN P3PW T Q = 03
GND [ 9 10 [] sTB OUT FJ_—"M T 3 N
) L a P &
PIN CONNECTIONS parw > T Qg4
—WV ba
PPW - I = — —
7 a > 04

Figure 1 WD2143-03 PIN CONNECTIONS AND BLOCK DIAGRAM

DEVICE OPERATION

Each of the phase outputs can be controlled individually by
typing an external resistor from ¢ 1PW-44PW to a +5V sup-
ply. When it is desired to have &1 through &4 outputs the
same width, the ¢ 1PW-»4PW inputs should be left open and
an external resistor tied from the PW (Pin 17) input to
+12V.

STROBE IN {pin 11) is driven by a TTL square wave with
STROBE OUT (pin 10} left open. Each of the four phase
outputs provide both true and inverted signals, capable of
driving 1 TTL load each.
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PIN NUMBER SYMBOL DESCRIPTION
1,3,5,7 P1—p4 Four phase clock outputs. These outputs are inverted (active low).
2,4,6,8 d1-¢4 Four Phase clock outputs. These outputs are true (active high).
9 GND Ground
10 STB OUT This pin is left unconnected.
11 STB IN Input signal to initiate four-phase clock outputs.
12 N.C. No connection
13-16 d1PW-4PW External resistor inputs to control the individual pulse widths of each output.
These pins can be left open if $PW is used.
17 SPW External resistor input to control all phase outputs to the same pulse widths.
18 Vee +5V * 5% power supply input

TYPICAL APPLICATIONS

21 81 Bt 2l

Table 1 PIN DESCRIPTIONS
’ 3__1 ——1 i 4
= 1"
o 7400 STBIN

WD214308
Jsran WD2143-03
4 opw 10
J: NC | STB OUT
—
——

Figure 2 WRITE PRECOMP OPERATION WITH F.S.L.

Figure 3 TTL SQUARE WAVE OPERATION

wD1691
+5
-12 N
13 b1 8 .31
K 21PW y—
WD2143-03 8 *—1
1 frm—— 14 6
,6 — A/ 22PW 62 {52
10K LLAE Py o2 4 2 1 WD2143-03
* » 4 AL a3IPW 53 —4-» 53
! 16 2
D4PW b _’md
10K

Figure 4 EQUAL PULSE WIDTH OUTPUTS

Figure 5 INDIVIDUAL PULSE WIDTH OUTPUTS
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CONTAOULER

Figure 6 WRITE PRECOMP FOR FLOPPY DISK

SPECIFICATIONS

Absolute Maximum Ratings

Operating Temperature 0°to +70° C

Voltage on any pin with -0.51t0 +7V
respect to Ground*

Power Dissipation 1 Watt

Storage Temperature plastic -55°to +125°C

ceramic —65° to +150°C

DC ELECTRICAL CHARACTERISTICS

Vee = 5V 5%, GND = OV, TA = 0°to 70°C.

Figure 7 WD2143-03 TIMING DIAGRAM

Note: Maximum ratings indicate limits beyond which perma-
nent damage may occur. Continuous operation at these limits
is not intended and should be limited to the DC electrical char-

acteristics specified.

*Pin 17 = —0.5V to +12V. Increasing voltage on Pin 17 will

decrease Tpy.

SYMBOL PARAMETER MIN. MAX. UNITS CONDITIONS
Vol TTL low level output 04 \ loj = 1.6 ma.
Voh TTL high levei output 24 " loh = —100 ua.
Vi STBin low voltage 08 \

Vih STB in high voltage 24 v

lce Supply Current 80 ma All oulputs open

Table 2 DC ELECTRICAL CHARACTERISTICS
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SWITCHING CHARACTERISTICS
Ve =5V = 5%, GND = OV TA=0°1070°C

SYMBOL PARAMETER MIN, MAX. UNITS CONDITIONS

Ted STB IN to OSC out (1) 70 NS

Tpd STB OUT to &1 70 NS

pr Pulse Width (any output) 100 300 NS CL = 30pf

Tpr Rise Time (any output) 30 NS CL = 30 pf

Tpf Fall Time (any output) 25 NS CL = 30 pf

TFR STROBE Frequency 2.5 MHz combined Tpw = 400 NS.
pow Pulse Width Difterential 10 % 160-300 NS.

