PRODUCT PREVIEW

80C186XL.20, 16, 12, 10
16-BIT HIGH INTEGRATION EMBEDDED PROCESSOR

m Low Power, Full Static Version of m Speed Versions Available
80C186 — 20 MHz (80C186X1L20)
m Operation Modes: — 16 MHz (80C186XL 16)
— Enhanced Mode — 12.5 MHz (80C186XL12)
— DRAM Refresh Control Unit — 10 MHz (80C186XL)
— Power-Save Mode Direct Addressing Capability to
— Direct Interface to 80C187 1 MByte Memory and 64 Kbyte 1/0
— Compatible Mode
— NMOS 80186 Pin-for-Pin g::;,‘:,'f,te System Development
Replacement for Non-Numerics — All 8086 and 80C186 Software
Applications Development Tools Can Be Used for
m Integrated Feature Set 80C186XL System Development
— Static, Modular CPU — ASM 86 Assembler, PL/M-86,
— Clock Generator Pascal-86, Fortran-86, iC-86 and
— 2 Independent DMA Channels System Utilities
— Programmable Interrupt Controller — In-Circuit-Emulator (ICETM-186)
— 3 Programmable 16-Bit Timers Available in 68-Pin:
— Dynamic RAM Refresh Control Unit — Plastic Leaded Chip Carrier (PLCC)
— Programmable Memory and — Ceramic Pin Grid Array (PGA)
Peripheral Chip Select Logic — Ceramic Leadless Chip Carrier
— Programmable Wait State Generator (JEDEC A Package)
— Local Bus Controller
— Power-Save Mode Available in 80-Pin Quad Flat Pack
— System-Level Testing Support (High (EIAJ)
Impedance Test Mode) Available in EXPRESS Extended
m Completely Object Code Compatible Temperature Range

with Existing 8086/8088 Software and
Has 10 Additional Instructions over
8086/8088

(—40°C to +85°C)

The Intel 80C186XL is a Modular Core re-implementation of the 80C186 Microprocessor. It offers higher speed
and lower power consumption than the standard 80C186 but maintains 100% clock-for-clock functional com-
patibility. Packaging and pinout are also identical.
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Figure 1. 80C186XL Block Diagram
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80C186XL PRODUCT PREVIEW

Table 1. 80C186XL Pin Description

Symbol

LCC
PGA
PLCC
Pin No.

QFP
Pin No.

Type

Name and Function

Vee

43

33, 34,
72,73

System Power: + 5 volt power supply.

Vss

26

12,18,
53

System Ground.

RESET

57

18

RESET Output indicates that the 80C186XL CPU is being reset,
and can be used as a system reset. It is active HIGH, synchronized
with the processor clock, and lasts an integer number of clock
periods corresponding to the length of the RES signal. Reset goes
inactive 2 clockout periods after RES goes inactive. When tied to
the TEST/BUSY pin, RESET forces the 80C186XL into enhanced
mode. RESET is not floated during bus hold.

59
58

16
17

Crystal Inputs X1 and X2 provide external connections for a
fundamental mode or third overtone parallel resonant crystal for
the internal oscillator. X1 can connect to an external clock instead
of a crystal. In this case, minimize the capacitance on X2. The input
or oscillator frequency is internally divided by two to generate the
clock signal (CLKOUT).

CLKOUT

56

19

Clock Output provides the system with a 50% duty cycle waveform.
All device pin timings are specified relative to CLKOUT. CLKOUT is
active during reset and bus hold.

|
m)
ol

24

55

An active RES causes the 80C186XL to immediately terminate its
present activity, clear the internal logic, and enter a dormant state.
This signal may be asynchronous to the 80C186XL clock. The
80C186XL begins fetching instructions approximately 61/, clock
cycles after RES is returned HIGH. For proper initialization, Vcc
must be within specifications and the clock signal must be stable
for more than 4 clocks with RES held LOW. RES is internally
synchronized. This input is provided with a Schmitt-trigger to
facilitate power-on RES generation via an RC network.

TEST/BUSY

47

29

170

The TEST pin is sampled during and after reset to determine
whether the 80C186XL is to enter Compatible or Enhanced Mode.
Enhanced Mode requires TEST to be HIGH on the rising edge of
RES and LOW four CLKOUT cycles later. Any other combination
will place the 80C186XL in Compatible Mode. During power-up,
active RES is required to configure TEST/BUSY as an input. A
weak internal pullup ensures a HIGH state when the input is not
externally driven.

TEST—In Compatible Mode this pin is configured to operate as
TEST. This pin is examined by the WAIT instruction. If the TEST
input is HIGH when WAIT execution begins, instruction execution
will suspend. TEST will be resampled every five clocks until it goes
LOW, at which time execution will resume. If interrupts are enabled
while the 80C186XL is waiting for TEST, interrupts will be serviced.

BUSY—in Enhanced Mode, this pin is configured to operate as
BUSY. The BUSY input is used to notify the 80C186XL of Math
Coprocessor activity. Floating point instructions executing in the
80C186XL sample the BUSY pin to determine when the Math
Coprocessor is ready to accept a new command. BUSY is active
HIGH.

This Materi al
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80C186XL PRODUCT PREVIEW

Table 1. 80C186XL Pin Description (Continued)

LCC
PGA QFP :
Symbol PLCC | Pin No. Type Name and Function
Pin No.

TMRINO 20 59 | Timer Inputs are used either as clock or control signats, depending

TMRIN 1 21 58 | upon the programmed timer mode. These inputs are active HIGH (or
LOW-to-HIGH transitions are counted) and internally synchronized.
Timer Inputs must be tied HIGH when not being used as clock or
retrigger inputs.

TMR OUT 0 22 57 (o] Timer outputs are used to provide single pulse or continous

TMR OUT 1 23 56 o] waveform generation, depending upon the timer mode selected.
These outputs are not floated during a bus hoid.

DRQO 18 61 | DMA Request is asserted HIGH by an external device when it is

DRQ1 19 60 | ready for DMA Channel 0 or 1 to perform a transfer. These signals
are level-triggered and internally synchronized.

NMI 46 30 t The Non-Maskable Interrupt input causes a Type 2 interrupt. An NMI
transition from LOW to HIGH is latched and synchronized internally,
and initiates the interrupt at the next instruction boundary. NMI must
be asserted for at least one CLKOUT period. The Non-Maskable
Interrupt cannot be avoided by programming.

INTO 45 31 | Maskable Interrupt Requests can be requested by activating one of

INT1/SELECT 44 32 | these pins. When configured as inputs, these pins are active HIGH.

INT2/INTAO 42 35 170 | Interrupt Requests are synchronized internally. INT2 and INT3 may

INT3/INTAT/IRQ 41 36 170 | be configured to provide active-LOW interrupt-acknowledge output
signals. All interrupt inputs may be configured to be either edge- or
level-triggered. To ensure recognition, al! interrupt requests must
remain active until the interrupt is acknowledged. When Slave Mode
is selected, the function of these pins changes (see Interrupt
Controller section of this data sheet).

A19/S6 65 6 (@] Address Bus Outputs (16-19) and Bus Cycle Status (3-6) indicate

A18/S5 66 5 0 the four most significant address bits during T4. These signals are

A17/84 67 4 o | active HIGH.

A16/S3 68 3 o | During T, T3, Tw and T4, the S6 pin is LOW to indicate a CPU-
initiated bus cycle or HIGH to indicate a DMA-initiated or refresh bus
cycle. During the same T-states, S3, S4 and S5 are always LOW.
These outputs are floated during bus hold or reset.

ADt15 1 1 170 | Address/Data Bus (0-15) signals constitute the time muitiplexed

AD14 3 79 1/Q | memory or /0 address (T1) and data (T, T3, Tw and T4) bus. The

AD13 5 77 1/0 | busis active HIGH. Ag is analogous to BHE for the lower byte of the

AD12 7 75 17O | data bus, pins D7 through Dg. It is LOW during T4 when a byte is to

AD11 10 71 170 | be transferred onto the lower portion of the bus in memory or I/O

AD10 12 69 170 | operations. These pins are floated during a bus hold or reset.

AD9 14 67 1710

AD8 16 65 1/0

AD7 2 80 1/0

AD6 4 78 170

ADS 6 76 170

AD4 8 74 1710

AD3 11 70 170

AD2 13 68 170

AD1 15 66 1/0

ADO 17 64 170

This Material Copyrighted By Its Respective Manufacturer




80C186XL PRODUCT PREVIEW

Table 1. 80C186XL Pin Description (Continued)

Symbol

LCC
PGA
PLCC

Pin No.

QFP
Pin No.

Type

Name and Function

Jus]
I
i

64

(e}

The BHE (Bus High Enable) signal is analogous to A0 in that it is used to
enable data on to the most significant half of the data bus, pins D15-D8.
BHE will be LOW during Ty when the upper byte is transferred and will
remain LOW through T3 AND Ty. BHE does not need to be latched. BHE
will float during HOLD or RESET.

In Enhanced Mode, BHE will also be used to signify DRAM refresh cycles. A
refresh cycle is indicated by both BHE and AO being HIGH.

BHE and A0 Encodings

BHE A0

Value | Value Function

0 0 Word Transfer

0 1 Byte Transfer on upper half of data bus (D15-D8)
1 0 Byte Transfer on lower half of data bus (D7-Dg)

1 1 Refresh

ALE/QSO0

61

10

Address Latch Enable/Queue Status 0 is provided by the 80C186XL to
latch the address. ALE is active HIGH, with addresses guaranteed valid on
the trailing edge.

Z

R/QS1

63

Write Strobe/Queue Status 1 indicates that the data on the bus is to be
written into a memory or an 1/0 device. Itis active LOW, and floats during
bus hold or reset. When the 80C186XL is in Queue Status Mode, the ALE/
QS0 and WR/QS1 pins provide information about processor/instruction
queue interaction.

Qs1 | QSO Queue Operation

0 No queue operation

1 First opcode byte fetched from the queue
1 Subsequent byte fetched from the queue
0 Empty the queue

- 200

62

0O/l

Read Strobe is an active LOW signal which indicates that the 80C186XL is
performing a memory or I/0 read cycle. It is guaranteed not to go LOW
before the A/D bus is floated. An internal pull-up ensures that RD/QSMD is
HIGH during RESET. Foliowing RESET the pin is sampled to determine
whether the 80C186XL is to provide ALE, RD, and WR, or queue status
information. To enable Queue Status Mode, RD must be connected to
GND. RD will float during bus HOLD.

ARDY

55

20

Asynchronous Ready informs the 80C186XL that the addressed memory
space or I/0 device will complete a data transfer. The ARDY pin accepts a
rising edge that is asynchronous to CLKOUT and is active HIGH. The falling
edge of ARDY must be synchronized to the 80C186XL clock. Connecting
ARDY HIGH will always assert the ready condition to the CPU. If this line is
unused, it should be tied LOW to yield control to the SRDY pin.

SRDY

49

27

Synchronous Ready informs the 80C186XL that the addressed memory
space or I/0 device will complete a data transfer. The SRDY pin accepts an
active-HIGH input synchronized to CLKOUT. The use of SRDY allows a
relaxed system timing over ARDY. This is accomplished by elimination of
the one-half clock cycle required to internally synchonize the ARDY input
signal. Connecting SRDY high will always assert the ready condition to the
CPU. If this line is unused, it should be tied LOW to yield control to the
ARDY pin.

This Materi al
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Table 1. 80C 186 XL Pin Description (Continued)

Symbol

LCC
PGA
PLCC
Pin No.

QFP
Pin No.

Type

Name and Function

,_
Q
(@]
A

48

28

O

LOCK output indicates that other system bus masters are not to gain
control of the system bus. LOCK is active LOW. The LOCK signal is
requested by the LOCK prefix instruction and is activated at the
beginning of the first data cycle associated with the instruction
immediately following the LOCK prefix. it remains active until the
completion of that instruction. No instruction prefetching will occur
while LOCK is asserted. LOCK floats during bus hold or reset.

Qg

52

54

23

21

000

Bus cycle status 80-52 are encoded to provide bus-transaction
information:

80C186XL Bus Cycle Status Information

Bus Cycle Initiated

Interrupt Acknowledge
Read I/0O

Write I/0

Halt

Instruction Fetch

Read Data from Memory
Write Data to Memory
Passive (no bus cycle)

w~aaasco000 |y
4D a0O0==00 QI
N o SN, RO S g|

The status pins float during HOLD.
S2 may be used as a logical M/I0 indicator, and ST as a DT/R
indicator.

HOLD
HLDA

50
51

26
25

HOLD indicates that another bus master is requesting the local bus.
The HOLD input is active HIGH. The 80C186XL generates HLDA
(HIGH) in response to a HOLD request. Simultaneous with the
issuance of HLDA, the 80C186XL will float the local bus and control
lines. After HOLD is detected as being LOW, the 80C186XL will lower
HLDA. When the 80C186XL needs to run another bus cycle, it will
again drive the local bus and control lines.

In Enhanced Mode, HLDA will go low when a DRAM refresh cycle is
pending in the 80C186XL and an external bus master has control of
the bus. It will be up to the external master to relinquish the bus by
lowering HOLD so that the 80C186XL may execute the refresh cycle.

C|
ol

34

45

0/l

Upper Memory Chip Select is an active LOW output whenever a
memory reference is made to the defined upper portion (1K-256K
block) of memory. UCS does not fioat during bus hold. The address
range activating UCS is software programmable.

UCS and LCS are sampled upon the rising edge of RES. If both pins
are held low, the 80C186XL will enter ONCE Mode. In ONCE Mode
all pins assume a high impedance state and remain so until a
subsequent RESET. UCS has a weak internal pullup that is active
during RESET to ensure that the 80C186XL does not enter ONCE
Mode inadvertently.

-
i

33

46

O/1

Lower Memory Chip Select is active LOW whenever a memory
reference is made to the defined lower portion (1K-256K) of
memory. LCS does not float during bus HOLD. The address range
activating LCS is software programmable.

This Materi al
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Table 1. 80C186XL Pin Description (Continued)

Symbol

CLCC
PGA
PLCC
Pin No.

QFP
Pin No.

Type

Name and Function

LCS
(Continued)

UCS and LCS are sampled upon the rising edge of RES. If both pins
are held low, the 80C186XL will enter ONCE Mode. In ONCE Mode
all pins assume a high impedance state and remain so until a
subsequent RESET. LCS has a weak internal pullup that is active
only during RESET to ensure that the 80C186XL does not enter
ONCE mode inadvertently.

39
40
41
42

O/
(eZ]]

Mid-Range Memory Chip Select signals are active LOW when a
memory reference is made to the defined mid-range portion of
memory (8K-512K). These lines do not float during bus HOLD. The
address ranges activating MCS0-3 are software programmable.

In Enhanced Mode, MCS0 becomes a PEREQ input (Processor
Extension Request). When connected to the Math Coprocessor, this
input is used to signal the 80C186XL when to make numeric data
transfers to and from the coprocessor. MCS3 becomes NPS
(Numeric Processor Select) which may only be activated by
communication to the 80C187. MCS1 becomes ERROR in
Enhanced Mode and is used to signal numerics coprocessor errors.
MCS0/PEREQ and MCS1/ERROR have weak internal pullups
which are active during reset.

Peripheral Chip Select signals 0—4 are active LOW when a
reference is made to the defined peripheral area (64K byte I/0 or 1
MByte memory space). These lines do not float during bus HOLD.
The address ranges activating PCS0-4 are software programmable.

O|00O0O0O0

Peripheral Chip Select 5 or Latched A1 may be programmed to
provide a sixth peripheral chip select, or to provide an internally
latched A1 signal. The address range activating PCSS5 is software-
programmable. PCS5/A1 does not float during bus HOLD. When
programmed to provide latched A1, this pin will retain the previously
latched value during HOLD.

PCS6/A2

32

47

Peripheral Chip Select 6 or Latched A2 may be programmed to
provide a seventh peripheral chip select, or to provide an internally
latched A2 signal. The address range activating PCS6 is software-
programmable. PCS6/A2 does not float during bus HOLD. When
programmed to provide latched A2, this pin will retain the previously
latched value during HOLD.

40

37

Data Transmit/Receive controls the direction of data flow through
an external data bus transceiver. When LOW, data is transferred to
the 80C186XL. When HIGH the 80C186XL places write data on the
data bus. DT/R floats during a bus hold or reset.

39

38

Data Enable is provided as a data bus transceiver output enable.
DEN is active LOW during each memory and 1/0 access (including
80C187 access). DEN is HIGH whenever DT/R changes state.
During RESET, DEN is driven HIGH for one clock, then floated. DEN
also floats during HOLD.

2,11,14
15, 24, 43,
44,62, 63

Not connected. To maintain compatibility with future products, do
not connect to these pins.
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FUNCTIONAL DESCRIPTION

Introduction

The following Functional Description describes the
base architecture of the 80C186XL. The 80C186XL
is a very high integration 16-bit microprocessor. It
combines 15-20 of the most common microproces-
sor system components onto one chip. The
80C186XL is object code compatible with the
8086/8088 microprocessors and adds 10 new in-
struction types to the 8086/8088 instruction set.

The 80C186XL has two major modes of operation,
Compatible and Enhanced. In Compatible Mode the
80C186XL is completely compatible with NMOS
80186, with the exception of 8087 support. The En-
hanced mode adds three new features to the system
design. These are Power-Save control, Dynamic
RAM refresh, and an asynchronous Numerics Co-
processor interface.

80C186XL BASE ARCHITECTURE

The 8086, 8088, 80186 and 80188 family all contain
the same basic set of registers, instructions, and ad-
dressing modes. The 80C186XL processor is up-
ward compatible with the 8086 and 8088 CPUs.

Register Set

The 80C186XL base architecture has fourteen regis-
ters as shown in Figures 3a and 3b. These registers
are grouped into the following categories.

General Registers

Eight 16-bit general purpose registers may be used
for arithmetic and logical operands. Four of these
(AX, BX, CX, and DX) can be used as 16-bit registers
or split into pairs of separate 8-bit registers.

REGISTERS

16-8IT SPECIAL
REGISTER REGISTER
NAME FUNCTIONS
7 o 7 0
BYTE e ax A AL MULTIPLY/DIVIDE
ADD! /O INSTRUCTIONS
©-8I7 Dx DH oL
REGISTER
NAMES
SHOWN) ox cH cL } LOOP/SHIFT/REPEAT/COUNT
BX BH 8L
BASE REGISTERS
BP
sl
INDEX REGISTERS
ol
SP } STACK POINTER
15 0
GENERAL

15 o
cs CODE SEGMENT SELECTOR
DS DATA SEGMENT SELECTOR
sS STACK SEGMENT SELECTOR
ES EXTRA SEGMENT SELECTOR

SEGMENT REGISTERS

F STATUS WORD

P INSTRUCTION POINTER

STATUS AND CONTROL
REGISTERS

Figure 3a. 80C186XL Register Set

STATUS FLAGS:
CARRY

PARITY

AUXILIARY CARRY

2ERO

SIGN
OVERFLOW

5 413 w1 lu 09 8 7 s 3 21 [
starus woro: \N\\\WWWWW\\WWRWAY or T or T e T've T sr T 2¢ RNV o RN e RNV e |

CONTROL FLAGS:
TRAP FLAG
INTERRUPT ENABLE

INTEL RESERVED

DIRECTION FLAG

272032-6

Figure 3b. Status Word Format
12
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Segment Registers

Four 16-bit special purpose registers select, at any
given time, the segments of memory that are imme-
diately addressable for code, stack, and data. (For
usage, refer to Memory Organization.)

Base and Index Registers

Four of the general purpose registers may also be
used to determine offset addresses of operands in
memory. These registers may contain base address-
es or indexes to particular locations within a seg-
ment. The addressing mode selects the specific reg-
isters for operand and address calculations.

Status and Control Registers

Two 16-bit special purpose registers record or alter
certain aspects of the 80C186XL processor state.
These are the Instruction Pointer Register, which
contains the offset address of the next sequential
instruction to be executed, and the Status Word
Register, which contains status and control flag bits
(see Figures 3a and 3b).

Status Word Description

The Status Word records specific characteristics of
the result of logical and arithmetic instructions (bits
0, 2, 4, 6, 7 and 11) and controls the operation of the
80C186XL within a given operating mode (bits 8, 9,
and 10). The Status Word Register is 16-bits wide.
The function of the Status Word bits is shown in
Table 2.

Instruction Set

The instruction set is divided into seven categories:
data transfer, arithmetic, shift/rotate/logical, string
manipulation, control transfer, high-level instructions
and processor control. These categories are sum-
marized in Figure 4.

An 80C186XL instruction can reference anywhere
from zero to several operands. An operand can re-
side in a register, in the instruction itself, or in memo-
ry. Specific operand addressing modes are dis-
cussed later in this data sheet.

Memory Organization

Memory is organized in sets of segments. Each seg-
ment is a linear contiguous sequence of up to 64K
(216) 8-bit bytes. Memory is addressed using a two-
component address (a pointer) that consists of a 16-
bit base segment and a 16-bit offset. The 16-bit
base values are contained in one of four internal
segment register (code, data, stack, extra). The

Table 2. Status Word Bit Functions

Bit

Position Function

Name

0 CF | Carry Flag—Set on high-order
bit carry or borrow; cleared

otherwise

Parity Flag—Set if low-order 8
bits of result contain an even
number of 1-bits; cleared
otherwise

Set on carry from or borrow to
the low order four bits of AL;
cleared otherwise

Zero Flag—Set if result is zero;
cleared otherwise

Sign Flag—Set equal to high-
order bit of result (0 if positive,
1 if negative)

Single Step Flag—Once set, a
single step interrupt occurs
after the next instruction
executes. TF is cleared by the
single step interrupt.

Interrupt-enable Flag—When
set, maskable interrupts will
cause the CPU to transfer
control to an interrupt vector
specified location.

10 DF | Direction Flag—Causes string
instructions to auto decrement
the appropriate index register

when set. Clearing DF causes

auto increment.

11 OF | Overflow Flag—Set if the
signed result cannot be
expressed within the number

of bits in the destination

operand; cleared otherwise

physical address is calculated by shifting the base
value LEFT by four bits and adding the 16-bit offset
value to yield a 20-bit physical address (see Figure
5). This allows for a 1 Mbyte physical address size.

All instructions that address operands in memory
must specify the base segment and the 16-bit offset
value. For speed and compact instruction encoding,
the segment register used for physical address gen-
eration is implied by the addressing mode used (see
Table 3). These rules follow the way programs are
written (see Figure 6) as independent modules that
require areas for code and data, a stack and access
to external data areas.

