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INTRODUCTION

Advanced Micro Devices is pleased to introduce the CMOS versions of the
80186/80188 16-bit embedded processors. These devices offer features new to the
80186/80188 family, including a DRAM refresh control unit and a power-save mode.

The powerful architecture, integrated peripherals, established 80186/80188 soft-
ware base, and the readily available third-party hardware and software support have
made the 80C186 and 80C188 industry standards. The emulator, software, and
hardware information contained in this publication will provide you with valuable sup-
port tools you need for designing with these devices.

The 80C186 and 80C188 devices lend themselves to a wide diversity of applications,
including PABX systems, ISDN-terminal adapters, linecards, cellular telephones, fax
equipment, modems, medical equipment, disk drives, and low-end printers.

AMD is prepared to serve your needs for these devices. If you need more information
on these or any other AMD product, contact your local AMD sales office. Remember,
our partnership helps you gain and keep the competitive edge. We are not your
competition.

/ég/v(%&i (- 47 LN

Subodh Toprani
Director of Marketing
Embedded Processor Division

AMD's Marketing Communications Department specifies environmentally sound
agricultural inks and recycled papers, making this book highly recyclable.
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CMOS High Integration 16-Bit Microprocessor Devices

DISTINCTIVE CHARACTERISTICS
B Operation Modes Include:
—Enhanced mode which has
¢ DRAM Refresh Control Unit

o Power-save mode
¢ Direct interface to new numerics coprocessor

—Compatible Mode

 NMOS 80186 pin-for-pin replacement for
non-numerics applications

B Integrated Feature Set
—Enhanced 80C86/C88 CPU
—Clock generator
—Two independent DMA channels
—Programmable interrupt controller
—Three programmable 16-bit timers

—Dynamic RAM refresh control unit

¢ Programmable memory and peripheral chip
select logic

—Programmable wait-state generator
—Local bus controller
—Power-save mode

—System-level testing support (high-impedance
test mode)

B Available in 20-MHz (80C186-20), 16-MHz
(80C186-16), 12.5-MHz (80C186-12), and 10-MHz
(80C186) versions

@ Direct addressing capability to 1-Mb of memory
and 64-kb /O

R Fully static CMOS design

B Completely object code compatible with all
existing 8086/8088 software and also has ten
additional instructions over 8086/8088

B Complete system development

—There are many vendors making support tools
for the 80C186. Software tools for the NMOS
80186 can be used for the 80C186 as can the
NMOS emulators

B High-performance numeric coprocessing
capability through 80C187 interface

B Available in:
—68-Pin Plastic Leaded Chip Carrier (PLCC)

—80-Pin Plastic Quad Flat Pack (PQFP)

¢ In TapePak™ and Trimmed/Formed
Configurations

GENERAL DESCRIPTION

The 80C186 is a CMOS high-integration microproces-
sor. It has features that are new to the 80186 family,
which include a DRAM refresh control unit, power-save
mode, and a direct numeric interface. When used in
“compatible” mode, the 80C186 is 100% pin-for-pin
compatible with the NMOS 80186 (except for 8087

applications). The Enhanced mode of operation allows
the full feature set of the 80C186 to be used. The
80C186 is upward compatible with 8086 and 8088
software and fully compatible with 80186 and 80188
software.

Publication #: 18452 Rev. A Amendment 0
Issue Dalke: November 1991
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BLOCK DIAGRAM
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CONNECTION DIAGRAMS

68-Pin Plastic Leaded Chip Carrier

(PL 068)
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Note: Pin 1 is marked for orientation purposes.
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CONNECTION DIAGRAMS (continued)

80-Pin Plastic Quad Flat Pack!
(PQJ 80/PQR 80)
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Notes: 1. Available in Timmed and Formed (PQJ 80) and TapePak (PQR 80) packages.
2. Pin 1 is marked for orientation purposes only.
3. N/C = Not connected.
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PIN DESIGNATIONS (sorted by Pin Name)

Pin Number Pin Number
Pin Name PLCC | PQFP Code Pin Name PLCC PQFP Code
A19/S6 65 | 6 MCSO/PEREQ | 38 39 [VO, HA(1), R(PU)
LA e 0, HA2), R(2) MCST/ERROR | 37 40 VO, HA(1), R(PU)
A16/83 68 3 MCS2 36 41 0, HA(1), R(PU)
AD15 1 1 MCS3/NPS 35 42| O, HA(1), R(PU)
AD14 3 79 NMI 46 30 1, S(E)
ﬁg]g ? ;; FCS5/AT 31 48 | O, HA(X), R(1)
AD11 10 | 71 PCSE/A2 32 47 | O, HA(X), R()
ADS 1 | & Pt 0 |
ADS 151 5 | vo.sw, HA@), R@) Fos2 28 51| O.HAM.R)
AD6 4 78 PCS0 25 54
ﬁgj g ;j RD/QSMD 62 3 |10, HA®Z). R(PU)
AD3 1 70 RES 24 55 I, S(L)
AD2 13 68 RESET 57 18 0, HA(A)
AD1 15 66 —
ADO b 52-50 54, 53, 5221, 22, 23] O, HA@Z), R(@)
ALE/QS0 61 | 10 0, HA(0), R(0) SRDY 49 27 L, S(L)
~FoY =T AL TEST/BUSY a7 29 1, R(PY)
BRE 64 | 7 0, HA(Z), R(©) TMR INo 20 > 1, S(E)
CLKOUT 56 | 19 0, HA(A), R(A) TR OUTO > =
DEN 30 | 38 0, HAZ), R(® TMR OUT1 23 56 | O HA(ALR()
DRQO, DRQ1 | 18,19 | 61, 60 LS Ucs 34 45 |1/0, HA(1), R(PU)
DT/R 40 | a7 0, HA@Z), R(® 9 33
HOLD 50 | 26 1, S(0) Veo 4 3 I
HLDA 51 | 25 0, HA(A), R(0) - 73
INTO 45 | 31 1A D WR/QS1 63 8 0, HA@Z), R()
INT1/SELECT 44 32 I, A(E, L) 26 12
INT2/INTAG 42 | 35 |U0,AE, L, HAX) R@@)| | Ve 60 3 !
INT&/INTATARQ | 41| 36_|VO, AE, L), HAX).R@)| 3 P s |
ics 33 | 46 /0, HA(1), R(PU) o = = 5
Tock 48 | 28 0, HA(Z), R(PU)
On PQFP package the following pins are N/C (No Connect): 2, 11, 14, 15, 24, 43, 44, 62, and 63.
Key to Pin Description Codes
Symbol Description Symbol Description
I Input Only HA(x) | Hold Acknowledge: Pin state while processor
T — e e
/0 Input or Output (depending on situation) HA(0) =Internally driven to Vss
S(x) | Synchronous: Setup and Hold times must HA(Z) = Internally floated
be met for proper operation. HA(A)= Remains active
S(E) = Edge Sensitive HA(X)=Retains current state
S(L) = Level Sensitive R(x) | Reset: Pin state while the processor's RES
A(x) Asynchronous: Setup and Hold times guarantee line is held Low externally.

signal recognition by the processor.
A(E) = Edge Sensitive
A(L) = Level Sensitive

R(1) =Internally driven to Vec
R(0) =Intsrnally driven to Vss
R(Z) =Internally floated
R(PU)=Weak internal pull-up
R(PD) = Weak internal pull-down

80C186
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ORDERING INFORMATION

Commodity Products

AMD® commodity products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of the elements below.

N socies 12

-I-—-— PQFP OPTION

M = TapePak

Blank = Trimmed and Formed
SPEED OPTION
Blank = 10 MHz

-12 = 125 MHz

-16 = 16 MHz

-20 = 20 MHz

DEVICE NUMBER/DESCRIPTION

80C186
CMOS High-Integration 16-Bit Microprocessor

PACKAGE TYPE
N= 68-Pin Plastic Leaded Chip Carrier (PL 068)
S = 80-Pin Plastic Quad Flat Pack (PQJ 80, PQR 80)

TEMPERATURE RANGE
I = Industrial (~40°C to +85°C)
Blank = Commercial (0°C to +70°C)

Valid Combinations Valid Combinations
N80C186, INSOC186 Valid Combinations list configurations planned to
: be supported in volume for this device. Consult
PLCC N80C186-12, IN80C186-12 the local AMD sales office to confirm availability of
N80C188-16, INSOC186-16 specific valid combinations, to check on newly
: released combinations.
N80C186-20
S80C186
PQFP S80C186-12M
TapePak 580C186-16M
S80C186—-20M
S80C186
PQFP $80C186-12
Trimmed
and Formed $80C186-16
580C186-20

TapePak is a plastic package technology that consists of a PQFP surrounded by an external plastic carrier ring. This ring holds
the unformed leads together during testing and shipping. The customer does the lead trim and form operation prior to board
installation at whatever standoff, lead length, or angle desired.

The TapePak is the PQFP configuration recommended by AMD because it virtually eliminates lead coplanarity problems
since lead trim and form is performed immediately prior to board population. Also, the coin-stack tubes that TapePak comes in
simplify incoming test and handling.

Trimmed and formed configuration has AMD doing the trim and form function to a JEDEC standard standoff and lead length. The
product is shipped in trays.

8 80C186
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PIN DESCRIPTIONS

A19/S6, A18/S5, A17/S4, A16/S3
Address Bus Outputs (Outputs)

Address Bus Outputs (19-16) and Bus Cycle Status
(6-3) indicate the four most significant address bits dur-
ing T1. These signals are active High.

During T2, T3, TW, and T4, the S6 pin is Low to indicate
a CPU-initiated bus cycle or High to indicate a DMA-initi-
ated bus cycle. During the same T states, S3, S4, and
S5 are always Low. These outputs are floated during
bus HOLD or RESET.

AD15-ADO0
Address/Data Bus (Inputs/Outputs)

Address/Data Bus (15-0) signals constitute the time
multiplexed memory or VO address (T1) and data (T2,
T3, TW, and T4) bus. The bus is active High. A0 is analo-
gous to BHE for the lower byte of the data bus, pins
D7-DO0. It is Low during T1 when a byte is to be trans-
ferred onto the lower portion of the bus in memory or VO
operations. These pins are floated during a bus HOLD
or RESET.

ALE/QS0
Address Latch Enable/Queue Status (Output)

Address Latch Enable/Queue Status 0 is provided by
the 80C186to latchthe address. ALE is active High, with
addresses guaranteed to be valid on the trailing edge.

ARDY
Asynchronous Ready (Input)

Asynchronous Ready informs the 80C186 that the ad-
dressed memory space or /O device will complete a
data transfer. The ARDY pin accepts a rising edge that
is asynchronous to CLKOUT and s active High. The fall-
ing edge of ARDY must be synchronized to the 80C186
clock. Connecting ARDY High will always assert the
ready condition to the CPU. If this line is unused, it
should be tied Low to yield control to the SRDY pin.

BHE
Bus High Enable (Output)

The BHE (Bus High Enable) signal is analogousto AQin
that it is used to enable data on to the most significant
half of the data bus, pins D15-D8. BHE will be Low dur-
ing T1 when the upper byte is transferred and will remain
Low through T3 and TW. BHE does not need to be
latched. BHE will float during HOLD or RESET.

In Enhanced Mode, BHE will also be used to signify
DRAM refresh cycles. A refresh cycle is indicated by
both BHE and A0 being High.

BHE and A0 Encodings

BHE A0
Value Value Function
0 0 Word Transfer
0 1 Byte Transfer on upper half of data bus
(D15-D8)
1 0 Byte Transfer on lower half of data bus
(D7-D0)
1 1 Refresh
CLKOUT
Clock Output (Output)

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

DEN
Data Enable (Output)

Data Enable is provided as a data bus transceiver out-
put enable. DEN is active Low during each memory and
I/O access (including 80C187 access). DEN is High
whenever DT/R changes state. DEN will float during a
bus HOLD or RESET.

DRQO-DRQ1
DMA Requests (Inputs)

DMA Request is asserted High by an extemal device
when it is ready for DMA Channel 0 or 1 to perform a
transfer. These signals are level triggered and internally
synchronized.

DT/R

Data Transmit/Receive (Output)

Data Transmit/Receive controls the direction of data
flow through an external data bus transceiver. When
Low, data is transferred to the 80C186. When High, the
80C186 places write data on the data bus. DT/R floats
during a bus HOLD or RESET.

HOLD, HLDA
(Input, Output)

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

80C186 9
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HLDA. When the 80C186 needs to run another bus cy-
cle, it will again drive the local bus and control lines.

In Enhanced Mode, HLDA will go Low when a DRAMre-
fresh cycleis pending inthe 80C186 and an external bus
master has control of the bus. It will be up to the external
master to relinquish the bus by lowering HOLD so that
the 80C186 may execute the refresh cycle.

INTO, INT1/SELECT, INT2/INTAOQ,
INTJ/INTA1/IRQ
Maskable Interrupt Requests (Inputs, Input/Output)

Maskable Interrupt Requests can be requested by acti-
vating one of these pins. When configured as inputs,
these pins are active High. Interrupt Requests are syn-
chronized internally. INT2 and INT3 may be configured
to provide active-Low interrupt-acknowledge output sig-
nals. All interrupt inputs may be configured to be either
edge or level triggered. To ensure recognition, all inter-
rupt requests must remain active until the interrupt is ac-
knowledged. When Slave Mode is selected, the function
of these pins changes (see Interrupt Controller section
of this data sheet).

LCS
Lower Memory Chip Select (Output/nput)

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

UCS andLCS are sampled upon the rising edge of RES.
If both pins are held Low, the 80C186 will enter ONCE™
mode. In ONCE mode all pins assume a high-imped-
ance state and remain so until a subsequent RESET.
LCS has aweakinternal pull-up that is active only during
RESET to ensure that the 80C186 does not enter ONCE
mode inadvertently.

LOCK
Lock (Output)

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

MCS0/PEREQ, MCS1/ERROR,

MCS2, MCS3/NPS

Mid-Range Memory Chip Select (Output/nputs,
Outputs)

Mid-Range Memory Chip Select signals are active Low
when a memory reference is made to the defined mid-
range portion of memory (8K-512K). These lines do not
float during bus HOLD. The address ranges activating
MCS3-MCS0 are software programmable.

In Enhanced Mode, MCS0 becomes PEREQ input
(Processor Extension Request). When connected to the
Numerics Processor Extension, this input is used to sig-
nal the 80C186 when to make numeric data transfers to
and from the NPX. MCS3 becomes NPS (Numeric Pro-
cessor Select), which may only be activated by commu-
nication to the Numerics Processor Extension. MCS1
becomes ERROR in Enhanced Mode and is used to sig-
nal numerics coprocessor erors.

MCSO0/PEREQ and MCS1/ERROR have weak internal
pull-ups that are active during RESET.

NMI
Non-Maskable Interrupt (Input)

The Non-Maskable Interrupt input causes a Type 2 in-
terrupt. An NMI transition from Low to High is latched
and synchronized internally, and initiates the interrupt at
the next instruction boundary. NMI must be asserted for
at least one CLKOUT period. The Non-Maskable Inter-
rupt cannot be avoided by programming.

PCS5/A1
Peripheral Chip Select 5 or Latched A1 (Output)

Peripheral Chip Select 5 or Latched A1 may be pro-
grammed to provide a sixth peripheral chip select, or to
provide an internally latched A1 signal. The address
range activating PCS5 is software programmable.
When programmed to provide latched A1 rather than
PCSS, this pin will retain the previously laiched value of
A1duringabus HOLD. A1 is active High. PCS5/A1 does
not float during bus HOLD.

PCS6/A2
Peripheral Chip Select 6 or Latched A2 (Output)

Peripheral Chip Select 6 or Latched A2 may be pro-
grammed to provide a seventh peripheral chip select, or
to provide an internally latched A2 signal. The address
range activating PCS6 is software programmable.
When programmed to provide latched A2 rather than

10 80C186
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PCS, this pin will retain the previously latched value of
A2 during abus HOLD. A2is active High. PCS6/A2 does
not float during bus HOLD.

PCS4-PCS0
Peripheral Chip Select Signals (Outputs)

Peripheral Chip Select signals (4-0) are active Low
when a reference is made to the defined peripheral area
(64-Kb VO or 1-Mb memory space). These lines do not
float during bus HOLD. The address ranges activating
PCS4-PCSO0 are software programmable.

RD/QGSMD
Read Strobe (Output/input)

Read Strobe is an active Low signal, which indicates
that the 80C186 is performing a memory or I/O read cy-
cle. Itis guaranteed not to go Low before the A/D bus is
floated. An internal pull-up ensures that RD/QSMD is
High during RESET. Following RESET, the pin is sam-
pled to determine whether the 80C186 is to provide
ALE, RD, and WR, or queue status information. To en-
able Queue Status Mode, RD must be connected to
GND. RD will float during bus HOLD.

RES
RESET (Input)

An active RES causes the 80C186 to immediately termi-
nate its present activity, clear the internal logic, and
enter adormant state. This signal may be asynchronous
to the 80C186 clock. The 80C186 begins fetching
instructions approximately 6% clock cycles after RES is
returned High. For proper initialization, Vec must be
within specifications and the clock signal must be stable
for more than four clocks with RES held Low. RES is in-
ternally synchronized. This input is provided with a
Schmitt-trigger to facilitate power-on RES generation
via an RC network.

RESET
System Reset (Output)

Reset output indicates that the 80C186 CPU is being
reset and can be used as a system reset. It is active
High, synchronized with the processor clock, and lasts
an integer number of clock periods corresponding to
the length of the RES signal. RESET goes inactive two
clockout periods after RES goes inactive. When tied to
the TEST/BUSY pin, RESET forces the 80C186into en-
hanced mode. RESET is not floated during bus HOLD.

$2-50
Bus Cycle Status (Outputs)

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

80C186 Bus Cycle Status Information

§2 S S0 Bus Cycle Initiated

0 0 0 Interrupt Acknowledge

0 0 1 Readl/O

0 1 0 Write /O

0 1 1 Halt

1 0 0 Instruction Fetch

1 0 1 Read Data from Memory
1 1 0 Write Data to Memory

1 1 1 Passive (no bus cycle)

The status pins float during HOLD/HLDA.

S2 may be used as a logical memory or /O indicator,
and S1 as a DT/R indicator.

SRDY
Synchronous Ready (Input)

Synchronous Ready informs the 80C186 that the ad-
dressed memory space or VO device will complete a
data transfer. The SRDY pin accepts an active-High in-
put synchronized to CLKOUT. The use of SRDY allows
a relaxed system timing over ARDY. This is accom-
plished by elimination of the one-half clock cycle re-
quired to internally synchronize the ARDY input signal.
Connecting SRDY High will always assert the ready
condition to the CPU. If this line is unused, it should be
tied Low to yield control to the ARDY pin.

TEST/BUSY
Test (Input)

The TEST pin is sampled during and after reset to deter-
mine whether the 80C186 is to enter Compatible or
Enhanced Mode. Enhanced Mode requires TEST to
be High on the rising edge of RES and Low four
CLKOUT cycles later. Any other combination will place
the 80C186 in Compatible Mode. During power-up,
active RES is required to configure TEST/BUSY as an
input. A weak internal pull-up ensures a High state when
the pin is not driven.

TEST—In Compatible Mode this pin is configured to
operate as TEST. This pin is examined by the WAIT in-
struction. If the TEST input is High when WAIT execu-
tion begins, instruction execution will suspend. TEST
will be resampled every five clocks until it goes Low, at
which time execution will resume. If interrupts are en-
abled while the 80C186 is waiting for TEST, interrupts
will be serviced.

BUSY—In Enhanced Mode, this pin is configured to
operate as BUSY. The BUSY input is used to notify the

80C186 1
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80C186 of Numeric Processor Extension activity.
Floating point instructions executing in the 80C186
sample the BUSY pin to determine when the Numeric
Processor is ready to accept a new command. BUSY is
active High.

TMR INO, TMR IN1
Timer Inputs (Inputs)

Timer inputs are used either as clock or control signals,
depending upon the programmed timer mode. These
inputs are active High (or Low-to-High transitions
are counted) and internally synchronized. Timer inputs
must be tied High when not being used as clock or retrig-
ger inputs.

TMR OUTO, TMR OUT1
Timer Outputs (Outputs)

Timer outputs are used to provide single pulse or con-
tinuous waveform generation, depending uponthe timer
mode selected. These outputs are not floated during a
bus HOLD.

ucs
Upper Memory Chip Select (Output/Input)

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 activat-
ing UCS is software programmable.

UCS andLCS are sampled upon the rising edge of RES.
If both pins are held Low, the 80C186 will enter ONCE
Mode. In ONCE Mode all pins assume a high-imped-
ance state and remain so until a subsequent RESET.
UCS has a weak internal pull-up that is active during
RESET to ensure that the 80C186 does not enter
ONCE Mode inadvertently.

Ve
Power Supply (Inputs)

System power: +5-V power supply.

Vss
Ground (Inputs)

System ground.

WR/QS1
Write Strobe/Queue Status 1 (Output)

Write Strobe/Queue Status 1 indicates that the data on
the bus is to be written into a memory or an I/O device. It
is active Low, and floats during bus HOLD or RESET.
When the 80C186 is in Queue Status Mode, the ALE/
QS0 and WR/QS1 pins provide information about proc-
essorfinstruction queue interaction.

QS1 QS0  Queue Operation
0 0 No queue operation
0 1 First opcode byte fetched from the queue
1 1 Subsequent byte fetched from the queue
1 0 Empty the queue
X1, X2

Crystal Inputs (Input/Output)

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

12 80C186
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FUNCTIONAL DESCRIPTION
Introduction

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

The 80C186 has two major modes of operation, Com-
patible and Enhanced. In Compatible Mode the 80C186
is completely compatible withthe NMOS 80186, with the
exception of 8087 support. The Enhanced Mode adds
three new features to the system design: power-save
control, dynamic RAM refresh, and an asynchronous
Numeric Coprocessor interface.

80C186 Base Architecture

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

Register Set

The 80C186 base architecture has fourteen registers,
as shown in Figure 1. These registers are grouped into
the following categories.

General Registers

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

Segment Registers

Four 16-bit special-purpose registers select, at any
given time, the segments of memory that are immedi-
ately addressable for code, stack, and data. (For usage,
refer to Memory Organization, page 14.)

Base and Index Registers

Four of the general-pumose registers may also be used
to determine offset addresses of operands in memory.
These registers may contain base addresses orindexes
to particular locations within a segment. The addressing
mode selects the specific registers for operand and
address calculations.

Status and Control Registers

Two 16-bit special-purpose registers record or alter cer-
tain aspects of the B0C186 processor state. These are
the Instruction Pointer Register, which contains the off-
set address of the next sequential instruction to be exe-
cuted, and the Status Word Register, which contains
status and control flag bits (see Figures 1 and 2).

Status Word Description

The Status Word records specific characteristics of the
result of logical and arithmetic instructions (bits 0, 2, 4,
6, 7, and 11) and controls the operation of the 80C186
within a given operating mode (bits 8, 9, and 10). The
Status Word Register is 16-bits wide. The function of the
Status Word bits is shown in Table 1.

16-Bit Special
Register Register
Name Functions
0 7 15 0
Addr?snse- AX AH AL Muhlply/DNIde CS Code Segment Selector
able JDX| DH DL 1/0 Instructions DS| Data Segment Selector
8-Bit
Reg(;islelr CX|[_CH CcL Loop/Shift/Repeat/Count SS Stack Segment Selector
Names ES Extra Segment Selactor
Shown) X|_BH BL Base Registers
BP Segment Registers
St Index Registers 15 0
DI F Status Word
SP Stack Pointer IP Instruction Pointer
15
General Status and Control
Registers Registers
13087D-002

Figure 1. 80C186 Register Set
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Table 1. Status Word Bit Functions

Bit
Position Name Function
0 CF Carry Flag—Set on high-order bit carry or borrow; cleared otherwise.
2 PF Parity Flag—Set if low-order 8 bits of result contain an even number of 1 bits;
cleared otherwise.
4 AF Auxiliary Carry—Set on carry from or borrow to the low order four bits of the general
purpose register AL; cleared otherwise.
6 ZF Zero Flag—Set if result is 0; cleared otherwise.
7 SF Sign Flag—Set equal to high-order bit of result (0 if positive, 1 if negative).
8 TF Single-Step Flag—Once set, a single-step interrupt occurs after the next instruction
executes. TF is cleared by the single-step interrupt.
9 IF Interrupt-Enable Flag—When set, maskable interrupts will cause the CPU to transfer
control to an interrupt vector specified location.
10 DF Direction Flag—Causses string instructions to auto decrement the appropriate index
register when set. Clearing DF causes auto-increment.
1 OF Overflow Flag—Set if the signed result cannot be expressed within the number of bits
in the destination operand; cleared otherwise.
Status Flags:
Cary
Parity
Auxiliary Carry
Zero
Sign
Overtlow
15 14 13 12¢ 1 10 9 7 6 0
P :
Control Flags:
Trap Flag
Interrupt Enable
Direction Flag
13087D-003
Figure 2. Status Word Format
Instruction Set Memory Organization

The instruction set is divided into seven categories:
data transfer, arithmetic, shift/rotate/logical, string ma-
nipulation, control transfer, high-level instructions, and
processor control. These categories are summarized in
80C186 Instruction Set section, page 15.

An 80C186 instruction can reference anywhere from
zero to several operands. An operand can reside in a
register, in the instruction itself, or in memory. Specific
operand addressing modes are discussed later in this
data sheet.

Memory is organized in sets of segments. Each seg-
ment is a linear contiguous sequence of up to 64K (2'6)
8-bit bytes. Memory is addressed using a two-compo-
nent address (a pointer) that consists of a 16-bit base
segment and a 16-bit offset. The 16-bit base values
are contained in one of four intemal segment registers
(code, data, stack, extra). The physical addressiis calcu-
lated by shifting the base value LEFT by 4 bits and
adding the 16-bit offset value to yield a 20-bit physical
address (see Figure 3). This allows for a 1-Mb physical
address size.

14 80C186
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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 seg-
ment register used for physical address generation is
implied by the addressing mode used (see Table 3).
These rules follow the way programs are written (see
Figure 4) as independent modules that require areas
for code and data, a stack, and access to external data
areas.

Special segment override instruction prefixes allow the
implicit segment register selection rules to be overrid-
den for special cases. The stack, data, and extra seg-
ments may coincide for simple programs.

80C186 Instruction Set

General Purpose

MoV Move byte or word

PUSH Push word onto stack

POP Pop word off stack

PUSHA Push all registers on stack
POPA Pop all registers from stack
XCHG Exchange byte or word
XLAT Translate byte
Input/Output

IN Input byte or word

ouT Output byte or word
Address Object

LEA Load effective address
LDS Load pointer using DS

LES Load pointer using ES

Flag Transfer

LAHF Load AH register from flags
SAHF Store AH register in flags
PUSHF Push flags onto stack
POPF Pop flags off stack
Addition

ADD Add byte or word

ADC Add byte or word with carry
INC Increment byte or word by 1
AAA ASCII adjust for addition
DAA Decimal adjust for addition
Subtraction

SuB Subtract byte or word

SBB Subtract byte or word with borrow

DEC
NEG
CMP
AAS
DAS
Multiplication
MUL
IMUL
AAM
Division
Div
IDIV
AAD
CBW
CWD
MOVS
INS
OUTS
CMPS
SCAS
LODS
STOS
REP
REPE/REPZ

Decrement byte or word by 1
Negate byte or word
Compare byte or word

ASCII adjust for subtraction
Decimal adjust for subtraction

Multiply byte or word unsigned
Integer multiply byte or word
ASCII adjust for multiply

Divide byte or word unsigned
Integer divide byte or word
ASCII adjust for division
Convert byte or word
Convert word to doubleword
Move byte or word string
Input bytes or word string
Output bytes or word string
Compare byte or word string
Scan byte or word string
Load byte or word string
Store byte or word string
Repeat

Repeat while equal/’zero

REPNE/REPNZ Repeat while not equal/not zero

Logicals
NOT
AND

OR

XOR
TEST
Shifts
SHL/SAL

SHR
SAR
Rotates
ROL
ROR
RCL
RCR

“NOT” byte or word

“AND” byte or word
“Inclusive or” byte or word
“Exclusive or” byte or word
“Test” byte or word

Shift logical/arithmetic left byte
or word

Shift logical right byte or word
Shift arithmetic right byte or word

Rotate left byte or word

Rotate right byte or word

Rotate through carry left byte or word
Rotate through carry right byte or word

80C186
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Flag Operations

STC Set canry flag

CLC Clear carry flag

CMC Complement carry flag

STD Set direction flag

CLD Clear direction flag

STI Set interrupt-enable flag

CLI Clear interrupt-enable flag

External Synchronization

HLT Halt until interrupt or reset

WAIT Wait for TEST pin active

ESC Escape to extension processor

LOCK Lock bus during next instruction

No Operation

NOP No operation

High Level Instructions

ENTER Format stack for procedure entry

LEAVE Restore stack for procedure exit

BOUND Detects values outside prescribed
range

Conditional Transfers

JA/JNBE Jump if above/not below nor equal

JAE/JNB Jump if above or equal/not below

JB/UNAE Jump if below/not above nor equal

JBE/UNA Jump if below or equal/not above

JC Jump if carry

JENZ Jump if equal/zero

JG/UNLE Jump if greater/not less nor equal

JGE/UJNL Jump if greater or equal/not less

JUINGE Jump if less/not greater nor equal

JLE/NG Jump if less or equal/not greater

JNC Jump if not carry

JNE/UNZ Jump if not equal/not zero

JNO Jump if not overflow

JNP/JJPO Jump if not parity/parity odd

JNS Jump if not sign

JO Jump if overflow

JP/JPE - Jump if parity/parity even
Js Jump if sign
Unconditional Transfers

CALL Call procedure

RET Return from procedure
JMP Jump

lteration Controls

LOOP Loop

LOOPE/LOOPZ Loop if equal/zero
LOOPNE/

LOOPNZ Loop if not equal/not zero
JCXZ Jump if register CX = 0
Interrupts

INT Interrupt

INTO Interrupt if overflow

IRET Interrupt return

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

Shift
Left
oo o o] g
Base .
15 0 Logical
Address
15 0

Physical Address

To Memory

13087D-004

Figure 3. Two-Component Address
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Table 2. Segment Register Selection Rules

Memory Reference

Segment Register

Implicit Segment

Needed Used Selection Rule
Instructions Code (CS) Instruction prefetch and immediate data.

Local Data Data (DS) All other data references.
Stack Stack (SS) All stack pushes and pops; any memory

External Data (Global) Extra (ES)

references which use BP Register as a

base register.

All string instruction references which use the
Dl register as an index.

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 im-
mediate operands:

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

¢ Immediate Operand Mode: The operand is included
in the instruction.

Six modes are provided to specify the location of an op-
erand in a memory segment. A memory operand ad-
dress consists of two 16-bit components: a segment
base and an offset. The segment base is supplied by a
16-bit segment register either implicitly chosen by the
addressing mode or explicitly chosen by a segment
override prefix. The offset, also called the effective ad-
dress, is calculated by summing any combination of the
following three address elements:

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

o the base (contents of either the BX or BP base
registers); 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 16-bit values.

Combinations of these three address elements define
the six memory addressing modes, described below.

¢ Direct Mode: The operand's offset is contained in the
instruction as an 8- or 16-bit displacement element.

o Register Indirect Mode: The operand's offsetisin one
of the registers S|, DI, BX, or BP.

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

¢ Indexed Mode: The operand’s offset is the sum of an
8- or 16-bit displacement and the contents of an index
register (Sl or DI).

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

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

Data Types

The 80C186 directly supports the following data types:

¢ Integer: A signed binary numeric value contained in
an 8-bit byte or a 16-bit word. Alloperations assume a
2's complement representation. Signed 32- and
64-bit integers are supported using a Numeric Data
Coprocessor with the 80C186.

¢ Ordinal: An unsigned binary numeric value contained
in an 8-bit byte or a 16-bit word.

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

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

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

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

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

* Floating Point: A signed 32-, 64-, or 80-bit real
number representation. (Floating point operands are
supported using a Numeric Data Coprocessor with
the 80C186).

80C186 17



n AMD

PRELIMINARY

In general, individual data elements must fit within de-
fined segment limits. Figure 5 graphically represents the
data types supported by the 80C186.

Code
Module A
Data
' ! CPU
Module B Code
: ' Data
Process Stack
Stack Extra
' ' Segment
Registers
Process
Data
Block 1
(] [}
[] 1]
Process
Data
Block 2
1] L]
] ]
Memory 13087D-005

Figure 4. Segmented Memory Helps
g Strt?cture Softwarery P

/O Space

The I/O space consists of 64K 8-bit or 32K 16-bit ports.
Separate instructions address the 1/0 space with either
an 8-bit port address, specified in the instruction, or
a 16-bit port address in the DX register. Eight-bit port
addresses are zero-extended such that A15-A8 are
Low. VO port addresses 00F8(H) through 00FF(H) are
reserved.

Interrupts

An interrupt transfers execution to a new program loca-
tion. The old program address (CS:IP) and machine
state (Status Word) are saved on the stack to allow re-
sumption of the interrupted program. Interrupts fall into
three classes: hardware initiated, INT instructions, and
instruction exceptions. Hardware-initiated interrupts oc-
curinresponse to an externalinput and are classified as
non-maskable or maskable.

Programs may cause an interrupt with an INT instruc-
tion. Instruction exceptions occur when an unusual
condition, which prevents furtherinstruction processing,
is detected while attempting to execute an instruction.

Slgned m

Slgn B“ Magnnude
7 0
Unsigned m
Byte
Vie Cmss,
Magnitude
+1 0
15 14 8 7 0
Signed
Word JL
SignBit LMSB_____
Magnitude
Signed 34 +3 +2 18 15 +1 0 [
Double
Word*
Slgn Bit J_-MSB 1
Magnitude
. 47 +6 +5 +4 +3 +2 +1 O
Signed &3 4847 3231 1615 0
Quad [[ T T T [ T 1 1]
Word* JLMSB
Sign Bit A
Magnitude
15 o
Unsigned
Word T MSB
MoB
Magnitude
Binary +N +1 0
Coded [ : |71'rr|'n'rg|'17'n'rm"i
|
DeCs) BCD BCD BCD
Digit N Digit 1 Digit0

7 1 07 0

7 N o
ASCIII I l

ASCII ASCIl ASCII
Characiern Characten Charactero
+1 47
Packed['"l”'] ["""FT'T‘T"FTT]
BCD —

Most Least

Significant Digit  Significant Digit

715N o 0

715 *1 0;1; T

String .
Byte/WordN Byte/Word1 Byte/Word 0
a * +2 4545 *1 0
Pointer
L 1 ]
Selector Offset
+9 +8 +7 +6 +5 +4 +3 +2 +1 ()o
Floating
Pomt‘” [ 1 1T 1 [ 1T {1
H JL 1 1
Sign Bit Exponent Magnitude

Note: *Supported by 80C186 with a numeric data coprocessor
13087D-006

Figure 5. 80C186 Supported Data Types
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If the exception was caused by executing 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 override prefix immedi-
ately preceding the ESC instruction if the prefix was
present. In all other cases, the return address from
an exception will point at the instruction immediately
following the instruction causing the exception.

A table containing up to 256 pointers defines the proper
interrupt service routine for each interrupt. Interrupts
0-31, some of which are used for instruction exceptions,
are reserved. Table 3 shows the 80C186 predefined
types and default priority levels. For each interrupt, an
8-bit vector must be supplied to the 80C186, which iden-
tifies the appropriate table entry. Exceptions supply the
interrupt vector internally. In addition, internal peripher-
als and non-cascaded external interrupts will generate
their own vectors through the internal interrupt control-
ler. INT instructions contain orimply the vector and aliow
access to all 256 interrupts. Maskable hardware-initi-
ated interrupts supply the 8-bit vector to the CPU during
an interrupt acknowledge bus sequence. Non-mask-
able hardware interrupts use a predefined internally
supplied vector.

Interrupt Sources

The 80C186 can service interrupts generated by soft-
ware or hardware. The software interrupts are gener-
ated by specific instructions (INT, ESC, unused OP,
etc.) orthe results of conditions specified by instructions
(array bounds check, INTO, DIV, IDIV, etc.). All interrupt
sources are serviced by an indirect call through an ele-
ment of avectortable. This vectortable isindexed by us-
ing the interrupt vector type (Table 3), multiplied by four.
All hardware-generated interrupts are sampled at the
end of each instruction. Thus, the software interrupts
will begin service first. Once the service routine is
entered and interrupts are enabled, any hardware
source of sufficient priority can interrupt the service rou-
tine in progress.

Those pre-defined 80C186 interrupts that cannot be
masked by programming are described below.

Divide Error Exception (Type 0)

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

Single-Step Interrupt (Type 1)

Generated after most instructions if the TF (single step)
flag in the status word is set. This interrupt allows pro-
grams to execute one instruction at atime. Interrupts will
not be generated after prefix instructions (e.g., REP), in-
structions which modify segment registers (e.g., POP
DS), or the WAIT instruction. Vectoring to the single-
step interrupt service routine clears the TF bit. An IRET
instruction in the interrupt setvice routine restores the
TF bit to logic 1 and transfers control to the next instruc-
tion to be single-stepped.

Non-Maskable Interrupt-NMI (Type 2)

An extemnal interrupt source which is serviced regard-
less of the state of the IF (interrupt enable flag) bit. No
external interrupt acknowledge sequence is performed.
The IFbitis cleared at the beginning of a NMI interrupt to
prevent maskable interrupts from being serviced. A
typical use of NMI would be to activate a power failure
routine.

Breakpoint Interrupt (Type 3)

A 1-byte version of the INT instructions. It uses 12
(OCH) as anindex into the service routine address table
(because it is a Type 3 interrupt).

INTO Detected Overflow Exception (Type 4)
Generated during an INTO instruction if the OF bit is set.
Array BOUNDS Exception (Type 5)

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

Unused Opcode Exception (Type 6)

Generated if execution is attempted on undefined op-
codes.
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ESCAPE Opcode Exception (Type 7)
Compatible Mode

Esc Opcode No

Execution
Attempted

Don't Interrupt

Exception Trap Generated

Enhanced Mode

ESC Opcode
Execution
Attempted

Relocation Registe|
Bit Set

Exception
Trap Generated

No Return Address
Points to the ESC
Instruction Causing

the Exception

Segment Override
Prefix Preceded

Return Address Points
to Segment Override Prefix

Note: 80C186 processing of ESC (numeric coprocessor) opcodes dif-
fers substantially from the 80186.

