






























































































































































































































































































































































































































































































































































































80891NPUT/OUTPUT PROCESSOR 

Table 4·3 Instruction Set Reference Data (continued) 

MOVI destination, source Move Word Immediate 

Operands Clocks Bytes Coding Example 

register, immed16 3 4 MOVI BC,O 
mem16, immed16 12/18 4-5 MOVI [GBl. OFFFFH 

MOVP destination, source Move Pointer 

Operands Clocks Bytes Coding Example 

ptr-reg, mem24 19/27- 2-3 MOVP TP, [GC+IX] 
mem24, ptr-reg 16/22- 2-3 MOVP [GB].SAVE_ADDR, GC 

-First figure is for operand on even address; second is for odd-addressed operand. 

NOP (no operands) No Operation 

Operands Clocks Bytes Coding Example 

(no operands) 4 2 NOP 

NOT destination/destination, source Logical NOT Word 

Operands Clocks Bytes Coding Example 

register 3 2 NOT MC 
mem16 16/26 2-3 NOT [GA].PARM 
register, mem16 11/15 2-3 NOT BC, [GA+IX].LINES_LEFT 

NOTB destination / destination, source Logical NOT Byte 

Operands Clocks Bytes Coding Example 

memB 16 2-3 NOTB [GA].PARM_REG 
register, mem8 11 2-3 NOTB IX, [GB].STATUS 

OR destination, source Logical OR Word 

Operands Clocks Bytes Coding Example 

register, mem16 11/15 2-3 OR MC, [GC].MASK 
mem16, register 16/26 2-3 OR [GCl. BC 

ORB destination, source Logical OR Byte 

Operands Clocks Bytes Coding Example 

register, mem8 11 2-3 ORB IX, [PP].POINTER 
mem8, register 16 2-3 ORB [GA+IX+l. GB 

ORBI destination, source Logical OR Byte Immediate 

Operands Clocks Bytes Coding Example 

register, immed8 3 3 ORBI IX,00010001B 
mem8, immed8 16 3-4 ORBI [GB].COMMAND,OCH 
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Table 4-3 Instruction Set Reference Data (continued) 

ORI destination, source Logical OR Word Immediate 

Operands Clocks Byles Coding Example 

register, immed16 3 4 ORI MG, OFFODH 
mem16,imioled16 16/26 4-5 ORI [GAl. 1000H 

SETe destination, bit-select Set Bitt01 

Operands Clocks Byles Coding Example 

mem8,0-7 16 2-3 SETB [GA].PARM REG,2 

SINTR (no operands) Set Interrupt Service Bit 

Operands Clocks Byles Coding Example 

(no operands) 4 2 SINTR 

TSL destination, set-value, target Test and Set While Locked 

Operands Clocks Bytes Coding Example 

mem8, immed8, short-label 14/16' 4-5 TSL [GA].FLAG,OFFH, NOT_READY 

'14 clocks if destination *" 0; 16 clocks if destination = 0 

WID source-width, dest-width Set Logical Bus Widths 

Operands Clocks Bytes Coding Example 

8/16,8/16 4 2 WID 8,8 

XFER (no operands) Enter DMA Transfer Mode After Next Instruction 

Operands Clocks Bytes Coding Example 

(no operands) 4 2 XFER 
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Table 4-4 Operand Identifiers Definitions 

IDENTIFIER USEDIN EXPLANATION 

destination data transfer, A register or memory location that may contain data operated on 
arithmetic, by the instruction, and which receives (is replaced by) the result 
bit manipulation of the operation. 

source data transfer, A register, memory location, or immediate value that is used in 
arithmetic, the operation, but is not altereaby the instruction. 
bit manipulation 

target program transfer Location to which control is to be transferred. 

TPsave program transfer A 24-bit memory location where the address of the next sequen-
tial instruction is to be saved. 

bit-select bit manipulation Specification of a bit location within a byte; O=least-significant 
(rightmost) bit, 7=most-significant (leftmost) bit. 

set-value TSL Value to which destination is set if it is found O. 

source-width WID Logical width of source bus. 

dest-width WID Logical width of destination bus. 

Table 4-5 Operand Type Definitions 

IDENTIFIER EXPLANATION 

(no operands) No operands are written 

register Any general register 

ptr-reg A pointer register 

immed8 A constant in the range O-FFH 

immed16 A constant in the range O-FFFFH 

mem8 An 8-bit memory location (byte) 

mem16 A 16-bit memory location (word) 

mem24 A 24-bit memory location (physical address pOinter) 

mem32 A 32-bit memory location (doubleword pointer) 

label A label within -32,768 to +32,767 bytes of the end of the instruction 

short-label A label within -128 to +127 bytes of the end of the instruction 

0-7 A constant in the range: 0-7 

8/16 The constant 8 or the constant 16 
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Table 4·6 Instruction Fetch Timings 
(Clock Periods) 

BUSWIDTH 
INSTRUCTION 

LENGTH 16 

(BYTES) 
8 

(1) (2) 

2 14 7 11 
3 18 14 11 
4 22 14 15 
5 26 18 15 

(1) First byte of instruction is on an even 
address. 

(2) First byte of instruction is on an odd address. 
Add 3 clocks if first byte is not in queue (e.g., 
first instruction following program transfer). 

Almost all 8089 machine instructions consist of from two 
to five bytes (see Figure 4-6). The only exceptions to this 
rule are the LPD! and memory-to-memory forms of the 
MOV and MOVB instructions which are six bytes long. 
The first two bytes are always present and are generally 
formatted as shown in Figure 4-6. See Table 4-7 for the 
exact encoding of every instruction. 

The first byte of the instruction has four fields. Bits 5 
through 7 comprise the R/B/P field. This field identifies a 
register, bit select or pointer register (see Table 4-9). 

Bits 3 and 4 are the WB field. This field indicates how 
many displacement/data bytes are present in the instruc­
tion (see Table 4-10). The displacement bytes are used in 
program transfers. One byte is present for short transfers, 
while long transfers contain two-byte (word) displace­
ment. The displacement is stored on two's complement 
notation with the high-order bit indicating the sign. Data 
bytes contain the value of an immediate constant operand. 
A byte immediate instruction (MOVBI) will have one data 
byte, and a word immediate instruction (ADDI) will have 
two bytes (a word) of immediate data. An instruction may 
contain either displacement or data bytes, but not both 

(the TSL instruction is an exception and contains one byte 
of displacement and one byte of data). If an offset byte is 
present, the displacement/data byte(s) always follow the 
offset byte. 

The AA field specifies the addressing mode that the proc­
essor should use to construct the effective address of a 
memory operand. Four additional address modes are 
available (see Table 4-11). 

The zero bit in the first instruction indicates whether the 
instruction operates on a byte (W = 0) or a wore (W = 1). 

In the second instruction byte, bits 7 through 2 specify the 
instruction opcode (see Table 4-8 for a list of every assem­
bly language instruction in hexadecimal order). The op­
code, in conjunction with the W field of the first byte, 
identifies the instruction. For example, the opcode 
"111011" is the decrement instruction. IfW=O, the as­
sembly language instruction for this opcode would be 
DECB. IfW = 1, the instruction is DEC. 

The MM field in the second byte (bits 0 and 1) indicate 
which pointer (base) register should be used to construct 
the effective address of a memory operand. See Table 
4-12 for MM field encoding. 

When the AA field value is "01" (base register + offset 
addressing), the third byte of the instruction contains the 
offset value. This unsigned value is added to the content 
of the base register by the MM field to from the effective 
address of the memory operand. 

When the AA field is "10", the IX register value is added 
to the content of the base register specified by the MM 
field to provide a 64k range of effective addresses. The 
upper four bits of the IX register are not signed. 

When the AA field value is "11", the IX register value is 
added to the base register value to form the effective ad­
dress as described for the AA field value of "10". In this 
addressing mode the IX register value is incremented by 
one after every byte accessed. 

Table 4·7 8089 Instruction Encoding 
DATA TRANSFER INSTRUCTIONS 

MOY = Move word variable 78543210 76543210 78543210 78543210 7'543210 715.3210 

Memory to register RRROOAA1 100000MM offset if AA==01 

Register to memory RRROOAA1 100001MM offset if AA=01 

Memory to memory OOOOOAA1 100100MM offset it AA=01 o 0 0 0 0 A A 1 11 1 0 0 11M M I offset if AA"01 
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DATA TRANSFER INSTRUCTIONS (Cont'd.) 

Mova .,. Move byte variable 

Memory to register 

Register to memory 

Memory to memory 

MOVSt = Move byte immediate 

Immediate to register 

Immediate 10 memory 

MOVI = Move word immediate 

Immediate to register 

Immediate to memory 

MOVP .,. Move pointer 

Memory to pointer register 

Pointer register to memory 

LPD = Load pointer with doubleword variable 

LPOI • Load pOinter with doubleword Immediate 

ARITHMETIC INSTRUCTIONS 

ADD .. Add word variable 

Memory to register 

Register to memory 

ADDS .. Add byte variable 

Memory to register 

Register to memory 

ADDI = Add word immediate 

Immediate to register 

Immediate to memory 

8089 INPUT/OUTPUT PROCESSOR 

Table 4·7 8089 Instruction Encoding (continued) 

78543210 78543210 78543210 78543210 78543210 78543210 

RRROOAAO 100000MM offset il AA=01 

RRAOOAAO lQOOO1MM offset if AA=OI 

OOOOOAAO 100100MM offset if A.6.=OI OOOOOAAOll10011MMI offset if AA"'OI I 

I p P P 0 0 A Alii 0 0 0 10M M offset If AA=rOI 
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ARITHMETIC INSTRUCTIONS (Cont'd.) 

AD OBI = Add byte immediate 

Immedaite to register 

Immediate to memory 

INC = Increment word by 1 

Register 

Memory 

INCB = Increment byte by 1 

DEC = Decrement word by 1 

Register 

Memory 

CEca = Decrement byte by 1 

8089 INPUT/OUTPUT PROCESSOR 

Table 4-7 8089 Instruction Encoding (continued) 

76543210 7&543210 76543210 76543210 76543210 76543210 

I 0 0 0 0 0 A A 0 I, 1 1 0 ,OM M I ollse! If AA=OI 

10 0 0 Q 0 A A 0 I ' 1 1 0 11M M I offset if AA=OI 

LOGICAL AND BIT MANIPULATION INSTRUCTIONS 

AND = AND word variable 

Memory to register 

Register to memory 

ANoa = AND byte variable 

Memory to register 

Register to memory 

ANDI = AND word immediate 

Immediate to register 

Immediate to memory 

ANDBI = AND byte immediate 

Immediate to register 

Immediate to memory 

OR = OR word variable 

Memory to register 

Register to memory 
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Table 4·7 8089 Instruction Encoding (continued) 

LOGICAL AND BIT MANIPULATION INSTRUCTIONS (Cont'd.) 

ORB = OR byte variable 78543210 78543210 78543210 78543210 71543210 7.143210 

Memory to register 

Register to memory 

ORI = OR word immediate 

Immediate to register 

Immediate to memory 

ORBI = OR byte immediate 

Immediate to register 

Immediate to memory 

NOT = NOT word variable 

Register RRROOOQO 00101100 

Memory OOOOOAAI 110111 M M offset it AA=Ql I 
Memory to register RRROOAAI 1 01 01 1 M M offset if AA=Ol I 
NOTB = NOT byte variable 

Memory 

Memory to register 

SETB :: Set bit to 1 IBBBOOAAO ",1101MM offset if AA=Ol 

eLR = ClearbittoO Fe 0 0 A A 0 l' 1 1 1 10M M offset If AA=Ol 

PROGRAM TRANSFER INSTRUCTIONS 

·CALL = Call I, 0 a 0 1 A A 1 ". 0 0 , 1 1 M M offset if AA=Ql disp-8 

lCALL = Long call 

*JMP = Jump unconditional I, 0001000 I 0 0 1 o 0 0 0 0 disp-8 

LJMP = Long jump unconditional I, 0010001 10 0 1 o 0 0 0 0 disp-lo disA-hi 

"The ASM-89 Assembler will automatically generate the long form of a program transfer instruction when the 

target is known 10 be beyond the byte-displacement range. 
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Table 4·7 8089 Instruction Encoding (continued) 

PROGRAM TRANSFER INSTRUCTIONS (Cont'dJ 

• JZ = Jump if word is 0 

Labe! to register 

76543210 76543210 76543210 76543210 76543210 765.3210 

labet to memory 

LJZ = Long jump if word is 0 

Label to register 

Labella memory 

"JZB = Jump il byte is 0 

LJZB :::: Long jump it byte is 0 

• JNZ = Jump if word not 0 

Labella register 

label to memory 

LJNZ = Long jump if word not 0 

label to register 

label to memory 

• JNZB = Jump if byte not 0 

lJNZB = long jump If byte not 0 

"JMCE = Jump if masked compare equal 

LJMCE = Long jump if masked compare equal 

• JMCNE = Jump if masked compare nol equal 

'JBT = Jump il bit is 1 

'The ASM·89 Assembler will automatically generate the long form of a program transfer instruction when the 

target is known to be beyond the byte-displacement range. 
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Table 4-7 8089 Instruction Encoding (continued) 
PROGRAM TRANSFER INSTRUCTIONS IConl'd.) 

76543210 76543210 78543210 76543210 76543210 76543210 

LJBT = Long jump if bit is 1 

*JNBT = Jump if bit is nol 1 

LJNBT = long jump if bit is not 1 

PROCESSOR CONTROL INSTRUCTIONS 

TSl = Test and set while locked 

WID = Set logical bus widths 11 S O' 0 0 0 0 0 I 0 0 0 0 0 0 0 0 

'S=source width. D:destination width; 0=8 bits, 1=16 bits 

XFER = Enter OMA mode 101100000 100000000 

SINTR = Set interrupt service bit 101000000100'000000 

HLT = Hall channel program 100100000101001000 

NOP = No operation 10000000010000000-0 

'The ASM-89 Assembler will automatically generate the long form of a program transfer instruction when the 

target is known to be beyond the byte-displacement range, 

4.3 DEVICE PIN ASSIGNMENTS 

Figure 4-7 shows the 8089 lOP DIP pin assignments and 
Table 4-13 provides a complete function description of 
each device pin signal and correlates the description to the 
pin number and associated signal symbol. 

4.4 OPERATING MODES 

Communication between a CPU and the 8089 lOP occurs 
in two distinct modes: initialization and command, Initial­
ization is typically performed when the system is 
powered-up or reset. The CPU initializes the lOP by pre­
paring a series of linked message blocks in memory. On a 
signal from the CPU, the lOP reads these blocks and de-

4-20 

termines from them how the data buses are configured 
and how access to the buses is to be controlled. 

After the initialization process is completed, the CPU di­
rects all communications to either of the lOP's two chan­
nels. During normal operations the lOP actually appears 
to be two separate devices, channel I and channel 2. All 
CPU-to-channel communications centers on the channel 
control block (CB - see Figure 4-8), The CB is located in 
the CPU's memory space, and its address is passed to the 
lOP during initialization. Half of the control block is ded­
icated to each channel. Each channel maintains a BUSY 
flag to indicate whether it is in the midst of an operation 
or is available for a new command from the CPU. The 
CPU sets the channel command word (CCW) to indicate 
what kind of operation it wants the lOP to perform. There 
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Table 4-8 8089 Machine Instruction Decoding Guide 

Identifier Explanation 

S Logical width of source bus; 0=8, 1 =16 
D Logical width of destination bus; 0=8, 1 =16 

PPP Pointer register encoded in R/B/P field 
RRR Register encoded in RI B/P field 
AA AA (addressing mode) field 

BBB Bit select encoded in R/B/P field 
offset-Io Low-order byte of offset word in doubleword pOinter 
offset-hi High-order byte of offset word in doubleword pointer 

segment-Io Low-order byte of segment word in doubleword pOinter 
segment-hi High-order byte of segment word in doubleword pointer 

data-8 8-bit immediate constant 
data-Io Low-order byte of 16-bit immediate constant 
data-hi High-order byte of 16-bit immediate constant 
disp-8 8-bit signed displacement 
disp-Io Low-order byte of 16-bit signed displacement 
disp-hi High-order byte of 16-bit signed displacement 
(offset) Optional8-bit offset used in offset addressing 

Table 4-9 R/B/P Field Encoding 

are six different commands that allow the CPU to start or 
stop programs, remove interrupt requests, etc, 

Code 

000 
001 
010 
011 
100 
101 
110 
111 

Register 

GA 
GB 
GC 
BC 
TP 
IX 

CC 
MC 

BYTE 1 

LJ I I I I 

RIBIPI WB I AA I'll 

Bit Pointer 

0 GA 
1 GB 
2 GC 
3 N/A 
4 TP 
5 N/A 
6 N/A 
7 N/A 

BYTE2 

II I II I I 
OPCODE IMM 

When the CPU desires a specific channel to run a pro­
gram, it directs the channel to a parameter control block 

Table 4-10 WB Field Encoding 

Code Interpretation 

00 No displacementldata bytes 
01 One displacement/data byte 
10 Two displacement/data bytes 
11 TSL instruction only 

- ~Y~:" - 4- - .!~~ - -I- - ~~~ --l 

11~111l111~111l111l111~ ..1 
OFFSET I LOW DISPIDATA I HIGH DISPIDATA I 

_____ L _____ ~ _____ ~ 

L BASE REGISTER FOR MEMORY OPERAND 

OPERATION (INSTRUCTION) CODE 

WIDTH (BYTE OR WORD OPERANDS) 

MEMORY ADDRESSING MODE 

NUMBER OF DISPLACEMENT IDATA BYTES 

REGISTER, BIT, POINTER SELECT 

Figure 4-6 Typical 8089 Machine Instruction Format 
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Table 4·11 AA Field Encoding 

Code Interpretation 

00 Base register only 
01 Base register plus offset 
10 Base register plus IX 
11 Base register plus IX, 

auto-increment 

(PB) and a task block (TB). (See Figure 4-8.) The PB is a 
parameter list that contains variable data for the channel 
program to use in carrying out its assignment. The PB 
may also contains space for variables (results) that the 
channel is to return to the CPU. Except for the first two 
words, the format and size of the PB are completely open 
and may be set up to exchange any type of information 
between the CPU and the channel program. 

A task block (TB) is a sequence of 8089 instructions that 
perform an operation (i.e., a channel program). There are 
no restrictions on what a channel program can do. Its 
function may be as simple or as complex as a particular 
application requires. 

Figure 4·7 8089110 Processor Pinout Diagram 

Table 4·12 MM Field Encoding 

Code Base Register 

00 GA 
01 GB 
10 GC 
11 pp 

The CPU links the channel program (TB) to the parameter 
block (PB) before it starts the program (see Figure 4-8). 
This link is accomplished using standard 8086/88 double­
word pointer variables where the lower-addressed word 
contains an offset and the higher-addresses word contains 
a segment base value. A system may have many different 
parameter and task blocks, but only one of each can be 
linked to a channel at any given time. 

When the CPU has filled the CCW and linked the CB to a 
parameter block and task block, it issues a channel atten­
tion (CA). This is accomplished by activating the lOP's 
CA and SEL pins. The state of SEL on the falling edge of 
CA directs the channel attention to either channel 1 or 
channel 2. If the lOP is located in the CPU's 1/0 space, it 
will appear to the CPU as two consecutive I/O ports (one 
for each channel). At this time, an OUT instruction to the 
port functions as a CA. If the lOP is memory-mapped, the 
channels look like two memory locations and any memory 
reference instruction to these locations causes a channel 
attention. 

An lOP channel attention is functionally similar to a CPU 
interrupt. When the channel recognizes the CA, it stops 
what it is doing (it will typically be idle) and examines the 
command in the CCW. If the channel is to start a pro­
gram, it loads the addresses of the parameter and task 
blocks into internal registers, sets the BUSY flag and 
starts executing the channel program. After issuing the 
CA, the CPU is free to perform other functions. The lOP 
channel can perform its function in parallel with the CPU 
(subject to limitations imposed by bus configurations). 

When the channel program is completed, the channel 
clears its BUSY flag in the CB to notify the CPU. The 
channel may also issue an interrupt request to the CPU. 

Most communications between the CPU and lOP take 
place through "message areas" shared in common mem­
ory (see Figure 4-9). The only direct hardware communi­
cations between the CPU and the lOP are channel 
attentions and interrupt requests. 

Each of the lOP channels operates independently and has 
its own register set, channel attention, interrupt request, 
and DMA control signals. At any given point in time a 
channel may be idle, executing a program, performing a 
DMA transfer, or responding to a channel attention. Al­
though only one channel actually operates at a time, the 
channels can be active concurrently, alternating their op­
erations (e.g., channell may execute instructions in the 
periods between successive DMA transfer cycles run by 
channel 2). The lOP has a built-in priority system that 
allows high-priority activities on one channel to prempt 
less critical operations on the other channel. The CPU is 
further able to adjust priorities to handle special cases. 
The CPU starts the channel, can halt the channel, suspend 
channel operation, or cause the channel to resume sus­
pended operations by placing different values in the 
CCw. 
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Table 4-13 8089 DIP Pin Assignments 
.----,--.---------------------~ 

Symbol ~pe Name and Function 

AO-Al51 
00-015 

I/O MuHlplexed Addre .. and Data BUI: The 
function of these lines are defined by the 
state of SO, !1 and ~ lines. The pins are 
floated aftlir reset and when the bus is not 
acquired. A6-A15 are stable on transfers to a 
physical 8-bit data bus (same bus as 8088), 
and are multiplexed with data on transfers to 
a Iii-bit physical bus. 