Table 3 SWITCHING CHARACTERISTICS
NOTE: 1, measurad at 50% Vg Point; Vo = 0.8V, Vou = 20V

0300
‘ l MAX. j IT‘MAX ‘] r—‘_‘ s —"‘l =
3 " . [’

=
(- I 9295 g o 0.
L_ ﬁ —'— L’m"’ oozle_ = L-a—?%; T I-—m‘-l

WD2143L-03 CERAMIC PACKAGE WD2143M-03 PLASTIC PACKAGE

This 1s a preliminary specification with tentative device parameters ar.d may be subject to change after final product characterization s
completed.

Information furnished by Western Digitai Corporation 1s believed to be accurate and reiiable. However, no responsibility 1s assumed by
Waestern Digital Corporation for its use; nor any infringements of patents or other rights of third parties which may result from its use. No
license is granted by tmplication or otherwise under any patent or patent nights ot Western Digital Corporation. Western Digital Corpora-
tion reserves the right to change said circuitry at any time without nodice.

WESTERN BIGITAL 2445 McCABE WAY, POST OFFICE BOX 2180
c e s r o ma 0N IRVINE, CALIFORNIA 92714 (714) 557-3550, TWX 910-595-1139
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@ MOTOROLA MCM6633

32,768-BIT DYNAMIC RAM

MOS

The MCM6633 is a 32,768 bit, high-speed, dynamic Random-Access

Memory. Organized as 32,768 one-bit words and fabricated using (N-CHANNEL, SILICON-GATE)

HMOS high-performance N-channel silicon-gate technology. This new

breed of 5-voit only dynamic RAM combines high performance with low 32,768-BIT

cost and improved reliability. DYNAMIC RANDOM ACCESS
By multiplexing row- and column-address inputs, the MCM6633 re- MEMORY

quires only eight address lines and permits packaging in standard 16-pin
dual-in-line packages. Complete address decoding is done on chip with
address latches incorporated. Data out is controlled by CAS allowing
for greater system flexibility.

All inputs and outputs, including clocks, are fully TTL compatible
The MCMB6633 incorporates a one-transistor cell design and dynamic
storage techniques.

@ Organized as 32,768 Words of 1 Bit

® Single +5 V Operation

® Fast 150 ns Operation
[ ]

Lo L SUFFIX
Lo;_/]sPoverDlsspauor(\A el CERAMIC PACKAGE
m aximum (Active CASE 690

30 mW Maximum (Standby)

® Three-State Data Output
® Internal Latches for Address and Data Input
® Early-Write Qu(put Capability PIN ASSIGNMENT
® 16K Compatible 128-Cycle, 2 ms Refresh
® RAS-only Refresh Mode vss
® CAS Controlled Output CAS
® Upward Pin Compatible from the 16K RAM (MCM4116, MCM4516, 140 Q
MCM4517) A6
@ One Half of the 64K RAM MCM6665 W
. . . . . 1
@ The Operating Half of the MCM6633 is Indicated by Device Marking: '
MCMB6330 Tie A7 CAS (A15) Low "0 np A4
MCMB6331 Tie A7 CAS (A15) High 1" wof AS
apl A7
BLOCK DIAGRAM °For maximum compatibility with MCM6632 and
«— Ve MCM6664, a Vi trace should go to pin #1.
*+—Vss
'ET(';:LS Sense Amplilier g Sense Amplitier PIN NAMES
§ ...Address Input
A - a ....Data In
v 3 E Data Out
NS S 16,384 Bit Memory b 16, 384-811 Memory g |e-fA3 ............Read/Write Input
e Array S Array o | | VRAS.... ol Row Address Strobe
L 3 2 |le-TAS ...Column Address Strobe
3 - % . Power (+6 V)
A3 4 3 ‘:‘; la-wite W | 1 [ YSS Ground
€ 172 t1 of 256 1/2 Cell 172 (1 ot 256! S
Ad ] § Column Decoder Logic Column Decoder ﬂ g le-0ata In. O
AS-B @ '§ 2 - Output This device contains circuitry to protect
2 | 1638481 Memory | 8 16,384-B1t Memory 3 Data, Q the inputs against damage due to high
A6 B Array z Array g static voltages or electric fields; however,
B4 & = it 1s advised that normai precautions be
A7 g taken to avoid application of any voitage
5 higher than maximum rated voltages to
'E‘l'::;g Sense Amphter - Sense Ampt:her this high-impedance circuit.

