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iAPX 86/10
16-BIT HMOS MICROPROCESSOR

8086/8086-2/8086-1

» Direct Addressing Capability to 1 » Bit, Byte, Word, and Block Operations

MByte of Memory « 8 and 16-Bit Signed and Unsigned
Arithmetic in Binary or Decimal
Including Muitiply and Divide

= Range of Clock Rates:

5 MHz for 8086,

» Architecture Designed for Powerful
“Assembly Language and Efficient High
Level Languages.

= 14 Word, by 16-Bit Register Set with 8 MHz for 8086-2,
Symmetrical Operations 10 MHz for 8086-1
= MULTIBUS™ System Compatible
s 24 Operand Addressing Modes Interface

The Intel iIAPX 86/10 high performance 16-bit CPU is available in three clock rates: 5, 8 and 10 MHz. The CPU is
implemented in N-Channel, depletion load, silicon gate technology (HMOS), and packaged in a 40-pin CerDIP package.
The iAPX 86/10 operates in both single processor and multiple processor configurations to achieve high performance
levels.
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Figure 1. iAPX 86/10 CPU Block Diagram Figure 2. iAPX 86/10 Pin Configuration
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Table 1. Pin Description

The following pin function descriptions are for IAPX 86 systems in either minimum or maximum mode. The “Local
Bus” in these descriptions is the direct multiplexed bus interface connection to the 8086 (without regard to additional

bus buffers).

Symbol | Pin No. | Type Name and Function

AD4s-ADg| 2-16,39 | /O | Address Data Bus: These lines constitute the time multiplexed memory/IO address (T+)
and data (T, T3, Tw, T4) bus. Ag is analogous to BHE for the lower byte of the data bus,
pins D7-Dy. It is LOW during Ty when a byte is to be transferred on the lower portion of
the bus in memory or I/O operations. Eight-bit oriented devices tied to the lower half
would normally use Ag to condition chip select functions. (See BHE.) These lines are
active HIGH and float to 3-state OFF during interrupt acknowledge and local bus *‘hold
acknowledge.”

A49/Se, 35-38 [o] Address/Status: During T1 these are the four most signi-

A1g/Ss, ficant address lines for memory operations. During /O

A47IS,4, operations these lines are LOW. During memory and I/Q

A4g/S3 operations, status information is available on these AriSq | ApiS3 | Chamclaratics
lines during Ty, T3, Tw, and T4. The status of the interrupt 0 (LoW) 0 | Alternate Data
enable FLAG bit (Sg) is updated at the beginning of each | S i | o | G or None
CLK cycle. A{7/S4 and A4¢/S3 are encoded as shown. 1 1 Data
This information indicates which relocation register is s&&%
presently being used for data accessing.

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

BHE/S, 34 O | Bus High Enable/Status: During T1 the bus high enable
signal (BHE) should be used to enable data onto the
most significant half of the data bus, pins D15-Dg. Eight- BHE | Ag| Characteristics
bit oriented devices_tied to the upper half of the bus o o | whote word
would normally use BHE to condition chip select func- ° 1| Upperbyte froms
tions. BHE is LOW during T, for read, write, and inter- to 0dd address
rupt acknowledge cycles when a byte is to be transfer- 1 0 Lower byte from/
red on the high portion of the bus. The Sy status informa- o even address
tion is available during T, T3, and T4. The signal is active ! 1 MNore
LOW, and floats to 3-state OFF in “hold.” It is LOW dur-
ing T4 for the first interrupt acknowledge cycle.

RD 32 o Read: Read strobe indicates that the processor is performing a memory of /O read cy-
cle, depending on the state of the S, pin. This signal is used to read devices which
reside on the 8086 local bus. RD is active LOW during T, T3 and Ty of any read cycle,
and is guaranteed to remain HIGH in T, until the 8086 local bus has floated.

This signal floats to 3-state OFF in “hold acknowledge.”

READY 22 | READY: is the acknowledgement from the addressed memory or /O device that it will
complete the data transfer. The READY signal from memory/IO is synchronized by the
8284A Clock Generator to form READY. This signal is active HIGH. The 8086 READY in-
put is not synchronized. Correct operation is not guaranteed if the setup and hold
times are not met.

INTR 18 | Interrupt Request: is a level triggered input which is sampled during the last clock cy-
cle 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 resetting the inter-
rupt enable bit. INTR is internally synchronized. This signal is active HIGH.

TEST 23 | | TEST: input is examined by the “Wait” instruction. If the TEST input is LOW execution
continues, otherwise the processor waits in an *“Idle” state. This input is synchronized
internally during each clock cycle on the leading edge of CLK.
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Table 1. Pin Description (Continued)

Symbol | Pin No. | Type Name and Function

NMI 17 | Non-maskable interrupt: 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. NM! 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 internally syn-
chronized.

RESET 21 | Resat: 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 syn-
chronized.

CLK 19 1 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 40 Vee: + 5V power supply pin.

GND 1,20 Ground

MN/MX 33 | Minimum/Maximum: indicates what mode the processor is to operate in. The two
modes are discussed in the following sections.

The following pin function descriptions are for the 8086/8288 system in maximum mode (i.e., MN/MX = Vgg). Only the

pin functions which are unique to maximum mode are described; all other pin functions are as described above.

S, 51,5, 26-28 O | Status: active during T4, T4, and T and is returned to the I
passive state (1,1,1) during Ty or during Tw when READY S2 §1| Sg[ Characteristics
is HIGH. This status is used by the 8288 Bus Controller owow [0 o interrupt
to generate all memory and l/O access control signals. Acknowledge
Any change by S5, S5, or S during T4 is used to indicate ’ Vo | headiio pon
the beginning of a bus cycle, and the return to the pas- 0 11| Hait
sive state in Tz or Tyy is used to indicate the end of a bus 1(HIGH) 10 [ 0} Code Access
1 [N Read Memory
cycle. 1 1 1o | write Memory
These signals float to 3-state OFF in “hold acknowl- ! 1|1 | Passie
edge.” These status lines are encoded as shown.
RQ/GT,, 30, 31 /0 | Request/Grant: pins are used by other local bus masters to force the processor to
RQIGT, release the local bus at the end of the processor’'s current bus cycle. Each pin is

bidirectional with RO/GTg 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 9):

1. A pulse of 1 CLK wide from another local bus master indicates a local bus request
(“hold”) to the 8086 (pulse 1).

2. DuringaTyor Ty clock cycle, a pulse 1 CLK wide from the 8086 to the requesting master
(pulse 2), indicates that the 8086 has allowed the local bus to float and that it will enter
the ““hold acknowledge’’ state at the next CLK. The CPU’s bus interface unit is discon-
nected logically from the local bus during “hold acknowledge.”

