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Fujitsu Limited

Semiconductor Products

Fujitsu Limited, headquartered near Tokyo, Japan, is Japan's largest
supplier of computers and ranks in the top ten companies operating in
Japan. Fujitsu is also one of the world’s largest suppliers of telecom-
munications equipment and semiconductor devices.

Established in 1935 as the Communications Division spinoff of Fuiji
Electric Company Limited, Fujitsu Limited, in 1985, celebrated 50 years
of service to the world through the development and manufacture of
state—of-the-art products in data processing, telecommunications and
semiconductors. Fujitsu operates subsidiaries worldwide in two dozen
countries and employs over 80,000 people to generate annual sales in
excess of nine billion US dollars. (Year ended March 31, 1986 consoli-
dated base.)

Fujitsu has five plants in key industrial regions in Japan covering all
steps of semiconductor production. Five wholly owned Japanese
subsidiaries provide additional capacity for production of advanced
semiconductor devices. Two additional facilities operate in the U.S. and
Europe to help meset the growing worldwide demand for Fujitsu semicon-
ductor products. In all, Fujitsu operations occupy over 1.6 million
square meters of manufacturing space worldwide.

In 1975, Fujitsu developed 8-bit microcomputers. In 1977, Fujitsu
introduced proprietary 4-bit microcomputers. Today, their 4-bit
microcomputer family is the largest 4-bit product line in the world. With
the development of the high performance 16-bit micropcocessors,
Fujitsu offers a full line of microprocessors, microcomputers, and
peripherals to provide designers with a total of 150 products, including
90 products in CMOS families, 50 products in NMOS families and 10
products in bipolar peripherals.

In 1983, Fujitsu introduced the world’s first CMOS single-chip Digital
Signal Processor, the MB8764. Fujitsu’'s DSP provides telecommunica-
tion designers with high-speed signal processing capabilities and at a
cost-effective solution.

Other Fujitsu industry standard products include GaAs FETs, GaAs FET
amplifiers, Si microwave transistors and light wave semiconductors.
Discrete products include power-switching transistors and Darlington
Array transistors.

Fujitsu’s custom product lines include application-specific gate arrays
and standard-cell arrays using high-speed Bipolar and ECL technologies
and advanced CMOS technologies. Gate arrays ranging in size from
350 to 20,000 gates are available in up to 8,000 gate equivalents and
include on-chip memory and program logic array.

Virtually every major type of electronics equipment on the globe utilizes
Fujitsu technology in integrated circuits. Fujitsu's leadership position in
worldwide integrated circuit development and manufacturing assures
equipment manufacturers that they will always be able to design with the
Iat|esbt‘ Iin technology utilizing the highest standards of quality and
reliability.




Fujitsu Microelectronics, Inc.

Established in 1979, Fujitsu Microelectronics, Inc., headquartered in
Santa Clara, California, markets Fujitsu semiconductors through
representatives located throughout the U.S. and North America.

The Component Division, Fujitsu Component of America, Inc., markets
bubble memories, keyboards, plasma displays, relay switches and
hybrid ICs.

FMI’s San Diego manufacturing facility provides capacity for manufactur-
ing of many high-technology devices for the U.S. and North American
market.

Customer support for custom designs is available through Fujtsu’s
design centers in Santa Clara, Dallas and Boston. Technology Centers
offering on-site customer training, CAE design facilities and design
assistance are planned.

Fujitsu Mikroelektronik GmbH (European Sales Center)

Fujitsu Mikroelektronick GmbH (FMG) was established in June, 1980, in
Frankfurt, West Germany, and is a totally owned subsidiary of Fujitsu
Limited, Tokyo. FMG is the sole representative of the Fujitsu Electronic
Device Group in Western Europe. The wide range of IC products, LS|
memories and, in particular, gate arrays are noted throughout Western
Europe for design excellence and unmatched reliability. Five branch
offices to support Fujitsu’s semiconductor operations are located in
Munich, London, Paris, Stockholm, and Milan.

Fujitsu Microelectronics Ireland, Ltd (European Production Center)

Fujitsu Microelectronics Ireland, Ltd. (FME) was established in 1980 in
the suburbs of Dublin as Fujitsu's European Production Center for
integrated circuits. FME supplies 64K/256K DRAMs, 64K CMOS/NMOS
EPROMSs, 256K EPROMs, and other LS| memory products.

Fujitsu Microelectronics, Ltd (European Design Center)

Fujitsu Microelectronics, Ltd., Fujitsu's European VLSI Design Center,
opened in October of 1983 in Manchester, England. The Design Center
is equipped with a highly-sophisticated CAD system to ensure fast and
reliable processing of input data. An experienced staff of engineers is
available to assist in all phases of the design process.

Fujitsu Microelectronics Pacific Asia Ltd. (Asian/Oceanian Sales Centre)

Fujitsu Microelectronics Pacific Asia Ltd. (FMP) opened in August 1986
in Hong Kong as a wholly-owned Fujitsu subsidiary for sales of elec-
tronic devices to Asian and Southwest Pacific markets.



Fujitsu MCU/MPU Development History August 1986

Part No. Features

MB8840 SERIES 4-bit NMOS MCU

MB8850 SERIES 4-bit CMOS MCU

4-bit High End
MB88400 SERIES NMOS MCU

4-bit High End
MB88500 SERIES CMOS MCU

MB88700 SERIES New 4-bit MOS MCU

MB89700 SERIES | New 8-bit CMOS MCU

MBL8049/39 {ime1 8049739 Sompatible)
MBLE0S1/31 Gimeoi 8051731 compatible)
MBL8086/8088 }E‘n-tgitsbégﬂsgesawcl:z%paﬂble)
MBL80186/188 }&EEFB%QA&%/% yepgompatible)
MBL80286 16-bit NMOS High End

(Intel 80286 compatible)

Production
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NMOS HIGH PERFORMANCE 16-BIT MICROPROCESSOR
WITH MEMORY MANAGEMENT AND PROTECTION

January 1986 -
Edition 1.0

The Fujitsu MBL 80286 is an advanced, high-performance 16-bit microprocessor with spégially optimized capabilities
for multiple user and multi-tasking systems. The MBL 80286 has built-in memory protection that supports operating
system and task isolation as well as program and data privacy within tasks. An 8 MHz MBL 80?Bﬁprovides up to six
times greater throughout than the standard 5 MHz MBL 8086. The MBL 80286 includes memory management capa-
bilities that map up to 230 (one gigabyte) of virtual address space per task into 224 bytes (16 megabytesjof physical
memory.

The MBL 80286 is upward compatible with MBL 8086 and 88 software. Using MBL 8086 real address mode, the
MBL 80286 is object code compatible with existing MBL 8086, 88 software. In protected virtual address mode, the
MBL 80286 is source code compatible with MBL 8086, 88 software and may require upgrading to use virtual ad-
dresses supported by the MBL 80286's integrated memory management and protection mechanism. Both modes
operate at full MBL 80286 performance and execute a superset of the MBL 8086 and 88's instructions.

The MBL 80286 provides special operations to support the efficient implementation and execution of operating
systems. For example, one instruction can end execution of one task, save its state, switch to a new task, load its state,
and start execution of the new task. The MBL 80286 also supports virtual memory systems by providing a segment-
not-present exception and restartable instructions.

The MBL 80286 is housed in a 68-pad ceramic LCC (Leadless Chip Carrier: JEDEC Type A) or a 68-pin ceramic PGA
(Pin Grid Array) package.

® High Performance Processor ® Two Ranges of Clock Rates:
(Up to six times MBL 8086) — 8 MHz for MBL 80286-8
® Large Address Space: — 6 MHz for MBL 80286-6
— 16 Megabytes Physical ® Optional Processor Extension:
— 1 Gigabyte Virtual per Task — MBL 80286 and Intel 80287 High Performance
® [Integrated Memory Management, Four-Level Memory 80-bit Numeric Data Processor
Protection and Support for Virtual Memory and ® High Bandwidth Bus Interface (8 Megabyte/Sec)
Operating Systems ® Two Package Options:
® Two MBL 8086 Upward Compatible Operating — 68-Pad Ceramic LCC (Suffix — CV)
Modes: (JEDEC Type A)
— MBL 8086 Real Address Mode — 68-Pin Ceramic PGA (Suffix — CR)

— Protected Virtual Address Mode
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NIRIN - MBL 80286-6
Fig. 2 — PIN CONFIGURATIONS
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PIN DESCRIPTION

The following pin function descriptions are for the MBL 80286 microprocessor:

Table 1 — PIN DESCRIPTION

MBL 80286-8
MBL 80286-6

(e
FUJITSU

L

Symbol Type

Name and Function

CLK [

System Clock provides the fundamental timing for MBL 80286 systems. It is divided by two
inside the MBL 80286 to generate the processor clock. The internal divide-by-two circuitry
can be synchronized to an external clock generator by a LOW to HIGH transition on the
RESET input.

D15-D0 1/0

Data Bus inputs data during memory, 1/0, and interrupt acknowledge read cycles; outputs
data during memory and 1/O write cycles. The data bus is active HIGH and floats to 3-state
OFF during bus hold acknowledge.

A23-A0 [0}

Address Bus outputs physical memory and 1/O port addresses. AO is LOW when data is to be
transferred on pins D7—D0. A23—A16 are LOW during 1/0 transfers. The address bus is active
HIGH and floats to 3-state OFF during bus hold acknowledge.

W
m
o

Bus High Enable indicates transfer of data on the upper byte of the data bus, D15—D8. Eight-
bit oriented devices assigned to the upper byte of the data bus would normally use BHE to
condition chip select functions. BHE is active LOW and floats to 3-state OFF during bus hold
acknowledge.

BHE and A0 Encodings

BHE Value

A0 Value

Function

o

- a0

0

1
0
1

Word transfer

Reserved

Byte transfer on upper half of data bus (D15—D8)
Byte transfer on lower half of data bus (D7—-DO0)

9
gl
o

Bus

and

Cycle Status indicates initiation of a bus cycle and, along with M/1O and COD/INTA,
defineds the type of bus cycle. The bus is in a TS state whenever one or both are LOW. S1
SO are active LOW and float to 3-state OFF during bus hold acknowledge.