Numeric Coprocessor Exception (Type 16)

An interrupt generated in response to an unmasked
error in the 80C187 Numeric Coprocessor Extension. In
general, the 80C187 does not detect an error until
the instruction after the error occurred. A Numeric
Coprocessor error is signaled to the 80C187 on its
ERROR input pin.

Hardware-generated interrupts are divided into two
groups: maskable interrupts and non-maskable inter-
rupts. The B80C186 provides maskable hardware
interrupt request pins INTO-INT3. In addition, maskable
interrupts may be generated by the 80C186 integrated
DMA controller and the integrated timer unit. The vector
types for these interrupts is shown in Table 3. Software
enables these inputs by setting the interrupt flag bit (IF)
in the Status Word. The interrupt controller is discussed
in the peripheral section of this datasheet.

Further maskable interrupts are disabled while servicing
an interrupt because the IF bit is reset as part of the re-
sponse to an interrupt or exception. The saved Status
Word will reflect the enable status of the processor prior
totheinterrupt. The interrupt flag will remain zero unless
specifically set. The interrupt retum instruction restores
the Status Word, thereby restoring the original status of
IF (interrupt-enable flag) bit. If the interrupt return
reenables interrupts, and another interrupt is pending,
the 80C186 willimmediately service the highest-priority
interrupt pending, i.e., no instructions of the main line
program will be executed.

Initialization and Processor Reset

Processor initialization or startup is accomplished by
driving the RES input pin Low. RES must be Low during
power-up to ensure proper device initialization. RES
forces the 80C186 to terminate all execution and local
bus activity. No instruction or bus activity will occur as
long as RES is active. After RES becomes inactive and
an internal processing interval elapses, the 80C186 be-
gins execution with the instruction at physical location
FFFFO(H). RES also sets some registers to predefined
values as shown in Table 4.
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Table 3. 80C186 Interrupt Vectors

Interrupt Vector Vector Default Related Apnlicable

Name Type Address Priority Instructions otes

Divide Error Exception 0 00H 1 DIv, IDIV 1

Single-Step Interrupt 1 04H 1A All 2

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

Breakpoint Interrupt 3 OCH 1 INT 1

INTO Detected Overflow Exception 4 10H 1 INTO 1

Array Bounds Exception 5 14H 1 BOUND 1

Unused Opcode Exception 6 18H 1 Undefined Opcodes 1

ESC Opcode Exception 7 1CH 1 ESC Opcodes (Coprocessor) 1,3

Timer O Interrupt 8 20H 2A 4

Timer 1 Interrupt 18 48H 2B 4,6

Timer 2 Interrupt 19 4CH 2C 4,6

Reserved 9 24H 3

DMA 0 Interrupt 10 28H 4 6

DMA 1 Interrupt 11 2CH 5 6

INTO Interrupt 12 30H 6

INT1 Interrupt 13 34H 7

INT2 Interrupt 14 38H 8

INT3 Interrupt 15 3CH 9

Numeric Coprocassor Exception 16 40H 1 ESC Opcodes 1,5
(Numeric Coprocessor)

Reserved 17 44H

Reserved 20-31 50H...7CH

Notes: Default priorities for the interrupt sources are used only if the user does not program each source to a unique priority level.

1. Generated as a result of an instruction execution.

2. Performed in the same manner as 8086.

3. An ESC (coprocessor) opcode will cause a trap if the 80C186 is in compatible mode or if the processor is in Enhanced
Mode with the proper bit set in the peripheral control block relocation register. The 80C186 is not directly compatible with
the 80186 in this respect.

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

5. Numeric coprocessor exceptions are detected by the 80C186 upon execution of a subsequent numeric instruction.

6. The vector type numbers for these sources are programmable in Slave Mode.
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Table 4. 80C186 Initial Register State after RESET

Status Word FO02(H)
Instruction Pointer 0000(H)
Code Segment FFFF(H)
Data Segment 0000(H)
Extra Segment 0000(H)
Stack Segment 0000(H)
Relocation Register 20FF(H)
uMCS FFFB(H)
80C186 CLOCK GENERATOR

The 80C186 provides an on-chip clock generator for
both internal and extemal clock generation. The clock
generator features a crystal oscillator, a divide-by-two
counter, synchronous and asynchronous ready inputs,
and reset circuitry.

Oscillator

The oscillator circuit of the 80C186 is designed to
be used either with a parallel resonant fundamental
or third-overtone mode crystal, depending upon the
frequency range of the application, as shown in Figure
6C. This is used as the time base for the 80C186. The
crystal frequency chosen should be twice the required
processor frequency. Use of an LG or RC circuit is not
recommended.

The output of the oscillator is not directly available out-
side the 80C186. The two recommended crystal
configurations are shown in Figures 6A and 6B. When
used in third-overtone mode the tank circuit shown in
Figure 6B is recommended for stable operation. The
sum of the stray capacitances and loading capacitors
should equal the values shown. It is advisable to limit
stray capacitance between the X1 and X2 pins to less
than 10 pF. While a fundamental-mode circuit will
require approximately 1 ms for start-up, the third-over-
tone arrangement may require 1 ms to 3 ms to stabilize.

Alternately, the oscillator may be driven from an external
source, as shown in Figure 6D. The configuration shown
in Figure 6E is not recommended.

The following parameters should be used when choos-
ing a crystal:

Temperature Range: 0°C to 70°C
ESR (Equivalent Series Resistance): 40 ohms max
CO (Shunt Capacitance of Crystal): 7.0 pF max

C1 (Load Capacitance): 20 pF 2 pF
Drive Level: 1 mW max
Clock Generator

The 80C186 clock generator provides the 50%-duty cy-
cle processor clock for the 80G186. It does this by divid-
ing the oscillator output by two, forming the symmetrical
clock. If an external oscillator is used, the state of the
clock generator will change on the falling edge of the os-
cillator 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.

READY Synchronization

The 80C186 provides both synchronous and asynchro-
nous ready inputs. Asynchronous ready synchroniza-
tion is accomplished by circuitry which samples ARDY
in the middle of T2, T3, and again in the middle of each
TW until ARDY is sampled High. One-half CLKOUT cy-
cle of resolution time is used for full synchronizationof a
rising ARDY signal. A High-to-Low transition on ARDY
may be used as an indication of the not-ready condition,
but it must be performed synchronously to CLKOUT,
either in the middle of T2, T3, or TW, or at the falling
edge of T3 or TW.

A second ready input (SRDY) is provided to interface
with externally synchronized ready signals. This input is
sampled at the end of T2, T3, and again at the end of
each TW until it is sampled High. By using this input
rather than the asynchronous ready input, the half-clock
cycle resolution time penalty is eliminated. This input
must satisfy set-up and hold times to guarantee proper
operation of the circuit.

In addition, the 80C186, as part of the integrated chip-
select logic, has the capability to program wait states for
memory and peripheral blocks. This is discussed in the
Chip Select/ Ready Logic description.

RESET Logic

The 80C186 provides both a RES input pin and a syn-
chronized RESET output pin for use with other system
components. The RES input pin on the 80C186 is pro-
vided with hysteresis in order to facilitate power-on Re-
set generation via an RC network. RESET is guaran-
teed to remain active for at least five clocks given aRES
input of at least six clocks. RESET may be delayed up to
approximately two and one-half clocks behind RES.
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25 MHz 8.2 pH +20%
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Recommended Crystal Mode Third-Overtone
e Fundamental N
] |
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| External Clock Source >—] X1 (DO NOT USE) _| X1
NC | x2 [External Clock Source>—] *2
80C186 80C186
(6D) (6E)
13087D-007
Figure 6. 80C186 Oscillator Configurations
LOCAL BUS CONTROLLER Memory/Peripheral Control

The 80C186 provides a local bus controller to generate
the local bus control signals. In addition, it employs a
HOLD/HLDA protocol for relinquishing the local bus to
other bus masters. It also provides outputs that can be
used to enable external buffers and to direct the flow of
data on and off the local bus.

The 80C186 provides ALE, RD, and WR bus control sig-
nals. The RD and WR signals are used to strobe data
from memory or /O to the B0C186 or to strobe data from
the 80C186 to memory or /O. The ALE line provides a
strobe to latch the address when it is valid. The 80C186
local bus controller does not provide a memory/l/O sig-
nal. If this is required, use the S2 signal (which will
require external latching, 0 =1/0 and 1 =memory), make
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the memory and 1/O spaces non-overlapping, or use
only the integrated chip-select circuitry.

Transceiver Control

The 80C186 generates two control signals for external
transceiver chips. This capability allows the addition of
transceivers for extra buffering without adding external
logic. These control lines, DT/R and DEN, are gener-
ated to control the flow of data through the transceivers.
The operation of these signals is shown in Table 5.

Table 5. Transceiver Control Signals Description

Pin Name Function

DEN (Data Enable) Enables the output drivers of the
transceivers. It is active Low
during memory, /0, numeric
processor extension, or INTA
cycles.

DT/R (Data Transmit/ Determines the direction of

Receive) travel through the transceivers.

A High level directs data away
from the processor during write
operations, while a Low level
directs data toward the pro-
cessor during a read operation.

Local Bus Arbitration

The 80C186 uses a HOLD/HLDA system of local bus
exchange. This provides an asynchronous bus ex-
change mechanism. This means multiple masters utiliz-
ingthe same bus can operate at separate clock frequen-
cies. The 80C186 provides a single HOLD/HLDA pair
through which all other bus masters may gain control of
the local bus. External circuitry must arbitrate which
external device will gain control of the bus when there
is more than one alternate local bus master. When the
80C186 relinquishes control of the local bus, it floats
BHE, and DT/R to allow another master to drive these
lines directly.

The 80C186 HOLD latency time, that is, the time be-
tween HOLD request and HOLD acknowledge, is a
function of the activity occurring in the processor when
the HOLD request is received. A HOLD request is sec-
ond only to DRAM refresh requests in priority of
activity requests the processor may receive. Any bus cy-
cle in progress will be completed before the 80C186 re-
linquishes the bus. This implies that if a HOLD request is
received just as a DMA transfer begins, the HOLD la-
tency can be as great as 4-bus cycles. This will occur if a
DMA word transfer operation is taking place froman odd
address to an odd address. This is a total of 16-clock
cycles or more if wait states are required. In addition, if
locked transfers are performed, the HOLD latency time
will be increased by the length of the locked transfer.

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

Local Bus Controller and Reset

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

o Drive DEN, RD, and WR High for one clock cycle,
then float them.

o Drive S2-50 to the inactive state (all High) and then
float.

¢ Drive LOCK High and then float.

+ Float AD15-AD0, A19-A16, BHE, DT/R.
o Drive ALE Low.

¢ Drive HLDA Low.

RD/GSMD, UCS, LCS, MCSO/PEREQ, MCSi/ER-
ROR, and TEST/BUSY pins have internal pull-up de-
vices which are active while RES is applied. Excessive
loading or grounding cenrtain of these pins causes the
80C186 to enter an alternative mode of operation:

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

¢ TEST/BUSY low (and high later) results in Enhanced
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 /O space. Internal logic will recognize
control block addresses and respond to bus cycles. Dur-
ing bus cycles tointernal registers, the bus controller will
signal the operation externally (i.e., the RD, WR, status,
address, data, etc., lines will be driven as in a normal
bus cycle), but AD15-AD0, SRDY, and ARDY will be ig-
nored. The base address of the control block must be on
an even 256-byte boundary (i.e., the lower 8 bits of the
base address are all 0s). All of the defined registers
within this control block may be read or written by the
80C186 CPU at any time.

The control block base address is programmed by a
16-bit relocation register contained within the control
block at offset FEH from the base address of the control
block (see Figure 7). It provides the upper 12 bits of the
base address of the control block. The control block is
effectively an internal chip select range and must abide
by all the rules concerning chip selects (the chip select
circuitry is discussed later in this data sheet). Any
access to the 256 bytes of the control block activates an
internal chip select.
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15 14 13 12 1 10

8 7 6 5 4 3 2 1 0

Offset: FEH| ET | Slave/Master| x | wio|

Relocation Address Bits R19-R8 I

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

MO = Register block located in Memory/ 1/O Space (1/0)

Slave/Master = Configures interrupt controller for Slave/Master Mode (1/0)

Figure 7. Relocation Register

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

In addition to providing relocation information for the
control block, the relocation register contains bits which
place the interrupt controller into slave mode and cause
the CPU to interrupt upon encountering ESC instruc-
tions. At RESET, the relocation register is set to 20FFH,
which maps the control block to start at FFOOH in /O
space. An offset map of the 256-byte control register
block is shown in Figure 8.

CHIP-SELECT/READY GENERATION
LOGIC

The 80C186 contains logic which provides program-
mable chip-select generation for both memories and
peripherals. In addition, it can be programmed to pro-
vide READY (or wait state) generation. It can also pro-
vide latched address bits A1 and A2. The chip-select
lines are active for allmemory and VO cycles in their pro-
grammed areas, whether they be generated by the CPU
or by the integrated DMA unit.

Memory Chip Selects

The BOC186 provides six memory chip-select outputs
for three address areas: upper memory, lower memory,
and mid-range memory. One each is provided for upper
memory and lower memory, while four are provided for
mid-range memory.

The range for each chip select is user-programmable
and can be set to 2K, 4K, 8K, 16K, 32K, 64K, or 128K
(plus 1K and 256K for upper and lower chip selects). in
addition, the beginning or base address of the mid-
range memory chip select may also be selected. Only
one chip select may be programmed to be active for any
memory location at a time. All chip-select sizes are in
bytes, whereas 80C186 memory is arranged in words.
This means that if, for example, 16 64Kx 1 memories
are used, the memory block size will be 128K, not 64K.

13087D-008
OFFSET
Relocation Register FEH
DAH
DMA Descriptors Channsl 1
DOH
] CAH
DMA Descriptors Channel 0
CoH
ABH
Chip-Select Control Registers
AOH
66H
Time 2 Control Registers
60H
5EH
Time 1 Control Registers
58H
Time 0 Control Registers S6H
50H
Int t Controller Regist 3EH
nterru
rrupt Controller Registers | .,
13087D-009

Figure 8. Internal Register Map

Upper Memory CS

The 80C186 provides a chip select, called UCS, for the
top of memory. The top of memory is usually used as the
system memory because after reset the 80C186 begins
executing at memory location FFFFOH.

The upper limit of memory defined by this chip select is
always FFFFFH, while the lower limit is programmable.
By programming the lower limit, the size of the select
block is also defined. Table 6 shows the relationship be-
tween the base address selected and the size of the
memory block obtained.

The lower limit of this memory block is defined in the
UMCS register (see Figure 9). This register is at offset
AOH in the internal control block. The legal values for
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Table 6. UMCS Programming Values

Starting
Address Memory UMCS Value
(Base Block (Assuming

Address) Size RO0=R1=R2=0)
FFCO00 1K FFF8H
FF800 2K FFB8H
FF000 4K FF38H
FE00O 8K FE38H
FC000 16K FC3sH
F8000 32K F83gH
F0000 64K FO38H
EC000 128K E038H
C0000 256K C038H

bits 13-6 and the resulting starting address and memory
block sizes are givenin Table 6. Any combination of bits
13-6 not shownin Table 6 will result in undefined opera-
tion. After reset, the UMCS register is programmed fora
1K area. It must be reprogrammed if a larger upper
memory area is desired.

The internal generation of any 20-bit address whose
upper 16 bits are equal to or greater than the UMCS
value (with bits 5-0 as 0) asserts UCS. UMCS bits,
R2-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 inter-
rupt vector table, starting at location 00000H.

The lower limit of memory defined by this chip select is
always OH, while the upper limit is programmable. By
programming the upper limit, the size of the memory
block is defined. Table 7 shows the relationship be-
tween the upper address selected and the size of the
memory block obtained.

Table 7. LMCS Programming Values

Memory LMCS Value
Upper Block (Assuming
Address Size RO=R1=R2=0)
003FFH 1K 0038H
007FFH 2K 0078H
00FFFH 4K COF8H
01FFFH 8K 01F8H
03FFFH 16K 03F8H
07FFFH 32K 07F8H
OFFFFH 64K OFF8H
1FFFFH 128K 1FF8H
3FFFFH 256K 3FF8H

The upper limit of this memory block is defined in the
LMCS register (see Figure 10) at offset A2H inthe inter-
nal control block. The legal values for bits 15—6 and the
resulting upper address and memory block sizes are
given in Table 7. Any combination of bits 156 not

shown in Table 7 will result in undefined operation. After
reset, the LMCS register value is undefined. However,
the LCS chip-select line will not become active until the
LMCS register is accessed.

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

Mid-Range Memory CS

The 80C186 provides four MCS lines which are active
within a user-locatable memory block. This block canbe
located within the 80C186 1-Mb memory address space
exclusive of the areas defined by UCS and LCS. Both
the base address and size of this memory block are pro-
grammable.

The size of the memory block defined by the mid-range
select lines, as shown in Table 8, is determined by bits
14-8of the MPCS register (see Figure 11). This register
is at location A8H in the internal control block. One and
only one of bits 14—-8 must be set at a time. Unpredict-
able operation of the MCS lines will otherwise occur.
Each of the four chip-select lines is active for one of the
four equal contiguous divisions of the mid-range block. If
the total block size is 32K, each chip select is active for
8K of memory with MCS0 being active for the first range,
MCST1 active for the second, MCS2 for the third, and
MCS3 being active for the last range.

The EXand MS in MPCS relate to peripheral functional-
ity, as described in a later section.

Table 8 . MPCS Programming Values

Total Individual MPCS

Block Select Bits

Size Size 14-8
8K 2K 0000001B
16K 4K 0000010B
32K 8K 0000100B
64K 16K 00010008
128K 32K 0010000B
256K 64K 0100000B
512K 128K 1000000B

The base address of the mid-range memory block
is defined by bits 15-9 of the MMCS register (see
Figure 12). This register is at offset A6H in the internal
control block (see Figure 8). These bits correspond to
bits A19-A13 of the 20-bit memory address. Bits
A12-A0 of the base address are always 0. The base
address may be set at any integer multiple of the size of
the total memory block selected. For example, if the
mid-range block size is 32K (or the size of the block for
which each MCS line is active is 8K), the block could be
located at 10000H or 18000H, but not at 14000H, since
the first few integer multiples of a 32K memory block are
OH, 8000H, 10000H, 18000H, etc. After reset, the
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contents of both registers are undefined. However,
none of the MCS lines will be active until boththe MMCS
and MPCS registers are accessed.

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

The 512K block size for the mid-range memory chip se-
lects is a special case. When using 512K, the base ad-
dress would have to be at either locations 00000H or
B000OH. If it were to be programmed at 00000H when
the LCS line was programmed, there would be an inter-
nal conflict between the LCS ready generation logic and
the MCS ready generation logic. Likewise, if the base
address were programmed at 80000H, there wouldbe a
conflict with the UCS ready generation logic. Since the
LCS chip-select line does not become active until pro-
grammed, while the UCS line is active at reset, the
memory base can be set only at 00000H. If this base
address is selected, however, the LCS range must not
be programmed.

In Enhanced Mode, three of the four MCS pins become
handshaking pins for the 80C187 Numeric Processor
Extension. MCS2 is still available as a chip select cover-
ing one-fourth the mid-range address block, subject
to the usual programming of the MPCS and MMCS
registers.

Peripheral Chip Selects

The 80C 186 can generate chip selects for up to seven
peripheral devices. These chip selects are active for
seven contiguous blocks of 128 bytes above a program-
mable base address. The base address may be located
in either memory or /O space.

Seven CS lines called PCS6-PCS0 are generated by
the 80C186. The base address is user-programmable;
however, it can only be a multiple of 1K bytes (i.e., the
least significant 10 bits of the starting address are
always 0).
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Figure 9. UMCS Register
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Figure 10. LMCS Register
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Figure 11. MPCS Register
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Figure 12. MMCS Register
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Figure 13. PACS Register

PCS5 and PCSB 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 tothe A0 and A1 pins used for
selecting internal registers of 8-bit peripheral chips. This
scheme simplifies the external hardware because the
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peripheral registers can be located on even boundaries
in VO or memory space.

The starting address of the peripheral chip-select block
is defined by the PACS register (see Figure 13). The
register is located at offset A4H in the internal control
block. Bits 156 of this register correspond to bits 19-10
of the 20-bit Programmable Base Address (PBA) of the
peripheral chip-select block. Bits 9-0 of the PBA of the
peripheral chip-select block are all 0s. If the chip-select
block is located in VO space, bits 15-12 must be pro-
grammed 0, since the I/O address is only 16-bits wide.
Table 9 shows the address range of each peripheral
chip select with respect to the PBA contained in PACS
register.

The user should program bits 156 to correspond to the
desired peripheral base location. PACS bits 2-0 are
used to specify READY mode for PCS3-PCS0. MPCS
bits 2-0 specify the READY mode for PCS6-PCS4, as
outlined below.

Table 9. PCS Address Ranges

PCS Line Active between Locations
PCSO PBA —PBA+127
PCS1 PBA +128—PBA + 255
PC32 PBA+256—PBA +383
PCS3 PBA+384—PBA+511
PCS4 PBA+512—PBA+639
PCS5 PBA+640—PBA+767
PCS6 PBA +768—PBA + 895

The mode of operation of the peripheral chip selects is
defined by the MPCS register (which is also used to set
the size of the mid-range memory chip-selectblock, see
Figure 11). The register is located at offset ABH in the
internal control block. Bit 7 is used to select the function
of PCS5 and PCS6, while bit 6 is used to select whether
the peripheral chip selects are mapped into memory or
/O space. Table 10describes the programming of these
bits. After reset, the contents of both the MPCS and the
PACS registers are undefined; however, none of the
PCS lines will be active until both of the MPCS and
PACS registers are accessed.

READY Generation Logic

The 80C186 can generate a READY signalintemally for
each of the memory or peripheral CS lines. The number
of wait states to be inserted for each peripheral or mem-
ory is programmable to provide 3—-0 wait states for all ac-
cesses to the area for which the chip select is active. In
addition, the 80C186 may be programmed to either ig-
nore external READY for each chip-select range indi-
vidually or to factor external READY with the integrated
ready generator.

Table 10. MS, EX Programming Values

Bit Description

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

EX 0=5PCS lines. A1, A2 provided.

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

READY control consists of 3 bits for each CS line or
group of lines generated by the 80C186. The interpreta-
tion of the READY bits is shown in Table 11.

Table 11. READY Bits Programming
R2 Ri RO

Number of Wait States Generated

0 0 0 wait states, external RDY also used.

0 o0 1 1 wait state inserted, external RDY
also used.

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

o 1 1 3 wait states inserted, external RDY
also used.

1 0 0 wait states, external RDY ignored.

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

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

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

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

R2-R0of each control word specifies the READY mode
for the corresponding block, with the exception of the
peripheral chip selects: R2-R0 of PACS set the
PCS3-PCS0 READY mode, R2-R0 of MPCS set the
PCS6-PCS4READY mode.

Chip Select/Ready Logic and Reset
Upon RESET, the Chip Select/Ready Logic will perform
the following actions:

o All chip-select outputs will be driven High.

e Upon leaving RESET, the UCS line will be
programmed to provide chip selects to a 1K block with
the accompanying READY control bits set at 011 to
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insert three wait states in conjunction with external
Ready (i.e., UMCS resets to FFBH).

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

DMA CHANNELS

The 80C186 DMA controller provides two independent
high-speed DMA channels. Data transfers can occur
between memory and /O spaces (e.g., Memory to /O)
or within the same space (e.g., Memory to Memory or
/O to V/O). Data can be transferred either in bytes
(8 bits) or in words (16 bits) to or from even or odd ad-
dresses. Each DMA channel maintains both a 20-bit
source and destination pointer which can be optionally
incremented or decremented after each data transfer
(by one or two, depending on byte or word transfers).
Each data transfer consumes two bus cycles (a mini-
mum of eight clocks), one cycle to fetch data and the
other to store data.

DMA Operation

Eachchannel has six registers in the control block which
define each channel’s specific operation. The control
registers consist of a 20-bit Source pointer (2 words), a
20-bit Destination Pointer (2 words), a 16-bit Transfer
Count Register, and a 16-bit Control Word. The format
of the DMA Control Blocks is shown in Table 12. The
Transfer Count Register (TC) specifies the number of
DMA transfers to be performed. Up to 64K byte or word
transfers can be performed with automatic termination.
The Control Word defines the channel's operation (see
Figure 15). All registers may be modified or altered dur-
ing any DMA activity. Any changes made to these regis-
ters will be reflected immediately in DMA operation.

Table 12. DMA Control Block Format

Register Address
Register Name Cho Ch
Control Word CAH DAH
Transfer Control C8H D8H
Destination Pointer (upper 4 bits) C6H Dé6H
Destination Pointer C4H D4H
Source Pointer (upper 4 bits) C2H D2H
Source Pointer COH DOH

DMA Channel Control Word Register

Each DMA Channel Control Word determines the mode
of operation for the particular 80C186 DMA channel.
This register specifies:

o the mode of synchronization;

o whether bytes or words will be transferred;

o whether interrupts will be generated after the last
transfer;

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

o therelative priority of the DMA channel with respect to
the other DMA channel;

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

whether the source pointer addresses memory or VO
space;

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

o whether the destination pointer will address memory
or I/O space.

The DMA channel control registers may be changed
while the channel is operating. However, any changes
made during operation will affect the current DMA
transfer.
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Figure 14. DMA Unit Block Diagram
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
M/ Destination | M/ Source CHG/ | ST/ |&
1O DEC INC | 1O DEC INC | TC |INT SYN P |TDRQ| X |NOCHG|STOP| W
X=Don't Care
13087D-016

Figure 15. DMA Control Register

DMA Control Word Bit Descriptions

DEST: INC Increment source pointer by 1 or 2
MO Destination pointer is in memory (1) or (depends on B/W) after each transfer.
I/O (0) space. If both INC and DEC are specified, the
DEC Decrement destination pointerby 1.or2 pourter will remain constant after each
(depends on B/W) after each transfer. cycle.
INC Increment destination pointer by 1 or2 TC ::foﬁte;}\ tgﬂﬁh:#]rgigrg?gfurﬁﬁ:gi;:;
(depends on B/W) after each .‘fa"Sfe" reach 0. The ST/STOP bit will also be
If both INC and DEC are specified, the reset at this point. If this bit is cleared,
pointer will remain constant after each the DMA unit will decrement the trans-
cycle. fer count register for each DMA cycle,
SOURCE: but the DMA transfer will not stop when
’ L the contents of the TC register reach 0.
V/[Te) Source pointer is in M/IO space (1/0).
. INT Enable Interrupts to CPU upon transfer
DEC Decrement source pointer by 1 or 2 count termination.
(depends on B/W) after each transfer.
30 80C186



PRELIM

AMD n

I NARY

SYN 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,
stopping the channel.

01 Source synchronization.
10 Destination synchronization.
11 Unused.

P Channel priority relative to other
channel during simultaneous requests.
0 Low priority
1 High priority.
Channels will altemate cycles if both
are set at same priority level.

Enable/Disable (1/0) DMA requests
from Timer 2.

CHG/NOCHG Change/Do not change (1/0) ST/STOP
bit. If this bit is set when writing to

TDRQ

the
control word, the ST/STOP bit will be
programmed by the write to the control
word. If this bit is cleared when writing
the control word, the ST/STOP bit will
not be altered. This bit is not stored; it
will always be read as 0.

ST/STOP Start/Stop (1/0) channel.
BW Byte/Word (0/1) transfers.

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. Foreach DMA channelto be used, ali four pointer
registers must be initialized. The lower four bits of the
upper register contain the upper four bits of the 20-bit
physical address (see Figure 16). These pointers may
be individually incremented or decremented after each
transfer. If word transfers are performed, the pointer is
incremented or decremented by two.

Each pointer may point into either memory or I/0 space.
Since the upper four bits of the address are not auto-
matically programmed to zero, the user must program
them in order to address the normal 64K I/O space.
Since the DMA channels can perform transfers to or
from odd addresses, there is no restriction on values for
the pointer registers. Higher transfer rates can be
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). This register is decremented after every
DMA cycle, regardless of the state of the TC bit in
the DMA Control Register. If the TC bit in the DMA
control word is set or if unsynchronized transfers are
programmed, however, DMA activity will terminate
when the transfer counter register reaches 0.

DMA Requests

Data transfers may be either source or destination syn-
chronized, that is, either the source of the data or the
destination of the data may request the data transfer. In
addition, DMA transfers may be unsynchronized; thatis,
the transfer will take place continually until the correct
number of transfers has occurred. When source or un-
synchronized transfers are performed, the DMA chan-
nel may begin another transfer immediately after the
end of a previous DMA transfer. This allows a complete
transfer to take place every two 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 synchro-
nized transfers are requested, the DMA controller will
relinquish control of the bus after every transfer. If no
other bus activity is initiated, another DMA cycle will be-
gin after two processor clocks. This allows the destina-
tion device time to remove its request if another transfer
is not desired. Since the DMA controller will relinquish
the bus, the CPU can initiate a bus cycle. As aresult, a
complete bus cycle will often be inserted between desti-
nation-synchronized transfers. Table 13 shows the
maximum DMA transfer rates.

Table 13. Maximum DMA Transfer Rates at 16 MHz

Type of
Synchronization CPU CPU
Selected - Running Halted
Unsynchronized 4.0 Mb/s 4.0 Mb/s
Source Synch 4.0 Mb/s 4.0 Mb/s
Destination Synch 2.7 Mb/s 3.2 Mb/s
Higher
Register | xxx XXX XXX |A19-A16
Address
Lower
Register |A15—A12] A11 -A8 | A7-A4 A3-A0
Address
15 0
XXX=Don't Care
13087D-017

Figure 16. DMA Pointer Register Format

80C186 31



n AMD

PRELIMINARY

DMA Acknowledge

No explicit DMA acknowledge pulse is provided. Since
both source and destination pointers are maintained, a
read from a requesting source or a write to a requesting
destination, should be used as the DMA acknowledge
signal. Since the chip-select lines can be programmed
to be active for a given block of memory or 1/0 space,
and the DMA pointers 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 such that one
channel is always given priority over the other, or they
may be programmed such as 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; however, an extemal bus hold takes
priority over an internal DMA cycle. Because an inter-
rupt request cannot suspend a DMA operation and the
CPU cannot access memory during a DMA cycle, inter-
rupt latency time will suffer during sequences of continu-
ous DMA cycles. An NMI request, however, will cause
all internal DMA activity to halt. This allows the CPU to
quickly respond to the NMI request.

DMA Programming

DMA cycles will occur whenever the ST/STOP bit of the
control register is set. If synchronized transfers are pro-
grammed, a DRQ must also be generated. Therefore,
the source and destination transfer pointers, and the
transfer count register (if used) must be programmed
before the ST/STOP bit is set.

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

DMA Channels and Reset

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

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

e The values of the transfer count registers,
source pointers, and destination pointers are
indeterminate.

TIMERS

The 80C186 provides three internal 16-bit programma-
ble timers (see Figure 17). Two of these are highly flex-
ible and are connected to four external pins (two pertim-
er). They can be used to count external events, time ex-
ternal events, generate non-repetitive waveforms, etc.
The third timer is not connected to any external pins, and
is useful for real-time coding and time delay applica-
tions. In addition, the third timer can be used as a pres-
caler to the other two, or as a DMA request source.

Timer Operation

The timers are controlled by eleven 16-bit registers in
the peripheral control block. The configuration of these
registers is shown in Table 14. The count register con-
tains the current value of the timer. It can be read or writ-
ten at any time independent of whether the timer is run-
ning or not. The value of this register will be incremented
for each timer event. Each of the timers is equipped with
a MAX COUNT register, which defines the maximum
count the timer will reach. After reaching the MAX
COUNT register value, the timer count value will reset to
0 during that same clock, that is, 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 alternate
their count between two different MAX COUNT values.
Ifasingle MAX COUNT register is used, the timer output
pin will switch Low for a clock, one clock after the maxi-
mum count value has been reached. In the dual MAX
COUNT register mode, the output pin will indicate which
MAX COUNT register is currently in use, thus allowing
nearly complete freedomin selecting waveform duty cy-
cles. 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 cycle,
and thus, can operate at speeds up to one-quarter the
internal clock frequency (one-eighth the crystal rate).
External clocking of the timers may be done at up to a
rate of one-quarter of the internal CPU-clock rate. Due
to internal synchronization and pipelining of the timer
circuitry, a timer output may take up to six clocks to re-
spond to any individual clock or gate input.

Since the count registers and the maximum count regis-
ters are all 16-bits wide, 16 bits of resolution are pro-
vided. However, any read or write access to the timers
will add one wait state to the minimum four-clock bus
cycle. This is needed to synchronize and coordinate
the internal data flows between the internal timers and
the internal bus.
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TO TO T1 T >

In Out In Out DMA Regq.
TO T
Int. — Int. — T2Int. Req.
Req. Req.

T2 Out
Timer 0 . Timer 1

Max Count Value A [ Max Count Value A Timer 2 Clock/4

Max Count Value B Clock/4 Max Count Value B Max Count Value

Mode/Control Word Mode/Control Word Mode/Control Word

\ Internal Address/Data Bus \
All 16-Bit Registers
13088B-002

Figure 17. Timer Block Diagram

The timers have several programmable options:
¢ All three timers can be set to halt or continue on a
terminal count.

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

¢ The timers may be programmed to cause an interrupt
on terminal count.

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

Timer Mode/Control Register

The mode/control register (see Figure 18) allows the
user to program the specific mode of operation or check
the current programmed status for any of the three inte-
grated timers.

Table 14. Timer Control Block Format

Register Offset
Register Name Timer0 | Timer1 | Timer2
Mode/Control Word 56H SEH 66H
Max Count B 54H 5CH |Not Present
Max Count A 52H 5AH 62H
Count Register 50H 858H 60H
EN

The Enable bit provides programmer control over the
timer's RUN/HALT status. When set, the timer is en-
abled to increment subject to the input pin constraints in

the internal clock mode (discussed previously). When
cleared, the timer will be inhibited from counting. All in-
put pin transitions during the time EN is O will be ignored.
If CONT is 0, the EN bit is automatically cleared upon
maximum count.

INH

The Inhibit bit allows the selective updating of the enable
(EN) bit. if INH is a 1 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 0 during the write, the EN bit will be unaf-
fected by the operation. This bit is not stored; it will al-
ways be a 0 on a read.

INT

When set, the INT bit enables interrupts from the timer,
which will be generated on every terminal count. If the
timer is configured in dual MAX COUNT register mode,
an interrupt will be generated each time the value in
MAX COUNT register A is reached and each time the
value in MAX COUNT register B is reached. If this en-
able bit is cleared after the interrupt request has been
generated, but before a pending interrupt is serviced,
the interrupt request will still be in force. (The request is
latched in the Interrupt Controller.)

RIU

The Register In Use bit indicates which MAX COUNT
register is curmrently being used for comparison to the
timer count value. A 0 value indicates register A. The
RIU bit cannot be written, i.e., its value is not affected
when the control register is written. It is always cleared
when the ALT bit is 0.
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The Maximum Count bit is set whenever the timer
reaches its final maximum count value. If the timer is
configured in dual MAX COUNT register mode, this bit
willbe seteachtime the value in MAX COUNT registerA
is reached, and eachtime the value in MAX COUNT reg-
ister Bisreached. This bitis set regardless of the timer's
interrupt-enable bit. The MC bit gives the user the ability
to monitor timer status through software instead of
through interrupts.

Programmer’s intervention is required to clear this bit.

RTG

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

If RTG =0, the input level gates the intemnal clock on and
off. If theinput pin is High, the timer will count; if the input
pin is Low, the timer will hold its value. As indicated pre-
viously, the input signal may be asynchronous with re-
spect to the 80C186 clock.

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

P

The Prescaler bit is ignored unless internal clocking has
been selected (EXT=0). If the P bit is a 0, the timer will
count at one-fourth the internal CPU clock rate. If the P
bitis a 1, 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 external
clocking for the timer. The external signal may be asyn-
chronous with respect to the 80C186 clock.

If this bit is set, the timer will count Low-to-High transi-
tions 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 transition latency time
may be as much as six clocks. However, clock inputs
may be pipelined as closely together as every four
clocks without losing clock pulses.

ALT

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

CONT

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

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

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

15 14 13

2 11 5 4 3 1 0
[EN | W] NT[RU| o |....] Mmc]rra| P | ExT| ALT| conT]|

13087D-019

Figure 18. Timer Mode/Control Register
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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 into while
the timer is counting, the new value will take effect in the
current count cycle.

The count registers should be programmed before at-
tempting to use the timers, since they are not automati-
cally initialized to zero.

Max Count Registers

Timers 0 and 1 have two MAX COUNT registers, while
Timer 2 has a single MAX COUNT register. These con-
tain the number of events the timer will count. In Timers
0 and 1, the MAX COUNT register used can alternate
between the two MAX COUNT values whenever the
current maximum count is reached. A timer resets when
the timer count register equals the MAX COUNT value
being used. If the timer count register or the MAX
COUNT register is changed so that the MAX COUNT is
less than the timer count the timer does notimmediately
reset. Instead, the timer counts up to OFFFFH, “wraps
around” to zero, counts up to the MAX COUNT value,
and then resets.

Timers and Reset

Upon RESET, the Timers will perform the following ac-
tions:

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

¢ ForTimers 0 and 1, the RIU bits are reset to zero and
the ALT bits are set to one. This results in the Timer
Out pins going High.

» Thecontents of the count registers are indeterminate.

INTERRUPT CONTROLLER

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

Internal interrupt sources (Timers and DMA channels)
can be disabled by their own control registers or by
mask bits within the interrupt controller. The 80C186 in-
terrupt controller has its own control register that sets
the mode of operation for the controller.

The interrupt controller will resolve priority among re-
quests that are pending simultaneously. Nesting is pro-
vided sointerrupt service routines for lower priority inter-
rupts may themselves be interrupted by higher priority
interrupts. A block diagram of the interrupt controller is
shown in Figure 19,

The 80C186 has a special slave mode inwhich theinter-
nal interrupt controller acts as a slave to an external
master. The controller is programmed into this mode by
setting bit 14 in the peripheral control block relocation
register (see Slave Mode section).

MASTER MODE OPERATION
Interrupt Controller External Interface

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

o As four interrupt lines with internally generated
interrupt vectors;

» As an interrupt line and interrupt acknowledge line
pair (cascade mode) with externally generated
interrupt vectors plus two interrupt input lines with
internally generated vectors; and,

¢ As two pairs of interrupt/interrupt acknowledge lines
(cascade mode) with externally generated interrupt
vectors.