AI6-AI91 0 Addre •• and Statu.: Multiplexed most 
significant address lines and status in­
formation. The addreas lines are active only 
when addressing memory. Otherwise, the 
status lines are active and are encoded as 
shown below. The pins are floated after reset 
and when the bus is not acquired. 
SlS5S4S3 

S3-Be 

BHE 0 

SO,SI,82 0 

READY I 

1 1 0 0 DMA cycle on CHI 
1 1 0 1 DMA cycle on CH2 
1 1 1 0 Non-DMA cycle on CHI 
1 1 1 1 Non-DMA cycle on CH2 

au. High Enable: The Bus High Enable is 
used to enable data operations on the most 
significant half of the data bus (DS-DI5). The 
Signal is active low when a byte is to be 
transferred on the upper half of the data bus. 
The pin is floated after reset and when the 
bus Is not acquired. BHE does not have to be 
latched. 

Statu.: These are the status pins that define 
the lOP activity during any given cycle. They 
are encoded as shown below: 
121110 
o 0 0 Instruction fetch; I/O space 
o 0 1 Data fetch; I/O space 
o 1 0 Data store; I/O space 
o 1 1 Not used 
1 0 0 Instruction fetch; System Memory 
1 0 1 Data fetch; System Memory 
1 1 0 Data store; System Memroy 
1 1 1 Passive 

The status lines are utilized by the bus 
controller and bus arbiter to generate all 
memory and I/O control signals. The signals 
change during T 4 If a new cycle is to be 
entered while the return to passive stete In T3 
or Tw indicates the end of a cycle. The pins 
are floated after system reset and when the 
bus is not acquired. 

Ready: The ready signal received from the 
addressed device indicates that the device is 
ready for data transfer. The signal is active 
high and is synchronized by the 8284 clock 
generator. 

4-23 

Symbol ~pe Name and Function 

lOCK 0 Lock: The lock output signal indicates to the 
bus controller that the bus Is needed for more 
than one contiguous cycle. It is set via the 
channel control register, and during the TSl 
instruction. The pin floats after reset and 
when the bus is not acquired. This output is 
active low. 

RESET I Re .. t: The receipt of a reset signal causes 
the lOP to suspend all Its activities and enter 
an idle state until a channel attention is 
received. The signal must be active for at 
least four clock cycles. 

ClK I Clock: Clock provides all timing needed for 
internal lOP operation. 

CA I Channel Attention: Gets the attention of the 
lOP. Upon the falling edge of this signal, the 
SEl input pin is examined to determine 
Master/Slave or CH1/CH2 information. This 
input is active high. 

SEl I Select: The first CA received after system 
reset informs the lOP via the SEl line, whe-
ther it is a Master or Slave (0/1 for Mas-
ter/Slave respectively) and starts the in-
itialization sequence. During any other CA 
the SEl line signifies the selection of 
CH1/CH2. (0/1 respectively.) 

DRQI-2 I Data Reque.t: DMA request inputs which 
signal the lOP that a peripheral is ready to 
transfer/receive data using channels 1 or 2 
respectively. The signals must be held active 
high until the appropriate fetch/stroke is 
initiated. 

RQ/GT I/O Request Grant: Request Grant implements 
the communication dialogue required to ar-
bitrate the use of the system bus (between 
lOP and CPU. lOCAL mode) or I/O bus when 
two lOPs share...!t'e same bus (REMOTE 
mode). The RQ/GT signal...!! a.£!ive low. An 
internal pull-up permits RQ/GT to be left 
floating if not used. 

SINTRI-2 0 Signal Interrupt: Signal Interrupt outputs 
from channels 1 and 2 respectively. The 
interrupts may be sent directly to the CPU or 
through the 8295A interrupt controller. They 
are used to i nd icate to the system the 
occurrence of user defined events. 

EXTt-2 I External Terminate: External terminate 
inputs for channels 1 and 2 respectively. The 
EXT signals will cause the termination of the 
current DMA transfer operation if the chan-
nel is so programmed by the channel control 
register. The signal must be held active high 
until termination is complete. 

Vee Voltage: +5 volt power input. 

VSS Ground. 
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CHANNEL CONTROL BLOCK (CB) 

(RESERVED) 14} ~---i I-P~~r:.~1.~ :is~C" J':'~~Hr-
12 
10: CHANNEL 2 

I BUSY CCW 8 

I (RESERVED) 

. ~ } CHANNEL 1 
I ~-{ r-p(~~~':,i1\R 8~~~C&K 6~~:Jf)R-I 
I 
I I BUSY I CCW 

I I ,. 87 0 

I ~--------------~----------, 
~--------l I 

I 
CHANNEL 2 PARAMETER BLOCK (P8) I CHANNEL 1 PARAMETER BLOCK (P8) I f CHANNEL PROGRAM PARAMETERS t, I f CHANNEL PROGRAM PARAMETERS t, I 

I I 
(APPLICATION.DEFINED) I (APPLICATION.DEFINED) I , I 4 I {l- TASK BLOCK POINTER .,: I { l- TASK BLOCK POINTER --12 I i (SEGMENT BASE. OFFSET) 0 .J r (SEGMENT BASE" OFFSET) 0 -+l 

I " 0 ,. 0 

I CHANNEL2TASK BLOCK (TB) CHANNEl1 TASK BLOCK (TB) 
I (CHANNEL PROGRAM) (CHANNEL PROGRAM) 

I 

1 1 
I 
I 
I 
I 1018 801S 

INSTRUCTIONS INSTRUCTIONS 
I (APPLICATION· 

J 
(APPLICATION. 

J 
I DEFINED) DEFINED) 

I 
I 
L_ 

Figure 4·8 Command Communication Blocks 

All channel programs (task blocks) are written in 8089 
assembly language (ASM-89) using the 56 basic instruc­
tions available for these programs. The lOP instruction set 
contains general purpose instructions similar to those 
found in CPU s as well as instructions tailored especially 
for I/O operations (see paragraph 4.4.2 for details on 
these instructions). These instructions operate on bit, 
byte, word and doubleword (pointer) variable types. In 
addition, a 20-bit physical address type (not used by the 
8086/88) can be manipulated. Data may be taken from 
registers, immediate constants and memory. Four mem­
ory addressing modes allow flexible access to both mem­
ory variables and 110 devices located anywhere in either 
the CPU's megabyte memory space or in the 8089's 64k 
I/O space. Data transfer, simple arithmetic, logical and 
address manipulation operations are available, as well as 
unconditional jump and call instructions that allow chan-

CHANNEL ATTENTION 

CPU lOP 

INTERRUPT 

Figure 4·9 CPU/lOP Communications 

nel programs to link to each other. An individual bit may 
be set or cleared with a single instruction. Conditional 
jumps can test a bit and jump if it is set (or cleared), or 
can test a value and jump if it is zero (or non-zero). Other 
instructions are provided to initiate DMA transfers, a 
locked test-and-set semaphore operation and issue an in­
terrupt request to the CPU. 

4.4.1 Interfacing the 8089 to the 8086 and 
80186 

The 8089 lOP is functionally compatible with the iAPX 
86, 88 family, and supperts any combination of 8/16 bit 
buses. lOP hardware and communication architecture de­
sign provides simple mechanisms for system upgrade. 
Channel attention and interrupt lines handle the only di­
rect communication between the lOP and CPU. The 8089 
passes status information, parameters, and task programs 
through blocks of shared memory. This simplifies hard­
ware interface and encourages structured progranuning 
(refer to Volume I of this User's Guide). 
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The 8089 can be used in one of two system configura­
tions, local mode and remote mode. In the local mode the 
8089 shares the system bus with an 8086/88 or 80186/188 
CPU. In the remote mode the 8089 has exclusive access to 
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Figure 4-10 iAPX 86/11, 88/11 Configuration with 8089 in Local Mode 

its own dedicated bus as well as access to the system Bus. 
In either mode, the 8089 can address a full megabyte of 
system memory and 64k bytes of its own 110 space. 

LOCAL MODE 

In the local mode, the 8089 acts as a slave to a maximum 
mode 8086 or 8088 CPU. In this configuration, the 8089 
shares the system address latches, data transceivers and 
bus controller with the CPU (see Figure 4-10). 

Since the lOP and CPU both share the system bus, either 
may have access to the bus at anyone time. When one 
processor is using the bus, the other processor tri-states 
its address/data and control lines. Bus access between the 
lOP and CPU is determined through the request/grant 
function (refer to paragraph 4.6). To gain access to the 
bus, the lOP requests the bus from the CPU, the CPU 
grants the bus to the lOP, and the lOP relinquishes the bus 
to the CPU when it completes its operation. 

NOTE 

The CPU cannot request the bus from the lOP 
(the CPU is only capable of granting the bus 
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and must wait for the lOP to release the bus). 

Since the request/grant pulse exchange must be synchro­
nized, both the CPU and lOP must be referenced to the 
same clock signal. 

When the 8089 lOP is used in the local mode, it can be 
added to an 8086 or 8088 maximum mode configuration 
with little affect on component count (channel attention 
decoding logic used as required). It offers the benefits of 
intelligent DMA (scan/match, translate, variable termina­
tion conditions), modular programming in a full mega­
byte of memory address space and a set of optimized 110 
instructions that are unavailable to the 8086 CPU. Since 
the system bus is shared in the local configuration, bus 
contention always exists between the CPU and lOP. Using 
the bus load limit field in the channel control word can 
help reduce lOP bus access during task block program 
execution (bus load limiting has no affect on DMA trans­
fers). For 110 intensive systems, the design engineer 
should consider the remote mode. 

REMOTE MODE 

In the remote mode, the 8089 provides a multiprocessor 
system with true parallel processing. In this mode, the 
8089 has a separate (local) bus and memory for 110 pe-

210912·001 



-

80891NPUT/OUTPUT PROCESSOR 

WAil STATE 

-~ 
LOCAL 

GEN~~ATOR 

•• MORY W"," l ONE·SHOT 
(IF WAIT STATES 

* 1 ! 
REQUIAEot 

110 AOOAESS 

II 
'L 

DECODE 
LOGIC 

L..,. -L!t~~K -' - SOL 

DAD' os DRO ,.., 
"" PERI~~EAAL I AHO~~~R:l,~ - iRjlOT 

,....,..- I 
ROVI 

iiiT 
"'SET AOY2 
READY 

~iiN1 

....s'2.£L~ 

I----eLK 
root 

110 PORT 
ADDRESS 
DECODE 
LOGIC 

eLK 

"" ...... 
mi 

, 

Ao FROM CPU 

L A1S."" FROM CPU 

r-IIO ~RITE COMMAND -

H 

SVSTEMAESET 
11.E .. iiiTl 

T"'NSFE" ",CKNOWLEOGE 
UE .. XACKI 

MULllMASTER 
CONTAOllUS 

II ~~~K DAD DRQ2 !i~iii 
... 

os ..... ,.., 
EXT2A~~~~: OlD 

I 
I I 

PERIPHERAL 

Gr I 
~ 

LOCAL ADDRESS BUS (A1S-Aoi ..... " 
'---

l+-
LOCAL DATA BUS 

12t1!i1'7 

'---

~ eLK ;mre 

~ a= ""'" iNTA -.... 
""'" 
ALE 

loa_ 

'OE~ II Ig ~ 

III 
""''' 

~ I 
r---t-ir 

.... ,,' 
'---

MEMORY READ COMMAND 

MEMORY WRITE COMMAND 

Vee 

MULTIMASTEA 
"DOMEssaus 
IA,t-Ao.liilh 

MULTIMASTEA 
DATA IUS 
ID1S-Doi 

Figure 4-11 Typical 8089 Remote Configuration 

ripheral communications, and the system bus is com­
pletely isolated from the I/O peripheral(s). In addition, 
I/O transfers between an I/O peripheral and the lOP's lo­
cal memory can occur simultaneously with CPU opera­
tions on the system bus. 

In a typical remote mode configuration, data transceivers 
and address latches (see Figure 4-11) separate the lOP's 
local bus from the system bus. An. 8288 Bus Controller 
generates the bus control signals for both the local and 
system buses and governs the operation of the 
transceivers/latches. Also, an 8289 Bus Arbiter controls 
access to the system bus (each processor in the system 
would have an associated 8289 Bus Arbiter). 1b interface 
the 8089 to its local bus, another set of address latches is 
required (unless MCS-85 mutliplexed address compo­
nents are used exclusively) and, depending on the bus 
loading demands, one (8-bit bus) or two (16-bit bus) data 
transceivers would be used. 

The lOP's local bus is treated as up to 64k bytes of I/O 
space in the remote mode, and the system bus is treated as 
1 megabyte of memory space. The 8288 Bus Controller's 
I/O command outputs control the local (110) bus, and its 
memory command outputs control the system (memory) 

bus. The 8289 Bus Arbiter, which is operated in its 110 
peripheral bus mode, also decodes the 8289's status out­
puts (S2*-SO*). In this mode, the 8289 will not request 
the multi-master system bus when the lOP indicates an 
operation on its local bus. If the lOP's bus arbiter cur­
rently has access to the system bus, the CPU's arbiter (or 
any other arbiter in the system) can acquire use of the 
system bus at this time (a bus arbiter maintains bus access 
until another arbiter requests the bus). 

4.4.2 lOP Initialization 

lOP initialization is generally the responsibility of the 
host processor. The host processor prepares the commun­
ications data structure in shared memory (refer to Volume 
I of this User's Guide). Actual lOP initialization begins 
with activation of the lOP's RESET input. This input, 
which typically originates from an 8284A Clock Genera­
tor, must be held active for at least five clock cycles to 
allow the 8089's internal RESET sequence to be com­
pleted. Like the 8086 CPU, the RESET input to the lOP 
must be held active for at least 50 microseconds when 
power is first applied. When the reset interval is complete, 