MBL 80286 Bus Cycle Status Definition

COD/INTA M/i0 s1 S0 Bus cycle initiated
0 (LOW) 0 0 0 Interrupt acknowiedge
0 0 0 1 Reserved
0 0 1 0 Reserved
0 0 1 1 None: not a status cycle
0 1 0 0 If A1 =1 then halt; else shutdown
0 1 0 1 Memory data read
0 1 1 0 Memory data write
0 1 1 1 None: not a status cycle
1 (HIGH) 0 0 0 Reserved
1 0 0 1 1/0 read
1 0 1 0 1/0 write
1 0 1 1 None: not a status cycle
1 1 0 0 Reserved
1 1 0 1 Memory instruction read
1 1 1 0 Reserved
1 1 1 1 None: not a status cycle
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MBL 80286-8
WA, MBL 80286-6

Table 1 — PIN DESCRIPTION (Cont.)

Symbol

Type

Name and Function

M/i0

o]

Memory/10 Select distinguishes memory access from 1/0 access. If HIGH during TS, a memory
cycle or a halt/shutdown cycle is in progress. If LOW, an 1/0 cycle or an interrupt acknowly
edge cycle is in progress. M/10 floats to 3-state OFF during bus hold acknowledge.

COD/INTA

Code/Interrupt Acknowledge distinguishes instruction fetch cycles from memory data read
cycles. Also distinguishes interrupt acknowledge cycles from 1/O cycles. COD/INTA floats to
3-state OFF during bus hold acknowledge. Its timing is the same as M/I1O.

Bus Lock indicates that other system bus masters are not to gain control of the system bus
following the current bus cycle. The LOCK signal may be activated explicitly by the “LOCK"
instruction prefix or automatically by MBL 80286 hardware during memory XCHG instruc-
tions, interrupt acknowledge, or descriptor table access. LOCK is active LOW and floats to
3-state OFF during bus hold acknowledge.

READY

Bus Ready terminates a bus cycle. Bus cycles are extended without limit until terminated by
READY LOW. READY is an active LOW synchronous input requiring setup and hold times
relative to the system clock be met for correct operation. READY is ignored during bus hold
acknowledge.

HOLD
HLDA

Bus Hold Request and Hold Acknowledge control ownership of the MBL 80286 local bus.
The HOLD input allows another local bus master to request control of the local bus. When
control is granted, the MBL 80286 will float its bus drivers to 3-state OFF and then activate
HLDA, thus entering the bus hold acknowledge condition. The local bus will remain granted
to the requesting master until HOLD becomes inactive which results in the MBL 80286
deactivating HLDA and regaining control of the local bus. This terminates the bus hold
acknowledge condition. HOLD may be asynchronous to the system clock. These signals are
active HIGH.

INTR

Interrupt Request requests the MBL 80286 to suspend its current program execution and
service a pending external request. Interrupt requests are masked whenever the interrupt
enable bit in the flag word is cleared. When the MBL 80286 responds to an interrupt request,
it performs two interrupt acknowledge bus cycles to read an 8-bit interrupt vector that identi-
fies the source of the interrupt. To assure program interruption, INTR must remain active
until the first interrupt acknowledge cycle is completed. INTR is sampled at the beginning of
each processor cycle and must be active HIGH at least two processor cycles before the current
instruction ends in order to interrupt before the next instruction. INTR is level sensitive,
active HIGH, and may be asynchronous to the system clock.

NM1

Non-maskable Interrupt Request interrupts the MBL 80286 with an internally supplied vector
value of 2. No interrupt acknowledge cycles are performed. The interrupt enable bit in the
MBL 80286 flag word does not affect this input. The NMI input is active HIGH, may be
asynchronous to the system clock, and is edge triggered after internal synchronization. For
proper recognition, the input must have been previously LOW for at least four system clock
cycles and remain HIGH for at least four system clock cycles.

Processor Extension Operand Request and Acknowledge extend the memory management
and protection capabilities of the MBL 80286 to processor extensions. The PEREQ input
requests the MBL 80286 to perform a data operand transfer for a processor extension. The
PEACK output signals the processor extension when the requested operand is being trans-
ferred. PEREQ is active HIGH and floats to 3-state OFF during bus hold acknowledge.
PEACK may be asynchronous to the system clock. PEACK is active LOW.

1-5
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Table 1 — PIN DESCRIPTION (Cont.)

Symbol Type Name and Function
BUSY | Processor Extension Busy and Error indicate the operating condition of a processor extension
ERROR | to the MBL 80286. An active BUSY input stops MBL 80286 program execution on WAIT and

some ESC instructions until BUSY becomes inactive (HIGH). The MBL 80286 may be inter-
rupted while waiting for BUSY to become inactive. An active ERROR input causes the
MBL 80286 to perform a processor extension interrupt when executing WAIT or some ESC
instructions. These inputs are active LOW and may be asynchronous to the system clock.

RESET | System Reset clears the internal logic of the MBL 80286 and is active HIGH. The MBL 80286
may be reinitialized at any time with a LOW to HIGH transition on RESET which remains
active for more than 16 system clock cycles. During RESET active, the output pins of the
MBL 80286 enter the state shown below:

MBL 80286 Pin State During Reset
Pin Value Pin Names
1 (HIGH) S0, S1, PEACK, A23—A0, BHE, LOCK
0 (LOW) M/T0, COD/INTA, HLDA
3-state OFF D15-D0

Operation of the MBL 80286 begins after a HIGH to LOW transition on RESET. The HIGH
to LOW transition of RESET must be synchronous to the system clock. Approximately 50
system clock cycles are required by the MBL 80286 for internal initializations before the
first bus cycle to fetch code from the power-on execution address is performed.

A LOW to HIGH transition of RESET synchronous to the system clock will end a processor
cycle at the second HIGH to LOW transition of the system clock. The LOW to HIGH transi-
tion of RESET may be asynchronous to the system clock; however, in this case it cannot be
predetermined which phase of the processor clock will occur during the next system clock
period. Synchronous LOW to HIGH transitions of RESET are required only for systems
where the processor clock must be phase synchronous to another clock.

Vss | System Ground: 0 Volts.
Vee I System Power: +5 Volt Power Supply.
CAP | Substrate Filter Capacitor: a 0.047uF + 20% 12V capacitor must be connected between this

pin and ground. This capacitor filters the output of the internal substrate bias generator.
A maximum DC leakage current of 1uA is allowed through the capacitor.

For correct operation of the MBL 80286, the substrate bias generator must charge this capa-
citor to its operating voltage. The capacitor chargeup time is'5 milliseconds (max.) after Ve
and CLK reach their specified AC and DC parameters. RESET may be applied to prevent
spurious activity by the CPU during this time. After this time, the MBL 80286 processor clock
can be phase synchronized to another clock by pulsing RESET LOW synchronous to the
system clock.
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FUNCTIONAL DESCRIPTION
Introduction

The MBL 80286 is an advanced, high-performance micro-
processor with specially optimized capabilities for multiple
user and multi-tasking systems. Depending on the applica-
tion, the MBL 80286’s performance is up to six times
faster than the standard 5 MHz MBL 8086's, while pro-
viding complete upward software compatibility with
Fujitsu’s MBL 8086, 88, and 186 family of CPU's.

The. MBL 80286 operates in two modes: MBL 8086 real
address mode and protected virtual address mode. Both
modes execute a superset of the MBL 8086 and 88 instruc-
tion set.

In MBL 8086 real address mode programs use real addresses
with up to one megabyte of address space. Programs use
virtual addresses in protected virtual address mode, also
called protected mode. In protected mode, the MBL 80286
CPU automatically maps 1 gigabyte of virtual addresses
per task into a 16 megabyte real address space. This mode
also provides memory protection to isolate the operating
system and ensure privacy of each tasks’ programs and data.
Both modes provide the same base instruction set, registers,
and addressing modes.

The following Functional Description describes first, the
base MBL 80286 architecture common to both modes,
second, MBL 8086 real address mode, and third, protected
mode.

MBL 8086 BASE ARCHITECTURE
The MBL 8086, 88, 186, and 286 CPU family all contain

the same basic set of registers, instructions, and addressing
modes. The MBL 80286 processor is upward compatible
with the MBL 8086, 8088, and 80186 CPU's.

Register Set

The MBL 80286 base architecture has fifteen registers as
shown in Fig. 3. These registers are grouped into the follow-
ing four categories:

General Registers: Eight 16-bit general purpose registers
used to contain arithmetic and logical operands. Four of
these (AX, BX, CX, and DX) can be used either in their
entirety as 16-bit words 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
immediately addressable for code, stack, and data. (For
usage, refer to Memory Organization.)

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

Status and Control Registers: The 3 16-bit special purpose
registers in Fig. 3a record or control certain aspects of
the MBL 80286 processor state including the Instruction
Pointer, which contains the offset address of the next
sequential instruction to be executed.