3. 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.

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.

if the request is made while the CPU is performing a memory cycle, it will release the local
bus during T4 of the cycle when all the following conditions are met:

. Hequest occurs on or before Tp.

. Current cycle is not the low byte of a word (on an odd address).

. Current cycle is not the first acknowledge of an interrupt acknowledge sequence.
. A locked instruction is not currently executing.

WO N -
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Table 1. Pin Description (Continued)

Symbol | Pin No. | Type Name and Function
If the local bus is idle when the request is made the two possible events will follow:
1. Local bus will be released during the next clock.
2. A memory cycle will start within 3 clocks. Now the four rules for a currently active
memory cycle apply with condition number 1 already satisfied.

LOCK 29 o] 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 completion of the next instruction. This
signal is active LOW, and floats to 3-state OFF in “hold acknowledge.”

QS,, QS| 24,25 O | Queue Status: The queue status is valid during the CLK

cycle after which the queue operation is performed.

QS, and QS provide status to allow external tracking of
the internal 8086 instruction queue.

The following pin function descriptions are for the 8086 in minimum mode (i.e., MN/MX = Vo) Only the pin functions which
are unique to minimum mode are described.; all other pin functions are as described above.

Mo

28

(o)

Status line: logically equivalent to S in the maximum mode. It is used to distinguish a
memory access from an I/O access. M/TO becomes valid in the T, preceding a bus cycle
and remains valid until the final T4 of the cycle (M= HIGH, 10 =LOW). M/O floats to
3-state OFF in local bus “hold acknowledge.”

29

Write: indicates that the processor is performing a write memory or write 110 cycle,
depending on the state of the MO signal. WR is active for T, Ty and Ty of any write cy-
cle. It is active LOW, and floats to 3-state OFF in local bus “hold acknowledge.”

z
pur|
>

24

INTA is used as a read strobe for interrupt acknowledge cycles. It is active LOW during

ALE

25

T2, T3 and Ty of each interrupt acknowledge cycle.
=]

Address Latch Enable: provided by the processor to latch the address into the 82
8283 address latch. It is a HIGH pulse active during T+ of any bus cycle. Note that ALE
is never floated.

DTIR

27

Data Transmit/Receive: needed in minimum system that desires to use an 8286/8287
data bus transceiver. it is used to control the direction of data flow through the
transceiver. Logically DT/R is equivalent to S1 in the maximum mode, and its timing is
the same as for M/IO. (T = HIGH, R= LOW.) This signal floats to 3-state OFF in local bus
“hold acknowledge.”

O
)
2Z|

26

Data Enable: 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 /O access and
for INTA cycles. For a read or INTA cycle it is active from the middle of T, until the mid-
dle 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,
HLDA

31,30

le}

—

HOLD: indicates that another master is requesting a local bus “hold.” To be acknowl-
edged, HOLD must be active HIGH. The processor receiving the “hold” request will
issue HLDA (HIGH) as an acknowledgement in the middle of a T4 or T; clock cycle. Simul-
taneous 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 processor needs to run another cycle, it will again drive the local bus and control
lines.

The same rules as for RQIGT apply regarding when the local bus will be released.

HOLD is not an asynchronous input. External synchronization should be provided if the
system cannot otherwise guarantee the setup time.
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FUNCTIONAL DESCRIPTION

GENERAL OPERATION

The internal functions of the iAPX 86/10 processor are
partitioned 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 process-
ors. 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 instruction pre-fetching
provided by this unit serves to increase processor perfor-
mance through improved bus bandwidth utilization. Up to
6 bytes of the instruction stream can be queued while
waiting for decoding and execution.

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 (FIFQ) 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 orga-
nized as a linear array of up to 1 million bytes, addressed
as 00000(H) to FFFFF(H). The memory is logically divided
into code, data, extra data, and stack segments of up to
64K bytes each, with each segment falling on 16-byte
boundaries. (See Figure 3a.)

All memory references are made relative to base
addresses contained in high speed segment registers. The
segment types were chosen based on the addressing
needs of programs. The segment register to be selected is
automatically chosen according to the rules of the follow-
ing table. All information in one segment type share the
same logical attributes (e.g. code or data). By structuring
memory into relocatable areas of similar characteristics
and by automatically selecting segment registers, pro-
grams are shorter, faster, and more structured.

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

A1g - A1, Byte data with even addresses is transferred on
the D7-Do bus lines while odd addressed byte data (Ao
HIGH) is transferred on the D15-Ds bus lines. The process-
or provides two enable signa's, BHE and Ao, to selectively
allow reading from or writing into either an odd byte
location, even byte location, or both. The instruction
stream is fetched from memory as words and is addressed
internally by the processor to the byte level as necessary.

Memory Segment Register Segment
Reference Need Used Selection Rule
Instructions CODE (CS) Automatic with all instruction prefetch.
Stack STACK (SS) All stack pushes and pops. Memory references relative to BP
base register except data references.
Local Data DATA (DS) Data references when: relative to stack, destination of string
operation, or explicitly overridden.
External (Global) Data EXTRA (ES) Destination of string operations: Explicitly selected using a
segment override.
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) FFFFFH
64 K8 CODE SEGMENT
l - L Xxxx0H
STACK SEGMENT
*orrser
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I 3
SEGMENT
REGISTER FILE
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[
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}EXTRA DATA SEGMENT
T 0000H

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 003FFH are reserved for interrupt
operations. Each of the 256 possible interrupt types has
its service routine pointed to by a 4-byte pointer element

7-6

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.