4-26 210912-001 



8089 INPUT/OUTPUT PROCESSOR 

elK 

~~~~,~i ~~-g~~ , 
CYCLES '-------

1--1 elK MIN-[ 

RESET 

-----------~~~~CA 
CA -----------J-;--;:::;-;;;:-'-CL-K-M'-N ~~~~ RECOGNIZED 

Figure 4-12 RESET-CA Initialization Timing 

the host processor signals the lOP to begin its initializa­
tion sequence by activating the 8089's Channel Attention 
(CA) input. The 8089 does not recognize a pulse at its CA 
input until one clock cycle after the RESET input returns 
to an inactive level. 

NOTE 

The minimum width for a CA pulse does not 
occur prior to one clock. This pulse may go 
active prior to RESET returning to an inactive 
level provided that the negative-going, 
trailing-edge of the CA pulse does not occur 
prior to one clock cycle after RESET goes in­
active (see Figure 4-12). 

The 8089 samples the Select (SEL) input from the host, 
coincident with the trailing edge of the first CA pulse af­
ter RESET, to determine master/slave status for its 
request/grant circuits. If SEL is inactive (low), the 8089 is 
designated a "master". If SEL is active (high), the 8089 is 
designated a "slave". As a master, the 8089 assumes that 
it has the bus initially, and it will subsequently grant the 
bus to a requesting slave when the bus becomes available 
(i.e., the 8089 will respond to a "request" pulse on its 
RQ*/GT* line with a "grant" pulse). A single 8089 in the 
remote configuration (or one of two 8089s in a remote 
configuration) would be designated a master. As a slave, 
the 8089 can only request the bus from a master processor 
(i.e., the 8089 initiates the request/grant sequence by out­
putting a "request" pulse on its RQ*/GT* line). An 8089 
that shares a bus with an 8086 (or one of two 8089s in a 
remote configuration) would be designated a slave. 

NOTE 

Since the 8086 CPU can grant the bus only in 
response to a request, whenever an 8086 and 
an 8089 share a common bus, the 8089 must 
be designated the slave. Also, when the 
RQ*/GT* line is not used (i.e., a single 8089 
in the remote configuration), the 8089 must be 
designated a master. 

The CA pulse input, in addition to determining 
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master/slave status, causes the 8089 to begin execution of 
its internal ROM initialization sequence. The 8089 must 
have access to the system bus in order to perform this 
sequence, therefore, it immediately initiates a 
request/grant sequence (if designated a slave) and, if re­
quired, requests the bus through the 8289 Arbiter. If the 
8089 is designated a master, it requests the bus through 
the 8289 Arbiter. When executing the initialization se­
quence, the 8089 first fetches the SYSBUS byte from lo­
cation FFFF6H. The W bit (bit 0) of this byte specifies 
the physical bus width of the system bus. Depending on 
the bus width specified, the 8089 then fetches the address 
of the system configuration block (SCB) contained in lo­
cations FFFF8H through FFFFBH in either two bus cy­
cles (16-bit bus, W bit equal I) or four bus cycles (8-bit 
bus, W bit equal 0). The SCB offset segment address val­
ues fetched are combined into a 20-bit physical address 
that is stored in an internal register. The 8089 uses this 
address to fetch the system operation command (SOC) 
byte. SOC specifies both the request/ grant operational 
mode (R bit) and the physical width of the I/O bus (I bit­
refer to Volume I of this User's Guide). After reading the 
SOC byte, the 8089 fetches the channel control block 
(CB) offset and segment address values. These values are 
combined into a 20-bit physical address that is stored in 
another internal register. To inform the host CPU that it 
has completed the initialization sequence, the 8089 clears 
the Channel I Busy flag in the channel control block by 
writing data byte "00" into the Busy flag byte. 

After the lOP has been initialized, the system configura­
tion block may be altered to initialize another lOP. When 
an lOP has been initialized, its channel control block, lo­
cated in system memory, cannot be moved since the CB 
address, which is internally stored by the lOP during the 
initialization sequence, is automatically accessed on every 
subsequent CA pulse. 

Generation of the CA and SEL inputs to the lOP are the 
responsibility of the host CPU. These signals typically 
result from the CPU's execution of an I/O write instruc­
tion to one of two adjacent I/O ports (I/O port addresses 
that only differ by AO). A simple decoding circuit that 
could be used to generate the CA and SEL signals is 
shown in Figure 4-13. By qualifying the CA output with 
IOWC*, the SEL output, since it is latched for the entire 
I/O bus cycle, is guaranteed to be stable on the trailing 
edge of the CA pulse. 

4.4.3 Channel Commands 

After initialization, any channel attention (CA) is inter­
preted as a command to channell (SEL = low) or to chan­
nel2 (SEL = high). Depending upon the activities of both 
channels, the CA may not be recognized immediately. 
However, the CA is latched so that it will be serviced as 
soon as priorities allow. 
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Figure 4·13 Channel Attention Decoding 
Circuit 

The channel sets its BUSY flag in the CB to FFH when it 
recognizes the CA. This does not prevent the CPU from 
issuing another CA, but provides status information only. 
When the channel responds to a CA, it reads various con­
trol fields from system memory. The CPU must ensure 
that the appropriate fields are properly initialized before 
issuing the CA. 

The CPU can use the "update PSW" command to alter 
the bus load limit and priority bits in the PSW (see Figure 
4-22) without otherwise affecting the channel. This com­
mand also allows the CPU to control interrupts originat­
ing in the channel. 

The channel reads its CCW from the CB after setting its 
BUSY flag. It examines the command field (see Figure 
4-14) and executes the command encoded there by the 
CPU. 

The channel's response to each type of command is shown 
in Figure 4-15. Note that if CF contains a reserved value 
(0 IO or 100), the channel's response is unpredictable. 

CF COMMAND FIELD 
000 UPDATE PSW 

7 

ICF 

The two "start program" commands differ only in their 
affect on the TP tag bit. If CF-OOI is used, the channel 
sets the tag to I to indicate that the program resides in the 
110 space. If CF-Oll is used, the tag is cleared to 0, and 
the program is assumed to be in the system space. The 
channel converts the doubleword parameter block pointer 
to a 20-bit physical address and loads this into PP. It loads 
the doubleword task block (channel program) pointer into 

o 

CF 

001 START CHANNEL PROGRAM LOCATED IN 1/0 SPACE. 
010 (RESERVED) 
011 START CHANNEL PROGRAM LOCATED IN SYSTEM SPACE. 
100 (RESERVED) 
101 RESUME SUSPENDED CHANNEL OPERATION 
110 SUSPEND CHANNEL OPERATION 
111 HALT CHANNEL OPERATION 

ICF INTERRUPT CONTROL FIELD 
00 IGNORE, NO EFFECT ON INTERRUPTS. 
01 REMOVE INTERRUPT REQUEST; INTERRUPT IS ACKNOWLEDGED. 
10 ENABLE INTERRUPTS. 
11 DISABLE INTERRUPTS. 

B BUS LOAD LIMIT 
o NO BUS LOAD LIMIT 
1 BUS LOAD LIMIT 

P PRIORITY BIT 

Figure 4·14 Channel Command Word Encoding 
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Figure 4-16 Channel State Save Area 

TP, updates the PSW as specified by the ICF, Band P 
fields of the CCW and starts the program with the instruc­
tion pointed to by TP_ 

The CPU may suspend a channel operation (either pro­
gram execution or DMA transfer) by setting CF to 110_ 
The channel saves its state (TP, its tag bit, and PSW) in 
the first two words of the parameter block (see Figure 
4-16 for format) and clears its BUSY flag to OH_ In a 
suspended operation: 

• The content of the doubleword pointer to the begin­
ning of the channel program is replaced by the channel 
save data_ Therefore, a suspended operation may be 
resumed, but cannot be started from the beginning 
without recreating the doubleword pointer. 

• TP is the only register saved by this operation. If an­
other channel program is started on this channel, the 
other registers, including PP, are subject to being 
overwritten. In general, suspend is used to temporar­
ily halt a channel, not to "interrupt" it with another 
program. 

• Suspending a DMA transfer does not affect any 110 
devices (an 110 device will act as though the transfer is 
proceeding). The CPU must provide for conditions 
that may arise if, for example, a device requests a 
DMA transfer, but the channel does not acknowledge 
the request because it has been suspended. Similarly, 
an 110 device may be in a different condition when the 
operation is resumed. 

A suspended operation may be resumed by setting CF to 
101. This command causes the channel to reload TP, its 
tag bit, and the PSW from the first two words of PB. Re­
suming an operation that has not been suspended will give 
unpredictable results since the first two words of PB will 
not contain the required channel state data. A resume 
command does not affect any channel registers other than 
TP. 

The CPU may abort a channel operation by issuing a 
"halt" command (CF = 111). The channel clears its 
BUSY flag to OH and then idles. Again, the CPU must be 
prepared for the effect aborting a DMA transfer may have 
on an 110 device. 
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4.4.4 Direct Memory Access Transfers 

The number of bytes transferred during a single DMA 
cycle is determined by the source and destination logical 
bus widths and the address boundary (odd or even ad­
dress). DMA transfers are performed between dissimilar 
bus widths by assembling bytes or disassembling words in 
the 8089's internal assembly register file. The DMA 
source and destination bus widths are defined by the exe­
cution of a WID instruction during task block (channel 
command) execution (refer to Volume I of this User's 
Guide). 

NOTE 

The bus widths specified remain in force until 
changed by a subsequent WID instruction. 

Byte (B) and word (W) source/destination transfer combi­
nations are defined in Table 4-14. These definations are 
based on the specified address boundary and bus widths. 

The 8089 optimizes bus accesses during transfers between 
dissimilar bus widths whenever possible. When either the 
source or destination is a 16-bit memory bus 
(auto-incrementing) that is initially aligned on an odd ad­
dress boundary (causing the first transfer cycle to be 
byte-to-byte), following the first transfer cycle, the mem­
ory address will be aligned on an even address boundary, 
and word transfers will subsequently occur. For example, 
when performing a memory-to-port transfer from a 16-bit 
bus to an 8-bit bus with the source beginning on an odd 
address boundary, the first transfer cycle will be 
byte-to-byte (B --+ B) (refer to Table 4-14), but subsequent 
transfers will be word-to-byte/byte (W --+ B/B). 

All DMA transfer cycles consist of at least two bus cy­
cles.One bus cycle is used to fetch (read) data from the 
source into the lOP, and the second bus cycle stores 
(writes) the data previously fetched from the lOP into the 
destination. For all transfers the data passes through the 
lOP to allow mask/compare and translate operations to be 
optionally performed during the transfer. In addition this 
allows the data to be assembled or disassembled. 

DMA transfers are performed in one of three modes: un­
synchronized, source synchronized, or destination syn­
chronized. The transfer mode is specified in the channel 
control register. The unsynchronized mode is used when 
neither the source or destination devices provide a data 
request (DRQ) signal to the lOP. An example is the case 
of a memory-to-memory transfer. In the synchronized 
transfer modes, the source (source synchronized) or desti­
nation (destination synchronized) device initiates the 
transfer cycle by activating the lOP's DRQI (channel I) 
or DRQ2 (channel 2) input. 
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Table 4-14 DMA Assembly Register Operation 

Address Boundary 
(Source - Destination) 

Even - Even 
Even - Odd 
Odd - Even 
Odd -Odd 

The DRQ input is asynchronous and usually originates 
from an I/O device controller instead of a memory cir­
cuit. This input is latched on the positive transition of the 
clock (CLK) signal and must therefore remain active for 
more than one clock period (more than 200 nanoseconds 
when using a 5 MHz clock) in order to guarantee that it is 
recognized. 

During Tl of the associated fetch bus cycle (source syn­
chronized - see Figure 4-17) or the store bus cycle (des­
tination synchronized - see Figure 4-18), the lOP 
outputs the port address of the I/O device. This address 
must be decoded by external circuits to generate the DMA 
acknowledge (DACK) signal to the I/O controller as the 
response to the controller's DMA request. An I/O con­
troller typically uses DACK as a conditional input for the 
removal ofDRQ. (After receipt of the DACK signal, most 
Intel peripheral controllers deactivate DRQ following re­
ceipt of the corresponding read or write signal.) 

Table 4-15 defines the DMA transfer cycles in terms of 
the number of bus and clock cycles required. 

DACK latency is defined as the time required for the 8089 
to acknowledge a DMA request at its DRQ input, by out­
putting the device's corresponding port address. This re-

logical Bus Width 
(Source - Destination) 

8-8 8 - 16 16 - 8 16 - 16 

B-B BIB - W W- BIB W-W 
B-B B-B W - BIB W- BIB 
B-B B/B-W B-B B/B-W 
B-B B-B B-B B-B 

sponse latency depends on a number of factors that 
include the transfer cycle being performed, activity on the 
other channel, memory address boundaries, wait states 
present in either bus cycle and bus arbitration times. 

Generally, when the other channel is idle, the maximum 
DACK latency is five clock cycles (l microsecond at 5 
MHz), excluding wait states and bus arbitration times. An 
exception occurs when performing a word transfer to or 
from an odd memory address boundary. Since two store 
(source synchronized) or two fetch (destination synchro­
nized) bus cycles are required to access memory, this op­
eration has a maximum possible latency of nine clock 
cycles. When the other channel is performing DMA 
transfers to equal priority ("P" bits equal), interleaving 
occurs at bus cycle boundaries. Therefore, the maximum 
latency is either nine clock cycles when the other channel 
is performing a normal 4-clock fetch or store bus cycle, 
or twelve clock cycles when the other channel is perform­
ing the first fetch cycle of a memory-to-memory transfer. 
If the other channel is performing "chained" task block 
instruction execution of equal priority, maximum latency 
can be as high as 12 clock cycles (channel command in­
struction execution is interrupted at machine cycle bound­
aries which range from two to eight clock cycles). 

/-------TRANSFER CyCLE------.; 
__ FETCH BUS CYCLE-_I __ STORE 8US CYClE-_ 

~ I Q I n I U ~ I Q I n I U 

eLK 

DRQHOLD+-I 
FROM READ 1-C~6~~ES'-I-c~~i:s\-I-c~~~:s'-

DR02 

(FROM 110 DEVICE) 
,----------------------I ORO FOR NEXT TRANSFeR CYCLE , 

(DECODED 1/0 ADD~~~~) --1 VALID 1/0 ADDRESS PRESENT \\.. _________ _ 

NOTES; 

1. INDICATES THE NUMBER OF IDLE CLOCK CYCLES INSERTED BEFORE THE NEXT 
TRANSFER CYCLE BEGINS. IF ORO IS RECEIVED PRIOR TO STATE T4 OF THE CURRENT 
FETCH CYCLE, THE NEXT FETCH CYCLE BEGINS IMMEDIATELY FOLLOWING THE 
CURRENT STORE CYCLE. 

2. IF THE 8089 IS IDLE WHEN ORO IS RECOGNIZED, FIVE IDLE CLOCK CYCLES OCCUR 
BEFORE THE ASSOCIATED TRANSFER CYCLE IS INITIATED. 

Figure 4-17 Source Synchronized Transfer Cycle 
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INSTRUCTION IS EXECUTED. 

2. FETCH BUS CYCLE 2 BEGINS IMMEDIATELY FOLLOWING STORE BUS CYCLE 1. 
3. INDICATES THE NUMBER OF IDLE CLOCK CYCLES INSERTED BEFORE STORE BUS 

CYCLE 2 BEGINS. IF ORO IS RECEIVED PRIOR TO STATE T4 OF STORE BUS CYCLE 1, 
STORE BUS CYCLE 2 BEGINS IMMEDIATELY FOLLOWING FETCH BUS CYCLE 2. 

4. IF THE 8089 IS IDLE WHEN ORO IS RECOGNIZED, FIVE IDLE CLOCK CYCLES OCCUR 
BEFORE THE ASSOCIATED STORE 8US CYCLE IS INITIATED. 

Figure 4·18 Destination Synchronized Transfer Cycle 

4.4.5 DMA Termination 

A channel can exit the DMA transfer mode (and return to 
task block execution) on any of the following terminate 
conditions (refer to Volume I of this User's Guide): 

I. Single cycle transfer; 

2. Byte count expired; 

3. Mask/compare match or mismatch; 

4. External event. 

Table 4·15 DMA Ti'ansfer Cycles 

Transfer Mode 

L 

Logical Bus Width 
Unsynchronized Source Synchronized Destination Synchronized 

Source Destination 
Bus Cycles Total Bus Cycles Total' Bus Cycles Total' 
Required Clocks Required Clocks Required Clocks 

8 8 2 (1 fetch, 1 store) 8' 2 (1 fetch, 1 store) 8' 2 (1 fetch, 1 store) 8' 
8 16' 3 (2 fetch, 1 store) 12 3 (2 fetch, 1 store) 16' 3 (2 fetch, 1 store) 12 

16' 8 3 (1 fetch, 2 store) 12 3 (1 fetch, 2 store) 12 3 (1 fetch, 2 store) 16' 
16' 16' 2 (1 fetch, 1 store) 8 2 (1 fetch, 1 store) 8 2 (1 fetCh, 1 store) 8 

Notes: 
1. The "Total Clocks Required" does not include wait states. One clock cycle per wait state must be 

added to each fetch and/or store bus cycle in which a wait state is inserted. When performing a 
memory-to-memory transfer, three additional clocks must be added to the total clocks required (the 
first fetch cycle of any memory-to-memory transfer requires seven clock cycles). 

2. When performing a translate operation, one additional 7-clock bus cycle must be added to the values 
specified in the table. 

3. Word transfers in the table assume an even address word boundary. Word transfers to or from odd 
address boundaries are performed as indicated in table 4-18 and are subject to the bus cycle/clock 
requirements for byte-to-byte transfers. 

4. Transfer cycles that include two synchronized bus cycles (i.e., synchronous transfers between 
dissimilar logical bus widths) insert four idle clock cycles between the two synchronized bus cycles 
to allow additional time for the synchronzing device to remove its initial DMA request. 
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Individual fields in the channel control register specify 
the terminate conditions. More than one terminate condi­
tion can be specified for a transfer (e.g., a transfer can be 
terminated when a specific byte count is reached -+ or-+ 
on the occurrence of an external event). When more than 
one terminate condition is possible, specified displace­
ments (which are added to the task pointer register value) 
cause task block execution to resume at a unique entry 
point for each condition. Three re-entry points are availa­
ble: TP, TP+4, and TP+8. The time interval between 
the occurrence of a terminate condition and the resump­
tion of task block execution is 12 clock cycles for re-entry 
point TP and 15 clock cycles for re-entry points TP + 4 
and TP+8. 

4.4.6 Peripheral Interfacing 

When the 8089 interfaces a peripheral to an 8-bit physical 
data bus, only the lower half of the address/data lines 
(AD7-ADO) are used for the bidirectional data bus. The 
upper half of the address/data lines (ADlS-AD8) are used 
to maintain address information for the entire bus cycle. 
With this bus configuration, only one octal latch is re­
quired since only the lower half of the address/data lines 
are time-multiplexed (unless the address bus requires the 
increased current drive capability and capacitive load im­
munity provided by the latch). 

When a peripheral is interfaced to a 16-bit data bus, both 
the lower and upper halves of the address/data lines are 
time-multiplexed, and two octal latches are required. 
Note that unlike the 8086 CPU, the 8089 does not 
time-multiplex BHE*, this signal is valid for the entire 
bus cycle. Both 8-and 16-bit peripherals can be interfaced 
to a 16-bit bus. An 8-bit peripheral can be connected to 
either the upper or lower half of the bus. An 8-bit periph­
eral on the lower half of the bus must use an even source/ 
destination address, and an 8-bit peripheral on the upper 
half of the bus must use an odd source/destination ad­
dress. To take advantage of word transfers, a 16-bit pe­
ripheral must use an even source/destination address. 

Command and parameter data is written to a peripheral 
device's command/status port (usually by using pointer 
register GC) to prepare the device for a DMA transfer. 
The additional task block instruction executed by the 
8089 following execution of the XFER instruction (the 
XFER instruction causes the 8089 to enter the DMA 
mode) is used to access the command port of an 110 de­
vice. This 110 device immediately begins DMA operation 
on receipt of the last command (the 8271 Floppy Disk 
Controller begins its DMA transfer on receipt of the last 
command parameter). Since a translate DMA operation 
requires the use of all three pointer registers (GA and GB 
specify the source and destination address; GC specifies 
the base address of the translation table), when it is neces­
sary to use the last task block instruction to start the de­
vice, command port access can be accomplished relative 
to one of the pointer registers or relative to the PP regis-
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ter. If the device's data port address (GA or GB) is below 
