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80C186
CHMOS HIGH INTEGRATION 16-BIT MICROPROCESSOR

® Operation Modes Include:
— Enhanced Mode Which Has
— DRAM Refresh Control Unit
— Power-Save Mode
— Direct Interface to New Numerics
Coprocessor
- Compatible Mode
=~ NMOS 80186 Pin-for-Pin
Repiacement for Non-Numerics
Applications

# Integrated Feature Set

— Enhanced 80C86/C88 CPU

— Clock Generator

- 2 Independent PMA Channels

— Programmable Interrupt Controller

— 3 Programmable 16-Bit Timers

— Dynamic RAM Refresh Control Unit

— Programmable Memory and
Peripheral Chip Select Lagic

— Programmable Wait State Generator

= Local Bus Controller

— Power Save Mode

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

B Avallable in 16 MHz (80C186-16),
12.5 MHz (80C186-12) and 10 MHz
(80C186) Versions

B Direct Addressing Capability to 1 Mbyte
Memory and 64 Kbyte 1/0

B Completely Object Code Compatible

with All Existing 8086/8088 Software
and Aiso Has 10 Additional Instructions
Over 8086/8088

Complete System Development
Support
= All 8086 and NMOS 80186 Software -
Development Tools Can Be Used for
80C186 System Development
— ASM 86 Assembler, PL/M-86,
Pascal-86, FORTRAN-86, C-86 and
System Utilities
— In-Circuit-Emulator (ICETM-186)

High Performance Numeric
Coprocessing Capability through
80C187 Interface

Available in 68-Pin:

— Plastic Leaded Chip Carrier (PLCC)

— Ceramic Pin Grid Array (PGA)

— Ceramic Leadiess Chip Carrler
(JEDEC A Package)

(See Packaging Outlines and Dimensions, Order MNumber

231869)

Available in EXPRESS Extended

Temperature Range (—40°C to +85°C)

Available in Military:

— Difterent Specifications

« 10 MHz (MB0C186-10) and 12.5 MHz
(M80C186-12) Versions _ 24

(See MBOL186 data sheet, Order Number 270500 for spacifica-
tions}

The intel 80C186 is a CHMOS high integration microprocessor. In has features which are new to the 80186
tamily 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 appilications). The “enhanced” mode of operation allows the full feature set of the 80C186 to be used.
The 80C186 is upward compatible with B086 and 8088 software and fully compatible with 80186 and 80188

software.
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Figure 2. 80C186 Pinout Diagrams
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80C186

Table 1. 80C186 Pin Description

Symbol

Name and Function

Veo

System Power: + 5 vott power supply.

Vss

System Ground.

RESET

2188 |&o

RESET Output indicates that the 80C186 CPU is being reset, and can be
usad as a system resat. it is active HIGH, synchronized with the
processor clock, and lasts an inﬁs%snun'lber of clock periods
corresponding to the length of the signal. Reset goes inactive 2
clockout periods after RES goes inactive. When tied to the TES | /BUSY
pin, AESET forces the B0C186 into enhanced mode. RESET is not
floated during bus hold.

X1
X2

59
58

Crystal Inputs X1 and X2 provide external connections for a fundamental
mode or third overtone parailel rasonant crystal for the internai osciflator.
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 system with & 50% duty cycle waveform. All
device pin timings are specified relative to CLKOUT. CLKOUT s active

during reset and bus hoid.

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 80186 begins fetching
instructions approximataly 64 clock cycles after RES is returned HIGH.
For proper initialization, Vo must be within spacifications 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 natwork.

TEST/BUSY

47

170

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
TES | /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 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
axacution will resume. If interrupts are enabled while the 80C186 is
waiting for TEST, interrupts wilt be sefviced.

BUSY—In Enhanced Mods, this pin is configured to operate as BUSY.
The BUSY input is used to notify the 80CG186 of Numerics Processor
Extension activity, Floating point instructions executing in the B0C186
sampls 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 aither 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 ciock or retrigger inputs.

TMR OUT0
TMROUT 1

Q0

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

24-62
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Table 1. 80C186 Pin Description (Continued)

24

Symbol Pin No. | Type Name and Function T=49-17-15
DRQO 18 I | DMA Request is asserted HIGH by an external device when itis ready
DR 19 | | for DMA Channel 0 or 1 to perform a transfer. These signals are level-

triggered and internally synchronized. :

NM! 46 I | The Non-Maskable Interrupt input causes a Type 2 interrupt. An NMI
transition from LOW 1o HIGH is latched and synchronized internally, and
initiates the interrupt at the next instruction boundary. NMI must be
assarted for at lsast one CLKOUT period. The Non-Magkable Interrupt
cannot be avoidsed 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/INTAD 42 170 | Interrupt Requests are synchronized internally. INT2 and INT3 may be

INTA/INTAT/IRQ | 41 170 | configured to provide active-LOW interrupt-acknowledge output signals.
All interrupt inputs may be configured to be either edgs- or level-
triggerad. To ensure recognition, all interrupt requests must remain
active until the interrupt is acknowledged. When Slave Mode is selacted,
the function of thase pins changes (56 Interrupt Controller section of
this data sheet).

A19/86 65 Q | Address Bus Outputs (16-19) and Bus Cycle Status (3-6) indicate the

A18/85 €6 O | four most significant address bits during T+. These signals are active

A17/S4 67 0 |HIGH. :

A18/S3 68 0 | During Ty, Ta, 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, $3, S4, and 85 are always LOW. These outputs are

| floated during bus hold or raset. r

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

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

AD13 5 170 { bus is active HIGH. Ay is analogous to BHE for the lower byte of the

AD12 7 I1/Q | data bus, pins O7 through Dg. R is LOW during T4 when a byte is o be

AD11 10 I/0 | transferred onto the lower partion of the bus in memory or 1/0

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

AD9 14 i70 :

AD8 16 /0

AD7 2 170

ADg 4 170

ADS 6 70

AD4 8 7O

A 11 Fio]

AD2 13 T30

AN 15 o

ADO 17 O

24-63
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Table 1. 80C 186 Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function T=49-17-15

@
T
m

0

The BME (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 D15-0D8.
BHE will be LOW during T4 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 aiso be used 1o signify DRAM refresh cycles. A
refresh cycle is indicated by both BHE and A0 being HIGH.

BHE and A0 Encodings
Function

HE Value | AO Value

0 Word Transfer

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

1 Refresh

ALE/QS0

61

Address Latch Enable/Queue Status 0 is provided by the 80G186 o latch
the address. ALE is active HIGH, with addresses guaranteed valid on the

trailing edge.

WH/Qs1

Write Strobe/Queue Status 1 indicates that the data on the bus is to be
written into a memory or an 170 device. It is active LOW, and floats dusing
bus hold or reset. When the 80C186 is in queue status mods, the ALE/QS0
and WR/QS1 pins provide information about processor/instruction queue
interaction.

Qs1 Qso
0
1
1

Queue Operation

No queue operation

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

RO/QSMD

O/l

Read Strobe is an active LOW signal which indicates that the 80C186 is
performing a memory or 1/0 read cycle. It is guaranteed not to go LOW
befors the A/D bus is floated. An internal pull-up ensures that RB/0SMD 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.
AD will tioat during bus HOLD.

|ARDY

Asynchronous Ready informs the 80C186 that the addressed memory space
or 170 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 tha ready condition to the CPU. If this line is unused,
it should be tied LOW to yield control to the SRDY pin. ‘

SADY

49

Synchronous Ready informs the 80C186 that the addressed memory space
or 170 device will complete a data transfer. The SRDY pin accepts an active-
HIGH input synchronized to CLKOUT. The use of SRDY allows a relaxed
system timing over ARDY. This is accomplished by elimination of the one-
half clock cycle required to internally synchonize the ARDY input signal.
Connecting SRDY high will always assert the ready condition to the CPU. If

this line is unused, it should be tied LOW to yield control to the ARDY pin.

24-64
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Table 1. 80C186 Pin Description (Continued)
Symbol PinNo. | Type | . Name and Function

[OCK 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 asscciated with the instruction
immediately following the LOCK prefix. I remains active until the
complstion of that instruction. No instruction prefetching will occur
while LOCK is asserted. LOCK floats during bus hold or reset.

T-49-17-15

80 52 O | Bus cycle status S0-S2 are sncoded to provide bus-transaction
g1 53 o information:
$2 54 0 -80C186 Bus Cycle Status Information
S2|81|S0 Bus Cycle Initiated
0 0 0 | Interrupt Acknowledge
0| 0| 1| Readl/D
041 0 | Write /O
0 ] 1 | Halt
1 0 0 | Instruction Fatch
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.
52 may be used as a logical M/I0 indicator, and 5T as a DT/R
Indicator.
HOLD 50 I HOLD indicates that another bus master is requesting the local bus.
HLDA 51 0 The HOLD input is active HIGH. The 80C188 generates HLDA [HIGH)

in response to a HOLD request. Simuitanecus with the issuance of
HLDA, the 80C 186 will float the local bus and control lines. After
HOLD is datectad as being LOW, the 80C186 will lower HLDA. When
the 80C 186 needs to run another bus cycle, it will again drive the local
bus and control lines. 2 4

in Enhanced Mode, HLDA will go low when a DRAM refresh cycle is
pending in the BOC186 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.

ucs 34 O/l | Upper Memory Chip Select is an active LOW output whenever a
memory reference is made to the defined upper portion (1K-256K
block) of memory. UCS does not float during bus hold. The address
range activating UCS is sofiware programmable.

UCS and TS are sampled upon the rising edge of RES. If both pins
are held low, the 80C 186 will enter ONCE Mode. In CNCE 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.

24-65
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Table 1. 80C 186 Pin Description (Continued) T=49-17~1 5
Symbol Pin No. | Type Name and Function
LCS 33 0O/l | Lower Memory Chip Select is active LOW wheneaver a memory reference

is made to the dafined lower portion (1K-256K) of memory. LCS does
not float during bus HOLD. The addrass range activating LCS is software
programmable.

UCS and LGS are sampled upon the rising edge of RES. If both pins are
held low, the B0C196 will enter ONCE Mode. in ONCE Mode all pins
assume ich_‘gh impedance state and remain s0 untit a subsequerit’
RESET. LCS has a weak internal pullup that is active only during RESET
to ensure that the B0C186 does not enter ONCE mode inadvertently.

MCS0/PEREQ 38 0/ | Mid-Range Memory Chip Select signals are active LOW when a memory
MCSi/ERROR | 37 0/ | reference is made to the defined mid-range portion of memory

NC32 16 0 | (8K-512K). These lines do not float during bus HOLD. The address
NCSa/NPS 35 o | 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 1o signal the BOC186 when to make numeric
data transfers to and from the NPX. MCS3 becomes NP3 (Numeric
Processor Selact) which may only be activated by communication to the
Numerics Processor Extension. 1 becomes in enhancsd
mode and is used to signal numerics coprocessor emors.

MCS0/PEREQ and MCS1/ERROR have weak internal pullups which are
active during reset.

PCS0 : 25 O | Peripheral Chip Select signals 0-4 are active LOW when a referenca is

PCST 27 O | made to the defined peripheral area (64K byte 170 or 1 MByte memory

PCs2 28 O | space). Thess lines do not float during bus HOLD. The address ranges

PCS3 29 O | activating PCS0-4 are software programmable.

PCS4 30 0

PCS5/A1 31 O | Peripheral Chip Select 5 or Latched A1 may be programmad to provide a
sixth peripheral chip select, or to Ide an internally latched A1 signal.
The addrass range activating 5 is software-programmable. PCS5/A1
does not float during bus HOLD. When programmed to provide latched
A1, this pin will retain the previously latched vaiue during HOLD.

PCS6/A2 32 O | Peripheral Chip Select & or Latched A2 may be programmed to provide a
saventh paripheral chip sefect, or to provide an internally laiched A2
signal. The address range activating is software-programmable.
PCS6/A2 doss not float during bus HOLD. When programmed to provide

latched A2, this pin will retain the previously latched value during HOLD.

DT/R 40 O | Data Transmit/Raceive 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/
R floats during a bus hold or reset.

EN 39 O | 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 drivan HIGH for one clock, then floated. DEN also floats during
HOLD.

24-66




5bE D W 4826175 0117962 764 WEITLL

intel.

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-
binas 15-20 of the most common microprocessor
system components onto one chip. The BOC186 is
obhject code compatible with the 80B6/8088 micro-
processors and adds 10 new instruction types to the
B086/8088 instruction set,

The BOC186 has two major modes of operation,
Compatible and Enhanced. In Compatible Mode the
B80C186 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 Powser-Save control, Dynamic
AAM refresh, and an asynchronous Numerics Co-
processor interface.

80C186
INTEL (ORP (UP/PRPHLS)

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 BOC186 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.

1&BIT SFECIAL

REQISTER AEGISTER b o
NAME FUNGTIONS
cs CODE SEGMENT SELECTOR
7 o7 o
bs DATA SEGMENT SELEGTOR
EYTE ESSABLE AxX| aH AL MULTIPLY/DIVIDE
NJ "::ﬁ' \ ox o o 110 INSTRLCTIONS 88 STACK SEGMENT SELECTOR
AEGISTER
NAMES ES EXTRA SEGMENT SELECTOR
SHOWN) X CH CL ] LOOP SHIF T /AEPEAT/COUNT
SEGMENT REQISTERS
Bx| BH BL
BASE REGISTERS
Be 15 o
st F STATUS WORD
INDEX REGISTERS .
o e INSTRUCTION POINTER
sP ] STACK POINTER STATUS AMD CONTROL
REGISTERS
15 o
GENERAL
REGISTERS
Figure 3a. 80C186 Register Set
STATUS FLAGS:
LARRY
ANTY
AUXLIARY CAAAY
R0
SN

orler ——

WWMY“IWI*I"IM”M\W

N ENWED

TRAP FLAG

HTERAUFT ENABLE

DIRECTION FLAG:

270354 ~4

PRELIMINARY
T-49-17-15

Figure 3b. Status Word Format
24-57
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Segment Hegisters

Four 186-bit special puwpose 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
rmamory. These registers may contain hase address-
es or indexes 1o 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 80C186 processor stale.
These are the Instruction Pointer Register, which
contains the offset addrass 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, 8, 7, and 11) and controls the operation of
the 80C106 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
Tahle 2.

lnstruction 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 BOC186 instruction can referance anywhere from
2ero 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
baso values are contained in one of four internal
segment register (code, data, stack, exira). The

80C186
INTEL CORP (UP/PRPHLS) -

PRELIMINARY
-49-17-15

Table 2. Status Word Bit F'unctlons

Bit
Position

0 CF

Function

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

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

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

Zero Flag—Set if result is zero;
cleared otherwise :

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

Single Step Flag—Onca 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 1o transfer
control to an interrupt vector
spacified location.

Direction Flag—Causes string
instructions to auto decrement
the appropriate index register
when set. Clearing DF causes
auto increment.