Special segment override instruction prefixes allow
the implicit segment register selection rules to be
overridden for special cases. The stack, data and
extra segments may coincide for simple programs.
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intel. 80C186XL
GENERAL PURPOSE MOVS Move byte or word string
MOV Move byte or word INS Input bytes or word string
PUSH Push word onto stack ouTS Output bytes or word string
POP Pop word off stack CMPS Compare byte or word string
PUSHA Push all registers on stack SCAS Scan byte or word string
POPA Pop all registers from stack -
LODS Load byte or word string
XCHG Exchange byte or word -
XLAT Translate byte STOS Store byte or word string
INPUT/OUTPUT REP Repeat
IN Input byte or word REPE/REPZ Repeat while equal/zero
ouT Output byte or word REPNE/REPNZ Repeat while not equal/not zero
ADDRESS OBJECT LOGICALS
LEA Load effective address NOT ";lot "byte or word
LDS Load pointer using DS AND nd FJyte or word
LES Load point nd ES OR “Inclusive or” byte or word
0ac pointer using XOR “Exclusive or” byte or word
FLAG TRANSFER TEST “Test” byte or word
LAHF Load AH register from flags SHIFTS
SAHF Store AH register in flags SHL/SAL Shift logical/arithmetic left byte or word
PUSHF Push flags onto stack SHR Shift logical right byte or word
POPF Pop flags off stack SAR Shift arithmetic right byte or word
ADDITION ROTATES
ADD Add byte or word ROL Rotate left byte or word
ADC Add byte or word with carry ROR Rotate right byte or word
INC Increment byte or word by 1 :g; :otate t:roug: camy Ief:::te or wordd
AAA ASCII adjust for addition ::j:to::gnA:?g‘;g yte or wor
DAA Decimal adjust for addition 76 Sot p
et ca a
SUBTRACTION e = il f?
ear carry fia
SUB Subtract byte or word MG c | v " 9 H
omplement ¢
SBB Subtract byte or word with borrow P - LA
STD Set direction flag
DEC Decrement byte or word by 1
CLD Clear direction flag
NEG Negate byte or word
STI Set interrupt enable flag
CMP Compare byte or word -
" . CLI Clear interrupt enable flag
AAS ASCH adjust for subtraction
" - " EXTERNAL SYNCHRONIZATION
DAS Decimal adjust for subtraction —
HLT Halt until interrupt or reset
MULTIPLICATION - - -
. - WAIT Wait for TEST pin active
MUL Multiply byte or word unsigned -
- ESC Escape to extension processor
IMUL Integer multiply byte or word - - -
- - LOCK Lock bus during next instruction
AAM ASCII adjust for multiply
NO OPERATION
DIVISION NOP N i
eration
DIV Divide byte or word unsigned 0 op
— HIGH LEVEL INSTRUCTIONS
IDIV Integer divide byte or word
. — ENTER Format stack for procedure entry
AAD ASCII adjust for division -
LEAVE Restore stack for procedure exit
CBW Convert byte to word - -
BOUND Detects values outside prescribed range
CwWD Convert word to doubleword

This Materi al

Figure 4. 80C186 XL Instruction Set
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CONDITIONAL TRANSFERS JO Jump if overfiow

JA/INBE Jump if above/not below nor equal JP/JPE Jump if parity/parity even

JAE/JNB Jump if above or equal/not below JS Jump if sign

JB/JNAE Jump if below/not above nor equal UNCONDITIONAL TRANSFERS

JBE/JNA Jump if below or equal/not above CALL Call procedure

JC Jump if carry RET Return from procedure

JE/JZ Jump if equal/zero JMP Jump

JG/JINLE Jump if greater/not less nor equal ITERATION CONTROLS

JGE/JNL Jump if greater or equal/not less LOOP Loop

JL/INGE Jump if less/not greater nor equal LOOPE/LOOPZ Loop if equal/zero

JLE/JING Jump if less or equal/not greater LOOPNE/LOOPNZ Loop if not equal/not zero

JNC Jump if not carry JCXZ Jump if register CX = 0

JNE/JNZ Jump if not equal/not zero INTERRUPTS

JNO Jump if not overflow INT Interrupt

JNP/JPO Jump if not parity/parity odd INTO Interrupt if overfiow

JNS Jump if not sign IRET interrupt return

Figure 4. 80C186XL Instruction Set (Continued)

To access operands that do not reside in one of the
four immediately available segments, a full 32-bit
pointer can be used to reload both the base (seg-
ment) and offset values.

LOGICAL
ADDRESS

SHIFT LEFT 4 8ITS SEGMENT
a SE
'
19 0

PHYSICAL ADDRESS

TOMEMORY

272032-7

Figure 5. Two Component Address

Table 3. Segment Register Selection Rules

RMemory Segment Implicit Segment
eference | Register Selection Rule
Needed Used

Instructions | Code (CS) | Instruction prefetch and
immediate data.

Stack Stack (SS) | All stack pushes and
pops; any memory
references which use BP
Register as a base
register.

External Extra (ES) | All string instruction

Data references which use

(Global) the Dl register as an
index.

Local Data | Data (DS) | All other data references.

This Materia
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CODE
MODULE A

DATA

CODE

CPU

MODULE 8

DATA

CODE

DATA

PROCESS
STACK

STACK

EXTRA

SEGMENT

REGISTERS

PROCESS
DATA

BLOCK 1

PROCESS

Lo—-J

MEMORY

272032-8

Figure 6. Segmented Memory Helps

Structure Software
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Addressing Modes

The 80C186XL provides eight categories of ad-
dressing modes to specify operands. Two address-
ing modes are provided for instructions that operate
on register or immediate operands:

® Register Operand Mode: The operand is located
in one of the 8- or 16-bit general registers.

* /mmediate Operand Mode: The operand is in-
cluded in the instruction.

Six modes are provided to specify the location of an
operand in a memory segment. A memory operand
address consists of two 16-bit components: a seg-
ment base and an offset. The segment base is sup-
plied by a 16-bit segment register either implicitly
chosen by the addressing mode or explicitly chosen
by a segment override prefix. The offset, aiso called
the effective address, is calculated by summing any
combination of the following three address ele-
ments:

® the displacement (an 8- or 16-bit immediate value
contained in the instruction);

the base (contents of either the BX or BP base
registers); and

the index (contents of either the S| or DI index
registers).

Any carry out from the 16-bit addition is ignored.
Eight-bit displacements are sign extended to 16-bit
values.

Combinations of these three address elements de-
fine the six memory addressing modes, described
below.

® Direct Mode: The operand’s offset is contained in
the instruction as an 8- or 16-bit displacement el-
ement.

Register Indirect Mode: The operand’s offset is in
one of the registers Sl, Di, BX or BP.

® Based Mode: The operand’s offset is the sum of
an 8- or 16-bit displacement and the contents of
a base register (BX or BP).

* /ndexed Mode: The operand’s offset is the sum
of an 8- or 16-bit displacement and the contents
of an index register (Sl or Dl).

® Based Indexed Mode: The operand’s offset is the
sum of the contents of a base register and an
Index register.

® Based indexed Mode with Displacement: The op-
erand’s offset is the sum of a base register’s con-
tents, an index register’s contents and an 8- or
16-bit displacement.

16

Data Types

The 80C186XL directly supports the following data

types:

® /nteger: A signed binary numeric value contained
in an 8-bit byte or a 16-bit word. All operations
assume a 2's complement representation.
Signed 32- and 64-bit integers are supported us-
ing a Math Coprocessor with the 80C186XL.

® Ordinal: An unsigned binary numeric value con-
tained in an 8-bit byte or a 16-bit word.

Pointer: A 16- or 32-bit quantity, composed of a
16-bit offset component or a 16-bit segment base
component in addition to a 16-bit offset compo-
nent.

String: A contiguous sequence of bytes or words.
A string may contain from 1 to 64 Kbytes.

e ASCI: A byte representation of alphanumeric and
control characters using the ASCIl standard of
character representation.

® BCD: A byte (unpacked) representation of the
decimal digits 0-9.

® Packed BCD: A byte (packed) representation of
two decimal digits (0-9). One digit is stored in
each nibble (4-bits) of the byte.

Floating Point: A signed 32-, 64-, or 80-bit real
number representation. (Floating point operands
are supported using a Math Coprocessor with the
80C186XL.)

In general, individual data elements must fit within
defined segment limits. Figure 7 graphically repre-
sents the data types supported by the 80C186XL.

I/0 Space

The 1/0 space consists of 64K 8-bit or 32K 16-bit
ports. Separate instructions address the 1/0 space
with either an 8-bit port address, specified in the in-
struction, or a 16-bit port address in the DX register.
8-bit port addresses are zero extended such that
Ais-Ag are LOW. I/O port addresses OOF8(H)
through OOFF(H) are reserved.

Interrupts

An interrupt transfers execution to a new program
location. The old program address (CS:IP) and ma-
chine state (Status Word) are saved on the stack to
allow resumption of the interrupted program. Inter-
rupts fall into three classes: hardware initiated, INT
instructions, and instruction exceptions. Hardware
initiated interrupts occur in response to an external
input and are classified as non-maskable or maska-
ble.
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NOTE:
*Supported by using a Math Coprocessor with the
80C186XL.

Figure 7. 80C186XL Supported Data Types

Programs may cause an interrupt with an INT in-
struction. Instruction exceptions occur when an un-
usual condition, which prevents further instruction
processing, is detected while attempting to execute
an instruction. If the exception was caused by exe-
cuting an ESC instruction with the ESC trap bit set in
the relocation register, the return instruction will
point to the ESC instruction, or to the segment over-
ride prefix immediately preceding the ESC instruc-
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tion if the prefix was present. in all other cases, the
return address from an exception will point at the
instruction immediately following the instruction
causing the exception.

A table containing up to 256 pointers defines the
proper interrupt service routine for each interrupt. In-
terrupts 0-31, some of which are used for instruc-
tion exceptions, are reserved. Table 4 shows the
80C186XL predefined types and defauit priority lev-
els. For each interrupt, an 8-bit vector must be sup-
plied to the 80C186XL which identifies the appropri-
ate table entry. Exceptions supply the interrupt vec-
tor internally. In addition, internal peripherals and
noncascaded external interrupts will generate their
own vectors through the internal interrupt controlier.
INT instructions contain or imply the vector and al-
low access to all 256 interrupts. Maskable hardware
initiated interrupts supply the 8-bit vector to the CPU
during an interrupt acknowledge bus sequence.
Non-maskable hardware interrupts use a predefined
internally supplied vector.

Interrupt Sources

The 80C186XL can service interrupts generated by
software or hardware. The software interrupts are
generated by specific instructions (INT, ESC, unused
OP, etc.) or the results of conditions specified by
instructions (array bounds check, INTO, DIV, IDIV,
etc.). All interrupt sources are serviced by an indirect
call through an element of a vector table. This vector
table is indexed by using the interrupt vector type
(Table 4), multiplied by four. All hardware-generated
interrupts are sampled at the end of each instruc-
tion. Thus, the software interrupts will begin service
first. Once the service routine is entered and inter-
rupts are enabled, any hardware source of sufficient
priority can interrupt the service routine in progress.

Those pre-defined 80C186XL interrupts which can-
not be masked by programming are described be-
low.

DIVIDE ERROR EXCEPTION (TYPE 0)

Generated when a DIV or IDIV instruction quotient
cannot be expressed in the number of bits in the
destination.

SINGLE-STEP INTERRUPT (TYPE 1)

Generated after most instructions if the TF flag in
the status word is set. This interrupt allows programs
to execute one instruction at a time. Interrupts will
not be generated after prefix instructions (e.g., REP),
instructions which modify segment registers (e.g.,
POP DS), or the WAIT instruction. Vectoring to the
single-step interrupt service routine clears the TF bit.
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Table 4. 80C186XL Interrupt Vectors

Interrupt Vector Vector Default Related Applicable
Name Type Address Priority Instructions Notes
Divide Error Exception 0 O0H 1 Div, 1DIV 1
Single Step Interrupt 1 04H 1A All 2
Non-Maskable Interrupt (NMi) 2 08H 1 All
Breakpoint Interrupt 3 0CH 1 INT 1
INTO Detected Overfiow Exception 4 10H 1 INTO 1
Array Bounds Exception 5 14H 1 BOUND 1
Unused Opcode Exception 6 18H 1 Undefined 1
Opcodes
ESC Opcode Exception 7 1CH 1 ESC Opcodes 1,8
(Coprocessor)
Timer O Interrupt 8 20H 2A 4
Timer 1 Interrupt 18 48H 2B 4,6
Timer 2 Interrupt 19 ACH 2C 4,6
Reserved 9 24H 3
DMA O Interrupt 10 28H 4 6
DMA 1 Interrupt 11 2CH 5 [
INTO Interrupt 12 30H 6
INT1 Interrupt 13 34H 7
INT2 Interrupt 14 38H 8
INT3 Interrupt 15 3CH 9
Numerics Coprocessor Exception 16 40H 1 ESC Opcodes 1,5
(Numerics
Coprocessor)
Reserved 17 44H
Reserved 20-31 50H...7CH

NOTES:

Default priorities for the interrupt sources are used only if the user does not program each source to a unique priority level.
1. Generated as a result of an instruction execution.

2. Performed in the same manner as 8086.

3. An ESC (coprocessor) opcode will cause a trap if the B0C186XL is in Compatible Mode or if the processor is in Enhanced
Mode with the proper bit set in the peripheral control block relocation register. The 80C186XL is not directly compatible
with the 80186 in this respect.

4. All three timers constitute one source of request to the interrupt controiler. As such, they share the same priority level with
respect to other interrupt sources. However, the timers have a defined priority order among themselves (2A > 2B > 2C).

5. Numerics coprocessor exceptions are detected by the 80C186XL upon execution of a subsequent numerics instruction.
6. The vector type numbers for these sources are programmabie in Slave Mode.

An IRET instruction in the interrupt service routine BREAKPOINT INTERRUPT (TYPE 3)
restores the TF bit to logic ““1”" and transfers control

to the next instruction to be single-stepped. A one-byte version of the INT instruction. It uses 12
as an index into the service routine address table

because it is a e 3 int t).
NON-MASKABLE INTERRUPT—NMI (TYPE 2) (because itis a type 3 interrup)

An external interrupt source which is serviced re- INTO DETECTED OVERFLOW EXCEPTION
gardless of the state of the IF bit. No external inter- (TYPE4)

rupt acknowledge sequence is performed. The IF bit

is cleared at the beginning of an NMI interrupt to Generated during an INTO instruction if the OF bit is
prevent maskable interrupts from being serviced. A set.

typical use of NM! would be to activate a power fail-

ure routine.

18
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ARRAY BOUNDS EXCEPTION (TYPE 5)

Generated during a BOUND instruction if the array
index is outside the array bounds. The array bounds
are located in memory at a location indicated by one
of the instruction operands. The other operand indi-
cates the value of the index to be checked.

UNUSED OPCODE EXCEPTION (TYPE 6)

Generated if execution is attempted on undefined
opcodes.

ESCAPE OPCODE EXCEPTION (TYPE 7)

Generated if execution is attempted of ESC opcodes
(D8H-DFH). In compatible mode operation, ESC
opcodes will always generate this exception. in en-
hanced mode operation, the exception will be gener-
ated only if a bit in the relocation register is set. The
return address of this exception will point to the ESC
instruction causing the exception. If a segment over-
ride prefix preceded the ESC instruction, the return
address will point to the segment override prefix.

NOTE:
80C186XL processing of ESC (numerics coproces-
sor) opcodes differs substantially from the 80186.

NUMERICS COPROCESSOR EXCEPTION
(TYPE 16)

An interrupt generated in response to an unmasked
error in the 80C187 Math Coprocessor. In general,
the 80C187 does not detect an error until the in-
struction after the error occurred. A numerics co-
processor error is signalled to the 80C187 on its
ERROR input pin.

Hardware-generated interrupts are divided into two
groups: maskable interrupts and non-maskable in-
terrupts. The 80C186XL provides maskable hard-
ware interrupt request pins INTO-INT3. in addition,
maskable interrupts may be generated by the
80C186XL integrated DMA controller and the inte-
grated timer unit. The vector types for these inter-
rupts is shown in Table 4. Software enables these
inputs by setting the interrupt flag bit (IF) in the
Status Word. The interrupt controller is discussed in
the peripheral section of this data sheet.

Further maskable interrupts are disabled while serv-
icing an interrupt because the IF bit is reset as part
of the response to an interrupt or exception. The
saved Status Word will reflect the enable status of
the processor prior to the interrupt. The interrupt flag
will remain zero unless specifically set. The interrupt
return instruction restores the Status Word, thereby

19

restoring the original status of IF bit. If the interrupt
return re-enables interrupts, and another interrupt is
pending, the 80C186XL will immediately service the
highest-priority interrupt pending, i.e., no instructions
of the main line program will be executed.

Initialization and Processor Reset

Processor initialization is accomplished by driving
the RES input pin LOW. RES must be LOW during
power-up to ensure proper device initialization. RES
forces the 80C186XL to terminate all execution and
local bus activity. No instruction or bus activity will
occur as long as RES is active. After RES becomes
inactive and an internal processing interval elapses,
the 80C186XL begins execution with the instruction
at physical location FFFFO(H). RES also sets some
registers to predefined values as shown in Table 5.

Table 5. 80C186XL initial Register State

after RESET
Status Word FO02(H)
Instruction Pointer 0000(H)
Code Segment FFFF(H)
Data Segment 0000(H)
Extra Segment 0000(H)
Stack Segment 0000(H)
Relocation Register 20FF(H)
UMCS FFFB(H)

80C186XL CLOCK GENERATOR

The 80C186XL provides an on-chip clock generator
for both internal and external clock generation. The
clock generator features a crystal oscillator, a divide-
by-two counter, synchronous and asynchronous
ready inputs, and reset circuitry.

Oscillator

The 80C186XL oscillator circuit is designed to be
used either with a parallel resonant fundamental or
third-overtone mode crystal, depending upon the
frequency range of the application as shown in Fig-
ure 8c. This is used as the time base for the
80C186XL. The crystal frequency chosen should be
twice the required processor frequency. Use of an
LC or RC circuit is not recommended.

The output of the oscillator is not directly available
outside the 80C186XL. The two recommended crys-
tal configurations are shown in Figures 8a and 8b.
When used in third-overtone mode the tank circuit
shown in Figure 8b is recommended for stable oper-
ation. The sum of the stray capacitances and load-
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30 pf 30 pf
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= CRYSTAL = CRYSTAL
1 x2
20 pF 80C186XL 20 pF 80C186XL
= = Note t
8a) zoo F
®a) 272032-10 P
272032-11
(8b)
Note 1:
XTAL Frequency L1 Value
20 MHz 12.0 uH +20%
25 MHz 8.2 uH +20%
32 MHz 4.7 uH +20%
40 MHz 3.0 uH +20%
Recommended Crystal Mode Third—Overtone
— Fundamental —>|
L i
1 I T
Desired CPU frequency 10 MH! 12.5 MHz 20 MHz
272032-12
(8¢)
l External Clock Source X1 I X1t
N.C. [X2 External Clock Source X2
80C186XL (8e) 80C186XL
(Do Not Use)
(8d)
272032-13 272032-14
Figure 8. 80C186XL Oscillator Configurations (see text)
ing capacitors should equal the values shown. it is C4 (Load Capacitance): 20 pF £5pF
advisable to limit stray capacitance between the X1 Drive Level: 2 mW max

and X2 pins to less than 10 pF. While a fundamen-
tal-mode circuit will require approximately 1 ms for
start-up, the third-overtone arrangement may require
1 ms to 3 ms to stabilize.

Alternately, the oscillator may be driven from an ex-
ternal source as shown in Figure 8d. The configura-
tion shown in Figure 8e must not be used.

Intel recommends the following values for crystal se-
lection parameters.

Temperature Range:
ESR (Equivalent Series Resistance):
Cop (Shunt Capacitance of Crystal):

Application Specific
600 max
7.0 pF max

This Materi al
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Clock Generator

The 80C186XL clock generator provides the 50%
duty cycle processor clock for the 80C186XL. It
does this by dividing the oscillator output by 2 form-
ing the symmetrical clock. If an external oscillator is
used, the state of the clock generator will change on
the falling edge of the oscillator signal. The CLKOUT
pin provides the processor clock signal for use out-
side the 80C186XL. This may be used to drive other
system components. All timings are referenced to
the output clock.
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READY Synchronization

The 80C186XL provides both synchronous and
asynchronous ready inputs. Asynchronous ready
synchronization is accomplished by circuitry which
samples ARDY in the middle of Tp, T3, and again in
the middle of each Ty until ARDY is sampled HIGH.
One-half CLKOUT cycle of resolution time is used
for full synchronization of a rising ARDY signal. A
high-to-low transition on ARDY may be used as an
indication of the not ready condition but it must be
performed synchronously to CLKOUT either in the
middle of Ty, T3 or Ty, or at the falling edge of T3 or
Tw-

A second ready input (SRDY) is provided to inter-
face with externally synchronized ready signals. This
input is sampled at the end of Ty, T3 and again at
the end of each Ty until it is sampled HIGH. By
using this input rather than the asynchronous ready
input, the half-clock cycle resolution time penalty is
eliminated. This input must satisty set-up and hold
times to guarantee proper operation of the circuit.

In addition, the 80C186XL, as part of the integrated
chip-select logic, has the capability to program WAIT
states for memory and peripheral blocks. This is dis-
cussed in the Chip Select/Ready Logic description.

RESET Logic

The 80C186XL provides both a RES input pin and a
synchronized RESET output pin for use with other
system components. The RES input pin on the
80C186XL is provided with hysteresis in order to fa-
cilitate power-on Reset generation via an RC net-
work. RESET output is guaranteed to remain active
for at least five clocks given a RES input of at least
six clocks. RESET may be delayed up to approxi-
mately two and one-half clocks behind RES.

LOCAL BUS CONTROLLER

The 80C186XL provides a local bus controller to
generate the local bus control signals. In addition, it
employs a HOLD/HLDA protocol for relinquishing
the local bus to other bus masters. It also provides
outputs that can be used to enable external buffers
and to direct the flow of data on and off the local
bus.

Memory/Peripheral Control

The 80C186XL provides ALE, RD and WR bus con-
trol signais. The RD and WR signals are used to
strobe data from memory or 1/0 to the 80C186XL or
to strobe data from the 80C186XL to memory or 1/0.
The ALE line provides a strobe to latch the address
when it is valid. The 80C186XL local bus controller
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does not provide a memory/1/0 signal. If this is re-
quired, use the S2 signal (which will require external
latching), make the memory and 1/0O spaces nono-
verlapping, or use only the integrated chip-select cir-
cuitry.