External sources in the Cascade Mode use externally
generated interrupt vectors. When an interrupt is ac-
knowledged, two INTA cycles are initiated and the vec-
tor is read into the 80C 186 onthe second cycle. The ca-
pability to interface to external 82C59A programmable
interrupt controllers is provided when the inputs are con-
figured in Cascade Mode.

Interrupt Controller Modes of Operation

The basic modes of operation of the interrupt controller
in Master Mode are similar to the 82C59A. The interrupt
controller responds identically to internal interruptsin all
three modes; the difference is only in the interpretation
of function of the four extemal interrupt pins. The inter-
rupt controller is set into one of these three modes by
programming the correct bits in the INTO and INT1 con-
trol registers. The modes of interrupt controller opera-
tion are as follows.

Fully Nested Mode

When in the Fully Nested Mode four pins are used as di-
rect interrupt requests as in Figure 20. The vectors for
these four inputs are generated internally. An in-service
bit is provided for every interrupt source. If a lower-prior-
ity device requests an interrupt while the in-service bit
(1S) is set, no interrupt will be generated 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 con-
troller. This allows interrupt service routines to operate
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with interrupts enabled, yet be suspended only by inter-
rupts of higher priority than the in-service interrupt.

When a service routine is completed, the proper IS bit
must be reset by writing the proper pattem to the EOI
register. This is required to allow subsequent interrupts
fromthis interrupt source and to allow servicing of lower-
priority interrupts. An EOl command is executed at the
end of the service routine just before the return from in-
terrupt instruction. If the fully nested structure has been
upheld, the next highest-priority source with its IS bit set
is then serviced.

Cascade Mode

The 80C186 has four interrupt pins and two of them
have dual functions. In the Fully Nested Mode, the four
pins are used as direct interrupt inputs and the corre-
sponding vectors are generated internally. In the Cas-
cade Mode, the four pins are configured into interrupt
input-dedicated acknowledge signal pairs. The inter-
connection is shown in Figure 21. INTO is an interrupt
inputinterfacedtoan 82C59A, while INT2/INTAO serves
as the dedicated interrupt acknowledge signal to that
peripheral. The same is true for INT1 and INT3/INTAT.
Each pair can selectively be placed in the Cascade or
Non-cascade Mode by programming the proper value
into INTO and INT1 control registers. The use of the
dedicated acknowledge signals eliminates the need for
the use of external logic to generate INTA and device
select signals.

The Primary Cascade Mode allows the capability to
serve up to 128 external interrupt sources through the
use of external master and slave 82C59As. Three levels
of priority are created, requiring priority resolution in the
80C186 interrupt controller, the master 82C59As, and
the slave 82C59As. If an external interrupt is serviced,
one IS bit is set at each of these levels. When the inter-
rupt service routine is completed, up to three end-of-in-
terrupt commands must be issued by the programmer.

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. Nommally, an interrupt
request from an interrupt source will not be recognized
unless the in-service bit for that source is reset. If more
than oneinterrupt source is connected to an external in-
terrupt controller, all of the interrupts will be funneled
through the same 80C186 interrupt request pin. As a re-
sult, if the external interrupt controller receives a higher-
priority interrupt, its interrupt will not be recognized by
the 80C186 controller until the 80C186 in-service bit is
reset. In Special Fully Nested Mode, the 80C186 inter-

rupt controller will allow interrupts from an external pin,
regardless of the state of the in-service bit for an inter-
rupt source, in order to allow multiple interrupts from a
single pin. An in-service bit will continue to be set, how-
ever, to inhibit interrupts from other lower-priority
80C186 interrupt sources.

Special procedures should be followed when resetting
1S bits at the end of interrupt service routines. Software
polling of the IS register in the external master 82C59A
is required to determine if there is more than one bit set.
If so, the IS bit inthe 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 interrupts
are undesirable. When polling, the processor disables
interrupts and then polls the interrupt controller when-
ever it is convenient. Polling the interrupt controller is
accomplished by reading the Poll Word (Figure 30).
Bit 15 in the poll word indicates to the processor that an
interrupt of high enough priority is requesting service.
Bits 4-0 indicate to the processor the type vector of the
highest-priority source requesting service. Reading the
Poll Word causes the in-service bit of the highest-priority
source to be set.

It is desirable to be able to read the Poll Word informa-
tion without guaranteeing setvice of any pending inter-
rupt, that is, not set the indicated in-service bit. The
80C186 provides a Poll Status Word, in addition to the
conventional Poll Word, to allow this to be done. Poll
Word information is duplicated in the Poll Status Word,
but reading the Poll Status Word does not set the asso-
ciated in-service bit. These words are located in two ad-
jacent memory locations in the register file.

Master Mode Features

Programmable Priority

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

If two requests with the same programmed priority level
are pending at once, the priority ordering scheme shown
in Table 3 is used. If the serviced interrupt routine
reenables interrupts, it allows other interrupt requests to
be serviced.
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Timer Control Register Interrupt Request Register
DMA 0 Control Register Interrupt Mask Register
DMA 1 Control Register In-Service Register
Interrupt
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Internal Address/Data Bus
13088B-003
Figure 19. Interrupt Controller Block Diagram
INTO j¢&———— Interrupt Source
INT1 Je&———— Interrupt Source
80C186
INT2 j¢—————— Interrupt Source
INT3 @ Interrupt Source
13087D-021
Figure 20. Fully Nested (Direct) Mode Interrupt Controller Connections
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- End-of-Interrupt Command

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

Trigger Mode

The four external interrupt pins can be programmed in
either Edge- or Level-trigger Mode. The control register
for each external source has a Level-trigger Mode
(LTM) bit. All interrupt inputs are active High. In the
Edge—sense Mode or the Level-trigger Mode, the inter-
rupt request must remain active (High) until the interrupt
request is acknowledged by the 80C186 CPU. In the
Edge-sense Mode, if the level remains High after the in-
terrupt is acknowledged, the input is disabled and no fur-
ther requests will be generated. The input level must go
Low for at least one clock cycle to reenable the input. In
the Level-trigger Mode, no such provision is made; hold-
ing the interrupt input High will cause continuous inter-
rupt requests.

Interrupt Vectoring

The 80C186 Interrupt Controller will generate interrupt
vectors for the integrated DMA channels and the inte-
grated timers. In addition, the Interrupt Controller will
generate interrupt vectors for the external interrupt
lines, if they are not configured in Cascade or Special
Fully Nested Mode. The interrupt vectors generated are
fixed and cannot be changed (see Table 3).

Interrupt Controller Registers

The Interrupt Controller Register Mode is shown in
Figure 22. It contains 15 registers. All registers can
either 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 23. It contains the in-service bit for
each of the interrupt sources. The in-service bitis set to
indicate that a source's service routine is in progress.
When anin-service bit is set, the interrupt controller will
not generate interrupts to the CPU when it receives in-
terrupt requests from devices with a lower programmed

priority level. The TMR bitis the in-service bit for allthree
timers; the DO and D1 bits are the in-service bits for the
two DMA channels; the 13-10 are the in-service bits for
the external interrupt pins. The IS bit is set when the
processor acknowledges an interrupt request either by
aninterrupt acknowledge or by reading the poll register.
The IS bit is reset at the end of the interrupt service rou-
tine by an end-of-interrupt command.

Interrupt Request Register

Theintemal interrupt sources have interrupt request bits
inside the interrupt controller. The format of this register
is shownin Figure 23. A read from this registeryields the
status of these bits. The TMR bit is the logical OR of all
timer interrupt requests. DO and D1 are the interrupt re-
quest bits for the DMA channels.

The state of the external interrupt input pins is also indi-
cated. The state of the extemnal interrupt pins is not
a stored condition inside the interrupt controller; there-
fore, the external interrupt bits cannot be written. The
external interrupt request bits are set when an interrupt
request is given to the interrupt controller, so if Edge-
triggered Mode is selected, the bit in the register will be
High only after an inactive-to-active transition. For inter-
nal interrupt sources, the register bits are set when are-
quest arrives and are reset when the processor ac-
knowledges the requests.

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

Mask Register

Thisis a 16-bit register that contains a mask bit for each
interrupt source. The format for this register is shown in
Figure 23. A one in a bit position corresponding to a par-
ticular source serves to mask the source from generat-
ing interrupts. These mask bits are the exact same bits
that are used in the individual control registers; pro-
gramming a mask bit using the mask register will also
change this bit in the individual control registers, and
vice versa.

Priority Mask Register

This register is used to mask all interrupts below a par-
ticular interrupt priority level. The format of this register
is shown in Figure 24. The code in the lower three bits of
this register inhibits interrupts of priority lower (a higher
priority number) than the code specified. For example,
100 written into this register masks interrupts of level
five (101), six (110), and seven (111). The register is re-
set to seven (111) upon RESET so no interrupts are
masked due to priority number.
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Figure 21. Cascade and Special Fully Nested Mode Interrupt Controller Connections

Interrupt Status Register

This register contains general interrupt controller status
information. The format of this register is shown in
Figure 25. The bits in the status register have the follow-
ing functions:

DHLT: DMA Halt Transfer; setting this bit halts all
DMA transfers. It is automatically set when-
ever a non-maskable interrupt occurs, and it is
reset when an IRET instruction is executed.
This bit allows prompt service of all non-mask-
able interrupts. This bit may also be set by the
programmer.

IRTx:  These three bits represent the individual timer
interrupt request bits. These bits differentiate
between timer interrupts, since the timer IR bit
in the interrupt request register is the OR func-
tion of all timer interrupt requests. Note that
setting any one of these three bits initiates an
interrupt request to the interrupt controller.

Timer, DMA 0, 1; Control Registers

These registers are the control words for all the internal
interrupt sources. The format for these registers is
shown in Figure 26. The three bit positions PRO, PR1,
and PR2 represent the programmable priority level of
the interrupt source. The MSK bit inhibits interrupt re-
quests from the interrupt source. The MSK bits in the in-
dividual control registers are the exact same bits as in

the Mask Register; modifying them in the individual con-
trol registers will also modify them in the Mask Register,
and vice versa.

Offset
INT3 Control Register 3EH
INT2 Control Register 3CH
INT1 Control Register 3AH
INTO Control Register 38H
DMA 1 Control Register 36H
DMA 0 Control Register 34H
Timer Control Register 32H
Interrupt Status Register 30H
Interrupt Request Register 2EH
In-Service Register 2CH
Priority Mask Register 2AH
Mask Register 28H
Poll Status Register 26H
Poll Register 24H
EOI Register 22H
13087D-023

Figure 22. Interrupt Controller Register
(Master Mode)
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15 14 10 9 8 7 6 5 4 3 2 1 0
[oTo]. . .Jololo]w[wr]un]w]|]bi] o] ofrmr]
13087D-024
Figure 23. In-Service, Interrupt Request, and Mask Register Formats
15 14 3 2 0
[o]Wo] . . . . . . . . . .| o |rrM2[PRM1]PRMO|
13087D-025
Figure 24. Priority Mask Register Format
15 14 7 6 5 4 3 2 1 0
foirf o | . . . . . .| o] o] o] o] o]t IRT1] IRTo|
13087D-026
Figure 25. Interrupt Status Register Format (Master Mode)
1514 4 3 2 o
fo]o] . . . . . . . . .| o]msk| prz] PRi| PRo|
13087D-027
Figure 26. Timer/DMA Control Register Formats
15 14 7 6 5 4 3 2 1 0
[o]of . . . . . .1 o]snM| ¢ |LTM|msk]PR2| PR1]| PRo|
13087D-028
Figure 27. INTO/INT1 Control Register Formats
1514 5 4 3 2 1 0
[ofo] . . . . . . . . | o [Lm]msk|PR2] PR1] PRo|
13087D-029

Figure 28. INT2/INT3 Control Register Formats
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INT3-INTO Control Registers

These registers are the control words for the four exter-
nal input pins. Figure 27 shows the format of the INTO
and INT1 control registers; Figure 28 shows the format
of the INT2 and INT3 control registers. In Cascade
Mode or Special Fully Nested Mode, the control words
for INT2 and INT3 are not used.

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

PR2-0: Priority programming information. Highest
priority =000, lowest priority=111.

LTM: Level-trigger Mode bit. 1=Ilevel-triggered;
0=edge-triggered. Interrupt input levels are
active High. In Level-triggered Mode, aninter-
ruptis generated whenever the external lineis
High. In Edge-triggered Mode, an interrupt
will be generated only when this level is
preceded by an inactive-to-active transition
on the line. In both cases, the level must

remain active until the interrupt s
acknowledged.

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

C: Cascade Mode bit, 1=cascade; 0=direct.

SFNM: Special Fully Nested Mode bit, 1 =SFNM.
EOI Register

The end of the interrupt register is a command register
which can only be written into. The format of this register
is shown in Figure 29. It initiates an EOl command when
written to by the 80C186 CPU.

The bits in the EOI register are encoded as follows:

S« Encoded information that specifies an
interrupt source vector type as shownin Table
3. 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
0is 10.

Note: To reset the single in-service bit for any
of the three timers, the vector type for Timer
0(8) should be written in this register.

NSPEC/SPEC:
A bit that determines the type of EOI
command. Non-specific=1, Specific=0.

Poll and Poll Status Registers

These registers contain polling information. The format
of these registers is shown in Figure 30. They can only
be read. Reading the Poll register constitutes a software
poll. This will setthe IS bit of the highest priority pending

interrupt. Reading the poll status register will not set the
IS bit of the highest priority pending interrupt; only the
status of pending interrupts will be provided.

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

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

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

SLAVE MODE OPERATION

When Slave Mode is used, the internal 80C186 interrupt
controller will be used as a slave controllerto an extemal
master interrupt controller. The internal 80C186 re-
sources will be monitored by the internal interrupt
controller, while the external controller functions as the
system master interrupt controller.

Upon reset, the 80C186 will be in the Master Mode. To
provide for Slave Mode operation, bit 14 of the reloca-
tion register should be set (see Figure 7).

Because of pin limitations caused by the need to inter-
face to an external 82C59A master, the internal interrupt
controller will no longer accept external inputs. There
are, however, enough 80C186 interrupt controllerinputs
(internally) to dedicate one to each timer. In this mode,
each timer interrupt source has its own mask bit, IS bit,
and control word.

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

Slave Mode External Interface

The configuration of the 80C186 with respect to an ex-
ternal 82C59A master is shown in Figure 31. The INTO
(Pin 45) input is used as the 80C186 CPU interrupt
input. INT3/IRQ (Pin 41) functions as an output to send
the 80C186 slave-interrupt-request to one of the eight
master PIC inputs.

Correct master-slave interface requires decoding of
the slave addresses (CAS2-0). Slave 82C59As do this
internally. Because of pin limitations, the 80C186
slave address will have to be decoded externally.
INT1/SELECT (Pin 44) is used as a slave-select input.
Note that the slave vector address is transferred inter-
nally, but the READY input must be supplied externally.
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13087D-030

Figure 29. EOI Register Format

15 14 13 5 4 3 2 1 0
g\ég 0 0 0 S4 S3 S2 S1 So
13087D-031
Figure 30. Poll Register Format
(45) Ki——Interrupt Sources
INTO | [#——INT [¢— or Other Slaves
Vec —
82c59A (¢
CPU l——0»
iNTAO | |(42) T
INTAOC | |42
TA INTA 3
80C185 JT_D
(44) i
SELECT | f—
Cascade
PIC Address
Decoder
IRQ %
13087D-030

Figure 31. Slave Mode Interrupt Controller Connections

INT2/INTAO (Pin 42) is used as an acknowledge output,
suitable to drive the INTA input of an 82C59A.

Interrupt Nesting

Slave Mode operation allows nesting of interrupt re-
quests. When an interrupt is acknowledged, the priority
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 controller gener-
ates an 8-bit vector type number which the CPU multi-
plies by four and uses as an address into the vector
table. The five most significant bits of this type number
are user-programmable while the three least significant

bits are defined according to Figure 32. The significant
five bits of the vector are programmed by writing to the
Interrupt Vector register at offset 20H.

Specific End-of-Interrupt

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

Interrupt Controller Registers in the Slave Mode

Allcontrol and command registers are located inside the
internal peripheral control block. Figure 32 shows the
offsets of these registers.
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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 33. It initiates an EOl command when
written by the 80C186 CPU.

The bits in the EOI register are encoded as follows:

Lx: Encoded value indicating the priority of the IS
bit to be reset.

In-Service Register

This register can be read from or written into. It contains
the in-service bit for each of the interrupt sources. The
format for this register is shown in Figure 34. Bit posi-
tions 2 and 3correspond to the DMA channels; positions
0, 4, and 5 correspond to the integral timers. The
source's IS bit is set when the processor acknowledges
its interrupt request.

Interrupt Request Register

This register indicates which internal peripherals have
interrupt requests pending. The format of this registeris
shown in Figure 34. The interrupt request bits are set
when a request arrives from an intermnal source, and are
reset when the processor acknowledges the request.
The interrupt 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 Figure
34. If the bit in this register corresponding to a particular
interrupt source is set, any interrupts from that source
will be masked. These mask bits are exactly the same
bits which are used in the individual control registers;
that is, changing the state of a mask bit in this register
will also change the state of the maskbit in the individual
interrupt control register corresponding to the bit.

Control Registers

These registers are the control words for all the internal
interrupt sources. The format of these registers is shown
in Figure 35. Each of the timers and both of the DMA
channels have their own Control Register.

The bits of the Control Registers are encoded as

follows:

prx:  3-bit encoded field indicating a priority level for
the source; note that each source must be
programmed at specified levels.

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

Offset
Timer 2 Control Register
(Vector Type XXXXX101) 3AH
Timer 1 Control Register
(Vector Type XXXXX100) 38H
DMA 1 Control Register
(Vector Type xxxx%n) 36H
DMA 0 Control Rt)a&ster
(Vector Type XXXXX010) 34H
Timer 0 Control Register
(Vector Type XXXXX000) 32H
Interrupt Status Register 30H
Interrupt-Request Register 2EH
In-Service Register 2CH
Priority-Level Mask Register 2AH
Mask Register 28H
Specific EOl Register 22H
Interrupt Vector Register 20H
13087D-033

Figure 32. Interrupt Controller Registers
(Slave Mode)

Interrupt Vector Register

This register provides the upper five bits of the interrupt
vector address. The format of this register is shown in
Figure 36. The interrupt controller itself provides the
lower three bits of the interrupt vector, as determined by
the priority level of the interrupt request.

The format of the bits in this register is:

t 5-bit field indicating the upper five bits of the
vector address.

Priority-Level Mask Register

This register indicates the lowest priority-level interrupt

which will be serviced.

The encoding of the bits in this register is:

mx:  3-bit encoded field indication priority-level
value. All levels of lower priority will be
masked.
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15 14 13 8 7 6 5 4 3 2 1 0
[oToJo] . . . .JTo]Jolo]of o] oft]uluw]
13087D-034
Figure 33. Specific EOIl Register Format
15 14 13 8 6 5 4 3 2 1 0
[o Jo Jo|]. . . . ]o]o] o [tMRt™R1] D1 | Do | o |TMRo|
13087D-035
Figure 34. In-Service, Interrupt Request, and Mask Register Format
15 14 13 8 6 5 4 3 2 1 0
[oJoJo]. . . . ]Jo]o]o]| o o]|msk|Prz2{Pri]Pro]
13087D-036
Figure 35. Control Word Format
15 14 13 8 7 6 5 4 3 2 1 0
[oJo ol . . . . JTolralwm|[m]1]71] o] 0f o
13087D-037
Figure 36. Interrupt Vector Register Format
5 14 13 8 7
fofoJof]. . . . Jo]JofJo]o]o] ofm|m]m]
13087D-038
Figure 37. Priority Level Mask Register
Interrupt Status Register ¢ AlILTMbits reset to 0, resulting in Edge-sense Mode.

This register is defined as in Master Mode except that o All Interrupt Service bits reset to 0.

DHLT is not implemented (see Figure 25). « Al Interrupt Request bits reset to 0.

Interrupt Controller and Reset o All MSK (Interrupt Mask) bits set to 1 (mask).
Upon RESET, the interrupt controller will perform the ¢ All C (Cascade) bits reset to 0 (non-cascade).

following actions: « All PRM (Priority Mask) bits set to 1, implying no
» All SFNM bits reset to 0, implying Fully Nested Mode. levels masked.

o All PR bits in the various control registers set to 1. ¢ Initialized to Master Mode.
This places all sources at lowest priority (level 111).
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Enhanced Mode Operation

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

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

In Enhanced Mode, the 80C186 will operate with Power-
Save, DRAM refresh, and numeric coprocessor sup-
port, in addition to all the Compatible Mode features.

Entering Enhanced Mode

If connected to a numeric coprocessor, this mode willbe
invoked automatically. Without an NPX, this mode can
be entered by tying the RESET output signal from the
80C186 to the TEST/BUSY input.

Queue-Status Mode

The Queue-status Mode is entered by strapping the RD
pin Low. RD is sampled at RESET and if Low, the
80C186 will reconfigure the ALE and WR pins tobe QS0
and QS1, respectively. This mode is available on the
80C186 in both Compatible and Enhanced Modes.

DRAM Refresh Control Unit Description

The Refresh Control Unit (RCU) automatically gener-
ates DRAM refresh bus cycles. The RCU operates only
in Enhanced Mode. After a programmable period of
time, the RCU generates a memory read request to the
BIU. If the address generated during a refresh bus cycle
is within the range of a properly programmed chip se-
lect, that chip select will be activated when the BIU exe-
cutes the refresh bus cycle. The ready logic and wait
states programmed for that region will also be in force. If
no chip select is activated, then external ready is auto-
matically required to terminate the refresh bus cycle.

If the HLDA pin is active when a DRAM refresh request
is generated (indicating a bus hold condition), then the
80C186 will deactivate the HLDA pin in order to perform
arefresh cycle. The circuit external to the 80C186 must
remove the HOLD signal for at least one clock in order to
execute the refresh cycle. The sequence of HLDA going
inactive while HOLD is being held active canbe used to
signal a pending refresh request.

All registers controlling DRAM refresh may be read and
written in Enhanced Mode. When the processor is oper-
ating in Compatible Mode, they are deselected and are

therefore inaccessible. Some fields of these registers
cannot be written and are always read as Os.

DRAM Refresh Addresses

The address generated during a refresh cycle is deter-
mined by the contents of the MDRAM register (see
Figure 38) and the contents of a 9-bit counter. Figure 39
illustrates the origin of each bit.

Refresh Control Unit Programming and Operation

After programming the MDRAM and the CDRAM regis-
ters (see Figures 38 and 40), the RCU is enabled by set-
ting the “E” bit in the EDRAM register (Figure 41). The
clock counter (TO-T8 of EDRAM) will be loaded from
C0-C8 of CDRAM during T3 of instruction cycle that
sets the “E” bit. The clock counter is then decremented
at each subsequent CLKOUT.

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

POWER-SAVE CONTROL
Power-Save Operation

The 80C186, when in Enhanced Mode, can enter a
power saving state by internally dividing the processor
clock frequency by a programmable factor. This divided
frequency is also available at the CLKOUT pin. The
PDCON register contains the 3-bit fields for selecting
the clock division factor and the enable bit.

Allinternal logic, including the Refresh Control Unit and
the timers, will have their clocks slowed down by the di-
vision factor. To maintain a real time count or a fixed
DRAM refresh rate, these peripherals must be
reprogrammed when entering and leaving the Power-
Save Mode.

The Power-Save Mode is exited whenever an interrupt
is processed by automatically resetting the enable bit. If
the Power-Save Mode is to be re-entered after serving
the interrupt, the enable bit will need to be set in soft-
ware before returning from the interrupt routine.

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

The AMD 80C186 is a static design and as such has no
minimum clock frequency.
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|—6|M5|M4|M3|M2IM1IMOIOIOIOlOIOIOIOlOIOI

MDRAM:
Offset EOH

Bits 15-9: M6-MO0 are address bits A19-A13 of the 20-bit memory refresh address. These bits should correspond to any
chip select address to be activated for the DRAM partition. These bits are cleared to 0 at RESET.
Bits 8-0: Reserved, read back as 0.

13087D-039

Figure 38. Memory Partition Register

A19 A18 A17 A16 A15 A14 A13 A12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
[ me] Ms] M4] M3[ m2] M1l Mo| o | o] o cas|ca7|cas|cas|cas|cas|cAz|cAt|cAd| 1]

M6-Mo:  Bits defined by MDRAM Register.

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

do not directly follow a binary count, but each value is achieved once.
13087D-040

Figure 39. Addresses Generated by RCU

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 __0
[o [o Jo Jo JoJo Jo |cs]|cr|ce|[cs|ca[ca]ca|cti]col

CDRAM:
Offset E2H

Bits 15-9: Reserved, read back as 0.
Bits 8-0: C8-C0, clock divisor register, holds the number of CLKOUT cycles between each refresh request.

13087D-041
Figure 40. Clock Pre—Scaler Register

1413 12 11__10__ 9 3 0
offs'gf‘émfjo[o|o|o|o|o|Ta|T7|T6|75|T4|T3|T2|T1|Tﬂ

Bit 15: Enable RCU, set to 0 on RESET.
Bits 14-9: Reserved, read back as 0.
Bits 8-0: T8-TO refresh counter outputs. Read only.

13087D-042
Figure 41. Enable RCU Register

1413 12 11__10 8 7
PDCON:
oﬂsa”:OHIE|o|o|o|o|o|o|o|o|o|o|o|o|i=2|r—'1|r=o|

Bit 15: Enable Power-Save Mode. Set to 0 on RESET.
Bits 14-3: Reserved, read back as 0.

Bits 2-0: Clock Divisor Select.

F2 F1 FO Divider Factor F2 F1 FO0 Divider Factor
0 O O Divideby1 1 0 0 Divide by 32

0 O 1 Divideby4 1 0 1 Divide by 64

0 1 O Diideby8 1 1 0 Divideby 128
0 1 1 Divideby16 1 1 1 Divide by 256

13087D-043
Figure 42. Power-Save Control Register
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Interface For 80C187 Numeric Processor
Extension

In Enhanced Mode, three of the mid-range memory chip
selects are redefined according to Table 15 for use with
the 80C187. The fourth chip select, MCS2, functions as
in Compatible Mode, and may be programmed for activ-
ity with ready logic and wait states accordingly. As in
Compatible Mode, MCS2 will function for one-fourth a
programmed block size.

Table 15. MCS Assignments
Compatible Enhanced
Mode Mode
MCSO0 PEREQ Processor Extension Request
MCS1 ERROR NPX Error
MCS2 MCS2 Mid-Range Chip Select
MCS3 NPS Numeric Procassor Select

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

Table 16. Numeric Coprocessor VO
Port Assignments

vo Read Write
Address Definition Defintion
00F8H Status/Control Opcode
00FAH Data Data
00FCH Reserved CS:IP, DS:EA
O0OFEH Opcode Status Reserved
ONCE Test Mode

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

The ONCE Mode is selected by typing the UCS and
the LCS Low during RESET. These pins are sampled
on the low-to-high transition of the RES pin. The UCS
and LCS pins have weak internal pull-up resistors, simi-
lartothe RD and TEST/BUSY pins, to guarantee normal
operation.
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Figure 43. Typical 80C186 System
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ABSOLUTE MAXIMUM RATINGS
Ambient temperature under bias (Ta) .. 0°C to +70°C
Storage temperature ............ —65°C to +150°C
Voltage on any pin with

respect to ground
Package power dissipation

.................

-1.0Vto +7.0V

1w

Not to exceed the maximum allowable die temperature
based on thermal resistance of the package.

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.

DC CHARACTERISTICS over operating ranges
Ta=0°C to +70°C, Vec =5 V+10%

Preliminary
Symbol | Parameter Description Test Conditions Min Max Unit
Vi Input Low Voltage (Except X1) -0.5 0.2 Vec 0.3 \
Viu Clock Input Low Voltage (X1) -0.5 0.6 \'
Viu Input High Voltage (Except X1, 0.2 Vec +0.9 Vec +0.5 \
RES, ARDY, and SRDY)
Vi Input High Voltage (RES) 3.0 Vec +0.5 v
Vinz Input High Voltage (SRDY, ARDY) 0.2 Vec +1.1 Vee +0.5 v
Vi Clock Input High Voltage (X1) 3.9 Vec +0.5 v
Vou Output Low Voltage lo = 2.5 MA (S2-50) 0.45 \
lo = 2.0 mA (others)
Vou Output High Voltage lon=—24mA @ 2.4 V¥ 24 Vee
lon = =200 pA @ 0.8 V™ Vec -0.5 Vec \
lec Power Supply Current
20 MHz, 0°C Vec= 5.5V 100 mA
16 MHz, 0°C Vec = 5.5 V@ 80 mA
12.5 MHz, 0°C Vec= 5.5V® 65 mA
10 MHz, 0°C Vec= 5.5V® 50 mA
DG, 0°C Vec = 5.5V® 100 pA
lu Input Leakage Current @ 0.5 MHz 0.45V < Vin € Vec 110 pA
o Output Leakage Current @ 0.5 MHz | 0.45V < Vour < Vec™ 10 HA
Vewo Clock Output Low lewo = 4.0 MA 0.45 Vv
Vero Clock Output High lewo = =500 pA Veec 0.5 \
Cn Input Capacitance @ 1 MHz2® 10 pF
Co Output or /O Capacitance @ 1 MHz? 20 pF

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; ¢) Vin @ +5.0 V or 0.45 V. This parameter

is not tested.

aow

. Current is measured with the device in RESET with X1 and X2 driven and all other non-power pins open.
. RD/GSMD, UCS, LCS, MCSO/PEREQ, MCS1/ERROR, and TEST/BUSY pins have intemal pull-up devices. Loading some of

these pins above low = —200 A can causa the 80C186 to go into altemative modes of operation.

80C186
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Power Supply Current

Current is linearly proportional to clock frequency andis Typical current is given by lcc (typical) = 3.5 mA x freq.
measured with the device in RESET with X1 and X2 (MHz). “Typicals” are based on a limited number of sam-
driven and all other non-power pins open. ples taken from early manufacturing lots measured at

Maximum current is given by lec=5 mA x freq. (MHz).

Vec=5 V and room temperature. “Typicals” are not

guaranteed.
120 I
MaximV
lec (MA)
80 /’
40 ,/
/ Typical
4 8 12 16 20
Clock Frequency (MHz) 13087D-045
Figure 44. lcc versus Frequency

Parameter Number with Description
Symbol Parameter Symbol Parameter
Name # Parameter Description Name # Parameter Description
tarven 49 ARDY Resolution Trans. Setup Time  tcwox 30 Data Hold Time
UrvonL 51 ARDY lInactive Holding Time tewov 7 Data Valid Delay
tamvicy 52 ARDY Setup Time tewox 2 Data in Hold (A/D)
taven 14 Address Valid to Clock High teuuv 62 HLDA Valid Delay
tave 12 Address Valid to ALE Low teuv 23 LOCK Valid/Invalid Delay
tazr 24 Address Float to RD Active tewrn 27 RD Inactive Delay
tonenz 45 CLKOUT Rise Time el 25 RD Active Delay
tonex 38 CLKIN High Time tewro 61 Resst Delay
tonce 4 CLKOUT High Time tosn 4 Status Inactive Delay
tonesx 18 Chip-Select Inactive Delay teLsay 48 SRDY Transition Hold Time
tenerv 22 Control Active Delay 2 teurw 55 Timer Output Delay
tenev 64 Com. Lines Valid Delay (after Float) tevery 20 Control Active Delay 1
tonez 63 Com. Lines Float Delay toverx 31 Control Inactive Delay
tenox 8 Status Hold Time tevoex 21 DEN Inactive Delay
tenun 9 ALE Active Delay texesx 17 Chip-Select Hold from Com. Inactive
tonw 1 ALE Inactive Delay tover 1 Data in Setup (A/D)
tonay 3 Status Active Delay foxoL 19 DEN Inactive to DT/R Low
tenosy 56 Queue Status Delay tver 58 HOLD Setup
teco 41 CLKIN to CLKOUT Skew tinven 53 INTx, NMI, TEST, TMR IN Setup Time
tewon 39 CLKIN Fall Time tinver 54 DRQO, DRQ1 Setup Time
texn 36 CLKIN Period toae 10 ALE Width
toan 40 CLKIN Rise Time tuax 13 Address Hold from ALE Inactive
terzenr 46 CLKOUT Fall Time tresin 57 RES Setup
toanx 50 ARDY Active Hold Time trrav 29 RD Inactive to Address Active
towv 5 Address Valid Delay taHwH 28 RD Inactive to ALE High
touax 6 Address Hold taLen 26 RD Pulse Width
towz 15 Address Float Delay tsaveL 47 SRDY Transition Setup Time
teren 43 CLKOUT Low Time twhpex 35 'WR Inactive to DEN Inactive
terex 37 CLKIN Low Time twhox 34 Data Hold after WR
tewct 42 CLKOUT Period twhin 33 ‘WR Inactive to ALE High
tercsv 16 Chip-Select Active Delay twiwn 32 ‘WR Pulse Width
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SWITCHING CHARACTERISTICS

Major Cycle Timings (Read Cycle)
Ta=0°C to +70°C, Vee =5 V £10%

Preliminary
Parameter 80C186 80C186—-12 80C186—-16 80C186-20
# | sym | Description Min | Max | Min | Max | Min | Max Min | Max | Unit
80C186 General Timing Requirements (listed more than once)
1 | tover | Data in Setup (A/D) 15 15 15 10 ns
2 |taox | Datain Hold (A/D) 3 3 3 3 ns
80C186 General Timing Responses (listed more than once)
3 | tcusv | Status Active Delay 5 45 5 35 5 31 3 29 ns
4 | tasw | Status Inactive Delay 5 46 5 35 5 30 3 29 ns
5 |tcuv | Address Valid Delay 5 44 5 36 5 33 3 25 ns
6 | tcux | Address Hold 0 0 0 0 ns
7 | tcwv | Data Valid Delay 5 40 5 36 5 33 3 25 ns
8 | tenox | Status Hold Time 10 10 10 10 ns
9 | tenn | ALE Active Delay 30 25 20 20 ns
tere—~15 teie~15 terc=15 tee—~15
10 | twwe | ALE Width - - 65 = 47 = a5 ns
11 | tenn | ALE Inactive Delay 30 25 20 20 ns
12 |twe | Address Valid to ALE Low | 18 taar13 tawor-15 tacrS ns
=26 = =11 =15
Address Hold from ALE tenc~15 tone—15 tene—15 tene—=10
13 | s | 1nactive* =29 = =11 =10 ns
14 | taven | Addr Valid to Clock High 0 0 0 0 ns
15 | tez | Address Float Delay teux=0 30 | teamx=0| 25 tex=0| 20 toux=0 17 ns
16 | tewcsv | Chip-Select Active Delay 3 42 3 33 3 30 3 25 ns
17 |t Chip-Select Hold from ter—10 teer—10 tee—10 tee—10 | ns
X | Command Inactive* =34 =25 =16 =10
18 | tencsx | Chip-Select Inactive Delay 5 35 5 30 5 25 3 20 ns
19 | toxo. | DEN Inactive to DT/R Low 0 0 0 0 ns
20 | teverv | Control Active Delay 1** 3 44 3 37 3 31 3 22 ns
21 | tovoex | DEN Inactive Delay 5 44 5 37 5 31 3 22 ns
22 | tewcrv | Control Active Delay 2** 5 44 5 37 5 31 3 22 ns
23 | teuv | LOCK Valid/Invalid Delay 3 40 3 37 3 35 3 22 ns
80C186 Timing Responses (Read Cycle)
24 | tzre | Address Float to RD Active 0 0 0 0 ns
25 | tan. | RD Active Delay 5 44 5 37 5 31 3 24 ns
. 2tcic~30 2teic~25 2tcie~25 2tee~20
26 | tarn | RD Pulse Width =170 =135 =100 = 80 ns
27 | te | RD Inactive Delay 5 44 5 37 5 41 3 25 ns
. I tore—14 tec—14 teren—14 tee—14
28 | tawun | RD Inactive to ALE High =10 =21 =12 =6 ns
=15 =15 -15 -15
29 | taav | RD Inactive to Addr Active* fotox by foter b ns
=85 =65 =47 =35
*Equal Loading All timings are measured at 1.5 V and 100 pF leading on CLKOUT unless otherwise noted.
**DEN, INTA, WR All output test conditions are with C = 50200 pF (10 MHz) and Cv = 50-100 pF (12.5-20 MHz).

For AC tests, input ViL=0.45 V and Viu= 2.4 V, except at X1 where Vik=Vec-0.5 V.
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Read-Cycle Waveforms

BHE,
A19/S6-A16/S3
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PCS, NPS (Note 2)

l t | t | ts N | 4 I
— N
—/ \— N/ N/ | —
+ ke |® (D Note 1)
}\ Status I {//// \___
@-— : (5 >
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)( A15-A0 Datf/l
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! @~ I o < P
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Notes: 1. Status inactive in state preceding t.
2.flatched A1 and A2 are selected instead of PCS5 and PCSE, only tccsv is applicable.
3. For write cycle followed by read cycle.
4.1 of next bus cycle.
5. Changes in t-state preceding next bus cycle if followed by write.
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SWITCHING CHARACTERISTICS (continued)

Major Cycle Timings (Write cycle)
Ta=0°C to +70°C, Vec=5 V +10%

Preliminary
Parameter 80C186 80C186-12 80C186-16 80C186-20
# |sym | Description Min | Max | Min | Max | Min | Max | Min | Max | unit
80C186 General Timing Responses (listed more than once)
3 |teusw | Status Active Delay 5 45 5 35 5 31 3 24 ns
4 | tesn | Status Inactive Delay 5 46 5 35 5 30 3 24 ns
5 |tcav | Address Valid Delay 5 44 5 36 5 33 3 25 ns
6 |tcux | Address Hold 0 0 0 0 ns
7 | tcwv | Data Valid Delay 5 40 5 36 5 33 3 25 ns
8 | teuox | Status Hold Time 10 10 10 10 ns
9 |teuw | ALE Active Delay 30 25 20 20 ns
10 | tw | ALE Width fowee 15 1S toawe S a1 ns
11 | tews | ALE Inactive Delay 30 25 20 20 ns
12 |twu | Address Valid to ALE Low* | 18 laew=15 tacr-15 tacr15 ns
=26 = =11 =15
13 | tune Addr_ess Hold from ALE teno—15 tenc=15 tener—15 tene—=10 ns
Inactive* =29 =20 =11 =10
14 | taven | Addr Valid to Clock High 0 0 0 0 ns
16 | tocsv | Chip-Select Active Delay 3 42 3 33 3 30 3 25 ns
17 | et Chip-Select Hok:l from teie—10 teren—10 torer—10 terer—10 ns
Command Inactive* =34 =25 =16 =10
18 | tewesx | Chip-Select Inactive Delay 5 35 5 30 5 25 5 20 ns
19 | toxo. | DEN Inactive to DT/R Low* 0 0 0 0 ns
20 | toverv | Control Active Delay 1** 3 44 3 37 3 31 3 22 ns
23 | teuv | COCK Valid/Invalid Delay 3 40 3 37 3 35 3 22 ns
80C186 Timing Responses (Write Cycle)
30 | tewox | Data Hold Time 3 3 3 3 ns
31 | teverx | Control Inactive Delay** 3 44 3 37 3 31 3 22 ns
" 2tcie=30 2teic—25 2tec—25 2teic~20
32 | twwn | WR Pulse Width =370 —as <100 o ns
33 |twun | WA Inactive to ALE Hight | =1 lan 14 o4 taor-14 ns
" toc—34 ten—20 teci—20 towe—=17
34 | twuox | Data Hold after WR =66 - 60 =42 - ns
35 | twnoex |WR Inactive to DEN Inactive* taac10 taor10 o0 tacr-10 ns
=34 =25 =16 =10

*Equal Loading
“*BEN, INTA, WR
All imings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted.
All output tast conditions are with C. = 50-200 pF (10 MHz) and C. = 50-100 pF (12.5-20 MHz).
For AC tests, input Vi = 0.45 V and Viu = 2.4 V, except at X1 where Viu = Vec - 0.5 V.
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Write-Cycle Waveforms
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Notes: 1. Status inactive in state preceding t.
2.If latched A1 and A2 are selected instead of PCS5 and PCS6, only tcicsv is applicable.