DS9825/9-80
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MCM6633

ABSOLUTE MAXIMUM RATINGS (See Note) FIGURE 1 — OUTPUT LOAD
Refing Symbol Value Unit 5V

Voitage on Any Pin Relative to Vgg (Except Vi) Vin: Vout ~2t0 +7 \ 970 0
Voltage on VcC Supply Relative to Vg Vin. Vout ~1t0 +7 v
Operating Temperature Range TA Ot +70 °C
Storage Temperature Range Tsig —6510 +150 | °C a d
Power Dissipation PD 1 w
Data Out Current lout 50 mA 100 pF* 12 k0 v,

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are ex-
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT-
ING CONDITIONS. Exposure to higher than recommended voltages for extended

periods of ume could aftect device reliabiny. *Includes Jig Capacitance

DC OPERATING CONDITIONS AND CHARACTERISTICS
{Full operating voltage and temperature range unless otherwise noted.)

RECOMMENDED OPERATING CONDITIONS
Parameter Symbo!| Min | Typ | Max | Unit | Notes

Supply Voltage MCM6633L 15/ MCM6633L20 vee 45| 50| 556

MCMB633L 156-56/ MCM6633L20-5 Vge | 475 50| 5256 Vde 1
Vss 0 0 [}
Logic | Voitage, Al Inputs ViH 24 - 7.0 | Vdc 1
Logic 0 Voitage ViL ~-20| - 0.8 | Vdc 1

DC CHARACTERISTICS

Characteristic Symbol | Min | Max | Units | Notes
V¢ Power Supply Current {1gc min.) Iccr - 50 [ mA 4
Standby V¢ Power Supply Current Icc2 - 5 mA 5
Ve Power Supply Current During RAS Only Refresh Cycles Icca - 40 | mA -
input Leakage Current (any input} (0= V;,<5.5) (Except Pin 1) Wy - 10 ] A -
Qutput Leakage Current {05 V(,,y<5.5) {CAS at Logic 1} 101(L) — 10 | uA -
Output Logic 1 Voltage @ lo 1= -4 mA VOH 24 - v -
Output Logic 0 Voltage @ Igyr=4 mA VoL - |o4] Vv -

AC OPERATING CONDITIONS AND CHARACTERISTICS
(See Notes 2, 3, 6, anc Figure 1)
(Read, Write, and Read-Modity-Write Cycles)
{Full Operating Voltage and Temperature Range Unless Otherwise Noted)

Parameter Symbol MCMB633-15 | MCM6633-20 Units | Notes
Min { Max | Min | Max

Random Read or Write Cycle Time Tl 300 - 350 - ns 89
Read Write Cycle Time TRWC 300 - 350 - ns 8,8
Access Time from Row Address Strobe tRAC - 150 - 200 ns 10, 12
Access Time from Column Address Strobe tCAC - 75 - 10 ns 1,12
Output Butfer and Turn-Off Delay tOFF 0 30 4] 40 ns 17
Row Address Strobe Precharge Time tRP 120 - 140 — ns -
Row Address Strone Pulse Width tRAS 150 | 10000 [ 200 | 10000 | ns -
Column Address Strobe Pulse Width 1CAS 75 (10000 | 110 | 10000 | ns -
Row to Cotumn Strobe Lead Time RCD 30 75 35 90 ns 13
Row Address Setup Time TASR 0 - 0 - ns -
Row Address Hold Time tRAH 25 - 30 - ns -
Column Address Setup Time 1ASC 0 — 0 — ns -
Cotumn Address Hold Time 1CAH 45 — 55 — ns
Column Address Hold Time Referenced 1o RAS tAR 120 - 155 - ns -
Transition Time {Rise and Fall) T L3 50 3 50 ns 5




MCM6633

AC OPERATING CONDITIONS AND CHARACTERISTICS
{See Notes 2, 3, 6, and Figure 1}
(Read, Write, and Read-Modify-Write Cycles)
{Full Operating Volitage and Temperature Range Unless Otherwise Noted)