Transceiver Control

The 80C186XL generates two control signals for ex-
ternal transceiver chips. This capability allows the
addition of transceivers for extra buffering without
adding external logic. These control lines, DT/R and
DEN, are generated to control the flow of data
through the transceivers. The operation of these sig-
nals is shown in Table 6.

Table 6. Transceiver Control Signals Description

Pin Name Function
DEN Enables the output drivers of the
(Data transceivers. It is active LOW during
Enable) memory, I/O, numeric processor
extension or INTA cycles.
DT/R Determines the direction of travel
(Data through the transceivers. A HIGH
Transmit/ | level directs data away from the
Receive processor during write operations,
) while a LOW level directs data toward
the processor during a read
operation.

Local Bus Arbitration

The 80C186XL uses a HOLD/HLDA system of local
bus exchange. This provides an asynchronous bus
exchange mechanism. This means multiple masters
utilizing the same bus can operate at separate clock
frequencies. The 80C186XL provides a single
HOLD/HLDA pair through which alt other bus mas-
ters may gain control of the local bus. External cir-
cuitry must arbitrate which external device will gain
control of the bus when there is more than one alter-
nate local bus master. When the 80C186XL relin-
quishes control of the local bus, it floats DEN, RD,
WR, S0-82, LOCK, ADO-AD15, A16-A18, BHE
and DT/R to allow another master to drive these
lines directly.

The 80C186XL HOLD latency time, i.e., the time be-
tween HOLD request and HOLD acknowledge, is a
function of the activity occurring in the processor
when the HOLD request is received. A HOLD re-
quest is second only to DRAM refresh requests in
priority of activity requests the processor may re-
ceive. Any bus cycle in progress will be completed
before the 80C186XL relinquishes the bus. This im-
plies that if a HOLD request is received just as a
DMA transfer begins, the HOLD latency can be as
great as 4 bus cycles. This will occur if a DMA word
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transfer operation is taking place from an odd ad-
dress to an odd address. This is a total of 16 clock
cycles or more if WAIT states are required. In addi-
tion, if locked transfers are performed, the HOLD
latency time will be increased by the length of the
locked transfer.

If the 80C186XL has relinquished the bus and a re-
fresh request is pending, HLDA is removed (driven
low) to signal the remote processor that the
80C186XL wishes to regain control of the bus. The
80C186XL will wait until HOLD is removed before
taking control of the bus to run the refresh cycle.

Local Bus Controller and Reset

During RESET the local bus controller will perform
the following action:

o Drive DEN, RD and WR HIGH for one clock cy-
cle, then float them.

e Drive SO0-52 to the inactive state (all HIGH) and
then float.

e Drive LOCK HIGH and then fioat.

e Float ADO-15, A16-19, BHE, DT/R.
e Drive ALE LOW

e Drive HLDA LOW.

RD/QSMD, UCS, LCS, MCSO0/PEREQ, MCS1/
ERROR and TEST/BUSY pins have internal pullup
devices which are active while RES is applied. Ex-
cessive loading or grounding certain of these pins
causes the 80C186XL to enter an alternative mode
of operation:

o RD/QSMD low results in Queue Status Mode.
e UCS and LCS low results in ONCE™ Mode.

e TEST/BUSY low (and high later) results in En-
hanced Mode.

INTERNAL PERIPHERAL INTERFACE

All the 80C186XL integrated peripherals are con-
trolled by 16-bit registers contained within an inter-
nal 256-byte control block. The control block may be
mapped into either memory or 1/0 space. Internal
logic will recognize control block addresses and re-
spond to bus cycles. During bus cycles to internal
registers, the bus controller will signal the operation
externally (i.e., the RD, WR, status, address, data,
etc., lines will be driven as in a normal bus cycle),
but Dq5-9, SRDY, and ARDY will be ignored. The
base address of the control block must be on an
even 256-byte boundary (i.e., the lower 8 bits of the
base address are all zeros). All of the defined regis-
ters within this control block may be read or written
by the 80C186XL CPU at any time.
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The control block base address is programmed by a
16-bit relocation register contained within the control
block at offset FEH from the base address of the
control block (see Figure 9). It provides the upper 12
bits of the base address of the control block. The
control block is effectively an internal chip select
range and must abide by all the rules concerning
chip selects (the chip select circuitry is discussed
later in this data sheet). Any access to the 256 bytes
of the control block activates an internal chip select.

Other chip selects may overlap the control block
only if they are programmed to zero wait states and
ignore external ready. In addition, bit 12 of this regis-
ter determines whether the control block will be
mapped into I/0 or memory space. If this bitis 1, the
control block will be located in memory space. If the
bit is O, the control block will be located in 1/0
space. If the control register block is mapped into
1/0 space, the upper 4 bits of the base address
must be programmed as 0 (since I/0 addresses are
only 16 bits wide).

In addition to providing relocation information for the
control block, the relocation register contains bits
which place the interrupt controller into Slave Mode,
and cause the CPU to interrupt upon encountering
ESC instructions. At RESET, the relocation register
is set to 20FFH, which maps the control block to
start at FFOOH in 1/0 space. An offset map of the
256-byte control register block is shown in Figure
10.

CHIP-SELECT/READY GENERATION
LOGIC

The B0C186XL contains logic which provides pro-
grammable chip-select generation for both memo-
ries and peripherals. In addition, it can be pro-
grammed to provide READY (or WAIT state) genera-
tion. It can also provide latched address bits A1 and
A2. The chip-select lines are active for all memory
and I/0 cycles in their programmed areas, whether
they be generated by the CPU or by the integrated
DMA unit.

Memory Chip Selects

The 80C186XL provides 6 memory chip select out-
puts for 3 address areas; upper memory, lower
memory, and midrange memory. One each is provid-
ed for upper memory and lower memory, while four
are provided for midrange memory.

The range for each chip select is user-programma-
ble and can be set to 2K, 4K, 8K, 16K, 32K, 64K,
128K (plus 1K and 256K for upper and lower chip
selects). In addition, the beginning or base address
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OFFSET: FEH [ ET |SLAVE/MASTER X_|M/IO] Relocation Address Bits R19-R8
ET = ESC Trap / No ESC Trap (1/0)
M/IO = Register block located in Memory / /0 Space (1/0)
SLAVE/MASTER = Configures interrupt controlier for Slave/Master Mode (1/0)
Figure 9. Relocation Register
OFFSET The upper limit of memory defined by this chip select
is always FFFFFH, while the lower limit is program-
Relocation Register FEH mable. By programming the lower limit, the size of
the select block is also defined. Table 7 shows the
relationship between the base address selected and
DAH the size of the memory block obtained.
DMA Descriptors Channel 1
DOH Table 7. UMCS Programming Values
Starting Memory UMCS Value
CAH Address ;
DMA Descriptors Channel 0 (Base Block (Assuming
CoH —R1=R2=
Address) Size RO=R1=R2=0)
AsH FFCO00 1K FFF8H
Chip-Select Control Registers FF800 2K FFB8H
AOH FFO00 4K FF38H
FEOOO0 8K FE38H
o6H FC000 16K FC38H
Time 2 Control Registers F8000 32K F838H
60H FO000 64K FO38H
SEH E0000 128K EO038H
Time 1 Control Registers C0000 256K C038H
58H
56H . ]
Time 0 Control Registers The lower limit of this memory block is defined in the
50H UMCS register (see Figure 11). This register is at
offset AOH in the internal control block. The legal
values for bits 6-13 and the resulting starting ad-
Interrunt Gontroller Register 3EH dress and memory block sizes are given in Table 7.
nierupt Controller Hegisiers 201 Any combination of bits 6-13 not shown in Table 7
will result in undefined operation. After reset, the

Figure 10. Internal Register Map

of the midrange memory chip select may also be
selected. Only one chip select may be programmed
to be active for any memory location at a time. All
chip select sizes are in bytes, whereas 80C186XL
memory is arranged in words. This means that if, for
example, 16 64K x 1 memories are used, the memo-
ry block size will be 128K, not 64K.

Upper Memory CS

The 80C186XL provides a chip select, called UCS,
for the top of memory. The top of memory is usually
used as the system memory because after reset the
80C186XL begins executing at memory location
FFFFOH.

This Materi al
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UMCS register is programmed for a 1K area. it must
be reprogrammed if a larger upper memory area is
desired.

The internal generation of any 20-bit address whose
upper 16 bits are equal to or greater than the UMCS
value (with bits 0-5 as ““0”) asserts UCS. UMCS bits
R2-RO0 specify the ready mode for the area of mem-
ory defined by the chip select register, as explained
later.

Lower Memory CS

The 80C186XL provides a chip select for low memo-
ry called LCS. The bottom of memory contains the
interrupt vector table, starting at location 00000H.
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The lower limit of memory defined by this chip select
is always OH, while the upper limit is programmable.
By programming the upper limit, the size of the
memory block is defined. Table 8 shows the relation-
ship between the upper address selected and the
size of the memory block obtained.

Table 8. LMCS Programming Values

Upper Memory LMCS Value

Address Block (Assuming
Size RO=R1=R2=0)

003FFH 1K 0038H
007FFH 2K 0078H
00FFFH 4K OOF8H
01FFFH 8K 01F8H
03FFFH 16K 03F8H
07FFFH 32K 07F8H
OFFFFH 64K OFF8H
1FFFFH 128K 1FF8H
3FFFFH 256K 3FF8H

The upper limit of this memory block is defined in the
LMCS register (see Figure 12) at offset A2H in the
internal control block. The legal values for bits 6~15
and the resuiting upper address and memory block
sizes are given in Table 8. Any combination of bits
6-15 not shown in Table 8 will result in undefined
operation. After RESET, the LMCS register value is
undefined. However, the LCS chip-select line will not
become active until the LMCS register is accessed.

Any internally generated 20-bit address whose up-
per 16 bits are less than or equal to LMCS (with bits
0-5 ““1”) will assert LCS. LMCS register bits R2-R0
specify the READY mode for the area of memory
defined by this chip-select register.

Mid-Range Memory CS

The 80C186XL provides four MCS lines which are
active within a user-locatable memory block. This
block can be located within the 80C186XL 1 Mbyte
memory address space exclusive of the areas de-
fined by UCS and LCS. Both the base ad-

dress and size of this memory block are programma-
ble.

The size of the memory block defined by the mid-
range select lines, as shown in Table 9, is deter-
mined by bits 8—14 of the MPCS register (see Figure
13). This register is at location A8H in the internal
control block. One and only one of bits 8—14 must
be set at a time. Unpredictable operation of the MCS
lines will otherwise occur. Each of the four chip-se-
lect lines is active for one of the four equal contigu-
ous divisions of the mid-range block. If the total
block size is 32K, each chip select is active for 8K of
memory with MCSO being active for the first range
and MCS3 being active for the last range.

The EX and MS in MPCS relate to peripheral func-
tionality as described in a later section.

Table 9. MPCS Programming Values

Total Block Individual MPCS Bits
Size Select Size 14-8

8K 2K 00000018

16K 4K 0000010B

32K 8K 0000100B

64K 16K 00010008

128K 32K 00100008

256K 64K 01000008

512K 128K 10000008

The base address of the mid-range memory block is
defined by bits 15-9 of the MMCS register (see Fig-
ure 14). This register is at offset A6H in the internal
control block. These bits correspond to bits
A19-A13 of the 20-bit memory address. Bits
A12-A0 of the base address are always 0. The base
address may be set at any integer multiple of the
size of the total memory block selected. For exam-
ple, if the mid-range block size is 32K (or the size of
the block for which each MCS line is active is 8K),
the block could be located at 10000H or 18000H,
but not at 14000H, since the first few integer multi-
ples of a 32K memory block are OH, 8000H,
10000H, 18000H, etc. After RESET, the contents of
both registers are undefined. However, none of the
MCS lines will be active until both the MMCS and
MPCS registers are accessed.

14 11 10

9 8 7 6

15 13 12
OFFSET: A0H[ 1 [ 1 Ju T U J U u]

5 4 3 2 1 0
UlulTuJul+] 11 mr]R]Ro]

A19

A10

Figure 11. UMCS Register

15 14 13

3 2 1

12 0
OFFSET: A2H[ 0 Jo JuJ uJuTu]

9 8 7 & 5 4 0
UJuJuJul1t[1]31[Rr][Rt]Ro]

A9

A10

Figure 12. LMCS Register
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15 14 13 12 1 10 9 8 7 6 5 4 3
OFFSET: A8H[ 1 [ M6 [ M5 M4 M3 M2 Mt [MO[EX MS] 1 ] 1] 1

[rR2 [ R1 [ RO

Figure 13. MPCS Register

15

OFFSET:Asr—q[u[ulu[u[u[ulzl11111[1[1[?

0
[ra[R1[Ro]

A19

A13

Figure 14. MMCS Register

MMCS bits R2-R0 specify READY mode of opera-
tion for all four mid-range chip selects.

The 512K block size for the mid-range memory chip
selects is a special case. When using 512K, the
base address would have to be at either locations
00000H or 80000H. If it were to be programmed at
00000H when the LCS line was programmed, there
would be an internal conflict between the LCS ready
generation logic and the MCS ready generation log-
ic. Likewise, if the base address were programmed
at 80000H, there would be a conflict with the UCS
ready generation logic. Since the LCS chip-select
line does not become active until programmed, while
the UCS line is active at reset, the memory base can
be set only at 00000H. If this base address is select-
ed, however, the LCS range must not be pro-
grammed.

In Enhanced Mode, three of the four MCS pins be-
come handshaking pins for the 80C187 Numerics
Processor Extension. MCS2 is still available as a
chip select covering one-fourth the mid-range ad-
dress block, subject to the usual programming of the
MPCS and MMCS registers.

Peripheral Chip Selects

The 80C186XL can generate chip selects for up to
seven peripheral devices. These chip selects are ac-
tive for seven contiguous blocks of 128 bytes above

a programmable base address. The base address
may be located in either memory or I/O space.

Seven CS lines called PCS0-6 are generated by the
80C186XL. The base address is user-programma-
ble; however it can only be a multiple of 1 Kbytes,
i.e., the least significant 10 bits of the starting ad-
dress are always 0.

PCS5 and PCS6 can also be programmed to provide
latched address bits A1 and A2. If so programmed,
they cannot be used as peripheral selects. These
outputs can be connected directly to the A0 and A1
pins used for selecting internal registers of external
8-bit peripheral chips. This scheme simplifies the ex-
ternal hardware because the peripheral registers
can be located on even boundaries in 1/0 or memo-
ry space.

The starting address of the peripheral chip-select
block is defined by the PACS register (see Figure
15). The register is located at offset A4H in the inter-
nal control block. Bits 15-6 of this register corre-
spond to bits 19-10 of the 20-bit Programmable
Base Address (PBA) of the peripheral chip-select
block. Bits 9-0 of the PBA of the peripheral chip-se-
lect block are all zeros. If the chip-select block is
located in 1/O space, bits 12-15 must be pro-
grammed zero, since the 1/0 address is only 16 bits
wide. Table 10 shows the address range of each
peripheral chip select with respect to the PBA con-
tained in PACS register.

15 6 5 3 0
OFFSET: AdH[ U JU JUJ U JuUuJuJuJuJuJuJliJi1iT 1R R ]Ro]

A19

A10

Figure 15. PACS Register
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The user should program bits 15-6 to correspond to
the desired peripheral base location. PACS bits 0-2
are used to specify READY mode for PCS0-PCS3.

Table 10. PCS Address Ranges

PCS Line Active between Locations
PCS0 PBA —PBA+127
PCS1 PBA + 128—PBA + 255
PCS2 PBA +256—PBA + 383
PCS3 PBA+384—PBA+ 511
PCS4 PBA+512—PBA+ 639
PCS5 PBA + 640—PBA + 767
PCS6 PBA+768—PBA + 895

The mode of operation of the peripheral chip selects
is defined by the MPCS register (which is also used
to set the size of the mid-range memory chip-select
block, see Figure 13). The register is located at off-
set A8H in the internal control block. Bit 7 is used to
select the function of PCS5 and PCS6, while bit 6 is
used to select whether the peripheral chip selects
are mapped into memory or I/O space. Table 11
describes the programming of these bits. After RE-
SET, the contents of both the MPCS and the PACS
registers are undefined, however none of the PCS
lines will be active until both of the MPCS and PACS
registers are accessed.

Table 11. MS, EX Programming Values

Bit Description

MS | 1 = Peripherals mapped into memory space.
0 = Peripherals mapped into |/0O space.

EX | 0 = 5 PCS lines. A1, A2 provided.
1 = 7 PCS lines. A1, A2 are not provided.

MPCS bits 0-2 specify the READY mode for PCS4-
PCS6 as outlined below.

READY Generation Logic

The 80C186XL can generate a READY signal inter-
nally for each of the memory or peripheral CS lines.
The number of WAIT states to be inserted for each
peripheral or memory is programmable to provide
0-3 wait states for all accesses to the area for
which the chip select is active. In addition, the
80C186XL may be programmed to either ignore ex-
ternal READY for each chip-select range individually
or to factor external READY with the integrated
ready generator.

READY control consists of 3 bits for each CS line or
group of lines generated by the 80C186XL. The in-
terpretation of the READY bits is shown in Table 12.
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Table 12. READY Bits Programming

R2 | R1| RO | Number of WAIT States Generated
0 | 0 | O | Owait states, external RDY
also used.
0 | 0 | 1 |1 wait state inserted, external RDY
also used.
0|1 0 | 2 wait states inserted, external RDY
also used.
o1 1 | 3 wait states inserted, external RDY
also used.
1 0 | O | O wait states, external RDY
ignored.
1 | 0| 1 |1 waitstate inserted, external RDY
ignored.
1 1 0 | 2 wait states inserted, external RDY
ignored.
1 1 1 | 3 wait states inserted, external RDY
ignored.

The internal ready generator operates in parallet
with external READY, not in series if the external
READY is used (R2 = 0). For example, if the inter-
nal generator is set to insert two wait states, but
activity on the external READY lines will insert four
wait states, the processor will only insert four wait
states, not six. This is because the two wait states
generated by the internal generator overlapped the
first two wait states generated by the external ready
signal. Note that the external ARDY and SRDY lines
are always ignored during cycles accessing internal
peripherals.

R2-RO of each control word specifies the READY
mode for the corresponding block, with the excep-
tion of the peripheral chip selects: R2-R0 of PACS
set the PCS0-3 READY mode, R2-R0 of MPCS set
the PCS4-6 READY mode.

Chip Select/Ready Logic and Reset

Upon RESET, the Chip-Select/Ready Logic will per-
form the following actions:

e All chip-select outputs will be driven HIGH.

e Upon leaving RESET, the UCS line will be pro-
grammed to provide chip selects to a 1K block
with the accompanying READY control bits set at
011 to insert 3 wait states in conjunction with ex-
ternal READY (i.e., UMCS resets to FFFBH).

* No other chip select or READY control registers
have any predefined values after RESET. They
will not become active until the CPU accesses
their control registers. Both the PACS and MPCS
registers must be accessed before the PCS lines
will become active.
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DMA CHANNELS

The 80C186XL DMA controller provides two inde-
pendent high-speed DMA channels. Data transfers
can occur between memory and 1/O spaces (e.g.,
Memory to I/0) or within the same space (e.g.,
Memory to Memory or 1/0 to i/0). Data can be
transferred either in bytes (8 bits) or in words (16
bits) to or from even or odd addresses. Each DMA
channel maintains both a 20-bit source and destina-
tion pointer which can be optionally incremented or
decremented after each data transfer (by one or two
depending on byte or word transfers). Each data
transfer consumes 2 bus cycles (a minimum of 8
clocks), one cycle to fetch data and the other to
store data.

DMA Operation

Each channel has six registers in the control block
which define each channel’s operation. The control
registers consist of a 20-bit Source pointer (2
words), a 20-bit destination pointer (2 words), a

16-bit Transfer Count Register, and a 16-bit Controi
Word. The format of the DMA Control Blocks is
shown in Table 13. The Transfer Count Register
(TC) specifies the number of DMA transfers to be
performed. Up to 64 Kbyte or word transfers can be
performed with automatic termination. The Control
Word defines the channel’s operation (see Figure
17). All registers may be modified or altered during
any DMA activity. Any changes made to these regis-
ters will be reflected immediately in DMA operation.

Table 13. DMA Control Block Format

Register Name Register Address

Ch.0 Ch. 1
Control Word CAH DAH
Transfer Count C8H D8H
Destination Pointer (upper 4 C6H DeH

bits)

Destination Pointer C4H D4H
Source Pointer (upper 4 bits) c2H D2H
Source Pointer COH DOH

20 BIT ADDER/SUBTRACTOR

ITRANSFER COUNTER CH.1

DEST. ADRS. POINTER CH. 1

SRC. ADRS. POINTER CH. 1

ITRANSFER COUNTERCH. 0
DEST. ADRS. POINTER CH. 0

SRC. ADRS. POINTER CH. 0

ADDER CONTROL
LOGIC TIMER REQUEST
‘ DRQ1
REQUEST D
SELECTION
DRQO
LOGIC __Q
OMA [
CONTROL
LOGIC
INTERRUPT
REQUEST

1@

CHANNEL CONTROL WORD 1

CHANNEL CONTROL WORD 0

INTERNAL ADDRESS/DATA BUS

¢

-

272032-15

Figure 16. DMA Unit Block Diagram
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15 14 13 1211109 8 6 5 4 3 2 1o
T
D —_
M/ DESTINATION| M/  SOURCE R cHa/ | s/ | B/
iG_ DEC INC| 16_DEC inc | TG | INT SYN P | o | X |~NocHs|sToP| w

X = DON'T CARE.

Figure 17. DMA Control Register

DMA Channel Control Word Register

Each DMA Channel Control Word determines the
mode of operation for the particular 80C186XL DMA
channel. This register specifies:

* the mode of synchronization;

* whether bytes or words will be transferred;

* whether interrupts will be generated after the last
transfer;

whether DMA activity will cease after a pro-
grammed number of DMA cycles;

the reiative priority of the DMA channel with re-
spect to the other DMA channel;

whether the source pointer will be incremented,
decremented, or maintained constant after each
transfer;

whether the source pointer addresses memory or
1/0 space;

whether the destination pointer will be increment-
ed, decremented, or maintained constant after
each transfer; and

whether the destination pointer will address
memory or 1/0 space.

The DMA channel control registers may be changed
while the channel is operating. However, any chang-
es made during operation will affect the current DMA
transfer.

DMA Control Word Bit Descriptions

DEST: M/10 Destination pointer is in memory (1)
or 1/0 (0) space.