FFFFFH
RESET BOOTSTRAP
PROGRAM JUMP

IFFH
INTERRUPT POINTER
FOR TYPE 25§
IFCH

.

H
INTERRUPT POINTER

FOR TYPE 1 -

3H

INTERRUPY POINTER
FOR TYPEO

Figure 3b. Reserved Memory Locations

MINIMUM AND MAXIMUM MODES

The requirements for supporting minimum and maximum
iAPX 86/10 systems are sufficiently different that they
cannot be done efficiently with 40 uniquely defined
pins. Consequently, the 8086 is equipped with a strap
pin (MN/MX) which defines the system configuration.
The definition of a certain subset of the pins changes
dependent on the condition of the strap pin. When
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 S(,51,S; to gen-
erate bus timing and control signals compatible with
the MULTIBUS™ architecture. When the MN/MX pin is
strapped to V¢, 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.

AFN-014978
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Figure 4a. Minimum Mode IAPX 86/10 Typical Configuration
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Figure 4b. Maximum Mode IAPX 86/10 Typical Configuration
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BUS OPERATION

The 86/10 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 /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 T,, Ty, T3 and T, (see
Figure 5). The address is emitted from the processor
during T4 and data transfer occurs on the bus during T,
and T4. T, 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 (Tw) are inserted between Ty and T,. Each
inserted “Wait" state is of the same duration as a CLK
cycle. Periods can occur between 8086 bus cycles.
These are referred to as “Idle” states (T)) or inactive CLK
cycles. The processor uses these cycles for internal
housekeeping.

During T4 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 Sg, S,, and S_z are used, in maximum mode,

by the bus controller to identify the type of bus transac-
tion according to the following table:

S, S;| So| CHARACTERISTICS
0(LOW) | 0 | O | Interrupt Acknowledge
0 Q 1 | Read l/Q
[¢] 1 0 | Write IO
0 1 1 | Halt
1(HIGH) | O 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 S; 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:

Sq S3 CHARACTERISTICS
0(LOW) | 0 | Alternate Data (extra segment)
0 1 | Stack
1(HIGH) | 0 | Code or None
1 1 | Data

Ssis a reflection of the PSW interrupt enable bit. Sg=0 and
S7 is a spare status bit.

11O ADDRESSING

In the 86/10, 1/O operations can address up to a maximum
of 64K I/O byte registers or 32K I/O word registers. The
/0 address appears in the same format as the memory
address on bus iines Ay5-Ag. The address lines Ajg-Ag
are zero in I/O operations. The variable )/O instructions
which use register DX as a pointer have full address capa-
bility while the direct I/O instructions directly address one
or two of the 256 I/O byte locations in page 0 of the I/O
address space.

110 ports are addressed in the same manner as memory
locations. Even addressed bytes are transferred on the
D;-0p bus lines and odd addressed bytes on Dy5-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.

AFN-01497B
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Figure 5. Basic System Timing
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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
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
internal 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 Family User’s
Manual. The RESET input is internally synchronized to the
processor clock. At initialization the HIGH-to-LOW trans-
ition of RESET must occur no sooner than 50 us after
power-up, to allow complete initialization of the 8086.

NM! may not be asserted prior to the 2nd CLK cycle fol-
lowing 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 maskabte.

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 O through 3FFH (see
Figure 3b), which are reserved for this purpose. Each
element in the tabie is 4 bytes in size and corresponds
to an interrupt “type”. An interrupting device supplies
an 8-bit type number, during the interrupt acknowiedge

sequence, which is used to “vector’ through the ap-
propriate element to the new interrupt service program
location.

NON-MASKABLE INTERRUPT (NM))

The processor provides a single non-maskable interrupt
pin (NMI) which has higher priority than the maskable in-
terrupt request pin (INTR). A typical use would be to ac-
tivate a power failure routine. The NMI is edge-triggered
on a LOW-to-HIGH transition. The activation of this pin
causes a type 2 interrupt. (See Instruction Set descrip-
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
NMI 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 86/10 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 whoie 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

Ta

' T4 ‘ T2
ALE _-/—_\
!
LOCK \

T i T ‘ Ts ‘ Ta

INTA

|

FLOAT

g

ADg-AD,

N

—)
T

TYPE VECTOR

Figure 6. Interrupt Acknowledge Sequence
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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
Ingtruction.

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 muitiplied by four and used as a
pointer into the interrupt vector lookup table. 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 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 1O
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 active for at least 5
CLK cycles. The WAIT instruction is re-executed
repeatedly until that time. This activity does not con-
sume bus cycles. The processor remains in an idle state
while waiting. All 8086 drivers go to 3-state OFF If bus
“Hold"is entered. If interrupts are enabled, they may
occur while the processor is waiting. When this occurs
the processor fetches the WAIT instruction one extra
time, processes the interrupt, and then re-fetches and
re-executes the WAIT instruction upon returning from
the interrupt.

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 V¢g 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 Vgg and the processor emits coded status informa-
tion which the 8288 bus controller uses to generate
MULTIBUS compatible bus control signals. Figure 5 il-
lustrates the signal timing relationships.

AX AH AL ACCUMULATOR
BX BH BL BASE
ex CcH cL COUNT
DX DH DL DATA
— sP STACK POINTER
8P BASE POINTER
S| SOURCE INDEX
DI DESTINATION INDEX
P INSTRUCTION POINTER
FLAGSy | FLAGS, STATUS FLAGS
cs CODE SEGMENT
DS DATA SEGMENT
sS STACK SEGMENT
ES EXTRA SEGMENT

Figure 7. iAPX 86/10 Register Model

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 T, to T, the
M/IO signal indicates a memory or I/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
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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/ID 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 Ty, 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 float.

