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CHAPTER 1
INTRODUCTION

The Intel® 8086, a new microcomputer, extends the mid-
range 8080 family into the 16-bit arena. The chip has
attributes of both 8- and 16-bit processors. By executing
the full set of 8080A/8085 8-bit instructions plus a
powerful new set of 16-bitinstructions, itenables a system
designer familiar with existing 8080 devices to boost
performance by a factor of as much as 10 while using
essentially the same 8080 software package and
development tools.

The goals of the 8086 architectural design were to extend
existing 8080 features symmetrically, across the board,
and to add processing capabilities not to be found in the
8080. The added features include 16-bit arithmetic, signed
8- and 16-bit arithmetic (including multiply and divide),
efficient interruptible byte-string operations, and im-
proved bit manipulation. Significantly, they also include
mechanisms for such minicomputer-type operations as
reentrant code, position-independent code, and dynami-
cally relocatable programs. In addition, the processor may
directly address up to 1 megabyte of memory and has
been designed to support multiple-processor configur-
ations.

How It Is Done

The 8086's improved performance stems from a
combination of process and architectural enhancements.
It is the first microcomputer to be fabricated with the
newly developed silicon-gate H-MOS process, which
gives the device 4-micrometer scaled-down metal-oxide-
semiconductor transistors and on-chip biasing that make
it operate faster and more reliably.

With this high-performance MOS technique, typical on-
chip gate propagation delays of 2 nanoseconds are as
short as those obtained from costly Schottky transistor-
transistor logic. This results in extremely fast internal
clocking rates: 5 megahertz (200ns). That is faster than
any one-chip central processing unit now available. Since
four CPU clock cycles correspond to approximately one
memory cycle, the 8086 is much more efficient in
accessing memory. Indeed, memory chip selection for the
8086 requires devices that cycle in 500ns to 800ns and
access data (address to data-in valid) in a matter of 295 to
460ns.

The H-MOS process also produces denser circuitry. The
entire 16-bit data and microprogrammed control struc-
tures use 29,000 transistors integrated onto a die about
225 mils square. Many less complex peripheral chips that
use large-scale integration are larger. The smallness of its
die means that the high-performance 8086 will decline in
cost as production experience with it grows, just as
happened with the 8080, 8080A, and 8085.

1-1

An Enhanced Architecture

The architectural enhancements of the 8086 stem from a
powerful register structure, increased memory address
capability, almost unlimited levels of interrupts, and
powerful input and output interface circuitry.

Unlike the 8080/8085 CPUs, the 8086's registers can
process 16-bit as well as 8-bit data. A general register file
provides operands for the 16-bit arithmetic/logic instruc-
tions. It contains four 16-bit general data registers thatare
also addressable as eight 8-bit registers, two 16-bit
memory base pointer registers, and two 16-bit index
registers. All data manipulation instructions apply to all
registers; certain addressing modes imply specific
registers. All told, twice as many generai-purpose data
registers are provided as on 8-bit CPU chips. Complex
arithmetical capability, very flexible memory addressing,
and high computational throughput are the result.

A second bank of registers is designated the segment
register file and extends the chip’s addressing capabili-
ties. It can address 1 megabyte of memory, in contrast to
the 65,536-byte capacity of the8080/8085. In this file,
address relocation values for up to four 64-kilobyte
program or data segments are stored in four 16-bit
segment registers. The chip can control a full 64 kilobytes
of address space for input/output ports.

The Instruction Set

The 8086 instruction set can address operands in several
different ways. In general, operands in memory may be
addressed either directly, with the 16-bit offset address, or
indirectly, with base and/or index registers added to an
optional 8- or 16-bit displacement constant.

A two-operand instruction format technique allows
memory or any register to serve as one operand and either
aregister oraconstant within aninstruction to serve as the
other operand. In these cases, the results of the two-
operand operation may be directed to either of the source
operands, unless one is an in-line (immediate) constant.
On the other hand, single-operand operations are
applicable uniformly to any operand in register or
memory, with the same exception for immediate
constants.

Within this instruction format, the 8086 supplies several
variations of the four basic arithmetical operations (add,
subtract, multiply, and divide). Both 8- and 16-bit
arithmetical operations and both signed and unsigned
arithmetic are provided, standard 2's complement
representation being used to represent signed values. In
this context, addition and subtraction can be both signed
and unsigned, with flag settings to distinguish between
the signed and unsigned operations.
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With the aid of its correction operations, the 8086 can do
this arithmetic directly on unpacked ASCIl coded
representations of decimal digits or on packed decimal
representations. Standard logical operations, shift, move
data, etc., are available to both 8- and 16-bit operands.
Other instructions support the movement of 32-bit
address objects called pointers, which consist of a 16-bit
offset address and a 16-bit segment base address.

Also provided is a group of one-byte instructions that,
besides performing various primitive operations to
manipulate byte and word strings, can each be performed
repeatedly when provided with a special prefix. The
single-operation forms can also be combined to form
complex strings of operations, with their repetition
controlled by special iterative operations. The effect is to
create tight, efficient loops for performing complex string
functions.

For handling program flow, two basic varieties of calls,
jumps, and returns are provided — one that transfers
control within the current code segment, and one that
transfers control to an arbitrary code segment, which then
becomes the current code segment. The 8086 supports
direct and indirect transfers, both of which make use of the
standard addressing modes. Intrasegment calls and
jumps specify a self-relative displacement, thus allowing
position-independent code.

In all, 16 conditional jumps are provided. Both signed and
unsigned relationships can be tested, as well as parity,
overflow, zero, and sign conditions.

Some Sample Systems

In a minimum mode system of the kind shown in Figure 1a,
the 8086 generates the control signals used by the
memory and I/0 devices for interacting with the address
and data buses, as well as a timing signal for latching the
addresses. In this configuration, as noted earlier, the
access times required of memory and 1/0 devices for the
5MHz 8086 are roughly 430ns from receipt of address and
205ns from receipt of read or write enable.

In the larger buffered configuration (Figure 1b), the 8086,
in its maximum mode, generates coded status information
on only some of the pins needed for producing minimum-
mode control signals. Here, all that is needed is enough
coded information to push an 8288 bus controller into
generating Multibus-compatible control signals and
timing signals for addressing latches and data trans-
ceivers. The minimum-mode control-signal pins can now
take on additional functions, such as extra direct-
memory-access control and bus-locking capabilities for
use in multiprocessor operations.

In buffered systems the required memory and I/O access
times for 5MHz CPU operation are 395ns from receipt of
address and 290ns from receipt of read command.

The bottom line of all system design is performance. Initial
studies have indicated that on average an 8086-based
system will perform about an order of magnitude better
than an 8080A-based one. Depending on program type,
execution speeds 7 to 12 times faster than 8080A speeds
can be expected. At the same time, the program is
typically 10% to 25% shorter. However, while there exists
an 8086 instruction mapping for every 8080 instruction,

and while 8080 programs may be easily transferred to the
8086, maximum 8086 efficiency does require the rewriting
of certain routines.

8086

STANDARD
READ ONLY MEMORY,
PROGRAMMABLE ROM,
ERASABLE PROM,
RANDOM ACCESS
MEMORY, OR
INPUT/OUTPUT

(a)

CONTROL SIGNALS

Ao - At
Do -Di5
8287 8287
8259A | INTo-INT, J L
RANDOM , RANDOM
LOGIC 8287 LOGIC 8287
S22 =
STANDARD ROM, STANDARD ROM,
PROM, EPROM, PROM, EPROM,
RAM, OR 1/0 RAM, OR 1/0

(b)

Figure 1. Systems. When operating in the minimum
mode, the 8086 needs only 11 components to form a
complete system, including clock, 2 kilobytes of RAM, and
4 kilobytes of ROM (a). By adding support components,
very large systems (b) can be configured.
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CHAPTER 2
FUNCTIONAL DESCRIPTION

2.1 What The 8086 Is

The 8086 is a complete microprocessor for use in general-
purpose computer systems of widely varying levels of
complexity. At its simplest, an 8086-based system might be
comparable in complexity to an 8080-based system, but is
several times faster. At its upper limit, it can be a multiple-
processor system, each of whose processors is capable of
accessing up to 1 megabyte of memory.

Its memory is organized in 8-bit bytes, but memory transfers
are handled in 16-bit words equally as easily as in bytes. Bit,
byte, word, and block (string) operations are accommodated
in the instruction set. The 8086 performs signed arithmetic
and interruptible string operations, and can make use of
relocatable subroutines, reentrant programming and multi-
processing. The device requires a single, 5-volt power source.
It is contained in a standard, 40-pin dual in-line package
(DIP).

Accomplishing the range of functions the 8086 is designed to
perform within the standard package size is done in two
ways. First, external communication to memory and periph-
erals is accomplished through a 20-bit time-multiplexed
address and data bus (described in detail in Section 2.3.2.).
Second, internal configuration switching is used to adapt the
processor to the level of system complexity you desire. In
simple systems, the 8086 generates its own bus control; in
more complex systems, bus control is assumed by an 8288
bus controller, and eight of the 8086's physical leads are
switched to perform the needed coordinating functions. Pin
33 of the 8086 (MN/MX) performs the switching: you connect
it permanently to ground or to +5 V via a trace on your circuit
board, depending on whether or not you are using the 8288.

MEMORY
INTERFACE
e 1
| BIU CBUS I |
| s G :
| 5 INSTRUCTION
4 STREAM |
[ 3 BYTE
QUEUE |
| e (—— | : |
S
' & . N -
| ss ! |
| DS | |
P |
| | CONTROL |
| ] E ) SYSTEM |
I |
| EU { A-BUS |
| |
|
|
| AH AL I
BH BL I
| cH cL ARITHMETIC |
| DH DL LOGIC UNIT |
P
| BP 0 L A |
st L y) |
: ] |l OPERANDS % :
FLAGS
L
g O L |

Figure 2-1. 8086 Functional Block Diagram.
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The 8086 family of devices is summarized in the table below::

8086 cpu

8284 clock driver

8282 eight-line latch

8283 inverting eight-line latch

8286 eight-line three-state transceiver

8287 inverting eight-line three-state transceiver
8288 bus controller

8259A interrupt controller

The bus structure of the MCS-86 systems is compatible with
MCS-80 and MCS-85 peripherals. This allows you to utilize
pre-existing devices and hardware designs. Existing 8080
system software also is adaptable for use in MCS-86 sys-
tems. As much of your 8080 program as is independent of
instruction execution time, size, memory location, or specific
code (e.g., code that functions as a mask) can be machine-
translated at the assembly-language level, and assembled
into 8086 code without modification, since the 8080 registers
represent a subset of the 8086 register set. (See Figure 2-5.)
Time- and space-dependent subroutines, written for the
MCS-80, would have to be redesigned to use a different
scheme. In some cases, internal bus contention may cause
the execution time of an instruction in the 8086 to vary,
depending upon its position, but any given sequence is re-
peatable. In addition, vectored interrupts are handled in a
different way in the 8086, which requires adaptation of 8080
interrupt software.

2.2 What’s In The 8086

The internal functions of the 8086 microprocessor are divided
into two major functional areas, as follows:

e Execution/Control Unit (EU)
e Bus Interface Unit (BIU)

Figure 2-1 shows the interrelations between these two units
and the further breakdown of processing functions within
each. They interact directly, but for the most part perform
their separate functions independent of each other.

2.2.1 Execution Unit (EU)

The EU performs the basic processing functions, as it con-
tains the data registers and the arithmetic-logic unit (ALU). It
accepts prefetched instructions from the BIU and returns
unrelocated operand addresses to it. (See paragraph 2.3.1
for discussion of memory addressing.) It then receives mem-
ory operands via the BIU, processes them, and passes the
results to the BIU for storage.

2.2.2 Bus Interface Unit (BIU)

The purpose of the BIU is to maximize bus bandwidth utiliza-
tion, as this is a major factor limiting processor speed. It does
this in two ways. First, it prefetches instructions before they
are required by the EU. It buffers them in a queue that can
contain up to six bytes of instruction stream, awaiting their
decoding and execution. The EU therefore need not wait for
completion of a bus cycle before taking in a new instruction.
Second, the BIU provides the functions related to operand
fetch and store, address relocation, and bus control, all in
parallel with EU processing.

2.2.3 Registers

The 8086 processor contains three sets of four 16-bit regis-
ters and a set of nine one-bit flags. The three sets of registers
are the general registers, the pointer and index register set,
and the segment registers. There is a 16-bit instruction pointer
which is not directly accessible; rather it is manipulated with
control transfer instructions. (See Figure 2-2.)

AX: AR AL ACCUMULATOR |
BX: BH BL BASE
cX: CH cL COUNT
DX: DH DL DATA GENERAL
|-REGISTER
FILE

SP
BP
St
DI

STACK POINTER
BASE POINTER
SOURCE INDEX
DESTINATION INDEX

P INSTRUCTION POINTER
FLAGSH STATUS FLAGS

CODE SEGMENT
DATA T
STACK SEGMENT
EXTRA SEGMENT

cs
DS
SS
ES

Figure 2-2. 8086 Register Format.

The (AX, BX, CX, DX) register set is called the General
Register, or HL group. (See Figure 2-3.) The general regis-
ters can participate in the arithmetic and logic operations of
the 8086 without constraint. Some of the other 8086 opera-
tions (such as the string operations) dedicate certain of the
general registers to specific uses. These uses are indicated
by the following mnemonic phrases:
AX: Accumulator

BX: Base
CX: Count
DX: Data

The general registers have a property that distinguishes
them from the other registers, namely that their upper and
lower halves are separately addressable. Thus the general
registers can be thought of as two sets of four 8-bit registers.
These are called H and L.

H L
7 0 7 0
AX: AH AL ACCUMULATOR
BX: BH BL BASE
CX: CH cL COUNT
DX: DH DL DATA

Figure 2-3. General Registers.
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The accumulator is- distinguished in another way: you get
more compact programs by using it as the target of your data
transfer, arithmetic, and logic instructions than when you use
the general-registers. (See Section 2.2.4 for details.) The re-
mainder of the registers in the 8086 processor are indivisible,
and must be accessed as if containing 16-bit words, whether or
not both their high-order bytes and their low-order bytes are
utilized.

The (SP, BP, SI, DI) register set is called the Pointer and
Index Register (P and | group; see Figure 2-4.) The registers
in this group are similar in that they generally contain offset
addresses used for addressing within a segment. Like the
general registers, the pointer and index registers can partici-
pate in the 16-bit arithmetic and logical operations of the
8086.

SP STACK POINTER

BP BASE POINTER

St SOURCE INDEX

o]} DESTINATION INDEX

Figure 2-4. Pointer and Index Registers.

They are also similar in that they can enter into address
computations. There are some differences, however, which
result in dividing this set into two groups, the P, or Pointer
group (SP, BP) and the |, or Index group (SI, DI). The differ-
ence is that the Pointers are by default assumed to contain
offset addresses within the current stack segment, and the
Indexes are by default assumed to contain offset addresses
within the current data segment (except for string opera-
tions). The mnemonics associated with these registers are:

SP: Stack Pointer
BP: Base Pointer
SI:  Source Index
DI: Destination Index

Certain of the 8086 registers are similar in function to the
registers found in the 8080 series processors. (See Figure 2-
5.) The BH and BL registers in the 8086 correspond to the H
and L registers in the 8080. The CH and CL registers corre-
spond to the B and C, and the DH and DL to the D and E. The
SP and PC translate directly from the 8080 to SP and IP in
the 8086, but their flag registers are a little different.

The (AF, CF, DF, IF, OF, PF, SF, TF, ZF) register set is called
the Flag Register or F group. The flags in this group are all
one bit in size, and are used to record processor status
information and to control processor operation. The flag
register mnemonics are:

Overﬂéw ZF: Zero

AF: Auxiliary-carry OF:

CF: Carry PF: Parity
DF: Direction SF: Sign
IF: Interrupt-enable TF: Trap

HL

.
oE
&
st
DI
°C
[ _FiacsH ] FLAGSL ] psw

CS
DS
SS
ES

- = 8080 REGISTERS

Figure 2-5. 8080 Registers as a Subset of 8086 Registers.

The AF, CF, PF, SF, and ZF flags are equivalent to 8080
flags, generally reflecting the status of the latest arithmetic or
logical operation. The ZF flag is set if the result of an instruc-
tion is zero. The SF flag is set if a 1 appears as the most
significant bit in a result. A PF flag set to 1 indicates even
parity. A carry or borrow out of the high-order bit sets the CF
flag, and a carry out of bit 3 into bit 4 or borrow from bit 4 into
bit 3 sets the AF flag. The OF flag joins this group, reflecting
the signed arithmetic overflow condition. The DF, IF, and TF
flags are used to control certain aspects of the processor.
The DF flag controls the direction of the string manipulation
instructions (auto-incrementing or auto-decrementing). The
IF flag enables or disables external interrupts. The TF flag
puts the processor into a single-step mode for program de-
bugging.

The flag registers are illustrated in Figure 2-6 in the format in

‘which they are stored by push-flags operations. Figure 2-7

shows the equivalence of 8080 flags to those of 8086. Note
that in the MCS-80 family, the PSW transferred to and from
stack includes not only flags but also the content of the
accumulator. A further discussion of the 8086 flags and their -
functions is contained in Chapter 4.

FLAGS: o|pji|Tys|z A P c

Figure 2-6. Flag Registers.

The (CS,DS, SS, ES) register set is called the Segment
Register File, or S group. The segment registers play an
important role in that they are used in all memory address
computations. (See Paragraph 2.3.1.) The segment register
mnemonics are:

CS: Code
DS: Data

SS: Stack
ES: Extra



FUNCTIONAL DESCRIPTION

H L

8086 FLAGS 8086/8080 FLAGS 1

L

AUXILIARY CARRY — BCD
CARRY FLAG

PARITY FLAG

SIGN FLAG

ZERO FLAG

t+—=8080 FLAGS

DF:  DIRECTION FLAG (STRINGS)
IF: INTERRUPT ENABLE FLAG
OF: OVERFLOW FLAG

TF:  TRAP — SINGLE STEP FLAG

— 8086 FLAGS

Figure 2-7. 8080/8086 Flag Register Equivalence.

The contents of the CS register define the current code
segment. All instruction fetches are taken to be relative to
CS, using the instruction pointer (IP) as an offset.

The contents of the DS register define the current data seg-
ment. All data references except those involving BP or SP, or
Dlin a string instruction, are taken by default to be relative to
DS. Data references can be forced to be relative to one of the
other three segment registers by preceding the instruction
with a one-byte segment override prefix.

The contents of the SS register define the current stack
segment. All data references which explicitly or implicitly
involve SP or BP are taken by default to be relative to SS.
This includes all push and pop operations, including those
caused by call operations, interrupts, and return operations.
Data references involving BP (but not SP) can be forced to
be relative to one of the other three segment registers by
using the special one-byte base prefix. (See Chapter 4.)

The contents of the ES register define the current extra
segment. The extra segment is usually treated as an addi-
tional data segment. Data references in string instructions
which use DI are taken to be relative to ES.

Programs which do not load or manipulate the segment
registers are said to be dynamically relocatable. Such a
program may be interrupted, moved in memory to a new
location, and restarted with new segment register values.

The segment registers are illustrated in Figure 2-8.

CODE SEGMENT
DATA SEGMENT
STACK SEGMENT
EXTRA SEGMENT

CS
DS
SS
ES

Figure 2-8. Segment Register File.

Mnemonics © Intel, 1978.

2.2.4 Organization of the Instruction Set

Instructions are described here in six functional groups:
Data transfer
Arithmetic
Logic
String manipulation
Control transfer
Processor control

Each of the first three groups mentioned in the preceding list
is further subdivided into an array of codes that specify
whether the instruction is to act upon immediate data, register
or memory locations, whether 16-bit words or 8-bit bytes are
to be processed, and what addressing mode is to be em-
ployed. All of these codes are listed and explained in detail in
this book, but when you are writing assembly-language pro-
grams you do not have to code each one individually. The
context of your program automatically causes the assembler
to generate the correct code. There are three general cate-
gories of instructions within each of the three functional
groups mentioned:

Register or memory space to or from register

Immediate data to register or memory

Accumulator to or from registers, memory, or ports

The assembly-language programming manual describes the
syntax of the 8086 instruction set.

DATA TRANSFER

Data transfer operations are divided into four classes:
e general purpose
e accumulator-specific
e address-object
e flag

None affect flag settings except SAHF and POPF.

General Purpose Transfers. Four general purpose data
transfer operations are provided. These may be applied to
most operands, though there are specific exceptions. The
general purpose transfers (except XCHG) are the only oper-
ations which allow a segment register as an operand.

—MOV performs a byte or word transfer from the source
operand to the destination operand.

—PUSH decrements the SP register by two and then
transfers a word from the source operand to the stack
element currently addressed by SP.

—POP transfers a word operand from the stack element
addressed by the SP register to the destination operand
and then increments SP by 2.

—XCHG exchanges the byte or word source operand with
the destination operand. The segment registers may not
be operands of XCHG.

Accumulator-Specific Transfers. Three accumulator-specific
transfer operations are provided:

—IN (or INW) transfers a byte (or word) from an input port
to the AL register (or AX register for INW). The port is
specified either with an inline data byte, allowing fixed
access to ports 0 through 255, or with a port number in
the DX register, allowing variable access to 64K input
ports.

—OUT (or OUTW) is similar to IN (or INW) except that the
transfer is from the accumulator to the output port.

24
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—XLAT performs a table lookup byte translation. The AL
register is used as an index into a 256-byte table ad-
dressed by the BX register. The byte operand so selected
is transferred to AL.

Address-Object Transfers. Three address-object transfer
operations are provided:

—LEA (load effective address) transfers the offset address
of the source operand to the destination operand. The
source operand must be a memory operand and the
destination operand must be a 16-bit general, pointer, or
index register.

—LDS (load pointer into DS) transfers a “pointer-object”
(i.e., a 32-bit object containing an offset address and a
segment address) from the source operand (which must
be a memory operand) to a pair of destination registers.
The segment address is transferred to the DS segment
register. The offset address must be transferred to a 16-
bit general, pointer, or index register.

—LES (load pointer into ES) is similar to LDS except that
the segment address is transferred to the ES segment
register.

Flag Register Transfers. Four flag register transfer opera-
tions are provided:

—LAHF (load AH with flags) transfers the flag registers
SF, ZF, AF, PF, and CF (the 8080 flags) into specific bits
of the AH register.

—SAHF (store AH into flags) transfers specific bits of the
AH register to the flag registers, SF, ZF, AF, PF, and CF.

—PUSHF (push flags) decrements the SP register by two
and transfers all of the flag registers into specific bits of
the stack element addressed by SP.

—POPF (pop flags) transfers specific bits of the stack
element addressed by the SP register to the flag regis-
ters and then increments SP by two.

ARITHMETIC

The 8086 provides the four basic mathematical operations in
a number of different varieties. Both 8- and 16-bit operations
and both signed and unsigned arithmetic are provided. Stan-
dard twos complement representation of signed values is
used. The addition and subtraction operations serve as both
signed and unsigned operations. In these cases the flag
settings allow the distinction between signed and unsigned
operations to be made (see Conditional Transfer). Correction
operations are provided to allow arithmetic to be performed
directly on unpacked decimal digits or on packed decimal
representations.

Flag Register Settings. Six flag registers are set or cleared
by arithmetic operations to reflect certain properties of the
result of the operation. They generally follow these rules:

—CF is set if the operation results in a carry out of (from
addition) or a borrow into (from subtraction) the high-
order bit of the result; otherwise CF is cleared.

—AF is set if the operation results in a carry out of (from
addition) or a borrow into (from subtraction) the low-
order four bits of the result; otherwise AF is cleared.

—ZF is set if the result of the operation is zero; otherwise
ZF is cleared.

—SF is set if the high-order bit of the result of the operation
is set; otherwise SF is cleared.

—PF is set if the modulo 2 sum of the low-order eight bits

Mnenonics © Intel, 1978.

of the result of the operation is O (even parity); otherwise
PF is cleared (odd parity).

—OF is set if the operation results in a carry into the high-
order bit of the result but not a carry out of the high-order
bit, or vice versa; otherwise OF is cleared.

Addition. Five addition operations are provided:

—ADD performs an addition of the two source operands
and returns the result to one of the operands.

—ADC (add with carry) performs an addition of the two
source operands, adds one if the CF flag is found pre-
viously set, and returns the result to one of the operands.

—INC (increment) performs an addition of the source
operand and one, and returns the result to the operand.

—AAA (unpacked BCD (ASCIl) adjust for addition)
performs a correction of the result in AL of adding two
unpacked decimal operands, yielding an unpacked
decimal sum.

—DAA (decimal adjust for addition) performs a correction
of the result in AL of adding two packed decimal oper-
ands, yielding a packed decimal sum.

Subtraction. Seven subtraction operations are provided:

—SUB performs a subtraction of the two source operands
and returns the result to one of the operands.

—SBB (subtract with borrow) performs a subtraction of the
two source operands, subtracts one if the CF flag is
found previously set, and returns the result to one of the
operands.

—DEC (decrement) performs a subtraction of one from
the source operand and returns the result to the operand.

—NEG (negate) performs a subtraction of the source oper-
and from zero and returns the result to the operand.

—CMP (compare) performs a subtraction of the two source
operands causing the flags to be affected but does not
return the result.

—AAS (unpacked BCD (ASCIl) adjust for subtraction)
performs a correction of the result in AL of subtracting
two unpacked decimal operands, yielding an unpacked
decimal difference.

—DAS (decimal adjust for subtraction) performs a correc-
tion of the result in AL of subtracting two packed decimal
operands, yielding a packed decimal difference.

Multiplication. Three multiplication operations are provided:
—MUL performs an unsigned multiplication of the accumu-
lator (AL or AX) and the source operand, returning a
double length result to the accumulator and its exten-
sion (AL and AH for 8-bit operation, AX and DX for 16-bit
operation). CF and OF are set if the top half of the result

is non-zero.

—IMUL (integer multiply) is similar to MUL except that it
performs a signed multiplication. CF and OF are set if
the top half of the result is not the sign-extension of the
low half of the result.

—AAM (unpacked BCD (ASCIl) adjust for multiply)
performs a correction of the result in AX of multiplying
two unpacked decimal operands, yielding an unpacked
decimal product.

Division. Three division operations are provided and two
sign-extension operations to support signed division:

—DIV performs an unsigned division of the accumulator

and its extension (AL and AH for 8-bit operation, AX and

DX for 16-bit operation) by the source operand and
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returns the single length quotient to the accumulator (AL
or AX), and returns the single length remainder to the
accumulator extension (AH or DX). The flags are unde-
fined. Division by zero generates an interrupt of type 0.

—IDIV (integer division) is similar to DIV except that it
performs a signed division.

— AAD (unpacked BCD (ASCIl) adjust for division)
performs a correction of the dividend in AL before
dividing two unpacked decimal operands, so that the
result will yield an unpacked decimal quotient.

—CBW (convert byte to word) performs a sign extension
of AL into AH.

—CWD (convert word to double word) performs a sign
extension of AX into DX.

LOGIC

The 8086 provides the basic logic operations for both 8- and
16-bit operands.

Single-Operand Operations. Three single-operand logical
operations are provided:

—NOT forms the ones complement of the source operand
and returns the result to the operand. Flags are not
affected.

—Shift operations of four varieties are provided for mem-
ory and register operands, SHL (shift logical left), SHR
(shift logical right), SAL (shift arithmetic left), and SAR
(shift arithmetic right). Single bit shifts, and variable bit
shifts with the shift count taken from the CL register are
available. The CF flag becomes the last bit shifted out;
OF is defined only for shifts with count of 1, and set if the
final sign bit value differs from the previous value of
the sign bit; and PF, SF, and ZF are set to reflect the
result value.

—Rotate operations of four varieties are provided for
memory and register operands, ROL (rotate left), ROR
(rotate right), RCL (rotate through CF left), and RCR
(rotate through CF right). Single bit rotates, and variable
bit rotates with the rotate count taken from the CL reg-
ister are available. The CF flag becomes the last bit ro-
tated cut; OF is defined only for shifts with count of 1, and
is set if the final sign bit value differs from the previous
value of the sign bit.

Two-Operand Operations. Four two-operand logical opera-
tions are provided. The CF and OF flags are cleared on all
operations; SF, PF, and ZF reflect the result.

—AND performs the bitwise logical conjunction of the two
source operands and returns the result to one of the
operands.

—TEST performs the same operations as AND causing
the flags to be affected but does not return the resuilt.

—OR performs the bitwise logical inclusive disjunction of
the two source operands and returns the result to one of
the operands.

—XOR performs the bitwise logical exclusive disjunction
of the two source operands and returns the result to one
of the operands.

STRING MANIPULATION

One-byte instructions perform various primitive operations
for the manipulation of byte and word strings (sequences of
bytes or words). Any primitive operation can be performed
repeatedly in hardware by preceding its instruction with a
repeat prefix. The single-operation forms may be combined
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to form complex string operations with repetition provided by
iteration operations.

Hardware Operation Control. All primitive string operations
use the Sl register to address the source operands, which
are assumed to be in the current data segment. The DI
register is used to address the destination operands, which
reside in the current extra segment. If the DF flag is cleared
the operand pointers are incremented after each operation,
once for byte operations and twice for word operations. If the
DF flag is set the operand pointers are decremented after
each operation. See Processor Control for setting and clear-
ing DF.

Any of the primitive string operation instructions may be
preceded with a one-byte prefix indicating that the operation
is to be repeated until the operation count in CX is satisfied.
The test for completion is made prior to each repetition of the
operation. Thus, an initial operation count of zero will cause
zero executions of the primitive operation.

The repeat prefix byte also designates a value to compare
with the ZF flag. If the primitive operation is one which affects
the ZF flag, and the ZF flag is unequal to the designated
value after any execution of the primitive operation, the repe-
tition is terminated. This permits the scan operation to serve
as a scan-while or a scan-until.

During the execution of a repeated primitive operation the
operand pointer registers (Sl and DI) and the operation count
register (CX) are updated after each repetition, whereas the
instruction pointer will retain the offset address of the repeat
prefix byte (assuming it immediately precedes the string
operation instruction). Thus, an interrupted repeated opera-
tion will be correctly resumed when control returns from the
interrupting task.

You should try to avoid using the two other prefix bytes with a
repeat-prefixed string instruction. One overrides the default
segment addressing for the Sl operand (Section 2.3.1), and

nna lnnke tha hiie tn nrahihit an~race h thar
one locks the bus to prohibit access by other

(See Section 2.3.4.) Execution of the repeated string opera-
tion will not resume properly following an interrupt if more
than one prefix is present preceding the string primitive.
Execution will resume one byte before the primitive (presum-
ably where the repeat prefix resides), thus ignoring the addi-
tional prefixes.

hiie magtare
UuS iMiasiciS.

Primitive String Operations. Five primitive string operations
are provided:

—MOVB (or MOVW) transfers a byte (or word) operand
from the source operand to the destination operand. As
a repeated operation this provides for moving a string
from one location in memory to another.

—CMPB (or CMPW) subtracts the destination byte (or
word) operand from the source operand and affects the
flags but does not return the result. As a repeated opera-
tion this provides for comparing two strings. With the
appropriate repeat prefix it is possible to determine after
which string element the two strings become unequal,
thereby establishing an ordering between the strings.

—SCAB (or SCAW) subtracts the destination byte (or
word) operand from AL (or AX) and affects the flags but
does not return the result. As a repeated operation this
provides for scanning for the occurrence of, or departure
from a given value in the string.
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—LODB (or LODW) transfers a byte (or word) operand
from the source operand to AL (or AX). This operation
ordinarily would not be repeated.

—STOB (or STOW) transfers a byte (or word) operand
from AL (or AX) to the destination operand. As a repeated
operation this provides for filling a string with a given
value.

In all cases above, the source operand is addressed by Si
and the destination operand is addressed by DI.

Software Operation Control. The repeat prefix provides for
rapid iteration in a hardware-repeated string operation. The
iteration control operations (see Iteration Control, Section
3.6.3) provide this same control for implementing software
loops to perform complex string operations. These iteration
operations provide the same operation count update, opera-
tion completion test, and ZF flag tests that the repeat prefix
provides.

By combining the primitive string operations and iteration
control operations with other operations, it is possible to
build sophisticated yet efficient string manipulation routines.
One instruction that is particularly useful in this context is
XLAT; it permits a byte fetched from one string to be trans-
lated before being stored in a second string, or before being
operated upon in some other fashion. The translation is
performed by using the value in the AL register as an index
into a table pointed at by the BX register. The translated
value obtained from the table then replaces the value initially
in the AL register.

As an example of the use of the primitive string operations
and iteration control operations to implement a complex
string operation, consider the following application: An input
driver must translate a buffer of EBCDIC characters into
ASCII, and transfer characters until one of several different
EBCDIC control characters is encountered. The transferred
ASCII string is to be terminated with an EOT character. To
accomplish this, Sl is initialized to point to the beginning of
the EBCDIC buffer, DI is initialized to point to the beginning
of the buffer to receive the ASCII characters, BX is made to
point to an EBCDIC to ASCII translation table, and CX is
initialized to contain the length of the EBCDIC buffer (possibly
empty). The translation table contains the ASCII equivalent
for each EBCDIC character, perhaps with ASCIl NULs for
illegal characters. The EOT code is placed into those entries
in the table corresponding to the desired EBCDIC stop char-
acters. The 8086 instruction sequence to implement this
example is the following:

JCXZ Empty ;skip if input buffer empty
Next: LODB Ebcbuf ;fetch next EBCDIC character
XLAT Table ;translate it to ASCII

CMP AL,EOT ;test for the EOT

STOB Ascbuf ;transfer ASCII character
LOOPNE Next ;continue if not EOT

[ ]

L ]

[ ]

Empty:
The body of this loop requires seven bytes of code.

CONTROL TRANSFER

Four classes of control transfer operations may be distin-
guished: calls, jumps, and returns; conditional transfers;
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iteration control; and interrupts.

All control transfer operations cause, perhaps upon a certain
condition, the program execution to continue at some new
location in memory, possibly in a new code segment.

Calls, Jumps, and Returns. Two basic varieties of calls,
jumps, and returns are provided—those which transfer con-
trol within the current code segment, and those which trans-
fer control to an arbitrary code segment, which then becomes
the current code segment. Both direct and indirect transfers
are supported; indirect transfers make use of the standard
addressing modes as described in Section 2.3.1.

The three transfer operations are described below:

—CALL pushes the offset address of the next instruction
onto the stack (in the case of an inter-segment transfer
the CS segment register is pushed first) and then trans-
fers control to the target operand.

—JMP transfers control to the target operand.

—RET transfers control to the return address saved by a
previous CALL operation, and optionally may adjust the
SP register so as to discard stacked parameters.

Intra-segment direct calls and jumps specify a self-relative
direct displacement, thus allowing position independent
code. A shortened jump instruction is available for transfers
within = 128 bytes about the instruction for code compaction.

Conditional Jumps. The conditional transfers of control per-
form a jump contingent upon various Boolean functions of
the flag registers. The destination must be within a 256-byte
range centered about the instruction. Table 2-1 shows the
available instructions, the conditions associated with them,
and their interpretation.

Iteration Control. The iteration control transfer operations
perform leading- and trailing-decision loop control. The des-
tination of iteration control transfers must be within a 256-
byte range centered about the instruction. These operations
are particularly useful in conjunction with the string manipu-
lation operations.

There are four iteration control transfer operations provided:

—LOOP decrements the CX (“count”) register by one and
transfers if CX is not zero.

—LOOPZ (also called LOOPE) decrements the CX regis-
ter by one and transfers if CX is not zero and the ZF flag
is set (loop while zero or loop while equal).

—LOOPNZ (also called LOOPNE) decrements the CX
register by one and transfers if CX is not zero and the ZF
flag is cleared (loop while not zero or loop while not
equal).

—JCXZ transfers if the CX register is zero.

Interrupts. Program execution control may be transferred by

means of operations similar in effect to that of external inter-
rupts (see Section 2.4.2). All interrupts perform a transfer by
pushing the flag registers onto the stack (as in PUSHF), and
then performing an indirect call (of the intersegment variety)
through an element of an interrupt transfer vector located at
absolute locations 0 through 3FFH. This vector contains a
four-byte element for each of up to 256 different interrupt
types.

There are three interrupt transfer operations provided:
—INT pushes the flag registers (as in PUSHF), clears the
TF and IF flags, and transfers control with an indirect call
through any one of the 256 vector elements. A one-byte
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form of this instruction is available for interrupt type 3.

—INTO pushes the flag registers (as in PUSHF), clears
the TF and IF flags, and transfers control with an indirect
call through vector element 4 if the OF flag is set (trap on
overflow). If the OF flag is cleared no operation takes
place.

—IRET transfers control to the return address saved by a
previous interrupt operation and restores the saved flag
registers (as in POPF).

See Section 2.3.7 for further details on interrupt operations.

PROCESSOR CONTROL

Various instructions and mechanisms are provided for con-
trol and operation of the processor and its interaction with its
environment.

Flag Operations. There are seven operations provided which
operate directly on individual flag registers:
—CLC clears the CF flag.
—CMC complements the CF flag.
—STC sets the CF flag.
—CLD clears the DF flag, causing the string operations to
auto-increment the operand pointers.
—STD sets the DF flag, causing the string operations to
auto-decrement the operand pointers.
—CLI clears the IF flag, disabling external interrupts
(except for the non-maskable external interrupt).
—STl sets the IF flag, enabling external interrupts after the
execution of the next instruction.

Processor Halt. The HLT instruction causes the 8086 pro-
cessor to enter its halt state. The halt state is cleared by an
enabled external interrupt or RESET.

Processor Wait. The WAIT instruction causes the processor
to enter a wait state if the signal on its TEST pin is not
asserted. The wait state may be interrupted by an enabled
external interrupt. When this occurs the saved code location
is that of the WAIT instruction, so that upon return from the
interrupting task the wait state is reentered. The wait state is
cleared and execution resumed when the TEST signal is
asserted. Execution resumes without allowing external inter-
rupts until after the execution of the next instruction. This
instruction allows the processor to synchronize itself with
external hardware.

Processor Escape. The ESC instruction provides a mech-
anism by which other processors may receive their instruc-
tions from the 8086 instruction stream and make use of the
8086 addressing modes. The 8086 processor does no oper-
ation for the ESC instruction other than to access a memory
operand.

Bus Lock. A special one-byte prefix may precede any instruc-
tion causing the processor to assert its bus-lock signal for the
duration of the operation caused by that instruction. This has
use in multiprocessing applications as discussed in Section
2.3.4.

Single Step. When the TF flag register is set the processor
generates a type 1 interrupt after the execution of each
instruction. During interrupt transfer sequences caused by
any type of interrupt, the TF flag is cleared after the push-
flags step of the interrupt sequence. No instructions are
provided for setting or clearing TF directly. Rather, the flag
register image saved on the stack by a previous interrupt
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operation must be modified, so that the subsequent interrupt
return operation (IRET) restores TF set. This allows a diag-
nostic task to single-step through a task under test, while still
executing normally itself.

If the single-stepped instruction itself clears the TF flag, the
type 1 interrupt will still occur upon completion of the single-
stepped instruction. If the single-stepped instruction gener-
ates an interrupt or if an enabled external interrupt occurs
prior to the completion of the single-stepped instruction, the
type 1 interrupt sequence will occur after the interrupt se-
quence of the generated or external interrupt, but before the
first instruction of the interrupt service routine is executed.

2.2.5 Arithmetic-Logic Unit (ALU) (Figure 2-9)

The ALU contains the following registers:
Two internal 16-bit operand registers, not user-accessible.
The flag registers, containing nine flags. (See Section
2.23)

Arithmetic, logic, and rotate operations are performed by the
ALU.

ABUS

OPERANDS

OPERANDS
FLAGS

Figure 2-9. Arithmetic-Logic Unit

2.2.6 Memory Organization

The 8086 employs a 20-line address bus on which to locate a
byte or word to be referenced in memory or I/O, and thus can
access 22° bytes (1 megabyte, or 1,048,576D bytes). Each
location is an 8-bit space. Word (16-bit) operands consisting
of consecutive bytes can fall on either even or odd address
boundaries. The processor provides two signals, BHE and
AO, to selectively enable an odd location, an even location,
or both. For address and data operands, the least significant
byte of the word will be stored in the lower valued address
location and the most significant byte in the next higher
address location. For maximum performance, 16-bit data
should be located with the least significant byte in an even
address. Otherwise two memory cycles will be run by the BIU
to access the data. Except for the performance penalty, this
double access is transparent. The instruction stream is
fetched from memory as words and queued internally by the
BIU at the byte level.
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DATA TRANSFER
MOV - Move:

TABLE 2-1
8086 INSTRUCTION SET SUMMARY

76543210 76543210 76543210 76543210

Register/memory to/from register 100010dw |mod reg r/m

Immediate to register/memory 110001 1w [med000 r/m data data if w=1_|

immediate to register 1011w reg data data if w=1

Memory to accumulator 1010000w addr-low addr-high

Accumulator to memory 1010001 w addr-low addr-high

Register/memory to segment register | 10001110 modOreg r/m

Segment register to reg\sleflmemory 10001100 |modQOreg r/m

PUSH - Push:

Register/memory 11111111 [mod110 r/m |

Register 01010 reg

Segment register 000reg 110

POP = Pop:

Register/memory 10001111 {med000 r/m

Register 01011 reg

Segment register 000reg111

XCHG = Exchange:

Register/memory with register 100001 1w |mod reg r/m

Register with [10010 reg |

IN/INW = Input to AL/AX from:

Fixed port [111001ow]  pont ]

Variable port

OUT/0UTW = Output from AL/AX to:

Fixed port 111001 1w port |

Variable port t110111w

XLAT=Translate byte to AL 11010111

LEA=Load EA to register 10001101 |mod reg r/m

LDS=Load pointer to DS 11000101 {mod reg r/m

LES=Load pointer to ES 11000100 [mod reg r/m

LAHF=Load AH with flags 10011111

8AHF =Store AH into flags 10011110

PUSHF=Push flags 10011100

POPF=Pop flags 10011101

ARITHMETIC

ADD = Add:

Reg./memory with register to either [000000d w|mod reg r/m

Immediate to register/memory 100000sw|[mod000 r/m data [ dataif sw=01]

iate to 0000010w data data if w=1

ADC = Add with carry:

Reg./memory with register to either |000100d w|mod reg r/m

Immediate to register/memory 100000sw|mod010 r/m data [ data it sw=01 ]
to 0001010w data dataifw=1_|

INC = Increment:

Register/memory 1111111 w|mod000 r/m

Register 01000 reg

AAA=ASCII adjust for add 00110111

DAA=Decimal adjust for add 00100111

SUB = Subtract:

Reg./memory and register to either 001010dw|mod reg r/m

immediate from register/memory 100000sw|mod101 t/m data ‘ data if s:w=01

Immediate from accumulator 0010110w data data it w-1_|

$BB = Subtract with borrow

Reg./memory and register to either 000110dw|mod reg rim

Immediate from register/memory 100000sw|mod011 r/m data [ dataif sw=0q
from 0001110w data data it w=1_|
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DEC - Decrement: 76543210 76543210 76543210 76543210
Register/memory 1111111wimed001 rim ]

Register 01001 reg

NEG-Change sign 111101 1w mdot1 rm |

CMP  Compare:

Register/memory and register 001110dw|mod reg r/m

Immediate with register/memory 100000sw|{modt 11 r/m data I data if s:w=01
Immediate with accumulator 0011110w data data if w=1_|

AAS-ASCII adjust for subtract 00111111

DAS-=Decimal adjust for subtract 00101111

MUL=Muitiply (unsigned) 1111011w|mod100 r/m

IMUL=Integer muitiply (signed) 111101 1w |mod101 rim

AAM=ASCIf adjust for muitiply 11010100 /00001010 o,

Div=Divide (unsigned) 111101 1wjmod110 r/m

1DiV=Integer divide (signed) 111101 1wimodi11 r/m

AAD=ASCIl adjust for divide 11010101 (00001010

CBW=Convert byte to word 10011000

CWD-=Convert word to double word 10011001

LosIC

NOT=Invert 1111011 w|mod010 rim

8HL/8AL=Shitt logical/arithmetic left |1 10100v w |mod100 r/m

8HR=Shift logical right 110100vw[mod101 r/m

8AR=Shift arithmetic right 110100vw|modt 11 r/m

ROL=Rotate left 110100vw|(mod000 r/m

ROR=Rotate right 110100vw|mod001 r/m

RCL=Rotate through carry flag left 110100vw|mod010 r/m

RCR=Rotate through carry right 110100vw|mod011 r/m

AND = And:

Reg./memory and register to either 001000d w [mod reg r/m

Immediate to register/memory 1000000w mod100 r/m data | data if wi]
Immediate to accumulator 0n010010w data data it w=1_|

TEST = And function to flags. no result:

Register/memory and register 1000010w |mod reg r/im

Immediate data and register/memory {111 1011w {mod000 r/m data [ data if w=1
Immediate data and 1010100w data data it w=1 ]

OR = Or:

Reg./memory and register to either 000010d w |mod reg r/m

Immediate to register/memory 1000000w |{mod0 01 r/m data | data if w=1
Immediate to 0000110w|  data data if w=1_|

XOR = Exclusive or:

Reg./memory and register to either 001100d w |mod reg r/m

Immediate to register/memory 1000000w {mod110 r/m data [ data if w=1 [
Immediate to 0011010w data dataitw-1_|

STRING MANIPULATION

REP=Repeat 11110012

MOVB/MOVW=Move byte/word 1010010w

CMPB/CMPW=Compare Dyte/word 101001 1w

SCAB/8CAW=Scan byte/word 10101 11w

LODB/LODW=Load byte/wd to AL/AX |1010110w

8T0B/STOW=Stor byte/wd frm AL/A |1010101w
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TABLE 2-1 (Cont.)
8086 INSTRUCTION SET SUMMARY

CONTROL TRANSFER
CALL = Call: 76543210 76543210 76543210 76543210 76543210
Direct within segment 11101000 disp-low disp-high [ J"B/"‘Enf“e'gga?" not below/above 577779 1 ¢ disp
Indirect within segment 11111111 [mod010 r/m J""/M;J:'a"'l;aﬂb':’;\:‘ below or 01110111 disp
Direct intersegment 10011010 offset-low offset-high ] |  INP/JPO=Jump on not par/parodd [0 1111011 disp
seg-low seg-high | | JNO-Jump on not overtiow 01110001 disp
Indirect intersegment [ttt r1 mgotrt m JNS Jump on not sign 01111001 disp
LODP=Loop CX times 11100010 disp
JMP = Uncondidonal Jusp: i LOOPZ/LOOPE-Loop while zero/equal [ 1110000 1 aisp
Direct within segment 11101001 disp-low disp-high l LOOPNZ/LOOPNE- Loop while not 11100000 3
Direct within segment-short 11101011 dis| zero/equal - =
: 9 i JCXZ-Jump on CX zero 11100011 disp
Indirect within segment 11111111 [mod 100 r/m
Direct intersegment 11101010 offset-low offset-high | INT - Interrupt
seg-low seg-high l Type specified 11001101 type
Indirect intersegment 11111111 [mod 101 r/m Type 3 11001100
INTO=Interrupt on overflow 11001110
RET = Return from CALL: IRET-Interrupt return 11001111
Within segment 11000011
Within seg. adding immed to SP 11000010 data-low data-high |
Intersegment 11001011
Intersegment, adding immediate to SP| 11001010 data-low data-high [ PROCESSOR CONTROL
JE/JZ=Jump on equal/zero 01110100 disp CLC=Clear carry 11111000
JL/INGE=Jump on less/not greater =
or eqﬂal . ¢ nat 01111100 disp CMC=Complement carry 11110101
JLEIJIIﬂE'l:;neprnn ess or equal/no 01111110 disp $TC=Set carry 11111001
JB/JNAE=.’Ium8 on below/notabove 47119010 disp CLD=Clear direction 111117100
JBE/JNA-Jump on below or equal/ [0 1110110 disp $T0=Set direction 11111101
JP/JPE=Jump on parity/parity even [0 1111010 disp CLI=Clear interrupt 11111010
J0=Jump on overflow 01110000 disp 8T)=Set interrupt 11111011
J$=Jump on sign 01111000 disp HLT=Halt 11110100
JNE/JNZ=Jump on not equal/notzero |0 1110101 disp WAIT=Wait 10011011
INL/JGEdump n not less/oreater (77 11 101 disp ESC-Escape (1o external device) T1011 x [mod x rim
INLE/AG dump on nat less or equal/ g 111111 disp LOCK=Bus lock prefix 71110000
Footnotes:
AL = 8-bit accumulator if s:w = 01 then 16 bits of immediate data form the operand.
AX = 16-bit accumulator if s:w = 11 then an immediate data byte is sign extended to
CX = Count register form the 16-bit operand.
DS = Data segment it v=0then “count” = 1; if v = 1 then “count” in (CL)
ES = Extra segment x = don't care
Above/below refers to unsigned value. z is used for string primitives for comparison with ZF FLAG.
Greater = more positive;
Less = less positive (more negative) signed values SEGMENT OVERRIDE PREFIX
if d = 1then “to”; if d = 0 then “from”
if w = 1 then word instruction; if w = 0 then byte instruction
if mod = 11 then r/m is treated as a REG field REG is assigned according to the following table:
if mod = 00 then DISP = 0*, disp-low and disp-high are absent .
if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 168it(w = 1) 8Bitw -0 Segment
if mod = 10 then DISP = disp-high: disp-low 000 AX 000 AL 00 Eg
) _ 001 CX 001 CL 01
!f r/m = 000 then EA = (BX) + (SI) + DISP 010 DX 010 DL 10 sS
if r/m = 001 then EA = (BX) + (DI) + DISP 011 BX 011 BL 11 DS
if r/m = 010 then EA = (BP) + (SI) + DISP 100 SP 100 AH
if r/m = 011 then EA = (BP) + (DI) + DISP 101 BP 101 CH
if r/m = 100 then EA = (SI) + DISP 1o st 110 DH
11 DI 111 BH

if r/m = 101 then EA = (DI) + DISP

if r/m = 110 then EA = (BP) + DISP*

if r/m = 111 then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before data if required) Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to
represent the file:

*except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. FLAGS = X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)

Mnemonics © Intel, 1978. 2-10
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2.2.7 Input/Output Organization

The 8086 provides 64k addressable input or output ports. I/O
space is addressed as if it were a single memory segment,
without the use of segment registers. Input/output physical
addresses are 20-bits in length, but the high order four bits
are always zero. Ports may be 8 or 16 bits in size, and 16-bit
ports may be located at either odd or even addresses, but as
with memory fetches, faster operation is achieved if the high
and low bytes of 16-bit ports are aligned with the high and low
lines of the bus. Even-addressed bytes are transferred on
the D7-DO0 bus lines and odd-addressed bytes on D15-D8.
Care must be taken to assure that each register within an
8-bit peripheral located on the lower portion of the bus be
addressed as even. The M/I0 line from the processor is used
for bus switching. Variable I/O instructions which use register
DX as a pointer have full address capability. Direct I/O in-
structions may directly address one or a pair of the first 256
1/O byte locations of the I/0O address space.

2.3 How The 8086 Works

2.3.1 Memory Addressing Scheme

Memory addresses are logically subdivided into segments of
64k bytes each, which can be allocated to code, data, and
stack. The boundaries of such segments must coincide with
integral 16-byte intervals. Segments may be overlapped,
within this constraint, but each segment must begin at an
address which is evenly divisible by sixteen (i.e., the low-
order four bits of a segment address are zero). At any given
moment, the contents of four of these segments are immedi-
ately addressable. The four segments are called the current
code segment, the current data segment, the current stack
segment, and the current extra segment. These segments
need not be unique and may overlap. The high-order sixteen
bits of the address of each current segment are held in a
dedicated 16-bit segment register, and are called the seg-
ment address. -

15 0
OFFSET
OFFSET ADDRESS
\‘ ___—
15 0
CS, SS, DS, ES SELECTED
OR NONE S l 0000 § SEGMENT
FOR 1/0 REGISTER
—’/i
I
|
<
ADDER
19 0
PHYSICAL
l IADDRESS
LATCH

Figure 2-10. Address Generation with Segment Registers
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USE OF SEGMENT REGISTERS

Bytes or words within a segment are addressed using 16-bit
offset addresses, or effective addresses (EA), within the
64k byte segment. A 20-bit physical address is constructed
by adding the 16-bit offset address to the 16-bit segment
address with four low-order zero bits appended. That is,
they are left-shifted four places. This is illustrated in Figure
2-10.

The four segment registers contain the current segment
addresses:

CS Code Segment

DS Data Segment

ES Extra Segment (alternate data location)

SS Stack Segment

The segment register used when generating a data address
(normally DS) can be overridden during the execution of
most instructions if the instruction is preceded by the special
one-byte segment override prefix. The prefix indicates that
another segment register is to be used for all data refer-
ences during the execution of that instruction.

The segment register used when generating a stack address
(normally SS) can similarly be overridden with a segment
override prefix providing the memory address is computed
from the contents of BP; a stack address computed from the
contents of SP cannot be overridden, and hence will always
use SS. Code segment register CS is always used when
generating a code address and cannot be overridden. Table
2-2 summarizes.

TABLE 2-2
USE OF SEGMENT OVERRIDE

Default With Override Prefix
IP + CS = code address Never
SP + SS = stack address Never

BP + SS = stack address

BP + DS or ES, or CS

or stack marker

EA + DS = data address EA + ES, SS, or CS

2.3.2 Bus Multiplexing Scheme

The 8086 uses a time-multiplexed address and data bus.
This technique provides the most efficient use of pins on the
processor while permitting the use of a standard 40-lead
package. This “local bus” can be buffered directly and used
throughout the system with address latching provided on
memory and I/O modules. Or, if your system design requires
a nonmultiplexed bus the address/data bus can be demulti-
plexed at the processor with a single set of address latches.
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2.3.3 Bus Cycle Timing (Figure 2-11)

Each processor bus cycle consists of at least four clock
cycles. These are referred to as T1, T2, T3, and T4. The
address is emitted from the processor during T1. Data trans-
fer occurs on the bus during T3 and T4. T2 is the period
during which the direction of the bus is changed for read
operations. In the event that a “NOT READY” indication is
given by the addressed device, WAIT states (TW) are in-
serted between T3 and T4. Each TW cycle inserted is one
clock cycle in duration. Idle states (Tl) can occur between
8086-driven bus cycles. These inactive CLK cycles are used
by the processor for internal functions.

T T,

T3 Tw

oL —-/_\L /_\L /'_\ /-SS—\L /_\
m/io ) & Y
AC15A0 X LT~ -\/‘JATA IN OR OUT ‘}"‘ =T x =

RDY

READY

Figure 2-11. 8086 CPU Bus Timing

READ SEQUENCE (FIGURE 2-12)

The read cycle begins during T1, with the assertion of ad-
dress latch enable signal ALE®. The trailing edge of ALE®
is used to latch the address information, which is present on
the local bus at this time ®, into the 8282 or 8283 latch. The
BHE® and A0 signals address the low-order byte, the high-
order byte, or the whole word. From T1 to T4, the M/I/O
signal® selects memory or input-output (I/O) operation. At
T2, the address is removed from the local bus and the pro-
cessor bus drivers go to the high-impedance state®. The
read control signal, (RD)®, is also asserted during T2. RD
causes the addressed device to enable its bus drivers to the
now-released local bus. At some later time, valid data will
become available on the bus® and the addressed device
will then drive the READY line high®. When the 8086 sub-
sequently returns RD to the high level®, the addressed

Mnemonics © Intel, 1978.
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device will then tristate its bus drivers, relinquishing the bus
again @. If an 8286 or 8287 transceiver is used to buffer the
local bus, it is serviced with DT/R@ and DEN® signals by
the 8086. '

WRITE SEQUENCE (FIGURE 2-13)

The write cycle, like the read cycle, begins with the assertion
of ALE® and the emission of an address®. And again the
preconditioned M/I/O signal® indicates either memory or
1/0 write operation is to occur. In the T2 that immediately
follows the issuance of the address, the processor emits the
data to be written into the addressed location®@. This data
remains valid on the bus until at least the middle of T4®.
Write signal WR goes low at the beginning of T2 (somewhat
earlier than RD would occur) ®, and remains active through-
out T2, T3, and TW.
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T T, T, Tw T, T, OF
NEXT
cLk 4 \ / \ / \ JFSS_\\ _/ — et
®
m/io J(
0 ———
BHE \O -/ FLOATY _ _
P —_
ALE 4®/_ ¢ /: -
®
RDY )(
©) ® _1__1 @ |
AD,; -AD, X ADDRESS As-Ay ]FLOAT X DATAIN |Dy5-Dp X FLOAT
¢
DT/R \ Y
DEN @
Figure 2-12. Read Cycle Timing
T T2 T3 Tw T T, OF
NEXT
CLK _/ \ 5 / \ / \ /_5 S—\\ / et
wiio D& ) &
ALE O /T
@ ® ® 1 -
AD15-ADg X ApDREss X DATA OUT | FLOAT )(:
" O /

Figure 2-13. Write Cycle Timing
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MEDIUM-COMPLEXITY SYSTEMS (FIGURE 2-14)

In medium-complexity systems (with MN/MX grounded to
Vss, and an 8288 bus controller in the system), signals ALE,
DEN, and DT/R are generated by the 8288 instead of by the
8086, but their timing remains the same as in the minimum
system, in which they are available on 8086 pins. (See chap-
ters 3 and 5 for circuit details.) The 8086 supplies status
outputs SO, S1, and 52 to the 8288, specifying read (code,
data, or 1/O), write (date or 1/O), interrupt acknowledge, or
software halt. The 8288, in addition to the control signals,
generates two types of write strobes, normal and advanced.

2.3.4 Lock

When directly consecutive bus cycles are required for the
execution of an instruction, the processor sends an active
low on the LOCK line to external bus arbitration logic. This
occurs in the clock cycle following the one in which the LOCK
prefix instruction is found and decoded by the EU, and re-
maining through the instruction execution following the LOCK
prefix. The bus arbitration logic, in turn, issues a BUSY to
other processors on the bus. While LOCK is active, all inter-
rupts are masked externally. During this period, any request
to the 8086 on its RQ/GT line will be received and latched in,
but will not be answered until the end of the LOCK.