DEC Decrement destination pointer by 1
or 2 (depends on B/W) after each
transfer.

INC Increment destination pointer by 1
or 2 (depends on B/W) after each
transfer.

If both INC and DEC are specified,
the pointer will remain constant af-
ter each cycle.
SOURCE: M/10 Source pointer is in memory (1) or
170 (0) space.
DEC Decrement source pointer by 1 or 2
(depends on B/W) after each trans-
fer.
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INC Increment source pointer by 1 or 2 (de-

TC:

INT:

SYN:

TDRQ:

CHG/NOCHG:

ST/STOP:
B/W:

pends on B/W) after each transfer.

If both INC and DEC are specified, the
pointer will remain constant after each
cycle.

If set, DMA will terminate when the con-
tents of the transfer count register
reach zero. The ST/STOP bit will also
be reset at this point. If cleared, the
DMA controller will decrement the
transfer count register for each DMA
cycle, but DMA transfers will not stop
when the transfer count register reach-
es zero.

Enable interrupts to CPU upon transfer
count termination.

00 No synchronization.

NOTE:
When unsynchronized transfers are
specified, the TC bit will be ignored and
the ST/STOP bit will be cleared upon

the transfer count reaching zero, stop-
ping the channel.

01 Source synchronization.

10 Destination synchronization.

11 Unused.

Channel priority relative to other chan-
nel during simultaneous requests.

0 Low priority.

1 High priority.

Channels will alternate cycles if both
are set at same priority level.
Enable/Disable (1/0) DMA requests
from timer 2.

Change/Do not change (1/0)
ST/STOP bit. If this bit is set when writ-
ing to the control word, the ST/STOP
bit will be programmed by the write to
the control word. If this bit is cleared
when writing the control word, the
ST/STOP bit wiil not be altered. This bit
is not stored; it will always be read as 0.

Start/Stop (1/0) channel.
Byte/Word (0/1) transfers.
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DMA Destination and Source Pointer
Registers

Each DMA channel maintains a 20-bit source and a
20-bit destination pointer. Each of these pointers
takes up two full 16-bit registers in the peripheral
control block. For each DMA channel to be used, all
four pointer registers must be initialized. The lower
four bits of the upper register contain the upper four
bits of the 20-bit physical address (see Figure 18).
These pointers may be individually incremented or
decremented after each transfer. if word transfers
are performed the pointer is incremented or decre-
mented by two.

Each pointer may point into either memory or I/0
space. Since the upper four bits of the address are
not automatically programmed to zero, the user
must program them in order to address the normal
64K 1/0 space. Since the DMA channels can per-
form transfers to or from odd addresses, there is no
restriction on values for the pointer registers. Higher
transfer rates can be achieved if all word transfers
are performed to or from even addresses so that
accesses will occur in single bus cycles.

DMA Transfer Count Register

Each DMA channel maintains a 16-bit transfer count
register (TC). The register is decremented after ev-
ery DMA cycle, regardless of the state of the TC bit
in the DMA Control Register. If the TC bit in the DMA

DMA Requests

Data transfers may be either source or destination
synchronized, that is either the source of the data or
the destination of the data may request the data
transfer. In addition, DMA transfers may be unsyn-
chronized; that is, the transfer will take place contin-
ually until the correct number of transfers has oc-
curred. When source or unsynchronized transfers
are performed, the DMA channel may begin another
transfer immediately after the end of a previous
DMA transfer. This allows a complete transfer to
take place every 2 bus cycles or eight clock cycles
(assuming no wait states). Therefore, the maximum
DMA rate is CLKOUT/4. When destination synchro-
nization is performed, data will not be fetched from
the source address until the destination device sig-
nals that it is ready to receive it. When destination
synchronized transfers are requested, the DMA con-
troller will relinquish control of the bus after every
transfer. If no other bus activity is initiated, another
DMA cycle will begin after two processor clocks, for
a maximum rate of CLKOUT/5. This allows the des-
tination device time to remove its request if another
transfer is not desired. Since the DMA controlier will
relinquish the bus, the CPU can initiate a bus cycle.
As a result, a complete bus cycle will often be insert-
ed between destination synchronized transfers, for a
maximum rate of CLKOUT/6. Table 14 shows the
maximum DMA transfer rates.

Table 14. Maximum.DMA
Transfer Rates at CLKOUT = 20 MHz

control word is set or if unsynchronized transfers are
programmed, however, DMA activity will terminate Type of
when the transfer count register reaches zero. Synchronization | CPURunning | CPU Halted
Selected
Unsynchronized 5.0 Mbytes/sec | 5.0 Mbytes/sec
Source Synch 5.0 Mbytes/sec | 5.0 Mbytes/sec
Destination Synch | 3.3 Mbytes/sec | 4.0 Mbytes/sec

HIGHER
REGISTER XXX XXX XXX
ADDRESS

LOWER
REGISTER
ADDRESS

A19-A16

A15-A12 At1-A8 A7-A4 A3-A0

15 o

XXX = DON'T CARE

Figure 18. DMA Pointer Register Format
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DMA Acknowledge

No explicit DMA acknowledge pulse is provided.
Since both source and destination pointers are
maintained, a read from a requesting source, or a
write to a requesting destination, should be used as
the DMA acknowiedge signal. Since the chip-select
lines can be programmed to be active for a given
block of memory or I/0 space, and the DMA point-
ers can be programmed to point to the same given
block, a chip-select line could be used to indicate a
DMA acknowledge.

DMA Priority

The DMA channels may be programmed to give one
channel priority over the other, or they may be pro-
grammed to alternate cycles when both have DMA
requests pending. DMA cycles always have priority
over internal CPU cycles except between locked
memory accesses or word accesses to odd memory
locations; also an external bus hold takes priority
over an internal DMA cycle. Because an interrupt
request cannot suspend a DMA operation and the
CPU cannot access memory during a DMA cycle,
interrupt latency time will suffer during sequences of
continuous DMA cycles. An NMI request, however,
will cause all internal DMA activity to halt. This al-
lows the CPU to quickly respond to the NMI request.

DMA Programming

DMA cycles will occur whenever the ST/STOP bit of
the Control Register is set. If synchronized transfers
are programmed, a DRQ must also be generated.

Therefore the source and destination transfer point-
ers, and the transfer count register (if used) must be
programmed before the ST/STOP bit is set.

Each DMA register may be modified while the chan-
nel is operating. If the CHG/NOCHG bit is cleared
when the control register is written, the ST/STOP bit
of the control register will not be modified by the
write. If multiple channel registers are modified, it is
recommended that a LOCKED string transfer be
used to prevent a DMA transfer from occurring be-
tween updates to the channel registers.

DMA Channels and Reset

Upon RESET, the state of the DMA channels will be
as follows:

e The ST/STOP bit for each channel will be reset
to STOP.
Any transfer in progress is aborted.

* The values of the transfer count registers, source
pointers, and destination pointers are indetermi-
nate.

TIMERS

The 80C186XL provides three internal 16-bit pro-
grammable timers (see Figure 19). Two of these are
highly flexible and are connected to four external
pins (2 per timer). They can be used to count exter-
nal events, time external events, generate nonrepet-
itive waveforms, etc. The third timer is not connect-
ed to any external pins, and is useful for real-time
coding and time delay applications. In addition, the
third timer can be used as a prescaler to the other
two, or as a DMA request source.

SO VA ™ T DMA
N —— REQ.
D] D’}
0 m T2
INT. = INT. INT.
AEQ. REQ. REQ.
T2 0U7
TIMER 0 TIMER 1
I———— I—
MAX COUNT VALUE MAX COUNT VALUE TIMER 2 = CLOCK/4
A A
WAX COUNT VALUE (CLOCK/AIGax COUNT VALUE WAX COUNT VALUE
8
WODE/CONTROL WODE/CONTROL MODE/CONTROL
WORD WORD WORD
) INTERNAL BUs
ALL 16 81T REGISTERS
272032-16

Figure 19. Timer Block Diagram
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Timer Operation

The timers are controlied by 11 16-bit registers in
the peripheral control block. The configuration of
these registers is shown in Table 15. The count reg-
ister contains the current value of the timer. It can be
read or written at any time independent of whether
the timer is running or not. The value of this register
will be incremented for each timer event. Each of the
timers is equipped with a MAX COUNT register,
which defines the maximum count the timer will
reach. After reaching the MAX COUNT register val-
ue, the timer count value will reset to zero during
that same clock, i.e., the maximum count value is
never stored in the count register itself. Timers 0 and
1 are, in addition, equipped with a second MAX
COUNT register, which enables the timers to alter-
nate their count between two different MAX COUNT
values. If a single MAX COUNT register is used, the
timer output pin will switch LOW for a single clock, 1
clock after the maximum count value has been
reached. In the dual MAX COUNT register mode, the
output pin will indicate which MAX COUNT register
is currently in use, thus allowing nearly complete
freedom in selecting waveform duty cycles. For the
timers with two MAX COUNT registers, the RIU bit in
the control register determines which is used for the
comparison.

Each timer gets serviced every fourth CPU-clock cy-
cle, and thus can operate at speeds up to one-quar-
ter the internal clock frequency (one-eighth the crys-
tal rate). External clocking of the timers may be done
at up to a rate of one-quarter of the internal CPU-
clock rate. Due to internal synchronization and pipe-
lining of the timer circuitry, a timer output may take
up to 6 clocks to respond to any individual clock or
gate input.

Since the count registers and the maximum count
registers are all 16 bits wide, 16 bits of resolution are
provided. Any Read or Write access to the timers will
add one wait state to the minimum four-clock bus
cycle, however. This is needed to synchronize and
coordinate the internal data flows between the inter-
nal timers and the internal bus.

The timers have several programmable options.

® All three timers can be set to halt or continue on
a terminal count.

e Timers 0 and 1 can select between internal and
external clocks, aiternate between MAX COUNT
registers and be set to retrigger on external
events.

e The timers may be programmed to cause an in-
terrupt on terminal count.

These options are selectable via the timer mode/
control word.

Timer Mode/Control Register

The mode/control register (see Figure 20) allows
the user to program the specific mode of operation
or check the current programmed status for any of
the three integrated timers.

Table 15. Timer Control Block Format

Register Name Register Offset
Tmr.0| Tmr. 1 Tmr. 2
Mode/Control Word | 56H 5EH 66H
Max Count B 54H 5CH | not present
Max Count A 52H 5AH 62H
Count Register 50H 58H 60H

EN:

The enable bit provides programmer control over
the timer's RUN/HALT status. When set, the timer is
enabled to increment subject to the input pin con-
straints in the internal clock mode (discussed previ-
ously). When cleared, the timer will be inhibited from
counting. All input pin transistions during the time EN
is zero will be ignored. If CONT is zero, the EN bit is
automatically cleared upon maximum count.

INH:

The inhibit bit allows for selective updating of the
enable (EN) bit. If INH is a one during the write to the
mode/control word, then the state of the EN bit will
be modified by the write. If INH is a zero during the
write, the EN bit will be unaffected by the operation.
This bit is not stored; it will always be a 0 on a read.

INT:

When set, the INT bit enables interrupts from the
timer, which will be generated on every terminal

15 14 13 12 11 5 4 3 2 1 [}
EN | N | INT [ RU | o0 | ... | Mc | RiG | P | EXT | ALT [ CONT]
Figure 20. Timer Mode/Control Register
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count. If the timer is configured in dual MAX COUNT
register mode, an interrupt will be generated each
time the value in MAX COUNT register A is reached,
and each time the value in MAX COUNT register B is
reached. If this enable bit is cleared after the inter-
rupt request has been generated, but before a pend-
ing interrupt is serviced, the interrupt request will still
be in force. (The request is latched in the interrupt
Controller).

RIU:

The Register In Use bit indicates which MAX
COUNT register is currently being used for compari-
son to the timer count value. A zero value indicates
register A. The RIU bit cannot be written, ie., its
value is not affected when the control register is writ-
ten. It is always cleared when the ALT bit is zero.

MC:

The Maximum Count bit is set whenever the timer
reaches its final maximum count value. If the timer is
configured in dual MAX COUNT register mode, this
bit will be set each time the value in MAX COUNT
register A is reached, and each time the value in
MAX COUNT register B is reached. This bit is set
regardless of the timer’s interrupt-enable bit. The
MC bit gives the user the ability to monitor timer
status through software instead of through inter-
rupts.

Programmer intervention is required to clear this bit.

RTG:

Retrigger bit is only active for internal clocking
(EXT = 0). In this case it determines the control
function provided by the input pin.

If RTG = 0, the input ievel gates the internal clock
on and off. If the input pin is HIGH, the timer will
count; if the input pin is LOW, the timer will hold its
value. As indicated previously, the input signal may
be asynchronous with respect to the 80C186XL
clock.

When RTG = 1, the input pin detects LOW-to-HIGH
transitions. The first such transition starts the timer
running, clearing the timer value to zero on the first
clock, and then incrementing thereafter. Further
transitions on the input pin will again reset the timer
to zero, from which it will start counting up again. If
CONT = 0, when the timer has reached maximum
count, the EN bit will be cleared, inhibiting further
timer activity.
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P:

The prescaler bit is ignored unless internal clocking
has been selected (EXT = 0). If the P bit is a zero,
the timer will count at one-fourth the internal CPU
clock rate. If the P bit is a one, the output of timer 2
will be used as a clock for the timer. Note that the
user must initialize and start timer 2 to obtain the
prescaled clock.

EXT:

The external bit selects between internal and exter-
nal clocking for the timer. The external signal may
be asynchronous with respect to the 80C186XL
clock.

If this bit is set, the timer will count LOW-to-HIGH
transitions on the input pin. If cleared, it will count an
internal clock while using the input pin for control. in
this mode, the function of the external pin is defined
by the RTG bit. The maximum input to output tran-
sition latency time may be as much as 6 clocks.
However, clock inputs may be pipelined as closely
together as every 4 clocks without losing clock puis-
es.

ALT:

The ALT bit determines which of two MAX COUNT
registers is used for count comparison. If ALT = 0,
register A for that timer is always used, while if ALT
= 1, the comparison will alternate between register
A and register B when each maximum count is
reached. This alternation allows the user to change
one MAX COUNT register while the other is being
used, and thus provides a method of generating
non-repetitive waveforms. Square waves and pulse
outputs of any duty cycle are a subset of available
signals obtained by not changing the final count reg-
isters. The ALT bit also determines the function of
the timer output pin. If ALT is zero, the output pin will
go LOW for one clock, the clock after the maximum
count is reached. If ALT is one, the output pin will
reflect the current MAX COUNT register being used
(0/1 for B/A).

CONT:

Setting the CONT bit causes the associated timer to
run continuously, while resetting it causes the timer
to halt upon maximum count. If CONT = 0 and
ALT = 1, the timer will count to the MAX COUNT
register A value, reset, count to the register B value,
reset, and halt.

Not all mode bits are provided for timer 2. Certain
bits are hardwired as indicated below:

ALT = 0,EXT = 0,P = 0,RTG = 0,RIU = 0
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Count Registers

Each of the three timers has a 16-bit count register.
The contents of this register may be read or written
by the processor at any time. If the register is written
while the timer is counting, the new value will take
effect in the current count cycle.

The count registers should be programmed before
attempting to use the timers since they are not auto-
matically initialized to zero.

Max Count Registers

Timers 0 and 1 have two MAX COUNT registers,
while timer 2 has a single MAX COUNT register.
These contain the number of events the timer will
count. In timers 0 and 1, the MAX COUNT register
used can alternate between the two max count val-
ues whenever the current maximum count is
reached. A timer resets when the timer count regis-
ter equals the max count value being used. If the
timer count register or the max count register is
changed so that the max count is less than the timer
count, the timer does not immediately reset. Instead,
the timer counts up to OFFFFH, “wraps around” to
zero, counts up to the max count value, and then
resets.

Timers and Reset

Upon RESET, the state of the timers will be as fol-
lows:

* All EN (Enable) bits are reset preventing timer
counting.

® For Timers 0 and 1, the RIU bits are reset to zero
and the ALT bits are set to one. This results in the
Timer Out pins going HIGH.

® The contents of the count registers are indetermi-
nate.

INTERRUPT CONTROLLER

The B0C186XL can receive interrupts from a number
of sources, both internal and external. The internal
interrupt controller serves to merge these requests
on a priority basis, for individual service by the CPU.
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Internal interrupt sources (Timers and DMA chan-
nels) can be disabled by their own control registers
or by mask bits within the interrupt controller. The
80C186XL interrupt controller has its own control
register that sets the mode of operation for the con-
troller.

The interrupt controller will resolve priority among
requests that are pending simultaneously. Nesting is
provided so interrupt service routines for lower priori-
ty interrupts may be interrupted by higher priority in-
terrupts. A block diagram of the interrupt controller is
shown in Figure 21.

The 80C186XL has a special Slave Mode in which
the internal interrupt controller acts as a slave to an
external master. The controller is programmed into
this mode by setting bit 14 in the peripheral control
block relocation register. (See Slave Mode section.)

MASTER MODE OPERATION

Interrupt Controller External Interface

Five pins are provided for external interrupt sources.
One of these pins is NMI, the non-maskable inter-
rupt. NMI is generally used for unusual events such
as power-fail interrupts. The other four pins may be
configured in any of the following ways:

* As four interrupt lines with internally generated
interrupt vectors.

® As an interrupt line and interrupt acknowledge
line pair (Cascade Mode) with externally generat-
ed interrupt vectors plus two interrupt input lines
with internally generated vectors.

® As two pairs of interrupt/interrupt acknowledge
lines (Cascade Mode) with externally generated
interrupt vectors.

External sources in the Cascade Mode use external-
ly generated interrupt vectors. When an interrupt is
acknowledged, two INTA cycles are initiated and the
vector is read into the 80C186XL on the second cy-
cle. The capability to interface to external 82C59A
programmable interrupt controllers is provided when
the inputs are configured in Cascade Mode.
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Interrupt Controller Modes of
Operation

The basic modes of operation of the interrupt con-
troller in Master Mde are similar to the 82C59A. The
interrupt controller responds identically to internal in-
terrupts in all three modes: the difference is only in
the interpretation of function of the four external in-
terrupt pins. The interrupt controller is set into one of
these three modes by programming the correct bits
in the INTO and INT1 control registers. The modes of
interrupt controller operation are as follows:

Fully Nested Mode

When in the fully nested mode four pins are used as
direct interrupt requests as in Figure 22. The vectors
for these four inputs are generated internally. An in-
service bit is provided for every interrupt source. If a
lower-priority device requests an interrupt while the
in service bit (IS) is set, no interrupt will be generat-
ed by the interrupt controller. In addition, if another
interrupt request occurs from the same interrupt
source while the in-service bit is set, no interrupt will
be generated by the interrupt controller. This allows
interrupt service routines to operate with interrupts
enabled, yet be suspended only by interrupts of
higher priority than the in-service interrupt.

When a service routine is completed, the proper 1S
bit must be reset by writing the proper pattern to the
EOI register. This is required to allow subsequent
interrupts from this interrupt source and to aliow
servicing of lower-priority interrupts. An EOl com-

mand is executed at the end of the service routine
just before the return from interrupt instruction. If the
fully nested structure has been upheld, the next
highest-priority source with its IS bit set is then serv-
iced.

Cascade Mode

The 80C186XL has four interrupt pins and two of
them have dual functions. In the fully nested mode
the four pins are used as direct interrupt inputs and
the corresponding vectors are generated internally.
In the Cascade Mode, the four pins are configured
into interrupt input-dedicated acknowledge signal
pairs. The interconnection is shown in Figure 23.
INTO is an interrupt input interfaced to an 82C58A,
while INT2/INTAO serves as the dedicated interrupt
acknowledge signal to that peripheral. The same is
true for INT1 and INT3/INTA1. Each pair can selec-
tively be placed in the Cascade Mode by program-
ming the proper value into INTO and INT1 control
registers. The use of the dedicated acknowledge
signals eliminates the need for the use of external
logic to generate INTA and device select signals.

The primary Cascade Mode allows the capability to
serve up to 128 external interrupt sources through
the use of external master and slave 82C59As.
Three levels of priority are created, requiring priority
resolution in the 80C186XL interrupt controller, the
master 82C59As, and the slave 82C59As. If an ex-
ternal interrupt is serviced, one IS bit is set at each
of these levels. When the interrupt service routine is
completed, up to three end-of-interrupt commands
must be issued by the programmer.

TIMER TIMER TIMER DMA DMA

1 INTO SELECT INTAO

INT3/
INTAT/
IR NMI

INT1/ INT2/

N

E

TIMER TNTERAUPT
CONTROL REG. REQUEST REG.
DMA & INTERRUPT
CONTROL REG. MASK REG.
DMA 1 TN-SERVICE
CONTROL REG. REG.
€XT.INPUT 0 ::j sl PRIOA. LEV.
CONTROL REG. OVER MASK REG.
EXT. INPUT 1 INTERRUPT
CONTROL REG. STATUS REG.
EXT.INPUT 2 vECToR
CONTROL REG. CENERA.
EXT.INPUT 3 TION
CONTROL REG. 0GIC
INTERRUPT
REQUEST TO
PROCESSOR

INTERNAL ADDRESS/DATA BUS

&

272032-17

Figure 21. Interrupt Controller Block Diagram
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INTO
INT1
80C186XL
INT2
INT3

j—— INTERRUPT SOURCE
j¢&—— INTERRUPT SOURCE

j¢— INTERRUPT SOURCE
j¢— INTERRUPT SOURCE

272032-18

Figure 22. Fully Nested (Direct) Mode Interrupt
Controller Connections

Special Fully Nested Mode

This mode is entered by setting the SFNM bit in
INTO or INT1 control register. It enables complete
nestability with external 82C59A masters. Normally,
an interrupt request from an interrupt source will not
be recognized unless the in-service bit for that
source is reset. If more than one interrupt source is
connected to an external interrupt controller, all of
the interrupts will be funneled through the same
80C186XL interrupt request pin. As a result, if the
external interrupt controller receives a higher-priority
interrupt, its interrupt will not be recognized by the
80C186XL controiler until the 80C186XL in-service
bit is reset. In Special Fully Nested Mode, the
80C186XL interrupt controller will allow interrupts
from an external pin regardiess of the state of the in-
service bit for an interrupt source in order to allow
multiple interrupts from a single pin. An in-service bit
will continue to be set, however, to inhibit interrupts
from other lower-priority 80C186XL interrupt sourc-
es.

Special procedures should be followed when reset-
ting IS bits at the end of interrupt service routines.
Software polling of the IS register in the external
master 82C59A is required to determine if there is
more than one bit set. If so, the IS bit in the
80C186XL remains active and the next interrupt
service routine is entered.