16-BIT SPECIAL
REGISTER REGISTER
NAME FUNCTIONS
7 07 0
B\éTFhES ABLE AX| AH AL MULTIPLY/DIVIDE
%_BDH_ SABLE |y [ on DL 1/0 INSTRCTIONS
REGISTER x| on oL LOOP/SHIFT/
NAMES REPEAT/COUNT
SHOWN) Bx| BH BL
BASE REGISTERS
BP
sl
o INDEX REGISTERS
sp >STACK POINTER
15 0
GENERAL
REGISTERS

Fig. 3 — REGISTER SET

15 0
Ccs CODE SEGMENT SELECTOR
Ds DATA SEGMENT SELECTOR
SS STACK SEGMENT SELECTOR
ES EXTRA SEGMENT SELECTOR
SEGMENT REGISTERS
15 0
F FLAGS
IP INSTRUCTION POINTER
Msw MACHINE STATUS WORD

STATUS AND CONTROL
REGISTERS
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Fig. 3a — STATUS AND CONTROL REGISTER BIT FUNCTIONS

STATUS FLAGS:
CARRY

PARITY
AUXILIARY CARRY
ZERO

SIGN

OVERFLOW
514 13 12 111 10 9 8 17 {e
FLAGS: @NTJ oL | OF | OF | IF | TF | sF | zF

CONTROL FLAGS:
t———————— TRAP FLAG

t——————————— INTERRUPT ENABLE

DIRECTION FLAG

SPECIAL FIELDS:
1/0 PRIVILEGE LEVEL
NESTED TASK FLAG

3 2 1 0

MSW: N
RESERVED

TASK SWITCH

PROCESSOR EXTENSION EMULATED
MONITOR PROCESSOR EXTENSION
PROTECTION ENABLE

Flags Word Description — Register to Memory

. L — Immediate to Memory
The Flags word (Flags) records specific characteristics

of the result of logical and arithmetic instructions (bits 0, Table 2 — FLAGS WORD BIT FUNCTIONS

2, 4, 6, 7, and 11) and controls the operation of the P
MBL 80286 within a given operating mode (bits 8 and 9). Position Name Function
Flags is a 16-bit register. The function of the flag bits is 0 CF Carry Flag — Set on high-order bit
given in Table 2. carry or borrow; cleared otherwise
2 PF Parity Flag — Set if low-order 8 bits
of result contain an even number of
Instruction Set 1-bits; cleared otherwise
4 AF Set on carry from or borrow to the
The instruction set is divided into seven categories: data Lcmleg;?;r four bits of AL; cleared
transfer, arithmetic, shift/rotate/logical, string manipula- - -
. . R . 6 ZF Zero Flag — Set if result is zero;
tion, control transfer, high level instructions, and processor cleared otherwise
control. These categories are summarized in Fig. 4. 7 SF Sign Flag — Set equal to high-order
bit or result (0 if positive, 1 if nega-
. tive)
An MBL 80286 instruction can reference zero, one, or two . -

. . . . 8 TF Single Step Flag — Once set, a sin-
operands; where an operand resides in a register, in the gle step interrupt occurs after the
instruction itself, or in memory. Zero-operand instructions zlee:tre (;n;trut%gos?n 7:esc!zte§.teTZ |ts

interri .

(e.g. NOP and HLT) are usually one byte long. One-operand s T Imerrumyenable :Iag pWhen s':t

instructions (e.g. INC and DEC) are usually two bytes long maskable interrupts will cause the

but some are encoded in only one byte. One-operand &Ppht’ ;gc:;r;s;:;i;:iggtlrgclatgoann inter-
instructions may reference a register or memory location. B —

. . 4 . . 10 DF Direction Flag — Causes string

Two-operand instructions permit the following six types instructions to auto decrement the

of instruction operations: appropriate index registers when set.

. Clearing DF causes auto increment.

— Register to Register 11 OF Overflow Flag — Set if result is a

. too-large positive number or a too-

- Memory to RegISter small negative number (excluding

— Immediate to Register sign-bit) to fit in destination oper-

— Memory to Memory and; cleared otherwise
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Two-operand instructions (e.g. MOV and ADD) are usually

HFORMAT!

Fig. 4b — ARITHMETIC INSTRUCTIONS

to six bytes long. M mem i
I i e o ey e e
one to three bytes. For detailed instruction formats and ADD Add byte or word
encodings refer to the instruction set summary at the end ADC Add byte or word with carry
of this document. INC Increment byte or word by 1
AAA ASCII adjust for addition
For detailed operation and usage of each instruction, see DAA Decimal adjust for addition
Appendix of MBL 80286 Programmer’s Reference Manual. SUBTRACTION
Fig. 42 — DATA TRANSFER INSTRUCTIONS SuB Subtract byte or word
SBB Subtract byte or word with borrow
GENERAL PURPOSE DEC Decrement byte or word by 1
MOV Move byte or word NEG Negate byte word
PUSH Push word onto stack CMP Compare byte or word
POP Pop word off stack AAS ASCII adjust for subtraction
PUSHA | Push all registers on stack DAS Decimal adjust for subtraction
POPA Pop all registers from stack MULTIPLICATION
XCHG Exchange byte or word MUL Multiply byte or word unsigned
XLAT Translate byte IMUL Integer multiply byte or word
INPUT/OUTPUT AAM ASCII adjust for multiply
IN Input byte or word DIVISION
out Output byte or word DIV Divide byte or word unsigned
ADDRESS OBJFCT IDIV Integer divide byte or word
LEA Load effective address AAD ASCII adjust for division
LDS Load pointer using DS CBW Convert byte to word
LES Load pointer using ES CWD Convert word to doubleword
FLAG TRANSFER
LAHF Load AH register from flags
SAHF Store AH register in flags
PUSHF Push flags onto stack Fig. 4d — SHIFT/ROTATE/LOGICAL INSTRUCTIONS
POPF Pop flags off stack LOGICALS
NOT ““Not"" byte or word
AND ""And’’ byte or word
OR ““Inclusive or"’ byte or word
Fig. 4c — STRING INSTRUCTIONS XOR ““Exclusive or” byte or word
MOVS Move byte or word string TEST “TEST" byte or word
INS Input bytes or word string SHIFTS
OuUTS Output bytes or word string SHL/SAL Shift logical/arithmetic left byte or word
CMPS Compare byte or word string SHR Shift logical right byte or word
SCAS Scan byte or word string SAR Shift arithmetic right byte or word
LODS Load byte or word string ROTATES
STOS Store byte or word string ROL Rotate left byte or word
REP Repeat ROR Rotate right byte or word
REPE/REPZ . Repeat while equal/zero RCL Rotate through carry left byte or word
REPNE/REPNZ Repeat while not equal/not zero RCR Rotate through carry right byte or word
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CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS
JA/JNBE Jump if above/not below nor equal CALL Call procedure
JAE/JNB Jump if above or equal/not below RET Return from procedure
JB/JNAE Jump if below/not above nor equal JMpP Jump
JBE/JNA Jump if below or equal/not above
JC Jump if carry ITERATION CONTROLS
JE/JZ Jump if equal/zero
JG/JNLE Jump if greater/not less nor equal LOOP Loop
JGE/JNL Jump if greater or equal/not less LOOPE/LOOPZ Loop if equal/zero
JL/INGE Jump if less/not greater nor equal LOOPNE/LOOPNZ Loop if not equal/not zero
JLE/ING Jump if less or equal/not greater JCXZ Jump if register CX =0
JNC Jump if not carry
JNE/JNZ Jump if not equal/not zero INTERRUPTS
JNO Jump if not overflow
JNP/JPO Jump if not parity/parity odd INT Interrupt
JNS Jump if not sign INTO Interrupt if overflow
JO Jump if overflow IRET Interrupt return
JP/JPE Jump if parity/parity even
JS Jump if sign

Fig. 4f — PROCESSOR CONTROL INSTRUCTIONS

FLAG OPERATIONS

Memory Organization

STC Set carry flag Memory is organized as sets of variable length segments.
CLC Clear carry flag Each segment is a linear contiguous sequence of up to
cMC Complement carry flag 64K (26) 8-bit bytes. Memory is addressed using a two-
STD Set direction flag component address (a pointer) that consists of a 16-bit
- : segment selector, and a 16-bit offset. The segment selector

CLD Clear direction flag e . -

- indicates the desired segment in memory. The offset com-
STl Set interrupt enable flag ponent indicates the desired byte address within the seg-
CLI Clear interrupt enable flag ment.

EXTERNAL SYNCHRONIZATION

HLT Halt until interrupt or reset ~ Fig. 5 — TWO COMPONENT ADDRESS
WAIT Wait for TEST pin active N ~
ESC Escape to extension processor 32.8IT POINTER ( r
LOCK Lock bus during next instruction

NO OPERATION [ sEGMENT [ oFFseT |
NOP No operation 31 1615 9

‘—T’ OPERAND | { SELECTED
EXECUTION ENVIRONMENT CONTROL SELECTED | » SEGMENT
LMSW Load machine status word
SMSW Store machine status word
Fig. 4g — HIGH LEVEL INSTRUCTIONS

ENTER Format stack for procedure entry
LEAVE Restore stack for procedure exit = MEMORYd:
BOUND Detects values outside prescribed range
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Table 3 — SEGMENT REGISTER SELECTION RULES

Memory Reference Segment Register Implicit Segment Selection Rule
Instructions Code (CS) Automatic with instruction prefetch
Stack Stack (SS) s;lsztraecgl?s?:rs.hes and pops. Any memory reference which uses BP as a
Local Data Data (DS) All data references except when relative to stack or string destination
External (Global) Data Extra (ES) Alternate datasegment and destination of string operation

All instructions that address operands in memory must
specify the segment and the offset. For speed and compact
instruction encoding, segment selectors are usually stored
in the high speed segment registers. An instruction need
specify only the desired segment register and an offset in
order to address a memory operand.

Most instructions need not explicitly specify which segment
register is used. The correct segment register is automatical-
ly chosen according to the rules of Table 3. These rules
follow the way programs are written (see Fig. 6) as in-
dependent modules that require areas for code and data,
a stack, and access to external data areas.

Special segment override instruction prefixes allow the
implicit segment register selection rules to be overridden
for special cases. The stack, data, and extra segments may
coincide for simple programs. To access operands not
residing in one of the four immediately available segments,
a full 32-bit pointer or a new segment selector must be
loaded.

Addressing Modes

The MBL 80286 provides a total of eight addressing modes
for instructions to specify operands. Two addressing modes
are provided for instructions that operate on register or
immediate operands:

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

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

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

Fig. 6 — SEGMENTED MEMORY HELPS
STRUCTURE SOFTWARE

r--—-1
| 1
CODE
MODULE A
DATA
| |
[} I
] i
CODE CPY
MODULE B
DATA L CODE
: : L DATA
i
! STACK
PROCESS
ok 1 1 ExTRA
SEGMENT
h \ REGISTERS
1 ]
|
PROCESS
DATA
BLOCK 1
i
| I
| 1
PROCESS
DATA
BLOCK 2
1 i
||
MEMORY

the displacement (an 8 or 16-bit immediate value con-
tained in the instruction)

the base (contents of either the BX or BP base registers)
the Index (contents of either the S| or DI index registers)

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

Combinations of these three address elements 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 SI, DI, BX, or BP.

Based Mode: The operand’s offset is the sum of an 8 or
16-bit displacement and the contents of a based 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 Indexed Mode with Displacement: The operand’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 MBL 80286 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 re-
presentation. Signed 32 and 64-bit integers
are supported using the MBL 80286

and Intel 80287 Numeric Data Processor.

Ordinal: An unsigned binary numeric value con-

tained in an 8-bit byte or 16-bit word.