Qwverflow Flag—Set if the
signed result cannot be
expressed within the number
of bits in the destination
operand; cleared otherwise

Name

2 PF

10 DF

1 OF

physical address is calculated by shifting the base
value LEFT by four bits and adding the 16-bit ofisat
value to vield 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 8) as independant modulas that
require areas for code and data, a stack, and access

to external data areas.

Special segment override instruction prefixes aliow
the implicit segment register selection rules to be
oversidden for special cases. The stack, data, and
extra segments may coincide for simple programs.
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GENERAL PURPOSE MOVS Mave byte or word string
MOV Move byle or word NS Input bytes or word string
PUSH Push word onio stack OUTS Output bytes or word string
POP__ Pop word off stack CMPS Compare byte or word string
PUSHA Push all reglsters 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 2::8 ?"“’ byte or word string
INPUT/OUTPUT epeat
N Input byte or word REPE/ BEPZ Repeat whila aqual/zero
ouT Output byte or word REPMNE/REPNZ Repeat whila not equal/not zero
ADDRESS OBJECT LOGICALS
LEA Load effoctive address :S; ::Jo:"’?te or word
LDS Load pointer using DS OR "Ir:::Il.lsi\.\'s:ec»:::f byte or word
LES A l:::d pointer using ES XOR "Exclusive or" byte or word
G TRANSFER TEST “Test” byte o 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
ADGC Add wte of word with carry RORA Rotate right byte orword
NG Increment byte or word by 1 RCL Rotata through carry left byte or word
) adjust for agdition RCR Rﬁ: t;f::gnllia;:‘ right byte or word
DAA Decimal adjust for addition P Sot 0 s
carry flag
SUBTRACTION
SUB Subtract byta or word CLO Clear cany flag
sS8B Subtract byte or word with borrow STD gz:;l::::? r::l:arry flag 24
DEC Decrement byte or word by 1 oL Cioar di '0, a;g
ear direction flag
NEG Negate or word
pryes Comparzyt::le e word STI Set interrupt enable flag
AAS ASCI| adjust for subtraction ol Exrg;:::t:r;upt e:aobll:;:?n ON
DAS Decirnal adjust for subtraction
MULTIPLEI:’ATION HLT Halt until interrupt or reset
WAIT Wait for TEGT pin activ
MUL Multiply byte or worg unsigned £SC Eoo orw ex'te::i:n ° ;
IMUL Integer muttiply byte or word LOCK Loc?:aeus durin nextzstmction
AAM ASCH adjust for multiply NO OPEFIiTI ON
DIVISION NoP N o
— - o operation
DIV Divida or word unsigned
o Intagsrh:n:de byto or wc?rd HIGH LEVEL INSTRUCTIDNS
AAD ASGH adjust for division ENTER Format stack for procedure antry
CBW Corwert byte o word LEAVE Restore stack for procedure exit
WD Comvert word 1o doublaword BOUND Detects values oulside prescribed range

Figure 4. 80C186 Instruction Set
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CONDITIONAL TRANSFERS Jo Jump if overflow
JA/JNBE Jump if above/not below nor equal JP/JFE Jump if parity/parity even
JAE/JNBE Jump if above or equal/not below 45 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 Jumgp # carry RET Retun from procedure
JE/JZ Jumyp if equal/zero JMP Jump
JG/JINLE Jump if greater/not lass nor equal ITERATION CONTROLS
JGE/JNL Jump if greater or equal/not less LOOP Loop
JL/SNGE Jump if less/not greater nor aqual LOCPE/LOQOPZ Loop if aqual/zero
JLE/JING Jump if less or equal/not greater LOCPNE/LOOPNZ Laop if not equal/not zero
JNC Jump if not casry JCXZ Jump if register CX = 0
JNE/JINZ Jump if not equal/not zero INTERRUPTS
JNQ Jump if not overflow INT Interrupt
JNP/JPO Jump if not parity/parity odd INTO Interrupt if cvarfiow
JNS Jump if not sign IRET Intorrupt return
Figure 4. 80C 186 Instruction Set (Continusd)
To access opeorands 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. cooe
MODULE A
DATA
SHIFT LEFT i §1TE SEGMENT
BASE | ]
} Kooness ) 1
OFFSETY . o
MODULE B - I
OATA CODE
PHYSICAL ADORESS | , el —
TOMEMORY 270354-5 ) '
STACK
Figure 5. Two Component Address ks EXTAA
s
Table 3. Segment Register Selection Rules : :
Memory | Segment | 500 gegment Pmocess
Reference | Register Selection Rule o
Needed Usad WOCK ¥
Instructions | Code (GS) | Instruction prefetch and ) ;
immediate data. ! t
Stack Stack (88) | All stack pushes and PROCESS
pops; any memory siocx 2
references which use BP
Register as a base 1 1
register. lemd
External Extra (ES) | Afl string instruction MEMORY
Data references which use 270954-6
{Global) the Di register as an
index. Figure 6. Segmented Memory Helps
Local Data | Data (DS) | All other data references. Structure Software
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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:

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

¢ /mmediate Operand Mods: 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
addrass consists of two 16-bit components: a sag-
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 sagment ovarride prefix. The offset, also called
the effective address, is calculated by summing any
combination of the following three address ele-
ments:

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

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

* the index (contents of either the Sl or DI index
registers).

Any carry out from the 16-bit addition is ignored.
Eight-bit displacements are sign extended to 18-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 18-bit displacamaent el-
ement.

& Ragister Indirect Mode: The operand's offset is in
one of the registers Si, 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 hase register (BX or BP).

¢ [ndexed Mode: The operand’s offset is the sum

of an B- or 16-bit displacement and the contents

of an index register (S| or DY).

s Based indaxed Moda: Tha operand's offset is the
sum of the contonts of a base register and an
index register.

s Based indexed Mode with Displacement: The op-
erand's ofiset is the sum of & base register’s con-
tents, an index register's contents, and an 8- or
16-bit displacemant.

80C186
‘INTEL CORP (UP/PRPHLS) —
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Data Types

The BOC186 directly supports the following data
types:

» Integer: A signad binary numeric value contained
in an 8-bit byte or a 16-bit word. All operations
assume a 2's complement ropresentation.
Signed 32- and 64-bit integers are supported us-
ing a Numeric Data Coprocessor with the
80C186, _ _

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

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

¢ Stnng: A contiguous sequence of bytes or words,
A string may contain from 1 {o 64K byles,

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

* BCD: A byte {unpacked) representation of the
decimal digits 0-9.

s Packed BCLD: A byte (packed) representation of
two decimal digits {(0—8}. 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 2 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.

I/0-Space

Tha I/Q space consists of 84K 8-bit or 32K 16-bit
ports. Separate instructions address the I/0 gpace
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. |/O port addresses 00FB(H)
through OCFF(H) are reserved.

Interrupts

An interrupt transfers execution 10 a new program
location. The old program address (CS:IP) and ma-
chine state (Status Word) are saved on the stack to
allow resumption of the interrupted program. Inter-
rupts fall into three classes: hardware initiated, INT
instructions, and instruction exceptions. Hardware
initiated interrupts occur in response to an external
input and are classified as non-maskable or maska-
ble.
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7 L]

SIGNED

BYYE
SIGNBIT 'y 3
MAGNTLDE

7
INSIGHED
BYTE

"— M5B }
MAGNITUDE

1514 *Y a7 % g
SIGNED
WORD

SIGNBIT ' - NSE |
MAGMITUDE

SIGNED 3 +3 i oy 1 L] o
MU!LE’|||||”l”'ll||||||I|”|”‘I|”|
WORD"
SHEN BT ugB

MAGNITUDE

+6  +3 +d 2 +2 1 g
xr

sugﬁgﬂ” 47 18 Y [
el T T 1 71 1

BIGN BIT 4\— MSB

MAGHITUDE
1+ 9 o
UNSIGHED
WORD
L. W58
MAGM TUDE
Bmmr*"o IR T
i - i
DECIMAL
c{acm Bco aco BCD
DIGIT N DIT 1 DIGIT &
; M 7 1 o5 0,
Ast:lll ! | ...
ASCH : ASCH ASCH
CHARACTERy CHARACTER, CHARACTERG

r tN 4 p tt gy 0,
“BET - T
| I | S—

MDSY LEAST
SIGNIFICANT OCe2IT GGNIFFCANT DGIT

115 *M g s Y7 a1 @ g

STRING

BYTE WORD N BYTE WORE 1 BYTE WORD 0

n ~? *2 g 1 ] &

POINTER I | I | I | I l I

L 1 ]
SELECTOR OFFSET
wtd tB T 46 48 st ] 2 1 L]

== I A I

SIGN BT )
MAGHITUDE

EXPOMENT -

2703547

NOTE:
*Supported by using a Numeric Data Coprocessor with

the BOG186.

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-

PRELIMINARY
T=49~17-15 -

tion if the profix was present. In all other cases, the
retum address from an exception will point at the
ingtruction immediately fellowing 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 identifias 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 intemal interrupt controller, INT
instructions comtain 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 inmerrupt acknowledge bus sequence.
Non-maskable hardware interrupts use a predefined
internally supplied vector.

interrupt Sources

The 80C186 can service interrupis generated by
software or hardware. The software internupts are
generated by specific instructions (INT, ESC, unused
OP, etc.) or the results of conditions specified by
instructions (array bounds check, INTO, DIV, DIV,
atc.). 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 sarvice routine is entered and inter-
rupts are enabled, any hardware sowrce 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 1¢ the
single-step interrupt service routine clears the TF bit,
An IRET instruction in the interrupt service routine
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Table 4. 80C 186 Interrupt Vectors

interrupt Vector Vector Default Related Applicable
Name Type Address Priority | Instructions Notes
Divide Error Exception 0 00H 1 DIV, DIV 1
Single Step Interrupt 1 04H 1A All _ 2
Mon-Maskable Interrupt (NME) 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
{Coprocassor)
Timer O Interrupt 8 20H 2A 4
Timer 1 interrupd 18 48H 2B 4,6
Timer 2 Interrupt 19 4CH 20 4,6
Reserved 9 24H 3
DMA 0 Interrupt 10 28H 4 6
DMA 1 Interrupt 11 2CH 5 ]
INTO Interrupt 12 A0H 6
INT1 Interrupt 13 34H 7
INT2 interrupt 14 J8H 8
INT3 Interrupt 15 aCH 9
Numerics Coprocessor Exception 16 40H 1 ESC Opcodes 1,5
: {Numerics
Coprocessor)
Reserved 17 44H
Reserved 20-31 { 604...7CH

NOTES: 24

Default priorities for the intemupt sources are used only if the user does nat program each source to a unique priority lavel.
1. Generated as a result of an instruction execution.

2, Performed in the same manner as 8085,

3. An ESC (coprocassor) opcode will cause a trap if the 80C186 is in competible mode or if the processor is in Enhanced
Mode with the proper bit set in the peripheral control block relocation register. The BOC 186 is not directly compatible with
the 80185 in this respect.

4. All threa timers constitute one source of request to the interrupt controller. As such, they shase the same priority lavol with
respect to other interrupt sources. However, the timers have a defined priority order ameng themselves (2A > 2B > 20).

5. Numerics coprocessor exceptions are detacted by the BOC188 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 =~ BREAKPOQINT INTERRUPT (TYPE 3)

to the next instruction to be single-stepped.
A one-byte version of the INT instruction. it uses 12

as an index into the service routine address table

An external interrupt source which is serviced re- _

gardless of the state of the IF bit. No external inter- INTO DETECTED OYERFLOW EXCEPTION

rupt acknowledge sequence is performed. The IF bit (TYPE4)

is cleared at the beginning of an NMI interrupt to _
prevent maskable interrupts from being serviced. A Generated during an INTO instruction if the OF bit is
typical use of NMI would be to activate a power fail- set.

ure routine.
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ARRAY BOUNDS EXCEPTION (TYPE 5)

Generated during a BOUND instruction if the array
indeX is cutside the array bounds. The array bounds
are located in memory &t a location indicated by one
of the instruction operands. The other operand inci-
cates the value of the index to be checked.

UNUSED OPCODE EXCEPTION (TYPE 6)
Generated if axecution is attempted on undefinad
opcodes.

ESCAPE OPCODE EXCEPTION (TYPE 7)
Genwerated if axecution 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
retumn address of this exception wilt point to the ESC
instruction causing the exception. If a segment over-
ride prafix preceded the ESC instruction, the return
addrass wilt 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
orvor in tha 80C187 Numerics Coprocessor Exten-
sion. in general, the 80C187 does not detact an er-
ror until the instruction after the error occured. A
numerics coprocessor orror 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 ping INTO-INT3. In addition, magk-
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. Softwara 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 reflact the enable status of
the processor prior to the interrupt. The interrupt flag
will remain zero unless specitically set. The interrupt
retumn instruction restores the Status Word, thereby

T-49-17-15
PRELIMINARY

restoring the original status of IF bit. i the interrupt
return re-enables interrupts, and ancther interrupt is
pending, the 80C186 will immediately service the
highest-priority intarrupt 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 dl#l’%

power-up to ensure proper device initialization.
forces the B0Ct86 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 seis somse
registers to predefined values as shown in Table 5.

Table 5. 80C186 (nitial Register State

after RESET
Status Word FOO2(H)
Instruction Pointer 0000{H)
Code Segment FFFF(H)
Data Segment O000(H)
Extra Segment 0C0O(H)
Stack Segment 0000(H)
Relocation Register 20FF(H)
UMCS FFFB(H)

80C186 CL.LOCK 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.

- Osclliator

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

The output of the oscillator Is not directly avallable
outside the B0C186. The two recommended crystal
configurations are shown in Figures Ba and B8b.
When used in third-overtone mode the tank circuit
shown in Figure 8b is recommencied for stable oper-
ation. The sum of the stray capacitances and load-
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30pF
=3 CRYSTAL [ — ] CRYSTAL
[ SRR X2
20pF BOCtB6 B80C186
(Ba) 270354 -24
27035425
{h)
Note 1:
XTAL Frequency L1 Value
. 20 Mhz 12.0 gH £20%
25 Mhz B2 xH +20%
32 Mhz 47 uH 120%
Recommended Crystal Mode rimlrmdum ﬁ
Fundomental —-I '
3
L)
Desired CPU Freguency 10 HHz 12.5 MHz 16 MMz
’ 270354-8
| External Clock Source Je——gX1 i X1
N.C. %2 l Extcmal ock Source y———i¥2
80C186 80C186
{Be)
(o) 270354-27

(DO NOT USE)

Figure 8. 80C186 Oscillator Configuritions (see text)

ing capacitors should equal the values shown. it is
advisable to limit stray capacitance betwaen the X1
and X2 pins to less than 10 pF, While a fundamen-
tal-mode circuit will require approximately + ms for
start-up, the third-overtone arrangement may require
1 ms to 3 ms to stabilize.

Alternately, the oscillator may be driven from an ex-
ternal sowrce as shown in Figure Bd. The configura-
tion shown in Figure 8e is not recommended.

Intel racommends the foliowing values for crystal se-
lection parameters.