T T s Ta
ax _/ \ / \ /~ \ /T / \
Qs1,050 X X X X C
8085 25 A / N
BHE/S7,A19/56,A16/S3 X X X:
ae AR
8288 RDY—»8284 :)(
READY—»8086
AD,5-AD, X As-Ag | roar X DATA IN X rroar X
8086
7B AL /
DT/R \ /|
8288 \ /
DEN / \

Figure 2-14. 8086 CPU Bus Timing, Medium Complexity System
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2.3.5 Reset

When the 8086 is powered up, or at other times when it is
desired to initialize the processor, its RESET pin 21 should
be held high for a period of at least four clock cycles. Upon
powering up, the +5 V source and RESET should be simul-
taneously applied to the chip with RESET held high for at
least 50us after the power stabilizes. Upon receipt of RESET,
the processor ceases operation, and remains dormant for
the duration of the pulse. The low-going transition then initi-
ates a sequence which requires approximately 10 clock cycles
to execute before normal operation commences. This se-
quence ends with registers initialized as follows:

(to disable interrupts

Flags = OOOOH- _ single-stepping)

,CE,S Z g’gggH]—(to begin execution at FFFFOH)
DS = OOOOH

SS = OOOOH

ES = OOOOH

No other registers are acted upon during reset.

RESERVED MEMORY LOCATIONS

Intel Corporation reserves the use of memory locations
FFFFOH through FFFFFH (with the exception of FFFFOH,
mentioned in the preceding table) for Intel hardware and
software products. If you use these locations for some other
purpose, you may preclude compatibility of your system with
certain of these products.

RESERVED INPUT/OUTPUT LOCATIONS

Intel Corporation reserves the use of input/output locations
F8H through FFH for Intel hardware and software products.
Users who wish to maintain compatibility with present and
future Intel products should not use these locations.

2.3.6 Hait

When a software HALT instruction is executed the processor
will issue status on S2, S1, and SO to indicate that it is in the
HALT state. ALE is issued once, together with status, as the
HALT state is entered. The 8086 will not leave the HALT
state when a local bus “hold” is entered while in HALT. An
interrupt request or RESET will force the 8086 out of the
HALT state.

2.3.7 Interrupts

Interrupts may be software-initiated or hardware-initiated.
Software-initiated interrupts are described in Chapter 4.
Hardware interrupts may be of either of two types: nonmask-
able or maskable.

NONMASKABLE INTERRUPT (NMI)

Interrupts which arrive on pin 17 of the 8086 have a higher
priority than those which arrive on pin 18 (INTR) or are
software-initiated. Activation of NMI occurs on the upward
transition, and causes an unconditional jump to a subroutine
in memory. It is not disabled by the clear interrupt instruction.
NMI must remain high for greater than 2 clock cycles, but
need not be synchronous with the clock. It is internally latched
by the 8086, and is serviced at the end of any instruction in
process when received, except in the case of block moves,
which can be interrupted between whole moves. The greatest
delay in response to NMI will occur during multiply, divide,
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and multibit-shift instructions. The downward transition of
NMI may occur at any time after its 2-cycle latch time, but
must be debounced to avoid retriggering.

INTERRUPT REQUEST (INTR)

The 8086 has an interrupt request line (pin 18) which can be
masked internally by software instructions which reset inter-
rupt flag IF. INTR is level-triggered at the leading edge of
CLK, so should be present during the clock pulse preceding
the end of an instruction or block move operation. During the
interrupt sequence, further INTR signals, if present, will be
ignored, i.e., CLl is invoked as a part of the response to any
interrupt. The set of flags which is automatically pushed onto
stack reflects the state of the processor prior to the interrupt;
thus, when the flags are restored following the interrupt
response routine, interrupts are normally enabled again
automatically. It is therefore desirable to remove the INTR
signal before the interrupt response completes.

During the response sequence the processor will execute
two successive (back-to-back) interrupt acknowledge cycles.
The 8086 emits the LOCK signal from T2 of the first bus cycle
until T2 of the second. A local bus “hold” request will not be
honored until the end of the second bus cycle. In the second
bus cycle a byte of information is read from bus lines D7-DO
as supplied by the interrupt system logic (i.e., 8259A Priority
Interrupt Controller). This byte identifies the source (type) of
the interrupt. This byte is multiplied by four and used as a
pointer into an interrupt vector look up table (located in sys-
tem memory, see Section 4 for details). An INTR signal left
HIGH will be continually responded to each time the IF flag is
set by the INTERRUPT RETURN, IRET, instruction, which
includes a stack pop and restores the flags.

The basic difference between the interrupt acknowledge
cycle and a read cycle is that the interrupt_acknowledge
signal (INTA) is asserted in place of the read (RD) signal and
the address bus is floated. In the second of two successive
INTA cycles.

RESERVED INTERRUPTS

Intel Corporation reserves the use of interrupts 0-31 (loca-
tions O0OH through 7FH) for Intel hardware and software
products. Users who wish to maintain compatibility with pres-
ent and future Intel products should not use these locations.

Interrupts O through 4 (00H-13H) currently have dedicated
hardware functions as defined below.

Interrupt Location Function
0 00H-03H Divide by zero
1 04H-07H  Single step
2 08H-0BH Non-maskable interrupt
3 OCH-OFH One-byte interrupt instruction
4 10H-13H  Interrupt on overflow












CHAPTER 3
SYSTEM OPERATION AND INTERFACING

3.1 System Mode Configurations

The way you interface peripherais and memory to the 8086
can vary widely, depending upon the type and complexity of
the system in which they will be used. The minimum-complex-
ity system, as shown in Figure 3-1, consists of an 8086 cpu
and 8284 clock generator, a pair of 8282 address latches,
and memory and I/O ports. If the system you are dealing with
does not exceed the specification current and capacitive
loading requirement, the 8086 can drive the system bus
without buffers, but if you need more than the loads it can
handle, 8286 transceivers can be interposed on the data bus
for additional drive capability. You would want to isolate with
transceivers, in any case, if the bus must extend off the cpu
board. A minimum system as shown can address up to 32K
of memory and 32K of I/O mapped ports. If an additional 8282
address latch is used, the full 1 megabyte addressing capa-
bility of the 8086 can be used.

A step higher in versatility and in complexity is the fully
buffered system as shown in Figure 3-2. By introducing an
8288 bus controller into the system and strapping the 8086
MN/MX to ground, you can isolate control, address and data
buses. You can also separate I/O from memory and other
system peripherals, and thereby utilize the full addressing

capacity of the 8086, of 1 megabyte of memory space and 64
kilobytes of 1/0, concurrently. Add to this an 8259A priority
interrupt controller and the system flexibility is considerably
greater.

The fully buffered MCS-86 bus system provides for an
extensive and modular expansion capability. This bus is
patterned after the Intel Multibus™. (See Intel Application
Note AP-28, entitled “Intel Multibus™ Interface”) A typical
MCS-86 system with single 8086 CPU, and a buffered bus,
has a number of uniquely addressed slave modules, all con-
nected to the bus. In this system, the CPU can access any
slave. The bus acts as the common point for all modules; its
DC and timing parameters must be adhered to by the master
and all slaves that use it. Its timing signals and their relation-
ships are shown in the data sheet in Section 5.

At the heart of the MCS-86 expandable, buffered data bus is
the 8288 bus controller. With the MN/MX pin of the 8086
strapped to ground, the CPU now sends status and control
input signals to the 8288. (See 8086 and 8288 data sheets.) In
this system, the CPU does not issue the device selects, the
read/write  commands, and the interrupt acknowledge.
These signals are regenerated in the 8288, along with some
further control requirements of Multibus™ operation.

[Ball

u

8284

RD, WR, INTA, M/IO
Ag-Aq4, BHE
3086 8282
|
1 1 Do-Ds5
T T
L%

/4

AS NEEDED FOR ADDITIONAL
DRIVE CAPABILITY

STANDARD ROM,
PROM, EPROM,
RAM, OR 1/O

Figure 3-1. 8086 Minimum Mode System
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3.2 _System Nucleus

All MCS-86 systems have in common the 8284 system clock
generator (See Figure 3-3.) This one-chip module provides
the following functions:

e System clock output with MOS characteristics, at 1/3 of
the frequency of either a quartz crystal or an external
clock input (EFI) and a 33% duty cycle.

® One peripheral clock output with TTL characteristics, at
1/2 the frequency of the system clock.

® An oscillator output (at the crystal frequency) and a
synchronizing input that allows multiple 8284'’s.

e RESET and READY signal conditioning for these 8086
inputs.

A strapping option, F/C, allows the clock frequency to be
established either by a quartz crystal or by an external fre-
quency input signal. When F/C is low, an internal oscillator is

enabled and its frequency is determined by a crystal con-
nected across the two X pins. When F/C is high, EFI is
enabled to the clock counters and the oscillator is gated off. A
divide-by-three counter generates the frequency and duty
cycle of CLK. PCLK is a TTL-level output, runs at half the
frequency of CLK, and has a 50% duty cycle. The CSYNC
input to the 8284 is used, in conjunction with its external
frequency input, to cause two or more 8284s to start counting
in phase. Its READY circuitry synchronizes to the clock the
asynchronous events that generate READY.

The clock module accepts an active-low RES input, pro-
cesses it through a Schmitt trigger so that an RC timer circuit
can be used in conjunction with it to generate a power-on
reset pulse of 50us or four clock cycles, whichever is greater.
Its RESET output is active high, as required by the 8086.

dOh

8284

8288 CONTROL SIGNALS

o0 i |
( Y 8283 Ag-Alg )
14 B
ed
—
> 8287 < Dg-D15
y |
|
8287 8287
8259A < ;
INTQINT7 I I r '
RANDOM RANDOM J
@ LOGIC -I 8287 LOGIC -I 8287

Il

Iy

PROM, EPROM,
RAM, OR /0

STANDARD ROM,

STANDARD ROM,
PROM, EPROM,
RAM, OR 1/0

Figure 3.2 8086 Maximum Mode System
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Figure 3-3. 8284 Bipolar Clock Generator

The only other essential system function common to all con-
figurations is address latching. This is accomplished by
means of 8282 or 8283 (inverting) 8-line latches (Figure 3-4).
These are necessary in order to demultiplex the address/data
bus so that there is a stable address for memory and I/O. The

address is latched by the falling edge of the ALE signal
during Tl of the 8086 timing cycle. In order to speed the
address transfer the latches are transparent during ALE.
These bipolar devices provide a 32MA, 300pF drive capability
for use on large system buses.

Figure 3-4. 8282 and 8283 Latches
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3.3 System Nucleus Interface

3.3.1 Clock Generator and Latches

The most simplistic system configuration is obtained by
strapping the MN/MX pin to +5V. With this minimum config-
uration the clock and latches are interconnected as shown in
Figure 3.5. Using the two 8282 latches only 32K of address
space is available since BHE must be demultiplexed and
latched for system use. By adding another latch, for the
upper five address bits the full 1M byte of memory is available.

A closer_examination of the figure shows that the control
signals (RD, WR, M/IO) are generated by the 8086 and ALE
is used to strobe the address into the latches. System timing
is generated by the 8284 and a crystal (F/C is strapped to
ground) with power on reset being generated by the RC
network. Other functions, optionally used, are tied to the
inactive state, however, the user is free to use these func-
tions in order to optimize a system design.

3.3.2 Transceivers

If the minimum system requires buffering, or a need for
additional drive, the 8286 bipolar transceivers should be
used. The 8086 DEN signal is used to enable the data (8286
OE) onto the system or local bus, as determined by the 8286
T input. When DT/R is high, data is sent to the system bus
from the local bus. If DT/R is low, data is sent from the
system bus to the local bus.

3.4 1/0 Interface

The 8086 microprocessor interfaces to both memory and I/O
by means of read and write machine cycles, the timing of
which are essentially identical. During each machine cycle,
the 8086 issues an address and a control signal, then either
sends data out on the bus or reads it in from the bus. When
the 8086 performs a read cycle, the source of the data it
reads could be a ROM, a RAM, an |/O device, or nothing; the
cpu has no mechanism for verifying the presence of vaiid
data.

The only distinction between data read in from memory or /O
and an instruction opcode is the interpretation of the byte or
word by the cpu. If the cpu expects an opcode, it will treat the
input as an opcode. If an I/O portis expected, it will treat what
is found on the bus as input data. The same is true for a write
cycle. The 8086 issues an address, puts data on the bus,
then issues a control signal. Unless it is requested to WAIT,
by the use of the READY line, the cpu will complete the cycle
and proceed to the next. Regardless of whether there is a
device on the bus that will accept the data, the cpu executes
one instruction at a time in sequence until requested to do
otherwise. The program totally controls the sequence and
nature of all machine cycles unless a hardware interrupt,
hold, or wait occurs.

3.4.1 Memory-Mapped 1/0

Although the 8086 has separate instructions to communicate
with 1/O devices, some users connect I/O devices to the
memory control lines. This is referred to as memory-mapped
1/0. As long as the I/O device responds like a memory
device, the processor does not recognize the device as
different. The advantage of using memory-mapped 1/0 is
that you can use the large group of instructions that operate
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in the memory address space instead of the four (IN, INW,
OUT, and OUTW) that transfer a byte or word between the
accumulator and 1/O port space. You can also perform arith-
metic and logic operations on port data as well as move it
between any of the internal registers and the 1/O ports,
between memory and ports, and from one port to another.
Consider the meanings of the instructions in the list that
follows:

MOV reg, [BX] Input 16 bit port to register
(indirect address)

MOV [BX],reg Output register to 16 bit port
(indirect address)

MOV [BX],data  Output immediate data to 16 bit
port (indirect address)

MOV AX,addr Input 16 bit port to accumulator
(direct address)

MOV addr,AX Output accumulator to 16 bit port
(direct address)

ADD AX,[BX] Add 16 bit port to accumulator
(indirect address)

AND AX,[BX] And 16 bit port to accumulator

(indirect address)

The list is not exclusive, since the 8086 instruction set has
extensive memory addressing modes for many operations
making memory mapped I/O very attractive in system design.

Although using memory instructions may increase the flexi-
bility of a system, there are some drawbacks. Since memory-
mapped 1/O devices are addressed as memory, there are
fewer addresses available for memory use. In systems with
smaller addressing capabilities, this may be a serious prob-
lem. With MCS-86 systems, where there is a total of 1
megabyte of memory address space, it is less likely to impose

limits on your design.

Afurther disadvantage of using memory mapped I/O is that it
is slower than 1/O mapped I/O when performing normal
input, output functions. The IN or OUT instructions only
require 10 clock cycles and as little as one byte of code when
avariable portis specified. The speed and byte requirements
when using the MOV instruction vary according to the ad-
dressing mode used as shown below.

TABLE 3.

Operation Byte Count | Clock Cycles
16 bit immediate data to 4 10+EA
port (indirect)
Accumulator to port 3 15
(immediate)
Register to port (indirect) 2 9+EA
Port (immediate) to 3 14
accumulator
Port (indirect) to register 2 8+EA

Where EA is the time required to calculate the effective
address of the memory operand (in this case the port
address).
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3.4.2 Interfacing Memory Mapped 1/O

The 8086 memory space has dedicated address locations
which prohibit the use of one specific bit for linear selection
of amemory mapped /O device. (The Vector Interrrupt code
is in low memory and the Bootstrap code is in high memory.)
This does not prevent a user from using a block of memory
for 1/O, even in a minimum system configuration.

Figure 3.6 shows how the 8255 can be used as memory
mapped 1/O ports. Using the 8205 to decode for the device
chip selects, up to 24 programmable 16-bit ports, or 48 8-bit
ports, can be selected. As the memory map in Figure 3.6b
shows, the address range for these ports is 00400H to
00043FH. Since this is a two address latch minimum system,
the upper five most significant bits are not used. Therefore
A10 and A14 are used to select I/O. Whenever A14 is low and
A10 is high, the 8205 will decode address bits A3, A4, and
AS5. The additional enable input is used to select high, low or
both 8-bit data using BHE and AO according to Table 3-2.
This decoding scheme is reflected in the way a typical port is
selected.

TABLE 3-2
BHE AO FUNCTION
0 0 16 bit word from/to addressed devices
0 1 Upper 8 bits from/to odd addressed device
1 0 Lower 8 bits from/to even addressed

device

No device selection

3-6

Figure 3.6b shows that the ports of device 0 are all even
addresses. If 16-bit data needs to be transferred any memory
address may be used, but odd locations will take two memory
cycles and could inadvertently access the control port, as
Table 3-3 shows. In order to avoid these conflicts, all ports
should be addressed as even locations when transferring
word data.

TABLE 3-3
INSTRUCTION DATA TRANSFERRED
MOV AX, 402 16 bits from ports Bg and B1
MOV AX, 403 16 bits from ports B1 and Cq
MOV AX, 405 16 bits from ports Cq and Control 0

3.4.3 Interfacing 1/0 Mapped I/O

The primary difference between the design of I/O mapped
1/0 and memory mapped |/O is the necessity to distinguish
between a memory or 1/O bus cycle. To. do this the M/IO
signal is used to enable the 8205’s for chip select decode.
The third enable can be used to place the 1/O into a specific
location. Figure 3.7 shows this design for a minimum system.
Even with the ports in 1/O space, the same addressing con-
siderations apply for this type of I/O as in memory mapped I/O.
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CHAPTER 4
THE INSTRUCTION SET

4.1 What The Instruction Set Is

An instruction set is a set of codes that direct a computer
to perform its operations. The ease of understanding an
instruction set does not depend upon the structure of the
machine codes that the computer recognizes so much as
it depends upon the structure of the symbolic language
that is associated with the computer. The description of
the instruction set in this chapter is therefore based upon
the syntax of the MCS-86™ assembly language, and each
instruction is described in terms of its mnemonic, followed
by the details of its binary codes and their meanings.

4.2 Symbols, Abbreviations, and Mnemonics

The terminology used in describing the MCS-86™
computer systems and their instruction set is in many
respects similar with that which describes the MCS-80™,
but there are some differences. In instances where an
MCS-80 term is equivalent to that of the MCS-86™, it is
included in the list that follows, with an indication of any
significant differences.

Table 4-1. SYMBOLS

MCS-86 MCS-80

Symbol Symbol Meaning

AX None Accumulator (16-bit) (8080 Ac-
cumulator holds only 8-bits)

AH None Accumulator (high-order byte)

AL A Accumulator (low-order byte)

BX HL Register B (16-bit) (8080 register
pair HL), which may be split and
addressed as two 8-bit registers.

BH High-order byte of register B

BL L Low-order byte of register B

CX BC Register C (16-bit) (8080 register
pair BC), which may be split and
addressed as two 8-bit registers

CH B High-order byte of register C

CL (o} Low-order byte of register C

DX DE Register D (16-bit) (8080 register
DE) which may be split and ad-
dressed as two 8-bit registers

DH D High-order byte of register D

DL E Low-order byte of register D

SP SP Stack pointer (16-bit)

BP None Base pointer

IP PC Instruction pointer (8080 Pro-

gram Counter)

Meaning

MCS-86 MCS-80
Symbol Symbol
Flags Flags
[o]] None
Sl None
CSs None
DS None
ES None
SS None
REGS8

REG16

reg

EA

r/m

mode

w

d

(...)

(BX)

((BX)

16-bit register space, in which
nine flags reside. (Not directly
equivalent to 8080 PSW, which
contains five flags and the con-
tents of the accumulator).

Data index register
Stack index register
Code segment register
Data segment register
Extra segment register
Stack segment register

The name of an 8-bit CPU regis-
ter location

The name of a 16-bit CPU regis-
ter location

In the description of an instruc-
tion a field which defines REG8
or REG16

Effective address (16-bit)

A register name or memory ad-
dress in an instruction, this 3-bit
field defines EA, in conjunction
with the mode and w fields.

In an instruction, this 2-bit field
defines addressing mode

A 1-bit field in an instruction,
identifying byte instructions (w=
0), and word instructions (w=1)

A 1-bit field identifying direction,
i.e., which location is source and
which is destination, in an in-
struction.

Parentheses enclosing a register
name or the contents of register
or memory location...

Represents the contents of regis-
ter BX, which could be used as
the address where an 8-bit oper-
and might be located.

Means this 8-bit operand, the
contents of the memory location
pointed at by the contents of reg-
ister BX.
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MCS-86 MCS-80
Symbol Symbol

Meaning

(BX) +
1, (BX)

BX +
1, (BX)

addr

addr-low
addr-high

addr + 1:
addr

data
data-low
data high

disp
disp-low

disp-high
< ==
+

*

/
%

&
|
|
1l
I

Is the address of a 16-bitoperand
whose low-order 8-bits reside in
the memory location pointed at
by the contents of register BX
and whose high-order 8-bits re-
side in the next sequential mem-
ory location, BX + 1.

Is the 16-bit operand that resides
there.

Field, e.g., (AL).low-nibble des-
cribes the low-nibble (least signi-
ficant 4-bits) of the contents of
register AL.

Concatenation, e.g., (DX} + 1:
(DX) is a 16-bit word which is the
concatenation of two 8-bit bytes,
the low-order byte in the memory
location pointed at by DX and the
high-order byte in the next se-
quential memory location

Address (16-bit) of a byte in
memory
Least significant byte of an
address

Most significant byte of an
address

Addresses of two consecutive
bytes in memory, beginning at
addr

Immediate operand (8-bit if w=0;
16-bit if w=1)

Least significant byte of 16-bit
data word

Most significant byte of 16-bit
data word

Displacement

Least significant byte of 16-bit
displacement

Most significant byte of 16-bit
displacement

Assignment
Addition
Subtraction
Muiltiplication
Division
Modulo

And

Inclusive or
Exclusive or
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4.3 Instruction and Data Formats

The formats described briefly here reflect the assembly
language processed by the Intel-supplied assembler,
ASM-86, used with the Intellec® development systems.
(See Chapter 6.)

Assembly language instructions are written one perline. If
a semicolon occurs other than in a string, then the
remainder of that line is taken as a comment.

An instruction is made up of a series of tokens. Each token
may be one of three types:

Name
Constant
Delimiter

If two consecutive tokens together might be interpreted as
some cther token, they must be separated by a space; if
not, spaces have no meaning and may be omitted.
However, extra spaces may be inserted if desired; the
computer ignores them. Comments may be made any
number of lines long, but a semicolon must start each line
of a comment. The assembler ignores comments, blank
lines may be inserted, too; the assembler ignores them. It
does not distinguish between capitals and lower-case
letters. :

An exception to the above rules is the character string.
The assembler recognizes all of the characters, spaces,
and blanks that are contained within the string.

4.4 Instruction Set Encyclopedia

Five different lists of the 8086 instructions are found in this
manual. The encyclopedia, located here, contains a
complete description of every instruction and its function,
arranged in the same six functional groups as in Section
2.2.4, where they are introduced in briefer form. Table 2-1
is a quick-reference summary of all instructions and their
codes. It is repeated in the 8086 data sheets in Chapter 5.
Table 4-3 is a translation table of 8080 instructions to 8086
instructions. Table 4-4 is an alphabetical index to this
encyclopedia. In these lists, all instructions are referenced
to the assembly-language mnemonics (Section 4.3).
Although there is not a unique mnemonic for each
instruction code, there is enough information in the
instruction, source, and destination mnemonics for the
assembler to identify the correct code. This means you
don’t have to keep in mind which of the 19 different MOV
codes is needed when programming in assembly
language. You write, for example,

mMov BETA, AL

7654321076543’21076543210

1]0‘010]1[0 oo olo o]o[o 1]1]1 _.——A—DD:(E_SS___|

w
L l ! DESTINATION
BYTE MODE USING AL REGISTER

FROM REGISTER — USING AL AS SOURCE

4-2
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Assembler takes care of:

D

w

MOD
Displacement

The assembler chooses the correct codes that perform
your intended operation. This encyclopedia describes
how those codes function, so that when you have written
and are testing your program you can determine what the
processor is doing by monitoring the bus.

4.4.1 Addressing Modes

The 8086 instruction set provides several different ways to
address operands. Most two-operand instructions allow
either memory or a register to serve as one operand, and
either a register or a constant within the instruction to
serve as the other operand. Operands in memory may be
addressed directly with a 16-bit offset address, or
indirectly with base (BX or BP) and/or index (S| or DI)
registers added to an optional 8- or 16-bit displacement
constant. The result of a two-operand operation may be
directed to either of the source operands, with the
exception, of course, of in-line immediate constants.
Single-operand operations are applicable uniformly to
any operand except immediate constants. Virtually all
8086 operations may specify either 8- or 16-bit operands.

Memory Operands. Operands residing in memory may be
addressed in four ways:

e Direct 16-bit offset address

® Indirect through a base register, optionally with an 8-
or 16-bit displacement

® Indirect through an index register, optionally with an

- 8- or 16-bit displacement

¢ Indirect through the sum of a base register and an
index register, optionally with an 8- or 16-bit
displacement

General register BX and pointer register BP may serve as
base registers. When BX is the base the operand by default
resides in the current data segment and the DS register is
used to compute the physical address of the operand.
When BP is the base the operand by default resides in the
current stack segment and the SS segment register is used
to compute the physical address of the operand. When
both base and index registers are used the operand by
default resides in the segment determined by the base
register. When an index register alone is used, the
operand by default resides in the current data segment.

The location of an operand in an 8086 register or in
memory is specified by up to three fields in each
instruction. These fields are the mode field (mod) the
register field (reg), and the register/memory field (r/m).
When used, they occupy the second byte of the
instruction sequence. The mode field occupies the two
most significant bits of the byte, and specifies howthe r/m
field is used in locating the operand, i.e., the register
named in the r/m field either can be the location of the
operand, or can point to the location of the operand in
memory. The reg field occupies the next three bits
following the mode field, and specifies either an 8-bit
register or a 16-bit register to be the location of an
operand.

Mnenonics © Intel, 1978.
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Description: The effective address (EA) of the memory
operand is computed according to the mod and r/m
fields:

if mod = 00 the DISP = 0*, disp-low and disp-high are
absent
if mod = 01 then DISP = disp-low sign-extended to 16

bits, disp-high is absent
if mod = 10 then DISP = disp-high:disp-low

if /m =000 then EA = (BX) + (S + DISP
if /m =001 then EA = (BX) + (D) + DISP
if /m =010 then EA = (BP) + (SI) + DISP
if ’m =011 then EA = (BP) + (D) + DISP
if /m =100 then EA = (SD + DISP

if /m =101 then EA = (DI) + DISP

if /m =110 then EA = (BP) + DISP*

if /m =111 then EA = (BX) + DISP

*except if mod = 00 and r/m =110 then
EA = disp-high: disp-low

Instructions referencing 16-bit objects interpret EA as
addressing the low-order byte; the word is addressed by
EA+1,EA.

Encoding:

[mod rim | displow | disp-high |

Segment Override Prefixes. When the effective address
computation for a memory operand involves the BP
register the SS segment register is used by default to
compute the physical address. The physical address of
most other memory operands is by default computed
using the DS segment register (exceptions are noted
below). These default segment register selections may be
overridden by preceding the referencing instruction witha
segment override prefix.

Description: The segment register selected by the reg field
(see Section 2.3.1) is used to compute the physical
address for the instruction this prefix precedes. This
prefix may be combined with the LOCK and/or REP
prefixes, although the latter has certain problems as
discussed in Section 4.4.6.

Encoding:
001reg110

The physical addresses of all operands addressed by the
SP register are computed using the SS segment register,
which may not be overridden. The physical addresses of
the destination operands of the string primitive operations
(those addressed by the DI register) are computed using
the ES segment register, which may not be overridden.

Register Operands: The four 16-bit general registers and
the four 16-bit pointer and index registers may serve
interchangeably as operands in nearly all 16-bit
operations. Three exceptions to note are multiply, divide,
and some string operations, which use the AX register
implicitly. The eight 8-bit registers of the HL group may
serve interchangeably in 8-bit operations. Multiply, divide,
and some string operations use AL implicitly.

Description: Register operands may be indicated by a
distinguished field, in which case REG will represent
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the selected register, or by an encoded field, in which
case EA will represent the register selected by the r/m
field. Instructions without a “w” bit always refer to 16-bit
registers (if they refer to any register at all); those with a
“w” bit refer to either 8- or 16-bit registers according to

oat

w.
Encoding:

Distinguished Field:

| g | or I

for mod = 11 EA = r/m (a register):

reg

]

1 reg

Segment Register:

reg
REG =reg

REG is assigned according to the following table:

16:8it (w - 1) 8Bit (w - 0] Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 €S
010 DX 010 DL 10 S
011 BX 011 BL 11 DS
100 SP 100 AH

101 BP 101 CH

110 SI 110 DH

11 DI 1 BH

Instructions which reference the flag register file as a 16-
bit object use the symbol FLAGS to represent the file:

FLAGS = X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)
Where X is undefined.

Immediate Operands. All two-operand operations except
multiply, divide, and the string operations allow one
source operand to appear within the instruction as
immediate data. Sixteen-bitimmediate operands having a
high-order byte which is the sign extension of the low-
order byte may be abbreviated to eight bits.

Three points about immediate operands should be made:

* Immediate operands always follow addressing mode
displacement constants (when present) in the
instruction.

e The 8-bit immediate operands of instructions with
s:w = 11 are sign-extended to 16-bit values.

e The low-order byte of 16-bit immediate operands
always precedes the high-order byte.
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4.4.2 Instruction Set Timing

Opposite the expression for the operation contained in
each listing in Sections 4.4.3 through 4.3.9 is a number
that represents the number of clock cycles required for
the execution of that instruction. If you are using a 5-MHz
clock, one cycle is 200 nanoseconds; if you use an 8-MHz
clock, it is 125 nanoseconds. The times stated are fixed
in the case of register and immediate operands. In the
case of operands in memory, you must add the time
necessary to calculate an address to the execution time of
the instruction. This is indicated in the listed times by the
term, + EA. The amount of time needed for calculation
varies, depending upon addressing mode (Section 4.4)
and location. The list below shows calculation times for 8-
bit operands or for 16-bit operands residing at even
memory addresses. Add 4 clock cycles for 16-bit
operands residing at odd memory addresses. Add 2 clock
cycles for segment override.

® Direct 16-bit offset address 6
® Indirect through base or index
register 5

e |ndirect through base or index

register with displacement

constant 9
Indirect through sum of

index-register plus

base register 7o0r8
e |ndirect through sum of base

register plus index register

with displacement

constant 11 or12

4.4.3 Data Transfer

Four classes of data transfer operations may be
distinguished: general purpose, accumulator specific,
address-object transfers, and flag transfers. None of the
transfer instructions affect any flag settings except SAHF
and POPF.

Four general purpose data transfer operations are
provided. These may generally be applied to most
operands, though there are specific exceptions. The
general purpose transfers (except XCHG) are the only
operations which allow a segment register as an operand:

MOV Move
PUSH Push
POP Pop

XCHG Exchange
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Mnemonic: MOV Segment Register to Memory or Register Operand:

Description: MOV performs a byte or word transfer from
the source operand to the destination operand.

[to001100 [modoreg r/m |

Encoding: SRC = REG,DEST = EA
Memory or Register Operand to/from Register Oper-
and: Timing (clocks): memory to register 9+EA

register to register 2

[100010dw[mod reg r/m |

Operation:
if d = 1 then SRC = EA, DEST = REG (DEST) <== (SRC)
else SRC = REG, DEST = EA Flags Affected:
Timing (clocks): register to register 2 None

memory to register 8+EA
register to memory  9+EA

Mnemonic: PUSH

Immediate O Regist d: - .
perand to Memory or Register Operan Description: PUSH decrements the SP register by two and

- then transfers a word from the source operand to the stack
1 11 -
(110001 1w med000 rim ] data [ sataifw=t ] element currently addressed by SP.
SRC = data, DEST = EA Encoding:
Timing: 10+EA clocks Memory or Register Operand:
Immediate Operand to Register: [r1t1111Jmod110 v/m |
1011w reg data data if w=1 SRC = EA

[ [ | ]

Timing (clocks): memory  16+EA
SRC = data, DEST = REG register 10

Timing: 4 clocks
Register Operand:

01010 reg

Memory Operand to Accumulator:

[1010000w][  addrlow |  addrhigh |

SRC = REG
if w= 0 then SRC = addr, DEST = AL Timing: 10 clocks
else SRC = addr+1:addr, DEST = AX
Timing: 10 clocks Segment Register:
Accumulator to Memory Operand:
[1o10001w][ addrlow [  addrhigh | SRC = REG

Timing: 10 clocks
if w = 0 then SRC = AL, DEST = addr

else SRC = AX, DEST = addr+1:addr Operation:
Timing: 10 clocks (SP) <==(SP) - 2
((SP)+1:(SP)) <== (SRC)
Flags Affected:

[1o001110 [modoreg rim | None

Memory or Register Operand to Segment Register:

if reg # 01 then SRC = EA, DEST = REG

else undefined operation

Timing (clocks): register to register 2
memory to register 8+EA
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Mnemonic: POP Mnemonic: XCHG
Description: POP transfers a word operand from the stack Description: XCHG exchanges the byte or word source
element addressed by the SP register to the destination operand with the destination operand. The segment
operand and then increments SP by 2. registers may not be operands of XCHG.
Encoding: Encoding:
Memory or Register Operand: Memory or Register Operand with Register Operand:
(10001111 [modoo0 /m | (10000711 w][mod reg _rim ]
DEST = EA SRC = EA, DEST = REG
Timing (clocks): memory 17+EA Timing (clocks): memory with register 17+EA
register 8 register with register 4
Register Operand: Register Operand with Accumulator:
D{EST = REG SRC = REG, DEST = AX
Timing: 8 clocks Timing: 3 clocks

Operation:
(Temp) <== (DEST)

(DEST) <== (SRC)

(SRC) <== (Temp)
Flags Affected:

Segment Register:

if reg # 01 then DEST = REG
else undefined operation

Timing: 8 clocks None
Operation:

(DEST) <== (SP)+1:(SP))

(SP) <== (SP)+2 Three Accumulator transfer operations are provided:
Flags Affected: Accumulator Specific Transfers

None

IN Input Byte
INW Input Word
ouT Output Byte
OUTW Output Word
XLAT  Translate

} single Operation

} Single Operation

Mnamnnins © Intal 1Q78 4.A
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Mnemonic: IN and INW

Description: IN (or INW) transfers a byte (or word) from an
input port to the AL register (or AX register for INW). The
port is specified either with an inline data byte, allowing
fixed access to ports 0 through 255, or with a port number
in the DX register, allowing variable access to 64K input
ports.

Encoding:
Fixed Port:

[1110010w] port |

if w =0 then SRC = port, DEST = AL
eise SRC = port+1:port, DEST = AX
Timing: 10 clocks

Variable Port:

1110110w

if w = 0 then SRC = (DX), DEST = AL
else SRC = (DX)+1:(DX), DEST = AX
Timing: 8 clocks

Operation:
(DEST) <== (SRC)

Flags Affected:
None

Mnemonic: OUT and OUTW

Description: OUT (or OUTW) transfers a byte (or word)
from the AL register (or AX register for OUTW) to an output
port. The port is specified either with an inline data byte,
allowing fixed access to ports 0 through 255, or with a port
number in the DX register, allowing variable access to 64K
output ports.

Encoding:
Fixed Port:

port |

if w =0 then SRC = AL, DEST = port
else SRC = AX, DEST = port+1:port
Timing: 10 clocks

1110011 w]

Variable Port:

11101 11w

if w =0 then SRC = AL, DEST = (DX)
else SRC = AX, DEST = (DX)+1:(DX)
Timing: 8 clocks

Operation:
(DEST) <== (SRC)

Flags Affected:
None
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Mnemonic: XLAT

Description: XLAT performs  a table lookup byte
translation. The AL register is used as an index into a 256-
byte table addressed by the BX register. The byte operand
so addressed is transferred to AL.

Encoding:

11010111

Timing: 11 clocks
Operation:

(AL) <== ((BX) + (AL)
Flags Affected:

None

Three Address-Object transfer operations are provided:

Address Object Transfers
LEA Load Effective Address
LDS Load Pointer into DS
LES Load Pointer into ES

Mnemonic: LEA

Description: LEA (Load Effective Address) transfers the
offset address of the source operand to the destination
operand. The source operand must be a memory operand
and the destination operand can be any 16-bit general,
pointer, or index register.

Encoding:

[10001101 [mod reg r/m |

if mod = 11 then undefined operation
Timing: 2+EA clocks

Operation:
(REG) <== EA

Flags Affected:
None

Mnerﬁonic: LDS

Description: LDS (Load Pointer into DS) transfers a
“pointer-object” (i.e., a 32-bit object containing an offset
address and a segment address) from the source operand
(which must be a memory operand) to a pair of destination
registers. The segment address is transferred to the DS
segment register. The offset address may be transferred to
any 16-bit general, pointer, or index register.

Encoding:

[11000101 [mod reg r/m |

if mod = 11 then undefined operation
Timing: 16+EA clocks

Operation:

(REG) <== (EA)
(DS) <== (EA + 2)

Flags Affected:
None
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Mnemonic: LES

Description: LES (Load Pointer into ES) transfers a
“pointer object” (i.e., a 32-bit object containing an offset
address and a segment address) from the source operand
(which must be a memory operand) to a pair of destination
registers. The segment address is transferred to the ES
segment register. The offset address may be transferred to
a 16-bit general, pointer, or index register.

Encoding:

[11000100 [mod reg r/im |

if mod = 11 then undefined operation
Timing: 16+EA clocks
Operation:

(REG) <== (EA)
(ES) <==(EA + 2)

Flags Affected:
None

Four Flag Register transfer operations are provided:

LAHF  Load AH with Flags
SAHF  Store AH into Flags
PUSHF Push Flags
POPF  Pop Flags

Mnemonic: LAHF

Description: LAHF (Load AH with Flags) transfers the flag
registers SF, ZF, AF, PF, and CF (which, when 8080 code is
translated into 8086 code, are the 8080 flags) into specific
bits of the AH register. The bits indicated “X’ are
unspecified.

-

Encoding:
10011111

Timing: 4 clocks

Operation:

(AH) <== (SF):(ZF):X:(AF):X:(PF):X:(CF)
Flags Affected:

None
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Mnemonic: SAHF

Description: SAHF transfers specific bits of the AH
register to the flag registers SF, ZF, AF, PF, and CF. The
bits of AH indicated by “X" in the operation below are
ignored.

Encoding:

10011110

Timing: 4 clocks

Operation:

(SF)AZF):X:AAF):XAPF):X:(CF) <== (AH)
Flags Affected:

AF, CF, PF, SF, ZF

Mnemonic: PUSHF

Description: PUSHF decrements the SP register by 2 and
transfers all of the flag registers into specific bits of the
word operand (stack element) addressed by SP.

Encoding:

Timing: 10 clocks

Operation:

(SP) <==(SP) - 2
((SP)+1:(SP)) <== Flags

Flags Affected:
None
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Mnemonic: POPF

Description: POPF (pop flags) transfers specific bits of the
stack element addressed by the SP register to the flag
registers and then increments SP by two.

Encoding:

10011101

Timing: 8 clocks

Operation:

Flags <== ((SP)+1:(SP))
(SP) <== (SP) + 2

Flags Affected:
All

4.4.4 Arithmetic

The 8086 provides the four basic mathematical operations
in a number of different varieties. Both 8- and 16-bit
operations and both signed and unsigned arithmetic are
provided. Standard two’'s complement representation of
signed values is used. The addition and subtraction
operations serve as both signed and unsigned operations.
In these cases the flag settings allow the distinction
between signed and unsigned operations to be made (see
Conditional Transfer). Correction operations are provided
to allow arithmetic to be performed directly on unpacked
decimal digits or on packed decimal representations.

Six flag bits are set or cleared by most arithmetic
operations to reflect certain properties of the resuit of the
operation. They generaily follow these rules:

e CF is set if the operation resulted in a carry out of
(from addition) or a borrow into (from subtraction) the
high-order bit of the result; otherwise CF is cleared.
AF is set if the operation resulted in a carry out of
(from addition) or a borrow into (from subtraction) the
low-order four bits of the result; otherwise AF is
cleared.

ZF is set if the result of the operation is zero; otherwise
ZF is cleared.

SF is set if the high-order bit of the result of the
operation is set; otherwise SF is cleared.

PF is set if the modulo 2 sum of the low-order eight
bits of the result of the operation is 0 (even parity);
otherwise PF is cleared (odd parity).

OF is set if the operation resulted in a carry into the
high-order bit of the result but not a carry out of the
high-order bit, or vice versa; otherwise OF is cleared.

Five addition operations are provided:

ADD Add

ADC Add with Carry

INC Increment

AAA Unpacked BCD (ASCIl) Adjust for Addition
DAA Decimal Adjust for Addition

Mnemonics © Intel, 1978.

Mnemonic: ADD

Description: ADD performs an addition of the two source
operands and returns the result to one of the operands.

Encoding:
Memory or Register Operand with Register Operand:

[o00000dw][mod reg r/m |

if d = 1 then LSRC = REG, RSRC = EA, DEST = REG

else LSRC = EA, RSRC = REG, DEST = EA

Timing (clocks): register to register 3
memory to register 9+EA
register to memory 16+EA

Immediate Operand to Memory or Register Operand:

[100000sw[modooo0 m | data | dataif sw=01]
LSRC = EA, RSRC = data, DEST = EA
Timing (clocks): immediate to memory 17+EA
immediate to register 4

Immediate Operand to Accumulator:

[0oo00010w] data [ dataifw=1 |

if w =0 then LSRC = AL, RSRC = data, DEST = AL
else LSRC = AX, RSRC = data, DEST = AX
Timing: 4 clocks

Operation:

(DEST) <== (LSRC) + (RSRC)
Flags Affected:

AF, CF, OF, PF, SF, ZF

Mnemonic: ADC

Description: ADC (add with carry) performs an addition of
the two source operands, adds one if the CF flag is set, and
returns the result to one of the operands.

Encoding:
Memory or Register Operand with Register Operand:

[o00100dw][mod reg r/m |

if d = 1 then LSRC = REG, RSRC = EA, DEST = REG

else LSRC = EA, RSRC = REG, DEST = EA

Timing (clocks): register to register 3
memory to register 9+EA
register to memory 16+EA



INSTRUCTION SET

Immediate Operand to Memory or Register Operand: Mnemonic: AAA
Description: AAA (Unpacked BCD (ASCII) adjust for
[100000sw][mogo10o r/m ] data [ dataifsw=01 | addition) performs a correction of the result in AL of
_ _ _ adding two unpacked decimal operands, yielding an
LSRC = EA, RSRC = data, DEST = EA unpacked decimal sum.
Timing (clocks): immediate to memory 17+EA .
immediate to register 4 Encoding:
- [o0710177]
Immediate Operand to Accumulator: m
[oo01010w data | dataifw=1 | Timing: 4 clocks
if w = 0 then LSRC = AL, RSRC = data, DEST = AL Operation:
else LSRC = AX, RSRC = data, DEST = AX if ((AL) & OFH) > 9 or (AF) = 1 then
Timing: 4 clocks (AL) <== (AL) + 6
(AH) <== (AH) + 1
Opefation: (AF) <==
if (CF) = 1 then (DEST) <== (LSRC) + (RSRC) + 1 (CF) <== (AF)
else (DEST) <== (LSRC) + (RSRC) (AL) <== (AL) & OFH
Flags Affected: Flags Affected:
AF, CF, OF, PF, SF, ZF ' AF, CF.

OF, PF, SF, ZF undefined

Mnemonic: INC

Description: INC (increment) performs an addition of the Mnemonic: DAA
source operand and one, and returns the result to the Description: DAA (decimal adjust for addition) performs a
operand. correction of the result in AL of adding two packed
Encoding: decimal operands, yielding a packed decimal sum.
Memory or Register Operand: Encoding:
11111 1w]med000 rim | ,
DEST = EA Timing: 4 clocks
Timing (clocks): register 2 T
memory 15+EA Operation:
if (AL) & OFH) > S or {AF) = 1 then
. . (AL) <==(AL) + 6
Register Operand: (AF) <==
' if (AL) > 9FH or (CF) = 1 then
(AL) <== (AL) + 60H
(CF) <==
DEST = REG

Flags Affected:

AF, CF, PF, SF, ZF
Operation: OF undefined

(DEST) <== (DEST) + 1
Flags Affected:
AF, OF, PF, SF, ZF

Timing: 2 clocks

Seven subtractions operations are provided:

SUB Subtract

SBB Subtract with Borrow

DEC Decrement

NEG Negate

CMP Compare

AAS Unpacked BCD (ASCII) Adjust for Subtraction
DAS Decimal Adjust for Subtraction
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Mnemonic: SUB
Description: SUB performs a subtraction

source operands and returns the result to one of the

operands.
Encoding:

Memory or Register Operand and Register Operand:

foo1010dw]mod reg r/m |

if d =1 then LSRC = REG, RSRC = EA, DEST = REG
else LSRC = EA, RSRC = REG, DEST = EA

Timing (clocks): register from register
memory from register
register from memory

Immediate Operand from Memory or Register Operand:

Immediate Operand from Accumulator:
of the two

[0001110w] data | dataifw=1_|

if w =0 then LSRC = AL, RSRC = data, DEST = AL
else LSRC = AX, RSRC = data, DEST = AX
Timing: (clocks): immediate from register

Operation:

if (CF) = 1 then (DEST) <== (LSRC) - (RSRC) - 1
else (DEST) <== (LSRC) - (RSRC)

Flags Affected:
AF, CF, OF, PF, SF, ZF

3
9+EA
16+EA

Mnemonic: DEC
Description: DEC (decrement) performs a subtraction of

[too0o000sw[modio1 /m | data

[ datait s:w=01 |

one from the source operand and returns the result to the

LSRC = EA, RSRC = data, DEST = EA
Timing (clocks): immediate from register
immediate from memory

Immediate Operand from Accumulator:

operand.
Encoding:

17+EA Memory or Register Operand:

[1111111w]mdoo1 m |

DEST = EA

[oot1o110w] data |

data if w=1_|

Timing (clocks): register

memory 15+EA

if w =0 then LSRC = AL, RSRC = data, DEST = AL

else LSRC = AX, RSRC = data, DEST = AX
Timing (clocks): immediate from register

Operation:

(DEST) <== (LSRC) - (RSRC)
Flags Affected:

AF, CF, OF, PF, SF, ZF

Register Operand:

01001 reg

DEST = REG
Timing: 2 clocks

4

Operation:

Mnemonic: SBB
Description: SBB (subtract with borrow)

(DEST) <== (DEST) - 1
Flags Affected:

performs a AF, OF, PF, SF, ZF

subtraction of the two source operands, subtracts one if

the CF flag is set, and returns the result to one of the

operands.
Encoding:

Memory or Register Operand and Register Operand:

[oo0110d w[mod reg r/m |

if d = 1 then LSRC = REG, RSRC = EA, DEST = REG
else LSRC = EA, RSRC = REG, DEST = EA

Timing (clocks): register from register
memory from register
register from memory

3
9+EA
16+EA

Immediate Operand from Memory or Register Operand:

[1too000sw][mdot11 vm | data

[ dataif sw=01]

LSRC = EA, RSRC = data, DEST = EA
Timing (clocks): immediate from register
immediate from memory

Mnenonics © Intel. 1978.
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Mnemonic: NEG

Description: NEG (negate) performs a subtraction of the
source operand from zero and returns the result to the
operand.

Encoding:

[T11101 1w ]modo 11 /m |

if w =0 then SRC = FFH

else SRC = FFFFH

Timing (clocks): register 3
memory 16+EA

Operation:

(EA) <== SRC - (EA)
(EA) <== (EA) + 1 (affecting flags)

Flags Affected:
AF, CF, OF, PF, SF, ZF

Mnemonic: CMP

Description: CMP (compare) performs a subtraction of the
two source operands causing the flags to be affected but
does not return the result.

Encoding:
Memory or Register Operand with Register Operand:

&011106w]mod reg r/m J

if d =1 then LSRC = REG, RSRC = EA

else LSRC = EA, RSRC = REG

Timing (clocks): register with register 3
memory with register 9+EA
register with memory 16+EA

Immediate Operand with Memory or Register Operand:

[100000sw[md111 t/m | data | dataif sw=01 |

LSRC = EA, RSRC = data
Timing (clock): immediate with register 4
immediate with memory 17+EA

Immediate Operand with Accumulator:

f[oot1110w] data [ dataitw=1_|

if w =0 then LSRC = AL, RSRC = data

else LSRC = AX, RSRC = data

Timing (clocks): immediate with register 4
Operation:

(LSRC) - (RSRC)
Flags Affected:

AF, CF, OF, PF, SF, ZF
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Mnemonic: AAS

Description: AAS (Unpacked BCD (ASCII) adjust for
subtraction) performs a correction of the result in the AL
register of subtracting two unpacked decimal operands,
yielding an unpacked decimal difference.

Encoding:
00111111

Timing: 4 clocks

Operation:

if ((AL) & OFH) > 9 or (AF) = 1 then
(AL) <== (AL) - 6
(AH) <== (AH) - 1
(AF) <==

(CF) <== (AF)

(AL) <== (AL) & OFH

Flags Affected:

AF, CF.
OF, PF, SF, ZF undefined

Mnemonic: DAS

Description: DAS (decimal adjust for subtraction)
performs a correction of the result in the AL register of
subtracting two packed decimal operands, yielding a
packed decimal difference.

Encoding:
00101111

Timing: 4 clocks

Operation:

if (AL) & OFH) > 9 or (AF) = 1 then
(AL) <==(AL) - 6
(AF) <==
if (AL) > 9FH or (CF) = 1 then
(AL) <== (AL) - 60H
(CF) <==

Flags Affected:

AF, CF, PF, SF, ZF.
OF undefined

Three multiplication operations are provided:
MUL  Multiply
IMUL Integer Multiply
AAM Unpacked BCD (ASCII) Adjust for Multiplica -
tion
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Mnemonic: MUL

Description: MUL (multiply) performs an unsigned
multiplication of the accumulator (AL or AX) and the
source operand, returning a double-length result to the
accumulator and its extension (AL and AH for 8-bit
operation, or AX and DX for 16-bit operation). CFand OF
are set if the top half of the result is nonzero.

Encoding:

[{111011w][md100 r/m |

if w=0then LSRC=AL,RSRC=EA, DEST=AX,EXT=
AH
else LSRC = AX, RSRC =EA, DEST =DX:AX, EXT =DX

Timing (clocks): 8-bit 71+EA
16-bit 124+EA
Operation:
(DES) <== (LSRC) * (RSRC), where * is unsigned
multiply

if (EXT) = 0 then (CF) <==0
else (CF) <== 1;
(OF) <== (CF)

Flags Affected:

CF, OF.
AF, PF, SF, ZF undefined

Mnemonic: IMUL

Description: IMUL (integer multiply) performs a signed
multiplication of the accumulator (AL or AX) and the
source operand, returning a double-length resuit to the
accumulator and its extension (AL and AH for 8-bit
operation, or AX and DX for 16-bit operation). CF and OF
are set if the top half of the result is not the sign-extension
of the low half of the result.

Encoding:

[f111011w]mod101 r/m |

ifw=0then LSRC=AL,RSRC=EA, DEST=AX,EXT=
AH, LOW = AL
else LSRC = AX, RSRC = EA, DEST = DX:AX, EXT =
DX, LOW = AX
Timing (clocks): 8-bit
16-bit

90+EA
144+EA
Operation:
(DEST) <==(LSRC) * (RSRC) where * is signed multiply

if (EXT) = sign-extension of (LOW) then (CF) <==
else (CF) <==1;

(OF) <== (CF)
Flags Affected:
CF, OF.

AF, PF, SF, ZF undefined
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Mnemonic: AAM

Description: AAM (Unpacked BCD (ASCII) adjust for
multiply) performs a correction of the result in AX of
multiplying two unpacked decimal operands, yielding an
unpacked decimal product.

Encoding:

[11010100J00001010

Timing: 83 clocks

Operation:

(AH) <== (AL) / OAH
(AL) <== (AL) % OAH

Flags Affected:

PF, SF, ZF.
AF, CF, OF undefined

Three division operations are provided, as well as two
sign-extension operations which support signed division.

DIV  Divide

IDIV  Integer Divide

AAD Unpacked BCD (ASCII) Adjust for Division
CBW Convert Byte to Word

CWD Convert Word to Double Word
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Mnemonic: DIV

Description: DIV (divide) performs an unsigned division of
the double-length NUMR operand, contained in - the
accumulator and its extension (AL and AH for 8-bit
operation, or AX and DX for 16-bit operation) by the DIVR
operand, contained in the specified source operand. It
returns the single-length quotient (QUO operand) to the
accumulator (AL or AX), and returns the single-length
remainder (the REM operand) to the accumulator
extension (AH for 8-bit operation or DX for 16-bit
operation). If the quotient is greater than MAX (as when
division by zero is attempted) then QUO and REM are
undefined, and a type O interrupt is generated. Flags are
undefined in any DIV operation. Nonintegral quotients are
truncated to integers.

Encoding:

11101 1w[mod110 m |

if w=0then NUMR=AX, DIVR=EA, QUO=AL,REM=
AH, MAX = FFH

else NUMR = DX:AX, DIVR = EA, QUO = AX, REM =
DX, MAX = FFFFH

Timing: (clocks): 8-bit 90+EA
16-bit 155+EA
Operation:
(temp) <== (NUMR)

if (temp) / (DIVR) > MAX then the following, in sequence
(QUO), (REM) undeﬁned

(SP) <== (SP) -

((SP)+1:(SP)) <= FLAGS

(IF) <==

(TF) <=

(SP) <== (SP) -

((SP)+1:(SP)) <== (CS)

(CS) <==(2) i.e., the contents of memory locations 2
and 3

(SP) <== (SP) -

((SP)+1:(SP)) <== (IP)

(IP) <==(0) i.e., the contents of locations 0 and 1
else
(QUO) <== (temp) / (DIVR), where / is unsigned
division
(REM) <== (temp) % (DIVR), where % is unsigned
modulo

Flags Affected:
AF, CF, OF, PF, SF, ZF undefined

Mnemonic: IDIV

Description: IDIV (integer divide) performs a signed
division of the double-length NUMR operand, contained
in the accumulator and its extension (AL and AH for 8-bit
operation, or AX and DX for 16-bit operation) by the DIVR
operand, contained in the specified source operand. It
returns the single-length quotient (QUO operand) to the
accumulator (AL or AX), and returns the single-length
remainder (the REM operand) to the accumulator
extension (AH for 8-bit operation or DX for 16-bit
operation). If the quotient is positive and greater than MAX
or if the quotient is negative and less than (0- MAX - 1), (as
when division by zero is attempted) then QUO and REM
are undefined, and a type 0 interrupt is generated. Flags
are undefined in any divide operation. IDIV truncates
nonintegral quotients and returns a remainder with the
same sign as the numerator.

Encoding:

[rr1011w]med1 11 m |

if w=0then NUMR=AX, DIVR=EA, QUO=AL,REM=
AH, MAX = 7FH

else NUMR = DX:AX, DIVR = EA, QUO = AX, REM =
DX, MAX = 7FFFH

Timing (clocks): 8-bit 112+EA
16-bit 177+EA
Operation:
(temp) <== (NUMR)

if (temp) / (DIVR) > 0 and (temp) / (DIVR) > MAX
or (temp) / (DIVR) < 0 and {temp) / (DIVR) <0 - MAX - 1

then
(QUO), (REM) undefined
(SP) <==(SP) - 2
((SP)+1:(SP)) <== FLAGS
(IF) <==
(TF) <==

(SP) <== (SP) - 2
((SP)+1:(SP)) <== (CS)
(CS) <==(2)
(SP) <==(SP) - 2
((SP)+1:(SP)) <== (IP)
(IP) <== (0)
else
(QUO) <== (temp) / (DIVR), where / is signed division
(REM) <== (temp) % (DIVR), where % is signed modulo

Flags Affected:
AF, CF, OF, PF, SF, ZF undefined

Ml aian & 1asal 4nT0
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Mnemonic: AAD

Description: AAD (Unpacked BCD (ASCIl) adjust for
division) performs an adjustment of the dividend in AL
before dividing two unpacked decimal operands, so that
the result of the division will be an unpacked decimal
quotient.

Encoding:

[t1o10101Jooo001010 |

Timing: 60 clocks

Operation:

(AL) <== (AH) * OAH + (AL)
(AH) <==

Flags Affected:

PF, SF, ZF.
AF, CF, OF undefined

Mnemonic: CBW

Description: CBW (convert byte to word) performs a sign
extension of the AL register into the AH register.

Encoding:
10011000

Timing: 2 clocks

Operation:

if (AL) < 80H then (AH) <== 0 else (AH) <== FFH
Flags Affected:

None

Mnemonic: CWD

Description: CWD (convert word to double word)
performs a sign extension of the AX register into the DX
register.

Encoding:

10011001

Timing: 5 clocks

Operation:

if (AX) < 8000H then (DX) <==0
else (DX) <== FFFFH

Flags Affected:
None

Mnemonics © Intel, 1978.
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4.4.5 Logic
Nine single-operand logical instructions are provided:
" NOT Not
SHL  Shift Left
SAL  Shift Arithmetic Left
SHR  Shift Right
SAR Shift Arithmetic Right
ROL Rotate Left
ROR Rotate Right
RCL Rotate through Carry Left
RCR Rotate through Carry Right

Mnemonic: NOT

Description: NOT forms the ones complement of (inverts)
the source operand and returns the result to the operand.
Flags are not affected.

Encoding:

[1111011w]modo10 r/m |

if w =0 then SRC = FFH
else SRC = FFFFH
Timing (clocks): register

memory 16+EA

Operation:

(EA) <== SRC - (EA)
Flags Affected:

None
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SHIFTS

Shift operations of four varieties are provided for memory
and register operands, SHL (shift logical left), SHR (shift
logical right), SAL (shift arithmetic left), and SAR (shift
arithmetic right). Single bit shifts, and variable bit shifts
with the shift count taken from the CL register are
available. The CF flag becomes the last bit shifted out; OF
is set if the final sign bit value of a single shift differs from
the previous value of the sign bit; and PF, SF, and ZF are
set to reflect the result value.

Mnemonic: SHL and SAL

Description: SHL (shift logical left) and SAL (shift
arithmetic left) shift the source operand left by COUNT
bits, shifting in low-order zero bits.

Encoding:

[110100vw][medioo r/m ]

if v=0then COUNT =1
else COUNT = (CL)

Timing (clocks): single-bit register 2
single-bit memory 15+EA
variable-bit register 8+4/bit
variable-bit memory 20+EA+4/bit

Operation:
(temp) <== COUNT

do while (temp) # 0
(CF) <== high-order bit of (EA)
(EA) <== (EA) * 2
(temp) <== (temp) - 1
if COUNT = 1 then
it high-order bit of (EA) # (CE) then (OF) <== 1
else (OF) <==
else (OF) undefined

Flags Affected:

CF, OF, PF, SF, ZF.
AF undefined

Mnemonic: SHR

Description: SHR (shift logical right) shifts the source
operand right by COUNT bits, shifting in high-order zero
bits.