3. For writs cycle followed
4.t of next bus cycle.

by read cycle.

5. Changes in t-state preceding next bus cycle if followed by read, INTA, or halt.
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SWITCHING CHARACTERISTICS (continued)
Major Cycle Timings (Interrupt Acknowledge Cycle)
Ta=0°C to +70°C, Vec =5 V +10%

Preliminary
Parameter 80C186 80C186-12 80C186-16 80C186—-20

# |sym | Description Min l Max | Min l Max Min | Max Min I Max | Unit
80C186 General Timing Requirements (listed more than once)

1 | tovee | Data In Setup (A/D) 15 15 15 10 ns

2 |tcox | Data In Hold (A/D) 3 3 3 3 ns
80C186 General Timing Responses (listed more than once)

3 | tcusv | Status Active Delay 5 45 5 35 5 31 3 24 ns

4 | tosw | Status Inactive Delay 5 46 5 35 5 30 3 24 ns

5 |teav | Address Valid Delay 5 4 5 36 5 33 3 25 ns

6 | tcax [ Address Hold 0 [} 0 0 ns

7 |tcwv | Data Valid Delay 5 40 5 36 5 33 3 25 ns

8 | tewox | Status Hold Time 10 10 10 10 ns

9 | tewn | ALE Active Delay 30 25 20 20 ns

. tere-15 tee—-15 tee~15 tee~15
10 | twue | ALE Width =85 = 65 =47 =35 ns
11 | tewn | ALE Inactive Delay 30 25 20 20 ns
. . | tere—18 tewc—15 terer—15 teren—5
12 |t | Address Valid to ALE Low’ =26 =20 =11 =15 ns
13 | tua Addr_ess Hold from ALE tene—15 tenc—15 tener—15 tene—10 ns
Inactive* =29 =20 =1 =10

14 | taven | Addr Valid to Clock High 0 0 0 0 ns
15 | tewz | Address Float Delay teax=0 30 tex=0| 25 teux=0) 20 teux=0 17 ns
19 | toxo. | DEN Inactive to DT/R Low* 0 0 0 0 ns
20 | teverv | Control Active Delay 1** 3 44 3 37 3 31 3 22 ns
21 | tovoex &iﬁ'\;’vﬁg"gyﬁ ;':)V 5 44 5 a7 5 31 3 22 | ns
22 | teucrv | Control Active Delay 2** 5 44 5 37 5 31 3 22 ns
23 |teuv | LOCK Valid/Invalid Delay 3 40 3 37 3 35 3 22 ns
31 | toverx | Control Inactive Delay** 3 44 3 37 3 31 3 22 ns

“Equal Loading

**DEN, INTA, WR

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

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

For AC tests, input ViL = 0.45 V and Vin = 2.4 V, except at X1 where Viu = Vec —0.5 V.
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Interrupt Acknowledge Cycle Waveforms
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Notes: 1.Status inactive in state preceding t.
2.The data hold time lasts only until INTA goes inactive, even if the INTA transition occurs prior to tewox (min).
3.INTA occurs one clock later in Slave Mode.
4.For write cycle followed by interrupt acknowledge cycle.
5.COCK is active upon 1 of the first interrupt acknowledge cydle and inactive upon t2 of the second interrupt acknowledge cycle.
6.Changes in t-state preceding next bus cycle if followed by write.
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SWITCHING CHARACTERISTICS (continued)
Software Halt Cycle Timings
Ta=0°C to 70°C, Vec=5 V £10%

Preliminary
Parameter 80C186 80C186-12 80C186-16 80C186-20
# |Sym | Description Min | Max [ Min | Max | Min | Max | Min | Max | unit
80C186 General Timing Responses (listed more than once)
3 | tcusv | Status Active Delay 5 45 5 35 5 31 3 24 ns
4 | tasu | Status Inactive Delay 5 46 5 35 5 30 3 24 ns
5 | tewv | Address Valid Delay 5 44 5 36 5 33 3 25 ns
9 | tenn | ALE Active Delay 30 25 20 20 ns
10 | tww | ALE Width tewe—15 tee~15 toe~15 terc—15 ns
= =65 =47 =
11 | tew. | ALE Inactive Delay 30 25 20 20 ns
19 | toxo. | DEN Inactive to DT/R Low* 0 0 4] 0 0
22 | tencv | Control Active Delay 2** 5 44 5 37 5 31 3 22 ns
*Equal Loading
**DBEN, INTA, WR
All imings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted.
All output test conditions are with CL = 50200 pF (10 MHz) and C. = 50-100 pF (12.5-20 MHz).
For AC tests, input Vi=0.45 V and Vin = 2.4 V, except at X1 where Vi = Vec - 0.5 V.
Software Halt Cycle Waveforms
I t | t2 I t t
ckouT —/ N/}
w5 O e ®
\P Status /{
I
A19/S6-A16/S3, OF
AD15-ADO Invalid Address
I
ALE
]
DEN
(Note 1)
DTR —
Note: 1. For write cycle followed by halt cycle.
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SWITCHING CHARACTERISTICS (continued)
Clock Timings
Ta=0°Cto 70°C, Vec=5 V +10%

Preliminary
Parameter 80C186 80C186-12 80C186-16 80C186-20
# |Sym | Description Min |Max| Min |Max| Min |Max| Min [ Max
80C186 CLKIN Requirements
Measurements taken with the following conditions: External clock input to X1 and X2 not connected (float).
36 | tenw | CLKIN Period 50 40 31 25 ns
37 | teex | CLKIN Low Time 1.5 V@ 20 16 13 9.5 ns
38 | tewex | CLKIN High Time 1.5 V@ 20 16 13 9.5 ns
39 | teww | CLKIN Fall Time 3.5-1.0V 5 5 5 5 ns
40 | texn | CLKIN Rise Time 1.0-3.5V 5 5 5 5 ns
80C186 CLKOUT Timing
41 | taco | CLKIN to CLKOUT Skew 25 21 17 17 ns
42 | toee | CLKOUT Period 100 80 62 50 ns
43 | taen | CLKOUT Low Time
0.5 tercL 0.5 terc 0.5 tewct 0.5 teeL
= @
C.= 100pF —-8=42 -7=33 —7=24 -7=18 ns
_ 0.5 tewcL 0.5 toiet 0.5 terct 0.5 teret
Cu= 50 pF® —6=44 _5-35 _5-26 —5=20 ns
44 | tewc. | CLKOUT High Time
0.5 tcicL -8 0.5 teweL =7 0.5 teweL =7 0.5 teweL =7
= 9
Ce.= 100 pF¢ =42 =33 =24 =18 ns
0.5 tcicL ~6 0.5 teic, -5 0.5 teicL -5 0.5 toicL -6
Ce= 50 pF® =44 =35 =26 =20 ns
CLKOUT Rise Time
45 | tenicnz 1.0-3.5 V 10 10 10 10 ns
CLKOUT Fall Time
46 | terectr 35-1.0V 10 10 10 10 ns

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

No

tes: 1. teek and tewex (CLKIN Low and High times) should not have a duration less than 40% of tcin.
2. Tested under worst case conditions: Vec = 5.5 V (5.25 V @ 20 MHz), Ta = 70°C.
3. Not tested.
4. Tested under worst-case conditions: Vec = 4.5 V (4.75 V @ 20 MHz), Ta = 0°C.

Clock Waveforms
X1
CLKOUT —\
> |
e
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SWITCHING CHARACTERISTICS (continued)
Ready, Peripheral, and Queue Status Timings
Ta=0°C to0 70°C, Vee=5 V £10%

Preliminary
Parameter 80C186 80C186-12 80C186-16 80C186-20
# | sym. | Description Min | Max | Min | Max | Min | Max | Min | Max | unit

80C186 Ready and Peripheral Timing Requirements

47 | tsave | SRDY Transition Setup Time!" 15 15 15 15 ns
48 |toasay | SRDY Transition Hold Timet™ 15 15 15 10 ns
49 | trven | ARDY Res, Transition Setup Time® | 15 15 15 10 ns
50 | teunx | ARDY Active Hold Time™ 15 15 15 10 ns
51 | tarvere | ARDY Inactive Holding Time 15 15 15 10 ns
52 | taance | ARDY Setup Time®® 25 25 25 20 ns
53 | taven .':;’g’:’;"%gﬁgy"' NI, 15 15 15 15 ns
54 | twe. | DRQO, DRQ1 Setup Time® 15 15 15 15 ns
80C186 Peripheral and Queue Status Timing Responses

55 {tanw | Timer Output Delay 40 33 27 22 ns
56 | tcuosv | Queue Status Delay 37 32 30 23 ns

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

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

Synchronous Ready (SRDY) Waveforms
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80C186 59



i:|4AMD PRELIMINARY

Asynchronous Ready (ARDY) Waveforms

Itwortaortzorhl twortsort: I tworts I t I

.__/_\_/_\_/ \_/—\_/—\_
CLKOUT
:I, - > +®
ARDY .
e
eal
Sk
"
ARDY |/
{Normally Ready
System) @—> _.4— @
N
17

Peripheral and Queue Status Waveforms
CLKOUT \_//_\__/—\—.

INT3-INTO, NMI, * -
TEST, TMR IN | N

[49

ey
DRQO, DRQ1 9
I «
>
,1®
[¢¢
TMR OUT %
(€9 I
h) Y .’
«
QSso, QS1 oY
« |

60 80C186



PRELIMINARY AMDn

SWITCHING CHARACTERISTICS (continued)
RESET and HOLD/HLDA Timings
Ta=0°C to +70°C, Ve =5 V £10%

Preliminary
Parameter 80C186 80C186-12 80C186—16 80C186-20

# | sym. | Description Min | Max | Min | Max | Min | Max | Min | Max | unit
80C186 RESET and HOLD/HLDA Timing Requirements

57 | tresn | RES Setup 15 15 15 10 ns
58 | twee | HOLD Setupt” 15 15 15 10 ns
80C186 General Timing Responses (listed more than once)

5 |teuv | Address Valid Delay 5 44 5 36 5 33 5 30 ns
15 |tz | Address Float Delay teax=0] 30 |teux=0| 25 |teax=0| 20 [Jtox=0| 17 ns
80C186 RESET and HOLD/HLDA Timing Responses

61 | tero | Reset Delay 40 33 27 22 ns
62 | teuwv | HLDA Valid Delay 3 40 3 33 3 25 3 22 ns
63 |teucz | Command Lines Float Delay 40 33 28 25 ns
64 | tacy g:;:;";’;t‘i:‘g:t;'a"d 44 36 32 22 | ns

All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted.
All output test conditions are with C. = 50200 pF (10 MHz) and Cr = 50~100 pF (12.5-20 MHz).
For AC tests, input ViL=0.45 V and Vin = 2.4 V, except at X1 where Vin = Vcc - 0.5 V.

Notes: 1. To guarantee recognition at next clock.

RESET Waveforms
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HOLD/HLDA Waveforms (entering HOLD)
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| t | t | tt | t |
CLKOUT __/—\_/_\__/_SS_\_/_\\_/_\_
6Dei |-
HOLD
55

»®
HLDA \(-

> ©[7______
AD15-ADO, DEN

™~
VA

LS | 80C186
-
A19/S6-A16/S3, BD, WH, €q
BHE, DT/R, 52-50, LOCK p)) l\ 80C186

62 80C186



PRELIMINARY

AMD l‘:l

EXPLANATION OF THE SWITCHING
SYMBOLS

Each timing symbo! has from five to seven characters.
The first character is always a “t” (stands for time). The
othercharacters, depending on their positions, stand for
the name of a signal or the logical status of that signal.
The following is a list of all the characters and what they
stand for.

A: Address

ARY: Asynchronous Ready Input
C: Clock Output

CK: Clock Input

CS: Chip Select

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

DE: DEN

H: Logic Level High

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

Qs: Queue Status (QS1, QS2)
R: RD Signal, RESET Signal
S: Status (S2, 51, S0)

SRY: Synchronous Ready Input
V: Valid

Ww: WR Signal

X: No Longer a Valid Logic Level
zZ Float

Examples:

tcav—Time from Clock Low to Address Valid
teu—Time from Clock High to ALE High
tercsv—Time from Clock Low to Chip Select Valid

80C186 EXECUTION TIMINGS

A determination of 80C186 program execution timing
must consider bus cycles necessary to prefetch instruc-
tions, as well as the number of execution unit cycles
necessary to execute instructions. The following in-
struction timings represent the minimum execution time
in clock cycles for each instruction. The timings given
are based on the following assumptions:

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

¢ No wait states or bus HOLDs occur.
o Allword-data is located on even-address boundaries.

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

All instructions which involve memory access can re-
quire one or two additional clocks above the minimum
timings shown due to the asynchronous handshake
between the bus interface unit (BIU) and execution unit.

With a 16-bit BIU, the 80C186 has sufficient bus
performance to ensure that an adequate number of
prefetched bytes will reside in the queue most of the
time. Therefore, actual program execution time will not
be substantially greater than that derived from adding
the instruction timings shown.
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Waveforms (continued)
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Figure 45. Capacitive Derating Curve for Typical Output Delay
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Figure 47. CMOS Voltage Level Rise and Fall Times for Output Buffers
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INSTRUCTION SET SUMMARY

Function Format g,',?:f:s Comment
HOv=tover
Reglster to register/memory 1000100w mod reg rm 212
Register/memory 1o register 1000101w mod reg m 20

to register/m y 1100011w mod000r/m data dmﬂw=lJ 12-13 8/16-bit
Immediate to register 1011wreg data dataif w=1 34 8/16-bit
Memory to accumulator 1010000w addr-low addr-high 8
Accumulator to memory 1010001w addr-low addr-high 9
Regl Y to segi gl 10001110 | mod0regrm 2/
Segment register to registermemory | 10001100 mod 0 reg r/m 21
PUSH=Push:
Memory 11111111 mod110r/m ] 16
Reglster 01010reg 10
Sagment register 000reg110 9
Immediate” 011010s1 data J dataif s=0 l 10
PUSHA=Push All* 01100000 36
POP=Pop:
Memory 10001111 mod 00 0r/m J 20
Reglster 0101 1reg 10
Sagment register 000reg111 (reg »01) 8
POPA=Pop All" 01100001 51
XCHG =Exchange:
Reg y with regi 1000011w | modregrm I anz
Register with accumulator 10010reg 3
IN=Input from:
Fixed port 1110010w port | 10
Variable port 1110110w 8
OUT=0utput to:
Fixed port 1110011w port | 9
Variable port 1110111w 7
XLAT =Translate byte to AL 11010111 1"
LEA =Load EA 1o register 10001101 mod reg r/'m [:]
LDS =Load pointerto DS 11000101 meod reg r/m (modwn11) 18
LES =Load pointerto ES 11000100 mod reg r/m (mod » 11) 18
LAHF =Load AH with flags 10011111 2
SAHF =Store AH into flags 10011110 3
PUSHF =Push flags 10011100 9
POPF=Pop flags 10011101 8
*Indicates instructions not available in 8086 or 8088 microsystems.
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INSTRUCTION SET SUMMARY (continued)

Clock

Function Format Cycles Comment
DATA TRANSFER (Continued)
SEGMENT = Segment Ovarride:
cs 00101110 2
S8 00110110 2
DS 00111110 2
ES 00100110 2
ARITHMETIC:
ADD = Add:
Reg/memory with register to elther 000000dw mod reg r/m 310
diate to regl! oy 100000sw mod 000r/m data data f s w=01 l 416
Immediate to accumulator 0000010w data dataifw=1 3/4 8/16-bit
ADC = Add with carry:
Reg/memory with register to either 000100dw mod reg r/m 310
to reg y 100000sw mod010rm data data f s w=01 4/16
Immediate to accumulator 0001010w data datalfw=1 34 8/16-bit
INC =increment:
Reglster/memory 1111111w modOOor/mJ 315
Register 01000reg 3
SUB=Subtract:
Reg/memory and register to either 001010dw mod reg r/m 310
| diate from register/m Yy 100000sw mod101r/m data datallsw=1 416
Immediate from accumulator 00010110w, data datalfw=1 34 8/16-bit
SBB = Subtract with borrow:
Reg/memory and register 1o either 000110dw mod reg r/m 3/10
diate from regl Y 100000sw mod011r/m data data ks w=01 l 416
Immediate from accumulator 0001110w data dataff w=1 3/4 8/16-bit
DEC=Decrement:
Register/memory 1111111w mod 00 1¢/m I 15
Register 01001reg 3
CMP = Compare:
Register/memory with register 0011101w mod reg r/m o
Register with register/memory 0011100w mod reg r/m 310
diate with Y 100000sw | mod111rm data data s w=01 310
immediate with accumulator 0011110w data dataifw=1 4 8/16-bit
NEG=Change sign register/memory { 1111011w mod0G11r/m 310
AAA =ASCIl adjust for add 00110111 8
DAA = Decimal adjust for add 00100111 4
AAS = ASCI| adjust for subtract 00111111 7
DAS =Decimal adjust for subtract 00101111 4
MUL =Multiply (unsigned) 1111011w | mod100¢/m l
Register-Byte 26-28
Register-Word 3597
Memory-Byte 32-34
Memory-Word 41-43
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INSTRUCTION SET SUMMARY (continued)

Clock
Function Format Cycles Comment
ARITHMETIC (Continued)
IMUL = Integer mukiply (signed) |1111011w lmodiOlrlm I
Register-Byte 25-28
Register-Word
Memory-Byte 31-34
Memory-Word 40-43
IMUL = Integer Immediate multiply I 011010s1 l mod reg r/m I data l dataif s=0 I 22-25/
(slgned)* 29-32
DIV=Divide (unsigned): h111011w LmodllO r/mJ
Register-Byte 29
Register-Word 38
Memory-Byte 35
Memory-Word 44
IDIV = Integer divide (signed) |1l11011w Imolerlm _I
Ister-Byte 44-52
ggglsler- ord 53-61
Memory-gyte 50-58
Memory-Word §9-67
AAM = ASCIl adjust for muitiply 11010100 00001010 19
AAD = ASCII adjust for divide 11010101 00001010 15
CBW =Conwert byle to word 10011000 2
CWD =Convert word to double word 10011001 4
LOGIC
Shlft/Rotats Instr
ReglisterMemory by 1 1101000w mod TTT r/m 215
Reglster/Memory by CL 1101001w mod TTT r/m 5+n/174n
Registar/Memory by Count* 1100000w mod TTT r/m count ] 5+n/17+n
T Instruction
000 ROL
001 ROR
010 RCL
011 RCR
100 SHL/SAL
101 SHR
111 SAR
AND = And:
Reg/memory and register to either 001000dw mod reg r/m 10
to register/m Y 1000000w mod 100r/m data datalfw=1 l 4/16
Immediate to accumulator 0010010w data dataif w=1 3/4 8/16-bit
TESTa And functlon to flags,
no resuit:
Register/memory and register 1000010w mod reg ’m 10
1 diate data and register/m y J1111011w } mod0OOr/m data datatfw=1 l 410
H dlaie data and 1010100w data datalfw=1 34 8/16-bit
OR=0r:
Reg/memory and register to either 000010dw mod reg r/m 310
Immediate to register/memory 1000000w mod 00 1¢/m data datafw=1 I 4/18
Immediate to accumulator 0000110w data datalfw=1 3/4 8/16-bit
XOR=Exclusive or:
Reg/memory and register {0 either 001100dw mod reg r/m 310
fo reg Y 1000000w | mod110rm data dataltw=1 | 4/18
Immediate to accumulator 0011010w data datalf w=1 4 8/16-bit
NOT =Invert register/memory: 1111011w mod010r/m 10

*Indicates instructions not available in 8086 or 8088 microsystems.
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INSTRUCTION SET SUMMARY (continued)

Function Format &I,ZT:S Comment
STRING MANIPULATION:
MOVS =Move byte/word 1010010w 14
CMPS = Compare byte/word 101001 1w 2
SCAS = Scan byte/word 1010111w 15
LODS = Load byte/wd to AL/AX 1010110w 12
STOS = Store byle/wd from AUA 1010101w 10
INS =Input byte/wd from DX port™ 0110110w 14
OUTS = Output byteAwd to DX port* 0110111w 14
Repeated by count In CX (REP/REPE/REPZ/PEPNE/PEPNZ)
MOVS = Move string 11110010 1010010w 8+8n
CMPS = Compare string 11110012 1010011w 5+22n
SCAS = Scan string 1111001z 1010t11w 5+15n
LODS = Load string 11110010 1010110w 6+11n
STOS = Store string 11110010 1010101 w 6+9n
INS =Input string” 11110010 0110110w 8+8n
OUTS = Cutput string” 11110010 0110111w 8+8n
CONTROL TRANSFER
CALL = Call:
Direct within segment 11101000 disp-low disp-high 15
Rewg}‘l?ﬂ(:fsl;\g"n:eoglmlmﬁ 11111111 mod010r/m 1319
Direct intersegment FO 011010 segment offset 23
segment selector
Indirect intersegment | 11111111 mod011+¢/m (mod ¢ 11) 38
JMP = Unconditlonal jJump:
Short/long 11101011 disp-low 14
Direct within segment 11101001 disp-low disp-high 14
Register/mem Indirect withinsegment | 11111111 mod100r/m 1117
Direct intersegment 11101010 segment offset 14
segment selector
Indirect intersegment 11111111 mod 10 1¢/m l {mod # 11) 26
RET=Retumn from CALL:
Within segment 11000011 16
Within seg adding immed to SP 11000010 data-low \l data-high —I 18
Intersegment 11001011 22
Intersegment adding Immediate to SP { 11001010 data-low | data-high j 25

*Indicates instructions not available in 8086 or 8088 microsystems.
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INSTRUCTION SET SUMMARY (continued)

. Clock
unction orma ommen
Funct F t Cycles c t
CONTROL TRANSFER (Continued):
JENZ=Jump on equal zero [o1110100 |  aisp | an3 JMP not
JUINGE = Jump on less/ taken/'JMP
not greater or equal [ot1111100 | s J 413 i
laken
JLE/ING =Jump on less/
or equal not greater l 01111110 l disp I 413
JB/JNAE = Jump on below/
not above or equal lot110010 |  ap | 413
JBEJJNA =Jump on below or
equalinot above [o1110110 | asp | 413
JPIIPE =Jump on parity/
party aven 01111010 disp 413
JO =Jump on overflow 01110000 disp 413
JS =Jump on sign 01111000 disp M3
JNE/INZ =Jump on not equal/
hotzan o lo1110101 |  asp | 4n3
JNUWJIGE =Jump on not less
greater or equal [ 01111101 I disp J 4n3
JINLEAG = Jump on not less/
or equal/greaer lot111111 | asp | 4na
JNB/JAE =Jump on not balow
above or equal {o1110011 |  asp | 413
JNBE/JA =Jump on not below
or equaliabove [ott10111 | asp | 4n3
JNP/JPO = Jump on not
par/par odd 01111011 disp an3
JNO =Jump on not overflow 01110001 disp 413
JINS =Jump on not sign 01111001 disp 413
JCXZ =Jump on CX zero 11100011 disp 5/15
LOOP =Loop CX Times 11100010 disp 6/16 LOOP not
LOOPZ/LOOPE =Loop while I I J
zerolequal 11100001 disp 6/16 taken/LOOP
LOOPNZLOOPNE = Loop while taken
not zerolequal [ 11100000 [ disp J 6/16
ENTER =Enler Procedure* [11001000 | cataiow | data-high |
L=0 15
ol 22 1%“2 1)
> + n—
LEAVE =Leave Procedure 11001001 8
INT =Intarrupt:
Type specified 11001101 type 1 47
Type 3 11001100 45 if INT. takenv
INTO =Interrupt on overflow 11001110 48/4 if INT. nottaken
IRET =Interrupt retum 11001111 28
BOUND = Detect value out of range® | 01100010 | modregrm | 33-35
*Indicates instructions not available in 8086 or 8088 microsystems.
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INSTRUCTION SET SUMMARY (continued)

Clock

Function Format Cycles | Comment
PROCESSOR CONTROL

CLC=Cloar carry [11111000] 2
cHC-Conpomenicary  [T1110101] 2

STC=Set camy 11111001 2

CLD =Clear direction 11111100 2

STD= Sel direction 11111101 2

CLI=Clear Interrupt 11111010 2

STI=Set Intemupt 2

HLT =Halt 11110100 2

WAIT=Walt 10011011 6 1 TEST=0
ESC=Processor Extension Escape | 10011 TTT || modlL vm | 6

LOCK=Bus lock prefix 11110000 2

NOP = No Operation 10010000 3

(TTTLLL are opcode to processor extension)

Footnotes

The Effective Address (EA) of the memory operand is com-

puted according to the mod and r/m fields:

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

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

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

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

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

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

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

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

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

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

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

if y/m=111then EA=(BX)+ DISP

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

*except if mod =00 and /m= 110 then EA =disp-high:
disp-low.

EA calculation time is 4-clock cycles for all modes, and is

included in the execution times given whenever appropriate.
Segment Override Prefix

Lololtfre[r]1]o0]

Reg is assigned according to the following:

Segment

Reg Register
00 ES
01 cs
10 SSs
11 Ds

REG is assigned according to the following table:

16-Bit (w=1) 8-Bit (w=0)
000 AX 000 AL
001 CX 001 CL
010 DX 010 DL
011 BX 011 BL
100 SP 100 AH
101 BP 101 CH
110 SI 110 DH
111 DI 111 BH

The physical addresses of all operands addressed by
the BP register are computed using the SS segment
register. The physical addresses of the destination op-
erands of the string primitive operations (those ad-
dressed by the DI register) are computed using the ES
segment, which may not be overridden.
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PHYSICAL DIMENSIONS
For reference only. Dimensions are measured in inches unless otherwise noted. BSC is an ANSI standard for Basic
Space Centering. Preliminary; package in development.
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PQR-80
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8001 88 Advanced
Micro
CMOS High Integration 16-Bit Microprocessor Devices

DISTINCTIVE CHARACTERISTICS
H Operation Modes Include:
—Enhanced mode which has

¢ DRAM Refresh Control Unit
¢ Power-save mode
—Compatible Mode
 NMOS 80188 pin-for-pin replacement for
non-numerics applications

B Integrated Feature Set

—Enhanced 80C86/C88 CPU
—Clock generator

—Two independent DMA channels
—Programmable interrupt controller
—Three programmable 16-bit timers
—Dynamic RAM refresh control unit

—Programmable memory and peripheral chip
select logic

—Programmable wait-state generator

—Local bus controller

—Power save mode

—System-level testing support (high-impedance
test mode)

B Available in 20-MHz (80C188-20), 16-MHz
(soc18s-16), 12.5-MHz (80C188-12), and
10-MHz (80C188) versions

W Direct addressing capability to 1 MByte of
memory and 64-KByte VO

Fully static CMOS design

® Completely object code compatible with all
existing 8086/8088 software and also has ten
additional instructions over 8086/8088

@ Complete system development

—There are many vendors making support tools
for the 80C188. Software tools for the NMOS
80188 can be used for the 80C188 as can the
NMOS emulators

B Available in:

—68-Pin Plastic Leaded Chip Carrier (PLCC)
—80-Pin Plastic Quad Flat Pack (PQFP)

¢ In TapePak® and Trimmed/Formed
Configurations

GENERAL DESCRIPTION

The 80C188 is a CMOS high-integration microproces-
sor. It has features which are new to the 80186 family,
which include a DRAM refresh control unit, power-save
mode, and a direct numerics interface. When used in
“‘compatible” mode, the 80C188 is 100% pin-for-pin
compatible with the NMOS 80188 (except for 8087

applications). The “enhanced” mode of operation allows
the full feature set of the 80C188 to be used. The
80C186 is upward compatible with 8086 and 8088
software and fully compatible with 80186 and 80188
software.

Publication # 13088 Rev. B Amendment 0
Issue Date: November 1991
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BLOCK DIAGRAM
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CONNECTION DIAGRAMS
Top View
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CONNECTION DIAGRAMS (continued)
Top View
80-Pin Plastic Quad Flat Pack!
(PQJ 80/PQR 80)
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Notes: 1. Available in Trimmed and Formed (PQJ 80) and TapePak (PQR 80) packages.
2. Pin 2 is marked for orientation purposes.
3. N/C = Not connected.
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PIN DESIGNATIONS (sorted by Pin Name)

Pin Number Pin Number
PinName |PLCC | PQFP Code Pin Name PLCC | PQFP Code
A19/56 65 | 6 MCST/ERROR a7 40 |1/0, HA(Y), R(PU)
A18/S5 66 | 5
S aa - 0, HA(), R(9) MCs2 36 41| O, HA(1), R(PU)
A16/S3 68 | 3 MCS3/NPS 35 42 | O, HA(1), R(PU)
AD15 1 1 NMI 46 30 1, S(E)
AD14 3 79 PCS5/A1 31 48 0, HA(X), R(1)
AD13 5 | 77 —— S TAOE
AD12 > | % PCS6 32 47 - HAX), R(1)
AD11 10| n PCS4 30 49
AD10 12 | 69 PCS3 29 50
AD9 14 67 52212 gg g; O, HA(1), R(1)
D8 16 | 65 pcst
s Y | S5 | vo.sw.HA@LR@ | | Foso 25 | s
AD6 4 | 78 RD/GSMD 62 9 |10, HAZ), R(PU)
AD5 6 76 pr—
e A RES 24 55 )
AD3 11 70 RESET 57 18 O, HA(A)
AD2 13 68 FSH 64 7 HA(Z), R(2)
AD1 15 | 66 —
ADO 17 | ea 52-50 54, 53, 52|21, 22, 23| O, HA(2), R(2)
ALE/QSO 61 | 10 0, HA(0), R(0) SRDY 49 27 L S(L)
ARDY T AL TEST/BUSY 47 29 1, R(PU)
TMR IN1 20 59
CLKOUT 56 | 19 0, HA(A), R(A) TR INo 2 p 1, S(E)
GEN 39 | 38 0. HA2). R(2) TMR OUTH 22 5 | o HaA), AL
DRQO, DRQ1 | 18, 19| 61, 60 L s TMR OUTO 23 56 ' ’
DT/A 40 | a7 0, HAZ), R(2) Tcs 34 45 |10, HA(1), R(PU)
HOLD 50 | 26 L s 9 33
HLDA 51 | 25 0, HA(A), R(0) Voo 43 o 1
INTO 45 | 31 1, A L) - 73
INTI/SELECT | 44 | 32 1, AE, L) WR/QS1 63 8 0, HA(Z), R(2)
INT2/INTAD 42 | 35 |VO, A, L), HA(X), R@@) 26 12
INTSINTATARQ | 41 | 36 |VO, AE, L), HAX), R@)| | V= 60 B !
cs 33 | 46 1/0, HA(1), R(PU) o = 5 |
TOCR 48 | 28 0, HA(2), R(PU) 2 = = S
MCSO/PEREQ | 38 | 39 /0, HA(1), R(PU)

On PQFP package the following pins are N/C (No Connect): 2, 11, 14, 15, 24, 43, 44, 62, and 63.

Key to Pin Description Codes

Symbol Description Symbol

Description

I Input Only HA(x)
(o] Output Only
Vo Input or Output (depending on situation)

S(x) Synchronous: Setup and Hold times must
be met for proper operation.
S(E) = Edge Sensitive

Hold Acknowledge: Pin state while processor
is in the Hold Acknowledge state.

HA(1) =Internally driven to Vcc

HA(0) = Internally driven to Vss

HA(Z) = Internally floated

HA(A)=Remains active

HA(X)= Retains current state

$(L) = Level Sensitive R(x)

A(x) Asynchronous: Setup and Hold times guarantee
signal recognition by the processor.

A(E) = Edge Sensitive

A(L) = Level Sensitive

Reset: Pin state while the processor's/RES
line is held Low externally.
R(1) =Internally driven to Ve
R(0) =Internally driven to Vss
R(Z) =Internally fioated
R(PU)=Weak internal pull-up
R(PD)=Weak internal pull-down

80C188
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ORDERING INFORMATION
Commodity Products

AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of the elements below.

N gCies 12

M
_( _ .|:
PQFP OPTION

M = TapePak (PQR 80)
Blank = Trimmed and Formed (PQJ 80)

SPEED OPTION

Blank = 10 MHz
-12 12.5 MHz
-16 16 MHz
-20 20 MHz

DEVICE NUMBER/DESCRIPTION

80C188
CMOS High-Integration 16-Bit Microprocessor

PACKAGE TYPE

N= 68-Pin Plastic Leaded Chip Carrier (PL 068)
S = 80-Pin Plastic Quad Flat Pack

TEMPERATURE RANGE
| = Industrial (~40°C to +85°C)

Blank = Commercial (0°C to +70°C)
Valid Combinations Valid Combinations
N80C188, IN80C188 Valid Combinations list configurations are planned
- to be supported in volume for this device. Consult
PLCC N80C188-12, IN80C188-12 the local AMD sales office to confirm the avail-
N80C188-16, INSOC188~16 ability of specific valid combinations and to check
on newly released combinations.
N80C188-20
580C188
PQFP $80C188~12M
TapePak 580C188-16M
580C188-20M
S80C188
PQFP $80C188-12
Trimmed
and Formd 8800188-16
S80C188-20

TapePak is a plastic package technology that consists of a PQFP surrounded by an external plastic carrier ring. This ring holds
the unformed leads together during testing and shipping. The customer does the lead trim and form operation prior to board
installation at whatever standoff, lead length, or angle desired.

The TapePak is the PQFP configuration recommended by AMD because it virtually eliminates lead coplanarity problems
since lead trim and form is performed immediately prior to board population. Also, the coin-stack tubes that TapePak comes in
simplify incoming test and handling.

Trimmed and formed configuration has AMD doing the trim and form function to a JEDEC standard standoff and lead length. The
product is shipped in trays.
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PIN DESCRIPTIONS

A19/S6, A18/S5, A17/S4, A16/S3
Address Bus Outputs (Outputs)

Address Bus Outputs (19-16) and Bus Cycle Status
(6-3) indicate the four most significant address bits dur-
ing T1. These signals are active High.

During T2, T3, TW, and T4, the S6 pin is Low to indicate
a CPU-initiated bus cycle or High to indicate a DMA-
initiated bus cycle. During the same T-states, S3, S4,
and S5 are always Low. These outputs are floated dur-
ing bus HOLD or RESET.

A15-A8
Address-Only Bus (Outputs)

Address-Only Bus (15-8) contains valid addresses from
T1-T4. The bus is active High. These outputs are
floated during a bus HOLD or RESET.

AD7-ADO
Address/Data Bus (Inputs/Outputs)

Address/Data Bus (7-0) signals constitute the time mul-
tiplexed memory or /O address (T1) and data (T2, T3,
TW, and T4) bus. The bus is active High. These pins are
floated during bus HOLD or RESET.

ALE/QSO
Address Latch Enable/Queue Status (Output)

Address Latch Enable/Queue Status 0 is provided by
the 80C188to latchthe address. ALE is active High, with
addresses guaranteed to be valid on the trailing edge.

ARDY
Asynchronous Ready (Input)

Asynchronous Ready informs the 80C188 that the ad-
dressed memory space or /O device will complete a
data transfer. The ARDY pin accepts a rising edge that
is asynchronous to CLKOUT and is active High. The fall-
ing edge of ARDY must be synchronized to the 80C188
clock. Connecting ARDY High will always assert the
ready condition to the CPU. If this line is unused, it
should be tied Low to yield control to the SRDY pin.

CLKOUT
Clock Output (Output)

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

DEN
Data Enable (Output)

Data Enable is provided as a data bus transceiver out-
put enable. DEN is active Low during each memory and
I/O access (including 80C187 access). DEN is High

whenever DT/R changes state. DEN will float during a
bus HOLD or RESET.

DRQO, DRQ1
DMA Requests (Inputs)

DMA Request is asserted High by an external device
when it is ready for DMA Channel 0 or 1 to perform a
transfer. These signals are level-triggered and internally
synchronized.

DT/R

Data Transmit/Receive (Output)

Data Transmit/Receive controls the direction of data
flow through an external data bus transceiver. When
Low, data is transferred to the 80C188. When High, the
80C188 places write data on the data bus. DT/R floats
during a bus HOLD or RESET.

HOLD, HLDA
(Input, Output)

HOLD indicates that another bus master is requesting
the local bus. The HOLD input is active High. The
80C188 generates HLDA (High) in response to a HOLD
request. Simultaneous with the issuance of HLDA, the
80C188 will float the local bus and control lines. After
HOLD is detected as being Low, the 80C188 will lower
HLDA. When the 80C188 needs to run another bus
cycle, it will again drive the local bus and control lines.

In Enhanced Mode, HLDA will go Low when a DRAM
refresh cycle is pending in the 80C188 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 80C188 may execute the refresh cycle.

INTO, INT1/SELECT, INT2/INTAO,

INTJ/INTA1/IRQ
Maskable Interrupt Requests (Inputs, Input/Output)

Maskable Interrupt Requests can be requested by acti-
vating one of these pins. When configured as inputs,
these pins are active High. Interrupt Requests are
synchronized internally. INT2 and INT3 may be con-
figured to provide active-Low interrupt-acknowledge
output signals. All interrupt inputs may be configured
to be either edge- or level-triggered. To ensure recog-
nition, all interrupt requests must remain active until
the interrupt is acknowledged. When slave mode is
selected, the function of these pins changes (see
Interrupt Controller section of this data sheet).