Operation in a Polled Environment

The controlier may be used in a polled mode if inter-
rupts are undesirable. When polling, the processor
disables interrupts and then polis the interrupt con-
troller whenever it is convenient. Polling the interrupt
controller is accomplished by reading the Poll Word
(Figure 32). Bit 15 in the poll word indicates to the
processor that an interrupt of high enough priority is
requesting service. Bits 0—4 indicate to the proces-
sor the type vector of the highest-priority source re-
questing service. Reading the Poll Word causes the
In-Service bit of the highest priority source to be set.

It is desirable to be able to read the Poll Word infor-
mation without guaranteeing service of any pending
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interrupt, i.e., not set the indicated in-service bit. The
80C186XL provides a Poll Status Word in addition to
the conventional Poll Word to allow this to be done.
Poll Word information is duplicated in the Poll Status
Word, but reading the Poll Status Word does not set
the associated in-service bit. These words are locat-
ed in two adjacent memory locations in the register
file.

Master Mode Features

Programmable Priority

The user can program the interrupt sources into any
of eight different priority levels. The programming is
done by placing a 3-bit priority level (0-7) in the con-
trol register of each interrupt source. (A source with
a priority level of 4 has higher priority over all priority
levels from 5 to 7. Priority registers containing values
lower than 4 have greater priority). All interrupt
sources have preprogrammed default priority levels
(see Table 4).

If two requests with the same programmed priority
level are pending at once, the priority ordering
scheme shown in Table 4 is used. If the serviced
interrupt routine reenables interrupts, other interrupt
requests can be serviced.

End-of-Interrupt Command

The end-of-interrupt (EOI) command is used by the
programmer to reset the In-Service (IS) bit when an
interrupt service routine is completed. The EQI com-
mand is issued by writing the proper pattern to the
EOQI register. There are two types of EOl commands,
specific and nonspecific. The nonspecific command
does not specify which IS bit is reset. When issued,
the interrupt controller automatically resets the IS bit
of the highest priority source with an active service
routine. A specific EOl command requires that the
programmer send the interrupt vector type to the in-
terrupt controller indicating which source’s IS bit is
to be reset. This command is used when the fully
nested structure has been disturbed or the highest
priority IS bit that was set does not belong to the
service routine in progress.

Trigger Mode

The four external interrupt pins can be programmed
in either edge- or level-trigger mode. The control
register for each external source has a level-trigger
mode (LTM) bit. All interrupt inputs are active HIGH.
In the edge sense mode or the level-trigger mode,
the interrupt request must remain active (HIGH) until
the interrupt request is acknowledged by the
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80C186XL CPU. In the edge-sense mode, if the level
remains high after the interrupt is acknowledged, the
input is disabled and no further requests will be gen-
erated. The input level must go LOW for at least one
clock cycle to re-enable the input. In the level-trigger
mode, no such provision is made: holding the inter-
rupt input HIGH will cause continuous interrupt re-
quests.

Interrupt Vectoring

The 80C186XL Interrupt Controller will generate in-
terrupt vectors for the integrated DMA channels and
the integrated Timers. In addition, the Interrupt Con-
troller will generate interrupt vectors for the external
interrupt lines if they are not configured in Cascade
or Special Fully Nested Modes. The interrupt vectors
generated are fixed and cannot be changed (see Ta-
ble 4).

Interrupt Controller Registers

The Interrupt Controller register model is shown in
Figure 24. It contains 15 registers. All registers can
both be read or written unless specified otherwise.

In-Service Register

This register can be read from or written into. The
format is shown in Figure 25. It contains the In-Serv-
ice bit for each of the interrupt sources. The In-Serv-
ice bit is set to indicate that a source’s service rou-
tine is in progress. When an In-Service bit is set, the
interrupt controller will not generate interrupts to the
CPU when it receives interrupt requests from devic-
es with a lower programmed priority level. The TMR
bit is the In-Service bit for all three timers; the DO
and D1 bits are the In-Service bits for the two DMA
channels; the 10-13 are the In-Service bits for the

external interrupt pins. The IS bit is set when the
processor acknowledges an interrupt request either
by an interrupt acknowledge or by reading the poli
register. The IS bit is reset at the end of the interrupt
service routine by an end-of-interrupt command.

Interrupt Request Register

The internal interrupt sources have interrupt request
bits inside the interrupt controller. The format of this
register is shown in Figure 25. A read from this regis-
ter yields the status of these bits. The TMR bit is the
logical OR of all timer interrupt requests. DO and D1
are the interrupt request bits for the DMA channels.

The state of the external interrupt input pins is also
indicated. The state of the external interrupt pins is
not a stored condition inside the interrupt controller,
therefore the external interrupt bits cannot be writ-
ten. The external interrupt request bits are set when
an interrupt request is given to the interrupt control-
ler, so if edge-triggered mode is selected, the bit in
the register will be HIGH only after an inactive-to-ac-
tive transition. For internal interrupt sources, the reg-
ister bits are set when a request arrives and are re-
set when the processor acknowledges the requests.

Writes to the interrupt request register will affect the
DO and D1 interrupt request bits. Setting either bit
will cause the corresponding interrupt request while
clearing either bit will remove the corresponding in-
terrupt request. All other bits in the register are read-
only.

Mask Register

This is a 16-bit register that contains a mask bit for
each interrupt source. The format for this register is
shown in Figure 25. A one in a bit position corre-
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Wio] —— 820594 | S .
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Figure 23. Cascade and Special Fully Nested Mode Interrupt Controller Connections
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sponding to a particular source masks the source
from generating interrupts. These mask bits are the
exact same bits which are used in the individual con-
trol registers; programming a mask bit using the
mask register will also change this bit in the individu-
al control registers, and vice versa.

OFFSET

INT3 CONTROL REGISTER 3EH
INT2 CONTROL REGISTER 3CH
INT1 CONTROL REGISTER 3AH
INTO CONTROL REGISTER 38H
DMA 1 CONTROL REGISTER 36H
DMA 0 CONTROL REGISTER 34H
TIMER CONTROL REGISTER 32H
INTERRUPT STATUS REGISTER 30H

INTERRUPT REQUEST REGISTER 2EH

Priority Mask Register

This register masks all interrupts below a particular
interrupt priority level. The format of this register is
shown in Figure 26. The code in the lower three bits
of this register inhibits interrupts of priority lower (a
higher priority number) than the code specified. For
example, 100 written into this register masks inter-
rupts of level five (101), six (110), and seven (111).
The register is reset to seven (111) upon RESET so
no interrupts are masked due to priority number.

Interrupt Status Register

This register contains general interrupt controller
status information. The format of this register is
shown in Figure 27. The bits in the status register
have the following functions:

DHLT: DMA Halt Transfer; setting this bit halts all
DMA transfers. It is automatically set when-
ever a non-maskable interrupt occurs, and it
is reset when an IRET instruction is execut-
ed. This bit allows prompt service of all non-

IN-SERVICE REGISTER 2CH maskable interrupts. This bit may also be set
by the programmer.
PRIORITY MASK REGISTER 2AH
IRTx: These three bits represent the individual tim-
MASK REGISTER 28H er interrupt request bits. These bits differenti-
ate between timer interrupts, since the timer
POLL STATUS REGISTER 264 IR bit in the interrupt request register is the
POLL REGISTER 24H “OR" function of all timer interrupt request.
Note that setting any one of these three bits
EOI REGISTER 22H initiates an interrupt request to the interrupt
controller.
Figure 24. Interrupt Controller Registers
(Master Mode)
15 14 10 [ 8 ? 6 5 4 3 2 1 )
(o T o~ . *JToJoTJTo[w[w@[i#in[mw]|[bo1]Do] o [T™R]

Figure 25. In-Service, Interrupt Request and Mask Register Formats

15 14 3 2 1 0
0o [ o] » . o . . . . . o | [ o JpRM2[PRM1]PRMO]
Figure 26. Priority Mask Register Format
15 14 7 [ 5 4 3 2 1 0
oHT] o T e . . . . o ] o [T o] o o [IRT2]RTI[IRTO]

Figure 27. Interrupt Status Register Format (Master Mode)
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Timer, DMA 0, t; Control Register

These registers are the control words for all the in-
ternal interrupt sources. The format for these regis-
ters is shown in Figure 28. The three bit positions
PRO, PR1 and PR2 represent the programmable pri-
ority level of the interrupt source. The MSK bit inhib-
its interrupt requests from the interrupt source. The
MSK bits in the individual control registers are the
exact same bits as are in the Mask Register; modify-
ing them in the individual control registers will also
modify them in the Mask Register, and vice versa.

INTO-INT3 Control Registers

These registers are the control words for the four
external input pins. Figure 29 shows the format of
the INTO and INT1 Control registers; Figure 30
shows the format of the INT2 and INT3 Control reg-
isters. In Cascade Mode or Special Fully Nested
Mode, the control words for INT2 and INT3 are not
used.

The bits in the various control registers are encoded
as follows:

PRO-2: Priority programming information. Highest
Priority = 000, Lowest Priority = 111

Level-trigger mode bit. 1 = level-triggered;
0 = edge-triggered. Interrupt Input levels
are active high. In level-triggered mode, an

LTM:

level is preceded by an inactive-to-active
transition on the line. In both cases, the
level must remain active until the interrupt
is acknowledged.

MSK:  Mask bit, 1 = mask; 0 = non-mask.

C: Cascade mode bit, 1 = cascade; 0 = di-
rect

SFNM: Special Fully Nested Mode bit, 1 = SFNM

EO! Register

The end of the interrupt register is a command regis-
ter which can only be written into. The format of this
register is shown in Figure 31. It initiates an EOI
command when written to by the 80C186XL CPU.

The bits in the EQI register are encoded as follows:

Sy Encoded information that specifies an in-
terrupt source vector type as shown in Ta-
ble 4. For example, to reset the In-Service
bit for DMA channel 0, these bits should be
set to 01010, since the vector type for DMA
channel 0 is 10.

NOTE:

To reset the single In-Service bit for any of
the three timers, the vector type for timer O
(8) should be written in this register.

NSPEC/: A bit that determines the type of EOI com-

This Materia

interrupt is generated whenever the exter- SPEC  mand. Nonspecific = 1, Specific = 0.
nal line is high. In edge-triggered mode, an
interrupt will be generated only when this
15 14 4 3 2 1 [}
o[ o e . . . . . . . [ o [msk[PR2] PR1]PRO]
Figure 28. Timer/DMA Control Registers Formats
15 14 7 6 5 4 3 2 1 [
[oT o]« . . . . [ o [sFNnM[ C [ LTM [ Msk] PR2 | PR1 [ PRO ]
Figure 29. INTO/INT1 Control Register Formats
15 14 5 4 3 2 1 [
[o T ol -« . . . . . . [ o JLtM[Msk[PR2]PR1] PRO |

Figure 30. INT2/INT3 Control Register Formats
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Poll and Poll Status Registers

These registers contain polling information. The for-
mat of these registers is shown in Figure 32. They
can only be read. Reading the Poll register consti-
tutes a software poll. This will set the IS bit of the
highest priority pending interrupt. Reading the poll
status register will not set the IS bit of the highest
priority pending interrupt; only the status of pending
interrupts will be provided.

Encoding of the Poll and Poll Status register bits are
as follows:

Sy: Encoded information that indicates the
vector type of the highest priority inter-
rupting source. Valid only when INTREQ

INTREQ: This bit determines if an interrupt request
is present. Interrupt Request = 1; no In-
terrupt Request = 0.

SLAVE MODE OPERATION

When Slave Mode is used, the internal 80C186XL
interrupt controller will be used as a slave controller
to an external master interrupt controller. The inter-
nal 80C186XL resources will be monitored by the
internal interrupt controller, while the external con-
troller functions as the system master interrupt con-

troller. Upon reset, the 80C186XL will be in master
mode. To provide for slave mode operation bit 14 of
the relocation register should be set.

Because of pin limitations caused by the need to
interface to an external 82C59A master, the internal
interrupt controller will no longer accept external in-
puts. There are however, enough 80C186XL inter-
rupt controller inputs (internally) to dedicate one to
each timer. In this mode, each timer interrupt source
has its own mask bit, IS bit and control word.

In Slave Mode each peripheral must be assigned a
unique priority to ensure proper interrupt controller
operation. Therefore, it is the programmer’s respon-
sibility to assign correct priorities and initialize inter-
rupt control registers before enabling interrupts.

Slave Mode External Interface

The configuration of the 80C186XL with respect to
an external 82C59A master is shown in Figure 33.
The INTO (Pin 45) input is used as the 80C186XL
CPU interrupt input. IRQ (Pin 41) functions as an
output to send the B0C186XL slave interrupt request
to one of the 8 master PIC inputs.

15 14 13

SPEC/
NSPEC] 0 ] 0 ] s s

o [se [ [ 52 [ ] ]

Figure 31. EOI Register Format

15 14 13

5 4 3 2 1 0

INT
rea| ° I °

O[SAISSTSZIS!|SO|

This Materi al

Figure 32. Poll and Poll Status Register Format
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Figure 33. Slave Mode Interrupt Controller Connections

Correct master-slave interface requires decoding of
the slave addresses (CAS0-2). Slave 82C59As do
this internally. Because of pin limitations, the
80C186XL slave address will have to be decoded
externaily. SELECT (Pin 44) is used as a slave-se-
lect input. Note that the slave vector address is
transferred internally, but the READY input must be
supplied externally.

INTAO (Pin 42) is used as an acknowledge output,
suitable to drive the INTA input of an 82C59A.

Interrupt Nesting

Slave Mode operation allows nesting of interrupt re-
quests. When an interrupt is acknowledged, the pri-
ority logic masks off all priority levels except those
with equal or higher priority.

Vector Generation in the Slave Mode

Vector generation in Slave Mode is exactly like that
of an 8259A or 82C59A slave. The interrupt control-
ler generates an 8-bit vector type number which the
CPU multiplies by four to use as an address into the
vector table. The five most significant bits of this
type number are user-programmable while the three
least significant bits are defined according to Figure
34. The significant five bits of the vector are pro-
grammed by writing to the Interrupt Vector register
at offset 20H.

Specific End-of-Interrupt

In Slave Mode the specific EOl command operates
to reset an in-service bit of a specific priority. The
user supplies a 3-bit priority-level value that points to
an in-service bit to be reset. The command is exe-
cuted by writing the correct value in the Specific EOI
register at offset 22H.

Interrupt Controller Registers
in the Slave Mode

All control and command registers are located inside
the internal peripheral control block. Figure 34
shows the offsets of these registers.

End-of-interrupt Register

The end-of-interrupt register is a command register
which can only be written. The format of this register
is shown in Figure 35. It initiates an EOl command
when written by the 80C186XL CPU.

The bits in the EOI register are encoded as follows:

VTy:.  Three least-significant vector type bits corre-
sponding to the source for which the IS bit is
to be reset. Figure 34 indicates these bits.

This Materi al
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In-Service Register

This register can be read from or written into. It con-
tains the in-service bit for each of the internal inter-
rupt sources. The format for this register is shown in
Figure 36. Bit positions 2 and 3 correspond to the
DMA channels; positions 0, 4 and 5 correspond to
the integral timers. The source’s IS bit is set when
the processor acknowledges its interrupt request.

interrupt Request Register

This register indicates which internal peripherals
have interrupt requests pending. The format of this
register is shown in Figure 36. The interrupt request
bits are set when a request arrives from an internal
source, and are reset when the processor acknowl-
edges the request. As in Master Mode, DO and D1
are read/write; all other bits are read only.

Mask Register

This register contains a mask bit for each interrupt
source. The format for this register is shown in Fig-
ure 36. If the bit in this register corresponding to a
particular interrupt source is set, any interrupts from
that source will be masked. These mask bits are ex-
actly the same bits which are used in the individual
controi registers, i.e., changing the state of a mask
bit in this register will also change the state of the
mask bit in the individual interrupt control register
corresponding to the bit.

Control Registers

These registers are the control words for all the in-
ternal interrupt sources. The format of these regis-
ters is shown in Figure 37. Each of the timers and
both of the DMA channels have their own Control
Register.

The bits of the Control Registers are encoded as

follows:

pry.  3-bit encoded field indicating a priority level
for the source.

msk: mask bit for the priority level indicated by pry
bits.

OFFSET

TIMER 2 CONTROL REGISTER 3AH
(VECTOR TYPE XXXXX101)

TIMER 1 CONTROL REGISTER 384
(VECTOR TYPE XXXXX100)

DMA1 CONTROL REGISTER 36H
{(VECTOR TYPE XXXXX011)

DMAO CONTROL REGISTER 34H
(VECTOR TYPE XXXXX010)

TIMERO CONTROL REGISTER 32H
(VECTOR TYPE XXXXX000)

INTERRUPT STATUS REGISTER 30H

INTERRUPT-REQUEST REGISTER 2EH

IN-SERVICE REGISTER 2CH

PRIORITY-LEVEL MASK REGISTER 2AH

MASK REGISTER 28H
SPECIFIC EOI REGISTER 22H
INTERRUPT VECTOR REGISTER 20H

Figure 34. Interrupt Controlier Registers
(Slave Mode)

0

5 4 3 2 1
[o [ o[ o [vra]vri[vro]

Figure 35. Specific EOl Register Format

6 5 4 3 2 1 ]

7
[ o [ o [TMR2[TMR1] D1 | DO | © [TMRo]

Figure 36. In-Service, Interrupt Request and Mask Register Format
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Interrupt Vector Register

This register provides the upper five bits of the inter-
rupt vector address. The format of this register is
shown in Figure 38. The interrupt controller itself
provides the lower three bits of the interrupt vector
as determined by the priority level of the interrupt
request.

The format of the bits in this register is:
ty:  5-bit field indicating the upper five bits of the

vector address.
Priority-Level Mask Register

This register indicates the lowest priority-level inter-
rupt which will be serviced.

The encoding of the bits in this register is:
my:  3-bit encoded field indication priority-level val-

ue. All levels of lower priority will be masked.
Interrupt Status Register

This register is defined as in Master Mode except
that DHLT is not implemented (see Figure 27).

Interrupt Controller and Reset
Upon RESET, the interrupt controller will perform
the following actions:

® All SFNM bits reset to 0, implying Fully Nested
Mode.

® All PR bits in the various control registers set to 1.
This places all sources at lowest priority (level
111).

* All LTM bits reset to 0, resulting in edge-sense
mode.

All Interrupt Service bits reset to 0.
All Interrupt Request bits reset to 0.
All MSK (Interrupt Mask) bits set to 1 (mask).
All C (Cascade) bits reset to 0 (non-Cascade).

All PRM (Priority Mask) bits set to 1, implying no
levels masked.

® |nitialized to Master Mode.

15 14 13

CoToTlo = = + =]

5 4 3 2 1 0
o | o [Msk][PR2]PR1] PRO |

This Materi al

Figure 37. Control Word Format

15 1413 8 7 6 5 4 3 2 1 [
[oJToJT ol - . . e [ o] w ]| B]tw]t]lw]o] ol ol
Figure 38. Interrupt Vector Register Format
15 14 13 8 7 6 5 4 3 2 1 o
[oJoJ o] e . . e JoJoJoJoJoJ o [m]m]mo

Figure 39. Priority Level Mask Register

42

Copyrighted By Its Respective Manufacturer



This Materi al

Intel.

80C186XL

PRODLGCT PREVIEW

Enhanced Mode Operation

In Compatible Mode the 80C186XL operates with all
the features of the NMOS 80186, with the exception
of 8087 support (i.e. no math coprocessing is possi-
ble in Compatible Mode). Queue-Status information
is still available for design purposes other than 8087
support.

All the Enhanced Mode features are completely
masked when in Compatible Mode. A write to any of
the Enhanced Mode registers will have no effect,
while a read will not return any valid data.

In Enhanced Mode, the 80C186XL will operate with
Power-Save, DRAM refresh, and numerics coproc-
essor support in addition to all the Compatible Mode
features.

Entering Enhanced Mode

If connected to a math coprocessor, this mode will
be invoked automatically. Without an NPX, this
mode can be entered by tying the RESET output
signal from the 80C186XL to the TEST/BUSY input.

Queue-Status Mode

The queue-status mode is entered by strapping the
RD pin low. RD is sampled at RESET and if LOW,
the 80C186XL will reconfigure the ALE and WR pins
to be QS0 and QS1 respectively. This mode is avail-
able on the 80C186XL in both Compatible and En-
hanced Modes.

DRAM Refresh Control Unit
Description

The Refresh Control Unit (RCU) automatically gen-
erates DRAM refresh bus cycles. The RCU operates
only in Enhanced Mode. After a programmable peri-
od of time, the RCU generates a memory read re-
quest to the BIU. If the address generated during a
refresh bus cycle is within the range of a properly
programmed chip select, that chip select will be acti-
vated when the BIU executes the refresh bus cycle.
The ready logic and wait states programmed for that
region will also be in force. If no chip select is acti-
vated, then external ready is automatically required
to terminate the refresh bus cycle.

If the HLDA pin is active when a DRAM refresh re-
quest is generated (indicating a bus hold condition),
then the 80C186XL will deactivate the HLDA pin in
order to perform a refresh cycle. The circuit external
to the 80C186XL must remove the HOLD signal for
at least one clock in order to execute the refresh
cycle. The sequence of HLDA going inactive while
HOLD is being held active can be used to signal a
pending refresh request.

All registers controlling DRAM refresh may be read
and written in Enhanced Mode. When the processor
is operating in Compatible Mode, they are deselect-
ed and are therefore inaccessible. Some fields of
these registers cannot be written and are always
read as zeros.

DRAM Refresh Addresses

The address generated during a refresh cycle is de-
termined by the contents of the MDRAM register
(see Figure 40) and the contents of a 9-bit counter.
Figure 41 illustrates the origin of each bit.

15 14 13 12 11

MDRAM:
Offset EOH

[MﬁlMs[m[Msleib:ﬂP:ol

8 6 5 32 1 o
0 o[ o o]ololo|

T 0]

Bits 0-8: Reserved, read back as 0.

Bits 9-15: M0-M®, are address bits A13-A19 of the 20-bit memory refresh address. These bits should correspond to
any chip select address to be activated for the DRAM partition. These bits are cleared to 0 on RESET.

Figure 40. Memory Partition Register

A19 A18 A17 A16 A15 A14 A13 A12 A1

A10

A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

[Me[Ms TMa]mM3a][m2mi[mo] o]

o | o Jcas[car[cas][casfcaa]cas]caz]car[cao] 1 ]

M6-MO:  Bits defined by MDRAM Register

do not directly follow a binary count.