Encoding:

[T10100vw][med101 r/m |

if v=0then COUNT =1

else COUNT = (CL)

Timing (clocks): single-bit register 2
single-bit memory 15+EA
variable-bit register 8+4/bit
variable-bit memory 20+EA+4/bit

Operation:
(temp) <== COUNT

do while (temp) # 0
(CF) <== low-order bit of (EA)
(EA) <== (EA) / 2, where / is equivalent to unsigned
division
(temp) <== (temp) - 1
if COUNT = 1 then
it high-order bit of (EA) # next-to-high-order bit of (EA)
then (OF) <==
else (OF) <==
else (OF) undefined
Flags Affected:

CF, OF, PF, SF, ZF.
AF undefined

Mnemonic: SAR

Description: SAR (shift arithmetic right) shifts the source
operand right by COUNT bits, shifting in high-order bits
equal to the original high-order bit of the operand (sign

axtansinn
SXensSion,.

Encoding:

[110100vw]medt111 m |

if v=0then COUNT =1
else COUNT = (CL)

Timing (clocks): single-bit register 2
single-bit memory 15+EA
variable-bit register 8+4/bit

variable-bit memory 20+EA+4/bit

Operation:
(temp) <== COUNT
do while (temp) # 0
(CF) <== low-order bit of (EA)
(EA) <== (EA) / 2, where / is equivalent to signed
division, rounding down
(temp) <== (temp) - 1
if COUNT = 1 then
if high-order bit of (EA) # next-to-high-order bit of (EA)
then (OF) <==
else (OF) <==
else (OF) <==
Flags Affected:

CF, OF, PF, SF, ZF.
AF undefined




INSTRUCTION SET

ROTATES

Rotate operations of four varieties are provided for
memory and register operands, ROL (rotate left), ROR
(rotate right), RCL (rotate through CF left), and RCR
(rotate through CF right). Single bit rotates, and variable
bit rotates with the rotate count taken from the CL register
are available. The CF flag becomes the last bit rotated out;
OF is set if the final sign bit value differs from the previous
value of the sign bit.

Mnemonic: ROL

Description: ROL (rotate left) rotates the source operand
left by COUNT bits.

Encoding:

[t10100vw][modo00 r/m |

if v=0 then COUNT =1
else COUNT = (CL)

Timing (clocks): single-bit register 2
single-bit memory 15+EA
variable-bit register 8+4/bit
variable-bit memory 20+EA+4/bit

Operation:

(temp) <== COUNT

do while (temp) # 0

(CF) <== high-order bit of (EA)

(EA) <== (EA) * 2 + (CF)

(temp) <== (temp) -1

if COUNT = 1 then

if high-order bit of (EA) # (CF) then (OF) <==1

else (OF) <==

else (OF) undefined

Flags Affected:
CF, OF
Mnenonics © Intel, 1978.
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Mnemonic: ROR

Description: ROR (rotate right) rotates the source operand
right by COUNT bits.

Encoding:

[110100vw][modoo1 r/m ]

if v =0 then COUNT =1
else COUNT = (CL)

Timing (clocks): single-bit register 2
single-bit memory 15+EA
variable-bit register 8+4/bit
variable-bit memory 20+EA+4/bit

Operation:

(temp) <== COUNT

do while (temp) # 0
(CF) <== low-order bit of (EA)
(EA) <== (EA) / 2
high-order bit of (EA) <== (CF)
(temp) <== (temp) -1

if COUNT =1 then
if high-order bit of (EA) # next-to-high-order bit of (EA)

then (OF) <==
else (OF) <==
else (OF) undefined

Flags Affected:
CF, OF

Mnemonic: RCL

Description: RCL (rotate through carry flag left) rotates
the source operand left through the CF flag register by
COUNT bits.

Encoding:

[110100vw][medo10 r/m |

if v=0 then COUNT =1
else COUNT = (CL)

Timing (clocks): single-bit register 2
single-bit memory 15+EA
variable-bit register 8+4/bit
variable-bit memory 20+EA+4/bit

Operation:

(temp) <== COUNT
do while (temp) # 0
(tmpcf) <== (CF)
(CF) <== high-order bit of (EA)
(EA) <== (EA) * 2 + (tmpcf)
(temp) <== (temp) - 1
if COUNT = 1 then
it high-order bit of (EA) # (CF) then (OF) <==
else (OF) <==
else (OF) undefined

Flags Affected:
CF, OF
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Mnemonic: RCR

Description: RCR (rotate through carry flag right) rotates
the EA operand right through the CF flag register by

COUNT bits.
Encoding:

[110100vw][modo11 r/m |

if v=0 then COUNT =1

else COUNT = (CL).

Timing (clocks): single-bit register
single-bit memory
variable-bit register
variable-bit memory

Operation:

(temp) <== COUNT

do while (temp) # 0
(tmpcf) <== (CF)
(CF) <== |low-order bit of (EA)
(EA) <== (EA) / 2
high-order bit of (EA) <== (tmpcf)
(temp) <== (temp) - 1

if COUNT = 1 then

if high-order bit of (EA) # next-to-high-order bit of (EA)

then (OF) <==
else (OF) <==
else (OF) undefined

Flags Affected:
CF, OF

2

15+EA
8+4/bit
20+EA+4/bit

Mnamannice © Intal 1Q78

Four two-operand logic operations are provided:

AND And
TEST Test
OR Or

XOR Exclusive Or

Mnemonic: AND

Description: AND - performs the bitwise logical con-

junction of the two source operands and returns the result
to one of the operands.

4-1R

Encoding:

Memory or Register Operand with Register Operand:

[001000dw][mod reg r/m |

if d =1 then LSRC = REG, RSRC = EA, DEST = REG

else LSRC = EA, RSRC = REG, DEST = EA

Timing (clocks): register to register
memory to register
register to memory

3

9+EA
16+EA

Immediate Operand to Memory or Register Operand:

[1o00000w][mod100 r/m | data

[

data it w=1_|

LSRC = EA, RSRC = data, DEST = EA
Timing (clocks): immediate to register
immediate to memory

Immediate Operand to Accumulator:

[oot10010w] data |

data if w=1_|

17+EA

if w=0 then LSRC = AL, RSRC = data, DEST = AL

else LSRC = AX, RSRC = data, DEST = AX

B U S U Vi ST TSI SR
Himing \CIOCKS/. Imimeaiale 1o regisier

Operation:

(DEST) <== (LSRC) & (RSRC)
(CF) <==
(OF) <==
Flags Affected:
CF, OF, PF, SF, ZF.
AF undefined

a
4
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Mnemonic: TEST Mnemonic: OR
Description: TEST performs the bitwise logical con- Description: OR performs the bitwise logical inclusive
junction of the two source operands, causing the flags to disjunction of the two source operands and returns the
be affected but does not return the resuit. result to one of the operands.
Encoding: Encoding:
Memory or Register Operand with Register Operand: Memory or Register Operand with Register Operand:
|1000010wlmod reg r/mJ [000010dw]mod reg r/mJ
LSRC = REG, RSRC = EA if d = 1 then LSRC = REG, RSRC = EA, DEST = REG
Timing (clocks): register with register 3 else LSRC = EA, RSRC = REG, DEST = EA
register with memory 9+EA Timing (clocks): register to register 3
memory to register 9+EA
Immediate Operand with Memory or Register Operand: register to memory 16+EA
[111101 1w medooo rim | data | dataifw=1 | Immediate Operand to Memory or Register Operand:
LSRC = EA, RSRC = data [1o00000w [medoot r/m ] data |  dataifw=1 |
Timing (clocks): immediate with register 4
immediate with memory 10+EA LSRC = EA, RSRC = data, DEST = EA
Timing (clocks): immediate to register 4
Immediate Operand with Accumulator: immediate to memory 17+EA
[1o10100w ] data_ | dataifw=1 | Immediate Operand to Accumulator:
if w =0 then LSRC = AL, RSRC = data [0000110w] data | dataitw=1 ]
else LSRC = AX, RSRC = data
Timing (clocks): immediate with register 4 if w =0 then LSRC = AL, RSRC = data, DEST = AL
) else LSRC = AX, RSRC = data, DEST = AX
Operation: Timing (clocks): immediate to register 4
(LSRC) & (RSRC) .
(CF) <== Operation:
(OF) <==0 (DEST) <== (LSRC)|(RSRC)
(CF) <==
F Aff :
lags Af egted (OF) <==

CF, OF, PF, SF, ZF. e
AF undefined Flags Affected:

CF, OF, PF, SF, ZF.
AF undefined
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Mnemonic: XOR

Description: XOR (exclusive Or) performs the bitwise
logical exclusive disjunction of the two source operands
and returns the result to one of the operands.

Encoding:
Memory or Register Operand with Register Operand:

[001100dw}mod reg r/m |

if d = 1 then LSRC = REG, RSRC = EA, DEST = REG

else LSRC = EA, RSRC = REG, DEST = EA

Timing (clocks): register to register 3
memory to register 9+EA
register to memory 16+EA

Immediate Operand to Memory or Register Operand:

[tooo0o0o00w [modi 10 r/m | data | dataifw=1 |

LSRC = EA, RSRC = data, DEST = EA
Timing (clocks): immediate to register 4
immediate to memory 17+EA

Immediate Operand to Accumulator:

|0011010w| data ] dataifw:IJ

if w =0 then LSRC = AL, RSRC = data, DEST = AL
else LSRC = AX, RSRC = data, DEST = AX

Timing (clocks): immediate to register 4
Operation:

(DEST) <== (LSRC){(RSRC)

(CF) <==

(OF) <==

Flags Affected:

CF, OF, PF, SF, ZF.
AF undefined

4.4.6 String Manipulation

The 8086 provides a group of one-byte instructions which
perform various primitive operations for the manipulation
of byte and word strings (sequences of bytes or words).
These primitive operations can be performed repeatedly
by preceding the instruction with a special prefix. The
single-operation forms may be combined to form complex
string operations with repetition provided by special
interation operations.

Hardware Operation Control. All primitive string opera-
tions use the Sl register to address the source operands,
which are assumed to be in the current data segment. The
DI register is used to address the destination operands,
which are assumed to reside in the current extra segment.
If the DF flag is cleared the operand pointers are
incremented after each operation, once for byte
operations and twice for word operations. If the DF flag is
set the operand pointers are decremented after each
operation. See Processor Control for setting and clearing
DF.

AMannanine @ Intal 1070 a4.720

Any of the primitive string operation instructions may be
preceded with a one-byte prefix indicating that the
operation is to be repeated until the operation countin CX
is decremented to zero. The test for completion is made
prior to each repetition of the operation. Thus, an initial
operation count of zero will cause zero executions of the
primitive operation.

The repeat prefix byte also designates a value to compare
with the ZF flag. If the primitive operation is one which
affects the ZF flag, and the ZF flag is unequal to the
designated value after any execution of the primitive
operation, the repetition is terminated. This permits the
scan operation to serve as a scan-while or a scan-until.

During the execution of a repeated primitive operation the
operand pointer registers (S| and DI and the operation
count register (CX) are updated after each repetition
whereas the instruction pointer will retain the offset
address of the repeat prefix byte (assuming itimmediately
precedes the string operation instruction). Thus, an
interrupted repeated operation will be correctly resumed
when control returns from the interrupting task.

A caution is in order at this point: It is possible to include
two other special prefix bytes with a repeat-prefixed string
instruction, one which overrides the default segment
addressing for the S| operand (Section 2.3.1), and one
which locks the bus to prohibit access by other bus
masters. Execution of the repeated string operation will
not resume properly following an interrupt if more than
one prefix is present preceding the string primitive.
Execution will resume one byte before the primitive
(presumably where the repeat prefix resides), thus
ignoring the additional prefixes.

Software Operation Control. The repeat prefix provides
for rapid iteration in a hardware-repeated string
operation. The iteration control operations (Section 4.4.7)
provide this same control forimplementing software loops
to perform complex string operations. These iteration
operations provide the same operation count update,
operation completion test, and ZF flag tests that the repeat
prefix provides.

By combining the primitive string operations and iteration
control operations with other operations, it is possible to
build sophisticated yet efficient string manipulation
routines. One instruction that is particularly useful in this
context is XLAT; it permits a byte fetched from one string
to be translated before being stored in a second string, or
before being operated upon in some other fashion. The
translation is performed by using the value in the AL
register to index into a table pointed at by the BX register.
The translated value obtained from the table then replaces
the value initially in the Al. register.

As an example of the use of the primitive string operations
and iteration control operations to implement a complex
string operation, consider the following application: An
input driver must translate a buffer of EBCDIC characters
into ASCII, and transfer characters until one of several
different EBCDIC control characters is encountered.
The transferred ASCII string is to be terminated with an
EOT character. To accomplish this, Sl is initialized to
point to the beginning of the EBCDIC buffer, DI is
initialized to point to the beginning of the buffer to receive
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the ASCII characters, BX is made to pointtoan EBCDIC to
ASCIl translation table, and CXis initialized to contain the
length of the EBCDIC buffer (possibly empty). The
translation table contains the ASCII equivalent for each
EBCDIC character, perhaps with ASCII NULs for illegal
characters. The EOT code is placed into those entries in
the table corresponding to the desired EBCDIC stop
characters. The 8086 instruction sequence to implement
this example is the following:

JCXZ Empty
Next: LODB Ebcbuf

;skip if input buffer empty
;fetch next EBCDIC
character (from SI)
;translate it to ASCII (from
BX)

;test for the EOT

;translate ASCII character
(to DD

;continue if not EOT

XLAT Table

CMP AL,EOT
STOB Ascbuf

LOOPNE Next
Empty:
The body of this loop requires seven bytes of code.

Mnemonic: REP

Description: REP (repeat) causes the succeeding primitive
string operation to be performed repeatedly while (CX) is
not zero. In the case of CMPB, CMPW, SCAB, and SCAW,
if after any repetition of the primitive operation the ZF flag
differs from the “z” bit of the repeat prefix, the repetition is
terminated. This prefix may be combined with the
segment override and/or LOCK prefixes, although this
has certain probiems.

Encoding:

11110012

Timing: 6 clocks/loop

Operation:

do while (CX) # 0
service pending interrupt (if any)
execute primitive string operation in succeeding byte
(CX) <==(CX) - 1
if primitive operation is CMPB, CMPW, SCAB, or
SCAW and (ZF) # z then exit from while loop
Flags Affected:

None
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Five primitive string operations are provided, each of
which has both a byte instruction and a word instruction,
as follows:

MOVB Move Byte
MOVW Move Word
CMPB Compare byte
CMPW Compare Word

SCAB Scan Byte
SCAW Scan Word
LODB Load byte
LODW Load Word
STOB  Store Byte

STOW Store Word

Mnemonic: MOVB and MOVW

Description: MOVB (or MOVW) transfers a byte (or word)
operand from the source operand addressed by Si to the
destination operand addressed by DI, and adjusts the Si
and DI registers by DELTA. As a repeated operation this
provides for moving a string from one location in memory
to another.

Encoding:

1010010 w

if w =0 then SRC = (SI), DEST = (DI), DELTA =1
else SRC = (S)+1:(Sl), DEST = (DN+1:(DI), DELTA =2
Timing: 17 clocks

Operation:

(DEST) <== (SRC)
if (DF) = 0 then
(S1) <==(SI) + DELTA
(D) <== (D) + DELTA
else
(Sl) <== (S) - DELTA
(DI <== (D) - DELTA

Flags Affected:
None
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Mnemonic: CMPB and CMPW

Description: CMPB (or CMPW) subtracts the destination
byte (or word) operand addressed by DI from the source
operand addressed by Si and affects the flags but does not
return the result. As a repeated operation this provides for
comparing two strings. With the appropriate repeat prefix
it is possible to determine after which string element the
two strings become unequal, thereby establishing an
ordering between the strings.

Encoding:

101001 1w

if w =0 then LSRC = (Sl), RSRC = (DI), DELTA =1
else LSRC =(SD+1:(Sl), RSRC =(DI)+1:(DI), DELTA=2
Timing: 22 clocks

Operation:
(LSRC) - (RSRQ)
if (DF) = 0 then

(S) <== (SI) + DELTA

(D <== (DI) + DELTA
else

(SI) <== (SI) - DELTA

(D) <== (DI) - DELTA

Flags Affected:
AF, CF, OF, PF, SF, ZF

Mnemonic: SCAB and SCAW

Description: SCAB (or SCAW) subtracts the destination
byte (or word) operand addressed by DI from AL (or AX)
and affects the flags but does not return the result. As a
repeated operation this provides for scanning for the
occurrence of, or departure from, a given value in a string.

Encoding:

1010111w

if w =0 then LSRC = AL, RSRC = (DI), DELTA =1
else LSRC = AX, RSRC =(DD+1:(DD, DELTA =2
Timing: 15 clocks

Operation:

(LSRC) - (RSRC)
if (DF) = 0 then (D) <== (D) + DELTA
else (D) <== (DI) - DELTA

Flags Affected:
AF, CF, OF, PF, SF, ZF
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Mnemonic: LODB and LODW

Description: LODB (or LODW) transfers a byte (or word)
operand from the source operand addressed by Si to
accumulator AL (or AX) and adjusts the Sl register by
DELTA. This operation ordinarily would not be repeated.

Encoding:

if w =0 then SRC = (SI), DEST = AL, DELTA =1
else SRC = (SD+1:(Sh, DEST = AX, DELTA =2
Timing: 12 clocks

Operation:

(DEST) <== (SRC)
if (DF) = 0 then (S <== (SI) + DELTA
else (SI) <== (SI) - DELTA

Flags Affected:
None

Mnemonic: STOB and STOW

Description: STOB (or STOW) transfers a byte (or word)
operand from AL (or AX) to the destination operand
addressed by DIl and adjusts the DI register by DELTA. As
a repeated operation this provides for filling a string with a
given value.

Encoding:

1010101 w

if w =0 then SRC = AL, DEST = (DI, DELTA =1
else SRC = AX, DEST = (D)+1:(DI), DELTA =2
Timing: 10 clocks

Operation:

(DEST) <== (SRC)
if (DF) = 0 then (DI) <== (DI) + DELTA
else (DI) <== (DI) - DELTA

Flags Affected:
None
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4.4.7 Control Transfer

Four classes of control transfer operations may be
distinguished: calls, jumps, and returns; conditional
transfers; iteration control; and interrupts.

All control transfer operations cause, perhaps upon a
certain condition, the program execution to continue at
some new location in memory, possibly in a new code
segment.

NOTE: Queue reinitialization is not included in the timing
information for transfer operations. To account for queue
loading, add 4 clocks to timing numbers.

Calls, Jumps, and Returns. Two basic varieties of calls,
jumps, and returns are provided — those which transfer
control within the current code segment, and those which
transfer control to an arbitrary code segment, which then
becomes the current code segment. :Both direct and
indirect transfers are supported: indirect transfers make
use of the standard addressing modes described in
Section 4.4. Intra-segment direct calls and jumps specify a
self-relative direct displacement, thus allowing position
independent _code. A shortened jump instruction is
available for. transfers within +128 bytes from the
instruction, using less code.

The three transfer operations are:

CALL Call
JMP  Jump
RET  Return

Mnemonic: CALL

Description: CALL pushes the offset address of the next
instruction onto the stack (in the case of an inter-segment
transfer the CS segment register is pushed first) and then
transfers control to the target operand.

Encoding:
Intra-segment Direct:
[11101000]  displow |  disp-high |
DEST = (EA)

Timing: 13+EA clocks

Intra-Segment Indirect:

[ft111111]mod010 r/m |

DEST = (IP) + disp
Timing: 11 clocks

Inter-Segment Direct:

[foot11010 offset-low offset-high
seg-low seg-high

DEST = offset, SEG = seg
Timing: 20 clocks
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Inter-Segment Indirect:

[111111 11 modo11 i/m |

DEST = (EA), SEG = (EA + 2)
Timing: 29+EA clocks

Operation:

if Inter-Segment then
(SP) <==(SP) - 2
((SP)+1:(SP)) <== (CS)
(CS) <== SEG

(SP) <== (SP) - 2

((SP)+1:(SP)) <== (IP)

(IP) <== DEST
Flags Affected:
None

Mnemonic: JMP
Description: JMP transfers control to the target operand.
Encoding:

Intra-Segment Direct:

[11101001] displow | disp-high |

DEST = (IP) + disp
Timing: 7 clocks

Intra-Segment Direct Short:

[11101011] disp |

DEST = (IP) + disp sign extended to 16-bits
Timing: Timing: 2 clocks

Intra-Segment Indirect:

[11111111]mod100 r/m ]

DEST = (EA)
Timing: 7+EA clocks

Inter-Segment Direct:

[111010710 offset-low offset-high

seg-low seg-high

DEST = offset, SEG = seg
Timing: 7-clocks
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Inter-Segment Indirect:

[111111 11 mod 101 r/m |

DEST = (EA), SEG = (EA + 2)
Timing: 16+EA clocks
Operation:

if Inter-Segment then (CS) <== SEG
(IP) <== DEST

Flags Affected:
None

Mnemonic: RET

Description: RET transfers control to the return address
pushed by a previous CALL operation and optionally adds
an immediate constani to the SP register so as to discard
stack parameters.

Encoding:
Intra-Segment:

11000011

Timing: 8 clocks
Intra-Segment and Add Immediate to Stack Pointer:

[11000010]

Timing: 12 clocks

datadow | data-high |

Inter-Segment:

11001011

Timing: 18 clocks

Inter-Segment and Add Immediate to Stack Pointer:

[11001010] data-low | data-high |

Timing: 17 clocks

Operation:

(IP) <== ((SP)=1:(SP))

(SP) <== (SP) + 2

if Inter-Segment then

(CS) <== ((SP)+1:(SP)
(SP) <== (SP) + 2

if Add Immediate to Stack Pointer then (SP) <== (SP) +
data

Flags Affected:
None
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Conditional

Transfers. The conditional

transfers of

control perform a jump contingent upon various Boolean
functions of the flag registers. The destination must be
within £128 bytes distance from the instruction. Table 4-2
shows the available instructions, the conditions as-
sociated with them, and their interpretation.

TABLE 4-2.
8086 CONDITIONAL TRANSFER OPERATIONS
Instruction | Condition Interpretation
JE or JZ ZF =1 "equal” or "zero"
JL or JNGE | (SF xor OF) = 1| "less” or "not greater or equal”
JLE or JNG | ((SP xor OF) or| “less or equal” or “not greaier”
2F) =1
JB or JNAE | CF =1 "below" or "not above or equal”
JBE or JNA | (CF or ZF) =1 | "below or equal” or "not above”
JP or JPE PF =1 "parity” or “parity even”
Jo OF =1 "overflow”
JS SF=1 "sign”
JNE or JNZ | ZF =0 “not equal” or "not zero”
JNL or JGE | (SF xor OF) = 0| "not less” or "greater or equal”
JNLE or JG | ((SF xor OF) or | “not less or equal” or "greater”
ZF) =0
JNB or JAE | CF =0 "not below” or “above or equal”
JNBE or JA | (CF or ZF) =0 | "not below or equal” or "above”
JNP or JPO | PF =0 “not parity” or “parity odd”
JNO OF =0 “not overflow”
JNS SF=0 "“not sign”

*"Above" and "below" refer to the relation between two unsigned
values, while “greater” and “less” refer to the relation between

two signed values.

Mnemonic: JE and JZ

Description: JE (or J2) transfers control to the target

operand on equal (or zero).
Encoding:

[o1110100] disp

Timing (clocks): Jump is taken
Jump is not taken

Operation:
if (ZF) =1 then

(IP) <== (IP) + disp (sign-extended to 16-bits)

Flags Affected:
None
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Mnemonic: JL and JNGE

Description: JL (or JNGE) transfers control to the target
operand on less (or not greater or equal).

Encoding:
[o1111100] disp |
Timing (clocks): Jump is taken 8
Jump is not taken 4

Operation:

if (SFI(OP =1 then
(IP) <== (IP) + disp (sign-extended to 16-bits)

Flags Affected:
None

Mnemonic: JBE and JNA

Description: JBE (or JNA) transfers control to the target
operand on below or equal (or not above).

Encoding:

-

Timing (clocks): Jump is taken
Jump is not taken

[o1110110] disp

H

Operation:

if (CFI1(ZF) = 1 then
(IP) <== (IP) + disp (sign-extended to 16-bits)

Flags Affected:
None

Mnemonic: JLE and JNG

Description: JLE (or JNG) transfers control to the target
operand on less or equal (or not greater).

Encoding:
fo1111110] disp |
Timing (clocks): Jump is taken 8
Jump is not taken 4

Operation:

if [(SF)Il(OF)] 1(ZF) = 1 then
(IP) <== (IP) + disp (sign-extended to 16-bits)

Flags Affected:
None

Mnemonic: JP and JPE

Description: JP (or JPE) transfers control to the target
operand on parity) (or parity even).

Encoding:
[o1111010] disp |
Timing (clocks): Jump is taken 8
Jump is not taken 4
Operation:
if (PF) = 1 then

(IP) <== (IP) + disp (sign-extended to 16-bits)
Flags Affected: '
None

Mnemonic: JB and JNAE

Description: JB (or JNAE) transfers control to the target
operand on below (or not above or equal).

Encoding:
fo1110010] disp |
Timing (clocks): Jump is taken 8
Jump is not taken 4
Operation:
if (CF) =1 then

(IP) <== (IP) + disp (sign-extended to 16-bits)
Flags Affected:
None

Mnemonic: JO

Description: JO transfers control to the target operand on
overflow.

Encoding:

[o1110000] disp |

Timing (clocks): Jump is taken
Jump is not taken

H» oo

Operation:

if (OF) = 1 then
(IP) <== (IP) + disp (sign-extended to 16-bits)

Flags Affected:
None
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Mnemonic: J$

Description: JS transfers control to the target operand on
sign. :

Encoding:
[o1111000] disp |
Timing (clocks): Jump is taken 8
Jump is not taken 4
Operation:
if (SF) = 1 then

(IP) <== (IP) + disp (sign-extended to 16-bits)
Flags Affected:
None

Mnemonic: JNLE and JG

Description: JNLE (or JG) transfers control to the target
operand on not less or equal (or greater).

Encoding:
TEEREREREER! disp |

Timing (clocks): Jump is taken
Jump is not taken

H»

Operation:
if (SPII(OF){(ZF) =0 then
(IP) <== (IP) + disp (sign-extended to 16-bits)

Flags Affected:
None

Mnemonic: JNE and JNZ

Description: JNE (or JN2Z) transfers control to the target
operand on not equal (or not zero).

Encoding:
[o1110101] disp |
Timing (clocks): Jump is taken 8-
Jump is not taken 4
Operation:
if (ZF) = 0 then

(IP) <== (IP) + disp (sign-extended to 16-bits)
Flags Affected:
None

Mnemonic: JNB and JAE
Description: JNB (or JAE) transfers control to the target
operand on not below (or above or equal).

Encoding:
[o1110011] disp |
Timing (clocks): Jump is taken 8
Jump is not taken 4
Operation:
if (CF) =0 then

(IP) <== (IP) + disp (sign-extended to 16-bits)
Flags Affected:
None

Mnemonic: JNL and JGE

Description: JNL (or JGE) transfers control to the target
operand on not less (or greater or equal).

Encoding:

[o1111101] disp |

Timing (clocks): Jump is taken 8
Jump is not taken 4
Operation:

if (SF)}i (OF) = 0 then
(IP) <== (IP) + disp (sign-extended to 16-bits)

Flags Affected:
None

Mnemonic: JNBE and JA

Description: JNBE (or JA) transfers control to the target
operand on not below or equal (or above).

Encoding:
IEEEXEEER disp |
Timing (clocks): Jump is taken 8
Jump is not taken 4
Operation:

if (CP)|(ZF) =0 then .
(IP) <== (IP) + disp (sign-extended to 16-bits)

Flags Affected:
None
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Mnemonic: JNP and JPO

Description: JNP (or JPO) transfers control to the target
operand on not parity (or parity odd).

Encoding:
EEEEEEERS disp |
Timing (clocks): Jump is taken 8
Jump is not taken 4
Operation:
if (PF) =0 then

(IP) <== (IP) + disp (sign-extended to 16-bits)
Fiags Affected:
None

Mnemonic: JNO

Description: JNO transfers control to the target operand
on not overflow.

Encoding:
[o1110001] disp ]
Timing (clocks): Jump is taken 8
Jump is not taken 4
Operation:
if (OF) = 0 then

(IP) <== (IP) + disp (sign-extended to 16-bits)
Flags Affected:
None

Mnemonic: JNS

Description: JNS transfers control to the target operand
on not sign.

Encoding:
[o1111001] disp |
Timing (clocks): Jump is taken 8
Jump is not taken 4
Operation:
if (SF) = 0 then

(IP) <== (IP) + disp (sign-extended to 16-bits)
Flags Affected:
None

Iteration Control. The iteration control transfer operations
perform leading- and trailing-decision loop control. The
destination of iteration control transfers must be within
+128 bytes distance from the instruction. These
operations are particularly useful in conjunction with the
string manipulation operations. (See Section 4.4.6)

Four iteration control transfer operations are provided:

LOOP Loop
LOOPZ  Loop While Zero
(LOOPE Loop While Equal)

LOOPNZ Loop While Not Zero
(LOOPNE Loop While not Equal)
JCXZ Jump on CX Zero

Mnemonic: LOOP

Description: LOOP decrements the CX (count) register by
1 and transfers control to the target operand if CX is not
zero.

Encoding:
[T1100010] disp ]
Timing (clocks): Jump is taken 9
Jump is not taken 5
Operation:
(CX) <==(CX) - 1
if (CX) # 0 then

(IP) <== (IP) + disp (sign-extended to 16-bits)
Flags Affected:
None

Mnemonic: LOOPZ and LOOPE

Description: LOOPZ, also called LOOPE (loop while zero
or loop while equal) decrements the CX register by one
and transfers if CX is not zero and if the ZF flag is set.

Encoding:
[T1100001] disp |
Timing.(clocks): Jump is taken 1
Jump is not taken 5

Operation:

(CX) <==(CX) -1
if (ZF) = 1 and (CX) # 0 then
(IP) <==(IP) + disp (sign-extended to 16-bits)

Flags Affected:
None
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Mnemonic: LOOPNZ and LOOPNE

Description: LOOPNZ, also called LOOPNE, (loop while
not zero or loop while not equal) decrements the CX
register by one and transfers if CX is not zero and the ZF
flag is cleared.

Encoding:
[t1100000 ] disp |
Timing (clocks): Jump is taken 11
Jump is not taken 5
Operation:

(CX) <==(CX) - 1
if (ZF) = 0 and (CX) # 0 then
(IP) <== (IP) + disp (sign-extended to 16-bits)

Flags Affected:
None

Mnemonic: JCXZ

Description: JCXZ (jump on CX zero) transfers control to
the target operand if the CX register is zero.

Encoding:

[11100011 ] disp |

Timing (clocks): Jump is taken
Jump is not taken

o ©

Operation:

if (CX) = 0 then
(IP) <== (IP) + disp (sign-extended to 16-bits)

Flags Affected:
None

Interrupts. Program execution control may be transferred
by means of operations similar in effect to that of external
interrupts (see Section 2.4.2). All interrupts perform a
transfer by pushing the flag registers onto the stack (as in
PUSHF), and then performing an indirect call (of the inter-
segment variety) through an element of an interrupt
transfer vector located at absolute locations 0 through
3FFH. This vector contains a four-byte element for each of
up to 256 different interrupt types.

Three interrupt transfer operations are provided:

INT  Interrupt
INTO Interrupt on Overflow
IRET Interrupt Return

Mnenonics @ Intel, 1978.

Mnemonic: INT

Description: INT pushes the flag registers (as in PUSHF),
clears the TF and IF flags, and transfers control with an
indirect call through any one of the 256 vector elements.
The one-byte form of this instruction generates a type 3
interrupt.

Encoding:

[t1o00110v ] typeitv=1 |

if v=0then TYPE=3
else TYPE = type
Timing: 52 clocks

Operation:

(SP) <==(SP) - 2
((SP)+1:(SP)) <== FLAGS
(IF) <==

(TF) <==

(SP) <== (SP) - 2
((SP)+1:(SP)) <== (CS)
(CS) <==(TYPE " 4 + 2)
(SP) <==)8P) - 2
(SP)+1:(SP) <== (IP)
(IP) <==(TYPE * 4)

Flags Affected:
IF, TF

Mnemonic: INTO

Description: INTO pushes the flag registers (asin PUSHF),
clears the TF and IF flags, and transfers control with an
indirect call through vector element 4 (location 10H) if the
OF flag is set (trap on overflow). If the OF flag is clear, no
operation takes place.

Encoding:

11001110

Timing: 52 clocks

Operation:

if (OF) =1 then
(SP) <==(SP) - 2
(SP)+1:(SP) <== FLAGS
(IF) <==
(TF) <==
(SP) <==(SP) - 2
((SP)+1:(SP)) <== (CS)
(CS) <== (12H)
(SP) <== (SP) - 2
((SP)+1:(SP) <== (IP)

(IP) <== (10H)
Flags Affected:
None
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Mnemonic: IRET

Description: IRET transfers control to the return address
saved by a previous interrupt operation and restores the
saved flag registers (as in POPF).

Encoding:

11001111

Timing: 24 clocks
Operation:
(IP) <== ((SP)+1:(SP)
(SP) <==(SP) + 2
(CS) <== ((SP)+1:(SP)
(SP) <== (SP) + 2
FLAGS <== ((SP)+1:(SP))
(SP) <==(SP) + 2
Flags Affected:

All

4.4.8 Processor Control

The 8086 provides various instructions and mechanisms
for controlling the operation of the processor and its
interaction with its environment.

Flag Operations: Seven operations are provided which
operate directly on individual flag registers:

CLC Ciear Carry

CMC Complement Carry
STC Set Carry

CLD Clear Direction
STD Set Direction

CLI  Clear Interrupt

STI Set Interrupt

Mnemonic: CLC
Description: CLC clears the CF flag.

Encoding:

11111000

Timing: 2 clocks

Operation:
(CF) <==

Flags Affected:
CF
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Mnemonic: CMC
Description: CMC complements the &
Encoding:

Timing: 2 clocks

Operation:

if (CF) = 0 then (CF) <== 1 else (CF) <==
Flags Affected:

CF

Mnemonic: STC
Description: STC sets the CF flag.
Encoding:

Timing: 2 clocks

Operation:

(CF) <==

Flags Affected:
CF

Mnemonic: CLD

Description: CLD clears the DF flag, causing the string
operations to auto-increment the operand pointers.

Encoding:

11111100

Timing: 2 clocks

Operation:
(DF) <==0
Flags Affected:

DF

Mnemonic: STD

Description: STD sets the DF flag, causing the string
operations to auto-decrement the operand pointers.

Encoding:

11111101

Timing: 2 clocks
Operation:

(DF) <==
Flags Affected:

DF
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Mnemonic: CLI

Description: CLI clears the IF flag, disabling maskable
external interrupts, which appear on the INTR line of the
8086. (Nonmaskable interrupts, which appear on the NMI
line, are not disabled).

Encoding:

Timing: 2 clocks

Operation:
(IF) <==
Flags Affected:
IF

Processor Wait

Mnemonic: WAIT

Description: The WAIT instruction causes the processor
to enter a wait state if the signal on its TEST pin is not
asserted. The wait state may be interrupted by an enabled
external interrupt. When this occurs the saved code
location is that of the WAIT instruction, so that upon
return from the interrupting task the wait state is
reentered. The wait state is cleared and execution
resumed when the TEST signal is asserted. Execution
resumes without allowing external interrupts until after
the execution of the next instruction. This instruction
allows the processor to synchonize itself with external
hardware.

Encoding:

[10011011

Mnemonic: STI

Description: STI sets the IF flag, enabling maskable
external interrupts after the execution of the next
instruction.

Encoding:

11111011

Timing: 2 clocks

Operation:
(IF) <==
Flags Affected:
IF

Processor Halt

Mnemonic: HLT

Description: The HLT instruction causes the 8086
processor to enter its halt state. The halt state is cleared by
an enabled external interrupt or reset.

Encoding:

11110100

Timing: 2 clocks
Operation:
None
Flags Affected:
None
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Timing: 3 clocks

Operation:
None

Flags Affected:
None

Processor Escape

Mnemonic: ESC

Description: The ESC instruction provides a mechanism
by which other processors may receive their instructions
from the 8086 instruction stream and make use of the 8086
addressing modes. The 8086 processor does no operation
for the ESC instruction other than to access a memory
operand and place it on the bus.

Encodinag:
coaing:

[T1011 x Jmod x ©/m |

Timing: 7+EA clocks

Operation:

if mod # 11 then data bus <== (EA)
Flags Affected:

None
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Bus Lock

Mnemonic: LOCK

Description: A special one-byte lock prefix may precede
any instruction. It causes the processor to assert its bus-
lock signal for the duration of the operation caused by that
instruction. In multiple processor systems with shared
resources it is necessary to provide mechanisms to
enforce controlled access to those resources. Such
mechanisms, while generally provided through software
operating systems, require hardware assistance. A
sufficient mechanism for accomplishing this is a locked
exchange (also known as test-and-set-lock).

It is assumed that external hardware, upon receipt of that
signal, will prohibit bus access for other bus masters
during the period of its assertion.

The instruction most useful in this context is an exchange
register with memory. A simple software lock may be
implemented with the following code sequence:

Check: MOV AL1 ;set AL to 1 (implies locked)
LOCK XCHG Sema,AL ;test and set lock
TEST ALAL ;set flags based on AL
JNZ Check ;retry if lock already set
MOV  Sema,0 ;clear the lock when done

The LOCK prefix may be combined with thie segment
override and/or REP prefixes, although the latter has
certain problems. (See Section 4.4.6.)

Encoding:

11110000

Timing: 2 clocks

Operation:
None

Flags Affected:
None
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Single Step. When the TF flag register is set, the processor
generates a type 1 interrupt after the execution of each
instruction. During interrupt transfer sequences caused
by any type of interrupt, the TF flag is cleared after the
push-flags step of the interrupt sequence. No instructions
are provided for setting or clearing TF directly. Rather, the
flag register file image saved on the stack by a previous
interrupt operation must be modified, so that the
subsequent interrupt return operation (IRET) restores TF
set. This allows a diagnostic task to single-step through a
task under test, while still executing normalily itself.

If the single-stepped instruction itself clears the TF flag,
the type 1 interrupt will still occur upon completion of the
single-stepped instruction. If the single-stepped instruc-
tion generates an interrupt or if an enabled external
interrupt occurs prior to the completion of the single-
stepped instruction, the type 1 interrupt sequence will
occur after the interrupt sequence of the generated or
external interrupt, but before the first instruction of that
interrupt service routine is executed.
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TABLE 4-3. 8080 TO 8086 INSTRUCTION MAPPING

8080 8086 8080 8086
STAX B MOV DI,CX ANI data AND AL,data
STOB [DI] XRI data XOR AL,data
ORI data OR AL,data
LDAX B MOV S1,CX CPI data CMP AL data
LODB [Sl] RLC ROL AL
STAX D MOV DI,DX RRC ROR AL
STOB [DI] RAL RCL AL
LDAX D MOV SI,DX RAR RCR AL
LODB [SI] DAA DAA
SHLD addr MOV addr,BX CMA NOT AL
LHLD addr MOV BX,addr sTC sTC
STA addr MOV addr,AL CcMC cMC
LDA addr MOV AL,addr ) JMP addr JMP addr*
INR reg INC reg (See Figure 2-7) CALL addr CALL addr
DCR reg DEC reg RET RET
MVI reg,data MOV reg,data RST n CALL 8°n
MVI M,data MOV [BX],data JINZ addr JNZ addr**
MOV reg,reg MOV reg,reg JZ addr JZ addr
MOV M.A MOV [BX],AL JNC addr JNB addr
MOV A M MOV AL,[BX] JC addr JB addr
LXI reg,data MOV reg,data JPE addr JPE addr
DAD reg LAHF JPO addr JPO addr
ADD BX,reg JP addr JNS addr
RCR SI JM addr JS addr
SAHF CNZ addr JZ next-inst
RCL SI CALL addr
or ADD BX,reg (unlike DAD—will affect CZ addr JINZ next-inst
AF, PF, SF and ZF) CALL addr
INX reg LAHF CNC addr JB next-inst
INC reg CALL addr
SAHF CC addr JNB next-inst
or INC reg (unlike INX—will affect AF, CALL addr
PF, SF, and ZF) CPE addr JPO next-inst
DCX reg LAHF CALL addr
DEC reg CPO addr JPE next-inst
SAHF CALL addr
or DEC reg (unlike DCX—will affect AF, CP addr JS next-inst
PF, SF, and ZF) CALL addr
POP reg POP reg CM addr JNS next-inst
PUSH reg PUSH reg CALL addr
POP PSW POP AX RNZ JZ next-inst
SAHF RET
PUSH PSW LAHF RZ JNZ next-inst
PUSH AX RET
PCHL JMP BX RNC JB next-inst
SPHL MOV SP,BX RET
XTHL POP SI RC JNB next-inst
XCHG BX,SI RET
PUSH SI RPE JPO next-inst
XCHG XCHG DX, BX RET
ADD reg ADD AL,reg RPO JPE next-inst
ADC reg ADC AL,reg RET
SUB reg SUB AL,reg RP JS next-inst
SBB reg SBB AL, reg RET
ANA reg AND AL,reg RM JNS next-inst
XRA reg XOR AL,reg RET
ORA reg OR AL,reg QUT port OUT port
CMP reg CMP AL, reg IN port IN port
ADI data ADD AL,data DI CLli
ACI data ADC AL,data El STI
SUI data SUB AL,data NOP XCHG AX,AX
SBI data SBB AL,data HLT HLT

“Address on 8086 jumps and calls must be adjusted to be self-relative.

**Conditional jumps to a location out of the short self-relative range must be implemented by using a reversed-sense conditional jump
around a normal jump to the location.
e.g., JNZ addr becomes: JZnext-inst JMP addr
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TABLE 4-4. OPERATION INDEX

Mnemonic Page Mnemonic
AAA ASCIl Adjust for Addition ......... 4-10 JP
AAD ASCII Adjust for Division ......... 4-15 JPE
AAM ASCII Adjust for Multiplication .... 4-13 JPO
AAS ASCII Adjust for Subtraction ...... 4-12 Js
ADC Add with Carry .................... 4-9 Jz
ADD = Add ... 4-9 LAHF
AND = And ...ttt 4-18 LDS
CALL  Call ....ciiiiiiiiiiiiiiiininn, 4-23 LEA
cBw Convert Byte toWord ............ 4-15 LES
CLC ClearCarry ......coovevinunnennnn 4-29 LOCK
CLD Clear Direction ................... 4-29 LODB
CLI Clear interrupt ................... 4-30 LODW
CcMC Complement Carry ............... 4-29 LOOP
CMP = Compare .........cc.cevenmevnennn. 4-12 LOOPE
CMPB Compare Byte (of string) ......... 4-22 LOOPNE
CMPW Compare Word (of string) ........ 4-22 LOOPNZ
CwD Convert Word to Double Word. ... . 4-15 LOOPZ
DAA Decimal Adjust for Addition ...... 4-10 MOV
DAS Decimal Adjust for Subtraction ... 4-12 MOVB
DEC  Decrement ...............ciuinn. 4-11 MOVWwW
DIV  Divide .......oviiiiiiiininninn.. 4-14 MUL
ESC = Escape .........ceieviiiiiininn.. 4-30 NEG
HLT  Halt ...t 4-30 NOT
IDIV Integer Divide .................... 4-14 OR
IMUL Integer Multiply .................. 4-13 ouT
IN  InputByte ...........coiiiiiinnnn. 4-7 ouTW
INC  Increment ............cciiiiiinn. 4-10 POP
INT  Interrupt ..........cooiiiiinine. 4-28 POPF
INTO Interrupt on Overflow ............ 4-28 PUSH
INW  InputWord ...............c..o... 4-7 PUSHF
IRET Interrupt Return .................. 4-29 RCL
JA JumponAbove ...l 4-26 RCR
JAE Jump on Above or Equal ......... 4-26 REP
JB JumponBelow .............. ..., 4-25 RET
JBE Jump on Below or Equal ......... 4-25 ROL
JCXZ JumponCXZero ................ 4-28 ROR
JE JumponEqual ................... 4-24 SAHF
JG Jump on Greater ................. 4-26 SAL
JGE Jump on Greater or Equal ........ 4-26 SAR
JL Jumponless ..........iiiiiinl 4-25 SBB
JLE Jump on Less or Equal ........... 4-25 SCAB
JMP Jump . 4-23 SCAW
JNA Jump on Not Above .............. 4-25 SHL
JNAE Jump on Not Above or Equal ..... 4-25 SHR
JNB Jump on Not Below .............. 4-26 STC
JNBE Jump on Not Below or Equal ..... 4-26 STD
JNE Jump on Not Equal .............. 4-26 STI
JNG Jump on Not Greater ............. 4-25 STOB
JNGE Jump on Not Greater or Equal .... 4-25 STOW
JNL JumponNotLess ................ 4-26 SuB
JNLE Jump on Not Less or Equal ....... 4-26 TEST
JNO Jump on Not Overflow ........... 4-27 WAIT
JNP Jump on Not Parity .............. 4-27 XCHG
JNS Jumpon Not Sign ................ 4-27 XLAT
JNZ JumponNotZero ............... 4-26 XOR
Jo Jump on Overflow ............... 4-25

Mnemonics © Intel, 1978.

4-33

Description Page
Jumpon Parity .................. 4-25
Jump on Parity Even ............. 4-25
Jump on Parity Odd .............. 4-27
JumponSign ......oieiiiiiii... 4-26
JumponZero ..........ooiiiii... 4-24
Load AH with Flags ............... 4-8
Load Pointer into DS .............. 4-7
Load Effective Address ............ 4-7
Load Pointerinto ES .............. 4-8
LockBus ..........cciiiiiiinn.... 4-31
Load Byte (of string) ............. 4-22
Load Word (of string) ............ 4-22
Loop ...ttt e 4-27
Loop While Equal ................ 4-27
Loop While Not Equal ............ 4-28
Loop While Not Zero ............. 4-28
Loop WhileZero ................. 4-27
Move ...l 4-5
Move Byte (of string) ............. 4-21
Move Word (of string) ............ 4-21
Multiply ... 4-13
Negate ................ccooiill. 4-12
Not .. 4-15
OF e 4-19
OutputByte ..............cooa... 4-7
OQutputWord .........ccoiinn.. 4-7
POop i 4-6
PopFlags ........coovvvvvinnnnnnn. 4-9
Push ...t 4-5
Push Flags .................ooot. 4-8
Rotate through Carry Left ........ 417
Rotate through Carry Right ....... 4-18
Repeat ..............ccoiia.. 4-21
Return ..., 4-24
Rotate Left ....................... 4-17
Rotate Right ..................... 4-17
Store AH into Flags  ............... 4-8
Shift Arithmetic Left .............. 4-16
Shift Arithmetic Right ............ 4-16
Subtract with Borrow ............. 4-11
Scan Byte (of string) ............. 4-22
Scan Word (of string) ............ 4-22
ShiftLeft .......... ... L 4-16
Shift Right ....................... 4-16
SetCarry ......oviiiiiiiiiiiiinn. 4-29
Set Direction ................. ... 4-29
Set Interrupt ... ... ..., 4-30
Store Byte (of string) ............. 4-22
Store Word (of string) ............ 4-22
Subtract ........ ... il 4-11
Test oo 4-19
Wait .. 4-30
Exchange ............ciiiiiiinn.. 4-6
Translate ............cccviiinnnn, 4-7
Exclusive Or ...........cccvvvvnnn. 4-20
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8086

16-BIT HMOS MICROPROCESSOR

m Direct Addressing Capability to 1
MByte of Memory

= Bit, Byte, Word, and Block Operatio

= 8-and 16-Bit Signed and Unsigned
Arithmetic in Binary or Decimal
Including Multiply and Divide

= Assembly Language Compatible with
8080/8085

= 14 Word, By 16-Bit Register Set with
Symmetrical Operations

s 5 MHz Clock Rate

s MULTIBUS™ Compatible System

= 24 Operand Addressing Modes

Interface

The Intel® 8086 is a new generation, high performance microprocessor implemented in N-channel, depletion load,
silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package. The processor has attributes of both 8- and
16-bit microprocessors. It addresses memory as a sequence of 8-bit bytes, but has a 16-bit wide physical path to mem-

ory for high performance.

EXECUTION UNIT BUS INTERFACE UNIT

RELOCATION
REGISTER FILE

REGISTER FILE

SEGMENT
REGISTERS
POINTER, AND AND
INDEX REGS INSTRUCTION
(8 WORDS) POINTER
(5 WORDS)
T[t—j‘T
SZ =z
|—— BHESS;
16-BIT ALU . : Aww'Ss
ArglSs
Bus AD;5-ADo
FLAGS INTERFACE
UNIT o
I>mn,nn R
3 )OTRDENALE
6-BYTE
INSTRUCTION
QUEUE
L]
_ <
e o
NMI
RQIBTo 2 )QS0.08;
RAIGTo 1 CONTROL & TIMING
Py e— D)ass
HLDA<——|

I

CLK RESET READY MN/MX GND
Vee

Figure 1. 8086 CPU Functional Block Diagram

GND O} 1 40 7 Vee
AD14 [] 2 39 [] AD15
AD13 [ 3 38 [ A16/S3
AD12 (] 4 37 [J A171s4
AD11 [ 5 36 [] A18ISS
AD10 []6 35 [ At9/S6
AD9 [} 7 34 [ BHE/ST
AD8 []8 33 [ MN/MX
Ap7 o 321 ”D
AD6 (] 10 31 ] RQIGTo
ADs (] 11 30 [J RQ/GTT
ADa [ 12 29 [] tocK
AD3 [] 13 28] s2
AD2 [] 14 b7 3
AD1[] 15 26[] S0
ADo0 ] 16 25 [1 aso
Nmi ] 17 241 ast
INTR [} 18 23[] TEST
CLK (] 19 22[7] READY
GND (] 20 211 RESET
40 LEAD

(HOLD)
(HLDA)
(WR)
(M/i0)
(DT/R)
(DEN)
(ALE)
(iNTR)

Figure 2. 8086 Pin Diagram
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FUNCTIONAL DESCRIPTION

GENERAL OPERATION

The internal functions of the 8086 processor are parti-
tioned logically into two processing units. The first is
the Bus Interface Unit (BIU) and the second is the Exe-
cution Unit (EU) as shown in the block diagram of Figure
1. ’

These units can interact directly but for the most part
perform as separate asynchronous operational proces-
sors. The bus interface unit provides the functions
related to instruction fetching and queuing, operand
fetch and store, and address relocation. This unit also
provides the basic bus control. The overlap of instruc-
tion pre-fetching provided by this unit serves to increase
processor performance through improved bus band-
width utilization. Up to 6 bytes of the instruction stream
can be queued while waiting for decoding and execu-
tion.

The instruction stream queuing mechanism allows the
BIU to keep the memory utilized very efficiently. When-
ever there is space for at least 2 bytes in the queue, the
BIU will attempt a word fetch memory cycle. This greatly
reduces ‘“dead time” on the memory bus. The queue
acts as a First-In-First-Out (FIFO) buffer, from which the
EU extracts instruction bytes as required. If the queue is
empty (following a branch instruction, for example), the
first byte into the queue immediately becomes available
to the EU.

The execution unit receives pre-fetched instructions
from the BIU queue and provides un-relocated operand
addresses to the BIU. Memory operands are passed
through the BIU for processing by the EU, which passes
results to the BIU for storage. See the Instruction Set
description for further register set and architectural
descriptions.

MEMORY ORGANIZATION

The processor provides a 20-bit address to memory
which locates the byte being referenced. The memory is
logically organized as a linear array of 1 million bytes,
addressed as 00000(H) to FFFFF(H). The memory can be
further logically divided into code, data, alternate data,
and stack segments of up to 64K bytes each, with each
segment falling on 16-byte boundaries. (See Figure 3a.)

Word (16-bit) operands can be located on even or odd
address boundaries and are thus not constrained to
even boundaries as is the case in many 16-bit com-
puters. For address and data operands, the least signifi-
cant byte of the word is stored in the lower valued
address location and the most significant byte in the
next higher address location. The BIU automatically per-
forms the proper number of memory accesses, one if
the word operand is on an even byte boundary and two if
it is on an odd byte boundary. Except for the perfor-
mance penalty, this double access is transparent to the
software. This performance penalty does not occur for
instruction fetches, only word operands.

Physically, the memory is organized as a high bank
(D15-Dg) and a low bank (D;-Dg) of 512K 8-bit bytes
addressed in parallel by the processor’'s address lines

(Aog HIGH) is transferred on the D1
processor provides two enable signa
selectively allow reading from or wrltlng in
odd byte location, even byte location, or bq ; 1"?@’
instruction stream is fetched from memory as:
and is addressed internally by the processor to the
level as necessary.

— FFFFFH
64 KB CODE SEGMENT
x 3. XXXXOH
STACK SEGMENT
+ OFFSET
= =
SEGMENT
REGISTER FILE
DATA SEGMENT
(o]
Ss
DS
ES p- > =
EXTRA DATA SEGMENT
T 00000H

Figure 3a. Memory Organization

In referencing word data the BIU requires one or two
memory cycles depending on whether or not the start-
ing byte of the word is on an even or odd address,
respectively. Consequently, in referencing word oper-
ands performance can be optimized by locating data on
even address boundaries. This is an especially useful
technique for using the stack, since odd address refer-
ences to the stack may adversely affect the context
switching time for interrupt processing or task multi-
plexing.

Certain locations in memory are reserved for specific
CPU operations (see Figure 3b.) Locations from address
FFFFOH through FFFFFH are reserved for operations
including a jump to the initial program loading routine.
Following RESET, the CPU will always begin execution
at location FFFFOH where the jump must be. Locations
00000H through O003FFH are reserved for interrupt
operations. Each of the 256 possible interrupt types has
its service routine pointed to by a 4-byte pointer element
consisting of a 16-bit segment address and a 16-bit off-
set address. The pointer elements are assumed to have
been stored at the respective places in reserved memory
prior to occurrence of interrupts.

(}‘%}p %
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RESET BOOTSTRAP
PROGRAM JUMP

FFFFFH

FFFFOH

e
d

.

INTERRUPT POINTER
FOR TYPE 255

3FFH

.

.

3FCH

INTERRUPT POINTER
FOR TYPE 1

7H

4H

INTERRUPT POINTER
FOR TYPE O

3H

OH

Figure 3b. Reserved Memory Locations

MINIMUM AND MAXIMU

The requirements for supporting® imm
imum 8086 systems are sufflc:enﬂy dtf,fefen&f

pins. Consequently, the 8086 is equipped Wi
pin (MN/MX) which defines the system conhgut tio
The definition of a certain subset of the pins chang X
dependent on the condition of the strap pin. Whén
MN/MX pin is strapped to GND, the 8086 treats pins 24
through 31 in maximum mode. An 8288 bus controller
interprets status information coded into Sq,S4,S, to gen-
erate bus timina and control signals compatible with
the MULTIBUS™. When the MN/MX pin is strapped to
Vce, the 8086 generates bus control signals itself on
pins 24 through 31, as shown in parentheses in Figure 2.
Examples of minimum mode and maximum mode
systems are shown in Figure 4.

™

Vee
8284 CLOCK MN/MX |=— Vce B
GENERATOR [—]CLK Mo ;
RES -~|READY INTA y
RESET RD .
RDY N WR I ;
L} 1 |
r = DTR|————~ |
I P Ea A= :
STATE
| GENERATOR | 8088 CPU | | |
. L] L :
L _ ALE T sTB : |
- GND OF
8282 ! | )
ADo-AD1sK A mnmnu:: Y  LATCH e ADDR y
Avg-A1g ! 20R3 | l 4
BHE —t [ R
I I
11 ——=7
I L _,I;r:-- - }
L J&e . ) i
] {
YRANSCHVER: [ DATA . 3
| @
| | | e Ao |
L___1 >3 111
OPTIONAL €SO,  WE OD CE OE cs RDWR
FOR INCREASED
DATA BUS DRIVE 2142 RAM (4) 27162 PROM (2) e :I,f: ::AL
()] (2)
1Kx8 | 1Kx8 2Kx8 | 2Kx8

Figure 4a. Minimum Mode 8086 Typical System Configuration
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Vio I——|ﬂ|—| ) 4
8284 J' MN/MX |+—GND CLK MROC
CLOCK s & s
GENERATOR CLK S So MwTC
RES |—=]{ READY S S AMWC}—N.C.
| RESET ) S; 8288 TORC
1- RDY DEN c?:fn 1oWC
GND 8086 DTIR AIOWC |—N.C.
= 'L e | cPU g
| | ALE INTA 4
WAIT
STATE | [OCK |—N.C. -—=1
| GENERATOR I I
L 1 sTB I
. GND OF  oos2 I
-AD15 (): LATCH 4
Avg-Atg ADDRI/DATA 2OR 3 E ADDR jl
{
SHE iy )
1
T
>+ oE
b K DATA H
TRANSCEIVER K
@ !
BHE
-
Csoy CSO. WE OD CE OE cs RD WR

2142 RAM (9)

@ @
1Kx8 | 1Kx8

2716-2 PROM (2) MCS-80
PERIPHERAL

2Kx8 | 2Kx8

Figure 4b. Maximum Mode 8086 Typical System Configuration

BUS OPERATION

The 8086 has a combined address and data bus com-
monly referred to as a time multiplexed bus. This tech-
nique provides the most efficient use of pins on the

processor while permitting the use of a standard 40-lead -

package. This “local bus” can be buffered directly and
used throughout the system with address latching pro-
vided on memory and I/O modules. In addition, the bus
can also be demultiplexed at the processor with a single
set of address latches if a standard non-multiplexed bus
is desired for the system.

Each processor bus cycle consists of at least four CLK
cycles. These are referred to as T4, Ty, T3 and T4 (see
Figure 5). The address is emitted from the processor
during T4 and data transfer occurs on the bus during T3
and Ty4. Tp is used primarily for changing the direction of
the bus during read operations. In the event that a “NOT
READY"” indication is given by the addressed device,
“Wait” states (Ty) are inserted between T3 and T,4. Each
inserted “Wait” state is of the same duration as a CLK
cycle. Periods can occur between 8086 driven bus
cycles. These are referred to as “Idle” states (T)) or inac-
tive CLK cycles. The processor uses these cycles for
internal housekeeping.