the device's command port address, either an offset or an 
indexed reference can be used to access the command 
port. 

8089 DMA COMMUNICATION PROTOCOL 

A peripheral's (or peripheral controller's) DMA commu­
nication protocol with the 8089 is as follows: 

• The peripheral (when source or destination synchro­
nized) initiates a DMA transfer cycle by activating the 
8089's DRQ (DMA request) input. 

• The 8089 acknowledges the request by placing the pe­
ripheral's assigned data port address on the bus during 
state Tl of the corresponding fetch (source synchro­
nized) or store (destination synchronized) bus cycle. 
The peripheral is responsible for decoding this address 
as the DMA acknowledge (DACK) to its request. 

• The data is transferred between the peripheral and the 
8089 during the T2 through T4 state interval ofthe bus 
cycle. The peripheral must remove its DMA request 
during this interval. 

• The peripheral, when ready, requests another DMA 
transfer cycle by again activating the DRQ input, and 
the above sequence repeats. 

• The peripheral can, as an option, end the DMA trans­
fer by activating the 8089 's EXT (external terminate) 
input. 

The 8089 supports multiple peripheral devices on a single 
channel if only one device is in the active transfer mode at 
anyone time. To interface multiple devices, the DMA 
request (DRQ) lines are OR'ed together. The external ter­
minate (EXT) lines are also OR'ed together. However, 
unique port addresses are assigned to each device so that 
an individual DMA acknowledge (DACK) returns to only 
the active device. DACK can be decoded using an Intel 
8205 Binary Decoder or a ROM circuit. 

NOTE 

The 8089 can only determine which device has 
requested or terminated service by the context 
of the task block program. 

Most peripheral devices interfaced to the 8089 use the 
decoded DMA acknowledge signal (DACK) as the chip 
select input. Peripheral devices that do not follow this 
convention must use DACK as a conditional input of chip 
select. 

8089 NON-DMA INTERRUPTS 

Most interrupts associated with the 8089 are DMA re­
quests or external terminates, but non-DMA related inter­
rupts can be supported. One technique that can be used 

210912·001 



8089 INPUT/OUTPUT PROCESSOR 

for an 8089 configured in local mode (or when an 8086 
and an 8089 are locally connected as a remote module) 
allows the CPU to accept the interrupt and then direct the 
8089 to the interrupt service routine. Another technique 
allows the 8089 to poll the device to determine when an 
interrupt has occurred (most peripheral controllers have 
an interrupt pending bit in a status word). The 8089's bit 
test instructions are ideally suited for polling. 

When configured in remote mode, non-DMA related in­
terrupts can be supported by the 8089 with the addition of 
an Intel 8259A Programmable Interrupt Controller. Sys­
tems that require this type of interrupt structure would 
dedicate one of the 8089's channels to interrupt servicing. 
In this structure, the interrupt output from the 8259A con­
nects directly to the channel's external terminate (EXT) 
input, and the channel's DRQ input is not used. The 8089 
initially executes a task block program to perform a 
source-synchronized DMA transfer (with an external ter­
minate) on the "interrupt" channel to "arm" the interrupt 
mechanism. Since the DRQ input is not used, when the 
channel enters the DMA transfer mode, the channel idles 
while waiting for the first DMA request (which never oc­
curs). Since the interrupt channel is idle, the other chan­
nel operates at maximum throughput. When an interrupt 
occurs, the pseudo DMA transfer immediately termi­
nates, and task block instruction execution resumes. The 
task block program would write a poll command to the 
8259A's command port and then read the 8259A's data 
port to acknowledge the interrupt and to determine the 
device responsible for the interrupt (the device is identi­
fied by a 3-bit binary number in the associated data byte). 
The device number read would be used by the task block 
program as a vector into a jump table for the device's 
interrupt service routine. Pertinent interrupt data could be 
written into the associated parameter block for subsequent 
examination by the host processor. Since it uses the 
8089's external terminate function, this interrupt mecha­
nism provides an extremely fast interrupt response time. 

When using dynamic RAM memory with the 8089, an 
Intel 8203 Dynamic RAM Controller can be used to sim­
plify the interface and to perform the RAM refresh cycle. 
When maximum transfer rates are required, the RAM re­
fresh cycle can be externally initiated by the 8089. By 
connecting the decoded DACK (DMA acknowledge) sig­
nal to the 8203 's REFRQ (refresh request) input, the re­
fresh cycle will occur coincident with the 110 device bus 
cycle and will not impose wait states in the memory bus 
cycle. 

4.4.7 Status Lines 

The lOP sends signals to external devices on the SO*-S2* 
status lines to indicate the type of bus cycle the processor 
is starting (see Table 4-16 for the signals output for each 
type of cycle). These status lines are connected to an 8288 
Bus Controller. The bus controller decodes these lines 
and outputs the signals that control components attached 

Table 4-16 Status Signals SO-S2 

52 S1 SO Type of Bus Cycle 

0 0 0 Instruction fetch from 1/0 space 

0 0 1 Data fetch from 1/0 space 

0 1 0 Data store. to 1/0 space 

0 1 1 (not used) 

1 0 0 Instruction fetch from system 
space 

1 0 1 Data fetch from system space 

1 1 0 Data store to system space 

1 1 1 Passive; no bus cycle run 

to the bus. In the remote configuration, an 8289 Bus Arbi­
ter monitors the SO*-S2 * status lines to determine when a 
system bus access is required. 

Status lines S3 - S6 indicate if the bus cycle is DMA or 
non-DMA, and which channel is running the cycle (see 
Thble 4-17). When the lOP is not running a bus cycle 
(e.g., it is idle or executing an internal cycle that does not 
use the bus), the status lines reflect the last bus cycle run. 
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4.5 BUS OPERATION 

The 8089 uses the same bus structure as a maximum 
mode 8086 CPU. Bus cycles are performed only on de­
mand to fetch an instruction during task block execution 
or to perform a data transfer. The bus cycle itself is identi­
cal to an 8086 CPU's bus cycle. Each cycle consists of 
four T-states and uses the same time-multiplexing tech­
nique for the address/data lines. The 8089 outputs the ad­
dress (and ALE signal) during state Tl for either a read or 
write cycle (see Figures 4-19 and 4-20). Depending on 
the type of cycle indicated, the 8089 tri-states the 
address/data lines during state T2 for a read cycle (see 
Figure 4-19) or outputs data on these lines during a write 
cycle (see Figure 4-20). During state T3, the 8089 main­
tains write data or samples read data and then concludes 
the busy cycle in state T4. 

Table 4-17 Status Signals S3-S6 

56 S5 54 S3 Bus Cycle 

1 1 0 0 DMA cycle on channel 1 

1 1 0 1 DMA cycle on channel 2 

1 1 1 0 Non-DMA cycle on channel 1 

1 1 1 1 Non-DMA cycle on channel 2 
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Figure 4·19 Read Bus Cycle (8·bit Bus) 

The 8089 can transfer data to or from both 8-bit and 
16-bit buses. Therefore, when an 8-bit physical bus is 
specified during the initialization sequence, the lOP 
maintains the address present on the AD15 through AD8 
address/data lines for the entire bus cycle (see Figure 
4-19). Unless added drive capability is required, the asso­
ciated address latch can be eliminated. An 8-bit data bus 
is compatible with the 8088 CPU and with the MCS-85 
multiplexed address peripherals (8155, 8185, etc.). 

8089 operation is identical to the 8086 CPU with respect 
to the use of the low-and high-order halves of the data bus. 
Table 4-18 defines the data bus use for the various combi­
nations of bus width and address boundaries. 

Status lines S2 * through SO* define the bus cycle to be 
performed. These status lines are used by an 8288 Bus 
Controller to generate all memory and 110 command con­
trol signals (refer to Table 4-19 for signal decoding). 

Since the 8288 Bus Controller decodes an input status 
value of zero as an interrupt acknowledge bus cycle, the 
bus controller's INTA* output must be OR'ed with its 
10RC* output to permit fetching of task block instructions 
from local 8089 memory (remote configuration) or sys­
tem I/O space (local and remote configurations). 
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Status lines S2 * through SO* become active in state T4 if a 
subsequent bus cycle is to be performed. The 8089 sets 
these lines inactive (all high) in the state immediately 
prior to state T4 of the current bus cycle (state T3 or Tw) 
and tri-states the lines when the 8089 does not have access 
to the bus. 

Status lines S6 through S3 are multiplexed with the 
high-order address bits (AI9-AI6) and, accordingly, be­
come valid in state T2 of the bus cycle. These status lines 
reflect the type of bus cycle being performed on the cor­
responding channel (Table 4-20). 

Status lines S6 and S5 are always high on the 8089. Since 
these lines are not both high on the other processors in the 
8086 family (S6 is always low on the 8086 CPU), these 
status lines can be used as a "signature" in a multiproces­
sor system to identify the type of processor performing 
the bus cycle. 

The 8089 includes the same provisions for insertion of 
wait states (Tw) as the 8086 CPU. Wait states are inserted 
in a bus cycle when the associated memory or 110 device 
cannot respond within an allotted time interval or in the 
remote mode when the 8089 must wait for access to the 
system bus. An 8284A Clock Generator/ Driver controls 
insertion of wait states. When required, wait states are 
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Figure 4-20 Write Bus Cycle (16-bit Bus) 

inserted between states T3 and T4. Deactivating one of 
the 8284A's RDY inputs, RDYI or RDY2, actually inserts 
the wait states. When enabled by the corresponding 
AENI * or AEN2* input, either RDYI or RDY2 can be 
directly deactivated by a memory or 110 device to extend 
the 8089's bus cycle (i.e., addressed device is not ready to 
present or accept data). The 8284A's READY output (syn­
chronized to the CLK signal) connects directly to the 
8089's READY input. When the addressed device re­
quires one or more wait states to be inserted into a bus 
cycle (see Figure 4-21), it deactivates the 8284A's RDY 
input prior to the end of state T2. The READY output 
from the 8284A subsequently deactivates at the end of 
state T2, causing the 8089 to insert wait state T3. To exit 
the wait state, the device activates the 8284A's RDY input, 
causing the 8089 READY input to go active on the next 
clock cycle. This allows the 8089 to enter state T4. 

Periods of inactivity, or idle states (TI) can occur between 
bus cycles. These idle states result from the execution of a 
"long" instruction or the loss of the bus to another proc­
essor during task block instruction execution. Addition­
ally, the 8089 can experience idle states when it is in the 
DMA mode and it is waiting for a DMA request from the 
addressed 110 device, or when the bus load limit (BLL) 
function is enabled for a channel performing task block 
instruction execution and the other channel is idle. 
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4.6 BUS EXCHANGE MECHANISM 

The 8089 shares the multiprocessing facilities that are 
common to the iAPX 86 family of processors. It has 
on-chip logic for arbitrating the use of the local bus with a 
CPU or other lOP. System bus arbitration is delegated to 
an 8289 Bus Arbiter. 

The 8089's test and set while locked instruction (TSL) 
enables it to share a resource, such as a buffer, with other 
processors by means of semaphore. In addition, the 8089 
can lock the system bus for the duration of a DMA trans­
fer to ensure that the transfer completes without interfer­
ence from other processors on the bus. 

In the remote configuration, the 8089 is electrically com­
patible with Intel's MULTIBUS multimaster bus design. 
Therefore, the power and convience of 8089 110 process­
ing can be used in 8085-or 8086-based systems that im­
plement the MULTIBUS protocol or a subset of it. In 
addition, the lOP can access other iSBC board products 
such as memory and communications controllers. 
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Table 4-18 Data Bus Usage 

Physical Bus Width' 
Logical Address 

BusWidth' Boundary 16 
8 

Byte Transfer Word Transfer 

Even 
AD7-ADO = OAT A AD7-ADO = DATA 

N/A 
(BHE not used) (BHE high) 

8 

Odd 
AD7-ADO = DATA AD15-AD8 = DATA 

N/A -
(BHE low) (BHE not used) 

Even Illegal 
AD7-ADO = DATA AD15-ADO = DATA 

(BHE high) (BHE low) 
16 

Odd Illegal 
AD15-AD8 = DATA 

N/A' (BHE low) 

Notes: 

1. Logical bus width is specified by the WID instruction prior to the DMA transfer. 

2. Physical bus width is specified when the 8089 is initialized. 

3. A word transfer to or from an odd boundary is performed as two byte transfers. The first byte trans­
ferred is the low-order byte on the high-order data bus (AD15-AD8), and the second byte is the high­
order byte on the low-order data bus (AD7-ADO). The 8089 automatically assembles the two bytes in 
their proper order. 

Table 4-19 Bus Cycle Decoding 

Status Output 
Bus Cycle Indicated 

Bus Controller 

S2 S1 SO Command Output 

0 0 0 Instruction fetch from 1/0 space INTA 
0 0 1 Data read from 110 space 10RC 
0 1 0 Data write to 1/0 space 10WC,AIOWC 
0 1 1 Not used None 
1 0 0 Instruction fetch from system memory MRDC 
1 0 1 Data read from system memory MRDC -- --1 1 0 Data write to system memory MWTC, AMWC 
1 1 1 Passive None 

Table 4-20 Type of Cycle Decoding 4.6.1 Bus Arbitration 

Status Output 
S4 S3 

0 0 
0 1 
1 0 
1 1 

Type of Cycle 

OMA on Channel 1 
OMA on Channel 2 
Non-OMA on Channel 1 
Non-OMA on Channel 2 
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The 8089 shares its system bus with a CPU, and may also 
share its I/O bus with an lOP or another CPU. Only one 
processor at a time may drive a bus. When two (or more) 
processors want to use a shared bus, the system must pro­
vide an arbitration mechanism that will grant the bus to 
one of the processors. The following paragraphs describe 
the 8089 bus arbitration facilities and their applicability to 
different lOP configurations. 
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Figure 4-21 Wait State Timing 

REQUEST/GRANT LINE 

When an 8089 is directly connected to another 8089, an 
8086 or an 8088, the RQ*/GT* (request/grant) lines built 
into all of these processors are used to arbitrate the use of 
a local bus. In the local mode, RQ*/GT* is used to con­
trol access to both the system and the 110 bus. 

The CPU's request/grant lines (RQ*/GTO* and 
RQ*/GTI *) operate as follows: 

1. An external processor sends a pulse to the CPU to 
request use of the bus; 

2. The CPU finishes its current bus cycle, if one is in 
progress, and sends a pulse to the processor to indi­
cate that it has been granted the bus; and 

3. When the external processor is finished with the bus, 
it sends a final pulse to the CPU, to indicate that it is 
releasing the bus. 

The 8089' s request/grant circuit can operate in two 
modes. The mode is selected when the lOP is initialized 
(see paragraph 4.4.2). Mode 0 is compatible with the 
8086/8088 request/grant circuit and must be specified 
when the 8089's RQ*/GT* line is connected to 
RQ*/GTO* or RQ*/GTl * of one of those CPU's. Mode 0 
may be specified when RQ*/GT* of one 8089 is tied to 
the RQ* /GT* of another 8089. When mode 0 is used with 
a CPU, the CPU is designated the master, and the lOP is 
designated a slave. When mode 0 is used with another 
lOP, one lOP is the master, and the other is the slave. 
Master/slave designation also is made at initialization time 
as discussed in paragraph 4.4.2. The master has the bus 
when the system is initialized and keeps the bus until it is 
requested by the slave. When the slave requests the bus, 
the master grants it if the master is idle. In this sense, the 
CPU becomes idle at the end of current bus cycle. An lOP 
master, on the other hand, does not become idle until both 
channels have halted program execution or are waiting for 
DMA requests. Once granted the bus, the slave (always an 
lOP) uses it until both channels are idle, and then releases 
it to the master. In mode 0, the master has no way of 
requesting the slave to return the bus. 

4-38 

Mode 1 operation may only be used to arbitrate use of a 
private 110 bus between two lOP's. In this instance, one 
lOP is designated the master, and the other is designated 
the slave. However, the only difference between a master 
and a slave running in Mode 1 is that the master has the 
bus at initialization time. Both processors may request the 
bus from each other at any time. The processor that has 
the bus will grant it to the requestor as soon as one of the 
following occurs: 

1. An unchained channel program instruction is com­
pleted, or 

2. A channel goes idle due to a program halt or the com­
pletion of a synchronized transfer' cycle (the channel 
waits for a DMA request). 

Execution of a chained channel program, a DMA termi­
nation sequence, a channel attention sequence, or a syn­
chronized DMA transfer (i.e., a high-priority operation) 
on either channel prevents the lOP from granting the bus 
to the requesting lOP. 

The handshaking sequence in Mode 1 is: 

1. The requesting processor pulses once on RQ* /GT*; 

2. The processor with the bus grants it by pulsing once; 
and 

3. If the processor granting the bus wants it back imme­
diately (for example, to fetch the next instruction), it 
will pulse RQ*/GT* again, two clocks after the grant 
pulse. 

The fundamental difference between the two 
request/grant circuit modes is the frequency with which 
the bus can be switched between the two processors when 
both are active. In mode 0, the processor that has the bus 
will tend to keep it for relatively long periods if it is exe­
cuting a channel program. Mode 1 in effect places un­
chained channel programs at a lower priority since the 
processor will give up the bus at the end of the next in­
struction. Therefore, when both processors are running 
channel programs or synchronized DMA, they will share 
the bus more or less equally. When a processor changes to 
what would typically be considered a high-priority activ­
ity such as chained program execution or DMA termina­
tion, it will generally be able to obtain the bus quickly and 
keep the bus for the duration of the more critical activity. 

8289 BUS ARBITER 

When an lOP is configured remotely, an 8289 Bus Arbiter 
is used to control the lOP's access to the shared system 
bus (the CPU also has its own 8289). In a remote cluster 
of two lOP's and a CPU, one 8289 control access to the 
system bus for both processors in the cluster. The 8289 
has several operating modes. When used with an 8089, 
the 8289 is usually strapped in its lOB (110 Peripheral 
Bus) mode. 
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Table 4-21 Bus Arbitration Requirements and Options 

Local Remote 
Remote With 

Local CPU 
lOP 

Master/ RQ/GT Master/ RQ/GT Master/ RQ/GT 
Slave Mode Slave 

IOP1 Slave. 0 Master 

IOP2 Slave 0 Slave 

The 8289 monitor's the lOP's status lines. When the status 
lines indicate the lOP needs a cycle on the system bus, 
and the lOP does not presently have the bus, the 8289 
activates a bus request signal. This signal, along with the 
bus request lines of the other 8289's on the same bus, can 
be routed to an external priority-resolving circuit. At the 
end of the current bus cycle, this circuit grants the bus to 
the requesting 8289 with the highest priority. Several dif­
ferent prioritizing techniques may be used. In a typical 
system, an lOP would have higher bus priority than a 
CPU. If the 8289 does not obtain the bus for its processor, 
it makes the bus appear "not ready" as if a slow memory 
were being accessed. The processor's clock generator re­
sponds to the "not ready" condition by inserting wait 
states into the lOP's bus cycle. This will extend the cycle 
until the bus is acquired. 

BUS ARBITRATION FOR lOP CONFIGURATIONS 

When the CPU initializes an lOp, it must inform the lOP 
whether it is a master or a slave, and which request/grant 
mode is to be used. Refer to paragraph 4.4.2 for a de­
scription of how the information is communicated at ini­
tialization time. 

In the local configuration (see Table 4-21 for a summari­
zation of bus arbitration requirements and options by lOP 
configuration), all bus arbitration is performed by the 
request/grant lines without additional hardware. One lOP 
may be connected to each of the CPU's RQ*/GT* lines. 
The lOP connected to RQ*/GTO* will obtain the bus if 
both processors make simultaneous requests. 

Since a single lOP in a remote configuration does not use 
RQ*/GT*, its mode may be set to 0 or 1 without affect. 
The single remote lOP, however, must be initialized as a 