Temperature Range: 0to 70°C
ESR (Equivalent Series Resistance): 404} max
Cyp (Shunt Capacitance of Crystal): 7.0 pF max

270354-28
C4 (Load Capacitance): 20pF £ 2pF
Drive Level: 1 mW max
Clock Generator

The B0C186 clock generator provides the 50% duty
cycle processor clock for the 80C 186, It does this by
dividing the oscillator output by 2 forming the sym-
metrical clock. If an externa! 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 T, Ta, and again in the
middie of each Ty until ARDY is sampled HIGH.
One-half CLKOUT cycle of resolution time is used
for full synchronization of a rising ARDY signal. A
high-to-low transition on ARDY may be used as an
indication of the not ready condition but it must be
performed synchronously to CLKQUT either in the
middle of To, Tg, or Ty, or at the falling edge of T3
or Ty.

A second ready input (SADY) is provided to inter-
face with externally synchronized ready signals. This
input is sampled at the end of Ts, Ta and again at
the end of sach Tw until it is sampled HIGH. By
using this input rather than the asynchronous ready
input, the half-clock ¢ycle resolution time penalty is
eliminatad. This input must satisfy set-up and hold
timas to guarantee proper opsration of the circuit.

In addition, the 80G186, 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 Selact/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
B80C186 is provided with hysteresis in order {0 facili-
tate powear-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 deolayed g&gm approximately
two and one-half clocks behind RES.

LOCAL BUS CONTROLLER

The BOC186 provides a local bus controller to gener-
ate the local bus control signals. In addition, it am-
ploys a HOLD/HLDA protocol for relinquishing the
local bus 10 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 locat bus.

Memory/Peripheral Control

The 80C1886 provides ALE, RD, and WR bus contral
signals. The RD and WR signals are used to strobe
data from memory or 1/0 to the 80C186 or to strobe
data from the 80C186 to memory or I/0. The ALE
lina provides a strobe 1o latch the address when it is
valid. The 80C186 local bus controller does not pro-

80C186
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vide a memory/170 signal. If this is required, use the
83 signal (which will require external latching), make
the memory and /0 spaces nonoverlapping, or use
only the integrated chip-select circuitry.

‘“Transcelver Control

The 80C186 generates two control signals for exter-
nal transceiver chips. This capability allows the addi-
tion of transceivers for extra buffaring without a%dEi%?
external logic. These control lines, DT/R and .
are generated to conirol the flow of data through the
transceivers. The operation of these signals is
shown in Table 6.

Table 6. Transceiver Control Signals Description
Function

DEN Enables the output drivers of the
(Data Enable) | transceivers. Itis active LOW
during memory, I/0, numeric
procassor extension, or INTA
cycles.

DT/R Determines the direction of travel
{Data Transmit/ | through the transcsivers. 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.

Pin Name

Locél Bus Arbitration

The BOC186 uses a HOLD/HLDA system of local
bus exchange. This provides an asynchronous bus
exchange meachanism. This means muliipiea masters
utilizing the same bus can operate at separate clock
frequencies. The B0C186 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-A18, BHE, and DT/R to
allow another master to drive these lines directly.

The 80C186 HOLD latency time, ie., the time be-
twaen HOLD request and HOLD acknowledge, is a
function of the activity occurring in the processor
when the HOlLD 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 it 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 BOC1886 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 ot the bus. The 800186 will wait
until HOLD is removed before taking control of the
bus to run the refresh cycle.

Local Bus Controller and Reset

Buring RESET the local bus controller will perform

the following action:

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

¢ Drive S0-52 to the inactive state (all HIGH) and
then float.

Drive LOCK HIGH and then float.
Float ADO-15, A16-18, BHE, DT/R.
Drive ALE LOW

Drive HLDA LOW.

RD/QSMD, UCS, LCS, MCSO0/PEREQ, MCS1/
ERROR, and TEST/BUSY pins have internal pullup
devices which are active while RES is applied. Ex-
cessive loading or grounding certain of these pins
causes the 80C186 to enter an alternative mode of
operation:

« AD/QSMD low results in Queue Status Mode.
e UGS and LCS low results in ONCE™ Mode.

* 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 10 space. Internal
logic will recognize control block addresses and re-
spond to bus cycles. During bus cycles to intemal
registers, the bus controller will signal the operation
externally @i.e., the RD, WH, status, address, data,
etc., lines will be driven as in a normal bus cycle),
but Dy5-g. 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 B 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.

80C188
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The control block base address is programmed by a
16-bit refocation register containad within the control
block at offset FEH from the base address of the
control block (see Figure 9), i provides the upper 12
bits of the base address of the controt block. The

control block is sffectively 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 byles
of the control block activates an internal chip select.

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

In addition to providing relocation information for the
contrel block, the relocation register containg 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 1o
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 170
cycles in their programmed areas, whether they be
generated by the CPU or by the intagrated DMA unit.

Memory Chip Selects

The 80C186 provides 6 memory chip selact outputs
for 3 address areas; upper memory, lowsr memory,
and midrange memory. One each is provided for up-
per memory and lawer 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, BK, 16K, 32K, 64K,
128K (plus 1K and 258K for upper and lower chip
selects). In addition, the beginning or base address
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OFFSET: FEH | ET ISLAVE/ X [mnol Relocation Address Bits R19-R8 ]

ET = ESC Trap / No ESC Trap (1/0)
M/1C = Register block located in Memaory / 1/0 Space (1/0)
SLAVE = Configures interrupt controller for Slave/Mastar Mode (1/0)

Figure 9. Relocation Register

OFFSET The ugper limit of memory definod by this chip select
is always FFFFFH, while the lower limit is program-
mable. By programming the lower limit, the size of
the selact block is also defined. Table 7 shows the
relationship between the base address selected and

Rslocation FAegister FEH

DMA. Descriptors Channel 1

DMA Descriptors Channel 0
COH

ABH
Ghip-Select Conlrol Registers

AOH

Tima 2 Control Registars

Time 1 Control Registers

Tima 0 Conwrol Registers

interrupt Gonnoller Registers

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
memorty 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 sefect, called UCS, for
the top of memory. The top of memory is usually
usad as the system memory because after reset the
80C188 begins executing at memory location
FFFFOH.

the size of the memory block obtained.
Table 7. UMCS Programming Values

Starting
Address
{Base
Address)

Memory
Block
Size

UMCS Value
{Assuming
RO=R1=R2=10)

FFCOQ
FF800
FFOQO
FEODD
FC000
F8000
F0000
E0000
Co000

1K
2K
4K
BK
16K
32K
64K
128K
256K

FFF8H
FFBSH
FF38H
FE38H
FC3sH
Fa3eH
FO38H
E0J8H -
Co3gH

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 lsgal
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 goneration 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
K2-R0 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-
ternupt vector tabte, starting at location DCOOOH.
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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 Valuss

PRELIMINARY

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

The size of the memory block defined by the mid-
range selsct 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 oparation of the MCS

Upper | Memory LMCS Value lines will otherwise occur. Each of the four chip-se-
Address Block {Assuming lect lines is active for one of the four equal contigu-
Size R0O=R1=R2=0) ous divisions of the midrange biock. If the total
DO3FFH 1K 0038H block size is 32K, each chip select is active for 8K of
007FFH 2K 0078H memory with MCS0 being active for the first range
OOFFFH aK OOF8H and ﬂ&'ﬁ being active for the last range.
O1FFFH 8K 01F8H The EX and MS in MPCS relate to peripheral func-
03FFFH 16K 03F6H tionality as described in a later section.
07FFFH 32K 07F8H
OFFFFH . B4K OFF8H Table 9. MPCS Programming Values
1FFFFH 128K 1FF8H Total Block individual MPCS Bits
3FFFFH 258K 3aFFaH Size Select Size 14-8
Th limit of thi block is defined in the BK 2K 00000018
e upper limit of this memory block is defined in 1
LMCS register (see Figure 12) at offset A2H in ths 322 ;E ggg?ggg
intarnal control block. The legal values for bits 6—15 64K 16K 00010008
and the resulting upper address and memory block
sizes are given in Table 8. Any combination of bits 128K 32K 00100008
6-15 not shown in Table 8 will result in undefined 256K 84K 01000008
operation. After RESET, the LMCS register value is 812K 128K 10000008

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 equai 1o LMCS (with bits
0-5 “1") will assert LCS. LMCS register bits R2-R0
specify the READY mode- for the area of mamory
defined by this chip-selact 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 B0C186 1M byte
memory address space exclusive of the areas de-
fined by UCS and LCS. Both the base ad-

The hase address of the mid-range memory biock is
defined by bits 16-9 of the MMCS register (see Fig-
ure 14). This register is at offset AGH in the internal
control block, These bits correspond to bits
At9-A13 of the 20-bit mesmory 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 siza 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 14000, since the first few integer multi-
ples of a 32K memory block are OH, B000M,
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

4 3 2 1 0

9 B 7 8 5
OFFSET: A0H| t {1 JuJuvfulu]Jufluvluful1lt]1TR2]R[Ro]

Al9

A0

Figure 11. UMCS Register

15 14 13 12 11 1D

9

4 3 ' 0

8 6 5
OFFSETA2H|_()|D|U|U|UIU|U|UIU]U]1]1|liR__LFI1|R0_]

Atd

A10

Figure 12, LMCS Register
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15 14 13 12 11 10 9§ 8 7 [ 5 4 3 2 1 0

OFFSET: ABH[ 1 M6 [ M5 [ ma [ Mame[mi Mo ExXEms] 1 T v T 1 {rz|Ri|ROj
Figure 13. MPCS Register T=49-17—15
15 9 8 ' 0
oFFseT: aH [UJ U JuJu JuJuJuJ 111 [ 1] 1]1]Re[m]Al
A9 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 spocial case. When using 512K, the
base addrass 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 iog-
ic. Likewise, if the base address were programmed
at 80000H, there would be a conflict with the UCS
ready generation logic. Since the LTS chip-select
line does net become active untit programmed, while
the UCS line is active at reset, the memory base can
be set only at D0000H. If this base address is selact-
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 selact covering one-fourth the mid-range ad-
dress block, subjsct to the usual programming of the
MPCS and MMCS registers.

Peripheral Chip Seiects

The BOC186 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 usetr-programmable;
however it can only be a multiple of 1K byies, i.9.,
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 AD 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-

Iy space.

The starting address of the peripheral chip-selact
block is defined by the PACS register {see Figure
15). The register is located at offset Ad4H in the inter-
nal control block. Bits 15-6 of this register corre-
spond to bits 19-10 of the 20-bit Programmeble
Base Address (PBA) of the peripheral chip-selact
block. Bits 9-0 of the PBA of the peripheral chip-se-
lect block are all zeros. if the chip-seléct block is
located in 1/O space, bits 12-15 must be pro-
grammad zaro, since the 1/O 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 & 3 0
oFfsET; ad[ D Ju v JuluJuJuiluv]Jul+FTr]1]rif ][R
Al8 A0

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

INTEL CORP (UP/PRPHLS)
80C186

Table 10. PCS Address Ranges

PCSLine Active between Locations
PCE0 PBA —PBA+127
PCE1 PBA+ 128—PBA + 255
PCS2 PBA+ 256—PBA + 383
EC33 PBA -+ 384—PBA + 511
PC54 PBA +512—PBA + 639
FCS5 PBA +640—PBA + 767
PCS6 PBA + 768—PBA + 885

The made 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-
sét ABH in the internal control biock. Bit 7 is used to
select the function of PC35 and PCS6, while bit 6 is
used to select whether the peripheral chip selects
are mapped into memory of 1/O space. Table 11
describes the programming of these bits. After RE-
SET, the contenis 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 | 1t = Peripherals mapped into memory space.
0 = Peripherals mapped into I/Q space.

EX | 0 = 5 PCSiines. A1, A2 provided.

1 = 7PCS iines. A1, A2 are not provided.

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

READY Generation Logic

The B0C186 can generate a READY signal internally
for each of the mamory or paripheral lines. The
number of WAIT states to be inserted for each pe-
ripherat 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.

T-49-17-15

Table 12. READY Bits Programming

PRELIMINARY
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R1 | R0 | Number of WAIT States Generated

also used.

1 wait state inserted, external RDY
also used. :

2 wait states inserted, external RDY
also used.

3 walt states inserted, external RDY
also used.

0 walt states, extarnal RDY

ignored.

1 wait state inserted, external RDY
ignored.

2 wait states inserted, external RDY
ignored.

3 wait states inserted, external RDY

"2

0 | 0 | 0 |0Owaltstates, external RDY
601

0

0

1]1]01]0

ignored.

The internal ready generator operates in parallel
with external READY, not in seres if the extemal
READY is used (R2 = 0). For example, if the inter-
nal generator is set o insert two wait states, but
activity on the external READY lines will insert four
wait states, the processor will only insert four wait
stateg, not six. This is because the two wait states
generated by the internal generator overlapped the
first two wait states gonerated by the external ready
signal. Note that the external ARDY and SRODY 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: A2-R0 of PACS
set the PCS50-3 READY mode, R2-~R0 of MPCS set
the PCS4-6 READY modse.

Chip Select/Ready Logic and Reset

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

¢ 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 rasets to FFFBH).

e No other chip select or READY control registers
have any predefined values afltar 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 controlier provides two indepen-
dent high-speed DMA channels. Data transfers can
occur between memory and 1/0 spaces (e.g., Mem-
ory to 170) or within the same space (e.g., Memory
to Memory or 170 to 1/0), Data can be transferred
gither in bytes {8 bits) or in words (16 bits) to or from
even or odd addressas. Each DMA channal 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

thE D 4aRLL?5 0117977 175 8
80C186
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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
periormed. Up to 64K byte or word transfers can be
performed with automatic termination. The Conirol
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 immediataly in DMA operation.

Tabie 13. DMA Control Block Format

on byte or word transfars). Each data transfer con- Aegister Address
sumes 2 bus cycles (a minimum of 8 clocks), one Register Name
cycle to fetch data and the other to store data, Ch.0 | Ch.1
Control Word CAH DAH
Transfer Count Cs8H D8H
DMA Operation Destination Pointer (upper 4 | C6H DBH
Each channel has six registers in the control block bits)
which define each channel’s operation. The control Destination Pointer CaH DaH
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 DIV ADDER/SUBTRACTOR LoGic THARR REOUEST
oRaH
REQUEST ~—
[raansren countench. 1 jary o0y
DEST. ADRS. POINTER CH. 1 [=
SRC. ADRS. POINTER CH. 1 | oA
] TRANSFER COUNTER CH. ¢ [« conTRL I
DEST. ADAS. POMNTER CH. 0 INTERRUPT
SNC, ADRS. POINTER CH. O = REQUEST
it
CNANNEL CONTROL WORD 1
CHANNEL CONTROL WORD 0
< IMTERNAL ADORESSDATA BUS >
270354-9

Figure 16, DMA Unit Block Diagram
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15 14 13 12 11 10 & 8 7 6 5 4 3 2 10
T
D
M/ DESTINATION| M/  SOURCE A cHG/ | st/ | B
© pec iNc| 1© pec wc | TO [NT| SYN Pl o | X |nocrs|sTor| w

X = DON'T CARE.