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

BHE A0 CHARACTERISTICS
0 0 Whole word
Q 1 Upper byte from/
to odd address
1 0 Lower byte from/

to even address
None

/O ports are addressed in the same manner as memory
location. Even addressed bytes are transferred on the
D;-Dg bus lines and odd addressed bytes on D5-Dg.

The basic difference between the interrupt acknowl-
edge cycle and a read cycle is that the interrupt
acknowledge signal (INTA) is asserted in place of the

7-12

read (AD) signal and the address bus is floated. (See
Figure 6.) In the second of two successive INTA cycles,
a byte of information is read from bus lines Dy-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 SIZE SYSTEMS

For medium size systems the MN/MX pin is connected to
Vsg 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 re-
mains relatively the same. The 8086 status outputs (S, S1,
and Sp) provide type-of-cycle information and become
8288 inputs. This bus cycle information specifies read
(code, data, or I/0), write (data or I/O), interrupt acknowl-
edge, or software halt. The 8288 thus issues control
signals specifying memory read or write, I/O read or write,
or interrupt acknowledge. The 8288 provides two types of
write strobes, normal and advanced, to be applied as re-
quired. 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 dataisn'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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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias......... 0°Cto70°C
Storage Temperature............. -65°C to +150°C
Voltage on Any Pin with
RespecttoGround.................. -10to +7V
Power Dissipation .................. ... 2.5 Watt

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings" may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affe¢t device
reliability.

D.C. CHARACTERISTICS (8086: T, = 0°C to 70°C, Ve = 5V * 10%)
(8086-1: T = 0°C to 70°C, Ve = 5V * 5%)
(8086-2: Ty = 0°C to 70°C, Ve = 5V = 5%)

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage - 0.5 +0.8 \
Viu Input High Voltage 2.0 Vee+ 05 v
VoL Output Low Voltage 0.45 A loL=2.5 mA
Vo Output High Voltage 2.4 \" lon= — 400 uA
lee Power Supply Current: 8086 340
8086-1 360 mA Ta=25°C
8086-2 350
Iy Input Leakage Current +10 uA oV =V =V
o Output Leakage Current +10 uA 0.45V € Vgyr € V¢
VoL Clock Input Low Voltage -05 +0.6
VeH Clock Input High Voltage 3.9 Vec+ 1.0
Capacitance of Input Buffer
Cin (All input except 15 pF fc=1MHz
ADg— AD45, RQ/GT)
Capacitance of I/O Buffer _
CIO (ADO—AD15, ﬁﬁ/G_T) 15 pF fc=1MHz

7-13
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A.C. CHARACTERISTICS (8086: T, = 0°C to 70°C, Vo = 5V * 10%)
(8086-1: T = 0°C to 70°C, Vi = 5V = 5%)
(8086-2: Ta = 0°C to 70°C, Vo = 5V = 5%)

MINIMUM COMPLEXITY SYSTEM
TIMING REQUIREMENTS

Test
Symbol Parameter 8086 8086-1 (Preliminary) 8086-2 Units Conditions
Min, Max. Min. Max. Min. Max.
TCLCL CLK Cycle Period 200 500 100 500 125 500 ns
TCLCH CLK Low Time (3% TCLCL)-15 (35 TCLCL)-14 (% TCLCL)-15 ns
TCHCL CLK High Time (% TCLCL)+2 (¥ TCLCL)+6 (¥s TCLCL)+2 ns
TCH1CHZ | CLK Rise Time 10 10 10 ns From 1.0V to
3.5v
TCL2CL1 CLK Fall Time 10 10 10 ns From 3.5V to
1Qv
TDVCL Data in Setup Time 30 5 20 ns
TCLDX Data in Hold Time 10 10 10 ns
TR1VCL RDY Setup Time 35 35 35 ns
into 8284A (See
Notes 1, 2)
TCLR1X ROY Hold Time 0 0 0 ns
into 8284A (See
Notes 1, 2)
TRYHCH READY Setup (3 TCLCL)-15 53 (3 TCLCL)-15 ns
Time into 8086
TCHRYX READY Hold Time 30 20 20 ns
into 8086
TRYLCL READY tnactive to -8 -10 -8 ns
CLK (See Note 3)
THVCH HOLD Setup Time 35 20 20 ns
TINVCH INTR, NMI, TEST 30 15 15 ns
Setup Time (See
Note 2}
TILH Input Rise Time 20 20 20 ns From 0.8V to
(Except CLK) 2.0V
TIHIL Input Fall Time 12 12 12 ns From 2.0V to
{Except CLQ) Q8N
7-14 AFN-01497B
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A.C. CHARACTERISTICS (Continued)

TIMING RESPONSES

Test
Symbol Parameter 8086 8086-1 (Preliminary) 8086-2 Units Conditions
Min. Max. Min. Max. Min. Max.
TCLAV Addraess Valid Delay 10 110 10 50 10 60 ns
TCLAX Address Hold Time 10 10 10 ns
TCLAZ Address Float TCLAX 80 10 40 TCLAX 50 ns
Delay
TLHLL ALE Width TCLCH-20 TCLCH-10 TCLCH-10 ns
TCLLH ALE Active Delay 80 40 50 ns
TCHLL ALE Inactive Delay 85 45 55 ns
TLLAX Address Hold Time TCHCL-10 TCHCL-10 TCHCL-10 ns
to ALE Inactive
TCLDV Data Valid Delay 10 110 10 50 10 60 ns *CL = 20-100 pF
TCHDX | Data Hold Time 10 10 10 ns | forall 8086 Out-
puts (In addi-
TWHDX Data Hold Time TCLCH-30 TCLCH-25 TCLCH-30 ns tion to 8086 self-
After WR load)
TCVCTV Control Active 10 110 10 50 10 70 ns
Delay 1
TCHCTV Control Active 10 110 10 45 10 60 ns
Delay 2
TCVCTX Control Inactive 10 110 10 50 10 70 ns
Delay
TAZRL Address Fioat to 0 0 0 ns
READ Active
TCLRL RD Active Delay 10 165 10 70 10 100 ns
TCLRH RD Inactive Delay 10 150 10 60 10 80 ns
TRHAV RD Inactive to Next TCLCL-45 TCLCL-35 TCLCL-40 ns
Address Active
TCLHAV HLDA Valid Delay 10 160 10 60 10 100 ns
TRLRH RD Width 2TCLCL-75 2TCLCL-40 2TCLCL-50 ns
TWLWH WR Width 2TCLCL-60 2TCLCL-35 2TCLCL-40 ns
TAVAL Address Valid to TCLCH-60 TCLCH~-35 TCLCH-40 ns
ALE Low
TOLOH Output Rise Time 20 20 20 ns From 0.8V to
2.0V
TOHOL Output Fall Time 12 12 12 ns From 2,0V to
0.8v
NOTES:

1. Signal at 8284A shown for reference only.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state. (8 ns into T3).

7-15
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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT

24
XT—— TEST POINTS —» 1.5
0.45

LOGIC “1” AND 0.

A.C.TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR
A LOGIC "0." TIMING MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A

DEVICE
UNDER
TEST

C_ = 100 pF

|
I

CL INCLUDES JIG CAPACITANCE

MINIMUM MODE 5 . I .
TCLCL TCH1CH2 TCL2CL1 /
Veu
CLK (8284A Outpu) vj‘ X 4‘ ’& j‘ X J/—L
_CL’ TCHCTV TCHCL J<— TCLCH —»
Mo X
—=| TCLD!
TCLAV-—+] }'_ TCLAX -+ TCHDX —
BHE/S?, A19/Se-A16/Sy ‘)( BI—HE, Avg-Ags S$7-S3
|
[
TCLLH—~ - TLHLL: TLLAX
__.r_, -
ALE \
S A
—| TAVAL
TCHLL—| -~ TR1VCL
ADY (8284A Input) -
SEE NOTE 4 o TA;TCLR X
READY (8086 Input) { . . TcHRYX
TAVAL et TRYHGH— —
TLLAX—= |
TCLAV—-‘ — TCLAZ TOVCL——|+—TCLDX—>|
TCLAX
AD45-ADg A15-ADo FLOAT DATA IN FLOAT
TAZRL—»{ |+ TCLRH— TRHAV ——.
|
RD 7
READ CYCLE
— TCHCTV TCLRL | L TRLRH l—TCHCTV
(NOTE 1)
(WR, INTA = VoH) ot
TCVCTV —| TCVCTX —| /
DEN
7-16
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WAVEFORMS (Continued)
MINIMUM MODE (Continued)
T T2 Ta  Tw Ta
v le—— TCLCL ———+{TCH1CH2 TCL2CL
CH
CLK (8284A Output) Vj N % S\ 7‘ \
“trenerv TCHCL le— TCLCH |
MG ><
—»| TCLD!
TCLAV-~| ToLAX TCHDX —|
BHEISy, A19/Se-A1eiS3 BHE, Ap-Ass S7-83
TCLLH—=| TLHLL TLLAX _
-
ALE /
TAVAL 3 Y Ay,
TCHLL—] -
TeLDV] TCHDX —
TCLAV -+ TCLAX-]
AD15-ADg AD15-ADg DATA OUT
. L
TAVAL [+ TWHDX
TCVCTV.
WRITE CYCLE _'l TLLAX b — TCVCTX
NOTE D BEN
(iﬁ.ﬁ"mn’,
DT =Vou)
TCVCTV-+| | TWLWH
WR \k 7‘
TCVCTX—> b
"TCLAZ
™ I;TDVCL—— e— TCLDX
AD15-AD POINTER
e / FLOAT FLOAT \
— —TCHCTV - TCHCTV
INTA CYCLE DT/R
(NOTES 1 & 3)
RD, WR= Vou TCVCTV—|
=Vou
INTA
TCVCTV—+| TCVCTX—
DEN
SOFTWARE HALT—

RD, WR, INTA = Vop
DT/R = INDETERMINATE

TCLAV—>

4{ INVALID ADDRESS

SOFTWARE HALT

NOTES:

1. All signals switch between Vgy and Vg unless otherwise specified.
2. RDY is sampled near the end of Ty, Ta, Ty to determine if Tw machines states are to be inserted.
3. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control signals shown

for second INTA cycle.

4. Signals at 8284A are shown for reference only.
5. All timing measurements are made at 1.5V unless otherwise noted.

7-17
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A.C. CHARACTERISTICS

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER)
TIMING REQUIREMENTS

Test
Symbol Parameter 8oas 8086-1 (Preliminary) 8086-2 (Preliminary) Units Conditions
Min. Max. Min. Max. Min. Max.
TCLCL CLK Cycle Period 200 " 500 100 500 125 500 ns
TCLCH CLK Low Time (3 TCLCL)-15 {3 TCLCL)-14 (3 TCLCL)-15 ns
TCHCL CLK High Time (¥ TCLCL)+2 (s TCLCL)+é (aTCLCL)+2 ns
TCH1CH2 CLK Rise Time 10 10 10 ns From 1.0V to
3.5V
TCL2CLY CLK Fall Time 10 10 10 ns From 3.5V to
1.0v
TDVCL Data in Setup Time 30 5 20 ns
TCLDX Data In Hold Time 10 10 10 ns
TRIVCL RDY Setup Time 35 35 35 ns
into 8284A (See
Notes 1, 2)
TCLR1X RDY Hold Time 0 0 [ ns
into 8284A (See
Notes 1, 2)
TRYHCH READY Setup Time | (35 TCLCL)-15 53 (3 TCLCL)-15 ns
into 8086
TCHRYX READY Hold Time 30 20 20 ns
into 8086
TRYLCL READY Inactive to -8 -10 -8 ns
CLK (See Note 4)
TINVCH Setup Time for 30 15 15 ns
Recognition (INTR,
NMI, TEST) (See
Note 2)
TGVCH RQ/GT Setup Time 30 12 15 ns
TCHGX RQ Hold Time into 40 20 30 ns
8086
TILIH Input Rise Time 20 20 20 ns From 0.8V to
(Except CLK) 2.0v
TIHIL input Fall Time 12 12 12 ns From 2.0V to
{Except CLK) 0.8v
NOTES:
1. Signal at 8284A or 8288 shown for reference only.
2. Setup requirement for asynchronous signat only to guarantee recognition at next CLK.
3. Applies only to T3 and wait states.
4. Applies only to T2 state (8 ns into T3).
7-18 AFN-014978
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A.C. CHARACTERISTICS (Continued)