MCM6633-15 | MCMB633-20 .
Parameter Symbol Min Mox Min rYym Units | Notes
Read Command Setup Time tRCS 0 - 0 - ns -
Read Command Hold ume IRCH 10 — 10 - ns 14
Read Command Hold Time Referenced to RAS IRAH 30 - 35 - ns 14
I Write Command Hold Time YWCH 45 - 56 - ns -
[ write Command Hold Time Referenced to RAS WCR 120 - 155 - ns —
"Wiite Command Pulse Width WP 5 - 55 - s [ -
Write Command to Row Strobe Lead Time TRWL 45 — 55 — ns —
Write Command to Column Strobe Lead Time 1CwWL 45 - 55 — ns -
Data in Setup Time DS 0 — 0 — ns 15
Data in Hold Time \DH 45 — 55 - ns 15
Data in Hold Time Referenced to RAS IDHR 120 - 185 - ns -
Column to Row Strobe Precharge Time 'CRP -10 - -10 - ns —
RAS Hold Time IRSH 75 - 110 - ns
Refresh Period o {RFSH - 2.0 — 20| ms -
WRITE Command Setup Time WCS -10 - -10 -1 ns | 16
CAS to WRITE Detay ICWD 45 - 55 - | ns | 16
RAS 10 WRITE Delay 1RWD 125 - 160 ~ | ns [ 16
CAS Hold Time B 1CSH 150 - 200 - ns | —
CAPACITANCE (f=1.0 MHz, To=25°C, Vcc=5 V Periodically Sampled Rather Than 100% Tested)
Parameter - Symbol | Typ | Max | Units | Notes
Input Capacitance {A0-A7), D Ciy 4 5 pF 7
Input Capacitance FAS, TAS, WRITE ) Ciz 8 10 | pF 7
|_Output Capacitarce (Q) ([TAS = V)4 1o disable output! [ Co 5 7 | pFf 7
NOTES:
1. All voltages referenced to Vgg.
2. Vi min and Vi max are reference levels for measunng timing of input signals. Transition times are measured between Vi and
ViL.
3. AlnLlnmaI pause of 100 us is required atter power-up followed by any 8 RAS cycles betore proper device operation guaranteed
4. Current is a function of cycle rate and output loading; maximum current 18 measured at the fastest cycle rate with the output
open.
5. O‘\)npul s disabled (open-circuit) and RAS and CAS are both at a logic 1.
8. The transiion ume specitication applies for all input signals. In addition 10 meeting the transition rate specification, all input sig-
nals must transmit between V| and Vy_ {or between V||_and Vi) in a monotonic manner
7. Capacitance measured with a Boonton Meter or effective capacitance calculated from the equation: C=?v1
8. The specitications for tg {min), and tRw(C (min) are used only to indicate cycle uime at which proper operation over the full tem-
perature range (0°C < T <70°C) is assured.
9. AC measurements assume tt =5.0 ns.
10. Assumes that IRCD S tRCD ‘max).
11, Assumes that tRCD=tRCD (max).
12, Measured with a current load equivalent to 2 TTL toads (+ 200 uA, —4 mA) and 100 pF (Vo4 =2.0V, VoL= -0.8 V}
13. Operation within the tRCD (max) lim:t ensures that IRAC (max) can be met. tRcD (max) is specified as a reference point only: if
1RACD is greater than the specitied tgCp (max) limit, then access time is controlled exclusively by t1CAC.
14 Either tRRH or tRCH must be satistied for a read cycle
15, These parameters are referenced to CAS leading edge n random write cycles and to WRITE leading edge in delayed write or read-
modify-write cycles
16. twes. tcwD. and tRwpD are not restrictive operating parameters. They are included in the data sheet as electnical characteri-
stics only: if iwcs 2 twes (mind, the cycle 1s an early write cycle and the data out pin will remain open circuit {high impedance)
throughout the entire cycle; it tcywp 2 towp (min) and trywp = tRWD (min}, the cycle is a read-write cycle and the data out wilt
contain data read trom the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at
access ume) is indeterminate.
17. toft imax) detines the ime at which the output achieves the open circuit condition and is not referenced to output voitage levels.
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MCM6633

MCM4516

PIN ASSIGNMENT COMPARISON

MCM4517

vss
CAS

A8
A3
A4
A5
N/C

PIN VARIATIONS

MCMB632

_ S
Pin Number L MCM4116 MCM4516 MCM4517 rmcme&z MCMB663 MCM6664 MCMB665
1 T vggt-s W AEFRESH N/C | REFRESH NIC REFAESH N/C
| _ 8 | Vopt+12v) vee vee vee vee vee Vce
9 Veci+5 Vi N/C N/C A7 A A7 A7
ORDERING INSTRUCTIONS
PART NUMBER DESCRIPTION SPEED MARKING®
MCM6633L15 150 66330L15/66331L15
MCM66330L 15 20K RAM 150 6633015
MCMB6331L15 Sidebraze 150 66331015
MCM6633L20 Package 200 66330L20/66331L.20
MCMB6330L20 L 200 6633020
MCMB63311.20 200 66331020

"MCM66330L20 = Tie A7 CAS (A15) Low 0"

MCM663311.20

Tie A7 CAS (A15) High 1"
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MCM6633