Figure 17. DMA Control Register

DMA Channe! 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 generatad after the last
transfer;

whether DMA activity will cease after a' pro-
grammed number of DMA cycles; .
the relative priority of the DMA channael with re-
spect to the other DMA channel;

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

whether the source pointer addresses memoty or
{70 space;

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

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

The DMA channel control registers may be changed
while the channe! 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 /0 (0) space.

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

INC Increment destination pointer by 1

or 2 (depends on B/W) after each
transter.

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

M/TO Source pointer is in memory (1) of
170 (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:

TORQ:

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
oycle. :

If set, DMA wil terminate when the con-
tonts 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 registor for sach DMA
cycle, but DMA transfers will not stop
when the transfer count register reach-
88 zero.

Enabie 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 synchwonization.

10 Destination synchronization.

11 Unused.

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

0 Low priotity.

1 High priority.

Channeis will alternate cycles if both
are set at same priofity 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. !f this bit is cleared

‘when writing the control word, ths

ST/STOP bit will not be altered. This bit
is not stored; it will always ba 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 ragistars 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 poirit into either memory or 170

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
transter 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 transter count register reaches zero.

80C186
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DMA Requests T=49-12-15
Data transfers may be either source or destination
synchwonized, that is either the source of the data or
the destination of the data may request the data
transfer. In addition, OMA transfers may be unsyn-
chronized; that is, the transter 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
transfor. 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 relinguish 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
transfor rates.

Tabie 14, Maximum DMA
Transfer Aates at CLKOUT = 16 MHz

Type of
Synchronization | CPU Running | CPU Halted
Selocted
Unsynchronized | 4.0MBytes/sec | 4.0MBytes/sec
Source Synch 4.0MBytos/sec | 4.0MBytes/sec
Dsstination Synch | 2.7MBytes/sec | 3.2MByles/sec

HIGHER
REGISTER XXX
ADDRESS

XXX >N

Al19-A16

LOWER
REGISTER
ADDRESS

A15-A12

At1-AB

A7-A4

15

XXX = DON'T CARE

Figure 18. DMA Polnter 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-sslect
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 ane
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 ¢ycle. Bacause 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
continuocus DMA cycles. An NMI request, however,
will cause all internal DMA activity 1o halt. This al-
lows the CPU to quickly respond to the NMI request.

DMA Programming

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

PRELIMINARY

Therefore the sowce and destination transfer point-
ers, and the transter 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 tha CHG/NOCHG bit is cleared
when the control register is written, the ST/STOF bit
of the control register will not be modified by the
write. If rultiple 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.

T=-49-17=15

DMA Channels and Reset

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

¢ The ST/STOP bit for each channel will be resat
to STOP.

+ Any transfer in progress is aborted.

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

TIMERS

The 80G186 provides three internal 16-bit program-
mable timers (see Figure 19). Two of thesa are high-
ly flexible and are connected 1o four extemal pins (2
per timer). They can be used to count external
evants, time external events, gensrate nonrapetitive
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-
ef can be usad as a prescaler 1o the other two, or as
4 DMA request source.

m N Eﬂj DMA
N ﬂ N [~ REQ.
b o L T T2
INT. -~ INT. INT.
REQ. REQ. AEQ.
T2 OUT
¥ .
TIMER O _ . ] TmmErt
WAX COUNT VaLUE m@:-rm TIMER 2 la—— CLOCK/A
‘ E—————
WA COUNT VALIE "‘“mcm:rrm MAX COUNT VALUE
*
WOOE/ CONTHOL MODE/CONTROL MODE/CONTROL
WOAD WORD WORD
2 INTERNAL ADDRESS/DATA BUS S
ALL 14 BIT REGISTERS
27035410

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 writtan 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 COQUNT register,
which defines the maximum count the timer will
reach. After reaching the MAX COUNT register val-
ve, 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 duai 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 rats). 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 timars 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_tha internal bus.

The timers have several programmable options.

» Al three timers can be set to halt or continus on
a terminal count.

80C186
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T-49-17-15
¢ Timers 0 and 1 can select batwesn internal and
external clocks, alternate between MAX COUNT

ragisters and be set to retrigger on extemnal
events.

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

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

Timer Mode/Control Register

The mode/contral ragister (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 t5. Timer Controi Block Format

Register Name Register Offset
Tor. 0 { Tmr. 1 Tmr. 2
Mode/Conirol Word | 56H | 5EM 66H
Max Count B 54H | 5CH | notprasent
Max Count A 52H SAH 62H
Count Register 50H 58H 60H
EN:

The enable bit provides programmer control over
the timer's AUN/HALT status. When set, the timer is
enabled to incremant subject to the input pin con-
gtrainis 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. f CONT is zero, the EN bit is
automatically cleared upon maximum count.

INH:

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

INT:

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

15 14 13 12 1%

5 4 3 2 1 0

[en T T WT [ Ry | o |

Mc | RTG | P | ExT | ALT | cont |

Figure 20. Timer Mode/Control Register
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count. I 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
reachad. Iif this enable bit is cleared afier the inter-
rupt request has been genarated, but before a pend-
ing interrupt is serviced, the interrupt request will still
be in force. (The roquest is latched in the Intarrupt
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
cenfigured in dual MAX COUNT register mode, this
bit will be set each time the value in MAX COUNT
register A is reachad, and each time the value in
MAX COUNT register B is reached. This bit is set
regardless of the timer's interrupt-snable bit. The
MC bit gives the user the ability o 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 previpusly, 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 1o 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.

INTEL CORP (UP/PRPHLI)
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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 CPLJ
clock rate. If the P bit is a ona, 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 80CG186 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 comparisen 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 wavas 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 GOUNT register being used
(0/1 for B/A).

CONT:

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

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

ALT=0,EXT=0,P=0,RTG=0,RU =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 aulg-
matically initiakized to zero.

Max Count Registers

Timers 0 and 1 have two MAX COUNT registers,
while timer 2 has a singie MAX COUNT ragister.
These contain the number of events the timer will
count. In timers 0 and 1, the MAX COUNT register
used can altemate 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 ragister or the max count register is
changed s0 that the max count is less than the timer
count, the timer does not immediately reset. instead,
the timer counts up to OFFFFH, “wraps around™ to
Zero, counts up to the max count value, and then
resets.

Timers and Reset

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

lows:

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

* For Timers O and 1, the RWJ bits are reset to zero
and the ALT bits are set to one. This results in the
Timer Out pins going HIGH.

* The contents of the count registers are indetermi-
nate,

INTERRUPT CONTROLLER

The B0C186 can receive interrupts from a number of
sources, both internat and external. The internal in-
terrupt controller serves to merge these requests on
a priority basis, for individual service by the CP1).

TNTEL CORP (UP/PRPHLS)
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Internal interrupt sources (Timers and DMA chan-
nels) can be disabled by their own control registers
or by mask bits within the interrupt controiler. The
80C186 interrupt controller has its own control regis-
ter that sets the mode of operation for tha controller.

The interrupt controller will resolve priority among
requests that are pending simultaneously. Nesting is
provided s0 interrupt servica routines for lower priofi-
ty interrupts may be interrupted by higher priority in-
torrupts. A block diagram of the interrupt controller
shown in Figure 21.

The 80C186 has a special Slave Mode in which the
internal interrupt contreller 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 Controlier External interface

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

* As four interrupt lines with internally generated
interrupt vectors.

e As an interrupt line and interrupt acknowledge
line pair (Cascade Mode) with externally genarat-
ed interrupt vectors pkss two interrupt input tines
with internally generated vectors.

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

External sources in the Cascade Mode use external-
ly generated interrupt vectors. When an interrupt is
acknowledged, two cycles are initiated and the
vector is read into the 80C186 on the second cycle.
The capability to interface to external 82C59A pro-
grammable intemupt controllers is provided when
the inputs are configured in Cascade Mode.
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Interrupt Controlier 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-
tarrupts in all three modes: the difference is eonly in
the interprotation of function of the four external in-
terrupt pins. The interrupt controller is set into one of
these three modes by programming the corract bits
in the INTO and INTt 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
diract interrupt requests as in Figure 22. The vactors
for these four inputs are generated internally. An in-
service bit is provided for every interrupt source. If a
lower-pricrity 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 operats 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 raset by writing the proper pattern to the
EO! register. This is required to allow subsequent
interrupts from this interrupt source and to allow
servicing of lower-priority interrupts. An EOl com-

80C186
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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.

-yl I=15
Cascade Mode T-'{' 1 1

The 80C186 has four intarrupt pins and two of them
have dual functions. in the fully nested mode the
four pins are used as diract 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 intarconnection is shown in Figure 23. INTO is
an interrupt input interfaced to an 82C59A, while

INT2/INTAD serves as the dedicated interrupt ac-
knowledge signal to that %ripheral. 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
registors. 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 extemal master and slave B2CEQAs.
Three lovels of priority are created, requiring priority
resolution in the BOC186 interrupt controller, the
master 82C59As, and the slave 82C59As. If an ex-
ternal interrupt is sarviced, one |S bit is set at each
of these lavels. When the interrupt service routine is
completed, up to three end-of-interrupt commands
must be issued by the programmer.

9 ¥ 2 0 1

TIMER THNER TR DMA DA 'NTO/INTI/ INT2/ grvag

INT3/
iNTAZ ARG  NM

PIL

TR o] INTERRUPY
CONTROL REG. REGUEST REQ.
DMA ¢ INTERRUPT
CONTROL REG - MASK G,
OWA ‘m " mug;u
COMTRDL.
EXT. PUTQ :D b ﬂnumm' PROOR. LEW
CONTROL REG. RESOLYEN MARK REG.
EXT. INPUT 4 _a| WTERRUST
CONTROL REG. STATUS REG.
EXT. NeUT 2 VECTOR
GCONTAOL REG. GENERA-
EXT. INPUT 3 TON
CONTROL REG. LOGIC

INTERNAL ADDRESS/DATA BUS

J>
270354-11

Figure 21. Interrupt Controller Block Diagram
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INTERRUPT SOURCE
INTERRUPT SOURCE

270354-22
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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
gource is reset. If more than one interrupt source is
connected to an external interrupt controfler, ail of
the interrupts will be funneled through the same
80C186 interrupt request pin. As a result, if the ox-
ternal interrupt controller receives a higher-priority
interrupt, its interrupt will not be recognized by the
80C186 controtler until the 800186 in-service bit is
resel. In Special Fuily Mested Mode, the B0C186 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 1o allow multiple inter-
rupts from a single pin. An in-service bit will continue
to be set, however, 1o inhibit interrupts from other
lower-priority 80C1886 interrupt sources.

Special procedures should be followed when reset-
ting IS bits at the end of interrupt service routines.
Software polling of the 1S register in the external
master 82C59A is required to determine if there is
maora than ona 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 polls the interrupt con-
troller whenever it is conveniant. Polling the interrupt
controller is accomplishad by reading the Poll Word
{Figure 32}). Bit 15 in the poll word indicates to the
processor that an interrupt of high enough priosity 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 highast pricrity sourcs to be sest.

it is desirable to be able to read the Poll Word infor-
mation without guaranteeing service of any pending

PRELIMINARY

interrupt, i.e., not set the indicated in-service hit. The
80C186 provides a Poll Status Word in addition to
the conventicnal 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 ara locat-
ad in two adjacant memory locations in the register
file.

_ T=49-17-15
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 ragister of each interrupt source. (A source with
a priovity level of 4 has higher priority over all priority
levels from 5 to 7. Priority registers containing values
lower than 4 have greater priority). Al interrupt
sources have preprogrammed default priority levels
(see Table 4).

It 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 rowtine reenables interrupts, other interrupt
requests can be serviced.

End-of-Interrupt Command

The end-of-interrupt (EOH command is used by the
programmer to reset the In-Service (IS) bit when an
interrupt service routine is completed. The EQI com-
mand is issued by writing the proper pattern to the
EOI register. There are two types of EOl commands,
specific and nonspecific. The nonspecific command
does not spacify which IS bit is reset, When issued,
the interrupt controlier automatically resets the IS bit
of the highest prionty 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 1S bit that was set does not beiong 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 leval-trigger
mode (LTM) bit. All interrupt inputs are active HIGH.
In the edge sense mode or the level-trigger mode,
tha interrupt raquest must remain active (HIGH) untit

‘the interrupt request is acknowledged by the

24-80




INTEL CORP (UP/PRPHLS)

intel.

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 leastone

clock cycla to re-enable the input. In the level-trigger
mode, no such provision is made: holding the inter-
rupt input HIGH will cause continudus 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
generatad are fixed and cannot be changed (see Ta-
ble 4).

Interrupt Controller Registers

The Intarrupt 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
intarrupt 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

80C186
SE D WM 4&Ph175 011798b 1T8 EMITLL

PRELIMINARY

processor acknowledges an interrupt request sither
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 commana.

interrupt Request Register

The internal interrupt sources have interrupt request
bits inside the interrupt controller. The format of this
ragister is shown in Figure 25. A read from this regis-
ter yieids the status of thess bits. The TMR bit is the
iogical OR of all timer interrupt requests. DO and D1
ara 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 storad 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-
istar bits are set when a request arrives and are re-
set when the processor acknowladges the requests.

Writes to the interrupt request register will affect the
D0 and D1 infterrupt request bits. Setting either bit
will cause the corresponding interrupt request while
clearing sither 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-

T~49-17-15
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Figure 23. Cascade and Special Fully Nested Modae Interrupt Controller Connections
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sponding to e particular source masks the source
from generating interrupts. These mask bits are the
axact same bits which are used in the individual con-
trof registers; programming a mask bit using the
mask register will alse change this bit in the individu-
al controt registers, and vice versa.

OFFSET
WT3 GONTROL REGISTER SEH -~
INT2 CONTROL REGISTER 3CH
INT1 CONTROL REGISTER 3AH
INTO CONTROL AEGISTER 38H

DMA 1 CONTROL REGISTER | 36H

DMA D CONTROL REGISTER 34H

TIMER CONTROL REGISTER 32H

INTERRUPT STATUS REGISTER 30H

INTERRUPFT REQUEST REGISTER 2EH

PRELIMINARY

Priority Mask Register T-49-17—-15

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
axample, 100 written into this register masks inter-
rupts of laval five (101), six (110), and seven {111).
The ragister is reset to seven (111} upon RESET so
no intetrupts 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 hon-maskable interrupt occurs, and it
is reaset when an IRET instruction is execut-
ad. This bit allows prompt service of all non-

iN-SERVICE REGISTER 2CH maskable interrupts. This hit may also be set
. by the programmer. .
PRIORITY MASK REGISTER 28H . o .
IRTx: These thrée bits represent the individual tim-
MASK REGISTER 28H ar interrupt request bits. These bits differenti-
ate between timer interrupts, since the timer
POLL STATUS REGISTER 26H 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 thwee bits
EOI REGISTER 22H initiates an Iinterrupt request 1o the interrupt
controller,
Figure 24. Interrupt Controller Reglsters
(Master Mode)
15 14 W ¢ 8 7 8 &5 4 3 2 1 0

Lo fofe« =

s o Jof{olw]lel|lwn]w|[o1]oo]| o mwe

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

15 14 3 2 1 [
T o] o] . . » . . . . . | | o |PAM2]|PAMT|PRMO]
Figure 26. Priority Mask Register Format
i5 14 2 1 0

IWLTI 1] | - » - . .