Pointer: A 32-bit quantity, composed of a segment
selector component and an offset com-

ponent. Each component is a 16-bit word.

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

A byte representation of alphanumeric
and control characters using the ASCII

standard of character representation.

ASCII:

BCD: A byte (unpacked) representation of the

decimal digits 0—9.

Packed BCD: A byte (packed) representation of two
decimal digits 0—9 storing one digit in

each nibble of the byte.

A signed 32, 64, or 80-bit real number
representation. (Floating point operands
are supported using the MBL 80286 and
Intel 80287 Numeric Processor configura-
tion.)

Floating Point:

Fig. 7 graphically represents the data types supported by
the MBL 80286.

1/0 Space
The 1/O space consists of 64K 8-bit or 32K 16-bit ports.
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Fig. 7 — MBL 80286 SUPPORTED DATA TYPES

7 0
SIGNED

BYTE
siGNBITdL_____|
MAGNITUDE

7 0
UNSIGNED
BYTE

TMSB
MAGNITUDE
1514 *1 87 0 o
SIGNED
WORD
SIGN BIT—  =MSB
MAGNITUDE
+3 +2 41515 *1 0 o

SIGNED

DOUBLEI I
WORD*

SIGN BIT— |L-MSB J

MAGNITUDE

+6 +5 +4 +3 42 +1
48 47 3231 5

e —————

MAGNITUDE
15+ 0 o
UNSIGNED
WORD
LMsB
MAGNITUDE
7 Y 07 0 o
B(I:ggEDIIIIIIIIJ ll'l'!ll]llll”l]
DECIMAL
(BCD) BCD BCD BCD
DIGIT N DIGIT 1 DIGITO
7 N o 7 1 07 0 o
ASCHI I . I I
ASCHI ASCII ASCII
CHARACTERy CHARACTER; CHARACTERq
N o 7 1 70 0 o

7
PACKED
BCD cee

MOST
SIGNIFICANT DIGIT

LEAST
SIGNIFICANT DIGIT

715+ 07/15 0

IlIIIIIIJlHllIII

BYTE/WORD 1 BYTE/WORD 0

7118 *N__ ¢
STR'NGl"'IIIll
BYTE/WORD N

1 3 +2 4515 1 0
POINTERIIIlllIIIIl|]lll||||]Hlllll'|lll
SELECTOR OFFSET
7949 48 47 46 45 44 43 42+ 0 g
FLOATING
POINT* [
SIGN EIT-‘I ]
EXPONENT MAGNITUDE

*Supported by MBL 80286 and Intel 80287 Numeric Data Processor Configuration

1/0 instructions address the 1/O space with either an 8-bit
port address, specified in the instruction, or a 16-bit port
address in the DX register. 8-bit port addresses are zero
extended such that A15—A8 are LOW. 1/O port addresses
00F8(H) through O0FF(H) are reserved.
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Table 4 — INTERRUPT VECTOR ASSIGNMENTS

. Interrupt ) Dogs Return Add.ress
Function Number Related Instructions Pount. to Instruc}lon
Causing Exception?

Divide error exception 0 DIV, IDIV Yes
Single step interrupt 1 All
NMI Interrupt 2 INT 2 or NMI pin
Breakpoint interrupt 3 INT 3
INTO detected overflow exception 4 INTO No
BOUND range exceeded exception 5 BOUND Yes
Invalid opcode exception 6 Any undefined opcode Yes
Processor extension not available exception 7 ESC or WAIT Yes
Reserved — do not use 8-15
Processor extension error interrupt 16 ESC or WAIT
Reserved — do not use 17-31
User defined 32-255

Interrupts

An interrupt transfers execution to a new program location.
The old program address (CS: IP) and machine state (Flags)
are saved on the stack to allow resumption of the inter-
rupted program. Interrupts fall into three classes: hardware
initiated, INT instructions, and instruction exceptions.
Hardware initiated interupts occur in response to an ex-
ternal input and are classified as non-maskable or maskable.
Programs may cause an interrupt with an INT instruction.
Instruction exceptions occur when an unusual condition,
which prevents further instruction processing, is detected
while attempting to execute an instruction. The return
address from an exception will always point at the instruc-
tion causing the exception and include any leading instruc-
tion prefixes.

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. For each interrupt, an 8-bit vector must be
supplied to the MBL 80286 which identifies the appro-
priate table entry. Exceptions supply the interrupt vector
internally. INT instructions contain or imply the vector
and allow access to all 256 interrupts. Maskable hardware
initiated interrupts supply the 8-bit vector to the CPU
during an interrupt acknowledge bus sequence. Non-
maskable hardware interrupts use a predefined internally
supplied vector.

MASKABLE INTERRUPT (INTR)
The MBL 80286 provides a maskable hardware interrupt
request pin, INTR. Software enables this input by setting

the interrupt flag bit (IF) in the flag word. All 224 user-
defined interrupt sources can share this input, yet they
can retain separate interrupt handlers. An 8-bit vector read
by the CPU during the interrupt acknowledge sequence
(discussed in System Interface section) identifies the
source of the interrupt.

Further maskable interrupts are disabled while servicing
an interrupt by resetting the |F but as part of the response
to an interrupt or exception. The saved flag word will
reflect the enable status of the processor prior to the inter-
rupt. Until the flag word is restored to the flag register,
the interrupt flag will be zero unless specifically set. The
interrupt return instruction includes restoring the flag
word, thereby restoring the original status of IF.

NON-MASKABLE INTERRUPT REQUEST (NMI)

A non-maskable interrupt input (NMI) is also provided.
NMI has higher priority than INTR. A typical use of NM|
would be to activate a power failure routine. The activation
of this input causes an interrupt with an internally supplied
vector value of 2. No external interrupt acknowledge
sequence is performed.

While executing the NMI servicing procedure, the
MBL 80286 will service neither further NMI requests, INTR
requests, nor the processor extension segment overrun
interrupt until an interrupt return (IRET) instruction is
executed or the CPU is reset. If NMI occurs while currently
servicing an NMI, its presence will be saved for servicing
after executing the first IRET instruction. IF is cleared at
the beginning of an NMI interrupt to inhibit INTR inter-
rupts.

|
|
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SINGLE STEP INTERRUPT

The MBL 80286 has an internal interrupt that allows pro-
grams to execute one instruction at a time. It is called the
single step interrupt and is controlled by the single step
flag bit (TF) in the flag word. Once this bit is set, an
internal single step interrupt will occur after the next in-
struction has been executed. The interrupt clears the TF
bit and uses an internally supplied vector of 1. The IRET
instruction is used to set the TF bit and transfer control to
the next instruction to be single stepped.

Interrupt Priorities

When simultaneous interrupt requests occur, they are
processed in a fixed order as shown in Table 5. Interrupt
processing involves saving the flags, return address, and
setting CS:IP to point at the first instruction of the inter-
rupt handler. If other interrupts remain enabled they are
processed before the first instruction of the current inter-
rupt handler is executed. The last interrupt processed is
therefore the first one serviced.

Table 6 — MBL 80286 INITIAL REGISTER STATE
AFTER RESET

Flag word 0002(H)
Machine Status Word FFFO(H)
Instruction pointer FFFO(H)
Code segment FOOO(H) )
Data segment 0000(H)
Extra segment 0000(H)
Stack segment 0000(H)

Machine Status Word Description

The machine status word (MSW) records when a task
switch takes place and controls the operating mode of
the MBL 80286. It is a 16-bit register of which the lower
four bits are used. One bit places the CPU into protected
mode, while the other three bits, as shown in Table 7, con-
trol the processor extension interface. After RESET, this
register contains FFFO(H) which places the MBL 80286
in MBL 8086 real address mode.

Table 7 — MSW BIT FUNCTIONS

Table 5 — INTERRUPT PROCESSING ORDER Bit .
e Name Function
Order Interrupt Position
1 Instruction exception 0 PE Protected mode enable places the
2 Single step MBL 80286 into protected mode and
3 NMI can not be cleared except by RESET.
4 Processor extension segment overrun 1 MP Monitor processor extension allows
5 INTR WAIT instructions to cause a proces-
6 INT instruction sor extension not present exception
e s . (number 7).
Initialization and Processor Reset
PO . . . 2 EM Emulate processor extension causes
Processor initialization or start up is accomplished by a processor extension not present
driving the RESET input pin HIGH. RESET forces the exception (number 7) on ESC in-
MBL 80286 to terminate all execution and local bus acti- structions  to  allow emulating  a
. . . .. . processor extension.
vity. No instruction or bus activity will occur as long as
RESET is active. After RESET becomes inactive and an 3 TS Iastk gt\(v-tcheq mdlga;isess:)hee;f;t
. . . . instruction using a pr r -
internal processing interval elapses, the MBL 80286 begins sion will cause exception 7, allowing
execution in real address mode with the instruction at software to test whether the current
physical location FFFFFO(H). RESET also sets some processor extension context belongs
. " . to the current task.
registers to predefined values as shown as shown in Table 6.

Table 8 —- RECOMMENDED MSW ENCODINGS FOR PROCESSOR EXTENSION CONTROL

Instructions
TS MP EM Recommended Use Causing
Exception 7
0 0 0 Initial encoding after RESET. MBL 80286 operation is identical to None
MBL 8086, 88.
0 1 No processor extension is available. Software will emulate its function. ESC
1 0 1 No processor extension is available. Software will emulate its function. ESC
The current processor extension context may belong to another task.
0 1 A processor extension exists. None
1 1 0 A propessor extension exists. The current processor extension context ESC or WAIT
may belong to another task. The Exception 7 on WAIT allows software to
test for an error pending from a previous processor extension operation.
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The LMSW and SMSW instructions can load and store the
MSW in real address mode. The recommended use of TS
EM, and MP is shown in Table 8.