During T, of any bus cycle the ALE (Address Latch
Enable) signal is emitted (by either the processor or the
8288 bus controller, depending on the MN/MX strap). At
the trailing edge of this pulse, a valid address and cer-
tain status information for the cycle may be latched.

Status bits S, S, and S, are used, in maximum mode,
by the bus controller to identify the type of bus transac-
tion according to the following table:

S, S; S
o(ow) o 0 Interrupt Acknowledge
0 0 1 Readl/lO
0 1 0 Write l/O
0 1 1 Halt
1(HIGH) 0 0 Instruction Fetch
1 0 1 Read Data from Memory
1 1 0 Write Data to Memory
1 1 1 Passive (no bus cycle)

Status bits S; through S; are multiplexed with high-
order address bits and the BHE signal, and are therefore
valid during T, through T4 S3 and S, indicate which
segment register (see Instruction Set description) was
used for this bus cycle in forming the address, accord-
ing to the following table:

S, S3
0(LOW) 0 Alternate Data (extra segment)
0 1 Stack
1(HIGH) 0 Code or None
1 1 Data

Ss is a reflection of the PSW interrupt enable bit. Sg=0
and Sy is a spare status bit.
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Figure 5. Basic System Timing

/10 ADDRESSING

In the 8086, I/0 operations can address up to a max-
imum of 64K I/O byte registers or 32K I/O word registers.
The /O address appears in the same format as the
memory address on bus lines Ay5-Aq. The address lines
Aqg-Aqg are zero in 1/O operations. The variable 1/O in-
structions which use register DX as a pointer have full
address capability while the direct I/O instructions
directly address one or two of the 256 1/0O byte locations
in page 0 of the /O address space.

1/0 ports are addressed in the same manner as memory
locations. Even addressed bytes are transferred on the

D7-Dg bus lines and odd addressed bytes on D¢5-Dg.
Care must be taken to assure that each register within
an 8-bit peripheral located on the lower portion of the
bus be addressed as even.

EXTERNAL INTERFACE

PROCESSOR RESET AND INITIALIZATION

Processor initialization or start up is accomplished with
activation (HIGH) of the RESET pin. The 8086 RESET is
required to be HIGH for greater than 4 CLK cycles. The
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8086 will terminate operations on the high-going edge of
RESET and will remain dormant as long as RESET is
HIGH. The low-going transition of RESET triggers an in-
ternal reset sequence for approximately 10 CLK cycles.
After this interval the 8086 operates normally beginning
with the instruction in absolute location FFFFOH (see
Figure 3b). The details of this operation are specified in
the Instruction Set description of the MCS-86 Users’
Manual. The RESET input is internally synchronized to
the processor clock. At initialization the HIGH-to-LOW
transition of RESET must occur no sooner. than 50 us
after power-up, to allow complete initialization of the
8086.

If INTR is asserted sooner than 9 CLK cycles after the
end of RESET, the processor may execute one instruc-
tion before responding to the interrupt. NMI may not be
asserted prior to the 2nd CLK cycle following the end of
RESET.

INTERRUPT OPERATIONS

Interrupt operations fall into two classes; software or
hardware initiated. The software initiated interrupts and
software aspects of hardware interrupts are specified in
the Instruction Set description. Hardware interrupts can
be classified as non-maskable or maskable.

Interrupts result in a transfer of control to a new pro-
gram location. A 256-element table containing address
pointers to the interrupt service program locations
resides in absolute locations 0 through 3FFH (see
Figure 3b), which are reserved for this purpose. Each
element in the table is 4 bytes in size and corresponds
to an interrupt “type”. An interrupting device supplies
an 8-bit type number, during the interrupt acknowledge
sequence, which is used to “vector” through the ap-
propriate element to the new interrupt service program
location.

NON-MASKABLE INTERRU
The processor provides a single nof-| asﬁa{;ﬁe@terrupt

on a LOW-to-HIGH transition. The activation of & S:pi
causes a type 2 interrupt. (See Instruction Set desc
tion.) -

NMI is required to have a duration in the HIGH state of
greater than two CLK cycles, but is not required to be
synchronized to the clock. Any high-going transition of
NMlI is latched on-chip and will be serviced at the end of
the current instruction or between whole moves of a
block-type instruction. Worst case response to NMI
would be for multiply, divide, and variable shift instruc-
tions. There is no specification on the occurrence of the
low-going edge; it may occur before, during, or after the
servicing of NMI. Another high-going edge triggers
another response if it occurs after the start of the NMI
procedure. The signal must be free of logical spikes in
general and be free of bounces on the low-going edge to
avoid triggering extraneous responses.

MASKABLE INTERRUPT (INTR)

The 8086 provides a single interrupt request input (INTR)
which can be masked internally by software with the
resetting of the interrupt enable FLAG status bit. The
interrupt request signal is level triggered. It is internally
synchronized during each clock cycle on the high-going
edge of CLK. To be responded to, INTR must be present
(HIGH) during the clock period preceding the end of the
current instruction or the end of a whole move for a
block-type instruction. During the interrupt response
sequence further interrupts are disabled. The enable bit
is reset as part of the response to any interrupt (INTR,
NMI, software interrupt or single-step), although the

ADo-AD15

Figure 6. Interrupt Acknowledge Sequence

TYPEVECTOR
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FLAGS register which is automatically pushed onto the
stack reflects the state of the processor prior to the
interrupt. Until the old FLAGS register is restored the
enable bit will be zero unless specifically set by an
instruction.

During the response sequence (figure 6) the processor
executes two successive (back-to-back) interrupt
acknowledge cycles. The 8086 emits the LOCK signal
from T, of the first bus cycle until T, of the second. A
local bus “hold” request will not be honored until the
end of the second bus cycle. In the second bus cycle a
byte is fetched from the external interrupt system (e.g.,
8259A PIC) which identifies the source (type) of the
interrupt. This byte is multiplied by four and used as a
pointer into the interrupt vector iookup tabie. An INTR
signal left HIGH will be continually responded to within
the limitations of the enable bit and sample period. The
INTERRUPT RETURN instruction includes a FLAGS pop
which returns the status of the original interrupt enable
bit when it restores the FLAGS.

HALT

When a software “HALT” instruction is executed the
processor indicates that it is entering the “HALT” state
in one of two ways depending upon which mode is
strapped. In minimum mode, the processor issues one
ALE with no qualifying bus control signals. In Maximum
Mode, the processor issues appropriate HALT status on
§,5,5, and the 8288 bus controller issues one ALE. The
8086 will not leave the “HALT” state when a local bus
“hold” is entered while in “HALT". In this case, the
processor reissues the HALT indicator. An interrupt
request or RESET will force the 8086 out of the “HALT”
state.

READ/MODIFY/WRITE (SEMAPHORE)
OPERATIONS VIA LOCK

The LOCK status information is provided by the proc-
essor when directly consecutive bus cycles are required
during the execution of an instruction. This provides the
processor with the capability of performing read/modify/
write operations on memory (via the Exchange Register
With Memory instruction, for example) without the
possibility of another system bus master receiving
intervening memory cycles. This is useful in multi-
processor system configurations to accomplish ‘“test
and set lock” operations. The LOCK signal is activated
(forced LOW) in the clock cycle following the one in
which the software “LOCK” prefix instruction is
decoded by the EU. It is deactivated at the end of the
last bus cycle of the instruction following the “LOCK”
prefix instruction. While LOCK is active all interrupts
are masked and a request on a RQ/GT pin will be
recorded and then honored at the end of the LOCK.

EXTERNAL SYNCHRONIZATION VIA TEST

As an alternative to the interrupts and general 1/O
capabilities, the 8086 provides a single software-
testable input known as the TEST signal. At any time the
program may execute a WAIT instruction. If at that time
the TEST signal is inactive (HIGH), program execution
becomes suspended while the processor waits for TEST

to become active. It must remain. a
CLK cycles. The WAIT instriigfi
repeatedly until that time. This ac
sume bus cycles. The processor rema

“Hold”is entered. If interrupts are enabled,“they.
occur while the processor is waiting. When this(eg T

time, processes the interrupt, and then re-fetches and
re-executes the WAIT instruction upon returning from
the interrupt.

8086 COMPARED WITH 8080/8085

While the 8086 has new instruction coding patterns to
allow for the greatly expanded capabilities, all functions
of the 8080/8085 may be performed by the 8086 with
identical program semantics to their 8080/8085 ver-
sions. For every 8080/8085 instruction there is a corre-
sponding 8086 instruction (or, in rare cases, a short
sequence of instructions). Virtually all 8086 data manip-
ulation instructions may be specified to operate on
either the full set of 16-bit registers or on an 8-bit subset
of them which corresponds to the 8080 register set. This
relationship is shown in Figure 7 where the shaded
registers (names in parentheses) represent the 8080
register set.

BASIC SYSTEM TIMING

Typical system configurations for the processor
operating in minimum mode and in maximum mode are
shown in Figures 4a and 4b, respectively. In minimum
mode, the MN/MX pin is strapped to Vcc and the proc-
essor emits bus control signals in a manner similar to
the 8085. In maximum mode, the MN/MX pin is strapped
to Vgs and the processor emits coded status informa-
tion which the 8288 bus controller uses to generate
MULTIBUS™ compatible bus control signals. Figure 5
illustrates the signal timing relationships.

AX AH AL (A) ACCUMULATOR
BX BH BL (HL) BASE
CX CH CL (BC) COUNT
DX DH DL (DE) DATA
——l SP (SP) STACKPOINTER
BP BASE POINTER
SI SOURCE INDEX
DI DESTINATION INDEX
P (PC) INSTRUCTION POINTER
FLAGSH k FLAGS. \] (PSW) STATUS FLAGS
cs CODE SEGMENT
DS DATA SEGMENT
SS STACK SEGMENT
ES EXTRA SEGMENT

Figure 7. 8086 Register Model; (8080 Registers Shaded)
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SYSTEM TIMING — MINIMUM SYSTEM

The read cycle begins in T with the assertion of the
Address Latch Enable (ALE) signal. The trailing (low-
going) edge of this signal is used to latch the address
information, which is valid on the local bus at this time,
into the 8282/8283 latch. The BHE and A, signals
address the low, high, or both bytes. From T4 to T4 the
M/IO signal indicates a memory or 1/O operation. At T,
the address is removed from the local bus and the bus
goes to a high impedance state. The read control signal
is also asserted at T,. The read (RD) signal causes the
addressed device to enable its data bus drivers to the
local bus. Some time later valid data will be available on
the bus and the addressed device will drive the READY
line HIGH. When the processor returns the read signal
to a HIGH level, the addressed device will again 3-state
its bus drivers. If a transceiver (8286/8287) is required to
buffer the 8086 local bus, signals DT/R and DEN are pro-
vided by the 8086.

A write cycle also begins with the assertion of ALE and
the emission of the address. The M/IO signal is again
asserted to indicate a memory or I/O write operation. In
the T, immediately following the address emission the
processor emits the data to be written into the
addressed location. This data remains valid until the
middle of T4. During T, T3, and Ty the processor asserts
the write control signal. The write (WR) signal becomes
active at the beginning of T, as opposed to the read
which is delayed somewhat into T, to provide time for
the bus to fioat.

The BHE and Ag signals are used to select the proper
byte(s) of the memory/IO word to be read or written
according to the following table:

BHE A0
0 0 Whole word
0 1 Upper byte from/
to odd address
1 0 Lower byte from/
to even address
1 1 None

/O ports are addressed in thé:
location. Even addressed byt

as memory

Figure 6.) In the second of two successive INTA cycle
a byte of information is read from bus lines D7-Dg as
supplied by the interrupt system logic (i.e., 8259A Prior-
ity Interrupt Controller). This byte identifies the source
(type) of the interrupt. It is multiplied by four and used
as a pointer into an interrupt vector lookup table, as
described earlier.

BUS TIMING — MEDIUM COMPLEXITY SYSTEMS

For medium complexity systems the MN/MX pin is con-
nected to Vgg and the 8288 Bus Controller is added to
the system as well as an 8282/8283 latch for latching the
system address, and a 8286/8287 transceiver to allow for
bus loading greater than the 8086 is capable of handling.
Signals ALE, DEN, and DT/R are generated by the 8288
instead of the processor in this configuration although
their timing remains relatively the same. The 8086 status
outputs (55, S4, and Sg) provide type-of-cycle information
and become 8288 inputs. This bus cycle information
specifies read (code, data, or 1/0), write (data or 1/0O),
interrupt acknowledge, or software halt. The 8288 thus
issues control signals specifying memory read or write,
/0 read or write, or interrupt acknowledge. The 8288
provides two types of write strobes, normal and
advanced, to be applied as required. The normal write
strobes have data valid at the leading edge of write. The
advanced write strobes have the same timing as read
strobes, and hence data isn’t valid at the leading edge of
write. The 8286/8287 transceiver receives the usual T
and OE Inputs from the 8288’s DT/R and DEN.

The pointer into the interrupt vector table, which is
passed during the second INTA cycle, can derive from
an 8259A located on either the local bus or the system
bus. If the master 8259A Priority Interrupt Controller is
positioned on the local bus,aTTL gate is required to
disable the 8286/8287 transceiver when reading from the
master 8259A during the interrupt acknowledge
sequence and software “poll”.
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8086 FUNCTIONAL PIN DEFINITION

The following pin function descriptions are for 8086
systems in either minimum or maximum mode. The
‘“Local Bus” in these descriptions is the direct multi-
plexed bus interface connection to the 8086 (without
regard to additional bus buffers).

AD15-ADg (INPUT/OUTPUT 3-STATE)

These lines constitute the time multiplexed memory/IO
address (T4) and data (T, T3, Tw, T4) bus. Agis analogous
to BHE for the lower byte of the data bus, pins Dy-Dy. It
is LOW during T, when a byte is to be transferred on the
lower portion of the bus in memory or /O operations.
Eight-bit oriented devices tied to the lower half would
normally use Ag to condition chip select functions. (See
table on page 8.) These lines are active HIGH and float to
3-state OFF during interrupt acknowledge and local bus
“hold acknowledge”.

A19/Sg, A1g/Ss, A17/Sa, A1g/S3 (OUTPUT 3-STATE)

During T, these are the four most significant address
lines for memory operations. During 1/O operations
these lines are LOW. During memory and 1/O operations,
status information is available on these lines during T,
T3, Tw, and T4. The status of the interrupt enable FLAG
bit (Ss) is updated at the beginning of each CLK cycle.
A17/S4 and A4¢/S3 are encoded as follows:

A47IS, A.¢/S3
0 (LOW) 0 Alternate Data
0 1 Stack
1(HIGH) 0 Code or None
1 1 Data
Sg is 0 (LOW

This information indicates which relocation register is
presently being used for data accessing.

These lines float to 3-state OFF during interrupt
acknowledge and local bus “hold acknowledge”.

BHE/S7 (OUTPUT 3-STATE)

During T, the bus high enable signal (BHE) should be
used to enable data onto the most significant half of the
data bus, pins D45-Dg. Eight-bit oriented devices tied to
the upper half of the bus would normally use BHE to
condition chip select functions. BHE is LOW during T,
for read, write, and interrupt acknowledge cycles when a
byte is to be transferred on the high portion of the bus.
(See table on page 8.) The S; status information is avail-
able during T,, T3, and T,4. The signal is active LOW, and
floats to 3-state OFF in “hold”. It is LOW during T4 for
the firstinterrupt acknowledge cycle.

RD (OUTPUT 3-STATE)

Read strobe indicates that the processor is performing a
memory or /O read cycle, depending on the state of the
S, pin. This signal is used to read devices which reside

on the 8086 local bus. RD is“a ive
and Ty or any read cycle, and is: Ju
HIGH in T, until the 8086 local bus

This signal floats to 3-state OFF in “hold’aeﬁ ' '

ggunng Ty T3
ﬁ%@ ) remain

READY (INPUT)

READY is the acknowledgement from the addressed
memory or /O device that it will complete the data
transfer. The RDY signal from memory/lO is synchro-
nized by the 8284 Clock Generator to form READY. This
signal is active HIGH.

INTR (INPUT)

Iinterrupt request is a ievel triggered input which is sam-
pled during the last clock cycle of each instruction to
determine if the processor should enter into an interrupt
acknowledge operation. A subroutine is vectored to via
an interrupt vector lookup table located in system
memory. It can be internally masked by software reset-
ting the interrupt enable bit. INTR is internally syn-
chronized. This signal is active HIGH.

TEST (INPUT)

The TEST input is examined by the “Wait For Test”
instruction. If the TEST input is LOW execution con-
tinues, otherwise the processor waits in an “Idle” state.
This input is synchronized internally during each clock
cycle on the leading edge of CLK.

NMI (INPUT)

Non-maskable interrupt is an edge triggered input which
causes a type 2 interrupt. A subroutine is vectored to via
an interrupt vector lookup table located in system
memory. NMI is not maskable internally by software. A
transition from a LOW to HIGH initiates the interrupt at
the end of the current instruction. This input is intern-

allu eunnh
ny Syncnr

ranizad
CNiZSa.

RESET (INPUT)

RESET causes the processor to immediately terminate
its present activity. The signal must be active HIGH for
at least four clock cycles. It restarts execution, as
described in the Instruction Set description, when
RESET returns LOW. RESET is internally synchronized.

CLK (INPUT)

The clock provides the basic timing for the processor
and bus controller. It is asymmetric with a 33% duty
cycle to provide optimized internal timing.

Vee
Vg is the + 5V + 10% power supply pin.

GND
GND are the ground pins
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The following pin function descriptions are for the 8086
minimum mode (i.e., MN/MX = V). Only the pin func-
tions which are unique to minimum mode are described;
all other pin functions are as described above.

M/IO (OUTPUT 3-STATE)

This status line is logically equivalent to S, in the max-
imum mode. It is used to distinguish a memory access
from an 1/0 access. M/IO becomes valid in the T,
preceding a bus cycle and remains valid until the final T4
of the cycle (M = HIGH, 10 = LOW). M/iO floats to 3-state
OFF in local bus “hold acknowledge”.

WR (OUTPUT 3-STATE)

Write strobe indicates that the processor is performing
a write memory or write 1/0 cycle, depending on the
state of the M/IO signal. WR is active for T, Tz and Ty of
any write cycle. It is active LOW, and floats to 3-state
OFF in local bus “hold acknowledge”.

INTA (OUTPUT 3-STATE)

INTA is used as a read strobe for interrupt acknowledge
cycles. It is active LOW during T,, T3 and Ty of each
interrupt acknowledge cycle. INTA floats to 3-state OFF
in “hold acknowledge”.

ALE (OUTPUT)

Address latch enable is provided by the processor to
latch the address into the 8282/8283 address latch. It is
a HIGH pulse active during T, of any bus cycle. Note
that ALE is never floated.

DT/R (OUTPUT 3-STATE)

Data transmit/receive is needed in mm}
desires to use an 8286/8287 data bus" tfa

used to control the direction of data flow“&hmu
transceiver. Logically DT/R is equivalent to° S
maximum mode, and its timing is the same
M/O.(T = HIGH, R=LOW.) This signal floats to 3-sta
OFF in local bus “hold acknowledge”. ’

DEN (OUTPUT 3-STATE)

Data enable is provided as an output enable for the
8286/8287 in_a minimum system which uses the
transceiver. DEN is active LOW during each memory and
1/0 access and for INTA cycles. For a read or INTA cycle
it is active from the middle of T, until the middle of T,,
while for a write cycle it is active from the beginning of
T, until the middle of T,. DEN floats to 3-state OFF in
local bus “hold acknowledge”.

HOLD (INPUT), HLDA (OUTPUT)

HOLD indicates that another master is requesting a
local bus “hold”. To be acknowledged, HOLD must be
active HIGH. The processor receiving the ‘“hold”
request will issue HLDA (HIGH) as an acknowledgement
in the middle of T4 or T, Simultaneous with the
issuance of HLDA the processor will float the local bus
and control lines. After HOLD is detected as being LOW,
the processor will LOWer HLDA, and when the proces-
sor needs to run another cycle, it will again drive the
local bus and control lines. (See Figure 13.)
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The following pin function descriptions are for_the
8086/8288 system in maximum mode (i.e., MN/MX =
Vss)- Only the pin functions which are unique to max-
imum mode are described; all other pin functions are as
described above.

Sz, S1, So (OUTPUT 3-STATE)
These status lines are encoded as follows:

S2 S, S
0 (LOW) 0 0 Interrupt Acknowledge
0 0 1 Read /O Port
0 1 0  Write I/O Port
0 0 0 Halt
1(HIGH) 0 0 Code Access
1 0 1 Read Memory
1 1 0  Write Memory
1 1 1 Passive

Status is active during T4, T4, and T, and is returned to
the passive state (1,1,1) during T3 or during Ty when
READY is HIGH. This status is used by the 8288 Bus
Controller to generate all memory and 1/O access con-
trol signals. Any change by S5, S, or Sg during T4 is used
to indicate the beginning of a bus cycle, and the return
to the passive state in T or Ty is used to indicate the
end of a bus cycle.

These signals float to 3-state OFF in “hold acknowl-
edge”.

RQI/GT,, RQ/GT, (INPUT/OUTPUT)

The request/grant pins are used by other local bus
masters to force the processor to release the local bus
at the end of the processor’s current bus cycle. Each pin
is bidirectional with RQ/GT, having higher priority than
RQ/GT,. RQ/GT has an internal pull-up resistor so may
be left unconnected. The request/grant sequence is as
follows (see Figure 12):

1. A pulse of 1 CLK wide from another local bus
master indicates a local bus request (“hold”) to
the 8086 (pulse 1).

i
1«3 oy
from the 8086 to the requésting mastét
indicates that the 8086 has aliowed t
to float and that it will en

bus interface unit is disconnected logi
the local bus during “hold acknowledge”.

. A pulse 1 CLK wide from the requesting master
indicates to the 8086 (pulse 3) that the ‘“hold”
request is about to end and that the 8086 can
reclaim the local bus at the next CLK. The CPU
then enters T,.

Each master-master exchange of the local bus is a
sequence of 3 pulses. There must be one dead CLK
cycle after each bus exchange. Pulses are active LOW.

LOCK (OUTPUT 3-STATE)

The LOCK output indicates that other system bus
masters are not to gain control of the system bus while
LOCK is active LOW. The LOCK signal is activated by
the “LOCK” prefix instruction and remains active until
the next instruction is extracted from the queue. This
signal is active LOW, and floats to 3-state OFF in “hold
acknowledge”.

QS,, QS (OUTPUT)

QS, and QS provide status to allow external tracking of
the internal 8086 instruction queue.

Qs Qs
0 (LOW) 0 No Operation
0 1 First Byte of Op Code from Queue
1(HIGH) © Empty the Queue
1 1 Subsequent Byte from Queue

The queue status is valid during the CLK cycle after
which the queue operation is performed.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias......... 0°Cto 70°C
Storage Temperature............. —65°C to +150°C
Voltage on Any Pin with

Respectto Ground.................. -03to +7V
Power Dissipation ........................ 2.5 Watt

D.C. CHARACTERISTICS
8086: Ty =0°C to 70°C, Vgc =5V 10%

rating only and functional operahon of the device at lheie;
condltlons above those ind
ifi on is not i

ted in the ¢

lied. Exposure to absolute maximum raYmQ on-
dmons for extended penods may affect device reliability. ’

\ !@%g

onal secti’bp s

Symbol Parameter Min. Max. Units Test Conditions

I Input Low Voltage -05 +0.8 \

Vi Input High Voltage 2.0 Vec+0.5 v

VoL Output Low Voltage 0.45 v loL = 20 mA

Vo Output High Voltage 24 ) loy = 400 pA

lcc Power Supply Current 275 mA

L Input Leakage Current +10 A Vin = Voo

Lo Output Leakage Current +10 uA 0.45V < Vout < Vce

VoL Clock Input Low Voltage -05 +0.6 Vv

Ve Clock Input High Voltage 3.9 Vec+1.0 \"
Capacitance of Input Buffer

Cin (All input except 10 pF fc = 1 MHz
ADg— AD,s, RQ/GT)

Cio aaé’:‘_:'f‘g: ;I)',’(;)T)B”ffe’ 20 pF fc = 1 MHz
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A.C. CHARACTERISTICS
8086: To=0°C to 70°C, Vcc =5V + 10%

8086 MINIMUM COMPLEXITY SYSTEM (Figure 8)
TIMING REQUIREMENTS

Symbol Parameter Min. Max. Units Test Conditions
TCLCL CLK Cycle Period 200 2000 ns
TCLCH CLK Low Time (2ATCLCL)- 15 ns
TCHCL CLK High Time (¥aTCLCL) -2 ns
TCH1CH2 CLK Rise Time 10 ns From 1.0V to 3.5V
TCL2CL1 CLK Fall Time 10 ns From 3.5V to 1.0V
TDVCL Data In Setup Time 30 ns
TCLDZ Data In Hold Time 10 ns
TR1VCL RDY Setup Time into 8284 (See Notes 1,2) 50 ns
TCLR1X RDY Hold Time into 8284 (See Notes 1,2) 0 ns
TRHVCH READY Setup Time into 8086 110 ns
TCHRYX READY Hold Time into 8086 30 ns
TRYLCL READY Inactive to CLK (See Note 3) -15 ns
THVCH Hold Setup Time 35 ns
TIVCH INTR, NMI, TEST Setup Time (See Note 2) 30 ns
TIMING RESPONSES
Symbol Parameter Min. Max. Units TestConditions
TCLAV Address Valid Delay 15 110 ns C_ =100 pF
TCLAX Address Hold Time 10 ns C_=20 pF
TCLAZ Address Float Delay TCLAX 80 ns
TLHLL ALEWidth TCLCH-20 ns
TCLLH ALE Active Delay 80 ns
TCHLL ALE Inactive Delay 85 ns
TLLAZ ALE Inactive to Address Float TCHCL-10 ns
TCLDV Data Valid Delay 15 110 ns
TCHDZ Data Float Delay TCLAX 85 ns
TWHDZ Data Hold Time After WR TCLCH - 30 ns
TCVCTV Control Active Delay 1 10 110 ns
TCHCTV Control Active Delay 2 15 110 ns
TCVCTX Control Inactive Delay 10 110 ns
TAZRL Address Float to READ Active 0 ns
TCLRL RD Active Delay 10 165 ns
TCLRH RD Inactive Delay 10 150 ns
TRHAV RDInactivetoNextAddressActive TCLCL - 45 ns

NOTES: 1. SIGNAL AT 8284 SHOWN FOR REFERENCE ONLY.
2. SETUP REQUIREMENT FOR ASYNCHRONOUS SIGNAL ONLY TO GUARANTEE RECOGNITION AT NEXT CLK.

3. APPLIES ONLY TO T2 STATE.
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8086 MAX MODE SYSTEM (USING 8288 BUS CONTROLLER,) (Figure 9)
TIMING REQUIREMENTS

Symbol Parameter Min. Max. Units
TCLCL | CLK Gycle Period 200 2000 ns
TCLCH CLK Low Time (2ATCLCL)- 13 ns
TCHCL CLK High Time (BTCLCL) -2 ns
TCH1CH2 CLK Rise Time 10 ns From 1.0V to 3.5V
TCL2CL1 CLK Fall Time 10 ns From 3.5V to 1.0V
TDVCL Data In Setup Time 30 ns
TCLDZ Data In Hold Time 10 ns
TR1VCL RDY Setup Time into 8284 (See Notes 1,2) 50 ns
TCLR1X RDY Hold Time into 8284 (See Notes 1,2) 0 ns
TRYHCH READY Setup Time into 8086 110 ns
TCHRYX READY Hold Time into 8086 30 ns
TRYLCL READY Inactive to CLK (See Note 4) -15 ns
TRYHSH READY Active to Status Passive (See Note 3) 110 ns
TINVCH Setup Time for Recognition (INTR, NMI, 30 ns
TEST)See Note 2)
TGVCH RQ/GT Setup Time 35 ns
TIMING RESPONSES
Symbol Parameter Min. Max. Units Test Conditions
TCLML Command Active Delay (See Note 1) 10 35 ns C_ =80 pF
TCLMH Command Inactive Delay (See Note 1) 10 40 ns
TCLHAV HLDA Valid Delay (See Note 1) 10 160 ns
TCHSV Status Active Delay 10 110 ns
TCLSH Status Inactive Delay 130 ns
TCLAV Address Valid Delay 15 110 ns
TCLAX Address Hold Time 10 ns
TCLAZ Address Float Delay TCLAX 80 ns
TSVLH Status Valid to ALE High (See Note 1) 15 ns
TSVMCH Status Vaiid to MCE High (See Note 1) 15 ns
TCLLH CLK Low to ALE Valid (See Note 1) 15 ns
TCLMCH CLK Low to MCE High (See Note 1) 15 ns
TCHLL ALE Inactive Delay (See Note 1) : 15 ns
TCLNCL MCE Inactive Delay (See Note 1) 15 ns
TCLDV Data Valid Delay 15 110 ns
TCHDZ Data Float Delay TCLAX 85 ns
TCVNTV Control Active Delay (See Note 1) 10 35 ns
TCVNTX Control Inactive Delay (See Note 1) 10 40 ns
TAZRL Address Float to Read Active 0 ns
TCLRL RD Active Delay 10 165 ns
TCLRH RD Inactive Delay 10 150 ns
TRHAV RD Inactive to Next Address Active TCLCL - 45 ns
TCHDTL Direction Control Active Delay (SEE NOTE 1) 50 ns
TCHDTH Direction Control Inactive Delay (SEE NOTE 1) 30 ns
TCVEV Data Enable Active Delay (SEE NOTE 1) 5 45 ns
TCVEX Data Enable Inactive Delay (SEE NOTE 1) 10 45 ns
TCLGL GT Active Delay 85 ns CL=30 pF
TCLGH GT Inactive Delay 85 ns C_ =30 pF

NOTES: 1. SIGNAL AT 8284 OR 8288 SHOWN FOR REFERENCE ONLY.
2. SETUP REQUIREMENT FOR ASYNCHRONOUS SIGNAL ONLY TO GUARANTEE RECOGNITION AT NEXT CLK.
3. APPLIES ONLY TO T3 AND TW STATES.
4. APPLIES ONLY TO T2 STATE.
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8086

Tt T2 T3 Tw
[TCH1CH2 le— —={|=TCL2CL1 /
Veu
CLK (8284 Output) J! &\ jf \ { S\ )‘ y
Vetlareuetve] = TCHCL TcH2cL2
wio )(
—[Telov [« F
—{ TcLav ‘-— reuanad T
— pu— 's
BHE/S7,A19/Se-A10/Sa X BHE Arp-Are H $1-83
TCLLH—~| TLHLL lreiaz
ALE
TCHLL—| + —»l l=—TR1VCL
v
M ‘\—\< | \
RDY (8284 Input) N
SEENOTES Vie _LTCanx
TRYLC qﬁ ~—
READY (8086 Input) _ denmvx
TRYHCH —
— (WR INTA |
READ — (WR INTA = Vo) —| TeLav j— —~  [eTetaz fo—ToveL—teTeLoz+|
AD5-ADo x Ais-Ag DATA IN >..__
TA: -
RD
TCVCTX
— Lrcherv | TeLAL ] TCHCTV
OTR
TCVCTV—| TCVCTX—| /
DEN
WRITE — (RD,INTA DT/A = VoK) —rewavi | reunc] TCL'I:! |~— TcHoZ_ | I__
|
ADys-ADo x Ats-Ag X DATA OUT )'TLW'C
|=TWHDZ »| SEE NOTE 3
TeVeTV-| WHOZ Lreverx
DEN ;—
TCVCTV—|
WwR ]l
R Teverx—|
INTA — (RD WR=V .BHE=Voy) - '-Tcuz f—toveL—|  f-ToL03
AD15-ADg M) — POINTER > £
/ FLOAT \n__ 1/ FLOAT \N
See Note 4
— - TcHeTv e Note — TCHCTV
DR
TeveTV—| >
— —
iINTA
TCVCTV—+| TCVCTX—
DEN

SOFTWARE HALT — (DEN = Vo ;RD.WR,INTA DT/R =Vou: TI's follow T1, then NMI or INTR — Begin a new T1

TCLAV

I._
NOTES: 1. ALL SIGNALS SWITCH BETWEEN Vg AND Vo, UNLESS OTHERWISE SPECIFIED.
2. RDY IS SAMPLED NEAR THE END OF T,,T3,Tyy TO DETERMINE IF Ty, MACHINES STATES ARE TO BE INSERTED.
3. FOLLOWING A WRITE CYCLE DATA REMAINS VALID ON THE 8086 LOCAL BUS UNTIL A LOCAL BUS MASTER DECIDES TO RUN
ANOTHER BUS CYCLE. THE LOCAL BUS I8 FLOATED BY THE 8088 ONLY WHEN THE 8086 ENTERS A “HOLD ACKNOWLEDGE" STATE.
4. TWO INTA CYCLES RUN THE 8086 LOCAL BUS IS FLOATING DURING THE SECOND INTA CYCLE.
5. SIGNALS AT 8284 OR 8288 ARE SHOWN FOR REFERENCE ONLY. B :
6. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED.

Figure 8. 8086 Bus Timing — Minimum Mode System

i
AD15-ADg lNVAiLID ADDRESS

T
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r‘ T ™ T
| [q-— TCLZCLY g,
VCH
o —| — L |
veu. N N A N /
—~freLav— [—TCLCH —{
X T X T IXT X
TCHSV —  |=TCLS)
$251.50 (EXCEPT HALT) K J[
TCLOV
— TCLAY TCHDZ—]
LAY, | CHDZ
BHEIS7.A19SsA1WSa BHEArwA sr$s
TSVLH— fo— | I
Tad TCHLL
ALE (8288 OUTPUT) f y
SEE NOTE S —~| |—TRiveL
RDY (8284 INPUT) i\'§> ( N \
N\ \
| | TCLRIX]
TRYLC! 1 |-
READY (8085 INPUT) = TCHRYX
TRYHSH—] |
[ — TRYHCH— b
READ — (INTA,MWTC,AMWC,iOWC,ATOWC = Vor) — f-torav — le—TCLAZ ToveL Lretoz-]
N\
ot W oo | YK ) e
TazRL—]| Tou “+— |
D T
TCHDTL — [———TCLAL TCHDTH
DTA \
TCLML~| — \ ‘
8288 OUTPUTS WRDC OR [ORT ?
SEE NOTES 5.6
TCVHY—|
DEN
TCVNX —=|
WRITE — (RD,MRDC,IORC,INTA,DT/R = Vou) — ro—rc LAV —{TCLDV }-— TCHDZ— |-— T
AD15Al A X DATA OUT L
15-ADg Ms—Ao NOTED)
TCVNV-+| TCVNX—|
DEN
] ToLML TCLMH—~
8268 OUTPUTS
SEE NOTES 56 | AMWC OR AIGWC
— [‘—TCLMI. — TCLMH
MWTC OR IOWC |/
INTA — (AD,MRDCT I0RC, MWTT AMWT, [OWT, ATOWT = Vo, BHE = Vo)
|
ADJEAD FLOAT RESERVED FOR \ /
et SEE NOTE 4 CASCADE ADDR FLOAT 4 FLOAT \
—| /\w TCLAZ ToveL—=|  |e—ToLoz
N . '
AD7ADy ( POINTER
! / FLOAT (SEE NOTE 4) |/ FLOAT .
— cLMCL |
= {" Y mttnd
/
McE/ Y A,
MEM TOMCH—~| | —| TCVNY —] CVNX
TR ——
8288 OUTPUTS TCYNV—~|
SEENOTES 5,6 | INTA
J ] TovNX
DEN ﬁ_—_
SOFTWARE HALT — (DEN = Vo,;RD,MRDC, IORC.MWTC, AMWC,JOWC, ATOWC, INTA,DT/R = Vo) TI'S FOLLOW T,, TCVEX—
THEN NMI OR INTR~BEGIN NEW T,)
ADssADy }
X INVALID ADDRESS
I
ToLAv—| — |
— e ————
— \
$2.8s, |

NOTES: 1. ALL SIGNALS SWITCH BETWEEN Vo AND Vo, UNLESS OTHERWISE SPECIFIED.

. RDY IS SAMPLED NEAR THE END OF T,.T Ty, TO DETERMINE IF T,y MACHINES STATES ARE TO BE INSERTED.
FOLLOWING A WAITE GYCLE DATA REMAINS VALID ON THE 8086 LOCAL BUS UNTIL A LOCAL BUS MASTER DECIDES TO RUN
ANOTHER BUS CYCLE. THE LOCAL BUS IS FLOATED BY THE 8086 ONLY WHEN THE 8085 ENTERS A "HOLD ACKNOWLEDGE" STATE
TWO INTA CYCLES RUN BACK-TO-BACK, THE 8086 LOCAL ADDRIDATA BUS IS FLOATING DURING THE SECOND INTA CYCLE
SIGNALS AT 8284 OR 8288 ARE SHOWN FOR REFERENCE ONLY. -
THE IGNALS (MADC, MWTC, AMWC,JORC, IOWG,AIOWG, INTA, AND DEN) LAGS THE
ACTIVE HIGH 8288 CEN.

7. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED.

Figure 9. 8086 Bus Timing — Maximum Mode System (Using 8288)
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NOTE:
1. SETUP REQUIREMENTS FOR ASYNCHRONOUS SIGNALS ONLY TO GUARANTEE RECOGNITION AT NEXT CLK

Figure 10. Asynchronous Signal Recognition

r—Any CLK Cy:u—-{ fe—Any CLK Cycle —-l
! |

1 TCLAV |=— ——!TCLAV f—

LOCK

Figure 11. Bus Lock Signal Timing (Maximum Mode Only)

2:0-CLK Cycle TaorTy } Ti 2 0-CLK Cycle ——, T | T Ta
\ A.
(see note 2) (see note 3) (see note 4)
- ‘._ TCLGH

- —t
RQIGT / PULSE 1 PULSE 2 PULSE 3
RQIGT — =< —

MASTER RQ CPU GT MASTER GT
(see note 1)
Previous grant Master request is sampled by 8086 Master grant is sampled by 8086

NOTES: _
1. THE 8086 FLOATS S,,54,S) FROM 1.1.1 STATE ON THIS EDGE
2. THE 8086 FLOATS A, D, BUS RD AND COCK ON THIS EDGE

3. THE OTHER MASTER FLOATS Sy, 57, Sg FROM 1.1.1 STATE ON THIS EDGE
4. THE OTHER MASTER FLOATS A,Dy BUS, BHE, AND LOCK ON THIS EDGE

Figure 12. Request/Grant Sequence Timing (Maximum Mode Only)

2 1 CLK CYCLE— ——— 21 CLK CYCLE

CLK

(see note 1)

THVCH THVCH

HOLD

~ ¥ {
TCLHAV —0] TCLHAV

¢ —
¥ 3

HLDA
¢

"
¥ —4 ¥

NOTE:
1. BUS FLOATS ON THIS EDGE (SEE TCHDZ)

Figure 13. Hold/Hold Acknowledge Timing (Minimum Mode Only)
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INSTRUCTION SET SUMMARY

8086

DATA TRANSFER
MOV = Move: 76543210 76543210 76543210 76543210 DEC - Decrement: 76543210 76543210 155‘3210’«:;]‘831
Register/memory to/from register 100010dw|mod reg r/m Register/memory 1111111w|med001 r/m I ,{1
Immediate to register/memory 110001 1w |{md000 r/m data data if w-1 ] Register 01001 reg
Immediate to register 1011w reg data data if w=1 NEB=Change sign 111101 1w mod011 r/m [
Memory to accumulator 1010000w addr-low addr-high
Accumulator to memory 1010001 w addr-low addr-high CMP = Compare:
Register/memory to segment register [ 10001110 |mod0reg r/m Register/memory and register 001110d w |mod reg r/m
Segment register to register/memory [ 10001100 |mod0reg r/m Immediate with register/memory 100000sw|mod111 r/m data I data if s:w=01 |
Immediate with accumulator 0011110w data data if w=1 ]
PUSH = Push: AAS=ASCII adjust for subtract 00111111
Register/memory 11111111 ]mod110 r/m | DAS=Decimal adjust for subtract 00101111
Register 01010 reg MUL=Multiply (unsigned) 1111011w(mod100 r/m
Segment register 000reg110 IMUL=Integer multiply (signed) 111101 1w mod101 r/m
POP = Pop: AAM=ASCII adjust for multiply 11010100 /00001010
DIV=Divide (unsigned) 1111011w|mod110 r/m
Register/memory 10001111 1md000 r/m 1DIV-=Integer divide (signed) 111101 1w modi11 o/m
Register 01011 e AAD=ASCHI adjust for divide 11010101]00001010
Segment register 000reg 111 CBW=Convert byte to word 10011000
XCHG = Exchange: CWD=Convert word to double word (10011001
Register/memory with register [1 000011w Imod reg r/m
Register with |1 0010 reg I
IN/INW = Input to AL/AX from:
Fixed port [1110010w] port
Variable port 1110110w
LOGIC
OUT/OUTW - Output from AL/AX to: NOT=Invert 1111011 w|mod010 o/m
Fixed port 111001 1w pot | SHL/SAL=Shift logical/arithmetic left [11.0 100 v w[mod100 r/m
Variable port 1110111 w SHR=Shift logical right 110100vw[md101 r/m
XLAT=Translate byte to AL 11010111 SAR=Shift arithmetic right 110100vw|mod111 r/m
LEA=Load EA to register 10001101 |mod reg r/m ROL=Rotate left 110100V w|md0o00 r/m
LD8=Load pointer to DS 11000101 [mod reg r/m ROR=Rotate right 110100V w|md0o01 r/m
LES=Load pointer to ES 11000100 fmod reg r/m RCL=Rotate through carry flag left 110100vw|mod010 r/m
LAHF=Load AH with flags 10011111 RCR=Rotate through carry right 110100vw]|mod011 r/m
SAHF =Store AH into flags 10011110
PUSHF=Push flags 10011100 AND = And:
POPF=Pop flags 10011101 Reg./memory and register to either 0 w |mod reg r/m
5 18 w mod1 80 ifm data | dataitw-t |
001 ow data data it w=1_|
TEST = And function to flags, ne result:
ARITHMETIC Register/memory and register 1000010w {mod reg r/m
ADD = Add: Immediate data and register/memory {1111011w |mod000 r/m data [ dataifw=1_|
Reg./memory with register to either [0 00000d w|mod reg r/m data and 1010100w data data if w=1 ]
Immediate to register/memory 100000sw|mod0O0O r/m data l data if s:w=01 I
iate to 0000010w data data it w=1_| OR = Or:
Reg./memory and register to either 000010dw {mod reg r/m
ADC = Add with carry: Immediate to register/memory 1000000w |mod0 01 r/m data [ dataitw-1 ]
Reg./memory with register to either |000100d w|mod reg r/m iate to 0000110w data data if w=1 ‘
Immediate to register/memory 100000sw[mod010 r/m data | dataif sw=01 |
iate to 0001010w data data if w=1_| XOR = Exclusive or:
Reg./memory and register to either 001100dw |mod reg r/m
INC = Increment: Immediate to register/memory 1000000w [mod110 r/m data | dataifw=1 |
Register/memory 1111111w|mod000 r/m | iate to 0011010w data data if wi’
Register 01000 reg
AAA=ASCII adjust for add 00110111
DAA=Decimal adjust for add 00100111
SUB = Subtract:
Reg./memory and register to either 001010dw |mod reg r/m
Immediate from register/memory 100000sw|mod101 r/m data l data if s:w=01 | STRING MANIPULATION
from 0010110w data data it w=1_| WEP-Repeat 11110012
MOVB/MOVW=Move byte/word 1010010w
SBB = Subtract with borrow CMPB/CMPW=Compare byte/word 101001 1w
Reg./memory and register to either 000110dw|mod reg r/m SCAB/SCAW=Scan byte/word 1010111w
Immediate from register/memory 100000sw|mod011 r/m data I data if s:w=01 | LODB/LODW=Load byte/wd to AL/AX |1010110w
from 0001110w data data if w=1 I 8T0B/STOW=Stor byte/wd frm AL/A |1010101w

Mnemonics ©lntel, 1978
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CONTROL TRANSFER

CALL = Call: 76543210 76543210 76543210 76543210 76543210
Direct within segment 11101000 disp-low disp-high | ""’“‘;{“;gga‘,’" not below/above 9371190 11 disp
Indirect within segment 11111111 [mod010 o/m J“'E/“:::g"l};h'wg' below or 01110111 disp
Direct intersegment 10011010 offset-low offset-high l JNP/JPO=Jump on not par/par odd 01111011 disp
seg-low seg-high ] JNO=Jump on not overflow 01110001 disp
Indirect intersegment |1 1111111 {mod011 r/m JN8=Jump on not sign 01111001 disp
LOOP-Loop CX times 11100010 disp
JMP = Unconditional Jump: L00PZ/LOOPE=Loop while zero/equai |1 1100001 disp
Direct within segment 11101001 disp-low dusp~h(gh‘| momz/tg:rgj;:op while not 11100000 disp
Direct within segment-short 11101011 disp JEXE-dump on‘%x 2ero TTio001 Siop
Indirect within segment 11111111 1mod 100 r/m
Direct intersegment 11101010 offset-low offset-high ] INT = Interrupt
seg-low seg-high | Type specified 11001101 ype |
Indirect intersegment 11111111 mod 101 r/m Type 3 11001100
INTO=Interrupt on overflow 11001110
RET = Return from CALL: IRET=Interrupt return 11001111
Within segment 11000011
Within seg. adding immed to SP 11000010 datalow | datahigh |
Intersegment 11001011
Intersegment, adding immediate to SP{1 1001010 data-low data-high ] PROCESSOR CONTROL
JE/JZ=Jump on equal/zero 01110100 disp CLC=Clear carry 11111000
JL/JINGE=Jump on less/not greater .
or equal 01111100 disp CMC-Complement carry 11110101
JLE/JNB;i:;ngron less or equal/not 01111110 Gisp STC-Set carry 71111001
JB/IMAETJump on below/not above g 1110010 disp CLO=Clear direction 11111100
JBE/IMA=Jump on below or equal/ 91110110 disp STD=Set direction 11111101
JP/JPE=Jump on parity/parity even 01111010 disp CLI=Clear interrupt 11111010
J0=Jump on overflow 01110000 disp 8Ti=Set interrupt 11111011
J8=Jump on sign 01111000 disp HLT=Halt 11110100
JNE/JNZ=Jump on not equal/not zero (01110101 disp WAIT=Wait 10011011
NL/JBESdump o not less/greater (51771101 disp ESC-Escape (to external device) TT1011 x [mod x rm ]
SNLE/J8-Jurmp on not less or equall [g 1111111 disp LOCK-Bus lack prefix 71110000
Footnotes:
AL = 8-bit accumulator if s:w=01 then 16 bits of immediate data form the operand. .
AX = 16-bit accumulator if s:w =11 then an immediate data byte is sign extended to
CX = Count register form the 16-bit operand.
DS - Data sagment it v=0then “‘count’ =1; if v=1 then *‘count’" in (CL)
ES = Extra segment ! .
Above/below refers to unsigned value. x = don’t care
Greater = more positive; z is used for string primitives for comparison with ZF FLAG.
Less = less positive (more negative) signed values
ifd=1 thenp"to": if ((! = Oe(hergva"lrorzl" v SEGMENT OVERRIDE PREFIX
if w = 1 then word instruction; if w = 0 then byte instruction [f0irest110]
if mod = 11 then r/m is treated as a REG field REG is assigned according to the following table:
if mod = 00 then DISP = 0*, disp-low and disp-high are absent
if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 16Bit fw = 1) 8Bitw=0 Segment
it mod = 10 then DISP = disp-high: disp-low 000 AX 000 AL 00 ES
if r/m = 000 then EA = (BX) + (SI) + DISP g% g; g?g gIL' % gg
if r/m = 001 then EA = (BX) + (DI) + DISP 011 BX 011 BL 11 DS
if r/m = 010 then EA = (BP) + (SI) + DISP 100 SP 100 AH
if r/m = 011 then EA = (BP) + (DI) + DISP 11% gl: :% g:
if r/m = 100 then EA = (SI) + DISP 11 ol 11 BH

it r/m = 101 then EA = (DI) + DISP

if r/m = 110 then EA = (BP) + DISP*

if r/m = 111 then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before data if required)

*except if mod = 00 and r/m = 110 then EA = disp-high: disp-low.

Mnemonics © Intel, 1978

Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to

represent the file:

FLAGS = X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)
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intel
8282/8283
8-BIT INPUT/OUTPUT PORTS

s Fully Parallel 8-Bit Data Register and m 3-State Outputs
Buffer

m Transparent during Active Strobe
= Supports 8080, 8085, 8048, and 8086

m 20-Pin Package with 0.3” Center

Systems
s High Output Drive Capability for a No Output Low Noise when Entering
Driving System Data Bus or Leaving High Impedance State

The 8282 and 8283 are 8-bit bipolar latches with 3-state output buffers. They can be used to implement latches, buffers,
or multiplexers. The 8283 inverts the input data at its outputs while the 8282 does not. Thus, all of the principal periph-
eral and input/output functions of a microcomputer system can be implemented with these devices.

PIN CONFIGURATIONS LOGIC DIAGRAMS
Dig ] 1 207 Vee r— S, CLL N,
oiy[]2 19 [1] DOg — F— —
oiz[]3 18 [] DO4
nc she [ cilo
Dia[]s 16 [ 1003
pis[] 6 5282 16 gDOA
Dig[}7 14 |] D05
oz []e 13 [1006 <] e 'L 7 Z R 1] 7
el upoer (o OOy 1
GND (110 11[]sT8 @ _______ 4 w _______ 4 L @
N — ] . Z % +— N
7 b—————— I ) 72 P——————— I Zam
oucr ahvec EL H{) :1L H—{=)
o]z 190 P~ | bt——————— 1l <] r< | - 1l =
ol Ee L5 B @
Dig[]4 17002 P~ f——————= 4 <] <] [——————— 4 7
D“Csms“ jl?_"ﬁ;_s @‘ — JI: @ ,_| J"* @
e M SR b——————— ] 2 b——————— ™<]
o O e B B
O = OO = -
anp[] 10 1[]sT8 1 L _ _ I = 1 L in
7 A Zé ] <] A Zé 7N
PIN NAMES @ @ @ ) @

Dig-Diy | DATA IN
DOg-DO7 | DATA OUT

OE OUTPUT ENABLE
STB STROBE
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8282/8283

e

PIN DEFINITIONS

Pin Description

STB STROBE (Input). STB is an input control
pulse used to strobe data at the data input
pins (Ag-A;) into the data latches. This
signal is active HIGH to admit input data.
The data is latched at the HIGH to LOW

transition of STB.

OUTPUT ENABLE (Input). OE is an input
control signal which when active LOW
enables the contents of the data latches
onto the data output pin (Byp-B;). OE being
inactive HIGH forces the output buffers to
their high impedance state.

DATA INPUT PINS (Input). Data presented
at these pins satisfying setup time re-
quirements when STB is strobed and
latched into the data input latches.

Dlo-Di;

D.C. CHARACTERISTICS FOR 8282/8283
Conditions: Vec =5V + 5%, Ta=0°C to 70°C

e “'}

DOy-DO; DATA OUTPUT PINS ?Qiﬂ en CS is
(8282) true, the data in the cfﬁ;a*fatc( is pre-
DO,-DO; sented as inverted (8283)° ﬂi’ B0

(8283) (8282) data onto the data output Din

OPERATIONAL DESCRIPTION

The 8282 and 8283 octal latches are 8-bit latches with
3-state output buffers. Data having satisfied the setup
time requirements is latched into the data latches by
strobing the STB line HIGH to LOW. Holding the STB
line in its active HIGH state makes the latches appear
transparent. Data is presented to the data output pins by
activating the OE input line. When OE is inactive HIGH
the output buffers are in their high impedance state.
Enabling or disabling the output buffers will not cause
negative-going transients to appear on the data output
bus.

Symbol Parameter Min Max Units Test Conditions
Ve Input Clamp Voltage -1 ‘V Ic= -5mA
lcc Power Supply Current 160 mA
Ie Forward Input Current -0.2 mA Vg = 0.45V
Ir Reverse Input Current 50 uA Vg = 5.25V
VoL Output Low Voltage 0.50 \" loL = 32 mA
Von Output High Voltage 24 v loh = —5mMA
lorr Output Off Current 50 A Vorr = 0.45t05.25V
Vi Input Low Voltage 0.8 v \Vec=5.0V  See Note 1
Vin Input High Voltage 20 \" Vec=5.0V  See Note 1
F=1MHz
Cin Input Capacitance 12 pF Vgias= 2.5V, Vg =5V
Ta=25°C
Notes: 1. Output Loading loL=382mA, Igy= -5mA, CL=300 pF
A.C. CHARACTERISTICS FOR 8282/8283
Conditions: Vcc=5V+5%, To=0°C to 70°C
Loading: Outputs — lg. = 32 mA, loy = —5mA, C_ = 300 pF
Symbol Parameter Min Max Units
TIVOV Input to Output Delay
Inverting 25 ns
Non-Inverting 35 ns
TSHOV STB to Output Delay
Inverting 45 ns
Non-Inverting 55 ns
TEHOZ Output Disable Time 25 ns
TELOV Output Enable Time 10 50 ns
TIVSL Input to STB Setup Time 0 ns
TSLIX Input to STB Hold Time 25 ns

Notes: 1. See waveforms and test load circuit on following page.
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8282/8283

8282/8283 TIMING
INPUTS ><
e TivsL TSLIX
sTB 7[
OE
«TIvoV--] TEHOZ TELOV
ouTPUTS < — Nou-08V___
SEE NOTE 1
TSHOV

NOTE: 1.8283 ONLY — OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING THE HIGH GOING STB TRANSITION.
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED

OUTPUT TEST LOAD CIRCUITS

1.5V 1.5V 2.14v

33Q 180Q 52.7Q
ouT out ouT

IWJPF ISOOPF 300 pF

3.STATE TO VoL 3.STATE TO Vou SWITCHING
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intal

CLOCK GENERATOR AND DRIVER

8284
FOR 8086 CPU

= Generates the System Clock for the = Generates System Reset Output from

8086

Schmitt Trigger Input

m Uses a Crystal or a TTL Signal for Fre- 4 proyides Local Ready and MULTIBUS™

quency Source

= Single + 5V Power Supply

m 18-Pin Package

Ready Synchronization

a Capable of Clock Synchrdnization with
other 8284’s

The 8284 is a bipolar clock generator/driver designed to provide clock signals for the 8086 CPU and peripherals. It also
‘contains READY logic for operation with two MULTIBUS™ systems and provides the 8086’s required READY synchro-
nization and timing. Reset logic with hysteresis and synchronization is also provided.

8284 PIN CONFIGURATION

CYSNC ]
PCLK [
AEN1[]
RDY1 ]

READY ]
RDY2 ]
AENz [}

cLK [

ano ]

1 Vee

2 X1

3 X2

4 TNK

5 EFI

6 FIC

7 osc

8 RES

9 RESET

X1

X2
TANK
FIC
EFI
CSYNC
RDY1 |
RDY2/
AEN1
aew |
RES
RESET
osc
CLK
PCLK
READY
Vee
GND

8284 BLOCK DIAGRAM

ﬁs% D Q| —RESET
x1 —— ' —cK
XTAL
x2—— osci ' Do osc
LATOR Ll
TANK
A f— .ok
FIC
+3 b
£Fl SYNC
SYNC
CSYNC. ]

RDY1
AEN1 READY
SYNC |———~READY
AEN2 ———————D LoGic
RDY2

8284 PIN NAMES

CONNECTIONS FOR CRYSTAL

USED WITH OVERTONE CRYSTAL
CLOCK SOURCE SELECT
EXTERNAL CLOCK INPUT

CLOCK SYNCHRONIZATION INPUT

READY SIGNAL FROM TWO MULTIBUS™ SYSTEMS

ADDRESS ENABLED QUALIFIERS FOR RDY1,2

RESET INPUT

SYNCHRONIZED RESET OUTPUT
OSCILLATOR OUTPUT

MOS CLOCK FOR 8086

TTL CLOCK FOR PERIPHERALS
SYNCHRONIZED READY OUTPUT
+5VOLTS

0 VOLTS

© INTEL CORPORATION, 1978

June 1978
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PIN DEFINITIONS

Pin

[ o]

Definition

RDY1,
RDY2

READY

X1, X2,
TNK

FIC

EFI

CLK

PCLK

ADDRESS ENABLE. AEN is an active
LOW signal. AEN serves to qualify its
respective Bus Ready Signal (RDY1 or
RDY2). AEN1 validates RDY1 while AEN2
validates RDY2. Two AEN signal inputs
are useful in system configurations
which permit the processor to access
two Multi-Master System Busses. In non
Multi-Master configurations the AEN
signal inputs are tied true (LOW).

BUS READY (Transfer Complete). RDY is
an active HIGH signal which is an indica-
tion from a device located on the system
data bus that data has been received, or
is available. RDY1 is qualified by AEN1
while RDY2 is qualified by AEN2.

READY. READY is an active HIGH signal
which is the synchronized RDY signal in-
put. Since RDY occurs asynchronously
with respect to the processor’s clock
(CLK) it is necessary for them to be syn-
chronized before being presented to the
processor. READY is cleared after the
guaranteed hold time to the processor
has been met.

CRYSTAL IN. X1 and X2 are the pins to
which a crystal is attached with TNK
(TANK) serving as the overtone input.
The crystal frequency is 3 times the
desired processor clock frequency.

FREQUENCY/CRYSTAL SELECT. F/C is
a s_trapping option. When strapped LOW,
F/IC permits the processor’s clock to be
generated by the crystal. When FIC is
strapped HIGH, CLK is generated from
the EFI input.

EXTERNAL FREQUENCY IN. When FIC
is strapped HIGH, CLK is generated from
the input frequency appearing on this
pin. The input signal is a square wave 3
times the frequency of the desired CLK
output.

PROCESSOR CLOCK. CLK is the clock
output used by the processor and all
devices which directly connect to the
processor’s local bus (i.e., the bipolar
support chips and other MOS devices).
CLK has an output frequency which is
1/3 of the crystal or EFl input frequency
and a 1/3 duty cycle. An output HIGH of
4.5 volts (Voc=5V) is provided on this
pin to drive MOS devices.

PERIPHERAL CLOCK. PCLK is a TTL
level peripheral clock signal whose out-
put frequency is 1/2 that of CLK and has
a 50% duty cycle.

Pin {[o]

OSCILLATOR OUTPUT. ésg:
Ievel output of the mternat:os’e;l

the crystal
RESET IN. RES is an active LOW s‘

8284 provides a Schmitt trigger input so
that an RC connection can be used to
establish the power-up reset of proper
duration.

