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Founded in 1968 to pursue the integration of large numbers of
transistors onto tiny silicon chips, Intel’s history has been marked by
a remarkable number of scientific breakthroughs and innovations. In
1971, Intel introduced the 4004, the first microprocessor. Containing
2300 transistors, this first commercially-available computer on a chip
is considered primitive compared with today’s million-plus transistor
products.

Innovations such as the microprocessor, the erasable program-
mable read-only memory (EPROM) and the dynamic random access
memory (DRAM) revolutionized electronics by making integrated
circuits the mainstay of both consumer and business computing
products.

Over the last two and a half decades, Intel’s business has
evolved and today the company’s focus is on delivering an extensive
line of component, module and system-level building block products
to the computer industry. The company’s product line covers a broad
spectrum, and includes microprocessors, flash memory, microcontrol-
lers, a broad line of PC enhancement and local area network
products, multimedia technology products, and massively parallel
supercomputers. Intel’s 32-bit X86 architecture, represented by the
Intel386™ and Intel486™ microprocessor families, are the de facto
standard of modern business computing and installed in millions of
PCs worldwide.

Intel has over 25,000 employees located in offices and manufac-
turing facilities around the world. Today, Intel is the largest semicon-
ductor company in the United States and the second largest in the
world.
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87C54/80C54 CHMOS Single-Chip 8-Bit Microcontroller with 16 Kbytes Internal Program

L1V =T 1o oA 7-188
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80186 _
HIGH INTEGRATION 16-BIT MICROPROCESSOR
m Integrated Feature Set m Completely Object Code Compatible
— Enhanced 8086-2 CPU with All Existing 8086, 8088 Software
— Clock Generator — 10 New Instruction Types

— 2 Independent DMA Channels
— Programmable Interrupt Controller
— 3 Programmable 16-bit Timers

m Complete System Development
Support

P ble M d — Development Software: ASM 86

— frogrammaple Aemory an Assembler, PL/M-86, Pascal-86,

Peripheral Chip-Select Logic Fortran-86, C-86, and System Utilities
— Programmable Wait State Generator — In-Circuit-Emulator (12ICETM-186)

— Local Bus Controlier

m Available in 10 MHz (80186-10) and 8
MHz (80186) Versions

u High-Performance Processor
— 4 MByte/Sec Bus Bandwidth

m Numerics Coprocessing Capability
Through 8087 Interface

m Available in 68 Pin:
— Plastic Leaded Chip Carrier (PLCC)
— Ceramic Pin Grid Array (PGA)
Interface @ 8 MHz — : :
— 5 MByte/Sec Bus Bandwidth Cerarplc Lgadlesg Ct?ip Carrier (LCC)
Interface @ 10 MHz (See Packaging Outlines and Dimensions, Order #231369)

m Direct Addressing Capability to 1 ® Avallable in EXPRESS

MByte of Memory and 64 KByte 1/0 / :g;at:::':’ Tri':"“;’i':’att‘::; v:;: gBeurn-In

(—40°C to +85°C)

INT3/INTAT/IRQ
INT2/INTAD
CLKOUT Vcc GND NMI INT1/SECECT TMROUT1 TMROUTO
/ TMRIN A TMRIN
0h wo Tt
""""" Nt PROGRAMMABLE
! EXECUTION UNIT| GRAMM
v X | o 1 2
16-BIT 1 MAX COUNT
RES —»] ALU | PROGRAMMABLE REGISTER B k\
RESET <] \ INTERRUPT MAX COUNT
cLocK CONTROLLER e ta oy
18.81T !
GENERAL | CONTROL REGISTERS
PURPOSE ! CONTROL I
R RS | - 16-BIT
EqiSTE ] REGISTERS COUNT REGISTER
1-DRQO
(- DRQ1
o
50-52<__] ] 1
CHIP-SELECT 20-BIT
2::: —}s UNIT POINTERS|
—
TEST —7> B T bl DESTINATION
HOLD —+»] SEGMENT POINTERS
- REGISTERS
HLDA <1 BYTE mgg:%t!li 16-BIT
PREFETCH frrluy TRANSFER COUNT
QUEUE CONTROL
REGISTERS
y_
BEN WRALE / ucs PCSB/A2
oCK RD ADO-  A16/S3- L ics PCSEA1
DUR BREIST ADIS  A19/S8 \/
WMCSo-3 PCS0-4 2104511
Figure 1. 80186 Block Diagram
May 1991

241 Order Number: 210451-011



80186

intal.

The Intel 80186 is a highly integrated 16-bit microprocessor. The 80186 effectively combines 15-20 of the
most common 8086 system components onto one. The 80186 provides two times greater throughput than the
standard 5 MHz 8086. The 80186 is upward compatible with 8086 and 8088 software and adds 10 new
instruction types to the existing set.

Ceramic Leadless Chip Carrier (JEDEC Type A)
Contacts Facing Up Contacts Facing Down
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| IRIRIRINIRIN T ITRINC]
s e
\\\\\\\“I"II)///% i ..
§ ; cukour : : %/
_y ] RESETYC %> cpess
Ty ] x2 2 XXX s|pcs2
— — Bl Z8% Ml
E E ALe /asof? fo3eed i [
’ § R%gsg ; . _ z :uE: ouT1
N ats/so|: s
MY, 4, =
i mug'—  £8382853758358288 podsi-2
Ceramic Pin Grid Array
Pins Facing Up Pins Facing Down
POROIEOO®EO [ )
(SISO CICICICICIOISIS)
@@ ® &
® ®
@
®@
@® ®
@6 ®®
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@EOOOVEEOO®
\@®@®®@@@Q4\ )X- )
PIN NO.1 MARK 210451 _3
Plastic Leaded Chip Carrier
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T Ty Ty 52 g
3:
55 32
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59 K XX 28
2 £X8 gv
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62 i XXX 25
e N =
64
P (122
66 b
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8 I
1716151413121110 9 8 76 54 3 2 1 o N1 ARK 12345678 91011121314151817 1045119

Figure 2. 80186 Pinout Diagrams
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Table 1. 80186 Pin Description

Symbol Pin No. | Type Name and Function

Vee 9 | System Power: + 5 volt power supply.

43
Vss 26 | System Ground.
60

RESET 57 O | Reset Output indicates that the 80186 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.

X1 59 | Crystal Inputs X1 and X2 provide external connections for a

X2 58 O [fundamental mode parallel resonant crystal for the internal oscillator.
Instead of using a crystal, an external clock may be applied to X1
while minimizing stray capacitance on X2. The input or oscillator
frequency is internally divided by two to generate the clock signal
(CLKOUT).

CLKOUT 56 O |Clock Output provides the system with a 50% duty cycle waveform.
All device pin timings are specified relative to CLKOUT.

RES 24 | An active RES causes the 80186 to immediately terminate its present
activity, clear the internal logic, and enter a dormant state. This signal
may be asynchronous to the 80186 clock. The 80186 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 provnded witha
Schmitt-trigger to facilitate power-on RES generation via an RC
network.

TEST 47 1/0 |TEST is examined by the WAIT instruction. If the TEST input is HIGH
when “WAIT"” execution begins, instruction execution will suspend.
TEST will be resampled until it goes LOW, at which time execution will
resume. If interrupts are enabled while the 80186 is waiting for TEST,
interrupts will be serviced. During power-up, active RES is required to
configure TEST as an input. This pin is synchronized internally.

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

TMRIN 1 21 | upon the programmed timer mode. These inputs are active HIGH (or
LOW-to-HIGH transitions are counted) and internally synchronized.

TMROUT 0 22 O | Timer outputs are used to provide single pulse or continous waveform

TMR OUT 1 23 O | generation, depending upon the timer mode selected.

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

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

NMI 46 | 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 clock. The Non-Maskable Interrupt
cannot be avoided by programming.

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

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

INT2/INTAO 42 1/0 |Interrupt Requests are synchronized internally. INT2 and INT3 may be

INT3/INTA1/IRQ 4 1/0 | 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, all 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).
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Table 1. 80186 Pin Description (Continued)

Symbol ::;' Type Name and Function
A19/S6 65 (@] Address Bus Outputs (16—-19) and Bus Cycle Status (3-6) indicate the four
A18/S5 66 o most significant address bits during T1. These signals are active HIGH. During
A17/S4 67 (0] T2, T3, Tw, and T4, the S6 pin is LOW to indicate a CPU-initiated bus cycle or
A16/S3 68 (o} HIGH to indicate a DMA-initiated bus cycle. During the same T-states, S3, S4,
and S5 are always LOW. The status pins float during bus HOLD or RESET.
AD15 1 170 Address/Data Bus (0—-15) signals constitute the time multiplexed memory or
AD14 3 1/0 1/0 address (T4) and data (T, T3, Ty, and Ty4) bus. The bus is active HIGH.
AD13 5 I/0 | Agis analogous to BHE for the lower byte of the data bus, pins D7 through Dg.
AD12 7 170 | Itis LOW during T1 when a byte is to be transferred onto the lower portion of
AD11 10 1/0 | the busin memory or 1/0 operations.
AD10 12 170
AD9 14 110
AD8 16 110
AD7 2 170
AD6 4 170
AD5 6 110
AD4 8 170
AD3 11 170
AD2 13 170
AD1 15 170
ADO 17 1/0 . i
BHE/S7 64 0 During T4 the Bus High Enable signal should be used to determine if data is to
. be enabled onto the most significant half of the data bus; pins D15~Dg. BHE is
LOW during T4 for read, write, and interrupt acknowledge cycles when a byte
is to be transferred on the higher half of the bus. The S7 status information is
available during T, T3, and T4. Sy is logically equivalent to BHE. BHE/S7
floats during HOLD.
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 Reserved
ALE/QSO | 61 (0] Address Latch Enable/Queue Status 0 is provided by the 80186 to latch the-
address. ALE is active HIGH. Addresses are guaranteed to be valid on the
trailing edge of ALE. The ALE rising edge is generated off the rising edge of
the CLKOUT immediately preceding T of the associated bus cycle, effectively
one-half clock cycle earlier than in the 8086. The trailing edge is generated off
the CLKOUT rising edge in T4 as in the 8086. Note that ALE is never floated.
WR/QsStT | 63 o) Write Strobe/Queue Status 1 indicates that the data on the bus is to be written
into a memory or an 1/0 device. WR is active for Tp, T3, and Ty of any write
cycle. It is active LOW, and floats during HOLD. When the 80186 is in queue
status mode, the ALE/QS0 and WR/QS1 pins provide information about
processor/instruction queue interaction.
QS1 QS0 Queue Operation
0 0 No queue operation
0 1 First opcode byte fetched from the queue
1 1 Subsequent byte fetched from the queue
1 0 Empty the queue
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Table 1. 80186 Pin Description (Continued)

Pin No.

Type

Name and Function

62

170

Read Strobe is an active LOW signal which indicates that the 80186 is
performing a memory or I/0O read cycle. It is guaranteed not to go LOW
before the A/D bus is floated. An internal pull-up ensures that RD is
HIGH during RESET. Following RESET the pin is sampled to determine
whether the 80186 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

Asynchronous Ready informs the 80186 that the addressed memory
space or |/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 80186
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

Synchronous Ready informs the 80186 that the addressed memory
space or |/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
synchronize 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.

48

LOCK output indicates that other system bus masters are not to gain
control of the system bus while LOCK is active LOW. The LOCK signal
is requested by the LOCK prefix instruction and is activated at the
beginning of the first data cycle associated with the instruction following
the LOCK prefix. It remains active until the completion of that
instruction. No instruction prefetching will occur while LOCK is asserted.
When executing more than one LOCK instruction, always make sure
there are 6 bytes of code between the end of the first LOCK instruction
and the start of the second LOCK instruction. LOCK is driven HIGH for
one clock during RESET and then floated.

Q28

52
53
54

o000

Bus cycle status S0-S2 are encoded to provide bus-transaction
information:

80186 Bus Cycle Status Information

S2 S1 S0 Bus Cycle Initiated
0 0 0 Interrupt Acknowledge

0 0 1 Read 170

0 1 0 Write I/0

0 1 1 Halt

1 0 0 Instruction Fetch

1 0 1 Read Data from Memory

1 1 .0 Write Data to Memory .

1 1 1 Passive (no bus cycle)

The status pins float during HOLD. _ _
S2 may be used as a logical M/IO indicator, and S1 as a DT/R
indicator.:
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Table 1. 80186 Pin Description (Continued)

Pin No.

Type

Name and Function

50
51

|
o

HOLD indicates that another bus master is requesting the local bus. The
HOLD input is active HIGH. HOLD may be asynchronous with respect to
the 80186 clock. The 80186 will issue a HLDA (HIGH) in response to a
HOLD request at the end of T4 or T;. Simultaneous with the issuance of
HLDA, the 80186 will float the local bus and control lines. After HOLD is
detected as being LOW, the 80186 will lower HLDA. When the 80186
needs to run another bus cycle, it will again drive the local bus and
control lines.

3

34

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. This line is not floated during bus HOLD. The address
range activating UCS is software programmable.

LCs

—

33

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

=
(9}
(72
=1

=
o
@

=
(9
[
N

=
(9]
[0
41

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 are not floated during bus HOLD. The address
ranges activating MCS0-3 are software programmable.

0| | 7| | 7|

Aa9a
N[N0 »
Al =S

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

%
(32
~
=

S

O|0O0000|000O0

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 PCS5 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

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

Data Transmit/Receive controls the direction of data flow through an
external data bus transceiver. When LOW, data is transferred to the
80186. When HIGH the 80186 places write data on the data bus.

39

Data Enable is provided as a data bus transceiver output enable. DEN is |-
active LOW during each memory and I/0 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.
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FUNCTIONAL DESCRIPTION

Introduction

The following Functional Description describes the
base architecture of the 80186. The 80186 is a very
high integration 16-bit microprocessor. It combines
15-20 of the most common microprocessor system
components onto one chip while providing twice the
performance of the standard 8086. The 80186 is ob-
ject code compatible with the 8086/8088 microproc-
essors and adds 10 new instruction types to the
8086/8088 instruction set.

80186 BASE ARCHITECTURE

The 8086, 8088, 80186, and 80286 family all contain
the same basic set of registers, instructions, and ad-
dressing modes.

Register Set

The 80186 base architecture has fourteen registers
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.

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 80186 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 80186 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.

16-BIT
REGISTER
NAME

SPECIAL
REGISTER
FUNCTIONS

BYTE
ADDRESSABLE
@®BIT
REGISTER
NAMES
SHOWN) CH cL }

AH AL

MULTIPLY/DIVIDE
1/0 INSTRUCTIONS

DH oL

BH BL

BASE REGISTERS

BP

Ell
INDEX REGISTERS

DI
sP }

GENERAL
REGISTERS

STACK POINTER

LOOP/SHIFT/REPEAT/COUNT

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. 80186 Register Set
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STATUS WORD:

STATUS FLAGS:
CARRY

PARITY

AUXILIARY CARRY

ZERO

SIGN

OVERFLOW

15 14

B2 111 09 8 7_¥6 s 4 3 2 1 [)
WMWY or [ or [ e [ v T s T 2r KW o= AWV e [N\Y o

CONTROL FLAGS:
TRAP FLAG

T ENABLE

INTEL RESERVED

FLAG

210451-4

Figure 3b. Status Word Format

Table 2. Status Word Bit Functions

Bit
Position

Name

Function

0

CF

Carry Flag—Set on high-order
bit carry or borrow; cleared
otherwise

PF

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

AF

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

ZF

Zero Flag—Set if result is zero;
cleared otherwise

SF

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

TF

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

24-8

Instruction Set

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

An 80186 instruction can reference anywhere from

. zero to several operands. An operand can reside in

a register, in the instruction itself, or in memory. Spe-
cific operand addressing modes are discussed 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
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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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 Of_f 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 “Not” byte or word
LDS Load pointer using DS AND :And" Pyte or word
(ES Load pointer using ES OR Inclusn'/e or” byte or word
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
ING Increment byte or word by 1 RCL Rotate through carry left byte or word
AAA ASCIl adjust for addition RCR Rotate through carry right byte or word
DAA " Decimal adjust for addition FLAG OPERATIONS
SUBTRACTION STC Set carry flag
suB Subtract byte or word cLe Clear carry flag
SBB Subtract byte or word with borrow oMo Com;?lem.ent carry flag
DEC Decrement byte or word by 1 STD Set dlre.CtIOI.'l flag
NEG Negate byte or word CLD Clea.r direction flag
cMP Compare byte or word STI Set mt.errupt enable flag
AAS ASCI| adjust for subtraction cu Clear interrupt enable flag
DAS Decimal adjust for subtraction EXTERNAL, §YNCHRONIZATION
MULTIPLICATION HLT Halt until interrupt or reset
- - WAIT Wait for TEST pin active
MUL Multiply byte or word unsigned -
IMUL Integer multiply byte or word ESC Escape to ex.tenswn ?rocess.or
AAM ASCHl adjust for multiply LOCK Lock bus during next instruction
DIVISION NO O.PERATION
DIV Divide byte or word unsigned NOP [ No operation
— HIGH LEVEL INSTRUCTIONS
DIV Intoger divide byts or word ENTER Format stack for procedure entry
AAD ASCII adjust for division -
CBW Convert byte to word LEAVE Restore stack for prfacedure e.xn
WD Convert word to doubloword BOUND Detects values outside prescribed range

Figure 4. 80186 Instruction Set
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CONDITIONAL TRANSFERS JO Jump if overflow
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/INLE Jump if greater/not less nor equal ITERATION CONTROLS
JGE/JNL Jump if greater or equal/not less LOOP Loop
JL/UNGE Jump if less/not greater nor equal LOOPE/LOOPZ Loop if equal/zero
JLE/ING 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 overflow
JNS Jump if not sign IRET Interrupt return
Figure 4. 80186 Instruction Set (Qontinued)
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-
CODE
ment) and offset values. MODULE A
DATA
BASE ] ]
15 0 LOGICAL
- = ] MODULE B l
L'_1m5 ] ) DATA CODE
PHYSICAL ADDRESS ] ] L DATA
19 0 | |
TO MEMORY 210451-5 STACK
PROCESS EXTRA
Figure 5. Two Component Address STACK
SEGMENT
) . REGISTERS
Table 3. Segment Register Selection Rules 1 '
Memory | Segment | . it Segment PRocess
Reference | Register Selection Rule aLock 1
Needed Used
Instructions | Code (CS) | Instruction prefetch and : |
immediate data. !
Stack Stack (SS) | All stack pushes and eSS
pops; any memory BLOCK 2
references which use BP
Register as a base ! !
register.  eeomy”
External Extra (ES) | All string instruction 210451-6
Data references which use
(Global) itr"‘je?(l register as an Figure 6. Segmented Memory Helps
Local Data | Data (DS) | All other data references. Structure Software
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Addressing Modes

The 80186 provides eight categories of addressing
modes to specify operands. Two addressing 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, also called
the effective address, is calculated by summing any
combination of the following three address ele-
ments:

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

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

o the index (contents of either the SI 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 DI).

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

e 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.

Data Types

The 80186 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 an 8087 Numeric Data Coprocessor with the
80186.

e 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 64K bytes.

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

e 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 an 8087 Numeric Data Co-
processor with the 80186.)

In general, individual data elements must fit within
defined segment limits. Figure 7 graphically repre-
sents the data types supported by the 80186.

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.

24-11
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7 0
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210451-7

NOTE:
*Supported by using an 8087 Numeric Data Coproces-

sor with the 80186.
Figure 7. 80186 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-
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
80186 predefined types and default priority levels.
For each interrupt, an 8-bit vector must be supplied
to the 80186 which identifies the appropriate table
entry. Exceptions supply the interrupt vector inter-
nally. In addition, internal peripherals and noncas-
caded external .interrupts will generate their own
vectors through the internal interrupt controller. INT
instructions contain or imply the vector and allow
access to all 256 interrupts. Maskable hardware ini-
tiated 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. i

Interrupt Sources

The 80186 can service interrupts generated by soft-
ware or hardware. The software interrupts are gen-
erated 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 80186 interrupts which cannot be
masked by programming are described below.

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 is
set. Interrupts will not be generated after prefix in-
structions (e.g., REP), instructions which modify seg-
ment registers (e.g., POP DS), or the WAIT instruc-
tion. . .

NON-MASKABLE INTERRUPT—NMI (TYPE 2)

An external interrupt source which cannot be
masked.

24-12
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Table 4. 80186 Interrupt Vectors

Interrupt Vector Vector Default Related Applicable
Name Type Address | Priority Instructions Notes
Divide Error Exception 0 00H 1 DIV, IDIV 1
Single Step Interrupt 1 04H 1A All 2
Non-Maskable Interrupt (NMI) 2 08H 1 All
Breakpoint Interrupt 3 OCH 1 INT 1
INTO Detected Overflow Exception 4 10H 1 INTO 1
Array Bounds Exception 5 14H 1 BOUND 1
Unused Opcode Exception 6 18H 1 Undefined Opcodes 1
ESC Opcode Exception 7 1CH 1 ESC Opcodes 1,3
(Coprocessor)
Timer O Interrupt 8 20H 2A 4,5
Timer 1 Interrupt 18 48H 2B 4,5
Timer 2 Interrupt 19 4CH 2C 4,5
Reserved 9 24H 3
DMA 0 Interrupt 10 28H 4 5
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
Reserved 16,17 | 40H, 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 same manner as 8086.

3. An ESC (coprocessor) opcode will cause a trap only if the proper bit is set in the peripheral control block relocation

register.

4. All three timers constitute one source of request to the interrupt controller. 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. The vector type numbers for these sources are programmable in Slave Mode.

BREAKPOINT INTERRUPT (TYPE 3)

A one-byte version of the INT instruction. It uses 12
as an index into the service routine address table
(because it is a type 3 interrupt).

INTO DETECTED OVERFLOW EXCEPTION
(TYPE4)

Generated during an INTO instruction if the OF bit is
set.

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). This exception will only be generated if
a bit in the relocation register is set. The return ad-
dress of this exception will point to the ESC instruc-
tion causing the exception. If a segment override
prefix preceded the ESC instruction, the return ad-
dress will point to the segment override prefix.

Hardware-generated interrupts are divided into two
groups: maskable interrupts and non-maskable in-
terrupts. The 80186 provides maskable hardware
interrupt request pins INTO-INT3. In addition, mask-
able interrupts may be generated by the 80186
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integrated DMA controller and the integrated timer
unit. The vector types for these interrupts is shown
in Table 4. Software enables these inputs by setting
the interrupt flag bit (IF) in the Status Word. The in-
terrupt controller is discussed in the peripheral sec-
tion 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
restoring the original status of IF bit. If the interrupt
return re-enables interrupts, and another interrupt is
pending, the 80186 will immediately service the
highest-priority interrupt pending, i.e., no instructions
of the main line program will be executed.

Non-Maskable Interrupt Request (NMI)

A non-maskable interrupt (NMI) is also provided.
This interrupt is serviced regardless of the state of
the IF bit. A typical use of NMI would be to activate a
power failure routine. The activation of this input
causes an interrupt with an internally supplied vector
value of 2. No external interrupt acknowledge se-
quence is performed. The IF bit is cleared at the
beginning of an NMI interrupt to prevent maskable
interrupts from being serviced.

Single-Step Interrupt

The 80186 has an internal interrupt that allows pro-
grams to execute one instruction at a time. It is
called the single-step interrupt and is controlled by
the single-step flag bit (TF) in the Status Word. Once
this bit is set, an internal single-step interrupt will
occur after the next instruction has been executed.
The interrupt clears the TF bit and uses an internally
supplied vector of 1. The IRET instruction is used to
set the TF bit and transfer control to the next instruc-
tion to be single-stepped.

Initialization and Processor Reset

Processor initialization is_accomplished by driving
the RES input pin LOW. RES must be LOW durin
power-up to ensure proper device initialization. R
forces the 80186 to terminate all execution and local
bus activity. No iinstruction or bus activity will occur
as long as RES is active. After RES becomes inac-
tive and an internal processing interval elapses, the
80186 begins execution with the instruction at physi-
cal location FFFFO(H). RES also sets some registers
to predefined values as shown in Table 5. )

Table 5. 80186 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)

80186 CLOCK GENERATOR

The 80186 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 oscillator circuit of the 80186 is designed to be
used with a parallel resonant fundamental mode
crystal. This is used as the time base for the 80186.
The crystal frequency selected will be double the
CPU clock frequency. Use of an LC or RC circuit is
not recommended with this oscillator. If an external
oscillator is used, it can be connected directly to the
input pin X1 in lieu of a crystal. The output of the
oscillator is not directly available outside the 80186.
The recommended crystal configuration is shown in
Figure 8. .

20pF
% T

210451-8

80186-10 (10 MHz) | 20
80186 (8 MHz) | 16
Figure 8. Recommended 80186

Crystal Configuration

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

Temperature Range: 0to 70°C
ESR (Equivalent Series Resistance): 3090 max
Co (Shunt Capacitance of Crystal): 7.0 pf max
C4 (Load Capacitance): 20 pf + 2 pf
Drive Level: 1 mW max
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Clock Generator

The 80186 clock generator provides the 50% duty
cycle processor clock for the 80186. It does this by
dividing the oscillator output by 2 forming the sym-
metrical clock. If an external oscillator is used, the
state of the clock generator will change on the fall-
ing edge of the oscillator signal. The CLKOUT pin
provides the processor clock signal for use outside
the 80186. This may be used to drive other system
components. All timings are referenced to the output
clock.

READY Synchronization

The 80186 provides both synchronous and asyn-
chronous ready inputs. Asynchronous ready syn-
chronization is accomplished by circuitry which sam-
ples ARDY in the middle of T, T3, and again in the
middle of each Tw 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 T, 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 To, 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 satisfy set-up and hold
times to guarantee proper operation of the circuit.

In addition, the 80186, 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 80186 provides both a RES input pin and a syn-
chronized RESET output pin for use with other sys-
tem components. The RES input pin on the 80186 is
provided with hysteresis in order to facilitate power-
on Reset generation via an RC network. RESET out-
put is guaranteed to remain active for at least five
clocks given a RES input of at least six clocks. RE-
SET may be delayed up to approximately two and
one-half clocks behind RES.

Multiple 80186 processors may be synchronized
through the RES input pin, since this input resets
both the processor and divide-by-two internal coun-

ter in the clock generator. In order to ensure that the
divide-by-two counters all begin counting at the
same time, the active going edge of RES must satis-
fy a 25 ns setup time before the falling edge of the
80186 clock input. In addition, in order to ensure that
all CPUs begin executing in the same clock cycle,
the reset must satisfy a 25 ns setup time before the
rising edge of the CLKOUT signal of all the proces-
Sors. :

LOCAL BUS CONTROLLER

The 80186 provides a local bus controller to gener-
ate the local bus control signals. In addition, it em-
ploys a HOLD/HLDA protocol for relinquishing the
local bus to other bus masters. It also provides out-
puts 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 80186 provides ALE, RD, and WR bus control
signals. The RD and WR signals are used to strobe
data from memory or /0 to the 80186 or to strobe
data from the 80186 to memory or |/O. The ALE line
provides a strobe to latch the address when it is
valid. The 80186 local bus controller does not pro-
vide a memory/I/0 signal. if this is required, use the
S2 signal (which will require external latching), make
the memory and I/0 spaces nonoverlapping, or use
only the integrated chip-select circuitry.

Transceiver Control

The 80186 generates two control signals to be con-
nected to transceiver chips. This capability allows
the addition of transceivers for extra buffering with-
out 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 Enable) |transceivers. Itis active LOW
during memory, I/0, or INTA
cycles.

DT/R Determines the direction of travel

(Data Transmit/ | through the transceivers. A HIGH

Receive) level directs data away from the
processor during write
operations, while a LOW level
directs data toward the processor
during a read operation.
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Local Bus Arbitration

The 80186 uses a HOLD/HLDA system of local bus
exchange. This provides an asynchronous bus ex-
change mechanism. This means multiple masters
utilizing the same bus can operate at separate clock
frequencies. The 80186 provides a single HOLD/
HLDA pair through which all other bus masters may
gain control of the local bus. External circuitry must
arbitrate which external device will gain control of
the bus when there is more than one alternate local
bus master. When the 80186 relinquishes control of
the local bus, it floats DEN, RD, WR, S0-S2, LOCK,
ADO-AD15, A16-A19, BHE, and DT/R to allow an-
other master to drive these lines directly.

The 80186 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 the highest-priority activity request which
the processor may receive: higher than instruction
fetching or internal DMA cycles. However, if a DMA
cycle is in progress, the 80186 will complete the
transfer before relinquishing the bus. This implies
that if a HOLD request is received just as a DMA
transfer begins, the HOLD latency time can be as
great as 4 bus cycles. This will occur if a DMA word
transfer operation is taking place from an odd ad-
dress to an odd address. This is a total of 16 clocks

. or more, if WAIT states are required. In addition, if
locked transfers are performed, the HOLD latency
time will be increased by the length of the locked
transfer.

Local Bus Controller and Reset

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

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

NOTE:
RD is also provided with an internal pull-up de-
vice to prevent the processor from inadvertently
entering Queue Status Mode during RESET.

¢ Drive S0-S2 to the inactive state (all HIGH) and
then float.

® Drive LOCK HIGH and then float.

e Float ADO-15, A16-19, BHE, DT/R.
e Drive ALE LOW (ALE is never floated).
e Drive HLDA LOW.

INTERNAL PERIPHERAL INTERFACE

All the 80186 integrated peripherals are controlled
by 16-bit registers contained within an internal 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 D15-9, 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 80186 CPU at any time.

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 1/0 or memory space. If this bit is 1, the
control block will be located in memory space. If the
bit is 0, 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/O 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

15 14 13 12 1

9 8 7 6 5 4 3 2 1 0

OFFSET: FEH [ ET [SLAVE/MASTER| X [m/10]

Relocation Address Bits R19-R8 |

ET = ESC Trap / No ESC Trap (1/0)

M/10 = Register block located in Memory / I/0O Space (1/0)
* SLAVE/MASTER = Configure interrupt controller for Slave/Master Mode (1/0)

Figure 9. Relocation Register
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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 80186 contains logic which provides program-
mable chip-select generation for both memories and
peripherals. In addition, it can be programmed to
provide READY (or WAIT state) generation. 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.

OFFSET
Relocation Register FEH
DAH
DMA Descriptors Channel 1
DOH
CAH
DMA Descriptors Channel 0
COH
A8H
Chip-Select Control Registers

AOH
66H

Time 2 Control Registers
60H
5EH

Time 1 Control Registers
58H
56H

Time 0 Control Registers
50H
. 3EH

Interrupt Controller Registers

20H

Figure 10. Internal Register Map

Memory Chip Selects

The 80186 provides 6 memory chip select outputs
for 3 address areas; upper memory, lower memory,
and midrange memory. One each is provided for up-
per memory and lower memory, while four are pro-
vided 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
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 80186 mem-
ory is arranged in words. This means that if, for ex-
ample, 16 64K x 1 memories are used, the memory
block size will be 128K, not 64K.

Upper Memory CS

The 80186 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
80186 begins executing at memory location
FFFFOH.

The upper limit of memory defined by this chip select
is always FFFFFH, while the lower limit is program-
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
the size of the memory block obtained.

Table 7. UMCS Programming Values

Starting Memory UMCS Value

Address .
(Base Bl?ck (Assuming

Address) Size RO=R1=R2=0)
FFCO00 1K FFF8H
FF800 2K FFB8H
FFO00 4K FF38H
FEOOO0 8K FE38H
FCO000 - 16K FC38H
F8000 32K F838H
F0000 64K FO38H
E0000 128K EO038H
C0000 256K C038H

The lower limit of this memory block is defined in the
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-
dress and memory block sizes are given in Table 7.
Any combination of bits 6-13 not shown in Table 7
will result in undefined operation. After reset, the
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

24-17



intgl.

80186

value (with bits 0-5 as “0") asserts UCS. UMCS bits
R2-R0 specify the ready mode for the area of mem-
ory defined by this chip select register, as explained
later.

Lower Memory CS

The 80186 provides a chip select for low memory
called LCS. The bottom of memory contains the in-
terrupt vector table, starting at location 00000H.

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
A d?i‘:ess Block (Assuming
Size RO=R1=R2=0)
003FFH 1K 0038H
007FFH 2K 0078H
00FFFH 4K 00F8H
01FFFH 8K 01F8H
O3FFFH 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 resulting 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 80186 provides four MCS lines which are active
within a user-locatable memory block. This block
can be located within the 80186 1M byte memory
address space exclusive of the areas defined by
UCS and LCS. Both the base address and size of
this memory block are programmable.

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 814 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 0000001B

16K 4K 0000010B

32K 8K 0000100B

64K 16K 0001000B

128K 32K 0010000B

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

15 14 13 12 11 10

8

5 4 3
OFFSETA0H|1|1|u|u|u|u|u|u|ulu|1I1I1|nz|mlno]

A19

A10

Figure 11. UMCS Register

15 14 13 12 11 10

0

9 7 4 3 2
OFFSETA2H|olo|u[u|u|ulu|uju|u11l111|n2|n1|no]

A19

A10

Figure 12. LMCS Register
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15 14 13 12 11 10

8 7 6 5 4 3 2 1 0

. 9
OFFSET: AsH[ 1 [ M6 [ M5 Ma[ M3 M2 Mi[MOJEX]MST] 1T 11

[rR2]R1 ] RO]

Figure 13. MPCS Register

15 9 3
OFFSET: A6H [ U JUJUJuUuJuJuJuTl 1T 1T 11171

0
JrR2[R1 [ RO]

A19

Figure 14. MMCS Register

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 of these registers are undefined. However,
none of the MCS lines will be active until both the
MMCS and MPCS registers are accessed.

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.

Peripheral Chip Selects

The 80186 can generate chip selects for up to seven
peripheral devices. These chip selects are active for

seven contiguous blocks of 128 bytes above a pro-
grammable base address. The base address may be
located in either memory or |/O space.

Seven CS lines called PCS0-6 are generated by the
80186. The base address is user-programmable;
however it can only be a multiple of 1K bytes, i.e.,
the least significant 10 bits of the starting address
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 8-bit pe-
ripheral chips. This simplifies the external hardware
because the peripheral registers can be located on
even boundaries in 1/0 or memory 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 I/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
OFfFSET: AdH[ UJ UJUTUTJUJuUuJuJuJuJuTlT1T1]1JRTR]RO]

A9

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 PCSB6, 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 |1/0 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 80186 can generate a READY sig%al internally
for each of the memory or peripheral CS lines. The
number of WAIT states to be inserted for each pe-
ripheral 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 80186 may be
programmed to either ignore external READY for
each chip-select range individually or to factor exter-
nal READY with the integrated ready generator.

READY control consists of 3 bits for each CS line or
group of lines generated by the 80186. The interpre-
tation of the READY bits is shown in Table 12.

Table 12. READY Bits Programming

R2| R1| RO | Number of WAIT States Generated

0 | 0 | O |0 wait states, external RDY
also used.

0 [ 0 | 1 |1 waitstate inserted, external RDY
also used.

0 [ 1| O |2 wait states inserted, external RDY
also used.

0 | 1| 1 |3 wait states inserted, external RDY
also used.

1| 0 | O [Owait states, external RDY
ignored.

1| 0| 1 |1 waitstate inserted, external RDY
ignored.

1 | 1 | O | 2wait states inserted, external RDY
ignored.

1 |1 | 1 |3 wait states inserted, external RDY
ignored.

The internal ready generator operates in parallel
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 overiapped 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-R0 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:

o All chip-select outputs will be driven HIGH.

® 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).
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® 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.

DMA CHANNELS

The 80186 DMA controller provides two indepen-
dent DMA channels. Data transfers can occur be-
tween memory and 1/0 spaces (e.g., Memory to 1/0)
or within the same space (e.g., Memory to Memory
or I/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 destination pointer which can be

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 Control
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 64K byte 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

optionally incremented or decremented after each . Register Address
data transfer (by one or two depending on byte or Register Name
word transfers). Each data transfer consumes 2 bus Ch.0 Ch. 1
cycles (a minimum of 8 clocks), one cycle to fetch Control Word CAH DAH
masimum data wtansfar rate of 1.25 Muord/seo or | enster Count ol ool
2.5 MBytes/sec at 10 MHz. De;:usr;atlon Pointer (upper 4 C6H D6H
Destination Pointer C4H D4H
Source Pointer (upper 4 bits) C2H D2H
Source Pointer COH DOH
ADDER CONTROL
20 BIT ADDER/SUBTRACTOR Loglc TIMER REQUEST
a l DRQ1
REQUEST [~ U
] TRANSFER COUNTER CH. 1 s‘tﬁg}?" DRQO D
DEST. ADRS. POINTER CH. 1 .
SRC. ADRS. POINTER CH. 1 |- DMA I
CONTROL
| TRansFeR counTeR cH. 0 Lose
DEST. ADRS. POINTER CH. 0 INTERRUPT
SRC. ADRS. POINTER CH. 0 REQUEST
CHANNEL CONTROL WORD 1
CHANNEL CONTROL WORD 0
< INTERNAL ADDRESS/DATA BUS >
210451-9

Figure 16. DMA Unit Block Diagram
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15 14 18 12 1110 9 8 7 6 5 4 3 2 1 0
T

M/ DESTINATION| M/  SOURCE D cHa/ | st/ | B

i0 DEC INC| 1O DEC INc | YO |INT| SYN P | R | X |NocHa|sTOP| W
Q

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 81086 DMA
channel. This register specifies:

e the mode of synchronization;
e whether bytes or words will be transferred;

e whether interrupts will be generated after the last
transfer;

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

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

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

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

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

o whether the destination pointer will address
memory or I/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/IO 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 not change after
each cycle.

SOURCE: M/10 Source pointer is in memory (1) or
1/0 (0) space.
DEC Decrement source pointer by 1 or 2

(depends on B/W) after each
transfer.

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

If both INC and DEC are specified,
the pointer will not change after
each cycle.

TC: If set, DMA will terminate when the
contents of the transfer count reg-
ister reach zero. The ST/STOP bit
will also be reset at this point. If
cleared, the DMA controller will
decrement the transfer count regis-
ter for each DMA cycle, but DMA
transfers will not stop when the
transfer count register reaches

zero.

INT: Enable interrupts to CPU upon
transfer count termination.

SYN: 00 No synchronization.

NOTE:
When unsynchronized transfers
are specified, the TC bit will be ig-
nored and the ST bit will be cleared
upon the transfer count reaching
zero, stopping the channel.
01 Source synchronization.
10 Destination synchronization.
11 Unused.

P: Channel priority relative to other
channel during simultaneous re-
quests.

0 Low priority.
1 High priority.
Channels will alternate cycles if
both are set at same priority level.

Enable/Disable (1/0) DMA re-
quests from timer 2.

TDRQ:
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CHG/NOCHG: Change/Do not change (1/0)
ST/STOP bit. If this bit is set when
writing 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 con-
trol word, the ST/STOP bit will 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.

ST/STOP:
B/W:

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. The lower four bits of the upper regis-
ter contain the upper four bits of the 20-bit physical
address (see Figure 18). These pointers may be indi-
vidually incremented or decremented after each
transfer. If word transfers are performed the pointer
is incremented or decremented by two. Each pointer
may point into either memory or 1/0 space. Since
the DMA channels can perform transfers to or from
odd addresses, there is no restriction on values for
the pointer registers. Higher transfer rates can be
obtained if all word transfers are performed to even
addresses, since this will allow data to be accessed
in a single bus cycle.

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
control word is set or if unsynchronized transfers are
programmed, however, DMA activity will terminate
when the transfer count register reaches zero.

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). When destination syn-
chronized transfers are performed, data will not be
fetched from the source address until the destina-
tion device signals that it is ready to receive it. Also,
the DMA controller will relinquish control of the bus
after every transfer. If no other bus activity is initiat-
ed, another destination synchronized DMA cycle will
begin after two processor clocks. This allows the
destination device time to remove its request if an-
other transfer is not desired. Since the DMA control-
ler will relinquish the bus, the CPU can initiate a bus
cycle. As a result, a complete bus cycle will often be
inserted between destination synchronized trans-
fers. Table 14 shows the maximum DMA transfer
rates.

Table 14. Maximum DMA Transfer
Rates @ CLKOUT =10 MHz

Type of
Synchronization | CPU Running CPU Halted
Selected
Unsynchronized 2.5MBytes/sec | 2.5MBytes/sec
Source Synch. 2.5MBytes/sec | 2.5MBytes/sec
Destination Synch. | 1.7MBytes/sec | 2.0MBytes/sec
HIGHER
REGISTER XXX XXX XXX A19-A16
ADDRESS
LOWER
REGISTER A15-A12 A11-A8 A7-A4 A3-A0
ADDRESS
15 0

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 réad from a requesting source, or a
write to a requesting destination, should be used as
the DMA acknowledge 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 internai 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. |f 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/éTﬁP 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 DMA channels will perform the
following actions:

e The Start/Stop bit for each channel will be reset
to STOP.

e Any transfer in progress is aborted.