7 & &5 4 3
ol ol o o] o [wr2lwri]iRTO]

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

These registers are the control words for all the in-
ternal interrupt sources, The format for these ragis-
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 ara the control words for the four
axtarmal 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 Spsecial Fully Nested
Mode, the control words for INT2 and INT3 are not
used.

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

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

L evel-trigger mode bit. 1 = level-triggered,
0 = edge-triggerad. interrupt Input levels
are active high. tn level-tfriggered mode, an

LTM:

T-49-11-15
PRELIMINARY

level is preceded by an inactive-to-active
transition on the line. In hoth 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

EOQOIl Ragister

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 EQI
command when written 1o by the 800186 CPU.

The bits in the £0i 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 typs for timer 0
{8) should be written in this register.

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

interrupt is generated whenever the exter- ~ SPEC  mand. Nonspecific = 1, Specific = 0.
nal line is high. ln edge-triggered mode, an
interrupt will be generated only when this
15 14 4 3 2 i__ 0
o T o« . » . » . » » | o |wmsk] pPre| PriiProl

Figure 28. Timer/DMA Control Registers Formats

6 . &8 4 3 2 1 0

15 14
I_O[Olo . - . .

| ; JsPnm] © [ LM msk ] PRz [ PR1 [ PRO |

Figure 29. INTO/INT 1 Control Register Formats

15 14

Iuloloninto

s 4 3
. | o Turm|wmsk] Prz | PR1 | PRO

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

These registers contain polling information. The for-
mat of these registers is shown in Figure 32. They
can only be read. Reading the Poll register const-
tutes a software poll. This will set the (S bit of the
highest priority pending intsrrupt. Reading the poll
status register wilt not sot 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 priorily 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 80C186 inter-
rupt controller will be used as & slave controller to an
external master interrupt controller. The internal
80C186 resources will be monitored by the internal
intarrupt controller, while the external controller
functions as the system master interrupt controller.

1-49-17-15
PRELIMINARY

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 controf 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 1o assign correct priorities and initialize inter-
rupt conirol registers before enabling interrupts.

Slave Mode External Interface

The configuration of the 80C186 with respect to an
extarnal 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.

18 1413 4§ 3 2 1 o
SPEC/
neeecl ¢ | o ¢ ¢ e e e e e 10 |84 se|s2]|st]s0
Figure 31. EOl Register Format
15 14 13 5 4 3 2 1 1]
| Fl:éa o 0 - » . . . . . 54 83 g2 | 81 80

Figure 32. Poll and Poll Status Register Format
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Correct master-slave interface requires decoding of
the slave addresses (CAS0-2). Slave 82C509As do
this intonally. Because of pin limitations, the
B0C186 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-
fexred internally, but the READY input must be sup-
plied externally.

INTAG (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-
arity 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 multipties by four to use as an address into the
vector table. The five most significant bits of this
type number are user-programmable while tha three
least significant bits are defined according to Figure
34, The significant five bits of the vector are pro-
graramed by writing to the Interrupt Vector register
at offset 20H.

Flgure 33. Slave Mode Interrupt Controlier Connections

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 resst. The command is exe-
cuted by writing the correct value in the Specific EQI
register at offset 22H. :

- Interrupt Controller Registers

in the Slave Mode

All control and command registers are located inside
the internal peripheral conrol hlock. 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 EQI register are ehcoded as follows:

VT, Three least-significant vector type bits corre-
sponding to the source for which the IS bitis
to ba reset. Figure 34 indicates these bits.
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In-Service Register

This register can be read from or writien 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 acknowledgas its interrupt request.

Interrupt Request Register

This register indicates which internal peripherals .

havse interrupt requests pending. The format of this
register ig 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 corrasponding 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-

80C186
INTEL CORP (UP/PRPHLS)

PRELIMINARY
T=49-17-15

The bits of the Control Registers are encbded as

follows: _

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

msk: mask bit for the priority level indicatad by pry

bits.
OFFSET
TIMER 2 CONTROL REGISTER AR
{(VECTOR TYPE XXXXX101)
TIMER 1 CONTROL REGISTER a8
(VECTOR TYPE XXXXX100)
DMA1 CONTROL REGISTER a6H
(VECTOR TYPE XXXXX011)
DMAO CONTROL REGISTER 24H
(VECTOR TYPE XXXXX010)
TIMERO CONTROL REGISTER 99H
{VECTOR TYPE XXXXX000)
INTERRUPT STATUS REGISTER 30H
INTERRUPT-REQUEST REGISTER 2EH
IN-SERIVICE REGISTER 2CH
PRIORITY-LEVEL MASK AEGISTER | 2AH
MASK REGISTER 28BH
SPECIFIC EO! REGISTER 22H
INTERRUPT VECTOR REGISTER 20H

Figure 34. Interrupt Controller Registers

temnal interrupt sowrces. The format of these regis- (Siave Mode)
ters is shown in Figure 37. Each of tha timers and :
both of the DMA channels have their own Control
Register.
15 14 13 [} 7 [} 5 4 3 2 1 0
[ololofe e« o eToJeToloe[ol o via]vrii]vio]

Figure 35. Specific EOl Register Format

15 14 13 8
IDIOID'- . " D

7 6 5 4 32 1 0
0 o |tMrzjtMAt| D1 | Do | o [TMRo|

I

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 hits 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-hit 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 ancoding 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 Mcde except
that DHLT is not implemsnted (see Figure 27).

80C186
INTEL CORP (UP/PRPHLS)

PRELIMINARY

T-49-17-15
Interrupt Controller and Reset

Upon RESET, the interrupt controller will perform
the following actions:

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

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

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

All interrupt Service bits reset to 0.

All Interrupt Request bits resat to 0.

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

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

* |nitialized to Master Mods.

*« O ¢ &

15 14 13 8 7 & 5 4 3 2 %

Lo [ o[ o] e «

0
e [ 0] o] o] a ] o [Msk[PRz]|PR1]PRO]

Figure 37. Control Ward Format

15 14 13 B

Lo ]l of[ofe e o

Figure 38. Interrupt Vector Register Format

15 14 13 B 7 8 5 4 3 2 1 [

[oJoJ ol s =« =

«» Jolo]Jofo[o]olm|[m]|m]

Figure 39. Priority Level Mask Register
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Enhanced Mode Operation DRAM Refresh Control Unit

. . Description
In Compatible Mode the 80C186 operates with all
the features of the NMOS 80186, with the exception The Refresh Control Unit (RCU) automatically gen-
of 8087 support (i.e. no numeric coprocessing is eratos DRAM refresh bus cycles. The RCU operates
possible in Compatible Mode). Queus-Status infor-  only in Enhanced Mode. After a programmable peri-
mation is siill available for design purposes other od of time, the RCU generates a memary read re-
than 8087 support. quest to the BIU. If the address generated during a
: refresh bus cycle is within the range of a propery
All the Enhanced Mode features are completely programmed chip select, that chip select will be acti-
masked when in Compatible Mode. A write to any of vated when the BIU executes the refresh bus cycle.
the Enhanced Mods registers will have no effect,  The ready logic and wait states programmed for that
while a read will not return any valid data. region will also be in force. If no chip select is acti-
vated, then extemnal ready is automatically required
In Enhanced Mode, the 80C186 will operate with to terminate the refresh bus cycle.
Power-Save, DRAM refresh, and numerics coproc-
assor support in addition to all the Compatible Mode If the HLDA pin is active when a DRAM refrash re-
features. quest is generated (indicating a bus held condition),
_ then the 80C186 will deactivate the HLDA pin in or-
' der to pertorm a refresh cycle. The circuit external to
Entering Enhanced Mode the 80C186 must remove the HOLD signal for at
least one clock in order to execute the refresh cycle.
If connected to a numerics coprocessor, this mode The sequence of HLDA going inactive while HOLD is
will be invoked automatically. Without an NPX, this being held active can be used to signal a pending
mode can be entered by tying the RESET output refresh request.
signal from the 80C1886 to the TEST/BUSY input.

All registers controlling DRAM refresh may be read
and written in Enhanced Mode. When the processor
Queue-Status Mode is operating in Compatible Mode, they are deselect-
ad and are therefore inaccessible. Some fields of

The queus-status mode is entered by strapping the e registers cannot be written and are alwa
RD pin low. RD is sampled at RESET and if LOW,  roug as soros. ye

the 80C 186 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- DRAM Refresh Addresses
hanced Modes.
i : 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 1110 8 ] 7 6 5 4 3 2 1 1]

. MDRAM: | M6 | M5 | M4 | M3 | M2 | M1 | MO | O 0 Q 0 0 0 0 0 0
Offget EOH

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

Bits 8-15: MD-M®6, are addreas 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. Thess bits are cleared to 0 on RESET.

Figure 40. Memory Partition Register

A19 AI8 A17 AMS A5 Al4 A13 AI2 A1l A0 A9 AB AT A6 A5 A4 A3 A2 A1 A
Fs [ms [Ma T3] Mz mi [mo] o] o | o [oas|car]cas|cas|caafcaa]caz]cat]|can] 1 |

MB-MO:  Bits defined by MDRAM Register

CAB—CAD: Bits defined by refrash eddress counter. Thase bits change according to a linear/feedback shift register; they
do not directly follow a binary count.

Figure 41. Addresses Generated by RCU
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CORMM: ' [ ol oo [ofloloe
Offset E2H

Ce|C7|Cea|Cs5|(C4a(CafC2|C1|Co

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

C0-C8, clock 'i:ivisor register, holds the number of CLKOUT cycles betwesn each refresh request,

PRELIMINARY

Figure 42. Clock Pre-Scaler Register

EDRAM: E 0 0 0 0 1] o
Oftset E4H

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

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

Figure 43, Enable RCU Register

Refresh Control Unit Programming and
Operation

After programming the MDRAM and the CDRAM
registars (Figures 40 and 42), tha RCU is enabled by
setting the “E’ bit in the EDRAM register (Figura
43). The clock counter (T0O-T8 of EDRAM) will be
loaded from C0-CB of CDRAM during T3 of instruc-
tien cycle that sets the “E” bit. The clock counter is
then decremented at each subsequent CLKOUT.

A refrash is requested whan 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 CORAM 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 805186, when in Enhanced Mode, can enter a
power saving state by intemally dividing the proces-
sor clock frequency by a programmable factor. This
divided frequency is also available at the CLKQUT

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

Al internal logic, including the Refresh Control Unit
and the timers, will have their clocks slowed down
by the division factor. To rmaintain 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 mods is t0 be re-entered
after serving the interrupt, the enable bit will need to
be set in software before returning from the internupt
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
rostore full speed In the T; 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 11 1% 8 7 & 5 4 3 2 1 o
pocon: [ E | o (o ]o]lofoflo|lo]loloel[lo|lo]o]of|r|rFe
Offsat FOH|

Bits 0—1:  Clock Divisor Select
F1 FO Division Factor
. 9 0 divide by 1
0 1 divide by 4
1 0 divide by 8
1 1 divide by 16
Bits 2-14: Reserved, raad back as zero.
Bit 15: Enable Power Save Mode. Set to zero on RESET.

Figure 44. Power-Save Control Register

interface for 80C187 Numeric
Processor Extension

In Enhanced Mode, three of the mid-range memory
chip selects are redefined according to Table 16 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 16. MCS Assignments

Compatible
Mode Enhanced Mode
MCS0 |PEREQ Processor Extension Request
MC51 |ERROR NPX Error
MCS2 JMCSZ  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 BOC186 1/Q instructions.
However, numerics operations will cause a PCS line
to be activated if it is properly programmed for this
/0 range.

Table 17. Numerics Coprocessor 1/0 Port

Assignments
170 Address | Read Definition | Write Definition
00F8H Status/Control Opcode
OOFAH Data Data
DOFCH reserved CS:IP, DS:EA
OOFEH Opcode Status reserved
ONCE™ Test Mode

To facilitate testing and inspection of devices when-
fixed into a target system, the BOC186 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 mods, the
80C186 will put all pins in the high-mpedance state
until RESET.

The ONCE maode is selected by tying the UCS and
the [CS LOW during RESET. These pins are sam-
plad on the low-to-high transition of the RES pin.
The UCS and the LCS ping have weak internal pull-
up resistors simitar to the RD and TEST/BUSY pins
to guarantee normal operation.
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Figure 45, Typlcai 80C 186 Computer
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature under Bias ... .0°Cto +70°C
Storage Temparature .. ........ —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 hased on thermal resistance of the package.

D.C. CHARACTERISTICS

80C186
INTEL CORP (UP/PRPHLS)

PRELIMINARY
T-49-17-15

*Notice: Stresses above those listed under "Abso-
hte Maximurn Ratings” may cause permanent dam-
age lo the device. This is a siress raling only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this spacification is not implied. Ex-
posure fo absolute maximum rating conditions for
extended periods may affect device refiabiilly.

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 = ¥Cto +70°C, Voo = 5V 110% except Voo = 5V + 5% atf > 12.5 MHz

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage (Except X1) -0.5 {02V — 03| V
Viiy  |Clock input Low Voltage (X1) -05 0.6 v
VIH Input High Voltage Q2Vee + 09] Voo + 05 v
{All except X1, RES,
ARDY, and SRDY)
ViH1 input High Voltage (RES) 3.0 Voo + 0.5 v
ViH2 input High Voltage 0.2Voe + 1.1 Voo + 05 v
{SRDY, ARDY)
ViHa  |Clock Input High Voltage (X1) 3.9 Vec+05 | v
Voi Qutput Low Voltage . 0.45 V |[loL = 25mA(S0,1,2)
oL = 2.0 mA {others)
VoH |Output High Voltage 24 Voo V llon= —24mA@24v
Voo — 0.5 Voo V llpy = ~200 pA @ Voo —0.54)
loc Power Supply Current 150 mA |@ 18 MHz, 0°C
Voo = 5.25v )
120 mA |® 12.5 MHz, O*C
Voo = 5.5V )
100 mA |@ 10 MHz, 0°C
Ve = 55V
'y Input Leakage Current 10 uA |@ 0.5 MHz,
045V < Viy = Vo
o Qutput Leakage Current £10 wA |@ 0.5 MHz,
0.45V < Vout < Vecll)
Voo  |Clock Output Low 0.45 V |lcLo = 4.0 mA
Vcho  |Clock Output High Vog — 0.5 |V |lcho = —500 pA
CiN Input Capacitance 10 pF |@ 1 MHz{2)
Cio OCutput or I/0 Capacitance 20 pF |@ 1 MHz(&)

NOTES:

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

parameter is not tested,

4. 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 lpp = —200 pA can cause the 80C186 to go Into alternative modes of cperation. See the section on

Locatl Bus Controlier and Reset for details.
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POWER SUPPLY CURRENT
- 160
Current is linsarly 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 lcc = 8.4 mA X freg. Maximum -
(MHZ) + 15 mA. log (m#4) 80
Typical current is given by I (typical) = 6.4 mA X © & Typicat
freq. (MHz) + 4.0 mA. “Typicals” are based on a / L
limited number of samples taken from early manu- /
facturing lots measuwred at Vs = 5V and room tem-
perature. “Typicals” are not guaranteed. _ 4 8 12 18
' Clock Frequancy (MHz)
270354-20
Figure 46. lcc v8 Frequency
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intel.