master. If two remote lOP's share an I/O bus, one must be 
a master and the other a slave. Both must be initialized to 
use the same request/grant mode. Normally, mode 1 will 
be selected for its improved responsiveness, and the des­
ignation of master will be arbitrary. If one lOP must have 
the I/O bus when the system comes up, it should be initial­
ized as the master. 
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Mode Slave Mode 

o or 1 Slave 0 

Same as 
N/A N/A 

Master 

When a remote lOP shares its 110 bus with a local CPU, it 
must be a slave and must use request/grant mode O. 

4.6.2 Bus Load Limit 

A locally configured lOP effectively has higher bus prior­
ity than the CPU since the CPU will grant the bus upon 
request from the lOP. In this instance, one or two local 
lOP's can potentially monopolize the bus at the expense 
of the CPU. Of course, if the lOP activities are 
time-critical, this is exactly what should happen. On the 
other hand, there may be low-priority channel programs 
that have less demanding performance requirements. 

In these cases, the CPU sets a CCW bit called bus load 
limit to constrain the channel's use of the bus during nor­
mal (unchained) channel program execution. When this 
bit is set, the channel decrements a 7 -bit counter from 7F 
(127) to OH with each instruction executed. Since the 
counter is decremented once per clock period, the channel 
waits a minimum of 128 clock cycles before it executes 
the next instruction. By forcing the execution time of all 
instructions to 128 clocks, the use of the bus is reduced to 
between 3 and 25 percent of the available bus cycles. 

Setting the bus load limit effectively enables a CPU to 
slow the execution of a normal channel program, freeing 
up bus cycles. This is useful in local configurations, but 
may also be effective in remote configurations, particu­
larly when channel programs are executed from system 
memory. Bus load limit has no effect on chained channel 
programs, DMA transfers, DMA termination, or channel 
attention sequences. 

4.6.3 Bus Lock 

The 8089 has a LOCK* (bus lock) signal, like the 
8086/88 and 80186/188, which can be activated by soft­
ware. The LOCK* output is normally connected to the 
LOCK* input of the 8289 Bus Arbiter. When LOCK* is 
active, the bus arbiter will not release the bus to another 
processor regardless of its priority. A channel automati-
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cally locks the bus during execution of the test and set 
while locked (TSL) instruction and may lock the bus for 
the duration of a DMA transfer. 

If bit 9 of the CC register is set, the 8089 activates its 
LOCK* output during a DMA transfer on that channel. If 
the transfer is synchronized, LOCK* is active from the 
time that the first DRQ is recognized. If the transfer is 
unsynchronized, LOCK* is active throughout the entire 
transfer (there are no idle periods in an unsynchronized 
transfer). LOCK* goes inactive when the channel begins 
the DMA termination sequence. 

A locked transfer ensures that the transfer will be com­
pleted in the shortest possible time and that the transfer­
ring channel has exclusive use of the bus. Once the 
channel obtains the bus and starts a locked transfer, the 
channel, in effect, becomes the highest-priority processor 
on that bus. 

The 8089 test and set while locked instruction (TSL) can 
be used to implement a semaphore. The instruction acti­
vates LOCK* and inspects the value of a byte in memory. 
If the value of the byte is OH, it is changed (set) to a value 
specified in the instruction and the following instruction is 
executed. If the byte does not contain OH, control is trans­
ferred to another location specified in the instruction. The 
byte is locked from the time the byte is read until it is 
either written or control is transferred to ensure that an­
other processor does not access the variable after TSL has 
read it, but before it has updated it (i.e., between bus 
cycles). The following line of code will repeatedly test a 
semaphore pointed to by GA until it is found to contain 
zero: 

TEST_FLAG: TSL [GA],OFFH,TEST_FLAG 

When the semaphore is found to be zero, it is set to FFH 
and the program continues with the next instruction. 
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Figure 4·22 Program Status Word 

4.7 INTERRUPTS 

Each channel has a separate system interrupt line 
(SINTRI and SINTR2). A channel program may generate 
a CPU interrupt request by executing a SINTR instruc­
tion. Whether this instruction actually activates the 
SINTR line, however, depends upon the state of the inter­
rupt bit (bit 3 of the PSW - see Figure 4-22). If this bit is 
set, interrupts from the channel are enabled, and execu­
tion of the SINTR instruction activates SINTR. If the in­
terrupt control bit is cleared, the SINTR instruction has 
no effect and interrupts from the channel are disabled. 

The CPU can alter a channel's interrupt control bit by 
sending any command to the channel with the value of 
ICF (interrupt control field) in the CCW set to 10 (enable) 
or 11 (disable). Therefore, the CPU can prevent inter­
rupts from either channel. 

Once activated, SINTR remains active until the CPU 
sends a channel command with ICF set to 01 (interrupt 
acknowledge). When the channel receives this command, 
it clears the interrupt service bit in the PSW (see Figure 
4-22) and removes the interrupt request. Disabling inter­
rupts also clears the interrupt service bit and lowers 
SINTR. 
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CHAPTERS 
80130 OPERATING SYSTEM FIRMWARE 

5.1 GENERAL INFORMATION 

The 80130 is a component that is designed to work in 
conjunction with the 8086, the 8088, the 80186, and the 
80188 microprocessors. When the 80130 is combined 
with the iAPX 86/10 (8086) microprocessor, the pair of 
components is called the iAPX 86/30 Operating System 
Processor. When the 80130 is combined with the iAPX 
88/10 (8088) microprocessor, the pair of components is 
called the iAPX 88/30 Operating System Processor. In 
order to simplify nomenclature, this chapter uses the term 
asp to refer to either pair of components. You can add the 
8087 Numeric Processor Extension (NPX) to either pair 
of components. 

5.2 80130 ARCHITECTURE 

The 80130 component, shown in Figure 5-1, is internally 
divided into a number of independent units. The Operat­
ing System Unit (OSU) provides the kernel control store, 
while the Control Unit contains hardware facilities that 
support it. Also included in the OSU are the Operating 
System Timers, which are used by the OSP for scheduling 
and timing intervals, the Programmable Interrupt Con­
troller (PIC), which provides seven independent interrupt 
lines and one line for the system timer, and 
User-Programmable Baud Rate Generator for input into a 
USART. 

5.3 DEVICE PIN ASSIGNMENTS 

The 80130 device pin assignments are listed with the ap­
propriate description in Table 5-1. The device pin assign­
ments are shown in Figure 5-2. 

5.4 OPERATING SYSTEM PRIMITIVES 
SUMMARY 

This section contains the calling sequences and other in­
formation about the OSP primitives. The primitives are 
listed in alphabetical order in Table 5-2. the information 
for each primitive is organized into the following 
categories: 

1. Primitive 

2. A description of the effects of the primitive. 

3. The condition codes that can result from using the 
primitive. 

5-1 

PLlM-86 and iOSP 86 data types, such as BYTE, WORD, 
SELECTOR, and TOKEN are used in this section. They 
are always capitalized and their definitions can be found 
in Table 5-3. In addition, Table 5-4 lists the mnemonic 
codes for both unavoidable and avoidable exceptions 
along with the numeric values assigned to each mnemonic 
exceptor. If your compiler supports the SELECTOR data 
type, a TOKEN can be declared literally either SELEC­
TOR or WORD. The word"token" in lower case refers to 
a value that the iOSP 86 Processor assigns to an object. 
The OSP returns this value to a TOKEN (the data type) 
when it creates the object. 

5.5 INTERFACING WITH THE 8086/88 

The iAPX 86/30 and iAPX 88/30 are two-chip micropro­
cessors offering general-purpose CPU (8086) instructions 
combined with real-time operating system support. The 
iAPX 86/30 consists of an iAPX 86/10 (l6-bit 8086 CPU) 
and an Operating System Firmware (OSF) component 
(80130). The 88/30 consists of the OSF and an iAPX 
88/10 (8-bit 8088 CPU). The 80130 resides on the CPU 
local multiplexed bus (Figure 5-3). The main processor is 
always configured for maximum mode operation. The 
80130 automatically selects between its 88/30 and 86/30 
operating modes. The 80130 used in the 86/30 configura­
tion, as shown in Figure 5-3 (or similar 88/30 configura­
tion), operates at both 5 and 8 Mhz without requiring 
processor wait states. 

5.5.1 Programming The 80130 OSP's 
Onchip Peripherals 

During norma18086/8088 and 80186/80188 system oper­
ation the 80130's primitives control the onchip program­
mable interrupt controller (PIC) and timers. During this 
operation, to ensure proper system operation, the applica­
tions software should not control the onchip peripherals. 
There are, however, a few special cases when direct con­
trol of the PIC and timers is required. One case occurs 
during initial hardware debugging when the systems soft­
ware is not desired or is not available. Another case is 
when writing diagnostic software, either self-diagnostic 
code or board/ system test software. 

The information necessary to program the 80130's PIC 
and timers in these special cases is provided in the follow­
ing paragraphs. The operation and programming of the 
PIC's is similar to the 8259A programmable interrupt 
controller and the operation and programming of the 
three timers are similar to the 8254 programmable 
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Figure 5-1 80130 Simplified Functional Block Diagram 

interval timer. For additional operation and programming 
information for the onchip peripherals refer to the data 
sheets for the 80130, 8259A, and 8254 devices. 

PROGRAMMABLE INTERRUPT CONTROLLER 
(PIC) 

PIC Commands 

The PIC accepts two types of command words from the 
CPU: 

a. Initialization Command Words (ICW's): Before 
normiu operation can begin, the PIC must be ini­
tialized with a sequence of 3, 4, 5 or 6 bytes. 

b. Operation Command Words OCW: These are 

5-2 

command words sent to the PIC for various forms 
of operation, such as interrupt masking, end of 
interrupt, and interrupt status. 

The OCW's can be sent to the PIC anytime after initializa­
tion. 

Initialization Command Word 1 (ICW1) 

Whenever a command word is sent to address OH with 
roCSI = Oand D4 = 1 with a write 1/0 port bus cycle 
(S21 - SOl = 010), the data is interpreted as Initialization 
Command Word 1. ICWI starts the initialization during 
which the following automatically occurs: 

a. The edge sense circuits are reset, which means 
that following initialization an interrupt request 
(IR) input must make a low-to-high transition to 
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Figure 5·2 80130 OSP Pinout Diagram 

generate an interrupt unless the IR input is pro­
grammed as a level sensitive input in which case a 
high level will generate the interrupt. 

b. The interrupt mask register is cleared. 

c. Status read is set to. interrupt request register. 

d. All interrupts will be acknowledged with URI = 1 
unless I CW 6 is sent. 

5-3 

Sending ICWI, ICW2, and ICW4 is the minImum 
amount of programming needed by the PIC. ICWI speci­
fies whether the remaining control words (ICW3, ICW5, 
and ICW6) will be sent. Once ICWI has been sent, the 
following writes to I/O address 02H from the base I/O 
address must be the sequence of ICW2, ICW3, ICW4, 
ICW5 and ICW6 (with the exception of ICW3, ICW5, 
and ICW6 if not specified in ICWI). The PIC is ready to 
accept interrupts after the last ICW is sent. 

Bits 7-6 = 00: Unused but set to 0 
Bit 5 = 0: All inputs are non-local (URI = 1) and 

ICW6 is not read 
= I: ICW6 is read to specify local/non-local 

inputs 
Bit 4 = I: Indicates ICWI 
Bits 3-2 = 00: Edge triggered interrupts; ICW5 is not 

read 
= 10: Level triggered interrupts; ICW5 is not 

read 
= xl: ICW5 is read to specify interrupt trig­

gering 
Bit 1 = 0: One or more 8259A slaves are con­

nected to IR inputs 
= I: No 8259A slaves are connected to IR 

inputs 
Bit 0 = 1: ICW4 is read. 

Initialization Command Word 2 (ICW2) 

ICW2 contains bits 7-3 of the 8-bit vector that is sent to 
the CPU during the second interrupt acknowledge cycle. 
The remaining 3 bits, 2-0 are generated by the PIC de­
pending on the interrupt request input being serviced. 
ICW2 is sent to I/O address 02H with 10CSI = O. Bits 7-3 
contain the five most significant bits of an 8-bit interrupt 
type number. Bits 2-0 are unused and may be any value. 

Initialization Command Word 3 (ICW3) 

ICW3 is sent only when there are one or more 8259A 
slaves in the system and is sent to 1/0 address 02H with 
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Table 5·1 80130 Pin Descriptions 

Symbol 1)tpe Name and Function 

AD15-ADO I/O Address Data: These pins constitute the time multiplexed memory address (T1) and data (T2, 
T3, Tw, T4) bus. These lines are active HIGH. The address presented during T1 of a bus cycle 
will be latched internally and interpreted as an 80130 internal address if MEMCS or 10CS is 
active. These pins float whenever it is not chip selected, and are driven only during T2-T4 of a 
read or INTA cycle and T1 of an INTA cycle in which a slave 8259A drives the interrupt Pointer 
during T2-T 4. ADO-AD15 are latched by the 80130 on the falling edge of ALE. 

BHE'/S7 I Bus High Enable: The 80130 uses the BHE' and AO signals from the processor to determine 
whether to respond with data on the upper or lower data pins, or both. The BHE' signal is 
active lOW. BHE' is latched by the 80130 on the trailing edge of ALE. It along with AO 
controls the 80130 output data as follows: 

BHE' AO 
0 0 Word on AD15-ADO 
0 1 Upper byte on AD15-AD8 
1 0 lower byte on AD7-ADO 
1 1 Upper byte on AD7-ADO 

52' ,51' ,SO' I Status: For the 80130, the status pins are used as inputs only. 80130 encoding is as follows: 
52 51 SO 
0 0 0 INTA 
0 0 1 lORD 
0 1 0 10WR 
0 1 1 Passive 
1 0 0 Instruction Fetch 
1 0 1 MEMRD 
1 1 X Passive 

ClK I The system clock provides the basic timing for the processor and bus controller. The 80130 
uses the system clock as an input to the SYSTICK and BAUD timers and to synchronize 
operation with the host CPU. 

INT 0 INT is HIGH whenever a valid interrupt request is asserted. It is normally used to interrupt the 
CPU by connecting it to INTR. 

IR7-IRO I Interrupt Requests: An interrupt request can be generated by raising an IR input (lOW to 
HIGH) and holding it until it is acknowledged. 

ACK' 0 Acknowledge: This pin is lOW whenever an 80130 resource is being accessed. It is also lOW 
during the first and second INTA cycles if the 80130 is supplying the interrupt vector 
information. This signaling can be used as a bus-ready acknowledgement and/or bus 
transceiver control. 

MEMCS' I Memory Chip Select: This input must be driven lOW when a kernel primitive is being fetched 
by the CPU. AD13-ADO are used to select the instruction. 

10CS' I Input/Output Chip Select: When this input is lOW, during an lORD or 10WR cycle, the 
80130's kernel primitives are accessing the appropriate peripheral function was specified by 
the table on the following page. 

BHE' A3' A2' A1' AO' 
0 X X X X Passive 
X X X X 1 Passive 
X 0 1 X X Passive 
1 0 0 0 0 Interrupt Controller 
1 0 0 1 0 Interrupt Controller 
1 1 0 0 0 Systick Timer 
1 1 0 1 0 Delay Counter 
1 1 1 0 0 Baud Rate Timer 
1 1 1 1 0 Timer Control 

5-4 210912-001 



80130 OPERATING SYSTEM FIRMWARE 

Table 5·1 80130 Pin Descriptions (continued) 

Symbol Type Name and Function 

LlR" 0 Local Bus Interrupt Request: This signal is LOW when the interrupt request is for a non-slave 
input or slave input programmed as being a local slave. 

Vcc Power: Vcc is the + 5V supply pin. 

Vss Ground: Vss is the ground pin. 

SYSTICK 0 System Clock Tick: Timer 0 Output. Operating System Clock Reference. SYSTICK is 
normally wired to IR2 to implement operating system timing interrupt. 

DELAY 0 Delay Timer: Output of timer 1. Reserved by Intel for future use. 

BAUD 0 Baud Rate Generator: 8254 Mode 3-compatible output. Output of 80130 timer 2. 

GND Ground: GND is the ground pin. 

10CSI = O. Bit 7 is the specification bit for lR7, bit for 
lR6, ... , and bit 0 for lRO. If no 8258A slave is con­
nected to an IR, the specification bit is O. If a slave is 
connected, the specification bit is O. If a slave is con­
nected, the specification bit is 1. 

Initialization Command Word 4 (ICW4) 

lCW4 is always reguired and selects either the normally 
fully nested mode or the special fully nested mode. lCW4 
is sent to I/O address 02H with 10CSI -0. 

Bits 7-5 = 000: Unused but set to 0 
Bit 4 = 0: Normal fully nested mode 

= 1: Special fully nested mode 
Bit 3 = 1: Buffered mode 
Bit 2 = 1: Master Interrupt controller 
Bit 1 = 0: Normal end of interrupt (EO!) 
Bit 0 = 1: 8086 mode 

Initialization Command Word 5 (ICW5) 

lCW5 is sent only if specified in lCWI and individually 
selects edge or level triggering for each lR input. lCW5 is 
sent to I/O address 02H with 10CSI = O. Bit 7 is the speci­
fication bit for IR7, bit 6 for IR6, ... , and bit 0 for IRO. 
For edge triggering the specification bit is 0 and for level 
triggering the specification bit is 1. 

Initialization Command Word 6 (ICW6) 

ICW6 is sent if specified in ICWI and selects IR inputs as 
being either local of non-local. During an interrupt ac­
knowledge cycle, the URI output is driven to zero in re­
sponse to a local IR input (non-slave input or slave on 
local bus) or driven to 1 in response to a non-local IR 
input (slave on system bus). The URI outputs can be used 
in multimaster systems to control the 8289 Bus Arbiter's 
SYSB/RESW input. ICW6 is sent to I/O address 02H 
with 10CSI = O. Bit 7 is the specification bit for IR7, bit 6 

5-5 

for IR6, bit 5 for IR5, ... , and bit 0 for IRO. For 
non-local IR input, the specification bit is 0 and for a local 
IR input, the specification bit is 1. 

Operation Command Word 1 (OCW1) 

OCWI sets and clears the mask bits in the Interrupt Mask 
Register (IMR) and is sent to 1/0 address 02H with 
IOCSI = O. Bit 7 is the specification bit for IR7, bit 6 for 
IR6, bit 5 for IR5, ... , and bit 0 for IRO. To enable 
interrupts on an IR input, the specification bit is O. To 
mask or inhibit interrupts on an IR input, the specification 
bit 1. Masking an IR input does not affect the operation of 
the other IR inputs. 

Operation Command Word 2 (OCW2) 

OCW2 is used to send an end of interrupt (EO!) command 
to the PIC which resets an in-service bit in the In-service 
Register (ISR). OCW2 is sent to 110 address OH with 
IOCSI=O. 

Bits 7-5 =011: Specific end of interrupt 
Bits 4-3 = 00: Indicates OCW2 
Bits 2-1 = 000: End of Interrupt on IRO 

= 001: End of Interrupt on IRI 
= 010: End ofInterrupt on IR2 
= 011: End of Interrupt on IR3 
= 100: End of Interrupt on IR4 
= 101: End of Interrupt on IRS 
= 110: End ofInterrupt on IR6 
= 111: End of Interrupt on IR7 

Operation Command Word 3 (OCW3) 

OCW3 is used to read two ofthe PIC's internal registers: 
Interrupt Request Register (IRR) and In-service Register 
(ISR). IRR is an 8-bit register that indicates which IR in­
puts are waiting to be acknowledged. ISR is an 8-bit 
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Table 5-2 OSP Primitives 

Primitive Description Condition 
Codes 

ACCEPT$CONTROL Requests immediate access to data protected by a E$OK 
region. E$BUSY 

E$EXIST 
E$TYPE 

CREATE$JOB Creates a job containing a single task. E$OK 
E$EXIST 
E$LlMIT 
E$MEM 
E$PARAM 

CREATE$MAILBOX Creates a mailbox. E$OK 
E$LlMIT 
E$MEM 

CREATE$REGION Creates a region. E$OK 
E$LlMIT 
E$MEM 

CREATE$SEGMENT Creates a segment. E$OK 
E$LlMIT 
E$MEM 

CREATE$TASK Creates a task. E$OK 
E$LlMIT 
E$MEM 
E$PARAM 

DELETE$MAILBOX Deletes a mailbox. E$OK 
E$EXIST 
E$TYPE 

DELETE$REGION Deletes a region. E$OK 
E$CONTEXT 
E$EXIST 
E$TYPE 

DELETE$SEGMENT Deletes a segment. E$OK 
E$EXIST 
E$TYPE 

DELETE$TASK Deletes a task. E$OK 
E$CONTEXT 
E$EXIST 
E$TYPE 

DISABLE Disables an interrupt line. E$OK 
E$CONTEXT 
E$PARAM 

DISABLE$DELETION Makes an object immune to ordinary deletion. E$OK 
E$EXIST 
E$LIMIT 

ENABLE Enables an interrupt line. E$OK 
E$CONTEXT 
E$PARAM 

ENABLE$DELETION Enables the deletion of objects that have deletion E$OK 
disabled. E$CONTEXT 

E$EXIST 
ENTER$INTERRUPT Used by interrupt handlers to load a previously E$OK 

specified segment base address into the register. E$CONTEXT 
E$PARAM 
DS 
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Table 5-2 OSP Primitives (continued) 

Primitive Description 
Condition 

Codes 

EXIT$INTERRUPT Used by interrupt handlers when they don't invoke E$OK 
interrupt tasks. This primitive sends an E$CONTEXT 
end-of-interrupt signal to the hardware. E$PARAM 

GET$EXCEPTION$HANDLER Returns information about the calling task's E$OK 