TIMERS

The 80186 provides three internal 16-bit program-
mable timers (see Figure 19). Two of these are high-
ly flexible and are connected to four external pins (2
per timer). They can be used to count external
events, time external events, generate nonrepetitive
waveforms, etc. The third timer is not connected to
any external pins, and is useful for real-time coding
and time delay applications. In addition, the third tim-
er can be used as a prescaler to the other two, or as
a DMA request source.

@ @ Ty _DMA
NN A NOU IN —REQ.
T0 n )
INT. = INT. INT.
REQ. REQ. REQ.
T20UT
TIMER 0 TIMER 1
MAX COUNT VALUE| MAX COUNT VALUE | TIMER 2
A A LOCK/4
MAX COUNT VALUE | LOCK/4 43X COUNT VALUE SAX COUNT VALUE
[ - [
MODE/CONTROL MODE/CONTROL MODE/CONTROL
WORD WORD WORD
2 INTERNAL ADDRESS/DATA BUS S
ALL 16 BIT REGISTERS
210451-10

Figure 19. Timer Block Diagram
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Timer Operation

The timers are controlled 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-

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.

e 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, alternate 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

cle, and thus can operate at speeds up to one-quar- N
ter the internal clock frequency (one-eighth the crys- Register Name Register Offset
tal rate). External clocking of the timers may be done Tmr.0 | Tmr. 1 Tmr. 2
at up to a rate of one-quarter of the internal CPU-
clock rate (2 MHz for an 8 MHz CPU clock). Due to | Mode/Control Word | 56H | 5EH 66H
internal synchronization and pipelining of the timer Max Count B 54H | 5CH | not present
circuitry, a timer output may take up to 6 clocks to Max Count A 52H | 5AH 62H
respond to any individual clock or gate input. Count Register 50H 58H 60H
15 14 13 12 1 5 4 3 2 1 [
[en TWmA T NT T RU T o ] [ Mmc TRt | P [ Ext | AT [ conT]

Figure 20. Timer Mode/Control Register
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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.

'

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 opera-
tion.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
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, i.e., 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 level 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 80186 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. :

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 80186 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 puls-
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
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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

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.

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 Timers will perform the following
actions:

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

e 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.

INTERRUPT CONTROLLER

The 80186 can receive interrupts from a number of
sources, both internal and external. The internal in-
terrupt controller serves to merge these requests on
a priority basis, for individual service by the CPU.

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
80186 interrupt controller has its own control regis-
ter that sets the mode of operation for the controller.

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

The 80186 has a special Slave Mode in which the
internal interrupt controller acts as a slave to an ex-
ternal 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:

e As four interrupt input lines with internally gener-
ated interrupt vectors.

e 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.

e 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 80186 on the second cycle.
The capability to interface to external 8259A pro-
grammable interrupt controllers is provided when
the inputs are configured in Cascade Mode.

24-27



intal.

80186

Interrupt Controller Modes of
Operation

The basic modes of operation of the interrupt con-
troller in Master Mode are similar to the 8259A. 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 IS
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 allow
servicing of lower-priority interrupts. An EOI 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 80186 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 8259A, while
INT2/INTAO serves as the dedicated interrupt ac-
knowledge 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 8259As. Three
levels of priority are created, requiring priority resolu-
tion in the 80186 interrupt controller, the master
8259As, and the slave 8259As. If an external inter-
rupt is serviced, one IS bit is set at each of these
levels. When the interrupt service routine is complet-
ed, up to three end-of-interrupt commands must be
issued by the programmer.

TIMER TIMER TIMER DMA DMA
Q 1

INTO SELECT INTAO

INT3/
INT1/_ INT2/ INTAT/
IRQ  NMI

113888y

TIMER INTERRUPT .
CONTROL REG. REQUEST REG.
DMA 0 INTERRUPT
CONTROL REG. MASK REG.
DMA 1 IN-SERVICE
CONTROL REG. TERRUPT REG.
EXT. INPUT 0 _——_y iz PRIOR. LEV.
CONTROL REG. EeONVER MASK REG.
EXT. INPUT 1 INTERRUPT
CONTROL REG. i STATUS REG.
EXT. INPUT 2
CONTROL REG.
EXT. INPUT 3
CONTROL REG.
INTERRUPT
REQUEST TO
PROCESSOR
INTERNAL ADDRESS/DATA BUS )
210451-11

Figure 21. Interrupt Controller Block Diagram
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INTO | INTERRUPT SOURCE

INT1 J=——— INTERRUPT SOURCE
80186
INT2 jg=———— INTERRUPT SOURCE

INT3 fg————— INTERRUPT SOURCE

210451-28

F'igure 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 8259A 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
80186 interrupt request pin. As a result, if the exter-
nal interrupt controller receives a higher-priority in-
terrupt, its interrupt will not be recognized by the
80186 controller until the 80186 in-service bit is re-
set. In Special Fully Nested Mode, the 80186 inter-
rupt controller will allow interrupts from an external
pin regardless 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 80186 interrupt sources.

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 8259A is required to determine if there is
more than one bit set. If so, the IS bit in the 80186
remains active and the next interrupt service routine
is entered.

Operation in a Polled Environment

The controller may be used in a polled mode if inter-
rupts are undesirable. When polling, the processor
disables interrupts and then polls 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
interrupt, i.e., not set the indicated in-service bit. The
80186 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 EOl com-
mand is issued by writing the proper pattern to the
EOI 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
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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 80186
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 generated.
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 80186 Interrupt Controller will generate interrupt
vectors for the integrated DMA channels and the in-
tegrated Timers. In addition, the Interrupt Controller
will generate interrupt vectors for the external inter-
rupt lines if they are not configured in Cascade or
Special Fully Nested Mode. 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 poll
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.

Wirites 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.

INTERRUPT SOURCES

p—
— .
‘ ) A .
INTO [ — %% e o
cc D :
8259A .
. ]
| 'Y ° °
INTA > : e
L] L]
80186 M -
& L] L ]
INT1 ¢ by . :
Vee D— s .
8259A < H

G——
e b mm— .
INTAT p—t—p a2s0A | ¥—— H
— .

< INTERRUPT SOURCES

210451-12

Figure 23. Cascade and Special Fully Nested Mode Interrupt Controller Connections
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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-
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

IN-SERVICE REGISTER 2CH
PRIORITY MASK REGISTER 2AH
MASK REGISTER 28H
POLL STATUS REGISTER 26H
POLL REGISTER 24H

EOI REGISTER 22H

Figure 24. Interrupt Controller Registers

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-
maskable interrupts. This bit may also be set
by the programmer.

These three bits represent the individual tim-
er interrupt request bits. These bits differen-
tiate between timer interrupts, since the tim-
er IR bit in the interrupt request register is
the “OR” function of all timer interrupt re-
quest. Note that setting any one of these
three bits initiates an interrupt request to the
interrupt controller.

IRTx:

(Master Mode)
15 14 10 9 8 7 6 5 4 3 2 10
[ o] o] e o e T ol oToJwsJwrelun]w][bot]p] o] t™R]

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

15 14

Iololo . . 3 . .

3 2 1 0
[ o [prM2]PRM1]PRMO]

Figure 26. Priority Mask Register Format

15 14

3 2 1 0

OHLT] 0 [ ¢ o o o«

5 4
[ o] o] o [Rr2]rT1]IRTO]

Figure 27. Interrupt Status Register Format (Master Mode)
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Timer, DMA 0, 1; 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

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

EOI 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 80186 CPU.

The bits in the EOI register are encoded as follows:

shows the format of the INT2 and INT3 Control reg- S,: Encoded information that specifies an in-
isters. In Cascade Mode or Special Fully Nested x terrupt source vector type as shown in Ta-.
Mode, the control words for INT2 and INT3 are not ble 4. For example, o reset the In-Service
used. bit for DMA channel 0, these bits should be
o . X set to 01010, since the vector type for DMA
The bits in the various control registers are encoded channel 0 is 10.
as follows:
. Lo . . NOTE:
PRO-2: Priority programming information. Highest i . i
Priority = 000, Lowest Priority = 111 To reset the single In-Service bit for any of
. R . the three timers, the vector type for timer 0
LTM:  Level-trigger mode bit. 1 = level-triggered; (8) should be written in this register.
0 = edge-triggered. Interrupt Input levels
are active high. In level-triggered mode, an
interrupt is generated whenever the exter-
nal line is high. In edge-triggered mode, an
interrupt will be generated only when this
15 14 4 3 2 1 0
[oloro . . . ° . ° . IOlMSKlPRZ]PR1lPRO|

Figure 28. Timer/DMA Control Registers Formats

14

5 4 3 2 1

IoloJ ° . . o

7 6 0
[ o [sePnm] ¢ [Lim[msk] PR2 | PR1 ] PRo |

Figure 29. INTO/INT1 Control Register Formats

5 4 3 2 -1 0

o [ o [utm[msk][ Pr2 [ PR1 [ PRO |

Figure 30. INT2/INT3 Control Register Formats
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NSPEC/: A bit that determines the type of EOl com-
SPEC mand. Nonspecific = 1, Specific = 0.

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
= 1.

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 80186 inter-
rupt controller will be used as a slave controller to an
external master interrupt controller. The internal
80186 resources will be monitored by the internal
interrupt controller, while the external controller

functions as the system master interrupt controller.
Upon reset, the 80186 will be in Master Mode. To
provide for slave mode operation bit 14 of the relo-
cation register should be set.

Because of pin limitations caused by the need to
interface to an external 8259A master, the internal
interrupt controller will no longer accept external in-
puts. There are however, enough 80186 interrupt
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.

These level assignments must remain fixed in the
Slave Mode of operation.

Slave Mode External Interface

The configuration of the 80186 with respect to an
external 8259A master is shown in Figure 33. The
INTO (pin 45) input is used as the 80186 CPU inter-
rupt input. IRQ (pin 41) functions as an output to
send the 80186 slave-interrupt-request to one of the
8 master-PIC-inputs. .

15 1

3 2 1 0

4 13 5 4
lﬁgggéo|0|o O 'r°|S4|83|32131IS°l

Figure 31. EOIl Register Format

15 14 13 4 3 2 1 0
INT
oo+ - + + « « «[o]s]w]w]s]o]

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 8259As do this
internally. Because of pin limitations, the 80186
slave address will have to be decoded externally.
SELECT (pin 44) is used as a slave-select input.
Note that the slave vector address is transferred in-
ternally, but the READY input must be supplied ex-
ternally.

INTAO (pin 42) is used as an acknowledge output,
suitable to drive the INTA input of an 8259A.

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
programmed by writing to the Interrupt Vector regis-
ter 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 80186 CPU.

The bits in the EOI register are encoded as follows:

VTx: 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.
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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
control 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
TIMER2 CONTROL REGISTER 3AH
(VECTOR TYPE xxxxx101)
TIMER1 CONTROL REGISTER agH
(VECTOR TYPE xxxxx100)
DMA1 CONTROL REGISTER 36H
(VECTOR TYPE xxxxx011)
DMAO CONTROL REGISTER 34H
(VECTOR TYPE xxxxx010)
TIMERO CONTROL REGISTER asH
(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 Controller Registers
(Slave Mode)

24

15 14 13

[oJoJToJ e =« -

5 4 3 2 1 ()]
T ol o o Jvre]vri]vro]

Figure 35. Specific EOl Register Format

15 14 13 8 7 6 5

4 3 1 [}
e [ o] o] o [tMR2[TMR1] D1 |

0 [T™Ro]

2
Do |

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. ’

e All PR bits in the various control regiéters setto 1.
This places all sources at lowest priority (level
111).

e 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).

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

e |nitialized to Master Mode.

‘o o o o

15 14 13 8

LoToJofe o <« <]o

7 5 4 3 2 1 0
[ oT o] o] o [wmsk[prr2]PR1][PRO]

Figure 37. Control Word Format

15 14 13 ) 8

7 6 5 4 3 2

[oJoJ o] e« o o

1 0
e JoJu]lwlwelulw]olo]o]

Figure 38. Interrupt Vector Register Format

15 14 13

. 8 7 6 5 4 3 2 1 0
[0 T o] o e o o oJoJololoioIolmzlm1jmo]

Figure 39. Priority Level Mask Register
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Figure 40. Typical 80186 Computer
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Yee

x1

53 BF

ADO-AD19 |

CLKOUT

LOCK

Wé:)
CST

SRDY|—» GND ]
ARDY

cs
RESET
rom |
LowW
RAM
s
~ ADDRESS
> By~ [ - )
s8¢
EEEOE
N 74LS245
| TRANSCEIVER! > DATABUS
I__o ’
MULT
= MASTER
BUS
DT/R
R
82C88
§0-52 BUS —, BUS CONTROL
CONTROLLER COMMANDS
cEN
B AEN
§5-§2 AEN
—[cLK pnaier e MULTIBUS
SYSBIRESS ARBITRATION
0B
»| LOoCK uesnl»qsv
XACK /
21045115

Figure 41. Typical 80186 Multi-Master Bus Interface
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature under Bias ...... 0°Cto 70°C
Storage Temperature .......... —65°Cto +150°C
Voltage on any Pin with

Respectto Ground.............. —1.0Vto +7V
Power Dissipation ...............cccoveiin.. 3w

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*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.

D.C. CHARACTERISTICS (Tp = 0°Cto +70°C, Vg = 5V £ 10%)

Applicable to 80186 (8 MHz), 80186-10 (10 MHz).

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage -0.5 +0.8 \"
ViH Input High Voltage 2.0 Vee + 05 \'
(All except X1 and (RES)
ViH1 Input High Voltage (RES) 3.0 Vge + 0.5 \Y
VoL Output Low Voltage 0.45 v la = 2.5 mA for S0-S2
la = 2.0 mA for all other Outputs
VoH Output High Voltage 2.4 \" loa = —400 pnA
lcc Power Supply Current 600* mA Ta = —40°C
550 mA Ta =0°C
415 mA Ta = +70°C
I Input Leakage Current +10 RA 0V < V|N < Vco
ILo Output Leakage Current +10 BA 0.45V < Vout < Vo
VcLo Clock Output Low 0.6 v lg = 4.0 mA
VcHo Clock Output High 4.0 \" loa = —200 pA
Ve Clock Input Low Voltage -0.5 0.6 v
VeHi Clock Input High Voltage 3.9 Voc + 1.0 \"
CiNn Input Capacitance 10 pF
Cio 1/0 Capacitance 20 pF

*For extended temperature parts only.
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PIN TIMINGS

A.C. CHARACTERISTICS (Tp = 0°Cto + 70°C, Vce = 5V £10%)
80186 Timing Requirements All Timings Measured At 1.5V Unless Otherwise Noted.

80186 80186-10 Test
8 MHz 10 MHz : €s!
Symbol Parameter ( ) ( ) Units Conditions
Min Max Min Max
TpvcL Data in Setup (A/D) 20 15 ns
TcLDx Data in Hold (A/D) 10 8 ns
TARYHCH Asynchronous Ready 20 15 ns
(ARDY) Active Setu
Time (1) .
TARYLCL ARDY Inactive Setup 35 25 ns
Time .
TCLARX ARDY Hold Time 15 ‘15 ns
TARYCHL Asynchronous Ready 15 15 ns
Inactive Hold Time
TsRycL Synchronous Ready 20 20 ns
(SRDY) Transition :
Setup Time (2
TCLSRY SRDY Transition 15 15 ns
Hold Time (2)
THvoL HOLD Setup (1) 25 20 ns
TiNVCH INTR, NMI, TEST, 25 25 ns
TIMIN, Setup (1) .
TiNVCL DRQO, DRQ1, Setup (1) 25 20 ns
80186 Master Interface Timing Responses
ToLaAv Address Valid Delay 5 55 5 44 ns CL=20-200 pF
ToLax Address Hold 10 10 ns | allOutputs.
(Except TcLTmv)
TcLaz Address Float Delay ToLAX 35 TCLAX 30 ns @8 & 10 MHz
TcHez Command Lines 45 40 ns
Float Delay
TcHev Command Lines Valid 55 45 ns
Delay (after Float)
TLHLL ALE Width - ToLcL—35 TcrLcL—30 ns
TCHLH ALE Active Delay 35 30 ns
TCHLL ALE Inactive Delay 35 30 ns
TLLax Address Hold from TcHoL—25 TcHoL—20 ns
ALE Inactive
TcLov Data Valid Delay 10 44 10 40 ns
TeLDox Data Hold Time 10 10 ) ns
TWHDX Data Hold after WR ToLcL—40 ToLcL—34 ns
Toverv Control Active Delay 1 5 50 5 40 ns
TcHeTv Control Active Delay 2 10 55 10 44 ns
ToveTx Control Inactive Delay 5 55 5 44 ns
TcvDEX DEN Inactive Delay 10 70 10 56 ns
(Non-Write Cycle)

—y

. To guarantee recognition at next clock.

2. To guarantee proper operation.
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PIN TIMINGS (Continued)

*A.C. CHARACTERISTICS (T = 0°Cto +70°C, Vg = 5V £10%) (Continued)
80186 Master Interface Timing Responses (Continued)

80186 80186-10
Symbol Parameter (8 MHz) (10 MHz) Units c o: :i:ltons
Min Max Min Max

TAzRL Address Float to 0 0 ns
' RD Active
TCLRL RD Active Delay 10 70 10 56 ns
TCLRH RD Inactive Delay 10 55 10 44 ns
TRHAV RD Inactive to TcLocL—40 TcLoL—40 ns

Address Active
TCLHAV HLDA Valid Delay 5 50 5 40 ns
TRLRH RD Width 2TcLoL—50 2TcLoL—46 ns
TWLWH WR Width 2TcLcL—40 2TcLoL—34 ns
TavLL Address Valid to TcLcH—25 TcLcH—19 ns

ALE Low )
TcHsV Status Active Delay 10 55 10 45 ns
ToLsH Status Inactive Delay 10 65 10 50 ns
ToLTMy Timer Output Delay 60 48 ns 100 pF max

@ 8 & 10 MHz

TcLrO Reset Delay 60 48 ns
TcHasv Queue Status Delay 35 28 ns
TcHDX Status Hold Time 10 10 ns
TAVCH Address Valid to 10 10 ns

Clock High
ToLwy LOCK Valid/Invalid 5 65 5 60 ns

Delay
80186 Chip-Select Timing Responses
TcLcsv Chip-Select 66 45 ns

Active Delay ’
Toxcsx Chip-Select Hold from 35 35 ns

Command Inactive
TcHesx Chip-Select 5 35 5 32 ns

Inactive Delay
80186 CLKIN Requirements
TeKIN CLKIN Period 62.5 250 50 250 ns
TCKHL CLKIN Fall Time 10 10 ns 3.5t0 1.0V
TCKLH CLKIN Rise Time 10 10 ns 1.0 to 3.5V
ToLek CLKIN Low Time 25 20 ns 1.5V
TCHCK CLKIN High Time 25 20 ns 1.5V
80186 CLKOUT Timing (200 pF load
Tcico CLKIN to 50 - 25 ns

CLKOUT Skew
ToLoL CLKOUT Period 125 500 100 500 ns
TCLCH CLKOUT Low Time Yo ToLocL—7.5 2 ToLcL—6.0 ns 1.5V
TcoHCL CLKOUT High Time Y2 ToLcL—7.5 Y2 TorcL—6.0 ns 1.5V
TCH1CH2 CLKOUT Rise Time 15 12 ns 1.0to 3.5V
ToLocL1 CLKOUT Fall Time 15 12 ns 3.5t0 1.0V
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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 charac-
ters and what they stand for.

A Address

RY: 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

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

QS: Queue Status (QS1, QS2)

R:  RD signal, RESET signal
S:  Status (SO, S1, S2)
RY: Synchronous Ready Input
V:  Valid
W:  WR Signal
X: No Longer a Valid Logic Level
Z: Float
Examples:

Tcrav — Time from Clock low to Address valid
TcHLH — Time from Clock high to ALE high
TcLcsy — Time from Clock low to Chip Select valid
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WAVEFORMS

MAJOR CYCLE TIMING
Ven T Tz s Tw L A
m___"fc.ﬂﬂ‘; - TCL2CLY /
cLKouT H & 4 '
_7 7 \ . (NOTE 2) N
Voo [T TCHCL _, ToLSH TCLCH
8280 X -
\
N - N ——
TCLAV —» - W::l <— lrcLov TCHDX-—» -1
BRE/S,, /A19-A16 $,-8
Ars/Se-Are/S; } T !
—4—TLHLL+—»] TLLAX
| | r et w—— —
ALE /
TAVLL>! — —_—
TCHLH |  le—
TCHLL —] -
- . ~— TCLDV
AV |- —»] |« TCLAX
D A DATA OUT
AD,5-AD, TAVCH Ars=A, rcmox)
WRITE CYCLE T <«—— TWHDX
TCVCTV—| —
ITuA’ - - TCVCTX
I DEN / '
RD, INTA, Teverv— |
DT/R = Vou TWLWH
Wh TCVCTX—]  |e—
— \r—— TCLAZ Fmvcu— |— TCLDX
([ ADy-A POINTER ) {
hs=ADy /| FLOAT FLOAT ) W
INTA CYCLE —> |- TCHCTV | |=—TCHCTV
DT/R
— l«—TCVCTV
iNTA (NOTE 1) JV
RD, WR, BHE =
Vou TCVCTV —»-| |a—| TCVDEX —>| j-—
N u" j
-~/
~
~ "J.J ~N
SOFTWARE HALT—DT/R =Vo,,
RD, WR, INTA, DEN = Vo, INVALIO ADDRESS
PTS, TCLAV —» | -— T —
wes — C
F% ] <— TCLCSV TCXCSX —»-] -
(NOTE 3)
210451-23
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WAVEFORMS (Continued)

READ CYCLE

WR, INTA = Vou

NOTES:

BHE/S7,A19/S6-A16/S3

gRE3 g

E
g

MAJOR CYCLE TIMING (Continued)

Ven
cLKouT
' Veu
8250 4
—afTCHSY l\(—
TCLDV|
TOLAV-> TCLAX TCHDX—»
Ll
'l"ﬁ Arg-Asg $;-8;
TLHLL
| TLLAX __
ALE S
— . -
TCHLN— TAVLL
TCHLL-»|
TLLAX
YCLDX
—o - TCLAZ TOVCL
¢ - FLOAY
AD,s-AD, Avs-Ag ; DATA IN
TaveH —s| TAZRL —»{ |e— TCLRH—»] TRHAY —o]
RD JQ
— TCHCTV  TCLAL t | TCHCTV
OT/R /

N

—Jﬂo—tcwsv

TeveTv—s] @ TCVDEX —

TCHCSX
e
TCXCSX o~ «—

1. INTA occurs one clock later in slave mode.
2. Status inactive just prior to T4.
3. If latched A1 and A2 are selected instead of PCS5 and PCS6, only Tgicsy is appl:cable

210451-24
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WAVEFORMS (Continued)
CLKOUT \ / \
—{ TeLLy - TeLLy
{ocK
210451-30
CLKOUT \ / \
DRQO,
DRQT
TINVCH -
TINVCL -
NMI,
TEST,
INTO-3
TIMERIN
210451-31
CLKOUT / \ /
RESET

—={ TCHQSV [+

[«—TCLRO %

Qs0,Qs1

210451-32
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WAVEFORMS (Continued)

—

CLKOUT

- N T

—» TCLLV

!

- TCLLV [

f_\f

Aﬁ_( |

210451-25

]

DRQ1

TINVCL —>|

INTO-3
TIMERIN

nnvcni

210451-26
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WAVEFORMS (Continued)
READY TIMING
| T, l T T, I

‘CLKOUT

TARYHCH —» l«— TCLARX

ARDY [

10

<— TSRYCL —

TARYLCL—>

/O

TCLSRY

SRDY

210451-29
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WAVEFORMS (Continued)

HOLD/HLDA TIMING (Entering Hold)

CLKOUT _/__\ /--I }—\ f W/

Thuvel

HOLD

T

AD15 - ADO,
DEN

A19/S6 - A16/S3,

T
- CLHAV
HLDA "
W

— — cp— )
RD, WR, BHE/S?, 80186 -
DT/R, S2- S0, 1t
LocK

210451-33

HOLD/HLDA TIMING (Leaving Hold)

CLKOUT

HOLD

HLDA

AD15 - ADO,
DEN

LYY
A19/S6 - A16/S3, Tency —»

RD, WR, BHE/S7,

DT/R, 52 - S0, i+
LOCK

Mt

210451-34
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WAVEFORMS (Continued)

TIMER ON 80186

CLKIN

x1)

TCKHL

TCICO —»

rcmcnz‘l |<— 3 «—TCL2CL1
TCHCL

TCLCH.

_l

TCHCK

CLKOUT

TCLCL

TIMERIN

TIMEROUT I

2%, to 6%, CLOCKS

— TCLTMV |=—

L/

210451-27

80186 EXPRESS

The Intel EXPRESS system offers enhancements to
the operational specifications of the 80186 micro-
processor. EXPRESS products are designed to
meet the needs of those applications whose operat-
ing requirements exceed commercial standards.

The EXPRESS program includes the commercial
standard temperature range with burn-in and an ex-
tended temperature range without burn-in.

With the commercial standard temperature range
operational characteristics are guaranteed over the
temperature range of 0°C to +70°C. With the ex-
tended temperature range option, operational char-
acteristics are guaranteed over the range of —40°C
to +85°C.

The optional burn-in is dynamic, for a minimum time
of 160 hours at +125°C with Vg = 5.5V £0.25V,
following guidelines in- MIL-STD-883, Method 1015.

Package types and EXPRESS versions are identified
by a one- or two-letter prefix to the part number. The
prefixes are listed in Table 16. All A.C. and D.C.
specifications not mentioned in this section are the
same for both commercial and EXPRESS parts.

Table 16. Prefix Identification

Prefix P?S(:ege Ten;:::::ure Burn-in
A PGA Commercial No
N PLCC Commercial No
R LCC Commercial No
TA PGA Extended No
QA PGA - Commercial Yes
QR LCC Commercial Yes
NOTE:

Not all package/temperature range/speed combinations
are available.
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80186 EXECUTION TIMINGS

A determination of 80186 program execution timing

must consider the bus cycles necessary to prefetch

instructions as well as the number of execution unit

cycles necessary to execute instructions. The fol-

lowing instruction timings represent the minimum ex-

ecution time in clock cycles for each instruction. The

timings given are based on the following assump-

tions:

® 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 instructions which involve memory accesses can
also require one or two additional clocks above the
minimum timings shown due to the asynchronous
handshake between the bus interface unit (BIU) and
execution unit.

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

With a 16-bit BIU, the 80186 has sufficient bus per-
formance to ensure that an adequate number of pre-
fetched 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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Function Format gm Comments
DATA TRANSFER
MOV = Move:
Register to Register/Memory l 1000100w ' mod reg r/m l 2/12
Register/memory to register [ 1000101w I mod reg r/m ] 2/9
Immediate to register/memory ‘ 1100011w I mod 000 r/m l data I dataifw=1 12-13 8/16-bit
Immediate to register [ 1011w reg | data | dataifw=1 | 3-4 8/16-bit
Memory to accumulator [ 1010000w [ addrow | addrhigh | 8
Accumulator to memory [ 1010001w l addr-low L addr-high I 9
Register/memory to segment regist l 10001110 ] mod 0 reg r/mw 2/9
Segment register to register/memory I 10001100 I mod 0 reg r/nT] 2/11
PUSH = Push:
Memory [ 11111111 [ mod110vm | 16
Register 10
Segment register 9

Register

Segment register

XCHG = Exchange:
Register/memory with register

|Register with accumulator

IN = Input from:
Fixed port

Variable port
OUT = Output to:
Fixed port

Variable port

XLAT = Translate byte to AL
LEA = Load EA to register
LDS = Load pointer to DS
LES = Load pointer to ES
LAHF = Load AH with flags
SAHF = Store AH into flags
PUSHF = Push flags

POPF = Popflags

ik

[ 10001111 ]

mod000 r/m |

000reg111

(reg=01)

[ 1000011w |

modreg r/m |

10010 reg

[1110010w |

port |

[ 1110011w |

pot |

1110111w

11010111

[ 10001101 | modreg m |
[ 11000101 [ modreg /m |  (mod=11)
mod reg r/m ] (mod+#11)

10011111

10011100

-
-
o
o
o
e
o
o

10011101

4/17

10

1"

18
18

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

Clock

Function Format X Comments

Cycles

DATA TRANSFER (Continued)

SEGMENT = Segment Override:

Cs 00101110 2

SS 00110110 2

DS 00111110 2

ES 00100110 2

ARITHMETIC

ADD = Add:

Reg/memory with register to either ﬁ 00000dw l mod reg r/m I 3/10

Immediate to register/memory [ 100000sw | mod000 v/m | data | dataitsw=01 | | - 4116

Immediate to accumulator [ 0oooo1ow | data | dataitw=1 | a4 8/16-bit

ADC = Add with carry:

Reg/memory with register to either I 000100dw l modreg r/m l 3/10

limmediate to register/memory [ 100000sw | modo10 mm | data | dataitsw=01 | | /16

Immediate to accumulator [ ooot1010w | data | dataifw=1_| 3/4 8/16-bit

INC = Increment:

Register/memory [ 1111111w | mod000 /m | 3/15

Register 3

SUB = Subtract:

Reg/memory and register to either I mod reg r/ﬂ 3/10

Immediate from register/memory I mod 101 r/m | data r data if s w=01 4/16

Immediate from accumulator ] data I dataif w=1 | 3/4 8/16-bit

SBB = Subtract with borrow:

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

Immediate from register/memory L mod011 r/m I data r data if s w=01 4/16

Immediate from accurmulator I data | dataif w=1 J 3/4 8/16-bit

DEC = Decrement

Register/memory [1111111w | mod0oo1 vm | 3/15

Register 01001 reg 3

CMP = Compare:

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

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

Immediate with register/memory [ 100000sw | mod111 e/m | data | dataitsw=01 3/10

Immediate with accumulator [oot1110w |  data | dataitw=1 | a4 " | e/16bit

NEG = Change sign register/memory I 1111011w I mod011 r/m [ 3/10

AAA = ASCII adjust for add 00110111 8

DAA = Decimal adjust for add 00100111 4

AAS = ASCII adjust for subtract 00111111 7

DAS = Decimal adjust for subtract 00101111 4

MUL = Multiply (unsigned): I 1111011w l mod 100 r/m

Register-Byte 26-28

Register-Word 36-37

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
" UL = integer immediate muttiply | sgiasr |

(signed) 29-32
DIV = Divide (unsigned): [ 1111011w | mod110 t/m
Register-Byte 29
Register-Word 38
Memory-Byte 35
Memory-Word 44
IDIV = Integer divide (signed): [ 1111011w mod111r/m
Register-Byte 44-52
Register-Word 53-61
Memory-Byte 50~58
Memory-Word 59-67
AAM = ASCII adjust for multiply [ 11010100 | 00001010 | 19
AAD = ASGI adjust for divide [ 11010101 [ 00001010 | 15
CBW = Convert byte to word 10011000 2
CWD = Convert word to double word 10011001 4
LOGIC
Shift/Rotate Instructions:
Register/Memory by 1 [ 1101000w [ modTTTE/m | 2/15
Register/Memory by CL [ 1101001w | modTTTr/m | 5+n/17+n

oun 0000 m ‘

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 | mod100r/m |  data | dataitw=1 || 4s16
Immediate to accumulator | 0010010w | data | dataifw=1 | 3/4 8/16-bit
TEST = And function to flags, no result:
Register/memory and register | 1000010w I modreg r/m I 3/10
Immediate data and register/memory | 1111011w I mod 000 r/m | data l dataifw=1 1 4/10
Immediate data and accumulator | 1010100w l data | dataifw=1 I 3/4 8/16-bit
OR=Or:
Reg/memory and register to either | 000010dw I modreg r/m l 3/10
Immediate to register/memory [ 1000000w | mod001 /m |  data | dataitw=1 4/16
Immediate to accumulator [ 0ooo110w | data | dataifw=1 | 3/4 8/16-bit

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

Repeated by count in CX (REP/REPE/REPZ/REPNE/REPNZ)

MOVS = Move string [ 11110010 | 1010010w |

CMPS = Compare string [ 1111001z | 1010011w |

|scas = scan string [[11110012 [ 1010111w |

LODS = Load string [11110010 [ 1010110w |

STOS = Store string [ 11110010 | 1010101w |

CONTROL TRANSFER

CALL = Call:

Direct within segment [ 11101000 | displow | disphigh |

Register/memory [(11111111 ] modo10 vm |

indirect within segment

Direct intersegment [ 10011010 | segment offset |

I segment selector ]

Indirect intersegment [11111111 [ modo11vm | (mod = 11)

JMP = Unconditional jump:

Short/long [ 11101011 [  dispiow |

Direct within segment [ 11101001 | displow | disphigh |

Register/memory [ 11111111 ]| mod100 v/m |

indirect within segment

Direct intersegment [ 11101010 | sogment offset |
; | segment selector I

Indirect intersegment [11111111 [ mod101e/m | (mod=11)

. Clock
Function Format Cycles Comments
LOGIC (Continued)
XOR = Exclusive or:
Reg/memory and register to either I 001100dw ] mod reg r/m I 3/10
Immediate to register/memory [ 1000000w | mod110wm |  gata | dataitw=1 || 4s16
Immediate to accumulator l 0011010w | data I dataifw=1 | ' 3/4 8/16-bit
NOT = Invert register/memory [ 1111011w | modo10 vm | 3/10
STRING MANIPULATION
MOVS = Move byte/word 14
CMPS = Compare byte/word 1010011w 22
SCAS = Scan byte/word 1010111w 15
LODS = Load byte/wd to AL/AX 1010110w 12
STOS = Store byte/wd from AL/AX 1010101w

8+8n

5+22n
5+15n

6+11n

15

13/19

23

38

14
11/17

14

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

24-54



intal. 80186

INSTRUCTION SET SUMMARY (Continued)

INT = Interrupt:
Type specified [ 11001101 | wpe |

Type 3 11001100

INTO = Interrupt on overfiow

Interrupt return

11001111
range

47
45
48/4

28

|

Function Format ((::yl::eks Comments
CONTROL TRANSFER (Continued)
RET = Return from CALL:
Within segment 16
Within seg adding immed to SP [ 11000010 [ datatow | datahign | 18
Intersegment 22
Intersegment adding immediate to SP [ 11001010 | datadow | data-high | 25
IJE/JZ = Jump on equal/zero I 01110100 I disp l 4/13 JMP not
JL/JINGE = Jump on less/not greater or equal I 01111100 I disp | 4/13 tal:r;/e:‘MP
JLE/JNG = Jump on less or equal/not greater I 01114110 l disp - I 4/13
JB/JNAE = Jump on below/not above orequal | 01110010 |  disp | " ans
JBE/JNA = Jump on below or equal/not above l 01110110 l disp l 4/13
JP/JPE = Jump on parity/parity even l 01111010 I disp I 4/13
JO = Jump on overflow [o1110000 | asp | 413
JS = Jump on sign [ 01111000 | disp | 413
UNE/UNZ = Jump on not equal/not zero [o1110101 [ asp | 413
JNL/JGE = Jump on not less/greater or equal I 01111101 I disp I 4/13-
UNLE/JG = Jump on not less or equal/greater | 01111111 |  disp | 413
UNB/JAE = Jump on not below/above orequal | 01110011 |  disp | 4/13
[JNBE/JA = Jump on not below or equal/above I 01110111 l disp | 4/13
[JNP/JPO = Jump on not par/par odd | 01111011 | disp I 4/13
UNO = Jump on not overflow [ 01110001 | aisp | 413
(JNS = Jump on not sign I 01111001 | disp l 4/13
JCXZ = Jump onCX zero [11100011 [ aisp | 5/15
LOOP = Loop CX times [ 11100010 ] disp | 6/16 LOOP not
LOOPZ/LOOPE = Loop while zero/equal [ 11100001 [ aisp | 6/16 take‘gile.rC‘)OP
LOOPNZ/LOOPNE = Loop while not zero/equal | 11100000 | disp | 6/16

if INT. taken/
if INT. not
taken

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

Function Format g,::;'; Comments
PROCESSOR CONTROL
CLC = Clear carry 2
CMC = Complement carry 2
STC = Set carry 2
CLD = Clear direction 2
STD = Set direction 2
CLI = Clear interrupt 2
STI = Setinterrupt 2
HLT = Halt ' 2
WAIT = Wait 6 it TEST = 0
LOCK = Bus lock prefix 2
ESC = Processor Extension Escape I 11011TTT [ mod LLL r/m 6

(TTT LLL are opcode to processor extension)

NOP = No Operation 3

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:

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

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

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high
is absent

if mod = 10 then DISP = disp-high: disp-low

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

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

if /m =.010 then EA = (BP) + (Sl) + DISP

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

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

if r/m = 101 then EA = (DI) + DISP
if /m = 110 then EA = (BP) + DISP*
if r/m = 111 then EA = (BX) + DISP

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

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

disp-high: disp-low.

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

Segment Override Prefix
1 1

reg

reg is assigned according to the following:

reg Segment
Register

00 ES

01 Cs

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 010 DL
011 BX 011BL
100 SP 100 AH
101 BP 101 CH
110 S| 110 DH
111 DI 111BH |

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

The sections significantly revised since version -010 are:

Pin Description Table Added note to TEST pin requiring proper RESET at power-up to configure pin
as input.
Renamed pin 44 to INT1/SELECT and pin 41 to INT3/INTA1/IRQ to better
describe their functions in Slave Mode.

Initialization and Processor ~ Added reminder to driveRES pin LOW during power-up.

Reset

Major Cycle Timing Clarified applicability of TgLcsy to latched A1 and A2 in footnote.

Waveform

HOLD/HLDA Timing Redrawn to indicate correct relationship of HOLD inactive to HLDA inactive.
Waveforms

Slave Mode Operation The three low order bits associated with vector generation and performing EOI

are not alterable; however, the priority levels are programmable. This informa-
tion is a clarification only.

The sections significantly revised since version -009 are:

Pin Description Table Various descriptions rewritten for clarity.

Interrupt Vector Table Redrawn for clarity.

A.C. Characteristics Added reminder that TgsrycL and TgLsry must be met.
Explanation of the New section.

A.C. Symbois

Major Cycle Timing TcLRo indicated.

Waveforms

The sections significantly revised since version -008 are:
Pin Description Table Noted RES to be low more than 4 clocks. Connections to X1 and X2 clarified.

DMA Control Bit Descriptions Moved and clarified note concerning TC condition for ST/STOP clearing during
unsynchronized transfers.

Interrupt Controller, etc. Renamed iRMX Mode to Slave Mode.
Interrupt Request Register Noted that DO and D1 are read/write, others read-only. 2 4
Execution Timings Effect of bus width clarified.

The sections significantly revised since the October, 1986 version -007 are:
A.C. Characteristics Deleted column for 12.5 MHz devices. Intel never marketed a 12.5 MHz 80186.

The sections significantly revised since the February, 1986 version -007 are:

A.C. Characteristics Several timings changed in anticipation of test change (all listed in ns): ToLav
(min.) at 10 MHz from 50 to 44; TcycTv (min.) at 8 MHz from 10 to 5; ToveTy
(max.) from 70 to 50 at 8 MHz and 56 to 40 at 10 MHz.
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80C186
CHMOS HIGH INTEGRATION 16-BIT MICROPROCESSOR
m Operation Modes Include: m Completely Object Code Compatible
— Enhanced Mode Which Has ~with All Existing 8086/8088 Software
— DRAM Refresh Control Unit and Also Has 10 Additional Instructions
— Power-Save Mode Over 8086/8088
— Direct Interface to New Numerics m Complete System Development
Coprpcessor Support
— Compatible Mode — All 8086 and NMOS 80186 Software

— NMOS 80186 Pin-for-Pin

Replacement for Non-Numerics Development Tools Can Be Used for

80C186 System Development

Applications — ASM 86 Assembler, PL/M-86,
m Integrated Feature Set Pascal-86, FORTRAN-86, C-86 and
— Enhanced 80C86/C88 CPU System Utilities
— Clock Generator — In-Circuit-Emulator (ICETM-186)

— 2 Independent DMA Channels

— Programmable Interrupt Controlier m High Performance Numeric

Coprocessing Capability through

— 3 Programmable 16-Bit Timers
— Dynamic RAM Refresh Control Unit 80C187 Interface
— Programmable Memory and B Available in 68-Pin: .
Peripheral Chip Select Logic —_ Plastlc- Legded _Chlp Carrier (PLCC)
— Programmable Wait State Generator — Ceramic Pin Grid Array (PGA)
— Local Bus Controller — Ceramic Leadless Chip Carrier
— Power Save Mode (JEDEC A Package)
— System-Level Testing Support (High (See Packaging Outlines and Dimensions, Order Number

231369)

m Available in EXPRESS Extended
Temperature Range (—40°C to +85°C)

Impedance Test Mode)

m Available in 16 MHz (80C186-16),
12.5 MHz (80C186-12) and 10 MHz

(80C186) Versions m Available in Military:
. . - — Different Specifications
- aZﬁ;rA"a%’:ﬁ"Ebcfepf/bg“y to 1 Mbyte — 10 MHz (M80C186-10) and 12.5 MHz
y y (M80C186-12) Versions 4
(See M80C186 data sheet, Order Number 270500 for specifica-

tions)

The Intel 80C186 is a CHMOS high integration microprocessor. In has features which are new to the 80186
family which include a DRAM refresh control unit, power-save mode and a direct numerics interface. When
used in “compatible” mode, the 80C186 is 100% pin-for-pin compatible with the NMOS 80186 (except for
8087 applications). The “enhanced” mode of operation allows the full feature set of the 80C186 to be used.
The 80C186 is upward compatible with 8086 and 8088 software and fully compatible with 80186 and 80188
software.