TIMING RESPONSES
Tost
Symbol Parameter 8086 8086-1 {Preliminary) 8086-2 (Preliminary) Units Conditions
Min Max. Min. Max. Min. Max.
TCLML Command Active 10 35 10 35 10 35 ns
Delay (See Note 1)
TCLMH Command Inactive 10 35 10 35 10 35 ns
Delay (See Note 1)
TRYHSH READY Active to 110 45 85 ns
Status Passive (See
Note 3)
TCHSV Status Active Delay 10 110 10 45 10 80 ns
TCLSH Status Inactive 10 130 10 55 10 70 ns
Delay
TCLAV Address Valid 10 110 10 50 10 60 ns
Delay
TCLAX Address Hold Time 10 10 10 ns
TCLAZ Address Float Delay TCLAX 80 10 40 TCLAX 50 ns
TSVLH Status Valid to ALE 15 15 15 ns
High (See Note 1)
TSVMCH Status Valid to 15 15 15 ns
MCE High (See
Note 1)
TCLLH CLK Low to ALE 15 15 15 ns
Valid {See Note 1)
TCLMCH CLK Low to MCE 15 15 15 ns
. High (See Nate 1)
TCHLL ALE Inactive Delay 15 15 15 ns Cr = 20-100 pF
(See Note 1) for all 8086 Out-
TCLMCL | MCE Inactive Delay 15 15 15 ns :’I“‘s (in :‘;"" .
(See Note 1) on to 8086 self-
load)
TCLDV Data Valid Delay 10 110 10 50 10 60 ns
TCHDX Data Hold Time 10 10 10 ns
TCVNV Control Active 5 45 5 45 5 45 ns
Delay (See Note 1)
TCVNX Control Inactive 10 45 10 45 10 45 ns
Delay (See Note 1)
TAZRL Address Float to b 0 0 ns
Read Active
TCLRL RD Active Delay 10 165 10 70 10 100 ns
TCLRH RD inactive Delay 10 150 10 60 10 80 ns
TRHAV RD Inactive to TCLCL—-45 TCLCL-35 TCLCL-40 ns
Next Address Active
TCHDTL Direction Control 50 50 50 ns
Active Delay (See
Note 1)
TCHDTH Direction Control 30 30 30 ns
Inactive Delay (See
Note 1)}
TCLGL GT Active Delay 0 85 0 45 0 50 ns
TCLGH GT Inactive Delay 0 85 0 45 0 50 ns
TRLRH RD Width 2TCLCL-75 2TCLCL-40 2TCLCL-50 ns
TOLOH Output Rise Time 20 20 20 ns From 0.8V to
2.0v
TOHOL Output Fall Time 12 12 12 ns From 2.0V to
0.8V
7-19 AFN-014978
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MAXIMUM MODE T | T2 T Ts
ToLeL TCH1CH2 TeLcL
VCH
oLk / \ K \ ][_' \ K \
vcu.—] | — N\ /
TCLAV—~] TCHCL le—TCLCH
GS,QS¢ x x X
TCHSV —=|  j=TCLSH
— 7 —————
$3.51,50 (EXCEPT HALT) K 7 (SEE NOTE 8) \
| N
. TELAY TeLov TCHDX —+|
BRES7, A1g/Se-A1e/S3 i’lTE. Aag-hag $rS3
TSVLH—
TeLtha - TCHLL
——
ALE (8288 OUTPUT) //
SEE NOTE 5 l«—TR1VCL
RDY (8284A INPUT) § \L .
\
TCLRIX
TRYLCL —
READY (8088 INPUT) — [=— TCHRYX
READ CYCLE TeLAV—] TDVCL———+1= TCLDX —*|
- DATA IN
ADis-ADo ) FLOAT
TCLRH TRHAV
RD
t TRLRH ;
TCHDTL —»| -— TCLRL TCHDTH
DTR
TCLML—~| ToLMH—»
8288 OUTPUTS | Lo oo
SEE NOTES 5,8
TCVNV—»|
DEN
TCVNX —| [-—
7-20
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WAVEFORMS (Continued)
MAXIMUM MODE (Continued) T‘ 1. T T4
Tw
LK Ve / \ Y/ \ /— \
/1 ~—/ A\
TCHSV — le—ToL8H
~ 8
5575 (EXCEPT HALT) y 7/ ///////// see note 8 \\. )
WRITE CYCLE TeLAY ] J:—_rcn. ov TCHDX—>
TCLA
ADys-2Dg AD15-ADg X DATA
!
TCYNV- TCVNX
oEN ,
~|  e—TOLML TCLMH —=
8288 OUTPUTS
SEENOTES 58 | AMWC OR AIOWC
— ['rm.m —  e—TCLMA
MWTC OR IOWC
INTA CYCLE \
ADy5-ADg FLOAT RESERVED FOR ) {
(SEE NOTES 3 8 4) CASCADE ADDR / FLOAT } FLOAT \
— \I-Tcg.Az \ |+— TDVCL—= TCLDX
i
L, L ___C
ADy5-ADg POINTER
D, ‘ " “FLoaT /// \ FLOAT
TOLMCL~|  [+—
TSVMCH~— 1>‘ Y adudd
/
MCE/ i S e
POEN TCLMCH—+| |= —+|  |~-TCHDTL — TCHOTH
- ——\L \
8288 OUTPUTS TCLML—~|  |=—
SEE NOTES 5,6 | INTA
N TCUNY —| |« TCLMH
DEN @-1
TCVNX—|

SOFTWARE HALT — R
{DEN = Vo ;D,WRDL TORE, MWTC, AMWC, IOWC,ATOWC,INTA, = Von)

AD15-ADg

[ INVALID ADDRESS
ToLAY—e]

NOTES:
All signals switch between Vo and Vg unless otherwise specified.