CA8-CAQ: Bits defined by refresh address counter. These bits change according to a linear/feedback shift register; they

Figure 41. Addresses Generated by RCU
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6 5 4 3 2 1 0
Icalm\cs]cslalcs]czlm|co|

15 14 13 12 _11_10 9 8 7
CORAM: o T'o J o[ oo ofo
Offset E2H|

Bits 0-8: CO-C8, clock divisor register, holds the number of CLKOUT cycles between each refresh request.
Bits 9-15: Reserved, read back as 0.

Figure 42. Clock Pre-Scaler Register

15 14 13 12 11 169 8 7 6 5 4 3 2 1 0
EDRAM;IEIo|o|o|o|oloITslanelTs]ulTaszlnITo]

Offset E4H

Bits 0-8: TO-TB8, refresh clock counter outputs. Read only.
Bits 9-14: Reserved, read back as 0.
Bit 15: Enable RCU, set to 0 on RESET.

Figure 43. Enable RCU Register

Refresh Control Unit Programming and essor clock frequency by a programmable factor.
Operation This divided frequency is also available at the

CLKOUT pin. The PDCON register contains the two-
After programming the MDRAM and the CDRAM bit fields for selecting the clock division factor and
registers (Figures 40 and 42), the RCU is enabled by the enable bit.
setting the “E” bit in the EDRAM register (Figure . L . .
43). The clock counter (TO-T8 of EDRAM) will be All internal logic, including the Refresh Control Unit

ioaded from CO-C8 of CDRAM during T3 of instruc- and the timers, will have their clocks slowed down
tion cycle that sets the “E” bit. The clock counter is by the division factor. To maintain a real time count
then decremented at each subsequent CLKOUT. or a fixed DRAM refresh rate, these peripherals must
be re-programmed when entering and leaving the
A refresh is requested when the value of the counter power-save mode.
has reached 1 and the counter is reloaded from . X .
CDRAM. In order to avoid missing refresh requests, The power-save mode is exited whenever an inter-
the value in the CDRAM register should always be at rupt is processed by automatically resetting the en-
least 18 (12H). Clearing the “E” bit at anytime will able bit. If the power-save mode is to be re-entered
clear the counter and stop refresh requests, but will after serving the interrupt, the enable bit will need to
not reset the refresh address counter. be set in software before returning from the interrupt
routine.
POWER-SAVE CONTROL The internal clocks of the 80C186XL will begin to be

divided during the T3 state of the instruction cycle
that sets the enable bit. Clearing the enable bit will
Power Save Operation restore full speed in the T3 state of that instruction.

The 80C186XL, when in Enhanced Mode, can enter
a power saving state by internally dividing the proc-
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15 14 13 12 _11_10_ 9 8 7 6 5 4 3 2 1 0
pocon: [ E JoJoJoJoJoJoJoJoJoJoJol]o] o [F [Fo]
Offset FOH

~ Bits 0-1:  Clock Divisor Select

F1 FO Division Factor
(o] (o] divide by 1
(o} 1 divide by 4

1 0 divide by 8
1 1 divide by 16
Bits 2-14: Reserved, read back as zero.
Bit 15: Enable Power Save Mode. Set to zero on RESET.

Figure 44. Power-Save Control Register

Interface for 80C187 Math Table 17. Numerics Coprocessor |/0 Port
Coprocessor Assignments
In Enhanced Mode, three of the mid-range memory 1/0 Address | Read Definition | Write Definition
chip selects are redefined according to Table 16 for OOF8H Status/Control Opcode
use with the 80C187. The fourth chip select, MCS2 00FAH Data Data
functions as in compatible mode, and may be pro- 00FCH reserved CS:IP. DS:EA
grammed for activity with ready logic and wait states :
accordingly. As in Compatible Mode, MCS2 will func- OOFEH Opcode Status reserved
tion for one-fourth a programmed block size.
- Table 16. MCS Assignments ONCETM Test Mode
Compatible To facilitate testing and inspection of devi h
M g pection of devices when
Mode Enhanced Mode fixed into a target system, the 80C186XL has a test
MCS0 . mode available which allows all pins to be placed in
% %ERIF;_EO% ng;z:zssor Extension Request a high-impedance state. ONCE stands for “ON Cir-
MLS1 | EAROUR NEAEmOr - cuit Emulation”. When placed in this mode, the
~ MCS2 |MCS2 Mid-Range Chip Select 80C186XL will put all pins in the high-impedance
MCS3 NPS Numeric Processor Select state until RESET.

Four port addresses are assigned to the 80C186XL/  The ONCE mode is selected by tying the UCS and
80C187 interface for 16-bit reads and writes. Table the LCS LOW during RESET. These pins are sam-
17 shows the port definitions. These ports are not ~ Pled on the low-to-high transition of the RES pin.
accessible by using the 80C186XL 1/0 instructions.  The UCS and the LCS pins have weak internal pull-

However, numerics operations will cause a PCS line up resistors similar to the RD and TEST/BUSY pins
to be activated if it is properly programmed for this to guarantee ONCE Mode is not entered inadver-
1/0 range. tently during normal operation. LCS and UCS must

be held low at least one clock after RES goes high
to guarantee entrance into ONCE Mode.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature under Bias .
Storage Temperature

Voltage on Any Pin with

Respect to Ground
Package Power Dissipation

...0°Cto +70°C
—65°Cto +150°C

Not to exceed the maximum allowable die tempera-
ture based on thermal resistance of the package.

NOTICE: This document contains information on
products in the design phase of development. Do not
finalize a design with this information. Revised infor-
mation will be published when the product is avail-
able.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “‘Operating Conditions”
may affect device reliability.

NOTICE: The specifications are subject to change
without notice.

DC CHARACTERISTICS Ta = 0°Cto +70°C, Vgc = 5V £10%

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage (Except X1) -0.5 0.2Vec — 03| V
ViLg Clock Input Low Voltage (X1) —0.5 0.6 Vv
ViH Input High Voltage 02Vcc + 0.9 Ve + 05 \"
(All except X1 and RES)
ViH1 Input High Voltage (RES) 3.0 Veo + 0.5 \"
ViH2 Clock Input High Voltage (X1) 3.9 Vge + 0.5 \'
Vou Output Low Voltage 0.45 V |loL = 25mA(S0,1,2)
loL = 2.0 mA (others)
VoH Output High Voltage 2.4 Veco V |log = —24mA @24V ¥4
Vge — 0.5 Vee V |lpy = —200 uA @ Vg —0.5(4)
Icc Power Supply Current 100 mA |@ 20 MHz, 0°C
Ve = 5.5VE3)
80 mA |@16 MHz, 0°C
Voo = 5.5V0)
65 mA |@ 12.5 MHz, 0°C
Voo = 5.5V
50 mA |@ 10 MHz, 0°C
Vee = 5.5V Q)
100 nA |l@ DCO°C
Vcc = 5.5V
I Input Leakage Current +10 HA |@ 0.5 MHz,
0.45V < V|Ny < Ve
ILo Output Leakage Current +10 nA |@ 0.5 MHz,
0.45V < Voyrt < Ve
Vcro |Clock Output Low 0.45 V |lcLo = 40mA

This Materi al
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DC CHARACTERISTICS (Continued) Ta = 0°C to +70°C, Vg = 5V £10%

Symbol Parameter Min Max Units Test Conditions

VcHo Clock Output High Vge — 0.5 \" IcHo = —500 pA

CiN Input Capacitance 10 pF @ 1 MHz(®

Cio Output or 1/0 Capacitance 20 pF @ 1 MHz(@
NOTES:

1. Pins being floated during HOLD or by invoking the ONCE Mode.
2. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; ¢) Vjy at + 5.0V or 0.45V. This

parameter is not tested.

3. Current is measured with the device in RESET with X1 and X2 driven and all other non-power pins open.
4. RD/GSMD, UCS, LCS, MCS0/PEREQ, MCS1/ERROR and TEST/BUSY pins have internal pullup devices. Loading some
of these pins above Igy = —200 pA can cause the 80C186XL to go into alternative modes of operation. See the section

on Local Bus Controller and Reset for details.

POWER SUPPLY CURRENT (TARGET)
Current is linearly proportional to clock frequency
and is measured with the device in RESET with X1
and X2 driven and all other non-power pins open.

Maximum current is given by Icc = 5 mA X freq.

(MHz) + lqL.

IqL is the quiescent leakage current when the clock
is static. Iq is typically less than 100 pA.

This Materia
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Figure 45. Icc vs Frequency
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AC CHARACTERISTICS

MAJOR CYCLE TIMINGS (READ CYCLE)

Ta = 0°Cto +70°C, Vog = 5V £10%

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted.

All output test conditions are with C|. = 50-200 pF (10 MHz) and C_ = 50-100 pF (12.5-20 MHz).
For AC tests, input V| = 0.45V and V)q = 2.4V except at X1 where Vi = Vgc — 0.5V.

Target Values
Symbol Parameter 80C186XL 80C186XL12 Unit | o Test
Min I Max Min | Max
80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once)
TpveoL Data in Setup (A/D) 15 15 ns
TcLpx Data in Hold (A/D) 3 3 ns
80C186XL GENERAL TIMING RESPONSES (Listed More Than Once)
TcHsv Status Active Delay 3 45 3 35 ns
TcLsH Status Inactive Delay 3 46 3 35 ns
TcLav Address Valid Delay 3 44 3 36 ns
TCLAX Address Hold 0 0 ns
TcLpv Data Valid Delay 3 40 3 36 ns
TCHDX Status Hold Time 10 10 ns
TcHLH | ALE Active Delay 30 25 | ns
TLHLL ALE Width TercL — 15 TcrcL — 15 ns
TCHLL ALE Inactive Delay 30 25 ns
TAvLL Address Valid to ALE Low TcoLcn — 18 TcLcH — 15 ns Equal
Loading
TLLAX Address Hold from ALE ToHoL — 15 TcHeL — 15 ns Equal
Inactive Loading
TavcH Address Valid to Clock High 0 0 ns
TcLaz Address Float Delay ToLax 30 ToLax 25 ns
Tcicsy | Chip-Select Active Delay 3 42 3 33 ns
Texcsx | Chip-Select Hold from TcLcH — 10 TocLcH — 10 ns Equal
Command Inactive Loading
TcHeosx | Chip-Select Inactive Delay 3 35 3 30 ns
ToxpL | DEN Inactive to DT/R Low 0 0 ns Equal
Loading
Tcvery | Control Active Delay 1 3 44 3 37 ns
Tovpex | DEN Inactive Delay 3 44 3 37 ns
TcHeTv | Control Active Delay 2 3 44 3 37 ns
Towy LOCK Valid/Invalid Delay 3 40 3 37 ns
80C186XL TIMING RESPONSES (Read Cycle)
TAZRL Address Float to RD Active 0 0 ns
TGLRL RD Active Delay 3 44 3 37 ns
TRLRH RD Pulse Width 2TcLoL — 30 2TcLoL — 25 ns
Tcirn | RD Inactive Delay 3 44 3 37 ns
TRHLH RD Inactive to ALE High TolcH — 14 TolcH — 14 ns Equal
Loading
TRHAV RD Inactive to Address TowoL — 15 TcoL — 15 ns Equal
Active Loading
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i“"elw 80C186XL PRODUCT PREVIEW

AC CHARACTERISTICS

READ CYCLE WAVEFORMS

-
| T1 l Tz I Ta T;v I T4 |
CLKOUT 4 N / y,
TeHsv TCLSH(Note 1)
o —> P— |<—
S2-s0 }\ STATUS ///// \
Tcov
lg—_C
BHE JoLav—>] o [ Téiax TcHox
A19/S6 - A16/S3 BHE, A19-A16X BHE, S6-S3
ETLHe—™ . |
T Teeax —
ALE \
TeHLHP] - > [ Teh Tovel le—
AVLL (et —p \]<-TCLA2 % TeLox
AD15 - ADO X A1s-a0 _4 paTAY—
T T
TaveH—P TAzRL Palyes
_ le—TRHA >
RD (
. TeLcsv—s] ToLpL [e—Pre TRLRH .
LCS, MCS, UCS, TCLFer g— .
PCS, NPS (Note 2) CXCSX
—> TeHesx
| Teverv Tcvoex —¥
‘ DEN
ToxpL (Note 3) !
DTR )
fe TercTy TCHCTV (Note 5)
Teuy —¥ }4- TCLLY (Note 4) —® j“
LocK X X
272032-22
NOTES:
1. Status inactive in state preceding T4.
2. If latched A4 and A, are selected instead of PCS5 and PCS6, only Tcicsy is applicable.
3. For write cycle followed by read cycle.
4. T4 of next bus cycle.
-~ 5. Changes in T-state preceding next bus cycle if followed by write.
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intgl. B0C186XL PRODUCT PREVIEW

AC CHARACTERISTICS

MAJOR CYCLE TIMINGS (READ CYCLE)

Ta = 0°C to +70°C, Vcg = 5V £10%

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted.

All output test conditions are with C; = 50-200 PF (10 MHz) and C| = 50-100 pF (12.5-20 MHz).
For AC tests, input V). = 0.45V and Vjq = 2.4V except at X1 where V| = Vgc — 0.5V.

Target Values
Symbol Parameter 80C186XL16 80C186XL20 Unit | o : ;fiton s
Min | Max Min [ Max
80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once)
TovcL Data in Setup (A/D) 15 10 ns
TeLpx Data in Hold (A/D) 3 3 ns
80C186XL GENERAL TIMING RESPONSES (Listed More Than Once)
TcHSV Status Active Delay 3 31 3 25 ns
TcoLsH Status Inactive Delay 3 30 3 25 ns
ToLav Address Valid Delay 3 33 3 27 ns
ToLAax Address Hold 0 0 ns
TcLpv Data Valid Delay 3 33 3 27 ns
TCHDX Status Hold Time 10 10 ns
TCHLH ALE Active Delay 20 20 ns
TLHLL ALE Width TeiecL — 15 ToleL — 15 ns
TCHLL ALE Inactive Delay 20 20 ns
TavLL Address Valid to ALE Low TcLcy — 15 Tcien — 10 ns Equal
Loading
Tiiax Address Hold from ALE ToHeL — 15 TcHeL — 10 ns Equal
Inactive Loading
TavCH Address Valid to Clock High 0 0 ns
TcLaz Address Float Delay ToLAX 20 TcLAX 20 ns
Tcrcsy | Chip-Select Active Delay 3 30 3 25 ns
Tcxcsx | Chip-Select Hold from tcLcn — 10 TcicH — 10 ns Equal
Command Inactive Loading
TcHesx | Chip-Select Inactive Delay 3 25 3 20 ns
ToxpL | DEN Inactive to DT/R Low 0 0 ns Equal
Loading
TcovcTv | Control Active Delay 1 3 31 3 22 ns
Tovpex | DEN Inactive Delay 3 31 3 22 ns
TcHeTv | Control Active Delay 2 3 31 3 22 ns
ToLLy LOCK Valid/Invalid Delay 3 35 3 22 ns
80C186XL TIMING RESPONSES (Read Cycle)
TazRL Address Fioat to RD Active 0 0 ns
Towr. | RD Active Delay 3 31 3 27 ns
TRLRH RD Pulse Width 2TcLcL — 25 2TcLcL — 20 ns
ToLeH | RD Inactive Delay 3 31 3 27 ns
TRHLH RD Inactive to ALE High ToLcH — 14 ToLcH — 14 ns Equal
Loading
Truav | RD Inactive to Address ToweL — 15 ToloL — 15 ns Equal
Active Loading
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intgl. 80C186XL PRODUCT PREVIEW

AC CHARACTERISTICS

READ CYCLE WAVEFORMS

l T, T, | Ty Tw | T, l
CLKOUT / / \ /
Tchsy TCLSH(Note 1)
L > | fe-
$2-s0 }\ STATUS ///// \
Toov 1
le—C
BHE ToLav-— :ﬁ le=TCLAX TCHOX —
A19/S6 - A16/S3 BHE, A19-A16X BHE, S6-53
—TLHLLT™
T TLeax L
ALE
TeHH— > | Tonu
TaviL Lo N \I<—TCLAZ TDVCL?Q"TC
< > LOX]
AD15 - ADO X Ats-a0 [OATA i
T
Taven—l o= —:l TazRL :TRH'-HV
— l—TRHAV: >
RD
Y/
—_— TcLesv— TotpL [—sfe TRUAH —» ‘4-
LCS, MCS, uCs, TcmTH > N
PCS, NPS (Note 2) CXCsX t
T
| TeveTv —p Tevoex —»| CHCSX
DEN 1
Toxou (Note 3) !
DT/R }
- e Torery TCHCTV (Note 5) — >
Towy ¥ TeLLy (Note 4) — l<—
LoCK X X
272032-23
NOTES:
1. Status inactive in state preceding T,4.
2. If latched Ay and A are selected instead of PCS5 and PCS6, only Tcicgy is applicable.
3. For write cycle followed by read cycle.
- 4. T4 of next bus cycle.
5. Changes in T-state preceding next bus cycle if followed by write.
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PRODUCT PREVIEW

intal.

AC CHARACTERISTICS

80C186XL

MAJOR CYCLE TIMINGS (WRITE CYCLE)

Ta = 0°Cto +70°C, Vcc = 5V £10%

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted.

All output test conditions are with C_ = 50-200 pF (10 MHz) and C = 50-100 pF (12.5-20 MHz).

For AC tests, input V|_ = 0.45V and V| = 2.4V except at X1 where V;y = Voo — 0.5V.
Target Values
Symbol Parameter 80C186XL 80C186XL12 | Unit | o:;fito ns
Min Max Min I Max

80C186XL GENERAL TIMING RESPONSES (Listed More Than Once)

TcHsY Status Active Delay 3 45 3 35 ns

TcLsH Status Inactive Delay 3 46 3 35 ns

ToLav Address Valid Delay 3 44 3 36 ns

TcoLax Address Hold 0 0 ns

TcLov Data Valid Delay 3 40 3 36 ns

TcHDX Status Hold Time 10 10 ns

TCHLH ALE Active Delay 30 25 ns

TLHLL ALE Width Tower — 15 TeLer — 15 ns

TCHLL ALE Inactive Delay 30 25 ns

TaviLL Address Valid to ALE Low TcleH — 18 ToLen — 15 ns Equal
Loading

TLLAX Address Hold from ALE TcHeL — 15 TcheoL — 15 ns Equal

Inactive Loading

TAVCH Address Valid to Clock High 0 0 ns

TcLoox | Data Hold Time 3 3 ns

TeveTv | Control Active Delay 1 3 44 3 37 ns

TeveTx | Control Inactive Delay 3 44 3 37 ns

TcLesy | Chip-Select Active Delay 3 42 3 33 ns

Tcxcsx | Chip-Select Hold from Tcren — 10 Tccw — 10 ns Equal

Command Inactive Loading

TcHesx | Chip-Select Inactive Delay 35 3 30 ns

ToxoL DEN Inactive to DT/R Low 0 0 ns Equal
Loading

ToLwy LOCK Valid/Invalid Delay 3 40 3 37 ns

80C186XL TIMING RESPONSES (Write Cycle)

TwiwH | WR Pulse Width 2TcicL — 30 2TeLeL — 25 ns

TwhHLH | WR Inactive to ALE High TcLen — 14 TcleH — 10 ns Equal
Loading

Twhpx | Data Hold after WR ToLoL — 34 ToLoL — 20 ns Equal
Loading

TwHDEx | WR Inactive to DEN Inactive | Tgigy — 10 Towen — 10 ns Equal
Loading
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inteL 80C186XL PRODUCT PREVIEW

AC CHARACTERISTICS

WRITE CYCLE WAVEFORMS

| L | T2 | T3 1w I T, |
v
CLKOUT *\ / \ / / it \1 I\
_ > [*Tchsv j&— TCLSH (Note 1)
S2-50 }\ STATUS ///// \
Teioy
Tcrav I :-_TCLAX TcHpx ~|
BHE, —— —
A19/S6 - A16/S3 BHE, A19-A15)( BHE, S6-S3 ]
TWHLH
Tihl | | < >
T TLeax s
ALE \ I
TeHLHP —  |e=Tcu T
Tavil |¢——p CLOOX
AD15 - ADO X A15-40 | DATA
T
~»  [*TavcH Toverx = >l
<—TwHDX1
WR /
-~ Tevetv - /
WLWH™ ™ Toyosx
_— Tolcsy = |e— | Tc csV
LCS, MCS, UCS, \ L
PCS, NPS(Note 2) . Tencex
> Teverv TwHDEX I |
-~ —
DEN /
Tovetx =
| Tpxpu (Note 3) Ias
DT/R [
TeweTv TCHCTV (Note 5) t
T —>
_— —> }‘_TCLLV CLLV (Note 4) Iq—
LOCK X x
272032-24

NOTES:

1. Status inactive in state preceding T4.

2. I latched Ay and A are selected instead of PCS5 and PCSB, only Tc csy is applicable.
3. For write cycle followed by read cycle.

-~ 4. T¢ of next bus cycle.

5. Changes in T-state preceding next bus cycle if followed by read, INTA, or halt.
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inte|® 80C186XL PRODUCT PREVIEW

AC CHARACTERISTICS

MAJOR CYCLE TIMINGS (WRITE CYCLE)

Ta = 0°Cto +70°C, Voc = 5V +10%

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted.

All output test conditions are with C = 50-200 pF (10 MHz) and C| = 50-100 pF (12.5-20 MHz).
For AC tests, input V| = 0.45V and V|4 = 2.4V except at X1 where Viy = Vgc — 0.5V.