RESET. Reset is an active HIGH signal
which is used to reset the 8086 family
processors. Its timing characteristics
are determined by RES.

CLOCK SYNCHRONIZATION. CSYNC is
an active HIGH signal which allows mul-
tiple 8284’s to be synchronized to pro-
vide clocks that are in phase. When
CSYNC is HIGH the internal counters are
reset. When CSYNC goes LOW the in-
ternal counters are allowed to resume
counting. CSYNC needs to be externally
synchronized to EFI. When using the in-
ternal oscillator CSYNC should be hard-
wired to ground.

Ground
+ 5V supply

RESET O

CSYNC |

GND
Vee

FUNCTIONAL DESCRIPTION

GENERAL

The 8284 is a single chip clock generator/driver for the
8086 CPU. The chip contains a crystal controlled
oscillator, a “divide by three”” counter, complete MULTI-
BUSTM “Ready” synchronization and reset logic.

OSCILLATOR

The oscillator circuit of the 8284 is designed primarily
for use with an external series resonant, fundamental
mode, crystal from which the basic operating frequency
is derived. However, overtone mode crystals can be
used with a tank circuit as shown in Figure 1.

The crystal frequency should be selected at three times
the required CPU clock. X4 and X, are the two crystal
input crystal connections.

The output of the oscillator is buffered and brought out
on OSC so that other system timing signals can be
derived from this stable, crystal-controlled source.
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osc

I m—
= —cuk
X2 I PCLK
37010 pF| 8284
Vee

L
AES RESET
":L—o AES y——~
:_ ——————————— -
|
| =
= —L ! usep witH ovERTONE

: 2n/TCy g c | cRYSTALS ONLY

8P T i
| I I |
L= _ = __

The tank input to the oscillator allows the use of overtone mode crys-
tals. The tank circuit shunts the crystal’s fundamental and high overtone
frequencies and allows the third harmonic to oscillate. The external LC
network is connected to the TANK input and is AC coupled to ground.

Figure 1
CLOCK GENERATOR

The clock generator consists of a synchronous divide-
by-three counter with a special clear input that inhibits
the counting. This clear input (CSYNC) allows the out-
put clock to be synchronized with an external event
(such as another 8284 clock). It is necessary to synchro-
nize the CSYNC input to the EFI clock external to the
8284. This is accomplished with two Schottky flip-flops.
(See Figure 2.) The counter output is a 33% duty cycle
clock at one-third the input frequency.

The FIC input is a strapping pin that selects either the
crystal oscillator or the EFl input as the clock for the + 3
counter. If the EFl input is selected as the clock source,
the oscillator section can be used independently for
another clock source. Output is taken from OSC.

CLOCK
SYNCHRONIZE

EF1 )>—4

(TO OTHER 8284s)

Figure 2. CSYNC Synchronization

CLOCK OUTPUTS

The CLK output is a 33% duty cycle MOS clock driver
designed to drive the 8086 processor directly. PCLK is a
TTL level peripheral clock signal whose output fre-
quency is 1/2 that of CLK. PCLK has a 50% duty cycle.

RESET LOGIC

The reset logic provides a Schmitt trigger input (RES)
and a synchronizing flip-flop to generate the reset tim-
ing. The reset signal is synchronized to the falling edge
of CLK. A simple RC network can be used to provide
power on reset by utilizing this function of the 8284.

READY SYNCHRONIZATION

Two READY inputs (RDY1, RDY2) are provided to
accomomodate two Multi-Master system busses. Each
input has a qualifier (AEN1 and AEN2, respectively). The
AEN signals validate their respective RDY signals. If a
Multi-Master system is not being used the AEN pin
should be tied LOW.

The READY output is an active HIGH signal which is the
synchronized RDY1 or RDY2 input. Since RDY1 and
RDY2 occur asynchronously with respect to the proces-
sor's clock (CLK), it is necessary to synchronize them
before presenting them to the processor to insure they
meet the required set-up time. The READY logic does
this job and also guarantees the required hoid time
before clearing the READY signal.

D.C. CHARACTERISTICS FOR 8284
Conditions: Tp=0°C to 70°C; Vgc =5V 10%

Symbol Parameter Min Max Units Test Conditions
g Forward Input Current -05 mA | Vg=0.45V
Ir Reverse Input Current 50 uA |VR=5.25V
Ve Input Forward Clamp Voltage -1.0 Vv lc=-5mA
lcc Power Supply Current 140 mA
Vi Input LOW Voltage 0.8 v Vee=5.0V
ViH Input HIGH Voltage 20 v Vee=5.0V
ViHg Reset Input HIGH Voltage 2.6 V  |Vgec=5.0vV
VoL Output LOW Voltage 0.45 \" 5 mA
Vou Output HIGH Voltage CLK 4 \" -1mA

Other Outputs 2.4 v -1mA
Ving-ViLg | RES Input Hysteresis 0.25 V  |Vcge=5.0V
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A.C. CHARACTERISTICS FOR 8284
Conditions: Ta=0°C to 70°C; Vcc=5V = 10%
TIMING REQUIREMENTS

Symbol Parameter Min Max Units

TEHEL External Frequency High Time 20

TELEH External Frequency Low Time 20

TELEL EF| Period TEHEL+ TELEH + 4 ns (Note 1)
XTAL Frequency 12 25 MHz

TRIVCL RDY1, RDY2 Set-Up to CLK 45 ns

TCLR1X RDY1, RDY2 Hold to' CLK 0 ns

TATVR1V AENT, AENZ Set-Up to RDY1, RDY2 15 ns

TCLA1X AENT, AEN2 Hold to CLK ] ns

TYHEH CSYNC Set-Up to EFI 20 ns

TEHYL CSYNC Hold to EFI 20 ns

TYHYL CSYNC Width 2-TELEL ns

TCLIH RES Set-Up to CLK 65 ns (Note 2)

TIHHCL RES Hold to CLK 20 ns (Note 2)

TIMING RESPONSES

Symbol Parameter Min Max Units Test Conditions
TCLCL CLK Cycle Period 125 ns
TCHCL CLK High Time ("ATCLCL)-1.0 ns
TCLCH CLK Low Time (#TCLCL) - 15.0 ns
Ig['ﬁgﬂz CLK Rise and Fall Time 10 ns 1.0V to 3.5V
TPHPL PCLK High Time TCLCL-20 ns
TPLPH PCLK Low Time TCLCL - 20 ) ns
TRYLCL Ready Inactive to CLK (See Note 4) 5-15 ns
TRYHCH Ready Active to CLK (See Note 3) 110 ns
TCHRYX CLK to Ready Invalid (See Note 3) -~ 30 ns
TCLIL CLK to Reset Delay 40 ns

Note: 1. d=EFI| rise + EFI fall.
3. Applies only to TS and TW states.
4. Applies only to T2 states.

—| [=-TeLzcLt ’-—rcl.cnﬁ| ’._.| TCHCL

EFI |
Clk o

e B WAW AW
\ ’ \«*WLcL—;\
TCHICH2 —] |=—
\ ' e———TPLIPH1——»|
POl O — «—TCLRIX o—-rpnzpu———:]
TRIVCL—~| -
RDY 2 1 ){
] TAIRIV—] o | |-TeLax
AENIZ | / X X
/ TRYLCL—>]  fo—
X 1
READY O TCHRYX——=] [=—
| X
TYHEH—= TRYHCH————»
i TEHYL
CSYNC | . . +—TCLI1N——}—~TI1NCL——
RES 1 e TYHPL—| \ ’
—{ TeLL [+—

RESET O ...———-———-——./ \_

ALL TIMING MEASUREMENTS ARE MADE AT 1.5 VOLTS, UNLESS OTHERWISE NOTED

Figure 3
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8286/8287

8-BIT PARALLEL BIDIRECTIONAL BUS DRIVERS

a Data Bus Buffer Driver for MCS-86TM, s 3-State Outputs
MCS-80™, MCS-85T™, and MCS-48™

= High Output Drive Capability for ® 20-Pin Package with 0.3” Center

Driving System Data Bus

s No Output Low Noise when Entering
s Fully Parallel 8-Bit Transceivers or Leaving High Impedance State

The 8286 and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 inverts the input data at its outputs
while the 8286 does not. Thus, a wide variety of applications for buffering in microcomputer systems can be met.

PIN CONFIGURATIONS LOGIC DIAGRAMS
Ao} 20[JVee I————’z_“_____] 1
A2 19[]Bo . | | "
A2(]3 18 [] B4 m | : :
As[]4 17|82 o o
As]s o288 1° 183 | 4 - @l @
e N ot 2o ;_ CELLA,
As[]7 wfdss 220 Py |Fm = 7 o
A7 138 @—:L CEL“[_ Q @
wde wbY O = L) H-T=)
GND [ 10 nQgr [N >—i i—< 5 2
CELLA
O=: {65 5
—U — JF—____EE&tlL — CELLLlL“ '
ods ope Ony e &
A2 191 Bo M _ CELLA @
A2(]s 18] 61 L - @ H-§ ‘
od: i = @_H e —— _cmuab ceraH
Aal}s 8287 18%85 :@: y g @ 0 @
o’ 2t H ceuals CELLA
As]7 14185 b——————— T — A @‘
A7[]s 13[ 186 @_—l m &)
oe]e 12187 M __CELLA
GND [} 10 nrT
OF
PIN NAMES [ @ B

Ag-A7 | LOCAL BUS DATA
Bo-B7 | SYSTEM BUS DATA
OE OUTPUT ENABLE
T TRANSMIT
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PIN DEFINITIONS

Pin

Description

T

Ag-A7

TRANSMIT (Input). T is an input control
signal used to control the direction of the
transceivers. When HIGH, it configures the
transceiver’'s Bo-B7 as outputs with Ag-A7
as inputs. T LOW configures Ag-A; as the
outputs with Bo-B7 serving as the inputs.

OUTPUT ENABLE (Input). OE is an input
control signal used to enable the appropri-
ate output driver (as selected by T) onto its
respective bus. This signal is active LOW.

LOCAL BUS DATA PINS (Input/Output).
These pins serve to either present data to
or accept data from the processor’s local

Bo-B7

_(8286)

Bo-B7
(8287)

OPERATIONAL DESCRIPTION -

SYSTEM BUS DAT’*A,,'PlN
These pins serve to eithgl ;pre&
or accept data from the ‘gystert
pending upon the state of the: 1.t

The 8286 and 8287 transceivers are 8-bit transceivers
with high impedance outputs. With T active HIGH and
OE active LOW, data at the Ag-A7 pins is driven onto the
Bo-B; pins. With T inactive LOW and OE active LOW,
data at the Bg-B; pins is driven onto the Ag-A7 pins. No
output low glitching will occur whenever the trans-
ceivers are entering or leaving the high impedance

bus depending upon the state of the T pin. state.
D.C. CHARACTERISTICS FOR 8286/8287
Conditions: Vg = 5V £5%, T, = 0°C to 70°C

Symbol Parameter Min Max Units Test Conditions

Ve input Ciamp Voitage =i Vv ic=-5mA

lcc Power Supply Current—8287 95 mA
—8286 135 mA

Ie Forward Input Current -0.2 mA Ve=0.45V

Ir Reverse Input Current 50 uA Vg=5.25V

Vor Output Low Voltage —B Outputs 0.5 \" lor=32 mA
—A Outputs 0.5 v lo=10 mA

VoH Output High Voltage —B Outputs 2.4 Vv lo=-5mA
—A Outputs 24 Vv lon=-1mA

lorr Output Off Current IF Vogg = 0.45V

lorr Output Off Current IR Vorr=5.25V

ViL Input Low Voltage  —A Side 0.8 \" Vce=5.0V, See Note 1
—B Side 0.9 v Vcc=5.0V, See Note 1

ViH Input High Voltage 2.0 Vv Vec=5.0V, See Note 1

F=1MHz
CiN Input Capacitance 12 pF VBIAS =25V, Vcc =5V
Ta=25°C

Note: 1. B Outputs — Ig =32 mA, IoH=

A.C. CHARACTERISTICS FOR 8286/8287
Conditions: Vg = 5V £5%, Tp = 0°C to 70°C

-5 mA, C_=300 pF A Outputs — I =16 mA, Igy=-1 mA, C_=100 pF

Loading: B Outputs — I = 32 mA, loy = -5 mA, C_ = 300 pF
A Outputs — Ig. = 16 mA, lgy = =1 mA, C_ = 100 pF
Symbol Parameter Min Max Units Test Conditions
TIiVOV Input to Output Delay
Inverting 25 ns (See Note 1)
Non-Inverting 35 ns
TEHTV Transmit/Receive Hold Time TEHOZ ns
TTVEL Transmit/Receive Setup 30 ns
TEHOZ Output Disable Time 25 ns
TELOV Output Enable Time 10 50 ns

Note: 1. See waveforms and test load circuit on following page.
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8286/8287 TIMING
INPUTS x
* /f N
LT}VOV — TEHOZ | TELOV—=| -
VoH - 0.5V
OUTPUTS ——— ——
|e——— TEHTV t«—TTVEL
T
NOTE: 1. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED.
TEST LOAD CIRCUITS
1.5v 1.5V 2.14V
33Q 66Q 52.7Q

out

P
g

3.STATE TO VoL

B OUTPUT

1.5V

180Q

out

300 pF

N

3.STATE TO Vo

B OUTPUT

out

I1oo pF

3.STATE TO Vo,

A OUTPUT

900Q

out

IwouF

3-STATE TO Vo

A OUTPUT

out

300 pF

N

SWITCHING

B OUTPUT

SWITCHING

A OUTPUT
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BUS CONTROLLER FOR THE 8086 CPU

8288

= Bipolar Drive Capability a 3-State Command Output Drivers

= Provides Advanced Commands n Configurable for Use with an 1/O Bus

m Provides Wide Flexibility in System
Configurations

a Facilitates Interface to One or Two
Multi-Master Busses

The Intel® 8288 Bus Controller is a 20-pin bipolar component for use with medium-to-large 8086 processing systems.
The bus controller provides command and control timing generation as well as bipolar bus drive capability while
optimizing system performance.

A strapping option on the bus controller configures it for use with a multi-master system bus and separate 1/O bus.

PIN CONFIGURATION

|oad 1 20 vee
ck [ 2 19[]se
si]s 18[]s2
BLOCK DIAGRAM prR[]4 17 [ MCE/PDEN
ALE(]S 28 16 | DEN
- 8:
Aen[] 6 15 [JCeN
So MRDC mRDC[] 7 14 [ ]INTA
8086 STATUS MWTC AMWC
status | o1 DECODER com. MWTC Amwc ] 8 13 []16RC
S2 MAND AMWC | myLTiBUS™ mMwTc (]9 12 [] Ajowc
SIGNAL IORDC [ofe]
GENER. owe | S'GNALS ano [ 10 1 [Jiowc
ATOR
AIOWC

L
—

FUNCTIONAL PIN-OUT

GND vce
CLK DT/IR
P CONTROL ADDRESS LATCH, DATA
CONTROL } AEN CONTROL [~ SIGNAL DEN TRANSCEIVER, AND
INPUT | cen LOGIC GENER- MCE/PDEN [ INTERRUPT CONTROL
o8 ATOR ALE SIGNALS 1% ATOWE b=
PROCESSOR
status ) 7151 RMWC [~
l I - §i IOWC |~
COMMAND
+5V GND MWTC [  gus
M -
a8 ORC |—
~| AEN INTA |~
CONTROL } =] CLK
INPUT | o108 DTR |~
~{CEN ALE = | CONTROL
MCE/PDEN | [ OUTPUT
DEN |~
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PIN DEFINITIONS

Name

Function

CLK

ALE

DT/R

|

>
m
Z

10B

+ 5V supply.
Ground.

Status Input Pins: These pins are the
status input pins from the 8086 proc-
essor. The 8288 decodes these in-
puts to generate command and con-
trol signals at the appropriate time.
When these pins are not in use (pas-
sive) they are all HIGH. (See chart
under Command and Control Logic.)

Clock: This is a clock signal from the
8284 clock generator and serves to
establish when command and con-
trol signals are generated.

Address Latch Enable: This signal
serves to strobe an address into the
address latches. This signal is active
HIGH and latching occurs on the fall-
ing (HIGH to LOW) transition. ALE is
intended for use with transparent D
type latches.

Data Enable: This signal serves to
enable data transceivers onto either
the local or system data bus. This
signal is active HIGH.

Data Transmit/Receive: This signal
establishes the direction of data
flow through the transceivers. A
HIGH on this line indicates Transmit
(write to I/O or memory) and a LOW
indicates Receive (Read).

Address Enable: AEN enables com-
mand outputs of the 8288 Bus Con-
troller at least 85 ns after it becomes
active (LOW). AEN going inactive im-
mediately 3-states the command out-
put drivers. AEN does not affect the
1/0 command lines if the 8288 is in
the /O Bus mode (1OB tied HIGH).

Command Enable: When this signal
is LOW all 8288 command outputs
and the DEN and PDEN control out-
puts are forced to their inactive
state. When this signal is HIGH,
these same outputs are enabled.

Input/Output Bus Mode: When the
10B is strapped HIGH the 8288 func-
tions in the I/0 Bus mode. When it is
strapped LOW, the 8288 functions in
the System Bus mode. (See sections
on I/O Bus and System Bus modes).

IOWC

AMWC

MWTC

MCE/PDEN

Advanced /O Write @omgm
AIOWC issues an /0™ >
mand earlier in the machm@cygl
give 1/0O devices an early mcffc;hg J
of a write instruction. Its tlmm’g,rs
the same as a read command sngnal
ATOWC is active LOW.

1/0 Write Command: This command
line instructs an I/O device to read
the data on the data bus. This signal
is active LOW.

1/0 Read Command: This command
line instructs an 1/O device to drive
its data onto:the data bus. This
signal is active LOW.

Advanced Memory Write Command:
The AMWC issues a memory write
command earlier in the machine cy-
cle to give memory devices an early
indication of a write instruction. Its
timing is the same as a read com-
mand signal. AMWC is active LOW.

Memory Write Command: This com-
mand line instructs the memory to
record the data present on the data
bus. This signal is active LOW.

Memory Read Command: This com-
mand line instructs the memory to
drive its data onto the data bus. This
signal is active LOW.

Interrupt Acknowledge: This com-
mand line tells an interrupting device
that its interrupt has been acknow!-
edged and that it should drive vector-
ing information onto the data bus.
This signal is active LOW.

This is a dual function pin.

MCE (IOB is tied LOW): Master Cas-
cade Enable occurs during an inter-
rupt sequence and serves to read a
Cascade Address from a master PIC
(Priority Interrupt Controller) onto
the data bus. The MCE signal is ac-
tive HIGH.

PDEN (IOB is tied HIGH): Peripheral
Data Enable enables the data bus
transceiver for the I/O bus during /O
instructions. It performs the same
function for the I/O bus that DEN per-
forms for the system bus. PDEN is
active LOW.
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COMMAND AND CONTROL LOGIC

The command logic decodes the three 8086 CPU status
lines (Sg, Sy, Sy to determine what command is to be
issued.

This chart shows the meaning of each status “word”.

S5, 5§, § 8086 State 8288Command
0 O O InterruptAcknowledge INTA

0 0 1 Readl/OPort IORC

0 1 0 Writel/OPort IOWC,AIOWC
0 1 1 Halt None

1 0 0 CodeAccess MRDC

1 0 1 ReadMemory MRDC

1 1 0 WriteMemory MWTC,AMWC
1 1 1 Passive None

The command is issued in one of two ways dependent
on the mode of the 8288 Bus Controller.

1/0O Bus Mode — The 8288 is in the /O Bus mode if the
I0B pin is strapped HIGH. In the /O Bus mode ail /O
command lines (IORC, I(OWC, AIOWC, INTA) are always
enabled (i.e., not dependent on AEN). When an 1/O com-
mand is initiated by the processor, the 8288 immediately
activates the command lines using PDEN and DT/R to
control the 1/O bus transceiver. The /O command lines
should not be used to control the system bus in this
configuration because no arbitration is present. This
mode allows one 8288 Bus Controller to handle two ex-
ternal busses. No waiting is involved when the CPU
wants to gain access to the I/O bus. Normal memory ac-
cess requires a “Bus Ready” signal (AEN LOW) before it
will proceed. It is advantageous to use the IOB mode if
/0 or peripherals dedicated to one processor exist in a
multi-processor system.

System Bus Mode — The 8288 is in the System Bus
mode if the I0B pin is strapped LOW. In this mode no
command is issued until 85 ns after the AEN Line is ac-
tivated (LOW). This mode assumes bus arbitration logic
will inform the bus controller (on the AEN line) when the
bus is free for use. Both memory and /O commands
wait for bus arbitration. This mode is used when only
one bus exists. Here, both I/O and memory are shared by
more than one processor.

Command Outputs

The advanced write commands are made available to in-
itiate write procedures early in the machine cycle. This
signal can be used to prevent the 8086 CPU from enter-
ing an unnecessary wait state.

The command outputs are:

MRDC — Memory Read Command

MWTC — Memory Write Command

IORC — I/0 Read Command

IOWC — I/0 Write Command

AMWC — Advanced Memory Write Command

AIOWC — Advanced /O Write Command
INTA — Interrupt Acknowledge

INTA (Interrupt Acknowledge) acts.as a
an interrupt cycle. Its purpose is in
rupting device that its interrupt is belr'ig‘
and that it should place vectoring informatién. o
data bus.

2
ﬁ%& ad dgring

Control Outputs

The control outputs of the 8288 are Data Enable (DEN),
Data Transmit/Receive (DT/R) and Master Cascade
Enable/Peripheral Data Enable (MCE/PDEN). The DEN
signal determines when the external bus should be
enabled onto the local bus and the DT/R determines the
direction of data transfer. These two signals usually go
to the chip select and direction pins of a transceiver.

The MCE/PDEN pin changes function with the two
modes of the 8288. When the 8288 is in the IOB mode
(10B HIGH) the PDEN signal serves as a dedicated data
enable signal for the /O or Peripheral System bus.

Interrupt Acknowledge and MCE

The MCE signal is used during an interrupt acknowl-
edge cycle if the 8288 is in the System Bus mode (I0B
LOW). During any interrupt sequence there are two inter-
rupt acknowledge cycles that occur back to back. Dur-
ing the first interrupt cycle no data or address transfers
take place. Logic should be provided to mask off MCE
during this cycle. Just before the second cycle begins
the MCE signal gates a master Priority Interrupt Con-
troller's (PIC) cascade address onto the processor’s
local bus where ALE (Address Latch Enable) strobes it
into the address latches. On the leading edge of the
second interrupt cycle the addressed slave PIC gates an
interrupt vector onto the system data bus where it is
read by the processor.

If the system contains only one PIC, the MCE signal is
not used. In this case the second Interrupt Acknowledge
signal gates the interrupt vector onto the processor bus.

Address Latch Enable and Halt

Address Latch Enable (ALE) occurs during each
machine cycle and serves to strobe data into the ad-
dress latches. ALE also serves to strobe the status (So,
S5, §;) into a latch within the 8288. For this reason an
ALE occurs when entering a halt state.

Command Enable

The Command Enable (CEN) input acts as a command
qualifier for the 8288. If the CEN pin is high the 8288
functions normally. If the CEN pin is pulled LOW, all
command lines are held in their inactive state (not
3-state). This feature can be used to implement memory
partitioning and to eliminate address conflicts between
system bus devices and resident bus devices.
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D.C. CHARACTERISTICS FOR THE 8288
Conditions: Ve = 5V +10%, Ta = 0°C to 70°C

Symbol Parameter Min Max Units
Ve Input Clamp Voltage -1 \
lcc Power Supply Current 170 mA
I Forward Input Current -0.7 mA Vg = 0.45V
Ig Reverse Input Current 50 uA Vg = 5.25V
VoL Output Low Voltage
Command Outputs 5 \" loL = 32 mA
Control Outputs 5 Vv loo = 16 mA
Von Output High Voltage
Command Outputs 24 \ lon = —5mA
Control Outputs 24 Vv loy = —1mA
ViL Input Low Voltage 0.8 \
Vin Input High Voltage 20 \
lorr Output Off Current 100 uA Vorr = 0.4 t0 5.25V
A.C. CHARACTERISTICS FOR THE 8288
Conditions: Voo = 5V £10%, Tp = 0°Cto 70°C
TIMING REQUIREMENTS
Symbol Parameter Min Max Unit Loading
TCLCL CLK Cycle Period 125 ns
TCLCH CLK Low Time 66 ns
TCHCL CLK High Time 40 ns
TSVCH Status Active Setup 65 TCLCL-10 ns
TSHCL Status Inactive Setup 55 TCLCL-10 ns
TIMING RESPONSES
Symbol Parameter Min Max | Unit Loading
TCVNV Control Active Delay 5 45 ns
TCVNX Control Inactive Delay 10 45 ns
TCLLH,TCLMCH ALE MCE Active Delay (from CLK) 15 ns
TSVLH,TCLMCH ALE MCE Active Delay (from Status) 15 ns |
TCHLL,TCLMCL ALE MCE Inactive Delay 15 ns :\%C
TCLML Command Active Delay 10 35 ns | MWTC loL = 32 mA
TCLMH Command Inactive Delay 10 40 ns ;%C 'COLH: :3—(;()2;).?:A
TCHDTL Direction Control Active Delay 50 ns AMWC
TCLDTH Direction Control Inactive Delay 30 | ns | AIOWC
TAELCH Command Enable Time 40 ns loL = 16 MA
TAEHCZ Command Disable Time 40 | ns | Other {'é)H e 1 ":“A
TAELCV Enable Delay Time 105 | 275 | ns L=
TAEVNV AEN to DEN 20 ns
TCEVNV CEN to DEN, PDEN 20 ns
TCELRH CEN to Command TCLML| ns
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8288 TIMING DIAGRAM

STATE Ta T T2
TeLCL
l—TCLCH—]
CLK 7 3 7
— TSVCH [+=— TCHCL—|
%55 \ X&
ADDR WRITE
ADDRESS/DATA X VALID X HATO
leT
TOLLH—= =] }4——'—7 s ot
ALE ;(
—|  je—TCLMH
WRDC, IOAC, INTA /
AMWC, Al
— TCLML — TCLML
—»|  je—TCUNV
peN(READ) /
(INTA) /
TCVNX—
SBEN(READ) \
PDEN'iNTA) N\
TCVNV—
DEN (WRITE)
— TCVNX
FOEN (WRITE)
TCHDTH—|
DT/R (READ)
—_—
— LTCHDTL
1
e /T[ ® TCHDTH—]
TCLMCH—| "‘_. TSVMCH Tetme
NOTES:

1. ADDRESS/DATA BUS IS SHOWN ONLY FOR REFERENCE PURPOSES.
2. LEADING EDGE OF ALE AND MCE IS DETERMINED BY THE FALLING EDGE OF CLK OR STATUS GOING ACTIVE, WHICHEVER OCCURS LAST.
3. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS SPECIFIED OTHERWISE.
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DEN, PDEN QUALIFICATION TIMING

AEN
TAEvnvq
DEN
e———TCEVNV
PDEN

8288 ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE)

\ TAEVCV
REN ‘5" 1.5V
TAELCV TAEHCZ
[ 0.5V
VoH i von
OUTPUT / \\_
COMMAND K 7 t
’oTCELRH>
CEN
\I[/ \
S N
ICELRH—] - — e —  —— —————————— ———— — —— -
TEST LOAD CIRCUITS
b 18V 2.14v 2.28V

I 300 pF IZ’OO pF 80 pF

180Q 33Q 52.7Q 1140
out out outr out
Isoo oF I

COMMAND OUTPUT
3.STATE TO HIGH 3.STATE TO LOW CONTROL OUTPUT
TESY LOAD TEST LOAD

3-STATE COMMAND OUTPUT
EST LOAD

5-38



in

8259A :
PROGRAMMABLE INTERRUPT CONTROLLER

= MCS-86™ Compatible s Programmable Interrupt Modes

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

= Expandable to 64 Levels m 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 real 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
3 INTA INT
s N~ = (Ve
wr(] 2 27 Ay ~
RD[]3 26 [JINTA
o,[]s 25 [11R7
DATA CONTROL LOGIC
D5 24 []1R6 D7_Du\'/‘:> AT /‘\:>
b e 23[71RS BUFFER
0,07 22[]1R4
8259A
o, s 21 [JIR3
o, 20 [11R2 §
o, 10 19 ﬁl l h I
D, O 11 18 [J 1RO B ) - e RO
caso ] 12 17 [JINT RD —=O) l«<—IR1
—— WR — READ/
cas1[]13 16 [ SF/EN WR—"  Rie  |~—e IN- inTerrupTf*'R2
o AS 2 LOGIC SERVICE PRIORITY REQUEST [+—IR3
GND(}14 151C Ag —| REG RESOLVER REG |«—IR4
(ISR) (RR) |, |ps
- ? <—IR6
cs j«—1R7
PIN NAMES
D,-Dy DATA BUS (BI-DIRECTIONAL)
"D READ INPUT CASO =——» <:’> . INTERRUPT MASK REG
= CASCADE (IMR)
WR WRITE INPUT cAs1 «<—] BUFFER; |=—
Ay COMMAND SELECT ADDRESS COMPARATOR
— CAS2 <—>
cs CHIP SELECT
CAS2.CASO CASCADE LINES ? N
SP/EN SLAVE PROGRAM INPUT/ENABLE SR/EN \,NTERNAL BUS
INT INTERRUPT OUTPUT Ny
INTA INTERRUPT ACKNOWLEDGE INPUT
1R0-1R7 INTERRUPT REQUEST INPUTS
© Intel Corporation, 1978 June 1978
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A

INTERRUPTS IN MICROCOMPUTER
SYSTEMS

Microcomputer system design requires that /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 complete, 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 I/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

»a e;{
match his system requirements. Tﬁ@p

ﬁ{odes can

be changed or reconfigured dynamlca‘hy’a'.;

dur-
ing the main program. This means that fhga €ol in-
terrupt structure can be defined as reqmréﬂ f&a
the total system environment. @

CPU-DRIVEN
MULTIPLEXOR
cPU

RAM 1/o (1)

I

ROM 1/0 (2)

|

—)

-—
[

<:>| 1/0 (N) Ir———

| |
\

| S|

Polled Method

AN
RAM <‘1___'::> K PIC
ROM ) <::> 1/0 (1)
e
<‘_‘:‘> 1/0 (N) :—
1
e e eed

Interrupt Method
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o all the interrupt levels which are requesting ser-
;65 and the ISR is used to store all the interrupt levels
Nich are being serviced.

PRIORITY RESOLVER

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

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
Vou level on this line is designed to be fully compatible
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 OCWs) 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.

CONTROL LOGIC

INTERRUPT MASK REG
(IMR)

8259A Block Diagram

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 CAS0-2 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
8259A".)

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 acknowledges 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 8259A. In the AEOI mode the ISR bit is reset at
the end of the third INTA pulse. Otherwise, the ISR bit
remains set until an appropriate EOl 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 pre?&g} é; £ f either
sequence (i.e., the request was too éhgﬂ j
8259A will issue an interrupt level 7. Béth,

bytes and the CAS lines will look like an |nt€)éwgfml

was requested. o % ff;é.?

8259A Block Diagram

ADDRESS BUS (16) )
CONTROL BUS
‘ ||76ﬁ lII_OWIINT INTA
DATA BUS (8)
“g Ay D,D, RD .WR INT INTA
Eﬁfgs““ <+«—=fcas1 8259A
<—s]CAS2 IRQ mo mo mo mo mu mo IRO
SPIEN
‘ ] | \
PROG.

INT! ER RUPT
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 Dé D5 D4 D3 D2 D1 DO

J

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

CALL CODE L 1 1 0 0 1 1 0

Content of Second Interrupt
Vector Byte

During the third INTA pulse the highér.addr
propriate service routine, which was“pro
byte 2 of the initialization sequence (Ag-
onto the bus.

Content of Third Interrupt
Vector Byte
D7 D6 D5 D4 D3 D2 D1 DO
|A15[A14]A13|A12|A11|A10|A9|AT]

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-

R intorval =4 essor and leaves its data bus buffers disabled. On the
o7 D6 D5 D2 s b2 D1 Do second interrupt acl'mowledge cycle in MCS-BG mode
- e " a5 ; : p o 0 the master (or slave if so pr.ogrammed) will send a byte
of data to the processor with the acknowledged inter-
6 | A7 A8 A5 1 1 0 0 0 rupt code composed as follows (note the state of the
5 A7 __A6 A5 1 0 1 0 0 ADI mode control is ignored and Ag-A,4 are unused in
4 A7 A6 A5 1 0 0 0 0 MCS-86 mode):
3 A7 A6 A5 0 1 1 0 0
2 A7 A6 AS 0 1 0 0 0
1 A7 A6 A5 0 0 1 0 0
0 A7 A6 A5 0 Y 0 0 0 Content of Interrupt Vector Byte
for MCS-86 System Mode
IR Interval =8 D7 | D6 | D5 | D4 | D3 | D2 | Dt Do
D7 D6 D5 D4 D3 D2 DI Do IR7 A15 | A14 | A13 | A12 | A11 | 1 1 1
T | AT A8 i 1 1 o 0 0 IR6 A5 | a1a | a1z | a2 | a1 | 1 1 0
6 | A7 As ! ! 0 0 0 ° IRS A15 | A14 | A13 | A12 | AT1 | 1 0 1
5 A7 A6 1 0 1 0 0 0
" - v ; 5 5 5 5 P IR4 A15 | A14 | A13 | A12 | A11 | 1 0 0
3 e 6 5 ; ] o o G IR3 A15 | A14 | A13 | A12 | A1 | O 1 1
2 a7 26 o p o o o o IR2 A15 | A14 | A13 | A12 | A11 | 0O 1 0
p a7 26 ) ) 1 0 0 0 IR1 A15 | A14 | A13 | A12 | A11 | O 0 1
0 A7 6 0 0 0 0 0 0 IR0 A15 | A14 | A13 | A12 | A11 | O 0 0
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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 8259A 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 A0 =0:a
this is interpreted as Initialization Comma
(ICWH1). ICW1 starts the initialization sequence~ eri
which the following automatically occur.

a.

Pao0g

-

The edge sense circuit is reset, which means tﬂét
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.

. I1f IC4 =0, then all functions selected in ICW4 are set

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

*Note: Master/Slave in ICW4 is only used in the buffered mode.

Ao D, D, RD WR CS INPUT OPERATION (READ)
0 0 1 0 IRR, ISR or Interrupting Level —»DATA BUS (Note 1)
1 0 1 0 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 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 sequence.

8259A Basic Operation
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INITIALIZATION COMMAND WORDS 1 AND 2
(ICW1, ICW2)

As-As5: Page starting address of service routines. In an
MCS 80/85 system, the 8 request levels 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-A5). When the
routine interval is 4, Ag-A,4 are automatically inserted by
the 8259A, while Ag-Aq5 are programmed externally.
When the routine interval is 8, Ag-Ag are automatically
inserted by the 8259A, while Ag-A;5 are programmed
externally.

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

In an MCS-86 system A;5-A,q are inserted in the five
most significant bits of the vectoring byte and the
8259A sets the three least significant bits according to
the interrupt level. Ajo-Ag are ignored and ADI (Address
interval) has no effect.

LTIM: If LTIM=1, then the 8259A will operate in the
level interrupt mode. Edge detect logic on the
interrupt inputs will be disabled.

ADI: CALL address interval. ADI=1 then interval =4,

INITIALIZATION COMMAND wdhé%uﬁﬁ%}

This word is read only when there” ‘more: i
8259A in the system and cascading is’ used i
case SNGL=0. It will load the 8-bit slave* regfst 31
functions of this register are:

a. In the master mode (either when SP=1,o0rin bu!fef
mode when M/S=1 in ICW4) a “1” is set for éacn
slave in the system. The master then will release by?‘e )
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 (ICW3)

SFNM: If SFNM =1 the special fully nested mode is

programmed.

If BUF = 1 the buffered mode is programmed. In

buffered mode SP/EN becomes an enable output

and the master/slave determination is by M/S.

M/S: If buffered mode is selected: M/S =1 means the
8259A .is programmed to be a master, M/S=0
means the 8259A is programmed to be a slave. If
BUF =0, M/S has no function.

BUF:

ADI=0 then interval = 8. AEOLl: If 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
IC4: 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.
A0 D7 D6 D5 D4 D3 D2 D1 Do
i [} A7 A6 A5 1 LTIM ADI SNGL ica ilcw1
'
I 1 A15 A14 A13 A12 A1 A10 A9 A8 llcwz
]
YES
(SNGL=1)
NO (SNGL=0)
[ 1 s7 s6 s5 sa s3 s2 s1 S0 ]|cws
oo
(IC4=0)
YES (IC4=1)
[ 1 0 0 0 SFNM BUF Mmis AEOI yPM]lC\fM
READY TO ACCEPT REQUESTS I
IN THE FULLY NESTED MODE

Figure 1. Initialization Sequence
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w1
Ag B, Dg D, DO D D D

Gl T [ I

. 1-ICW4 NEEDED
0= NO ICW4 NEEDED

&

LTIM

1=SINGLE
0=NOT SINGLE

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

1= LEVEL TRIGGERED INPUT
0= EDGE TRIGGERED INPUT

A7 — Ag OF LOWER
ROUTINE ADDRESS
(MCS-80/85 MODE ONLY)

Icw2
A D, Dg D D, Dy D, D D

e [2 [ [ [ [ ]~ ]
HEEEEN

1CW3 (MASTER DEVICE)
AB D7 DG Q.'v Dl D3 DZ D| DO

Llslslslsls]a]s]s]
0 I I I O I Y yer=reereer

UPPER ROUTINE
ADDRESS

A SLAVE
ICW3 (SLAVE DEVICE)
% DT DS DS D‘ DJ D! D’ DD
DT e oo o] o]

SLAVE DI
0j1f2)3|4|5|6]7
oj1jo0j1jo0]1}j0}1
Ojoj1{1fjofof1}1
0j0jO0joOj1j1]j1}1

icwa
Ao D7 Dg Ds D4 D3 D2 D1 Do

LI LTl

o M/S | AEOI

uem I

1= MCS-86 MODE

0= MCS-80/85 MODE

1= AUTO EOI
0=NORMAL EOI

“ — NON BUFFERED MODE
1 | 0 |- BUFFERED MODE/SLAVE
[ 1 1 _1_]- BUFFERED MODE/MASTER

1= FULLY NESTED MODE
0=NOT FULLY NESTED MODE

NOTE 1. SLAVED ID IS 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) OPERATION CONTROL WORD 1 (OCW?;

After the Initialization Command Words (ICWs) are pro- OCW1 sets and clears the mask bits #n the

grammed into the 8259A, the chip is ready to accept Mask Register (IMR). M7-Mg represent the_ei

interrupt requests at its input lines. However, during the bits. M= 1 indicates the channel is masked 2

8259A operation, a selection of algorithms can com- M =0 indicates the channel is enabled.

mand the 8259A to operate in various modes through $

the Operation Command Words (OCWs). % 555

OPERATION CONTROL WORD 2 (OCW2)

OPERATION CONTROL WORDS (OCWs) R, SEOI, EOI — These three bits c.ontll'ol the Rotate and
End of Interrupt modes and combinations of the two. A
chart of these combinations can be found on the Opera-

ocW1 tion Command Word Format.
Ao D7 D6 D5 D4 D3 D2 DI DO Ly, Ly, Lo — These bits determine the interrupt level
| M7 M6 M5 M4 M3 M2 M1 MO l acted upon when the SEOI bit is active.

OPERATION CONTROL WORD 3 (OCW3)

ocwa ESMM — Enable Special Mask Mode. When this bit is
E] [ seor E0 0 0 2 u w] set to 1 it enables the SMM bit to set or reset the Special
Mask Mode. When ESMM =0 the SMM bit becomes a
“don’t care”.
SMM — Special Mask Mode. If ESMM =1 and SMM =1
ocws the 8259A will enter Special Mask Mode. If ESMM =1
and SMM = 0 the 8259A will revert to normal mask mode.
(o] [0 sswmswm o 1 P sms mis] When ESMM = 0, SMM has no effect.
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Ay D Dg Dy D Dy D D D

m

1 M7|M6 MS]W!MJIMZ

INTERRUPT MASK
1 = MASK SET

0 = MASK RESET

ocw2
A O Dg D, D Dy D, D D,

|0|R|SEOI|EOI]OIOILZIL|1L°I

BCD LEVEL TO BE RESET
OR PUT INTO LOWEST PRIORITY

o|l1|2]|3|a|s5|6|7
ofrjof1joj1fo}1
ojloj1j1{ojo|1}|1
ofofojojrir|1}1

Non-specific EOI

Specific EO. LO-L2 code of IS FF to be reset
Rotate at EOI Automatically (Mode A)

Rotate at EOI (mode B). LO-L2 code of line
Set Rotate A FF

Clear Rotate A FF

Rotate priority (mode B) independently of EOI

o|=|o|a|=|alele
alalolo|a|o|=|e

olo|elo|=ia|s]-

No Operation

ocws
A% D; Dg D D Dy D, D D

CLEELLLEE]

DON'T
CARE o 1 o 1

READ IN-SERVICE REGISTER

[ o 1 1

READ READ
IRREG [ ISREG

ON NEXT | ON NEXT
RD PULSE | RD PULSE

NO ACTION

POLLING

A HIGH ENABLES THE NEXT RD PULSE
TO READ THE BCD CODE OF THE HIGH-
EST LEVEL REQUESTING INTERRUPT.

SPECIAL MASK MODE

o 1 o 1

o o 1 1

RESET SET
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 alter 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 difficulty 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
speciai Mask Mode, when a mask bit is set in OCW1, it
inhibits further interrupts at that level and enables inter-
rupts from all other levels (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 8259A’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 initializatiorruyrntesSd
mode is programmed. The interrupt 'reqi@

ordered in priority from 0 through 7 (O hlghest)(Whe :
interrupt is acknowledged the highest priority rquest
determined and its vector placed on the bus. Addmep
ally, a bit of the Interrupt Service register (1IS0-7) is §g g
This bit remains set until the microprocessor issues an

End of Interrupt (EOl) 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 wili generate an interrupt (which will be acknow!-
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 ICW4).
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.)

.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 EOIl should be
sent.
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L

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

[
WO0-W2: Binary code of the highest priority level
requesting service.
I: Equal to a “1” if there is an interrupt.

D5 D4 D3 D2

w2

D1
w1

DO
WO

This mode is useful if there is a routine command com-
mon to several levels so that the INTA 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 (IS) bit can be reset either automatically
following the trailing edge of the last in sequence INTA
pulse (when AEOI 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 (SEOI) must be issued which
includes as part of the command the IS level to be reset.
EOI is issued whenever E= 1, in OCW2, where L0-L2 is
the binary level of the IS bit to be reset. Note that
although the Rotate command can be issued together
with an EOl 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 EOI if the
8259A is in the Special Mask Mode.

AUTOMATIC END OF INTERRUPT (AEOI) MODE

If AEOI =1 in ICW4, then the 8259A will operate in AEOI
mode continuously until reprogrammed by ICW4. In this
mode the 8259A will automatically perform a non-
specific EOl operation at the trailing edge of the last
interrupt acknowledge pulse (third pulse in MCS-80/85,

;u s

second in MCS-86). Note that from &gys}e
this mode should be used only'when fﬂés;e
interrupt structure is not required wnthm’@é’mﬁg

To achieve automatic rotation (Rotate Mo& A)
AEOI, there is a special rotate flip-flop. It is se ﬁxm
with- R=1, SEOI=0, E=0, and cleared with'’ @H
SEOI= 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 until 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 IS8 IS5 IS4 1S3 IS2 IS1 ISO
[of+Jol+JoJoJofo]

Highest Priority

“IS” Status

Lowest Priority

¥
(7lefs]afafz]1T0]

Priority Status

After Rotate (IR4 was serviced, all other priorities
rotated correspondingly)

IS7 1S6 IS5 1S4 1S3 IS2 ISt IS0
[of1JoJofoJoJoJo]
nghasl Priority

EEAORZ D KN

“IS” Status

towest Priority

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-flop 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,
SEOI=1; L0-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 (EOl) command (also exe-
cuted by OCW2). Priority changes can be executed dur-
ing an EOl command or independently.
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LTiM BIT

ST e TO OTHER PRIORTY CELLS
= CLR ISR
1= LEVEL
CLR o} — tisrBiT
EDGE SET
SENSE
LATCH C F + SET ISR ::'S%T\Ign
[ \_&—4 IN-SERVICE
LR LATCH
a
CONTROL
LOGIC
° REQUEST
SET LATCH
NON-
R o 3 MASK MASKED
LATCH REQ
—c a —D Q
INTA ,_{
C cLr ,_I
FREEZE i INTERNAL
DATA BUS
1 5 g s %
w w o g
w as = c =
[ 29 w G o
cx S b g
g i
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 | b | a OPERATION
1 Di I Di FOLLOW
0 X an-1 HOLD
Priority Cell

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 concep:ual circuit to give the
reader an understanding of the level sensitive and edge
sensitive input circuitry of the 8259A. 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
OCW3 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=1 in the OCWa3.

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 OCWa3.

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
A0=1.
Polling overrides status read when P=1, ERIS=1 in
OCWa3.
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SUMMARY OF 8259A INSTRUCTION SET

Inst. # Mnemonic A0 D7 D6 D5 D4 D3 D2 D1 DO Operation Description s

1 ICW1 A 0 A7 A6 A5 1 0 1 1 o] Format = 4, single, edgs,; gge“r(

2 ICW1 B 0 A7 A6 A5 1 1 1 1 0 Format = 4, single, level triggered
3 ICW1 C 0 A7 A6 A5 1 0 1 0 0 Byte 1 Initialization Format =4, not single, edge trigger
4 iICW1 D 0 A7 A6 A5 1 1 1 0 0 Format = 4, not single, level triéée'
5 ICW1 E 0 A7 A6 O 1 0 0 1 0 No ICW4 Required  Format =8, single, edge triggered
6 ICW1 F 0 A7 A6 O 1 1 0 1 0 Format = 8, single, level triggered
7 ICW1 G 0 A7 A6 O 1 0 0 0 0 Format = 8, not single, edge triggered
8 ICW1 H 0 A7 A6 0 1 1 0 0 0 Format = 8, not single, level triggered
9 ICW1 | 0 A7 A6 A5 1 0 1 1 1 Format = 4, single, edge triggered

10 ICW1 J 0 A7 A6 A5 1 1 1 1 1 Format = 4, single, level triggered

11 ICW1 K 0 A7 A6 A5 1 0 1 0 1 Byte 1 Initialization  £ormat = 4, not single, edge triggered

12 ICW1 L 0 A7 A6 A5 1 1 1 0 1 Format = 4, not single, level triggered

13 ICW1 M 0O A7 A6 O 1 0 0 1 1 ICW4 Required Format =8, single, edge triggered

14 ICW1 N 0 A7 A6 O 1 1 0 1 1 Format = 8, single, level triggered

15 ICW1 O 0 A7 A6 O 1 0 0 0 1 Format = 8, not single, edge triggered

16 ICW1 P 0 A7 A6 O 1 1 0 0 1 Format = 8, not single, level triggered

17 Icw2 1 A15 A14 A13 A12 A11 A10 A9 A8

18 ICW3 M 1 S7 S6 S5 S4 S3 S2 S1 SO Byte 3 initialization — master

19 ICW3 S 1 0 0 0 0 0 S2 St SO Byte 3 initialization — slave

20 ICW4 A 1 0 0 0 0 0 0o 0 0 No action, redundant

21 iCw4 B 1 0 0 0 0 0 o 0 1 Non-buffered mode, no AEOI, MCS-86

22 ICW4 C 1 0 0 0 0 0 0 1 0 Non-buffered mode, AEOI, MCS-80/8%

23 ICW4 D 1 0 0 0 0 0 0 1 1 Non-buffered mode, AEOI, MCS-86

24 ICW4 E 1 0 0 0 0 0 1 0 0 No action, redundant

25 ICW4 F 1 0 0 0 0 0 1 0 1 Non-buffered mode, no AEOI, MCS-86

26 iIcw4 G 1 0 0 0 0 0 1 1 0 Non-buffered mode, AEOI, MCS-80/85

27 ICW4 H 1 0 0 0 0 0 1 1 1 Non-buffered mode, AEOI, MCS-86

28 ICw4 | 1 0 0 0 0 1 0 0 0 Buffered mode, slave, no AEOI, MCS-80/85

29 Icw4  J 1 o o0 o0 o0 1 o o0 1 Buffered mode, slave, no AEOI, MCS-86

30 ICW4 K 1 0 0 0 0 1 0 1 0 Buffered mode, slave, AEOI, MCS-80/85

31 ICW4 L 1 0 0 0 0 1 0 1 1 Buffered mode, slave, AEOI, MCS-86

32 ICw4s M 1 0 0 0 0 1 1 0 0 Buffered mode, master, no AEOI, MCS-80/85

33 ICW4 N 1 0 0 0 0 1 1 0 1 Buffered mode, master, no AEOI, MCS-86

34 ICw4 O 1 0 0 0 0 1 1 1 0 Buffered mode, master, AEOI, MCS-80/85

35 ICw4 P 1 0 0 0 0 1 1 1 1 Buffered mode, master, AEOI, MCS-86

36 ICW4 NA 1 0 0 0 1 0 0 0 0 Fully nested mode, MCS-80, non-buffered, no AEOI

37 ICW4  NB t 6 0o o 1t o0 0 0 1 ICW4 NB through ICW4 ND are identical to

38 ICW4 NC 1 0 0 0 1 0 0 1 0 ICW4 B through ICW4 D with the addition of

39 ICW4  ND i 0 0 O 1 0 0 1 1 Fully Nested Mode

40 ICW4 NE 1 0 0 0 1 0 1 0 0 Fully Nested Mode, MCS-80/85, non-buffered, no AEOI

41 ICW4 NF 1 0 0 0 1 0 1 0 1

42 ICW4 NG 1 0 0 0 1 [} 1 1 0

43 ICW4 NH 1 0 0 0 1 0 1 1 1

44 ICW4 NI 1 0 0 0 1 1 0 0 0

45 ICW4  NJ 1 0 0 0 1 1 0 0 1

46 ICW4 NK 1 0 0 0 1 1 0 1 0 ICW4 NF through ICW4 NP are identical to

47 ICW4  NL 1 0 0 0 3 1 0 1 4 IFCU\:Y; :et:qf:ﬂ‘oz,iw“ P with the addition of

48 ICW4 NM 1 0 0 0 1 1 1 0 0

49 ICW4 NN 1 0 0 0 1 1 1 0 1

50 ICW4 NO 1 0 0 0 1 1 1 1 0

51 ICW4 NP 1 0 0 0 1 1 1 1 1

36 OCwi1 1 M7 M6 M5 M4 M3 M2 M1 MO Load mask register, read mask register

37 OCW2 E 0 0 0 1 0 0 ] 0 0 Non-specific EOI

38 OoCw2 SE 0 0 1 1 0 0 L2 L1 Lo Specific EOl. LO-L2 code of IS FF to be reset

39 OCW2 RE 0 1 0 1 0 0 0 0 0 Rotate at EOl Automatically (Mode A)

40 OCW2 RSE 0 1 1 1 0 0 L2 L1 Lo Rotate at EOl (mode B). LO-L2 code of line

41 OCw2 R 0 1 0 0 0 0 0 0 0 Set Rotate A FF

42 OCw2 CR 0 0 0 0 0 0 0 0 0 Clear Rotate A FF

43 OCW2 RS 0 1 1 0 0 0 L2 L1t Lo Rotate priority (mode B) independently of EOI

44 OCW3 P 0 0 0 0 0 1 1 0 0 Poll mode

45 OCW3 RIS 0 0 0 0 0 1 0 1 1 Read IS register
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SUMMARY OF 8259A INSTRUCTION SET (Cont.)

Inst. # Mnemonic A0 D7 D6 D5 D4 D3 D2 D1 DO

Operation Description

46 OCW3 RR 0 0 0 0 0 1 0 1 0
47 OCW3 sM 0 0 1 1 0 1 0 0 0
48 OCwW3 RsSM 0 0 1 0 0 1 0o 0 o0

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

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 slave address code from the trailing edge of the first
INTA pulse to the trailing edge of the third pulse. 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.

ADDRESS BUS (16) 9
CONTROL BUS {
l l l l I INT REQ
DATA BUS (8) )
Qo V vl Q H U
Cs A, INT CS A, INT
CASO CASO
8259A 8259A
SLAVE B CAS1 CAS1 MASTER
CAS 2 CAS2
JENT 1.0 SP/IENM7 M6 M5 M4 M3 M2 M1 MO

<l
s

G

r4

)

T LT

10 5 4 32 1 0

T
INTERRUPT REQUESTS

Figure 2. Cascading the 8259A
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PIN FUNCTIONS € 1 1 Chip Select AD and@Wh,are en-
Name 1O Pin# Function abled by Chip Setect, Vﬁ rgas In-
terrupt Acknowlec{ge -
Ve 28 +5V supply. pendent of Chip Seléat
GND 14 Ground.
Do-7 /0 11-4 Bidirectional data bus, used for: PP
a) programming the mode of the A0 | 27‘ :Jhsuallly the least sugnl(f;:ant bito
8259A (programming is done by © mvl\tl':r:oprcfg-sﬁsori l;ess m’ :
software); b) the microprocessor :Am.k R en X =1 tbel "Ler;”m
can read the status of the 8259A, as V\?EIS ez\ga_"o e hoa 832590;
c) the 8259A will send vectoring reag. eg =01 ed it
data to the microprocessor when mode can be programmed or its
an interrupt is acknowledged. stoatus can be read. CS is active
LOW.
IRg_7 | 18-25 Interrupt Requests: These are
asynchronous inputs. A positive-
going edge will generate an in- INT (0] 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 Vgu to
line and holding it high until match the 8080 3.3V V. INT is
acknowledged, or by a negative active HIGH.
pulse. In level triggered mode, no
ZggsensleeG?-iu|red. These lines are Cco-C2 1/0 12 Three cascade lines, outputs in
&5 i 3 Read (gene.raiiy trom 8228 in 13  master mode and inputs in slave
X 15 mode. The master issues the
xgggg system or from 8086 in binary code of the acknowledged
WR | 2 W : (systerr;’). ' 8228 interrupt level on these lines.
rite (generally from in Each sl mpares this code
MCS-80 sytem or from 8086 in e compares T
MCS-86 system). ’
INTA | 26 Interrupt Acknowledge (generally e i —
from 8228 in MCS-80 system, SP/EN /0 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 mode 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 = O indicates a slave.
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

D.C. CHARACTERISTICS

-0.5Vto +7v
1 Watt

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.

Ta=0°C to 70°C Vgc=5V +5% (8259A-8) Vo= 5V 10% (8259A)

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -5 .8 \"

Vin Input High Voltage 2.0 Voo + .5V \

VoL Output Low Voltage .45 \ lor=2.2 mA
Vou Output High Voltage 24 v lon= —400 uA
el R
m Input Load Current 10 HA Vin= Ve to OV
ILoL Output Leakage Current -10 uA Vout = 0.45V
lLoH Output Leakage Current 10 uA Vour=Vecec

lcc Ve Supply Current 85 mA
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8259A A.C. CHARACTERISTICS
Ta=0°Cto 70°C Vcc=5V+5% (8259A-8) Vcco=5V+10% (8259A)

TIMING REQUIREMENTS 8259A-8 8259A ¢ s N
Symbol Parameter Min. | Max. | Min. | Max. | Units Test Conditions..
TAHRL | AO/CS Setup to RD/INTAY 50 0 ns i
TRHAX | AO0/CS Hold after RD/INTA? 5 0 ns
TRLRH | RD Pulse Width 420 235 ns
TAHWL | A0/CS Setup toWR! 50 0 ns
TWHAX | AO/CS Hold after WRt 20 0 ns
TWLWH | WR Pulse Width 400 290 ns
TDVWH | Data Setup to WR? 300 240 ns
TWHDX | Data Hold after WR? 40 0 ns
TJLJH Interrupt Request Width (Low) 100 100 ns See Note 1
TCVIAH I(_:%??; as\zmg)ntsl Second or Third 55 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 required to clear the input latch in the edge triggered mode.

TIMING RESPONSES 8259A-8 8259A
Symbol Parameter Min. | Max. | Min. | Max. | Units Test Conditions
TRLDV Data Valid from RD/INTA¢ 300 200 ns C of Data Bus = 100 pF
TRHDZ | Data Float after RD/INTA? 20 200 100 ns C of Data Bus
TJHIH Interrupt Output Delay 400 350 ns mf‘:::ss: 8= :gopi')f
TIAHCV :I:wa::{a;eoiilli)d from First INTAY 565 565 ns C\n7= 100 pF
TRLEL Enable Active from RDV or INTAY 160 125 ns | Ccascape=100pF
TRHEH | Enable Inactive from RD? or INTA? 325 150 ns
TAHDV Data Valid from Stable Address 350 200 ns
TCVDV Cascade Valid to Valid Data 300 300 ns
CAPACITANCE
Ta=25°C; Voc=GND =0V
Symbol Parameter Min. Typ. Max. Unit Test Conditions
Cin Input Capacitance 10 pF fc=1 MHz
Cio /0 Capacitance 20 pF Unmeasured pins returned to Vgg

Input Waveforms for A.C. Tests

24
2.2 2.2

> TEST POINTS <

0.8 0.8

0.45
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‘;3_“,
WRITE MODE "%

% a,} j
|— A
— TWLWH ™
" N
(7 d
\ Zl ¥ %, s x
N 7 s 7,
&, D,
TAHWL  |e— —» TWHAX ’!4;‘);’,;‘
cs Tey ’Va;é
2, %4 ¥ &
ADDRESS BUS e r,é))
Ao 4
«— TDVWH —» > TWHDX
DATA BUS

READ/INTA MODE
TRLRH |

RD/INTA

\ Jb{

N
EN

— TRLEL — TRHEH
l«— TAHRL ——{ TRHAX
cs
ADDRESS BUS
Ag

DATABUS ~ — = m= o e e — — — —g ______

OTHER TIMING

RD/INTA

N\
S N /S—

INTA SEQUENCE

— t‘— TJHIH
IR l

O\

|
—{ TJLIH -——[

o/ ~_ \

INTA

—-]chmu —

Co-2 chov# %‘_- / # \

t

|
~—TIAHCV ——|
NOTE: Interrupt output must remain “HIGH" (at least) until leading edge of first INTA.

@ MCS 80/85 Systems only.