A. C. CHARACTERISTICS
MAJOR CYCLE TIMINGS (READ CYCLE)

80C186

INTEL CORP (UP/PRPHLS)

Ta=0"C 1o +70°C, Ve = 5V 2 10% ox08Pt Vo = 5V 6% at{> 12.5 MHz

All timings are measuted at 1.5V and 100 pF loading on CLKOUT unless atherwise noted.

PRELIMINARY

T=49-17-15

All output test conditions are with C,_ = 50-200 pF (10 MHz) and C = 50-100 pF {12.5-16 MH2).
For A.C. tests, input V| = 0.45V and V= 2.4V except al X1 where V_ =g~ 0.5V.

24-104

80C136 80C186-12 80C186-16 Test
Symbol Parameter Unit
: Min [ Max Min | Max Min | Max Conditions
200186 GENERAL TIMING REQUIREMENTS (Listed More Than Once)
Tover | Data in Setup (A/D) 15 15 15 ns
Teypx | Data in Hold (A/D) 3 B 3 3 oy
80C1B6 GENERAL TIMING RESPONSES (Listed More Than Once)
Tchsy | Status Active Delay 5 45 5 a5 5 3t | ns
TersH | Status Inactive Delay 5 46 5 a5 5 3q | ns
TeLav | Address Valid Delay 5 44 5 6 5 33 | ns
ToLax | Address Hoid 0 0 0 ns
Toov | Data Valid Delay 5 40 5 36 5 a3 | ns
Tenpx | Status Hold Time 10 10 1¢ ns
TeuH | ALE Active Delay _ 30 25 20 | ns
T | ALE Width TeroL - 15 Towct - 15 TolcL. 15 ne
TeHL | ALE Inactive Deiay 30 25 20 | ns
T it Tri ont - Tercn - Teicn - Equal
AvLL | Address Validio ALE Low | ‘cicH -18 CLCH - 15 CLCH - 15 " | Loading |
Address Hold from ALE Equal
TUAX | |active . TeHeL - 18 TencL - 15 Tenee - 15 ™S | Loading |
Tayon | Address Valid to Clock High 0 0 D ns
TeLegy.| Chip-Select Active Delay 3 42 3 33 3 0% ns
T Chip-Select Hold from Ty T ns | Equal
CXCSX | Command Inactive CLCH - 10 CLCH - 10 Tewon <10 | Loading |
TCHCSX Chip-Select Inactive Delay | 5 35 5 30 L] 25 ng
ToxoL | DEN Inactive 1o DT/A Low 0 0 0 ng | Equa
Loading
Tevery | Control Active Delay 1 3 44 3 37 3 3| ns
Tevoex | DEN nctive Delay 5 a4 5 37 5 a1 | ns
Tenotv | Control Active Delay 2 5 44 a7 31 | ns
Towy | LOCK Validvinvalid Delay 3 0 37 3 35 | ns
50C186 TIMING RESPONSES (Read Cycle)
Tazr | Address Float o RD Active 0 0 0 ns
ToLRL | RO Active Delay 5 44 5 37 5 31 | ns
TaLRd | AD Pulse Width 2TorcL -30 2ToLe - 25 Mool -25 ne
TcLrH | RD Inactive Delay 5 a“ 5 37 5 31 | ns
Tauin | RD Inactive o ALE High | Toren - 14 ToLeH - 14 ToLcH - 14 ns Lgxf:g
Tamay | AD Inactive to Address TewoL - 15 TeweL - 15 TeLel - 15 ns | Equal
Active Loading
270354-34
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INTEL CoRrp (UP/PRPHLS)

T-49-17-15
A. C. CHARACTERISTICS
READ CYCLE WAVEFORMS
T1 | 1'2 | Ts Tw T4
s -
CLKOUT ! \ ) \ y \
o > | Tensy t._TCLsmNonen
52-80 } STATUS W/ .
T | teJcov '] )
B—I'IE lCuw-b —» ToLax CHDX -
A19/56 - A16/S3 BHE, A19-A16 BHE, 56-53
{“TLHLL' T
ALE }
T — — ‘ Tc| L
CHLH TaviL < i J:_I'-TCLAZ TDVCL_’L:E‘__ TCLD)&
i

AD15 - ADO ' A15-AD ATA
' -:I : |’E__I| TFIHILH
TaveH I‘— TazAL Sy
b | AHA >
RD | ¥
TeLRL bl TRLRH >
LCS. MCS. UCS T —» |
LG8, Mcs, UCs, qosv T [¢
PCS, NPS {Note 2) _ CXCSX

-»! b Toucsx

| TCveTV ol {, Tovpex —» {
DEN

j OXDL {Note 3) | 24
DT/R _—\r- : }'_ _.......

- TCTQ— TeHETY (Note 5) =™ b

Teuy =™ - Touy (Note 4) — "-
—

LOCK X

[ ' |

NOTES:
1. Status inactive in state preceding T, .
3. For write cycle followed by read cycle.
4. Ty of next bus cycle.
5. Changes in T-state preceding next bus cycle if followed by write.

270354 ~36
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PRELIMINARY

A. C. CHARACTERISTICS

MAJOR CYCLE TIMINGS (WRITE CYCLE)

80C186

INTEL coRrp (UP/PRPHLS)

Ta=0°C to +70°C, Ve = 5V + 10% wxvept Voo =6V2 5% atf> 12.5 MHz

Al 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).

T-49-17-15

24-106

20C186 8018612 80C186-16 Teat J
Symbol Parametor Unit
Min  [Max| - Min_ | Max Min | Max Condition
20C186 GENERAL TIMING RESPONSES (Listed More Than Once)
Teusy | Status Active Delay 5 45 5 35 s 31 | ns
TeusH | Status Inactive Delay 5 48 5 35 5 30 | ns
Toiay | Address Valid Delay 5 44 5 36 5 3 | ns
TeLov | Data Valid Delay 5 a0 5 6 5 33 |ns
Tevpx | Status Hold Time 10 10 10 ns
ToHn | ALE Active Detay 20 25 20 | ns
Tiawe | ALE Width Yoow -15 ToeL -15 TercL -15 ns
TouL | ALE Inactive Deiay 30 128 |20 | ns
T ' Equal
Adidress Hokl from ALE Equal
Tiax | (nactive ToneL <15 Temew - 15 Tonow - 15 " | Loading |
TavcH | Address Valid to Clock High 0 0 0 ns
Tcpox | Data Hold Time 3 3 a ns
Tovery | Control Active Delay 1 3 a4 3 a7 3 A | ns
TeveTx | Centrol inactive Delay 3 44 3 37 3 31 | ns
Tcrosy | Chip-Select Active Delay 3 42 3 33 3 30 | ns
T Chip-Select Hold from T T s Tt s ns | Egual
CXCSX | rimand Inactive CLCH - 10 CLCH - 10 CLCH - 10 Loading
Tomcsx | Chip-Select Inactive Delay 5 35 5 30 5 25 | ns
_ - wal
ToxoL | DEN mactive to DT/R Low .0 0 0 ns LE";dm
Toy | LOCK Validavalid Delay 3 40 3 37 3 35 | ns
80C 196 TWING RESPONSES (Write Cycie)
TwLwH | W Pulse Width 2TeoL -30 Moo -25 2ToioL -25 ns
— al
TwHLH | WR inactive to ALE High ToLcH - 14 TereH - 14 TeicH -14 ns lﬁquoading
Twnox | Data Hold After WR TowcL - 34 Teet -20 TeweL -20 ns | Eou
Loading
T, —_ — T, Equal
WHDEX | WR Inactive to DEN inactive | TcLcH - 10 TeLeH - 10 CLCH - 10 ns | Loadi
27035436
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A. C. CHARACTERISTICS INTEL CORP (UP/PRPHLS)

WRITE CYCLE WAVEFORMS T-49-17-15

CLKOUT ) * :
-4 I'Q— '.Tcﬂsv P— ToLsH (Note 1)

-8 N __STATUS /7 _

Teiov
=— Toy < P TcHox =
A1/SE - AT “YorE, a10-a16 BHE, 36-83

AD15 - ADO A15-A0 DATA
I
=T AvCH Toverx =™ e
- | —tTWHOX
WR | /
Tevery / _
: T Texesx
— e TELESY — e
_LCS, MCS, UCS,
PCS, NPS{Note 2) =
—/ ‘ =¥ F’ Teverv TwhpEX |
DEN :
TeveTx =™
| ' ToxpL (Note 3) 2 4

PTR [ ' k -
TenetTv TEHCTV (Note 5=

. _— |4'-Tcu.v TELLY (Note 4) = |1—
' A X
| |

NOTES:
1. Status inactive in state preceding Ta.
2. If iatched A4 and A are selectad instaad of PCSS and FTSE, only Toy csy is applicable.
3. For wiite cycla followad by read cycle.
4. Ty of next bus cycle.
5. Changes in T-state preceding next bus cycle if followed by read, INTA, or hall.

27035437
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INTEL CORP (UP/PRPHLS)

A. C. CHARACTERISTICS
¥=49~17-15

MAJOR CYCLE TIMINGS (INTERRUPT ACKNOWLEDGE CYCLE)

TA-OOC to +70°C.Vcc= 5V £ 10% except V.= 5V 5%atf>12.5MHz

Al 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 Gy = 50-100 pF (12.5-16 MH2).
For A.C. lasts, input VlL = .45V and VlH- 2.4V except at X1 where V'H- Vcc' 0.5V.

80C1968 80C186-12 80C186-16 Tost
Symbal | Parameter — —— _ Unit
Min  |Max Min [Max|  Min | Max Conitions
186 GENERAL TIMING REQUIREMENTS (Listed More Than Once) '
Tower | Datain Setup (AD). 15 15 15 ns
TCLDX | Data in Hold (A/D) 3 3 3 ns
80C186 GENERAL TIMING RESPONSES (Listed More Than Once)
Tehsy | Status Active Delay 5 45 5 35 5 a1 | ns
TorsH | Status Inactive Delay 5 46 $ b 5 30| ns
Teiay | Address Valid Delay 5 44 5 38 5 33 | ns
TaveH | Address Valid to Clack High 0 ) 0 ns
TeLax | Address Hold 0 0 0 ns
Teov | Data Vaiid Delay 5 40 5 36 5 33 | ns
Towox | Status Hold Time 10 10 10 ns
TecHLH | ALE Active Detay 30 25 20 | ns
TLHL | ALE Width TereL- 16 ToroL- 15 TooL-15 | | ms
Tl | ALE inactive Detay 30 25 20 | ns
T, v Teion - Telen - TorLcH - 1 ns | Equal
AvLL | Address Valid to ALE Low CLCH - 18 CLCH - 15 CLCH - 15 ng |
1 Address Hold o ALE _ E
HAX | inaciive Tenot - 18 Tewer - 15 Tewel - 18 ns ,_O::i:'Q
Toaz | Address Float Dalay Torax o TeLax 25 ToLax 20 | ns
ToveTy | Control Active Delay 1 3 “ 3 37 3 31 | ns
Tevex | Gontrol Inactive Delay "3 44 3 7| 3 |3 |ns
T —= —= . Equal
OXDL | DEN Inactive to DT/R Low Y 0 _ 0 S | i
ToHCTY | Cortrot Active Delay 2 5 44 5 a7 5 31 | ns
T, DEN Inctive Delay 5 44 a7 31
CVDEX 5 5 ns
{Non-Write Cycles)
Teuv | [OCK validiinvalidOstay | 3 40 3 37 3 [ | s
270354-38
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INTEL CORP (UF‘/PRPHLS)

A. C. CHARACTERISTICS T-49-17-15
INTERRUPT ACKNOWLEDGE CYCLE WAVEFORMS

T T T T
1 2 I 3 Tw L] I
CLKOUT ) N\
-» fa=ToLSH iote 1)
§2- S0
/1/ /] \
'['bLAv-b —» TeHDx
BHE, BHE, s6-53 '
A19/36 - A16/33
ALE : /
TCHLH--U- Tover -’L:z —
' |"Tcuax {Note 2}
AD15 - ADO ; R C

JE—— k
iNTA \ t
' Teverx ™™

= [ Tovery Note 3)
| Tevotv Tovoex
- TDXQL {Nota 4}
DTR “[ / 924
PN

le—>] ToncT TEHETV (Note 6)

o |y
{Nota 5) 1)

|1—D| Tewy " ‘—I‘I ToLy

NOTES:
. Status inactive in state preceding T 4.
The data hold time lasts only until INTA goes inactive, even if the TNTA transition oceurs priof 10 Te, . (min).
INTA ocours one clock later in Slave Mods.
. For write cycle followed by iMerrupt acknowledge cycle.
. LOCK is active upon T of the first intarrupt acknowledge cycle and inactive upon T2 of the
second interrupt acknaowledge cycla.

m&@ma

270354 -39

24-109




SLE ) EE u482Ll75 0118005 758 EEITL]

intgl. 80C186 PRELIMINARY
A.C. CHARACTERISTICS INTEL CORP (UP/PRPHLS)
SOFTWARE HALT CYCLE TIMINGS

) T-49-17-15

Ta=0°C 1o +76°C, Vi = 5V  10% axoopt Vo = SV £ 5% at1 > 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 MHz2) and C_ = 50- 100 pF {12.5-16 MH:)

For A.C. tests, input V- = 0.45V and V, = 2.4V except at X1 where V), = V.- 0.5V.
Symbol Parameter 80C186 80C186-12 20C186-16 | yonl Test |
Min | Max Min | Max Min  [Max
80C106 GenmLmnmsttmmmcmq _
TcHSV Staius Active Delay 5 45 5 35 5 31| ns
ToLsH | Status inactive Delay' 5 48 5 35 5 ag | ™
ToLav | Address Vabd Delay 5 44 5 36 5 33 | ns_
Towid | ALE Adtive Delay 30 25 20 | ns
T | ALE Width Too-15 | . | Tower-18 ToioL- 15 ns
Tome | ALE Inadtive Delay 30 25 20| ns
Toxor | DEN Inactive to DT/R Low ns Equal
_B 0 0 0 Loading
TorcTv | Contros Active Delay 2 5 44 5 k¥4 5 3t | ns