exception handler. 

GET$LEVEL Returns the number of the highest priority interrupt E$OK 
line being serviced. 

GET$TASK$TOKENS Returns the token requested by the calling task. E$OK 
E$PARAM 

GET$TYPE Returns the encoded type of an object. E$OK 
E$EXIST 

RECEIVE$CONTROL Allows the calling task to gain access to data E$OK 
protected by a region. E$CONTEXT 

E$EXIST 
E$TYPE 

RECEIVE$MESSAGE Queues the calling task at a mailbox, where it can E$OK 
wait for an object token to be returned. E$EXIST 

E$TIME 
E$TYPE 

RESET$INTERRUPT Cancels the assignment of an interrupt handler to an E$OK 
interrupt line. E$CONTEXT 

E$PARAM 
RESUME$TASK Decreases by one the suspension depth of a task. E$OK 

E$CONTEXT 
E$EXIST 
E$STATE 
E$TYPE 

SEND$CONTROL Allows a task to surrender access to data protected E$OK 
by a region. E$CONTEXT 

SEND$MESSAGE Sends an object token to a mailbox. E$OK 
E$EXIST 
E$MEM 
E$TYPE 

SET$EXCEPTION$HANDLER Assigns an exception handler to the calling task. E$OK 
E$PARAM 

SET$INTERRUPT Assigns an interrupt handler to an interrupt line and, E$OK 
optionally, makes the calling task the interrupt task E$CONTEXT 
for the line. E$PARAM 

SET$OS$EXTENSION Either enters the address of an entry (or function) E$OK 
procedure in the Interrupt Vector Table or it deletes E$CONTEXT 
such an entry. E$PARAM 

SET$PRIORITY Change the priority of a task. E$OK 
E$CONTEXT 
E$EXIST 
E$LIMIT 
E$TYPE 

SIGNAL$EXCEPTION Invoked by extensions of the OS Processor to signal E$OK 
the occurrence of an exceptional condition. 
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Table 5·2 OSP Primitives (continued) 

Primitive Description 
Condition 

Codes 

SIGNAL$INTERRUPT Used by an interrupt handler to activate an interrupt E$OK 
task. E$CONTEXT 

E$INTERRUPT-
SATURATION 
E$INTERRUPT-
OVERFLOW 
E$LlMIT 
E$PARAM 

SLEEP Puts the calling task to sleep. E$OK 
E$PARAM 

SUSPEND$TASK Increases by one the suspension depth of a task. E$OK 
E$CONTEXT 
E$EXIST 
E$LlMIT 
E$TYPE 

WAIT$INTERRUPT Used by an interrupt task to signal its readiness to E$OK 
service an interrupt. E$CONTEXT 

E$PARAM 

register that indicates which IR inputs are being serviced. 
Upon receiving an EOI command, the specified bit in the 
ISR is rese~ .. OCW3 is sent to 1/0 address OH (with 
10CSI = 0) and during the subsequent read from 1/0 ad­
dress OH, the PIC sends the contents of the specified reg­
ister to the CPU. It is not necessary to send an OCW3 for 
each read register operation provided that the same regis­
ter is being read as the previous read register operation. 
The PIC remembers whether IRR or ISR was previously 
selected by OCW3. 

BitO = 0: Read Interrupt Request Register 
= 1: Read In-service Register. 

Reading the Interrupt Mask Register (IMR) 

The IMR is an 8-bit register that indicates which IR inputs 
are masked (interrupts are inhibited). IMR is read by 
reading from 1/0 address 02H with 10CSI = O. 

Bits 7-5 = xxx: Unused and may be any value 
Bits 4-3 = 01: Indicates OCW3 Differences between 80130 and 8259A 
Bits 2-1 = xx: Unused and may be any value 

The 80130 PIC does not provide: 

Table 5·3 Data Types 

Data Type Definition 

BYTE An unsigned, 8·bit, binary number. 
WORD An unsigned, two-byte, binary number. 
INTEGER A signed, two-byte, binary number that is stored in two's complement form. 
BASE A word whose value represents a 16-byte boundary which defines a 64K-byte segment. 
OFFSET A word whose value represents the distance from the base of a segment. 
TOKEN A word or selector whose value identifies an object. A token can be declared literally a 

WORD or SELECTOR depending upon your needs. 
POINTER Two words containing the base of a segment and an offset, in the reverse order. 
STRING A sequence of consecutive bytes. The first byte contains the number (not to exceed 12) 

of bytes that follow it in the string. 
SELECTOR A word that is useful when used as the base portion of a 32-bit address (in the form 

base: offset) whose offset is zero. 

5-8 210912'()Ol 



E$OK 

E$TIME 

E$MEM 

E$BUSY 

E$LlMIT 

E$CONTEXT 

E$EXIST 

E$STATE 

E$NOT$CONFIGURED 

E$INTERRUPT$SATURATION 

E$INTERRUPT$OVERFLOW 

E$ZERO$DIVIDE 

E$OVERFLOW 

E$TYPE 

E$BOUNDS 

E$PARAM 

E$BAD$CALL 

E$ARRAY$BOUNDS = 8006H 

E$NDP$ERROR 
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Table 5-4 Mnemonic Codes for Exceptions 

Mnemonic Codes for Unavoidable Exceptions 

Exception Code Value - 0 
the operation was successful 

Exception Code Value - 1 
the specified time limit expired before completion of the operations was possible 

Exception Code Value - 2 
insufficient nucleus memory is available to satisfy the request 

Exception Code Value - 3 
specified region is currently busy 

Exception Code Value = 4 
attempted violation of a job, semaphore, or system limit 

Exception Code Value = 5 
the primitive was called in an illegal context (e.g., call to enable for an already enabled 
interrupt) 

Exception Code Value - 6 
a token argument does not currently refer to any object; note that the object could have 
been deleted at any time by its owner 

Exception Code Value = 7 
attempted illegal state transition by a task 

Exception Code Value - 8 
the primitive called is not configured in this system 

Exception Code Value - 9 
The interrupt task on the requested level has reached its user specified saturation point 
for interrupt service requests. No further interrupts will be allowed on the level until the 
interrupt task executes a WAIT$INTERRUPT. (This error is only returned, in line, to 
interrupt handlers.) 

Exception Code Value = 10 
The interrupt task on the requested level previously reached its saturation point and 
caused an E$INTERRUPT$SATURATION condition. It subsequently executed an 
ENABLE allowing further interrupts to come in and has received another SIG-
NAL$INTERRUPTcall, bringing it over its specified saturation point for interrupt service 
requests. (This error is only returned, in line, to interrupt handlers). 

Mnemonic Codes for Avoidable Exceptions 

Exception Code Value - 8000H 
divide by zero interrupt occurred 

Exception Code Val ue - 8001 H 
overflow interrupt occurred 

Exception Code Value = 8002H 
a token argument referred to an object tha was not of required type 

Exception Code Value = 8003H 
an offset argument is out of segment bounds 

Exception Code Value = 8004H 
a (non-token,non-offset) argument has an illegal value 

Exception Code Value = 8005H 
an entry code for which there is no corresponding primitive was passed 

Hardware or Language has detected an array overflow 

Exception Code Value = 8007H 
an 8087 (Numeric data Processor) error has been detected; (th" 8087 status information 
is contained in a parameter to the exception handler) 
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Figure 5-3 OSP Typical Configuration With An 8086 

• 8080 and 8085 mode of operation; 

• Slave mode of operation; 

• Automatic EOI; 

• Non-specific EOI; 

• Rotating or programmed priorities; 

• Polling; 

• Special mask mode. 

The 80130 PIC does provide: 

• Individual IR input selection of edge or level trigger­
ing; 

• Local or non-local identification for each IR input. 

PROGRAMMABLE TIMERS 

The 80130 contains three programmable timers, each 
with 16-bits of resolution. Each timer has a fixed mode of 
operation needed by the iRMX 86 nucleus. Timer 0 oper­
ates only in the 8284 compatible rate generator mode 
(mode 2). Timer 1 operates only in the 8254 compatible 
interrupt on terminal count mode (mode O). Timer 2 oper­
ates only in the 8254 compatible square wave generator 
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mode (mode3). Each timer is programmable by sending 
the appropriate control word followed by the least signifi­
cant byte of the count value and then the most significant 
byte. 

The 80130 timers are connected to the lower half of the 
data bus and are addressed at even addresses. The timers 
are read as two successive bytes, with the least significant 
byte always followed by the most significant byte. The 
most significant byte is always latched on a read operation 
and remains latched until operation is complete. The OSP 
uses configuration information to perform all necessary 
initialization of the timers. 

The Baud Rate generator is compatible with the 8254 Pro­
grammable Interval Timer in squarewave mode 3. Its out­
put, BAUD, is initially high and remains high until the 
count register is loaded with a count. The first falling 
edge of the clock after the count register is loaded causes 
the transfer of the internal counter to the count register. 
The output stays high for N/2 (or (N + 1}/2 if N is odd) 
counts and then goes low for N/2 (or (N -1)/2 if N is 
odd) counts. The output returns to the high state when the 
falling edge of the input clock is detected during the final 
count for the output in low state. At this time, the contents 
of the count register are transferred to the internal 
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Table 5-5 Baud Rate Counter Values (16X) 

8 Mhz 5Mhz 
Baud Rate 

Count Value Count Value 

300 1667 1042 
600 833 521 
1200 417 260 
2400 208 130 
4800 104 65 
9600 52 33 

counter. The whole process is then repeated. Baud rate 
count values for 5 and 8 Mhz input are shown in Table 
5-5. 

The baud rate generator's count register is at location 
OCH (12 decimal), relative to the beginning of the 
80130's I/O (designated asp in the following example). 
The timer control word is located at relative address, 
OEH (14 decimal). The I/O space chip select must be 
lower (laCS = 0) in order to access the OSU timers. Tim­
ers 0 and 1 are assigned exclusively to the iOSP processor 
and should not be programmed by any direct commands. 

Programming is performed automatically during the 
80130 Configuration Process. 

The baud rate generator can be programmed. The baud 
rate generator command byte is OB6H (read/write baud 
rate delay value). The following example sets the baud 
rate to 9600. Table 5-5 shows that a count value of 52 
corresponds to 9600 baud at 8 ·Mhz. asp represents the 
base address of the 80130 I/O space. 

MOV AL,OB6H 
OUT asp + 14,AL 
MOV AX, 52 
OUT asp + 12,AL 

XCHGAL,AH 

;Prepare to write delay to timer 3 
;control word 

; Least significant byte written 
first 

OUT asp + 12,AL ;Most significant byte written af­
ter. 

Initializing the Timers 

The 80130 timers are initialized by sending initialization 
words to the control word register at I/O address OEH 
with 10CS/ = O. Due to fixed operation of the counters, 
each counter has only one possible initialization word. 
This initialization word must be sent prior to sending the 
two bytes of the count value. The initialization words and 
the meaning of the encoding is as follows: 

Timer 
o 
1 

Initialization Word 
00 11 0 100B 
01110000B 
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2 
Bits 7-6 = 00: 

=01: 
= 10: 

Select timer 0 
Select timer 1 
Select timer 2 

10110110B 

Bits 5-4 = 11: Least significant byte first then most 
significant byte 

Bits 3-1 = 000: 
=010: 
=011: 

Bit 0= 0: 

Mode 0 (timer 1 only) 
Mode 2 (timer 0 only) 
Mode 3 (timer 2 only) 
Binary count mode. 

After each initialization word is sent, the 16-bit count 
value is sent to the appropriate timer port, least significant 
bit first and then most significant bit. The timer ports for 
timers 0, 1, and 2 are located at I/O addresses 08H, OAH, 
and OCH with IOCS/ = 0, respectively. 

Reading the Count Value 

The count value of each counter is read by sending a latch 
command to the control word register at I/O address OEH 
(with 10CS/ = 0) and then reading the count value bytes 
from the appropriate timer port, least significant byte first 
and then the most significant byte. The timer ports for 
timers 0, 1, and 2 are located at I/O addresses 08H, OAH, 
and OCH with 10CS/ =0, respectively. The latch com­
mand does not stop the timer counting but stores the cur­
rent count value to insure accurate reading of both bytes. 

Timer 
o 
1 
2 

Latch Command 
OOOOOOOOB 
01000000B 
10000000B 

Differences Between 80130 Timers and 
8253/8254 

The 80130 timers do not provide: 

• Programmable modes for each timer; 

• Gate inputs; 

• Programmable Read/Write modes; 

• BCD count mode; 

• Read-Back command (8254 only) 

The 80130 timers do provide: 

• 8 MHz operation; 

• TO output internally connected to T1 clock input. 

5.6 OSP MEMORY USAGE 

The following lists the amount of memory the asp re­
quires for object creation and memory borrowing. The 
asp obtains this memory from the calling task's job 
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memory pool when creating the specified object. The 
asp uses the following amounts of memory when it cre­
ates objects: 

Object Number or 16-Byte Paragraphs 
Required by the OSP 

job 3 + object directory 
+ 1 per entry in the object directory 

task 5 
+ 6 (if the task uses the 8087 NPX) 
+ stacksize/16 (if the asp allocates the 
stack) 

mailbox 2 
+ ((size of high-performance queue)/4)-1 

region 2 

segment 
+ segmentsize/16 

When a job borrows memory from its parent, the asp 
uses three 16-byte paragraphs in addition to the amount it 
uses for object creation. The asp obtains this memory 
from the parent job. 

The asp needs: 

760H bytes + (lOH * the number of Root abject Di­
rectory (Ra D) entries) 

for operating system free space. The asp uses different 
amounts of memory, depending upon whether you include 
parameter validation or not. 

• With parameter validation - 6.8k. 

• Without parameter vaildation - 5.5k. 

5.7 INTERRUPT CONTROLLER 

The 80130 Programmable Interrupt Controller, or PIC, is 
another integral unit of the 80130 component. The asp 
initializes the PIC according to user-supplied configura­
tion information. 

The PIC logic portion of the 80130 component provides 
eight input pins for eight separately-vectored priority in­
terrupts. However, one of these pins is reserved for the 
system timing function. Up to seven external 8259A slave 
interrupt controllers can be used to expand the total num­
ber of asp external interrupts to as many as 56. The de­
fault asp configuration expects INT2 to be connected to 
the SYSTICK output. 

The 80130 component provides two ways of sensing an 
active interrupt request: 

I) a level-sensitive input 
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2) an edge-sensitive input 

The asp initializes each interrupt pin to be either edge-or 
level-sensitive based on user-supplied configuration in­
formation. 

5.7.1 Level-Triggered Mode 

When an IR input pin (IRO through IR7) of the 80130 PIC 
is in the level-triggered mode, the 80130 PIC recognizes 
any active (high) level as an interrupt request. If the IR 
input remains active after the EXIT$INTERRUPT primi­
tive has been executed, another interrupt request is gener­
ated. This will be recognized only if the processor INT 
pin is enabled. Unless repetitious interrupt generation is 
desired, the IR input must be brought to an inactive state 
before the EXIT$INTERRUPT primitive has been exe­
cuted. However, it must not go· inactive so soon that it 
violates necessary timing requirements. The request on 
the IR input must remain until after the falling edge of the 
first INTA pulse. If the request on any IR input becomes 
inactive before the first INTA pulse, the 80130 PIC re­
sponds as if IR7 was active. If this is a possibility in the 
design, the IR7 default feature can be used as a safeguard. 
The IR7 routine is used as a "clean-up routine", which 
rechecks the status of the PIC or merely returns program 
execution to its pre-interrupt location. 

Depending upon the particular design and application, the 
level-triggered mode has the following advantages. 

1) It allows repetitious interrupt generation. This is 
useful in cases when service routine needs to be 
executed continually until the IR input goes inac­
tive. 

2) It allows a number of interrupting devices to use 
the same IR input pin. This cannot be done in the 
edge-triggered mode. Note that when multiple de­
vices use the same IR input pin, the actual request­
ing device has to be ascertained by the interrupt 
handler. 

5.7.2 Edge-Triggered Mode 

When an IR input pin (IRO through IR7) of the 80130 PIC 
is in the edge-triggered mode, it only recognizes 
interrupts that are generated by an inactive (low) to active 
(high) transition. The edge-triggered mode incorporates 
an edge-lockout method of operation. This means that, 
after acknowledgement of a request, the high level of the 
IR input will not generate further interrupts until another 
low-to-high transition occurs. Thus, after acknowledge­
ment, the request does not have to be removed quickly, as 
might be the case in the level-triggered mode. Before an­
other interrupt can be generated, the IR input must be 
returned to the inactive state. 
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The edge-triggered mode, the request on the IR input 
must remain active until after the falling edge of the first 
INTA pulse for that particular interrupt. Because of the 
way the edge-triggered mode functions, it is more con­
venient to use a positive level with a negative pulse to 
trigger the IR requests. With this type of input, the trail­
ing edge of the pulse causes the interrupt, the maintained 
positive level meets the necessary timing requirements 
(by remaining high until after the interrupt is acknowl­
edged.) Note that the IR7 default feature mentioned in the 
level-triggered mode section also works for the 
edge-triggered mode. 

Depending upon the particular design and application, the 
edge-triggered mode has the following advantages: 

1) Because of its edge-triggered operation, it is best 
used in those applications where repetitious inter­
rupt generation isn't desired. 

2) It is very useful in systems where the interrupt re­
quest is a pulse (which should be in the form of a 
negative pulse to the on-chip PIC). 

3) It simplifies your design considerations, because 
the duration of the interrupt request at a positive 
level is usually not a factor. 

5.7.3 Local Interrupt Requests 

In addition to standard PIC functions, the 80130 PIC unit 
provides an output signal (URI) for local bus interrupt 
requests. During an interrupt acknowledge cycle, this sig­
nal indicates whether the interrupt request is from a 
non-slave input or a slave on the local bus (URI = 0), or 
from a slave on the system bus (URI = 1). 

The OSP programs each IR input pin (IRO through IR7) to 
produce URI = 0 or URI = 1 according to user-supplied 
configuration information. This signal can be used in 
multimaster systems to control the 8289 Bus Arbiter's 
SYSB/RESB input and minimizes the number of system 
bus accesses. 

5.7.4 Interrupt Sequence 

The OSP interrupt sequence is as follows: 

1. One or more of the interrupts is set by a low-to-high 
transition on edge-sensitive IR inputs or by a high in­
put on level-sensitive IR inputs. 

2. The 80130 component evaluates these requests, and 
sends an INT to the CPU, if appropriate. 

3. The CPU acknowledges the INT by responding with 
an interrupt acknowledge cycle that is encoded in 
S2/-S0/. 

4. Upon receiving the first interrupt acknowledge from 
the CPU, the 80130 component sets the highest prior­
ity interrupt and resets the corresponding edge-detect 
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latch. The 80130 does not drive the addressldata bus 
during this bus cycle but does acknowledge the cycle 
by setting ACKI to 0 and URI to the level of the IR 
input being acknowledged. 

5. The CPU then initiates a second interrupt acknowl­
edge cycle. During n, the 80130 component either 
supplies the cascade address of the interrupting 
8259A slave on ADlO-AD8 or releases an 8-bit 
pointer onto the local bus to be read by the CPU. If the 
80130 does supply the pointer, the ACKI will be low 
for the cycle. This cycle also has the value URI for 
the IR input being acknowledged. 

6. The in-service register (ISR) bit in the on-chip PIC 
remains set until either the EXIT INTERRUPT or the 
SIGNAL INTERRUPT primitive is called by the IN­
terrupt Handler to complete interrupt processing. 

5.8 TIMING 

System timing analysis typically presents the most diffi­
cult part of digital hardware design, although timing for 
the 80130 is fairly simple. By design the 80130 is compat­
ible with the timing of the host processor. Since the 80130 
interfaces directly with the CPU pins, traditional setup, 
hold, and access times no longer matter. 

Two areas of concern must be taken into consideration 
when analyzing the timing for most OSP systems. Both of 
these areas relate to the user generated chip-select signals. 
Figure 5-4 illustrates the relevant timing signals of a 
standard 8086 four-state Read cycle (memory or I/O), 
along with the timing responses of the 80130. 110 Write 
cycle timing is the same. (Full timing diagrams may be 
found in the respective data sheets.) 

The first area of concern is that MEMCS* and IOCS* 
must be active early in a memory or I/O cycle if the 80130 
is to respond during T3 • In each case, the chip-select sig­
nals must be active T CSCL before the end of state T 2' As­