LCS
Lower Memory Chip Select (Output/Input)

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

UCS and LCS are sampled uponthe rising edge of RES.
If both pins are held Low, the 80C188 will enter ONCE
mode. In ONCE mode all pins assume a high imped-
ance state and remain so until a subsequent RESET.
LCS has aweakintemal pull-up thatis active only during
RESET to ensure that the 80C188 does not enter ONCE
mode inadvertently.

LOCK
Lock (Output)

LOCK output indicates that other system bus masters
are notto gain control of the systembus. LOCK is active
Low. The LOCK signal is requested by the LOCK prefix
instruction and is activated at the beginning of the first
data cycle associated with the instruction immediately
following the LOCK prefix. It remains active until the
completion of that instruction. No instruction prefetching
will occur while LOCK is asserted. LOCK floats during
bus HOLD or RESET.

MCS3-MCS0
Mid-Range Memory Chip Select (Outputs)

Mid-Range Memory Chip Select signals are active Low
when a memory reference is made to the defined mid-
range portion of memory (8K-512K). These lines do not
float during bus HOLD. The address ranges activating
MCS3-MCSO0 are software programmable.

NMI
Non-Maskable Interrupt (Input)

The Non-Maskable Interrupt input causes a Type 2 in-
terrupt. An NMI transition from Low to High is latched
and synchronized internally, and initiates the interrupt at
the next instruction boundary. NMI must be asserted for
atleast one CLKOUT period. The Non-Maskable Inter-
rupt cannot be avoided by programming.

PCS5/A1
Peripheral Chip Select 5 or Latched A1 (Output)

Peripheral Chip Select 5 or Latched A1 may be pro-
grammed to provide a sixth peripheral chip select, or to
provide an internally latched A1 signal. The address
range activating PCS5 is software programmable.
When programmed to provide latched A1 rather than
PCSS5, this pin will retain the previously latched value of
A1duringabus HOLD. A1 is active High. PCS5/A1 does
not float during bus HOLD.

PCS6/A2
Peripheral Chip Select 6 or Latched A2 (Output)

Peripheral Chip Select 6 or Latched A2 may be pro-
grammed to provide a seventh peripheral chip select, or
to provide an internally latched A2 signal. The address
range activating PCS6 is software programmable.

When programmed to provide latched A2 rather than
PCSE, this pin will retain the previously latched value of
A2duringabus HOLD. A2 is active High. PCS6/A2 does
not float during bus HOLD.

PCS4-PCS0
Peripheral Chip Select Signals (Outputs)

Peripheral Chip Select signals 4-0 are active Low
when a reference is made to the defined peripheral area
(64-Kb /O or 1-Mb memory space). These lines do not
float during bus HOLD. The address ranges activating
PCS4-PCSO0 are software programmable.

RD/QSMD
Read Strobe (Output/input)

Read Strobeis an active Low signal which indicates that
the 80C188 is performing a memory or I/O read cycle. It
is guaranteed not to go Low before the A/D bus is
floated. An internal pull-up ensures that RD/QSMD is
High during RESET. Following RESET the pin is sam-
pled to determine whether the 80C188 is to provide
ALE, RD, and WR, or queue status information. To en-
able Queue Status Mode, RD must be connected to
GND. RD will fioat during bus HOLD.

RES
RESET (Input)

An active RES causes the 80C188 to immediately termi-
nate its present activity, clear the internal logic, and
enter adormant state. This signal may be asynchronous
to the 80C188 clock. The 80C188 begins fetching in-
structions approximately 6% clock cycles after RES is
returned High. For proper initialization, Vcc must be
within specifications and the clock signal must be stable
for more than 4 clocks with RES held Low. RES is inter-
nally synchronized. This input is provided with a
Schmitt-trigger to facilitate power-on RES generation
via an RC network.

RESET
System Reset (Output)

Reset output indicates that the 80C188 CPU is being
reset and can be used as a system reset. It is active
High, synchronized with the processor clock, and lasts
an integer number of clock periods corresponding to
the length of the RES signal. Reset goes inactive two
clockout periods after RES goes inactive. When tied to
the TEST pin, RESET forces the 80C188 into enhanced
mode. RESET is not floated during bus HOLD.

RFSH
Refresh (Output)

In compatible mode, RFSH is High. In enhanced mode,
RFSH is asserted Low to signify arefreshbus cycle. The
RFSH output pin floats during bus HOLD or RESET,
regardless of operating mode.
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§2-50
Bus Cycle Status (Outputs)

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

80C188 Bus Cycle Status Information

Bus Cycle Initiated

Interrupt Acknowledge
Read I/O

Write /O

Halt

Instruction Fetch

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

L
SO L O=mO =0 gl

)
“~~scoco0o|y

“aw00=~-00

The status pins float during HOLD/HLDA.

S2 may be used as a logical memory or /O indicator,
and S1 as a DT/R indicator.

SRDY
Synchronous Ready (input)

Synchronous Ready informs the 80C188 that the ad-
dressed memory space or /O device will complete a
data transfer. The SRDY pin accepts an active-High in-
put synchronized to CLKOUT. The use of SRDY allows
a relaxed system timing over ARDY. This is accom-
plished by elimination of the one-half clock cycle re-
quired to internally synchronize the ARDY input signal.
Connecting SRDY High will always assert the ready
condition to the CPU. If this line is unused, it should be
tied Low to yield control to the ARDY pin.

TEST
Test (Input)

The TEST pin is sampled during and after reset to deter-
mine whether the 80C188 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 80C188 in Compatible Mode. A weak internal pull-
up ensures a High state when the pin is not driven. This
pin is examined by the WAIT instruction. If the TEST in-
put is High when WAIT execution begins, instruction
execution will suspend. TEST will be resampled every
five clocks until it goes Low, at which time execution will
resume. If interrupts are enabled while the 80C188 is
waiting for TEST, interrupts will be serviced.

TMR INO, TMR IN1
Timer Inputs (Inputs)

Timer inputs are used either as clock or control signals,
depending upon the programmed timer mode. These
inputs are active High (or Low-to-High transitions
are counted) and internally synchronized. Timer inputs
must be tied High when not being used as clock or retrig-
ger inputs.

TMR OUTO0, TMR OUT1
Timer Outputs (Outputs)

Timer outputs are used to provide single pulse or con-
tinuous waveform generation, depending uponthe timer
mode selected. These outputs are not floated during a
bus HOLD.

UCSs
Upper Memory Chip Select (Output/Input)

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 activat-
ing UCS is software programmable.

UCS and LCS are sampled upon the rising edge of RES.
If both pins are held Low, the 80C188 will enter ONCE
mode. In ONCE mode all pins assume a high imped-
ance state and remain so until a subsequent RESET.
UCS has a weak internal pull-up that is active during
RESET to ensure that the 80C188 does not enter
ONCE mode inadvertently.

Vee
Power Supply (Input)

System power: +5-V power supply.

Vss
Ground (Input)

System ground.

WR/QS1
Write Strobe/Queue Status 1 (Output)

Wirite Strobe/Queue Status 1 indicates that the data on
the bus is to be written into a memory or an /O device. It
is active Low, and floats during bus HOLD or RESET.
When the 80C188 is in queue status mode, the ALE/
QS0 and WR/QS1 pins provide information about proc-
essor/instruction queue interaction.

QS1 QSO0 Queue Operation
0 0 No queue operation
[ 1 First opcode byte fetched from the qusue
1 1 Subsequent byte fetched from the queue
1 0 Empty the queue

X1, X2
Crystal Inputs (Input)

Crystal inputs X1 and X2 provide external connections
for a fundamental mode or third overtone parallel reso-
nant crystal for the internal oscillator. X1 can connectto
an external clock instead of a ctystal. In this case, mini-
mize the capacitance on X2. The input or oscillator fre-
quency is intemally divided by two to generate the clock
signal (CLKOUT).
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FUNCTIONAL DESCRIPTION

Introduction

Thefollowing Functional Descriptiondescribes the base
architecture of the 80C188. The 80C188 is a very high
integration 16-bit microprocessor. It combines 15-20 of
the most common microprocessor system components
onto one chip. The 80C188 is object code compatible
with the 8086/8088 microprocessors and adds 10 new
instruction types to the 8086/8088 instruction set.

The 80C188 has two major modes of operation, Com-
patible and Enhanced. In Compatible Mode the 80C188
is completely compatible withthe NMOS 80188, withthe
exception of 8087 support. The Enhanced mode adds
two new features to the system design: Power-save
control and Dynamic RAM refresh.

80C188 Base Architecture

The 8086, 8088, 80186, and 80188 families all contain
the same basic set of registers, instructions, and ad-
dressing modes. The 80C188 processor is upward com-
patible with the 8086 and 8088 CPUs.

Register Set

The 80C188 base architecture has fourteen registers,
as shown in Figures 1 and 2. These registers are
grouped into the following categories.

General Registers

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

Segment Registers

Four 16-bit special purpose registers select, at any
given time, the segments of memory that are immedi-
ately addressable for code, stack, and data. (For usage,
refer to Memory Organization, page 13.)

Base and Index Registers

Four of the general purpose registers may also be used
to determine offset addresses of operands in memory.
These registers may contain base addresses orindexes
to particular locations within a segment. The addressing
mode selects the specific registers for operand and
address calculations.

Status and Control Registers

Two 16-bit special purpose registers record or alter cer-
tain aspects of the 80C188 processor state. These are
the Instruction Pointer Register, which contains the off-
set address of the next sequential instruction to be exe-
cuted, and the Status Word Register, which contains
status and control flag bits (see Figures 1 and 2).

Status Word Description

The Status Word records specific characteristics of the
result of logical and arithmetic instructions (bits 0, 2, 4,
6, 7, and 11) and controls the operation of the 80C186
within a given operating mode (bits 8, 9, and 10). The
Status Word Register is 16-bits wide. The function of the
Status Word bits is shown in Table 1.

16-Bit Spacial
Register Register
Name Functions
7 0o 7 0 15 0
Addrs.fs? AX AH AL Multiply/Divjde CS Code Segment Selactor
able | DX| DH DL VO Instructions DS Data Segment Selector
8-Bit
Re._(,is,a', cx|_cH CL Loop/Shift/Repeat/Count SS Stack Segment Selector
Names
BX BL ES Extra Segment Selector
Shown) BH Base Registers

BP Segment Registers

s Index Registers 15 0

] F Status Word

SP Stack Pointer P Instruction Pointer

15
General Status and Control
Registers Registers
13087D-002
Figure 1. 80C188 Register Set
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Table 1. Status Word Bit Functions

Bit
Position Name Function
0 CF Carry Flag—Set on high-order bit carry or borrow; cleared otherwise.
2 PF Parity Flag—Set if low-order 8 bits of result contain an even number of 1 bits;
cleared otherwise.
4 AF Aucxiliary Carry—Set on carry from or borrow to the low order four bits of the general
purpose register AL; cleared otherwise.
6 ZF Zero Flag——Set if result is 0; cleared otherwise.
SF Sign Flag—Set equal to high-order bit of result (0 if positive, 1 if negative).
8 TF Single-Step Flag—Oncae set, a single-step interrupt occurs after the next instruction
executes. TF is cleared by the single-step interrupt.
9 IF Interrupt-Enable Flag—When set, maskable interrupts will cause the CPU to transfer
control to an interrupt vector specified location.
10 DF Direction Flag—Causes string instructions to auto decrement the appropriate index
register when set. Clearing DF causes auto-increment.
11 OF Overflow Flag—Set if the signed result cannot be expressed within the number of bits

in the destination operand; cleared otherwise.

Status Flags:

Carry

Parity

Auxiliary Carry

Zero

Sign
Overflow
14

13 124 11 10 9

15

8

7¢ 6

of [oF | F | | sF] zF

Control Flags:

Trap Flag
Interrupt Enable
Reserved Direction Flag
13087D-003
Figure 2. Status Word Format
Instruction Set Memory Organization

The instruction set is divided into seven categories:
data transfer, arithmetic, shift/rotate/logical, string ma-
nipulation, control transfer, high-level instructions, and
processor control. These categories are summarized in
80C188 Instruction Set section, page 14.

An 80C188 instruction can reference anywhere from
zero to several operands. An operand can reside in a
register, in the instruction itself, or in memory. Specific
operand addressing modes are discussed later in this
datasheet.

Memory is organized in sets of segments. Each seg-
ment is a linear contiguous sequence of up to 64K (2'6)
8-bit bytes. Memory is addressed using a two-compo-
nent address (a pointer) that consists of a 16-bit base
segment and a 16-bit offset. The 16-bit base values
are contained in one of four intemal segment registers
(code, data, stack, extra). The physical addressis calcu-
lated by shifting the base value LEFT by 4 bits and
adding the 16-bit offset value to yield a 20-bit physical

80C188
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address (see Figure 3). This allows for a 1-Mb 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 seg-
ment register used for physical address generation is
implied by the addressing mode used (see Table 3).
These rules follow the way programs are written (see
Figure 4) as independent modules that require areas
for code and data, a stack, and access to external data
areas.

Special segment override instruction prefixes allow the
implicit segment register selection rules to be overrid-
den for special cases. The stack, data, and extra seg-
ments may coincide for simple programs.

80C188 Instruction Set
All mnemonics copyright intel Corp.

General Purpose

Mov Move byte or word

PUSH Push word onto stack

POP Pop word off stack

PUSHA Push all registers on stack
POPA Pop all registers from stack
XCHG Exchange byte or word
XLAT Translate byte
Input/Output

IN Input byte or word

ouT Output byte or word
Address Object

LEA Load effective address
LDS Load pointer using DS

LES Load pointer using ES
Flag Transfer

LAHF Load AH register from flags
SAHF Store AH register in flags
PUSHF Push flags onto stack
POPF Pop flags off stack
Addition

ADD Add byte or word

ADC Add byte or word with carry
INC Increment byte or word by 1
AAA ASCII adjust for addition
DAA Decimal adjust for addition
Subtraction

SuB Subtract byte or word

SBB
DEC
NEG
CMP
AAS
DAS
Multiplication
MUL
IMUL
AAM
Division
DIV
IDIV
AAD
cBwW
CWD
MOVS
INS
OoUTsS
CMPS
SCAS
LODS
STOS
REP
REPE/REPZ

Subtract byte or word with borrow
Decrement byte or word by 1
Negate byte or word

Compare byte or word

ASCI| adjust for subtraction
Decimal adjust for subtraction

Multiply byte or word unsigned
Integer multiply byte or word
ASCII adjust for multiply

Divide byte or word unsigned
Integer divide byte or word
ASCI| adjust for division
Convert byte or word
Convert word to doubleword
Move byte or word string
Input bytes or word string
Output bytes or word string
Compare byte or word string
Scan byte or word string
Load byte or word string
Store byte or word string
Repeat

Repeat while equal/zero

REPNE/REPNZ Repeat while not equal/not zero

Logicals
NOT
AND

OR

XOR
TEST
Shifts
SHL/SAL

SHR
SAR
Rotates
ROL
ROR
RCL
RCR

“NOT” byte or word
“AND” byte or word
“Inclusive or" byte or word
“Exclusive or” byte or word
“Test" byte or word

Shift logical/arithmetic left byte
or word

Shift logical right byte or word
Shift arithmetic right byte or word

Rotate left byte or word

Rotate right byte or word

Rotate through carry left byte or word
Rotate through carry right byte or word
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Flag Operations

STC Set carry flag

CLC Clear carry flag

CMC Complement carry flag

STD Set direction flag

CLD Clear direction flag

STl Set interrupt-enable flag

CLI Clear interrupt-enable flag

External Synchronization

HLT Halt until interrupt or reset

WAIT Wait for TEST pin active

LOCK Lock bus during next instruction

No Operation

NOP No operation

High Level Instructions

ENTER Format stack for procedure entry

LEAVE Restore stack for procedure exit

BOUND Detects values outside prescribed
range

Conditional Transfers

JA/JNBE Jump if above/not below nor equal

JAE/UNB Jump if above or equal/not below

JB/UNAE Jump if below/not above nor equal

JBE/UNA Jump if below or equal/not above

JC Jump if carry

JENZ Jump if equal/zero

JG/UNLE Jump if greater/not less nor equal

JGE/UNL Jump if greater or equal/not less

JU/UNGE Jump if less/not greater nor equal

JLE/UNG Jump if less or equal/not greater

JNC Jump if not carry

JNE/JUNZ Jump if not equal/not zero

JNO Jump if not overflow

JNP/JPO Jump if not parity/parity odd

JNS Jump if not sign

JOo Jump if overflow

JPPE Jump if parity/parity even
Js Jump if sign
Unconditional Transfers

CALL Call procedure

RET Return from procedure
JMP Jump

Iteration Controls

LOOP Loop

LOOPE/LOOPZ Loop if equal/izero
LOOPNE/

LOOPNZ Loop if not equal/not zero
JCXZ Jump if register CX = 0
Interrupts

INT Interrupt

INTO Interrupt if overflow

IRET Interrupt return

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

Shift
Left

ST g
Base

15 0 Logical

Address
0 0 2 2|Offset

15 0

Physical Address

To Memory

13087D-004

Figure 3. Two-Component Address
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Table 2. Segment Register Selection Rules

Memory Reference

Segment Register

Implicit Segment

Needed Used Selection Rule
Instructions Code (CS) Instruction prefetch and immediate data.
Stack Stack (SS) All stack pushes and pops; any memory

references which use BP Register as a
base register.

External Data (Global) Extra (ES) All string instruction references which use the
Dl register as an index.
Local Data Data (DS) All other data references.
Addressing Modes

The 80C188 provides eight categories of addressing
modes to specify operands. Two addressing modes are
provided for instructions that operate on register or im-
mediate operands:

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

¢ Immediate Operand Mode: The operand is included
in the instruction.

Six modes are provided to specify the location of an op-
erand in a memory segment. A memory operand ad-
dress consists of two 16-bit components: a segment
base and an offset. The segment base is supplied by a
16-bit segment register either implicitly chosen by the
addressing mode or explicity chosen by a segment
override prefix. The offset, also called the effective ad-
dress, is calculated by summing any combination of the
following three address elements:

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

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

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

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

Combinations of these three address elements define
the six memory addressing modes, described below.

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

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

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

¢ Indexed Mode: The operand's offset is the sum of an
8- or 16-bit displacement and the contents of an index
register (Sl or DI).

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

¢ Based Index Mode with Displacement: The op-
erand’s offset is the sum of abase register's contents,
an index register's contents, and an 8- or 16-bit
displacement.

Data Types
The 80C188 directly supports the following data types:

» Integer: A signed binary numeric value contained in
an 8-bit byte or a 16-bit word. All operations assume a
2's complement representation.

¢ Ordinal: An unsigned binary numeric value contained
in an 8-bit byte or a 16-bit word.

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

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

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

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

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

In general, individual data elements must fit within de-
fined segment limits. Figure 5 graphically represents the
data types supported by the 80C188.
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/O Space

The I/0 space consists of 64K 8-bit or 32K 16-bit ports.
Separate instructions address the I/O space with either
an 8-bit port address, specified in the instruction, or
a 16-bit port address in the DX register. Eight-bit port
addresses are zero-extended such that A15-A8 are
Low. VO port addresses 00F8(H) through 00FF(H) are
reserved.

Interrupts

Aninterrupt transfers execution to a new program loca-
tion. The old program address (CS:IP) and machine
state (Status Word) are saved on the stack to allow re-
sumption of the interrupted program. Interrupts fall into
three classes: hardware initiated, INT instructions, and
instruction exceptions. Hardware-initiated interrupts oc-
curin response to an externalinput and are classified as
non-maskable or maskable.

Programs may cause an interrupt with an INT instruc-
tion. Instruction exceptions occur when an unusual con-
dition, which prevents further instruction processing, is
detected while attempting to execute an instruction. If
the exception was caused by executing an ESC instruc-
tion with the ESC trap bit set in the relocation register,
the return instruction will point to the ESC instruction, or

to the segment override prefix immediately preceding
the ESC instruction if the prefix was present. In all other
cases, the retum address from an exception will point at
the instruction immediately following the instruction
causing the exception.
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A table containing up to 256 pointers defines the proper
interrupt service routine for each interrupt. Interrupts
0-31, some of which are used for instruction exceptions,
are reserved. Table 3 shows the 80C188 predefined
types and default priority levels. For each interrupt, an
8-bit vector must be supplied to the 80C186, which iden-
tifies the appropriate table entry. Exceptions supply the
interrupt vector internally. In addition, internal peripher-
als and non-cascaded external interrupts will generate
their own vectors through the internal interrupt control-
ler. INT instructions contain or imply the vector and allow
access to all 256 interrupts. Maskable hardware-initi-
ated interrupts supply the 8-bit vector to the CPU during
an interrupt acknowledge bus sequence. Non-mask-
able hardware interrupts use a predefined internally
supplied vector.

Interrupt Sources

The 80C188 can service interrupts generated by soft-
ware or hardware. The software interrupts are gener-
ated by specific instructions (INT, ESC, unused OP,
etc.) orthe results of conditions specified by instructions
(array bounds check, INTO, DIV, IDIV, etc.). Allinterrupt
sources are serviced by an indirect call through an ele-
ment of a vector table. This vectortable is indexed by us-
ing the interrupt vector type (Table 3), multiplied by four.
All hardware-generated interrupts are sampled at the
end of each instruction. Thus, the software interrupts
will begin service first. Once the service routine is
entered and interupts are enabled, any hardware
source of sufficient priority can interrupt the service
routine in progress.

Those pre-defined 80C188 interrupts which cannot be
masked by programming are described below.

Divide Error Exception (Type 0)

Generated when a DIV or IDIV instruction quotient can-
not be expressed in the number of bits inthe destination.

Single-Step Interrupt (Type 1)

Generated after most instructions if the TF (single step)
flag in the status word is set. This interrupt allows pro-
grams to execute one instruction at a time. Interrupts will
not be generated after prefix instructions (e.g., REP), in-
structions which modify segment registers (e.g., POP
DS), or the WAIT instruction. Vectoring to the single-
step interrupt service routine clears the TF bit. An IRET
instruction in the interrupt service routine restores the
TF bit to logic 1 and transfers control to the next instruc-
tion to be single-stepped.

Non-Maskable Interrupt-NMI (Type 2)

An extemal interrupt source which is serviced regard-
less of the state of the IF (interrupt enable flag) bit. No
external interrupt acknowledge sequence is performed.
The IF bit is cleared at the beginning of a NMI interrupt
to prevent maskable interrupts from being serviced. A
typical use of NMI would be to activate a power failure
routine.

Breakpoint Interrupt (Type 3)

A 1-byte version of the INT instructions. It uses 12
(OCH) as an index into the service routine address table
(because it is a Type 3 interrupt).

INTO Detected Overflow Exception (Type 4)
Generated during an INTO instruction if the OF bit is set.
Array BOUNDS Exception (Type 5)

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

Unused Opcode Exception (Type 6)

Generated if execution is attempted on undefined

opcodes.
ESCAPE Opcode Exception (Type 7)

Generated if execution is attempted of ESC opcodes
(D8-DFH). The 80C188 does not check an escape op-
code trap bit as does the 80C186. On the 80C188, ESC
traps occur in both compatible and enhanced operating
modes. The return address of this exception will point to
the ESC instruction causing the exception. If a segment
override prefix preceded the ESC instruction, the return
address will point to the segment override prefix.

Note: Unlike the 80188, all numerics coprocessor opcodes
cause a trap. The 80C188 does not support the numerics
interface.

Hardware-generated interrupts are divided into two
groups: maskable interrupts and non-maskable inter-
rupts. The 80C188 provides maskable hardware
interrupt request pins INT3-INTO. In addition, maskable
interrupts may be generated by the 80C188 integrated
DMA controller and the integrated timer unit. The vector
types for these interrupts is shown in Table 3. Software
enables these inputs by setting the interrupt flag bit (IF)
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inthe Status Word. The interrupt controller is discussed
in the peripheral section of this datasheet.

Further maskable interrupts are disabled while servicing
an interrupt because the IF bit is reset as part of the re-
sponse to an interrupt or exception. The saved Status
Word will reflect the enable status of the processor prior
tothe interrupt. The interrupt flag will remain zero unless
specifically set. The interrupt retum instruction restores
the Status Word, thereby restoring the original status of
IF (interrupt-enable flag) bit. If the interrupt return
reenables interrupts, and another interrupt is pending,
the 80C188 will immediately service the highest-priority
interrupt pending, i.e., no instructions of the main line
program will be executed.

Initialization and Processor Reset

Processor initialization or startup is accomplished by
driving the RES input pin Low. RES must be Low during
power-up to ensure proper device initialization. RES
forces the 80C188 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
aninternal processing interval elapses, the 80C188 be-
gins execution with the instruction at physical location
FFFFO(H). RES also sets some registers to predefined
values as shown in Table 4.

Table 3. 80C188 Interrupt Vectors

Interrupt Vector Vector Default Related Applicable
Name Type Address Priority Instructions Notes
Divide Error Exception 0 00H 1 DIv, IDIV 1
Single-Step Interrupt 1 04H 1A All 2
Non-Maskable Interrupt (NMI) 2 08H 1 All

Breakpoint Interrupt 3 OCH 1 INT 1
INTO Detected Overflow Exception 4 10H 1 INTO 1
Array Bounds Exception 5 14H 1 BOUND 1
Unused Opcode Exception 6 18H 1 Undefined Opcodes 1
ESC Opcode Exception 7 1CH 1 ESC Opcodes 1,3
Timer O Interrupt 8 20H 2A 4,5
Timer 1 Interrupt 18 48H 2B 4,5
Timer 2 Interrupt 19 4CH 2C 4,5
Reserved 9 24H 3

DMA 0 Interrupt 10 28H 4 5
DMA 1 Interrupt 11 2CH 5 5
INTO Interrupt 12 30H 6

INT1 Interrupt 13 34H 7

INT2 Interrupt 14 38H 8

INT3 Interrupt 15 3CH 9

Reserved 16, 17 40H, 44H

Reserved 20-31 50H...7CH

Notes: Default priorities for the interrupt sources are used only if the user does not program each source to a unique priority level.

1. Generated as a result of an instruction execution.
2. Performed in the same manner as 8088.

3. An ESC opcode will cause atrapif the 80C188 is in compatible mode orif the processor s in enhanced mode with the properbit setin the
peripheral control block relocation register. The 80C188 is not directly compatible with the 80188 in this respect.

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

6. The vector type numbers of these sources are programmable in Slave Mode.
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Table 4. 80C188 Initial Register State after RESET

Status Word FOO02(H)
Instruction Pointer 0000(H)
Code Segment FFFF(H)
Data Segment 0000(H)
Extra Segment 0000(H)
Stack Segment 0000(H)
Relocation Register 20FF(H)
UMCS FFFB(H)

THE 80C188 COMPARED TO THE 80C186

The 80C188 is an 8-bit processor design based on the
80C186 internal structure. Most internal functions of the
80C188 are identical to the equivalent 80C186 func-
tions. The 80C188 handles the external bus the same
way the 80C186 does with the distinction of handling
only 8 bits at a time. Sixteen-bit operands are fetched or
written in two consecutive bus cycles. The processors
will look the same to the software engineer, with the ex-
ception of execution time. The internal register structure
is identical and all instructions except numerics instruc-
tions have the same end result. Internally, there are four
differences between the 80C188 and the 80C186. All
changes are related to the 8-bit bus interface.

¢ The queue length is 4 bytes in the 80C188, whereas
the 80C186 queue contains 6 bytes, or three words.
The queue was shortened to prevent overuse of the
bus by the BIU when prefetching instructions. This
was required because of the additional time
necessary to fetch instructions 8 bits at a time.

¢ To further optimize the queue, the prefetching
algorithm was changed. The 80C188 BIU will fetch a
new instruction to load into the queue each time there
is a 1-byte hole (space available) in the queue. The
80C186 waits until a 2-byte space is available.

e The internal execution time of an instruction is
affected by the 8-bit interface. All 16-bit fetches and
writes from/to memory take an additional four clock
cycles. The CPU may also be limited by the rate of
instruction fetches when a series of simple operations
occur. When the more sophisticated instructions of
the 80C188 are being used, the queue has more time
to fill and the execution proceeds more closely to the
speed at which the execution unit will allow.

o The 80C188 does not have a numerics interface,
since the 80C186 numerics interface inherently
requires 16-bit communication with the numerics
coprocessor.

The 80C188 and 80C186 are completely software com-
patible (except for numerics instructions) by virtue of
their identical execution units. However, software thatis
system dependent may not be completely transferable.

The bus interface and associated control signals vary
somewhat between the two processors. The pin assign-

ments are newly identical, with the following functional
changes:

¢ A15-8: These pins are only address outputs on the
80C188. These address lines are latched internally
and remain valid throughout the bus cycle.

¢ BHE has no meaning on the 80C188. However, it was
necessary to designate this pin the RFSH pinin order
to provide an indication of DRAM refresh bus cycles.

80C188 CLOCK GENERATOR

The 80C188 provides an on-chip clock generator for
both internal and extemal clock generation. The clock
generator features a crystal oscillator, a divide-by-two
counter, synchronous and asynchronous ready inputs,
and reset circuitry.

Oscillator

The oscillator circuit of the 80C188 is designed to
be used either with a parallel resonant fundamental
or third-overtone mode crystal, depending upon the
frequency range of the application, as shown in Figure
6C. This is used as the time base for the 80C188. The
crystal frequency chosen should be twice the required
processor frequency. Use of an LC or RC circuit is not
recommended.

The output of the oscillator is not directly available out-
side the 80C188. The two recommended crystal
configurations are shown in Figures 6A and 6B. When
used in third-overtone mode the tank circuit shown in
Figure 6B is recommended for stable operation. The
sum of the stray capacitances and loading capacitors
should equal the values shown. It is advisable to limit
stray capacitance between the X1 and X2 pins to less
than 10 pF. While a fundamental-mode circuit will re-
quire approximately 1 ms for start-up, the third-overtone
arrangement may require 1 ms to 3 ms to stabilize.

Alternately, the oscillator may be drivenfrom an external
source, as shown in Figure 6D. The configuration shown
in Figure 6E is not recommended.

The following parameters should be used when choos-
ing a crystal:

Temperature Range: 0°C to 70°C
ESR (Equivalent Series Resistance): 40 ohms max
CO0 (Shunt Capacitance of Crystal): 7.0 pF max
C1 (Load Capacitance): 20 pF +2 pF
Drive Level: 1 mW max
Clock Generator

The 80C188 clock generator provides the 50%-duty
cycle processor clock for the 80C188. It does this by
dividing the oscillator output by 2, forming the sym-
metrical clock. If an extemal oscillator is used, the state
of the clock generator will change on the falling edge of
the oscillator signal. The CLKOUT pin provides the
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processor clock signal for use outside the 80C188. This
may be used to drive other system components. All tim-
ings are referenced to the output clock.

READY Synchronization

The 80C188 provides both synchronous and asynchro-
nous ready inputs. Asynchronous ready synchroniza-
tion is accomplished by circuitry which samples ARDY
in the middle of T2, T3, and again in the middle of each
TW until ARDY is sampled High. One-half CLKOUT cy-
cle of resolution time is used for full synchronization of a
rising ARDY signal. A High-to-Low transition on ARDY
may be used as an indication of the not-ready condition,
but it must be performed synchronously to CLKOUT,
either in the middle of T2, T3, or TW, or at the falling
edge of T3 or TW.

A second ready input (SRDY) is provided to interface
with externally synchronized ready signals. This input is
sampled at the end of T2, T3, and again at the end of
each TW until it is sampled High. By using this input
rather than the asynchronous ready input, the half-clock
cycle resolution time penalty is eliminated. This input
must satisfy set-up and hold times to guarantee proper
operation of the circuit.

In addition, the 80C188, as part of the integrated chip-
select logic, has the capability to program WAIT states
for memory and peripheral blocks. This is discussed in
the Chip Select/ Ready Logic description.

AMD a
RESET Logic

The 80C188 provides both a RES input pin and a syn-
chronized RESET output pin for use with other system
components. The RES input pin on the 80C188 is pro-
vided with hysteresis in order to facilitate power-on Re-
set generation via an RC network. RESET is guaran-
teed to remain active for at least five clocks given a RES
input of at least six clocks. RESET may be delayed up to
approximately two and one-half clocks behind RES.

LOCAL BUS CONTROLLER

The 80C188 provides a local bus controller to generate
the local bus control signals. In addition, it employs a
HOLD/HLDA protocol for relinquishing the local bus to
other bus masters. It also provides outputs that can be
used to enable external buffers and to direct the flow of
data on and off the local bus.

Memory/Peripheral Control

The 80C188 provides ALE, RD, and WR bus control sig-
nals. The RD and WR signals are used to strobe data
from memory or /O to the 80C188 or to strobe data from
the 80C188 to memory or /O. The ALE line provides a
strobe to latch the address when it is valid. The 80C188
local bus controller does not provide a memory/Ii/O sig-
nal. If this is required, use the S2 signal (which will re-
quire external latching, 0=V/O and 1=memory), make
the memory and I/O spaces non-overlapping, or use
only the integrated chip-select circuitry.
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Transceiver Control

The 80C188 generates two control signals for external
transceiver chips. This capability allows the addition of
transceivers for extra buffering without adding external
logic. These control lines, DT/R and DEN, are gener-
ated to control the flow of data through the transceivers.
The operation of these signals is shown in Table 5.

Table 5. Transceiver Control Signals Description

Pin Name Function

DEN (Data Enable) Enables the output drivers of the
transceivers. lt is active Low
during memory, /O, numeric
processor extension, or INTA

cycles.

Determines the direction of
travel through the transceivers.
A High level directs data away
from the processor during write
operations, while a Low level
directs data toward the pro-
cessor during a read operation.

DT/R (Data Transmit/
Receive)

Local Bus Arbitration

The 80C188 uses a HOLD/HLDA system of local bus
exchange. This provides an asynchronous bus ex-
change mechanism. This means multiple masters utiliz-
ing the same bus can operate at separate clock frequen-
cies. The 80C188 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
80C188 relinquishes control of the local bus, it floats

S7/RFSH, and DT/R to allow another master to drive
these lines directly.

The 80C188 HOLD latency time, that is, the time be-
tween HOLD request and HOLD acknowledge, is a
function of the activity occurring in the processor when
the HOLD request is received. A HOLD request is sec-
ond only to DRAM refresh requests in priority of
activity requests the processor may receive. Any bus cy-
cle in progress will be completed before the 80C188 re-
linquishes the bus. This implies that if a HOLD request is
received just as a DMA transfer begins, the HOLD la-
tency canbe as great as 4-bus cycles. This willoccur ifa
DMA word transfer operation is taking place froman odd
address to an odd address, making 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 80C188 has relinquished the bus and a refresh
request is pending, HLDA is removed (driven Low) to

signal the remote processor that the 80C188 wishes to
regain control of the bus. The 80C188 will wait until
HOLD is removed before taking control of the bus to run
the refresh cycle.

Local Bus Controller and Reset

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

@ Drive DEN, RD, and WR High for one clock cycle,
then float them.

0 Drive $2-50 to the inactive state (all High) and then
float.

Drive COCK High and then float.

Float AD7-ADO, A19-A8, S7/RFSH, DT/R.
Drive ALE Low.

Drive HLDA Low.

RD/QSMD, UCS, LCS, and TEST pins have internal
pull-up devices which are active while RES is applied.
Excessive loading or grounding certain of these pins
causes the 80C188 to enter an alternative mode of op-
eration:

o RD/QSMD Low results in Queue Status Mode.
B UCS and LCS Low results in ONCE Mode.

0 TEST Low (and High later) results in Enhanced
Mode.

INTERNAL PERIPHERAL INTERFACE

All the 80C188 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 /O space. Internal logic will recognize
control block addresses and respond to bus cycles. Dur-
ing bus cycles tointernal registers, the bus controller will
signal the operation externally (i.e., the RD, WR, status,
address, data, etc., lines will be driven as in a normal
bus cycle), but AD7-ADO, SRDY, and ARDY will be ig-
nored. The base address of the control block must be on
an even 256-byte boundary (i.e., the lower 8 bits of the
base address are all 0s). All of the defined registers
within this control block may be read or written by the
80C188 CPU at any time.

The control block base address is programmed by a
16-bit relocation register contained within the control
block at offset FEH from the base address of the control
block (see Figure 7). It provides the upper 12 bits of the
base address of the control block. The control block is
effectively an internal chip select range and must abide
by all the rules concerning chip selects (the chip select
circuitry is discussed later in this data sheet). Any
access to the 256 bytes of the control block activates
an internal chip select.
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Figure 7. Relocation Register

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

In addition to providing relocation information for the
control block, the relocation register contains bits which
place the interrupt controller into slave mode and cause
the CPU to interrupt upon encountering ESC instruc-
tions. At RESET, the relocation register is setto 20FFH,
which maps the control block to start at FFOOH in VO
space. An offset map of the 256-byte control register
block is shown in Figure 8.

CHIP-SELECT/READY GENERATION
LOGIC

The 80C188 contains logic which provides program-
mable chip-select generation for both memories and
peripherals. In addition, it can be programmed to pro-
vide READY (or WAIT state) generation. It can also pro-
vide latched address bits A1 and A2. The chip-select
lines are active for allmemory and VO cycles in their pro-
grammed areas, whether they be generated by the CPU
or by the integrated DMA unit.

Memory Chip Selects

The 80C188 provides six memory chip select outputs for
three address areas: upper memory, lower memory,
and mid-range memory. One each is provided for upper
memory and lower memory, while four are provided for
mid-range memory.

The range for each chip select is user-programmable
and can be set to 2K, 4K, 8K, 16K, 32K, 64K, or 128K
(plus 1K and 256K for upper and lower chip selects). In
addition, the beginning or base address of the mid-
range 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 80C188 memory is arranged in words.

This means that if, for example, 16 64K x 1 memories
are used, the memory block size will be 128K, not 64K.

OFFSET
Relocation Register FEH
DAH
DMA Descriptors Channel 1
DoH
. CAH
DMA Descriptors Channel 0
COH
ABH
Chip-Select Control Registers
AOH
66H
Time 2 Control Registers
60H
5EH
Time 1 Control Registers
58H
56H
Time 0 Control Registers
50H
Int t Controller Regist SEH
nterrupt Controller Registers | .,
13087D-009

Figure 8. Internal Register Map

Upper Memory CS

The 80C188 provides a chip select, called UCS, for the
top of memory. The top of memory is usually used as the
system memory because after reset the B0C188 begins
executing at memory location FFFFOH.