Target Values
Symbol Parameter 80C186XL16 80C186XL20 Unit Co:;ifitons
Min | Max Min | Max

80C 186XL GENERAL TIMING RESPONSES (Listed More Than Once)

TcHsv Status Active Delay 3 31 3 25 ns

TcLsH Status Inactive Delay 3 30 3 25 ns

ToLav Address Valid Delay 3 33 3 27 ns

TcLAX Address Hold 0 0 ns

TcLpv Data Valid Delay 3 33 3 27 ns

TcHDX Status Hold Time 10 10 ns

TCHLH ALE Active Delay 20 20 ns

TLHLL ALE Width TcreL — 15 TcreL — 15 ns

TcHLL ALE Inactive Delay 20 20 ns

TavLL Address Valid to ALE Low TclcH — 15 TcLcH — 10 ns Equal
Loading

TLLAX Address Hold from ALE ToHeL — 15 ToHeL — 10 ns Equal

Inactive Loading

TavcH Address Valid to Clock High 0 0 ns

TcLpox | Data Hold Time 3 3 ns

TeveTv | Control Active Delay 1 3 31 3 25 ns

Teverx | Control Inactive Delay 3 31 3 25 ns

TcLcsy | Chip-Select Active Delay 3 30 3 25 ns

Tcxcsx | Chip-Select Hold from ToLcH — 10 TcLen — 10 ns Equal

Command Inactive Loading

TcHesx | Chip-Select inactive Delay 3 25 3 20 ns

ToxpL | DEN Inactive to DT/R Low 0 0 ns Equal
Loading

ToLLy LOCK Valid/Invalid Delay 3 35 3 22 ns

80C186XL TIMING RESPONSES (Write Cycle)

TwLWH WR Pulse Width 2TceL — 25 2TcLcL — 20 ns

TWHLH WR Inactive to ALE High TclcH — 14 ToLcH — 14 ns Equal
Loading

TwHDX Data Hold after WR TcLcL — 20 TcreL — 15 ns Equal
Loading

TwHoex | WR Inactive to DEN Inactive | To cH — 10 Terew — 10 ns Equal
Loading

54

This Material Copyrighted By Its Respective Manufacturer




intel. 80C1BEXL PRODUCT PREVIEW

AC CHARACTERISTICS

WRITE CYCLE WAVEFORMS

CLKOUT — /—l)—\ )
— [*=Tchsv j— TCLSH (Note 1)
52-80 ‘ \P STATUS /////
T

T
—»| eTcLDV
ToLav = —»| |e=TcLAX TcHDX —¥ F

BHE, — —
A19/S6 - A16/S3 BHE, A19-A16 ( BHE, 56-S3 :
TWHLH
TiHe | | <RH
1% TLLAX S
ALE \
TeHLHP - leTchu T |
TAVLL | g—t—p CLDOX
AD15 - ADO ( a15-A0 DATA
T
—» leTavch Teverx -] >t T
< WHDX1
WR /
Teverv /
Twiwk Texcsx
TcLcsv —» < -
LCS, MCS, UCS, L
PCS, NPS(Note 2) — Tonosx
—> Teverv TwhoEX [e—>
DEN /
Tevetx =P
| TpxpL (Note 3) |

DTR ﬁ
TcHeTv TeHETV (Note 5) ~P

—> 'd—Tc._._v TeLLY (Note 4) —] iq—
X X
T ]

272032-25

LOCK

NOTES:

1. Status inactive in state preceding T4.

2. if latched A; and A; are selected instead of PCS5 and PCS6, only Tcicsv is applicable.
3. For write cycle followed by read cycle.

4, T4 of next bus cycle.

5. Changes in T-state preceding next bus cycle if followed by read, INTA, or halt.
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intgl. 80C186XL PRODUCT PREVIEW

AC CHARACTERISTICS

MAJOR CYCLE TIMINGS (INTERRUPT ACKNOWLEDGE CYCLE)

Ta = 0°Cto +70°C, Vog = 5V +10%

All timings are measured at 1.5V and 100 pF loading on CLKOUT uniess otherwise noted.

All output test conditions are with C| = 50-200 pF (10 MHz) and C|_ = 50-100 pF (12.5-16 MHz).
For AC tests, input V| = 0.45V and V|4 = 2.4V except at X1 where Viy = Voo — 0.5V.

Target Values
Symbol Parameter 80C186XL 80C186XL12 Unit CO:dei‘:;itons
Min l Max Min Max

80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once)

TpvcL Data in Setup (A/D) 15 15 ns

ToLDx Data in Hold (A/D) 3 3 ns

80C186XL GENERAL TIMING RESPONSES (Listed More Than Once)

TcHsv Status Active Delay 3 45 3 35 ns

ToLsH Status Inactive Delay 3 46 3 35 ns

TcLav Address Valid Delay 3 44 3 36 ns

TAVCH Address Valid to Clock High 0 0 ns

ToLax Address Hold 0 0 ns

Telpy Data Valid Delay 3 40 3 36 ns

TcHDX Status Hold Time 10 10 ns

TCHLH ALE Active Delay 30 25 ns

TLHLL ALE Width ToLcL — 15 TereL — 15 ns

TeHLL ALE Inactive Delay 30 25 ns

TavLL Address Valid to ALE Low TcLcH — 18 TcLcH — 15 ns Equal
Loading

TLLAX Address Hold to ALE TcHeL — 15 TcHeL — 15 ns Equal

Inactive Loading

ToLaz Address Float Delay Torax 30 TeoLax 25 ns

TcveTv | Control Active Delay 1 3 44 3 37 ns

TcveTrx | Control inactive Delay 3 44 3 37 ns

ToxpL DEN Inactive to DT/R Low 0 0 ns Equal
Loading

TcHeTtv | Control Active Delay 2 3 44 3 37 ns

Tovpex | DEN Inactive Delay 3 44 3 37 ns

(Non-Write Cycles)
ToLLy LOCK Valid/Invalid Delay 3 40 3 37 ns
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intelm 80C186XL PRODUCT PREVIEW

AC CHARACTERISTICS

INTERRUPT ACKNOWLEDGE CYCLE WAVEFORMS

| T T, | T3 | Ta I
v
CLKOUT 1 / $ / \
T
L —» & TchHsy | @=TCLSH (Note 1)
s2-5S0 ‘} STATUS //// \
T T
T
|g—-CLDV T,
TeLav—> e TCLAX —- CHDX
BHE, BHE BHE, $6-S3
A19/S6 - A16/S3 —
—| jeTavcH
=T >
LHLL o TLLAX
ALET \ /
CHLH—p, T > =Ton ToveL—p|  |e|
] AVLL > L—_»_\}«TCLDX {Note 2)
AD15 - ADO pTE/I \/:

> *ToLaz

-~ iNTA \ *
Teverx ™™ <

[*TeveTy (Note 3)

—»
| ToveTy —P Tcvpex —™] /F
j = ToxpL (Note 4)
DTR )

e Tepcry TCHCTV (Note &) €

LOCK 4l_* y
{Note 5)

J)
11—4 TCLLV" 4—4 Tory

DEN

272032-26

NOTES:

1. Status inactive in state preceding Tq4.

2. The data hold time lasts only until INTA goes inactive, even if the INTA transition occurs prior to Tc px (min).

3. INTA occurs one clock later in Slave Mode.

4. For write cycle followed by interrupt acknowledge cycle.

5. LOCK is active upon T4 of the first interrupt acknowledge cycle and inactive upon T of the second interrupt acknowi-
edge cycle.

6. Changes in T-state preceding next bus cycle if followed by write.
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intal.

80C186XL

PRODUCT PREVIEW

AC CHARACTERISTICS

MAJOR CYCLE TIMINGS (INTERRUPT ACKNOWLEDGE CYCLE)
Ta = 0°Cto +70°C, Voo = 5V £10%

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted.
All output test conditions are with C| = 50-200 pF (10 MHz) and C| = 50-100 pF (12.5-20 MHz).
For AC tests, input V). = 0.45V and V|y = 2.4V except at X1 where V| = Voo — 0.5V.

Target Values
Symbol Parameter 80C186XL16 80C186XL20 | Unit COJ;T:‘,“S
Min J Max Min Max

80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once)

TovcL Data in Setup (A/D) 15 10 ns

TcLpx Data in Hold (A/D) 3 3 ns

80C186XL GENERAL TIMING RESPONSES (Listed More Than Once)

TcHsy Status Active Delay 3 31 25 ns

TcLsH Status Inactive Delay 3 30 3 25 ns

TcLav Address Valid Delay 3 33 3 27 ns

TAVCH Address Valid to Clock High 0 ] ns

TcLAX Address Hold 0 0 ns

TcLpv Data Valid Delay 3 33 3 27 ns

TcHDX Status Hold Time 10 10 ns

TCHLH ALE Active Delay 20 20 ns

TLHLL ALE Width TcLoL — 15 ToLce — 15 ns

ToHLL ALE Inactive Delay 20 20 ns

TAvVLL Address Valid to ALE Low TclcH — 15 TcLew — 10 ns Equal
Loading

TLLAX Address Hold to ALE ToHeoL — 15 TcHeL — 10 ns Equal

Inactive Loading

TcLaz Address Float Delay TorLax 20 TcLax 20 ns

TcveTv | Control Active Delay 1 3 31 25 ns

TcoveTx | Control Inactive Delay 3 31 25 ns

ToxoL DEN Inactive to DT/R Low 0 ns Equal
Loading

TcHeTy | Control Active Delay 2 31 22 ns

Tcvoex | DEN inactive Delay 31 22 ns

(Non-Write Cycles)
TeLLy LOCK Valid/Invalid Delay 3 35 3 22 ns

This Materi al
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intal.

80C186XL

PRODUCT PREVIEW

AC CHARACTERISTICS

INTERRUPT ACKNOWLEDGE CYCLE WAVEFORMS

CLKOUT

S2-50

BHE,
A19/S6 - A16/S3

ALE

AD15 - ADO

INTA

DEN

DTR

LOCK

(Note 5)

NOTES:

edge cycle.

—/
—»

/////

TeHDx

|

o
CHLH— TOVCL—p| e
L‘_’L\}“TCLDX {Note 2) —
ﬁM -
> [*ToveTv (Note 3) Teverx —»| 14
| Tevetv — Tevoex f\
j r— Tpxpy (Note 4}
fe—> TeHeTv TCHCTV (Note 5)4—4

s
L—’] Tewv

1. Status inactive in state preceding T4.
2. The data hold time lasts only until INTA goes inactive, even if the INTA transition occurs prior to T px (min).
3. INTA occurs one clock later in Slave Mode.

4. For write cycle followed by interrupt acknowledge cycle.
5. LOCK is active upon T4 of the first interrupt acknowledge cycle and inactive upon T of the second interrupt acknowl-

N—Pl ToiLy

6. Changes in T-state preceding next bus cycle if followed by write.

272032-27
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intgl.

80C186XL

PRODUCT PREVIEW

AC CHARACTERISTICS

SOFTWARE HALT CYCLE TIMINGS

Ta = 0°C to +70°C, Vo = 5V +10%

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted.
All output test conditions are with C| = 50-200 pF (10 MHz) and C| = 50-100 pF (12.5-20 MHz).
For AC tests, input Vi = 0.45V and V|y = 2.4V except at X1 where Viy = Vcc — 0.5V.

This Materi al

Copyrighted By Its Respective Manufacturer

Target Values
Symbol Parameter 80C186XL 80C186XL12 Unit COJ;T:OHS
Min | Max Min Max
80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once)
TcHsv Status Active Delay 3 45 3 35 ns
TcLsH Status Inactive Delay 3 46 3 35 ns
ToLav Address Valid Delay 3 44 3 36 ns
TCHLH ALE Active Delay 30 25 ns
TLHLL ALE Width ToleL — 15 TeleL — 15 ns
TCHLL ALE Inactive Delay 30 25 ns
TpxpL DEN Inactive to DT/R Low 0 0 ns Equal
Loading
TcHeTy | Control Active Delay 2 3 44 3 37 ns
Target Values
Symbol Parameter 80C186XL16 80C186XL20 Unit COJ;fitons
Min Max Min Max
80C186XL GENERAL TIMING RESPONSES (Listed More Than Once)
TcHsV Status Active Delay 3 31 3 25 ns
TcLsH Status inactive Delay 3 30 3 25 ns
TcrLav Address Valid Delay 3 33 3 27 ns
TCHLH ALE Active Delay 20 20 ns
TLHLL ALE Width TeleL — 15 ToleL — 156 ns
TCHLL ALE Inactive Delay 20 20 ns
ToxoL DEN Inactive to DT/R Low 0 0 ns Equal
Loading
TcHeTv | Control Active Delay 2 3 31 3 22 ns
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intal. B0C18EXL PRODUCT PREVIEW

AC CHARACTERISTICS

SOFTWARE HALT CYCLE WAVEFORMS

S2-S0 } STATUS {
-~

ToLav
A19/S6-A16/S3,
AD15-ADO INVALID ADDRESS
1
TLHLL
ALE { 1
Tenin ™ Ton

_ |
DEN ﬂ
pxpL (Note 1)

DTR

272032-28

NOTE:
1. For write cycle followed by halt cycle.
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intel.

80C186XL

PRODUCT PREVIEW

AC CHARACTERISTICS

CLOCK TIMINGS
Ta = 0°Cto +70°C, Voc = 5V £10%

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted.

All output test conditions are with C| = 50-200 pF (10 MHz) and C = 50-100 pF (12.5-20 MHz).
For AC tests, input Vy = 0.45V and V| = 2.4V except at X1 where V|4 = Voo — 0.5V.

Target Values
Symbol Parameter 80C186XL 80C186XL12 Unit COJ;:‘“S
Min | Max Min [ Max
80C186XL CLKIN REQUIREMENTS(1)
TcKIN CLKIN Period 50 o0 40 oo ns
ToLek CLKIN Low Time 20 o 16 o ns | 1.5V
TcHCK CLKIN High Time 20 © 16 o ns | 1.5v(@
TCKHL CLKIN Fall Time 5 5 ns | 3.5t0 1.0V
TCKLH CLKIN Rise Time 5 5 ns | 1.0to 3.5V
80C186XL CLKOUT TIMING
Tcico CLKIN to CLKOUT Skew 25 21 ns
ToioL CLKOUT Period 100 o 80 o ns
TcLcH CLKOUT Low Time 05ToLcL — 6 05TgcL — 5 ns | C_ = 100 pF(3)
TcHeL CLKOUT High Time 05TgcLcL — 6 05TcicL — 5 ns | CL = 100 pF(4)
TcHicH2 | CLKOUT Rise Time 10 10 ns | 1.0to 3.5V
TcLecLy | CLKOUT Fall Time 10 10 ns | 3.5t01.0V
NOTES:

1. External clock applied to X1 and X2 not connected.
2. Torck and Tenok (CLKIN Low and High times) should not have a duration less than 40% of Tckin-

3. Tested under worst case conditions: Voo
4. Tested under worst case conditions: Voo

This Materi al

=55V Tp =
=45V Ty =

70°C.
0°C.
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intel. B0C186XL PRODUCT PREVIEW

AC CHARACTERISTICS

CLOCK WAVEFORMS

|¢————TCKI TcLek TeHek
X4
T;j TCKLH
Tciel >

CLKOUT _\\
Teracu

Teico—» E: TeHICH?
TcLcH =|< TCHCL

272032-29
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i“"e'» 80C186XL PRODUCT PREVIEW

AC CHARACTERISTICS

CLOCK TIMINGS

Ta = 0°C to +70°C, Vgc = 5V +10%

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted.

All output test conditions are with C. = 50-200 pF (10 MHz) and C; = 50-100 pF (12.5-20 MHz).
For AC tests, input V| = 0.45V and V| = 2.4V except at X1 where V| = Vgg — 0.5V.

Target Values

Symbol Parameter 80C186XL16 80C186XL20 Unit| o: ;fi'on .

Min I Max Min Max
80C186XL CLKIN REQUIREMENTS(1)
TcKIN CLKIN Period 31.25 o0 25 © ns
ToLeck CLKIN Low Time 13 o0 10 oo ns | 1.5v(@
Torck | CLKIN High Time 13 S 10 o | ns | 1.5v@
TeKHL CLKIN Fall Time 5 5 ns [ 3.5to 1.0V
TeKLH CLKIN Rise Time 5 5 ns | 1.0to 3.5V
80C186XL CLKOUT TIMING
Toico | CLKIN to CLKOUT Skew 17 17 | ns
TcioL CLKOUT Period 62.5 50 ns
TGLCH CLKOUT Low Time 05ToLcL — 6 0.5TccL — 5 ns | C_ = 100 pF@®
TcHCL CLKOUT High Time 05TocL — 5 0.5TgoLcL — 5 ns | C_ = 100 pF4)
TeHicHz | CLKOUT Rise Time 10 8 | ns |1.0to35v
TcrecL1 | CLKOUT Fall Time 10 8 ns | 3.5t0 1.0V

NOTES:

1. External clock applied to X1 and X2 not connected.

2. TeLek and ToHek (CLKIN Low and High times) shouid not have a duration less than 40% of Tokin.
3. Tested under worst case conditions: Vg = 5.5V. To = 70°C.

4. Tested under worst case conditions: Voo = 4.5V. T4 = 0°C.

64

This Material Copyrighted By Its Respective Manufacturer




intgl. 80C186XL PRODUGCT PREVIEW

AC CHARACTERISTICS

CLOCK WAVEFORMS

le——Tcxi TeLek TCHCK:
X4

Tm TeKkLH

< TeLeL >

CLKOUT N\ r

Teico —» TcHicH2 TcLacLt
< ToLew >e TCHEL >
272032-30
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AC CHARACTERISTICS

READY, PERIPHERAL AND QUEUE STATUS TIMINGS

Ta = 0°Cto +70°C, Vo = 5V £10%

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted.

All output test conditions are with Ci = 50-200 pF (10 MHz) and C| = 50-100 pF (12.5-20 MHz2).
For AC tests, input V| = 0.45V and V4 = 2.4V except at X1 where Vi = Vgc — 0.5V.

Target Values
. Test
Symbol Parameter 80C186XL 80C186XL12 Unit Conditions
Mn | Max | Min | mMax
80C186XL READY AND PERIPHERAL TIMING REQUIREMENTS (Listed More Than Once)
TsRrycL Synchronous Ready (SRDY) 15 15 ns
Transition Setup Time(1)
ToLsRy SRDY Transition Hold Time(1) 15 15 ns
TARYCH ARDY Resolution Transition 15 15 ns
Setup Time(2)
TCLARX ARDY Active Hold Time(1) 15 15 ns
TARYCHL | ARDY Inactive Holding Time 15 15 ns
TaRyYLCL | Asynchronous Ready 25 25 ns
(ARDY) Setup Time(1)
TINVCH INTx, NMI, TEST/BUSY, 15 15 ns
TMR IN Setup Time(2)
TiNvCL DRQO, DRQ1 Setup Time(2) 15 15 ns
80C186XL PERIPHERAL AND QUEUE STATUS TIMING RESPONSES
ToLtMy Timer Output Delay 40 33 ns
TcHasV Queue Status Delay 37 32 ns
NOTES:

1. To guarantee proper operation.
2. To guarantee recognition at clock edge.

SYNCHRONOUS READY (SRDY) WAVEFORMS

TWor

T30r Tw or Tw or

T2 or T3 of T T4
T} 1} 3

CLKOUT

SRDY

272032-31
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AC CHARACTERISTICS
ASYNCHRONOUS READY (ARDY) WAVEFORMS

‘RNor T
T Wor

3or T 1;Nor T
T. 3or 4
2 or T Ty
T 2

W

CLKOUT / \ / \ J/ N / \_/_\_

TARYCH — TcLarx
ARDY
{Normally Not
Ready System)

T
ARYCH: le—
—»> TARYCHL

ARDY
{Normally Ready

T
System) ARYLCL —PJ TCLARX

PERIPHERAL AND QUEUE STATUS WAVEFORMS

CLKOUT / ”_\\ / \
TinveH
INTO-3, NMI, =1
TEST, TIMERIN | 0
TinveL [« "
DRQO, DRQ1 LA
i -
TeutMy, —»
1t
TIMEROUT "
14 4 I
“TCHosv —»
Qso, QS1 0 |

272032-32

67

This Material Copyrighted By Its Respective Manufacturer



intal. 80C186XL PRODUCT PREVIEW

AC CHARACTERISTICS

READY, PERIPHERAL, AND QUEUE STATUS TIMINGS

Ta = 0°Cto +70°C, Vgc = 5V +10%

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted.

All output test conditions are with C| = 50-200 pF (10 MHz) and C_ = 50-100 pF (12.5-20 MHz).
For AC tests, input Vi = 0.45V and V|4 = 2.4V except at X1 where V|4 = Voo — 0.5V.

Target Values
Test
Symbol Parameter 80C186XL16 80C186XL20 Unit Conditions
Min Max Min Max
80C186XL READY AND PERIPHERAL TIMING REQUIREMENTS
TsRrycL Synchronous Ready (SRDY) 15 10 ns
Transition Setup Time(1)
TcLsRY SRDY Transition Hold Time(1) 15 10 ns
TARYCH ARDY Resolution Transition 15 10 ns
Setup Time(2)
TCLARX ARDY Active Hold Time(1) 15 10 ns
TArYCHL | ARDY Inactive Holding Time 15 10 ns
TaARYLCL Asynchronous Ready 25 15 ns
(ARDY) Setup Time(1)
TINVCH INTx, NMI, TEST/BUSY, 15 10 ns
TMR IN Setup Time(2)
TINvCL DRQO, DRQ1 Setup Time(2) 15 10 ns
80C186XL PERIPHERAL AND QUEUE STATUS TIMING RESPONSES
TcLTMy Timer Output Delay 27 22 ns
TcHasv Queue Status Delay 30 27 ns
NOTES:
1. To guarantee proper operation.
2. To guarantee recognition at clock edge.
SYNCHRONOUS READY (SRDY) WAVEFORMS
TW or
T3 or Tw or T,
W or
’ T2 or T3 or T T4
T T2 3
CLKOUT / \ / \ / / \ / \
TsRycL “ T
CLSRY.
SRDY T
272032-33
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AC CHARACTERISTICS
ASYNCHRONOUS READY (ARDY) WAVEFORMS

- TWor Tw
T. or
TG or T3 TWwor T,
2or T or T3
Ty 2
N
cLkout /N / S S __
T T
ARYCH — — CLARX
ARDY
{(Normally Not
Ready System)
T
ARYCH l—
—> TarveHL
ARDY
(Normally Ready T la—
ARYLCL
System) —’—/F* ToLanx

PERIPHERAL AND QUEUE STATUS WAVEFORMS

- CLKOUT H \ / \
TinveH "
INTO-3, NM, 1
TEST, TIMERIN "
[ 44
- TinveL | '
DRQO, DRQ1 i
T —}
TCLTMV“—N
&0
TIMEROUT "
144 T
:;LFCHOSV >
Qso, @St "
< |

272032-34
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AC CHARACTERISTICS

RESET AND HOLD/HLDA TIMINGS

Ta = 0°Cto +70°C, Vog = 5V +10%

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted.

All output test conditions are with Ci = 50~-200 pF (10 MHz) and C = 50-100 pF (12.5-20 MHz).
For AC tests, input V| = 0.45V and Viy = 2.4V except at X1 where V| = Vo — 0.5V.