1.

(=4

Cascade address is valid between first and second

address is shown for second INTA cycle.

. Signals at 8284A or 8288 are shown for reference o

active high 8288 CEN.

. All timing measurements are made at 1.5V unless o
. Status inactive in state just prior to Ty,

INTA cycle.

nly.

2. RDY is sampled near the end of Ty, T3, Ty to determine if Tw machines states are to be inserted.
3.
4. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both INTA cycles. Control for pointer

therwise noted.
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WAVEFORMS (Continued)

ASYNCHRONOUS SIGNAL RECOGNITION

NMI TINVCH (see note 1)
. —
— J
INTR signaj
—
e )
TEST

NOTE: t. SETUP REQUIREMENTS FOR ASYNCHRO-
NOUS SIGNALS ONLY TO GUARANTEE RECOGNITION
AT NEXT CLK

BUS LOCK SIGNAL TIMING (MAXIMUM MODE ONLY)
Any CLK cm.ﬂ‘

ck j
TCLAV [»—
ocKk )

Any CLK Cycle -]

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

j+—— Any CLK Cycle ---=ba: — > 0-CLK Cycle -~

TCLGH |« - ,,,‘ ‘-7vcvcn

H\‘\ /_?B = h\ /N

— TCLCL e - TCHGX = HreteL- -
PULSE 1 PULSE 3 =4
RBIGT / COPROCESSOR PULSE 2 COPROCESSOR,
W 8086 GT RELEASE
Previous grant F, TCLAZ
ADss5-ADg ¢ ! — : 5 N -
grges a086 X COPROCESSOR 6088
MB.[OCR " , -
BAE/S? ! T T iseEwoTEY)
NOTES: 1. THE COPRQOCESSOR MAY NOT DRIVE THE BUSES OUTSIDE THE REGION
SHOWN WITHOUT RISKING CONTENTION
HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)
2 1 CLK CYCLE—: ~——10R2 CYCLES
i THVCH ‘ ‘ ——THVCH
_/ o
HOLD i
| 132 J
— TCLHAV TCLHAV
4
HLDA
r 4§ e e |
’ ' —=  |~—TcLAz " .
} ¢ 4
R . 8086 COPROCESSOR >—< 8088
A ] L :
S7, M
TR, WR, BEN
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Table 2. Instruction Set Summary

OATA TRANSFER
MOV - Move: 76543210 76543210 76543210 78543210 DEC  Decrament: 768543210 76563210 76543210 76543210
Regisier /memo-y to/trom reqister 1000100 w|mod reg r/m Register/memory
Immediate 10 register/memory 110001 Tw[md000 r/m data datlatw 1| Register
Immediate 10 register 1011w e [ qaladw NEG-Change sign TI1101 1w im0 11 tm
Memary to accumulator 1010000w addr-low addr-high NP Compare
Accumulator 1o memory 1010001 w addr-fow agur-mon e ——
Register/memory to segment register [ 10009 110 [modOreg c/m Register imemory and register 001110dw mod teg r/m
Sogment cogisir To register fmemory | 10091100 [mod0rey v/ Immediate wilh registec/memory 100000 w |modt 11 rim dala | daaiswor]
Immediate wilh accumulator 001111 ow data datailw 1|
PUSH - Push: AAS ASCI adjust for subtract ' TEEERKER
Register/memory 11111311 med 110 r/m A8 Decimal adjust for subtract 00101111
Register 01010 g MUL Multiply funsigned) 111101 1w mos100 om |
Segment register 000reg 110 IMUL Integec multiply (signed) 111101 1w meat 0t rim
AAM ASCH agjust for mullply 1 1010100]00001010
POP - Pop:
s DI¥ Divide (unsigneds 111101 1wimodti1g vim
Register/memory 100011 L@ DIV integer dwide isigned) T1T101 1w meal 11 rim
Register L AAD ASCIl agjust for dade 11010101 00001010
Segment register 000reg 11| CBW Convert byle lo word 10011000
YEHG - Exchangs: | EW Convert worg to douvle word  [100 11001
Register/memoty with register 1700007 i
Register with accumulalor 10010 g |
IN=lnput from:
Fixed port 1110010w port
Variable port 1110110w
LOGIC
OUT = Quteut fo: NOT invert V111011 w[mod0 10 rim
Fixed port 13100t lw oort SHL/SAL Shitt logical-anthmenc lett [1 10 100 v w [mod100 rm
Variable port 11101 11w SHR Shitt Ingical right T10100vw|modl 0l rim
XUAT-Translate byte to AL 11010111 $AR Shlt anthmefic ght 110100y w|mogt 11 irm
LEA=Load EA to ragister 10001101 jmod reg tim ROL Rotate lett TT01 000 A |m8000 rim
L08-=Load painter to DS 11000101 [moo reg rim ROR Fotate nght T Y e T
LE8=Load pointer to ES 11000100 [mod reg rim REL Rotate through carry flag let |1 10100y w Imod0 10 rim
UABF-Load AH with flags Joot Ity RCR Aotate hrough carry nght T10100vw|mog0 1t trm
SANF-Store AH into flags 10011110
PUSHE-Push flags 10011100 AND  And:
POPF-Pop flags 10011101 Rieg rmemory and register to either [0 0 1000 w [mod reg 1/m
Immediate to register imemory [Too0000w[maa100 vvm | data | catatw !
Immeduate to accumuiator [ooroorow] gaz_ | caratw !
TEST  And tunction fo flags. na resull:
ARITHMETIC Reguster (memory and register 700001 0w mod reg r/m
ADD - Add: Immediale data and registesimemory [11 1101 1w [mog0 00 /m data | caaidw1 |
Reg./memary with register to sither [00 0000 d w]mod reg rim | immediate data and accumuiator 1010100w data data w1 |
Immediate 10 register/memory 1000005 w|mod000 r/m | data data s w 01 ]
Immediate 1o 0000010w Qa2 | dataitw 1 OR Or:
Reg.imemory and regrster to ether (0000 10d w [mod reg _rim
AOC - Add with carry: Immedate to register /memory T000000w [modd 01 rim dala | caaiw !
Reg./memory with registar to either (000 100 w]mod rep_r/m Immediate 1o 00001 10w T aiw i)
Immediate to register /memory 100000 5w [mod010 rim data | dataifs w01
Immediate 16 accumulator 000101 0w Gata dataitw) ] XOR - Exclusive or:
Req fmemory and register to ether [0 0 11000 w [mod reg rim
NG = tneremant: Immedsate o segister (memacy [1c00000w [med1 10 t/m data datariw 1|
Register/memory 111111 (w[modbo0 1/m ] Immediate to accumuiator [eoriorow] data datastw ) |
Register 01000 rep
AM-ASCII adjust for add 00110111
DAA=Decimal adjust for add 00100111
BUB = Subiract
Reg./memory and register to sither (00 10100 wmod reg r/m
\mmadists from register/memory (100000 4 w |mod) 01 r/m dara | datarsweot | STRING MANIPULATION
Immediate from sccumulator 0010t 10w vata Gata w1 REP=Repeat 11110012
MOVS=Move byte/word 1010010w
SE0 = Subiract with berrew CMPS=Compare byte/word 101001 1w
Reg./memory and register to either (000 110 w [mod reg _r/m SCAS=Scan byte/word 101011 1w
Immediate from register/memory 100000 cw|modd1 1 r/m data [ dataif sw-0t ] LODS=Load byte/wd to AL/AX 1010110w
Immediate from 0001110w data data itwl_| STOS=S10r hyte/wd from AL/A 101010 1w
Mnemonics ©Intel, 1978
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Table 2. Instruction Set Summary (Continued)