@ Cycle 1in MCS 86 Systems, the Data Bus is not active.
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Device
Specifications

e MCS-86™

e MCS-85™*

e Peripherals**

e Static RAMs***
ROMsS/EPROMs***

*For complete specifications refer to the
Intel MCS-85 User’s Manual.
**For complete specifications refer to the
Intel Peripheral Design Handbook.
***For complete specifications refer to the 1978
Intel Data Catalog.







intel

8085A/8085A-2
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS

B Single +5V Power Supply
B 100% Software Compatible with 8080A
B 1.3 us Instruction Cycle (8085A);
0.8 us (8085A-2)
B On-Chip Clock Generator (with External
Crystal, LC or RC Network)

B On-Chip System Controller; Advanced
Cycle Status Information Available for
Large System Control

B Four Vectored Interrupt Inputs (One is
non-Maskable) Plus an 8080A-
compatible interrupt

B Serial In/Serial Out Port

B Decimal, Binary and Double Precision
Arithmetic

B Direct Addressing Capability to 64k
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/IO) and 8355/8755A

(ROM/PROM/IO) | 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 RST6.5 TRAP
INTR I RST 5.5 l RST75 l ) soD
[ INTERRUPT CONTROL J SERIAL 1/0 CONTROL
U 8BIT INTERNAL DATA BUS U
L 2
7Y > 1
A4
ACCUMULATOR TEMP. REG. TNSTRUCTION
(8) (8)] REGISTER (8)]
—
FLIP.FLOPS — —
n REG. REG.
INSTRUCTION
ARITHMETIC D (8) E (8
LOGIC DECODER REG. REG.
UNIT ow® T @ REGISTER
MACHINE L
(aLy) f— CYCLE REG. REG. ARRAY
N 8) ENCODING (6}
y STACK POINTER
Y ——
16)]
PROGRAM COUNTER
IR I INCREMENTER/DECREMENTER
ADDRESS LATCH (16
<
TIMING AND CONTROL

Xy —sd
X2 —>1

CLK
GEN

RESET

STATUS DMA

I ADDRESS BUFFER (BTI [ DATA/ADDRESS BUFFER(S)I

CLK OUT

CONTROL

Ll T T

RD WR ALE So8; I0/M HLDA
HOLD

READY RESET IN

‘ RESET OUT

Il

A1s-Ag

AD7-ADg
ADDRESS BUS ADDRESS/DATA BUS

Figure 1. 8085A CPU Functional Block Diagram
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x1 1 a0 vee
X2 ]2 39 3 HOLD
RESET OUT []3 383 HLDA
SOD []4 37 3 CLK (OUT)
SID s 36 3 RESETIN
TRAP []6 35 0 READY
RST75 []7 34 10/m
RST 6.5 []8 330 s
RST5.5 o 32 RD
INTR ] 10 31 WR
INTA ] 11 80854 oba aLe
ADg [} 12 293 so
AD1 13 28 A1s
AD2 [J14 27 A1a
AD3 []15 26 A3
ADg [J 16 250 A2
ADs O} 17 248 An
ADg ] 18 23 A1
AD7 [} 19 220 Ag
Vss [J 20 21 Ag

8085A FUNCTIONAL PIN DEFINITION

The following describes the function of each pin:

Symbol
Ag-A1s

(Output, 3-state)

RESET.
ADo-7 Multiplexed Address/Data Bus: Low-
(Input/Output, er 8 bits of the memory address (or
3-state) 1/0 address) appear on the bus dur-
ing the first clock cycle (T state) of a
machine cycle. It then becomes the
data bus during the second and third
clock cycles.
ALE Address Latch Enable: It occurs dur-
(Output) ing the first clock state of a machine

Figure 2. 8085A Pinout Diagram

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

cycle and enables the address to get
latched into the on-chip latch 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.

So, S1, and IO/M

(Output)

Machine cycle status:
10/M S1 So Status

0 1 Memory write
Memory read
1/0 write
1/0 read
Opcode fetch

Fmd O =S 00

Halt
Hold
Reset

*

*

XXO = a0
XXO—=--40-=+0

*

X = unspecified

Interrupt Acknowledge

= 3-state (high impedance)

Symbol

RD
(Output, 3-state)

WR
(Output, 3-state)

READY
(Input)

HOLD

(Input)

HLDA
(Output)

INTR
(Input)
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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.1/O
device is to be read and that the Data
Bus is available 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 1/0 location. Data is set up at the
trailing edge of WR. 3-stated during
Hold and Halt modes and during
RESET.

IfREADY is high duringaread orwrite
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 completion of the current bus
transfer. Internal processing can con-
tinue. The processor can regain the
bus only after the HOLD is removed.’
When the HOLDisacknowledged, 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.



8085A/8085A-2

8085A FUNCTIONAL PIN DESCRIPTION (Continued)

allowing

Symbol Function Symbol Function

INTA INTEBRUPT ACKNOWLEDGE: s Schmitt-triggered input,

(Output) qse_d instead of (and_has the same connection to an R-C network for
timing as) RD duriqg the Instruction power-on RESET delay. The cpu is
cycle after an 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.

RST 5.5 RESTART INTERRUPTS: These three ?S;EII?UT '”d'c‘;ates e being reset. Can be

RST 6.5 inputs have the same timing as INTR P use has a system reset. The signal is

RST 7.5 except they cause an internal RE- syr‘;cl romzec_i to the processor clock

(Inputs) START to be automatically inserted. :2riozssts an integral number of clock
The priority of these interrupts is .
ordered as shown in Table 1. These Xl:’, th i(éandﬂ)g are connectgd to a'crystal,
interrupts have a higher priority than (Input) | '?(r network todrivetheinternal
INTR. In addition, they may be indi- clock generator. X1 can also be an
vidually masked out using the SIM e"‘e.'"a' . '"p“”.'°"?a.'°9'° gate.
instruction. The input frequency is divided by 2 to

} ) give the processor’s internal oper-

TRAP Trap interrupt is a nonmaskable RE- ating frequency.

(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
It is unaffected by any mask or Inter- (Output) clock. The period of CLK is twice the
rupt Enable. It has the highest priority X1, X2 input period.
of any interrupt. (See Table 1.) ) 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-flops. The dataand address buses cuted.
and the control lines are 3-stated dur- SOoD Serial output data line. The output
ing RESET and because of the asyn- (Output) SOD is set or reset as specified by th
chronous nature of RESET, the pro- SIM instruction P edbythe
cessor’s internal registers and flags ’
may be altered by RESET with unpre- Vee +5 volt supply.
dictable results. RESET IN is a Vss Ground Reference.

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

TRAP 1 24H Rising edge AND high level until sampled.
RST 7.5 2 3CH Rising edge (latched).

RST 6.5 3 34H High level until sampled.

RST 5.5 4 2CH High level until sampled.

INTR 5 See Note (2). High level 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
(8085A) or 5 MHz (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 (8085A), a RAM/IO (8156), and a ROM or EPROM/IO
chip (8355 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-bit register pairs. The 8085A registersetisasfollows:

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 (HL)
SP Stack Pointer 16-bit address
Flags or F Flag Register 5flags (8-bitspace)

The 8085A uses a multiplexed 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
(ALE). During the rest of the machine cyclethe databus is
used for memory or I/0 data.

The 8085A provides RD, WR, So, S1, and 10/M signals for
bus control. An Interrupt Acknowledge signal (INTA) is
also provided. HOLD, READY, and all Interrupts are syn-
chronized with the processor’s internal clock. The 8085A
also provides Serial Input Data (SID) and Serial Output
Data (SOD) lines for simple serial interface.

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

INTERRUPT AND SERIAL 1/0

The 8085A has 5 interrupt inputs: 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 (saving 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. (See 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 (and 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 required to set an internal
flip-flop which generates the internal interrupt request.
(See Section 2.2.7.) The RST 7.5 request flip-flop remains
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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 pin even when the RST 7.5 interruptis masked out.

The status of the three RST interrupt masks can only be
affected by the SIM instruction and RESET IN. (See SIM,
Chapter 4.)

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,
RST 7.5, RST 6.5, RST 5.5, INTR — lowest priority. This
priority scheme does not take into account the priority
of a routine 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 affected 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.
1t 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 EI
instruction is executed.

INSIDE THE

EXTERNAL 8085A

RAP
INTERRUPT

REQUEST TRAP

RESET IN SCHMITT

TRIGGER

RESET

INTERRUPT
REQUEST

+sv—D CLK

D
FIF

CLEAR

INTERNAL TRAP F.F.
TRAP

ACKNOWLEDGE

Figure 3. TRAP and RESET IN Circuit

The TRAP interrupt is special in that it disables interrupts,
but preserves the previous interrupt enable status. Per-
forming the first RIM instruction following 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
5.5-7.5 will provide current Interrupt Enable status,
revealing that Interrupts are disabled. See the descrip-
tion of the RIM instruction in Chapter 4.

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 clock 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 3 MHz clock), and the 8085A-2 can be operated
with a 10 MHz crystal (for 5 MHz clock). If a crystalis 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 20 pf capacitors between X4, X2 and
ground. These capacitors are required with crystal fre-
quencies below 4 MHz to assure oscillator startup at the
correct frequency. A parallel-resonant LC circuit may be
used as the frequency-determining network for the 8085A,
providing that its frequency tolerance of approximately
+10% is acceptable. The components are chosen from
the formula:

— 1

B 2m\/L(Cext + 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 5 MHz.

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). Ifthe 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-oscillation of the 8085A, be sure that
X2 is not coupled back to X1 through the driving circuit.

X 8085A
o AL
H 1
1
=:zo F I Cir
p <
= T1%F
-[ = |
= 20pF* 2 |
e
1]
*20 pF CAPACITORS REQUIRED FOR

CRYSTAL FREQUENCY < 4 MHz ONLY

A. Quartz Crystal Clock Driver

—
1
' |
| Cint
. ~15pF
Lext A= Cexr * 15
|
2 |
S LR

B. LC Tuned Circuit Clock Driver

—
1
! |
> -
>10K

20F:
P <
2
S 1

C. RC Circuit Clock Driver

8085A

8085A

U N

*X2 LEFT FLOATING

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

+5V
Low time > 40 ns

Lo
o/

+5V

47092

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 siow 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
o CLEAR is low-level active.

CLEAR 8085A
ALE —]cLK CLK OUTPUT —»{CLK TO
8085A
"D "D READY
F/F a F/F G | INPUT
+5V —=|D D

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 compatibie to the 8085A cpu. For example, a
system consisting of the three chips, 8085A, 8156, and
8355 will have the following features:

® 2K Bytes ROM

e 256 Bytes RAM

e 1 Timer/Counter

e 4 8-bit I/0 Ports

e 1 6-bit I/0 Port

e 4 Interrupt Levels

e Serial In/Serial Out Ports

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

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

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.

X X
—={TRAP ! 2
—e]{ RST7,5
—-]ReTes 8085A
—=]{ RST55
—= INTR )
RESET s
ADDR/ out o
ADDR DATA ALE AD WR I0/M RDY CLK

AN Vs Veo

(8) (8) l ‘

H— CE PORT

i

IN
10/M  TIMER
reser  OUT
iow

RD

i
g

PORT
A

Z—' Ag10

| 8355/
8755A
DATA/
ADDR
O/M  poRT “‘ﬂ’
RESET 8
*{rov Vee
—={CcLK ioR ]

trtt
Vss Ve Voo PROG
A Vee

AN Vee

AAA/ Vee
VoV W

*NOTE: OPTIONAL CONNECTION

Figure 6. 8085A Minimum System (Standard 1/0
Technique)
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8085A

8085A MINIMUM SYSTEM CONFIGURATION

AB-15

~ ,- T~y

QDOJ

ALE

AN

RD

WR

Vee

10/M

WA— Ve

CLK

RESET OUT |

READY

RESET

|
AB-

.

IMER AD
IN

CE v‘”

10/M

|- — = ——4

.

SIS A

AD|
07

10/

M |ALE RD’WCLKRS

TIMER

8156
[RAM + I/0 + COUNTER/TIMER]

8355 [ROM +1/0]
OR

8755A [PROM + 1/0]

*NOTE: OPTIONAL CONNECTION t ‘ ‘

Gk

Figure 7. MCS-85™ Minimum System (Memory Mapped 1/0)

ata i

—={ TRAP
—={RST?
—=|RsT6
—={RSTS 8085A
—={INTR 1
RESET
~—NTA ADDR/ our S
ADDR DATA ALE RD WR 10/M  RDY CLK]
(8) (8)
10/M (CS)
WR
il 1 ro
Noara
STANDARD
,\ MEMORY
) ADDR (CS)
¢ V|
(16)
1 CLK
RESET
10/M (CS)
WR
RD
N
DATA
STANDARD
1)
3
[ ADDR
\/[‘ |\/
AM— Vee
AN~ Vec
ANN—> Vee

1/0 PORTS,
CONTROLS

Figure 8. MCS-85™ System (Using Standard Memories)
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BASIC SYSTEM TIMING

The 8085A has a multiplexed Data Bus. ALE is used as a
strobe to sample the lower 8-bits of address on the Data
Bus. Figure 9 shows an instruction fetch, memory read
and 1/0 write cycle (as would occur during processing of
the OUT instruction). Note that during the 1/0 write and
read cycle that the 1/0 port address is copied on both the
upper and lower half of the address.

There are seven possible types of machine cycles. Which
of these seven takes place is defined by the status of the
three status lines (I0/M, S1, So) and the three control
signals (RD, WR, and INTA). (See Table 2.) The status
lines can be used as advanced controls (for device selec-
tion, for example), since they become active at the T1
state, at the outset of each machine cycle. Control lines
RD and WR become active later, at the time when the
transfer of data is to take place, so are used as command
lines.

A machine cycle normally consists of three T states, with
the exception of OPCODE FETCH, which normally has
either four or six T states (unless WAIT or HOLD states
are forced by the receipt of READY or HOLD inputs). Any
T state must be one of ten possible states, shown in
Table 3.

TABLE 2. 8085A MACHINE CYCLE CHART

STATUS CONTRO

MACHINE CYCLE : 10/M [ s1 | so |RD | WR | INTA
OPCODE FETCH  (OF) o 1| 1fo ] 1| 1
MEMORY READ  {MR) o 1]ojof 1] 1
MEMORY WRITE  (MW) ofof 1|1} o] 1
1/0 READ (10R) 1 1l olo | 1] 1
1/0 WRITE (low) 1ol 1)1 ] o} 1
ACKNOWLEDGE
OF INTR (INA) 1 1] 1] 0
BUS IDLE (Bl): DAD o | 1] o0]1 1

ACK. OF

RST, TRAP Tl 1 1

HALT Ts | o Ts| TS| 1

TABLE 3. 8085A MACHINE STATE CHART

Status & Buses Control
Machine _ [
State |S1,50 10/M|Ag-Aq5/ADo-AD7|RDWR|INTAIALE
T X | X X X 1 1 1
Ty X | X X X X X | o0
TwaIt X | X X X X X! o0
T X | x X X X x| o
Ta [ o+ | X | TS 1 1 0
Ts 1 o X ‘\ TS 1 110
Te Pajor x [ Ts 1 110
Teeser | X | TS TS | TS TS| 1.0
TuALT 0| TS TS . TS TS| 1.0
Too | X | TS TS i TS TS l 1.0
0 = Logic 0" TS = High impedance
1 = Logic 1" X = Unspecified

* ALE not generated during 2nd and 3rd machine cycles of DAD instruction.
1 10/M = 1 during T4 -Tg of INA machine cycle.

M, M, My
cLK T T, T, T T T, T T, T, T, \ T /
Ag-As PC,, (HIGH ORDER ADDRESS) (PC+ 1), X 10 PORT
‘%"‘l’)g:““ DATA FROM DATA FROM MEMORY DATA TO MEMORY
SS) MEMORY (1/0 PORT ADDRESS) OR PERIPHERAL
(INSTRUCTION)
ALE ' ~
I
WR ~ '
10/M \ / \
STATUS $4Sg (FETCH) 10 (READ) X 01 WRITE X 1

Figure 9. 8085A Basic System Timing
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TABLE 8. INSTRUCTION SET SUMMARY

Instruction Code(1] Clock(2) Instruction Codef1} Clock(2)
Mnemonic Description D; Og 05 Dg D3 Dz Dy Dg Cycles M Description 0; D Os D4 D3 02 Dy Dg Cycles
MOVE. LOAD. AND STORE CPE Call on parity even 1t 1101 1 0 0 9/18
MOVr1 12 Move registertoregister 0 1 D D D S S S 4 cPO Call on parity odd t 1100 1 0 0 918
MOV M.r Move register tomemory 0 1 1 1 0 S S S 7 RETURN
MOV r.M Move memory toregister 0 1 D D D 1t 1 0 7 RET Return t 100 1 0 0 1 10
MVI ¢ Move immediate register 0 0 D D D 1 1 0 7 RC Return on carry 1 101 1 0 0 0 6/12
MVI M Move immediate memory 0 0 1 1 0 t 1 0 10 RNC Return on no carry 110 1 0 0 0 0 6/12
Lxis Load immediate register 0 0 0 0 0 0 0O 1 10 RZ Return on zero 1100 1 0 0 0 6/12
PairB&C RNZ Return on no zero 11 00 0 0 0 0 6/12
LXiD Load immediate register 0 0 0 1 0 0 0 t 10 RP Return on positive t 1t 1 100 0 0 6/12
Pair D& E RM Return on minus 11 11 100 0 6/12
LXI H Load immediate register 0 0 1 0 0 0 0 1 10 RPE Return on parily even 110 100 0 6/12
PairH &L RPO Return on parity odd 1110000 0 6/12
LXi SP tg?ndt;:v\medlate stack 001t 10001 10 RESTART
STAX B Store A indirect 00000010 7 RST Restart TiaAAAT YR
STAX D Store A indirect 00010010 7 INPUT/QUTPUT
LDAX B Load A indirect 00001010 7 IN Input ot ot
LDAX D Load A indirect 00011010 7 out Output T
STA Store A direct 001 10010 13 INCREMENT AND DECREMENT
LDA Load A direct 00 1 11010 13 INRT Increment register 0 00DDDOI1TOO 4
SHLD Store H & L direct 00 1000 10 16 DCRr Decrement register 00DDDI1TO 1T 4
LHLD Load H & L direct 00 101010 16 INR M Increment memory 00 1 10 100 10
XCHG Exchange D& E. H & L 1110 10 1 1 4 DCR M Decrement memory 00 1 1t 0 10 1 10
Registers INX B Increment B & C 000O0O0OO0O 1 1 6
STACK OPS registers
PUSH B Push register Pair B & 110 0 0 1 0 1 12 INX D Increment D & E 000 1 00 11 6
C on stack registers
PUSH D Push register Pair D & 1t 10 1 0 1 0 1 12 INX H Increment H & L 0 0 1 00 11 6
E on stack registers
PUSH H Push register Pair H & 1T 11 00 1t 0 1 12 INX SP Increment stack pointer 00 1t 100 1 1 6
L on stack DCX B Decrement B & C 000010 1 1 6
PUSH PSW Push A and Flags T 11 10101 12 DCX D Decrement D & E 00 0 1 1 0 1 1 6
on stack DCX H Decrement H & L 00101011 6
POP B Pop register Pair B & 110 0 00 0 1 10 DCX SP Decrement stack 001 1 10 11 6
C off stack pointer
POP D Pop register Pair D & 110 1 000 1 10 ADD
E off stack
°0P H 5 DA & 00 oo o ADD 1 Add register to A 1'0000S S S 4
POP H Pop register Pair H & 1 110 0 0 01 10 M
L off stack ADC ¢ Add register to A 10 1§ S S 4
POPPSW  Pop A and Flags 11110001 10 with carry
off stack ADD M Add memory to A 100001 10 7
XTHL Exchange top of 111000 11 16 ADC M Add memory to A trooo o0 7
stack. H & L with carry .
SPHL H&Ltostackpointer 1 1 1 1 1.0 0 1 6 ADI Add immediate 0 A oo oo
JUMP ACI Add immediate to A Tt 100 1t 1 10 7
with carry
JMP Jump unconditional 110000 1 1 10 DAD B AddB& CtoH &L 0000100 1 10
JC Jump on carry 1o 1 1010 710 DAD D AddD & EtoH&L 0001100 1 10
JINC Jump on no carry T 10 100 1 0 7710 DAD H AddH& LtoH&L 0010100 1 10
4z Jump on zero 100 1 010 710 DAD SP Add stack pointer to 0011100 1 10
JINZ Jump on no zero 1t 10000 1 0 7/10 H&L
JP Jump on positive 11 1100 1 0 7/10 SUBTRACT
JM Jump on minus 1 1 1 1 1.0 10 7/10 SUBr Subtract register 100 1 0SS S S 4
JPE Jump on parity even 1T 11010 10 710 from A
JPO Jump on parity odd 1 11000 1 0 7/10 SBB r Subtract register from 1001 1SS S 4
A with borrow
PCHL H & L to program 11101 001 6
counter SUB M Subtract memory 100 1 0 1 10 7
from A
CALL SBB M Subtract memory from 100 1 1 1 10 7
CALL Call unconditional 1100 1101 18 A with borrow
cc Call on carry oottt 00 918 sul Subtract immediate t1 010110 7
CNC Call on no carry 110 1 0 1 0 0 9/18 from A
cz Call on zero 1100 1 1 0 0 9/18 S8l Subtract immediate T 101 1110 7
CNZ Call on no zero 11000 1 00 9/18 from A with borrow
CP Call on positive 111 1.0 1 0 0 9/18 LOGICAL
Cc™ Call on minus 11 1 1 1 1 0 0. 9/18 ANA 1 And register with A 10 1 00 S S S 4
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8085A/8085A-2

TABLE 8. INSTRUCTION SET SUMMARY (Continued)

: Instruction Code|1] Clock(2) Instruction Codef1] Clock(2]
Mnemonic Description D; Dg Ds Ds D3 Dp By Dp Cycles Mnemonic - Description D7 Dg Os Dg D3 Dz D0; Dg Cycles
XRA 1 Exclusive Or register 10101 SS S 4 RAL Rotate A left through 000 10 1 11 4

with A carry
ORA 1 Or register with A 1t 61 10S S S 4 RAR Rotate A right through 000 1 1 1 1 1 4
CMP ¢ Compare registerwithA 1 0 1 1 1 S § § 4 carry
ANA M And memory with A 10100110 7 SPECIALS
XRA M Exclusive Or memory 10101110 7 CMA Complement A 00 1o 1 1t 11 4
with A STC Set carry 001 1011 1 4
ORA M Or memory with A 101 10 1 10 7 CMC Complement carry 00 1 1 1 1 11 4
CMP M Compare memory withA 1 0 1 1 1 1 1 0 7 DAA Decimal adjust A 00 100 1 1 1 4
ANI And immediate with A 11100 1 10 7 CONTROL
XRI Exclusive Or immediate 11101 1 10 7
with A El Enable Interrupts Tt 1110 11 4
ORI Or immediate with A~ 1 1 1 1 0 1 1.0 7 ol Disable Interrupt L
cPl Compare immediate 1t 111110 7 NoP No-operation 0 00000000 4
with A HLT Halt 01t 1 101 10 5
ROTATE NEW 8085A INSTRUCTIONS
RLC Rotate A left 00000 1t 1 1 4 RIM Read Interrupt Mask 001 0O0O0TU 0O 4
RRC Rotate A right 0000111 11 4 SIM Set Interrupt Mask 00 1t 1 00 0O 4

NOTES: 1. DDD or SSS: B 000. C 001. D 010. E 011. H 100. L 101. Memory 110. A 111.
2. Two possible cycle times. (6/12) indicate instruction cycles dependent on condition flags

*All mnemonics copyright

©|ntel Corporation 1977
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intel
8155/8156/8155-2/8156-2
2048 BIT STATIC MOS RAM WITH 1I/0 PORTS AND TIMER

Compatible
8085A 8085A-2 CPU Chip
Enable

8155 8155-2 ACTIVE LOW

8156 8156-2 ACTIVE HIGH
W 256 Word x 8 Bits B 1 Programmable 6-Bit I/0 Port
W Single +5V Power Supply B Programmable 14-Bit Binary Counter/
B Completely Static Operation Timer
B Internal Address Latch B Multiplexed Address and Data Bus
B 2 Programmable 8 Bit I/O Ports . W 40 Pin DIP

The 8155 and 8156 are RAM and I/0 chips to be used in the MCS-85™ microcomputer system. The RAM portion isdesigned
with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit use with no wait states
in 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use with the 8085A-2.

The I/0 portion consists of three general purpose I/0 ports. One of the three ports can be programmed to be status pins,
thus allowing the other two ports to operate in handshake mode.

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse for
the CPU system depending on timer mode.

PIN CONFIGURATION BLOCK DIAGRAM
pc; 1 ~ wh Vee
PC, [ 2 3] pc, —
TIMER IN [] 3 38 [] pc, \o/f PORT A
RESET [] 4 37 [3 Pc, A PA0\7
AAE Os 36 [ P8, AD, , <:J> 256 X 8
TIMEROUT [] 6 35 [ PBg STATIC —
om ] 7 34 [7 P8y RAM ]
RD ]9 32{7] pB, ALE %1
WR 10 g:gg/ 311 pB, L
ALE (] 11 gyg5.2/ 30[J P8, RD——™ —
AD, []12 81562 297 ps, W PORT C
AD; [ 13 28| ra, c <I>Pco\5
AD, [] 14 27 [ PAg RESET ———=|
AD, 15 26 [ PAg —
22: E :: zi g :2: TIMER CLK——’ t———vcc (+5V)
: TIMER OUT Vgs (OV)
ADg s 23[] PA,
AD, [] 19 22 PA,
Vss [ 20 213 pa,

*: 8155/8155-2 = CE, 8156/8156-2 = CE

© INTEL CORPORATION, 1978 July, 1978
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intel

8185 o
1024 x 8-BIT STATIC RAM FOR MCS-85 aﬁ;}&

m Multiplexed Address and Data Bus . m Low Standby Power Dissipation 2

m Directly Compatible with 8085A

Microprocessor ® Single +5V Supply

m Low Operating Power Dissipation m High Density 18-Pin Package

The Intel® 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N-channel
Silicon-Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface directly to the 8085A
microprocessor to provide a maximum level of system integration.

The low standby power dissipation minimizes system power requirements whent he 8185 is disabled.

PIN CONFIGURATION BLOCK DIAGRAM
ADg (] 183 Vee
AD ] 2 17 [J RD
AD; []3 16 [1 WR
AD; [] 4 15 [J ALE L ——
8185 — CEy ——————s
AD, 1
«gs " Thepcs CE,—= mmw
ADs (16 13 [ CE, RD——={ LOGIC
CE WR ————————]
ADg [}7 12 {7 CE; ALE
AD; s 1A
Vss [} 9 10[] As 1
1K x8
DATA
ADg-AD; { Y Bus RAM
MEMORY
BUFFER ARAY
X-Y DECODE
PIN NAMES
ADy-AD; | ADDRESS/DATA LINES —————V ADDRESS
Ag, Ag ADDRESS LINES LATCH
cs CHIP SELECT _ Ag. Ag ———————]
CE, CHIP ENABLE (10/M) ALE ——————
CE, CHIP ENABLE
ALE ADDRESS LATCH ENABLE
RD READ ENABLE
WR WRITE ENABLE
© INTEL CORPORATION, 1978 July, 1978
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intel
8355*/8355-2**
16,384-BIT ROM WITH 1/0

*Directly Compatible with 8085A CPU
**Directly Compatible with 8085A-2

= 2048 Words x 8’Bits m Each /O Port Line Individually
Programmable as Input or Output
m Single + 5V Power Supply -

a Internal Address Latch n Multiplexed Address and Data Bus

m 2 General Purpose 8-Bit 1/0 Ports = 40-Pin DIP

The Intel® 8355 is a ROM and I/0 chip to be used in the MCS-85™microcomputer system. The ROM portion is organized as
2048 words by 8 bits. It has a maximum access time of 400 ns to permit use with no wait states in the 8085A CPU.

The I/O portion consists of 2 general purpose I/O ports. Each I/0 port has 8 port lines, and each I/O port line is indivdu-
ally programmable as input or output.

The 8355-2 has a 300ns access time for compatibility with the 8085A-2 microprocessor.

PIN CONFIGURATION BLOCK DIAGRAM
&gt ~ D Ve
CE.[] 2 39 [Ies, CLK
ck[]s 38 [1rBg l
RESET [} 4 37 [1PBg READY
N.C. (NOT CONNECTED) [} 5 36 [1rs,
READY [] 6 35 [Jps, “Do~7<:>
oMy 7 3a[Jrs, PORT A
RO Y9 g3ce/8355.2 32 |1 PBo
iow ] 10 310ea, CBy—— 2K X8
ALEC] 11 30 PIrag [ — ROM
Ap, [} 12 29 [PAg "::’:——’ ve_
ap,[] 13 28 [dra, o o7
AD, [} 14 27 JpA, oW
AD,[] 15 26 [1rA, RESET
ap, [ 16 25[1Pa, ioR
apg [} 17 24 [1rA,
ADg[] 18 23[J Ay T_
AD, [} 19 204, Vee (+5V)
Ve ] 20 2104, v (0V)

© INTEL CORPORATION, 1978 July, 1978
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8755A
16,384-BIT EPROM WITH 1/0
® Directly Compatible with 8085A CPU

m 2048 Words x 8 Bits = 2 General Purpose 8-Bit I/0O Ports

= Single + 5V Power Supply (Vcc) = Each 1/O Port Line Individually
Programmable as Input or Output
m U.V. Erasable and Electrically
Reprogrammable = Multiplexed Address and Data Bus

= Internal Address Latch = 40-Pin DIP

The Intel® 8755A is an erasable and electrically reprogrammable ROM (EPROM) and 1/0 chip to be used in the MCS-85™
microcomputer system. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum access time of 450 ns
to permit use with no wait states in an 8085A CPU.

The I/0 portion consists of 2 general purpose I/0 ports. Each I/O port has 8 port lines, and each I/O port line is individu-
ally programmable as input or output.

PIN CONFIGURATION BLOCK DIAGRAM

PROG AND CE, []1 40 [J Vec
CE; [ 2 39 [1PB; CLK
ck[]3 38 []PBs 1
RESET [] 4 37 [1PBs READY
Voo [} 5 36 [1PB,
READY [] 6 35 [1PB3 ADON7<t:>
omd7 34 [1PB, PORT A
Ao 9 32[1P8g
iow [J 10 s755a 31 [1PA, CEz 2K x 8
ALE[] 11 30 [1PA, 10/M ———— EPROM
apg ] 12 20 F1PAs ALE——————— PB°~7
ap, 13 2 1PA, "D —] -
AD, E 14 27 :]PAJ oW ———————»
AD; [ 15 26 [IPA, RESET ——————&]
AD, [] 16 25 [1PA o P—
ADg [} 17 24 [JPAg
APg [ 18 23 % pﬁoc;/c_l:_.—I T—vcc (+5V)
AD; [ 19 22[A v Vee (OV)
Ves [ 20 2104, oo ss
© INTEL CORPORATION, 1978 July, 1978
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Device
Specifications

e MCS-86™
CS-85™*
eripherals**
Static RAMs***
ROMS/EPROMs***

*For complete specifications refer to the
Intel MCS-85 User’s Manual.
**For complete specifications refer to the
Intel Peripheral Design Handbook.
***For complete specifications refer to the 1978
Intel Data Catalog.







intal

8041/8741
UNIVERSAL PERIPHERAL INTERFACE
8-BIT MICROCOMPUTER

m Fully Compatibnle with MCS-80™, = Pin Compatible ROM and EPROM
MCS-85™ and MCS-48™ Microproces- Versions
sor Families
. = 1K x 8 ROM/EPROM, 64 x 8 RAM, 18
= Single Level Interrupt Programmable 1/ Pins
= 8-Bit CPU plus ROM, RAM, 1/O, Timer
and Clock in a Single Package m Asynchronous Data Register for

a Single 5V Supply Interface to Master Processor

m Alternative to Custom LSI s Expandable 1/0

The Intel® 8041/8741 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, 1/0O ports,
timer/counter, and clock in asingle 40-pin package. Interface registers are included to enable the UPI device to function as
a peripheral controller in MCS-80™, MCS-85™, MCS-48™, and other 8-bit systems.

The UPI-41™ 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 8041 version or as UV-erasable EPROM in the 8741 version. The 8741 and the
8041 are fully pin compatible for easy transition from prototype to production level designs.

The device has two 8-bit, TTL compatible 1/0 ports and two test inputs. Individual port lines can function as either inputs or
outputs under software control. I/O can be expanded with the 8243 device which is directly compatible and has 16 1/0 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 8041), single-step mode for
debug (in the 8741),single level interrupt, and dual working register banks.

Because it's a complete microcomputer, the UPI provides more flexibility for the designer than conventional LS| interface
devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include keyboard
scanning, printer control, display multiplexing and similar functions which involve interfacing peripheral devices to
microprocessor systems.

PIN CONFIGURATION BLOCK DIAGRAM
INTERNAL
aus
T— ™1
To1 40 bvcc 2
x2 39 DT| PORT 1 ]
K ¥ sus <‘:’>'w-
x2[]3 38 [Py BUFFER P17
RESET[] 4 37 Orze DATA
sQds 36 PIPss S0 “aorren. K* > " MEmORY
e 35 [1P2s & RecisTER | Y ;> 8 REG. BANK 1 RESIDENT
b4 x
EAE 7 2 3P‘7 En o STACK RAM ARRAY
— INTERPACE _ REG. BANK 0
RO[]8 33[1Pie ::**—‘0 MULTIPLEXER
2 dQo 32[7P1s Es”_“" <
WAL} go41 3P o = "WrenFace
sync[J11 8741 30[0ess o byl rorT 2
Do 12 29 [1Py2 SYNG ———] ] sufrer N
< N C:/J\ 201
Di[J13 28 Pn nu: P b o] 12
RESET ——— EXPANDER
0[] 14 27[3P10 AESE 9 INTERFACE
p3[] 15 26 [Ivoo <:: "o
D[] 16 25 [1pROG PROGRAM
CRYSTAL, | x, MEMORY conpiTioNaL [*—To
os[] 17 24Pz LC,0R TIMING BRANCH
Ds[] 18 23[1P2 cLock | X2 LOGIC -
D7) 19 22[1Pn
vss [ 20 21[P2 Vpp —————= PROM PROGRAM SUPPLY PROGRAM
POWER o Voo ———— +5SUPPLY COUNTER
T
CE—
EVENT COUNTER
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8205
HIGH SPEED 1 OUT OF 8 BINARY DECODER

= 1/O Port or Memory Selector = Low Input Load Current — 0.25 mA
Max, 1/6 Standard TTL Input Load

® Minimum Line Reflection — Low
Voltage Diode Input Clamp

= Simple Expansion — Enable Inputs

= High Speed Schottky Bipolar

Technology — 18 ns Max Delay = Outputs Sink 10 mA Min
s Directly Compatible with TTL Logic m 16-Pin Dual In-Line Ceramic or Plastic
Circuits Package

The Intel® 8205 decoder can be used for expansion of systems which utilize input ports, output ports, and memory
components with active low chip select input. When the 8205 is enabled, one of its 8 outputs goes “low”, thus a single
row of a memory system is selected. The 3-chip enable inputs on the 8205 allow easy system expansion. For very large
systems, 8205 decoders can be cascaded such that each decoder-can drive 8 other decoders for arbitrary memory
expansions.

The 8205 is packaged in a standard 16-pin dual in-line package, and its performance is specified over the temperature
range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain fast switching speeds
results in higher performance than equivalent devices made with a gold diffussion process.

PIN CONFIGURATION LOGIC SYMBOL
S
Ag 1 16 Vee | Ao Oo
A 2 15 0o Aq O, r)—
A, 3 14 0, — A, 0, flo—
E, 4 13 0, 03 jo—
8205 8205
E, 5 12 Jo; osfo—
E3 I 6 n 04 —aE, os Jo—
0y | 7 10 Jos —fe; o o—
GrO[ |8 o Jog £ ob
ADDRESS | ENABLE ouTPUTS
PIN NAMES Ag Ay A|E, E; E3[0 1 2 3 4 5 6 7
L L L L L H L H H H H H H H
H LjL L HIH L H H H 4 H H
Ao A, ADDRESS INPUTS L H LfL L H|{H H L H H H H H
= H
£, E; ENABLE INPUTS N N E
Op- O; DECODED OUTPUTS H L H|L L H|H H H H H L H H
L H H L L HIH H H H H H L H
H H HfL L H(H H H H H H H L
X X X L L L H H H H H H H H
X X X H L L H H H H H H H H
X X XL H L|[H H H H H H H H
X X X H H L H H H H H H H H
X X X|H L H[H H H H H H H H
X X X|LU H HIH H H H H H H H
X X X|H H H|IH H H H H H H H
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inter 8212

8-BIT INPUT/OUTPUT PORT

= Fully Parallel 8-Bit Data Register and = 3.65V Output High Voltage for Direct
Buffer Interface to 8080 CPU or 8008 CPU
m Service Request Flip-Flop for Interrupt

Generation = Asynchronous Register Clear

s Low Input Load Current — 0.25 mA Max = Replaces Buffers, Latches, and Multi-
u 3-State Outputs plexers in Microcomputer Systems

a Outputs Sink 15 mA = Reduces System Package Count

The Intel® 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device
selection logic. Also included is a service request flip-flop for the generation and control of interrupts to the
microprocessor.

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the
principal peripheral and input/output functions of a microcomputer system can be implemented with this device.

*Note: The specifications for the 3212 are identical with those for the 8212.

PIN CONFIGURATION LOGIC DIAGRAM
SERVICE REQUEST FF
—_ 4
os, [ 24 v )
Mo |2 23 INT DEVICE SELECTION osa
N = | sR
o, [ 3 22 []oig N c o
081
oo, [ 4 21 oo, g o INT 23>
D (
Dlz 5 20 D|7 0 L e (ACTIVE LOW)
DO
Do, 6 8212 19 , D MD R
o, []7 18 [ Joig > s7e — S
DO, L 8 17 |_1D0g ’ r ! 1 outeur
o, [ o 16 [J oI | | | BUFFER
4 5 !
oo, [] 10 15 [ ] oo, S
ste[] 1 1a []&th B>on, Ho oH+H ooy B>
C R
Gno [ 12 13 [Jos, oatatatch | : |
B>oi; RN s ! ooz [6>
| Flng:_‘ | |
|
LU I
o —T1° @ | Do3
c |
=4 ? I
|
>0, : [o o+ + D0g
PIN NAMES e | \
‘ \
| Oh-Dk | OATAWN ] >0 =P @ oo [iB>
_D0y-DOg | DATAOUT ] | Cr \ ‘
D% -DS; | DEVICE SELECT ‘ | |
MD mooe | —
[ ste STROBE [8>o16 ‘ O QT & 00g [I7>
iNT INTERRUPT (ACTIVE LOW) Crlll |
CLR CLEAR (ACTIVE LOW) ‘ | |
o1, oo | | D0,
c
! 2l |
B> 014 J[ DQ I‘&—f nog 21>
c |
| LB |
@> iR | |
(ACTIVE LOW) L R
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8251A S
PROGRAMMABLE COMMUNICATION INTEﬁF‘ @

= Synchronous and Asynchronous m Error Detection — Parity, Oveﬁ,ﬁn
Operation Framing

= Synchronous 5-8 Bit Characters;

Internal or External Character Synchro- g Fully Compatible with 8080/8085 CPU
nization; Automatic Sync Insertion

= Asynchronous 5-8 Bit Characters; m 28-Pin DIP Package
Clock Rate—1, 16 or 64 Times Baud
Rate; Break Character Generation; 1,

12, or 2 Stop Bits; False Start Bit = All Inputs and Outputs are TTL
Detection; Automatic Break Detect Compatible
and Handling; 19.2K Baud.
= Baud Rate — DC to 64K Baud = Single + 5V Supply
= Full Duplex, Double Buffered, Trans-
mitter and Receiver = Single TTL Clock

The Intel® 8251A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous
Receiver/Transmitter (USART), designed for data communications with Intel’s new high performance family of
microprocessors such as the 8085. The 8251A is used as a peripheral device and is programmed by the CPU to operate
using virtually any serial data transmission technique presently in use (including IBM “bi-sync”). The USART accepts
data characters from the CPU in parallel format and then converts them into a continuous serial data stream for
transmission. Simultaneously, it can receive serial data streams and convert them into parallel data characters for the
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has
received a character for the CPU. The CPU can read the complete status of the USART at any time. These include data
transmission errors and control signals such as SYNDET, TXEMPTY. The chip is constructed using N-channel silicon
gate technology.

PIN CONFIGURATION BLOCK DIAGRAM

o, v~ 20,
0,2 27 o,
rx0 [ 3 26 [ Ve rvL
GNO [ 4 25 [J RxC A DATA BN TRANSMIT
— ¢ > 8US <L[_‘/ 3 BUFFER |—=TXD
o, s 24 {7 DTR 0;00 ;- BUFFER P -s)
o, 6 23 [J RTs
o, ] 7 8251A 22 ] OsR T
o, s 21 [7] RESET {
o 20 [ cLk RESET._.. o /‘“f TxRDY
e~ CLK. -
WR []10 19 Tx0 K-——=]rReaDWRITE \,——)
VR ¢ | conTROL TRaNsMIT | .
csn 18 [ TxEMPTY "o LOGIC CONTROL
> S — - - TxC
co 12 17 [J cTs WR__ ol —T 4 x
RO ] 13 16 [_] SYNDET/BD = |
i
RxRDY [ 14 15 [] TxROY cs - |
|
DSR o df ] !
PIN NAMES oTh - i
— 9 oDEMm RECEIVE
D; Do Data Bus (8 bits) ‘ DSR Data Set Ready coooty, BUFFER |Je—RXD
c/D Control or Data is (0 be Written or Read ‘ DTR Data Terminal Ready CTS — . (*J‘\ 7 (s-P
~ |
RD Read Data Coramand SYNDET/BD | Sync Detect/ RTS - \171) |
WR Write Data or Control Command Break Detect | T
cs Chip Enable | | A Send Dat | I l
cLK Clock Pulse (TTL) | R equest to Send Data i
ESET Reset | CcTs Clear to Send Data ; RxRDY
T=C Transmitter Clock I TeE Transmitter Empty | | RECEIVE RaC
: ! ! RaC
;Lg ;ransmmelv D:m || vee +5 Volt Supply INTERNAL | "1 control [T
x eceiver Cloc GND Ground DATA BUS <o SYNDET
RxD Receiver Data ‘ i
RxRDY | Recever Ready (has character for 8080) | o
TxRDY | Transmitter Ready (ready for char. from 8080) |
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8253/8253-5
PROGRAMMABLE INTERVAL TIMER

m MCS—85™ Compatible 8253-5 = Count Binary or BCD

= 3 Independent 16-Bit Counters
m Single + 5V Supply
= DC to 2 MHz

= Programmable Counter Modes m 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 BLOCK DIAGRAM
~
0,01 ~ 24 v
o, 2 23 [JWR l«——— cLK O
6 \ DATA g —
o, 3 223D 0,0,{ 8 Bus K N K o COUNTER L GaTeo
BUFFER
o, 4 a1¢cs L .outo
0,00 s 20[]A,
p,06 8253 19[a, ' I
0,007 18fJcLk2 i
p,[] e 17[Jout2 o
RD ——————)
cko[] 9 16 [JGATE 2 e CLK 1
WR —————=
out o[} 10 15 ek 1 q Reap/ tN\J counter
WRITE =1 |«——— GATE1
GATEO[] 11 14 [1GATE 1 A LOGIC
o T
6N 12 130out1 A ——— ouT1
[
1
cs *___j __y
PIN NAMES CLK 2
D,D DATA BUS (8BIT CONTROL | 1]
7Dg (8BIT) WORD COUN TR | GaTE2
CLKN __ COUNTER CLOCK INPUTS REGISTER |N\— =2
GATEN _ COUNTER GATE INPUTS L .~ out2
OUTN _ COUNTER OUTPUTS
RD READ COUNTER
WR WRITE COMMAND OR DATA
cs CHIP SELECT -
AgA, COUNTER SELECT
Ve S VOLTS /
GND GROUND
INTERNAL BUS L
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8255A/8255A-5
PROGRAMMABLE PERIPHERAL INTERFACE

= MCS-85™ Compatible 8255A-5

= 24 Programmable 1/O Pins
= Completely TTL Compatible

m Fully Compatible with Intel® Micro-
processor Families

= Improved Timing Characteristics

m Direct Bit Set/Reset Capability Easing
Control Application Interface

= 40-Pin Dual In-Line Package

= Reduces System Package Count

= Improved DC Driving Capability

The Intel® 8255A is a general purpose programmable 1/0O device designed for use with Intel® microprocessors. It has
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first
mode (MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be input or output. In MODE 1, the second
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand-
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking.

PIN CONFIGURATION

Pa3(] S a0{7]) Pas
Paz ]2 39[ ] Pas
pa1(]3 38[ ] Pac
pao (]« 37[]paz
RO (s 36 ] WR
csJe 35[ ] RESET
Gno [ 7 3a[7p,
ar1]s 337 o,
a0 ]9 320,
ec7 (10 1[Jo,
pce 11 8255A 1o,
pcs (]2 29[ ] o,
pca]13 28[] D
pco []14 27[7 o,
pc1[]1s 26 ] Vec
rc2(]re 25f ] P87
pc3 ] 24[7] P86
peo []1s 23] res
Pe1[]19 22[7] PB4
rB2 (] 20 2117 pe3
PIN NAMES
0,-Dy DATA BUS (BI-DIRECTIONAL)
RESET RESET INPUT
=] CHIP SELECT T
A0 | READINPUT
wa WRITE INPUT ]
A0, A1 PORT ADDRESS
PA7-PAD PORT A (BIT)
P87-PBO PORT B (BIT)
PC7-PCO PORT C (BIT)
Vee +5 VOLTS
GND gVvOoLTS

8255A BLOCK DIAGRAM

v [
powt R GRoue
SuprIE
UPPLIES D 4__;> ro‘nv <L_——!> 110
~ DL e Se— RN Sy g
CONTROL .
wRour
.
o
K rome E—
PPER PCy-PC,
-
BI-DIRECTIONAL DATA BUS
vata
0.0 < > as K >
BUFFER
soir
INTERNAL GRouP
DataBus o
<::> ronrc K > ol
t Lowen PCyPCo
.« g
7 ——of
- Reao/
N o o B S— ongor
8
A, conTROL conTROL <:j\'> PORT <::> o
. v8,.78,
N »
RESET ——————e| L
a1}
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8257/8257-5 o R

PROGRAMMABLE DMA CONTROLLER "%, ¥
= MCS-85™ Compatible 8257-5 m Auto Load Mode ", "

m Priority DMA Request Logic
a Channel Inhibit Logic

a Terminal Count and Modulo 128
Outputs m 40-Pin Dual In-Line Package

The Intel® 8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or
from memory. Acquisition of the system bus in accomplished via the CPU’s hold function. The 8257 has priority logic
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA
cycles is complete. Other output control signals simplify sectored data transfers and expansion to other 8257 devices
for systems that require more than 4 channels of DMA controlled transfer. The 8257 represents a significant savings in

component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at high speed be-
tween peripherals and memories.

= Single + 5V Supply
= Expandable

PIN CONFIGURATION BLOCK DIAGRAM
U
I/OR[] 1 40 A,
iow(] 2 39 [JAg
MEMR[] 3 38 [JAs s
MEMW] 4 37 [0A, cmlsc }~— DRQ 0
MARK[] 5 38 JTC 0,0 n‘m'sA <:> BIT
° ADDR
READY[] 6 35 [JA; BUFFER CNTR BATKD
HLDA[] 7 34 [JA,
ADDSTB([] 8 33[0A, J
aen[]s 857 1A, 1
— CH-1 DRQ 1
HRQ[] 10 310Vee 1/OR < > 16
— oW BIT
csn 30[Jo, 25?2
cuk[] 2 29 [Jo, oLk - |— DACK1
RESET[] 13 28 [Jo, RESET ————s| anEa?PE/ T
DACK2[] 14 27[Jo, LOGIC
DACK3[] 15 26 [1o, Ao CH2 |=—DRQ2
v A,‘———. N 16
DRQ3E 16 2 gz:z:t: N ‘ < ) g5
pra2(] 17 24 ADDR
A! -~
ora 10} 18 230y "] V™ [ DACK2
Drao[] 19 22 bo, 3_.~_? |
GND[] 20, 2100p, Ay—r]
CH-3 j+=— DRQ 3
As A 16
IN NAME o] ]
A ADDR
P s ’ CONTROL 1 CNTR }— DACK3
Dy-Dg | DATA BUS AEN ADDRESS ENABLE READY ———| Lgﬁ[',c
A3-Ag | ADDRESS BUS ADSTB ADDRESS STROBE MODE <::> {
ilOR | 1/0 READ TC TERMINAL COUNT HRQ +—  SET
i7OW__[1/0 WRITE MARK MODULO 128 MARK HLDA —————= L] erioriTY
MEMR «——f RESOLVER
MEMR | MEMORY READ DRQ3-DRQy | DMA REQUEST
MEMW | MEMORY WRITE INPUT MEMW ———0)
CLK CLOCK INPUT DACK3-DACKo Drg:) ¢CKNOWLEDGE AD::: -—
RESET | RESET INPUT 3 CHIP SELECT INTERNAL
READY | READY - L — L _JjBUS
Vec +5 VOLTS MARK
HRQ | HOLD REQUEST GND GROUND
(TO 8080A) L= - —
HLDA | HOLD ACKNOWLEDGE
(FROM 8080A)

®© Intel Corporation, 1978 February, 1978
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in

= IBM 3740 Soft Sectored Format Com-

patible

» Programmable Record Lengths

m Multi-Sector Capability

= Maintain Dual Drives with Minimum
Software Overhead Expandable to 4

Drives

8271

Count

= Single + 5V Supply

= Automatic Read/Write Head Position-
ing and Verification

m 40-Pin Package

a Internal CRC Generation and Checking

m Programmable Step Rate, Settle-Time,
Head Load Time, Head Unload lhdex

a Fully MCS-80 and MCS-85 Compatible

The Intel® 8271 Programmable Floppy Disk Controller (FDC) is an LS| component designed to interface one to 4 floppy
disk drives to an 8-bit microcomputer system. Its powerful control functions minimize both hardware and software
overhead normally associated with floppy disk controllers.

PIN CONFIGURATION

BLOCK DIAGRAM

[\ ]
FAULT RESET/OPO [] 1 a0 3 vee
SELECTO [] 2 39 [] LOW CURRENT
amHzcLk [ 3 38 [J LoAD HEAD REGISTERS ~
RESET [ 4 37 [ DIRECTION STATUS REG.| COMMAND REG.
READY1 []s 36 [] SEEK/STEP RESULT REG. |PARAMETER REG.
SELECT1 [} 6 35 ] WR ENBLE TEST MODE
pack (7 34 [1 INDEX
8
Dﬁf: 4d 33 [J WR PROTECT WR DATA
rRD (o 32[] READY 0 ——————— INSYNC
wr (o 210 TRko o8 @ DATA BUS <,‘:"‘> SERIAL
-7 BUFFER INTERFACE
INT (1 30 [J COUNT/OPI CONTROLLER
pso [ 12 29 [ ] WR DATA be——————— RDDATA
pe1 [J13 28 [] FAULT Jo«———————— DATA WINDOW
o8z [} 14 27 [] UNSEP DATA DRQ
t  elosss
o83 [ 15 26 [ ] DATA WINDOW BACK
oB4 (] 16 25 [] PLO/SS INT
o8s [ 17 2a[] cs
086 jo-— READY 0
o E 18 23 [ INSYNC a5 po«—— READY 1
19 221 A o jo-— TRACK 0
N . ] doret, o coumrion
’ WRITE WOEX
A /DMA jo«— WRPROTECT
R — FAULT
' CONTROL p-—— FauLT
A, —{ LoGic ORIVE
INTERFACE
CONTROLLER
PIN NAMES RESET —— =) |— seLecTO
—= SELECT1
lo87-08g | OATABUS (BIDIRECTIONAL) | Loiss | pLo/SINGLE sHoT [— WR ENABLE
etk | CLOCK INPUT (TTL) | BAYAWINGSW | Data inbow _ OUTPUT |——= LOAD HEAD
|SELECT 1.0 | seLect1,0 | UNSEPDATA | UNSEPARATED DATA cs BUFFER |+ SEEK/STEP
FAULT RESET/OPO | FAULT RESET/OPTIONAL OUTPUT | FAULT ! eauLt
IReseT | coe neser RDATA | WRITE DATA [ DIRECTION
READY. 0 READY 1, COUNT/OM | COUNT/OPTIONAL INPUT |— LOW CURRENT
|bACR | Dok ACKNOWLEDGE KO | TRacko INTERNAL
iomo ! oA REQUEST umesoreer . wAvTeprorecr DATA BUS FAULT RESET/OPO
B | CPU READ INPUT NDEX
wR CPU WRITE INPUT WR ENABLE ! wmts ENABLE
INT INTERRUPT SEEN/STEP | SEEK/STEP
REGISTER SELECT DIRECTION DIRECTION
WSvNG READ DATA INSYNG LOADHEAD - LOAD HEAD CPU INTERFACE ~ DISK INTERFACE
= _cupseiect

_LOWCURRENT | LOW CURRENT

© Intel Corporation, 1978
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8273
PROGRAMMABLE HDLC/SDLC PROTOCOL
CONTROLLER

= HDLC/SDLC Compatible = Programmable NRZI Encode/Decode

m Frame Level Commands m N-Bit Reception Capability

a Full Duplex, Half Duplex, or Loop
SDLC Operation

= Up to 64K Baud Transfers

= Two User Programmable Modem
Control Ports

= Automatic FCS (CRC) Generation and
Checking

s Digital Phase Locked Loop Clock
Recovery

a Minimum CPU Overhead

= Fully Compatible with 8080/8085 CPUs
= Single + 5V Supply

= 40-Pin Package

The Intel® 8273 Programmable HDLC/SDLC Protocol Controller is a dedicated device designed to support the ISO/C-
CITT’s HDLC and IBM’s SDLC communication line protocols. It is fully compatible with Intel’s new high performance
microcomputer systems such as the MCS-85™. A frame level command set is achieved by a unique microprogrammed

dual processor chip architecture. The processing capability supported by the 8273 relieves the system CPU of the low
level real-time tasks normally associated with controllers.

PIN CONFIGURATION

BLOCK DIAGRAM

—_ REGISTERS
FLAG DET \7
LAGDET (41 40 p Ve TxINT RESULT COMMAND M
TxINT [] 2 39[] PB,
RxINT RESULT PARAMETER
ck 3 38 [] 78,
reser [ 4 wh e TEST MODE STATUS
TxDACK [} § [0 pa; RESULT
Tx0Ra [] 6 35 [] ATS
RxDACK [] 7 4[] PA,
RxDRQ []8 33[] PA;
"o 9 32[] PA,
wr Q10 31[] €D DATA
wR O 8273 H DBy, BUS
Rx INT (] 11 3] CTs BUFFER ™0
Tx LOGIC =
oso []12 2] Tx_u o—— TxC
pB1 [J13 28] TxC
os2 [] 14 27[] RxC
pB3 [} 15 26 [] RxD
TXDRQ <+
oB4 [} 16 25 [] 3ZCLK — DPLL
g H % TXDACK OPLL
oBs [] 17 2a{7] ¢cs RXDRQ +——— X oK
= x il
DB6 [] 18 23[] orLL — CONTROL RTS
RxDACK LOGIC -—
0B7 [} 19 227 A, l :’> PB,_,
GND [ 20 21{] A Pa— TS
0 [0 A TXINT be— €T
RxINT +— be—— &b
o =9 Reans <:] Phya
WR —a  WRITE
DMA/
Aq —=| CONTROL
LoGIC
Ay, —f
1
PIN NAMES aesen oo
Rx LOGIC Joe—— RxC
DBO-DB7_| DATA BUS (8 BITS) cs CHIP SELECT — i
FLAG DET | FLAG DETECT 32xCLK | 32 TIMES CLOCK cs
TxINT TRANSMITTER INTERRUPT Rx D RECEIVER DATA CLK FLAGDET
CLK CLOCK INPUT AxC RECEIVER CLOCK
RESET RESET TxC TRANSMITTER CLOCK INTERNAL DATA BUS ——=
TxDACK | TRANSMITTER DMA ACKNOWLEDGE ™D TRANSMITTER DATA
TxDRQ TRANSMITTER DMA REQUEST CcTs CLEAR TO SEND CPU INTERFACE MODEM INTERFACE
RD READ INPUT cD CARRIER DETECT L
WR WRITE INPUT PAZ—PA4 | GP INPUT PORTS
RxDACK | RECEIVER DMA ACKNOWLEDGE ~PB, | GP OUTPUT PORTS
RxDRQ | RECEIVER DMA REQUEST G REQUEST TO SEND
Rx INT RECEIVER INTERRUPT Vee +5 VOLT SUPPLY
A0-A1 COMMAND REGISTER SELECT ADDRESS | | GND GROUND
BPLL DIGITAL PHASE LOCKED LOOP

© Intel Corporation, 1978
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8275
PROGRAMMABLE CRT CONTROLLER

= Programmable Screen and Character s Fully MCS-80™ and McS-85™
Format Compatible
m 6 Independent Visual Field Attributes a Dual Row Buffers

m 11 Visual Character Attributes
(Graphic Capability)

m Cursor Control (4 Types) = Single +5V Supply
= Light Pen Detection and Registers = 40-Pin Package

= Programmable DMA Burst Mode

The Intel® 8275 Programmable CRT Controller is a single chip device to interface CRT raster scan displays with
Intel® microcomputer systems. Its primary function is to refresh the display by buffering the information from main
memory and keeping track of the display position of the screen. The flexibility designed into the 8275 will allow simple
interface to aimost any raster scan CRT display with a minimum of external hardware and software overhead.