October 1991
24-59 Order Number: 270354-005
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Ceramic Leadless Chip Carrier (JEDEC Type A)
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Figure 2. 80C186 Pinout Diagrams
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Table 1. 80C186 Pin Description

Symbol

Pin No.

Name and Function

Vee

43

System Power: + 5 volt power supply.

Vss

26
60

System Ground.

RESET

57

RESET Output indicates that the 80C186 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 80C186 into enhanced mode. RESET is not
floated during bus hold.

59
58

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

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

s
m
(2]

24

An active RES causes the 80C186 to immediately terminate its present
activity, clear the internal logic, and enter a dormant state. This signal
may be asynchronous to the 80C186 clock. The 80C186 begins fetching
instructions approximately 614 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

1/0

The TEST pin is sampled during and after reset to determine whether the
80C186 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 80C186 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 80C186 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 80C186 of Numerics Processor
Extension activity. Floating point instructions executing in the 80C186
sample the BUSY pin to determine when the Numerics Processor is
ready to accept a new command. BUSY is active HIGH.

TMRINO
TMRIN 1

20
21

Timer Inputs are used either as clock or control signals, depending 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
TMR OUT 1

22
23

(oNo)

Timer outputs are used to provide single pulse or continous waveform
generation, depending upon the timer mode selected. These outputs are
not floated during a bus hold.

24-62



80C186 PRELIMINARY

Table 1. 80C186 Pin Description (Continued)

Symbol Pin No. | Type Name and Function

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

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

NMI 46 I 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 l Maskable Interrupt Requests can be requested by activating one of

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

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

INT3/INTAT/IRQ | 41 170 | 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, all 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 O | Address Bus Outputs (16-19) and Bus Cycle Status (3-6) indicate the

A18/S5 66 O | four most significant address bits during T4. These signals are active

A17/S4 67 O |HIGH.

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

AD15 1 1/0 | Address/Data Bus (0-15) signals constitute the time multiplexed

AD14 3 170 | memory or /0 address (T1) and data (T, Tg, Tw, and Ty4) bus. The

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

AD12 7 1/0 | data bus, pins D7 through Dyg. It is LOW during T4 when a byte is to be

AD11 10 170 | transferred onto the lower portion of the bus in memory or I/0

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

AD9 14 1/0

AD8 16 110

AD7 2 110

AD6 4 170

AD5 6 110

AD4 8 170

AD3 11 110

AD2 13 110

AD1 15 1/0

ADO 17 110
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Table 1. 80C186 Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

@©
I
m

64

o

The BHE (Bus High Enable) signal is analogous to AQ 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 T1 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 A0 being HIGH.

BHE and A0 Encodings
HE Value | AO Value Function

0 Word Transfer

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

1 Refresh

ALE/QSO

61

Address Latch Enable/Queue Status 0 is provided by the 80C186 to latch
the address. ALE is active HIGH, with addresses guaranteed valid on the
trailing edge.

WR/Qs1

63

Write Strobe/Queue Status 1 indicates that the data on the bus is to be
written into a memory or an I/0 device. Itis active LOW, and floats during
bus hold or reset. When the 80C186 is in queue status mode, the ALE/QS0
and WR/QS1 pins provide information about processor/instruction queue
interaction.

Qs 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

- a0o0

62

(o7]]

Read Strobe is an active LOW signal which indicates that the 80C186 is
performing a memory or I/0 read cycle. Itis guaranteed not to go LOW
before the A/D bus is floated. An internal pull-up ensures that RD/QSMD is
HIGH during RESET. Following RESET the pin is sampled to determine
whether the 80C186 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

Asynchronous Ready informs the 80C186 that the addressed memory space
or 1/0 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 80C186 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

Synchronous Ready informs the 80C186 that the addressed memory space
or 1/0 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 ig 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.
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Table 1. 80C186 Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

LOCK

48

(0]

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
53
54

[eNeoNe]

Bus cycle status SO-S2 are encoded to provide bus-transaction
information:

80C 186 Bus Cycle Status Information

Bus Cycle Initiated

Interrupt Acknowledge
Read 170

Write I/0

Halt

Instruction Fetch

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

~~~-20o000|Y
~—20o0a=o00|9
L. O SO =0 =0 ‘gl

The status pins float during HOLD. - _
S2 may be used as a logical M/10 indicator, and S1 as a DT/R
indicator.

HOLD
HLDA

50
51

HOLD indicates that another bus master is requesting the local bus.
The HOLD input is active HIGH. The 80C186 generates HLDA (HIGH)
in response to a HOLD request. Simultaneous with the issuance of
HLDA, the 80C186 will float the local bus and control lines. After
HOLD is detected as being LOW, the 80C186 will lower HLDA. When
the 80C186 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 80C186 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 80C186 may execute the refresh cycle.

C
(2]

34

O/1

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 float 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 80C186 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 80C186 does not enter ONCE mode inadvertently.
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Table 1. 80C186 Pin Description (Continued)

Pin No.

Type

Name and Function

33

O/l

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.

UCS and LCS are sampled upon the rising edge of RES. If both pins are
held low, the 80C186 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 80C186 does not enter ONCE mode inadvertently.

MCS0/PEREQ

MCS1/ERROR

MCS2
MCS3/NPS

38
37

35

0/l
O/1

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 Numerics Processor
Extension, this input is used to signal the 80C186 when to make numeric
data transfers to and from the NPX. MCS3 becomes NPS (Numeric
Processor Select) which may only be activated by communication to the
Numerics Processor Extension. MCS1 becomes ERROR in enhanced
mode and is used to signal numerics coprocessor errors.

MCSO0/PEREQ and MCS1/ERROR have weak internal pullups which are
active during reset.

25.
27
28
29
30

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.

31

O0|0O000O0

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 PCS5 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

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

{ R floats during a bus hold or reset.

Data Transmit/Receive controls the direction of data flow through an
external data bus transceiver. When LOW, data is transferred to the
80C186. When HIGH the 80C186 places write data on the data bus. DT/

39

Data Enabile is provided as a data bus transceiver output enable. DEN is
active LOW durmg each memory and I/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.
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FUNCTIONAL DESCRIPTION

Introduction

The following Functional Description describes the
base architecture of the 80C186. The 80C186 is a
very high integration 16-bit microprocessor. It com-
bines 15-20 of the most common microprocessor
system components onto one chip. The 80C186 is
object code compatible with the 8086/8088 micro-
processors and adds 10 new instruction types to the
8086/8088 instruction set.

The 80C186 has two major modes of operation,
Compatible and Enhanced. In Compatible Mode the
80C186 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.

80C186 BASE ARCHITECTURE

The 8086, 8088, 80186, and 80188 family all contain
the same basic set of registers, instructions, and ad-
dressing modes. The 80C186 processor is upward
compatible with the 8086 and 8088 CPUs.

Register Set

The 80C186 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.

GENERAL
REGISTERS

16-8IT SPECIAL
REGISTER REGISTER
NAME FUNCTIONS
7 07 0
BvTe ABLE AX AH AL MULTIPLY/DIVIDE
ADDRESSABL 1/0 INSTRUCTIONS
@8I px| DH oL
REGISTER
NAMES
SHOWN) [ CH cL } LOOP/SHIFT/REPEAT/COUNT
BX BH BL
BASE REGISTERS
8P
sl
INDEX REGISTERS
oI
sP } STACK POINTER
15 0

15 0
cs CODE SEGMENT SELECTOR
DS DATA SEGMENT SELECTOR
ss ) STACK SEGMENT SELECTOR
ES EXTRA SEGMENT SELECTOR
SEGMENT REGISTERS
15 0
F STATUS WORD
P INSTRUCTION POINTER
STATUS AND CONTROL
REGISTERS

Figure 3a. 80C186 Register Set

STATUS FLAGS:
CARRY

PARITY
AUXILIARY CARRY

ZERO

SIGN

OVERFLOW

srarus womo: [N o [ o [ [ [or [= T » TR = N =]

CONTROL FLAGS:
TRAP FLAG

ENABLE

INTEL RESERVED

FLAG

270354-4

Figure 3b. Status Word Format
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Segment Registers Table 2. Status Word Bit Functions
Four 16-bit special purpose registers select, at any B't_ Name Function
given time, the segments of memory that are imme- Position
diately addressable for code, stack, and data. (For 0 CF | Carry Flag—Set on high-order
usage, refer to Memory Organization.) bit carry or borrow; cleared
) - otherwise
Base and Index Registe‘rs 2 PF Parity Flag——Set if .IOW-OI'def 8
bits of result contain an even
Four of the general purpose registers may also be number of 1-bits; cleared
used to determine offset addresses of operands in otherwise
memory. These registers may contain base address- 4 " AF | Seton carry from or borrow to
es or indexes to particular locations within a seg- the low order four bits of AL:
ment. The addressing mode selects the specific reg- cleared otherwise ’
isters for operand and address calculations.
6 ZF | Zero Flag—Set if result is zero;
. cleared otherwise
Status and Control Registers 7 SF | Sign Flag—Set equal o high-
Two 16-bit special purpose registers record or alter order bit of result (0 if positive,
certain aspects of the 80C186 processor state. 1 if negative)
These are the Instruction Pointer Register, which 8 TF | Single Step Flag—Once set, a
contains the offset address of the next sequential single step interrupt occurs
instruction to be executed, and the Status Word after the next instruction
Register, which contains status and control flag bits executes. TF is cleared by the
(see Figures 3a and 3b). single step interrupt.
9 IF | Interrupt-enable Flag—When
inti set, maskable interrupts will
Status Word Description cause the CPU to transfer
The Status Word records specific. characteristics of control to an interrupt vector
the result of logical and arithmetic instructions (bits specified location.
0, 2, 4, 6,7, and 11) and controls the operation of iranti ;
the 80C186 within a given operating mode (bits 8, 9, 10 bF azﬁzté%gfﬁg—aﬁguf:rzmgt
and 10). The Status Word Register is 16-bits wide. the appropriate index register
The function of the Status Word bits is shown in when set. Clearing DF causes
Table 2. auto increment.
. 11 OF | Overflow Flag—Set if the
Instruction Set signed result cannot be
) expressed within the number
The instruction set is divided into seven categories: of bits in the destination
data transfer, arithmetic, shift/rotate/logical, string operand; cleared otherwise

manipulation, control transfer, high-level instruc-
tions, and processor control. These categories are
summarized in Figure 4.

An 80C186 instruction can reference anywhere from
zero to several operands. An operand can reside in
aregister, in the instruction itself, or in memory. Spe-
cific operand addressing modes are discussed 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

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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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 byt oot
oa e 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 ::Not‘:,byte or word
LDS Load pointer using DS AND “And Pyte or word
LES Load point —— OR Inclusive or” byte or word
0ad 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 RCL Rotate through carry left byte or word
AAA ASCIl adjust for addition RCR R:ﬁ;‘g::i';?g‘:‘;gm byte or word
DAA Decimal adjust for addition p— St "
et carry flag
SUBTRACTION
suB Subtract byte or word cLe Clear carry flag
- CMC Complement carry flag
SBB Subtract byte or word with borrow STD Set diraction f
e Cf
DEC Decrement byte or word by 1 oo ClearI:rez:]c’ni?ag
NEG Negate byte or word
oMP Cogmpareyl:yte or word STI Set interrupt enable flag
CLI Clear int t ble fl
AAS ASCII adjust for subtraction EXTE:::'L :r\rr:fc::;r:z:ilon
DAS Decimal adjust for subtraction T Haltuntilint : .
alt until interrupt or rese
MULTIPLICATION —
WAIT Wait for TEST pin active
MUL Multiply Byte or word unsignad ESC Esacl:'apoe to exte':sion pvrocessor
IMUL Integer multiply byte or word
g - ply byt 5 LOCK Lock bus during next instruction
AAM ASCII adjust for multiply NO OPERATION
DIVISION
NOP N ti
DIV Divide byte or word unsigned HIG:I cI).F:Ee\;:Il?InNSTRUCTIONS
IDIV Integer divide byte or word
AAD AS Cg T adjust fory::ﬁvision ENTER Format stack for procedure entry
CBW Convert byte to word LEAVE Restore stack for procedure exit
I tsi i
cwo Convert word to doubleword BOUND Detects values outside prescribed range

Figure 4. 80C186 Instruction Set

24-69



[

PRELIMINARY

intel. 80C186

CONDITIONAL TRANSFERS JO Jump if overflow
JA/JNBE 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/INAE 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/JNLE 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/UNG 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 overflow
JNS ~ Jump if not sign IRET Interrupt return

Figure 4. 80C 186 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
ADODRESS

SHIFT LEFT 4 BITS SEGMENT
BASE
L s Loozz Jorrser
r= 15 [

oo o 2 2]

L.

m PHYSICAL ADDRESS

19 0
TO MEMORY

H
o

270354-5

Figure 5. Two Component Address

Table 3. Segment Register Selection Rules

Memory | Segment
Reference | Register
Needed Used

Implicit Segment
Selection Rule

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.

r—=—=1
| |
CODE
MODULE A
DATA
| |
1 i
CcopE cPy
MODULE B
DATA L—{— CODE
1 p L DATA
| [}
STACK
PRI
srgcc: s 7] ExTRA
SEGMENT
| X REGISTERS
| [}
PROCESS
DATA
BLOCK 1
! |
| |
PROCESS
DATA
BLOCK 2
| 1
| S |
MEMORY

270354-6

24-70

Figure 6. Segmented Memory Helps
Structure Software



intel.

80C186 -

PRELIMINARY

Addressing Modes

The 80C186 provides eight categories of addressing
modes to specify operands. Two addressing 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, also called
the effective address, is calculated by summing any
combination of the following three address ele-
ments:

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

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

e 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.

e 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 (S| or DI).

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

e 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.

Data Types

The 80C186 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 Numeric Data Coprocessor with the
80C186.

e 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.

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

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

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

e 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 Numeric Data Coprocessor
with the 80C186.)

In general, individual data elements must fit within
defined segment limits. Figure 7 graphically repre-
sents the data types supported by the 80C186.

1/0-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 00FF(H) are reserved. i

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.

24-71



intel.

80C186

PRELIMINARY

7 0
SIGNED
BYTE
SIGNBIT !
MAGNITUDE

7
INSIGNED
BYTE
L msB
MAGNITUDE
sl g7 0 g
SIGNED
WORD

SIGN BIT | \-MSB
MAGNITUDE
SIGNED 31 *3 +2 4545 *1 0 °
DOUBLE
WORD*

SIGN BITJ|L-MSB -
MAGNITUDE
+7 +6 +5 +4 +3 +2 +1 0
S|gNED 63 48 47 3231 1815 [
UAD
wor | T [ T [ T ] T]
SIGN BIT /- MSB ]

MAGNITUDE

55 +1 0 0
UNSIGNED
_WORD

|

L-MSB
MAGNITUDE

+N

7 *N o
PACKED
B8CD

0

BINARY 7 0 7 07 0

CODED coe | | I |

DECIMAL
“(8cp) _BCD BCD BCO
DIGIT N DIGIT 1 DIGIT 0

7 *N o 7 197 0

ASCH | l I | I
ASCH ASCHl  ASCil

. CHARACTERy CHARACTER; CHARACTERg

7 *1 97 0

i

[

MOosT
SIGNIFICANT DIGIT

715 *N o
STRING

;
3

LEAST
SIGNIFICANT DIGIT
715 ¥V 0715 0 ¢

BYTE'WORD N BYTE WORD 1 BYTE WORD 0
3 *3 +2 545 1 0 0
POINTER
SELECTOR OFFSET
79+9 +8 +7 46 +5 +4 +3 +2 +1 0,
FLOATING
Cea | | ] P T T T T T ]
SIGN BIT | | |
EXPONENT MAGNITUDE
270354-7

NOTE:
*Supported by using a Numeric Data Coprocessor with
the 80C186.

Figure 7. 80C186 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-

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
80C186 predefined types and default priority levels.
For each interrupt, an 8-bit vector must be supplied
to the 80C186 which identifies the appropriate table
entry. Exceptions supply the interrupt vector inter-

- nally. In addition, internal peripherals and noncas-

caded external interrupts will generate their own
vectors through the internal interrupt controller. INT
instructions contain or imply the vector and allow

~ access to all 256 interrupts. Maskable hardware ini-

tiated 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.

Iinterrupt Sources

The 80C186 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 80C186 interrupts which cannot
be masked by programming are described below.

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.
An IRET instruction in the interrupt service routine
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Table 4. 80C186 Interrupt Vectors
Interrupt Vector Vector Default Related Applicable
Name Type Address Priority Instructions Notes

Divide Error Exception 0 00H 1 DIV, IDIV 1

Single Step Interrupt 1 04H 1A All 2

Non-Maskable Interrupt (NMI) 2 08H 1 All

Breakpoint Interrupt 3 OCH 1 INT 1

INTO Detected Overflow 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 1,3
(Coprocessor)

Timer O Interrupt 8 20H 2A 4

Timer 1 Interrupt 18 48H 2B | 4,6

Timer 2 Interrupt 19 4CH 2C 4,6

Reserved 9 24H 3

DMA 0 Interrupt 10 28H 4 6

DMA 1 Interrupt 11 2CH 5 6

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 80C186 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 80C 186 is not directly compatible with

the 80186 in this respect.

4. All three timers constitute one source of request to the interrupt controller. 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 80C186 upon execution of a subsequent numerics instruction.

6. The vector type numbers for these sources are programmable in Slave Mode.

restores the TF bit to logic “1” and transfers control
to the next instruction to be single-stepped.

NON-MASKABLE INTERRUPT—NMI (TYPE 2)

An external interrupt source which is serviced re-
gardless of the state of the IF bit. No external inter-
rupt acknowledge sequence is performed. The IF bit
is cleared at the beginning of an NMI interrupt to
prevent maskable interrupts from being serviced. A
typical use of NMI would be to activate a power fail-
ure routine.

BREAKPOINT INTERRUPT (TYPE 3)

A one-byte version of the INT instruction. It uses 12
as an index into the service routine address table
(because it is a type 3 interrupt).

INTO DETECTED OVERFLOW EXCEPTION
(TYPE4)

Generated during an INTO instruction if the OF bit is
set.
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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:
80C186 processing of ESC (numerics coprocessor)
opcodes differs substantially from the 80186.

NUMERICS COPROCESSOR EXCEPTION
(TYPE 16) ‘

An interrupt generated in response to an unmasked
error in the 80C187 Numerics Coprocessor’Exten-

sion. In general, the 80C187 does not detect an er-

ror until the instruction after the error occurred. A
numerics coprocessor 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 80C186 provides maskable hardware
interrupt request pins INTO-INT3. In addition, mask-
able interrupts may be generated by the 80C186 in-
tegrated DMA controller and the integrated timer
unit. The vector types for these interrupts is shown
in Table 4. Software enables these inputs by setting
the interrupt flag bit (IF) in the Status Word. The in-
terrupt controller is discussed in the peripheral sec-
tion 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

restoring the original status of IF bit. If the interrupt

return re-enables interrupts, and another interrupt is
pending, the 80C186 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 80C186 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 80C186 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. 80C186 Initial Register State

after RESET
Status Word FOO2(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)

80C186 CLOCK GENERATOR

The 80C186 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 80C186 oscillator circuit is designed to be used
either with a parallel resonant fundamental or third-
overtone mode crystal, depending upon the frequen-
cy range of the application as shown in Figure 8c.
This is used as the time base for the 80C186. The
crystal frequency chosen should be twice the re-
quired processor frequency. Use of an LC or RC cir-
cuit is not recommended.

The output of the oscillator is not directly available
outside the 80C186. The two recommended crystal
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-

24-74



PRELIMINARY

.
intel. 80C186
30pF 30 pF
X1 X1
& CRYSTAL & CRYSTAL
X2 X2
20 pF 80C186 20 pF 80C186
- = Note 1
8 200 pF
62) 270354-24 | P
270354-25
(8b)
Note 1:
XTAL Fregquency L1 Value
20 Mhz 12.0 uH £20%
25 Mhz 8.2 uH £20%
32 Mhz 4.7 pH £20%
Recommended Crystal Mode Third=Overtone
E—— Fundamental —>|
1 1 ]
) T 1
Desired CPU Frequency 10 MHz 12.5MHz 16 MHz
270354-8
(8¢)
LExternal Clock Source >~——1X1 X1
N.C.|X2 LExternal Clock Source >——1X2
80C186 80C186
(8e)
(8d)
270854-27 (DO NOT USE)
270354-28
Figure 8. 80C 186 Oscillator Configurations (see text)
ing capacitors should equal the values shown. It is C1 (Load Capacitance): 20 pF = 2pF
advisable to limit stray capacitance between the X1 Drive Level: 1 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_ Clock Generator

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 is not recommended.

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

Temperature Range:
ESR (Equivalent Series Resistance): 400 max
Cop (Shunt Capacitance of Crystal): 7.0 pF max

01070°C

The 80C186 clock generator provides the 50% duty
cycle processor clock for the 80C186. it does this by
dividing the oscillator output by 2 forming the sym-
metrical clock. If an external oscillator is used, the
state of the clock generator will change on the fall-
ing edge of the oscillator signal. The CLKOUT pin
provides the processor clock signal for use outside
the 80C186. This may be used to drive other system
components. All timings are referenced to the output
clock.
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READY Synchronization

The 80C186 provides both synchronous and asyn-
chronous ready inputs. Asynchronous ready syn-
chronization is accomplished by circuitry which sam-
ples ARDY in the middle of To, T3, and again,in the
middle of each Tw until ARDY is sampleMGH.
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 fallmg 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 T, 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 satisfy set-up and hold
times to guarantee proper operation of the circuit.

In addition, the 80C186, 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 80C186 provides both a RES input pin and a
synchronized RESET output pin for use with other
system components. The RES input pin on the
80C186 is provided with hysteresis in order to facili-
tate power-on Reset generation via an RC network.
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 gp_tgo approximately
two and one-half clocks behind RES.

LOCAL BUS CONTROLLER

The 80C186 provides a local bus controller to gener-
ate the local bus control signals. In addition, it em-
ploys a HOLD/HLDA protocol for relinquishing the
local bus to other bus masters. It also provides out-
puts 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 80C186 provides ALE, RD, and WR bus control
signals. The RD and WR signals are used to strobe
data from memory or I/0 to the 80C186 or to strobe
data from the 80C186 to memory or 1/0. The ALE
line provides a strobe to latch the address when it is
valid. The 80C186 local bus controller does not pro-

vide a memory/i/0 signal. If this is required, use the
S2 signal (which will require external latching), make
the memory and |/O spaces nonoverlapping, or use
only the integrated chip-select circuitry.

Transceiver Control

The 80C186 generates two control signals for exter-
nal transceiver chips. This capability allows the addi-
tion 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 signals is
shown in Table 6.

Table 6. Transceiver Control Signals Description

Pin Name Function
DEN Enables the output drivers of the
(Data Enable) | transceivers. It is active LOW
during memory, I/0, numeric
processor extension, or INTA
cycles.
DT/R Determines the direction of travel

(Data Transmit/ | through the transceivers. A HIGH
Receive) level directs data away from the
processor during write
operations, while a LOW level
directs data toward the processor
during a read operation.

Local Bus Arbitration

The 80C186 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 80C186 provides a single HOLD/
HLDA pair through which all other bus masters may
gain control of the local bus. External circuitry must
arbitrate which external device will gain control of
the bus when there is more than one alternate local
bus master. When the 80C186 relinquishes_control
of the local bus, it floats DEN, RD, WR, S0-82,
LOCK, ADO-AD15, A16—A19, BHE, and DT/R to
allow another master to drive these lines directly.

The 80C186 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 80C186 relinquishes the bus. This implies
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 trans-
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fer operation is taking place from an odd address to
an odd address. This is a total of 16 clock cycles or
more if WAIT states are required. In addition, if
locked transfers are performed, the HOLD latency
time will be increased by the length of the locked
transfer.

If the 80C186 has relinquished the bus and a refresh
request is pending, HLDA is removed (driven low) to
signal the remote processor that the 80C186 wishes
to regain control of the bus. The 80C186 will wait
until HOLD is removed before taking control of the
bus to run the refresh cycle.

l.ocal Bus Controller and Reset

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

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

* Drive S0-S2 to the inactive state (all HIGH) and
then float.

¢ Drive LOCK HIGH and then float.

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

e Drive ALE LOW

e Drive HLDA LOW.

RD/QSMD, UCS, LCS, MCSO0/PEREQ, MCSi/
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 80C186 to enter an alternative mode of
operation:’

¢ 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 80C186 integrated peripherals are controlled
by 16-bit registers contained within an internal 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 Dy5_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 80C186 CPU at any time.

“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
contro] 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 |/0 or memory space. If this bit is 1, the
control block will be located in memory space. If the
bit is 0, 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/O 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 80C186 contains logic which provides program-
mable chip-select generation for both memories and
peripherals. In addition, it can be programmed to
provide READY (or WAIT state) generation. It can
also provide latched address bits A1 and A2. The
chip-select lines are active for all memory and 1/0
cycles in their programmed areas, whether they be
generated by the CPU or by the integrated DMA unit.

Memory Chip Selects

The 80C186 provides 6 memory chip select outputs
for 3 address areas; upper memory, lower memory,
and midrange memory. One each is provided for up-
per memory and lower memory, while four are pro-
vided 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 131211A9876543210
_OFFSET: FEH [ ET [SLAVE/MASTER] X_|M/IO] Relocation Address Bits R19-R8 ]
ET = ESC Trap / No ESC Trap (1/0) .
M/10 = Register block located in Memory / I/0 Space (1/0) .
SLAVE/MA?TEﬁ = Configures interrupt controller for Slave/Master Mode (1/0)
Figure 9. Relocation Register
OFFSET The upper limit of memory deffned 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
- f;’::‘:: ~ Memory UMCS Value
DMA Descriptors Channel 0 (Base le:,c" RO &A;:u_m:;g_ 0
CoH Address) ze =R1=R2=0)
" FFC00 1K FFF8H
A8l
Ch?p-Sglem Control Registers AoH E'Eggg iﬁ ';I;g::
FE000 8K FE38H
FC000 16K FC38H
66H
F8000 32K F838H
Time 2C i
ime 2 Control Registers soH F0000 64K FO38H
5EH E0000 128K EO038H
Time 1 Control Registers C0000 256K C038H
58H
Time 0 Gonyol Fiegisors S6H 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-
3EH dress and memory block sizes are given in Table 7.
Interrupt Controller Registers o Any combination of bits 6~13 not shown in Table 7
2 will result in undefined operation. After reset, the
UMCS register is programmed for a 1K area. It must

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 80C186
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 80C186 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
80C186 begins executing at memory location
FFFFOH.

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 80C186 provides a chip select for low memory
called LCS. The bottom of memory contains the in-
terrupt 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

Memory LMCS Value

A‘;:’::;s Block (Assuming
Size R0O=R1=R2=0)

003FFH 1K 0038H
007FFH 2K 0078H
O0OFFFH 4K 00F8H
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 resulting 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 80C186 provides four MCS lines which are ac-
tive within a user-locatable memory block. This
block can be located within the 80C186 1M byte
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 0000001B

16K 4K 0000010B

32K 8K 0000100B

64K 16K 0001000B

128K 32K 0010000B

256K 64K 0100000B

512K 128K 1000000B

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.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ofFfseT: AOH[ 1 [t JuJuJuJuJuJuJulJul 11T 1[Rr]R]Ro]
A19 A10
Figure 11. UMCS Register
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oFfseT: A2H[ 0 Jo JUJUJUJUJuJuJuJul 11T 1TR]R [Ro]

A19 A10

Figure 12. LMCS Register
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OFFSET: AH| 1 [Me[Ms[ma[mMa[ MM [mMolex[ms] 1 T1 [ 1 [R[RI]Ro]

Figure 13. MPCS Register

15 9 3 0
OFFSET: ABH [ UJ U JUJ U JuJuJul 1T 11T 1T 1T1Rmr]R[Ro]
A19 o 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 8Q000H, 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 80C186 can generate chip selects for up to sev-
en peripheral devices. These chip selects are active

for seven contiguous blocks of 128 bytes above a

programmable base address. The base address

~may be located in either memory or 1/0 space.

Seven CS lines called PCS0-6 are generated by the
80C186. The base address is user-programmable;
however it can only be a multiple of 1K bytes, i.e.,
the least significant 10 bits of the starting address
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 1/0O space, bits 12-15 must be pro-
grammed zero, since the i/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
coFFsET: A UJ U JuJuJuJuJuJuJuJuTl 1T 1] 1]mr]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
PCS0O 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

Table 12. READY Bits Programming

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/0O 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 1/0 space.
EX | 0 = 5 PCS lines. A1, A2 provided.

R2 | R1| RO | Number of WAIT States Generated

0 | 0 | O |0 wait states, external RDY
also used.

0 | 0 | 1 |1 waitstate inserted, external RDY
also used.

0 | 1 | 0 |2wait states inserted, external RDY
also used.

0 | 1| 1 |3 wait states inserted, external RDY
also used.

1| 0 | O [Owait states, external RDY
ignored.

1| 0 | 1 |1 wait state inserted, external RDY
ignored.

1| 1 [ 0 [2wait states inserted, external RDY
ignored.

1| 1| 1 |3 wait states inserted, external RDY
ignored.

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 80C186 can generate a READY signal internally
for each of the memory or peripheral CS lines. The
number of WAIT states to be inserted for each pe-
ripheral 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 80C186 may be
programmed to either ignore external READY for
each chip-select range individually or to factor exter-
nal READY with the integrated ready generator.

READY control consists of 3 bits for each CS line or
group of lines generated by the 80C186. The inter-
pretation of the READY bits is shown in Table 12.

The internal ready generator operates in parallel
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-RO0 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.

o 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 80C186 DMA controller provides two indepen-
dent high-speed DMA channels. Data transfers can
occur between memory and 1/0 spaces (e.g., Mem-
ory to 1/0) or within the same space (e.g., Memory
to Memory or I/0 to 1/0). Data can be transferred
either in bytes (8 bits) or in words (16 bits) to or from
even or odd addresses. Each DMA channel main-
tains both a 20-bit source and.destination pointer
which can be optionally incremented or decrement-
ed after each data transfer (by one or two depending

16-bit Transfer Count Register, and a 16-bit Control
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 64K byte 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

on byte or word transfers). Each data transfer con- . Register Address
sumes 2 bus cycles (a minimum of 8 clocks), one Register Name 0 "
cycle to fetch data and the other to store data. Ch. Ch.1
Control Word CAH DAH

. Transfer Count C8H D8H
DMA Operatlon Destination Pointer (upper 4 C6H D6H
Each channel has six registers in the control block bits) .
which define each channel’s operation. The control Destination Pointer ) CaH D4H
registers consist of a 20-bit Source pointer (2 Source Pointer (upper 4 bits) | C2H D2H
words), a 20-bit destination pointer (2 words), a Source Pointer COH DOH

ADDER CONTROL
20 BIT ADDER/SUBTRACTOR RooN S—

g

g

REQUEST

DRQ1

| TRANSFER COUNTER CH. 1

DEST. ADRS. POINTER CH. 1

SRC. ADRS. POINTER CH. 1

]TRANSFER COUNTERCH.0

DMA !
CONTROL

DEST. ADRS. POINTER CH. 0

SRC. ADRS. POINTER CH. 0

SELECTION
LOGIC

DRQO D

LOGIC

INTERRUPT
REQUEST

1@

CHANNEL CONTROL WORD 1

CHANNEL CONTROL WORD 0

< INTERNAL ADDRESS/DATA BUS >

270354-9

Figure 16. DMA Unit Block Diagram
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15 14 13 12 1110 9 8 6 5 4 3 2 10
T
D —
M/ DESTINATION| M/  SOURCE R cHG/ | st/ | B/
i DEC INC| 6 DEC nc | TG [ INT | SYN P | o | * |NOoHa|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 80C186 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 relative 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
170 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 |/O 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:

SOURCE:

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.

M/I0 Source pointer is in memory (1) or
1/0 (0) space.
DEC Decrement source pointer by 1 or 2

(depends on B/W) after each trans-
fer.

INC Increment source pointer by 1 or 2 (de-

TC:

INT:

SYN:

TDRQ:

CHG/NOCHG:

ST/STOP:

B/W:

24-83

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 will 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 1/0
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
control word is set or if unsynchronized transfers are
programmed, however, DMA activity will terminate
when the transfer count register reaches zero.

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). When destination syn-
chronization is performed, data will not be fetched
from the source address until the destination device
signals 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.
This allows the destination device time to remove its
request if another transfer is not desired. Since the
DMA controller will relinquish the bus, the CPU can
initiate a bus cycle. As a result, a complete bus cycle
will often be inserted between destination synchro-
nized transfers. Table 14 shows the maximum DMA
transfer rates.

Table 14. Maximum DMA
Transfer Rates at CLKOUT = 16 MHz

Type of
Synchronization | CPU Running CPU Halted
Selected
Unsynchronized 4.0MBytes/sec | 4.0MBytes/sec
Source Synch 4.0MBytes/sec | 4.0MBytes/sec
Destination Synch | 2.7MBytes/sec | 3.2MBytes/sec

HIGHER
REGISTER XXX
ADDRESS

XXX XXX

A19-A16

LOWER
REGISTER
ADDRESS

A15-A12

A11-A8

A7-A4 "A3-A0

15

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 acknowledge signal. Since the chip-select
lines can be programmed to be active for a given
block of memory or 1/0 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.
e Any transfer in progress is aborted.

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

TIMERS

The 80C186 provides three internal 16-bit program-
mable timers (see Figure 19). Two of these are high-
ly flexible and are connected to four external pins (2
per timer). They can be used to count external
events, time external events, generate nonrepetitive
waveforms, etc. The third timer is not connected to
any external pins, and is useful for real-time coding
and time delay applications. In addition, the third tim-
er can be used as a prescaler to the other two, or as
a DMA request source.

@ @ Ty T DMA

DNl N N REQ.
70 m T2
INT. ~ INT. INT.
REQ. REQ. REQ.

T20UT
TIMER 0 TIMER 1
MAX COUNT VALUE MAX COUNT VALUE TIMER 2 [— cLock/a
A A
WAX COUNT VALUE (CLOCK/4['aX COUT VALUE WAX COUNT VALUE
MODE/CONTROL MODE/CONTROL MODE/CONTROL
WORD WORD WORD
) INTERNAL ADDRESS/DATA BUS LY
ALL 16 BIT REGISTERS

270354-10

Figure 19. Timer Block Diagram
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Timer Operation

The timers are controlled 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 mter-
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, alternate between MAX COUNT
registers .and be set to retrigger on external
events.

® 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 | notpresent
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. |f 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 1"

5" 4 3 2 1 0

Len T WA [ Nt T Ru o ]

I

Mc [ RTc | 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, i.e., 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 level 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 80C186 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.

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 80C186 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 puls-
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:

e 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 setto one. This results in the
‘Timer Out pins going HIGH.

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

INTERRUPT CONTROLLER

The 80C186 can receive interrupts from a number of
sources, both internal and external. The internal in-
terrupt controller serves to merge these requests on
a priority basis, for individual service by the CPU.

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
80C186 interrupt controller has its own control regis-
ter that sets the mode of operation for the controller.

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 80C186 has a special Slave Mode in which the
internal interrupt controller acts as a slave to an ex-
ternal 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:

e 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.

e 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 80C186 on the second cycle.
The capability to interface to external 82C59A pro-
grammable 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 IS
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 allow
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 80C186 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 82C59A, while
INT2/INTAO serves as the dedicated interrupt ac-
knowledge 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 80C186 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.

'nusn masn 'rmsn DMA DMA '"70/"""" INT2/ —‘mnw

INTAO IRQ NMI

Mﬁ’f

INTERRUPT
CONTROL REG. | REQUEST REG.|
DMA O INTERRUPT
CONTROL REG. MASK REG.
DVA 1 IN-SERVICE
CONTROL REG. REG.
EXTINPUTO N LAl PRIOR. LEV
| CONTROL REG. | RESOLVER | _MASK REG.
EXT. INPUT 4 INTERRUPT
CONTROL REG. STATUS REG.
EXT. INPUT 2
CONTROL REG.
EXT. INPUT 3
CONTROL REG.
INTERRUPT
REQUEST TO
PROCESSOR

INTERNAL ADDRESS/DATA BUS

> 270354-11

Figure 21. Interrupt Controller Block Diagram
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INTO _Jé— INTERRUPT SOURCE
INT1 J&=—— INTERRUPT SOURCE
80C186 :
INT2 j&— INTERRUPT SOURCE
INT3 J&— INTERRUPT SOURCE
270354-22

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
80C186 interrupt request pin. As a result, if the ex-
ternal interrupt controller receives a higher-priority
interrupt, its interrupt will not be recognized by the
80C186 controller until the 80C186 in-service bit is
reset. In Special Fully Nested Mode, the 80C186 in-
terrupt controller will allow interrupts from an exter-
nal pin regardless of the state of the in-service bit for
an interrupt source in order to allow multiple inter-
rupts from a single pin. An in-service bit will continue
to be set, however, to inhibit interrupts from other
lower-priority 80C186 interrupt sources.

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 80C186
remains active and the next interrupt service routine
is entered.

Operation in a Polled Environment

The controller 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

interrupt, i.e., not set the indicated in-service bit. The
80C186 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 EOl com-
mand is issued by writing the proper pattern to the
EOI 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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80C186 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 80C186 Interrupt Controller will generate inter-
rupt 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 poll
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-

INTERRUPT SOURCES

INTO] €¢— D am—
VCC A—
82C59A [ —
. P am—

INTAG

80C186

INT1| +— —
Vee —
82C50A | &———
.
INTAT| ‘ pmm—

—
P SHRE.
82C59A |&——
P Em——

9000 0000000000 CNSIINOGDS

e
.
82c50A |&——
D

INTERRUPT SOURCES
270354-12

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-
POLL STATUS REGISTER 26H ate between timer interrupts, since the timer
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 9 8 7 6 5 4 3 2 1 (]

oo e o

e JoJoJo w21 0] ]Dbt]oo] o] T™MR]

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

15 14 3 2 1 ()]
l 0 | 0 l . . . . . . . . . | l 0 ]PRMZIF’RM1IPRMOI
Figure 26. Priority Mask Register Format
15 14

IDHLT[ 0 I . o . . .

7 6
Tolol

5 4 3 2 1 0
0 o | o [rT2]IRT1]IRTO]

Figure 27. Interrupt Status Register Format (Master Mode)
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Timer, DMA 0, 1; 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

EOI 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 80C186 CPU.

The bits in the EOI 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 EOl com-

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 (]
[0 T o« o . . o . o o [ o [msk][Pr2]PR1]PRO]
Figure 28. Timer/DMA Control Registers Formats
15 14 7 6 5 4 3 2 1 ()]
[oT ol e o o = = [ o0 [senM[ C | LTM ] MSK] PRz | PR1 ] PRO |
Figure 29. INTO/INT1 Control Register Formats
15 14 5 4 3 2 1 0
[0 o« . o o o o o [ o JitmM[msk][ Pr2 ] PRI [ 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:

Sx: Encoded information that indicates the
vector type of the highest priority inter-
rupting source. Valid only when INTREQ
= 1.

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

INTREQ:

SLAVE MODE OPERATION

When Slave Mode is used, the internal 80C186 inter-
rupt controller will be used as a slave controller to an
external master interrupt controller. The internal
80C186 resources will be monitored by the internal
interrupt controller, while the external controller
functions as the system master interrupt controller.

Upon reset, the 80C186 will be in master mode. To
provide for slave mode operation bit 14 of the relo-
cation register should be set.

Because of pin limitations caused by ihe need to
interface to an external 82C59A master, the internal
interrupt controller will no longer accept external in-
puts. There are however, enough 80C186 interrupt
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 80C186 with respect to an
external 82C59A master is shown in Figure 33. The
INTO (Pin 45) input is used as the 80C186 CPU inter-
rupt input. IRQ (Pin 41) functions as an output to
'send the 80C186 slave-interrupt-request to one of
the 8 master-PIC-inputs.

15 1413
If“gggélolol T o|s«|ss|szls1lso|
" Figure 31. EOI Register Format
2
I'Eololo e e e e e e e ols4lsa|,sz|S1lso|

Figure 32. Poll and Poll Status Register Format
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INTERRUPT SOURCES

INT

iNTA

82C59A

P>
> OR OTHER SLAVES

<

<
<

—

A

y

CASCADE
ADDRESS
DECODER

270354-13

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
80C186 slave address will have to be decoded ex-
ternally. SELECT (Pin 44) is used as a slave-select
input. Note that the slave vector address is trans-
ferred internally, but the READY input must be sup-
plied 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-

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 80C186 CPU.

The bits in the EOI register are encoded as follows:

VT

grammed by writing to the Interrupt Vector register -

at offset 20H.

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.
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In-Service Regléter

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
control 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.

Controi 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:

pre:  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 - a8H
(VECTOR TYPE XXXXX100)
DMA1 CONTROL REGISTER 36
(VECTOR TYPE XXXXX011)
DMAO CONTROL REGISTER 341
(VECTOR TYPE XXXXX010)

TIMERO CONTROL REGISTER a2
(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 Controller Registers
(Slave Mode) '

8
[oJoJoJ e o « «Jo

7 6 5 4 3 2 1 0
0o ] ol o] o] o Jvra[vri]vro]

Figure 35. Specific EOI Register Format

8 7 6 5 4 3 2 1 0
[oJoJ ol e . . e J o] o] o [tMre]tMr1] D1 [ Do | o [T™RO]

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:
ti.  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).

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

® |nitialized to Master Mode.

e o o

4 3 2

[oJoJoJe o o «of

15 14 13 ) 8 7 6 5 1 0
0 [ o J o] o] o [msk[pPr2]PRi]PRO]

Figure 37. Control Word Format

15 14 13 8 7 6 5 4 3 2

[oJoJoJe o o

1
e o[ tn]w]o]ol]

Figure 38. Interrupt Vector Register Format

15 14 13 8 7 6 5
[oJoJoJe o =

4 3 2 10