SOFTWARE HALT CYCLE WAVEFORMS

ToLav
A19/90-A18/83,
AD15-ADO - INVALID ADDRESS
_ m
LHLL
ALE
Terun ] | ¥ CHLL
DEN

ﬁ pxpe (Note 1)
OTR

] -.l |‘—TCHCTV

1. For write cycle followed by halt cycle.

27035440
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80C186

A. C. CHARACTERISTICS

PRELIMINARY

INTEL CORP (UP/PRPHLS)

CLOCK TIMINGS §-49-17" 15
Ta=0"C 10 +70°C, Vo = 5V £ 10% except Ve =5V 5%atf> 126 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 €y = 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.
80C188 80C188-12 80C196-16 Toast
bol Parameter Unit
Sym Min | Max Min | Max Min | Max Conditions
80C186 CLKIN REQUIREMENTS Measurements taken with following conditions: External clock input to X1 and X2 nat
connected (float)
Texin | CLKIN Period 50 [1000 40 1000 325 [1000| ™
Towek | CLKIN Low Time 20 16 13 ns| 1.5v@
TeHek | CLKIN High Time 20 16 13 ns| 15v@
TekaL | CLKIN Fail Tims 5 5| M| 35101.0v
TokeH CLKIN Rige Tima 5 5| ns| t.0t03.5V
30C188 CLXQUT TIMING
Teico | CLKIN to CLKOUT Skew 25 2 17 | ns
TercL | CLKOUT Period 100 | 2000 80 |2000 2.5 l2000] ns
' 05 To, -8 0.5 To o -7 0.5 Topeq 7 ns | C=100pF(2)
TCLGH CLKQOUT Low Time clel oot - € ’
. 05T, -8 05 T, -7 05T, 7 C = 100pF{d)
ToncL | CLKOUT High Time ca o Lo ns |Ce100p
0.5 TchL 5 05 TGLC'. -5 0.5 TCLCL -5 ns CL=509F(3}
TenicHz | CLKOUT Rise Time 10 10 0| ns| 1.0t035v
ToLocLy | CLKOUT Fall Time 10 10 10 | ns| 3510 1.0V
NOTES: ,
1. Torck and T oo (CLKIN Low and High times) should not have a duration less than 40% of Tey
2. Tested under worst case conditions: Vae= 5.5V (5.25V @ 16 MHz). Ty = 7¢°C. :
3. Not Tested.
4. Tested under worst case conditions: Vo = 4.5V (4.75V @ 16 MHz). T, = C.
CLOCK WAVEFORMS
X4
Texn TorLH
- Terel
CLKOUT N
Teco—»  jo— T CH1CH2 TeLzcLs
- TOLCH CHOL:
27035441
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INTEL CORP (UP/PRPHLI)
A. C. CHARACTERISTICS -

READY, PERIPHERAL, AND QUEUE STATUS TIMINGS . 15
S T-49-17-1
Ta=0°C to +70°C. Voo = 5V + 10% except Yo = 5V 5% atf> 125 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 €y = 50-100 pF (12.5-16 MH2).
For A.C.tests, input V, = 0.45V and V, = 2.4V except at X1 where V= V.- 0.5V.

BOC186 Bﬁc1ﬁﬁ-12 S0C188-16 Tost
Symbol Parameter Unit
Min | Max Min [ Max] Min | Max Conditions
20C196 READY AND PERIPHERAL TIMING REQUIREMENTS
Teny Synchronous Ready(SRDY) 15 16 15
SAYCL | Transition Setup Time (1} : ns
SRDY Transition H '
TcLsRY Time (1) on Hold 15 15 15 ns
ARDY Resolution Transition :
Tamven Setup Time () 15 15 15 ns
ToLarx | ARDY Active Hold Time () 15 15 15 ns
TarvycHL| ARDY Inaclive Holding Time 5 - 15 15 ns
T L | Asynchronous Foady ns
ARVLCL | ' ARDY) Setup Time (1) 25 25 2
Tven | INTx, NML, TEST/BUSY,
TMR IN Setup Time 2) 15 1% 15 ns
DRQO, DRQAT Setu
Tinver Time () P 15 15 15 ns
80C196 PERIPHERAL AND QUEUE STATUS TIMING RESPONSES .
TeLtmv | Timer Output Delay 40 33 27 | ns
Tewosv| CQueue Status Detay 37 az 30 | ns

NOTES:
1. To guarantee proper operation,
2. To guarantee recognition at clock edge.

SYNCHRONOQUS READY (SRDY) WAVEFORMS

Tw or
Tior Tw or T
W or
| Tz of I Ts or T Ta
T T 3

aorr _/~ \_/ \_/ Y

TsaycL -+
—

SROY

27095442
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intgl. 800186 PRELIMINARY

S5bE D EE 4826175 0118008 4k7 EEITLI T

A. C. CHARACTERISTICS
ASYNCHRONOUS READY (ARDY) WAVEFORMS

T-49-17-15
Twor
Ts . %loc
I Ty : ‘ :a or zor I Ta |
T 2
CLKOUT / \ / \ £ \ / \ / \
. T T
ARDY ARYGCH - = CLARX
{Normally Not
Ready System)
T ARYC
ARDY
(Normally Ready
System)

PERIPHERAL AND QUEUE STATUS WAVEFORMS

CLKOUT '
TinveH

INTO-2, NIMH,
TEST, TIMEAIN -

TinvCL b "
DROY, DRG1 b

b}

I ! 24

T
_ CTLMl} =iy
TIMEROUT 11
. AAIE
_ ' L JoHasv =™
i
Qs0, QS 3
' 4 T

ot

P
- —

270354-43
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S6E D WM 482L175 0118009 3T3 EMITL]

A. C. CHARACTERISTICS

T~49-17-15
RESET AND HOLD/HLDA TIMINGS T~49-17
Ta=0"C to +70%C, Voo = 5V +10% exoept V=5V £5%atf> 126 MHz

All timings are measured at 1.5V and 100 pF loading on CLKOUT uniess otherwise notad.
Al output fest conditions are with C|_ = 50-200 pF (10 MHz) and C; = 50-100 pF {t2.5-16 MHz).
For A.C. tests, input V, = 0.45V and Viy= 2.4V except at X1 where V, = V.- 0.5V.

Symbol ramet 12 - Test
P Min ' Max Min I Max Min | Max U Condtions
80C186 RESET AND HOLD/HLDA TIMING REQUIREMENTS _
| Tresm | RES Setup 15 15 15 ] ns
Yuver | HOLD Setup (1) 15 15 - 15 ns
H0C186 GENERAL TIMING RESPONSES (Listed Mors Than Once) '
Toiaz | Address Float Delay Toiax | 30 Towax | 26 Toax | 20| ns
Toav | Address Valid Delay 5 44 5 36 5 33 ns
80C186 RESET AND HOLD/HLDA TIMING RESPONSES
CLRO  [Reset Dalay 40 3 27 | ns
ToLnay  |HLDA Vakd Delay 3 40 a 33 3 25 | ns
Tencz g::':rand Lines Float 40 13 28
Tency Command Lines Valid Delay a 26 32
{after Float)

- NOTE: ' :
1. To guarantes recognition at next clock.

RESET WAVEFORMS

cLkouy :X__)(_/ \_/__\_/—-n’\_/_\_/_\_
ToLRO~® N TeLro-M
L}
RESET e
27035444

24-114




. CORP (UP/PRPHLS) -
intg). INTEL 80C186 PRELIMINARY

S56E D ME 482B175 0114010 01L5 MEITLL T
A. C. CHARACTERISTICS

HOLD/HLDA WAVEFORMS (Emeting Hold) T=49=172-15

| T. or TI_ T| l Ti l

CLKOUT _/—\_/_"_\_/—_\__/-_\_/_\_

ThveL
i
HOLD | i

- Tewnav
HLDA TS
L34

;
AD1S - ADO 1} s o
DEN 80C1886 "
N 111 !
A19/S6 - A16/53, 1" |
Ebgﬂ.;_m__z, 80C196 o
DT ,si-so, 1 = L_Tcucz

.

HOLD/HLDA WAVEFORMS (Leaving Hold)

Lf L | TiTs Ty |

wor /N N\

Thvel, - '
HOLD . 2 4
it
- ToLHav=w
HLDA
L)Y

l L4}

AD15 - ADO, | ~™ Teav
DEN
— {  sociee
A19/86 - A16/S3, ’ Tency =
'RD, Wh, BHE, ' N
DT/R, $2- 80, - L N 80C186
LOCK
270354 =45
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intgl. 80C186 PRELIMINARY
S56E D WB 482b175 0118011 TS51 EEITLL T
EXPLANATION OF THE AC SYMBOLS | T-49-17—-15

Each timing symbo! 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 signat 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.
Clock Output

Clock Input

Chip Select

Control (DT/R, DEN, ...)
Data Input

pe: DEN .

H:  Logic Level High

IN:  Input (DRQO, TIMQ, ...)
L: Logic Level Low or ALE
QO:  Ouiput

QS: Queue Status (QS1, QS2)
R:  RD Signal, RESET Signal
S:  Status (56, 51, §9)

SAY: Synchronous Ready Input

V:  Valid

W:  WR Signal

X:  No Longer a Valid Logic Lavel
Z:  Float

Examples:

Toay — Time from Clock low to Addrass valid
TerH — Time from Clock high to ALE high
ToLecsy — Time from Clock low to Chip Select valid
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SbE D ME 482L175 0114012 998 EEITL]

WAVEFORMS
Typical Output Delay Capactive Derating 1=49~17-15
8
7
6 || X=high=to=low
0= low=to=high)
5
2 4
< %
s e
0
50 75 100 125 150 175
Copocitive Load (pl-')l 2 _a4
Figure 47. Capacitive Derating Curve
Typical Rise and Fall Times for TTL Voltage Levels
8
7
B i1 X=2V to 0.8V
O=0.BY to 2V
.5
R
2 [
1
0
506 75 100 125 150 175 24
Capocitive Load {pF) 27035432
Figure 48. TTL Level Rise and Fall Times for Output Buffers
Typical Rise and Fall Times for CMOS Voitage Levels
16 '
14 ' - /L
12|
10
£ 8
Y
)
2 X= 3.5V to 0.4V
0=0.4¥ to 3.5V
0 ] ] 1
S0 75 100 125 150 175
Copocitive Lead {pF) _33

Figure 49. CMOS Level Rise and Fall Time's for Output Buffers
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intgl.

80C186 EXPRESS

The intel EXPRESS systemn offers enhancements to
the operational spacifications of the B0C186 micro-
processor. EXPRESS products are designed fo
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 temperaiure range, operational characteristics
are guaranteed over the temperature range of 0°C 1o
+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 commerciat and EXPRESS parts.
Table 18. Prefix Idantification

Prefix Pa::::e Ten;::r::u re
A PGA Commercial
N PLCC Commercial
R LCC Commercial
TA PGA Extended
™ PLCC Extended
TR LCC Extended
NOTE: :

Extended temperature versions of the 80C1B& are not
available at 16 MHz.

1-49-17-15
PRELIMINARY

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 reprasent 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
raquired for execution of a particular instruction,
has baen prefetched and resides in the queue at
the time it is needed.

» No wait states or bus HOLDs occur,

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

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

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

With a 16-bit BIU, the 80C 186 has sufficient bus per-
formance to ensure that an adequate number of pre-
fotched 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

Function Format Cycles Comments
DATA TRANSFER
MOY = Move:
Register to Register/Memary | 1000100w | modreg rim | 2/12
Register/memory 1o registar [ 1000101w | modreg vm | 2/9
(mmediate 10 register/memory [ 1100011w | modooo vm | data | dataww=1 || 12-13 | a/1ebi
immediate 10 ragister [ 1to11wreg | datm | detaitw=1 | 3-4 B/16-bit
Memory to accumulstor [ 1010000w |  addrdow | adachign | e |
Accumulator to memory ) I 1010001 w I addr-low | addr-high | 9
He@uerfrnemrylosagﬁon_tragisher I 10001110 ] maod O reg rImJ _ 2/8
. [Segment register 1o regisier/memory I 10001100 l mod Oroy r/m I 211
PUSH = Puah: : i
Memory [11191111 [ mod110vm | 16
Regiser 10

10001111 | mod000 r/m | 20

01011 reg 10

(reg=01)

XCHG = Exchange:

Register/memary with register [ 1000011w | modreg rm | - ma 4
Register with accumulatar 10010 reg 3 2
IN = Input from:

Fixed port { 1110010w | port | 10

Variable port 6

OUT = Output to:

Fixed port [ir100t1w [ pot | s

- 7

XLAT = Translata byte t6 AL 11010111 1

LEA = Load EA 1o register [ 10001101 | modreg vm | 8

LD8 = Load pointer 1o DS [ 11000101 | modreg rrm | imodmiy 18

LES = Load pointer ko ES [ 11000100 | modreg rim |  @mod=11 18

LAMWF = Load AH with flags
SAHF = Store AH into flags 10011110 : a
PUSHF = Push flags 10011100 . 9
POPF = Pop Hlags
Shaded areas indicate instructions not available in 8086, 8088 microsystems.
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INSTRUCTION SET SUMMARY (Continued) T-49~17-1%

Clock
Function Format Commaenis

Cycles

DATA TRANSFER (Continued)

SEGMENT = Ssgment Overrida:

cs 00101110 2

ss 2

os 2

es 2

ARITHMETIC

ADD = Add:

Reg/memory with register tosither | 000000dw | modreg r/m | 3/10

Immediate to register/memory | 100000sw | modooowm |  data | damitsw=0 418

Immediate to acoumulator [ ooocotow |  data | ceaiw=1 | 3/4 B/16-bit

ADC = Add with carvy:

FReg/mamory with register to either ] 0O0100dw I modd reg r/m [ 3/10

Immecdiate to register/ memory { 100000sw | modo10 vm | data ! datasw=01 | | /16

Immediate to accumulator ! 0001010w | data | dataitw=1 | 34 B/96-bit

ING = Incremant:

Register/memory Et11t11tw | mosooo em | 3/15

Register 01000 reg 3

SUBR = Subtract:

Reg/memory and registertoeither | 001010dw | modreg r/m | 3110

fmenediate from register/memory | 100000sw | mod101¢/m |  data | dataifsw=01 4/16

Immediate from accumsator [ co10t1ow | datn | camitw=1 | 314 8/16-bit

SBE = Subtract with borvow:

Reg/memory and register foeither | 000110dw | modreg r/m | 3/10

Jmmediate from register/memory | 100000sw | mod011 /m |  data | dataifsw=01 | | 418

Immediate from accumulator [ 000v110w [ data | dataitw=1 | ar4 8/16-bit

DEC = Decrement

Regisier/memory [ 1111119w | modoos vm | 3716

Register Q01001 reag 3

CMP = Compare:

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

Retister with register/memory [ 0011100w | modeeg rrm | 3/10

Immediats with register/memory 1 100000sw | modi11 /m | data | dataits w=01 3/10

Immediate with accumulator [0011110w | data [ catmtiw=1 | 3/4 0/16-bit

NEG = Change sign register/memory | 1111011w | mod011 r/m | /10

AAA = ASCI adjust for add 8

DAA = Decimal adjust for add 4

AAS = ASCH adjust for sublract 7

DAS = Decimal adjust for sublract 4

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

Ragister-Byte 26-28

Register-Word 5-37

Memory-Byle 32-34

[Memory-Word 41-43

Shaded areas indicate instructions not available in 8086, 8088 microsysiems.
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INSTRUCTION SET SUMMAHY {Continuad) : T=49-17~15
Function Format :;:'; Commaents

ARITHMETIC (Continued)

IMUL = Integer muliply (signed): | 1111011w | mod101 r/m

Register-Byta 25-28

Reglster-Ward 34-37

DIV = Divide (unsigned): 1111011w | mod110 /m
Register-Byte 29
Reglster-Word 38
Memory-Byte \ 35
Memory-Word, 44
IOtV = Integer divide (signed): | 1111011 w mod111 ¢/m

Register-Byte 44-52
Register-Word 53-61
Memory-Byte ) 50-58
Memory-Word 59-87
AAM = ASCil adjust for multiply [ 11010100 | cooo1010 | 19
AAD = ASCII adjust for divide [ 117010101 { cono1010 | 15

CoW = Convetite o word 2
WD = Convert word o doue word )

Loalc

Shift/Rotsate Instructions:

Registor/Memory by 1 [(1101000w | modTTTr/m | 218
Register/Memory by CL [ 1101001w | mod TTTe/m | +n/17+n

TTT Instruction
0oo ROL 24
001 ROR
010 RCL
013 RCR
100 SHL/SAL
101 SHR
111 SAR
JAND = And:
Reg/memory andregistertosither | 001000dw | modreg r/m | 3/10
immediate to register/memory I 1000000w I mod 100 r/m | data | dataif w=1 ] 4116
Ilrnmsdiatstoacwnmlator [co1001ow |  data [ cataitw=1 | 3/4 8/16-bit
[TEST = Andd function to flaps, no result:
[Rogister/ memory and register I 1000010w I mod reg ¢/m | 3710
immediate data and register /memary I 1111011w I mod 000 1/m | data | data if w=1 4/10
immediate data andaccumulator | 1010100w |  data | datatw=1 | az4 8/16-bit
OR=0t:
Reg/memary and register to either I 000010dw I madreg 1/m | 37110
immediata to register/memory I 1000000w I mod 001 /m | data ] data if w=1 4/16
immediate to accumulator [ 0o00i10w | data | cataitw=1 | 3/4 8/16-6it

Shaded areas indicate instructions not available in B0BG, BOB8 microsystams.
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INSTRUCTION SET SUMMARY (Continued)
. Function Format ) Cveh Comments
LOGIC (Continued)
XOR = Exclusive or:
Reg/memory and register to either | 001100dw | modreg r/m | : 340
Immediate to register/memary [ 1000000w | mod110e/m | data | dataitw=1 4/18
Immediate to accumulator [ oo11010w |  dam | dawsifw=1 | 3/4 8/16bit
NOT = Invert register/memory [ +111011w | modo10 r/m | | aro
STRING MANIPULATION
MOVS = Move byte/word 1010010w 14
CMPS = Compare byte/wotd 22
SCAS = Scan byte/word ' 15
LODS = Load byte/wd to AL/AX 1010110w 12
STOS = Store byte/wd from AL/AX

Raepeaated by count In CX (REP/REPE/REPZ/REPNE/REPNZ)

MOVS = Move string { 11110010 | 1010010w | 8+8n

CMPS = Compare atring | 1111001z I 101001 1w I 5+22n

SCAS = Scansting [ 11110012 | 10t0111w | 5+16n

LODS = Load string | 11110010 ] 1010110w | 8+11n

STOS = Store string | 11110010 | 10v10101w |

CONTROL TRANSFER
CALL = Calk:
Diect within segment [ 11101000 | cispdow | disphigh | 15
Reglster/memory [ 11111111 | mod010 e/m | 13/19
indirect within segment i

' Direct intersegment I 1i00110t0 l segment offset | 23

I

q } segmen seiecior l

||
Indirect mtersegment . [ 11111111 I med0 11 r/m I {mod # 11) < |
JMP = Unconditional jump: .
Shortflong [ 11101011 |  aisptow | 14
Direct within segment [ 11101001 [ displow | disphign | 14
Register/mamory [ 11111111 | med100 vm | 1nn7
indiract within segment :
Direct intersagment [ 11101010 | segment offset | 14

' [ segment selactor ]

|indirect intersagment [ 111119110 [ mod101eim | tmod = 1) 26
Shaded areas indicate instructions not available in 8086, 8088 microsystems.
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INSTRUCTION SET SUMMARY (Continued) : T-49-17—-15
Function ) Format . m Commaents
CONTROL TRANSFER (Continuad)
ET ~ Return from CALL:
fthin sagment ) 16
ithin seg adding immed to SP | 11000010 | datadow | datanigh | 1
I | | .
Imersegment adding immadiate to SP [ 11001010 | ostadow | oatatigh | 25
IE/JZ = Jump on equal/zero [ 01110100 | asp | an3 JMP not
WHL/JNGE = Jump on less/not graater or exual I att11100 | disp I 4/13 tﬂk;ﬂk::MP
JLE/ING = Jump onlsss or squal/notgreater | 01111110 |  disp | 419
JB/INAE = Jomp onbelow/notsboveorequal | 01110010 |  dep | 413
JBE/INA = Jump on below or squal/notabove | 01110110 |  dsp | 4113
UP/JPE = Jump on parity/ patty even [ 01111010 | asp | 413
3O = Jump on overtiow [ 03110000 | dsp | aM9
IS = Jump on sign fo1111000 | disp- | 413
SNE/UNZ = Jump on not aqual/not zero [ 01110101 | osp | 4/13
UNL/JGE = Jump onnot less/greatororoqual | 01111104 |  disp | 413
UNLE/JQ = Jump on not less of equal/greater | 01111111 |  disp | 4713
UNB/JAE = Jump on notbelow/aboveorequal | 01110011 |  disp | 413
INBE/JA = Jump on not below or squal/above | 01110111 |  disp | 413
UNP/JPO = Jump on not par/per odd [ 01111011 |  wip | 413
UNO = Jump on not overliow [ 01110001 | e | 413
INS = Jump on not sign " [o11v1001 | dsp | 4113
ICXZ = Jump on CX zero [ 11100011 |  disp | 5/15 24
LOOP = Loop CX times t 11100010 |  dsp | 6/16 LOOP not
[LooPz/L00PE = Loopwhizero/oqual | 11100001 | dip | 8716 h":;e"sop
LOCPNZ/LOOPNE — Loop while not zero/equal | 11100000 |  disp | 6/16

Type specified [ 11001101 | wpe | a7

Type 3 - 11001100 as if INT. taken/
- if INT. not

ANTO = Interrupt on overfiow 48/4 I

RET = interrupt robum 28

Shaded areas indicate instructions nol available in 8086, 8088 microsystems.
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INSTRUCTION SET SUMMARY (Continued)

Function Format ch':I: Comments
PROCESSOR CONTROL
OLC = Cloar carry 2
CMC = Complement caimy 2
(67C = Set camy 2
CLD = iear drecton 2
STD ~ Set drootion 2
CUI = Clsar interrupt 2
ST = Satintomupt 2
HLT = Hel 2
WAIT = Wait B WTEST =0
LOCK = Bus lock prefix 2
NOP = No Operaton 2

(TTT LLL are opcode io processor extension)

Shaded areas indicate instructions not available in 8086, BOBS microsystams.
FOOTNOTES Segment Override Prefix

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

ifmod = 11 thenr/mis treated as a REG field

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

it mod 01 then DISP = disp-low sign-ax-
tendad to 16-bits, disp-high is absent

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

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

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

#r/fm = 010then EA = (BP) + (SI) + DISP

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

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

ifr/’m = 101 then EA = (DI) + DISP

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

itr/m = 111thenEA = (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-iow.

EA caiculation time is 4 clock cycles for all modes,
and is included in the exacution times given whenav-

er appropriate.

00 1vrg 110

reg is assigned according to the foliowing:

Segment
reg Register
00 ES
01 cS
10 sS
1" DS
REG is assigned according to the following table:
16-Bit(w = 1) 8-Bit(w = 0)
000 AX 000 AL
- 001CX 001 CL
010 DX 010DL
011 BX 011 BL
100 SP 100 AH
101 BP 101 CH
1108l 110 DH
111 DI 111 BH

The physical addresses of all operands addressad
by the BP register ara computed using the S5 seg-
ment register. The physical addresses of tha desti-
nation operands of the string primitive operations
(those addressed by the Dl register) are computed
using the ES segment, which may not be overridden.
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INTEL CORP (UP/PRPHLS)
REVISION HISTORY

The sections significantly revised since version -004 are: T-49-17-15

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/INTAT/1RQ 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 To csy to latched A1 and A2 in footnotes.

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

EOt 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 intemal pullup devices.
Equivalent resistance no longer shown.

D.C. Characteristics Renamed Vg to Viy. Renamed Vg 10 Vg3, Changed Voy (min.) from
_ © 0.8 Vgp to Voo — 0.5V, Changed Igc {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 Vg o (max.) from 0.5V to 0.45V. Changed Voo {min.) from 0.8 Ve
to Voo — 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. Charagcteristics Many timings changed (all listed in ns): Tpyey (min.} at 16 MHz from 10 to 15;
ToLpx (min.) from 5 to 3; Te ay (max.) at 10 MHz from 50 to 44; Tocy (max.)
from 45 to 44 at 10 MHz, and from 37 to 36 at 12.5 MHz; Ty {min.) from
ToLoL — 30 to Toior — 15 Tyax (min.) at 10 MHz from Topop — 20 to
ToHoL — 15; Tevety (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; Tgray (min) from TooL — 40 at 10 MHz and
TowcL — 20 at 12.5 MHz and 16 MHz to To oL — 15 at all frequencies;
TrLRH (min) from 2 T — 46 to 2 Tool — 30 at 10 MHz, from
2 ToroL — 40t02Tg g — 25at12.5MHz, and2 Ty — 30t02 T oL — 25
at 16 MHz; Twwy (min.) from 2 ToLe — 34102 T oL — 30 at 10 MHz, and
2ToocL — 3010 2 TooL — 25 at 12.5 MHz; Tay L (min.) from ToLoH — 19
to Touon — 18 at 10 MHZ; T gy (max.) at 10 MHz from 50 to 46; ToL Ty
(max.) from 48 to 40 at 10 MHz, 40 to 33 at 12.5 MHz, and 30 to 27 at
16 MHZ; ToLro (max.) from 48 to 40 at 10 MHz, 40 to 33 at 12.5 MHz, and 30
to 27 at 16 MHz; Tougsy (max.) from 28 to 37 at 10 MHz, 28 to 32 at
12.5 MHz, and 25 to 30 at 16 MHz; Teypyx {min.) from 5 to 10; To Ly (max.) at

10 MHz from 45 to 40 and at 12.5 MHz from 40 to 37; Tc csy (max.) from 45

to 42 at 10 MHz; ToHesx (max) from 32 to 35 at 10 MHz, 28 fo 30 at
12.5 MHz, and 23 to 25 at 16 MHz; and TericHz and Tolaerr (max.) at
16 MHz from 8 to 10. Added new timings for TwHDEX. THHLHI and TwHLH-
Established min. timing for To csy.

Timing Waveforms Section rearranged to show waveforms on same or facing page relative to

corresponding tabular data. Tg sgry drawn to same clock edge as Tspyel.

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 Tabla

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 186 listed.

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

Deleted pa?agraph concerning setup times for synctwonization of multiple
procassors. :

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 ragisters.

Refresh address counter dascribed in figure. _

ViHg indicated for SRDY, ARDY. I (max.) now indicated for all devices.
Typical Igc indicated. ,

Input V4 test condition at X1 added. TeLpox, ToveTvs ToveTx. ToLHay. and
TeLLy minimums reduced from 5 ns to 3 ns. Toion (Min) and Toner (Min)
relaxed by 2 ns. Added reminder that TgpycL and ToLsry must be met

New Ssction.
ToxpL indicated in Read Cycle. Toypo indicated.

New Figures added.
ESC instruction clock count deleted.
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Pin Description Table
Oscillator Configurations
DMA Transtfer Rate Table
DMA Control Bit Descriptions

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

Execution Timings

INTEL CORP (UP/PRPHLS) —49—-17—
The sections significantly revised since version -001 are: T-49-17-15

Noted BES 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 iIRMX Mode to Slave Mode.

MNoted that DO and D1 are read/write, others read-only.
Added figure to explain refresh address bits.

Many timings changed (all listed in ns): Tg px (min.) from 8 10 5; TspycL
{min.) from 20 1o 15; Tuver (min.) from 20 to 15; TyyyeH (min.) from 25 to 15;
Tinvel (min.) from 20 to 15; TeLay at 12.5 MHz from 4-33 to 5-36; TgLay at
16 MHz from 4-30 to 5-33; Topax (min) to 0; Toppy (min) at 10 MHz from
10 to 5; TeLpy (min) at 12.5 MHz from 10-33 to 5-36; Tgpy (min) at
18 MHz from 10-30 to 5-33; Topox (min.) from 10 at 10 MHz and 8 at
12,5 MHz to 5 at both frequendies; Toyery (max) and Topcry (max.} at
16 MHz from 25 to 31; Touory (min.) and Toyvpex (min.) both from 10 at
10 MHz and 8 at 12.5 MHz 10 5 at both frequencles; Toycrx (max.) at 16 MHz
from 25 to 33; Teyre at 10 MHz from 10-56 to 5-44; T p at 12.5 MHz
from 8-47 to 5-35; ToLaL (max.) at 16 MHz from 25 to 31; TeLru (min.) at
10 MHz from 10 to 5 and at 12.5 MHz from 8 t0 5; Toysy (min.) at 10 MHz
from 10 to 5 and at 12.5 MHz from 8 to 5; Tousy (max.) at 16 MHz from 25 to
31; ToisH (min.) at 10 MHz from 10 to 5 and at 2.5 MHz from 8 to 5; ToHasy
(max.} at 12.5 MHz from 23 to 28 and at 16 MHz from 23 to 25; Tepx (min.)

at 10 MHz from 1010 5 and at 12.5 MHz2 from 8 t0 5; TaycH (min) to 0; Toyy

(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; TpxpyL (Min.) 10 0; Texgsx (min.) from 35 at 10 MHz and 29 at
12.5 MHz and 25 at 16 MHz to Ty oy — 10 at all frequencies; Torcsx (min.)
at 12.5 MHz and 16 MHz from 4-23 1o 5-28 and 5-23 respsctively.

Clarified effect of bus width.

SPECIFICATION LEVEL MARKIﬁGS

Current 80C186 devices bear backside lot code information consisting of seven digits followad 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 weak 25 of 1989 (backside markings x92500 XXX) or

later.
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