The upper limit of memory defined by this chip select is
always FFFFFH, while the lower limit is programmable.
By programming the lower limit, the size of the select
block is also defined. Table 6 shows the relationship be-
tween the base address selected and the size of the
memory block obtained.
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Table 6. UMCS Programming Values

Starting

Address Memory UMCS Value
(Base Block (Assuming

Address) Size RO=R1=R2=0)
FFC00 1K FFF8H
FF800 2K FFB8H
FF000 4K FF38H
FE000 8K FE38H
FC000 16K FC38H
F8000 32K F838H
FO000 64K Fo38H
E0000 128K E038H
C0000 256K C038H

The lower limit of this memory block is defined in the
UMCS register (see Figure 9). This register is at offset
AOH in the internal control block. The legal values for
bits 136 and theresulting starting address and memory
block sizes are given in Table 6. Any combination of bits
13-6 not shown in Table 6 will result in undefined opera-
tion. After reset, the UMCS register is programmed for a
1K area. It must be reprogrammed if a larger upper
memory area is desired.

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

Lower Memory CS

The 80C188 provides a chip select for low memory
called LCS. The bottom of memory contains the inter-
rupt vector table, starting at location 00000H.

The lower limit of memory defined by this chip select is
always OH, while the upper limit is programmable. By
programming the upper limit, the size of the memory
block is defined. Table 7 shows the relationship be-
tween the upper address selected and the size of the
memory block obtained.

Table 7. LMCS Programming Values

Memory LMCS Value
Upper Block (Assuming
Address Size RO=R1=R2=0)
003FFH 1K 0038H
007FFH 2K 0078H
00FFFH 4K 00F8H
01FFFH 8K 01F8H
O03FFFH 16K 03F8H
07FFFH 32K 07F8H
OFFFFH 84K OFF8H
1FFFFH 128K 1FF8H
3FFFFH 256K 3FF8H

The upper limit of this memory block is defined in the
LMCS register (see Figure 10) at offset A2H inthe inter-
nal control block. The legal values for bits 15—6 and the
resulting upper address and memory block sizes are
given in Table 7. Any combination of bits 15-6 not
shown in Table 7 will result in undefined operation. After
reset, the LMCS register value is undefined. However,
the LCS chip-select line will not become active until the
LMCS register is accessed.

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

Mid-Range Memory CS

The 80C188 provides four MCS lines which are active
within a user-locatable memory block. This block can be
located withinthe 80C188 1-Mb memory address space
exclusive of the areas defined by UCS and LCS. Both
the base address and size of this memory block are pro-
grammable.

The size of the memory block defined by the mid-range
select lines, as shown in Table 8, is determined by
bits 148 of the MPCS register (see Figure 11). Thisreg-
ister is at location A8H in the internal control block. One
and only one of bits 14-8 must be set at a time. Unpre-
dictable operation of the MCS lines will otherwise occur.
Each of the four chip-select lines is active for one of the
four equal contiguous divisions of the mid-range block. If
the total block size is 32K, each chip select is active for
8K of memory with MCS0 being active for the first range,
MCS1 active for the second, MCS2 for the third, and
MCSS3 being active for the last range.

The EX and MS in MPCS relate to peripheral functional-
ity, as described in a later section.

Table 8. MPCS Programming Values

Total Individual MPCS

Block Select Bits

Size Size 14-8
8K 2K 00000018
16K 4K 0000010B
32K 8K 00001008
64K 16K 0001000B
128K 32K 0010000B
256K 64K 0100000B
512K 128K 10000008

The base address of the mid-range memory block
is defined by bits 15-9 of the MMCS register (see
Figure 12). This register is at offset A6H in the internal
control block (see Figure 8). These bits correspond to
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bits A19-A13 of the 20-bit memory address. Bits
A12-A0 of the base address are always 0. The base ad-
dress may be set at any integer multiple of the size of the
total memory block selected. For example, if the mid-
range block size is 32K (or the size of the block for which
each MCS line is active is 8K), the block could be lo-
cated at 10000H or 18000H, but not at 14000H, since
the first few integer multiples of a 32K memory block are
OH, 8000H, 10000H, 18000H, etc. After reset, the con-
tents of both registers are undefined. However, none of
the MCS lines will be active until both the MMCS and
MPCS registers are accessed.

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

The 512K block size for the mid-range memory chip se-
lects is a special case. When using 512K, the base ad-
dress 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 inter-
nal conflict between the LCS ready generation logic and

the MCS ready generation logic. Likewise, if the base
address were programmed at 80000H, there wouldbe a
conflict with the UCS ready generation logic. Since the
LCS chip-select line does not become active until pro-
grammed, while the UCS line is active at reset, the
memory base can be set only at 00000H. If this base ad-
dress is selected, however, the LCS range must not be
programmed.

Peripheral Chip Selects

The 80C188 can generate chip selects for up to seven
peripheral devices. These chip selects are active for
seven contiguous blocks of 128 bytes above a program-
mable base address. The base address may be located
in either memory or /O space.

Seven CS lines called PCS6-PCS0 are generated by
the 80C188. The base address is user-programmable;
however, it can only be a multiple of 1K bytes (i.e., the
least significant 10 bits of the starting address are
always 0).

15 14 13 12 11 10 9

8 7 6 5 4 3 2 1 0

Oﬁset:AOHI 1 1 | U

[vJuJuJufuJuJufar]al]

1 [ R2 [ R | Ro|

A19

Al
13087D-010

Figure 9. UMCS Register

15 14 13 12 11 10 9

8 7 6 5 4 3 2 1 0

Oﬂset:A2HI 0 I 0 | v

[v]uJufufufufula]s]

1 [ R2 | R1 | Ro|

A19

A1l
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Figure 10. LMCS Register
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Figure 11. MPCS Register
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Figure 12. MMCS Register
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Figure 13. PACS Register
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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 tothe A0 and A1 pins used for
selecting internal registers of 8-bit peripheral chips. This
scheme simplifies the external hardware because the
peripheral registers can be located on even boundaries
in /O or memory space.

The starting address of the peripheral chip-select block
is defined by the PACS register (see Figure 13). The
register is located at offset A4H in the internal control
block. Bits 15—6 of this register correspond to bits 19—10
of the 20-bit Programmable Base Address (PBA) of the
peripheral chip-select block. Bits 9-0 of the PBA of the
peripheral chip-select block are all Os. If the chip-select
block is located in VO space, bits 15-12 must be pro-
grammed 0, since the I/O address is only 16-bits wide.
Table 9 shows the address range of each peripheral
chip select with respect to the PBA contained in PACS
register.

The user should program bits 156 to correspond to the
desired peripheral base location. PACS bits 2-0 are
used to specify READY mode for PCS3-PCS0. MPCS
bits 2-0 specify the READY mode for PCS6-PCS4, as
outlined below.

Tablo 9. PCS Address Ranges

PCS Line Active betwieen Locations
PCS0 PBA —PBA+127
PCS1 PBA + 128—PBA +255
PCS2 PBA+256—PBA +383
PC33 PBA+384—PBA+511
PCS4 PBA+512—PBA +639

5 PBA+640—PBA +767
PCS6 PBA +768—PBA + 895

The mode of operation of the peripheral chip selects is
defined by the MPCS register (which is also used to set
the size of the mid-range memory chip-select block, see
Figure 11). The register is located at offset A8H in the
internal control block. Bit 7 is used to select the function
of PCS5 and PCS6, while bit 6 is used to select whether
the peripheral chip selects are mapped into memory or
1/O space. Table 10describes the programming of these
bits. After reset, the contents of both the MPCS and the
PACS registers are undefined; however, none of the
PCS lines will be active until both of the MPCS and
PACS registers are accessed.

Table 10. MS, EX Programming Valuas

Bit Description

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

EX 0=5 PCS lines. A1, A2 provided.

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

READY Generation Logic

The 80C188 can generate a READY signal intemally for
each of the memory or peripheral CS lines. The number
of WAIT states to be inserted for each peripheral or
memory is programmable to provide 3-0 WAIT states
for all accesses to the area for which the chip select is
active. In addition, the 80C188 may be programmed to
either ignore external READY for each chip-select
range individually or to factor external READY with the
integrated ready generator.

READY control consists of 3 bits for each CS line or
group of lines generated by the 80C188. The interpreta-
tion of the READY bits is shown in Table 11.

Table 11. READY Bits Programming
R2 R1 RO

Number of WAIT States Generated

0 0 0 wait states, external RDY also used.

0 0 1 1 wait state inserted, external RDY
also used.

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

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

1t 0 0 wait states, external RDY ignored.

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

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

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

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

R2-R0 of each control word specifies the READY mode
for the corresponding block, with the exception of the
peripheral chip selects: R2-R0 of PACS set the
PCS3-PCS0 READY mode, R2-R0 of MPCS set the
PCS6-PCS4READY mode.

Chip Select/Ready Logic and Reset

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

¢ All chip-select outputs will be driven High.
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e Upon leaving RESET, the UCS line will be
programmed to provide chip selects to a 1K block
with the accompanying READY control bits set at 011
to insert three wait states in conjunction with external
Ready (i.e., UMCS resets to FFBH).

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

DMA CHANNELS

The 80C188 DMA controller provides two independent
high-speed DMA channels. Data transfers can occur
between memory and /O spaces (e.g., Memory to /O)
or within the same space (e.g., Memory to Memory or
/0 to 1/0). Data can be transferred either in bytes
(8 bits) or in words (16 bits) to or from even or odd ad-
dresses. Each DMA channel maintains both a 20-bit
source and destination pointer which can be optionally
incremented or decremented after each data transfer
(by one or two, depending on byte or word transfers).
Each data transfer consumes 2 bus cycles (a minimum
of 8clocks), one cycleto fetch data and the otherto store
data.

DMA Operation

Each channel has six registers in the control block
which define each channel's specific operation. The
control registers consist of a 20-bit Source pointer
(2 words), a 20-bit Destination Pointer (2 words), a
16-bit Transfer Count Register, and a 16-bit Control
Word. The format of the DMA Control Blocks is shown
in Table 12. The Transfer Count Register (TC) specifies
the number of DMA transfers to be performed. Up to
64 Kbyte or word transfers can be performed with auto-
matic termination. The Control Word defines the
channel’s operation (see Figure 15). All registers may
be modified or altered during any DMA activity. Any
changes made to these registers will be reflected
immediately in DMA operation.

Table 12. DMA Control Block Format

Register Address
Register Name Cho Chi
Control Word CAH DAH
Transfer Control C8H D8H
Destination Pointer (upper 4 bits) C6H DéH
Destination Pointer C4H D4H
Source Pointer (upper 4 bits) C2H D2H
Source Pointer COH DOH

DMA Channel Control Word Register

Each DMA Channel Control Word determines the mode
of operation for the particular 80C188 DMA channel.
This register specifies:

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

o whether interrupts will be generated after the last
transfer;

* whether DMA activity will cease after a programmed
number of DMA cycles;

o therelative priority ofthe DMA channel with respect to
the other DMA channel;

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

¢ whether the source pointer addresses memory or /O
space;

¢ whether the destination pointer will be incremented,
decremented, or maintained constant after each
transfer; and,

¢ whether the destination pointer will address memory
or I/O space.

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

102 80C188



PRELIMINARY

AMD a

20-Bit Adder/Subtractor |4 Add?-l;cizntrol
g Timer Request
i <
y
DRQ1O
Request
Seleqion
| Transter Counter Ch. 1 [ Logic 4%
Dest. Adrs. Pointer Ch. 1 1«
SRC. Adrs. Pointer Ch. 1 |« CD'V{AI ‘
| Transfer Counter Ch. 0 }e for;:: -
Dest. Adrs. Pointer Ch. O |« Interrupt
SRC. Adrs. Pointer Ch. 0 [ Request

N

Channel Control Wor

d1

Channel Control Wor

d0

Internal Address/Data Bus

<

>

13087D-015
Figure 14. DMA Unit Block Diagram
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Figure 15. DMA Control Register

DMA Control Word Bit Descriptions DEC
DEST:
M1O Destination pointer is in memory (1) or ING
1/0 (0) space.
DEC Decrement destination pointer by 1 af-
ter each transfer.
INC Increment destination pointerby 1 after TC
each transfer.
If both INC and DEC are specified, the
pointer will remain constant after each
cycle.
SOURCE:
MG Source pointer is in memory (1) or

I/O (0) space.

Decrement source pointer by 1 after
each transfer.

Increment source pointer by 1 after
each transfer.

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

If set, DMA will terminate when the
contents of the Transfer Count register
reach 0. The ST/STOP bit will also be
reset at this point. If this bit is cleared,
the DMA unit will decrement the trans-
fer count register for each DMA cycle,
but the DMA transfer will not stop when
the contents of the TC registerreach 0.

80C188
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INT Enable Interrupts to CPU upon transfer
count termination.

SYN 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 trans-
fer count reaching zero, stopping the chan-
nel.

01 Source synchronization.
10 Destination synchronization.
11 Unused.

P Channel priority relative to other chan-
nel during simultaneous requests.
0 Low priority
1 High priority.
Channels will altemate cycles if both
are set at same priority level.

Enable/Disable (1/0) DMA requests
from Timer 2.

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

Start/Stop (1/0) channel.

TDRQ

ST/STOP

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 channelto be used, all four pointer
registers must be initialized. The lower four bits of the
upper register contain the upper four bits of the 20-bit
physical address (see Figure 16). These pointers may
be individually incremented or decremented after each
transfer. If word transfers are performed, the pointer is
incremented or decremented by two.

Higher
Register|  xxx XXX XXX |A19-A16
Address
Lower
Register |A15-A12| A11-A8 | A7-A4 | A3-A0
Address
15 o]
XXX=Don't Care 13087D-017

Figure 16. DMA Pointer Register Format

Each pointer may pointinto either memory or I/O space.
Since the upper four bits of the address are not auto-
matically programmed to zero, the user must program
them in order to address the normal 64K I/O space.
Since the DMA channels can perform transfers to or
from odd addresses, there is no restriction on values for
the pointer registers. Higher transfer rates can be
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). This register is decremented after every
DMA cycle, regardless of the state of the TC bit in
the DMA Control Register. If the TC bit in the DMA
control word is set or if unsynchronized transfers are
programmed, however, DMA activity will terminate
when the transfer counter register reaches 0.

DMA Requests

Data transfers may be either source or destination syn-
chronized, that is, either the source of the data or the
destination of the data may request the data transfer. In
addition, DMA transfers may be unsynchronized (i.e.,
the transfer will take place continually until the correct
number of transfers has occurred). 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 com-
plete transfer to take place every 2-bus cycles or 8-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 synchro-
nized transfers are requested, the DMA controller will
relinquish control of the bus after every transfer. If no
other bus activity is initiated, another DMA cycle will
begin after two processor clocks. This allows the desti-
nation device time to remove its request if another
transfer is not desired. Since the DMA controller will
relinquish the bus, the CPU can initiate a bus cycle. As
a result, a complete bus cycle will often be inserted be-
tween destination-synchronized transfers. Table 13
shows the maximum DMA transfer rates.

Table 13. Maximum DMA Transfer Rates at 16 MHz

Type of
Synchronization CPU CPU
Selected Running Halted
Unsynchronized 2.0 Mb/s 2.0 Mb/s
Source Synch 2.0 Mb/s 2.0 Mb/s
Destination Synch 1.3 Mb/s 1.6 Mb/s
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DMA Acknowledge

No explicit DMA acknowledge pulse is provided. Since
both source and destination pointers are maintained, a
read from a requesting source, or a write to a requesting
destination, should be used as the DMA acknowledge
signal. Since the chip-select lines can be programmed
to be active for a given block of memory or I/O space,
and the DMA pointers 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 such that one
channel is always given priority over the other, or they
may be programmed such as 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; however, an extemnal bus hold takes
priority over an internal DMA cycle. Because an inter-
rupt request cannot suspend a DMA operation and the
CPU cannot access memory during a DMA cycle, inter-
rupt latency time will suffer during sequences of continu-
ous DMA cycles. An NMI request, however, will cause
all internal DMA activity to halt. This allows the CPU to
quickly respond to the NMI request.

DMA Programming

DMA cycles will occur whenever the ST/STOP bit of the
Control Register is set. If synchronized transfers are
programmed, a DRQ must also be generated. There-
fore, the source and destination transfer pointers, and
the transfer count register (if used), must be pro-
grammed before the ST/STOP bit is set.

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

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

o The ST/STOP bit for each channel will be reset to
STOP.

* Any transfer in progress is aborted.

e The values of the transfer count registers, source
pointers, and destination pointers are indeterminate.

TIMERS

The 80C188 provides three internal 16-bit programma-
ble timers (see Figure 17). Two of these are highly flex-
ible and are connected to four external pins (2 pertimer).
They can be used to count external events, time exter-
nal events, generate non-repetitive 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, this third timer canbe used as a prescaler to
the other two, or as a DMA request source.

Timer Operation

The timers are controlled by eleven 16-bit registers in
the peripheral control block. The configuration of these
registers is shown in Table 14. The count register con-
tains the current value of the timer. It can be read or
written at any time independent of whether the timer is
running or not. The value of this register will be incre-
mented for each timer event. Each of the timers is
equipped with a MAX COUNT register, which defines
the maximum count the timer will reach. After reaching
the MAX COUNT register value, the timer count value
will reset to 0 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 clock, one clock
after the maximum count value has been reached. In
the dual MAX COUNT register mode, the output pin will
indicate which MAX COUNT register is currently in use,
thus allowing nearly complete freedom in selecting
waveform duty cycles. For the timers with two MAX
COUNT registers, the RIU bit in the control register
determines which is used for the comparison.

Each timer gets serviced every fourth CPU-clock cycle,
and thus can operate at speeds up to one-quarter the
internal clock frequency (one-eighth the crystal rate).
External clocking of the timers may be done at up to a
rate of one-quarter of the internal CPU-clock rate. Due
to internal synchronization and pipelining of the timer
circuitry, a timer output may take up to six 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. However, any Read or Write access to the
timers will add one wait state to the minimum four-clock
bus cycle. Thisis needed to synchronize and coordinate
the internal data flows between the internal timers and
the internal bus.
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Figure 17. Timer Block Diagram

The timers have several programmable options:
¢ All three timers can be set to halt or continue on a
terminal count.

o Timers 0 and 1 can select between intemal and
external clocks, alternate between MAX COUNT
registers, and be set to retrigger on external events.

¢ The timers may be programmed to cause an interrupt
on terminal count.

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

Timer Mode/Control Register

The mode/control register (see Figure 18) allows the
user to program the specific mode of operation or check
the current programmed status for any of the three inte-
grated timers.

Table 14. Timer Control Block Format

Register Offset
Register Name Timer0 | Timer1 | Timer2
Mode/Control Word 56H SEH 66H
Max Count B 54H 5CH |Not Present
Max Count A 52H 5AH 62H
Count Register 50H 58H 60H

EN

The Enable bit provides programmer control over the
timer's RUN/HALT status. When set, the timer is en-
abled to increment subject to the input pin constraints in

the internal clock mode (discussed previously). When
cleared, the timer will be inhibited from counting. All in-
put pin transitions during the time EN is O will be ignored.
If GONT is 0, the EN bit is automatically cleared upon
maximum count.

INH

The Inhibit bit allows the selective updating of the enable
(EN) bit. If INH is a 1 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 0 during the write, the EN bit will be unaf-
fected by the operation. This bit is not stored; it will al-
ways be a 0 on a read.

INT

When set, the INT bit enables interrupts from the timer,
which will be generated on every terminal count. If the
timer is configured in dual MAX COUNT register mode,
an interrupt will be generated each time the value in
MAX COUNT register A is reached and each time the
value in MAX COUNT register B is reached. If this en-
able bit is cleared after the interrupt request has been
generated, but before a pending interrupt is serviced,
the interrupt request will still be in force. (The request is
latched in the Interrupt Controller.)

RIU

The Register In Use bit indicates which MAX COUNT
register is currently being used for comparison to the
timer count value. A 0 value indicates register A. The
RIU bit cannot be written, i.e., its value is not affected
when the control register is written. It is always cleared
when the ALT bit is 0.
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MC

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

through interrupts (a programmer’s intervention is
required to clear this bit).
RTG

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

If RTG =0, the input level gates the internal clockon and
off. If the input pinis High, the timer will count; if the input
pin is Low, the timer will hold its value. As indicated pre-
viously, the input signal may be asynchronous with re-
spect to the 80C188 clock.

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

P

The Prescaler bit is ignored unless internal clocking has
been selected (EXT =0). If the P bitis a 0, the timer will
count at one-fourth the internal CPU clock rate. If the P
bitis a 1, 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 external
clocking for the timer. The external signal may be asyn-
chronous with respect to the 80C188 clock.

If this bit is set, the timer will count Low-to-High transi-
tions 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 pinis defined by the RTG bit.
The maximum input to output transition latency time
may be as much as six clocks. However, clock inputs
may be pipelined as closely together as every four
clocks without losing clock pulses.

ALT

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

CONT

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

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

ALT=0, EXT=0,P=0,RTG=0, RiU=0

15 14 13 12

1 5 4 3 2 1 0
|en]mA] INTfRU| o ]....] mc]rTa]| P | ExT| ALT| conT|

13087D-019

Figure 18. Timer Mode/Control Register
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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 into while
the timer is counting, the new value will take effect in the
current count cycle.

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

Max Count Registers

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

Timers and Reset

Upon RESET, the Timers will perform the following
actions:

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

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

« The contents of the count registers are indeterminate.

INTERRUPT CONTROLLER

The 80C188 can receive interrupts from a number
of sources, both internal and external. The internal in-
terrupt controller serves to merge these requests on a
priority basis, for individual service by the CPU.

Internal interrupt sources (Timers and DMA channels)
can be disabled by their own control registers or by
mask bits within the interrupt controller. The 80C188 in-
terrupt controller has its own control register that sets
the mode of operation for the controller.

The interrupt controller will simultaneously resolve pri-
ority among requests that are pending. Nesting is
provided so interrupt service routines for lower priority
interrupts may themselves be interrupted by higher
priority interrupts. A block diagram of the interrupt
controller is shown in Figure 19.

The 80C188 has a special slave mode in which the inter-
nal interrupt controller acts as a slave to an external
master. The controller is programmed into this mode by
setting bit 14 in the peripheral control block relocation
register (see Slave Mode section).

MASTER MODE OPERATION
Interrupt Controller External Interface

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

e As four interrupt lines with internally generated
interrupt vectors.

o As an interrupt line and interrupt acknowledge line
pair (cascade mode) with externally generated
interrupt vectors plus two interrupt input lines with
internally generated vectors.

¢ As two pairs of interrupVinterrupt acknowledge lines
(cascade mode) with externally generated interrupt
vectors.

External sources in the cascade mode use extemnally
generated interrupt vectors. When an interrupt is ac-
knowledged, two INTA cycles are initiated and the
vector is read into the 80C188 on the second cycle.
The ability to interface with extemal 82C59A pro-
grammable interrupt controllers is possible only if the
inputs are configured in cascade mode.

Interrupt Controller Modes of Operation

The basic modes of operation of the interrupt controller
in master mode are similar to the 82C59A. The interrupt
controller responds identically to internal interrupts in all
three modes; the only difference is in the interpretation
of the function of the four external interrupt pins. The
interrupt controller is set into one of these three modes
by programming the correct bits in the INTO and INT1
control registers. The modes of interrupt controller op-
eration are as follows:

Fully Nested Mode

When in the fully nested mode four pins are used as di-
rect interrupt requests as in Figure 20. The vectors for
these four inputs are generated internally. An in-service
bit is provided for every interrupt source. If a lower-prior-
ity device requests an interrupt while the in-service bit
(IS) is set, no interrupt will be generated by the interrupt
controller. In addition, if anotherinterrupt request occurs
from the same interrupt source while the in-service bit is
set, no interrupt will be generated by the interrupt con-
troller. This allows interrupt service routines to operate
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with interrupts enabled, yet be suspended only by inter-
rupts of higher priority than the in-service interrupt.

When a service routine is completed, the proper IS bit
must be reset by writing the proper pattermn to the EOI
register. This is required to allow subsequent interrupts
fromthis interrupt source and to allow servicing of lower-
priority interrupts. An EOl command is executed at the
end of the service routine just before the return from in-
terrupt instruction. If the fully nested structure has been
upheld, the next highest-priority source with its IS bit set
is then serviced.

Cascado Modo

The 80C188 has four interrupt pins and two of them
have dual functions. In the fully nested mode, the four
pins are used as direct interrupt inputs and the corre-
sponding vectors are generated internally. In the cas-
cade mode, the four pins are configured into interrupt
input-dedicated acknowledge signal pairs. The inter-
connection is shown in Figure 21. INTO is an interrupt
inputinterfacedto an82C59A, while INT2/INTAO serves
as the dedicated interrupt acknowledge signal to that
peripheral. The same is true for INT1 and INT3/INTAT.
Each pair can selectively be placed in the cascade or
non-cascade mode by programming the proper value
into the INTO and INT1 control registers (the use of the
dedicated acknowledge signals eliminates the need for
the use of external logic to generate INTA and device
select signals).

The primary cascade mode allows the capability to
serve up to 128 external interrupt sources through
the use of external master and slave 82C59As. Three
levels of priority are created, requiring priority resolution
inthe 80C188 interrupt controller, the master 82C59As,
and the slave 82C59As. If an external interrupt is serv-
iced, one IS bit is set at each of these levels. When
the interrupt service routine is completed, up to three
end-of-interrupt commands must be issued by the
programmer.

Special Fully Nosted Modo

This mode is entered by setting the SFNM bit in the
INTO or INT1 control register. It enables complete nes-
tability with external 82C59A masters. Normally, an
interrupt request from an interrupt source will not be rec-
ognized unless the in-service bit for that source is reset.
If more than one interrupt source is connected to an
external interrupt controller, all of the interrupts will be
funneled through the same 80C188 interrupt request
pin. As a result, if the external interrupt controller
receives a higher-priority interrupt, its interrupt will not
be recognized by the 80C188 controller until the
80C188 inservice bit is reset. In special fully nested

mode, the 80C188 interrupt controller will allow inter-
rupts from an external pin, regardiess of the state of the
in-service bit for an interrupt source, in order to allow
multiple interrupts from a single pin. An in-service bit will
continue to be set, however, to inhibit interrupts from
other lower-priority 80C188 interrupt sources.

Special procedures should be followed when resetting
IS bits at the end of interrupt service routines. Software
polling of the IS register in the external master 82C59A
is required to determine if there is more than one bit set.
If so, the IS bit inthe 80C 188 remains active and the next
interrupt service routine is entered.

Operation in a Polled Environment

The controller may be used in apolled mode if interrupts
are undesirable. When polling, the processor disables
interrupts and then polls the interrupt controller when-
ever it is convenient. Polling the interrupt controller is
accomplished by reading the Poll Word (Figure 30).
Bit 15 in the poll word indicates to the processor that an
interrupt of high enough priority is requesting service.
Bits 4-0 indicate to the processor the type vector of the
highest-priority source requesting service. Reading the
PollWord causes the in-service bit of the highest-priority
source to be set.

It is desirable to be able to read the Poll Word infor-
mation without guaranteeing service of any pending
interrupt, that is, not set the indicated in-service bit. The
80C188 provides a Poll Status Word, in addition to the
conventional Poll Word, to allow this to be done. Poll
Word information is duplicated in the Poll Status Word,
but reading the Poll Status Word does not set the
associated in-service bit. These words are located in
two adjacent memory locations in the register file.

Master Mode Features
Programmable Priority

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

If two requests with the same programmed priority level
are pending atonce, the priority ordering scheme shown
in Table 3 is used. If the serviced interrupt routine
reenables interrupts, it allows other interrupt requests to
be serviced.
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Timer Timer Timer DMA DMA
0 \1 ' 2 0 1 INTO INTI/SELECT INT2/INTAC INT3/INTATARQ NMI
Timer Control Register Interrupt Request Register
DMA 0 Control Register Interrupt Mask Register
DMA 1 Control Register In-Service Register
Interrupt
Ext. Input 0 Control Register ) Priority Priority Level Mask Register
Resolver
Ext. Input 1 Control Register Interrupt Status Register
Ext. Input 2 Control Register Vector
Generation
Ext. Input 3 Control Register Logic
Interrupt
Request to ¢————
Processor
N/
Internal Address/Data Bus
13088B-003
Figure 19. Interrupt Controller Block Diagram
INTO j¢————— Interrupt Source
INT1 j¢————— |nterrupt Source
80C188
INT2 j¢—————— Interrupt Source
INT3 p¢———— Interrupt Source
13087D-021

Figure 20. Fully Nested (Direct) Mode Interrupt Controller Connections
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End-of-Interrupt Command

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

Trigger Mode

The four external interrupt pins can be programmed in
either edge- or level-trigger mode. The control register
for each external source has a level-trigger mode (LTM)
bit. Allinterrupt inputs are active High. Inthe edge sense
mode or the level-trigger mode, the interrupt request
must remain active (High) until the interrupt request is
acknowledged by the 80C188 CPU. In the edge-sense
mode, if the level remains high after the interrupt is
acknowledged, the input is disabled and no further
requests will be generated. The input level must go Low
for at least one clock cycle to reenable the input. Inthe
level-trigger mode, no such provision is made; holding
the interrupt input High will cause continuous interrupt
requests.

Interrupt Vectoring

The 80C186 Interrupt Controller will generate interrupt
vectors for the integrated DMA channels and the inte-
grated Timers. In addition, the Interrupt Controller will
generate interrupt vectors for the external interrupt
lines, if they are not configured in Cascade or Special
Fully Nested Mode. The interrupt vectors generated are
fixed and cannot be changed (see Table 3).

Interrupt Controller Registers

The Interrupt Controller Register mode is shown in
Figure 22. It contains 15 registers. All registers can be
either read or written, unless specified otherwise.

In-Service Register

This register can be read from or written into (the format
is shown in Figure 23). It contains the in-service bit for
each of the interrupt sources. The in-service bit is set to
indicate that a source’s service routine is in progress.
When an in-service bit is set, the interrupt controller will
not generate interrupts to the CPU when it receives in-
terrupt requests from devices with a lower programmed

priority level. The TMRbitis the in-service bit for all three
timers; the DO and D1 bits are the in-service bits for the
two DMA channels; the 13-10 are the in-service bits for
the external interrupt pins. The IS bit is set when the
processor acknowledges an interrupt request either by
an interrupt acknowledge or by reading the poll register.
The IS bit is reset at the end of the interrupt service rou-
tine by an end-of-interrupt command.

Interrupt Request Register

Theintemnal interrupt sources have interrupt request bits
inside the interrupt controller. The format of this register
is shown in Figure 23. A read from this register yields the
status of these bits. The TMR bit is the logical OR of all
timer interrupt requests. DO and D1 are the interrupt re-
quest bits for the DMA channels.

The state of the external interrupt input pins is also indi-
cated. The state of the extemal interrupt pins is not
a stored condition inside the interrupt controller; there-
fore, the external interrupt bits cannot be written. The
external interrupt request bits are set when an interrupt
request is given to the interrupt controller, so if edge-
triggered mode is selected, the bit in the register will be
High only after an inactive-to-active transition. For inter-
nal interrupt sources, the register bits are set when a
request arrives and are reset when the processor
acknowledges the requests.

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

Mask Register

The Mask Register is a 16-bit register that contains a
mask bit for each interrupt source. The format for this
register is shown in Figure 23. A one (1) in a bit position
corresponding to a particular source serves to mask the
source from generating interrupts. These mask bits are
the exact same bits which are used in the individual con-
trol registers; programming a mask bit using the mask
register will also change this bit in the individual control
registers, and vice versa.

Priority Mask Register

This register is used to mask all interrupts below a par-
ticular interrupt priority level. The format of this register
is shown in Figure 24. The code in the lower three bits of
this register inhibits interrupts of priority lower (a higher
priority number) than the code specified. For example,
100 written into this register masks interrupts of level
five (101), six (110), and seven (111). The register is re-
set to seven (111) upon RESET so no interrupts are
masked due to priority number.
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Figure 21. Cascade and Special Fully Nest Mode Interrupt Controller Connections

Interrupt Status Register

This register contains general interrupt controller status
information. The format of this register is shown in
Figure 25. The bits in the status register have the follow-
ing functions:

DHLT: DMA Halt Transfer; setting this bit halts all
DMA transfers. It is automatically set whenever
a non-maskable interrupt occurs, and it is reset
when an IRET instruction is executed. This bit
allows prompt service of all non-maskable
interrupts. This bit may also be set by the
programmer.

IRTx: These three bits represent the individual timer
interrupt request bits. These bits differentiate
between timer interrupts, since the timer IR bit in
the interrupt request register is the OR function
of all timer interrupt requests. Note that setting
any one of these three bits initiates an interrupt
request to the interrupt controller.

Timer, DMA 0, 1; Control Registers

These registers are the control words for all the internal
interrupt sources. The format for these registers is
shown in Figure 26. The three bit positions PRO, PR1,
and PR2 represent the programmable priority level of
the interrupt source. The MSK bit inhibits interrupt
requests from the interrupt source. The MSK bits in

the individual control registers are the exact same bits
asinthe Mask Register; modifyingthem in the individual
control registers will also modify them in the Mask
Register, and vice versa.

Offset
INT3 Control Register 3EH
INT2 Control Register 3CH
INT1 Control Register 3AH
INTO Control Register 38H
DMA 1 Control Register 36H
DMA 0 Control Register 34H
Timer Control Register 32H
Interrupt Status Register 30H
Interrupt Request Register 2EH
In-Service Register 2CH
Priority Mask Register 2AH
Mask Register 28H
Poll Status Register 26H
Poll Register 24H
EOI Ragister 22H
13087D-023

Figure 22. Interrupt Controller Registers
(Master Mode)
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15 14 10 9 8 7 6 5 4 3 2 1 0
[oJo] . . . Jolo]ofmw]w@|[u]w|[pb]oo|l ofm]
13087D-024
Figure 23. In-Service, Interrupt Request, and Mask Register Formats
15 14 0
(oo . . . . . . . . . .| o [PRM2|PRM1[PRM0]|
13087D-025
Figure 24. Priority Mask Register Format
15 14 7 6 5 4 3 2 1 0
fowerf o | . . . . . .l ol ol o] o o]irre]IRrRT1]IRTO|
13087D-026
Figure 25. Interrupt Status Register Format (Master Mode)
15 14 1
folol . . . . . . . . .| o]wmsk|rrz| Pri| Pro|
13087D-027
Figure 26. Timer/DMA Control Register Formats
1514 4 3 2 1 0
[o] o] . . . . . .| o]|srnm| ¢ |LT™ |MsK|PR2| PR1| PRo|
13087D-028
Figure 27. INTO/INT1 Control Register Formats
1514 5 4 3 2 1 0
fofof . . . . . . . . [ o Jum]msk|prr2|PRr1| PRO|
13087D-029

Figure 28, INT2/INT3 Control Register Formats
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INT3-INTO Control Registers

These registers are the control words for the four exter-
nal input pins. Figure 27 shows the format of the INTO
and INT1 Control registers; Figure 28 shows the format
of the INT2 and INT3 Control registers. In cascade
mode or special fully nested mode, the control words for
INT2 and INT3 are not used.

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

PR2-0: Priority programming information. Highest
priority =000, lowest priority =111.

LTM: Level-trigger mode bit. 1=level-triggered;
0=edge-triggered. Interrupt input levels are
active High. In level-triggered mode, an inter-
rupt is generated wheneverthe externalline is
High. In edge-triggered mode, an interrupt will
be generated only when this level is preceded
by an inactive-to-active transition on the line.
In both cases, the level must remain active
until the interrupt is acknowledged.

MSK:  Mask bit, 1 =mask; 0=non-mask.
C: Cascade mode bit, 1 =cascade; 0=direct.
SFNM: Special fully nested mode bit, 1=SFNM

EOI Register

The end of the interrupt register is a command register
which canonly be writteninto. The format of this register
is shown in Figure 29. Itinitiates an EOl command when
written to by the 80C188 CPU.

The bits in the EOI register are encoded as follows:

Sx: Encoded information that specifies an
interrupt source vectortype as shownin Table
3. 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
0is 10.

Note: To reset the single In-Service bit for any
of the three timers, the vector type for Timer
0(8) should be writien in this register.

NSPEC/
SPEC: A bit that determines the type of EOI
command. Nonspecific=1, Specific = 0.

Poll and Poll Status Registers

These registers contain polling information. The format
of these registers is shown in Figure 30. They can only
be read. Reading the Poll register constitutes a software
poll. This will set the IS bit of the highest priority pending
interrupt. Reading the poll status register will not set the
IS bit of the highest priority pending interrupt; only the
status of pending interrupts will be provided.

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

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

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

SLAVE MODE OPERATION

When slave mode is used, the internal 80C188 interrupt
controller will be used as a slave controller to an external
master interrupt controller. The internal 80C188 re-
sources will be monitored by the internal interrupt
controller, while the external controller functions as the
system master interrupt controller.

Upon reset, the 80C188 will be in the master mode. To
provide for slave mode operation, bit 14 of the relocation
register should be set (see Figure 7).

Because of pin limitations caused by the need to
interface to an external 82C59A master, the internal
interrupt controller will no longer accept external in-
puts. There are, however, enough 80C188 interrupt
controller inputs (internally) to dedicate one to each
timer. In this mode, each timer interrupt source has its
own mask bit, IS bit, and control word.

In slave mode each peripheral must be assigned a
unique priority to ensure proper interrupt controller
operation. Therefore, it is the programmer’s respons-
ibility to assign correct priorities and initialize interrupt
control registers before enabling interrupts.

Slave Mode External Interface

The configuration of the 80C188 with respect to an ex-
ternal 82C59A master is shown in Figure 31. The INTO
(Pin 45) input is used as the 80C188 CPU interrupt
input. INT3/IRQ (Pin 41) functions as an output to send
the 80C188 slave-interrupt-request to one of the eight
master PIC inputs.

Correct master-slave interface requires decoding of
the slave addresses (CAS2-CASD). Slave 82C59As do
this internally. Because of pin limitations, the 80C188
slave address will have to be decoded externally.
INT1/SELECT (Pin 44) is used as a slave-select input.
Note that the slave vector address is transferred inter-
nally, but the READY input must be supplied externally.