READ CYCLE TIMING

RC — —-— >
tRAS
. Vin -—ﬁgn——tm_-‘ A
RAS
Vit A
u———-lcsr~-}————. 4R
e—— trRco——o® RSH @ CRP
v t e CAS———————»
as N / 7 \_
ViL
'RAH
tASR tASC 1CAH
ViH ‘-.1 .| " H
Addresses W Row Cotumn
VL Address Address P,
- LR AH e
RCS ACH |ag-
N Vin p
CAC———
g IRAC ] —d }q_ \OFF
VOH : Vaud >
Q (Data Out) VoL High Z —{ o
WRITE CYCLE TIMING
RC
Vin RAS
—_ X lg——aR T
RAS N » K
Vi K A
! RSH tAP——— g
+tcsH
tRCD———1 (CAS—————» TCRP—
ViH t
I \ /i f \_
tRAH
tASR ‘<.1'ASC tCAH
ViH 'l
Row Colurmn
Addresses n m Address Address
| 1CwiL
WCS YW C Himy
e e
w
ViL
ViH OO0 XA XXOOOOOOOOODOOOOONBOONN0
D (Data in}
I SOGOKE e
Q {Data Out von High Z

VoL
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MCM6633

RAS-ONLY REFRESH CYCLE
{Data-in and Write are Don't Care, CAS is HIGH)

Vin il I
’1—————— IPAS
Ve
l— 1 p———
ViH
\V V'V V
Adcrosses R R R LKL
ey R RRRRRYRXRXRKS
Vi YOO XYY XX
READ-WRITE/READ-MODIFY-WRITE CYCLE
IAWC |
Vi 1RAS
o AR —
—— IRSH tRP
_— IcsH
}§——— RCD ICAS - 1CRP-9
VIHI
TA3 Ve /
TRAH
1ASR b 1 ASCY InrcAH.J
\
Addresses vl ; A R°'W EZ'{::‘S”S
L
LRWD! P tCWL—pnl
1CWO —————» 'RWL
w " RTINS
v O000GO0NNN) J
Twe |- toFF
\CAC————
VOH . Vald
Q (Data Out} Vo L High Z < Dalla >____
HAC — _J 'O
ips _1 |
H T 0K X XXX 0 ODOOSOOOOOBODBTODO0
B T 1 A A e e N A N e P ARSI




MCM6633

MCMO866 BIT ADDRESS MAP

Pin 8
Row Address A7 AB A5 A4 A3 A2 Al AQ
Column Address A7 A6 A5 A4 A3 AZ A1 AQ Column Addresses
Row Hex Dec A7 A6 A3 A4 A6 A2 A0 A)
FE 264 1 1 1 1 1 1 0
FF 265 1 1 1 1 1 1 1 1
FC 252 1 1 1 1 1 1 0 G
FD 253 1 1 i 1 1 1 [} 1
FA 260 1 1 1 1 0 1 [}
FB 21 1 1 ] 1 1 o 1 1
F8 248 Y 1 1 1 1 0 0 O
F9 249 % 1 1 1 1 o 0 1
.
.
.
.
.
.
82 130 ! o 0 o0 ¢ o t 0
83 131 1 0o ¢ ¢ 0 0 1 1
§ 8D 12 1 o 0 0 0 0o 0 O
81 129 1 o 0 0o 0 0 O 1
3 7F 127 0 1 1 1 1 1 1 1
€ 7€ 126 0 1 1 1 1 1 1 0
£ 7 12% 0 v 1 v 1 1 0 1
2 :
.
.
.
.
.
.
.
.
.
de 2=58 .
55 5556 .
.
04 4 0 0 o 0 O 1 0o 0
. o e = 03 3 0 0 0 0 0 O 1 1
vy 55 02 2 o 0 0o 0 0 o0 1 o]
28 88§§01|00000001
00 0 0o o 0 ¢ 0 0 0 O
x
3 KK 885833858
§f§§£ BResesssssmonnenm-o
§3°" (= OO0~ ~0O0O~—0
é?.—-— - O-r-~0O0-r~o0oO
;-——— - Or-rrmr-—000Q
ﬂ'—' - ~—oOCcOO0O0QQO
3-- —— cooococoocoo
-~ - cooococooo0
g._._ — - COoO000O00COoCO
oo coooooooo

Data Stored= D, @ Agx ® A1y

Column Row
Dsts
Addrms | Addrem | g oag
0 [ inverted
0 1 True
1 0 True
1 1 inverted
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