e JoJoJToJToJoTJo[m]m]mo]

Figure 39. Priority Level Mask Register
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Enhanced Mode Operation

In Compatible Mode the 80C186 operates with all
the features of the NMOS 80186, with the exception
of 8087 support (i.e. no numeric coprocessing is
possible in Compatible Mode). Queue-Status infor-
mation is still available for design purposes other
than 8087 support.

All the Enhanced Mode features are completely
masked when in Cofmpatible 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 80C186 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 numerics coprocessor, this mode
will be invoked automatically. Without an NPX, this
mode can be ‘entered by tying the RESET output
signal from the 80C186 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 80C186 will reconfigure the ALE and WR pins to
be QS0 and QS1 respectively. This mode is avail-
able on the 80C186 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 80C186 will deactivate the HLDA pin in or-
der to perform a refresh cycle. The circuit external to
the 80C186 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 1 10

6

o

Offset EOH

8
MDRAM:|M6|M5|M4|M3|M2|M1|MO| 0 | o | 0 l ol

4 3 2 1 o0
o]olololo

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

Bits 9-15: MO-MS6, 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 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

[Me[ms [mMa[ms[ma[mi[Mo] o o o Joas[car[cas[cas[cae]casfcaz]cat]cao] 1 ]

M6-MO:  Bits defined by MDRAM Register

do not directly follow a binary count.

CA8-CAOQ: 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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4 3 2 1

14 13 12 11 10 9
CDRAM: 0 0 0
Offset E2H

8 7 6 5 0
|calc7|oslcslc4lca|czlc1]col

Bits 0-8:
Bits 9-15: Reserved, read back as 0.

CO0-C8, clock divisor register, holds the number of CLKOUT cycles between each refresh request.

Figure 42. Clock Pre-Scaler Register

14

Offset E4H

Bits 0-8:
Bits 9-14: Reserved, read back as 0.
Bit 15: Enable RCU, set to 0 on RESET.

15 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EDRAM:‘EI !0|0|0|0|0|T8|T7|T6|T5]T4|T3|T2|T1{TOI

TO-T8, refresh clock counter outputs. Read only.

Figure 43. Enable RCU Register

Refresh Control Unit Programming and
Operation

After programming the MDRAM and the CDRAM
registers (Figures 40 and 42), the RCU is enabled by
setting the “E” bit in the EDRAM register (Figure
43). The clock counter (TO-T8 of EDRAM) will be
loaded from CO0-C8 of CDRAM during T3 of instruc-
tion cycle that sets the “E” bit. The clock counter is
then decremented at each subsequent CLKOUT.

A refresh is requested when the value of the counter
has reached 1 and the counter is reloaded from
CDRAM. In order to avoid missing refresh requests,
the value in the CDRAM register should always be at
least 18 (12H). Clearing the “E” bit at anytime will
clear the counter and stop refresh requests, but will
not reset the refresh address counter.

POWER-SAVE CONTROL

Power Save Operation

The 80C186, when in Enhanced Mode, can enter a
power saving state by internally dividing the proces-
sor clock frequency by a programmable factor. This
divided frequency is also available at the CLKOUT

pin. The PDCON register contains the two-bit fields
for selecting the clock division factor and the enable
bit.

All internal logic, including the Refresh Control Unit
and the timers, will have their clocks slowed down
by the division factor. To maintain a real time count
or a fixed DRAM refresh rate, these peripherals must
be re-programmed when entering and leaving the
power-save mode.

The power-save mode is exited whenever an inter-
rupt is processed by automatically resetting the en-
able bit. If the power-save mode is to be re-entered
after serving the interrupt, the enable bit will need to
be set in software before returning from the interrupt
routine.

The internal clocks of the 80C186 will begin to be
divided during the T3 state of the instruction cycle
that sets the enable bit. Clearing the enable bit will
restore full speed in the T3 state of that instruction.

At no time should the internal clock frequency be
allowed to fall below 0.5 MHz. This is the minimum
operational frequency of the 80C186. For example,
an 80C186 running with a 12 MHz crystal (6 MHz
CLOCKOUT) should never have a clock divisor
greater than eight.
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15 14 13 12 1110 9 8 6 5 4 3 2 0
glf)fggr;:oHIE|o|01olo|o|o|o|o|olololololH,FoJ
Bits 0-1:  Clock Divisor Select
F1 FO Division Factor
0 0 divide by 1
0 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 Numeric

Table 17. Numerics Coprocessor 1/0 Port

Processor Extension 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 00F8H 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 ONCE™™ Test Mode

Compatible
‘Mode Enhanced Mode
MCSO0 |PEREQ Processor Extension Request
MCS1 ERROR NPX Error
MCS2 |MCS2 Mid-Range Chip Select
" MCS3 [NPS Numeric Processor Select

Four port addresses are assigned to the 80C186/
80C187 interface for 16-bit reads and writes. Table
17 shows the port definitions. These ports are not
accessible by using the 80C186 I/0O instructions.
However, numerics operations will cause a PCS line
to be activated if it is properly programmed for this
1/0 range.

To facilitate testing and inspection of devices when
fixed into a target system, the 80C186 has a test
mode available which allows all pins to be placed in
a high-impedance state. ONCE stands for “ON Cir-
cuit Emulation”. When placed in this mode, the
80C186 will put all pins in the high-impedance state
until RESET.

The ONCE mode is selected by tying the UCS and
the LCS LOW during RESET. These pins are sam-
pled on the low-to-high transition of the RES pin.
The UCS and the LCS pins_have weak internal pull-
up resistors similar to the RD and TEST/BUSY pins
to guarantee normal operation.
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Figure 45. Typical 80C186 Computer
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature under Bias ....0°Cto +70°C

Storage Temperature .......... —65°Cto +150°C
Voltage on Any Pin with

Respectto Ground ............ —1.0Vto +7.0V
Package Power Dissipation .......... feeeeeeeon 1w

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

D.C. CHARACTERISTICS

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

NOTICE: This data sheet is only valid for devices
indicated in the Specification Level Markings sec-
tion. Specifications contained in the following tables
are subject to change.

"Ta = 0°Cto +70°C, Vog = 5V +10% except Voo = 5V + 5% atf > 12.5 MHz

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage (Except X1) —-0.5 02Vgc — 03] V
Vi1 Clock Input Low Voltage (X1) —-0.5 0.6 v
ViH Input High Voltage 0.2Vgg + 09| Voo + 0.5 \
(All except X1, RES,
ARDY, and SRDY)
ViH1 Input High Voltage (RES) 3.0 Voe + 0.5 \"
ViH2 Input High Voltage 0.2Vge + 1.1] Voo + 0.5 \"
(SRDY, ARDY) .
ViH3 Clock Input High Voltage (X1) 3.9 Vce + 0.5 Vv
VoL Output Low Voltage 0.45 V |loL =25mA(S0,1,2)
loL = 2.0 mA (others)
VoH Output High Voltage 24 Veo V |loy = —24mA @24V 4
_ Vo — 0.5 Veo V lloy = —200 pA @ Vg —0.5(4)
lcc Power Supply Current 150 mA |@ 16 MHz, 0°C
Vge = 5.25V ()
120 mA |@ 12.5 MHz, 0°C
Vee = 5.5V 0)
100 mA |@ 10 MHz, 0°C
Voo = 5.5V 1)
Iy Input Leakage Current +10 MA (@ 0.5 MHz,
0.45V < VN < Voo
o Output Leakage Current +10 kA |@ 0.5 MHz,
. 0.45V < Vour < Vg
Voo  |Clock Output Low 0.45 V |lcLo=40mA "~
VcHo  |Clock Output High Vocc — 0.5 V  |lcHo = —500 pA
CiN Input Capacitance 10 pF |@ 1 MHz(@
Cio Output or I/0O Capacitance 20 pF |@ 1 MHz(2)
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; c¢) V|y at + 5.0V or 0.45V. This

parametér is not tested.

of these pins above lpq = —200 pA can cause the 80C186 to go into alternative modes of operation. See the section on

Local Bus Controller and Reset for details.
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POWER SUPPLY CURRENT o

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. 120 7

Maximum current is given by Icc = 8.4 mA X freq. Maximum

(MHz) + 15 mA. loc (m4) 80

Typical current is given by Igc (typical) = 6.4 mA X 40 A A Typical

freq. (MHz) + 4.0 mA. “Typicals” are based on a / e

limited number of samples taken from early manu- /

facturing lots measured at Voc = 5V and room tem-

perature. “Typicals” are not guaranteed. 4 8 12 16
Clock Frequency (MHz)

270354-29

Figure 46. Icc vs Frequency
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A. C. CHARACTERISTICS
MAJOR CYCLE TIMINGS (READ CYCLE)

Ta=0°C to +70°C, Vg = 5V + 10% except Vg = 5V 5% atf> 12.5 MHz

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 (12.5-16 MHz).
For A.C. tests, input V, =0.45VandV, = 2.4V except at X1 where \/IH =V - 0.5V.

24-104

Symbol |- Parameter 80C186 80C186-12 80C186-16 Unit Test
' Min  [Max Min | Max Min | Max Conditions
80C186 GENERAL TIMING REQUIREMENTS (Listed More Than Once)
TovcL | Datain Setup (A/D) 15 - 15 15 ns
Tet px Data in Hold (A/D) 3 3 3 ns
80C186 GENERAL TIMING RESPONSES (Listed More Than Once)
Tousv | Status Active Delay 5 45 5 35 5 31 ns
TeLsH | Status Inactive Delay 5 46 5 35 5 30 | ™
ToLav Address Valid Delay 5 44 5 36 5 33 ns
TeLax | Address Hold 0 0 0 ns
Teiov | Data Valid Delay 5 40 5 36 5 33 | ns
Tcupx | Status Hold Time 10 10 10 ns
Tcuin | ALE Active Delay 30 25 20 | ns
TLHLL | ALE Width ToioL - 15 TooL - 15 | TeteL- 15 ns
TeHLL | ALE Inactive Delay . 30 25 2 | ns
T - " T, ; T, R T R Equal
AVLL | Address Valid to ALE Low CLCH - 18 CLCH - 15 CLCH -15 S | | pading
Address Hold from ALE . ) Equal
Tax |0 e TereL - 15 TeHel - 15 TeHc - 15 " | | gading
TaycH | ‘Address Valid to Clock High 0 0 0 ns
ToLaz Address Float Delay Toax 30 ToLax 25 - ToLax 20 | ns
Torcsy | Chip-Select Active Delay 3 42 3 33 3 3 | ns|
T Chip-Select Hold from T i T i T ns Equal
CXCSX | command Inactive CLCH - 10 CLCH -10 CLCH -10 Loading
TcHesx | Chip-Select Inactive Delay 5 35 5 30 5 25 | ns
ToxoL | DEN Inactive to DT/R Low 0 0 0 ns Equal
Loading
TeveTv | Control Active Delay 1 3 44 3 37 -3 31| ns
Tevpex | DEN Inctive Delay 5 44 5 37 5 31| ns
TeHetv | Control Active Delay 2 44 5 37 31 | ns
ToLy | LOCK Valid/invalid Delay 40 37 35 | ns
80C186 TIMING RESPONSES (Read Cycle)
TazRL | Address Float to RD Active 0 0 0 ns
ToLAL | RD Active Delay ' 5 44 5 37 5 31 | ns
TRLRH | RD Pulse Width 2ToroL -30 TorcL -25 Mool -25 ns
TcLrH | RD Inactive Delay 5 44 5 a7 5 31 | ns
T RD i i TeLeH - T . T . ns | Equal
RHLH RD Inactive to ALE High CLCH - 14 CLCH - 14 CLCH - 14 Loading
Tanay | RD Inactive to Address TelcL - 15 TeleL - 15 TeleL -15 ns | Equal
Active Loading
_ 270354-34



intgl. 800168 PRELIMINARY

A. C. CHARACTERISTICS
READ CYCLE WAVEFORMS

T T T3 Tw l T4

CLKOUT },
TCHSV TCLSH(Note 1)

S2-50 ' }\ STATUS {////

Toov | '
- |
BRE ToLav-—di —»|  le=TcLax TcHox —
A19/S6 - A16/S3 BHE, A19-A16) BHE, 56-S3
et | :
VT Teeax y———
ALE \
ToHLH—P T —> | TcHLL Tovel le—
AVLL (e—t—b —f \I‘-TCLAZ —P TcLox
AD15 - ADO X ats-a0 (AT i
Tavet fe— -:I T TRHLH
AVCH™P AZRL b
= le— TRHAV. >
RD
/
TeLcsv—»l TCLRL [P1e TRLRHT Sl
LCS, MCS, UCS, A >
PCS, NPS (Note 2) CXCSX /
- T
| Tovetv Tevoex = | oHes
DEN
j ToxoL (Note 3) I
DTR }
ﬁ TeHetv TeHeTv (Note 5) =P e
TeLy TeLLy (Note 4) = h—
LOCK X X
NOTES:

1. Status inactive in state preceding T, .

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 write.

270354-35
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A. C. CHARACTERISTICS
MAJOR CYCLE TIMINGS (WRITE CYCLE)
Ta=0"C to +70°C, Vg = 5V £ 10% except V=5V 5% atf> 12.5MHz

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 (12.5-16 MHz).
For A.C. tests, input V,, = 0.45V and V,= 2.4V except at X1 where V= V.- 0.5V.

80C186 80C186-12 80C186-16 Test
Symbol Parameter Unit
Min [ Max Min | Max Min [ Max Condition
80C186 GENERAL TIMING RESPONSES (Listed More Than Once)
TcHsv | Status Active Delay 5 45 5 35 5 31 | ns
TCLSH Status Inactive Delay 5 46 5 35 5 30 ns
TcLay | Address Valid Delay 5 44 5 36 5 33 | ns
TeLax Address Hold 0 0 0 ns
Tclov | Data Valid Delay 5 40 5 36 5 a3 | ns
ToHpx | Status Hold Time 10 10 10 ns
Tehn | ALE Active Delay 30 | 25 20 | ns
TLHLL | ALE Width TeteL -15 TeeL - 15 TeeL -15 ns
TcHLL | ALE Inactive Delay 30 25 20 | ns
T, . Equal
AVLL Address Valid to ALE Low TeLcH - 18 TcieH - 15 TcLeH - 15 " | Loading
Address Hold from ALE Equal
Tax | jnactive TeHet - 15 Tener -15 Tener - 15 ns Lo:ding
TavcH | Address Valid to Clock High 0 ‘ 0 0 ns
TcLpox | Data Hold Time 3 3 3 ns
Teverv | Control Active Delay 1 3 44 3 37 3 31 | ns
Tevetx | Control Inactive Delay 3 44 3 37 3 31 | ns
TeLcsy | Chip-Select Active Delay 3 142 3 33 3 30 | ns
T, Chip-Select Hold from T T 3 T Equal
CXCSX | (o nd Inactive CLCH - 10 CLCH - 10 CLCH - 10 " | Loading
TcHesx | Chip-Select Inactive Delay 5 35 5 30 5 25 | ns
JR— — ' Equal
ToxoL | BEN Inactive to DT/R Low 0 0 0 n | Loading
Tewv | LOCK Valid/invalid Delay 3 40 3 37 3 35 | ns
80C186 TIMING RESPONSES (Write Cycle)
T, = . :
WLWH | WR Pulse Width 2TcicL - 30 2TocL - 25 2TocL -25 ns
_— . . Equal
TwhiH | WR Inactive to ALE High TeLcH - 14 ToLcH - 14 TetcH - 14 ns Lo::ing
— . Equal
Twhpx | Data Hold Atter WR TewoL -34 TeweL - 20 Terer -20 nS | | oading
T ) _— — T Equal
WHDEX | WR Inactive to DEN Inactive | TCLCH - 10 TeLeH - 10 cieH -10] | ns | Loading
27035436
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A. C. CHARACTERISTICS

WRITE CYCLE WAVEFORMS
| T T | T3 Tw Ts |
*)—\
awor [\ L /\
o ~» & Tcusv | |&— TCLSH (Note 1)
$2-80 \P STATUS ] 4 //// \
’ Tciov
. TcLav D [eTorax TcHox =¥
e BHE, A19-A16X BHE, S6-S3
A19/S6 - A16/S3 i 4 -
T
Tl |~ < w“"”t.
\* T TiLax S
ALE
TeHLHP - [ ToHLL T
Tavit |t | CLDOX
AD15 - ADO X A15-a0 DATA
1
—»  [¢TaycH Toverx = e T '
< WHDX
WR V
Teverv T %
WLWH ™ Texesx
—_— ToLesv — -
LCS, MCS, UCS,
PCS, NPS(Note 2) e TeHcsx
—> Tevetv TwHDEX —
DEN _/
Teverx ¥
_ | ToxpL (Note 3) e
DT/R &
:I L'Tchw TCHCTV (Note 5) =P
> I"TCLLV ToLLV (Note 4) = ld-
Lock X - X
NOTES:
1. Status inactive in state preceding T4.
2. If latched A and A, are selected instead of PCS5 and PCS6, only Ty csy 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 hait.

270354-37
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PRELIMINARY

A. C. CHARACTERISTICS
MAJOR CYCLE TIMINGS (INTERRUPT ACKNOWLEDGE CYCLE)

Ta=0"C 10 +70°C, Vg = 5V + 10% except Vo,

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

=5Vt 5%atf>12.5MHz

All output test conditions are with C, = 50-200 pF (10 MHz) and C,_ = 50-100 pF (12.5-16 MHz).

For A.C. tests, input V"_ = 0.45V and Vm= 2.4V except at X1 where V'H= Vcc' 0.5V.
Symbol | Parameter 80C186 80C186-12 80C186-16 | |  Test
Min Max Min  |Max Min Max Conditions
180C186 GENERAL TIMING REQUIREMENTS (Listed More Than Once)
Tpyci | Datain Setup (A/D) 15 15 15 ns
TCLDX | Data in Hold (A/D) 3 3 3 ns
80C186 GENERAL TIMING RESPONSES (Listed More Than Once) ‘
Tensy | Status Active Delay 5 45 5 35 5 31 | ns
‘ToLsH | Status Inactive Delay 5 46 5 35' 5 30| ns
TcLav - | Address Valid Delay 5 44 5 36 5 33 | ns
TAvCH | Address Valid to Clock High 0 0 0 ns
TeLax | Address Hold 0 0 0 ns
TcLov_| Data Valid Delay 5 40 5 36 5 33 [ ns
TeHpx | Status Hold Time 10 10 10 ns
TCHLH | ALE Active Delay 30 25 20 | ns
TLHL | ALE Width ‘ TelcL- 15 TeioL- 15 TeLoL- 15 ns
TeHLL . | ALE Inactive Delay - 30 25 20 | ns
TaviL | Address Validto ALE Low ToLcH - 18 ToLeH - 15 ToLCH - 15 ns Equal
Loading
T, Address Hold to ALE ‘ Equal
LAXC | active Tewel - 15 TeweL - 15 TeHeL - 15 ns Lo:dmg
Tciaz | Address Float Delay . Teax 30 Toax | 25] Toax |20 | ns
Tevetv | Control Active Delay 1 3 44 3 37 3 31 1 ns
Tovetx | Control Inactive Delay 3 44 3 a7 3 |31 | ns
— — Equal
ToxoL | BEN Inactive to DT/R Low o 0 0 ns Logding
TeHCTV | Control Active Delay 2 5 44 5 a7 5 31 | ns
1T, DEN Inctive Delay 5 44 5 37 5 31 ns
CVDEX
(Non-Write Cycles)
Tewy LOCK Valid/Invalid Delay 3 40 3 37 3 35 ns
27035438

24-108



ntel.

80C186

PRELIMINARY

A. C. CHARACTERISTICS
INTERRUPT ACKNOWLEDGE CYCLE WAVEFORMS

1.

o hwn

NOTES:

Status inactive in state preceding T 4.

. INTA occurs one clock later in Slave Mode.
. For write cycle followed by interrupt acknowledge cycle.
. LOCK is active upon T+ of the first interrupt acknowledge cycle and inactive upon T2 of the

second interrupt acknowledge cycle.

T T T, ' T |
1 2 3 tw 4
CLKOUT / }, / / \
> |<—Tlcasv | €=TCLSH (Note 1)
52-50
STATUS | /‘ //// \
Tciov
TcLAv-» PRIy - TcHpx
BHE, BHE BHE, S6-53
A19/S6 - A16/S3 P
AVCH
FTLHL TP T
< » 'LLAX
ALE . \ I /
CHLH— > [*Touu TovCL—p|  |e
TaviL > b lq— cLox (Note 2)
AD15 - ADO E/I /\:
—> TcLaz P_’
INTA {
TeveTV (Note 3) Teverx =™
| TeveTv Tevoex )
DEN ]
u TDXDL (Note 4)
DT/R }‘
> TeHeTv TGHCTV (Note &)1 €
LOCK ———l—\{ }
(Note 5) 0 .
! Tewy PENE

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

24-109
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A. C. CHARACTERISTICS

~ SOFTWARE HALT CYCLE TIMINGS

Ta=0"C to +70°C, Vs = 5V £ 10% except Vg = 5V 5% atf > 125 MHz

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 G = 50-100 pF (12.5-16 MHz).
For A.C. tests, input V"_- =0.45V and \IIH = 2.4V except at X1 where V,Ha Voc' 0.5V.

- 80C186 80C186-12, 80C186-16 Test
Symbol Parameter Unit
" Min  [Max Min  |Max Min | Max Conditions|
80C186 GENERAL TIMING RESPONSES (Listed More Than Once) ]
Tcusy | Status Active Delay 5 45 5 35 5 31 | ns
ToLsH | Status Inactive Delay 5 46 35 30 | "s
Torav | Address Valid Delay 5 44 36 33 | ns
TcHH | ALE Active Delay 30 25 20 | ns
TLHLL | ALE Width ToLoL- 15 | TeicL-1s ToweL- 15 ns
TcHiL | ALE Inactive Delay 30 25 20 | ns
T JR— | — Equal
DXDL DEN Inactive to DT/R Low 0 » 0 0| ns Loading
TeHeTv | Control Active Delay 2 5 44 5 37 5 31| ns
SOFTWARE HALT CYCLE WAVEFORMS
I T l T, Y | T l
CLKOUT f * /\
- TeHsy TeLsH
[ il
§-5 \TL STATUS ,{
| |
-  jeToLav
A19/S6-A16/S3,
AD15-ADO INVALID ADDRESS
' AY
TLHLL
ALE
Tenn ™ \ CHLL
DEN ﬁ
DXDL(Note 1)
DTR
> e TeHCTV
NOTE:
1. For write cycle followed by halt cycle.

24-110
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intgl. 80C186 PRELIMINARY

A. C. CHARACTERISTICS
CLOCK TIMINGS
Ta= 0°C to +70° C. Vg = 5V ¢ 10% except Voo =5V 5% atf>12.5 MHz

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 (12.5-16 MHz).
For A.C. tests, input VIL =0.45V and Vm= 2.4V except at X1 where V= Vcc‘ 0.5V.

Symbol Parameter 80C186 80C186-12 80C186-16  |ynn|  Test
Min | Max Min__ | Max Min [ Max Conditions
80C186 CLKIN REQUIREMENTS Measurements taken with following conditions: External clock input to X1 and X2 not
connected (float)
Tokin | CLKIN Period 50  |1000 40  |1000] 3125 |1000| NS
Teick | CLKIN Low Time 20 16 13 ns | 15v@
TcHek | CLKIN High Time 20 16 13 ns | 15v@
TckHL | CLKIN Fall Time 5 5 5| M| 35t01.0V
Tektd | CLKIN Rise Time 5 5 5| ns| 1.0t035V
80C186 CLKOUT TIMING
Teico | CLKIN to CLKOUT Skew 25 21 17 | ns
ToLeL | CLKOUT Period 100 2000 80 2000 625 |2000| ns
05T, -8 0.5 T oL -7 05T, 7 ns | CE100pF(2)
ToLcH | CLKOUT Low Time cLe c cLe £
0.5 Tg oL -6 0.5 Tor oL -5 0.5 To o -5 ns | C,=50pF (3)
0.5 TicL -8 05 TeroL -7 0.5 T oL -7 ns | C=100pF(4)
ToHoL | CLKOUT High Time ae e £o
0.5 T L -6 0.5 To oL -5 05 Tg oL 6 ns | C=50pF @)
TcHicHz2 | CLKOUT Rise Time 10 10 10 | ns| 1.0t03.5V
ToLacL1 | CLKOUT Fall Time 10 10 10 | ns| 35t 1.0V

NOTES:
1. Tcick and T chek (CLKIN Low and High times) should not have a duration less than 40% of Ty
2. Tested under worst case conditions: Vo= 5.5V (5.25V @ 16 MHz). Ty = 70°C.
3. Not Tested.
4. Tested under worst case conditions: Vg = 4.5V (4.75V @ 16 MHz). T = dc.

CLOCK WAVEFORMS
X4
TekH
CLKOUT RS
Toco—»|  je— TCH1CH2 TeLacLs '
[¢———TcLCH bie TCHeL >

270354-41
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. PRELIMINARY

A. C. CHARACTERISTICS
READY, PERIPHERAL, AND QUEUE STATUS TIMINGS

Ta=0°C 10 +70°C, Voo = 5V + 10% except Vg = 5V+ 5% atf > 12.5 MHz

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 A.C. tests, input V'L =0.45V and V|;= 2.4V except at X1 where V| ;= Vcc' 0.5V.

Symbol Parameter 80C186 80C186-12 80C186-16 Unit Te_s_t
Min | Max Min | Max Min | Max Conditions
80C186 READY AND PERIPHERAL TIMING REQUIREMENTS
Tsayi Synchronous Ready(SRDY) 15 15 15
SRYCL | Transition Setup Time (1) ns
RDY T iti [
Towsay ?imz mransmon Hold 15 15 15 ns
ARDY Resolution Transition
TarvcH Setup Time (2) 15 15 15 ns
TeLARX | ARDY Active Hold Time () 15 15 15 ns
TarYcHL| ARDY Inactive Holding Time 15 15 15 ns
TaRYLCL Asynchronous Ready ns
(ARDY) Setup Time (1) 2 25 b
T, INTx, NMI, TEST/BUSY
INVCH g ’ '
TMR IN Setup Time @ 5 15 5 ns
T DRQO, DRQ1 Setup
INVEL | Jime ) 15 15 15 ns
80C186 PERIPHERAL AND QUEUE STATUS TIMING RESPONSES .
TeLtmv | Timer Output Delay 40 33 27 ns
ToHasv| Queue Status Delay 37 32 30.| ns
NOTES:
1. To guarantee proper operation.
2. To guarantee recognition at clock edge.
SYNCHRONOUS READY (SRDY) WAVEFORMS
TW or
T T,
3or W or TW or
T2 or T3 or T T4
T T, 3
ckour / \ / \ / \
‘ TsrycL e
CLSRY
SRDY
270354-42
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A. C. CHARACTERISTICS
ASYNCHRONOUS READY (ARDY) WAVEFORMS
Twor
T Tw
| Por | e Wor | 1 |
T. 3
T 2
CLKOUT N\ \ / N / \
ARDY T ARYCH - —> TcLarx
(Normally Not
Ready System)
T ARYCH e hll TARYCHL
ARDY
(Normally Ready T le—
System) ARYLCL —bj TCLARX

PERIPHERAL AND QUEUE STATUS WAVEFORMS

CLKOUT / \ / 1 / \
TinveH "
INTO-3, NMI, m{
TEST, TIMERIN | 2}
TinveL j« "
DRQO, DRQ1 e
! 0
TeTimy, =
als
TIMEROUT N
L1 [

, JcHasv —P
R
QSso0, QS1 )

1 g |

270354-43
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A. C. CHARACTERISTICS

RESET AND HOLD/HLDA TIMINGS
Ta=0"C to +70°C, Vo= 5V = 10% except Voc =5V '+5% at > 12.5 MHz

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted.
Al output test conditions are with C, = 50-200 pF (10 MHz) and C_ = 50-100 pF (12.5-16 MHz).
For A.C. tests, input V"_ =0.45V and V|, = 2.4V except at X1 where V|H= Vcc‘ 0.5V.

Symbol Parameter 80C186-12 unit| _ Test
Min | Max Min | Max| Min | Max Conditions
80C186 RESET AND HOLD/HLDA TIMING REQUIREMENTS
TReSIN | RES Setup 15 15 15 ns
Tuvcr | HOLD Setup (1) 15 15 15 ns
80C186 GENERAL TIMING RESPONSES (Listed More Than Once)
Tolaz | Address Float Delay ToLax 30 ToLax 25 TeLax 20 | ns
TcLav | Address Valid Delay 5 44 5 36 5 33| ns
80C186 RESET AND HOLD/HLDA TIMING RESPONSES
TcLrRO | Reset Delay 40 33 27 | ns
TcLHAv | HLDA Valid Delay 3 40 3 33 3 25| ns
Command Lines Float ,
TeHez Delay 40 33 28 | ns
Command Lines Valid Delay,
T
CHCV | (after Float) 44 36 32| ns
NOTE:

1. To guarantee recognition at next clock.

RESET WAVEFORMS

© X1

S <+ TResiN
RES N |
" RiY

cevour X X/ \_/ /-——R-\_/——\

TeLRO TeLrO

A )

RESET b - .

270354-44
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A. C. CHARACTERISTICS

HOLD/HLDA WAVEFORMS (Entering Hold)

| T4 or T| I T| | T| |
CLKOUT / \ / )_\__/ \ / \ / \
ThveL
) )
HOLD e
-] TcLHav
HLDA 0 ,F-
«l
- Telaz ‘
AD15 - ADO, !, \I‘_
DEN 80C186 "
W [ 1
A19/S6 - A16/S3, " \|
RD, WR, BHE, 80C186 e
DT/R, S2- S0, 1} e Torez
LOCK
HOLD/HLDA WAVEFORMS (Leaving Hold)
Ty | T | TiTa I L I
CLKOUT \ / \ / \
ThveL
HOLD
3)
114
, TCLHAv—Dl
HLDA
| 1t
AD15 - ADO, -» TeLav '
DEN
= (socres
A19/S6 - A16/S3, Torcy —»
DT/R, S2 - S0, it \ 80C186
LOCK

270354-45
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EXPLANATION OF THE AC SYMBOLS

Each timing symbol has from 5 to 7 characters. The first character is always é ‘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

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

QS: Queue Status (QS1, QS2)
R: . RD Signal, RESET Signal
S:  Status (S0, S1, S2)

SRY: Synchronous Ready Input

V:  Valid:

W: WR Signal

X: No Longer a Valid Logic Level
Z: Float

Examples:

Tcray — Time from Clock low to Address valid
TcHLH — Time from Clock high to ALE high
ToLcsy — Time from Clock low to Chip Select valid
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WAVEFORMS

Typical Output Delay Capacitive Derating

T

| [
X = high=to=low|
O=low=to~high

pal

1 )

t (ns)
N W h O o N

50 75 100 125 150 175
Capacitive Load (pF)

270354-31

Figure 47. Capacitive Derating Curve

Typical Rise and Fall Times for TTL Voltage Levels
8

X=2V to 0.8V
0=0.8V to 2V

t (ns)

=

N W d 00 o N

50 75 100 125 150 175

Capacitive Load (pF’
P () 270354-32

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

Typical Rise and Fall Times for CMOS Voltage Levels
16
14

t (ns)
N
\

] ]

50 75 100 125 150 175
Capacitive Load (pF)

270354-33

Figure 49. CMOS Level Rise and Fall Times for Output Buffers
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80C186 EXPRESS

The Intel EXPRESS system offers enhancements to
the operational specifications of the 80C186 micro-
processor. EXPRESS products are designed to
meet the needs of those applications whose operat-
ing requirements exceed commercial standards.

The 80C186 EXPRESS program includes an extend-
ed temperature range. With the commercial stan-
dard temperature range, operational characteristics
are guaranteed over the temperature range of 0°C to
+70°C. With the extended temperature range op-
tion, 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 18. All AC and DC specifi-
cations not mentioned in this section are the same
for both commercial and EXPRESS parts.

Table 18. Prefix Identification

Prefix PaTt;k:ege Ten;:t:::;ure
A PGA Commercial
N PLCC Commercial
R LCC Commercial
TA PGA Extended
TN PLCC Extended
TR LCC Extended
NOTE:

Extended temperature versions of the 80C186 are not
available at 16 MHz.

80C186 EXECUTION TIMINGS

A determination of 80C186 program execution tim-
ing must consider the bus cycles necessary to pre-
fetch instructions as well as the number of execution
unit cycles necessary to execute instructions. The
following instruction timings represent the minimum
execution time in clock cycles for each instruction.
The timings given are based on the following as-
sumptions:

* 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. -

e 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 80C186 has sufficient bus per-
formance to ensure that an adequate number of pre-
fetched 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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intel. 80C186
INSTRUCTION SET SUMMARY
Function Format Clock Comments
Cycles
DATA TRANSFER
MOV = Move:
Register to Register/Memory [ 1000100w | modreg rm | 2/12
Register/memory to register | 1000101w | mod reg r/m [ 2/9
Immediate to register/memory [ 1100011w | modooo vm |  data | dataitw=1 12-13 | 8/16-bit
Immediate to register [(1011w reg | data | dataitw=1_| 3-4 8/16-bit
Memory to accumulator [1010000w | addrow | addrhigh | 8
Accumulator to memory [[1010001w | addrow | addrhigh | 9
Register/memory to segment register [ 10001110 I mod O reg r/m I 2/9
Segment register to register/memory l 10001100 I mod O reg r/m | 2/11
PUSH = Push:
Memory |11111111 [mod110r/m| 16
Register 01010 reg 10
Segment register 000reg110 9

Register

Q

gment register

5

XCHG = Exchange:
Register/memory with register

Register with accumulator

IN = Input from:
Fixed port

Variable port
OUT = Output to:
Fixed port

Variable port

XLAT = Translate byte to AL
LEA = Load EA to register
LDS = Load pointer to DS
LES = Load pointer to ES
LAHF = Load AH with flags
SAHF = Store AH into flags
PUSHF = Push flags

POPF = Pop flags

[ 10001111 | mod000 r/m

01011 reg
000reg111

(reg#01)

[1000011w | modreg vm |

10010 reg

[[1110010w [ port |
1110110w

1110011w l port ]

1110111w

11010111

10001101

mod reg r/m |

11000101 mod reg r/m I (mod#11)

(mod=#11)

11000100 l mod reg r/m I

10011111
10011110

10011100

10011101

20
10

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

Function Format c Comments

Cycles

DATA TRANSFER (Continued)

SEGMENT = Segment Override:

cs 00101110 2

SS 00110110 2

DS 00111110 2

ES 00100110 2

ARITHMETIC

ADD = Add:

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

Immediate to register/memory [ 100000sw | modooorwm |  data | dataiftsw=01 4/16

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

ADC = Add with carry:

Reg/memory with register to either I 000100dw l mod reg r/ mJ 3/10

Immediate to register/memory l 100000sw l mod010 r/m | data | data if sw=01 4/16

Immediate to accumulator | 0001010w I data l dataifw=1 ] 3/4 8/16-bit

INC = Increment:

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

Register 01000reg | . 3

SUB = Subtract:

Reg/memory and register to either | 001010dw ! modreg r/m | 3/10

Immediate from register/memory l 100000sw I mod101 r/m | data | data if sw=01 4/16

Immediate from accumulator I 0010110w I data l dataif w=1 I 3/4 8/16-bit

SBB = Subtract with borrow: :

Reg/memory and register to either l 000110dw l mod reg r/ nﬂ 3/10

Immediate from register/memory l 100000sw I mod011r/m ‘ data l data if sw=01 1 4/16

Immediate from accumulator | 0001110w | data | dataifw=1 l 3/4 8/16-bit

DEC = Decrement

Register/memory [1111111w | modoo1 wm | 3/15

Register 3

CMP = Compare:

Register/memory with register i 0011101w I mod reg r/m l 3/10

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

Immediate with register/memory [ 100000sw | mod111 wm | data | dataifsw=01 3/10

Immediate with accumulator I 0011110w I data l dataifw=1 | 3/4 8/16-bit

NEG = Change sign register/memory I 1111011 w ‘ mod011r/m I 3/10

AAA = ASCI! adjust for add 00110111 8

DAA = Decimal adjust for add 00100111 4

AAS = ASCI| adjust for subtract 00111111 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)

DIV = Divide (unsigned): 1111011w | mod110 /m
Register-Byte
Register-Word
Memory-Byte
Memory-Word
IDIV = Integer divide (signed): | 1111011w mod111 r/m
Register-Byte
Register-Word
Memory-Byte
Memory-Word
AAM = ASCII adjust for multiply | 11010100 I 00001010

AAD = ASCIl adjust for divide [[11010101 | 00001010 |

(CBW = Convert byte to word 10011000
ICWD = Convert word to double word 10011001

LOGIC

Shift/Rotate Instructions:

Register/Memory by 1 I 1101000w l mod TTT r/m |
Register/Memory by CL I 1101001w l mod TTT r/m I

TTT Instruction

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

29
38
35
44

44-52
53-61
50-58
59-67

19

15

2/15

5+n/17+n

000 ROL

001 ROR

010 RCL

011 RCR

100 SHL/SAL

101 SHR

111 SAR
AND = And:
Reg/memory and register to either | 001000dw ! mod reg r/m ‘ 3/10
Immediate to register/memory | 1000000w ] mod100 r/m l data | dataifw=1 4/16
Immediate to accumulator | 0010010w | data I dataifw=1 | 3/4
' TEST = And function to flags, no result:
Register/memory and register | 1000010w | mod reg r/m I 3/10
Immediate data and register/memory | 1111011 w I mod000 r/m | data I dataifw=1 4/10
\mmediate data and accumulator | 1010100w |  data | dataffw=1 | 3/4
OR = Or:
Reg/memory and register to either I 000010dw I mod reg r/m ] 3/10
Immediate to register/memory I 1000000w I mod001 r/m I data I dataifw=1 4/16
Immediate to accumulator | 0000110w | data | dataifw=1 | 3/4

8/16-bit

8/16-bit

8/16-bit

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

Clock

Function Format Comments
Cycles
LOGIC (Continued)
XOR = Exclusive or: .
!

Reg/memory and register to either l 001100dw | mod reg r/m | 3/10
Immediate to register/memory [ 1000000w | mod110 v/m | data | dataifw=1 4/16
Immediate to accumulator [ oo11010w |  data | dataitw=1 | 3/4 8/16-bit
NOT = Invert register/memory - I 1111011w l mod010 r/m | 3/10
STRING MANIPULATION
MOVS = Move byte/word 1010010w ' 14
CMPS = Compare byte/word ’ 1010011w 22
SCAS = Scan byte/word 1010111w 15
LODS = Load byte/wd to AL/AX 1010110w ‘ 12

10

STOS = Store byte/wd from AL/ | 1010101w

S i =

Repeated by count in CX (REP/REPE/REPZ/REPNE/REPNZ)

MOVS = Move string [ 11110010 | 1010010w | 8+8n
CMPS = Compare string | 1111001z I 1010011w | 5+22n
SCAS = Scan string | 11110012 l 1010111w I 5+15n
LODS = Load string [ 11110010 | 1010110w | 6+11n

[(11110010 | 1010101w |

CONTROL TRANSFER
CALL = Call:
Direct within segment [ 11101000 | displow | disphigh | 15
Register/memory [ 11111111 | modo10 vm | 13/19
indirect within segment
Direct intersegment | 10011010 l segment offset l 23
| segment selector i
Indirect intersegment [11111111 | modo11 /m | (mod = 11) 38

JMP = Unconditional jump:

Short/long [ 11101011 | displow | 14
Direct within segment [ 11101001 | displow | disphigh | 14
|Register/memory I 11111111 ] mod100 r/m I 11/17
indirect within segment
Direct intersegment I 11101010 I segment offset l 14

| segment selector ]
Indirect intersegment [ 11111111 [ mod101 vm | (mod = 11) 2

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

o SR

11001100
= Interrupt on overflow 11001110

11001111

Function Format :;:;: Comments
CONTROL TRANSFER (Continued)
RET = Return from CALL:
Within segment 16
Within seg adding immed to SP { 11000010 | datalow | datahigh | 18
Intersegment 22
Intersegment adding immediate to SP [ 11001010 | datalow | datahigh | 2
JE/JZ = Jump on equal/zero [o1110100 ] aisp | 413 JMP not
JL/JNGE = Jump on less/not greater or equal | 01111100 | disp I 4/13 tak;r:(g:\MP
JLE/JNG = Jump on less or equal/not greater | 01111110 | disp I 4/13
JB/JNAE = Jump on below/notabove orequal | 01110010 |  disp | 413
(JBE/JNA = Jump on below or equal/not above I 01110110 l disp I 4/13
UP/JPE = Jump on parity/parity even [o01111010 [ asp | 4/13
JO = Jump on overflow [o01110000] aisp | 4n3
JS = Jump on sign [ 01111000 | disp | 413
(JNE/JNZ = Jump on not equal/not zero I 01110101 I disp I 4/13
JNL/JGE = Jump on not less/greater or equal | 01111101 [ disp | 4/13
JNLE/JG = Jump on not less or equal/greater l 01111111 l disp | 4/13
JNB/JAE = Jump on not below/above or equal | 01110011 ' disp I 4/13
UNBE/JA = Jump on not below or equal/above | 01110111 |  disp | 413
UNP/JPO = Jump on not par/par odd [ 01111011 ] aisp | 4/13
UNO = Jump on not overflow [ 01110001 | aisp | 413
JNS = Jump on not sign | 01111001 I disp | 4/13
JCXZ = Jump on CX zero [11100011 [ dsp | 5/15
LOOP = Loop CX times [ 11100010 ] aisp | 6/16 LOOP not
LOOPZ/LOOPE = Loop while zero/equal [ 11100001 | aisp | 6/16 wkt;:gop
LOOPNZ/LOOPNE = Loop while not zero/equal | 11100000 |  disp | 6/16

45
48/4

if INT. taken/
if INT. not
taken

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

Function Format :;:z; Comments
PROCESSOR CONTROL
CLC = Clear carry 2
ICMC = Complement carry 2
STC = Set carry 2
ICLD = Clear direction 2
STD = Set direction 2
CLI = Clear interrupt 2
STI = Set interrupt 2
WLT = Hat 2
WAIT = Wait 6 if 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 Segment Override Prefix

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

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

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

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

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

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

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

ifr/m = 100 then EA = (SI) + DISP

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

ifr/m = 110 then 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.

[001reg 110

reg is assigned according to the following:

Segment

reg Register

00 ES .

01 Cs

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 Sl 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

The sections significantly revised since version -004 are:

Pin Description Table Added note to TEST/BUSY pin requiring proper RESET at power-up to
configure pin as input.
Renamed pin 44 to INT1/SELECT and pin 41 to INT3/INTA1/IRQ to better
describe their functions in Slave Mode.

Initialization and Processor Reset Added reminder to drive RES pin LOW during power-up.

Read and Write Cycle Waveforms Clarified applicability of Tgi csy to latched A1 and A2 in footnotes.

Slave Mode Operation The three low order bits associated with vector generation and performing
EOI are not alterable; however, the priority levels are programmable. This
information is a clarification only.

The sections significantly revised since version -003 are:

Front Page Deleted references to burn-in devices.
Local Bus Controller and Reset Clarified effects of excessive loading on pins with internal pullup devices.
Equivalent resistance no longer shown.

D.C. Characteristics Renamed Vg to V| 1. Renamed Vgy; to Vi3 Changed VoH (min.) from
0.8 Voo to Voo — 0.5V. Changed Igg (max.) from 180 mA to 150 mA at
16 MHz, 150 mA to 120 mA at 12.5 mA, and 100 mA to 120 mA at 10 MHz.

Changed V¢ o (max.) from 0.5V to 0.45V. Changed Voo (min.) from 0.8 Voc-

to Vgc — 0.5V. Clarified effect of excessive loading on pins with internal
pullup devices.

Power Supply Current Added equation and graph for maximum current.

A.C. Characteristics Many timings changed (all listed in ns): TpycL (min.) at 16 MHz from 10 to 15;
TcLpx (min.) from 5 to 3; ToLay (max.) at 10 MHz from 50 to 44; TcHgy (max.)
from 45 to 44 at 10 MHz, and from 37 to 36 at 12.5 MHz; Ty (min.) from
TorcL — 30 to Tl — 15; Trrax (min.) at 10 MHz from TgyoL — 20 to
TcHeL — 15; ToveTv (max.) from 56 to 44 at 10 MHz and from 47 to 37 at
12.5 MHz; Toypex (max.) from 56 to 44 at 10 MHz, 47 to 37 at 12.5 MHz, and
from 35 to 31 at 16 MHz; Tgyay (min.) from Tg oL — 40 at 10 MHz and
ToLcL — 20 at 12.5 MHz and 16 MHz to Tg g — 15 at all frequencies;
TRLRH (min.) from 2 TocL — 46 to 2 Tgcr — 30 at 10 MHz, from
2 ToLoL — 40t02Tg oL — 25at12.5MHz,and2 T gL —30t02 T oL — 25
at 16 MHz; TwLwn (min.) from 2 Tg gL — 34 to 2 Tg oL — 30 at 10 MHz, and
2 TorcL — 30t0o 2 ToroL — 25 at 12.5 MHz; Tay L (min.) from Tg gy — 19
to Torcy — 18 at 10 MHz; TgLsH (max.) at 10 MHz from 50 to 46; To tmv
(max.) from 48 to 40 at 10 MHz, 40 to 33 at 12.5 MHz, and 30 tc 27 at
16 MHz; Tg ro (max.) from 48 to 40 at 10 MHz, 40 to 33 at 12.5 MHz, and 30
to 27 at 16 MHz;, Tchqsy (max.) from 28 to 37 at 10 MHz, 28 to 32 at
12.5 MHz, and 25 to 30 at 16 MHz; Tcypx (min.) from 5 to 10; T v (max.) at
10 MHz from 45 to 40 and at 12.5 MHz from 40 to 37; Tg csv (max.) from 45
to 42 at 10 MHz; TgHeosx (max.) from 32 to 35 at 10 MHz, 28 to 30 at
12.5 MHz, and 23 to 25 at 16 MHz; and TcHicH2 and TgrecL1 (max.) at
16 MHz from 8 to 10. Added new timings for TwHpeEx, TRHLH, @nd TWHLH-
Established min. timing for T csv-

Timing Waveforms Section rearranged to show waveforms on same or facing page relative to
corresponding tabular data. Tcy sgy drawn to same clock edge as TgrycL-
Drawing changed to indicate one less clock between HOLD inactive and
HLDA inactive. :

Specification Level Markings ~ New Section.
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The sections significantly revised since version -002 are:

Block Diagram

Pin Description Table

Interrupt Vector Table

ESC Opcode Exception Descrip-
tion

Oscillator Configurations
RESET Logic

Local Bus Arbitration

Local Bus Controller and Reset
DMA Controller

Timers

DRAM Refresh Addresses
D.C. Characteristics

Power Supply Current

A.C. Characteristics

Explanation of the A.C. Symbols
Major Cycle Timing Waveforms

Rise/Fall and Capacitive Derat-
ing Curves

Instruction Set Summary

Redrawn to illustrate numerics coprocessor interface.
Various descriptions rewritten for clarity..
Redrawn for clarity. Interrupt Type 16 listed.

Note added concerning ESC trap.
Deleted drive of X2 with inverted X1.

Deleted paragraph concerning setup times for synchronization of multiple
processors.

Added description of HLDA when a refresh cycle is pending.

Added description of pullup devices for appropriate pins.

Added reminder to initialize transfer count registers and pointer registers.
Added reminder to intialize count registers.

Refresh address counter described in figure.

Vinz indicated for SRDY, ARDY. Icc (max) now indicated for all devices.
Typical Igc indicated.

Input V|H test condition at X1 added. TCLDOX: Tevetvs Tevetx: ToLHAv: and
TcLry minimums reduced from 5 ns to 3 ns. To cH (min.) and Toloy (Min.)
relaxed by 2 ns. Added reminder that TSRYCL and TgLsry must be met.

New Section.
TpxpL indicated in Read Cycle. Tg ro indicated.

New Figures added.
ESC instruction clock count deleted.
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The sections significantly revised since version -001 are:

Pin Description Table
Oscillator Configurations
DMA Transfer Rate Table
DMA Control Bit Descriptions

Interrupt Controller, etc.
Interrupt Request Register
DRAM Refresh Addresses
A.C. Characteristics .

Execution Timings

Noted RES to be low more than 4 clocks.
Added reminder not to drive X2.
Corrected to reflect 16 MHz capability.

Moved and clarified note concerning TC condition for ST/STOP clearing dur-
ing unsynchronized transfers.

Renamed iRMX Mode to Slave Mode.
Noted that DO and D1 are read/write, others read-only.
Added figure to explain refresh address bits.

Many timings changed (all listed in ns): Tgpx (min.) from 8 to 5; TsrycL
(min.) from 20 to 15; TycL (min.) from 20 to 15; TinvcH (min.) from 25 to 15;
TinveL (min.) from 20 to 15; Tgpay at 12.5 MHz from 4-33 to 5-36; TgLay at
16 MHz from 4-30 to 5-33; TgLax (min.) to 0; T py (min.) at 10 MHz from
10 to 5; Tgpy (min.) at 12.5 MHz from 10-33 to 5-36; Tg py (min.) at
16 MHz from 10-30 to 5-33; ToLpox (min.) from 10 at 10 MHz and 8 at
12.5 MHz to 5 at both frequencies; ToycTy (max.) and TgyceTy (Max.) at
16 MHz from 25 to 31; Toucty (Min.) and Tgoypex (min.) both from 10 at
10 MHz and 8 at 12.5 MHz to 5 at both frequencies; TcycTx (max.) at 16 MHz
from 25 to 33; T rL at 10 MHz from 10-56 to 5-44; Tg gL at 12.5 MHz
from 8-47 to 5-35; TgLRrL (max.) at 16 MHz from 25 to 31; TgLrHy (Min.) at
10 MHz from 10 to 5§ and at 12.5 MHz from 8 to 5; TcHsy (min.) at 10 MHz
from 10 to 5 and at 12.5 MHz from 8 to 5; TgHsy (max.) at 16 MHz from 25 to
31; TcLsH (min.) at 10 MHz from 10 to 5 and at 12.5 MHz from 8 to 5; TcHasvy
(max.) at 12.5 MHz from 23 to 28 and at 16 MHz from 23 to 25; Tcypx (min.)
at 10 MHz from 10 to 5 and at 12.5 MHz from 8 to 5; Taych (min.) to 0; Top v
(max.) at 10 MHz from 60 to 45 and at 12.5 MHz from 55 to 40 and at 16 MHz
from 40 to 35; Tpxpe (min.) to 0; Toxcsx (min.) from 35 at 10 MHz and 29 at
12.5 MHz and 25 at 16 MHz to Tg oy — 10 at all frequencies; TcHcosx (min.)
at 12.5 MHz and 16 MHz from 4-23 to 5-28 and 5-23 respectively.

Clarified effect of bus width.

SPECIFICATION LEVEL MARKINGS

Current 80C186 devices bear backside lot code information consisting of seven digits followed by letters. The
second, third, and fourth digits comprise a manufacturing date code. This preliminary data sheet applies only
to 80C186 devices with a date code corresponding to week 25 of 1989 (backside markings x925xxx XXX) or

later.
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ADVANCE INFORMATION

80C186XL20, 16, 12, 10
16-BIT HIGH INTEGRATION EMBEDDED PROCESSOR

Low Power, Full Static Version of
80C186

Operation Modes:
— Enhanced Mode
— DRAM Refresh Control Unit
— Power-Save Mode
— Direct Interface to 800187
— Compatible Mode
— NMOS 80186 Pin-for-Pin
Replacement for Non-Numerics
Applications

Integrated Feature Set

— Static, Modular CPU

— Clock Generator

— 2 Independent DMA Channels

— Programmable Interrupt Controller

—'3 Programmable 16-Bit Timers

— Dynamic RAM Refresh Control Unit

— Programmable Memory and
Peripheral Chip Select Logic

— Programmable Wait State Generator

— Local Bus Controller

— Power-Save Mode