INT2/INTADO (Pin 42) is used as an acknowledge output,
suitable to drive the INTA input of an 82C59A.
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5 4 3 2 1 0

SPEC/
NsPEC] O | O

0 S4] 83| s2| St S0

13087D-030

Figure 29. EOI Register Format

15 14 13 5 4 3 2 1 0
gg)oo 0| s4| s3| s2f s1| so
13087D-031
Figure 30. Poll Register Format
(45) Interrupt Sources
INTO INT [ &—— or Other Slaves
Vee —
82C59A [¢
CPU —
¢
NTAG | |42) ] | INTA —
80C188 S
(44)
SELECT T———
Cascade
PIC Address
Decoder
IRQ (4_"1
13087D-032

Figure 31. Slave Mode Interrupt Controller Connections

Interrupt Nesting

Slave mode operation allows nesting of interrupt re-
quests. When an interrupt is acknowledged, the priority
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 controller gener-
ates an 8-bit vector type number which the CPU multi-
plies by four and uses as an address into the vector
table. The five most significant bits of this type number
are user-programmable while the three least significant
bits are defined according to Figure 32. The significant
five bits of the vector are programmed by writing to the
Interrupt Vector register at offset 20H.

Specific End-of-Interrupt

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

Interrupt Controller Registers in the Slave Mode

Allcontrol and command registers are located inside the
internal peripheral control block. Figure 32 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
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shown in Figure 33. It initiates an EOl command when
written by the 80C188 CPU.

The bits in the EOI register are encoded as follows:

Lx: Encoded value indicating the priority of the IS
bit to be reset.

In-Service Register

This register can be read from or written into. It contains
the in-service bit for each of the interrupt sources. The
format for this register is shown in Figure 34. Bit posi-
tions 2and 3 correspond to the DMA channels; positions
0, 4, and 5 correspond to the integral timers. The
source's IS bit is set when the processor acknowledges
its interrupt request.

Interrupt Request Register

This register indicates which internal peripherals have
interrupt requests pending. The format of this registeris
shown in Figure 34. The Interrupt request bits are set
when a request arrives from an intemal source, and are
reset when the processor acknowledges the request.
The interrupt, 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 Figure
34, If the bit in this register corresponding to a particular
interrupt source is set, any interrupts from that source
will be masked. These mask bits are exactly the same
bits which are used in the individual control registers;
that is, changing the state of a mask bit in this register
will also change the state of the maskbit in the individual
interrupt control register corresponding to the bit.

Control Registers

These registers are the control words for all the internal
interrupt sources. The format of these registersis shown
in Figure 35. Each of the timers and both of the DMA
channels have their own Control Register.

The bits of the Control Registers are encoded as
follows:

pr:  3-bit encoded field indicating a priority level for
the source; note that each source must be
programmed at specified levels.

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

Offset
Timer 2 Control Register
(Vector Type XXXXX101) 3AH
Timer 1 Control Register
(Vector Type XXXXX100) 38H
DMA 1 Control Register
(Vector Type XXXXX011) 36H
DMA 0 Control Register
(Vector Type XXXXX010) 34H
Timer 0 Control Register
(Vector Type XXXXX000) 32H
Interrupt Status Register 30H
Interrupt-Request Register 2EH
In-Service Register 2CH
Priority-Level Mask Register 2AH
Mask Register 28H
Specific EOl Register 22H
Interrupt Vector Register 20H
13087D-033
Figure 32. Interrupt Controller Registers
(Slave Mode)

Interrupt Vector Register

This register provides the upper five bits of the interrupt
vector address. The format of this register is shown in
Figure 36. The interrupt controller itself provides the
lower three bits of the interrupt vector, as determined by
the priority level of the interrupt request.

The format of the bits in this register is:

t: 5-bit field indicating the upper five bits of the
vector address.

Priority-Level Mask Register

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

The encoding of the bits in this register is:

mx: 3-bit encoded field indication priority-level
value. All levels of lower priority will be masked.

Interrupt Status Register

This register is defined as in master mode except that
DHLT is not implemented (see Figure 25).
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15 14 13 8 7 6 5 4 3 2 1 0
fofolo] . . . .JTo]o]lo] o] o] oftaf 1] 1o
' 13087D-034
Figure 33. Specific EOl Register Format
15 14 13 8 7 6 5 4 3 2 1 0
o Jo Jo . . . . Jo]o] o [tMR|tMri| D1 | Do | o [TMRo|
13087D-035
Figure 34. In-Service, Interrupt Request, and Mask Register Format
15 14 13 8 7 6 5 4 3 2 1 0
fofofo] . . . . Joflo]of of o]|msk|rra|Pri]PRO]J
13087D-036
Figure 35. Control Word Format
15 14 13 8 7 6 5 4 3 2 1 0
fofolo] . . . Jlolmafvws|[relT1]7T0] 0o 0f 0]
13087D-037
Figure 36. Interrupt Vector Register Format
15 14 13 8 7 6 5 4 3 2 1 0
[ofolo] . . . . JToJo]Jolo] o] ofm|]m]m
13087D-038
Figure 37. Priority Level Mask Register
Interrupt Controller and Reset e All C (Cascade) bits reset to 0 (non-cascade).

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

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

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

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

¢ Initialized to master mode.

In Compatible Mode, the 80C188 operates with all the

AllLTMbits resetto 0, resulting in edge-sense mode.  featyres of the NMOS 80188, with the exception of 8087
All Interrupt Service bits reset to 0. support (i.e., no numeric coprocessing is possible in

All Interrupt Request bits reset to 0.
All MSK (Interrupt Mask) bits set to 1 (mask).

Compatible Mode). Queue-Status information is still
available for design purposes other than 8087 support.
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Allthe Enhanced Mode features are completely masked
when in Compatible Mode. A write to any of the En-
hanced Mode registers will have no effect, while a read
will not return any valid data.

In Enhanced Mode, the 80C188 will operate with
Power-Save and DRAM refresh, in addition to all the
Compatible Mode features.

Entering Enhanced Mode

Enhanced Mode can be entered by tying the RESET
output signal from the 80C188 to the TEST input.

Queue-Status Mode

The queue-status mode is entered by strapping the RD
pin Low. RD is sampled at RESET and if Low, the
80C188 will reconfigure the ALE and WR pins to be QS0
and QS1, respectively. This mode is available on the
80C188 in both Compatible and Enhanced Modes.

DRAM Refresh Control Unit Description

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

If the HLDA pin is active when a DRAM refresh request
is generated (indicating a bus hold condition), then the
80C188 willdeactivate the HLDA pin in order to perform
arefresh cycle. The circuit external to the 80C188 must
remove the HOLD signalfor at least one clock in order to
execute the refresh cycle. The sequence of HLDA going
inactive while HOLD is being held active canbe used to
signal a pending refresh request.

All registers controlling DRAM refresh may be read and
written in Enhanced Mode. When the processor is oper-
ating in Compatible Mode, they are deselected and are
therefore inaccessible. Some fields of these registers
cannot be written and are always read as 0s.

DRAM Refresh Addresses

The address generated during a refresh cycle is deter-
mined by the contents of the MDRAM register (see
Figure 38) and the contents of a 9-bit counter. Figure 39
illustrates the origin of each bit.

Refresh Control Unit Programming and Operation

After programming the MDRAM and the CDRAM regis-
ters (see Figures 38 and 40), the RCU is enabled by
setting the E bitin the EDRAM register (Figure 41). The

clock counter (T8-T0 of EDRAM) will be loaded from
C8-C0 of CDRAM during T3 of instruction cycle that
sets the E bit. The clock counter is then decremented at
each subsequent CLKOUT.

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

POWER-SAVE CONTROL

Power-Save Operation

The 80C188, when in Enhanced Mode, can enter a
power saving state by internally dividing the processor
clock frequency by a programmable factor. This divided
frequency is also available at the CLKOUT pin. The
PDCON register contains the 3-bit fields for selecting
the clock division factor and the enable bit.

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

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

The internal clocks of the B0C188 will begin to be di-
vided during the T3 state of the instruction cycle that
sets the enable bit. Clearing the enable bit will restore
full speed in the T3 state of that instruction.

The AMD® 80C188 is a static design and as such has
no minimum clock frequency.

ONCE Test Mode

To facilitate testing and inspection of devices when
fixed into a target system, the 80C188 has a test mode
available which allows all pins to be placed in a high-
impedance state. ONCE stands for "ON Circuit
Emulation.” When placed in this mode, the 80C188
will put all pins in the high-impedance state until RESET.

The ONCE mode is selected by tying the UCS and
the LCS Low during RESET. These pins are sampled
on the low-to-high transition of the RES pin. The UCS
and LCS pins have weak internal pull-up resistors, simi-
lar to the RD and TEST pins, to guarantee normal
operation.
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14 13 12 11 10 9

MDRAM: [~ 8 7 6 5 4 3 2 1 0
ottsot oy |LME_1M5 [Ma [ms [mz [mr [mo[o JofofofoJofolol]o]

Bits 15-9: M6-MO are address bits A19—-A13 of the 20-bit memory refresh address. These bits should correspond to any
chip select address to be activated for the DRAM partition. These bits are cleared to 0 at RESET.
Bits 8-0: Reserved, read back as 0.

13087D-039

Figure 38. Memory Partition Register

A19 A18 A17 A16 A15 A14 A13 A12 Al1 AT0 A9 A8 A7 A6 A5 A4 A3 A2 Al AO
[ Me] Ms] ma] Ma] mM2] Mi[ Mo] o | o[ o [cas|ca7]cas|cas|cas|cas|caz|catfcao] 1]

M6-MO:  Bits defined by MDRAM Register.
CA8-CAO0: Bits defined by refresh address counter. These bits change according to a linear/feedback shift register; they

do not directly follow a binary count, but each value is achieved once.
13087D-040

Figure 39. Addresses Generated by RCU

13 12 11 10 9 8

coRAM: 2 7 6 5 4 3 2 1 0
Oﬂsethrilo|°|°|°I°|°|°|Ca|C7ICBIC5IC4|C3|CZIC1IC°|

Bits 15-9: Reserved, read back as 0.
Bits 8-0: C8-C0, clock divisor register, holds the number of CLKOUT cycles between each refresh request.

13087D-041
Figure 40. Clock Pre-Scaler Register

14 18 12 1 10 9 8 7 6 5

15 4 3 2 14
ot ORAM:[E Jo Jo JoJoJoJoJmJrmr]|m[rs[Ta]T3|T2[T1]T0]

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

Bits 8-0: T8-TO refresh counter outputs. Read only.
. 13087D-042

Figure 41. Enable RCU Register

PDCON: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OffsetFOI-iIE o Jo Jo [oJoJo]oJo]ofo]Jo}Jol]lr]|F]Fr|]

Bit 15; Enable Power-Save Mode. Set to 0 on RESET.

Bits 14-3: Reserved, read back as 0.

Bits 2-0:  Clock Divisor Selsct.

F2 F1 FO Divider Factor F2 F1 FO Divider Factor
0 0 O Divideby1 1 0 O Divideby32

0 O 1 Diideby4 1 0 1 Divideby64

0 1 0 Divideby8 1 1 0 Diideby128
0 1 1 Divideby16 1 1 1 Divide by 256

13087D-043
Figure 42. Power-Save Control Register
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I] 25 MHz
—

Ucs
A15-A8

A19-A16,
AD7-ADO
ALE

RES

SRDY

ARDY
NMI

HOLD

cs

TMR INO
TMR OUTO

DTR

@ Terminal

Disk
Interface
Hardware

Figure 43. Typical 80C188 System

< Address Reset
ROM
74AC373
e b ——
STB ©OE
| sTB ©F
1 Program
—[_l_:> RAM
j’-ﬁsv >
[ L
- Low
L > Ram
——>» 45V ; i
]
Clock
74AC245
Transceiver
< > D7-Do
Db
Serial
| o

<_:‘> DISK

13088B-004
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ABSOLUTE MAXIMUM RATINGS
Ambient temperature under bias (Ta) .. 0°C to +70°C

Storage temperature ............ -65°C to +150°C
Voltage on any pin with

respecttoground ........... -1.0Vto+7.0V
Package power dissipation ................. 1w

Not to exceed the maximum allowable die temperature
based on thermal resistance of the package.

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.

DC CHARACTERISTICS over operating ranges

Ta=0°Cto +70°C, Vec =5 V £10%

Preliminary
Symbol | Parameter Description Test Conditions Min Max Unit
Vi Input Low Voltage (Except X1) -0.5 0.2 Vec -0.3 \
Viu Clock Input Low Voltage (X1) -0.5 0.6 \
Vin Input High Voltage (Except X1, 0.2 Vee +0.9 Vec +0.5 Vv
RES, ARDY, and SRDY)
Vi Input High Voltage (RES) 3.0 Vec+0.5 v
Vinz Input High Voltage (SRDY, ARDY) 0.2 Vee +1.1 Vec+0.5 \
Vina Clock Input High Voltage (X1) 3.9 Vec +0.5 \
Voo Output Low Voltage lo. = 2.5 mA (52-50) 0.45 v
lou = 2.0 mA (others)
Vou Qutput High Voltage low=-2.4mA @ 2.4 V¥ 2.4 Vee '
low = —200 pA @ 0.8 Vect® Vec —0.5 Vee Vv
lee Power Supply Current
20 MHz, 0°C Vec= 55V 100 mA
16 MHz, 0°C Vee= 5.5V® 80 mA
12.5 MHz, 0°C Vee= 5.5V@ 65 mA
10 MHz, 0°C Vee= 5.5V® 50 mA
DC, 0°C Voo = 5.5V 100 pA
lu Input Leakage Current @ 0.5 MHz 0.45V < Vin € Vee +10 pA
lo Output Leakage Current @ 0.5 MHz | 0.45 V < Vour < Ve!" +10 HA
Vewo Clock Output Low lero = 4.0 mA 0.45 \
Vero Clock Output High levo = =500 pA Vee ~0.5 A
Cwn Input Capacitance @ 1 MHz® 10 pF
Coo Output or I/O Capacitance @ 1 MHz®@ 20 pF

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; ¢) Viv @ +5.0 V or 0.45 V. This parameter

is not tested.

3. Current is measured with the device in RESET with X1 and X2 driven and all other non-power pins open.
4. RD/QSMD, UTS, LTS, and TEST pins have intemal pull-up devices. Loading some of these pins above lon = ~200 pA can cause
the 80C188 to go into altemative modes of operation (e.g., Queue Status, ONCE) upon request.
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Power Supply Current

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

Maximum current is given by lcc=5mA x freq. (MHz).

Typical current is given by lcc (typical) = 3.5 mA x freq.
(MHz). “Typicals” are based on a limited number of sam-
ples taken from early manufacturing lots measured at
Vec=5 V and room temperature. “Typicals” are not

guaranteed.
120 |
Maxile
lec (MA) P
80 /
]
40 ,/
/ Typical
A
4 8 12 16 20
Clock Frequency (MHz) 13088B-005
Figure 44. Icc versus Frequency
Parameter Number with Description
Symbol Parameter Symbol Parameter
Name Parameter Description Name # Parameter Description
tarven 49 ARDY Resolution Trans. Setup Time tcLoox 30 Data Hold Time
tarveuL 51 ARDY Inactive Holding Time tclov 7 Data Valid Delay
tarvicL 52 ARDY Setup Time teLox 2 Data in Hold (A/D)
taven 14 Address Valid to Clock High teLhay 62 HLDA Valid Delay
tave 12 Address Valid to ALE Low teuy 23 LOCK Valid/Invalid Delay
tazrL 24 Address Float to RD Active tormn 27 RD Inactive Delay
tericnz 45 CLKOUT Rise Time tewRL 25 RD Active Delay
tenex 38 CLKIN High Time tcLro 61 Reset Delay
tere 44 CLKOUT High Time tesn 4 Status Inactive Delay
teHesx 18 Chip-Select Inactive Delay teLsay 48 SRDY Transition Hold Time
teHe 22 Control Active Delay 2 teurwv 55 Timer Output Delay
teHev 64 Com. Lines Valid Delay (after Float) teverv 20 Control Active Delay 1
teHez 63 Com. Lines Float Delay teverx 31 Control Inactive Delay
fcrHox 8 Status Hold Time tovoex 21 DEN Inactive Delay
teHun 9 ALE Active Delay texesx 17 Chip-Select Hold from Com. Inactive
tomu 11 ALE Inactive Delay tovel 1 Data in Setup (A/D)
teHsy 3 Status Active Delay toxoL 19 DEN Inactive to DT/R Low
tcHasy 56 Queuse Status Delay thvel 58 HOLD Setup
tcico 41 CLKIN to CLKOUT Skew tinven 53 INTx, NMI, TEST, TMR IN Setup Time
e 39 CLKIN Fall Time tinve 54 DRQO, DRQ1 Setup Time
tean 36 CLKIN Period to 10 ALE Width
ton 40 CLKIN Rise Time tuax 13 Address Hold from ALE Inactive
tetoctt 46 CLKOUT Fall Time tresin 57 RES Setup
teLanx 50 ARDY Active Hold Time trHav 29 RD Inactive to Address Active
tewav 5 Address Valid Delay tRHLH 28 RD Inactive to ALE High
tewax 6 Address Hold tRLRH 26 RD Pulse Width
tewaz 15 Address Float Delay tsrveL 47 SRDY Transition Setup Time
telen 43 CLKOUT Low Time twhoex 35 WR Inactive to DEN Inactive
terex 37 CLKIN Low Time twhox 34 Data Hold after WR
tocL 42 CLKOUT Period twhiH 33 WR Inactive to ALE High
telesy 16 Chip-Select Active Delay twiwh 32 WR Pulse Width
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SWITCHING CHARACTERISTICS

Major Cycle Timings (Read Cycle)
Ta=0°C to +70°C, Vec=5 V £10%

Preliminary
Parameter 80C188 80C188-12 80C188-16 80C188-20
# I Sym I Description Min I Max | Min | Max Min I Max Min Max | Unit
80C188 General Timing Requirements (listed more than once)
1 | tovee | Datain Setup (A/D) 15 15 15 10 ns
2 | tcwx | Datain Hold (A/D) 3 3 3 3 ns
80C188 General Timing Responses (listed more than once)
3 | tensv | Status Active Delay 5 45 5 35 5 31 3 29 ns
4 | tass | Status Inactive Delay 5 46 5 35 5 30 3 29 ns
5 |tcuv | Address Valid Delay 5 44 5 36 5 33 3 25 ns
6 |tcux | Address Hold 0 0 0 0 ns
7 | tcwv | Data Valid Delay 5 40 5 36 5 33 3 25 ns
8 | tenox | Status Hold Time 10 10 10 10 ns
9 |teun | ALE Active Delay 30 25 20 20 ns
10 | twe | ALE Width “":g;s t‘:‘;515 k:‘;;s '°"=°“;51 5 ns
11 | tewn | ALE Inactive Delay 30 25 20 20 ns
. . | teren—18 tee—15 tere—15 teren—5
12 | v | Address Valid to ALE Low =26 =20 =11 - 15 ns
13 | tun Addrfass Hold from ALE toner~15 tena—15 tene~15 tenc—10 ns
Inactive* =29 =20 =11 =10
14 | taven | Addr Valid to Clock High 0 0 0 0 ns
15 | touz | Address Float Delay tex=0 30 |tax=0] 25 tex=0| 20 tewx=0 17 ns
16 | tewcov | Chip-Select Active Delay 3 42 3 33 3 30 3 25 ns
17 | tercsx Chip-Select Holt.i from toren—10 tore—10 teren—10 toren—10 ns
Command Inactive® = =25 =16 =10
18 | teiesx | Chip-Select Inactive Delay 5 35 5 30 5 25 3 20 ns
19 | toxo. | DEN Inactive to DT/R Low 0 0 0 0 ns
20 | tovew | Control Active Delay 1** 3 44 3 37 3 31 3 22 ns
21 | tevoex | DEN Inactive Delay 5 44 5 37 5 31 3 22 ns
22 | teucrv | Control Active Delay 2** 5 44 5 37 5 31 3 22 ns
23 | teuv | COCK Valid/Invalid Delay 3 40 3 37 3 35 3 22 ns
80C188 Timing Responses (Read Cycle)
24 |tz | Address Float to RD Active 0 0 0 0 ns
25 | tam. | RD Active Delay 5 44 5 37 5 31 3 24 ns
—_— . 2tcic—30 2tac~25 2tewei~24 2terct—20
26 | tasw | RD Pulse Width =170 =135 =100 =80 ns
27 | tasn | RD Inactive Delay 5 44 5 37 5 41 3 25 ns
— . - tewe—14 teLci—14 tere—14 fere—14
28 | twmun | RD Inactive to ALE High =30 =21 =12 -6 ns
29 |t | D Inactive to Addr Active® | %71 fea=15 =15 touei=13 ns
=85 =65 =47 =35
.*Equal Loading All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted.
**DEN, INTA, WE All output test conditions are with Cr = 50-200 pF (10 MHz) and C. = 50-100 pF (12.5-20 MHz).

For AC tests, input ViL= 0.45 V and Vin = 2.4 V, except at X1 where Viu = Vec —05 V.
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Read Cycle Waveforms
R I T
N ) /\
cLKouT —/ \___/ N___/ \___/ \
525 e |® le{D (Note 1)
}\ Status / / / / / \_
+ G I i
(OF ol s N
Al 9/ss-A]1:sF/ssTg AtoATS RFSH, $6-83
I I [ [ | | [ [
A15-A8
| 19 |,
ALE \\ @ //——

AD7-ADO ( AD7-ADO Data)
o o
//
[T, Mcs, UTS, €D le—rre 29
PCS (Note 2) > & @-.-\‘- ol
@ ;I:
o
-» -»>
DEN ' © l ©
j { (Note 3) l
DT/R Jf_
- M@ @ Notes) > ]
[OCK ®"' l"' (Note 4) -

X

4. ti of next bus cycle.

Notes: 1. Status inactive in state preceding u.
2. Iflatched A1 and A2 are selected instead of PCS5 and PCS6.
3. For write cycle followed by read cycle.

5. Changes in t-state preceding next bus cycle if followed by write.
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SWITCHING CHARACTERISTICS (continued)

Major Cycle Timings (Write Cycle)
Ta=0°C to +70°C, Ve =5 V £10%

Preliminary
Parameter 80C188 80C188-12 80C188-16 80C188-20
# |sym | Description Min | Max | Min | Max | Min | Max | Min | Max | unit
80C188 General Timing Responses (listed more than once)
3 | teusv | Status Active Delay 5 45 5 35 5 51 3 24 ns
4 | tasu | Status Inactive Delay 5 46 5 35 5 30 3 24 ns
5 |teuv | Address Valid Delay 5 44 5 36 5 33 3 25 ns
6 |taax | Address Hold 0 0 0 0 ns
7 | tewv | Data Valid Delay 5 40 5 36 5 33 3 25 ns
8 | tenox | Status Hold Time 10 10 10 10 ns
9 | tewn | ALE Active Delay 30 25 20 20 ns
tewe—~15 tere—~15 tee—=15 fere—=15
10 | twu | ALE Width =85 =65 =47 _ ns
11 | tewe | ALE Inactive Delay 30 25 20 20 ns
12 |t | Address Validto ALE Low | =18 towr15 lacr15 fowcir3 ns
=26 = =11 =15
13 11 Address Hold from ALE tone—=15 tonc—15 tene~15 tener—10 ns
4| Inactive* =29 =20 =1 =10
14 | taven | Addr Valid to Clock High 0 0 0 0 ns
16 | tewcsv | Chip-Select Active Delay 3 42 3 33 3 30 3 25 ns
17 | tex Chip-Select Hold from toren—10 teten—10 toren—10 teren—10 ns
X | command Inactive* = =25 =16 =10
18 | touesx | Chip-Select Inactive Delay 5 35 5 30 5 25 3 20 ns
19 | toxo. | DEN Inactive to DT/R Low 0 0 0 0 ns
20 | teverv | Control Active Delay 1** 3 44 3 37 3 31 3 22 ns
23 |teuv | LOCK Valid/Invalid Delay 3 40 3 37 3 35 3 22 ns
80C188 Timing Responses (Write Cycle)
30 | tewoox | Data Hold Time 3 3 3 3 ns
31 | toverx | Control Inactive Delay** 3 44 3 37 3 31 3 22 ns
_— . 2tec—30 2tcic—25 2teic—25 2toc—20
32 | twws | WR Pulse Width =170 =135 =100 =80 ns
o . e terci—14 toc—14 toc—14 terc—14
33 | twun | WR Inactive to ALE High =30 =21 =12 -6 ns
terci—34 terer—20 teren—20 teren—17
34 | twox | Data Hold after WR - 66 =60 =42 -33 ns
teren—10 tee—10 tee~10 terc—10
35 |t WR Inactive to DEN Inactivi ns
e 9 -2 =25 =16 =10
*Equal Loading
**DEN, INTA, WE
All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted.
All output test conditions are with C. = 50-200 pF (10 MHz) and C. = 50-100 pF (12.5-20 MHz).
For AC tests, input ViL= 0.45 V and Vin = 2.4 V, except at X1 where Viu = Vec - 0.5 V.
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Write Cycle Waveforms
I t t. I ts N l t I
CLKOUT —— \___/ L o) \__/ N
ote 1
52-50 > k—@ e @
}\ Status / / / / / \_
I
®a e |
A19/S6-A16/S3 A19-A16 X‘O S6.53
I | I [ I I [
A15-A8
(10
@
ALE - -» :-O
11
1 e &-
AD7-ADO X AD7-ADO X Data
> |e
@ @~ [« @_
WR
j /
@ /|
[CS, MCS, UCS, - @ _
PCS (Note 2)
-» (19
-»> @ @ >
DEN /
I (Note 3)
DTR L
@ @(Note 5)-»; k
- ) @3 (Note 4)»

Notes: 1. Status inactive in state preceding L.
2. If latched A1 and A2 are selected instead of PCS5 and PCSE,.
3. For write cycle followed by read cycle.

4. t of next bus cycle.

e
3

5. Changes in t-state preceding next bus cycle if followed by read, INTA, or halt.
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SWITCHING CHARACTERISTICS (continued)
Major Cycle Timings (Interrupt Acknowledge Cycle)
Ta=0°C to +70°C, Vec =5V +10%

Preliminary
Parameter 80C188 80C188-12 80C188-16 80C188-20

# |Sym | Description Min | Max | Min | Max | Min | Max | Min | Max | unit
80C188 Genera! Timing Requirements (listed more than once)

1 |tovee | Data In Setup (A/D) 15 15 15 10 ns
2 | tewx | Data In Hold (A/D) 3 3 3 3 ns
80C188 General Timing Responses (listed more than once)

3 | teusv | Status Active Delay 5 45 5 35 5 31 3 24 ns

4 | tosw | Status Inactive Delay 5 46 5 35 5 30 3 24 ns

5 | teuv | Address Valid Delay 5 44 5 36 5 33 3 25 ns

6 |teux | Address Hold 0 0 0 0 ns

7 | tewv | Data Valid Delay 5 40 5 36 5 33 3 25 ns

8 | tcuox | Status Hold Time 10 10 10 10 ns

9 | tewn | ALE Active Delay 30 25 20 20 ns

. terc—15 tee—15 tee~15 tere—15 ns
10 | twu | ALE Width - ~65 =47 _as5 ns
11 | tenw | ALE Inactive Delay 30 25 20 20 ns
. . | teren—18 tee—15 tecn—15 terer—5
12 | tww | Address Valid to ALE Low! =26 =20 =11 =15 ns
13 | tune Addrfass Hold from ALE tena—15 tena—~15 tena—15 tener—10 ns
Inactive® =29 =20 =1 =10

14 | taven | Addr Valid to Clock High 0 0 0 0 ns
15 | teuz | Address Float Delay tox=0 30 |teamx=0] 25 toax=0| 20 teax=0 17 ns
19 | toxo. | DEN Inactive to DT/R Low* 0 0 0 0 ns
20 | teverv | Control Active Delay 1** 3 44 3 37 3 31 3 22 ns
21 | tovoex &i’:'\;ﬁ‘;’vgyﬁ;ﬂg’ 5 44 5 | a7 5 | a1 3 22 | ns
22 | toncv | Control Active Delay 2** 5 44 5 37 5 31 3 22 ns
23 | teuv | LOCK Valid/Invalid Delay 40 3 37 3 35 3 22 ns
31 | toverx | Control Inactive Delay** 3 44 3 37 3 31 3 22 ns

*Equal Loading

**DEN, INTA, WE

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

All output test conditions are with CL = 50-200 pF (10 MHz) and C = 50-100 pF (12.5-20 MHz2).

For AC tests, input ViL= 0.45 V and Vi = 2.4 V, except at X1 where Viu = Vec —0.5 V.
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Interrupt Acknowledge Cycle Waveforms

I t I t2 l ts N I t I
CLKOUT ——/ \__//_\\_/__\\__/-&_\\_/

Z5__» | |® o ®
Status Jl"//// \|

f

@
@l | ol kG E
A19/86-A16/S3 ) ( A19-A16 ) \ $6-83

®

A15-A8 \__
—- e~ @ @
SIoh |35 ‘
-» > m
@‘ ®%P_;Iﬂ-@) (Note 2) Ve
AD7-ADO |\'T3/' A\
> |e @
Tk r
| @(%ote 3) -] @ %—b
oo ff f —
(Note 4)
DT/R-—--{ ) J/_
@ @ (Note§) [+—>|

o w—

(Note 5) H@ ) "’l @

Notes: 1.Status inactive in state preceding t.
2.The data hold time lasts only until INTA goes inactive, even if the INTA transition occurs prior to tewox (min).
3.INTA occurs one clock later in Slave Mode.
4.For write cydle followed by interrupt acknowledge cycle.
5.LOCK is active upon t; of the first interrupt acknowledge cycle and inactive upon t2 of the second interrupt acknowledge cycle.
6.Changes in t-state preceding next bus cycle if followed by write.
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SWITCHING CHARACTERISTICS (continued)
Software Halt Cycle Timings
Ta=0°C to +70°C, Vec=5 V 10%

Preliminary
Parameter 80C188 80C188-12 80C188-16 80C188-20
# I Sym l Description Min I Max | Min I Max Min [ Max Min l Max | Unit
80C188 General Timing Responses {listed more than once)
3 | teusv | Status Active Delay 5 45 5 35 5 31 3 24 ns
4 | tesn | Status Inactive Delay 5 46 5 35 5 30 3 24 ns
5 |tewv | Address Valid Delay 5 44 5 36 5 33 3 25 ns
9 | teun | ALE Active Delay 30 25 20 20 ns
10 | tow | ALE Width terc—15 terer~15 terc—-15 ferc~15 ns
= =65 =47 =
11 | tewn | ALE Inactive Delay 30 25 20 20 ns
19 | toxo. | DEN Inactive to DT/R Low* 0 0 0 0 ns
22 | tewerv | Control Active Delay 2** 5 44 5 37 5 31 3 22 ns
*Equal Loading
*DEN, INTA, WE
All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted.
All output test conditions are with C. = 50-200 pF (10 MHz) and C. = 50~100 pF (12.5-20 MHz).
For AC tests, input V.= 0.45 V and Vin = 2.4 V, except at X1 where Vii = Vec — 0.5 V.
Software Halt Cycle Waveforms
I t I t2 I t 1]
CLKOUT —/ N__/
zs @O | e ®
} Status 4
1
A19/S6-A16/S3, OF
A15-A8, AD7-ADO Invalid Address
ALE
]
DEN
(Note 1)
DTR
Note: 1. For writo cycle followed by halt cycle.
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SWITCHING CHARACTERISTICS (continued)

Clock Timings
Ta=0°C to +70°C, Vec=5 V £10%
Preliminary
Parameter 80C188 80C188-12 80C188-16 80C188-20
# | Sym I Description Min Max | Min I Max Min | Max Min | Max | Unit
80C188 CLKIN Requirements
Measurements taken with the following conditions: External clock input to X1 and X2 not connected (float).
36 | texn | CLKIN Period 50 40 31 25 ns
37 | taex | CLKIN Low Time 1.5 V@ 20 16 13 7 ns
38 | tenex | CLKIN High Time 1.5 V@ 20 16 13 8 ns
39 | teww | CLKIN Fall Time 3.5-1.0V 5 5 5 5 ns
40 | tean | CLKIN Rise Time 1.0-3.5V 5 5 5 5 ns
80C188 CLKOUT Timing
41 | taco | CLKIN to CLKOUT Skew 25 21 17 17 ns
42 | teace | CLKOUT Period 100 80 62 50 ns
43 | tacw | CLKOUT Low Time 0 . 5t
.5 terer 0.5 L 0.5 tereL 0.5 terc
- @
C.= 100 pF _8=42 _7-33 _7-24 -7=18 ns
_ 0.5 tereL 0.5 terct 0.5 torer 0.5 tecL
Ce.= 50pF® —6=44 _5=35 -5=-26 _5=20 ns
44 | tewer | CLKOUT High Time
0.5 terce 0.5 tercL 0.5 tereL 0.5 tcier
= O}
C..= 100pF -8=42 -7=33 —7=24 -7=18 ns
0.5 tec 0.5 terct. 0.5 ferc 0.5 oL
Ce.= 50 pF® —6=44 -5=35 -5=26 -5=20 ns
CLKOUT Rise Time
45 | tonicnz 1.0-35V 10 10 10 10 ns
CLKOUT Fall Time
46 | tezcnr 3.5-1.0V 10 10 10 10 ns

All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted.
All output test conditions are with Cv = 50200 pF (10 MHz) and C. = 50-100 pF (12.5-20 MHz).
For AC tests, input ViL=0.45 V and Vin = 2.4 V, except at X1 where Vin = Vec —0.5 V.

Notes: 1. tercx and terex (CLKIN Low and High times) should not have a duration less than 40% of tcwn.
2. Tested under worst case conditions: Vec = 5.5 V (5.25 V @ 20 MHz), Ta = 70°C.
3. Nottested.
4. Tested under worst case conditions: Vec = 4.5V (4.75 V @ 20 MHz), Ta = 0°C.

Clock Waveforms

X1

CLKOUT

/N

-»

@+
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SWITCHING CHARACTERISTICS (continued)
Ready, Peripheral, and Queue Status Timings
Ta=0°C to +70°C, Vec=5 V +10%

Preliminary
Parameter 80C188 80C188-12 80C188-16 80C188—-20
# | sym. | Description Min | Max | Min | Max | Min | Max | Min | Max | unit

80C188 Ready and Peripheral Timing Requirements

47 | tsavee | SRDY Transition Setup Time!" 15 15 15 15 ns
48 | tesay | SRDY Transition Hold Time!" 15 15 15 10 ns
49 | taaven | ARDY Res. Transition Setup Time® | 15 15 15 10 ns
50 | tcunx | ARDY Active Hold Time®™ 15 15 15 10 ns
51 | taaven. | ARDY Inactive Holding Time 15 15 15 10 ns
52 | tamce | ARDY Setup Time®™ 25 25 25 20 ns
53 | tawen ?:;,':'; :’;"‘.‘}ES;_‘T‘/’;(SS'?T" NMI, 15 15 15 15 ns
54 | tawee | DRQO, DRQ1 Setup Time® 15 15 15 15 ns
80C188 Peripheral and Queue Status Timing Responses

55 | terw | Timer Output Delay 40 33 27 22 ns
56 | tewosv | Queue Status Delay 37 32 30 23 ns

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

Notes: 1. To guarantee proper operation.
2. To guarantes recognition at clock edge.

Synchronous Ready (SRDY) Waveforms

Itwort;ortzort,l twort,ort | tworts I t

CLKOUT

@

SRDY
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Asynchronous Ready (ARDY) Waveforms

I twOI’(:OI’t:OI’hl twortortz | tworts | t I

VAR VAR G WA N
CLKOUT
} - > +®

ARDY
(Normally Not
Ready System)

@
ARDY

(Normally Ready

System) @ N e

Peripheral and Queue Status Waveforms

CLKOUT \_//——\_/_\__

® 3
INT3-INTO, NMI, w
TEST, TMR IN | 2
o 3
«
DRQO, DRQ1 2
| «

L o
A4 Y
TMR OUT "

149 |

9) *

N
QSo, QS1 )

W« I
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SWITCHING CHARACTERISTICS (continued)
RESET and HOLD/HLDA Timings
Ta=0°C to +70°C, Ve =5 V £10%

Preliminary
Parameter 80C188 80C188-12 80C188-16 80C188-20

# | sym. | Description Min | Max | Min [ Max | Min | Max | Min | Max | unit
80C188 RESET and HOLD/HLDA Timing Requirements

57 | tesw | RES Setup 15 15 15 10 ns
58 |twee | HOLD Setup® 15 15 15 10 ns
80C188 General Timing Responses (listed more than once)

5 |teuv | Address Valid Delay 5 44 5 36 5 33 5 30 ns
15 | teuz | Address Float Delay teax=0| 30 |tewx=0] 25 [teux=0| 20 |teux=0| 17 ns
80C188 RESET and HOLD/HLDA Timing Responses

61 | tero Reset Delay 40 33 27 22 ns
62 | tcuwv | HLDA Valid Delay 3 40 3 33 3 25 3 22 ns
63 |tewcz | Command Lines Float Delay 40 33 28 25 ns
64 | tonev g:g;"g;g?gg;;’a"d 44 36 32 22 | ns

All timings are measured at 1.5 V and 100 pF loading on CLKOUT unless otherwise noted.
All output test conditions are with C = 50—200 pF (10 MHz) and Ct = 50100 pF (12.5-20 MHz).
For AC tests, input ViL=0.45 V and Vin = 2.4 V, except at X1 where Vin=Vcc - 0.5 V.

Notes: 1. To guarantee recognition at next clock.

RESET Waveforms

RESET
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HOLD/HLDA Waveforms (Entering HOLD)

| tiort | t | t |
CLKOUT N \___/ \_/_\_/_\_
b))
HOLD w®
»
HLDA "
«
R 1@
A15-A8,
AD7-ADO, DEN 8oc188 R I 1
) \]
A19/S6-A16/S3, RD, WR, w
RF5H, DT/R, 52-50, LOCK 8oc1ss »

L

HOLD/HLDA Waveforms (Leaving HOLD)

| t | t | tite | t |

auoun NIVARNIY G WVARN

HOLD 1
)
l LAY
» %
HLDA “

| «

:

A15-A8, )
AD7-ADO, DEN W \ 80C1i88
ul
A19/S6-A16/S3, BRD, WR, )
RFSH, DT/R, $2-50, LOCK « I\ 80C188
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EXPLANATION OF THE SWITCHING SYMBOLS

Eachtiming symbol has from 5 to 7 characters. The first character is always a “t" (stands for time). The other charac-
ters, depending on their positions, stand for the name of a signal orthe logical status of that signal. The following is a list

of all the characters and what they stand for.

A: Address

ARY: Asynchronous Ready Input

C: Clock Output

CK: Clock Input

CS: Chip Select

CT: Control (DT/R, DEN, . ..)