CONTROL TRANSFER
CALL = Call: 78543210 78543210 786543210 76543210 76543210
Direct within segment 11101000 disp-low disp-high_| JNB/JAE-Jump an not below/above  [q 4 4 190 11 disp
Indirect within segment 11111111 [mod010 r/m -‘"“/“;a'ﬂgga%nuggl below or 01110111 disp
Direct intersegment 10011010 offset-low offset-high JNP/JP0O=Jump on not par/par odd 01111011 d1sp
seg-tow seq~hlqh_] JNO=Jump on not overflow 0111000 disg
Indirect intersegment |1 1111111 |mogd 01 rim JNS:Jump on not sign 01111001 disp
LOOP Loop CX times 11100010 disp
NP - Uncanditonal Jump: LOOP2/LODPE-Loop white zero/equal |1 1100001 disp
Direct within segment 11101001 disp-low d»sp»hM LOIIPNZ/LDGP/NE-L(:up while not 11100000 @50
Direct within segment-short 11101011 disp JCXI:JUIZ:L;UOV:QCU:ZMO 11100011 st
Indirect within segment 11111111 med100 rim
Direct intersegment 11101010 offset-low oHsebnnth INT - Inferrupt
seg-low seg-high | Type speciied 110091101 wee ]
Indirect intersegment 11111111 |mod 101 1/m Type 3 11001100
INTD=Interrupt on overflow 11001110
RET = Return from CALL: IRET =Interrupt return 11001111
Within segment 1100001t T
Within seg. adding immed to SP 11000010 data-low j " data-high
Intersegment 11001011
Intersegment. adding immediate to SP| 11001010 data-low ] data-high PROCESSOR CONTROL
JE/JZ=-Jumg on equal/zere 011161040 disp CLE Clear carcy 1111 E
JL/INGE=Jump on less/not greater
af equat 01111100 disp CMC Complement carry 11110101
.ILE/.IIB=Jump'on less or equai/not 01111110 disp STC Set carry 111000
Jl/JIAE:.’lumsa(lm below/not above [ 17y 19010 disp CLD Clear direction 11111100
JBE/INA-Jump on below or equal/ 91110110 dise $T0 Set drection 19111101
JP/PF . :mp on parity/parity even 01111010 disp CLI Clear nterrupt 11111010
J0- n overflow 01110000 disp 8T Set interrupt 11111011
8= N sign 01111000 - disp HLT Han 11110100
Je * Jump on not equal/not zero [0 1110101 disp WAIT wan 1001101
e dump on ot less/greater (5311110 1 aisp ESC Escape (1o external device) T1611 xxx]modx x xrim]
.k Hdure on not less orequal/ "oy yqgy11 disp LOCK Bus fock prefix 11110000

Scumulator

accumulator

register

sgment

ES = Exi. :egment

Above /b, :w refers to unsigned value.

Greater - r ore positive;

Less = less positive (more negative) signed values
if d = 1 then “to” reg; if d = 0 then “from” reg

if w = 1 then word instruction; if w = 0 then byte instruction

if mod = 11 then r/m is treated as a REG field

if mod = 00 then DISP = 0*, disp-tow 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 r/m = 000 then EA = (BX) + (SI) « DISP

if r/m = 001 then EA = (8X) « (DI) + DISP

if r/m = 010 then EA = (BP) + (SI) + DISP

if r/m = 011 then EA = (BP) + (DI) + DISP

if r/m = 100 then EA = (SI) + DISP

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)

*except if mod = 00 and r/m = 110 then EA = disp-high: disp-low.
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if s:w =01 then 16 bits of immediate data form the operand.

if s:w =11 then an immediate data byte is sign extended to
form the 16-bit operand.

it v=0then “‘count’’ =1; if v=1 then ‘‘count’” in (CL)

x = don’t care

z is used for string primitives for comparison with ZF FLAG.

SEGMENT OVERRIDE PREFIX

001regl110

REG is assigned according to the folfowing table:

168w - BEitlw -0 Segmant
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

01 8P 101 CH

10 8 110 DH

111 DI 111 BH

instructions which reference the fiag register tile 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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