Halt 15 0

Fig. 8 — MBL 8086 REAL ADDRESS MODE
' ADDRESS CALCULATION

) , ) OFFSET
The HLT instruction stops program execution and pre- 0000 OFFSET ADDRESS

vents the CPU from using the local bus until restarted.
Either NMI, INTR with IF = 1, or RESET will force the — ——
MBL 80286 out of halt. If interrupted, the saved CS:IP )
will point to the next instruction after the HLT. 15 0
SEGMENT

SEGMENT
MBL 8086 REAL ADDRESS MODE SELECTOR 0000f ApDRESS

The MBL 80286 executes a fully upward-compatible super- )
set of the MBL 8086 instruction set in real address mode.

|
|

In real address mode the MBL 80286 is object code com-

bytes (one megabyte) addressed by pins AQO through A19 20-BIT PHYSICAL

and BHE. A20 through A23 may be ignored. MEMORY ADDRESS

Memory Addressing

In real address mode physical memory is a contiguous array

of up to 1,048,576 bytres (one megabyte) addressed by Fig. 9 — MBL 8086 REAL ADDRESS MODE

. —— i9.9 —

pins AO through A19 and BHE. A20 through A23 may be INITIALLY RESERVED MEMORY LOCATIONS

patible with MBL 8086 and 8088 software. The real address

mode architecture (registers and addressing modes) is ADDER
exactly as described in the MBL 80286 Base Architecture
section of this Functional Description.

Memory Size

Physical memory is a contiguous array of up to 1,048,576 19 0
ignored.
The selector portion of a pointer is interpreted as the upper
16 bits o.f a 20-bit segment address. The lower four bits of RESET BOOTSTRAP FFFFFH
the 20-bit segment address are always zero. Segment ad- PROGRAM JUMP
dresses, therefore, begin on multiples of 16 bytes. See . FFFFOH
Fig. 8 for a graphic representation of address formation. 2= . a
All segments in real address mode are 64K bytes in size and 3FFH
i i i INTERRUPT POINTER

may be read, wr'ltten, or executed. Ar) excepgon or inter- FOR VECTOR 255
rupt can occur if data operands or instructions attempt N 3FCH
to wrap around the end of a segment (e.g. a word with its L X L
low order byte at offset FFFF(H) and its high order byte

. N 7H
at offset 0000(H)). If, in real address mode, the informa- \NTERRUPT POINTER
tion contained in a segment does not use the full 64K FOR VECTOR 1 4H
bytes, the unused end of the segment may be overlayed by INTERRUPT POINTER |3H
another segment to reduce physical memory requirements. FOR VECTOR 0 oH
Reserved Memory Locations

INITIAL CS:IP VALUE 1S FOOO:FFFO.

The MBL 80286 reserves two fixed areas of memory in real
address mode (see Fig. 9); system initialization area and
interrupt table area. Locations from addresses FFFFO(H)
through FFFFF(H) are reserved for system initialization. 00000(H) through O03FF(H) are reserved - for interrupt

Initial execution begins at location FFFFO(H). Locations vectors.
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Table 9 — REAL ADDRESS MODE ADDRESSING INTERRUPTS

. Interrupt . Return Address
Function Number Related Instructions Before Instruction?

Interrupt table limit too small exception 8 INT vector is not within table limit. Yes
Processor extension segment overrun 9 ESC with memory operand extending No
interrupt beyond offset FFFF(H).
Segment overrun exception 13 Word memory reference with offset Yes

= FFFF(H) or an attempt to execute

past the end of a segment.

Interrupts

Table 9 shows the interrupt vectors reserved for excep-
tions and interrupts which indicate an addressing error.
The exceptions leave the CPU in the state existing before
attempting to execute the failing instruction (except for
PUSH, POP, PUSHA, or POPA). Refer to the next section
on protected mode initialization for a discussion on excep-
tion 8.

Protected Mode Initialization

To prepare the MBL 80286.for protected mode, the LIDT
instruction is used to load the 24-bit interrupt table base
and 16-bit limit for the protected mode interrupt table.
This instruction can also set a base and limit for the inter
rupt vector table in real address mode. After reset, the
interrupt table base is initialized to 000000(H) and its
size set to O3FF(H). These values are compatible with
MBL 8086, 88 software. LIDT should only be executed in
preparation for protected mode.

Shutdown

Shutdown occurs when a severe error is detected that
prevents further instruction processing by the CPU. Shut-
down and halt are externally signalled via a halt bus opera-
tion. They can be distinguished by A1 HIGH for halt and
A1 LOW for shutdown. In real address mode, shutdown
can occur under two conditions.

® Exceptions 8 or 13 happen and the IDT limit does not
include the interrupt vector.

® A CALL INT or PUSH instruction attempts to wrap
around the stack segment when SP is not even.

An NMI input can bring the CPU out of shutdown if the
IDT limit is at least O00F(H) and SP is greater than
0005(H), otherwise shutdown can only be exited via the
RESET input.

PROTECTED VIRTUAL ADDRESS MODE

The MBL 80286 executes a fully upward-compatible super-
set of the MBL 8086 instruction set in protected virtual
address mode (protected mode). Protected mode also
provides memory management and protection mechanisms
and associated instructions.

The MBL 80286 enters protected virtual address mode
from real address mode by setting the PE (Protection
Enable) bit of the machine status word with the Load
Machine Status Word (LMSW) instruction. Protected mode
offers extended physical and virtual memory address
space, memory protection mechanisms, and new opera-
tions to support operating systems and virtual memory.

All registers, instructions, and addressing modes described
in the MBL 80286 Base Architecture section of this
Functional Description remain the same. Programs for the
MBL 8086, 88, 186, and real address mode MBL 80286
can be run in protected mode; however, embedded con-
stants for segment selectors are different.

Memory Size

The protected mode MBL 80286 provides a 1 gigabyte
virtual address space per task mapped into a 16 megabyte
physical address space defined by the address pins A23-
A0 and BHE. The virtual address space may be larger than
the physical address space since any use of an address that
does not map to a physical memory location will cause a
restartable exception.

Memory Addressing

As in real address mode, protected mode uses 32-bit
pointers, consisting of 16-bit selector and offset com-
ponents. The selector, however, specifies an index into
a 'memory resident table rather than the upper 16-bits of
a real memory address. The 24-bit base address of the
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desired segment is obtained from the tables in memory.
The 16-bit offset is added to the segment base address
to form the physical address as shown in Fig. 10. The
tables are automatically referenced by the CPU when-
ever a segment register is loaded with a selector. All
MBL 80286 instructions which load a segment register will
reference the memory based tables without additional
software. The memory based tables contain 8 byte values
called descriptors.

Fig. 10 — PROTECTED MODE MEMORY
ADDRESSING

31

16 15 0

POINTER| SELECTOR OFFSET

DESCRIPTORS

Descriptors define the use of memory. Special types of
descriptors also define new functions for transfer of con-
trol and task switching. The MBL 80286 has segment de-
scriptors for code, stack and data segments, and system
control descriptors for special system data segments and
control transfer operations. Descriptor accesses are per-
formed as locked bus operations to assure descriptor
integrity in multi-processor systems.

CODE AND DATA SEGMENT DESCRIPTORS (S =1)

Besides segment base addresses, code and data descriptors
contain other segment attributes including segment size
(1 to 64K bytes), access rights (read only, read/write,
execute only, and execute/read), and presence in memory
(for virtual memory systems) (See Fig. 11). Any segment

usage violating a segment attribute indicated by the seg-
PHYSICAL MEMORY . .
~ == ment descriptor will prevent the memory cycle and cause
an exception or interrupt.
PHYSICAL 3”,,55“231}’, SEGMENT Fig. 11 — CODE AND DATA SEGMENT
ADDRESS DESCRIPTOR FORMATS
Code or Data Segment Descriptor
7 07 0
T
+7 RESERVED* +6
SEGMENT BASE SEGMENT SEGMENT ACCESS +5 P|DPLI SITYPE IAI BASE23-16 +4
ADDRESS ' l"‘ DESCRIPTOR ?ESE?PT'ON RIGHT BYTE L Ll
23 0 ) +3 BASE15-0 +2
1
ES ES +1 LIMIT15-0 0
1
15 87 0
*Must be set to O for compatability with iAPX386.
Access Rights Byte Definition
P B't Name Function
osition
7 Present (P) P=1 Segment is mapped into physical memory.
P=0 No mapping to physical memory exists, base and limit are not used.
6-5 Descriptor Privilege Segment privilege attribute used in privilege tests.
Level (DPL)
c 4 Segment Descriptor S=1 Code or Data (includes stacks) segment descriptor
o (s) $=0 System Segment Descriptor or Gate Descriptor
;g 3 Executable (E) E=0 Data segment descriptor type is:
8 2 Expansion Direction ED =0 Expand up segment, offsets must be < limit. 1D Segment
- (ED) ED =1 Expand down segment, offsets must be > limit. (s =a1ta Ee—_go)en
° 1 Writeable (W) W=0 Data segment may not be written into. ’
t w=1 Data segment may be written into.
S 3 Executable (E) E=1 Code Segment Descriptor type is:
2 Conforming (C) c=1 Code segment may only be executed when CPL > DPL
A If Code Segment
and CPL remains unchanged. (S=1.E=1)
1 Readable (R) R=0 Code segment may not be read. ’
R=1 Code segment may be read.
o] Accessed (A) A=0 Segment has not been accessed.
A=1 Segment selector has been loaded into segment register or used by selector test
instructions.
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Code and data (including stack data) are stored in two
types of segments: code segments and data segments.
Both types are identified and defined by segment descrip-
tors (S = 1). Code segments are identified by the executable
(E) bit set to 1 in the descriptor access rights byte. The
access rights byte of both code and data segment descrip-
tor types have three fields in common: present (P) bit,
Descriptor Privilege Level (DPL), and accessed (A) bit.
If P = 0, any attempted use of this segment will cause
a not-present exception. DPL specifies the privilege level
of the segment descriptor. DPL controls when the descrip-
tor may be used by a task (refer to privilege discussion
below). The A bit shows whether the segment has been
previously accessed for usage profiling, a necessity for
virtual memory systems. The CPU will always set this bit
when accessing the descriptor.

Data segments (S = 1, E = 0) may be either read-only or
read-write as controlled by the W bit of the access rights
byte. Read-only (W = 0) data segments may not be writ-
ten into. Data segments may grow in two directions, as
determined by the Expansion Direction (ED) bit: up-
wards (ED = 0) for data segments, and downwards (ED = 1)
for a segment containing a stack. The limit field for a
data segment descriptor is interpreted differently depending
on the ED bit (see Fig. 11).