D: Data Input

DE: DEN

H: Logic Level High

IN: Input (DRQO, TIMO, . ..)

L: Logic Level Low or ALE
Output

Qs: Queue Status (QS1, QS2)

R: RD Signal, RESET Signal

S: Status (S2, S1, S0)

SRY: Synchronous Ready Input

V: Valid

W: WR Signal

X: No Longer a Valid Logic Level
z Float

Examples:

terav—Time from Clock Low to Address Valid
ten—Time from Clock High to ALE High
tercsv—Time from Clock Low to Chip Select Valid

80C188 EXECUTION TIMINGS

A determination of 80C188 program execution timing
must consider bus cycles necessary to prefetch instruc-
tions, as well as the number of execution unit cycles
necessary to execute instructions. The following in-
struction timings represent the minimum execution time
in clock cycles for each instruction. The timings given
are based on the following assumptions:

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

¢ No wait states or bus HOLDs occur.

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

All instructions which involve memory access can re-
quire one or two additional clocks above the minimum
timings shown due to the asynchronous handshake
between the bus interface unit (BIU) and execution unit.

The 80C188 8-bit BIU is noticeably limited in its per-
formance relative to the execution unit. A sufficient
number of prefetched bytes may not reside in the
prefetch queue much of the time. Therefore, actual
program execution time will be substantially greater
than that derived from adding the instruction timings
shown.
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8
7
6 || x=High-to-Low
o =Low-to-High
5
t(ns)
4
3
vzl
2 //
1 .3
(] <
50 75 100 125 150 175
Capacitive Load (pF) 13087D-046
Figure 45. Capacitance Derating Curve for Typical Output Delay
8
7
6 || *=2Vto08YV
) 0=08Vto2V 4
t(ns)
4
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1
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Figure 46. TTL Voltage Level Rise and Fall Times for Output Buffers
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Figure 47. CMOS Voltage Level Rise and Fall Times for Output Buffers
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INSTRUCTION SET SUMMARY

i Clock
Function Format Cycles Comment
BT T
Register to register/memory 1000100w mod reg r/m ne
Reglster/memory 1o register 1000101w mod reg r/m 29
|l diate to reglster/m Y 1100011w mod 00 0 r/m data datallw=1J 12-13 8/16-bit
Immediate to register 1011wreg data dataifw=1 34 8/16-bit
Memory to accumulator 1010000w addr-low addr-high 8
Accumulator to memory 1010001w addr-low addr-high 9*
Reglstar/memory to segment rogister | 10001110 mod 0 reg r/m 13
Segment register to register/m y} 10001100 mod 0 reg r/m 2/15
PUSH=Push:

Memory 11111111 mod110r/m I 20
Register 01010reg 14
Segment register 000reg110 13
immediate™ 01101081 data I datalf s=0 14
PUSHA =Push AllI"" 01100000 68
POP=Pop:
Memory 10001111 mod 000 r/m ] 24
Register 01011reg 14
Segment register 000reg1i1 (reg »01) 12
POPA=Pop All" 01100001 83
XCHG =Exchange:
Reglstar/memory with register 1000011w mod reg r'm | AT
Register with accumulator 10010reg 3
IN = Input from:
Fixed port 1110010w port I 10°
Variable port 1110110w 8*
OUT=Output to:
Fixed port 1110011w port 4] 9*
Varable port 1110111w 7
XLAT =Translate byte to AL 11010111 15
LEA =Load EA to register 10001101 mod reg r/m 6
LDS = Load pointer to DS 11000101 mod reg r/m (mod=11) 26
LES=10ad polnter to ES 11000100 mod reg r/m {mod » 11) 26
LAHF =Load AH with flags 10011111 2
SAHF = Store AH Into flags 10011110 3
PUSHF =Pushlags 10011100 13
POPF = Pop llags 10011101 12
*Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers.
**Indicates instructions not available in 8086 or 8088 microsystems.
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INSTRUCTION SET SUMMARY (continued)

Clock

Function Format Cycles Comment
DATA TRANSFER (Continued)

SEGMENT = Segment Override:

cs 00101110 2

ss 00110110 2

oS 00111110 2

ES 00100110 2

ARITHMETIC:

ADD = Add:

Reg/memory with register to either 000000dw mod reg r'm 310°

Immediate to register/memory 100000sw | mod 000/m data data if s w=01 4116*

Immediate to accumulator 0000010w data datafw=1 34 8/16-blt
ADC = Add with carry:

Reg/memory with register to either 000100dw mod reg r/m 310

I diate to reg| Y 100000sw mod010r/m data data ¥ s w=01 416"

Immediate to accumulator 0001010w data datalf w=1 3/4 8/16-bit
INC=Increment:

Register/memory 1111111w mod 00 0 r/m —I 315*

Register 01000reg 3

SUB=Subtract:

Reg/memory and register 1o either 001010dw mod reg r/m 3/10°

I diate from register/ Y 100000sw mod 10 1rm data dataif sw=1 1 4a/16*

Immediate from accumulator 00010110w data dataf w=1 3/4 8/16-bit
SBB=Subtract with borrow:

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

i diate from reg: y 100000sw mod011r/m data data if sw=01 4/16*

Immediate from accumulator 0001110w data datalfw=1 34 8/16-bit
DEC=Decroment:

Register/memory 11111 11w mod00 1r/m 3/156*

Register 01001reg 3

CMP = Compare:

Register/memory with register 0011101w mod reg r/m 3no

Register with register/memory 0011100w mod reg r/m 310

[ late with regl. Y 100000sw | mod111rm dala data ¥ s w=01 o

Immediate with accumulator 0011110w data dataf w=1 34 8/16-bit
NEG =Change sign register/memory | 1111011w mod011rm 3/10°

AAA =ASClIl adjust for add 00110111 8

DAA =Decimal adjust for add 00100111 4

AAS =ASCIl adjust for subtract 00111111 7

DAS =Decimal adjust for subtract 00101111 4

MUL =Muttiply (unsigned) 1111011w | mod100r/m l

Register-Byte 26-28

Register-Word 35-37

Memorwg}ﬂe 32-34

Memory-Word 4143

*Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers.
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INSTRUCTION SET SUMMARY (continued)

Clock
Function Format Cycles Comment
ARITHMETIC (C
IMUL= Irlegermllply(slgned) l1111o11w lmod101rlm J
Ister- 25-28
%Islef “y‘ord 31"33
Memory-w‘ord 40-43°
IMUL = Integer Immediate muRiply™ I 011010s1 I mod reg /m l data I dataif s=0 l 22-25/
(signed) 29-32
DIV =Divide (unsigned): |1111011w ImodHOrImJ
Register-Byte 29
Reglster-Word 38
Memory-| 35
Memory-! 44
IDIV = Integer divide (signed) I1111011w Tmoanwm l
Reglster-Byte 44-52
Reglsler- ord gg—_gé
Memoty mrd 59-67*
AAM = ASCI! adjust for multiply 11010100 00001010 19
AAD = ASCIl adjust for divide 11010101 00001010 15
CBW =Corwert byte to word 10011000 2
CWD=Convert wordto doubleword |10011001 4
LOGIC
Shift/Rotats Instr
Reglster/Memory by 1 1101000w mod TTT r/m 215
Register/Memory by CL 1101001w mod TTT r/m 5+n/17+n
ster/Memory by Count** 1100000w mod TTT r/m count 5+n/17+n
y
T Instruction
000 ROL
001 ROR
010 RCL
o011 RCR
100 SHL/SAL
101 SHR
111 SAR
AND = And:
Reg/memory and register to either 001000dw mod reg r/m 310"
Immediate to register/memory 1000000w mod100r/m data dataiff w=1 416"
Immediate to accumutator 0010010w data dataifw=1 34 8/16-bit
TEST=And function to flags,
no result:
Register/memoty and register 1000010w mod reg r/'m 310°
Immediate data and register/memory {1111011w mod000r/m data dalaifw=1 410"
Immediate data and accumulator 1010100w data dataitw=1 3/4 8/16-bit
OR=0r:
Reg/memory and reglster to elther 000010dw mod reg m 3/10*
[ diate to regi Y 1000000w mod00 1r/m data datalf w=1 | 416"
Immediate to accumulator 0000110w data dataitw=1 34 8/16-bit
XOR=Exclusive or:
Reg/memory and register to either 001100dw mod reg rm 3107
I diale to register/n y 1000000w mod110r/m data daiaﬂw=1J 4/16°
Immediate to accumulator 0011010w data dataf w=1 34 8/16-bit
NOT =invert register/memory: 1111011w mod010r/m 310°
*Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers.
**Indicates instructions not available in 8086 or 8088 microsystems.
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INSTRUCTION SET SUMMARY (continued)

i Clock
Function Format Cycles Comment
STRINGMANIPULATION:
MOVS =Move byte/word 1010010w 14
CMPS =Compare byteword 1010011w 22°
SCAS =Scan byte/word 1010111w 15
LODS =Load byte/wd to AL/AX 1010110w 12°
STOS =Store byte/wd from AL/A 1010101 w 10°
INS = Input byte/wd from DX port™ 0110110w 14
OUTS =Output byte/wd to DX port™ 0110111w 14
Repeated by count in CX (REP/REPE/REPZ/PEPNE/PEPNZ)
MOVS =Move string 11110010 1010010w 8+8n*
CMPS =Compare string 11110012z 1010011w 5+22n"
SCAS =Scan string 11110012z 1010111w 5+15n°
LODS =Load string 11110010 1010110w 6+11n*
STOS =Store string 11110010 1010101w 6+9n*
INS = Input string*™* 11110010 0110110w 8+8n*
OUTS =Output string™ 11110010 0110111w 8+8n*
CONTROL TRANSFER
CALL =Call:
Direct within segment 11101000 disp-low disp-high 19
Register memory indirect 11111111 mod010r/m 17727

within segment
Direct Intersegment m 011010 segment offset 31
segment selector
Indirect Intersagment l 11111111 | mod011vm ] (mod « 11) 54
JMP = Unconditional jJump:
Shortong 11101011 disp-low 14
Direct within segment 11101001 disp-low disp-high 14
Register/mem Indirect within segment | 11111111 mod 100 r/m 1121
Direct intersegment 11101010 segment offset 14
segment selector

Indirect intersegment I 11111111 mod101r/m | {mod » 11) 34
RET=Rsturn from CALL:
Wtthin segment 11000011 20
Within seg adding immed to SP 11000010 data-low | data-high 22
Intersegment 11001011 30
I gment adding | diatetoSP| 11001010 data-low I data-high 33

*Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers.
**Indicates instructions not available in 8086 or 8088 microsystems.
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INSTRUCTION SET SUMMARY (continued)

Clock
Function Format Cycles Comment
CONTROL TRANSFER (Continued):
JE/JZ= Jump on equal zero l[ot110100 | asp | ans JMP not
JUJINGE = Jump on less/ taken/JMP
not greater or equal RI 111100 I disp ] 413 tak
aken
JLE/ING =Jump on less/
oreqr:xglno:gmmer I 01111110 | disp ] 413
JBIINAE = Jump on below/
notanbgveorequal I 01110010 I disp ] 413
JBE/JNA = Jump on below or
equalint above fot110110 | asp | 413
JP/JPE = Jump on parity/
parlfygven 01111010 disp 4N3
JO =Jump on overfiow 01110000 disp 413
JS=Jump on sign 01111000 disp 413
JNE/INZ = Jump on not equal/
nol 2670 o |0111o1o1 | disp J 413
JRLJGE =Jump on not less
greater or equal [ 01111101 l disp l 413
JNLENG = Jump on not less/
or equaligreater [ot111111 | asp | ans
JNB/JAE = Jump on not below
above or equal lo1110011 |  asp | 413
JNBE/NA =Jump on not below
orequal/above [o1110111 | disp | 413
JNP/JPO =Jump on not
par/par odd 01111011 disp ans
JNO =Jump on not overflow 01110001 disp 413
JNS =Jump on not sign 01111001 disp 413
JCXZ=Jumrp on CX zero 11100011 disp 515
LOOP =Loop CX Times 11100010 disp 6/16 LOOP not
LOOPZ/LOOPE =Loop while
2ero/equal L1 1100001 I disp I 6/16 taken/LOOP
LOOPNZ/LOOPNE =Loop while
not zerc/equal | 11100000 | disp | 6/16 taken
ENTER =Enter Procedure* 11001000 data-low data-high
ENT [110 [ I on_| "
L=1 29
L>1 26+20(n-1)
LEAVE = Leave Procedure™ 11001001 8
INT =Interrupt:
Type specilied 11001101 type | 47
Type 3 11001100 45 if INT. taken/
INTO =Interrupt on overtiow 11001110 48/4 if INT. not taken
IRET = Interrupt retum 11001111 28
BOUND =Detect value out of range™ | 01100010 | modregrm | 33-35
*Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers.
**Indicates instructions not available in 8086 or 8088 microsystems.
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INSTRUCTION SET SUMMARY {continued)

Clock

Function Format Cycles | Comment
PROCESSOR CONTROL ‘

CLC=Clear carry [1i1000] 2

CMC =Complement cany  EEKELIIXR| 2

STC=Set cany 11111001 2

CLD = Clear direction 11111100 2

STD=Set direction 11111101 2

CLI=Clear Interrupt 11111010 2

STI=Set interrupt 2

HLT=Hat 11110100 2

WAIT=Wait 10011011 6 Il TEST=0
LOCK=Bus lock prefix 11110000 2

NOP =No Operation 10010000 3

Footnotes

The Effective Address (EA) of the memory operand is com-

puted according to the mod and r/m fields:

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

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

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

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

if /m=000 then EA=(BX) +(S!) + DISP

if ¥/m=001 then EA=(BX)+(Dl)+ DISP

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

if ¥/m=011then EA=(BP) +(DI)+ DISP

if ¥/m=100 then EA=(SI)+DISP

if ¥/m=101then EA=(DI) + DISP

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

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

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

*except if mod=00 and r/m= 110 then EA = disp-high:

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

Segment Override Prefix

Lolofrfrm [1]1]o]

reg is assigned according to the following:

Segment
reg Register
00 ES
01 cs
10 S8
11 DS

REG is assigned according to the following table:

16-Bit (w=1) 8-Bit (w=0)
000 AX 000 AL
001 CX 001 CL
010 DX 010 DL
011 BX 011 BL
100 SP 100 AH
101 BP 101 CH
110 SI 110 DH
111 DI 111 BH

The physical addresses of all operands addressed by
the BP register are computed using the SS segment
register. The physical addresses of the destination op-
erands of the string primitive operations (those ad-
dressed by the DI register) are computed using the ES
segment, which may not be overridden.
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PHYSICAL DIMENSIONS

Forreference only. Dimensions measured ininches unless otherwise noted. BSC is an ANSI standard for Basic Space
Centering. Preliminary; package in development.
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PHYSICAL DIMENSIONS (continued)
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PHYSICAL DIMENSIONS (continued)
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80C186/80C188
Microprocessor Support
from Fusion Partners
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EZ-PRO 2.1
MobpeL 572-80C186

AMERICAN ARIUM

The EZ-PRO 2.1 has a 115K baud interface to a
PC. Four card slots are available to receive an
emulator control card and various optional
subassemblies. A PROM programmer is avail-
able, as well as a deep trace, performance
analyzer, and “C" level debugging.

STANDARD FEATURES
¢ 16 MHz operation

© 4K deep trace buffer

¢ C level debugging

¢ Interrupts serviced at all times
¢ 256K-byte overlay memory

Hosts SUuPPORTED
¢ PC

SuUPPORT
¢ Rental program

& Application support hotline
# 24-hour service program

AvAILABILITY
4 Immediate

CoONTACTS

American Arium
14281 Chambers Road
Tustin, CA 92680
(714) 731-1661
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EMULATORS

ES 1800

EnMuLATOR AND SOURCE LEVEL DEBUGGER

APPLIED MICROSYSTEMS CORPORATION

AMC offers a real-time, transparent debugging
system for 80C186/80C188 microprocessors.
The ES 1800 modular emulator provides real time
transparent emulation up to 16-MHz clock
frequency without inserting wait states or pre-
empting interrupts in breakpoints. Validate/Soft-
Scope, Gene-Probe Il, or XDB (Intermetrics)
provide host-resident source/assembly level
symbolic debugging.

STANDARD FEATURES

¢ Real time transparent execution to 16 MHz

¢ 128K, 256K, 512K, 1 MB, 2 MB overlay
(Emulation) memory mappable in 2K
increments

& 2048 deep, 71 bit wide trace memory,
includes 16 lines of logic state input

+ When...Then event qualification, 4 nested
groups, 43 statements

+ Supports 80C186/80C188 DRAM refresh
(without DMA channel) Power Save and Test
modes

© Two RS232C serial ports plus optional SCSI
port for transfer up to 1.5 mb/s

& Upload/download in OMF86, Intel/Hex,

measurement for performance analysis

© Optional Logic State Analyzer (LSA) provides
16 channels of logic monitoring

+ Real time trigger output

HosTts SupPPORTED
¢ PC, Sun, VAX, and Apollo

Either stand-alone or with host-resident
debugger

SUPPORT
¢ Toll free number 1-800-426-3925

< 1 year hardware, 90-day software warranty
¢ Renewable software and hardware support
¢ Worldwide service and support agreements

Tek Hex, or Ext Tek Hex AVAILABILITY
¢ Optional Timestamp Module provides time o Immediate
CoONTACTS
UNITED STATES EUROPE JAPAN
Applied Microsystems Applied Microsystems Applied Microsystems Applied Microsystems
Corp Corp., Ltd. GmbH Japan, Ltd.
5020 148th Ave., NE AMC House, South St. Dammstrasse 6 Nihon Seimei
P. O. Box 97002 Wendover, Aylesbury W-6453 Seligentstadt, Nishi-Gotanda Bldg.
Redmond, WA 98073-9702 Bucks, HP22 6EF, Germany 7-24-5 Nishi-Gotanda

Tel: (206) 882-2000
Fax: (206) 883-3049

England
Tel: 44-296-625462
Fax: 44-296-623460

Shinagawa-Ku
Tokyo T141, Japan
Tel: 81-3-3493-0770
Fax: 81-3-3493-7270

Tel: 49-6182-9203-0
Fax: 49-6182-9203-15
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EMULATORS

HP65764/65

EmuLaTor FOrR 80C186/80C188

HEWLETT PACKARD

The HP64764/65 emulator is compatible with
language tools supporting industry standard file
formats for 80C186/80C188 development. File
Formats supported include OMF86, HP64000,
Intel HEX, and Tek HEX. Supports both NMOS
and CMOS versions of the 80186/80188.

STANDARD FEATURES

+ Maximum clock speed 12.5 MHz, zero wait
states

¢ 128K or 512K bytes of zero wait-state
emulation memory

+ HP high-performance probing technology
insures maximum transparency and easy
plug-in

¢ 80C186/80C188 ONCE mode can be used
to operate the emulator in parallel with an in-
circuit 80C186/80C188 microprocessor

+ Real-Time instruction dequeueing of the
trace list

+ Optional 16 channel external timing/state
analyzer

¢ 48 channel x 1024 state emulation bus
analyzer

& Full symbolic debug support

+ Optional software performance analyzer for
execution profiling, identifying bottlenecks,
and performance tuning.

HosTs SuUPPORTED
4 HP 9000 series 400

¢ PC
¢ Sun

SuPPORT
+ 90-day warranty (International may vary)
+ Worldwide Technical Support

AVAILABILITY
& 4 weeks

CONTACTS

Hewlett Packard Company
Colorado Springs Division

8245 North Union Blvd.

P. O.Box 617

Colorado Springs, CO 80901-0617
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MICE-IlI-80C186/80C188

IN-CirRcuIT EMULATOR

MICROTEK INTERNATIONAL, INC.

Microtek’s MICE-11-80C186 In-Circuit Emulator
offers a flexible, easy-to-use, and economical
development solution without sacrificing
powerful debugging features. When combined
with a host, cross compiler and high-level
language debugger, the MICE-IIl solution offers
a complete hardware/software debug environ-
ment for embedded applications.

STANDARD FEATURES

¢ Up to 16-MHz no-wait-state operation from
target memory

& Auto-detection of target clock

& Multi-processor Start/Stop synchronization
control

# Full coprocessor support — register display/
modify, instruction assembly/disassembly,
step emulation

# Keyboard enable/disable of NMI,
HOLD<RESET, PEREQ, DRQ1-DRQO, and
INT3-INTO control signals

¢ 8K frame trace buffer

¢ Two unique trace filters, programmable
on-the-ily

# Four logic analyzer-like bus triggers,
supporting explicit ranges or wildcards bits

& Eight external trigger inputs
¢ 64K event counters

& Trace On/Trace Off
¢ If ... Then/Else control statements

¢ Performance Analysis with 16 arbitrary
ranges definable for tracking

¢ Code Coverage, supporting read-before-
write detection

Hosts SUuPPORTED
¢ PC/AT/PS2, Sun, and VAX

SUPPORT
# Phone hotline

+ Field applications support

AVAILABILITY
+ November 1991

CONTACTS

Microtek International
Development Systems Division
3300 NW 211th Terrace
Hillsboro, OR 07124-7136
Tel: (503) 645-7333

Fax: (503) 629-8460

For sales information

Tel: 1-800-886-7333 X 1
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80186/80188 UEM

IN-CircuiT EMULATOR

SOFTAID, INC.

The UEM In-Circuit Emulator includes all the & C source tracing

features needed to debug complex real-time 4 gource level debuager included—supports
embedded systems. One unit supports CMOS all compilers 9 PP

and NMOS versions of both the 80186 and Perf ' included
80188. The source level debugger (included) ¢ Ferformance analyzer include
supports all C and PL/M compilers, and all 4 Built-in logic analyzer

assemblers,
Hosts SuPPORTED

STANDARD FEATURES * IBMPC
¢ 16-MHz operation, zero wait states
¢ 131072 hardware breakpoints SUPPORT_

. . # Toll free hotline
+ 5 level deep conditional nested breakpoints
+ 256K to 1 MB overlay ROM AvAILABILITY
& 4K deep real time trace ¢ Stock

CoNTACTS

Softald, Inc.

8300 Guilford Drive
Columbia, MD 21046
(301) 290-7760

(800) 433-8812
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EMULATORS

80C186-20

IN-CircuiT EMULATOR

SOPHIA SYSTEMS AND TECHNOLOGY

Real-time, non-intrusive in-circuit emulation
system for the AMD 80C186-20 MHz family of
microprocessors; MicroSCOPE, Sophia’s high-
level language debugger, provides full source-
level debug support as well as emulation
control. MicroSCOPE provides source viewing
and stepping, register viewing and
modification, complex breakpoint setting, and
hardware triggering/tracing based on data/
address bus contents or CPU status.

STANDARD FEATURES

+ Real-time execution with zero wait states to
20 MHz

+ Transparent, non-intrusive operation
anspare t. on-intrus perati . SUPPORT
+ Windowed high-level language debugging  Bulletin Board Syst
environment ulle IT‘I oard System
+ 128 KB high-speed static RAM on probe; ¢ Technical support
optional memory to 8 MB + Six-month hardware warranty
¢ 2048 x 112-bit-wide real-time trace buffer AVA' LABILITY
¢ Trigger conditions include symbolic/absolute ¢ |mmediate
address, access violation, external input,
and processor status
+ High-speed parallel interface for fast
download of user code
ConTACTS
WESTERN EUROPE ASIA
HEMISPHERE Alpha House Shinjuku NS Bldg. 8F
777 California Avenue London Road, Bracknell 2-4-1 Nishishinjuku
Palo Alto, CA 94304 Berkshire RG12 2TJ Shinjuku-ku, Tokyo 163
Tel: (415) 493-6700 England Japan
Tel: 0344-862404 Tel: 03-3348-7000
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ML4400

Loaic ANALYZER

AMERICAN ARIUM

The ML4400 logic analyzer provided software SUPPORT

disassembly for many microprocessors,

including the 80C186/80C188. Multiple pro.  * o/t Program _
cessors can be monitored simultaneously. ¢ Applications Support hotline
Cross-triggering between micros, as well as ¢ 24-hour service program

timing analysis at 400 MHz. Download code with A
ROM emulator option. VAILABILITY

+ Immediate
STANDARD FEATURES:
<+ 16 channels at 400 MHz, transitional storage

¢ 160 channels at 50 MHz synchronous

¢ Upto 4 80C186/80C188 supported at once
¢ ROM emulator

¢ 20-MHz 80C186/80C188 support

+ 14 levels of trigger

CONTACTS

American Arium

14281 Chambers Road
Tustin, California 92680
(714) 731-1661
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SOFTWARE

HyPeErRSOURCE-186

SouRcCE-LEVEL INTERFACE

MICROTEK INTERNATIONAL, INC.

HyperSOURCE is a multi-windowed “C” source
level interface, fully integrated with the complete
line of MICE X86 emulators.

HyperSOURCE supports Microsoft C and other
industry-standard software tool chains that
produce OMF86 (Intel Object Module Format),
OMF286, or OMF386 files.

HyperSOURCE allows users to debug
embedded applications in real time, providing
both assembly and source level debugging
capability through MICE in-circuit emulators.
Employing pop-up windows and pull-down
menus, HyperSOURCE accepts commands via
keyboard or mouse.

All symbolic information is available to the user,
including symbol names of local or global scope
for all C types. Symbols are RAM-resident for
optimum performance. HyperSOURCE
provides complete access to symbolic names,
data types, functions, source statements, and
source modules. The symbolic information can
be used in any of the emulator's commands.

CONTACTS

STANDARD FEATURES
+ Multi-windowed C source level interface

¢ View code at the C source level, mixed
mode or assembly

+ Monitor variables throughout the debug
session

< Direct access to the stack trace to monitor
program flow

HosTs SuPPORTED
¢ PC/AT/PS2

SUPPORT
+ Phone hotline
+ Field applications support

AVAILABILITY
+ November 1991

Microtek International
Development Systems Division
3300 NW 211th Terrace
Hillsboro, OR 07124-7136

Tel: (503) 645-7333

Fax: (503) 629-8460

For sales Information
Tel: 1-800-886-7333 x1
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SOFTWARE

OASYS MicrosorFT Cross C

DEVELOPMENT SYSTEM

OASYS

Hosted as a cross compiler on multiple non-MS-
DOS systems, the Oasys Microsoft C Cross
Compiler has been carefully constructed to offer
the functionality of Microsoft C on an MS-DOS
PC. The cross compiler has been repackaged
to meet the demands of today’s developers in
need of a high performance, low cost
development compiler. This is ideal for large
work groups of VAX or workstation users who
can use the sophisticated UNIX or VMS
development tools while developing for MS-
DOS machines.

This optimized 80x86 C cross compiler can be
purchased separately or in conjunction with
other members of the Oasys Microsoft Cross C
Development System (which includes cross
versions of Microsoft's Macro Assembler and
Linker, OASYS Link & Locate for Intel de-
velopers, and the OASYS Microsoft Embedded
Kit).

Offering the functionality of the Microsoft tools
on an MS-DOS PC, the Oasys Microsoft Cross
Macro Assembler and Linker package comes
complete with a Macro Assembler, Library
Manager, and Cross Reference Utility. The
Linker includes overlay capabilities and
supports linking.

CONTACTS

Each can be purchased separately or in
conjunction with the other members of the
Oasys Microsoft Cross C Development System
(which includes the Oasys Microsoft Cross C
Compiler, Macro Assembler, Linker, and MEK).

Hosts SupPPORTED

¢ DEC VAX

¢ Sun-3, SPARC stations

¢ HP 9000/3xx, 9000/4xx, 90000/8xx
¢ IBM RS/6000

SUPPORT

¢ Complete documentation provided with
product

+ 30 days support included in purchase price
of product

¢ Annual maintenance available

< Support includes hotline support and
software updates

AvVAILABILITY
¢ Immediate

Oasys

One Cranberry Hill
Lexington, MA 02173
Attn: Ann M. Bischoff
Tel: (617) 862-2002
Fax: (617) 863-2633
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" PICK/PLACE EQUIPMENT

SupPPLIERS OF Pick/PLACE EQUIPMENT
wiTH TAPEPAK TrimM/Form CAPABILITY

AMISTAR HDQTR & WESTERN REGION
237 Via Vera Cruz

San Marcos, CA 92069

Contact: Christine Brady

Tel: (619) 471-1700

Fax: (619) 471-9065

FUJI AMERICA, INC.

616 Heathrow Drive
Lincolnshire, lllinois 60069
Contact: Nick Kimura

Tel: (708) 913-0162

Fax: (708) 913-0186

NSA (SANYO)

460 E. Middlefield Road
Mountain View, CA 94043
Contact: Kazv Sekigawa
Tel: (415) 969-1100

Fax: (415) 969-7259

PANASONIC

1616 McCandless Drive
Milpitas, CA 95035
Contact: Mel Herrera
Tel: (408) 945-5647
Fax: (408) 946-3753

PHILLIPS CORP.

2975 Courtyards Drive
Norcross, GA 30071
Contact: Chris Kimberley
Tel: (404) 368-4420

Fax: (404) 368-4450

SIEMENS ENERGY AND AUTOMATION
Special Equipment Division

2191 Laurelwood Road

Santa Clara, CA 95054

Contact: Nick Stukan

Tel: (408) 980-4572

TDK

1600 Feehanville Dr.
Mt. Prospect, IL 60056
Contact: Jim Cordova
Tel: (708) 390-4370

UNIVERSAL INSTRUMENT CORP.
P. O. Box 825

Binghamton, NY 13902-0825
Contact: Glenn Yeager

Tel: (607) 779-5195

Fax: (607) 772-1399

Twx: (510-252-0154)

ZEVATECH, INC.

1580 Old Oakland Road
Suite C-108

San Jose, CA 95131
Tel: (408) 453-1012
Fax: (408) 453-8942
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TAPEPAK TRIM/FORM FEEDERS

SuprPLIERS OF TAPEPAK TRiIM/Form FEEDERS

Feeper TYPES

. Automated feed, single input tube

Single station, manual system

Automated feed, multi-tube input

Automated feed, multi-tube input, random access capability

Automated feed, multi-tube input, random access capability with two-step forming station

apwp

HI-REL ASSOCIATES, INC. (2)
(formally Micro-Tech Industries)
2330 Commerce Park Drive
Palm Bay, FL 32905

Tel: (407) 728-7852

Fax: (407) 728-9444

INTERCON TOOLS, INC. (5)
280 Cochrane Circle

Morgan Hill, CA 95037
Contact: Heinz Thommen
Tel: (408) 778-5992

Fax: (408) 778-9557

INTRA ENGINEERING (1, 2)
3327 Edward Ave.

Santa Clara, CA 95054
Contact: John Charlebois
Tel: (408) 496-0767

Fax: (408) 496-0954

KNIGHT TOOL SYSTEMS (2, 3)
216 River St.

Haberhill, Mass 01832

Contact: Brian Prescott

Tel: (508) 373-1807

Fax: (508) 521-2105

SEMATOOL (5)

670 Nuttman St. #104
Santa Clara, CA 95054
Contact: E. C. Tan

Tel: (408) 988-8551
Fax: (408) 988-7599

SOLDERING TECHNOLOGY (2)
555 W. Allen Ave., Suite 10

San Dimas, CA 91773

Contact: Randy Baumgarden
Tel: (714) 592-5516

Fax: (714) 592-6211

TDK CORPORATION (3)
1600 Feehanville Dr.

Mt. Prospect, IL 60056
Contact: Jim Cordova
Tel: (708) 390-4370

Fax: 03-278-5330 (Tokyo)

TODDCO GENERAL (3,4)
P. O. Box 261840

San Diego, CA 92126
Contact: Thomas W. Todd
Tel: (619) 549-9229

UNIVERSAL INSTRUMENT CORP. (4)
P. O. Box 825

Binghamton, NY 13902-0825

Contact: Glenn Yeager

Tel: (607) 779-5195

Fax: (607) 772-1399

Twx: (510) 252-0154

Automated trim/form presentation stations can

be added to pick/place systems for a cost

ranging from =$30k to $70k. Manual, stand-

alone stations are available for =$10k.
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" Sales Offices
North American.

ALABAMA

(205) 882-9122

ARIZONA

CALIFORNIA,
Culver City

..{602) 242-4400
(213) 645-1524

Newport Beach

Sacramento(Roseville)

San Diego

.(714) 752-6262
(916) 786-6700
(619) 560-7030

San Jose

..... (408) 452-0500

Woodland Hills

(818) 992-4155

CANADA, Ontario,
Kanata

...(613) 592-0060

Willowdale

(416) 224-5193

COLORADO

(303) 741-2900

CONNECTICUT .ot

FLORIDA,
Clearwater

..(203) 264-7800

(813) 530-9971

Ft. Lauderdale

Orlando (Longwood)......

GEORGIA

(305) 776-2001
...(407) 862-9292
(404) 449-7920

IDAHO ......

.......... (208) 377-0393

ILLINOIS,

Chicago (ltasca)

(708) 773-4422

Naperville
MARYLAND ..............

(708) 505-9517
(301) 381-3790

MASSACHUSETTS

(617) 273-3970

MINNESOTA ..............

(612) 938-0001

NEW JERSEY,
Cherry Hill..........

...(609) 662-2900

Parsippany

...(201) 299-0002

NEW YORK,
Liverpool ......

..... (315) 457-5400

Brewster

(914) 279-8323

Rochester

(716) 425-8050

NORTH CAROLINA

Harrisburg......
Raleigh

(704) 455-1010
..(919) 878-8111

Coiumbus (Westerville
Dayton

) YOS, (614) 891-6455
..... (513) 439-0268

OREGON
PENNSYLVANIA......

..... (503) 245-0080
(215) 398-8006

TEXAS,
Austin ..

.......... (512) 346-7830

Dallas ..

(214) 934-9099

Houston

(713) 376-8084

UTAH

(801) 264-2900

Internatlonal

BELGIUM,Antwerpen

...(03) 248 43 00

FRANCE, Paris

GERMANY,

Bad Homburg

- (1)
[N S (1) 49-75-10-13
TLX 263282F
TEL (49) 6172-24061

(49) 6172-23195

Miinchen .... ...(089) 4114-0

HONG KONG, )
Wanchai FAX. ..(852) 865- 1147
TLX. 67955AMDAPHX
ITALY, Milano....cccccocenuees TEL (02) 3390541
(02) 3533241
FAX 02) 3498000
TLX .843-315286

JAPAN,

Atsugi TEL .(0462) 29-8460
FAX oo (0462) 29-8458
Kanagawa TEL .(0462) 47-2911
[N G (0462) 47-1729

International (continued)

TOKYO ceeermeeremmenrene TEL .. ..(03) 3346-7550
FAX ... 1(03) 3342-5196
TLX J24064AMDTKOJ
058K -ooeooeeeeereerreesnnn TEL. ..(06) 243-3250
FAX ..(06) 243-3253
KOREA, Seoul................ TEL . 82) 2-784-7598
FAX. 82) 2-784-8014

LATIN AMERICA,
Ft. Lauderdale ............ TEL ... ...(305) 484-8600
FAX . " (305) 485-9736
TLX . 9554261 AMDFTL

NORWAY, Oslo area..

....... 02) 53 13 24
(H6 wk)

.(02) 58 22 62

79079
SINGAPORE....... 65) 3481188
...(65) 3480161
5650 AMDMMI
SWEDEN

Stockholm area ........... ..(08) 98 6180
(Bromma) ..(08) 98 09 06
TAIWAN, Taipei ... .TEL. 886) 2-7153536
FAX. 886) 2-7122183

UNITED KINGDOM,
Manchester area ......... TEL. .(0925) 828008
(Warrington) FAX .(0925) 827693
TLX s 851-628524
London area ................ TEL. .(0483) 740440
(Woking) FAX .(0483) 756196

851-859103

North American Representatlves___
CANADA
Burnaby, B.C. - DAVETEK MARKETING ........... (604) 430-3680

Kanata, Ontario - VITEL ELECTRONICS............(613) 592-0060
Mississauga, Ontario - VITEL ELECTRONICS 416) 676-9720
Lachine, Quebec - VITEL ELECTRONICS.........(514) 636-5951
ILLINOIS

Skokie -INDUSTRIAL

REPRESENTATIVES,INC .....coocoircerieriecccne (708) 967-8430
INDIANA

Huntington - ELECTRONIC MARKETING
CONSULTANTS, ING.. ...(317) 921-3450
Indianapolis - ELECTRONIC MARKETING'

CONSULTANTS, INC... v (817) 921-3450

OWA
LORENZ SALES .........coveriinitnrcnnenes (319) 377-4666
KANSAS

Merriam — LORENZ SALES ... ...(913) 469-1312
chhlla LORENZ SALES ~.(316) 721-0500

CKY
ELECTRONIC MARKETING
CONSULTANTS, INC..
MICHIGAN
Birmingham - MIKE RAICK ASSOCIATES...
Holland - COM-TEK SALES INC

KE
..(317) 921-3452

.(313) 644-5040
(616) 392-7100

Novi — COM-TEK SALES, INC ... -..(313) 227-0007
MINNESOTA

Mel Foster Tech. Sales, Inc. ...covvinincas (612) 941-9790
MISSOURI

LORENZ SALES.........cccoovnimrnciccerccniiennnne.. (314) 997-4558
NEBRASKA

LORENZ SALES s srerernneeesessnssenees (402) 475-4660
NEW MEXIC

THOFISON DESERT STATES .. ...(505) 883-4343
NEW YORK

East Syracuse ~NYCOM, INC .......cccconecee (315) 437-8343

Hau'\?gau e— COMPONENT

ULTANTS, INC.. ...(516) 273-5050

O

Centerville - DOLFUSS ROOT & CO.

Columbus - DOLFUSS ROOT & CO

Westlake — DOLFUSS ROOT & CO.
OREGON

ELECTRA TECHNICAL SALES, INC ..
PENNSYLVANIA

RUSSELL F. CLARK CO.,INC

614) 885-4844
216) 899-9370

...(503) 643-5074
...(412) 242-9500

?5 1 3$ 433-6776

PUERTO RICO

COMP REP ASSOC, INC .. (809) 746-6550
WASHINGTO

ELECTRA TECHNICAL SALES.. ...(206) 821-7442
WISCONSIN

Brookfield-INDUSTRIAL

REPRESENTATIVES,ING .... ...(414) 789-9393

Advanced Micro Devices reserves the right to make changes in its product without notice in order to improve design or performance characteristics. The performance
- characteristics listed in this document are guaranteed by specific tests, guard banding, design and other practices common to the industry. For specific testing details,
contact your local AMD sales representative. The company assumes no responsibility for the use of any circuits described herein.
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