Target Values
Symbol Parameter 80C186XL 80C186XL12 | Unit c°:;fi'°ns
Min Max Min Max
80C186XL RESET AND HOLD/HLDA TIMING REQUIREMENTS
TRESIN RES Setup 15 15 ns
ThHveL HOLD Setup(V) 15 15 ns
80C186XL GENERAL TIMING RESPONSES (Listed More Than Once)
TcLaz Address Float Delay TorLax 30 TcLAX 25 ns
Torav Address Valid Delay 3 44 3 36 ns
80C186XL RESET AND HOLD/HLDA TIMING RESPONSES
TcLrRO Reset Delay 40 33 ns
ToLHAV HLDA Valid Delay 3 40 3 33 ns
TcHCz Command Lines Float Delay 40 33 ns
TcHev Command Lines Valid Delay 44 a6 ns
(after Fioat)
NOTE:

1. To guarantee recognition at next clock.

RESET WAVEFORMS

X1

—»| |4 Tresin
RES
i —

4+ TResIN
cLkouT X X / \ / 2\

TeLro TeLro
-

RESET

272032-35
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AC CHARACTERISTICS

HOLD/HLDA WAVEFORMS (Entering Hold)

|T4orTi | T | T |
t \ 4 \
CLKOUT _/_\_/_l N / \ / \
THVCL
3}
HOLD ’ ¢
- TeLHaY
HLDA 2
- Teiaz
AD15 - ADO, it
DEN 33 /|
L1 43 T
A19/S6 - A16/S3, - \I
D, WR, BFE, &
DT/R, S2 - SO, it / | CHCZ
LOCK -l "

HOLD/HLDA WAVEFORMS (Leaving Hold)

T I T; I TiTa | T4 I

CLKOUT /_‘l P_\ / \ / \_

Thvel

HOLD

TCLHAV—P|
HLDA
AD15 - ADO, —» T
BEN ' CLAV
—
1

A19/S6 - A16/S3,

ﬁ)’._w—_n_' BEE’ 3

DT/R, S2 - SO, t
LOCK

O—(
I
Q
<

272032-36
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PRODUCT PREVIEW

AC CHARACTERISTICS

RESET AND HOLD/HLDA TIMINGS
Ta = 0°Cto +70°C, Vcc = 5V £10%

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted.
All output test conditions are with C| = 50-200 pF (10 MHz) and C = 50-100 pF (12.5-20 MHz).
For AC tests, input V|_ = 0.45V and V| = 2.4V except at X1 where Vi = Vgc — 0.5V.

Target Values
Symbol Parameter 80C186XL16 80C186XL.20 Unit Cor-lrdeifitons
Min Max Min ] Max
80C186XL RESET AND HOLD/HLDA TIMING REQUIREMENTS
TRESIN RES Setup 15 10 ns
ThvcL HOLD Setup(1) 15 10 ns
80C186XL GENERAL TIMING RESPONSES (Listed More Than Once)
ToLaz Address Float Delay TcLax 20 TcLax 20 ns
TcLav Address Valid Delay 3 33 3 22 ns
80C186XL RESET AND HOLD/HLDA TIMING RESPONSES
TcLRO Reset Delay 27 22 ns
ToLHAV HLDA Valid Delay 3 25 3 22 ns
TcHCz Command Lines Float Delay 28 25 ns
TcHeV Command Lines Valid Delay 32 26 ns
(after Float)
NOTE:
1. To guarantee recognition at next clock.
RESET WAVEFORMS
WA WAWAWAWAWAW,
—»| |« Tresin <+ Tpesin
=3 I
cekoutr X X/ N/ /_’ \
TcLro TecLro

3)

RESET ‘

272032-37
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AC CHARACTERISTICS

HOLD/HLDA WAVEFORMS (Entering Hold)

| T4 or T; ' T, | T t

cLKOUT __/_\__/—“_\_/ ﬁ / _/

Thvel
HOLD ‘

T
—»] CLHAV
HLDA

- Teraz
AD15 - ADO,

DEN

J)
(34

~L
~~

A L
~ =~
.

A1ﬂ86 - A16/S3, \|
AD, WR, BFE,
DT/R, S2 - SO,

{ock - /l" onez

A AL
~ v

HOLD/HLDA WAVEFORMS (Leaving Hold)

T | Ti | TiTs | Ty ‘

. cLKouT /L N\

Thvel

HOLD

TCLHAV—’#
HLDA

l

AD15 - ADO —»> T,
it ' CLAV
DEN

A19/S6 - A16/S3,
—R_D,_Vv_ﬁ —BEE’ )}
DT/R, S2 - SO, e
Lock

~L
~

~~
~

~
~

Tehev

B

272032-38
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EXPLANATION OF THE AC SYMBOLS

Each timing symbol has from 5 to 7 characters. The first character is always a ‘T’ (stands for time). The other
characters, depending on their positions, stand for the name of a signal or the logical status of that signal. The
following is a list of all the characters and what they stand for.

A Address

ARY: Asynchronous Ready Input
C: Clock Output

CK: Clock Input

CS: Chip Select

CT: Control (DT/R, DEN, ...)
D: Data Input

DE: DEN

H: Logic Level High

OUT: Input (DRQO, TIMO, ...)
L: Logic Level Low or ALE
O: Output

QS: Queue Status (QS1, QS2)
R:  RD Signal, RESET Signal
S: Status (S0, ST, S2)

SRY: Synchronous Ready Input
V: Valid

W:  WR Signal

X: No Longer a Valid Logic Level
Z: Float

Examples:

TcLav  — Time from Clock low to Address valid
TcHin — Time from Clock high to ALE high
TcLcsy — Time from Clock low to Chip Select valid
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WAVEFORMS (Continued)

Typical Output Delay Capacitive Derating
8

7 .1
& |— X = high-to-low
O = low-to-high
5
"
£ 4
3 )/
2
7
. /]
0o

50 75 100 125 150 175

Capacitive Load (pF)
pa P 272032-39

Figure 47. Capacitive Derating Curve

Typical Rise and Fall Times for TTL Voltage Levels
8

]

| 1
2V to 0.8V
0.8Y to 2V

-x=
o=

t (ns)

N W e N

50 75 100 125 150 175

Capacitive Load (pF.
pa (P 272032-40

Figure 48. TTL Level Rise and Fall Times for Output Buffers

Typical Rise and Fall Times for CMOS Voltage Levels
16

14
12 /‘
10 -~
~
E 8 )
- s )
4
2 X=3.5V to 0.4V |
0=0.4V to 3.5V
0 L1

50 75 100 125 150 175

Capacitive Load (pF)

272032-41

Figure 49. CMOS Level Rise and Fall Times for Output Butfers
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80C186XL

PRODUCT PREVIEW

80C186XL EXPRESS

The Intel EXPRESS system offers enhancements to
the operational specifications of the 80C186XL mi-
croprocessor. EXPRESS products are designed to
meet the needs of those applications whose operat-
ing requirements exceed commercial standards.

The 80C186XL EXPRESS program includes an ex-
tended temperature range. With the commercial
standard temperature range, operational character-
istics are guaranteed over the temperature range of
0°C to + 70°C. With the extended temperature range
option, operational characteristics are guaranteed
over the range of —40°C to +85°C.

Package types and EXPRESS versions are identified
by a one or two-letter prefix to the part number. The
prefixes are listed in Table 17. All AC and DC specifi-
cations not mentioned in this section are the same
for both commercial and EXPRESS parts.

Table 17. Prefix Identification

Prefix P:;f;:(:ege Ten;;:]rga;ure
A PGA Commercial
N PLCC Commercial
R LCC Commercial
S QFP Commercial
TA PGA Extended
™ PLCC Extended
TR LCC Extended
TS QFP Extended

76

80C186XL EXECUTION TIMINGS

A determination of 80C186XL program execution
timing must consider the bus cycles necessary to
prefetch instructions as well as the number of exe-
cution unit cycles necessary to execute instructions.
The following instruction timings represent the mini-
mum execution time in clock cycles for each instruc-
tion. The timings given are based on the following
assumptions:

e The opcode, along with any data or displacement
required for execution of a particular instruction,
has been prefetched and resides in the queue at
the time it is needed.

¢ No wait states or bus HOLDs occur.

e All word-data is located on even-address bound-
aries.

All jumps and calls include the time required to fetch
the opcode of the next instruction at the destination
address.

All instructions which involve memory accesses can
require one or two additional clocks above the mini-
mum timings shown due to the asynchronous hand-
shake between the bus interface unit (BIU) and exe-
cution unit.

With a 16-bit BIU, the 80C186XL has sufficient bus
performance to ensure that an adequate number of
prefetched bytes will reside in the queue most of the
time. Therefore, actual program execution time will
not be substantially greater than that derived from
adding the instruction timings shown.
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PRODUCT PREVIEW

-
inteal. 80C186XL
INSTRUCTION SET SUMMARY

Function Format Clock Comments

Cycles

DATA TRANSFER
MOV = Move:
Register to Register/Memory [ 1000100w [ mod reg r/m 2/12
Register/memory to register I 1000101w l mod reg r/m | 2/9
Immediate to register/memory L1 10001 1w l mod 000 r/m I data I dataifw=1 —I 12-13 8/16-bit
immediate to register | 1011w reg [ data I data if w=1 I 3-4 8/16-bit
Memory to accumulator L1 010000w | addr-low | addr-high I 8
Accumulator to memory I 1010001w I addr-low I addr-high j 9
Register/memory to segment register [ 10001110 I mod 0 reg r/m ] 2/9
Segment register to register/memory I 10001100 l mod O reg r/m I 2/11
PUSH = Push:
Memory I 11111111 ] mod110r/rn] 16
Register 01010 reg 10
Segment register 000reg110 9
Immediate [ 01101080 ] data | caatts=0 | 10
PUSHA = Push Al 01100000 36
POP = Pop:
Memory [ 10001111 | modooo r/m | 20
Register 01011 reg 10
Segment register 000reg111 {reg+=01) 8
POPA = Pop All 01100001 51
XCHG = Exchange:
Register/memory with register I 1000011w l mod reg r/m I 4/17
Register with accumulator 10010 reg 3
IN = Input from:
Fixed port I 1110010w I port I 10
Variable port 1110110w 8
OUT = Output to:
Fixed port I 1110011w I port I 9
Variable port 1110111w 7
XLAT = Translate byte to AL 1"
LEA = Load EA to register b 0001101 | mod reg r/m ] 6
LDS = Load pointer to DS I 11000101 l mod reg r/m ] (mod+11) 18
LES = Load pointer to ES | 11000100 l mod reg r/m I (mod=+11) 18
LAHF = Load AH with flags 10011111 2
SAHF = Store AH into flags 10011110 3
PUSHF = Push flags 10011100 9
POPF = Pop flags 8

Shaded areas indicate instructions not avaitable in 8086/8088 microsystems.

This Materi al
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INSTRUCTION SET SUMMARY (Continued)

Clock

Function Format Comments

Cycles

DATA TRANSFER (Continued)

SEGMENT = Segment Override:

Ccs 00101110 2

SS 00110110 2

ps 2

ES 00100110 2

ARITHMETIC

ADD = Add:

Reg/memory with register to either [ 000000dw l mod reg r/m l 3/10

Immediate to register/memory I 100000sw ] mod 000 r/m ] data I dataif sw=01 4/16

Immediate to accumulator l 00000t0w [ data | dataifw=1 ] 3/4 8/16-bit

ADC = Add with carry:

Reg/memory with register to either [ 000100dw [ mod reg r/m ] 3/10

Immediate to register/memory [ 100000sw { mod010 r/m 1 data I data if s w=01 I 4/16

Immediate to accumulator [[0oo1010w | data [ dataitw=1_| 3/4 8/16-bit

INC = Increment:

Register/memory l 1111111w I mod000 r/m l 3/15

Register 3

SUB = Subtract:

Reg/memory and register to sither I 001010dw l mod reg r/m I 3/10

Immediate from register/memory I 100000sw I mod101 r/m I data ] dataif sw=01 4/18

Immediate from or { oot1o110w | data [ dataitw=1 | 3/4 8/16-bit

SBB = Subtract with borrow:

Reg/memory and register to either I 000110dw I mod reg r/m ] 3/10

Immediate from register/memory I 100000sw l mod011 r/m ] data I data if s w=01 4/16

Immediate from [[ooo1110w | data | dataitw=1 | 3/4 8/16-bit

DEC = Decrement

Register/memory [1111111w [ modoo1 vm | 315

Register 01001 reg 3

CMP = Compare:

Register/memory with register [ 0011101w [ modreg vm | 3/10

Register with register/memory I 0011100w I mod reg r/m I 3/10

Immediate with register/memory [ 100000sw ] mod111 r/m l data ] data if sw=01 I 3/10

Immediate with accumulator [oo11110w | data [ dataitw=1_| 3/4 8/16-bit

NEG = Change sign register/memory [ 1111011w I modO11 r/m I 3/10

AAA = ASCIl adjust for add 00110111 8

DAA = Decimat adjust for add 00100111 4

AAS = ASCII adjust for subtract 7

DAS = Decimal adjust for subtract 00101111 4

MUL = Multiply (unsigned): [1111011w | mod100 /m

Register-Byte 26-28

Register-Word 35-37

Memory-Byte 32-34

Memory-Word 41-43

Shaded areas indicate instructions not available in 8086/8088 microsystems.
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INSTRUCTION SET SUMMARY (Continued)

Function Format Clock Comments
Cycles

ARITHMETIC (Continued)
IMUL = Integer multiply (signed): 1111011w mod101 r/m
Register-Byte 25-28
Register-Word 34-37
Memory-Byte 31-34
Memory-Word 40-43
IMUL = Integer Immediate multiply ~ | 01101051 | modreg rm | date | datals=0 || 22-25/

(signed) 29-32
DIV = Divide (unsigned): [ 1111011w [ mod110 r/m I
Register-Byte 29
Register-Word 38
Memory-Byte 35
Memory-Word 44
IDIV = Integer divide (signed): 1111011w [ modi11 r/m J
Register-Byte 44-52
Register-Word 53-61
Memory-Byte 50-58
Memory-Word 59-67
(AAM = ASCII adjust for multiply I 11010100 l 00001010 I 19
AAD = ASCIl adjust for divide I 11010101 | 00001010 | 15

CBW = Convert byte to word 10011000 2
ICWD = Convert word to double word 10011001 4

LOGIC
[Shift/Rotate Instructions:
Register/Memory by 1 I 1101000w [ rnodTTTr/rnJ 2/15
Register/Memory by CL | 1101001w | mod TTT r/m | 5+n/17+n
Register/Memory by Count [ viocooow | medaTTerm | coumt | 5+n/17+n
TTT Instruction
000 ROL
001 ROR
010 RCL
011 RCR
100 SHL/SAL
101 SHR
111 SAR
AND = And:
Reg/memory and register to either I 001000dw | mod reg r/m I 3/10
Immediate to register/memory | 1000000w l mod100 /m I data I dataifw=1 4/16
Immaediate to accumulator I 0010010w l data | dataifw=1 I 3/4 8/16-bit
TEST = And function to flags, no resuit:
Register/memory and register I 1000010w I mod reg r/m | 3/10
Immediate data and register/memory I 1111011w | mod000 r/m | data | dataifw=1 4/10
Immediate data and accumulator | 1010100w | data | dataifw=1 J 3/4 8/16-bit
OR=0r:
Reg/memory and register to either I 000010dw l mod reg r/m I 3/10
Immediate to register/memory i 1000000w I mod001 r/m l data I dataif w=1 ] 4/16
Immediate to accumulator I 0000110w I data | data if w=1 I 3/4 8/16-bit

Shaded areas indicate instructions not available in 8086/8088 microsystems.
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INSTRUCTION SET SUMMARY (Continued)

Function Format Clock Comments
Cycles
LOGIC (Continued)
XOR = Exclusive or:
Reg/memory and register to either l 001100dw l mod reg r/m | 3/10
Immediate to register/memory I 1000000w l mod110 r/m I data I dataifw=1 4/16
Immediate to accumulator [ 0011010w I data I dataifw=1 ] 374 8/186-bit
NOT = Invert register/memory I 1111011w | mod010 r/m I 3/10

STRING MANIPULATION

MOVS = Move byte/word 14
CMPS = Compare byte/word 22
SCAS = Scan byte/word 15
LODS = Load byte/wd to AL/AX 12
STOS = Store byte/wd from AL/AX 10
INS = Input byte/wd from DX port 14
OUTS ~ Output byte/wd to DX port 14
Repeated by count in CX (REP/REPE/REPZ/REPNE/REPNZ)

MOVS = Move string L 11110010 I 1010010w I 8+8n
CMPS = Compare string l 11110012 l 1010011w I 5+22n
SCAS = Scan string l 1111001z ] 1010111w I 5+15n
LODS = Load string l 11110010 T1010110w I 6+11n
STOS = Store string [[11110010 ] 1010101w | 6+9n
NS = Input string [ 11110010 [ e110110w | 8+an
QTS = Output string [ 11110010 [ o110111w | 8+8n
CONTROL TRANSFER
CALL = Call:
Direct within segment [ 11101000 | disp-low | disp-high —I 15
Register/memory l 11111111 | mod010 r/m l 13/18
indirect within segment
Direct intersegment l 10011010 I segment offset | 23

I segment selector |
Indirect intersegment l 11111111 J modO11 r/m I (mod # 11} 38
JMP = Unconditional jump:
Short/long L 11101011 I disp-low | 14
Direct within segment I 11101001 l disp-low I disp-high I 14
Register/memory | 11111111 I mod 100 r/m I 11747
indirect within segment
Direct intersegment I 11101010 | segment offset ] 14

l segment selector ]
Indirect intersegment [11111111 [ mod10t /m | (mod = 11) 2

Shaded areas indicate instructions not available in 8086/8088 microsystems.
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INSTRUCTION SET SUMMARY (Continued)

Function Format Clock Comments
Cycles
ICONTROL TRANSFER (Continued)
RET = Return from CALL:
Within segment 11000011 16
Within seg adding immed to SP r 11000010 l data-low [ data-high ] 18
Intersegment 22
Intersegment adding immediate to SP [ 11001010 l data-low ] data-high l 25
JE/JZ = Jump on equal/zero [ 01110100 l disp I 4/13 JMP not
) taken/JMP
JL/JNGE = Jump on less/not greater or equal I 01111100 I disp I 4/13 taken
JLE/JNG = Jump on less or equal/not greater I 01111110 [ disp ! 4/13
JB/JNAE = Jump on below/not above or equal r 01110010 | disp I 4/13
JBE/JNA = Jump on below or equal/not above [ 01110110 I disp ] 4/13
JP/JPE = Jump on parity/parity even | 01111010 l disp ] 4/13
JO = Jump on overflow [ 01110000 I disp J 4/13
WJS = Jump on sign [ 01111000 I disp J 4/13
(JNE/JNZ = Jump on not equal/not zero I 01110101 l disp J 4/13
JNL/JGE = Jump on not less/greater or equal r01 111101 | disp ] 4/13
JNLE/JG = Jump on not less or equal/greater [ 01111111 | disp ] 4/13
(JNB/JAE = Jump on not below/above or equal [ 01110011 I disp J 4/13
JNBE/JA = Jump on not below or equal/above I 01110111 [ disp I 4/13
JNP/JPO = Jump on not par/par odd I 01111011 | disp J 4/13
JNO = Jump on not overflow [ 01110001 I disp J 4/13
(JNS = Jump on not sign [ 01111001 l disp 4/13
JCXZ = Jump on CX zero | 11100011 [ disp J 5/15
LOOP = Loop CX times [11100010 [ disp | 6/16 LOOP not
ken/LOOP
LOOPZ/LOOPE = Loop while zero/equal [ 11100001 [ disp ] 6/18 al takego
LOOPNZ/LOOPNE = Loop while not zero/equal | 11100000 | disp | 6/16
IENTER = Enter Procedure 11001000 | datadow | datahigh | L |
L= 0 15
=1 25
L > 1 22+16(n—1)
LEAVE = Leave Procedure 11001001 8
INT = Interrupt:
Type specified [ 11001101 I type I 47
Type 3 11001100 45 if INT. taken/
=1 rt 11001110 48/4 HINT. not
INTO = Interrupt on overfiow 1 taken
{RET = Interrupt return 11001111 28
BOUND = Detect value out of range r01100010 ]modfag rlml 33-35

Shaded areas indicate instructions not available in 8086/8088 microsystems.
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INSTRUCTION SET SUMMARY (Continued)

Function Format é:ylglceks Comments
PROCESSOR CONTROL
CLC = Clear carry 2
CMC = Compiement carry 2
STC = Setcarnry 2
CLD = Clear direction 2
STD = Set direction 2
CLI = Clear interrupt 2
STI = Set interrupt 2
HLT = Hat .
WAIT = Wait 6 |#TEST =0
LOCK = Bus lock prefix 2
NOP = No Operation 3

(TTT LLL are opcode to processor extension)

Shaded areas indicate instructions not available in 8086/8088 microsystems.

FOOTNOTES

The Effective Address (EA) of the memory operand
is computed according to the mod and r/m fields:

ifmod = 11thenr/mis treated as a REG field

ifmod = 00 then DISP = 0*, disp-low and disp-
high are absent

iftmod = 01 then DISP = disp-low sign-ex-
tended to 16-bits, disp-high is absent

ifmod = 10 then DISP = disp-high: disp-low

ifr/m = 000 then EA = (BX) + (SI) + DISP

iftr/m = 001then EA = (BX) + (DI) + DISP

ifr/m = 010thenEA = (BP) + (SI) + DISP

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

iftr/m = 100then EA = (Sl) + DISP

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

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

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

DISP follows 2nd byte of instruction (before data if
required)

*except if mod = 00 and r/m 110 then EA =

disp-high: disp-low.

EA calculation time is 4 clock cycles for all modes,
and is included in the execution times given whenev-
er appropriate.

Segment Override Prefix

0 0 1 10

-y

reg

This Materi al

reg is assigned according to the following:

Segment
reg Register
00 ES
01 CSs
10 SS
11 DS
REG is assigned according to the following table:
16-Bit(w = 1)  8-Bit (w = 0)
000 AX 000 AL
001 CX 001 CL
010 DX 010DL
011 BX 011 BL
100 SP 100 AH
101 BP 101 CH
110 SI 110 DH
111 DI 111 BH

The physical addresses of all operands addressed
by the BP register are computed using the SS seg-
ment register. The physical addresses of the desti-
nation operands of the string primitive operations
(those addressed by the DI register) are computed
using the ES segment, which may not be overridden.
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REVISION HISTORY PRODUCT IDENTIFICATION
This is the first version of this data sheet. Intel 80C186XL devices are marked with a 8-charac-
ter alphanumeric Intel FPO number underneath the
. product number. This data sheet (272032-001) is

valid for 80C186XL devices with an “A” as the ninth
character in the FPO number, as illustrated in Figure
2.
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