A code segment (S = 1, E = 1) may be execute-only or
execute/read as determined by the Readable (R) bit.
Code segments may never be written into and execute-
only code segments (R = 0) may not be read. A code
segment may also have an attribute called conforming
(C). A conforming code segment may be shared by pro-
grams that execute at different privilege levels. The DPL
of a conforming code segment defines the range of privilege
levels at which the segment may be executed (refer to
privilege discussion below). The limit field identifies the
last byte of a code segment.

SYSTEM SEGMENT DESCRIPTORS (S =0, TYPE = 1-3)
In addition to code and data segment descriptors, the pro-
tected mode MBL 80286 defines System Segment Descrip-
tors. These descriptors define special system data segments
which contain a table of descriptors (Local Descriptor
Table Descriptor) or segments which contain the execu-
tion state of a task (Task State Segment Descriptor).

Fig. 12 gives the formats for the special system data seg-
ment descriptors. The descriptors contain a 24-bit base
address of the segment and a 16-bit limit. The access byte
defines the type of descriptor, its state and privilege level.
The descriptor contents are valid and the segment is in
physical memory if P = 1. If P = 0, the segment is not
valid. The DPL field is only used in Task State Segment

Fig. 12 — SYSTEM SEGMENT DESCRIPTOR FORMAT
System Segment Descriptor

7 07 0
+7 RESEIRVED* +6
+5 PIDII’L|0| T'YP|E | BASE23-16 +4
+3 BASEI15—0 +2
+1 LIMIT15-0 0

15 8|7 0

*Must be set to O for compatability with iAPX 386.

System Segment Descriptor Fields

Name Value Description
TYPE 1 Available Task State Segment (TSS)
2 Local Descriptor Table
3 Busy Task State Segment (TSS)
P 4] Descriptor contents are not valid.
1 Descriptor contents are valid.
DPL 0-3 Descriptor Privilege Level
BASE 24-bit Base Address of special system data
number segment in real memory
LIMIT 16-bit Offset of last byte in segment
number

descriptors and indicates the privilege level at which the
descriptor may be used (see Privilege). Since the Local
Descriptor Table descriptor may only be used by a special
privileged instruction, the DPL field is not used. Bit 4
of the access byte is O to indicate that it is a system control
descriptor. The type field specifies the descriptor type
as indicated in Fig. 12.

GATE DESCRIPTORS (S=0, TYPE =4-7)

Gates are used to control access to entry points within
the target code segment. The gate descriptors are call
gates, task gates, interrupt gates and trap gates. Gates
provide a level of indirection between the source and
destination of the control transfer. This indirection allows
the CPU to automatically perform protection checks and
control entry point of the destination. Call gates are used
to change privilege levels (see Privilege), task gates are
used. to perform a task switch, and interrupt and trap
gates are used to specify interrupt service routines. The
interrupt gate disables interrupts (resets |F) while the
trap gate does not.

Fig. 13 shows the format of the gate descriptors. The
descriptor contains a destination pointer that points to
the descriptor of the target segment and the entry point
offset. The destination selector in an interrupt gate, trap
gate, and call gate must refer to a code segment descrip-
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tor. These gate descriptors contain the entry point to
prevent a program from constructing and using an illegal
entry point. Task gates may only refer to a task state

Fig. 13 — GATE DESCRIPTOR FORMAT
Gate Descriptor

7 07 0

T
+7 RESERVED* +6

WORD
VBT e Do e

+3| DESTINATION SELECTOR15-2 |)( X| +2
| 1

+1 DESTINATION OFFSET15-0 0
I

15 87 0

*Must be set to 0 for compatibility with iAPX 386.
(X is don‘t care)

Gate Descriptor Fields

segment. Since task gates invoke a task switch, the destina-
tion offset is not used in the task gate.

Exception 13 is generated when the gate is ued if a destina-
tion selector does not refer to the correct descriptor type.
The word count field is used in the call gate descriptor to
indicate the number of parameters (0-31 words) to"be
automatically copied from the caller’s stack to the stack
of the called routine when a control transfer changes
privilege levels. The word count field is not used by any
other gate descriptor.

The access byte format is the same for all gate descrip-
tors. P = 1 indicates that the gate contents are valid. P
= 0 indicates the contents are not valid and causes ex-
ception 11 if referenced. DPL is the descriptor privilege
level and specifies when this descriptor may be used by
a task (refer to privilege discussion below). Bit 4 must
equal 0 to indicate a system control descriptor. The type

Name Value Description field specifies the descriptor type as indicated in Fig. 13.
TYPE 4 — Call Gate SEGMENT DESCRIPTOR CACHE REGISTERS
5 — Task Gate . . . .
6 — Interrupt Gate A segment descriptor c.ache register is assigned to each
7 — Trap Gate of the four segment registers (CS, SS, DS, ES). Segment
P 0 — Descriptor Contents are R
not valid. Fig. 15 — SELECTOR FIELDS
1 - De§cr|ptor Contents are SELECTOR
valid.
T
DPL 0-3 Descriptor Privilege Level Ll ”\fD‘IEXI L1 I | | qu
WORD 0-31 Number of words to copy 15 3210
COUNT from callers stack to called BITS NAME FUNCTION
D etk oY 1-0 | REQUESTED | INDICATES SELECTOR
. PRIVILEGE PRIVILEGE LEVEL DESIRED
DESTINATION 16-bit Selector to the target code LF'(E';/E)L
SELECTOR selector | segment (Call, Interrupt or (RPL
Trap Gate) 2 TABLE TI =0 USE GLOBAL DESCRIPTOR
Selector to the target task INDICATOR TABLE (GDT)
state segment (Task Gate) (Th) TiI=1 USE LOCAL DESCRIPTOR
DESTINATION 16-bi E i ithin th TABLE (LDT)
offset tar;;g ?3&2‘;’;&;’;5 ¢ 15-3 | INDEX SELECT DESCRIPTOR ENTRY IN
TABLE
Fig. 14 — DESCRIPTOR CACHE REGISTERS
T T T T T s e e e - —— -
PROGRAM VISIBLE | PROGRAM INVISIBLE |
| ACCESS SEGMENT PHYSICAL |
SEGMENT SELECTORS : RIGHTS BASE ADDRESS SEGMENT SIZE :
cs | |
Ds [ |
| |
ss I I
ES ! :
15 0 : 47 40 39 16 15 0 |
SEGMENT REGISTERS | SEGMENT DESCRIPTOR CACHE REGISTERS |
(LOADED BY PROGRAM) L (AUTOMATICALLY LOADED BY CPU) N




descriptors are automatically loaded (cached) into a seg-
ment descriptor cache register (Fig. 14) whenever the
associated segment register is loaded with a selector. Only
segment descriptors may be loaded into segment descriptor
cache registers. Once loaded, all references to that segment
of memory use the cached descriptor information instead
of reaccessing the descriptor. The descriptor cache registers
are not visible to programs. No instructions exist to store
their contents. They only change when a segment register
is loaded.

SELECTOR FIELDS

A protected mode selector has three fields: descriptor
entry index, local or global descriptor table indicator (TlI),
and selector privilege (RPL) as shown in Fig. 15. These
fields select one of two memory based tables of descrip-
tors, select the appropriate table entry and allow high-
speed testing of the selector’s privilege attribute.

LOCAL AND GLOBAL DESCRIPTOR TABLES

Two tables of descriptors, called descriptor tables, con-
tain all descriptors accessible by a task at any given time.
A descriptor table is a linear array of up to 8192 descrip-
tors. The upper 13 bits of the selector value are an index
into a descriptor table. Each table has a 24-bit base register
to locate the descriptor table in physical memory and
a 16-bit limit register that confine descriptor access to
the defined limits of the table as shown in Fig. 16. A
restartable exception (13) will occur if an attempt is made
to reference a descriptor outside the table limits.

One table, called the Global Descriptor Table (GDT),
contains descriptors available to all tasks. The other table,

Fig. 16 — LOCAL AND GLOBAL DESCRIPTOR
TABLE DEFINITION

= MEMORY =
23

cPU I I
™ g
: GDT
GDT BAS H
24-BIT PHYS AD.
1

GDT LIMIT —

15
S

0
|
|
BASE !
|
o l
LDT bl el
DESCR. LoT,
SELECTOR
i :

CURRENT
| LDT
1 LDT BASE J'—

23

: LDT BASE | ]
| 24-BIT PHYS AD. '

| LOTy g 9
| B>
PROGRAM INVISIBLE | <zd
| (AUTOMATICALLY | Foc

LOADED 528
| FROM LDT DESCR. | 232
| WITHINGDT) | -
L 4

R
FUJITSU

MBL 80286-6 MMM

MBL 80286-8

called the Local Descriptor Table (LDT), contains descrip-
tors that can be private to a task. Each task may have
its own private LDT. The GDT may contain all descriptor
types except interrupt and trap descriptors. The LDT may
contain only segment, task gate, and call gate descriptors.
A segment cannot be accessed by a task if its segment
descriptor does not exist in either descriptor table at the
time of access.

The LGDT and LLDT instructions load the base and limit
of the global and local descriptor tables. LGDT and LLDT
are privileged, i.e. they may only be executed by trusted
programs operating at level 0. The LGDT instruction loads
a six byte field containing the 16-bit table-limit and 24-bit
physical base address of the Global Descriptor Table as
shown in Fig. 17. The LDT instruction loads a selector
which refers to a Local Descriptor Table descriptor con-
taining the base address and limit for an LDT, as shown
in Fig. 12.

Fig. 177 — GLOBAL DESCRIPTOR TABLE AND
INTERRUPT DESCRIPTOR TABLE DATA TYPE

7 07 0
+5 RESERVED" BASE23—16 +4
+3 BASE15-0 +2
1
+1 LIMIT15—0 0
I
15 87 0

*Must be set to O for compatibility with iAPX 386.

INTERRUPT DESCRIPTOR TABLE

The protected mode MBL 80286 has a third descriptor
table, called the Interrupt Descriptor Table (IDT) (see Fig.
18), used to define up to 256 interrupts. It may contain
only task gates, interrupt gates and trap gates. The IDT
(Interrupt Descriptor Table) has a 24-bit physical base
and 16-bit limit register in the CPU. The privileged LIDT
instruction loads these registers with a six byte value of
identical form to that of the LGDT instruction (see Fig.
17 and Protected Mode Initialization).