PIN CONFIGURATION BLOCK DIAGRAM
\J
ez 4o 40 0 vee
Lc2 02 39 [ LAg
c1ds s LAq
CHARACTER CCLK
Lco s 37 I LTEN r\,‘ COUNTER
DRa s 36 [1RVV
DACK (s 35 [] vsP (2) 80 X 8
HRTC (07 34 [J GPAq
VRTC [ & 33[J GPAg
RD DATA
RD Qs 32 1 HLGT DBo_7 () BUS K )
WR Q1w 8275 3 [ IRQ BUFFER
LPEN (1 30 [J CCLK
DBg [ 12 29 [ ccg
DB1[Q 13 28[]cCs
DBz (] 14 27[]cca
DB3 (15 26f[]cCC3 oRQ LINE ‘o
COUNTER [—) Co-
DBg (J 16 25 [J cca BAER
DBs (] 17 2a[]ccq .
DBG [: . - : ccO
— OUNT
DBy (] 19 2[1C8 COUNTER
RD—=9 READ/
GND [ 20 210 A0 Reaor, .
WR —=o DMA (’_‘}‘ ) LAg-1
CONTROL L HRTC
Ao LogGic RASTEAIL‘IT)IMING — xrég
- — RVV
PIN NAMES VIDEO CONTROL Men
T — vsp
cs ) GPag_4
DBo_1 | BI-DIRECTIONAL DATABUS || LCo_3 | LINE COUNTER OUTPUTS
DRQ__ | DMA REQUEST QUTPUT LAg—1_| LINE ATTRIBUTE OUTPUTS N p—
ACK DMA ACKNOWLEDGE ',N,P,!JT HRTC HORIZONTAL RETRACE OUTPUT N LPEN
IRQ 1+ INTERRUPT REQUEST OUTPUT VRTC VERTICAL RETRACE OUTPUT \
| _RD | READSTROBE INPUT HLGT HIGHLIGHT OUTPUT
WR WRITE STROBE INPUT RVV REVERSE VIDEO OUTPUT
Tag REGISTER ADDRESS INPUT LTEN | LIGHT ENABLE OUTPUT
ﬁqsr CHIP SELECT INPUT vsP VIDEO SUPPRESS OUTPUT
::_CCL'S CHARACTER CLOCK INPUT GPAQ—1 | GENERAL PURPOSE ATTRIBUTE OUTPUTS
[TCCo—s | CHARACTER CODE OUTPUTS LPEN | LIGHT PEN INPUT
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8278

PROGRAMMABLE KEYBOARD INTERFACE

= Simultaneous Keyboard and Display = N-Key Rollover with Programmable
Operations Error Mode on Multiple New Closures
m Interface Signals for Contract and

e m 16- or 18-Character 7-Segment Display
Capacitive Coupled Keyboards Interface

= 128-Key Scanning Logic

m 10.7 msec Matrix Scan Time for 128
Keys and 6 MHz Clock m Depress/Release Mode Programmable

= Right or Left Entry Display RAM

m 8-Character Keyboard FIFO m Interrupt Output on Key Entry

The Intel® 8278 is a general purpose programmable keyboard and display interface device designed for use with 8-bit
microprocessors such the MDS-80"™ and MCS-85™. The keyboard portion can provide a scanned interface to
128-key contact or capacitive-coupled keyboards. The keys are fully debounced with N-key rollover and
programmable error generation on multiple new key closures. Keyboard entries are stored in an
8-character FIFO with overrun status indication when more than 8 characters are entered. Key entries set
an interrupt request output to the master CPU.

The display portion of the 8278 provides a scanned display interface for LED, incandescent, and other
popular display technologies. Both numeric displays and simple indicators may be used. The 8278 has a
16X4 display RAM which can be loaded or interrogated by the CPU. Both right entry calculator and left en-
try typewriter display formats are possible. Both read and write of the display RAM can be done with auto-
increment of the display RAM address.

PIN CONFIGURATION PIN NAMES BLOCK DIAGRAM
‘ 4 D,-D, ~
RL]1 40 |7 v D7-Do DATA BUS
g H Ve RD, WR READ, WRITE STROBES BLEVEL
x1 2 39 [JcLr cs CHIP SELECT KEY FIFO
Ag CONTROL/DATA SELECT SCAN
X2} s s, RESET RESET INPUT I OUTPUTS
RESET [] 4 37 I8, Xq, Xa FREQ. REFERENCE INPUT ——
SYNC HIGH FREQUENCY OUTPUT DATA Mg
Nes 36 18, cLOCK DATA BUS Q SCAN 5 A
&ss 35 8o RL KEYBOARD RETURN LINE BUs R r COUNTER :
CLR CLEAR ERROR TIMIN Mo
GND [ 7 34 [IkeL KCL KEY CLOCK IN 3
AD Mg—Mo MATRIX SCAN LINES
RoQs 33 Mg B3-Bg DISPLAY OUTPUTS INTERRUPT REFURN
Ao 32[0mg ERROR ERROR SIGNAL REQUEST ev [ tine
wmd o = IRQ INTERRUPT REQUEST | .
8278 My HYS HYSTERESIS & [~ HYSTERESIS
sync (] 11 30 My BP TONE ENABLE Deaouréce — KEY cLOCK
B LOGI
po ] 12 " R—] 10 SYNC
oE 2 [m, W —] conTroL <::> [ (400 KH2)
D 13 M Py LOGIC
1 28 [Im, CS —»f TIMING
D[] 14 27 (M, Ag—] IN
i I S e rome g avon | e st
D4 (] 16 25 [1NC Loaic l— CLEAR INPUT
ps[] 17 24 [ 1ERROR
e[ 18 23[JIra X1 —
D7 E 19 22 j HYS TIMING |ouT <§> 16-DIGIT TO
= DISPLAY <I> DISPLAY
GND [ 20 21 sP Xo—1 BUFFER DIGITS
LJ
INTERNAL
15 —> BUS
PWR —p
GND —>
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8279/8279-5

= MCS-85™ Compatible 8279-5 s Dual 8- or 16-Numerical Display
= Simultaneous Keyboard Display . . .
Operations = Single 16-Character Display

= Scanned Keyboard Mode = Right or Left Entry 16-Byte Display
= Scanned Sensor Mode RAM
m Strobed Input Entry Mode s Mode Programmable from CPU
a 8-Character Keyboard FIFO

m 2-Key Lockout or N-Key Rollover with
Contact Debounce m Interrupt Output on Key Entry

= Programmable Scan Timing

The Intel® 8279 is a general purpose programmable keyboard and display 1/O interface device designed for use with
Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and strobed in
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt output
line to the CPU.

The display portion provides a scanned display interface for LED, incandescent, and other popular display
technologies. Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 8279
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both
right entry, calculator and left entry typewriter display formats are possible. Both read and write of the display RAM
can be done with auto-increment of the display RAM address.

PIN CONFIGURATION LOGIC SYMBOL
T
—\_
RL2 O] 40 [Ivee
RL3[ 2 39 [1RL, PIN NAMES i aa .
| Lo
ck]3 38 [1RLo 7
IRQ[] 4 37 [JCNTL/STB oATA
RLe 5 36 [JSHIFT [DBo; | /O | DATABUS (BIDIRECTIONAL) | BUS
RLs[] 6 35 [IsL CLK 1| CLOCK INPUT SHIFT KEY DATA
3 RESET 1 ] RE§ET INP\IT o
RLs [} 7 34 st =3 1 ' CHIP SELECT RS
RL; (] 8 a3 Isu ) 1| READ INPUT
[WR 1| WRITE INPUT B
RESET[] 9 s270 2 [1sLo Ao | | BUFFER ADDRESS _ __ CNTL/STB j+—
ap[] 10 31[J0uT By IR | O | INTERRUPT REQUEST GUTPUT | | WR
_ Stos O | SCAN LINES cPy 4
WRJ 1 30 [Jourt B, Tier T TRETORNLINGS INTERFACE
0B, [] 12 29 [JouT B, [SHIFT 1 [ SHIFT INPUT - R
°E CNTL/STB | 1 | CONTROL/STROBE INPUT | Stos 4 SCAN
bB,L]13 28 [Jout 85 OUTAg3 | O | DISPLAY (A) OUTPUTS
DB, [} 14 27[Jout A OUTBos | O | DISPLAY (BOUTPUTS | Ao
t —]
o8,[] 15 26 louT A (BB O | BLANK DISPLAY OUTPUT
OUT Ag:
pB,[] 16 25 [out A, 03 4
_ ]
osg[] 17 24 [JouT A3 RESET
oBg[] 18 23[180 DISPLAY
oB,[] 19 22[¢C8 | ———{cLk  ouTBos a DATA
7
Vs [ 20 21{] Ao -
BD
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8291
GPIB TALKER/LISTENER

B Complete source and acceptor
handshake.

B Complete talker and listener functions
with extended addressing.

W Service request, parallel poll, device
clear, device trigger, remote/local
functions.

B Selectable Interrupts

B On chip primary and secondary address
recognition.

B Automatic handling of addressing and
handshake protocol.

B Provision for software implementation
of additional features.

M Designed to interface 8-Bit Micropro-
processors (e.g., 8080, 8085, 8048) to an
IEEE Standard 488 Digital Interface Bus.

B 16 Registers (8 Read, 8 Write), 2 for
Data Transfer, the Rest for Interface
Function Control, Status, etc.

H Directly Interfaces to External
Transceivers for Connection to the
GPIB Bus.

W Provides Three Addressing Modes,
Allowing the Chip to be Addressed
Either as a Major or a Minor Talker/-
Listener with Primary or Secondary
Addressing.

B DMA Handshake Provision Allows for
Bus Transfers without CPU Intervention.

B Trigger Output Pin Allows for Triggering
of any Device in the System Without
CPU Intervention.

B On Chip EOS Message Recognition
Facilitates Handling of Multi-Byte
Transfers.

The 8291 GPIB TALKER/LISTENER is a microprocessor-controlled chip designed to interface 8-bit micro-
processors (e.g., 8080, 8085, 8048) to an |EEE Standard 488 Instrumentation Interface Bus. It implements

all of the Standard’s talker/listener interface functions.

PIN CONFIGURATION

TR U/ 40[Vce ’T | 8291
TR2[J2 Y m[el |
cLock[}3 3sfaNDAC |
RESET[]4 37[JNRFD
TRIG]5 36fDAV |
pmA REQ[]6 ssjapios § |
DMA ACK[}7 31[DI107 | 8 READ
sds shoios |% REGISTERS
orR[o 32[pios 2
owr]10 8291 31[QDI04 §
INTO1 30fdoio3 (W
po[}12 200102 |2
p1]13 28fDI01 § R RIS
p2[]14 27AsRC  |O |
p3l]1s 26fQATN |2
palj1e 25 (IREN l
ps[J17 2a[1FC |
pe[]18 23[QRs2 [
o719 22[Rs1
vss20 21 ’pRso |
~ |

(=

U

8291 INTERNAL BUS (DATA)

BLOCK DIAGRAM

T/R CONTROL

N R
L

GPIB DATA

TO BUS
TRANSCEIVERS

—

INTERFACE FUNCTIONS

-

MESSAGE
DECODER

]

|
|

AH

T “GPIBOTNTROL
|
|
|
l
|
|
|
f
|
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8292
GPIB CONTROLLER
FEATURES:
B Complete IEEE Standard 488 Controller B Complete Implementation of Transfer
Function. Control Protocol.
B Interface Clear (IFC) Sending Capability B Synchronous Control Seizure Prevents
Allows for Seizure of Control and/or the Destruction of any Data

to Service R .
W Responds to Service Requests (SRQ) B Connects with the 8291 to Form a

B Sends (REN), Allowing Instruments to Complete IEEE Standard 488 Interface
Switch to Remote Control. Talker/Listener/Controller.

The 8292 GPIB CONTROLLER is a microprocgssor-controlIed chip designed to connect with the 8291
GPIB TALKER/LISTENER to implement the full IEEE Standard 488 controller function, including
transfer control protocol.

PIN CONFIGURATION 8291, 8292 SYSTEM DIAGRAM

T )
MICROPROCESSOR SYSTEM BUS

1 ] é ? é ; é ?
2 u} N
r--%--3 DACK
3 o ] 8257 le2RO_| 8201 8202 A
4 ] 1 DMA \ GPIB e
CONTROLLER : TALKER/ CONTEE LR
5 u| | (OPTIONAL) § LISTENER
| d

6 u]
7 a2
8 ] T/R2
9 u

u]

u TR INTERFACE

STEERING CONTROL
LOGIC

u]

]

u]

ul

]

g TRANSCEIVERS

ul

ul é %

/ GENERAL PURPOSE INTERFACE BUS /




. ® LD
8294 H %
DATA ENCRYPTION UNIT R A

Sy Vs
g’“"‘c;;i%;;%_ 4 ¢

= Certified by National Bureau of m 7-Bit User Output Port ”fﬁ,‘f‘@;d 'p
Standards 2

= Single 5V + 10% Power Supply
= 80-Byte/Sec Data Conversion Rate
s Peripheral to MCS-85TM, MCS-80T™

= 64-Bit Data Encryption USing 56-Bit and MCS-48T™M Processors
Key
a DMA Interface a Implements Federal Information

Processing Data Encryption Standard

= 3 Interrupt Outputs to Aid in Loading
and Unloading Data = Encrypt and Decrypt Modes Available

DESCRIPTION

The Intel® 8294 Data Encryption Unit (DEU) is a microprocessor peripheral device designed to encrypt and decrypt
64-bit blocks of data using the algorithm specified in the Federal Information Processing Data Encryption Standard.
The DEU operates on 64-bit text words using a 56-bit user-specified key to produce 64-bit cipher words. The operation
is reversible: if the cipher word is operated upon, the original text word is produced. The algorithm itself is perma-
nently contained in the 8294; however, the 56-bit key is user-defined and may be changed at any time.

The 56-bit key and 64-bit message data are transferred to and from the 8294 in 8-bit bytes by way of the system data
bus. A DMA interface and three interrupt outputs are available to minimize software overhead associated with data
transfer. Also, by using the DMA interface two or more DEUs may be operated in parallel to achieve effective system
conversion rates which are virtually any multiple of 120 bytes/second. The 8294 also has a 7-bit TTL compatible output
port for user-specified functions.

Because the 8294 implements the NBS encryption algorithm it can be used in a variety of Electronic Funds Transfer
applications as well as other electronic banking and data handling applications where data must be encrypted.

PIN
CONFIGURATION PIN NAMES BLOCK DIAGRAM

PIN NAME FUNCTION DATA KEY
o5 DATA BUS BUFFER
D7-Dg. DATA B 8US BUFFER
RD, WR READ, WRITE STROBES REGISTERS STORAGE
=3 CHIP SELECT L ------
CONTROL/DATA SELECT
H‘ﬁnﬁ T RESET INPUT RD ol :Tsssaomgs
X1, X2 FREQUENCY REFERENCE INPUT WR o
SYNC HIGH FREQUENCY OUTPUT cs Of CONTROL
DRQ, BACK DMA REQUEST, DMA ACKNOWLEDGE Ao AND
SRQ, OAV, CCMP | INTERRUPT REQUEST OUTPUTS INTERRUPT _ ALGORITHM
Pg-Po OUTPUT PORT LINES SRQ LOGIC TABLE
Vce. VDD, GND | +5V POWER, GND OAV+——]
CCMP =—— 7-BIT
i <:> ouTPUT <:> Po-Pg
RESET PORT
SYNC
l _ DMA DRQ
X LOGIC DACK
Yo TIMING
+ 5V ————= ~
POWER —— = INTERNAL
GND———=
© Intel Corporation, 1978 April 1978
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8295
DOT MATRIX PRINTER CONTROLLER

Interfaces Dot Matrix Printers to

MCS-48™M MCsS-80™, MCS-85™

Systems

Host

12 Chararcters/inch)

40 Character Buffer On Chip
Serial or Parallel Communication with

DMA Transfer Capability
Programmable Character Density (10 or

s Programmable Print Intensity

= Single or Double Width Printing

= Programmable Multiple Line Feeds

a 3 Tabulations

m 2 General Purpose Outputs

The Intel® 8295 Dot Matrix Printer Controller provides an interface for microprocessors to the LRC 7040 Series dot
matrix impact printers. It may also be used as an interface to other similar printers.

The chip may be used in a serial or parallel communication mode with the host processor. Furthermore, it provides
internal buffering of up to 40 characters and contains a 7 x 7 matrix character generator accommodating 64 ASCI|

characters.
INTERNAL
[ ]
PFEED[] 1 40 [IVce PIN NAME FUNCTION B,U\S
X1 2 39 [JHOME
Do-D7 DATA BUS
x2[] s 38 [TOATRIsIN | RD, WR READ, WRITE STROBES DATA e CHARACTER
weser ]« 37 oraiers | S5 CHIP SELECT 8USs utbens BUFFER
RESET RESET INPUT
nel]s 36 [JIRQ/SER X1, X2 FREQUENCY REFERENCE INPUTS
wds 3 WoT SYNC _ HIGH FREQUENCY OUTPUT i | |
MOT, PFM MAIN, PAPER FEED MOTOR DRIVES
eND (7 34 st DRQ, DACK DMA REQUEST, ACKNOWLEDGE R o
mde »h%& SIN, CTS SERIAL INPUT, CLEAR-TO-SEND R 577
v IRQISER INTERRUPT REQUEST, SERIAL GROUND -
v(;:'c 9 32 :J:E 51-87 SOLENOID DRIVE OUTPUTS T s
10 1% PFEED _ PAPER FEED INPUT PRINTER —
swed 1 Lo B b HOME, TOF HOME, TOP-OF-FORM INPUTS CONTROL INTERFACE wor
T8 SOLENOID STROBE OUTPUT DACRISIN FEm
Do 12 20783 GP1, GP2 GENERAL PURPOSE OUTPUTS DROIETS e HoME
D1} 13 2% vee, Voo, GND +5V POWER, GND RESET ———0f l«——— PFEED
D2(] 14 2 0% IRQISER
D3] 15 26 [1Voo f r
Da] e 25 [ANC SYNC
o o T e
Dg[] 18 23[]6P2 X2 —
o7(] 1o 22 [JTOF
GND[] 20 21| JPFM

QuTPUT
BUFFERS

p—— GP1

——— aP2
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2114
1024 X 4 BIT STATIC RAM

2114-2 2114-3 2114 2114L.2 2114L3 2114L
Max. Access Time (ns) 200 300 450 200 300 450
Max. Power Dissipation (mw) 525 525 525 370 370 370
m High Density 18 Pin Package 8 Directly TTL Compatible: All Inputs
m Identical Cycle and Access Times and Outputs
m Single +5V Supply ® Common Data Input and Output Using

Three-State Outputs

® Pin-Out Compatible with 3605 and 3625
Bipolar PROMs

® No Clock or Timing Strobe Required
m Completely Static Memory

The Intel® 2114 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon-Gate
MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and therefore
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The
data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided.

The 2114 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are
important design objectives. The 2114 is placed in an 18-pin package for the highest possible density.

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead allows
easy selection of an individual package when outputs are or-tied.

The 2114 is fabricated with Intel’'s N-channel Silicon-Gate technology — a technology providing excellent protection against
contamination permitting the use of low cost plastic packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
® .
AL 18] ] Vee Ay N ® Vee
A, »3 4& GND
a2 A, —A 1/0,}— ®@ ]
_a As DF—1 o MEMORY ARRAY
A3 16] 14 ] Aj Ag ® N seLect | ¢ S
As[]e ] PN 10— A @ - .
—4A 7 ]
A 15 2114 1 Jio, __A: Aa N ||
A]s 13[ o, _1a 103 |— I I
Az[j 7 12[ o, _ A: 110y e —_'B—‘—T ] coLumn 110 circuITs
== 1 10— 1/ @ COLUMN SELECT
& s 1o, Ag s 0, o h INpuT
ano[]o 1w _JwE — Ay 10, ’_B_CONTROL
WE__cS
@
10,
) ’_?_ @A0©A1®2@A9 I—ﬁ
1

PIN NAMES
Ay—A,  ADDRESS INPUTS Vg POWER (+5V) O = PIN NUMBERS
WE WRITE ENABLE GND GROUND
CS CHIP SELECT
1/0,~1/0, DATA INPUT/OUTPUT
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High Density 18 Pin Package

M211

1024 X 4 BIT STATIC RAM

4

M2114

Max. Access Time (ns)

450

Max. Power Dissipation (mW) 550

Identical Cycle and Access Times

No Clock or Timing Strobe Required

|
.
® Single +5V Supply
.
u

Completely Static Memory

and Outputs

Three-State Outputs

Military Temperature Range
-55°C to +125°C

Directly TTL Compatible: All Inputs

Common Data Input and Output Using

The Intel® M2114 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon-
Gate MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and
therefore requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not
required. The data is read out nondestructively and has the same polarity as the input data. Common input/output pins are
provided.

The M2114 is designed for memory applications where high performance, large bit storage, and simple interfacing are
important design objectives. The M2114 is placed in an 18-pin package for the highest possible density.

It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead
allows easy selection of an individual package when outputs are OR-tied.

PIN CONFIGURATION

LOGIC SYMBOL

BLOCK DIAGRAM

MEMORY ARRAY
64 ROWS
64 COLUMNS

1 !

Il

COLUMN /0 CIRCUITS

¢ VCC

--—=— GND

COLUMN SELECT

@k@;\,@@g

Ay Aq

s

4
] Mo —
Ag 18 :] cc —A, @
Ay »3
As[] 7 j Ay —A 1/0,}— @
As ROW
A 18] 1A . ® Ng— seLect
—a, As
= T, T -
—JA 7 L
a5 M2114 15[ 1o, ‘
] —As As L2
A 13[Jwo, —a, 11031—
~L] : o —r—
2[ Jo, —a, @
&[] 1| Jwo, —]Ag 110, |— 1/0, j———— INPUT
® 4 DATA
Gno [ 10| _JWE —A 1/0, CONTROL
WE__Cs
? (F 110, (@) N
1}—5
&
PIN NAMES
_(9)
Ag—A, _ ADDRESS INPUTS Vec POWER (+5v) | "¢
WE WRITE ENABLE GND GROUND
cs CHIP SELECT

1/0,-1/0, DATA INPUT/OUTPUT

~
= PIN NUMBERS
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2142
1024 X 4 BIT STATIC RAM

2142-2 2142-3 2142 2142L2 2142L3 2142L
Max. Access Time (ns) 200 300 450 200 300 450
Max. Power Dissipation (mw) 525 525 525 370 370 370
® High Density 20 Pin Package B No Clock or Timing Strobe Required
® Access Time Selections From 200-450ns B Completely Static Memory
m Identical Cycle and Access Times B Directly TTL Compatible: All Inputs
® Low Operating Power Dissipation and Outputs
.1mW/Bit Typical ® Common Data Input and Output Using
m Single +5V Supply Three-State Outputs

The Intel® 2142 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon-
Gate MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and
therefore requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not
required. The data is read out nondestructively and has the same polarity as the input data. Common input/output pins are
provided.

The 2142 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing
are important design objectives. It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply.

The 2142 is placed in a 20-pin package. Two Chip Selects (CS; and CS») are provided for easy and flexible selection of
individual packages when outputs are OR-tied. An Output Disable is included for direct control of the output buffers.

The 2142 is fabricated with Intel’s N-channel Silicon-Gate technology — a technology providing excellent protection
against contamination permitting the use of low cost plastic packaging.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
A3 @
a1 20 [ Jvee — 40 " ® D . ®
as []2 19 A — m 1707 f— ® - ~—o Ve
as —————*—w: wow MEMORY ARRAY o
3 18 — A 64 ROWS ~—0
] [ % 2 e [0} SELECT 64 COLUMNS
A 4 7 A — A D:
s [ 140 3 vop |—
es2 [ s 16 oo — as A7 ﬁ
2142 - -
a[]s 15 [ J 10, — »s As ‘—ﬁ
a7 14 [ Jwo; — 2 103 I— ® I L
1101
A []s 13 [ Juoz — A7 ! COLUMN 1/0 CIRCUITS
- @ -
[ 9 12 1o, — A 1104 — jo:
O [ o s oz 9 euT COLUMN SELECT
Geno [J10 1 WE — 40 e
We €8] CSp 0D Vo3 ® »?__’ CONTROL
/0 ® !
/04 ?—' ® @ @
A0 A1 A2 Ag
PIN NAMES l_i
<1
Ao-Ag____ ADDRESS INPUTS oD OUTPUT DISABLE O] E
[WE WRITE ENABLE Vee POWER (+5V) i ®
TS1,CS2 _ CHIP SELECT GND GROUND cs, (O =PINNUMBERS
1/01-1/04 _DATA INPUT/OUTPUT NG)

5-89



=z on



Device
Specifications

MCS-86™
MCS-85™*
Peripherals**
Static RAMs***
ROMsS/EPROMs***

e & @ o @
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**For complete specifications refer to the
Intel Peripheral Design Handbook.
***For complete specifications refer to the 1978
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2332
32K (4K x 8) ROM

® Single +5V *+ 10% Power Supply m Edge Enabled With Static Array

m Pin Compatible to intel® 2716 and #m Inputs and Outputs TTL Compatible
2732 EPROMs m Three-State Output for Direct Bus

m 300ns Max. Access Time Interface

m Low Power Dissipation: ® Output Enable for MCS-85™ and
40mA Max. Average Current MCS-86™ Compatibility

15mA Max. Standby Current

The Intel® 2332 is a single +5V supply, 32,768-bit N-channel MOS read only memory organized as 4096 words by 8-bits. It
has static memory cells and clocked peripheral circuitry, giving a fast device access time with low active power dissipation.
The 2332 features an automatic standby power mode. When deselected by CE, the active power dissipation is reduced
from 40mA to 15mA, a 60% reduction.

The 2332is ideal_fgr microprocessor systems, especially those with common input and output bus structures. The separate
output control, OE, eliminates bus contention. The 300ns access time, three-state outputs, address latches, and TTL
input/output levels further simplify system design.

A cost effective system development program may be implemented by using the pin compatible Intel® 2732, 32K UV
EPROM for prototyping and the 2332 ROM for volume production. The 2732 is fully compatible to the 2332 in all respects.

PIN CONFIGURATION BLOCK DIAGRAM
DATA OUTPUTS
A7 1 N~ [1vce veec o—— 00-07
as 2 23f7As GNDO——
sgs  =pa L
Adl] o 2 pan oF OE AND
asl]s 206E cE CE LOGIC OUTPUT BUFFERS
a2l]e 19 PAto ] Y _
mgr 18 [1CE Ao-Ayy | =] DEcODEr | &.f  Y-GATING
ADDRESS —]
e v por INPUTS | —f .
oo(] @ 16 [10s = X s 32,768-BIT
01 10 1spos =%| DECODER |, CELL MATRIX
o2 1 14 gm —1
ano(] 12 1303
PIN NAMES

Ao-A10 | ADDRESSES
%!! CHIP ENABLE

OUTPUT ENABLE
09-O7 | OUTPUTS
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intel
2364
64K (8K x 8) BIT ROM

o

m Single +5V +10% Power Supply a Inputs and Outputs TTL Compatible%’i’ %

s Pin Compatible to Intel® 2732 s Three-State Output for Direct Bus
EPROM Interface

= Low Power Mode s MCS-80 and MCS-85 Compatible

The Intel® 2364 is a single +5V, 65,536-bit N-channel MOS read only memory organized as 8192 words by 8 bits. Its high
bit density is ideal for large, non-volatile data storage, such as program storage. The three-state outputs and TTL
input/output levels allow for direct interface with common bus structures. The 2364 has a low power mode which
reduces the active power dissipation by over 50%.

A cost-effective system development program may be implemented by using the Intel® 2732 32K UV EPROM for
prototyping and the 2364 ROM for production. The lower 24 pins of the 2364 are the same as the 2732 to facilitate
board designs in making the transition from EPROM to ROM.

PIN CONFIGURATION BLOCK DIAGRAM
DATA OUTPUTS
N.C.[]1 ~ 28 [1Vce vec o— 00-07
A2 2 27[1cs GNDo——» —_
wfs  mpes . Lt
As[] 4 25[ ] As % , OE, AND
asds 20180 cE CE LOGIC OUTPUT BUFFERS
[ 23[7An —
A [ A1 = Y B Y-GATING
a7 2poE Ao-A1q | —=] _DECODER [-*.|
ADDRESS —
A2(]s8 21 f1 Ao INPUTS | —» .
ard] o 20 —3] X . 65,536-BIT
—3| DECODER | o CELL MATRIX
Ao] 10 19107 — .
oo 11 18[]0s >
04[] 12 17[10s
020] 13 16[]0a
GND[] 14 15 t‘°3
PIN NAMES
Ag-A12 | ADDRESSES
OF OUTPUT ENABLE
CE CHIP ENABLE
cs CHIP SELECT
N.C. NO CONNECTION
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2616*

16K (2K x 8) FACTORY PROGRAMMABLE PROM

= Single + 5V Power Supply

s Low Power Dissipation

525 mW Max. Active Power

132 mW Max. Standby Power

The Intel® 2616 is a 16,384-bit, one-time factory-programmable MOS PROM organized as 2048 words by 8 bits. The
2616 operates from a single + 5V power supply, has a static standby mode, and is TTL input/output compatible. It is

m Pin Compatible to Intel® 2716 EPROM
and 2316E ROM

m Fast Access Time — 450 ns Max.

= Inputs and Outputs TTL Compatible

s Completely Static

specified over the 0°C to 70°C operating temperature with 5% power supply variation.

A cost-effective system development program may be implemented quickly into production by using the Intel® 2716
EPROM for pattern experimentation, the 2616 for fast first incremental 2316E ROM delivery, and the 2316E for volume
production. The 2616 is fully compatible to the 2716 in all respects. The fast factory 2616 code pattern turnaround time

gives rapid transition from EPROM to ROM for production.

The 2616 has a static standby mode which reduces the power dissipation without increasing access time. The maxi-
mum active power dissipation is 525 mW, while the maximum standby power dissipation is only 132 mW — a 75%

saving.

PIN CONFIGURATION*

PIN NAMES

Ag-Ag

ADDRESSES

CE/PGM

CHIP ENABLE/PROGRAM

OE

OUTPUT ENABLE

0,0,

OUTPUTS

MODE SELECTION

PINS CE O Vpp | Vec | OuTPUTS
(18) (20) (21) | (24) | (9:11,1317)
MODE
Read viL viL +5 +5 Dout
Standby Vin Don't Care +5 +5 High Z
BLOCK DIAGRAM
DATA OUTPUTS
vee o —07
————
GND O0—s
- | I ] I I ] l
OE OUTPUT ENABLE
CE CHIP ENABLE OUTPUT BUFFERS
pummn-— Y "
p——
p—— DECODER . Y-GATING
Ao—A10 ]
ADDRESS ]
INPUTS | —H X . 16,384-81T
—=] oecooer . CELL MATRIX
p—— .
pu——
.
=

*Pin 18 and pin 20 have been named to conform with the entire family of 16K, 32K, and 64K EPROMs and ROM:s.
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2716*
16K (2K x 8) UV ERASABLE PROM

m Fast Access Time = Pin Compatible to Intel® 5V ROMs
— 350 ns Max. 2716-1 (2316E, 2332, and 2364) and 2732
— 390 ns Max. 2716-2 EPROM

— 450 ns Max. 2716 = Simple Programming Requirements

. Single Location Programming
= Single +5V Power Supply Programs with One 50 ms Pulse

s Inputs and Outputs TTL Compatible

= Low Power Dissipation during Read and Program

— 525 mW Max. Active Power
— 132 mW Max. Standby Power s Completely Static

The Intel® 2716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2716
operates from a single 5-volt power supply, has a static standby mode, and features fast single address location program-
ming. It makes designing with EPROMs faster, easier and more economical. For production quantities, the 2716 user can
convert rapidly to intel’s pin-for-pin compatible 16K ROM (the 2316E) or the new 32K and 64K ROMs {the 2332 and 2364

respectively).

The 2716, with its single 5-volt supply and with an access time up to 350 ns, is ideal for use with the newer high performance
+5V microprocessors such as Intel’s 8085 and 8086. The 2716 is also the first EPROM with a static standby mode which
reduces the power dissipation without increasing access time. The maximum active power dissipation is 526 mW while the
maximum standby power dissipation is only 132 mW, a 75% savings.

The 2716 has the simplest and fastest method yet devised for programming EPROMs — single pulse TTL level programming.
No need for high voltage pulsing because all programming controls are handled by TTL signals. Now, it is possible to program
on-board, in the system, in the field. Program any location at any time — either individually, sequentially or at random, with
the 2716's single address location programming. Total programming time for all 16,384 bits is only 100 seconds.

PIN CONFIGURATION* MODE SELECTION
2716 p—
PINS CE/PGM OE Vpp | Vec | ouTtputs
(18) (20) (21) | (24) | (9-11,1317)
MODE
Read ViL ViL +5 +6 Dout
Standby ViH Don’t Care +5 +5 High Z
Program Pulsed V)|_to Vi Vin +25 +5 DN
Program Verify ViL ViL +25 +5 DouT
Program Inhibit viL Vin +25 +5 High Z
BLOCK DIAGRAM
DATA OUTPUTS
Vvce o
GND 0——n

I 57
PIN NAMES Ce/pam PROG LOGIC OUTPUT BUFFERS

—]
] X
—] DECODER CELL MATRIX
p—-

—]

—]
Ao—Ag | ADDRESSES = oecooer H Y-GATING
CE/PGM | CHIP ENABLE/PROGRAM Ao-A10
OE OUTPUT ENABLE ADDRESS Py
= PUTS
0,-0, | OUTPUTS INPU . 16,384 BIT
.
.
L
—

*Pin 18 and pin 20 have been renamed to conform with the entire family of 16K, 32K, and 64K EPROMs and ROMs. The
die, fabrication process, and specifications remain the same and are totally uneffected by this change.
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2758*

8K (1K x 8) UV ERASABLE LOW POWER PROM

= Single + 5V Power Supply m Fast Access Time: 450 ns Max. in
Active and Standby Power Modes
s Simple Programming Requirements

Single Location Programming a Inputs and Outputs TTL Compatible
Programs with One 50 ms Puise during Read and Program
m Low Power Dissipation s Completely Static
525 mW Max. Active Power
132 mW Max. Standby Power a Three-State Outputs for OR-Ties

The Intel® 2758 is a 8192-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2758
operates from a single 5-volt power supply, has a static standby mode, and features fast single address location program-
ming. It makes designing with EPROMs faster, easier and more economical. The total programming time for all 8192 bits
is 50 seconds.

The 2758 has a static standby mode which reduces the power dissipation without increasing access time. The maximum
active power dissipation is 525 mW, while the maximum standby power dissipation is only 132 mW, a 75% savings. Power-
down is achieved by applying a TTL-high signal to the CE input.

A 2758 system may be designed for total upwards compatibility with Intel’s 16K 2716 EPROM (see Applications Note 30).
The 2758 maintains the simplest and fastest method yet devised for programming EPROMs — single pulse TTL-level pro-
gramming. There is no need for high voltage pulsing because all programming controls are handled by TTL signals. Now it is
possible to program on-board, in the system, in the field. Program any location at any time — either individually, sequentially,
or at random, with the single address location programming.

PIN CONFIGURATION* MODE SELECTION
ard PINS N .
A6 [ CE/PGM Ar | OF | Vpp |Vec | OUTPUTS
N (18) (19) | (20) | (21) | (24) |(8:-11,1317)
4
s O MODE
A2Q
arg Read ViL Vie [ViL | +8 | +5 DouT
Ao [ Don't
oo Standby Vin v |20 +5 | 45 High Z
01Q Care
020 Program Pulsed Vi to Vi | Vi | Vin | #25 | +5 Din
GND
H Program Verify ViL ViL | ViL | +25 | +5 Dout
Program Inhibit ViL ViL | Vi | #256 | +5 High Z
BLOCK DIAGRAM
v DATA OUTPUTS
cC o— 09-07
PIN NAMES oo —_
Vpp O——s
Ao-p | ADORESSES I I I I I I I ]
JPGM__| CHIP ENABLE/PROGRAM OF OUTPUT ENABLE
OF OUTPUT ENABLE CE/PGM CH‘PPEQGBLL(EGI]\QD OUTPUT BUFFERS
0,-0, | OUTPUTS
A, SELECT REFERENCE - v -
R INPUT LEVEL — DECODER . Y-GATING
Ag-Ag -
ADDRESS —1
INPUTS | ——f *
—— X . 8192.8IT
jr—— DECODER . CELL MATRIX
p—- .
—
.
AR ——f ]

*Pin 18 and pin 20 have been renamed to conform with the entire family of 16K, 32K, and 64K EPROMs and ROMs. The
die, fabrication process, and specifications remain the same and are totally uneffected by this change.
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MODEL 230
INTELLEC® SERIES Il
MICROCOMPUTER DEVELOPMENT SYSTEM

Complete Microcomputer Development Center for
Intel MCS-80, MCS-85 and MCS-48 microproces-
sor families

Integral CRT with detachable upper/lower case
“typewriter-style ” full ASCIl keyboard

64K bytes RAM memory

1 million bytes (expandable to 2.5M bytes) of disk-
ette storage

LSI electronics board with CPU, RAM, ROM, /0
and interrupt circuitry

Built-in interfaces for High-Speed Paper Tape
Reader/Punch, Printer and Universal PROM Pro-
grammer

Powerful ISIS-lI Diskette Operating System Soft-
ware with Relocating Macro Assembler, Linker
and Locater

“Self-Test’” Diagnostic capability

Standard MULTIBUS with multiprocessor and
DMA capability

Eight-level nested, maskable priority interrupt sys-
tem

Compatible with standard Intellec/iSBC Expan-
sion Modules

Software compatible with previous Intellec Sys-
tems

Supports PL/M and FORTRAN high level
languages

The Intellec Series Il Model 230 Microcomputer Development System is a complete center for the development of
microcomputer-based products. It includes a CPU, 64K bytes of RAM, 4K bytes of ROM memory, a 2000-character CRT,
detachable full ASCII keyboard and dual double-density diskette drives providing over 1 million bytes of on-line data

storage.

Powerful ISIS-Il Diskette Operating System software allows the Model 230 to be used quickly and efficiently for
assembly and/or compilation and debugging of programs for Intel’s MCS-80, MCS-85 or MCS-48 microprocessor
families without the need for handling paper tape. ISIS-Il performs all file handling operations for the user, leaving him
free to concentrate on the details of his own application. When used in conjunction with an optional in-circuit

emulator (ICE
rapid development of a microcomputer-based product.

) module, the Model 230 provides all the hardware and software development tools necessary for the
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MDS-311

PL/M-86 HIGH LEVEL PROGRAMMING LANGUAGE

Sophisticated new compiler design Supports 16-bit signed integer and 32-bit
allows user to achieve maximum benefits floating point arithmetic
of 8086 capabilities

Language is upward compatible from Produces relocatable and linkable object
PL/M-80, assuring MCS™.80/85 design code

portability

Operation on Intellec® Microcomputer Supports full extended addressing

Development System and Intellec® Series  features of the 8086 microprocessor

Il Microcomputer Development System

permits MCS™.86 software development  Sophisticated code optimization assures
without significant hardware reinvest- efficient code generation and minimum
ment and retraining application memory utilization

Like its counterpart for Mcs™.gorss program development, PL/M-86 is an advanced structured high level program-
ming language. PL/UM-86 is a new compiler created specifically for performing software development for the Intel®
8086 Microprocessor.

PL/M-86 has significant new capabilities over PL/M-80 that take advantage of the new facilities provided by the 8086
microprocessor, yet the PL/M-86 language remains downward compatible with PL/M-80.

With the exception of interrupts, hardware flags, and time-critical code sequences, PL/M-80 programs may be recom-
piled under PL/M-86 with little or no conversions required. PL/M-86, like PL/M-80, is easy to learn, facilitates rapid pro-
gram development, and reduces program maintenance costs.

PL/M is a powerful, structured high level algorithmic language in which program statements can naturally express the
program algorithm. This frees the programmer to concentrate on the system implementation without concern for bur-
densome details of assembly language programming (such as register allocation, meanings of assembler mnemonics,
etc.).

The PL/M-86 compiler efficiently converts free-form PL/M language statements into equivalent 8086 machine instruc-
tions. Substantially fewer PL/M statements are necessary for a given application than if it were programmed at the
assembly language or machine code level.

Since PUUM programs are implementation problem oriented and more compact, use of PLUM results in a high degree of
engineering productivity during project development. This translates into significant reductions in initial software
development and follow-on maintenance costs for the user.

Oilntel Corporation, 1978 June, 1978
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MDS 311

FEATURES

Major features of the Intel PLUM-86 compiler and pro-

gramming language include:

Supports Five Data Types

Byte: 8-bit unsigned number

Word: 16-bit unsigned number

Integer: 16-bit signed number

Real: 32-bit floating point number

Pointer: 16-bit or 32-bit memory address

indicator

Two Data Structuring Facilities

— Array: Indexed list of same type data elements

— Structure: Named collection of same or different
type data elements

— Combinations of Each: Arrays of structures or
structures of arrays

Block Structure

— Permits use of structured programming tech-
niques

Relocatable and Linkable Object Code

— Permits PL/M-86 programs to be developed and
debugged in small modules. These modules can
be easily linked with other modules and/or library
routines to form a complete application system.

Built-In String Handling Facilities

— Operates on byte strings or word strings

— Six Functions: MOVE, COMPARE, TRANSLATE,
SEARCH, SKIP, and SET.

Automatic Support for 8086 Extended Addressing

— Three compiler options for programs from 128K
bytes to 1-Megabyte in size

— Language transparency for extended addressing

Support for ICE-86™ and Symbolic Debugging

— Debug option for inclusion of symbol table in ob-
ject modules for in-circuit emulation with sym-
bolic debugging

Numerous Compiler Options

— A host of 26 sets of compiler options including:
Conditional compilation

¢ Included file or copy facility

Two levels of optimization

Intra-module and inter-module cross reference
Arbitrary placement of compiler and user files
on any available combination of disk drives

¢ Reentrant and Interrupt Procedures
— May be specified as user options

BENEFITS

PL/M-86 is designed to be an efficient, cost-effective
solution to the special requirements of MCSTM.86
Microcomputer Software Development, as illustrated by
the following benefits of PL/M-86 use:

Low Learning Effort — PL/M-86 is easy to learn and
to use, even for the novice programmer.

Earlier Project Completion — Critical projects are
completed much earlier than otherwise possible
because PL/M-86, a structured high-level language, in-
creases programmer productivity.

Lower Development Cost — Increases in programmer
productivity translate immediately into lower soft-
ware development costs because less programming
resources are required for a given programmed func-
tion.

Increased Reliability — PL/M-86 is designed to aid in
the development of reliable software (PL/M-86 pro-
grams are simple statements of the program
algorithm). This substantially reduces the risk of cost-
ly correction of errors in systems that have already
reached full production status, as the more simply
stated the program is, the more likely it is to perform
its intended function.

Easier Enhancements and Maintenance — Programs
written in PUM tend to be self-documenting, thus
easier to read and understand. This means it is easier
to enhance and maintain PLUM programs as the sys-
tem capabilities expand and future products are
developed.

Simpler Project Development — The Intellec®
Development Systems offer a cost-effective hardware
base for the development of MCSTM.86 designs.
PL/M-86 and other elements of ISIS-Il and the
MCST.86 Software Development Package are all that
is needed for development of software for the 8086
microcomputer. This further reduces development
time and costs because expensive (and remote) time
sharing of large computers is not required. Present
users of Intel Intellec® Development Systems can
begin to develop MCSTM-86 designs without expen-
sive hardware reinvestment or costly retraining.

USER
SYSTEM
I 1SIS 11 PLIM-86 RELOCATABLE
TEXT EDITOR I I SOUR E
URCE OBJECT MODULE OH 86 uPM
QRL 86
Pt
r———=- - / \ SDK-86
1SIS-1I ASM-86 ASM-86 RELOCATABLE
TEXTEDITOR|™ | SOURCE )™ |\ (TBA) ;| OBJECT MODULE —_—
~_-’ ICE-86 |
1 (ea) |
————d
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SAMPLE PROGRAM

STATISTICS: DO;

/* The procedure in this module computes the mean and variance of an array
of data, X, of length N+1, according to the method of Kahan and Parlett
(University of California, Berkeley, Memo no. UCB/ERL M77/21. */

STAT: PROCEDURE(X$PTR,N,MEAN$PTR,VARIANCE$PTRO) PUBLIC;

DECLARE (X$PTR,MEAN$PTR,VARIANCE$PTRO) POINTER,
X BASED X$PTR (1) REAL,
N INTEGER,
MEAN BASED MEAN$PTR REAL,
VARIANCE BASED VARIANCE$PTR REAL,
(M,Q,DIFF) REAL,

I INTEGER;

M = X(0);
Q = 0.0;
DOI =1 TO0 N;

DIFF = X(I) - M;

M =M + DIFF/FLOAT(I + 1);

Q = Q + DIFF*DIFF*FLOAT(I)/FLOAT(I + 1);
END;
MEAN = M;

VARIANCE = Q/FLOAT(N);
END STAT;

END STATISTICS;

SPECIFICATIONS Required Software
ISIS-1l Diskette Operating System
Operating Environment — Single or Double Density*

Optional Software

Required Hardware
SDK-85™™ Upload/Download Utility

Intellec® Microcomputer Development System

— MDS-800, MDS-888 Documentation Package

— Series Il PUM-86 Programming Manual (9800466)

64K Bytes of RAM Memory ISIS-Il PL/M-86 Compiler Operator’s Manual (9800478)
Dual Diskette Drives MCS™.86 User's Manual (9800722)

— Single or Double Density*
System Console
— CRT or Hardcopy Interactive Device

Shipping Media

Support Package (MDS-311)

Optional Hardware Flexible Diskettes

Line Printer* — Single and Double Density*
ICE-85™

ICE-86™ *Recommended for optimum use.

PL/M-86 is provided as part of the MCST™-86 Software
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_ SDK-86
MCS-86™ SYSTEM DESIGN KIT

m Complete Single Board Microcom- a Interactive LED Display and Keyboard
puter System Including CPU, Memory
and 1/O = Wire-Wrap Area for Custom Interfaces
m Easy to Assemble Kit-Form = Extensive System Monitor Software in
ROM

= High-Performance 8086 16-Bit CPU
s Comprehensive Design Library
= Interfaces Directly with TTY or CRT Included

The MCS-86 System Design Kit (SDK-86) is a complete, single board 8086 microcomputer system in kit form. It con-
tains all necessary components, including LED Display, Keyboard, resistors, caps, crystal and miscellaneous hard-
ware to complete construction. Included are preprogrammed ROMs that contain the system monitor for general soft-
ware utilities and system diagnostics.

The SDK-86 includes 8-digit LED display and a mnemonic 24-key keyboard for direct insertion, examination and execu-
tion of a user’s program. In addition, it can be directly interfaced with a teletype terminal, CRT terminal, or the serial
port of an Intellec® system.

The SDK-86 is a high-performance prototype system that has designed-in flexibility for simple interface to the user’s
application.
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GENERAL

The SDK-86 is a complete MCS-86 microcomputer sys-
tem on a single board, in kit form. It contains all neces-
sary components to build a useful, functional system.
Such items as resistors, caps, and sockets are included.
Assembly time varies from 4 to 10 hours, depending on
the skill of the user.

A compact but powerful system monitor is supplied
with the SDK-86 to provide general software utilities and
system diagnostics. If comes in preprogrammed ROMs.

The SDK-86 communicates with the outside world
through either the on-board LED Display/Keyboard com-
bination, the user’s TTY or CRT terminal (Jumper Selec-
table); or a special mode in which an Intellec Develop-
ment System can transport finished programs to and
from the SDK-86. Memory can be easily expanded by
simply soldering in additional devices in locations pro-
vided for this purpose. A large area of the board (22 sq.
in.) is laid out as general purpose wire-wrap for the
user's custom interfaces.

Only a few simple tools are required for assembly;
soldering iron, cutters, screwdriver, etc. The SDK-86
Assembly Manual contains step-by-step instructions
that make assembly easy, and minimize mistakes. Once
construction is complete, the user connects his kit to a
power supply and the SDK-86 is ready to go. The monitor
starts immediately upon power-on or reset.

KEYBOARD MODE COMMANDS

¢ Reset — starts the monitor.

o Execute with Breakpoint (GO) — Allows you to exe-
cute a user program and cause it to halt at a predeter-
mined program step — useful for debugging.

¢ Single Step (ST) — allows you to execute a user pro-
gram one instruction at a time — useful for debug-
ging.

o Substitute Memory (EB, EW) — allows you to examine
and modify memory locations in byte or word mode.

+ Examine Register (ER) — allows you to examine and
modify the 8086’s register contents.

e Block Move (MV) — allows you to relocate program
and data portions in memory.

¢ Input or Output (IB, IW, OB, OW) — allows direct con-
trol of the SDK-86’s I/O facilities in byte or word mode.

SERIAL PORT MODE COMMANDS

¢ All of the above keyboard mode commands via TTY or
CRT terminal.

¢ Dump Memory — allows you to print or display large
blocks of memory information larger than the amount

e Start/Continue Display — allows you to display
blocks of memory:information larger than the amount
visible on the terminal’s CRT display.

¢ Punch/Read Paper Tape — allows you to transmit fin-
ished programs into and out of the SDK-86 via the TTY
paper tape punch.

TRANSCEIVER

CLK GEN

8284 DRIVER

=l
CONTROL

LINES
CONNECTOR

LATCHES

I

1]
ADDRESS
BUS EXPANSION

<>

PROM
DECODE LOGIC

RAM DECODE
LOGIC

110 DECODE CONNECTOR

LOGIC

|

| N

Yoomom
c

ST g

TRANS.

- ) cevers
! DATA BUS
EXPANSION

==

CONNECTOR

RAM I/O PORTS o PORTS CTRLR
2142 x 2 8255A 8255A 8279-5

PROM PROM RAM
2316E 2316E 2142x 2
EXPANSION | EXPANSION EXPANSION
SOCKET SOCKET SOCKETS

EXPANSION

SOCKETS

—— ]

BAUD RATE
GENERATOR

TTY or RS232

I KEYBD I lDISPLAYI
SCAN SCAN
110 CONNECTORS l
DIG|T [SEGMENT]
DRIVER DRIVER

KEYBOARD IEEEB EBBEI

LED DISPLAY

SDK-86 FUNCTIONAL BLOCK DIAGRAM
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INTELLEC SLAVE MODE COMMANDS

* All of the above Keyboard Mode and Serial Port Mode
commands via the console of an Intellec Development
System.

* Up/Downioad — allows you to transport finished pro-
grams between the Intellec and the SDK-86, using a
special utility program in the Intellec.

In addition to detailed information on using the moni-
tors, the SDK-86 User’s Manual provides circuit dia-
grams, a monitor listing, and a description of how the
system works.

SYSTM C D
8 B
4 5 6 7
IB/SP OB/BP Mv/si EW/DI
0 2 3
EB/AX GO/CX STIDA

SDK-86 KEYBOARD

THE 8086

The Intel® 8086 is a new generation, high performance
microprocessor implemented in N-channel, depletion
load, silicon gate technology (HMOS), and packaged in a
40-pin CerDIP package. The processor has attributes of
both 8- and 16-bit microprocessors. It addresses mem-
ory as a sequence of 8-bit bytes, but has a 16-bit wide

hy r 'fnrhinh narfarmanna

gri peiiGrimaince.

= Direct Addressing Capability to 1
MByte of Memory

u Assembly Language Compatible with
8080/8085

= 14 Word, By 16-Bit Register Set with
Symmetrical Operations

® 24 Operand Addressing Modes

= Bit, Byte, Word, and Block Operations

= 8- and 16-Bit Signed and Unsigned
Arithmetic in Binary or Decimal
Including Multiply and Divide

u 5 MHz Clock Rate

» MULTIBUS™™ Compatible System
Intertace

EXECUTION UNIT BUS INTERFACE UNIT

RELOCATION
REGISTER FILE REGISTER FILE
AEGISTER FILE
SEGMENT
DATA, REGISTERS
POINTER, AND
INDEX REGS INSTRUCTION
(8 WORDS) POINTER
(5 WORDS)
}—— BHEIS;
16.8IT ALU -:4$ Arg'Se
AgSs
FLAGS BUS K 16 )AD1s-ADg
INTERFACE
uNIT

3 )DT/R.DEN,ALE

<L

6-BYTE
INSTRUCTION
QUEUE

=

INT —— LOCK
NM|———]
o 2_)Qso.08:
RGIETo; CONTROL & TIMING
HOLD——— 3 )$2851.5
HLDA -—-}
CLK RESET READY MN/MX Vcc
GND

8086 BLOCK DIAGRAM



8086
INSTRUCTION SET SUMMARY

DATA TRANSFER

MOV = Move: 76543210 76543210 76543210 76543210

Register/memory to/from register 100010dw |mod reg r/m

Immediate to register/memory 110001 1w |ma000 r/m data data if w=1 |

Immediate to register 1011w reg data data if w=1

Memory to accumulator 1010000w addr-low addr-high

Accumuiator to memory 1010001 w addr-low addr-high

Register/memory to segment register [ 1000 1110 |[mod0Oreg r/m

Segment register to register/memory | 10001100 |mod0Oreg r/m

PUSH = Push:

Register/memory 11111111 [mod110 r/m |

Register 01010 reg

Segment register 000reg 110

POP = Pop:

Register/memory 10001111 {mod000 r/m

Register 01011 reg

Segment register 000reg111

XCHG = Exchange:

Register/memory with register [1 00001 1w Imud reg r/m J

Register with [10010 reg ]

IN/INW = Input to AL/AX from:

Fixed port [110010w] port

Variable port 1110110w

OUT/0UTW = Output from AL/AX to:

Fixed port 111001 1w port |

Variable port 111011 1w

XLAT=Translate byte to AL 11010111

LEA=Load EA to register 10001101 [mod reg r/m

LD8=Load pointer to DS 11000101 [mod reg r/m

LE8=Load pointer to ES 11000100 [mod reg r/m

LANF=Load AH with flags 10011111

8ANF =Store AH into flags 10011110

PUSHF=Push flags 10011100

POPF=Pop flags 10011101

ARITHMETIC

ADD = Add:

Reg./memory with register to either 000000dw|mod reg r/m

Immediate to register/memory 100000sw|mod000 r/m data J data if s:w=01 I

iate to 0000010w data datait w=1_]

ADC = Add with carry:

Reg./memory with register to either |0 00 100d w|mod reg r/m

Immediate to register/memory 100000sw|mod010 r/m data I data if s:w=01 I
to 0001010w data data if w=1_|

INC = Increment:

Register/memory 1111111w[md000 r/m |

Register 01000 reg

AAA=ASCII adjust for add 00110111

DAA=Decimal adjust for add 00100111

8UB = Subtract:

Reg./memory and register to either 001010dw|mod reg r/m

Immediate from register/memory 100000sw|mod101 r/m data I data if s:w=01 ]
from 0010110w data data it w=1_|

888 = Subtract with borrow

Reg./memory and register to either 000110dw |mod reg r/m

Immediate from register/memory 100000sw|mod011 r/m data [ data if s:w=01 l
from 0001110w data data if w=1_|

Mnemonics © Intel, 1978

DEC = Decrement: 76543210 76543210 76543210 76543210

Register/memory 1111111 w[med001 r/m |

Register 01001 reg

NEG=Change sign 111101 1tw mod0 11 r/m ]

CMP = Compare:

Register/memory and register 001110dw]|mod reg r/m

Immediate with register/memory 100000sw(modt 11 r/m data ] data if ssw=01

Immediate with accumulator 0011110w data data if w=1_|

AAS=ASCII adjust for subtract 00111111

DAS=Decimal adjust for subtract 00101111

MUL=Multiply (unsigned) 111101 1w {mod100 r/m

IMUL=Integer multiply (signed) 111101 1w |mod1 01 r/m

AAM=ASCII adjust for multiply 11010100 (00001010

DIV=Divide (unsigned) 111101 1wmod1 10 r/m

IDIV=Integer divide (signed) 111101 1wimod1 11 r/m

AAD=ASCI! adjust for divide 11010101 (00001010

CBW=Convert byte to word 10011000

CWD=Convert word to double word 10011001

LoGIC

NOT=Invert 1111011 w|mod010 r/m

SHL/SAL=Shift logical/arithmetic left | 11,0100 v w {mod100 r/m

SHR=Shift logical right 110100vw|mod101 r/m

$AR=Shift arithmetic right 110100vwimod1 11 r/m

ROL=Rotate left 110100vw[mod000 r/m

ROR=Rotate right 110100vw|mod001 r/m

RCL=Rotate through carry flag left 110100vw|mod010 r/m

RCR=Rotate through carry right 110100vw |{mod0 11 r/im

AND = And:

Reg./memory and register to either 001000dw mod reg r/m

Immediate to register/memory 1000000w[mod100 r/m data [ dataitw=1_|
to 0010010w data data it w=1_|

TEST = And function to fiags, no result:

Register/memory and register 1000010w |mod reg r/m

Immediate data and register/memory {1111011w [mod000 r/m data | data if w=1J
data and 1010100w data data if w=1_|

OR = Or:

Reg./memory and register to either 000010dw |mod reg r/m

Immediate to register/memory 1000000w {mod0 01 r/m data ] data if w=1

iate to 0000110w data data it w=1_|

XOR = Exclusive or:

Reg./memory and register to either 001100dw |mod reg r/m

Immediate to register/memory 1000000w {mod110 r/m data | data if w=1
to 0011010w data data if w=1_|

STRING MANIPULATION

REP=Repeat 11110012

MOVB/MOVW=Move byte/word 1010010w

CMPB/CMPW=Compare byte/word 101001 1w

8CAB/SCAW=Scan byte/word 10101 11w

LODB/LODW=Load byte/wd to AL/AX |1010110w

8T0B/8TOW=Stor byte/wd frm AL/A {1010101w
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CONTROL TRANSFER
CALL = Call: 76543210 76543210 76543210 76543210 76543210
Direct within segment 11101000 disp-low disp-high ! JNB/JAEEqura\gaon not below/above [ 77 9011 disp
Indirect within segment 11111111 [mod010 r/m JNBi/JA;gnma%r:)cgl below or 01110111 disp
Direct intersegment 10011010 offset-low offset-high | JNP/JPO=Jump on not par/par odd 01111011 disp
seg-low seg-high [ JNO=Jump on not overflow 01110001 disp
Indirect intersegment [ 11111111 |mod 011 rim JNS=Jump on not sign 01111001 disp
LOOP-Loop CX times 11100010 disp
JMP - Unconditional Jump: LOOPZ/LOOPE=Loop while zero/equal 11100001 disp
Direct within segment 11101001 disp-low disp-high | LOOPNZ/LOOPNE=Loop while not 11100000 dis
Direct within segment-short 11101011 disp JCXZ:JurIr?;Ou/:%anLem 11100011 disp
Indirect within segment 11111111 |mod 100 rim
Direct intersegment 11101010 offset-low offset-high ] INT = Interrupt
seg-low segrhigh | Type specified 11001101 type
Indirect intersegment 11111111 mod 101 r/m Type 3 11001100
INTO=Interrupt on overflow 11001110
RET = Return from CALL: IRET=Interrupt return 11001111
Within segment 11000011
Within seg. adding immed to SP 11000010 data-low data-high ]
Intersegment 11001011
Intersegment, adding immediate to SP{ 11001010 data-low data-high ] PROCESSOR CONTROL
A S gy (PTG NI
or equal 01111100 disp CMC=Complement carry 11110101
JLE““;}':;"E:M fess or equalinot o454 1110 disp STC=Set carry 11111001
JB/AINAEJump on below/nat above 91110010 disp CLO=Clear direction 11111100
JBE/JNA=, Jumg on below or equal/ 01110110 disp $TD-Set direction 11111101
JP/JPE=Jump on namy/pamy even 01111010 disp CLI=Clear interrupt 11111010
J0=Jump on overflow 01110000 disp $TI=Set interrupt 11111011
J8=Jump on sign 01111000 disp HLT=Halt 11110100
JNE/JINZ=Jump on not equal/not zero |01 110101 disp WAIT=Wait 10011011
INL/JBEdump on not less/greater (9731 19 1 disp ESC-Escape (to external device) 71011 x [mod x_rm ]
IHLE/JB Jump on not less or equal/ Tg 41777111 disp LOCK=Bus lock prefix 11110000
Footnotes:
AL = 8-b|t accumulator if s:w =01 then 16 bits of immediate data form the operand.
if s 1 then an immediate data byte is sign extended to
CX = Count register form the 16-bit operand.
gg : g:;és:é'g"::;t if v=0 then "‘count’" =1; if v=0 then *‘count’’ in (CL)
Above/below refers to unsigned value. x = don't care.
Greater = more positive; if v=0 then ‘‘count’’ =1; if v=1 then “‘count’’ in (CL) register.
Less = less positive (more negative) signed values z is used for string primitives for comparison with ZF FLAG
if d = 1then “to”; if d = 0 then “from”
if w = 1 then word instruction; if w = 0 then byte instruction SEGMENT OVERRIDE PREFIX
if mod = 11 then r/m is treated as a REG field REG is assigned according to the following table:
if mod = 00 then DISP = 0*, disp-low and disp-high are absent
if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 168itw = 1) 8Bitw -0 Segment
if mod = 10 then DISP = disp-high: disp-low 000 AX 000 AL 00 ES
if 1/ = 000 then EA = (BX) + (SI) + DISP xS 0 o 9
if r/m = 001 then EA = (BX) + (DI) + DISP 011 BX 011 BL 11 DS
if r/m = 010 then EA = (BP) + (SI) + DISP 100 SP 100 AH
if r/m = 011 then EA = (BP) + (DI) + DISP 101 BP 101 CH
if r/m = 100 then EA = (SI) + DISP 1o sl 110 DH
if r/m = 101 then EA = (DI) + DISP noo 1 oBH

if r/m = 110 then EA = (BP) + DISP*
if r/m = 111 then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before data if required) Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to
represent the file:

*except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. FLAGS = X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)

Mnemonics© Intel, 1978
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SDK-86 SPECIFICATIONS

Central Processor

CPU: 8086-4
May be operated at 2.5 MHz or 5 MHz, jumper selectable,
for use with 8086.
Memory
ROM: 8K bytes 2316/2716
RAM: 2K bytes (expandable to 4K bytes) 2142
Addressing:
ROM: FEOOO-FFFFF
RAM: 0-7FF (800-FFF available with additional
2142’s)
Note: The wire-wrap area of the SDK-86 PC board may be used for addi-
tional custom memory expansion.
Input/Output
Parallel: 48 lines (two 8255A’s)
Serial: RS232 or current loop (8251A)
Baud Rate: selectable from 110 to 4800 baud.