— System-Level Testing Support (High
Impedance Test Mode)

Completely Object Code Compatible
with Existing 8086/8088 Software and
Has 10 Additional Instructions over
8086/8088

@ Speed Versions Available

— 20 MHz (80C186XL20)
— 16 MHz (80C186XL16)
— 12.5 MHz (80C186XL12)
— 10 MHz (80C186XL)

Direct Addressing Capability to
1 MByte Memory and 64 Kbyte I/0

Complete System Development
Support
— All 8086 and 80C186 Software
Development Tools Can Be Used for
80C186XL System Development
- ASM 86 Assembler, PL/M-86,
Pascal-86, Fortran-86, iC-86 and
System Utilities
‘— In-Circuit-Emulator (lCETM-186)

Available in 68-Pin:
— Plastic Leaded Chip Carrier (PLCC)
— Ceramic Pin Grid Array (PGA)
— Ceramic Leadless Chip Carrier

- (JEDEC A Package)
Available in 80-Pin Quad Flat Pack
(EIAJ)

Available in EXPRESS Extended
Temperature Range
(—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.

272032-42

May 1992
Order Number: 272032-002
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80C186XL ADVANCE INFORMATION

Ceramic Leadless Chip Carrier (JEDEC Type A)
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Figure 2. 80C186XL Pinout Diagrams
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A
Plastic Leaded Chip Carrier
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Figure 2. 80C186XL Pinout Diagrams (Continued)
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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
60

12,13,
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.

ey
m
»

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 67/, clock
cycles after RES is returned HIGH. For proper initialization, Voo
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

i/0

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.
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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 signals, 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.

TMROUTO 22 57 O | Timer outputs are used to provide single pulse or continous

TMROUT 1 23 56 O | waveform generation, depending upon the timer mode selected.
These outputs are not floated during a bus hold.

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

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 | 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, all 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 O | Address Bus Outputs (16-19) and Bus Cycle Status (3-6) indicate

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

A17/S4 67 4 o | active HIGH.

A16/S3 68 3 O | During T, T3, Ty 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.

AD15 1 1 1/0 | Address/Data Bus (0-15) signals constitute the time multiplexed

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

AD13 5 77 I/0 | bus is active HIGH. A is analogous to BHE for the lower byte of the

AD12 7 75 1/0 | data bus, pins D7 through Dy. It is LOW during T when a byte is to

AD11 10 71 170 | be transferred onto the lower portion of the bus in memory or I/0

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

AD9 14 67 1/0 '

AD8 16 65 170

AD7 2 80 170

AD6 4 78 1/0

AD5 6 76 1/0

AD4 8 74 170

AD3 11 70 1/0

AD2 13 68 1/0

AD1 15 66 170

ADO 17 1/0

64
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Table 1. 80C186 XL Pin Description (Continued)

Symbol

LcC
PGA
PLCC

Pin No.

QFP
Pin No.

Type

Name and Function

sy
m

64

o

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 T4 when the upper byte is transferred and will
remain LOW through T3 AND Tw. 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 A0 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/QS0

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.

WR/Qst

63

Write Strobe/Queue Status 1 indicates that the data on the bus is to be
written into a memory or an I/0 device. It is active LOW, and floats during
bus hold or reset. When the 80C186XL is in Queue Status Mode, the ALE/
QS0 and WR/QSH1 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

- 400

RD/QSMD

62

o

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. Following 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

.| active-HIGH input synchronized to CLKOUT. The use of SRDY allows a

Synchronous Ready informs the 80C186XL that the addressed memory
space or I/0 device will complete a data transfer. The SRDY pin accepts an

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.
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" Table 1. 80C186XL Pin Description (Continued)

Lcc
PGA | QFP
PLCC | PinNo. | TYP®
Pin No.

Symbol Name and Function

LOCK 48 28 (0] 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.

52 23
53 22
54 21

Bus cycle status S0-S2 are encoded to provide bus-transaction
information:

80C186XL Bus Cycle Status Information
Bus Cycle Initiated

Qg
ooo

Interrupt Acknowledge
Read I/0

Write 170

Halt

Instruction Fetch

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

~aaaso0o000|g
2002 ao00|9

The status pins float during HOLD. - _
S2 may be used as a logical M/10 indicator, and ST as a DT/R
indicator.

HOLD 50 26 | HOLD indicates that another bus master is requesting the local bus.
HLDA 51 25 [o) 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.

[
»

34 45 O/1 | 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 float 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.

LCS 33 46 0O/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.
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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.

MCS0/PEREQ
MCS1/ERROR
MCS2
MCS3/NPS

38
37
36
35

39
40
41
42

(o7]]
(o]

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.

|

o
)
[72)
o

|
o)
@

o
l 3
[
N

| "o
oio
nn
PNEAL

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

PCS5/A1

O|000O0O0

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 PCS5 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.

O
m
Z|

39

38

Data Enable is provided as a data bus transceiver output enable.
DEN is active LOW during each memory and I/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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- .
intel. 80C186XL
30 pF
External Clook Source X1 X1
- = CRYSTAL
N.C. [X2 X2
80C186XL 20 pF 80C186XL
Note 1
200 pF
3a)
©a) 272032-13
272032-11
(3b) :
Note 1:
XTAL Frequency L1 Value
20 MHz 12.0 pH £20%
25 MHz 8.2 uH £20%
32 MHz 4.7 pH £20%
40 MHz 3.0 uH £20%
LC network is only required when using a third
overtone crystal.

Figure 3. 80C186XL Oscillator Configurations (see text)

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

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.

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. This is used as
the time base for the 80C186XL.

The output of the oscillator is not directly available
outside the 80C186XL. The recommended crystal
configuration is shown in Figure 3b. When used in
third-overtone mode, the tank circuit is recommend-
ed for stable operation. Alternately, the oscillator
may be driven from an external source as shown in
Figure 3a.

The crystal or clock frequency chosen must be twice
the required processor operating frequency due to
the internal divide by two counter. This counter is
used to drive all internal phase clocks and the exter-
nal CLKOUT signal. CLKOUT is a 50% duty cycle
processor clock and can be used to drive other sys-
tem components. All AC Timings are referenced to
CLKOUT.

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

Temperature Range: Application Specific

ESR (Equivalent Series Resistance): 60Q max
Co (Shunt Capacitance of Crystal): 7.0 pF max
C1 (Load Capacitance): 20 pF £5pF
Drive Level: 2 mW max

24-138



intal.

80C186XL

ADVANCE INFORMATION

Bus Interface Unit

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.

The bus controller is responsible for generating 20
bits of address, read and write strobes, bus cycle
status information and data (for write operations) in-
formation. It is also responsible for reading data
from the local bus during a read operation. Synchro-
nous and asynchronous ready input pins are provid-
ed to extend a bus cycle beyond the minimum four
states (clocks).

The 80C186XL bus controller also generates two
control signals (DEN and DT/R) when interfacing to
external transceiver chips. This capability allows the
addition of transceivers for simple buffering of the
multiplexed address/data bus.

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

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

e Drive S0-S2 to the inactive state (all HIGH) and
then float.

o Drive LOCK HIGH and then float.

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

Drive HLDA LOW.

RD/QSMD, UCS, LCS, MCS0/PEREQ, MCSi/
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.

80C186XL PERIPHERAL
ARCHITECTURE

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 1/0O space. Internal
logic will recognize control block addresses and re-
spond to bus cycles. An offset map of the 256-byte
control register block is shown in Figure 4.

Chip-Select/Ready Generation Logic

The 80C186XL 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 1/0 cycles in their programmed areas, whether
they be generated by the CPU or by the integrated
DMA unit.

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.

OFFSET
Relocation Register FEH
DAH
DMA Descriptors Channel 1
DOH
CAH
DMA Descriptors Channel 0
COH
A8H
Chip-Select Control Registers
AOH
66H
Time 2 Control Registers
60H
5EH
Time 1 Control Registers
58H
56H
Time 0 Control Registers
50H
3EH
Interrupt Controller Registers
20H

Figure 4. Internal Register Map

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.
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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.

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 address and
size of this memory block are programmable.

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 1/0 space.

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.

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

e All chip-select outputs will be driven HIGH.

¢ 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.

DMA Unit

The 80C186XL DMA controller provides two inde-
pendent high-speed DMA channels. Data transfers
can occur between memory and |I/0O spaces (e.g.,
Memory to 1/0) or within the same space (e.g.,
Memory to Memory or I/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.

Timer/Counter Unit

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

Interrupt Control Unit

The 80C186XL can receive interrupts from a number
of sources, both internal and external. The
80C186XL has 5 external and 2 internal interrupt
sources (Timer/Couners and DMA). The internal in-
terrupt controller serves to merge these requests on
a priority basis, for individual service by the CPU.

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.

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.
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DRAM Refresh Control Unit

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.

Power-Save Control

The 80C186XL, when in Enhanced Mode, can enter
a power saving state by internally dividing the proc-
essor clock frequency by a programmable factor.
This divided frequency is also available at the
CLKOUT pin.

All internal logic, including the Refresh Control Unit
and the timers, have their clocks slowed down by
the division factor. To maintain a real time count or a
fixed DRAM refresh rate, these peripherals must be
re-programmed when entering and leaving the pow-
er-save mode.

Interface for 80C187 Math
Coprocessor

In Enhanced Mode, three of the mid-range memory
chip selects are redefined according to Table 2 for

use with the 80C187. The fourth chip select, MCS2
functions as in compatible mode, and may be pro-
grammed for activity with ready logic and wait states
accordingly. As in Compatible Mode, MCS2 will func-
tion for one-fourth a programmed block size.

Table 2. MCS Assignments

Compatible
Mode Enhanced Mode
MCSO |PEREQ Processor Extension Request

MCSH1 ERROR NPX Error
MCS2 |MCS2 Mid-Range Chip Select
MCS3 [NPS Numeric Processor Select

ONCE™ Test Mode

To facilitate testing and inspection of devices when
fixed into a target system, the 80C186XL has a test
mode available which allows all pins to be placed in
a high-impedance state. ONCE stands for “ON Cir-
cuit Emulation”. When placed in this mode, the
80C186XL will put all pins in the high-impedance
state until RESET.

The ONCE mode is selected by tying the UCS and
the LCS LOW during RESET. These pins are sam-
pled on the low-to-high transition of the RES pin.
The UCS and the LCS pins have weak internal pull-
up resistors similar to the RD and TEST/BUSY pins
to guarantee ONCE Mode is not entered inadver-
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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ADVANGE INFORMATION

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature under Bias . .-..0°Cto +70°C
Storage Temperature .......... —65°Cto +150°C
Voltage on Any Pin with

RespecttoGround ............ —1.0Vto +7.0V
/Package Power Dissipation .................. 1w

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

NOTICE: This data sheet contains information on
products in the sampling and initial production phases
of development. It is valid for the devices indicated in
the revision history. The specifications are subject to
change without notice.

*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 rel/abl//ty

NOTICE: The specifications are subject to change
without notice.

DC CHARACTERISTICS Ta = 0°C to +70°C, Vcc = 5V +10%

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage (Except X1) —-0.5 0.2V — 03] V
ViL1 Clock Input Low Voltage (X1) -0.5 0.6 Vv
VIH Input High Voltage 0.2Vge + 0.9] Ve + 0.5 \
(All except X1 and RES)
VIH1 Input High Voltage (RES) 3.0 Ve + 0.5 v
ViHz  |Clock Input High Voltage (X1) 3.9 Vec+05 | vV
VoL  |Output Low Voltage 0.45 V. |loL = 25mA (S0, 1, 2)
) loL = 2.0 mA (others)
VoH Output High Voltage - 24 Veo V |lon= —24mA @24V 4
Vcc — 0.5 Vce V |loq = —200 pA @ Vgg —0.5(4)
lcc Power Supply Current 100 mA |@ 20 MHz, 0°C
Vge = 5.5V0)
80 mA |@16 MHz, 0°C
Vee = 5.5VE)
65 mA |@ 12.5 MHz, 0°C
Vge = 5.5V @)
50 mA |@ 10 MHz, 0°C
Vee = 5.5V @)
100 pA |@DCO°C
Voo = 5.5V
I Input Leakage Current +10 pA |@ 0.5 MHz,
_ 0.45V < Viy < Ve
Lo Output Leakage Current +10 pA | @ 0.5 MHz,
0.45V < Vout < Vgl
VoLo  |Clock Output Low 0.45 V |lcLo = 40mA
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DC CHARACTERISTICS (Continued) Ta = 0°C to +70°C, Vgc = 5V £10%

Symbol Parameter Min Max Units Test Conditions

VcHO Clock Output High Vce — 0.5 Vv IcHO = —500 pA

CiN Input Capacitance 10 pF @ 1 MHz(2)

Cio Output or /0 Capacitance 20 pF @ 1 MHz(2)
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; c) Viy 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/QSMD, UCS, LCS, MCS0/PEREQ, MCS1/ERROR and TEST/BUSY pins have internal pullup devices. Loading some
of these pins above lgy = —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

Current is linearly proportional to clock frequency
and is measured with the device in RESET with X1 80
and X2 driven and all other non-power pins open.

100

60
Maximum current is given by Ilcc = 5 mA X freq. lec (mA) MAX
(MHz) + IqL.

40 -

IgL is the quiescent leakage current when the clock
is static. Ig|_is typically less than 100 pA. 20

4 8 12 16 20

Clock Frequency (MHz)
272032-21

Figure 5. Icc vs Frequency
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ADVANCE INFORMATION

AC CHARACTERISTICS

MAJOR CYCLE TIMINGS (READ CYCLE)

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 pF.
For AC tests, input V). = 0.45V and V|4 = 2.4V except at X1 where V| = Vgc — 0.5V.

Values
Symbol Parameter 80C186XL 80C186XL12 Unit | o:;’:i'on s
Min | Max Min | Max
80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once)
ToveL Data in Setup (A/D) 15 15 ns
Towox | Datain Hold (A/D) 3 3 ns
80C186XL GENERAL TIMING RESPONSES (Listed More Than Once)
TcHsy | 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
ToLAX Address Hold 0 0 ns
TcLpv Data Valid Delay 3 40 3 36 ns
TcHpx | Status Hold Time 10 10 ns
TCHLH ALE Active Delay 30 25 ns
TLHLL ALE Width TooL — 15 TorLoL — 156 ns
TCHLL ALE Inactive Delay 30 25 ns
TavLL Address Validto ALE Low . | TgcH — 18 TocH — 15 ns Equal
Loading
TLLAX Address Hold from ALE TeoHeL — 15 ToHeL — 15 ns Equal
Inactive Loading
TavcH | Address Valid to Clock High 0 0 ns )
ToLaz | Address Float Delay ToLAX 30 ToLax 25 ns
ToLcsv | Chip-Select Active Delay 3 42 3 33 ns
Tcoxcsx | Chip-Select Hold from TowcH — 10 TocH — 10 ns Equal
Command Inactive Loading
TcHesx | Chip-Select Inactive Delay 3 35 3 30 ns
ToxpL | DEN Inactive to DT/R Low 0 0 ns Equal
. Loading
Tcverv | Control Active Delay 1 3 44 3 37 ns
Tcovpex | DEN inactive Delay 3 44 3 37 | ns
TcHetv | Control Active Delay 2 3 44 3 37 | ns
Toy | LOCK Valid/Invalid Delay 3 40 3 37 | ns
80C186XL TIMING RESPONSES (Read Cycle)
TazrL | Address Float to RD Active 0 0 ns
TcLre | RD Active Delay 3 44 3 37 | ns
TRLRH RD Pulse Width 2TcLcL — 30 2TcrcL — 25 ns
Towre | RD Inactive Delay 3 44 3 37 | ns
TruwH | RD Inactive to ALE High ToLcH — 14 ToLcH — 14 ns Equal
Loading
Truav | RD Inactive to Address ToleL — 15 Tower — 15 ns Equal
Active ‘ Loading
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AC CHARACTERISTICS

MAJOR CYCLE TIMINGS (READ CYCLE)

Ta = 0°C to +70°C, Vgg = 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 pF.
For AC tests, input V| = 0.45V and V| = 2.4V except at X1 where Vi = Vg — 0.5V.

Values
Symbol Parameter 80C186XL16 80C186XL20 unit | o::ifign .
Min | Max Min | Max
80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once)
TpvcL Data in Setup (A/D) 15 10 ns
ToLpx Data in Hold (A/D) 3 3 ns
80C186XL GENERAL TIMING RESPONSES (Listed More Than Once)
TcHsy Status Active Delay 3 31 3 25 ns
TcLsH Status Inactive Delay 3 30 3 25 ns
Tcorav Address Valid Delay 3 33 3 27 ns
ToLAX 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 ToweL — 15 ns
TCHLL ALE Inactive Delay 20 20 ns
TavLL Address Valid to ALE Low TecLcH — 15 ToLcH — 10 ns Equal
Loading
TLLAX Address Hold from ALE TcoHoL — 15 ToHeL — 10 ns Equal
Inactive Loading
TavcH | Address Valid to Clock High 0 0 ns
ToLAz Address Float Delay TcLax 20 ToLAx 20 ns
TcLcsy | Chip-Select Active Delay 3 30 3 25 ns
Tcxcsx | Chip-Select Hold from tcLcH — 10 ToLcH — 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
Teovety | Control Active Delay 1 3 31 3 22 ns
Tcovoex | DEN Inactive Delay 3 31 3 22 | ns
TcHeTv | Control Active Delay 2 3 31 3 22 ns
Touy | COCK Valid/Invalid Delay 3 35 3 22 | ns
80C186XL TIMING RESPONSES (Read Cycle)
TazrL | Address Float to RD Active 0 0 ns
Tcre | RD Active Delay 3 31 3 27 | ns
Triry | RD Pulse Width 2ToLoL — 25 2TcLeL — 20 ns
ToLrH | RD Inactive Delay 3 31 3 27 ns
TrHwH | RD Inactive to ALE High ToLcH — 14 ToLcH — 14 ns Equal
Loading
TrHav | RD Inactive to Address TewoL — 15 ToLeL — 15 ns Equal
Active ' Loading
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AC CHARACTERISTICS

MAJOR CYCLE TIMINGS (WRITE CYCLE)

Ta = 0°C

to +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 pF.
For AC tests, input V). = 0.45V and V|y = 2.4V except at X1 where V| = Vgc — 0.5V.

Values
Symbol Parameter 80C186XL 80C186XL12 | Unit | o:;fi:ms
Min Max Min Max

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

ToLAX 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 TocL — 15 ToLcL — 15 ns

TCoHLL ALE Inactive Delay 30 25 ns

TaviL Address Valid to ALE Low TcoLcH — 18 TocH — 15 ns Equal
Loading

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

Inactive Loading

TAVCH Address Valid to Clock High 0 0 ns

TcLpox | Data Hold Time 3 3 ns

Toverv | Control Active Delay 1 3 44 3 37 ns

Tcverx | Control Inactive Delay 3 44 3 37 ns

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

Texcsx | Chip-Select Hold from TorcH — 10 TcrLcH — 10 ns Equal

Command Inactive Loading

TcHesx | Chip-Select Inactive Delay 35 3 30 ns

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

ToLy LOCK Valid/Invalid Delay 3 40 3 37 | ns

80C186XL TIMING RESPONSES (Write Cycle)

Twiwn | WR Pulse Width 2ToLcL — 30 2ToLcL — 25 ns

TwHLH | WR Inactive to ALE High ToLcH — 14 ToLcH — 14 ns Equal
Loading

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

Twhpex | WR Inactive to DEN Inactive | Tg cq — 10 TcLcH — 10 ns Equal
Loading
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AC CHARACTERISTICS

MAJOR CYCLE TIMINGS (WRITE CYCLE)
Ta = 0°C to +70°C, Vg = 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 pF.
For AC tests, input V). = 0.45V and Vi = 2.4V except at X1 where Vjy = Vgg — 0.5V.

Values
Symbol Parameter 80C186XL16 80C186XL20 Unit 00:‘;;:’ ns
Min I Max Min | Max

80C186XL GENERAL TIMING RESPONSES (Listed More Than Once)

TcHsv Status Active Delay 3 31 3 25 ns

TeLsH Status Inactive Delay 3 30 3 25 ns

TcLav Address Valid Delay 3 33 3 27 ns

ToLAx Address Hold 0 0 ns

TcLov 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 ' TowcL — 15 TowcL — 15 ns

TCHLL ALE Inactive Delay 20 20 ns

TavLL Address Valid to ALE Low ToicH — 15 TcLeH — 10 ns Equal
Loading

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

Inactive Loading

TAVCH Address Valid to Clock High 0 0 ns

Tcupox | Data Hold Time 3 3 ns

Tcvetv | Control Active Delay 1 3 31 3 25 ns

Tcverx | Control Inactive Delay 3 31 3 25 ns

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

Toxcsx | Chip-Select Hold from ToLcH — 10 Tcich — 10 ns Equal

Command Inactive Loading

TcoHesx | Chip-Select Inactive Delay 3 25 3 20 ns

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

Tcuv | LOCK Valid/Invalid Delay 3 35 3 22 | ns

80C186XL TIMING RESPONSES (Write Cycle)

Twiwy | WR Pulse Width 2TclcL — 25 2TcLoL — 20 ns

TwHLH | WR Inactive to ALE High ToLcH — 14 ToLcH — 14 ns Equal
Loading

TwHDx | Data Hold after WR TcLoL — 20 ToLcL — 15 ns Equal
Loading

Twhpex | WR Inactive to DEN Inactive | Tg .oy — 10 TcLcn — 10 ns Equal
Loading
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AC CHARACTERISTICS

MAJOR CYCLE TIMINGS (INTERRUPT ACKNOWLEDGE CYCLE)

Ta = 0°Cto +70°C, Vg = 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 pF.

For AC tests, input V). = 0.45V and V|y = 2.4V except.at X1 where V| = Vgg — 0.5V.

Values
Symbol  Parameter 80C186XL 80C186XL12_ | Unit | o Yo%
Min | Max| . Min | Max
80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once)
ToveL Data in Setup (A/D) 15 15 ns
ToLbx Data in Hold (A/D) 3 3 ns
80C186XL GENERAL TIMING RESPONSES (Listed More Than Once)
TcHusv | Status Active Delay 3 45 3 35 | ns
TcoLsH | 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
Towov | Data Valid Delay 3 40 3 36 | ns
TcHpx | Status Hold Time ‘ 10 10 , ns
TCHLH ALE Active Delay 30 25 ns
TLHLL ALE Width TcroL — 15 ToLoL — 15 ns
ToHLL | ALE Inactive Delay 30 | 25 | ns
TAvVLL Address Valid to ALE Low ToLeH — 18 | TcleH — 15 i ns Equal
N Loading
TLLAX Address Hold to ALE TcoHoL — 15 TcHoL — 15 ns Equal
Inactive , Loading
TcLAz Address Float Delay TeLax 30 ToLAX 25 ns
Teverv | Control Active Delay 1 3 44 3 37 ns
Teverx | Control Inactive Delay 3 44 3 37 ns
Toxor | DEN Inactive to DT/R Low 0 0 ns Equal
Loading
TcHeTv | Control Active Delay 2 3 44 |. 3 37 ns
Tovpex | DEN Inactive Delay 3 44 3 37 | ns
(Non-Write Cycles)
Toy | LOCK Valid/Invalid Delay 3 40 3 37 | ns
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AC CHARACTERISTICS

MAJOR CYCLE TIMINGS (INTERRUPT ACKNOWLEDGE CYCLE)
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 pF.
For AC tests, input V). = 0.45V and V| = 2.4V except at X1 where V| = Vgc — 0.5V.

Values

Symbol Parameter 80C186XL16 80C186XL20 | Unit | o:;::, ns

‘ Min Max Min ] Max

80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once)

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

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

80C186XL GENERAL TIMING RESPONSES (Listed More Than Once)

TcoHsV Status Active Delay 3 31 3 25 ns

ToLsH Status Inactive Delay 3 30 3 25 ns -

TcLav Address Valid Delay 3 33 3 27 ns

TAVCH Address Valid to Clock High 0 0 ns

TcoLax Address Hold 0 0 ns

TcLpv Data Valid Delay 3 33 3 27 ns

TcHpx | Status Hold Time 10 10 ‘ns

TCHLH ALE Active Delay 20 20 ns

TLHLL ALE Width TereL — 15 ToleL — 15 ns

TCHLL ALE Inactive Delay 20 20 ns

TaviL Address Valid to ALE Low ToLeH — 15 Tcicw — 10 ns Equal
Loading

TLLAx Address Hold to ALE ToHeL — 15 ToHeL — 10 ns Equal

Inactive Loading

ToLaz Address Float Delay TcLAX 20 ToLAx 20 ns

Tcvcetv | Control Active Delay 1 3 31 25 ns

Tcoverx | Control Inactive Delay 3 31 25 ns

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

TcHeTv | Control Active Delay 2 3 31 22 ns

Tcvpex | DEN Inactive Delay 3 31 22 ns

(Non-Write Cycles)
Towy | LOCK Valid/Invalid Delay 3 35 3 22 | ns
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AC CHARACTERISTICS

SOFTWARE HALT CYCLE TIMINGS

Ta = 0°Cto +70°C, Vg = 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 pF. ’

For AC tests, input V). = 0.45V and V|4 = 2.4V except at X1 where V|y = Vgg — 0.5V.

Values
Symbol Parameter 80C186XL 80C186XL12 | Unit | . o: ;f:o ns
| min [ max Min | Max
80C186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once)
TcHsv Status Active Delay 3 45 3 35 ns
ToLsH 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 ToroL — 15 ToroL — 15 ns
TcHLL ALE Inactive Delay 30 25 ns
ToxoL | DEN Inactiveto DT/R Low 0 0 ns Equal
‘ Loading
TcHeTv | Control Active Delay 2 3 44 3 37 ns
Values
Symbol ParameterTarget 80C186XL16 80C186XL20 | Unit | o:;;: ns
Min I Max Min I Max
80C186XL GENERAL TIMING RESPONSES (Listed More Than Once)
TcHsv Status Active Delay 3 31 3 25 ns
ToLsH Status Inactive Delay 3 30 3 25 ns
TcLav Address Valid Delay 3 33 3 27 ns
TCHLH ALE Active Delay 20 20 | ns
T | ALE Width ToteL — 15 TowcL — 15 ns
TeoHLL ALE Inactive Delay 20 20 ns
ToxpL | 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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AC CHARACTERISTICS

CLOCK TIMINGS

Ta = 0°Cto +70°C, Vg = 5V £10%

All timings are measured at 1.5V and 100 pF loading on CLKOUT unless otherwise noted.
All output test conditions are with G = 50 pF.

For AC tests, input V| = 0.45V and V|4 = 2.4V except at X1 where V| = Vgc — 0.5V.

Values
Symbol Parameter 80C186XL 80C186XL12 Unit Co:dei:itons
Min Max Min Max
80C186XL CLKIN REQUIREMENTS(1)
TCKIN CLKIN Period 50 © 40 0 ns
TeoLek CLKIN Low Time 20 oo 16 oo ns | 1.5V
TcHok | CLKIN High Time 20 © 16 © ns | 1.5V(2)
TCKHL CLKIN Fall Time 5 5 ns | 3.5t0 1.0V
TCKLH CLKIN Rise Time 5 5 ns | 1.0t0 3.5V
80C186XL CLKOUT TIMING
Tcico CLKIN to CLKOUT Skew 25 21 ns
TcoLoL CLKOUT Period 100 o0 80 © ns-
TcLcH CLKOUT Low Time 0.5ToicL — 6 0.5ToLoL — 5 ns | C_ = 100 pF(®3)
TcHCL CLKOUT High Time 0.5TcLcL — 6 0.5TclcL — 6 ns | C_ = 100 pF4)
TcHicH2 | CLKOUT Rise Time 10 10 | ns | 1.0t0 3.5V
TcracLt1 | CLKOUT Fall Time 10 10 | ns | 3.5t01.0V
NOTES:

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

2. Tcrck and Tonck (CLKIN Low and High times) should not have a duration less than 40% of Tckn-
3. Tested under worst case conditions: Voc = 5.5V Ta = 70°C.

4. Tested under worst case conditions: Voc = 4.5V Tp = 0°C.
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AC CHARACTERISTICS

CLOCK 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 C = 50 pF.

For AC tests, input Vj_. = 0.45V and V)4 = 2.4V except at X1 where V| = Vgg — 0.5V.

" Values
Symbol Parameter 80C186XL 16 80C186XL20 Unit c m;l' :,i:ito ns
' . Min Max Min Max ’
80C186XL CLKIN REQUIREMENTS(1)
ToKIN CLKIN Period ' 31.256 o 25 © | ns
| Torck | CLKIN Low Time 13 o 10 o | ns | 1.5v@
TcHCK CLKIN High Time 13 o 10 o ns | 1.5V
TekHL CLKIN Fall Time 5 5 ns'| 3.5t0 1.0V
TeKLH CLKIN Rise Time 5 5 ns | 1.0t0 3.5V
80C186XL CLKOUT TIMING
Teico CLKIN to CLKOUT Skew 17 17 | ns
ToLoL CLKOUT Period 62.5 50 ns
TcoLeH CLKOUT Low Time 05TgcL — 5 0.5TgeL — 5 ns | C_ = 100 pF(3)
TcHeL CLKOUT High Time 0.5TcLcL — 5 05TgcL — 5 ns | CL = 100 pF(4)
TcH1cHz2 | CLKOUT Rise Time 10 8 ns | 1.0to 3.5V
TcrecLy | CLKOUT Fali Time 10 ) 8 ns | 3.5t01.0V
NOTES:

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

2. ToLck and ToHcek (CLKIN Low and High times) should not have a duration less than 40% of Tokn-
3. Tested under worst case conditions: Vgc = 5.5V. Tp = 70°C. !

4. Tested under worst case conditions: Voc = 4.5V. Ty = 0°C.
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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 pF.

For AC tests, input V). = 0.45V and V|4 = 2.4V except at X1 where V| = Vgc — 0.5V.

Values
. Test
Symbol Parameter 80C186XL 80C186XL12 Unit Conditions
Min Max Min Max

80C186XL READY AND PERIPHERAL TIMING REQUIREMENTS (Listed More Than Once)
TsRycL Synchronous Ready (SRDY) 15 15 ns

Transition Setup Time(1)
TcLSRY 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
TaryLcL | Asynchronous Ready 25 25 ns

1 (ARDY) Setup Time(1)

TiINVCH 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
ToLtmv 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.
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AC CHARACTERISTICS

READY, PERIPHERAL, AND QUEUE STATUS TIMINGS

Ta = 0°C to +70°C, Vg = 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 pF.

For AC tests, input V| = 0.45V and V|y = 2.4V except at X1 where V| = Voo — 0.5V.

Values
Test
Symbol Parameter 80C186XL.16 80C186XL20 Unit Conditions
Min | Max Min Max
80C186XL READY AND PERIPHERAL TIMING REQUIREMENTS
TsrycL Synchronous Ready (SRDY) 15 : 10 ns
Transition Setup Time(1)
ToLsRY 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
TarYLcL | Asynchronous Ready 25 15 ns
(ARDY) Setup Time(1) ‘
TINVCH INTx, NMI, TEST/BUSY, 15 10 ns
TMR IN Setup Time(2)
TinvoL DRQO, DRQ1 Setup Time(2) 15 10 ns
80C186XL PERIPHERAL AND QUEUE STATUS TIMING RESPONSES
ToLtmy 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.
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AC CHARACTERISTICS

RESET AND HOLD/HLDA TIMINGS

Ta = 0°Cto +70°C, Vg = 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 pF.

For AC tests, input V| = 0.45V and V| = 2.4V except at X1 where Vi = Vgc — 0.5V.

Values
Symbol Parameter 80C186XL s0c186XL12 | Unit | o o:;;'o ns
Min | Max | Min | Max
80C186XL RESET AND HOLD/HLDA TIMING REQUIREMENTS
TRESIN RES Setup 15 15 ns
ThveL HOLD Setup(1) 15 15 ns
80C186XL GENERAL TIMING RESPONSES (Listed More Than Once)
TcLaz Address Float Delay TcLAX 30 TcLAX 25 ns
TcLAv Address Valid Delay 3 44 3 36 ns
80C186XL RESET AND HOLD/HLDA TIMING RESPONSES
TcLrO Reset Delay 40 33 ns
TCLHAV HLDA Valid Delay 3 40 3 33 ns
TcHcz Command Lines Float Delay 40 33 ns
TcHev Command Lines Valid Delay 44 36 ns
(after Float)
NOTE:

1. To guarantee recognition at next clock.
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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 pF.

For AC tests, input V| = 0.45V and V|y = 2.4V except at X1 where V) = Vgc — 0.5V.

Values
Symbol Parameter 80C186XL16 | 80C186XL20 | Unit | o:dei;:, s
Min Max Min Max
80C186XL RESET AND HOLD/HLDA TIMING REQUIREMENTS
TRESIN RES Setup 15 15 ns
THveL HOLD Setup(1) 15 10 ns
80C186XL GENERAL TIMING RESPONSES (Listed More Than Once)
TcLAaz Address Float Delay ToLAX 20 ToLAX 20 ns
ToLav Address Valid Delay 3 33 3 22 ns
80C186XL RESET AND HOLD/HLDA TIMING RESPONSES
TcLrO Reset Delay 27 22 ns
TCLHAV HLDA Valid Delay 3 25 3 22 ns
TcHez Command Lines Float Delay 28 ) 25 ns
TeHev Command Lines Valid Delay 32 26 ns
(after Float)
NOTE:

1. To guarantee recognition at next clock.
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AC CHARACTERISTICS

READ CYCLE WAVEFORMS

| ol |
CLKOUT / # y
> | TeHsv TcLsH(Note 1)
$2-80 }\ STATUS I { //// \
Tclov
__ ToLav— 3 Eréiax TCHDX
BHE, — — .
A19/S6 - A16/S3 BHE, A19-A16X BHE, S6-S3
T
\ TP Tueax —
ALE \
TCHLH—’ > I TCHLL T
T P N DVCL i
AVLL (b —p] \"—TCLAZ -’|/—_’ TcLDX|
AD15 - ADO X ats-a0 —foata i
! | ...ll TRHLH
TaveH—P TazrL -
_ . le—TRHAV: >
RD /
. /
_ TeLcsv—l TCLRL [P TRLRH “_
LCS, MCS, UCS, TCLF_(I_H <
PCS, NPS (Note 2) CxCSX J4
—» [T
T, CHCSX
| CVCTV —py Tcvoex —|
DEN
—\r'jTDXDL (Note 3) !
DTR )
te Teherv TcHeTv (Note 5) = ==
Ty = l‘- TCLLV (Note 4) ] |<—
LOCK X X
272032-22
NOTES:
1. Status inactive in state preceding Ty.
2. If latched A4 and A are selected instead of PCS5 and PCS6, only T csy 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.

Figure 6
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AC CHARACTERISTICS

WRITE CYCLE WAVEFORMS

R IR I
v
CLKOUT 4 / }\ /
o - | Tousy j&— TcLsH (Note 1)
$2-50 }\ STATUS ///. / / |
Teov |
. ToLav —» 3 ToLax Tcrox ]
BHE, BHE.
A19/S6 - A16/S3 BHE, M9'Ms) L BHE, 5683 T
TwHi
TeH |[—¥ :W LH;‘
TP Tuax
ALE \
TeHLHP > [Ty T !
Tavit let—p | . x>
AD15 - ADO X A15-A0 DATA
i
—» [ *TavcH Toverx = il
< WHDX1
WR /
Tevetv /
TWWH™™ Texcsx
TcLosv —p >
LCS, MCS, UCS,
PCS, NPS(Note 2) > TeHesx
- Teverv TwHDEX I¢ >
DEN __/
Teverx =P
| ToXDL (Note 3) P
DT/R
:I L“TCHCTV TcHCTV (Note 5) =P t

LOCK - X

—- I"TCLLV TeLLy (Note 4) ~P r—
X
]

272032-24

NOTES:

1. Status inactive in state preceding T4.

2. If latched A4 and A are selected instead of PCS5 and PCS6, only Tcycsy 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.

Figure 7
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AC CHARACTERISTICS

INTERRUPT ACKNOWLEDGE CYCLE WAVEFORMS

T T T T
1 2 1w | |
CLKouT / $ / / \
—> I<—TICHsv |4=TCLSH (Note 1)
S2-S0 }\ STATUS ///// \
T 7
T
€/ CLDV
TCLAV" ‘—TCLAX —P TCHDX
BHE, BHE BHE, S6-S3

A19/S6 - A16/S3 T
—»| [¢TAvCH |

il >
LHLL \ =| TLLAX

|

ALE

I N\
TCHLH—» > [ Tou Tover
TavLL _% Iq—TCLDx (Note 2)
AD15 - ADO

(o

iNTA , \ ,.’
- ; Toverx P &

4TcveTv (Note 3)

| ToveTv = Tcvoex /{/‘_
ﬁ TpxpL (Note 4)
DT/R }

fe—> TeHeTV TCHCTV (Note 6) <>l

LOCK “—'—‘J—\{ }/
(Note 5) 3

l‘—’l TCLLV(( 4—’] Tewy

A 4

M

DEN

272032-26

NOTES:

1. Status inactive in state preceding T.

2. The data hold time lasts only until INTA goes inactive, even if the INTA transition occurs prior to Tgpx (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-
edge cycle.

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

Figure 8
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AC CHARACTERISTICS

SOFTWARE HALT CYCLE WAVEFORMS

S T T R
CLKOUT ) * /o \ / \ /_\___
—» Tensv TeLsH
[+ jons [
§2-50 STATUS
] I
> TeLav
A19/S6-A16/S3,
AD15-ADD INVALID ADDRESS
TLHLL ;
ALE { 1
TeHH ™ TeHLL
DEN
pxpL(Note 1)
pTR —
I" TeHeTV
272032-28
NOTE:
1. For write cycle followed by halt cycle.
Figure 9
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WAVEFORMS

CLOCK WAVEFORMS

|¢—————TcKki TeLck. TCHCK
X4
Tek TCKLH
< TeLeL
CLKOUT —\\ \
Toco—»  [e— TcHicH2 TeracLi—
< TCLCH- e TCHCL: >
272032-29
Figure 10
RESET WAVEFORMS
X1
—»| |4 Tresin <+ TpesIN
RES , " I
W
|
cLKouT X X / \ / / !)\
TeLro TeLRo
)}
RESET -«
272032-37

Figure 1

SYNCHRONOUS READY (SRDY) WAVEFORMS

Tw or

T30r Tw or Twor

Tz or T3 or T T4
T, T, 3

aorr /N / / W/ /S

TsRycL <+
-

SRDY

272032-33

Figure 12
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AC CHARACTERISTICS
ASYNCHRONOUS READY (ARDY) WAVEFORMS

M or
Ts or T KN or T
Tz or 3 or Ts 4
awor N o U
T T ARYCH T cLARX
ARDY nilin
(Normally Not
Ready System)
T ARYCH T
ARYCHL
ARDY
(Normally Ready T —
System) ARYLCL _’—F TCLARX
Figure 13
PERIPHERAL AND QUEUE STATUS WAVEFORMS
CLKOUT / \ y / "'\
. TiNvCH . "
INTO-3, NMI, 144
TEST, TIMERIN | ::
TinveL [ “
DRQO, DRQ1 e
, L
TCLTMV‘ —»
144
TIMEROUT \
{
“TCHosv
aso, as1 "
144 |
Figure 14

272032-34
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AC CHARACTERISTICS

HOLD/HLDA WAVEFORMS (Entering Hold)

I Tq or T; I Ty l T I

CLKOUT _/_\_/—n_\__/ “ / \ /_—\___

Thvel
))
HOLD ‘ "

T
—» CLHAV
HLDA

AD15 - ADO,
DEN

~~
o~

~A A
—
Q
I
>
N

—~~

A19/S6 - A16/S3,
D, W, BFE,
DT/R, S2 - SO,

.
fock - /L‘ one

Figure 15

N
~ o~

HOLD/HLDA WAVEFORMS (Leaving Hold)

T; | T | TiT, I T I

CLKOUT l_\ / /_\_

Thvel

HOLD

TCLHAV—P{
HLDA
AD15 - ADO. —» T
ADO, : CLAV
DEN

A19/S6 - A16/S3, Terev —»

RD, WR, BHE, 3

DT/R, S2- SO, -
LOCK

~L
~

~
~

~
~

M

Figure 16 272032-36
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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 (SO, S1, S2)

SRY: Synchronous Ready Input

V: Valid

W:  WR Signal _

X: No Longer a Valid Logic Level
Z: Float

Examples:

ToLay — Time from Clock low to Address valid
TcHH — Time from Clock high to ALE high
TcLcsy — Time from Clock low to Chip Select valid
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DERATING CURVES

Typical Output Delay Capacitive Derating

8
7
6 | X = high-to~low
O = low=to-high
5
N
£ 4
- 3 /__
2 /)
/
; Vi
0

50 75 100 125 150 175

Capacitive Load (pF
pactit (P ) 272032-39

Figure 17. Capacitive Derating Curve

Typical Rise and Fall Times for TTL Volitage Levels

8
7
| X=2V to 0.8V
6 0=0.8V to 2V
5 /‘
@
E 4
hel M!— )
3 =
2 )
»

50 75 100 125 150 175

Capacitive Load (pF
P ) 272032-40

Figure 18. TTL Level Rise and Fall Times for Output Buffers

Typical Rise and Fall Times for CMOS Voltage Levels
16

14
J/

/
10
7 AT A

_//

to
to

| |
50 75 100 125 150 175

[}

X=3.5V to 0.4V
o ?.4V 3.5V

Capacitive Load (pF
pa ®F) 272032-41

Figure 19. CMOS Level Rise and Fall Times for Output Buffers
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ADVANCE INFORMATION

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 3. All AC and DC specifi-
cations not mentioned in this section are the same
for both commercial and EXPRESS parts.

Table 3. Prefix Identification

Prefix Pa;:(::e Ten;‘:zrgaeture

A PGA Commercial

N PLCC Commercial

R LCC Commercial

S QFP Commercial
TA PGA Extended
TN PLCC Extended
TR Lcc " Extended
TS QFP Extended

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:

* 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.

o 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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INSTRUCTION SET SUMMARY

Clock

;OP;l;op:
Memory [ 10001111 | modooo r/m |

Register 01011 reg
Segment register 000reg111 (reg+01)

XCHG = Exchange:

Register/memory with register ' 1000011w I modreg r/m |
Register with accumulator 10010 reg

IN = Input from:

Fixed port [1110010w [ pot ]
Variato por

OUT = Output to:

Fixed port [ 1110011w | port |
Variablo por

XLAT = Translate byte to AL 11010111

LEA = Load EA to register 10001101 modreg r/m I

LDS = Load pointer to DS 11000101 | modreg /m |  (mod=11)

LES = Load pointer to ES

11000100 | modreg r/m |  (mod=11)
LAHF = Load AH with flags )
SAHF = Store AH into flags 10011110
PUSHF = Push flags 10011100

POPF = Pop flags 10011101

Function Format Comments
Cycles
DATA TRANSFER '
MOV = Move:
Register to Register/Memory I 1000100w | mod reg r/m I 2/12
|Register/memory to register I 1000101w | mod reg r/m | 2/9
Immediate to register/memory [ 1100011w | modooo /m | data | dataiftw=1 12-13 | 8/16-bit
Immediate to register | 1011w reg | data I dataifw=1 l 3-4 8/16-bit
Memory to accumulator | 1010000w | addr-low | addr-high l 8
Accumulator to memory I 1010001w I addr-low | addr-high | 9
Register/memory to segment register | 10001110 | modOreg r/m | 2/9
Segment register to register/memory l 10001100 I mod O reg r/m I 2/1
PUSH = Push:
Memory [ 11111111 | mod110 ¢/m | 16
Register 01010 reg 10
Segment register 000reg110 9

4/17

10

"

18
18

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

Function Format Comments

Cycles

DATA TRANSFER (Continued)
SEGMENT = Segment Override:

cs | 2
ss 2
ps 2
B 2
ARITHMETIC ‘
ADD = Add: , .
Reg/memory with register to either | 000000dw | modreg r/m | 3/10
Immediate to register/memory | 100000sw I mod000 r/m | data I data if sw=01 4/16
Immediate to accumulator [ 0oooot1ow | data . | cataitw=1 | a/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 | modo10mm | data | dataitsw=01 4/16
Immediate to accumulator [ 0001010w | data | dataitw=1_ | 3/4 8/16-bit
INC = Increment:
Register/memory - [1111111w [ modooo wm | 3/15
Register 01000 reg 3
SUB = Subtract:
Reg/memory and register to either l 001010dw | mod reg r/m | 3/10
Immediate from register/memory I 100000sw I mod101 r/m l data I dataif sw=01 4/16
Immediate from accumulator [0o10110w |  data | dataitw=1 | 3/4 8/16-bit
SBB = Subtract with borrow:
Reg/memory and register to either l 000110dw | mod reg r/m I N 3/10
Immediate from register/memory | 100000sw | mod011 r/m | data | dataitsw=01 ane’
Immediate from accumulator [ 0001110w | data | dataitw=1 | . a/4 8/16-bit
DEC = Decrement
* |Register/memory | 1111111w | mod001 r/m I 3/15

Register 01001 reg 3

CMP = Compare:

Register/memory with register | 0011101w | mod reg r/m l 3/10
Register with register/memory I 0011100w l modreg r/m l 3/10
Immediate with register/memory I 100000sw I mod111 r/m I data | data if sw=01 3/10
immediate with accumulator . | 0011110w | data | dataifw=1 | 3/4 8/16-bit
NEG = Change sign register/memory | 1111011w | mod011 r/m I 3/10

AAA = ASCIl adjust for add 00110111 8
DAA = Decimal adjust for add 00100111

4
AAS = ASCI| 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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ADVANGE INFORMATION

INSTRUCTION SET SUMMARY (Continued)

Clock

IMUL = integer fimdiate multiply
(signed)

01101081 |

Register/Memory by CL

AND = And:
Reg/memory and register to either

immediate to register/memory

Immediate to accumulator

Register/memory and register

Immediate data and acc "

DIV = Divide (unsigned): [ 1111011w [ mod110 /m |
Register-Byte

Register-Word

Memory-Byte

Memory-Word

IDIV = Integer divide (signed): 1111011w mod111 r/m
Register-Byte

Register-Word

Memory-Byte

Memory-Word

AAM = ASCll adjust formultiply | 11010100 | 00001010 |
AAD = ASCIl adjust for divide [ 11010101 [ 00001010 |
CBW = Convert byte to word 10011000

ICWD = Convert word to double word 10011001

LOGIC

Shift/Rotate Instr

Register/Memory by 1 [[1101000w | modTTTe/m |

mod TTT r/m

[ 1101001w
T

TTT Instruction

000
001
010
011
100
101
111

ROL
ROR
RCL
RCR
SHL/SAL
SHR
SAR

[ 001000dw

mod reg r/m

[ 1000000w

mod100 r/m data I dataifw=1 I

[ 0o10010w

data | dataifw=1_|

TEST = And function to flags, no resuit:

1000010w

mod reg r/m

Immediate data and register/memory | 1111011w

mod000 r/m data I dataifw=1 I

[ 1010100w

data | dataitw=1 |

OR=0r:
Reg/memory and register to either

Immediate to register/memory

Immediate to accumulator

[ 00oo010dw

mod reg r/m I

| 1000000w

mod001r/m |  daa | dataifw=1

| 0000110w

data | dataifw=1 |

Function Format Comments

Cycles

ARITHMETIC (Continued) '

IMUL = Integer multiply (signed): I 1111011w mod101 r/m

Register-Byte 25-28

Register-Word 34-37

Memory-Byte 31-34

Memory-Word

40-43

38
35
44

44-52
53-61
50-58
59-67

19
15

2/15

5+n/17+n

3/10
4/16
3/4

3/10
4/10
3/4

3/10
4/16
3/4

8/16-bit

8/16-bit

8/16-bit

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

Clock

Function Format Comments
: Cycles
LOGIC (Continued)
XOR = Exclusive or:
Reg/memory and registertoeither | 001100dw | modreg r/m | 3/10
Immediate to register/memory [ 1000000w | mod110 wm | data | dataitw=1 4/16
Immediate to accumulator l 0011010w 1 data I dataifw=1 I 3/4 8/16-bit
NOT = Invert register/memory I 4111011w | mod010 r/m | 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