Fig. 18 — INTERRUPT DESCRIPTOR TABLE
DEFINITION

P MEMORY w

GATE FOR
INTERRUPT =n

GATE FOR
INTERRUPT =n-1

INTERRUPT
DESCRIPTOR

cPU . TABLE

(10T

15 9 GATE FOR ©
INTERRUPT =1 z 8
10T LMIT 50
GATE FOR <z
INTERRUPT =0 wox
DT BASE g29
252
23 0 iy L

1-20
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References to IDT entries are made via INT instructions,
external interrupt vectors, or exceptions. The IDT must
be at least 256 bytes in size to allocate space for all reserved
interrupts.

Privilege

The MBL 80286 has a four-level hierarchical privilege
system which controls the use of privileged instructions
and access to descriptors (and their associated segments)
within a task. Four-level privilege, as shown in Fig. 19, is an
extension of the user/supervisor mode commonly found
in minicomputers. The privilege levels are numbered 0
through 3. Level 0 is the most privileged level. Privilege
levels provide protection within a task. (Tasks are isolated
by providing private LDT's for each task.) Operating
system routines, interrupt handlers, and other system soft-
ware can be included and protected within the virtual
address space of each task using the four levels of privilege.
Each task in the system has a separate stack for each of
its privilege levels.

Fig. 19 — HIERARCHICAL PRIVILEGE LEVELS

APPLICATIONS

ENFORCED
SOFTWARE
INTERFACES

0OS EXTENSIONS

SYSTEM
SERVICES

HIGH SPEED
OPERATING
SYSTEM

INTERFACE

NOTE: PL BECOMES NUMERICALLY LOWER AS PRIVILEGE
LEVEL INCREASES

Tasks, descriptors, and selectors have a privilege level
attribute that determines whether the descriptor may be
used. Task privilege effects the use of instructions and
descriptions. Descriptor and selector privilege only effect
access to the descriptor.

TASK PRIVILEGE

A task always executes at one of the four privilege levels.
The task privilege level at any specific instant is calied
the Current Privilege Level (CPL) and is defined by the
lower two bits of the CS register. CPL cannot change
during execution in a single code segment. A task’s CPL
may only be changed by control transfers through gate
descriptors to a new code segment (See Control Transfer).

1-21

Tasks begin executing at the CPL value specified by the
code segment selector within TSS when the task is initiated
via a task switch operation (See Fig. 20). A task executing
at Level O can access all data segments defined in the
GDT and the task’s LDT and is considered the most trusted
level. A task executing a Level 3 has the most restricted
access to data and is considered the least trusted level.

DESCRIPTOR PRIVILEGE

Descriptor privilege is specified by the Descriptor Privilege
Level (DPL) field of the descriptor access byte. DPL
specifies the least trusted task privilege level (CPL) at
which a task may access the descriptor. Descriptors with
DPL = 0 are the most protected. Only tasks executing
at privilege level 0 (CPL = 0) may access them. Descrip-
tors with DPL = 3 are the least protected (i.e. have the
least restricted access) since tasks can access them when
CPL = 0, 1, 2, or 3. This rule applies to all descriptors,
except LDT descriptors.

SELECTOR PRIVILEGE

Selector privilege is specified by the Requested Privilege
Level (RPL) field in the least significant two bits of a
selector. Selector RPL may establish a less trusted privilege
level than the current privilege level for the use of a selec-
tor. This level is called the task’s effective privilege level
(EPL). RPL can only reduce the scope of a task’s access
to data with this selector. A task’s effective privilege
is the numeric maximum of RPL and CPL. A selector
with RPL = 0 imposes no additional restriction on its
use while a selector with RPL = 3 can only refer to seg-
ments at privilege Level 3 regardless of the task’s CPL.
RPL is generally used to verify that pointer parameters
passed to a more trusted procedure are not allowed to
use data at a more privileged level than the caller (refer
to pointer testing instructions).

Descriptor Access and Privilege Validation

Determining the ability of a task to access a segment
involves the type of segment to be accessed, the instruc-
tion used, the type of descriptor used and CPL, RPL,
and DPL. The two basic types of segment accesses are
control transfer (selectors loaded into CS) and data (selec-
tors loaded into DS, ES or SS).

DATA SEGMENT ACCESS

Instructions that load selectors into DS and ES must
refer to a data segment descriptor or readable code seg-
ment descriptor. The CPL of the task and the RPL of the
selector must be the same as or more privileged (numerical-
ly equal to or lower than) than the descriptor DPL. In
general, a task can only access data segments at the same
or less privileged levels than the CPL or RPL (whichever




is numerically higher) to prevent a program from accessing
data it cannot be trusted to use.

An exception to the rule is a readable conforming code
segment. This type of code segment can be read from
any privilege level.

If the privilege checks fall (e.g. DPL is numerically less
than the maximum of CPL and RPL) or an incorrect type
of descriptor is referenced {e.g. gate descriptor or exe-
cute only code segment) exception 13 occurs. If the seg-
ment is not present, exception 11 is generated.

Instructions that load selectors into SS must refer to data
segment descriptors for writable data segments. The de-
scriptor privilege (DPL) and RPL must equal CPL. All
other descriptor types or a privilege level violation will
cause exception 13. A not present fault causes excep-
tion 12.

CONTROL TRANSFER

Four types of control transfer can occur when a selector
is loaded into CS by a control transfer operation (see
Table 10). Each transfer type can only occur if the opera-
tion which loaded the selector references the correct
descriptor type. Any violation of these descriptor usage
rules (e.g. JMP through a call gate or RET to a Task State
Segment) will cause exception 13.

The ability to reference a descriptor for control transfer
is also subject to rules of privilege. A CALL or JUMP
instruction may only reference a code segment descrip-
tor with DPL equal to the task CPL or a conforming seg-
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ment with DPL of equal or greater privilege than CPL.
The RPL of the selector used to reference the code de-
scriptor must have as much privilege as CPL.

RET and IRET instructions may only reference code
segment descriptors with descriptor privilege equal to or
less privileged than the task CPL. The selector loaded
into CS is the return address from the stack. After the
return, the selector RPL is the task’s new CPL. If CPL
changes, the old stack pointer is popped after the return
address.

When a JMP or CALL references a Task State Segment
descriptor, the descriptor DPL must be the same or less
privileged than the task’s CPL. Reference to a valid Task
State Segment descriptor causes a task switch (see Task
Switch Operation). Reference to a Task State Segment
descriptor at a more privileged level than the task’s CPL
generates exception 13.

When an instruction or interrupt references a gate de-
scriptor, the gate DPL must have the same or less privilege
than the task CPL. If DPL is at a more privileged level
than CPL, exception 13 occurs. If the destination selector
contained in the gate references a code segment descrip-
tor, the code segment descriptor DPL must be the same
or more privileged than the task CPL. If not, Exception
13 is issued. After the control transfer, the code segment
descriptors DPL is the task’s new CPL. If the destination
selector in the gate references a task state segment, a task
switch is automatically performed (see Task Switch Opera-
tion).

Table 10 — DESCRIPTOR TYPES USED FOR CONTROL TRANSFER
Control Transfer Types Operation Types Descriptor Descriptor
Referenced Table
Intersegment within the same privilege level JMP, CALL, RET, IRET* Code Segment GDT/LDT
Intersegment to the same or higer privilege level Interrupt CALL Call Gate GDT/LDT
within task may change CPL
Interrupt Instruction, Trap or IDT
Exception, External Interrupt
Interrupt Gate
Intersegment to a lower privilege level (changes task CPL) RET, IRET* Code Segment GDT/LDT
CALL, JMP Task State GDT
Segment
Task Switch CALL, JMP Task Gate GDT/LDT
IRET**
Interrupt Instruction,
Exception, External Task Gate 10T
Interrupt
* NT (Nested Task bit of flagword) =0
** NT (Nested Task bit of flag word) = 1 1-22
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The privilege rules on control transfer require:

JMP or CALL direct to a code segment (code segment
descriptor) can only be to a conforming segment with
DPL of equal or greater privilege than CPL or a non-
conforming segment at the same privilege level.

interrupts within the task or calls that may change
privilege levels, can only transfer control through a
gate at the same or a less privileged level than CPL to
a code segment at the same or more privileged level
than CPL.

return instructions that don’t switch tasks can only re-
turn control to a code segment at the same or less
privileged level.

task switch can be performed by a call, jump or inter-
rupt which references either a task gate or task state
segment at the same or less privileged level.

PRIVILEGE LEVEL CHANGES

Any control transfer that changes CPL within the task,
causes a change of stacks as part of the operation. Initial
values of SS:SP for privilege levels 0, 1, and 2 are kept
in the task state segment (refer to Task Switch Opera-
tion). During a JMP or CALL control transfer, the new
stack pointer is loaded into the SS and SP registers and
the previous stack pointer is pushed onto the new stack.

When returning to the original privilege level, its stack is
restored as part of the RET or IRET instruction opera-
tion. For subroutine calls that pass parameters on the
stack and cross privilege levels, a fixed number of words,
as specified in the gate, are copied from the previous
stack to the current stack. The inter-segment RET in-
struction with a stack adjustment value will correctly re-
store the previous stack pointer upon return.

Protection

The MBL 80286 includes mechanisms to protect critical in-
structions that affect the CPU execution state (e.g. HLT)
and code or data segments from improper usage. These
protection mechanisms are grouped into three forms:

Restricted usage of segments (e.g. no write allowed
to read-only data segments). The only segments availa-
ble for use are defined by descriptors in the Local
Descriptor Table (LDT) and Global Descriptor Table
(GDT).

Restricted access to segments via the rules of privilege
and descriptor usage.