Interfaces

Bus: All signals TTL compatible.

Parallel 1/O: All signals TTL compatible.

Serial 1/0: 20 mA current loop TTY or RS232.

Note: The user has access to all bus signals which ena-

ble him to design custom system expansions into the
kit’'s wire-wrap area.

Interrupts (256 vectored)

Maskable
Non-maskable
TRAP

DMA

Hold Request: Jumper selectable. TTL compatible input

Software

System Monitor: Preprogrammed 2716 or 2316 ROMs
Addresses: FEQ00-FFFFF

Monitor I/0: Keyboard/Display or TTY or CRT (serial I/O)

Literature
Design Library (Provided with kit):

e SDK-86 User's Manual and Assembly Manual
e SDK-86 Monitor Listings

¢ MCS-86 User's Manual
e 8086 Assembly Language Reference Manual

Physical Characteristics
Width: 13.5 in.

Height: 12 in.

Depth: 1.75 in.

Weight: approx. 24 oz.

Electrical Characteristics (DC Power Required
— Power Supply Not Included in Kit)

Ve 5V+5% 3.5 Amps
Viry—-12V+10% 0.3 Amps (Vrty required only if
teletype is connected)

Environmental
Operating Temperature: 0-50°C
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ORDERING INFORMATION

Semiconductor components are identified as follows:

Example:
M (& 5 1 0 1 L — 4

L Il J

Four or five characters Up to three character
per device type modifier for power,
speed, processing, etc.

Package Type

B — Hermetic Package, Type B

C — Hermetic Package, Type C

D — Hermetic Package, Type D

M — Metal Can Package

P — Plastic Package

X — Unpackaged Device

M — Indicates Military Operating
Temperature Range

Examples:

P5101L CMOS 256 X 4 RAM, low power selection, plastic package, commercial temperature range.

C8080A2 8080A Microprocessor with 1.5 us cycle time, hermetic package Type C, commercial
temperature range.

MD3604/C 512 X 8 PROM, hermetic package Type D, military temperature range, MIL-STD-883 Level
C processing.™

MCB8080A/B  8080A Microprocessor, hermetic package Type C, military temperature range, MIL-STD-883
Level B processing.™

Kits, boards and systems may be ordered using the part number designations in this catalog.

The latest Intel OEM price book should be consulted for availability of various options. These may be
obtained from your local Intel representative or by writing directly to Intel Corporation, 3065 Bowers
Avenue, Santa Clara, California 95051.

*On military temperature devices, B suffix indicates MIL-STD-883 Level B processing. Suffix C indicates M/L-STD-883 Level
C processing. S’ number suffixes must be specified when entering any order for military temperature devices. All orders
requesting source inspection will be rejected by Intel.



PACKAGING |NF°RMAT|ON All dimensions in inches and (millimeters)

PLASTIC DUAL IN-LINE PACKAGE

16-LEAD PLASTIC DUAL IN-LINE
PACKAGE TYPE P

TYPE P
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PIN 1

o
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|
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PACKAG'NG lNFORMATION All dimensions in inches and (millimeters)

PLASTIC DUAL IN-LINE PACKAGE TYPE P

24-LEAD PLASTIC DUAL IN-LINE

. 1.245 (31.623)

1.235 (31.369)
PACKAGE TYPE P PIN 1
T o
E: 545 (13.843)
535 173,539)
R v 625
je— MAX. —»
.200(5.080) 160 (4.064) (15.875)
MAX. -150 ({3.810) "]
—— i
SEATING - *i 010 TYP + 0
PLANE ! u'ui Fowsmn  0zse) 15"
125 (3.175) (0.381) I ]
MIN. > L = I 020 (0.508) .m0 _
110 (2.794) 060 TYP  .032TYP 316 10.406) (16.510) —»
1090 (2.286) (1.524) (0.813) REF.
e 1.455(36.957) -
28-LEAD PLASTIC DUAL IN-LINE 1.445 (36.703)
PACKAGE TYPE P - PINY,
]
s (13.843)
535 (13.665)
|
|
o ¥ 625
e MAX. —>
.200 (5.080) 160 (4.064) (15.875)
MAX. 150 (3810) |
[ R .| ;
SEATING —_ — 010 TYP + '
PLANE T o15min. (0.254) o i 15°
125 (3.475) | L - "L (0.381) ! i
MIN. > 020 (0.508 650
-110 (2.794) 060 TYP 032 TYP m:m: L—ns.sm)#
1090 (2.286) (1.524) (0.813) ) - REF.
2.055 (52.197)
40-LEAD PLASTIC DUAL IN-LINE i 2.045 (51.943)
PACKAGE TYPE P PIN1T
N = F
e (13.843)
535 (13589)
|
- 1 625
e MAX.
.200(5.080) 175 (4.445) (‘5.875)‘1
MAX 165 (4.191) | |
SEATING I ——e — N o
A — 010 TYP 1 o
PLANE i J l T Towmin 0258 =15
125 (3.175) (0.381) I ]
MIN. r’J L' = - “] »”-— 020 (0.508) [._ S50 —-—I
110 (2.794) .060 TYP 032 TYP = S ane (16.510)
219 27 016 (0.406)
1090 (2:286) (1.524) (0.813) REF.




PACKAG'NG |NFORMAT|ON All dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE D

790 (20.066)
16-LEAD HERMETIC DUAL IN-LINE 750 (19.050)
PACKAGE TYPE D ~ PIN 1
310 (7.874)
265 (6.731)
325
.200(5.080) -165 (4.191) ”_(3"?;;')_'
MAX. .140 (3.556) )
R — —T
SEATING i . 11 o
PLANE o1lsmIN,  00TYP 4 2
125 (3.175) (0.381) (0.264) | R
MIN. __“ i 375 i
% ::';—3%; -060 TYP ~=-.020 (0.508) L—(s.szs)——J
/ - (1.524) -032TYP. 1016 (0.406) REF.
(0.813)
920 (23.000)
~— 880 (22.352)
18-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE D ~ PIN1
310 (7.874)
265 (6.731)
325
.200(5.080) 165 (4.191) [+ MAXx.
max- 7140 (3.556) (8.255)
R — 1]{ —TT
‘ SEATING ; p— - 11 o
\ \ PLANE ;_ I 015MIN.  010TYP 1 s
253478 T | (0.381) 0.254) -
MIN. = 1020 (0.508) i 375
I 1016 (0.406) ~—(0.525)—|
110 (2794) 060 TYP 032 TYP REF.
0% (27°86)  (1.524) (0.813)
.990 (25.146)
) 1950 (24.130)
20-LEAD HERMETIC DUAL IN-LINE PN
PACKAGE TYPE D - T
310 (7.874)
265 (6.731)
325
200(5.080) 1165 (4.191) [+ MAX.
g 140 (3556) | (s.zss)‘-|
SEATING P [
PLANE —Ems MIN. 010 TYP ﬂ i %u
125 (3.175) (0.381) (0.254) ¥ el
MIN. r’l L_ JL_ 020 (0.508) l 375 |
1016 (0.406| ~—(9.525) —
110 (2794) 060 TYP 032 TYP (0.406) REF.
090 (2286)  (1.524) (0.813)
1.095 (27.813)
1.060 (26.924)
22-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE D - Bl
:400 (10.16)
370 (9.398)
425
MAX.
.200(5.080) 180 (4.572) ™ (0.795)
MAX. 1150 (3.810)
# SEATING 1 .
: 1 o
P PLANE Fowmn 010 “".L N e
,125'“(3“.‘175) 1 L 060 TYP 0.381) ©0.258) ¥ '
IN. 110 (2.794) : _JL_ i 475 i
110(2.794) | (1.524) 1020 (0.508) le—(12.085)
.080 (2.286) 0(::)281';;}'. .016 (0.406) REF. _—1

Al-4



PACKAG'NG |NFORMAT|°N All dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE D

1.285 (32.639)

24 LEAD HERMETIC DUAL IN-LINE 12 e
PACKAGE TYPE D ’ ’
PIN 1
600 (15.240)
515 (13.081)
625
.220(5.588) 175 (4.445) [=— MAX.
MAX. 145 (3.683) | (15.875) |
SEATING — -
PLANE |\ o
f 010 TYP. é i 3
125 (3.175) $—— ’1 L "?,';,T,'N (0.254) ¥ -8
MIN. _J L 060 TYP - 675 !
T - (1.524) ~-.020 (0.508) le— (17.145) —»|
.110 (2.794) 032 TYP 016 (0.406) REF.
1090 (2.286) (0.813)
1.485 (37.719)
28-LEAD HERMETIC DUAL IN-LINE 1435 (36.449)
PACKAGE TYPE D - ol
600 {15.240)
515 (13.081)
626
le—MAX.
.22&(‘51333) (15.875)
— ;: — [ IT . |
SEATING  y — i — -
PLANE "
015 MIN. 010 TYP. 15
125 (3.175) F—— J L 0.381) ©0.254) ¥ ~e 15
MIN. | L_ 060 TYP. ” 675
~ (1.524) —il=— 020 (0.508) fe—(17.145)—
110 (2.798) 032 TYP 016 (0.406) REF.
090 (2.286) (0.813)
2.080 (52.832)
40-LEAD HERMETIC DUAL IN-LINE 2.030 (51.562)
PACKAGE TYPE D PIN 1
600 (15.240)
515 (13.081)
625
.220 (5.588) 175 (4.445) te—MAX.
MAX. 145 (3.683) (15.875)
SEATING AR 1 o o
PLANE 015 MIN. owntye._J R e
1125 (3.175) _J (0.381) (0.254) )
MIN. L_ 060 TYP. _JL_ i 675
= (1.524) 020 (0.508) fe—17125)
.110 (2.794) 032 TYP 016 (0.406) REF.
1090 (2.286) (0.813)




PACKAG'NG |NFORMAT|ON All dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE C

16-LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE C

.300 (7.620)

280 (7.112)

.200 (5.080) .095 (2.413)
MAX. 070
e 070 (1.778) 130
(3.302)
SEATING -— MAX. o
PLANE "_f_ 020 MIN, 010 TYP. a0
o5 TvP (0.508) 0.258) ™1 g
125 (3.175) X ! ;
MIN. (1270 022 (0.588) 325 _‘j
= 032 TYP. 015 (0.381) (8.255)
10 (2.794) 0.813) REF.
.090 (2.286) .
- 920 (20.820)
880 (19.812)
18-LEAD HERMETIC DUAL IN-LINE PIN 1 MARK
PACKAGE TYPE C ==
300 (7.620)
7.112)
200 (5.080) 095 (2.413)
MAX. .070 (1.778)”
e————= 130
(3.302)
SEATING —— - MAX o
PLANE ¥ osmin 010 TVP,__“_ R 2T
< 050 TYP. } (0.635) (02541 K
125 (3.978) | | . ! '
MIN. (1.270) JL .022 (0.558) -325
[ - 032 TYP 015 (0.381) L—"’-m"‘l
.10 (2.794) e REF.
1090 (2.286) -
990 (25.146)
970 (24.638) >
20-LEAD HERMETIC DUAL IN-LINE PN PIN 1 MARK
PACKAGE TYPEC 7
.200 (5.080) .120 (3.048)
MAX. 00 (2.540)
1 — == .135 MAX
(3.429)
SEATING -— o
PLANE l Fosmin 010 Tvp N 2T
125 (3.175) 080 TVP (0638) oz K
MIN. (1.270) 022 (0.558) L_ 325 _.}
015 (0.381) (8.255)
110 (2.794) -0(%28"1';)"- REF.
0% (2.286) .
1.095 (27.813)
1.060 (26.924)
22-LEAD HERMETIC DUAL IN-LINE N1 PIN 1 MARK
PACKAGE TYPE C == =
. .400 (10.160)
B 380 (9.652)
S |
200 (5.080) 1100 (2.540)
MAX. 070 (1.774)
1 === — .140 MAX.
(3.556)
SEATING -— o
PLANE T .osmmn 010 TYP.—fl 100
D (0.635) 0254 1 i
.125 (3.175) .050 TYP. " : :
MIN. (1.270) 022 (0.558) L_ 425 _.‘
075 (0.381) (10.796)
.10 (2.794) 0327TYP. REF.
1090 (2.286) (0.813)

A1-6



PACKAG'NG |NFORMAT|°N All dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE C

24 LEAD HERMETIC DUAL IN-LINE
PACKAGE TYPE C

1215 (30861)
1.185 (30.099)

—_——

PIN 1 MARK

600 (15.240)
570 (14.478)

.200 (5.080)
MAX.

070 (1.778) %
e s ———
; "1 ozomin

SEATING ﬁﬁ o
010 TYP |
PLANE [ 20 o T \f 10
125 (3.175) .050 TYP || ! !
MIN. i (1.270) —ljw:022 (0558) L_ 625 |
=~ 015 (0.381) (15.875)
110 (2.794) R
1090 (2.286)
1.415 (35.941) )
28-LEAD HERMETIC DUAL IN-LINE 1:385 (36.179) PIN 1 MARK
PACKAGE TYPE C T
600 (15.240)
570 (14.478)
200 (5.080) 095 (2413) 145 MAX
MAX. 070 (1.778) ] (3683
| ﬁ _"_
SEATING -—- [ ] o
010 TYP |
PLANE “FToomn  (0zsa) il 10
1125 (3.175) 050 TYP (0.508) 1 !
MIN. (1.270) <022 (0558) i 825
—~ 015 (0.381) f=—(15.875)
110 (2.794) REF.
1050 (2.288)
2.020 (51.308)
40-LEAD HERMETIC DUAL IN-LINE PIN 1 MARK

PACKAGE TYPE C

" 1.980 (50.292)
PIN 1
=

.600 (15.240)
570 (14.478)

.200 (5.080)

MAX.
SEATING
PLANE
125 (3.175)
MiIN.
™~

110 (2.794)
090 (2.286)

-095 (2.413)

070 (1.778)
145 MAX.
(3.683)

010 TYP
¥ 020 min.
(0.508) (0.254)
1050 TYP
(1.270) 022 (0.558)
015 (0.381)

F‘Ev%

qus a75)~’l




PACKAG'NG |NF°RMAT|ON All dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE B

22-LEAD HERMETIC DUAL IN-LINE Los_sm_tm))
7,060 (26.924
PACKAGE TYPE B { o~
I,_ ‘\ 400 (10.160)
] 370 (9.398)
‘ 425
200 (5.080) 150 (3.810) o Max.
MAX. %5 3175) (10.795)
- —t—
.190 (4.826) f—rtr——)
SEATING  y | v 60 1.063) IHI .
PLANE ] 1,2
L.015 MIN. 010 TYP =15
253178 V—ro (0.381) (0.254)
MIN. JL
110 (2.794) 020 (0.508) 475
7080 (2.286) 060 TYP  .0327TYP, 016 {0.406) (12065)
(1.524) (0.813) '
1.285 (32.639)
24-LEAD HERMETIC DUAL IN-LINE —— [ Y —
PACKAGE TYPE B PIN 1
R 600 (15.240)
) 515 (13.081)
| 25
:220(5.568) 150 (3.810) le—-MAX. —1
Mix. 325 (3.175) | (15.875)
190 (4.826) ]
SEATING R .155 (3.937) A 4\
PLANE !
v [.015 MIN. 010 TYP. | e
.100 w:f&“m r— d (0.381) (0.254) '
Cmem ] L, Al e L
’ ’ “(1524) '33.28:; ,P 016 (0.406) REF.
1485 (37.719)
28-LEAD HERMETIC DUAL IN-LINE 1.435 (36.449)
PACKAGE TYPEB — N ¥
; 600 (15.240)
] 570 (13.081)
N l 625
.220(5.558) ta—MAX. —=
MAX. B (15.875)
¥ — 1190 (4.826) e r—
seatnve ¢ {CIOIO) 1 155 (3.937) I .
PLANE ! L.015 MIN. 010 TYP. *l“lis"
125 (3.175) ___ ,,__] U ! (0.381) (0.254) I
MIN
210 (2794) ) L ol JL 020 (0.508) L 675 _.]
.090 (2.286) 060 TYP 032 TYP 06 (0.406) (17.145)-
(1.524) (0.813) REF.
2.080 (52.832)
40-LEAD HERMETIC DUAL IN-LINE 2030 (51.562)
PIN 1
PACKAGE TYPEB ——— .
|
_ J 600 (15.240)
'] 570 (13.081)
]
S L1 625
.220(5.558) 1150 (3.810) _ pe— MAX. —
MAX. _ 1125 (3.175) 115.875)
L — ¥ .190 (4.826) )
seatne 4 Ll ¥ 185 (3.937) ]T;]
PLANE 3 1 o
L.015 MIN. 010 TYP. &“/15“
1125 (3.175) - (0.381) (0.254) ' |
MIN. J
10 (2.794) L ol L— 020 (0.508) L 7
1090 (2.286) 080 TYP. 032 TYP 16 {0.408) (17.145)—
(1.524) (0.813) REF.




NOTES



in

:was Bowars Avenue
a, California 85051
'ul (40-) '967.8080" "

VELEX $y

MICROCOMPUTER AND MEMORY COMPONENT

U.S. AND CANADIAN SALES OFFICES

Glen White Associates.
7844 Horseshoe Trail
Huntsville 35802

Tel: (205) 883-9394
ARIZONA

Intel Corp.

8650 N. 35th Avenue
Phoenix 85021

Tel: (602) 242-7205

CALIFORNIA

Intel Corp,
15335 Morrison

ormen Olks 91403
(213)

Fast Sro-405.2045
Intel Corp.

Sunnyvale 94086

Tel: (408) 738-3870
TWX: 910-339-8279
TWX: 910-338-0255

Mac-l

276 Shattuck
Sorve y 94704

Tel (419 847625

Mac-|

P.0. Box 1420
Cupertino 95014
n (4\7!) zs? euan

;aus Norcuty Shoot”
San Diego 9211
(71

78-5441
TWid 910-335-158
Mac-l
P.O. Box

876!
suntam Valley 82708
Yal (714) 839-3341

vy Vemum Bivd.
Suite 2

Woadian Hills 91364
Tel: (213) 347-5900
TWX: 910-494-4966

Intel Corp.*
1651 East 4th Street
uite 150

TWX: 910-595-1114
COLORADO

Intel Corp.
East Evans Ave.

TWX: nM:n-zzu

EUROPEAN MARKETING OFFICES
ELGIVI

Intel International®

Bue du Moulin 2 Papier

51160 Brussels
02) 660 30 10

ORIENT MARKETING OFFICES
JAPAN

Intel Japan Corporation’
Flower Hill-Shinmachi East Bldg.
H 23 s, Shlnmlchl, Setagaya-ku

o (ns)A 26-9261
TS e aezs

INTERNATIONAL DISTHIBUTORS
INA

ARGENTI
SIESA

Rogue Saenz Pena 1142 98
1035 Bu-nus Aires

AUSTRALIA
AJF, Systoms & Components
AA Pwnpacl Rd.
rospect
South Australia 17005
Tel: 269-1244
TELEX: 82635
AF, Systoms & Components
29 DGVHn St.

e, N.SW. 2112
Tel (az) s07.¢678
TELEX:

AdLF Sysum: & Components

Warburion-Frank] 1syanny) Ply. Ltd.

199 Parcamatia
ubum, N.S. W, oo
To! 64&1711 cap 1301
ELEX: WARFRAN AA 22265
Wlmunon Franki Industries

Souin Melbourne, Victoria 3205
Tel:
TELEX: WARFRAN AA 31370

AUSTRIA
Bacher Elektronische Gerate GmbH
tstrasse 78

TS (on a2

**Note New Telephone Number

CONNECTICUT

Intel Corp.

Peacock Alley
1 Padanaram Road, Suite 146
ury 06810

: (203) 7928366

TWk 70426 116

FLORIDA

Intel Corp.

1001 NW. 620d Street, Suite 406

o -956-9407
Intel Cc
5151 Adanson Street, Suite 105
Orlando 32804
Tel: (305) 628-2383
TWX: 810-853-9219

uu»als
Intel
900 Jom Paoulevard
Suite
Oakb!ook 60521
Tel: (312) 325-9510
TWX: 910-651-5881
INDIANA
Electro Reps Inc.
941 E. 86th Street
Indianapolis 46240
Tel: (317) 255-4147
TWX: 810-341- 3217
Electro Reps Int

a2 N, Anthony Biva.

ne
Tl (zm 482-2388

WA
Technical Representatives, Inc.
St. Andrews Building

Gedar Rapids 52402
Tel: (319) 393-5510

KANSAS

Technical Representatives, inc.
8245 Nieman Road, Suite #1100
Lenexa 66214

Yor (@13) 638-0212.3, 8 4
TWX: 910-749-6412

MARYLA
Glen White Assoclates
57 West Timonium Road
Timonium 21093
Tel: (301) 252-6360
Intel Corp.”
t Timonium Road

7

232-1807

ICE
intel Corporation, SARL.*
§Fisce de'a Balance

2:
Sisea Rungis Cedex
Tel: (01) 687 22 21
TELEX: 270475

TAIWAN

Taiwan Automation Co.*
2nd Floor, 224

Nanking East Road
secuon 3

T (02 710940-3
TELEX: 11942 TAIAUTO

ELGIU

netco Bnlglum SA.
Avenue Val

8-1160 Brussels
Tel: (02) 660 00 12
TELEX: 25441
DENMARK

Lyngso Komponent A/S
Ostmarken 4

2860 Soborg
Tel: (01) 67 00 77
TELEX: 22990

Scandinavian Semiconductor
Supply
Nannasgade 18
2200 Copenhagen N
L (01) 83 50 9
TELEX: 19037
FINLAND
Oy Fintronic AB
Loennrotinkaty 350
SF 00180

Helsinki 18
Tel: (90) 664 451
TELEX: 12426

FRANCE

o e Charles Frerot

TELER: 200 405 £

Metrologie

La Tour d'Asnieres

4, avenue Laurent Cely

92606 Asniores

Tel: 791

TeLox: 611 448 F

Tekelec Airtronic*

Cite des Bruyeres

Rue Carle Vernet
vres

Tel: (1) 027 75 35

TELEX: 250997

SALES AND MARKETING OFFICES

MASSACHUSETTS

Intel Corp.®
187 Billerica Road, Suite 14A

MICHIGAN
Intef Corp.
2000 M Northwestern Hwy.

Sui

Soumiold 48075
Tel: (313) 353-0920
TWX: 910-420-1212
TELEX: 231143

umusson
Intel C
00 Nommna.ie Avenue

Suit

Eloammg!on 55437
Tel: (612) 835-6722
TWX: 910-576-2867

MISSOURI
Technical Ropmenmms. Inc.
rade Cen!
358 Brookes Dl\ve Suite 104
Hazelwood 6:
el: (314) 7345500
TWX: 910-762-0618

intel Cory

TNietropiaza Offce Bidg.

505 Thornall St.

Edison 08817

Tel: (201) 985-9100
0-480-6238

New VORK
Inte
:!sn Vnnonrbm Motor Pkwy.

Hluppluw 11787
(516) 231-3300
TWX: 510-227-6236
Intel Corp.

474 Thurston Road
Rochaster, N.Y. 14619
Tel: (716) 328-7340
TWX: 510-253-3841
T-Squared

4054 Newcourt Ave.

10 541-0554.
T-Squa

642 Kre-a Road
P.0. Box W

slora 14534
Tel: (716) 248-5005
TELEX: 97-8289

SCANDINAVIA

Intel Scandinavia A/S*
Lyngbyve) 32 2nd Floor
DK-2100 Copenhagen East
Denmark

Tel: (01) 18 20 00
TELEX: 19567
Intel Sweden AB*
B

ox
$-16120 Bromma

Tel: (08) 98 53 90
TELEX: 12261

HONG

China Electronics

Sea Bird House, 9th Floor
22-28 Wyndham Stre

Hong

SINGAPORE

General Engineers Associates
37, Hill Stre

Singapor

GERMANY

Altred Neye Enatachnik GmbH

Schillerstrasse 14

D-2085 Quickborn-Hamburg

Tel: (04106) 6121

TELEX: 0213590

Electronic 2000 Vertriobs GmbH
leumarkter

TELEX: 484426

INDIA

Electronics International
128 Mahatma Gandhi Road
Secunderabad

Tel: 73720

TELEX: 015-363

CABLE: GUNTICO
ISRAEL

Eastronics Ltd.”

11 Rozanis Street

P.O.

Tel-Aviv
Tel: 475151
TELEX: 33638

ITALY

Eledra 35 SP.A."

Viale Elvezia, 18
0154 Milan

37 Torin

TEL (011)30 w 0073097 114
Eledra 35 S.P.

Via Giuseppe Vsimarana, 63
00139 Rome, Italy

Tel: 06) 8127 2908127 324
TELE

NEW YORK (cont)
Intel Corp.
8 Murkel Street
ospsie. New York 12601
oy (su) 4732
TWX: 510 a—o«w

NORTH CAROLINA
Glen White Associate:
3700 Computer Dr., Suite 330

Raleigh 27609
Tel: (319) 787-7016

0
Intel Corp.*
8312 North Main Street
Dayton 45415
Tel: (513) 890-5350
TWX: 810-450-2528

Intel Corp.
agrin-Brainard Bldg.

28001 Chagrin Bivd.

Cleveland 44122

Tel: (216) 464-2736

OREGON
ES/Chase Company
4095 SW 144th St.
Beaverton 97223

Tel: (503) 641-4111

PENNSYLVANIA

200 Office Genter
Suite 212

Fort Washington 19034
Tel: (215) 542-9444
TWX: 510-661-2077

TENNESSEE

Glen White Associates

Rt. #12, Norwood S/D

Jonesboro

Tel: (615) 477-8850

Glen White Associates

2523 Howard Road

Germantown 38138

Tei: (901) 754-0483

Glen White Associates
Ridge Lake Road

Hixon 37343

Tel: (615) 842-7799

ENGLAND

Intel Corporation (U.K) Ltd.*
Broadfield House

4 Botween Towns Road
Cowley, Oxlord OX4 3NB

Inte} Corporation (UK) Ltd.
46-50 Beam
Nantwich, Cnemlu CWS5 5LY
Tel: (0270) 62 65 60

EX: mza

Sam Yung B

712 Eukch.nq Bang Chung-ku
Seou

Leewood International, Inc.
CP.O.

T12:25, Sokong- Dong

Chung-Ku, Seoul

F’In EI

No. 1 mgnmm. -Machi
Midori-Ku, Vakohlm: 226
Tel: (045) 47°

TELEX: 7a|.477:|

Ryoyo Electric Corp.

Konwa Bldg.

11222, Taukl), 1 cnome
Chuo-Ku, Tokyo 1

Tel: (03) 543- i

Nippon Micro Computer Co. Ltd.
Mutsumi Bldg. 4-5-21 Kojimachi
Chiyoda-ku, Tokyo 1

Tel: (03) 230-00

NETHERLANDS
Inelco Nedarland
AFD Elektronic
Joan Muyskenweg 22
rdam
Tel: (020) 934824
ELEX: 14622

NEW ZEALAND

1655 Fetion Matihow  Mvenue
Glenn Innes, Aushian

Tel: 587-0:

TeLEX. Neeres

Noratew Elek"nnlk (Norge) A/S
Mustads Vei 1

N-Oslo

Tel: (02) 55 ¢ 389

PORTUGAL

Ditram

Componentes E Electronica LDA
Av. Miguel Bombarda, 133

Lisboa 1
Tel: 119 45 313

TEXAS
Intel C
e S, Freeway

Houston 17074

Tel: (713) 784-3400
Mycrosystems Marketing Inc.
13777N. Ceatral Expressway

Dailas 7324
Tel: (zu)m 7157

WX: 910-867-4763
Mycrosystems Marketing Int
8810 Haryin Avenue, ‘Sie 125
Houston 77036
Tel: (713) [

Suite 100
Dalas 75

VIRGINIA
Glsn Whits Associates
P.0. B
Lynchbuvg oasos

1: (804) 384-6920
Glnn White Associetes

Cotbriat Bosen 22443
Tel: (804) 224-4871

WASHINGTON

E.S./Chase Co.
£.0. Box 80903
S

tle
Tel: (206) 762-4824
Twx: 910-444-2298

WISCONSIN

Intel Corp.

4369 S. Howell Ave.
Milwaukee 532
Tel: (414) 747-0789

CANADA

Intel C

n ch.mnm-ln Ave.

, Ontario K1S 1V0

Sl (610) 292-857

TELEX: 053-4419

Multitek, Inc.

15 Grenfelf Crescent

Ottawa, Ontario K2G 0G3

Tel: 613 2262305
ELEX: 0534585

GERMANY
Intel Semiconductor GmbH*
Seidistrasse

uenchen 2
Tel: (089) 55 81 41
TELEX 523177

tel Semiconductor GmbH

Rbraham Lincoln Sirasse

Intel Vertriebsburo

Hindenburger Strasse 28/29
Hannover

(0511) aszosi

TeUEE vozness

SOUTH AFI
Electronic, Bulldlng Elements

Pratoria.
Tel: 78 92 21
TELEX: 30181

Interf

Fonds San Pedro 22
Barcelona 10

Tel: 30178 51
TELEX: 51508 IFCE E

SWEDEN

Nordisk Electronik AB
Fack

$-10380 Stockholm 7

Tel: (08) 248340
TELEX: 10547

SWITZERLAND
Industrade AG
Gemsenstrasse 2
Postchck 80 - 21190
CH-8021 Zurich,

Tel: (Q1) 60 22 30
TELEX: 56788

UNITED KINGDOM
Rapid Recall,
s Bunavlun Sireet

Dondon WezH sBs
Tel: (01) Saare

TELEX: 2875

G.E.C. Semiconductors Ltd.
East Lane

Wembley HA9 7PP
Middlesex

Tel: (01) 904-9303

TELEX: 923429

Jermyn Industries

Vestry Est
Sevenoaks, Kent.

Tel: (0732) 50144
TELEX: 95142

Sintrom Electronics Ltd."
Arkwright Road
Reading, Berkshire

A
Tel: (0734) 85464
*Field Application Location




3065 Bowers Avenue

MICROCOMPUTER AND MEMORY SYSTEM
SALES AND MARKETING OFFICES

cmwnu 95051

TR Sy

U.S. AND CANADA SALES OFFICI

ALABAMA
Pen-Tech Associates, Inc.
Holiday Office Center
3322 S, Memorial Pkwy.
Huntavie 35801

Tel: 533-0090
Glen Whito Associates

1: (205) 883-9394
ARIZONA-

BFA
4426 North Saddle Bag Trail
Scotadale 85251

(602) &

Intel Corp.
8650 N. 35th Avenue
Phoenix 85021

Tel: (602) 242-7205
CALIFORNIA

Intel Corp.

15335 Morrison

Sherman Osks 91403
(213) 986-9:
TWX: 910-4
Intet Corp.*
990 E. Arques Ave.
Suite 112
‘Sunnyvale 94086
(408) 738

510
95-2045

T-I (Aoa) 257-9080

|B§| Eaeran sweat

Santa Ana 92701
Tel: (714) 835-9642
TWX: 310-695-1114
Mac-|
. Box 8763
Fountain Valley 92708
Tek (rta) s394
20131 Vortura B, Suite 240E
Woodiand Hills 1364
I: (213) 347-5900

En!e Assc Inc.
4805 Meu:llry Sheet
Sute]

e s
COLORADO

Tel (303) 755—;005

Maunn
25921 Fsm Gulch Road
P, Box 1

Evergre

Tt 08 ora-sass

ES
CONNECTICUT
Gomeuter Marketing Association
P.O. Box
Far ven 2

o

New Haven 06513

Tel: (203) 7891013

ool Com _

Peacack

T Faganaram Foad, Suite 148

Danbury 06810

Tol (203) 762.8366
710-456-1199

FLORIDA

Pen-Tech Associates, Inc.

P-n Tech Associates, Inc.
111 So. Maitand Avs
Matland 327

e

intel Corp.

2nd Street, Suite 406
FU Lauderdale 33309

ei: (305) 771
Thex: 510055 8407

tel Corp.
i) Adlnwn Street, Suite 105

TWX: 810-853-9219

GEORGIA|
Pen-Tech Assaciates, Inc.
Suite 305 C

2107 Powers rs Forry Roads
Atlanta 30339

Tel: (404) 955-0293

| C
90 Joris' ‘Boulevard

ite 2
Gakeroon 60521
Tek (312 3209510
™)

Dytekt Cenlral Inc

121 So. Wilke Road

Suite 103

Ariinglon Helghts 80005

Tel: (312) 304:3380
priyaase)

INDIAS
Electra feps .
941 E. 86th Street
Indianapolis 46240
Tet: (317) 2854147
810-341-3217

Eleclm Reps Inc.

3402 N. Anmuny Bivd.
Ft. Wayne
Tl (Ve 402 258

1oWA
Technical Representatives, inc.

Gedar Rapids
Solere) ses-o810

KANSAS
Technical Representath
5 Nieman Road.

Foro1s) 888.0212.0, & 4
TWX: 9107496412

EUROPEAN MARKETING OFFIDES

BELGIU|
Intel International *

toulin & Papier
51-Boite 1

ORIENT MARKETING OFFICES

Intel Japan Corporation:
Flower Hill-Shinmachi East Bldg.
11255, Shinmacmr sullgny- Ky

¥o
Tol| (03) 426.9261
TELEX: 78128426

cE
lmul Corporation, SARL.*
§ Place da la Balance

Sisza Runm- Cedex
Tel: (01) 68
TS et ¢

TAIWAN
Taiwan Autom,
2nd Floor, 224
Nanking East Road
Section 3

ion Co.*

Taipei
Tel: (02) 7710940-3
TELEX: 11942 TAIAUTO

INTERNATIONAL DISTRIBUTORS

ARGENTINA

1036 e Alres
Tel: 35-6784

AUSTR,

DENMARK
Lymgeo Komponent A/S
rkan

ALIA
ALF. Sysiems &
“ Pm-om Rd.

Prospect 508:
South Australia 17005
Tel: 269-1244

TELEX: 82635
A,LF. Systems & Components

AL, Systems 8 Components

$10 Quean st Melbourne,
Victoria 3000

%;munon-mnm (Sydney) Ply. Ltd.
m s«.mt 648-1381
: WARFRAN AA 22265

w- bunon Franki Industries
(Meibourne) Py. Lid

Soumg\hlbouml Victoria 3205
TELEX: WARFRAN AA 31370
AUSTRIA
Bacher Elektronische Gerate GmbH
Meidlinger Hauptstrasse 78
A 1120 Vienna
Tel: (0222) 83 63 96
TELEX: (01) 1532
BELGIUI
Inelco Belgium
o Vel Duchesse, 3

TR
**Note New Telephone Number

e Saenz Pona 114208 Ostmark
ko um 6700 77
TELEX: 22000
Supply A,

N-nn-shde 18

-2200 Copenhagen N
Do) 655056
TELEX: 19037

FINLAND
Oy Fintronic A
oennrotinkatu 35D

sni
4, Avenue Laurent Cely

nier
Tel: 791 44 44
TELEX: 611 448 F
Tokelec Airtronic*
Gite des Bruysre

Verne

m m 027 753

SERMANY
Neye Enatachnik GmbH

Sohersttasss 14

D-2085 Quickoorn-Hamburg
Be)

TELEX: 522561

MARYLAND

Gien White Asso
57 West Yrmcmum Rosd

Timonium

Tel: (301) asz 7742

Intel Corp.

oW Tlmumum Road

Fmori
Taraon sagaz
TWX: 710-232-1807

Mesa inc.
1900 Parklawn Drive

Tel: (617) 894-7000
mctidan

m Norinwestorn Huy.
Seumiisia 48075
Tei: (313) 353-0320
TWX: 910-420-1212
TELEX: 2 31143
Lowry & Associates, Inc.
135 W. Nort Street

Bty e
MINNESOTA

uite
Bloomington 55437
Tel: (612) 835-6722
TWX: 910-576-2867

MISSOURI

Technical Representaties, in.
ade Center

Bmokn Drigs, Suite 104

d 6304;
Pt
TWX: 910-762-0618

NEW Jensev

Intel Cory

TMetroplaza Office Bids.
505 Thomai .

Edison

Soi oo sus-9100

TWX: 710-480-6238

BFA Corporation
312 West Parker Road

as Cruces
Tel: (505) 523-0601
TWX: 910-983-0543

Al
Tel: (608) 262-1212
910-989-1157

NEW YORK
Intel Corp.*
350 Vanderbilt Motor Pkuy.

ui
Hauppauge 11787
Tel: (516) 231-3300
TWX: 510-227-6236

SCANDINAVIA

Inte! Scandinavia A/S*

Lyngbyvej 32 2nd Floor

DK-2100 Copenhagen East
enmar)

Tel: (01) 18 20 00

TELEX: 19567

Intel Sweden AB*

Box 20092

§.16120 8romma

artom o8
Ll e

2228 Windham Srest
Hong K

SINGAI

PORE
ral Enginesring Associates
Sigapors

GERMANY (cont)

TELEX. 40deze

INDIA
Electronics Intemational

5-363
CABLE; GUNTICO

1SRy

Eastronics

11 nazunu Street
x 33300

[
Tel: 475151
TELEX: 33638

Eledra 35 S.P.A.*
Viale Eivezia, 18

lan,
To: 02) 3453041

Eledra 3ss

Via Paolo e.mno 1410

10137

o307 097-3097 114

Eledra 35 S.P.A

Via Gluseppe Vaimarana, 63
0139 Rome, Italy

T 00,51 37 390 - 81 27 324

TELEX: 63051

Ryoso Elctic Corp
Konwa Bld
122, l’sukm T:chome
Chuo-Ku, Tol

Tor: (00) 5497711

NEW YORK (cont.)

Rochester 14619
Tel, (716) 3267340
X: 510-253-3841

se
Tek: (315) 4638592

T0-541-055¢
s s

1
Poughkeepsie 12601

Tel: (914) 473-2303

TWX: 510-248-0060
Measurement Technology, Inc.
159 Norinern Boulevard

Great Neck 1102

Tel: (516) 482-3500

NORTH CAROLINA
Pen-Tech Associates, Inc.
P.0. Box

Highpoint 27262

Tel: (919) 883-9125

Glen White Associates

ieigh 27609
Tel: (919) 787-7016

OHIO

intel Cory

12 Ko Main Strest
Dayton 4

S sy %5350
TWK: 810-450-2528

T (813) d3e-4res
Lowry & Associates, Inc.
24200 Chagrin Bive

sui

Slovetand 44122

S i dasna

2 onase Gompany

4095 SW 144th
Boaverton $7223.
Tel: (503) 641-4111
PENNSYLVANIA
intel Corp.”

75 Commerce Dr.
Fort Washingion 10034
Tol: (215) 542-9444
TWX: 510-661-2077
QED. Electronics
300 N. York Road
Hatboro 19040
(215) 674-9600

ENGLAND
Intel Corporaton (UK. Ld.*
Sroadfield H

Cawu omm ox4 e

TR Eareos
Intel Corporation (U.K.) Ltd.
46-50 Beam Street

twich, Cheshire CWS5 5LJ
Tel: (0270) 62 65 60

TELEX: 36620

£30:
Shang- Dont Chung-Ku

Seoul 100
Leewood international,Inc.

uz 25 “Sokong.Dong
Chung-Ku, Seoul

JAPAN (cor

Nippon Vv compuw Co. Ltd.
Mulsumi Bidg. 4-5-21 Kojimachi
Chiyoda-ku, Tokyo 102

Tel: (03) 230-0041
NETHERLANDS

CN. Rood BV

Cor
Lindenstraat, 13

Inelco Nederland
AFD Elektronic
Joan Muyskenweg 2
7006 Amareraarn
m 020) Sade2s

ALAND
WK, Hetoan v
1035 Felton Matinew Avenue
. Innes,
i 587.007
TeLEX Nahres
IAY
Nordisk Efektronik (Norge) A/S
ds Vei 1
sio 2
Tel: (02) 55 38 93
TELEX: 16963
PORTUGAL

Comoon.m.s € Electionica LOA

v. Miguel Bombarda,

Cvoat

Tel: 119 45 313

SOUTH AFRIC

Elaclrone Buing Elements
Box 4609

Pretoria
Tel: 78 92 21
TELEX: 30181

PENNSYLVANIA (cont)
owry & Assaciates, Inc.
hree Parkway Center

@ 201

ittsburgh 15220
Tel: (412) 922-5110
TENNESSEE

Glon White Associates
Rt £12, Norwood S/D
Jonesboro 37659

Tel: (615) 477-8850
Glen White Associates
2523 Howard Road

Glen White Associates.
6446 Ridge Lake Road
Hixon 37343

Tel: (615) 842.7799.

TEXAS

intel Corp.

6776 SW. Freeway

Suite

Houston 77074

Tel: (713) 784-3400
Mycrosystems Marketing Inc.
13777 N. Central Expressway

Mycrosystems Markeling Inc.

6610 Harwin Averue, Suite 125
fouston 77036

Tel ms) 783-2900

Intel C

2L 5 J Freeway

92054
Toi (214) 2419521
TWX: 910-860-5487

UTAH
Mountaintek
3788 B

Gity

T (01 266-9617
VIRGINIA
Glen White Associates
P.O. B
Lym:nmug 4505

I: (804) 384-6920
Glevu Wnite Associates
A 1, B0
Coloniar Boseh 22440
Tel: (804) 224-4871
WASHINGTON
E.S./Chase Co.
P, Boxe

m (zm 7634624
X: 910-444-2208

WISCONSIN

Tl (¢14) 747 0780

CANADA

Intel Corp.

70 Chambertain Ave
wa, Ontario K1S 19

Yel {519 2028576

Mullll x, c.

15 Greniell Grescent
tawa, Onlario k2G 063

Tel: (613) 2

ELEX Ossasas

GERMANY

Intel Semiconductor GmbH*
Seidlstrasse 27

8000 Muenchen 2

Tel: (089) 55 81 41

TELEX: 523 177

Intel Semiconductor GmbH
Abranam Lincoln Sirasse 30

T (oem) 74855

X: 04186183
iy Semiconductor GmbH
Emsthaldensirasso 17

a
Tet: (0711 7351506

iy Vammb

Hindenburger Strasse 28/29
3000 Hannover

Tel: (0511) 852051

TELEX: 0923625

IN
Interface

Fonda San Pedto 22
Barcelona 10

Tl 501 78 51

TELEX: 51608 IFCE E

Rk Electionik AS

a
5-10380 Stockholm 7
Tel: (08) 248340
TELEX: 1054

Gemsenstrasse 2

Postcheck 8021190
urich

m 0N 802230

INITED KINGDOM
Ragid Rocall. L1
$1-18 Bettertan Sireat

Oru
Conaon We2H 98;
Tel: 1) 3796741
TEL

a. E c S‘mlcunduc(nrs .
East Lane
Viembley a9 7PP
iddles
Tel:(01) 304-9303
TELEX: 923429
Jermyn Industries.
Vestry Estate
venoaks, Kent
Tol: (0732) 80144
TELEX: 95142
Sintrom Elnclmmcs [N
Arkwright
Reading, Buvkshua RG20LS
Tel: (0734) 8¢
TELEX- 47305

+Field Application Location



- I |®

3065 Bowers Avenue

Santa Clara, California 95051
Tel: (408) 987-8080*

TWX: 910-338-0026
TELEX: 34-6372

U.S. AND CANADIAN DISTRIBUTORS

ALABAMA

+*Hamilton/Avnet Electronics
805 Oser Drive NW

Huntsville 35805

Tel: (205) 533-1170

Pioneer

1207 Putman Drive NW
Huntsville 35805

Tel: (205) 837-9300

ARIZONA

+*Hamilton/Avnet Electronics
8155 North 21st Street
Phoenix 85021

Tel: (602) 275-7851
Liberty/Arizona

8155 N. 24th Avenue

Tel: (602) 257-1272
TELEX: 910-951-4282

CALIFORNIA

1*Avnet Electronics

350 McCormick Avenue
Costa Mesa 92626

Tel: (714) 754-6111

Tel: (213) 558-2345
+*Hamilton/Avnet Electronics
575 E. Middlefield Road
Mountain View 94040

Tel: (415) 961-8600
+*Hamilton/Avnet Electronics
8917 Complex Drive

San Diego 92123

Tel: (714) 279-2421
+*Hamiiton Electro Sales
10912 W. Washington Boulevard
Culver City 80230

Tel: (213) 558-2121
tCramer/San Francisco

720 Palomar Avenue
Sunnyvale 94086

Tel: (408) 739-3011
Cramer/Los Angeles

17201 Daimler Street

Irvine 92714

Tel: (714) 979-3000

tLiberty Electronics

TWX: 910-348-7140
fLiberty/San Diego
8284 Mercury Court
San Diego 92111

Tel: (714) 565-9171
TELEX: 910-335-1590
tElmar Electronics
2288 Charleston Road
Mountain View 94040
Tel: (415) 961-3611
TELEX: 910-379-6437

COLORADO

{Elmar/Denver

6777 E. 50th Avenue
Commerce City 80022

Tel: (303) 287-9611

TWX: 910-936-0770
+*Hamilton/Avnet Electronics
5921 No Bmadw

Denver 8

Tel: (303) 545 1212

CONNECTICUT
tCramer/Connecticut
35 Dodge Avenue
North Haven 06473
Tel: (203) 239-5641
1" Hamv\mn/Avnet Electronics
643 Danbury R
Georgetown osazs
Tel: (203) 762-0361
Harvey Electronics
112 Main Street
Norwalk 08!
Tel: (203) 853-1515

FLORIDA

Cramer/E.W. Hollywood
4035 No. 29th Avenue
Hollywood 33020

Tel: (305) 921-7878
+*Hamilton/Avnet Electronics
6800 Northwest 20th Ave.
Ft. Lauderdale 33309
Tel: (305) 971-2900
Cramer/EW Orlando

345 No. Graham Ave.
Orlando 32814

Tel: (305) 894-1511

Pioneer

6220 S. Orange Blossom Trail
Suite 412

Orlando 32809

Tel: (305) 859-3600
GEORGIA

tCramer

6456 Warren Drive

Norcross 30071

Tel: (404) 448-9050

**Note New Telephone Number

GEORGIA (cont)
+*Hamilton/Avnet Electronics
6700 | 85, Access Road, #11
Norcross 30071
Tel: (404) 448-0800

ILLINOIS
tCramer/Chicago

1911 So. Busse Rd.

M. Prospect 60056
Tel: (312) 593-8230
+*Hamilton/Avnet Electronics
3901 No. 25th Ave.
Schiller Park 60176
Tel: (312) 678-6310
Pioneer/Chicago

1551 Carmen Drive

Elk Grove Village 60006
Tel: (312) 437-9680
INDIANA
tPioneer/Indiana

6408 Castleplace Drive
Indianapolis 46250
Tel: (317) 849-7300
Sheridan Sales

8790 Purdue Road
Indianapolis 46268

Tel: (317) 297-3146

KANSAS

+*Hamilton/Avnet Electronics
9219 Quivira Road

Overland Park 86215

Tel: (913) 888-8900

MARYLAND

NEW JERSEY (cont.)
tHarvey Electronics

389 Passaic Avenue

Fairfield 07006

Tel: (201) 227-1262
+"Hamilton/Avnet Electronics
113 Gaither Drive

East Gate Industrial Park

Mt. Laurel 08057

Tel: (609) 234-2133

TWX: 710-897-1405

NEW MEXICO
+*Hamilton/Avnet Electronics
2524 Baylor Drive, S.E.
Albuquerque 87119

Tel: (505) 765-1500

NEW YORK
iCramer/Rochester

3000 Winton Road South
Rochester 14623

Tel: (716) 275-0300
+*Hamilton/Avnet Electronics
167 Clay Road

Rochester 14623

Tel: (716) 442-7820
Cramer/Syracuse

6716 Joy Road

East Syracuse 13057

Tel: (315) 437-6671

U.S. AND CANADIAN DISTRIBUTORS

PENNSYLVANIA (cont.)
Pioneer/Delaware
141 Glbraltar Road
Horshar
Tel (21 5) 574-4000

: 510-665-6778

TENNESSEE

Sheridan Sales Co.
6900 Office Park Circle
Knoxville 37919

Tel: (615) 588-5386

TEXAS

Component Specialties Inc.

8330 Burnett Road, Suite 101

Austin 78758

Tel: (512) 459-3308

tCramer Electronics

13740 Midway Road

Dallas 75240

Tel: (214) 661-9300

+*Hamilton/Avnet Electronics

4445 Slgma Road

Dallas

Tel: (2‘4) 861-8661
+*Hamilton/Avnet Electronics

3939 Ann Arb

TeI (713) 780 1771

1C

+*Hamilton/Avnet
6500 Joy Road

E. Syracuse 13057
Tel: (315) 437-2641
tCramer/Long Island
129 Oser Avenue

L.l 11787

{Cramer/EW
16021 Industrial Drive
Gaithersburg 20760
Tel: (301) 948-0110
1*Hamilton Avnet
7235 Standard Drive
Hanover 21076

Tel: (301) 796-5000
tPioneer/Washington
9100 Gaither Road
Gaithersburg 20760
Tel: (301) 948-0710
TWX: 710-828-0545

MASSACHUSETTS

{Cramer Electronics Inc.

85 Wells Avenue

Newton

Tel: (6!7) 969 7700
+*Hamilton/Avnet Electronics
100 E. Commerce Way
Woburn 01801

Tel: (617) 933-8000

MICHIGAN

tSheridan Sales Co.
24543 Indoplex Circle
Farmington Hills 48024
Tel: (313) 477-3800
tPioneer/Michigan
13485 Stamford

Livonia 48150

Tel: (313) 525-1800
+*Hamilton/Avnet Electronics
32487 Schoolcraft Road
Livonia 48150

Tel: (313) 522-4700
TWX: 810-242-8775

MINNESOTA

tindustriai Components
5280 West 74th Street
Minneapolis 55435

Tel: (612) 831~2656
tCramer/Bor

7275 Bush Lnke Road

Edina 55435

Tel: (612) 835-7811
+*Hamilton/Avnet Elec¢tronics
7683 Washington Avenue So.
Edina 55435

Tel: (612) 941-3801

MISSOURI

+*Hamilton/Avnet Electronics
396 Brookes Lane

Hazelwood 63042

Tel: (314) 731-1144

Sheridan Sales

110 S. Hwy. 67, Suite 10
Florissant 63031

Tel: (314) 837-5200

NEW JERSEY
Cramer/Fannsylvanla Inc.
12 Springdale Roa
Cherry Hill Industrial Center
Cherry Hill 08034
Tel: (609) 424-5993
TWX: 710-896-0908
il Hamxlton/Avnel Electronics
218 Little Falls Road
Cedar Grove 07009
Tel: (201) 239-0800
TWX: 710-994-5787
Cramer/New Jersey

ardinal Drive
Little Falls 07424
Tel: (201) 785-4300

Tel: (516) 231-5600
TWX: 510-227-9863
+*Hamilton/Avnet Electronics

TWX: 510-222-8237
tHarvey Electronics
60 Crossways Park West
Woodbury 11797
Tel: (516) 921-8700
NORTH CAROLINA
{Cramer Electronics
938 Burke Street
Winston-Salem 27102
Tel: (919) 725-8711
Pioneer/Carolina
2906 Baltic Avenue
Greensboro 2740
Tel: (919) 273-4441
TWX: 510-925-1114

Hamilton/Avnet Electronics, Inc.

2803 Industrial Drive
Raleigh 2760
Tel: (919) 829-8030
OHIO
tSheridan Sales Co.
2501 Nef! Road
Dayton 4!
Tel: (513) 223 3332
tCramer/Cleveland
6835 Harper Road
Cleveland 44139
Tel: (216) 248-8400
+*Hamilton/Avnet Electronics
954 Senate Drive
Dayton 45459
Tel: (513) 433-0610
TWX: 810-450-2531
{Pioneer/Dayton
1900 Troy Street
Dayton 45404
Tel: (513) 236-9900
tSheridan Sales Co.
10 Knolicrest Drive
Cincinnati 45222
Tel: (513) 761-5432
TWX: 810-461-2670
tPioneer/Cleveland
4800 E. 131st Street
Cleveland 44105
Tel: (216) 587-3600
+*Hamiiton/Avnet Electronics
761 Beta Drive, Suite E
Cleveland 44143
Tel: (216) 461-1400
Shendan Sales C
23224 Commerce Park Road
Beachwood 44
Tel: (216) 831-01 30
OKLAHOMA
tComponents Specialties, Inc.
7920 E. 40th Stre
Tulsa 74145
Tel: (918) 664-2820
OREGON
tAlmac/Stroum Electronics
4475 S.W. Scholls Ferry Rd.
Portland 97225
Tel: (503) 292-3534

PENNSYLVANIA

tSheridan Sales Co.

1717 Penn Avenue, Suite 5009
Pittsburgh 15221

Tel: (412) 244-1640
Pioneer/Pittsburgh

560 Alpha Drive

Pittsburgh 15238

Tel: (412) 782-2300

10907 Shady Trail, Suite 101

Dallas

Tel: (214) 357—6511

{Component Specialties, Inc.

8585 Commevce Park Drive, Suite 590
Houston 77036

Tel: (713) 771-7237

t‘Hamilwn/Avnel Electronics
1585 West 2100 South

Salt Lake City, 84119

Tel: (801) 972-2800

WASHINGTON
+*Hamilton/Avnet Electronics
13407 Northrup Way
Bellevue 98005

Tel: (206) 746-8750
tAlmac/Stroum Electronics
5811 Sixth Ave. South
Seattle 98108

Tel: (206) 763-2300
tLiberty Electronics

1750 132nd Avenue NE
Bellevue 98005

Tel: (206) 763-8200

WISCONSIN
+*Hamilton/Avnet
2975 Moorland Road
New Berlin 53151
Tel: (414) 784-4510

CANADA

ALBERTA

tL. A, Varah Ltd.
4742 14th Street N.E.
Calgary T2E 6LT
Tel: (403) 276-8818
Telex: 1382589 77

BRITISH COLUMBIA
{L.A. Varah Ltd.
2077 Alberta Street
Vancouver VSY 1C4
Tel: (604) 873-3211
TWX: 610-929-1068
Telex: 04 53167

ONTARIO

L.A. Varah, Ltd.

505 Kenora Avenue
Hamilton L8E-3P2

Tel: (416) 561-9311

TELEX: 061-8349
+*Hamilton/Avnet Electronics
3688 Nashua Drive, Unit GH
Mississauga L4V IM5

Tel: (416) 677-7432

TWX: 610-492-8867
*Hamilton/Avnet Electronics
1735 Courtwood Cresc.
Ottawa K2C 3J2

Tel: (613) 226-1700

TWX: 610 562-1906
tZentronics

141 Catherine Street
Ottawa, Ontario K2P 1C3
Tel: (613) 238-6411
tZentronics

99 Norfinch Dr.

Downsview, Ontario M3N 1W8
Tel: (416) 635-2822

Telex: 02-021694

QUEBEC

1 *Hamilton/Avnet Electronics
2670 Paulus

St. Laurent H4S 1G2

Tel: (514) 331-6443

TWX: 610-421-3731

tMicrocomputer System Technical Demonstrator Centers
*Microcomputer System Spares Order Point
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