Repeated by countin CX (REP/REPE/REPZ/REPNE/REPNZ)

" IMoVS = Move string [11110010 | 1010010w | 8+8n
CMPS = Compare string [[1111001z [ 1010011w | 5+22n
SCAS = Scan string l 11110012 l 1010111w l ) 5+15n
LODS = Load string [[11110010 | 1010110w | 6+11n
STOS = Store string [ 11110010 | 1010101w | , 6+9n

CONTROL TRANSFER .
CALL = Call:
Direct within segment [ 11101000 | displow | disphigh | 15
Register/memory [11111111 ] modo10 v/m | : 13/19
indirect within segment
Direct intersegment . l 10011010 l segment offset | ) 23

I segment selector |
Indirect intersegment [[11111111 | modot11wvm | (mod=11) 38
JMP = Unconditional jump:
Short/long [[11101011 |  displow | 14
Direct within segment [ 11101001 | displow | disphigh | 14
Register/memory [11111111 ] mod100 v/m | 117
indirect within segment i
Direct intersegment | 11101010 l segment offset l 14

I segment selector |
Indirect intersegment [11111111 [ mod10iwvm | (mod=11) 26

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

[ 11001101 | tpe ]

Type 3 11001100
INTO = Interrupt on overflow 11001110

IRET = Interrupt return

11001111

Function Format :; :;:.k. Comments
(CONTROL TRANSFER (Continued)
RET = Return from CALL:
Within segment 16
Within seg adding immed to SP [ 11000010 | datatow | datahigh | 18
Intersegment 22
Intersegment adding immediate to SP | 11001010 l data-low l data-high I 25
JE/JZ = Jump on equal/zero [ 01110100 ] asp | 4/13 JMP not
JL/JNGE = Jump on less/not greater or equal I 01111100 I disp I 4/13 tak:;/e":]MP
JLE/JNG = Jump on less or equal/not greater | 01111110 l disp | 4/13
JB/JNAE = Jump on below/not above or equal | 01110010 | disp I 4/13
JBE/JNA = Jump on below or equal/not above | 01110110 | disp I 4/13
JP/JPE = Jump on parity/parity even I 01111010 I disp | 4/13
JO = Jump on overflow [o1110000 ] aisp | 4/13
JS = Jump on sign [ 01111000 | dsp | 4/13
JNE/JNZ = Jump on not equal/not zero | 01110101 I disp I 4/13
JNL/JGE = Jump on not less/greater or equal | 01111101 | disp ] 4/13
JNLE/JG = Jump on not less or equal/greater I 01111111 [ disp ] 4/13
NB/JAE = Jump on not below/above orequal | 01110011 |  disp | 4/13
JNBE/JA = Jump on not below or equal/above I 01110111 l disp | 4/13
UNP/JPO = Jump on not par/par odd [o1111011 [ asp | 413
UJNO = Jump on not overflow l 01110001 l disp | 4/13
NS = Jump on not sign [o1111001 | disp | 4/13
JCXZ = Jump on CX zero : [ 11100011 | disp | \ 5/15
LOOP = Loop CX times [ 11100010 ] dsp | 6/16 LOOP not
LOOPZ/LOOPE = Loop while zero/equal [[11100001 | aisp | 6/16 'ak‘::;';fop
LOOPNZ/LOOPNE = Loop while not zero/equal | 11100000 | disp | 6/16

47
45

48/4

if INT. taken/
if INT. not
taken’

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

Function Format gyl:;‘(s Comments
PROCESSOR CONTROL
CLC = Clear carry- 2
CMC = Complement carry 2
STC = Set carry 2
CLD = Clear direction ‘ 2
STD = Set direction 2
CLI = Clear interrﬁpt 2
STI = Setinterrupt 2
HLT = Hat [riroroo ] 2
WAIT = Wait 6 if TEST =0
LOCK = Bus lock prefix _ o2
NOP = No Operation ‘ 3

) (TTT LLL are opcode to processor ion)

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 = 000then EA = (BX) + (SI) + DISP

ifr/m = 001then EA = (BX) + (DIl) + DISP

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

ifr/m = 011thenEA = (BP) + (DI) + DISP

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

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

ifr/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 reg 110

reg is assigned according to the following:

Segment
reg Register
00 ES
01 Ccs
10 SS
1 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 Sl 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

The following changes were made between the -001
and -002 versions of the 80C186XL data sheets.
The -002 data sheet applies to any 80C188XL with a
“B” alpha character after the FPO number. The FPO
number location is show in Figure 2.

1. Much of the information provided in the -001 ver-
sion of the data sheet has been removed. Detail
descriptions of part functionality may be found in
the 80C186XL User’s Manual.

2. All AC Timing waveforms were combined at the
end of the AC Characteristics section.

3. TwHLH for the 80C186XL12 was changed from
ToLcH — 10 to TgcH — 14 due to a previous
typographical error.

4. TResin fof the 80C186XL20 was change from
10 ns to 15 ns.

5. Output test conditions were changed from C_ =
50-200 pF to C = 50 pF to reflect newer test

equipment. Note: this has no effect on AC Timing
specifications.

ERRATA

An A or B step 80C186XL has the following errata.
The A or B step 80C186XL can be identified by the
presence of an “A” or “B” alpha character, respec-
tively, next to the FPO number. The FPO number
location is shown in Figure 2.

1. An internal condition with the interrupt controller
can cause no acknowledge cycle on the INTA1
line in response to INT1. This errata only occurs
when Interrupt 1 is configured in cascade mode
and a higher priority interrupt exists. This errata
will not occur consistently, it is dependent on in-
terrupt timing.

PRODUCT IDENTIFICATION

Intel 80C186XL devices are marked with a 9-charac-
ter alphanumeric Intel FPO number underneath the
product number. This data sheet (272032-002) is
valid for 80C186XL devices with an “A” or “B” as
the ninth character in the FPO number, as illustrated
in Figure 2. “
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80C186EA20, 16, 12
16-BIT HIGH INTEGRATION EMBEDDED PROCESSOR

m 80C186 Upgrade for Power Critical
Applications

m Full Static Operation
m True CMOS Inputs and Outputs

B Integrated Feature Set m Direct Addressing Capability to
— Static 186 CPU Core ' 1 Mbyte Memory and 64 Kbyte 1/0

— Power Save, Idle and Powerdown m Complete System Development
Modes Support '

— Clock Generator — All 8086/8088 and 80C186 Family

— 2 Independent DMA Channels Software Development Tools Can Be
— 3 Programmable 16-Bit Timers Used for 80C186EA System
— Dynamic RAM Refresh Control Unit Development

— Programmable Memory and — ASM86 Assembler, iC-86,

Peripheral Chip Select Logic Pascal-86, Fortran-86, PL/M-86 and
— Programmable Wait State Generator System Utilities
= ;;:taelna\:ll.sesgln':':;ltl;:g Support — In-Circuit-Emulator (ICET™-186)

m Operation Includes Numerics Mode for
(High Impedance T”t Mode) Direct Interface to 80C187 Numerics
m Speed Versions Available: Coprocessor
_ fg x:: ggg::gg:fg; m Available in the Following Packages:
— 12.5 MHz (80C186EA12) — 68-Pin Plastic Leaded Chip Carrier
-9 N (PLCC)

— 80-Pin EIAJ Quad Flat Pack (QFP)

The 80C186EA is a CHMOS high integration embedded microprocessor. The 80C186EA includes all of the
features of an “Enhanced Mode” 80C186 while adding the additional capabilities of Idle and Powerdown
Modes. In Numerics Mode, the 80C186EA interfaces directly with an 80C187 Numerics Coprocessor.
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INTRODUCTION

The 80C186EA is the second product in a new gen-
eration of low-power, high-integration microproces-
sors. It enhances the existing 80C186 family by of-
fering new features and new operating modes. The
80C186EA is object code compatible with the
80C186/80C188 embedded processor.

The feature set of the 8B0C186EA meets the needs
of low-power, space-critical applications. Low-power
applications benefit from the static design of the
CPU core and the integrated peripherals. Minimum
current consumption is achieved by providing a Pow-
erdown Mode that halts operation of the device, and
freezes the clock circuits. Peripheral design en-
hancements ensure that non-initialized peripherals
consume little current.

Space-critical applications benefit from the inte-
gration of commonly used system peripherals. Two
flexible DMA channels perform CPU-independent
data transfers. A flexible chip select unit simplifies
memory and peripheral interfacing. The interrupt unit
provides sources for up to 128 external interrupts
and will prioritize these interrupts with those generat-
ed from the on-chip peripherals. Three general pur-
pose timer/counters round out the feature set of the
80C186EA.

OVERVIEW

Figure 1 shows a block diagram of the 80C186EA.
The Execution Unit (EU) is an enhanced 8086 CPU
core that includes: dedicated hardware to speed up
effective address calculations, enhance execution
speed for multiple-bit shift and rotate instructions
and for multiply and divide instructions, string move
instructions that operate at full bus bandwidth, ten
new instructions, and static operation. The Bus Inter-
face Unit (BIU) is the same as that found on the
original 80C186 family products. An independent in-
ternal bus is used to allow communication between
the BIU and internal peripherals.

80C186EA CORE ARCHITECTURE

Bus Interface Unit

The 80C186EA core incorporates a bus controller
that generates local bus control signals. In addition,
it employs a HOLD/HLDA protocol to share the local
bus with other bus masters.

The bus controlier is responsible for generating 20
bits of address, read and write strobes, bus cycle
status information and data (for write operations) in-

- formation. It is also responsible for reading data off

the local bus during a read operation. SRDY and
ARDY input pins are provided to extend a bus cycle
beyond the minimum four states (clocks).

The 80C186EA local bus controller also generates
two control signals (DEN and DT/R) when interfac-
ing to external transceiver chips. This capability al-
lows the addition of transceivers for simple buffering
of the mulitplexed address/data bus.

Clock Generator

The 80C186EA 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, and two low-power operating
modes.

The oscillator circuit is designed to be used with ei-
ther a parallel resonant fundamental or third-over-
tone mode crystal network. Alternatively, the oscilla-
tor circuit may be driven from an external clock
source. Figure 2 shows the various operating modes
of the B0C186EA oscillator circuit.

The crystal or clock frequency chosen must be twice
the required processor operating frequency due to
the internal divide-by-two counter. This counter is
used to drive all internal phase clocks and the exter-
nal CLKOUT signal. CLKOUT is a 50% duty cycle
processor clock and can be used to drive other sys-
tem components. All AC timings are referenced to
CLKOUT.

The following parameters are recommended when
choosing a crystal:

Temperature Range: Application Specific
ESR (Equivalent Series Resistance): 600 max
CO (Shunt Capacitance of Crystal): 7.0 pF max
C (Load Capacitance): 20 pF + 5 pF
Drive Level: 2 mW max
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$ 80CIBBEA
See Note 80C186EA
T
B 272019-4
(A) Crystal Connection (B) Clock Connection

NOTE: )
The L1C¢ network is only required when using a third-overtone crystal.

Figure 2. 80C186EA Clock Configurations

80C186EA PERIPHERAL
ARCHITECTURE

The 80C186EA has integrated several common sys-
tem peripherals with a CPU core to create a com-
pact, yet powerful system. The integrated peripher-
als are designed to be flexible and provide logical
interconnections between supporting units (e.g., the
interrupt control unit supports interrupt requests
from the timer/counters or DMA channels).

The list of integrated peripherals include:
4-Input Interrupt Control Unit
3-Channel Timer/Counter Unit
2-Channel DMA Unit

13-Output Chip-Select Unit

Refresh Control Unit

Power Management logic

The registers associated with each integrated peri-
heral are contained within a 128 x 16 register file
called the Peripheral Control Block (PCB). The PCB
can be located in either memory or I/0 space on
any 256 byte address boundary.

Figure 3 provides a list of the registers associated
with the PCB when the processor’s Interrupt Control
Unit is in Master Mode. In Slave Mode, the defini-
tions of some registers change. Figure 4 provides
register definitions specific to Slave Mode.

Interrupt Control Unit

The 80C186EA can receive interrupts from a num-
ber of sources, both internal and external. The Inter-
rupt Control Unit (ICU) serves to merge these re-
quests on a priority basis, for individual service by
the CPU. Each interrupt source can be independent-
ly masked by the Interrupt Control Unit or all inter-
rupts can be globally masked by the CPU.

Internal interrupt sources include the Timers and

- DMA channels. External interrupt sources come

from the four input pins INT3:0. The NMI interrupt '
pin is not controlled by the ICU and is passed direct-
ly to the CPU. Although the timers only have one
request input to the ICU, separate vector types are
generated to service individual interrupts within the
Timer Unit.

Timer/Counter Unit

The 80C186EA Timer/Counter Unit (TCU) provides
three 16-bit programmable timers. Two of these are
highly flexible and are connected to external pins for
control or clocking. A third timer is not connected to
any external pins and can only be clocked internally.
However, it can be used to clock the other two timer
channels. The TCU can be used to count.external
events, time external events, generate non-repeti-
tive waveforms, generate timed interrupts, etc.
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OpffcsBet Function O':?saet Function O':?saet Function OF;::sBet Function
OO0H Reserved 40H Reserved 80H Reserved COH DMAO Src. Lo
02H Reserved 42H Reserved 82H Reserved C2H DMAO Src. Hi
04H Reserved 44H Reserved 84H Reserved C4H | DMAO Dest. Lo
06H Reserved 46H Reserved 86H Reserved C6H | DMAO Dest. Hi
08H Reserved 48H Reserved 88H Reserved C8H DMAO Count
OAH Reserved 4AH Reserved 8AH Reserved CAH | DMAOQ Control
OCH Reserved 4CH Reserved 8CH Reserved CCH Reserved
OEH Reserved 4EH Reserved 8EH Reserved CEH Reserved
10H Reserved 50H Timer 0 Count 90H Reserved DOH DMAT1 Src. Lo
12H Reserved 52H [Timer 0 Compare A 92H Reserved D2H DMAT Src. Hi
14H Reserved 54H |Timer 0 Compare B 94H Reserved D4H | DMA1 Dest. Lo
16H Reserved 56H | Timer 0 Control 96H Reserved D6H | DMAT1 Dest. Hi
18H Reserved 58H Timer 1 Count 98H Reserved D8H DMA1 Count
1AH Reserved 5AH |Timer 1 Compare Al 9AH Reserved DAH | DMA1 Control
1CH Reserved 5CH [Timer 1 Compare B 9CH Reserved DCH Reserved
1EH Reserved 5EH | Timer 1 Control 9EH Reserved DEH Reserved
20H Reserved 60H Timer 2 Count AOH UMCS EOH Refresh Base
22H | End of Interrupt 62H | Timer 2 Compare A2H LMCS E2H | 'Refresh Time
24H Poll 64H Reserved A4H PACS E4H | Refresh Control
26H Poll Status 66H | Timer 2 Control A6H MMCS E6H Reserved
28H Interrupt Mask 68H .+ Reserved A8H MPCS E8H Reserved
2AH Priority Mask 6AH Reserved AAH Reserved EAH Reserved
2CH In-Service 6CH Reserved ACH Reserved ECH Reserved
2EH | Interrupt Request 6EH Reserved AEH Reserved EEH Reserved
30H | Interrupt Status 70H Reserved BOH Reserved FOH Power-Save
32H Timer Control 72H Reserved B2H Reserved F2H Power Control
34H [ DMAQO Int. Control 74H Reserved B4H Reserved F4H Reserved
36H | DMAT1 Int. Control 76H Reserved B6H Reserved F6H Step ID
38H INTO Control 78H Reserved BsH Reserved F8H Reserved
3AH INT1 Control 7AH Reserved BAH Reserved FAH Reserved
3CH INT2 Control 7CH Reserved BCH Reserved FCH Reserved
3EH INT3 Control 7EH Reserved BEH Reserved FEH Relocation

Figure 3. 80C186EA Peripheral Control Block Registers
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PCB Chip-Select Unit
Offset Function
. The 80C186EA Chip-Select Unit integrates logic
20H Interrupt Vector which provides up to 13 programmable chip-selects
” to access both memories and peripherals. In addi-
22H Specific EOI tion, each chip-select can be programmed to auto-
24H . Reserved matically terminate a bus cycle independent of the
- condition of the SRDY and ARDY input pins. The
26H Reserved chip-select lines are available for all memory and
28H Interrupt Mask 1/0 bus cycles, whether they are generated by the
rermup CPU, the DMA unit, or the Refresh Control Unit.
2AH Priority Mask
2C : In-Service
Refresh Control Unit
2E . Interrupt Request
) T The Refresh Control Unit (RCU) automatically gen-
30 Interrupt Status . erates a periodic memory read bus cycle to keep
32 TMRO Interrupt Control dynamic or pseudo-static memory refreshed. A 9-bit
counter controls the number of clocks between re-
34 DMAO Interrupt Control fresh requests.
36 DMAT1 Interrupt Control
P A 9-bit address generator is maintained by the RCU
38 TMR1 Interrupt Control with the address presented on the A9:1 address
lines during the refresh bus cycle. Address bits
3A TMR2 Interrupt Control A19:13 are programmable to allow the refresh ad-
3C Reserved dress block to be located on any 8 Kbyte boundary.
3E Reserved

Figure 4. 80C186EA Slave Mode Peripheral
Control Block Registers

DMA Control Unit

The 80C186EA DMA Contol Unit provides two inde- -

pendent high-speed DMA channels. Data transfers
can occur between memory and 1/0 space in any

' | combination: memory to memory, memory to 1/0,

1/0 to I/0O or 1/0 to memory. Data can be trans-
ferred either in bytes or words. Transfers may pro-
ceed to or from either even or odd addresses, but
even-aligned word transfers proceed at a faster rate.
Each data transfer consumes two bus cycles (a mini-
mum of eight clocks), one cycle to fetch data and
the other to store data. The chip-select/ready logic
may be programmed to point to the memory or I/0
space subject to DMA transfers in order to provide
hardware chip select lines. DMA cycles run at higher
priority than general processor execution cycles.

Power Management

The 80C186EA has three operational modes to con-
trol the power consumption of the device. They are
Power Save Mode, Idle Mode, and Powerdown
Mode. i

Power Save Mode divides the processor clock by a
programmable value to take advantage of the fact
that current is linearly proportional to frequency. An
unmasked interrupt, NMI, or reset will cause the
80C186EA to exit Power Save Mode.

Idle Mode freezes the clocks of the Execution Unit
and the Bus Interface Unit at a logic zero state while .
all peripherals operate normally.

Powerdown Mode freezes all internal clocks at a
logic zero level and disables the crystal oscillator. All
internal registers hold their values provided Vg is
maintained. Current consumption is reduced to tran-
sistor leakage only.
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80C187 Interface

The 80C187 Numerics Coprocessor may be used to
extend the 80C186EA instruction set to include
floating point and advanced integer instructions.
Connecting the 80C186EA RESOUT and TEST/
BUSY pins to the 80C187 enables Numerics Mode
operation. In Numerics Mode, three of the four Mid-
Range Chip Select (MCS) pins become handshaking
pins for the interface. The exchange of data and
control information proceeds through four dedicated
1/0 ports.

If an 80C187 is not present, the 80C186EA config-
ures itself for regular operation at reset.

ONCET™ Test Mode

To facilitate testing and inspection of devices when
fixed into a target system, the 80C186EA has a test
mode available which forces all output and input/
output pins to be placed in the high-impedance
state. ONCE stands for “ON Circuit Emulation’. The
ONCE mode is selected by forcing the UCS and LCS
pins LOW (0) during a processor reset (these pins
are weakly held to a HIGH (1) level) while RESIN is
active.

DIFFERENCES BETWEEN THE
80C186 AND THE 80C186EA

The 80C186EA is intended as a direct functional up-
grade for 80C186 designs. In many cases, it will be
possible to replace an existing 80C186 with little or
no hardware redesign. The following sections de-
scribe differences in pinout, operating modes, and
AC and DC specifications to keep in mind.

Pinout Compatibility

The 80C186EA requires a PDTMR pin to time the
processor’s exit from Powerdown Mode. The original
pin arrangement for the 80C186 in the PLCC pack-
age did not have any spare leads to use for PDTMR,
so the DT/R pin was sacrificed. The arrangement of
all the other leads in the 68-lead PLCC is identical
between the 80C186 and the 80C186EA. DT/R may
be readily synthesized by latching the S1 status out-
put. Therefore, upgrading a PLCC 80C186 to PLCC
80C186EA is particularly straightforward. You must
connect a capacitor to the 80C186EA PDTMR pin in
order to use Powerdown Mode.

The 80-lead QFP (EIAJ) pinouts are distinctly differ-
ent between the 80C186 and the 80C186EA. In ad-
dition to the PDTMR pin, the 80C186EA has more
power and ground pins and the overall arrangement
of pins was shifted. A new circuit board layout for the
80C186EA is required.

Operating Modes

The 80C186 has two operating modes, Compatible
and Enhanced. Compatible Mode is a pin-to-pin re-
placement for the NMOS 80186, except for numeri-
cs coprocessing. In Enhanced Mode, the processor
has a Refresh Control Unit, the Power-Save feature
and an interface to the 80C187 Numerics Coproces-
sor. The MCSO0, MCS1, and MCS3 pins change their
functions to constitute handshaking pins for the
80C187.

The 80C186EA allows all non-80C187 users to use
all the MCS pins for chip-selects. In regular opera-
tion, all B0C186EA features (including those of the
Enhanced Mode 80C186) are present except for the
interface to the 80C187. Numerics Mode disables
the three chip-select pins and reconfigures them for
connection to the 80C187.

TTL vs CMOS Inputs

The inputs of the 80C186EA are rated for CMOS
switching levels for improved noise immunity, but the
80C186 inputs are rated for TTL switching levels. In
particular, the 80C186EA requires a minimum V) of
3.5V to recognize a logic one while the 80C186 re-
quires a minimum V|4 of only 1.9V (assuming 5.0V
operation). The solution is to drive the 80C186EA
with true CMOS devices, such as those from the HC
and AC logic families, or to use pullup resistors
where the added current draw is not a problem.

Timing Specifications

80C186EA timing relationships are expressed in a
simplified format over the 80C186. The AC perform-
ance of an 80C186EA at a specified frequency will
be very close to that of an 80C186 at the same fre-
quency. Check the timings applicable to your design
prior to replacing the 80C186.
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PACKAGE INFORMATION

This section describes the pins, pinouts, and thermal
characteristics for the 80C186EA in the Plastic
Leaded Chip Carrier (PLCC) package and Quad Flat
Pack (QFP) package. For complete package specifi-
cations and information, see the Intel Packaging
Outlines and Dimensions. Guide (Order Number:
231369).

Pin Descriptions

Each pin or logical set of pins is described in Table
2. There are three columns for each entry in the Pin
Description Table.

The Pin Name column contains a mnemonic that
describes the pin function. Negation of the signal
name (for example, RESIN) denotes a signal that is
active low.

The Pin Type column contains two kinds of informa-
tion. The first symbol indicates whether a pin is pow-
er (P), ground (G), input only (), output only (O) or
input/output (I/0). Some pins have multiplexed
functions (for example, A19/S6). Additional symbols
indicate additional characteristics for each pin. Table
1 lists all the possible symbols for this column.

Input pins may be either synchronous or asynchro-
nous. Asynchronous pins require that setup and hold
times be met only in order to guarantee recognition
at a particular clock edge. Synchronous pins require
that setup and hold times be met to guarantee prop-
er operation. For example, missing the setup or hold
time for the SRDY pin (a synchronous input) will re-
sult in a system failure or lockup. Input pins may also
be edge- or level-sensitive. The possible character-
istics for input pins are S(E), S(L), A(E) and A(L).

Output states are dependent upon the current activi-
ty of the processor. There are four operational
states that are different from regular operation: bus
hold, reset, Idle Mode and Powerdown Mode. Ap-
propriate characteristics for these states are also in-
dicated in this column, with the legend for all possi-
ble characteristics in Table 1.

Finally, the Pin Description column contains a text
description of each pin.

As an example, consider AD15:0. 1/0 signifies the
pins are bidirectional. S(L) signifies that the input
function is synchronous and level-sensitive. H(Z)
signifies that, as outputs, the pins are high-imped-
ance upon acknowledgement of bus hold. R(Z) sig-
nifies that the pins float during reset. P(X) signifies
that the pins retain their states during Powerdown
Mode.
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Table 1. Pin Description Nomenclature

Symbol Description

P Power Pin (Apply + Vg Voltage)

G Ground (Connect to Vgg)

| Input Only Pin

o} Output Only Pin

170 Input/Output Pin

S(E) Synchronous, Edge Sensitive

S(L) Synchronous, Level Sensitive

A(E) Asynchronous, Edge Sensitive

A(L) Asynchronous, Level Sensitive

H(1) Output Driven to V¢ during Bus Hold

H(0) Output Driven to Vgg during Bus Hold

H(2) Output Floats during Bus Hold

H(Q) Output Remains Active during Bus Hold

H(X) Output Retains Current State during Bus Hold
R(WH) Output Weakly Held at Vg during Reset

R(1) Output Driven to Vg during Reset
‘R(0) Output Driven to Vgg during Reset

R(2) Output Floats during Reset

R(Q) Output Remains Active during Reset

R(X) Output Retains Current State during Reset

(1) Output Driven to Vgc during Idle Mode

1(0) Output Driven to Vgg during Idle Mode

1(2) Output Floats during Idie Mode

1(Q) Output Remains Active during Idle Mode

1(X) Output Retains Current State during Idle Mode
P(1) Output Driven to Vg during Powerdown Mode
P(0) Output Driven to Vgg during Powerdown Mode
P(2) Output Floats during Powerdown Mode

P(Q) Output Remains Active during Powerdown Mode
P(X) Output Retains Current State during Powerdown Mode
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Table 2. 80C186EA Pin Descrlptloﬁs

Name Type Description
Vee P POWER connections consist of six pins which must be shorted
externally to a Vgc board plane.
Vss G . GROUND connections consist of five pins which must be shorted
externally to a Vgg board plane.
CLKIN | CLocK INput is an input for an external clock. An external oscillator
A(E) operating at two times the required 80C186EA operating frequency
can be connected to CLKIN. For crystal operation, CLKIN (along with
OSCOUT) are the crystal connections to an internal Pierce oscillator.
OSCOUT- (0] OSCillator OUTput is only used when using a crystal to generate the
H(Q) external clock. OSCOUT (along with CLKIN) are the crystal
R(Q) connections to an internal Pierce oscillator. This pin is not to be used
P(Q) as 2X clock output for non-crystal applications (i.e., this pin is N.C. for
non-crystal applications). OSCOUT does not float in ONCE mode.
CLKOUT O CLocK OUTput provides a timing reference for inputs and outputs of
H(Q) the processor, and is one-half the input clock (CLKIN) frequency.
R(Q) CLKOUT has a 50% duty cycle and transistions every falling edge of
P(Q) CLKIN.
RESIN | RESet IN causes the 80C186EA to immediately terminate any bus
A(L) cycle in progress and assume an initialized state. All pins will be
driven to a known state, and RESOUT will also be driven active. The
rising edge (low-to-high) transition synchronizes CLKOUT with CLKIN
before the 80C186EA begins fetching opcodes at memory location
OFFFFOH.
RESOUT (o] RESet OUTput that indicates the 80C186EA is currently in the reset
H(0) state. RESOUT will remain active as long as RESIN remains active.
R(1) When tied to the TEST/BUSY pin, RESOUT forces the 80C186EA
P(0) into Numerics Mode.
PDTMR 170 Power-Down TiMeR pin (normally connected to an external
AL) capacitor) that determines the amount of time the 80C186EA waits
H(WH) after an exit from power down before resuming normal operation. The
R(2) duration of time required will depend on the startup characteristics of
P(1) the crystal oscillator.
NMI | Non-Maskabile Interrupt input causes a Type 2 interrupt to be
' A(E) serviced by the CPU. NMI is latched internally.
TEST/BUSY | TEST/BUSY is sampled upon reset to determine whether the
A(E) 80C186EA is to enter Numerics Mode. In regular operation, the pin is
TEST. TEST is used during the execution of the WAIT instruction to
suspend CPU operation until the pin is sampled active (low). In
Numerics Mode, the pin is BUSY. BUSY notifies the 80C186EA of
80C187 Numerics Coprocessor activity.
AD15:0 170 These pins provide a multipiexed Address and Data bus. During the
S(L) address phase of the bus cycle, address bits 0 through 15 are
H(2) presented on the bus and can be latched using ALE. 8- or 16-bit data
R(Z) information is transferred during the data phase of the bus cycle.
P(X)
A18:16 H(Z) These pins provide multiplexed Address during the address phase of
A19/S6 R(2) the bus cycle. Address bits 16 through 19 are presented on these
P(X) pins and can be latched using ALE, A18:16 are driven to a logic 0

during the data phase of the bus cycle. Also during the data phase,
S6 is driven to a logic 0 to indicate a CPU-initiated bus cycle or logic 1

to indicate a DMA-initiated bus cycle or a refresh cycle.
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Table 2. 80C186EA Pin Descriptions (Continued)

Name Type Description
S2:0 ) Bus cycle Status are encoded on these pins to provide bus transaction
H(Z) information. S2:0 are encoded as follows:
R(2) S2 S1 S0  BusCycle Initiated
P(1) 0 0 0 Interrupt Acknowledge
0 O 1 Readl/O
0 1 0 Wrtel/O
0o 1 1 Processor HALT
1 0 0 Queue Instruction Fetch
1 0 1 Read Memory
1 1 0  Write Memory
1 1 1 Passive (no bus activity)
ALE/QS0 (0] Address Latch Enable output is used to strobe address information into a
H(0) transparent type latch during the address phase of the bus cycle. In Queue
R(0) Status Mode, QSO0 provides queue status information along with QS1.
P(0)
BHE (0] Byte High Enable output to indicate that the bus cycle in progress is
H(2) transferring data over the upper half of the data bus. BHE and A0 have the
R(2) following logical encoding:
P(X) A0 BHE  Encoding
0 O Word Transfer
0 1 Even Byte Transfer
1 0 Odd Byte Transfer
1 1 Refresh Operation
RD/QSMD 170 ReaD output signals that the accessed memory or I/0 device must drive
H(Z) data information onto the data bus. Upon reset, this pin has an alternate
R(WH) function. As QSMD, it enables Queue Status Mode when grounded. In
P() Queue Status Mode, the ALE/QS0 and WR/QS1 pins provide the following
information about processor/instruction queue interaction:
QS1 QS0 Queue Operation
0 0 No Queue Operation
0 1 First Opcode Byte Fetched from the Queue
1 1 Subsequent Byte Fetched from the Queue
1 0 Empty the Queue
WR/QS1 0 WRite output signals that data available on the data bus are to be written
H(2) into the accessed memory or I/0 device. In Queue Status Mode, QS1
R(2) provides queue status information along with QSO0.
P(1)
ARDY | Asychronous ReaDY is an input to signal for the end of a bus cycle. ARDY
A(L) is asynchronous on rising CLKOUT and synchronous on falling CLKOUT.
S(L) ARDY or SRDY must be active to terminate any 80C186EA bus cycle,
unless they are ignored due to correct programming of the Chip Select Unit.
SRDY | Synchronous ReaDY is an input to signal for the end of a bus cycle. ARDY
S(L) or SRDY must be active to terminate any 80C186EA bus cycle, unless they
are ignored due to correct programming of the Chip Select Unit.
DEN (0] Data ENable output to control the enable of bidirectional transceivers when
H(Z) buffering an 80C186EA system. DEN is active only when data is to be
R(2) transferred on the bus.
P(1)
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 Table 2. 80C186EA Pin Descriptions (Continued)

Name Type Description
DT/R (o] Data Transmit/Receive output controls the direction of a bi-directional
H(2) buffer when buffering an 80C186EA system. DT/R is only avallable for the
R(2) QFP (EIAJ) package (S80C186EA).
P(X)
LOCK 1/0 LOCK output indicates that the bus cycle in progress is not to be
H(2) interrupted. The 80C186EA will not service other bus requests (such as
R(WH) HOLD) while LOCK is active. This pin is configured as a weakly held high
P(1) input while RESIN is active and must not be driven low.
HOLD | HOLD request input to signal that an external bus master wishes to gain
A(L) control of the local bus. The 80C186EA will relinquish control of the local
bus between instruction boundaries not conditioned by a LOCK prefix.
HLDA (0] HoLD Acknowledge output to indicate that the 80C186EA has relinquish
H(1) control of the local bus. When HLDA is asserted, the 80C186EA will (or
R(0) has) floated its data bus and control signals allowing another bus master to
P(0) drive the signals directly. ‘
UCS o Upper Chip Select will go active whenever the address of a memory or I/0
H(1) bus cycle is within the address limitations programmed by the user. After
R(1) reset, UCS is configured to be active for memory accesses between
P(1) OFFCOOH and OFFFFFH. During a processor reset, UCS and LCS are used
to enable ONCE Mode.
LCS o Lower Chip Select will go active whenever the address of a memory bus
H(1) cycle is within the address limitations programmed by the user. LCS is
R(1) inactive after a reset. During a processor reset, UCS and LCS are used to
P(1) enable ONCE Mode.
MCSO0/PEREQ 1/0 These pins provide a multiplexed function. If enabled, these pins normally
MCS1/ERROR H®) comprise a block of Mid-Range Chip Select outputs which will go active
MCS2 R(1) whenever the address of a memory bus cycle is within the address
MCS3/NCS P(1) limitations programmed by the user. In Numerics Mode, three of the pins
- AL become handshaking pins for the 80C187. The CoProcessor REQuest
input signals that a data transfer is pending. ERROR is an input which
indicates that the previous numerics coprocessor operation resulted in an
exception condition. An interrupt Type 16 is generated when ERROR is
sampled active at the beginning of a numerics operation. Numerics
Coprocessor Select is an output signal generated when the processor
accesses the 80C187.
PCS4:0 o Peripheral Chip Selects go active whenever the address-of a memory or
H(1) 1/0 bus cycle is within the address limitations programmed by the user.
R(1)
P(1)
PCS5/A1 0 These pins provide a multiplexed function. As additional Peripheral Chip
PCS6/A2 H(1)/H(X) | Selects, they go active whenever the address of a memory or 1/0 bus
R(1) cycle is within the address limitations by the user. They may also be
P(1) programmed to provide latched Address A2:1 signals.
TOOUT o Timer OUTput pins can be programmed to provide a single clock or
T10UT H(Q) continuous waveform generation, depending on the timer mode selected.
R(1)
P@Q)
TOIN | Timer INput is used either as clock or control signals, depending on the
T1IN A(L) timer mode selected. ,
A(E)

24-186



intel. sociocea  ADVANGCE INFORMATION

Table 2. 80C186EA Pin Descriptions (Continued)

Name Type Description
DRQO | DMA ReQuest is asserted by an external request when it is prepared for a
DRQ1 A(L) DMA transfer.
INTO | Maskable INTerrupt input will cause a vector to a specific Type interrupt
INT1/SELECT A(E,L) routine. To allow interrupt expansion, INTO and/or INT1 can be used with

INTAO and INTA1 to interface with an external slave controller. INT1
becomes SELECT when the ICU is configured for Slave Mode.

INT2/INTAO 110 These pins provide multiplexed functions. As inputs, they provide a
INT3/INTA1/IRQ A(E,L) maskable INTerrupt that will cause the CPU to vector to a specific Type
/HA) interrupt routine. As outputs, each is programmatically controlled to
R(2) provide an INTerrupt Acknowledge handshake signal to allow interrupt
/P() expansion. INT3/INTA1 becomes IRQ when the ICU is configured for
Slave Mode.
N.C. — No Connect. For compatibility with future products, do not connect to
these pins.
80C186EA PINOUT Tables 5 and 6 list the 80C186EA pin names with

. package location for the 80-pin Quad Flat Pack
Tables 3 and 4 list the 80C186EA pin names with (EIAJ) component. Figure 6 depicts the complete
package location for the 68-pin Plastic Leaded Chip 80C186EA (EIAJ QFP package) as viewed from the
Carrier (PLCC) component. Figure 9 depicts the top side of the component (i.e., contacts facing
complete 80C186EA pinout (PLCC package) as down).
viewed from the top side of the component (i.e., con-
tacts facing down).

Table 3. PLCC Pin Names with Package Location

Address/Data Bus Bus Control Processor Control 170
Name Location Name Location Name Location Name Location
ADO 17 ALE/QSO 61 RESIN 24 UCs 34
AD1 15 BHE 64 RESOUT 57 LCS 33
AD2 13 50 52 CLKIN 59 MCS0/PEREQ| 38
AD3 11 551 53 OSCOUT 58 MCS1/ERROR 37
AD4 8 52 54 CLKOUT 56 MCs2 36
ADS 6 RD/QSMD | 62 TEST/BUSY | 47 | [MOSI/NGS 1 35
AD6 4 WR/Qs1 63 PDTMR 40 PCSO0 25
AD7 2 ARDY 56 PCS1 27
AD8 16 SRDY . NMI 46 PCS2 28
AD9 14 RD 4 INTO 45 PCS3 29
AD10 12 DEN 39 INT1/SELECT| 44 FeSa 30
AD11 10 LOCK 48 INT2/INTAO 42 PCSE/AT a1
AD12 7 HOLD 50 INT3/INTA1/ 41 PCSE/A2 32
IRQ

AD13 5 HLDA . 51 ToouT 22
- AD14 3 TOIN 20
AD15 ! Power T10UT 23
:: ‘75 gg Name Location T1IN 2
DRQO 18
A8 66 Vss 26,60 DRQ1 19

A19/S6 65 Vce 9,43 -
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Table 4. PLCC Package Locations with Pin Name

Location Name Location Name Location Name Location Name
1 AD15 18 DRQO 35 |MCS3/NCS 52 S0
2 AD7 19 DRQ1 36 |MCS2 53 ST
3 . AD14 20 TOIN 37 |MCS1/ERROR 54 S2
4 AD6 21 T1IN 38 |MCSO/PEREQ 55 ARDY
5 AD13 22 TOOUT 39 ' |DEN 56 CLKOUT
6 AD5 23 T10UT 40 |PDTMR 57 RESOUT
7 AD12 24 RESIN 41 INT3/INTA1/ 58 oscouT
8 AD4 - 25 PCS0 IRQ 59 CLKIN
9 Vee 26 Vss 42 |INT2/INTAO 60 | Vss
10 AD11 27 PCS1 | 43 |Vce 61 ALE/QS0
11 AD3 28 PCS2 44  |INT1/SELECT 62 RD/QSMD
12 AD10 29 PCS3 45 |INTO 63 WR/QS1
13 AD2 30 PCS4 46 |[NMI 64 BHE
14 AD9 31 PCS5/A1 47 |TEST/BUSY 65 A19/S6
15 AD1 32 PCS6/A2 48 |LOCK 66 A18
16 AD8 33 ICs 49 |SRDY 67 A17
17 ADO 34 UcCs 50 |HOLD 68 A16
51 HLDA
b -~ g 3 = -
©© N © g [N} g 8 g (73 é § § é >O-
zzzzEEeI B33
AD15 J@ . [ HLDA
AD7 ] 1 HOLD
AD14 ] 1 SRDY
AD6 [ TocK
AD13[] TEST/BUSY
ADS L} : NMI
AD12[] JINTO
:“‘ : N8OC186EA '\:‘T'/m
cC cc
b XXXXXXXXA (See Note) Wt/
AD3 ] INT3/INTAT/IRQ
AD10L] PDTMR
AD2[] DEN
ADS [ 'MCS0/PEREQ
AD1[] 'MCS1/ERROR
ADS ] MCs2

ADO [ LI MCS3/NCS

THNL]

TOIN
ToouT L]

1 ] L
0Q

[«}
g g

T10UT [
PCS5/Aa1C]

PCS6/A2 ]

NOTE: 272019-6
The nine-character alphanumeric code (XXXXXXXXA) underneath the product number is the Intel FPO number.

Figure 5. 68-Lead PLCC Pinout Diagram
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Table 5. QFP (EIAJ) Pin Name with Package Location

Address/Data Bus Bus Control Processor Control 170
Name Location Name Location Name |Location Name Location
ADO 64 ALE/QS0 10 RESIN 55 (Ve 45
AD1 66 BHE 7 RESOUT 18 [CS 46
AD2 68 0] 23 CLKIN 16 MCSO/PEREQ| 40
AD3 70 57 22 OSCouT 17 MCS1/ERROR| 41
AD4 74 55 29 CLKOUT 19 MCS2 42
AD5 76 RD/QSMD 9 TEST/BUSY 29 "LT:§3' /NCS 43
AD6 78 WR/QS1 8 PDTMR 38 PCSO 54
AD7 80 ARDY 20 NMI 30 E_C:S_J_ 52
AD8 65 SRDY 27 INTO 31 PCS2 51
AD9 67 DT/R 37 INT1/SELECT 32 PCS3 50
AD10 69 DEN 39 INT2/INTAO 35 PCSa 49
AD11 71 _ INT3/INTA1/ 36 PCS5/A1 48
AD12 75 LOCK 28 IRQ PCSE/A2 47
AD13 77 HOLD 26 N.C. 11,14, | |To0UT 57
AD14 79 HLDA 25 15, 63 TOIN 59
AD15 1 T10UT 56
A16 3 Power T1IN 58
A17 4 Name Location DRQO 61
A18 5 DRQH1 60
A19/S6 6 Vss 12,13, 24,
53,62
Vee 2, 33, 34,
44,72,73
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Table 6. QFP (EIAJ) Package Location with Pin Names

Location Name Location Name Location Name Location Name
1 AD15 21 S2 41 MCS1/ERROR 61 DRQO
2 Vee 22 |§1 42 |MCS2 62 Vss
3 A16 23 |S0 43 |MCS3/NCS 63 N.C.
4 A17 24 |Vgg 44 |Veo 64 ADO
5 A18 25 HLDA 45 |UCS 65 AD8
6 A19/S6 26 |HOLD 46 |ICS 66 AD1
7 BHE 27 SRDY 47 |PCS6/A2 67 -AD9
8 WR/QSt1 28 |LOCK 48 |PCS5/A1 68 AD2
9 RD/QSMD 29 |TEST/BUSY 49 |PCS4 69 AD10

10 ALE/QS0 30 |NMI , 50 |PCS3 | 70 AD3
11 N.C. 31 INTO 51 PCS2 71 AD11
12 Vss 32 |INT1/SELECT 52 |PCST 72 Veo
13 Vss 33 Ve 53 Vss 73 Vee
14 NC. 34 |Vge 54 |PCS0 74 AD4
15 N.C. 35 INT2/INTAD 55 |RESIN 75 AD12
16 CLKIN 36 |INT3/INTA1/ 56 |T10UT 76 AD5
17 0OSCouT IRQ 57 |TOOUT 77 AD13
18 RESOUT 37 DT/R 58 |T1IN 78 AD6
19 CLKOUT 38 |PDTMR 59 |TOIN 79 AD14
20 ARDY 39 |DEN 60 |DRQ1 80 AD7
40 |MCSO/PEREQ

S
ERROR

PCS6/A2

[
ucs

MCS1

=
2
o
1=}
-
L)

~M

AD8 ] 65 ‘ 40 [AMCS0/PEREQ

AD1} 66 ’ 39 1DEN

N =Y 3s1PoTMR

AD2[}68 37 1o1/R
AD10[]69 36 71 INT3/INTAT/IRQ

AD3 [} 70 ' 33 1 INT2/INTAG

AD1171 = S80C186EA 340 Ve
Vee | 0000 (See Note) 3BV
vee 73 . 3271 INT1/SELECT
AD4 74 313 INTO
AD12}75 30 INMmI
~ ADs[]76 (ToP) 29 7 TEST/BUSY
AD13]77 28 [JT0CK
ADs [} 78 27 |1 sroY
“AD14 [} 79 : 26 LI HOLD
A7 80 O 25 C1HLDA
1 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24
[] Tooooooo T oo ooo oo
0 Q S .l: 2 0 W T I0 O 131 n n d %y Z k= = B o> N = O "
s£<<<ﬂﬁsggz£#izgs§aa%““¢
< o S lo N S Q X <
- 't [ g E d
= FR=<
NOTE: ' 272019-7

The nine-character alphanumeric code (XXXXXXXXA) underneath the product number is the Intel FPO number.
Figure 6. Quad Flat Pack (EIAJ) Pinout Diagram
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PACKAGE THERMAL
SPECIFICATIONS

The 80C186EA is specified for operation when T¢
(the case temperature) is within the range of 0°C to
85°C (PLCC package) or 0°C to 106°C (QFP-EIAJ)
package. Tc may be measured in any environment
to determine whether the 80C186EA is within the
specified operating range. The case temperature
must be measured at the center of the top surface.

Ta (the ambient temperature) can be calculated
from ¢ (thermal resistance from the case to ambi-
ent) with the following equation:

Ta = Tc-P X 6¢ca

Typical values for Oca at various airflows are given
in Table 7 for the 68-pin Plastic Leaded Chip Carrier
(PLCC) package.

Table 8 shows the maximum Tp allowable (without
exceeding T¢) at various airflows and operating fre-
quencies. P (the maximum power consumption,
specified in watts) is calculated by using the maxi-
mum ICC as tabulated in the DC specifications and
Vcc of 5.5V. .

Table 7. Thermal Resistance (0ca) at Various Airflows (in °C/Watt)

Airflow Linear ft/min (m/sec)
0| 200 | 400 | 600 | 800 | 1000
(0) [ (1.01) | (2.03) | (3.04) | (4.06) | (5.07)
0ca (PLCC) 29| 25 | 21 19 | 17 | 165
6ca (QFP) 66| 63 | 60.5| 59 58 57

Table 8. Maximum T, at Various Airflows (in °C)

Airflow Linear ft/min (m/sec) .
TE 0 | 200 | 400 | 600 | 800 | 1000
(MHz) (0) [(1.01)|(2.03)|(3.04) | (4.06)((5.07)
TA(PLCC)| 25 | 78 | 80 81 82 | 825 | 83
32 | 74| 76 78 79 | 795 | 80
40 70 72 74 75 76 | 76.5
Ta (QFP) 25 | 84 | 855 | 86 87 87 | 87.5
32 |77.5| 79 80 80.5 81 81.5
40 70 | 71.5 73 74 74 75
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ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings*

Storage Temperature .......... '—65°C to +150°C
Case Temperature under Bias . .. —65°C to +150°C
Supply Voltage with Respec

toVsg .vovivii —0.5Vto +6.5V
Voltage on Other Pins with Respect
toVes vovviiiiiiiiia —0.5Vto Vg + 0.5V

Operating Conditions

NOTICE: This data sheet contains information on
products in the sampling and initial production phases
of development. It is valid for the devices indicated in
the revision history. The specifications are subject to
change without notice.

*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.

Symbol Parameter Min Max Units
Vee Supply Voltage 45 55 %
Te Input Clock Frequency )