suming wait states are not desired, addresses generated by 
the CPU must propagate through the address latches and 
be decoded during T] or T 2' 

By convention, TCLAV is the delay from the start of of T] 
until address information is valid on the CPU pins; T1VOV 
is the propagation delay through an 8282 latch; and TCSCL 
is the 80130 chip-select logic propagation delay, after the 
latch outputs are stable. The sum of these four delays 
must be less than two system clock cycles, reduced by the 
clock transition time. 

TCLAV + T1VOV + Tovcs + TcsCL:5TcLcL + TCLCL 
Tovcs:5TcLcL + TCLCL -TCLAV-Tlvov-TcsCL 

:5125 + 125 -60-30-20 (nsec.) 
:5140 nsec. 
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Figure 5-4 80130 OSP Timing Diagram 

The propagation delay numbers used in the preceding 
equation are worst-case values from the appropriate data 
sheets. The CPU is an 8086-2 operating at 8 MHz. This 
means the address decode logic must produce stable CS 
outputs within 140 nanoseconds. Using standard, low 
power Schottky TTL, it will typically not take longer than 
140 nsec. to decode 6 program or 12 110 address bits. 
Even if these timing specifications are not met the 80130 
will work fine, although performance would be degraded 
some because wait states would be needed until the 
chip-select signal became active. 

The second point of concern relates to ready signal tim­
ing. The 80130's acknowledge output signal, ACK*, can 
be used to control the CPU's ready signal. For this case, 
the chip-select signal must be active early in a memory or 
I/O cycle to allow activation of ACK* early enough to 
prevent wait states. There are two schemes for implementc 

ing ready signals; "normally ready" and "normally not 
ready". (For more details, refer to AP-67, "8086 System 
Design.") Chip-select timing is more critical in some 
"normally not ready" systems. 

5-14 

In a "normally not ready" design, acknowledge signals 
are generated when each resource is accessed. The indi­
vidual acknowledgements are combined to form a 
system-wide ready signal which is synchronized by the 
8284A clock generator via the RDY and AEN inputs. The 
8284A can be strapped to accept asynchronous ready sig­
nals (asynchronous operation) or to accept synchronous 
ready signals (synchronous operation). Synchronous 
8284A operation provides more time for address latch 
propagation and chip-select decoding. In addition, invert­
ing ACK off chip produces an active-high ready signal 
compatible with the 8284A RDY inputs, which have 
shorter set-up requirements than AEN inputs. (Also, a 
NAND gate used like this can combine ACK with the 
active-low acknowledge signals from other parts of the 
system.) Based on these assumptions, the time available 
for address latch propagation and chip-select decoding at 
8 MHz is: 

TcLAv + Tovcs + TCSAK +RRIVCLo5TcLCL + T cLcL 
T ovcs o52 TCLCL -TcLAv-TcsAK-TRlvcL 

05250-60-110-35 
0545 nsec. 
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Figure 5·5 Hlgh·Speed Address Decoding Circuit 

A typical circuit (see Figure 5-5) which uses Schottky 
TTL components leaves approximately 15 nanoseconds to 
produce MEMCS* from the high order address bits, more 
than enough for the 74S 138 one-of-eight decoders. This 
type of circuit allows a minimum of time to fully decode 
the 110 bits. Also, a 12-input NAND gate on ADl5-AD4 
could be used. This introduces only a single propagation 
delay, but forces the 110 register to start at OFFFOH. In­
complete decoding is also allowable; it is safe to drive 
IOCS* with the (latched) AD15 signal directly, provided 
all other ports in the system are disabled when this bit is 
low. In this case, the effective address of the I/O block 
(which must be specified during the system configuration 
step) could be OOOOH, or any other multiple of 16 be­
tween OOOOH and 7FFOH. 
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The OSP will still operate even if the memory or 110 de­
coding is slow. The acknowledge signal returned to the 
host CPU would just be delayed accordingly, so unneces­
sary wait states would be inserted in the access cycle, but 
the 80130 would not malfunction. The OSP seldom ac­
cesses resources in its own I/O space. Even if slow decode 
logic were to insert several wait states into every I/O cy­
cle, the overall effect on system performance would be 
insignificant. 

The designer must exercise caution, though, if the 8284A 
is strapped for synchronous operation. In this case, exter­
nal circuits must guarantee that ready-input transitions do 
not violate the latch set-up requirements. Also, the 
chip-select signal must not remain low so long after the 
address changes that the 80130 could respond to a 
non-80130 access cycle. 
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8286 Buffer 
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8288 Bus Controller, 1-23, 1-38, 1-130,2-24,2-31 
8288 Bus Controller Block Diagram, 1-131 
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1-21 
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Active Cycle, 1-144 
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ADD Immediate Instruction, 1-109 
ADDITIONAL INTERRUPTS, 2-6 
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Address Bus, 1-64 

20-bit, 1-71 
Address ENable (AEN*), 1-115 
Address Information, 2-23 
Address Latch Enable (ALE), 1-93 
Address Latches, 2-26 
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Memory, 1-64 
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AL Register, 1-66, 1-85, 2-7 
ALE,3-16 
ALU, 2-1 
Applications, 16-bit, 1-46 
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Arithmetic Shifts, 1-14 
Array Bounds (BOUND) Instruction, 2-6 
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Array 
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Structures, 1-20 

ASM-86 Assembler, 3-22 
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Assembly Code Instruction, 1-12 
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Asynchronous Bus Interface, 1-88 
Asynchronous Handshake, 2-12 
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Basic 8086/88 Instruction Set, 2-5 
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Baud Rate Generators, 2-58, 5-11 
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"and", 1-14 
"inclusive Or", 1-14 
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BUS ACTIVITY DURING a HARDWARE 

INTERRUPT, 1-124 
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BUS ARBITRATION FOR lOP CONFIGURATIONS, 

4-39 
Bus Arbitration Requirements and Options, 4-39 
Bus Contention, 1-96, 2-26 
Bus Control and Command Outputs, 1-60 
BUS CONTROL SIGNALS, 2-25, 3-16 
Bus Cycle Decoding, 4-37 
Bus Cycle Definition, 1-65 
Bus Cycle, 2-36 

Asynchronous Event, 1-65 
Minimum, 1-65 

Bus Cycle T2, 2-23 
BUS DRIVE, 2-30 
BUS EXCHANGE MECHANISMS, 1-110,2-54,3-16, 

4-36 
BUS INTERFACE UNIT, 1-3, H08, 1-110,2-5 
Bus Interface Unit (BID), 2 -1, 4-2 
Bus Interface 

16-bit, 2-1, 2-5 
Bus Load Limit, 4-39 
Bus Lock, 4-39 
Bus Master Peripheral Devices, 2-25 
Bus Master Type Controllers, 1-60 
Bus Masters, 1-110 
Bus Mastership, 2-25 
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Data, 1-65 
Status, 1-65 
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Carry Flag (CF), 1-6, 1-14 
Cascade and Special Fully Nested Mode Interface, 2-69 
Cascade Input Mode, 2-69 
Cascade Mode, 1-141, 1-144 
Cascade-Buffered Mode Example, 1-143 
Cascaded 8237As, 1-145 
Cascaded 8259A's 22 Interrupt Levels, 1-141 
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Channel Transfer Delay Timing, 1-117 
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Chip Enable/select, 1-68 
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2-1 
Chip Select Decoding, 1-64 
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1-83 
Chip Select, 1-97 
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Low Active, 1-64 
Signals, 2-30, 2-31 

Chip Select/Ready Logic and Reset, 2-81 
Chip Select/Wait State Generation Unit, 2-74 
Chip Selection For Devices With Output Enables, 1-84 
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Circuit to Translate HOLD Into AEN Disable, 1-118 
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CLOCK GENERATION, 1-125 
CLOCK GENERATOR, 2-3 
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Speed, 2-3 
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2-24 

CPU ENHANCEMENTS, 2-4 
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Data Bus Usage, 4-37 
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DEVICE PIN ASSIGNMENTS, 3-8, 4-20, 5-1 
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1-93 
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1-94 
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Direct Addressing, 1-18, 1-19 
Direct Input Mode, 2-68 
Direct Memory Access (DMA) Unit, 2-51 
Direct Memory Access Transfers, 4-30 
Direction Controls, 1-99 
Direction Flag (DF), 1-7, 1-15 
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DMA Cycle, 2-3, 2-4 
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DMA OPERATION, 1-142 
DMA REGISTERS, 1-145 
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DMA TRANSFERS, 2-52 
DMA Transfer Cycles, 4-32 
DMA Unit, 2-24 
DMA Using the 8237-2, 1-114 
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8207,2-31 

DS Register, 1-18 
DT/R*, 3-16 
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DYNAMICALLY RELOCATABLE CODE, 1-10 
Dynamically Relocatable Program, 1-10 
E 
Edge Sensitive Input, 1-140 
Edge Triggered Mode, 1-140,5-12 
Effective Address Calculation Time, 1-24 
EFI From 8284A Oscillator, 1-129 
Eight Bit Data Element, 1-67 
Eight Levels of Interrupts, 1-134 
Eight-Bit I/O, 1-86 
Electrical Description of Pins, 1-43,2-12 
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Word,2-9 
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End of HOLD Timing, 2-48 
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End-OF-Interrupt Formats, 1-139 
EOI Formats, 1-139 
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ENTER Instruction Algorithm, 2-6 
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EPROM/ROM Bus Interface, 1-83 
EPROM/ROM Parameters, 1-82 
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ESCAPE Instruction, 3-7, 3-8 
ESCAPE INSTRUCTION FORMAT, 3-7 
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Example Interrupt Controller Interface Code, 2-71 
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16-bit 80186, 2-1 
8-bit 80188, 2-1 
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External DMA Controller, 2-35 
EXTERNAL FREQUENCY CLOCK 

REFERENCE, 1-126,2-80 
External Frequency For Multiple 8284's, 1-128 
External Frequency Source, 1-125 
EXTERNAL INTERFACE, 2-68 
External Interrupt Controller, 2-19 
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External Interrupt Sources, 2-66 
External Oscillator, 2-3 
External Ready Signals, 2-3 
External Refresh Requests After RESET, 2-41 
External Synchronization Instructions, 2-11 
External Vectoring, 2-74 
EXTERNALLY SYNCHRONIZED DMA 

TRANSFERS, 2-54 
Extra Segment, 1-8 

F/C* Strapping Option, 1-128 
Faster Effective Address Calculation, 2-4 
FDIV, 3-14 
Field 

D, 1-41 
Immediate, 1-41 
MOD (mode), 1-41 
Optional, 1-41 
R/M (register/memory), 1-41 
REG, 1-41 
REG (register), 1-41 
S, 1-41 
Single-bit, 1-41 
V, 1-41 
W,1-41 
Z, 1-41 

Financial Calculations, 3-1 
Flag Operations, 2-11 
Flag Store Formats, 2-8 
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FLAGS, 1-5 
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Control, 1-3 
Status, 1-3 
Updates, 1-17 

FMUL,3-14 
FSQRT,3-14 
Full Machine Cycle Execution, 1-144 
Fully Buffered System, 1-96 
Fully Nested Mode, 1-136 
Functional Description of All Signals, 1-43,2-12 
FWAIT,3-14 
G 
General Design Considerations, 1-64 
GENERAL INFORMATION, 5-1 
GENERAL REGISTERS, 1-7 
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Graphics Terminals, 3-2 
H 
HALT,2-24 
HALT Bus Cycle, 2-23 
Hardware Chip Select Signals, 2-34 
Hardware-initiated Interrupts, 2-11 
HARDWARE LOCK, 1-52 
Hardware-initiated Interrupts, 1-17 
Hardware Trigonometric Support, 3-2 
High-Level Instructions, 2-11 

Index-6 210912-001 



INDEX 

High-level Languages, 2-11 
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HOLD/HLDA, 3-11 
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HOLD/HLDA Timing, 1-98,2-48 
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1-116 
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1-116 
HOLD/HLDA VERSUS RQ*/GT*, 2-26 
HOST ESCAPE INSTRUCTION PROCESSING, 3-12 
Host TEST Pin, 3-8 
Hosts Interrupt Vector Table, 3-2 
I 
110 Address Space, 1-64 
110 BUS MODE, 1-133 
110 Control, 4-3 
110 Device Chip Select Techniques, 1-88 
110 DEVICE COMPATIBILITY, 1-88 
110 Devices 

16-bit, 1-88 
8-bit, 1-86 

110 Input Request Code Example, 1-92 
110 Interfacing, 1-69 
I/O Modules, 1-64 
110 Peripheral Address, 1-64 
110 PERIPHERAL INTERFACE, 1-85 
I/O Port Addressing, 1-20, 1-21 
I/O Port 

Access, 1-21 
Memory Mapped, 1-20 

110 Read, 1-4 
110 Space, 2-3, 2-4 

64K-byte, 1-46 
I/O Write, 1-4 
1I0-intensive Data Processing Systems, 1-1 
I/O-to-memory DMA Transfers, 1-143 
IAPX 186/10 Microprocessors, 3-1 
IAPX 188/10 Microprocessors, 3-1 
IAPX186 Integrated Devices, 3-1 
IAPX 86,88, 186, 188 Base, 3-1 
IAPX 86/10 Microprocessors, 3-1 
IAPX 86/11, 88/11 Configuration with 8089 In Local, 

4-25 
IAPX 86/20,88/20 SYSTEM CONFIGURATION, 3-17 
IAPX 86121,88121 SYSTEM CONFIGURATION, 3-17 
IAPX 86/22 System, 3-20 
IAPX 86/22,88/22 SYSTEM CONFIGURATION, 3-17 
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IAPX 88/21 System Configuration, 3-18 
IAPX186/20 Bus Operation, 3-15 
IAPX186/20 System, 3-11 
IAPX86/20 Bus Operation, 3-15 
Idle Cycle, 1-142 

Idle Cycles (Tl), 1-66 
Idle Status, 1-115 
Idle T States (Ti), 2-19 
IF Flag, 1-122 
Immediate Operand, 8-bit Port Number, 1-21 
Immediate Operands, Limitations, 1-18 
Implicit Use of General Registers, 1-7 
IMUL,2-5 
In-Service Register (ISR), 1-137 
Index Register, Content, 1-18 
Inertial Guidance Systems, 3-2 
Indexed Addressing, 1-19, 1-20 
Inhibit/Enable 8087 Interrupts, 3-23 
Initialization Command Word 1 (ICW1), 5-2 
Initialization Command Word 2 (lCW2), 5-3 
Initialization Command Word 3 (ICW3, 5-3 
Initialization Command Word 4 (ICW4), 5-5 
Initialization Command Word 5 (ICW5), 5-5 
Initialization Command Word 6 (ICW6), 5-5 
Initial Program Loading Routine, 1-76 
Initializing the Timers, 5-11 
Initialization and Processor Reset, 2-81 
Input/output Memory Devices, 2-1 
INPUT/OUTPUT PERIPHERAL CHIP SELECTS, 2-78 
Input/output Peripheral Devices, 2-1 
Input Request, 1-92 
Instruction Execution, 2-23 

Immediate-to-memory, 1-21 
Register-to-register, 1-21 

Instruction Execution Times, 2-4 
Instruction Fetch Bus Cycle, 1-2,2-3 
Instruction Fetch Overlap, 1-2 
Instruction Fetch Timings (Clock Periods), 4-15 
INSTRUCTION FETCH UNIT, 4-2 
Instruction Loop Sequence, 1-111 
Instruction Object Code Byte, 2-1 
INSTRUCTION POINTER, 1-5,2-1,2-9 
Instruction Queue 

4-byte, 1-2 
6-byte, 1-2 

Instruction Set Extension, 1-98 
Instruction Set Reference Data, 1-21, 1-24, 4-6 
Instruction Set Summary, 1-13, 1-21,2-12,2-13,4-3 
Instruction Set 

80186/88,2-1 
Assembly Level, 1-13 
Machine Level, 1-13 
Two Levels, 1-13,2-7 

Instruction Synchronization, 3-13 
Instruction/function Format, 1-1 
Instructions 

80186,2-23 
Actual Execution Time, 1-23 
ADD Immediate, 1-109 
ADD Memory Indirect to AX, 1-109 
Address Object, 2-7 
Arithmetic, 2-7, 2-8 
ASM-86, 1-42 
Assembly-level, 2-7 
Auto-decrement, 1-7 
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CALL, 1-18 
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CLI, 1-122 
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Conditional Repeat, 1-41 
Conditional Transfer, 1-16,2-10 
Control Transfer, 1-23,2-7 
Data, 1-64 
Data Move, 2-23 
Data Transfer, 2-7 
Displacement, 1-18 
Divide, 2-4 
ENTER, 2-6 
ENTER, 2-6 
ESCAPE, 1-52 
Fetch, 1-65 
FWAIT,2-33 
HALT, 1-64, 1-107 
High Level, 2-7 
HLT,2-23 
Immediate-to-memory, 1-41 
IMUL,2-5 
INC, 1-13 
INS, 2-5 
INT Nn, 1-122 
Interrupt, 1-17, 2-11 
Interrupt On Overflow, 1-6 
Interrupt-related, 1-16 
INTO, 1-121 
IRET, 1-122 
Iteration Control, 1-17,2-10 
JC, 1-15,2-9 
JMP, 1-18 
JMP, 1-109, 1-118 
JNC, 1-15,2-9 
LAHF,2-7 
LDS,I-15 
LEA, 1-15 
LEAVE, 2-6 
LES,I-15 
LOCK* Prefix, 1-52 
LOCKED, 2-33 
Locked, 1-64 
Locked Exchange, 1-64 
Logical, 1-14,2-8 
Long, 2-23 
Machine Level, 1-13,2-7 
Master Clear, 1-146 
MOV, 1-13, 1-41, 1-109, 1-122 
MOV Immediate, 1-109,2-9 
MOVS,I-122 
Multibyte, 1-41 
Multiple-bit Shift, 2-4 
Multiply, 2-4 
Non-immediate 16-bit Read/write, 2-1 
OUTS, 2-5 
POP, 1-122 
POPA,2-5 

INDEX 

Prefetched, 1-3, 1-23,2-1,2-23 
Process Control, 1-17 
Processor Control, 2-7, 2-11 
Program Transfer, 2-9 
PUSH AX, 1-109 
PUSHA,2-7 
PUSHI,2-7 
Queue, 1-24 
Reset, 1-146 
RET, 2-6 
Rotate, 1-14,2-4,2-9 
Shift, 2-9 
Shift/rotate, 2-5 
Short, 2-23 
String, 1-15,2-9 
String Manipulation, 2-7 
String Move, 2-4, 2-5 
Target, 1-23 
TEST, 1-14,2-8 
Timing Cycles, 1-12,2-12 
Unconditional, 1-16 
Unconditional Transfer, 1-16,2-10 
WAIT, 1-64, 1-105, 1-122,2-33 

INTO/INTI Control Register Formats, 2-66 
INT2/INT3 Control Register Format, 2-67 
Integer Immediate Multiply (IMUL), 2-5 
Integrated Circuits, 80186/188,2-3 
Integrated DMA Unit, 2-3, 2-26 
Integrated Wait State Generator, 2-4 
Intel Hardware Products, 1-11 
Intel Software Products, 1-11 
Intellec Microcomputer Development System, 1-2 
Interfacing the 8089 to the 8086 and 80186, 4-24 
INTERFACING WITH THE 8086/88,5-1 
Internal 256-byte Control Block, 2-4 
Internal Architecture, 16-bit, 2-1, 2-4 
Internal CPU Registers, 1-118 
Internal Data Path, 1-65 
Internal Interrupt Sources, 2-65 
INTERNAL PERIPHERAL INTERFACE, 2-4 
Internal Pre-fetch Queue, 2-12 
Internal Source Priority Level, 2-65 
Internal Vectoring 

IRMX 86 Mode, 2-73 
Master Mode, 2-73 

Interpolation, 3-2 
Interpretation of Conditional Transfers, 1-17, 2-11 
Interpreting the 80186/80188 Bus Timing Diagrams, 

2-41 
Interpreting the 8086/8088 Bus Timing Diagrams, 1-98 
Interrupt Acknowledge, 1-104, 1-123 

Bus Cycle, 1-17,2-11 
Cycle, 1-118 
Sequence, 1-112, 1-122, 1-123 
Timing, 1-123 
Timing Cycles, 1-104 

INTERRUPT CASCADING, 1-140 
Interrupt Classes, 1-120 
Interrupt Controller, 2-59, 5-10 
Interrupt Controller and Reset, 2-82 
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Interrupt Controller Block Diagram, 2-65 
Interrupt Controller Control Register, 2-68 
Interrupt Controller Operating Modes, 2-19 
Interrupt Controller Pins, 2-19 
Interrupt Controller Registers, 2-3 
Interrupt Enable Flip-flop, 2-26 
Interrupt Instructions, 1-17, 2-11, 3-2 
Interrupt Latency, 2-70 
Interrupt On Overflow -Type 4, 1-121 
INTERRUPT PRECEDENCE, 1-124 
INTERRUPT PRIORITIES, 1-136 
Interrupt Processing, 1-11, 1-76 
Interrupt Processing Timing, 1-121 
Interrupt Request Register (lRR), 1-137 
Interrupt Requests 

External (maskable), 1-7 
External Sources, 2-3 
Internal Sources, 2-3 

INTERRUPT RESPONSE TIMING, 2-73 
Interrupt Service Routine, 1-120, 1-124 
Interrupt Sequence, 5-13 
INTERRUPT SOURCES, 2-65 
Interrupt-related Transfers, 2-9 
INTERRUPT TRIGGERING, 1-140 
INTERRUPT TYPE PROCESSING, 1-124 
Interrupt Types, 1-120 

256 Possible, 1-76 
Interrupt Vector Byte, 1-139 
Interrupt Vector Table, 1-120 
INTERRUPT VECTORING, 1-135 
Interrupt Vectors, 1-64, 3-2 
Interrupt-enable Flag (IF), 1-7 
Interrupt-related Instructions, 1-16 
INTERRUPTS, 1-120, 3-22, 4-40 

CPU, 1-120 
Escape Opcode, 2-6 
Hardware, 1-120 
Hardware-initiated, 1-17, 2-11 
Internal, 1-7 
Internally Generated, 1-7 
Maskable, 1-120 
Non-maskable External, 1-7 
Nonmaskable, 1-120 
Response, 1-11 
Single-step, 1-120 
Software, 1-17, 1-120,2-11 
Software-initiated, 1-120 
Unused Opcode, 2-6 

Intersegment Transfer 
FAR, 1-16 

Intrasegment Transfer 
NEAR, 1-16 
SHORT, 1-16,2-5 

lOP Initialization, 4-26 
IR Level, 1-139 
IR Triggering Timing Requirements, 1-141 
IRMX 86 Interrupt Controller Interconnection, 2-66 
IRMX 86 Mode, 2-19 
IRMX 86 MODE OPERATION, 2-64 
IRMX Mode, 2-70 

INDEX 

IRMX Mode Sources, 2-68 
ISBC 337 MULTIMODULE, 3-3 
ISBC 337 MULTIMODULE Mounting Scheme, 3-3 
ISBC 86/30 Board, 1-24 
ISBC 88/25 Board, 1-24 
Iteration Control, 1-17, 2-10 
J 
JMP Instruction, 1-109 
K 
Key to Flag Effects, 1-23 
Key to Instruction Coding Formats, 1-22 
Key to Machine Instruction Encoding, 1-45 
Key to Operand Types, 1-23 
L 
Language Translators, 1-42 
Late Write Signal, 2-27 
LATENCY OF HLDA TO HOLD, 1-112 
Level Triggered Mode, 1-91, 1-140,5-12 
Linear Select For 110, 1-79 
LINK86 Program, 3-2 
LMCS Programming Values, 2-77 
LMCS Register, 2-77 
Local Bus, 8086, 1-52 
LOCAL BUS CONTROLLER AND CONTROL 

SIGNALS, 2-25 
Local Bus Controller and Reset, 2-81 
Local Bus Controller Outputs, 2-12 
Local Interrupt Requests, 5-13 
LOCAL Mode, 3-11, 4-25 
LOCK*,1-98 
Locked Data Transfer, 2-33 
Locked Exchange Instruction, 1-64 
Logical, 1-14, 2-8 
Lower 8 Data Bits, 2-4 
Logical Addresses, 1-8 
Logical Addresses Sources, 1-10 
Logical and Bit Manipulation Instructions, 4-4 
Logical and Physical Addresses, 1-9 
Lower Bank Write Strobe, 1-81 
Lower Bounds, 2-6 
Lower Memory CS*, 2-76 
Lower Memory For Interrupt Vectors, 2-3 
Lower Memory Starting Location, 2-3 
Lowest-addressed Byte, 1-8 
M 
Machine Instruction Decoding Guide, 1-52 
MACHINE INSTRUCTION ENCODING AND 

DECODING, 1-24,4-6 
Machine Instruction Encoding Matrix, 1-44 
Machine Instruction Formats, 1-24 

8086, 1-41 
8086/8088, 1-42 
8088, 1-41 
Decode, 1-12 
Encode, 1-12 
Length, 1-41 
MOV,2-7 

Machine Language 
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Major Cycle Timing Waveforms, 2-12, 2-27 
M~or Modes of Operation, 2-19 
Mask Bits, 1-148 
Mask Register, 1-147, 1-148 
Master Clear, 1-148 
Master System Interrupt Controller, 2-19 

External, 2-3 
Max Mode 8086 with Master 8259A 1-107, 1-138 
Maximum and Minimum Mode Command Timing, 

1-132 
Maximum CPU Bus Bandwidth, 1-107 
Maximum Mode (RQ*/GT*), 1-113 
Maximum Mode Address and ALE Timing, 1-105 
MAXIMUM MODE BUS TIMING, 1-105 
Maximum Mode Interrupt Acknowledge Timing, 1-106 
Maximum Mode Operation Waveforms, 1-43 
Maximum Mode Read Cycle Timing, 1-105 
Maximum Mode Ready Timing, 1-106 
MAXIMUM MODE SYSTEM INTERRUPT, 1-124 
Maximum Mode System Overview/Description, 1-52 
Maximum Mode System Bus, 2-12 
Maximum Mode Values, 1-105 
Maximum Mode Waveforms, 1-74 
Maximum Mode Write Cycle Timing, 1-106 
Maximum Parameter Values, 1-98 
Maximum Write Data Delay, 1-99 
MCE Timing to Gate 8259A CAS Address, 1-138 
Memory -I/O Block Transfers Example, 1-91 
Memory Address Computation, 1-19 
Memory Address Space, 1-64 
Memory Address, Odd, 1-23 
Memory Addressing Modes, 1-18 
Memory and 110 Peripherals Interface, 1-71, 2-34 
Memory Chip Select Lines, 2-3 
MEMORY CHIP SELECTS, 2-75 
Memory Components, 1-8 
Memory Device, 1-42,2-3 
Memory Even and Odd Data Byte Transfers, 1-81 
Memory Even and Odd Data Word Transfers, 1-82 
MEMORY INTERFACE, 1-78,2-34 
Memory Interfacing, 1-71 
Memory Mapped, 1-64,2-3 
Memory Mapped 8-bit I/O, 1-87 
Memory Mode, Effective Address Calculation, 1-41 
Memory Modules, 1-64 
Memory Operands, 1-17, 2-7 

Displacement Value, 1-41 
Read, 1-18 
Register Indirect Addressing, 1-21 
Write, 1-18 

Memory Organization, 2-4 
Memory Read, 1-4 
Memory Read Signals, 1-105 
Memory Reference Escape Instruction Form, 3-8 
Memory Reference Opcodes, 3-7 
Memory Space, 2-3 

8086, 1-5 
8086/8088, 1-8 
8088, 1-5 

INDEX 

Memory Writes, 1-11,2-31 
Memory 

High, 1-11 
Low, 1-11 

Memory-based Semaphore Variables, 2-33 
Memory-To-Memory Transfer Timing, 1-145 
Memory-to-Memory Transfers, 1-142, 1-145, 1-148 
Microprocessor Control Pins, 1-1 
Microprocessors 

80186,2-1 
80188,2-1 
8080/8085, 1-12 

Mid-Range CS*, 2-76 
Min Mode 8086 with Master 8259A, 1-137 
Minimum Execution Time, 2-12 
Minimum Mode, 1-1 
Minimum Mode (HOLD/HLDA), 1-110 
Minimum Mode 8086 Systems, 1-134 
MINIMUM MODE BUS TIMING, 1-99 
MINIMUM MODE DMA CONFIGURATION, 1-112 
Minimum Mode Interrupt Acknowledge Timing, 1-104 
Minimum Mode Operation Waveforms, 1-43 
Minimum Mode Read Cycle Timing, 1-99 
Minimum Mode Ready Timing, 1-104 
MINIMUM MODE SYSTEM INTERRUPT, 1-124 
Minimum Mode System Overview/Description, 1-44 
Minimum Mode TEST* Timing, 1-105 
Minimum Mode Waveforms, 1-72 
Minimum Mode Write Cycle Timing, 1-104 
Minimum Parameter Values, 1-98 
Minimum/Maximum Mode Pin Assignments, 1-71 
MM Field Encoding, 4-22 
MMCS Register, 2-78 
MN/MX* Input Pin, 1-43 
MN/MX* Pin, 1-7 
Mnemonic Codes For Exceptions, 5-9 
MOD Field, 3-7 
Mode (MOD) Field Encoding, 1-42 
Mode Register, 1-146, 1-147 
MODE SELECTION, 1-7 
Mode 

Addressing, 1-20 
Single-step, 1-7 

Modes of Operation 
IRMX 86, 2-19 
Non-iRMX 86, 2-19 

Modes 
Late Cycle, 2-36 
Pulse, 2-36 

Most-significant Byte, 1-41 
Move Word Immediate to Register, 2-7 
MOVS Instruction, 1-122 
MPCS Programming Values, 2-77 
MPCS Register, 2-77 
Multi-CPU System Performance, 1-131 
Multi-master Bus Arbitration, 1-119 
Multi-master Bus System, 1-134, 2-34 
MULTIBUS APPLICATIONS, 2-33 
MULTIBUS Protocol, 1-98 
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MULTIBUS System Bus, 1-97, 1-107 
MULTIBUS Systems, 1-131 
Multibyte Numbers 

Add, 1-6 
Subtract, 1-6 

Multiple Bit Rotates, 2-5 
Multiple Bit Shifts, 2-5 
Multiple Communications Lines Example, 1-91 
Multiple Processor Considerations, 1-119 
Multiple-processor Designs, 1-1 
Multiplexed Address and Data Bus, 1-64, 1-96, 1-104 
Multiplexed AddresslData Bus, 2-34, 2-36 
Multiplexed AddresslData Bus (186/188), 2-29 
Multiplexed Address/Status Lines, 1-104 
Multiplexed Bus, 1-79, 1-92 
Multiplexed Bus With Local Address Demultiplexing, 

1-96 
Multiplexed Data Bus, 1-93 
Multiprocessing Functions, 1-44 
Multiprocessor Environments, 1-131 
Multiprocessor/Coprocessor Applications, 1-97 
N 
Navigation, 3-2 
NEW 80186/80188 INSTRUCTIONS, 2-4 
New Instructions, 2-1 
NMI ACKNOWLEDGE, 1-124 
NMI During Single Stepping and Normal, 1-125 
NMI, INTR, Single Step and Divide Error, 1-125 
Non-existant Banks, 2-39 
Non-immediate Data Read/write Instruction, 2-4 
Non-integral Values, 3-1 
NON-iRMX 80 MODE, 2-64 
Non-iRMX 86 Mode, 2-19 
Non-Maskable Interrupt -Type 2, 1-121 
Non-memory Reference, 3-7 
Non-Memory Reference Escape Instruction Form, 3-7 
Non-Specific EO! Command, 1-139 
NOP Instruction, 3-3 
Normal Bus Cycle, 2-23 
Normally Not Ready System Avoiding a Wait State, 

1-108 
Normally Ready System Inserting a Wait State, 1-108 
NPX, 3-lNPX Coprocessor Application, 3-1 
NP~CLEAN Code Example, 3-22 
Numeric Control, 3-2 
NUMERIC EXECUTION UNIT, 3-7 
Numeric Instruction Emulation, 3-2 
Numeric Instruction Opcodes, 3-2 
NUMERIC PROCESSOR EXTENSION 

APPLICATIONS, 3-1 
Numerically Based Applications, 3-1 
o 
Odd Address Boundary, 1-117 
Odd Memory Address, 1-23 
Offset, Memory Variable, 1-9 
One Byte Interrupt - Type 3, 1-121 
Opcode Fetch, 1-109 
Opcode Extension 
OPERAND ADDRESSING MODES, 1-18 
Operand Addressing 

INDEX 

Immediate Mode, 1-18 
Register Mode, 1-18 

Operand Identifiers Definitions, 4-5 
Operand Names, 1-14 
Operand Type Definitions, 4-14 
Operands 

16-bit Memory, 1-23 
Additional, 1-23 
Address, 1-71 
Data, 1-71 
Destination, 1-15 
Extension, 2-9 
110 Port, 1-17 
Immediate, 1-21 
Memory. 1-13, 1-18 
Register, 1-13 
Source, 1-15 
Word, 1-21, 1-71 

OPERATING MODES, 1-43,2-12,3-8,4-20 
Maximum, 1-1 
Minimum, 1-1 

OPERATING SYSTEM PRIMITIVES SUMMARY, 5-1 
Operation Command Word 1 (OCWl), 5-5 
Operation Command Word 2 (OCW2), 5-5 
Operation Command Word 3 (OCW3), 5-5 
Operations 

Arithmetic, 1-4, 1-5 
Block Input, 2-5 
Block Output, 2-5 
Byte, 1-41,2-5 
Compare, 1-12 
Logic, 1-4, 1-5 
Move, 1-12 
Scan, 1-12 
Stack, 1-5 
Word, 1-24,2-5 

Oscillator 
Crystal, 2-24 
External, 2-24 

Oscillator to CLK and CLK to PCLK Timing, 1-128 
Oscillators Feedback Circuit, 1-126 
OSP Primitives, 5-1 
OSP MEMORY USAGE, 5-11 
OSP Primitives, 5-6 
OSP Typical Configuration With An 8086, 5-10 
Other Maximum Mode Considerations, 1-107 
Output Request, 1-91 
Outputs 

Local Bus Controller, 2-25 
Queue Status, 2-26 
Status, 2-26 

Overflow Error Service Routine, 1-121 
Overflow Flag (OF), 1-6 
Overlapped Instruction Fetch and Execution, 1-6 
p 
Parallel Priority Resolving Technique, 1-135 
Parity Flag (PF), 1-6 
Parity, Even, 1-6 
Partitioning Memory By Segment, 1-65 
PCLK Output, 2-24 
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INDEX 

Performance Penalty, I-II 
Peripheral Compatibility Parameters, 1-89 
Peripheral Control Block Relocation Register, 2-19 
Peripheral Devices, 2-3 

8086 Family, 1-81 
Peripheral Interfacing, 4-33 
Peripheral Requirements For Full Speed, 1-91 
Peripherals Cycle Dependent Parameter Requirements, 

1-89 
Physical Address, 1-8 
PHYSICAL ADDRESS GENERATION, 1-8, 1-10 
Physical Address, 20-bit, 1-18 
Physical/Logical Bus Combinations, 4-2 
Physical Memory Byte/Word Addressing, 2-35 
PIC Commands, 5-2 
Pin Assignments 

Maximum Mode, 1-43 
Minimum Mode, 1-43 

Pipelined Architecture, 1-1 
Pointer, 2-8, 32-bit, 1-122 
POWER UP RESET, 1-130 
Prefetch Queue 

4-byte, 2-1 
6-byte, 2-1 

Prefetched Instructions, 1-1, 1-2,2-1 
Preventing Erroneous Write Operations, 1-65 
Priority Resolution, 1-65 
Priority Structure Variations -Fully Nested Mode, 1-139 
Process Control, 3-2 
Processor Control Instructions, 1-17, 1-18, 2-11, 4-6 
Processor Extension, 2-19 
Processor Preemption 

(RQ*/GT*), 1-64 
Two Prioritized Levels, 1-52 

Processor Ready Synchronization, 2-3 
Processor 

80186,2-1 
80188, 2-1 

Program Condition, 1-148 
Program Counter (PC), 1-5 
Program Execution Errors, 2-6 
Program Status Word, 4-40 
Program Transfer Instructions, 1-16,2-9,2-10,4-4 

Conditional Transfer, 1-16 
Interrupt-related, 1-16 
Iteration Control, 1-17 
Unconditional Transf, 1-16 

Program Transfers, Four Groups, 1-16 
Programs 

8086,1-7 
8088, 1-7 
Disk-resident, 1-10 
Dynamically Relocatable, 1-10 
Inactive, 1-10 
Position-independent, 1-10 

Programmable 16-bit Timer/counters, 2-3 
PROGRAMMABLE DIRECT MEMORY ACCESS 

UNIT,2-3 
Two Channel, 2-1 

Programmable Interrupt Controller, 2-1, 2-3 
PROGRAMMABLE INTERRUPT CONTROLLER 

(PIC),5-2 
Programmable Ready Bits, 2-3 
PROGRAMMABLE TIMERS, 2-3, 5-8 

16-bit, 2-1 
Programming the 80130 OSP's Onchip Peripherals, 5-1 
PROGRAMMING THE DMA UNIT, 2-51 
Propagation Delay, 1-118 
Protocol 

HOLD/HLDA,2-26 
RQ*/GT*, 2-26 

Push All/Pop All (PUSHA, POPA) Instructions, 2-5 
Push Immediate (PUSH!) Instruction, 2-5 
Q 
QSO, QSI, 1-98 
QUEUE STATUS, 1-52 
Queue Status (QSO, QSl), I-52 
Queue Status Bit Decoding, 1-99 
Queue Status Lines, 2-19 
Queue Status Mode, 2-12 
Queue Status Mode of Operation, 2-12 
Queue Status Outputs, 2-26 
Queue 

R 

4-byte Instruction, 2-3 
6-byte Instruction, 2-1 
8086, 1-3 
8088 Instruction, 1-3 
CPU Instruction, 1-16,2-9 
Depth, 1-52 
Instruction, 1-23,2-1,2-23 
Instruction Object Code, 1-3,2-1 
Instruction Stream, 1-3 
Internal, 1-52,2-23 
Internal Instruction, 1-66, 1-98 
Internal Pre-fetch, 2-12 
Pre-fetch, 2-23 
Prefetch, 2-1 
Sizes, 1-3 
Status, 1-52 

R/B/P Field Encoding, 4-21 
RIM Field Bits, 3-7 
RAM Bank, 2-40 
RAM Interface, 2-36 
RAM Wakeup Cycles, 2-40 
RAS* Drivers, 2-40 
RAS* Strobes, 2-40 
RD*, 3-11, 3-16 
RD* Active to Output Device Valid TRLDV, 1-89 
RD* AND WR*, 2-29 
RD* Status, 2-4 
Read Bus Cycle (8-bit Bus), 4-35 
Read Command, 1-99 
Read Control Signal, 1-64 
Read Cycles, 1-82, 1-99 
Read Cycle Times, 2-37 
Read Cycle Timing, 2-29 
Read Pulse Width TRLRH, 1-89 
READ/WRITE SIGNALS, 2-27 
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Read-from Memory, 1-143 
Reading the Count Value, 5-11 
Reading the Interrupt Mask Register (IMR), 5-8 
Ready Bits, 2-3 
Ready Input 

Asynchronous, 2-24 
Synchronous, 2-24 

OREADY CIRCUIT, 3-16 
Ready Inputs to the 8284 and Output, 1-108 
READY SYNCHRONIZATION, 2-80 
Ready Timing, 1-98 
READY/WAIT STATE GENERATION, 2-78 
Real Time Clock, 2-58 
Recommended Crystal Clock Configuration, 1-127 
Recommended IAPX 186 Crystal Configuration, 2-80 
Recommended Interrupt Configurations, 3-22 
Reducing 8087 Delay Effects, 3-19 
Refresh, 2-40 
Refresh and Control Circuits, 2-37 
Refresh Period Programming Option, 2-40 
REG (Register) Field Encoding, 1-42 
Register Address Coding, 1-147 
Register and Immediate Operands, 1-18 
Register Indirect Addressing, 1-18, 1-19 
Register Operands, 2-7 
Register Operands In Arithmetic Instructions, 4-5 
Register Operands In Logical Instructions, 4-6 
Register Operands In MOV Instructions, 4-5 
Register/Memory Field Encoding, 1-43 
Registers, 4-3 

16-bit, 2-4, 2-7 
16-bit Address, 1-144 
16-bit Base Address, 1-145 
16-bit Base Word Count, 1-145 
16-bit Current Address, 1-145 
16-bit Current Word, 1-145 
16-bit General, 1-4 
4-bit Mask, 1-147 
4-bit Request, 1-147 
6-bit Mode, 1-146 
8-bit Command, 1-146 
8237A Current Address, 1-144 
8237A Current Word Count, 1-144 
8237A Internal Memory, 1-145 
AL, 1-13, 1-67, 1-85,2-7 
AX, 1-13, 1-85,2-5,2-7 
Base, 1-18 
BP, 1-18, 1-20,2-6 
BX, 1-18, 1-91,2-5 
CL, 1-14, 1-15,2-5,2-9 
Clear Mask, 1-148 
Code Segment, 1-118 
Command, 1-148 
Communications, 1-3,2-1 
Count (CX), 1-16 
CS, 1-5, 1-120, 1-123, 1-124,2-9 
Current Address, 1-45 
Current Code Segment, 1-124 
CX, 1-17, 1-68,2-5,2-9 
Data, 1-7 

INDEX 

01, 1-15, 2-5 
DS,I-5 
DX, 1-21, 1-85, 1-91,2-5,2-6 
Eight General, 1-5 
ES, 1-5 
Flag, 1-3, 1-121, 1-122, 1-123, 1-124, 1-125,2-1, 

2-5, 2-6 
General, 1-4, 1-5,2-1 
General Purpose, 2-5, 2-6 
Index, 1-5, 1-18 
Integrated Peripheral, 2-5 
Internal, 2-4, 2-5 
Internal First/Last Flip-Flop, 1-148 
Internal CPU, 1-116 
Interrupt Controller, 2-19 
IP, 1-120, 1-123, 1-124 
Mask, 1-148 
P&I,I-4 
Pointer, 1-4 
Request, 1-148 
Segment, 1-4, 1-5, 1-8, 1-122, 1-124,2-1,2-5,2-26, 

2-33 
SI, 1-15, 1-91,2-5,2-6 
Single, 1-41 
Sp, 1-122,2-5,2-9 
SS, 1-4, 1-122 
Status, 1-148 
Temporary, 1-145, 1-148 
Word Count, 1-144 

Relationship of ALE to READ, 1-94 
REMOTE MODE, 4-25 
Repeat (REP) Prefix, 1-122 
Repeated String Operation, 1-122 
Representative Instruction Execution Sequence, 1-111 
Request Register, 1-147 
REQUEST/GRANT LINE, 3-11, 4-38 
Request/Grant Sequence Timing, 1-117 
Requests 

HOLD, 1-64 
RQ*/GT*, 1-64 

RESERVED MEMORY, 1-11 
Reserved Memory and 110 Locations, 1-12 
Reserved Memory Locations, 1-82 
RESET, 1-118,2-41,2-80 
Reset Bus Conditioning, 1-118 
RESET-CA Initialization Timing, 4-27 
Reset Disable For Max Mode 8086/8088 Bus, 1-119 
Reset Disable For Max Mode 8086/88 Bus, 1-120 
Reset Startup, 1-65 
Resident Bus, 1-134 
Resident Bus (RESB) Mode, 1-134 
Resident Bus Arbitration Logic, 1-64 
Robotics, 3-2 
ROM and EPROM, 1-82 
ROM and EPROM Interface, 2-35 
Rotate In Automatic EOI Mode, 1-139 
Rotate On Automatic EOI Mode, 1-140 
Rotate On Non-Specific EOI Command, 1-139 
Rotate On Specific EOI Command, 1-140 
Rotates, 1-14,2-9 
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Rotation, 3-2 
RQ/GTO, 1,3-11 
RQ/GTI Pins, 3-3 
RQ*/GT* LATENCY, 1-115 
RQ*/GT* OPERATION, 1-114 
RQ*/GT* Timing, 1-98 
RQ*/GT* TO HOLD/HLDA CONVERSION, 1-113 
RQ*/GT* USAGE, 1-113 
S 
S Field, 1-41 
Sample Compatibility Analysis Configuration, 1-84 
Scaling, 3-2 
Schottky TTL Flip-flops, 2-26 
Segment Base Value, 1-8 
Segment Base Values, 1-8 
Segment Locations In Physical Memory, 1-8 
Segment Offset Values, 1-8 
Segment Override Prefix, 1-9, 1-20 
Segment Register Loading Instructions, 1-10 
SEGMENT REGISTERS, 1-5, 1-71,2-1 

CS,2-5 
DS, 2-5, 2-6 
ES, 2-5, 2-6 
SS,2-5 

Segment Values, 2-1 
SEGMENTATION,I-7 
Segments Adjacent, 1-8 

Currently Addressable, 1-8 
CS, 1-5 
Current Code, 1-5 
Current Data, 1-5, 1-15 
Current Extra, 1-5, 1-15 
Current Stack, 1-5 
Disjoint, 1-8 
Fully Overlapped, 1-8 
Locations, 1-8 
Logical, 1-8 
Overlapping, 1-65 
Partially Overlapped, 1-8 

Serial Priority Resolving., 1-136 
Set Priority Command, 1-139 
Seven Contiguous 128 Byte Blocks, 2-3 
Shared Bus Architecture, 1-1 
Shared System Priority, 1-64 
Shifts and Rotates 

Single-bit, 1-41 
Variable-bit, 1-41 
Shifts, 1-14,2-5 
Arithmetic, 1-14 
Logical,I-14 

Shifts/Rotates By An Immediate Value, 2-5 
Sign Flag (SF), 1-6 
Signal Float/HLDA Timing, 2-47 
Signed Binary Numbers (integers), 1-14,2-8 
Single Step -Type 1,1-121 
Single T-State, 2-42 
Single Transfer Mode, 1-144 
Single-Bit Field Encoding, 1-42 
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Single-processor Systems, 1-1 
Single-step Flags, 1-124 
Single-step Mode, 1-7 
Sixteen-Bit I/O, 1-88 
Small8088-Based System, 1-2 
SMALL~LOCK-NP~ESTORE, 3-21 
SMALL~LOCK-NPX-SAVE, 3-21 
software Based 8087 Emulator, 3-1 
Software Command Codes, 1~147 
Software Commands, 1-148 
Software Emulator, 3-1 
Software Emulator (E8087), 3-2 
Software Overview, 1-12,2-4,3-7,4-3 
Software Single Stepping, 1-121 
Source & Destination Synchronized DMA, 2-56 
Source Pointers, 2-4 
Source String, 1-15 
Source Synchronized DMA Transfers, 2-54 
Source Synchronized Transfer Cycle, 4-31 
Spare Bus Cycles, 1-1 
Specially Fully Nested Mode, 1-142,2-69 
Special One-byte Prefix, 2-9 
Specific EO! Command, 1-139 
Specific Rotation -Specific Priority, 1-140 
Specified Cycle Termination, 1-64 
SRDY, 3-11, 3-16 
Stack Frames 

Build,2-6 
Tear Down, 2-6 

STACK IMPLEMENTATION, 1-10 
Stack Layout, 2-6 
Stack Operation, 1-12 
Stack Pointer Register (SP), 1-10 
Stack Pointer Registers, 1-122 
Stack Reference Point Offset, 1-20 
Stack Segment's Base Address, 1-10 
Stack 

Current, 1-10 
Directly Addressable, 1-10 

Starting Locations, 1-5 
Standard 5 MHz 8086, 2-1 
Static RAM, 1-79 
Status Bit Decoding, 1-71 
Status Bit Output 

SO*, 1-130 
SI*, 1-130 
S2*, 1-130 

Status Bits, S3-S5, 2-26 
Status Bus, 1-65 
Status Flags, 1-5 
Status Information, 1-72,2-26 
Status Line Activation and Termination, 1-132 
Status Line Decode Chart, 1-131 
Status Line Decoders, 1-52 
Status Line Encodings Interpretations, 2-31 
STATUS LINES, 2-31, 4-34 
Status Read, 1-148 
Status Register, 1-148 
Status Signals 

SO*-S2*, 2-29, 3-3 
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SO-S2,4-34 
S3-S6,4-34 
S3,2-33 
S4,2-33 
S5,2-33 
S6, 2-29, 2-32, 3-3 
S7,2-32 

String Addressing, 1-20 
String Instruction Register and Flag Use, 1-15 
String Instructions, 1-15,2-10 

Compare, 1-15 
Destination Operand, 1-9 
Move, 1-15 
Scan, 1-15 

String Operand Addressing, 1-21 
String Operation 

Interrupted, 1-64 
Repeated, 1-64 

String 
Destination, 1-15 
Source, 1-15 

Strings of Bytes, 2-9 
Strings of Words, 2-9 
Submit File Example, 3-2 
SUPPORT COMPONENTS, 1-125,2-51 
Switch, $modI86, 2-5 
Synchronization, 1-85, 3-13 
SYNCHRONIZER REQUIREMENTS, 2-46 
Synchronizing CSYNC With EPI, 1-128 
Synchronizing Execution With WAIT, 3-15 
Synchronizing Multiple 8284As, 1-129 
Synchronizing the 8086 Or 8088, 1-17 
Synchronous Interface, 2-41 
Synthesizing Delayed Write From the 80186, 2-32 
System Architecture, Minimum Mode, 1-44, 1-46 
System Bus Arbitration, 1-113 
System Bus Control Signals, 2-12 
System Bus Interface, 1-52 
SYSTEM BUS MODE, 1-133 
System Bus Resources, 2-34 
System Cost Reduction, 2-4 
System Design Alternatives, 1-92 
System Reset Processing, 1-11 
System Status Outputs, 2-12 
System Timing, 80186, 2-3 
Systems 

T 

8086-based, 1-11 
Multi-tasking, 1-10 
Multiprogramming, 1-10 

Tl, 1-65 
Target Instruction Offset, 1-8 
Thrget Location, 1-8 
Thrget Relative Displacement, 2-10 
Task Pointer, 4-3 
Temporary Register, 1-148 
TEST* AND LOCK*, 2-33 
Test For the Existence of An 8087, 3-6 
THE 8284A RESET FUNCTION, 1-129 
The Effective Address, 1-18 
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Third Generation Microprocessors, I-I 
Three Processor System Bus Signal Connections, 3-16 
Time-multiplexed, 1-1 
TIMER APPLICATIONS, 2-58 
Timer Block Diagram, 2-57 
Timer Control Block Format, 2-57 
TIMER INPUT PIN OPERATION, 2-57 
TIMER OUTPUT PIN OPERATION, 2-58 
Timer Unit, 2-56 
Timers, 5-10 
Timers and Reset, 2-82 
TIMING, 5-13 
Top of Stack (TOS), 1-10 
Transceiver Enable Delay, 1-106 
Transfer Count, 2-4 
TRANSFER TYPES, 1-145 
Transfers, SHORT, 1-16 
Trap Flag (TF), 1-7, 1-121 
Tri-state Pin, 2-19 
Type of Cycle Decoding, 4-37 
Typical 8086/88 Machine Instruction Format, 1-41 
Typical 8089 Machine Instruction Format, 4-21 
Typical 8089 Remote Configuration, 4-26 
TypicalIAPX 18612X Family System Diagram, 3-5 
Typical IAPX 86/2X Family System Diagram, 3-4 
Typical Medium Complexity CPU Circuit, 1-136 
Typical Static RAM Write Timing Parameters, 1-84 
U 
UMCS Programming Values, 2-76 
UMCS Register, 2-77 
Unconditional Transfers, 1-16,2-10 
Unformatted Memory Dumps, 1-25 
Unsigned Binary Numbers, 1-14,2-8 
Unsigned Packed Decimal Numbers, 2-8 
Unsigned Unpacked Decimal Numbers, 1-14,2-8 
Unused Opcode, 2-6 
Upper Address Lines, 1-66 
Upper Bank Write Strobe, 1-81 
Upper Byte, 2-34 
Upper Memory CS*, 2-76 
Upper Memory Ending Location, 2-3 
User Interrupt Routines, 1-120 
User Programmable Areas, 2-3 
User-Defined Hardware Interrupts, 1-122 
User-Defined Software Interrupts, 1-122 
Using AENI */AEN2* to Generate Ready, 1-110 
USING THE 8087 WITH CUSTOM COPROCESSORS, 

3-8 
Using RDY 1 /RDY2 to Generate Ready, 1-110 
V 
V Field, 1-41 
Valid & Invalid Latch Input, 2-33 
Valid Address Information, 2-23 
Valid SRDY Transitions On the 80186, 2-46 
Valid/Invalid ARDY Transitions, 2-45 
Values 
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Compare, 2-9 
Move, 2-9 
Offset, 1-3 
Scan For, 2-9 
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Segment, 1-3 

Variables, Memory Based, 1-13 
Vector CS Address Pointer, 1-124 
Vector IP Address Pointer, 1-124 

Voltage Characteristics 
A.C.,2-24 

D.C., 2-23 

W 
WAIT, 3-14 

WAIT Instruction, 3-11 
Wait State Generator, 2-44 

Wait State Insertion, 1-107 

Wait State Timing, 4-38 
WB Field Encoding, 4-21 

Wait State Required Indication, 1-107 
Wait States (TW), 1-66 

Word Memory Location, 2-6 
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Word Memory Read, 1-109 
Word Memory, 16-bit, 1-78 
Word Operations, 2-5 
Word Transfer, 1-112 
Worst Case Local Bus Request Wait Times In Clocks, 

3-28WR*, 3-26WR* Status, 2-4 
Write Bus Cycle (l6-bit Bus), 4-36 
Write Commands 

Advanced, 1-106 
Normal, 1-106 

Write Cycle, 1-83, 1-99 
Write Cycle Address Setup Times, 2-37 
Write Cycle Address Times, 2-37 
Write Cycle Timing, 2-31 
Write Strobe Technique, 1-81 
Write timing requirements, 1-81 
Write-to-memory, 1-144 
Z 
Z field, 1-41 
Zero flag (ZF), 1-6 
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