80C186EA20 0 40 MHz
80C186EA16 0 32 MHz
80C186EA12 0 25 MHz
Tc Case Temperature under Bias
N80OC186EA (PLCC) 0 +100 °C
S80C186EA (QFP) 0 +114 °C

Recommended Connections

Power and ground connections must be made to
multiple Vg and Vgg pins. Every 80C186EA based
~ circuit board should contain separate power (Vcg)
and ground (Vgg) planes. All Vg and Vgg pins must
be connected to the appropriate plane. Pins identi-
fied as “N.C.” must not be connected in the system.
Decoupling capacitors should be placed near the
80C186EA. The value and type of decoupling capac-

itors is application and board layout dependent. The
processor can cause transient power surges when
its ‘output buffers transition, particularly when con-
nected to large capacitive loads.

‘ Always connect any unused input pins to an apprd-

priate signal level. In particular, unused interrupt pins
(NMI, INT3:0) should be connected to Vgg to avoid
unwanted interrupts. Leave any unused output pin
or any “N.C.” pin unconnected.
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DC SPECIFICATIONS
Symbol Parameter Min Max Units Conditions
ViL Input Low Voltage for All Pins —0.5 0.3 Ve \
ViH Input High Voltage for All Pins 0.7Vee |Vecc+ 05| V
VoL Output Low Voltage 0.45 V | loL = 3 mA (min)
VoH Output High Voltage Vgc — 0.5 \ loH = —2 mA (min)
VHYR Input Hysterisis on RESIN 0.30 \"
liLd Input Leakage Current (except , +10 pA | OV <V|N < Voo
RD/QSMD, UCS, LCS, MCS0/PEREQ,
MCS1/ERROR, LOCK and TEST/BUSY)
liLe Input Leakage Current —275 A | ViN = 0.7 Ve
(RD/QSMD, UCS, LCS, MCS0/PEREQ, (Note 1)
MCS1, ERROR, LOCK and TEST/BUSY
loL Output Leakage Current +10 A 0.45 < Vouyt < Vo
(Note 2)
lcc Supply Current Cold (RESET)
80C186EA20 100 mA | (Note 3)
80C186EA16 80 mA
80C186EA12 62.5 mA
lio Supply Current In Idle Mode
80C186EA20 70 mA
80C186EA16 56 mA
80C186EA12 44 mA
IpD Supply Current in Powerdown Mode
80C186EA20 100 rA
80C186EA16 100 MA
80C186EA12 100 pA
CouT Output Pin Capacitance 15 pF | Te = 1 MHz (Note 4)
Cin Input Pin Capacitance 15 pF | Te= 1MHz
NOTES:
1. RD/QSMD, UCS, LCS, MCS0/PEREQ, MCS1/ERROR, LOCK and TEST/BUSY have internal pullups that are only acti-
vated during RESET. Loading these pins above lgp = —275 nA will cause the 80C186EA to enter alternate modes of
operation.

2. Output pins are floated using HOLD or ONCE Mode.
3. Measured at worst case temperature and Vgc with all outputs loaded as specified in the AC Test Conditions, and with the
device in RESET (RESIN held low). RESET is worst case for Igc.

4. Output capacitance is the capacitive load of a floating output pin.
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lcc VERSUS FREQUENCY AND VOLTAGE

The current (Icc) consumption of the 80C186EA is
essentially composed of two components; Ipp and
Iccs:

Ipp is the quiescent current that represents internal
device leakage, and is measured with all inputs or
floating outputs at GND or V¢ (no clock applied to
the device). Ipp is equal to the Powerdown current
and is typically less than 50 pA.

lccs is the switching current used to charge and
discharge parasitic device capacitance when chang-
ing logic levels. Since Igcs is typically much greater
than lpp, lpp can often be ignored when calculating

Icc.
Iccs is related to the voltage and frequency at which
the device is operating. It is given by the formula:
Power = V X | = V2 X Cpgy X f
Sl=lcc=lccs =V X Cpgy X f
Where: V = Device operating voltage (Vcc)
Cpeyv = Device capacitance
f = Device operating frequency
lccs = Icc = Device current

Measuring Cpgy on a device like the 80C186EA
would be difficult. Instead, Cpgy is calculated using
the above formula by measuring Icc at a known Vgo
and frequency (see Table 9). Using this Cpgy value,
Icc can be calculated at any voltage and frequency
within the specified operating range.

EXAMPLE: Calculate the typicall lcc when operating
at 20 MHz, 4.8V.

lcc = lccs = 4.8 X 0.515 X 20 = 49 mA

PDTMR PIN DELAY CALCULATION

The PDTMR pin provides a delay between the as-
sertion of NMI and the enabling of the internal
clocks when exiting Powerdown. A delay is required
only when using the on-chip oscillator to allow the
crystal or resonator circuit time to stabilize.

NOTE:
The PDTMR pin function does not apply when
RESIN is asserted (i.e., a device reset during Pow-
erdown is similar to a cold reset and RESIN must
remain active until after the oscillator has stabi-
lized).

To calculate the value of capacitor required to pro-
vide a desired delay, use the equation:

440 X t = Cpp (5V, 25°C)
Where: t = desired delay in seconds

Cpp = capacitive load on PDTMR in mi-
crofarads

EXAMPLE: To get a delay of 300 us, a capacitor
value of Cpp = 440 X (300 X 10—6) = 0.132 uF is
required. Round up to standard (available) capaci-
tive values.

NOTE:
The above equation applies to delay times greater
than 10 us and will compute the TYPICAL capaci-
tance needed to achieve the desired delay. A delay
variance of +50% or —25% can occur due to
temperature, voltage, and device process ex-
tremes. In general, higher Vg and/or lower tem-
perature will decrease delay time, while lower Vg
and/or higher temperature will increase delay time.

Table 9. Cpgy Values

Parameter Typ Max Units Notes
Cpey (Device in Reset) 0.515 0.905 mA/V*MHz 1,2
Cpey (Device in Idle) 0.391 0.635 mA/V*MHz 1,2

1. Max Cpgy is calculated at —40°C, all floating outputs driven to Vg or GND, and all
outputs loaded to 50 pF (including CLKOUT and OSCOUT).
2. Typical Cpgy is calculated at 25°C with all outputs loaded to 50 pF except CLKOUT and

OSCOUT, which are not loaded.
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AC SPECIFICATIONS
AC Characteristics—80C186EA20 .
Symbol | Parameter Min Max | Units | Notes
INPUT CLOCK
Te CLKIN Frequency 0 40 MHz 1
Tc CLKIN Period 25 o ns 1
TcH CLKIN High Time 10 © ns 1,2
TeL CLKIN Low Time 10 o ns 1,2
Tcr CLKIN Rise Time 1 8 ns 1,3
TcF CLKIN Fall Time 1 8 ns 1,3
OUTPUT CLOCK
Tco CLKIN to CLKOUT Delay 0 17 ns 1,4
T CLKOUT Period 2*Tc ns 1
TPH CLKOUT High Time (T72) -5 | (T/2)+5 ns 1
TpL CLKOUT Low Time (T’72) —5 | (T/2) + 5 ns 1
TpR CLKOUT Rise Time 1 6 ns 1,5
Tpr CLKOUT Fall Time 1 6 ns 1,5
OUTPUT DELAYS
TcHoV1 ALE, S2:0, DEN, DT/R, BHE, 3 22 ns 1,4,6,7
LOCK, A19:16
TcHove | MCS3:.0, LCS, UCS, PCS6:0, NCS, RD, WR 3 27 ns 1,4,6,8
TcLovd BHE, DEN, LOCK, RESOUT, HLDA, 3 22 ns 1,4,6
TOOUT, T10UT, A19:16
TcLov2 RD, WR, MCS3:0, LCS, UCS, PCS6:0, 3 27 ns 1,4,6
AD15:0, NCS, INTAT:0, S2:0
TcHOF RD, WR, BHE, DT/R, 0 25 ns 1
LOCK, S2:0, A19:16
TcLoF DEN, AD15:0 0 25 ns 1
SYNCHRONOUS INPUTS
TcHis TEST, NMI, INT3:0, T1:0IN, ARDY 10 ns 1,9
TCHIH TEST, NMI, INT3:0, T1:0IN, ARDY 3 ns 1,9
Tous AD15:0, ARDY, SRDY, DRQ1:0 10 ns 1,10
TCLH AD15:0, ARDY, SRDY, DRQ1:0 3 ns 1,10
Tcus HOLD, PEREQ, ERROR 10 ns 1,9
TouH HOLD, PEREQ, ERROR 3 ns 1,9
Tcus RESIN (to CLKIN) 10 ns 1,9
TcLUH RESIN (from CLKIN) 3 ns 1,9
NOTES:

. See AC Timing Waveforms, for waveforms and definition.
. Measured at V| for high time, V_for low time.

. Only required to guarantee Icc. Maximum limits are bounded by T¢, Tcy and TeL.

. Specified for a 50 pF load, see Figure 13 for rise and fall times outside 50 pF.

1
2
3
4. Specified for a 50 pF load, see Figure 12 for capacitive derating information.
5
6

. See Figure 13 for rise and fall times.

. TcHov1 applies to BHE, LOCK and A19:16 only after a HOLD release.
TcHovz applies to RD and WR only after a HOLD release.

7
8.
9
1

. Setup and Hold are required to guarantee recognition.
0. Setup and Hold are required for proper 80C186EA operation (SRDY, AD15:0).
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AC SPECIFICATIONS (Continued)
AC Characteristics—80C186EA 16
Symbol | Parameter Min Max | Units l " Notes
INPUT CLOCK
T CLKIN Frequency 0 32 MHz 1
Tc CLKIN Period 31.25 oo ns 1
TcH CLKIN High Time 10 0 ns 1,2
ToL CLKIN Low Time 10 0 ns 1,2
Tcr CLKIN Rise Time 1 8 . ns 1,3
Tcr CLKIN Fall Time 1 8 ns - 1,3
OUTPUT CLOCK
Tco CLKIN to CLKOUT Delay 0 20 ns 1,4
T CLKOUT Period 2*T¢g ns 1
TpH CLKOUT High Time (T/2) -5 | (T/2)+5 ns 1
TpL CLKOUT Low Time (T/72) -5 | (T/2)+5 ns 1
TPR * CLKOUT Rise Time 1 6 ns 1,5
Tpr CLKOUT Fall Time 1 6 ns 1,5
OUTPUT DELAYS
TcHov1 ALE, S2:0, DEN, DT/R, BHE, 3 23 ns 1,4,6,7
LOCK, A19:16
TcHove | MCS3:0, LCS, UCS, PCS6:0, NCS, RD, WR 3 28 ns 1,4,6,8
TocLovi BHE, DEN, LOCK, RESOUT, HLDA, 3 23 ns 1,4,6
TOOUT, T10UT, A19:16
TcLov2 RD, WR, MCS3:0, LCS, UCS, PCS6:0, 3 ‘28 ns 1,4,6
AD15:0, NCS, INTAT:0, S2:0
TcHOF RD, WR, BHE, DT/R, 0 25 ns A
LOCK, S2:0, A19:16
ToLoF DEN, AD15:0 0 25 ns 1
SYNCHRONOUS INPUTS
TcHis | TEST, NMI, INT3:0, T1:0IN, ARDY 10 ns 1,9
TCHIH TEST, NMI, INT3:0, T1:0IN, ARDY 3 ns 1,9
Tcus AD15:0, ARDY, SRDY, DRQ1:0 10 ns 1,10
TouH AD15:0, ARDY, SRDY, DRQ1:0 3 ns 1,10
Tous HOLD, PEREQ, ERROR 10 ns 1,9
TcuH HOLD, PEREQ, ERROR 3. ns 1,9
Tcus RESIN (to CLKIN) 10 ns 1,9
ToLH RESIN (from CLKIN) 3 ns 1,9
NOTES:

1. See AC Timidg Waveforms, for waveforms and definyition.

2
3
4
5
6.
7
8
9
1

. Measured at V|4 for high time, V)_ for low time.
. Only required to guarantee Igc. Maximum limits are bounded by Tg, Tcy and Tgy.
. Specified for a 50 pF load, see Figure 12 for capacitive derating information.

. Specified for a 50 pF load, see Figure 13 for rise and fall times outside 50 pF.

See Figure 13 for rise and fall times.

s
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. TcHov1 applies to BHE, LOCK and A19:16 only after a HOLD release.
. TcHov2 applies to RD and WR only after a HOLD release.
. Setup and Hold are required to guarantee recognition.

0. Setup and Hold are required for proper 80C186EA operation (SRDY, AD15:0).
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AC SPECIFICATIONS (Continued)
AC Characteristics—80C186EA12
Symbol I Parameter Min Max I Units l Notes
INPUT CLOCK
Tr CLKIN Frequency 0 25 MHz 1
Tc CLKIN Period 40 oo ns 1
TcH CLKIN High Time 12 © ns 1,2
ToL CLKIN Low Time 12 oo ns 1,2
Tcr CLKIN Rise Time 1 8 ns 1,3
Tcr CLKIN Fall Time 1 8 ns 1,3
OUTPUT CLOCK
Tco CLKIN to CLKOUT Delay 0 23 ns 1,4
T CLKOUT Period 2*T¢ ns 1
TpH CLKOUT High Time (T/2) — 5 (T/’2) + 5 ns 1
TpL CLKOUT Low Time (T72) =5 | (T/2)+ 5 ns 1
TpPr CLKOUT Rise Time 1 6 ns 1,5
Tpe CLKOUT Fall Time 1 6 ns 1,5
OUTPUT DELAYS
TcHoVA ALE, S2:0, DEN, DT/R, BHE, 3 25 ns 1,4,6,7
LOCK, A19:16
TcHove | MCS3:0, LCS, UCS, PCS6:0, NCS, RD, WR 3 30 ns 1,4,6,8
TcLovi BHE, DEN, LOCK, RESOUT, HLDA, 3 25 ns 1,4,6
TOOUT, T10UT, A19:16
TcLov2 RD, WR, MCS3:0, LCS, UCS, PCS6:0, 3 30 ns 1,4,6
AD15:0, NCS, INTA1:0, S2:0
TcHOF RD, WR, BHE, DT/R, 0 25 ns 1
LOCK, 52:0, A19:16
TcLOF DEN, AD15:0 0 25 ns 1
SYNCHRONOUS INPUTS
TcHis TEST, NMI, INT3:0, T1:0IN, ARDY 10 ns 1,9
TCHIH TEST, NMI, INT3:0, T1:0IN, ARDY 3 ns 1,9
Tcus AD15:0, ARDY, SRDY, DRQ1:0 10 ns 1,10
TcuH AD15:0, ARDY, SRDY, DRQ1:0 3 ns 1,10
Tcus HOLD, PEREQ, ERROR 10 ns 1,9
TcouH HOLD, PEREQ, ERROR 3 ns 1,9
Tcus RESIN (to CLKIN) 10 ns 1,9
TcuH RESIN (from CLKIN) 3 ns 1,9
NOTES:

1. See AC Timing Waveforms, for waveforms and definition.
2. Measured at V) for high time, V)_ for low time.
3. Only required to guarantee Icc. Maximum limits are bounded by T, Tcy and Tgy.
4. Specified for a 50 pF load, see Figure 12 for capacitive derating information.
- 5. Specified for a 50 pF load, see Figure 13 for rise and fall times outside 50 pF.
. See Figure 13 for rise and fall times.

. TcHovz applies to RD and WR only after a HOLD release.

6.
7. TcHov1 applies to BHE, LOCK and A19:16 only after a HOLD release.
8.
9

. Setup and Hold are required to guarantee recognition.
10. Setup and Hold are required for proper 80C186EA operation (SRDY, AD15:0).
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AC SPECIFICATIONS (Continued)

Relative Timings (80C186EA20, 16, 12)

Symbol | Parameter Min Max Unit Notes

RELATIVE TIMINGS ’

TLHLL ALE Rising to ALE Falling T-15 ns

TavLL Address Valid to ALE Falling 1T — 10 ns

TpLLL Chip Selects Valid to ALE Falling LT — 10 ns 1

TLLAX Address Hold from ALE Falling 1T — 10 ns

TuwL ALE Falling to WR Falling 14T — 15 ns 1

TWRL ALE Falling to RD Falling 15T — 15 ns 1

TRHLH RD Rising to ALE Rising 1T — 10 ns 1

TWHLH WR Rising to ALE Rising 14T — 10 ns 1

TAFRL Address Float to RD Falling 0 ns

TRLRH RD Falling to RD Rising 2*T -5 ns

TWLWH WR Falling to WR Rising 2*T) -5 ns

TRHAV RD Rising to Address Active T-15 ns

TwHDX Output Data Hold after WR Rising T-15 ns

TWHDEX WR Rising to DEN Rising 1%T — 10 ns 1

TWHPH WR Rising to Chip Select Rising T — 10 ns 1,4

TRHPH RD Rising to Chip Select Rising 1T — 10 ns 1,4

TPHPL CS Inactive to CS Active %T — 10 ns 1

ToxoL DEN Inactive to DT/R Low 0 ns 5

TovaH ONCE (UCS, LCS) Active to RESIN Rising T ns 3

TRHOX ONCE (UCS, LCS) to RESIN Rising T ns 3
NOTES:

1. Assumes equal loading on both pins.
2. Can be extended using wait states.

3. Not tested.

4. Not applicable to latched A2:1. These signals change only on falling T4.
5. For write cycle followed by read cycle.
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AC TEST CONDITIONS

The AC specifications are tested with the 50 pF load
shown in Figure 7. See the Derating Curves section
to see how timings vary with load capacitance.

OUTPUT

PIN Oﬁ_

CL = 50 pF for all signals.

TCL

272019-8

Specifications are measured at the Vgc/2 crossing
point, unless otherwise specified. See AC Timing
Waveforms, for AC specification definitions, test
pins, and illustrations.

AC TIMING WAVEFORMS

Figure 7. AC Test Load

272019-9

Figure 8. Input and Output Clock Waveform
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N 50% 7[- N . | )@_KOUT

RS NN =
S N

ov
I MAX
VALID ) > > ) FLOAT (NOTE) | MAX
ov Vee
VALID ) > > )— FLOAT (NOTE)
ov -
’ 272019-10
NOTE:

20% Ve < Float < 80% Vg

Figure 9. Output Delay and Float Waveform

Veg om0
50% 3{2%_&“‘” (NOTE)
o

MIN

N N

272019-11

NOTE:
RESIN measured to CLKIN, not CLKOUT

Figure 10. Input Setup and Hold
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CLKoOUT

Vee
ADO:15,
A19:16
ov

Vee
RD or WR

ov

Vee
_WCS5:0
LCS, UCS,

PCS6:0
ov

Vee
DEN

ov

Vee
DT/R

ov

RESIN

ov

Ucs, tes

NOTE:

50% 7

|

WV

G

50% )»— 50% }»— (¢

50%

\'/

50% -X

---------------------------------- K‘ 50%7
o =Y

50%

I

| \_

TpxpL for write cycle followed by read cycle.

272019-12

Figure 11. Relative Signal Waveform
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mtel, 80C186EA
DERATING CURVES
L] I L 1 1 1 1 1 1 1 1 ! 1 1
NOM +6 |- — N
S
a B 8r Sy )
® NOM+3| 0 - RY N
2 - = S N
£ : s & W 7]
> NOM+ 1| o o S -
3 a
] B Al .
s NOM |- -
2 ' y Ve =5V ]
3 B : Vec =5V 7] 2 Tamp = 25°C
= 250
NOM - 1 v Taue =25°C R T U A R
I N U NN W | 50 100 150
. 50 100 = 150
¢ (pF)
F
G (pF) 272019-14
272019-13

Figure 12. Typical Output Delay Variations
Versus Load Capacitance

RESET

The 80C186EA will perform a reset operation any
time the RESIN pin is active. The RESIN pin is actu-
ally synchronized before it is presented internally,
which means that the clock must be operating be-
fore a reset can take effect. From a power-on state,
RESIN must be held active (low) in order to guaran-
tee correct initialization of the 80C186EA. Failure to
provide RESIN while the device is powering up
will result in unspecified operation of the device.

Figure 14 shows the correct reset sequence when
first applying power to the 80C186EA. An external
clock connected to CLKIN must not exceed the Vg
threshold being applied to the 80C186EA. This is
normally not a problem if the clock driver is supplied
with the same Vg that supplies the 80C186EA.
When attaching a crystal to the device, RESIN must
remain active until both Vg and CLKOUT are stable
(the length of time is application specific: and de-
pends on the startup characteristics of the crystal
circuit). The RESIN pin is designed to operate cor-
rectly using an RC reset circuit, but the designer

Figure 13. Typical Rise and Fall Variations
Versus Load Capacitance

must ensure that the ramp time for Vgc is not so
long that RESIN is never really sampled at a logic
low level when Vg reaches minimum operating
conditions. i

Figure 15 shows the timing sequence when RESIN
is applied after Vgc is stable and the device has
been operating. Note that a reset will terminate all
activity and return the 80C186EA to a known operat-
ing state. Any bus operation that is in progress at the
time RESIN is asserted will terminate immediately
(note that most control signals will be driven to their
inactive state first before floating). .

While RESIN is active, signals RD/QSMD, UCS,
LCS, MCS0/PEREQ, MCS1/ERROR, LOCK, and
TEST/BUSY are configured as.inputs and weaﬂé
held high by internal pullup transistors. Forcing UC!
and LCS low selects ONCE Mode. Forcing QSMD
low selects Queue Status Mode. Forcing TEST/
BUSY high at reset and low four clocks later enables
Numerics Mode. Forcing LOCK low is prohibited and
results in unspecified operation. -
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Vee @nd CLKIN Stable to Outputs Valid
28 CLKIN Periods (Max)

¢
b
I
)
e
7
.
b

—_—
—
—
—
—
—

Vee
CLKOUT
:0,

NCS

MCS3:0,

PCS6.
A6

:0, $2:0,

TOOUT, T10UT,

Ucs, LCS,
HLDA, ALE

AD15:

RD, WR,

DT/R, DEN,

LOCK

RESIN
RESOUT

RESIN High to First Bus Activity, 7 CLKOUT periods

>

Vo and CLKIN Stable to RESIN high, approximately 32 CLKIN periods

272019-15

CLKOUT synchronization occurs approximately 11, CLKIN periods after RESIN is sampled low.

NOTE

Figure 14. 80C186EA Powerup Reset
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272019-16

NOTE: :
CLKOUT resynchronization occurs approximately 11, CLKIN periods after RESIN is sampled low. If RESIN is sampled low while CLKOUT is transitioning high, then

CLKOUT will remain high for two CLKIN periods. If RESIN is sampled low while CLKOUT is transitioning high, then CLKOUT will not be affected.

V3981208
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80C186EA

Figures 16 through 22 present the various bus cycles that are generated by the 80C186EA. What is shown in
the figure is the relationship of the various bus signals to CLKOUT. These figures along with the information

present in AC Specifications allow the user to determine all the critical timing analysis needed for a given

application.

BUS CYCLE WAVEFORMS

©
-
1
=)
S
I
~
[ X Y]
\
] g
£ [3]
|||||||||||||||||||||||||||||||||| - K R RN N I ———
e w
2 =
a [%3
2
............................ 511 Rt Eeiiiieietid it Sttty Rl [
= —
g 5 5
/ . w > =
@
||||||||||||||||| = J--- DR PR R RN I —— I
©
=
<]
\ K=
2
....................................................................... =
c
[
2
=
e N \ ©
= |--------q--- ---4 ---4 -1 - 2
> ©
2 s e a 1%
& 2 232 =]
< > < > ptg
||||||||||||| JEp— PR U S [N S S <
)
S
> > - 3
@
...................... — N (R PR DR 2
Q
()
\ £
................................. ] ] I . . k]
2
B «©
s
= = w © " =) SR a « z
> g ) - T = mﬂ— 3 _E
m @ < 3 @ w 159%% W a m
3 hot 2 SIS 1v -]
<
© < Mm_m o
£
o
w @
=&
(=]
Z0

Figure 16. Read, Fetch and Refresh Cycle Waveform
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80C186EA

CLKOUT

VALID

o
]

|||||||||||||||||||| 4----

A19:16
VALID

lllllllllllllllllll 4----

ALE
A19:16

VALID

A15:0
VALID

AD15:0

D15:0 VALID

MCS3:0,
PCS6:0,

LCS, UCs

272019-19

During the data phase of the bus cycle, A19/86 is driven high for a DMA cycle.

NOTE:

Write Cycle Waveform

Figure 17
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80C186EA

CLKouT

ALE

272019-20

(NOTE)

INVALID

A19:16

(NOTE)

INVALID

AD15:0

NOTE:

The 80C186EA drives these pins to 0 during Idle and Powerdown Modes.

Figure 18. Hait Cycle Waveform
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80C186EA
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Figure 19. INTA Cycle Waveform
24-208

Mode. -

INTA occurs one clock later in Slave

NOTE:
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80C186EA

CLKouT
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Figure 20. HOLD/HLDA Waveform
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80C186EA

CLKOUT

AD15:0 ==

UCS, LCS

MC83:0,
PCS6:0,

272019-23

DRAM Refresh Cycle During Hold Acknowledge

Figure 21
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Figure 22. Ready Waveform

3. SRDY low causes a wait state. SRDY must meet setup and hold times to ensure correct device operation.

2. ARDY low by either edge causes a wait state. Only rising ARDY is fully synchronized.
4. Either ARDY or SRDY active high will terminate a bus cycle.

1. Generalized diagram for READ or WRITE.

NOTES:
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REGISTER BIT SUMMARY

Figures 23 through 30 present the bit definition of
each register that is active (not reserved) in the Pe-
ripheral Control Block (PCB). Each register can be
thought to occupy one word (16-bits) of either mem-
ory or |1/0 space, although not all bits in the register
necessarily have a function. A register bit is not

guaranteed to return a specific logic value if an “X”
appears for the bit definition (i.e., if a zero was writ-
ten to the register bit it may not be returned as a
zero when read). Furthermore, a 0 must be written to
any bit that is indicated by an “X” to ensure compati-
bility with future products or potential product chang-
es.

bit bit bit bit
o VIO o} VIO o TMR o | PRMO
Priority Level
1] vt 1] vt 1 X 1| PRM1 :I»n = Highest
Interrupt Request Interrupt Request 7 - Lowest
2§ VT2 :oe:: vy'p-) 2| VT2 Zx‘w 'l{p)' 2 | DMAO 2 | PRM2
write only, only. Int Masked
s[vis s vis s |LoMAT || | | et insemics 3| X
e g ML + [Linro ey o X
s X 5 X s | INT1 B X
6 X [ X 6 1 INT2 6 X
7 X 7 X 7 | INT3 7 X
8 X 8 X 8 X 8 X
9 X 9 X 9 X 9 X
10 X 10 X 10 X 10 X
11 X 1" X " X 11 X
12 X 12 X 12 X 12 X
13 X 13 X 13 X 13 X
1“4 X 14 X 14 X 14 X
15 | NSPEC | = Enable NonSpecitic €01 15 | IREQ | = Interrupt Request Present 15 X 15 X
e (write only) (read only)
€O (22H) POLL (24H) IMASK (28H] PRMSK (2AH]
RESET = 0 POLSTS (26H) RESET = DOFDH RESET = 0007H
RESET = 0 INSERV (2CH)
REQST (2EH)
RESET = 0
272019-25
Figure 23. Interrupt Control Unit Registers (Master Mode)
bit bit bit bit
o | TMRO o { PRMO o | PRMO o | PRMO
1 = Intorrupt Priority Level Priority Level Priority Level
1| TMR1 Rea 1] PRM1 0 - Highest 1| PRM1 0 - Highest 1| PRM1 0 = Highest
uested 7 - Lowest - 7 - Lowest 7 - Lowest
2z | TMR2 2 | PRM2 2 | PRM2 2 | PRM2
1 = Mask Inter 1 = Mask Inte: 1 = Mask Int
3 X 3| MSK o E:cbk"ln(:‘::yl 3] MSK o cn;u."ln;:‘f:pt 3| MSK 1o- :n:m"|:¢':'::pq
(I X o8 T Rt o (Lo [zt
5 X 5 X 5 CAS |1 = Enable Cascade Operation 5 X
] X [} X 6 | SFNM |1 = Enable Nested interrupts 6 X
7 X 7 X 7 X 7 X
s X 8 X 8 X 8 X
9 X 9 X 9 X 9 X
10 X 10 X 10 X 10 X
1" X 1 X " X " X
12 X 12 X 12 X 12 X
13 X 13 X 13 X 13 X
14 X 14 X 14 X 14 X
15 § DHLT |1 = NMi interrupt 15 X 15 X 15 X
INTSTS (30H; ' TCUCON (32H] 10CON (38H 12CON (3CH)
RESET = 0 DMACON (34H 11CON (3AH, 13CON (3EH)
DMACON (36H] RESET = 00OFH RESET = 00OFH
RESET = GOOFH
272019-26

Figure 24. Interrupt Control Unit Registers (Master Mode)
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>x

IVECTOR (20H
RESET = 0

Upper 5 Bits
of Vactor Type

bit
o V70
Interrupt Request
1 vT1 } Vector Type
(write only)
2 VT2
3 X
4 X
s X
6 X
7 X
L] X
9 X
10 X
" X
12 X
13 X
14 X
15 X
EOl (22H)
RESET = 0
bit
[ TMRO
1 TMR1 } 1 = Interrupt
2 TMR2
3 X
4 X

3
> <<= |x<|x]|>x]|x]|x|x]|x

SINTSTS (30,
RESET = 0

bit
° TMRO

~

.

TMR1
TMR2

@

N o

XU IXIXIXIX|XIX]X

15 X

ISMASK (28,
RESET = DO3DH
SINSERY (2CH)
SREQST (2EH)

RESET = 0

1 PRM1 0 - Highest
7 - Lowest
2 PRM2

] PRMO
} Priority Level

1 = Mask Intercupt
0 = Enable interrupt

“
z
w
=

©
MIXIXIXIXIX|IXIXIX]|X]|X

&
b3

TOCON
DOCON
DI1CON
T1CON
T2CON
RESET = 000FH

Interrupt Masked
DMA1 1 = Interrupt In-Servics
Interrupt Requested
DMAO (SREQST is read only)

bit

© @ N A B s N -

"

PRMO

PRM1

PRM2

Priority Level
0 - Highest
7 - Lowest

>

MU EXIXIX|IXIXIX]|X]X]|X

X

SPRMSK (2AH)

RESET = 0007H

272019-28

272019-27

Figure 25. Interrupt Control Unit Registers (Slave Mode)
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bit bit bit bit
of Tco |- o| 10 |- o [ CONT | '=Fpmmee Contitiont y o | CONT |"=Fqmme ontirione
1=ARernate Between Com A/B
1] TC1 ] TCH VLALT f ol only Compore a e [ RS
1=Use External Cloock
2 [ 1C2 2 [ Te2 2| EXT |52 use intormat Gloak L R
s| T3 s| 13 Ll G Ptrediniontrronbant sf x
1=TIN Pin Ret: h
o] TCH « | TC4 o | RTG_|3ZTN Fin Enee o 4 X
s| TCS s1 TC5 S | MAX |1 =Timer Compare Occurred 5 | MAX |1 =Timer Compare Gocurred
s TC6 ] TC6 s X 6 X
7 1C7 Timer 7 TC7 Timer 7 X 7 X
I Count [ Compare
s TC8 Value s TC8 Value 8 X 8 X
’ TC9 9 TC9 9 X 9 X
10 | TC10 10 | TC10 10 X 10 X
1| TC11 1mf 1C11 11 X 1 X
1 =Com, B in Use
12| TC12 12| 112 12| RIU_foocomeers ain use 1] X
13] TC13 3] TC13 13 INT 1=Enable Compare Interrupt 13 RIU 1= Enable Compare Interrupt
] TC14 14 |'TC14 14 | INH |1 =Enable Write to START bit 14 | INH | 1=Enable Write to START bit
15 | 115 |- s | 1c15 |- 15 | EN oI e e 15 | EN oS e e
TxCNT (SOH, 58H, 60H) TxCMPA (52H, SAH, 62H) OCON (S6M) '2CON (66H;
RESET = XXXXH TXCMPB (54H, 5CH) T1CON (SEH) RESET=EN=0
RESET = XXXXH h RESET=EN,RIU=0
272019-29
Figure 26. Timer Control Unit Registers
bit bit bit bit bit
o | wso Wait-State o | wso Wait-State o | wso Wait-State o | wso } Wait-State o | Wwso Wait-State
1 wS1 Select (0-3) f WwS1 Select (0-3) 1 WwS1 Select (0-3) 1 WwS1 Select (0-3) N WwS1 Select (0-3)
2 | ROY Do iUnormm 2 L ROY Lot he 2 [IROY JO T ovhe 2 | RDY JOTERvRe 2 | IRDY Lol e
3 X 3 X 3 X 3 X 3 X
4 X 4 X 4 X 4 X 4 X
s X 5 X B X s X s X
1 = Peri, als in M
e [cso ¢ [ cso s [ cso |- o [ x e | ws Jot p..h’"..:%-'. o
1= Extra Lt
7 [est 7 [ est 7 [ cst 7| x 7 EX 0T Rz provided
3 Cs2 L] €S2 L] CSs2 L] X 8 MO
s | cs3 Chip-Selest o | cs3 || cohseect o [ess | s | cso s | wm
10| cs4 g psarens 10 | cs4 gy o[ cse 1| T sonet w | cst o] M2 -
1| css 1| cs5 1| css ][ fanne) n | .cs2 = n | M3 ?’;‘,’;ssf;:‘,( x
ip-Salect (Set 1 BIt]
12 | cs6 12| cse 12 | cse 12| cs3 Storting Address 12 | M4
13| cs7 13| cs7 13| cs7 13| cs4 W9:13) i3] M5
14 X “ X “ css 14 CcS5 14 M6
15 X 15 X 15| Cs9 |- 15 | CS6 15 X
UMCS (AOH) LMCS (A2H) PACS (A4H) MMCS (ASH) MPCS (ABH)
RESET = RESET = XOOH RESET = JOXXH RESET = XXXXH RESET = XXXXH
272019-31

Figure 27. Chip-Select Unit Registers
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-
intel. 80C186EA
bit bit bit bit
0 DSAO |4 o | DSA16 0 DDAO |4 o | DDA16
1+ | DsA1 1 |osa17 ]| 2, 1 | DDA1 1 [ooa17 ] | e
2 | DsA2 2 | DSA18 | [ gacie 2 | DDA2 2 | DDA18 | | gioes
DSA3 3 | DSA1S 3 DDA3 3 | DDA19
4 DSA4 4 X 4 DDA4 4 X
5 DSAS s X 5 DDAS 5 X
s DSA6 6 X s DDA6 6 X
DMA DMA
7 DSA7 | Source 7 X 7 DDA7 | 7 X
o [[Dsas | [ A s X s | DDAB | [ gl s X
9 DSA9 9 X 9 DDAS 9 X
10 | DSA10 10 X 10 | DDA10 10 X
11 | DSA11 1" X 11 | DDA11 1 X
12 | DSA12 12 X 12 | DDA12 12 X
13 | DSA13 13 X 13 | DDA13 13 X
1 | DSA14 wl x 1+ | DDA14 wl o x
15 | DSA15 |- 15 X 15 | DDA1S |- 15 X
DOSRCL (COH) DOSRCH (C2H DODSTL (C4H) DODSTH (C6H;
D1SRCL (DOH) D1SRCH (D2H) D1DSTL (D4H) D1DSTH (D6H)
RESET = XXXXH RESET = XXXXH RESET = XXXXH RESET = XXXXH
272019-32
bit bit
0 TCO ol WORD 0 = Byte Transfers
-\ 1=Word Transfers
0 =Stop DMA Transfers
! C1 ' |LSTART |{=Aarm DMA Channel
0=Do Not Change Start Bit
2 TC2 2 CHG 1y change Start Bit
3 TC3 3 X
1=Enable Timer 2 Requests
4 TC4 4 IDRQ 0 =Disable Timer 2 Requests
1=High Priority
5 1C5 5 P 0= Low Priority
00 = Unsync
6 TC6 6 SYNO ]_ 01 = Source Sync
7] Te7 || om A IS it peotety
[~ Transfor 1=lnt on TC
8 1C8 Count 8 INT_ 1o=po int on T
1 =Stop on Terminal Count
9 TC9 9 TC ] o=Continue on Terminal Count
1=Increment SRC Pointer
10 1c10 1o INC 0=No Increment
v (e  [Toee i o
12 | TC12 12 | MEM | §TIR i temery
1=Increment Dest Pointer
3 TC13 13 INC 0=No Increment
14 TC14 14 DEC L:l:‘:cg.rcn::;mﬂ Pointer
15 | 1C15 |- 15 | MEM | o7 0 i Yooy
DOTC (C8H) DOCON (CAH
D1TC (D8H) D1CON (DAH)
RESET = XXXXH RESET = START = 0 272019-33

Figure 28. DMA Unit Registers

24-215



80C186EA

ADVANGCE INFORMATION

bit bit bit
0 X of RCO |+ o] RCO |-
1 X 1 RC1 1 RC1
2 X 2 | RC2 2 | RC2
3 X 3 | RC3 3] RC3
X o [CRoa | ittt o [Crea ] | aocoum™
5 X 5 RCS s RC5
6 X 6 RC6 6 | RC6
7 X 7| RC7 7 | RC7
8 X 8 RC8 |- 8 RC8 |-
9 | RA13 9 X 9 X
10 | RA14 10 X 10 X
11 | RA15 1" X 1" X
1 [RATs | | o s o [ v [
13 RA17 13 X 13 X
14 | RA18 14 X 14 X
15 | RA19 15 X 15 REN |1 = Enable Refresh
RFBASE (EOH) RFTIME (E2H) RFCON (E4H)
RESET = OH RESET = OH RESET = OH 272019-34
Figure 29. Refresh Control Unit Registers
bit Clock Divisor bit bit bit
o FO 00 = by 1 0 | PWRDN | 1 =Enable Powerdown Mode 0 IDB1 o A8 |4
1 F1 ?(: : :yy : 1 IDLE 1=Enable Idle Mode 1 DB2 Stepping 1 A9
11 =by 16 Identifier
2 X 2 X <-;‘n*'"":m"l:;'*- 2 | 83 (read only) 2 | At0
3 X 3 X 3 IDB4 3 At1
. X 4 X 4 X 4 Al12
? X s X s X s Al3 | Starting Address
s X s X 6 X 6 | A14 for e
7 X 7 X 7 X 7 A1S
8 X 8 X 8 X 8 A16
9 X 9 X L] X 9 A17
10 X 10 X 10 X 10 A18
" X 1" X 1 X 1" A19 |-
12 X 12 X 12 X 12 | MEM o 2R ey
13 X 13 X 13 X 13 X
14 X 14 X u. X 14 sL ; z f:::.:‘m.
15 | PSEN | 52 oeme sl X 51X 15 | TRAP o o ar o bee
T sl st s s oo

RESET = 20FF

272019-35

Figure 30. Power Management, Relocation and Stepping Registers-
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ADVANCE INFORMATION

80C186EA EXPRESS

The Intel EXPRESS program offers an extended
temperature range as an enhancement to the
80C186EA operational specifications. EXPRESS
products are designed to meet the needs of those
applications whose operating requirements exceed
commercial standards.

With the standard commercial temperature range,
operational characteristics are guaranteed over a
temperature range corresponding to 0°C to +70°C
ambient. With the extended temperature range op-
tion, operational characteristics are guaranteed over
a temperature range corresponding to —40°C to
+85°C ambient.

Package types and EXPRESS versions are identified
by a one- or two-letter prefix to the part number. The
prefixes are listed in Table 9. All AC and DC specifi-
cations are the same for both commercial and EX-
PRESS parts.

Table 9. Prefix Identification

Prefix Pe.nr‘;k::e Ter;zzrga‘:ure
N PLCC Commercial
S QFP (EIAJ) Commercial
TN PLCC Extended
TS QFP (EIAJ) Extended

80C186EA EXECUTION TIMINGS

A determination of 80C186EA 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 80C186EA 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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80C186EA

INSTRUCTION SET SUMMARY

Function Format :ym Comments
DATA TRANSFER
MOV = Move:
|Register to Register/Memory { 1000100w | modreg vm | 2112
Register/memory to register mo 0101w | mod reg r/m J 2/9
Immediate to register/memory [ 1100011w [ modooorm |  daa | cataitw=1 || 12-13 | srebit
Immediate to register [ 1011wreg |  data | dataitw=1 | 3-4 8/16-bit
Mermory to accumulator [ 1010000w | addrow | addrhign | 8
Accumulator to memory [ 1010001w | addrow | addrhigh | 9
Register/memory to segment register I 10001110 [ mod O reg r/m I 2/9
Segment register to register/memory I 10001100 l mod 0 reg r/m | 2/1
PUSH = Push:
Memory [11111911 [ mod110w/m | 16
Register 10
S 1t register 9

XCHG = Exchange:
Register/memory with register

Register with accumulator
IN = Input from:

Fixed port

Variable port

OUT = Output to:

Fixed port

Variable port

XLAT = Translate byte to AL
LEA = Load EA to register
LDS = Load pointer to DS
LES = Load pointer to ES
LAHF = Load AH with flags
SAHF = Store AH into flags

PUSHF = Push flags

POPF = Pop flags

o

[ 10001111 |

mod000 r/m

01011 reg
000reg111

(reg+01)

[[1000011w [ modreg rm | 417
3
[[1110010w | port | 10
:
[1110011w [ pot | 9
:
1
[ 10001101 [ modreg rm | 6
[ 11000101 | modreg vm |  (mod=11) 18
[ 11000100 | modreg /m |  (mod=11) 18
2
:
0
5

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

Clock

Function ‘ Format Cycles Comments

DATA TRANSFER (Continued)

SEGMENT = Segment Override:

cs 2

s :

oS 2

es 2

ARITHMETIC

ADD = Add:

Reg/memory with register to sither | 000000dw | modreg r/m | 3/10

ImWiate to register/memory mod000 r/m l data | data if s w=01 4/16

Immediate to accumulator data I dataifw=1 l 3/4 8/16-bit
ADC = Add with carry:

Reg/memory with register to either mod reg r/m —l 3/10

Immediate to register/memory mod010 r/m | data [ dataitsw=01 | | ar16

Immediate to accumulator data l dataifw=1 I 3/4 8/16-bit
INC = Increment:

Register/memory mod000 r/m —I 3/15

Register 3

SUB = Subtract:

Reg/memory and register to either mod reg r/m l 3/10

Immediate from register/memory mod101 r/m [ data | dataif sw=01 4/16

Immediate from accumulator data | dataitw=1_| ara 8/16-bit
SBB = Subtract with borrow:

Reg/memory and register to either modreg r/m ’ 3/10

Immediate from register/memory mod011r/m l data | data if sw=01 4/16

Immediate from accumulator data I dataifw=1 J 3/4 8/16-bit
DEC = Decrement

Register/memory mod001 r/m | 3/15

Register 3

CMP = Compare:

Register/memory with register modreg r/m I 3/10

Register with register/memory mod reg r/m l 3/10

Immediate with register/memory mod111 r/m [ data l dataif sw=01 3/10

Immediate with accumulator data I dataifw=1 | 3/4 8/16-bit
NEG = Change sign register/memory I 1111011w I mod011 r/m | 3/10

AAA = ASCII adjust for add 8

DAA = Decimal adjust for add 4

AAS = ASCII adjust for subtract 7

DAS = Decimal adjust for subtract 4

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

—

DIV = Divide (unsigned): [1111011w [ mod110wm |

Register-Byte

-|Register-Word

Memory-Byte

Memory-Word

IDIV = Integer divide (signed): I 1111011w | mod111 r/m

Register-Byte ! :

Register-Word

Memory-Byte

Memory-Word

AAM = ASCll adjustfor multiply | 11010100 | 00001010 |

AAD = ASCIl adjust for divide [ 11010101 | 00001010 |

ICBW = Convert byte to word 10011000

CWD = Convert word to double word 10011001

LOGIC

Shift/Rotate Instructions:

Register/Memory by 1 r1101 ooow l mod TTT r/m J

Register/Memory by CL [[1101001w [ modTTT/m |
T

TTT Instruction
000 ROL
001 ROR
010 RCL
011 RCR
100 SHL/SAL
101 SHR
111 SAR

AND = And:

Function Format Cycles Comments
ARITHMETIC (Continued)
IMUL = Integer multiply (signed): I 1111011w | mod101 r/m
Register-Byte 25-28
Register-Word 34-37
Memory-Byte 31-34
Memory-Word 40-43

44-52

2/15

5+n/17+n

Reg/memory and register to either | 001000dw | mod reg r/m ‘ 3/10

Immediate to register/memory [1000000w | mod100wvm |  data | dataitw=1 4/16

Immediate to accumulator . r 0010010w | data l dataifw=1 l 3/4 8/16-bit
TEST= And function to fiags, no resuit:

Register/memory and register | 1000010w I mod reg r/m ! 3/10

Immediate data and register/memory | 1111011w | mod000r/m |  data | dataifw=1 4/10

Immediate data and fator | 1010100w |  data | dataiftw=1 | a/4 8/16-bit
OR=0r: :
Reg/memory and register to either l 000010dw | mod reg r/m | 3/10

Immediate to register/memory [[1000000w | modoot1vm |  data | dataitw=1 || as1e

Immediate to accumulator [ 0000110w T data I dataifw=1 ] 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 J mod reg r/m J 3/10
Immediate to register/memory [ 1000000w [ modi10m |  data | -dataitw=1 416
|Immediate to accumulator . [ o011010w | data | dataitw=1_| 3/a 8/16-bit
NOT = Invert register/memory I 1111011w r mod010 r/m l 3/10
STRING MANIPULATION
MOVS = Move byte/word 1010010w 14
CMPS = Compare byte/word 1010011w 22
SCAS = Scan byte/word 1010111w 15
LODS = Load byte/wd to AL/AX 1010110w 12

STOS = Store byte/wd from AL/AX 1010101w

1

&

Repeated by count in CX (REP/REPE/REPZ/REPNE/REPNZ)

MOVS = Move string l 11110010 J 1010010w |
CMPS = Compare string [[1111001z [ 1010011w |
SCAS = Scan string - [1111001z | 1010111w |
LODS = Load string [11110010 [ 1010110w |

|

STOS = Store string

[ 11110010 [ 1010101w |

CONTROL TRANSFER

CALL = Cali:

Direct within segment [ 11101000 | displow | disphigh |

Register/memory v [ 11111111 I mod010 r/m I

indirect within segment

Direct intersegment [ 10011010 [ segment offset I
[ segment selector I

Indirect intersegment [11111111 [ modo11e/m | (mod = 11)

JMP = Unconditional jump:

Short/long ‘ [(11101011 [ displow |

Direct within segment [11101001 [ displow | disphigh |

Register/memory I 11111111 I mod 100 r/m |

indirect within segment

Direct intersegment | 11101010 l segment offset I
l segment selector l

Indirect intersegment I 11111111 I mod101 r/m l (mod # 11)

10

15

13/19

23

38

26

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

INT = Interrupt:

Type specified [ 11001101 |  tpe |

Type 3 ' 11001100
INTO = Interrupt on overflow 11001110

IRET = Interrupt return 11001111

v

Pl i

Function Formgt :;:::; Comments
CONTROL TRANSFER (Continued)
RET = Return from CALL:
Within segment 16
Within seg adding immed to SP [ 11000010 | datatow | datahigh | 18
Intersegment ‘» 22
Intersegment adding immediate to SP [ 11001010 | datalow | datahigh | 25
JE/JZ = Jump on equal/zero [ o1110100 |  disp | 413 JMP not
UL/INGE = Jump on less/not greaterorequal | 01111100 |  disp | 4/13 takt:/e‘:‘MP
JLE/ING = Jump on less or equal/notgreater | 01111110 |  disp | 413
JB/JNAE = Jump on beldw/not above or equal l 01110010 J disp I 4/13
JBE/JNA = Jump on below or equal/notabove | 01110110 |  disp | 413
JP/JPE = Jump on parity/parity even [o1111010 ] asp | ans
JO = Jump on overflow © [lot110000] dsp | 413
JS = Jump on sign | 01111000 l disp I 4/13
UNE/JINZ = Jump on not equal/not zero [o1110101 [ asp | - 413
UNL/JGE = Jump on not less/greater or equal I 01111101 l disp I ) 4/13
JNLE/JG = Jump on not less or equal/greater I 01111111 | disp I 4/13
UNB/JAE = Jump on notbelow/above orequal | 01110011 |  disp | 413
UNBE/JA = Jump on not below or equal/above | 01110111 | - disp | 4/13
INP/JPO = Jump on not par/par odd [o1111011 | asp | 4/13
UNO = Jump on not overtfow [ o1110001 | asp | 4/13
NS = Jump on not sign [01111001 | asp | 4/13
JCXZ = Jump on CX zero [11100011 [ asp | 5/15
LOOP = Loop CX times o [11100010 ] asp ] 6/16 LOOP not
LOOPZ/LOOPE = Loopwhile zero/equal | 11100001 |  disp | 6/16 ‘ak‘:‘/(tgop
LOOPNZ/LOOPNE = Loop while not zero/equal | 11100000 |  disp | 6/16 '

48/4

if INT. taken/
~if INT. not
taken

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

Function Format :ylz::: _Comments
PROCESSOR CONTROL
CLC = Clear carry 2
CMC = Complement carry 2
STC = Set carry 2
CLD = Clear direction 2
STD = Set direction 2
CLI = Clear interrupt 2
STl = Set interrupt 2
HLT = Halt 2
WAIT = Wait 6 fTEST =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.

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

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

ifmod = 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 = 000then EA = (BX) + (Sl) + DISP

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

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

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

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

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

ifr/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

00 1 10

-

reg

reg is assigned according to the following:

Segment
‘reg Register
00 ES
01 (O]
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 010 DL
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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4.51

I (0.178)

aooopooooopooonnon

267
l*—-l {0-105)

NOTE:
Units are mm/(inches).

1.27 0.735 & 0.075
0.050) {0.029 £ 0.003)

68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53 52 »
10 513
2 sod
3 491
4 481
5 470 24.2% 0.1
6 46]7 (0953 £ 0.004)
7 450
8 440

25.15 # 0.15

9 43 : (0.99 £ 0.006;
10 423
1 4«10
12 40
13 k1] m]
14 38
15 k74w |
16 k(] m}
17 3503

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

guuguduuougoguudogauduaud

272019-36

Figure 31. PLCC Principal Dimensions
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NOTE:

17.920.4
(0.705 £0.016)

.| AAARRRAAABRRRARRRRAN
| | FOTRRRRYFRRERAAOOOONNE |

20(0.787)

23.920.4(0.941£0.018)

0.820.2

22.340.4(0.878 £0.016)

0.0 (0.0)MIN |

"' (STANDOFF)

16.320.4
(0.64220.016)

|
——"4— 0.15 £0.05 (0.006 £0.002)

Units are mm (inches) uniess specified.

=—3

N

T {0-031%0.008)

0°<08=<10°

272019-37

Figure 32. QFP (EIAJ) Principal Dimensions
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REVISION HISTORY

Intel 80C186EA devices are marked with a 9-charac-
ter alphanumeric Intel FPO number underneath the
product number. This data sheet (272019-001) is
valid for 80C186EA devices with an “A” or “B” as
the ninth character in the FPO number, as illustrated
in Figure 5 for the 68-lead PLCC package and Figure
6 for the 84-lead QFP (EIAJ) package. Such devices
may also be identified by reading a value of 01H or
02H from the STEPID register.

The following changes were made between the -001
and -002 versions of the 80C188EA data sheets.
The -002 data sheet applies to any 80C188EA with a
“B” alpha character after the FPO number. The FPO
number location is shown in Figures 5 and 6.

1. Much of the information provided in the -001 ver-
sion of the data sheet has been removed. Detail
descriptions of part functionality may be found in
the 80C188EA User’s Manual.

ERRATA

An 80C186EA with a STEPID value of 01H or 02H
has the following known errata. A device with a
STEPID of 01H or 02H can be visually identified by
noting the presence of an “A” or “B” alpha charac-
ter, repectively, next to the FPO number. The FPO
number location is shown in Figures 5 and 6.

1. An internal condition with the interrupt controller
can cause no acknowledge cycle on the INTA1
line in response to INT1. This errata only occurs
when Interrupt 1 is configured in cascade mode
and a higher priority interrupt exists. This errata
will not occur consistantly, it is dependent on in-
terrupt timing.
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N
80C186EB-20, -16, -13, -8
16-BIT HIGH-INTEGRATION EMBEDDED PROCESSOR
¢ Full Static Operation
® True CMOS Inputs and Outputs
® —40°C to +85°C Operating Temperature Range

B Integrated Feature Set m Low-Power Operating Modes:
— Low-Power Static CPU Core — Idle Mode Freezes CPU Clocks but
— Two Independent UARTSs each with keeps Peripherals Active
an Integral Baud Rate Generator — Powerdown Mode Freezes All
— Two 8-Bit Multiplexed 1/0 Ports Internal Clocks
— Programmable Interrupt Controller
~— Three Programmable 16-Bit . g:: m;;l:tte System Development
Timer/Counters ' PP
— Clock Generator — ASM86 Assembler, PL/M 86, Pascal
. 86, Fortran 86, C-86, and System
— Ten Programmable Chip Selects with Utilities
Integral Wait-State Generator — In-Circuit Emulator (ICET™™-186EB)
— Memory Refresh Control Unit
— System Level Testing Support m Supports 80C187 Numeric Coprocessor
(ONCE™ Mode) Interface (TN8OC186EB Only)
m Direct Addressing Capability to 1 Mbyte @ Available In:
Memory and 64 Kbyte 1/0 — 80-Pin Quad Flat Pack (TS80C186EB)
. — 84-Pin Plastic Leaded Chip Carrier
B Speed Versions Available:
— 20 MHz (80C 186EB-20) (TN8OC186EB)
— 16 MHz (80C186EB-16)
— 13 MHz (80C186EB-13)
— 8 MHz (80C186EB-8)

The 80C186EB is a second generation CHMOS High-Integration microprocessor. It has features that are new
to the 80C186 family and include a STATIC CPU core, an enhanced Chip Select decode unit, two independent
Serial Channels, I/0 ports, and the capability of Idle or Powerdown low power modes.
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80C186EB ADVANGE INFORMATION
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