Privileged instructions or operations that may only be
executed at certain privilege levels as determined by
the CPL and /O Privilege Level (IOPL). The IOPL is
defined by bits 14 and 13 of the flag word.
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Table 11 — SEGMENT REGISTER LOAD CHECKS

s Exception
Error Description Number
Descriptor table limit exceeded 13
Segment descriptor not-present 110r12
Privilege rules violated 13
Invalid descriptor/segment type segment
register load:
— Read only data segment load to SS
— Special control descriptor load to DS, 13
ES, SS
— Execute only segment load to DS, ES, SS
— Data segment load to CS
— Read/Execute code segment load to SS
Table 12 — OPERAND REFERENCE CHECKS
. Exception
Error Description Number
Write into code segment 13
Read from execute-only code segment 13
Write to read-only data segment 13
Segment limit exceeded 120r13
Note 1: Carry out in offset calculations is ignored.
Table 13 — PRIVILEGED INSTRUCTION CHECKS
L Exception
Error Description Number
CPL #0 when executing the following
instructions: 13
LIDT, LLDT, LGDT, LTR, LMSW, CTS,
HLT
CPL > I0PL when executing the following
instructions: 13
INS, IN, OUTS, OUT, STi, CLI, LOCK

These checks are performed for all instructions and can
be split into three categories: segment load checks (Table
11), operand reference checks (Table 12), and privileged
instruction checks (Table 13). Any violation of the rules
shown will result in an exception. A not-present exception
related to the stack segment causes exception 12.

The IRET and POPF instructions do not perform some of
their defined functions if CPL is not of sufficient privilege
(numerically small enough). Precisely these are:

® The IF bit is not changed if CPL > IOPL
® The IOPL field of the flag word is not changed if CPL
>0.

No exceptions or other indication are given when these
conditions occur.

EXCEPTIONS

The MBL 80286 detects several types of exceptions and
interrupts, in protected mode (see Table 14). Most are
restartable after the exceptional condition is removed.
Interrupt handlers for most exceptions can read an error
code, pushed on the stack after the return address, that
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Table 14 — PROTECTED MODE EXCEPTIONS

Return Address
"v:::;:;’:t Function At Failing R Atlw:ybs| > Errosr C(:ge
Instruction? estartable? on Stack?
8 Double exception detected Yes No?2 Yes
9 Processor extension segment overrun No No? No
10 Invalid task state segment Yes Yes Yes
1 Segment not present Yes Yes Yes
12 Stack segment overrun or stack segment not present Yes Yes! Yes
13 General protection Yes No2 Yes
NOTE 1: When a PUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the ex-

ception will not be restartable because stack segment wrap around is not permitted. This condition is identified by
the value of the saved SP being eigher 0000(H), 0001(H), FFFE(H), or FFFF(H).

NOTE 2:
under those conditions.

identifies the selector involved (0 if none). The return
address normally points to the failing instruction, including
all leading prefixes. For a processor extension segment over-
run exception, the return address will not point at the
ESC instruction that caused the exception; however, the
processor extension registers may contain the address
of the failing instruction.

These exceptions indicate a violation to privilege rules
or usage rules has occurred. Restart is generally not
attempted under those conditions.

All these checks are performed for all instructions and
can be split into three categories: segment load checks
(Table 11), operand reference checks (Table 12), and
privileged instruction checks (Table 13). Any violation
of the rules shown will result in an exception. A not-
present exception causes exception 11 or 12 and is re-
startable.

Special Operations

TASK SWITCH OPERATION

The MBL 80286 provides a built-in task switch operation
which saves the entire MBL 80286 execution state (regis-
ters, address space, and a link to the previous task), loads a
new execution state, and commences execution in the
new task. Like gates, the task switch operation is invoked
by executing an inter-segment JMP or CALL instruction
which refers to a Task State Segment (TSS) or task gate
descriptor in the GDT or LDT. An INT instruction, excep-
tion, or external interrupt may also invoke the task switch
operation by selecting a task gate descriptor in the as-
sociated IDT descriptor entry.

The TSS descriptor points at a segment (see Fig. 20)
containing the entire MBL 80286 execution state while a
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These exceptions indicate a violation to privilege rules or usage rules has occurred. Restart is generally not attempted

task gate descriptor contains a TSS selector. The limit
field of the descriptor must be > 002B(H).

Each task must have a TSS associated with it. The current
TSS is identified by a special register in the MBL 80286
called the Task Register (TR). This register contains a
selector referring to the task state segment descriptor
that defines the current TSS. A hidden base and limit
register associated with TR are loaded whenever TR is
loaded with a new selector.

The IRET instruction is used to return control to the
task that called the current task or was interrupted.
Bit 14 in the flag register is called the Nested Task (NT)
bit. It controls the function of the IRET instruction. If
NT = 0, the IRET instruction performs the regular cur-
rent task return by popping values off the stack; when
NT = 1, IRET performs a task switch operation back
to the previous task.

When a CALL, JMP, or INT instruction initiates a task
switch, the old and new TSS will be marked busy and
the back link field of the new TSS set to the old TSS
selector. The NT bit of the new task is set by CALL or
INT initiated task switches. An interrupt that does not
cause a task switch will clear NT. NT may also be set
or cleared by POPF or IRET instructions.

The task state segment is marked busy by changing the
descriptor type field from Type 1 to Type 3. Use of a
selector that references a busy task state segment causes
Exception 13.

PROCESSOR EXTENSION CONTEXT SWITCHING

The context of a processor extension (such as the 80287
numerics processor) is not changed by the task switch
operation. A processor extension context need only be
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changed when a different task attempts to use the pro-
cessor extension (which still contains the context of a
previous task). The MBL 80286 detects the first use of a
processor extension after a task switch by causing the
processor extension not present exception (7). The inter-
rupt handler may then decide whether a context change
is necessary.

Whenever the MBL 80286 switches tasks, if sets the Task
Switched (TS) bit of the MSW. TS indicates that a pro-
cessor extension context may belong to a different task
than the current one. The processor extension not present

exception (7) will occur when attempting to execute
an ESC or WAIT instruction if TS = 1 and a processor
extension is present (MP = 1 in MSW).

POINTER TESTING INSTRUCTIONS

The MBL 80286 provides several instructions to speed
pointer testing and consistency checks for maintaining
system integrity (see Table 15). These instructions use
the memory management hardware to verify that a selector
value refers to an appropriate segment without risking an
exception. A condition flag (ZF) indicates whether use of
the selector or segment will cause an exception.

Fig. 20 — TASK STATE SEGMENT AND TSS REGISTERS
== -
CPU
RESERVED TYPE DESCRIPTION
TASK REGISTER D I 1 AN AVAILABLE TASK STATE
" SYSTEM PIP‘°|T:’:’E BASE23-16 SEGMENT, MAY BE USED AS
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5 o RIPTOR BASE15-0 SWITCH OPERATION.
———————— 1
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I S SR | BYTE
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TASK LDT SELECTOR |42
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ES SELECTOR 34 DEFINED
DI 32
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TASK DX 22
L— = STATE
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R oPLA g | INITIAL
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Table 15 — MBL 80286 POINTER TEST INSTRUCTIONS

Instruction Operands Function
ARPL Selector, Adjust Requested Privilege Level:
Register adjusts the RPL of the selector to
the numeric maximum of current
selector RPL value and the RPL
value in the register. Set zero flag
if selector RPL was changed by
ARPL.

VERR Selector VERify for Read: sets the zero
flag if the segment referred to by
the selector can be read.

VERW Selector VERIify for Write: sets the zero flag
if the segment referred to by the
selector can be written.

LSL Register, Load Segment Limit: reads the

Selector segment limit into the register if
privilege rules and descriptor type
allow. Set zero flag if successful.

LAR Register, Load Access Rights: reads the

Selector descriptor access rights byte into
the register if privilege rules allow.
Set zero flag if successful.

DOUBLE FAULT AND SHUTDOWN

If two separate exceptions are detected during a single
instruction execution, the MBL 80286 performs the double
fault exception (8). If an exception occurs during pro-
cessing of the double fault exception, the MBL 80286 will
enter shutdown. During shutdown no further instructions
or exceptions are processed. Either NMI (CPU remains
in protected mode) or RESET (CPU exits protected mode)
can force the MBL 80286 out of shutdown. Shutdown is
externally signalled via a HALT bus operation with A1l
HIGH.

PROTECTED MODE INITIALIZATION

The MBL 80286 initially executes in real address mode
after RESET. To allow initialization code to be placed
at the top of physical memory, A23—A20 will be HIGH
When the MBL 80286 performs memory references relative
to the CS register until CS is changed. A23—A20 will be
zero for references to the DS, ES, or SS segments. Changing
CS in real address mode will force A23—A20 LOW when-
ever CSis used again. The initial CS:IP value of FOO0:FFFO
provides 64K bytes of code space for initialization code
without changing CS.

Protected mode operation requires several registers to
be initialized. The GDT and IDT base registers must refer
to a valid GDT and IDT. After executing the LMSW in-
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struction to set PE, the MBL 80286 must immediately
execute an intra-segment JMP instruction to clear the
instruction queue of instructions decoded in real address
mode.

To force the MBL 80286 CPU registers to match the initial
protected mode state assumed by software, execute a
JMP instruction with a selector referring to the initial
TSS used in the system. This will load the task register,
local descriptor table register, segment registers and initial
general register state. The TR should point at a valid TSS
since any task switch operation involves saving the current
task state.

SYSTEM INTERFACE

The MBL 80286 system interface appears in two forms: a
local bus and a system bus. The local bus consists of ad-
dress, data, status, and control signals at the pins of the
CPU. A system bus is any buffered version of the local
bus. A system bus may also differ from the local bus in
terms of coding of status and control lines and/or timing
and loading of signals. The MBL 80286 family includes
several devices to generate standard system buses such
as the IEEE 796 standard Multibus™™" .

Bus Interface Signals and Timing

The MBL 80286 microsystem local bus interfaces the
MBL 80286 to local memory and 1/O components. The
interface has 24 address lines, 16 data lines, and 8 status
and control signals.

The MBL 80286 CPU, MBL 82284 clock generator,
MBL 82288 bus controller, Intel 82289 bus arbiter,
MBL 8286/7 transceivers, and MBL 8282/3 latches provide
a buffered and decoded system bus interface. The
MBL 82284 generates the system clock and synchronizes
READY and RESET. The MBL 82288 converts bus opera-
tion status encoded by the MBL 80286 into command and
bus control signals. The 82289 bus arbiter generates Multi-
bus bus arbitration signals. These components can provide
the timing and electrical power drive levels required for
most system bus interfaces including the Multibus.

Physical Memory and-1/0 Interface

A maximum of 16 megabytes of physical memory can
be addressed in protected mode. One megabyte can be
addressed in real address mode. Memory is accessible
as bytes or words. Words consist of any two consecutive
bytes addressed with the least significant byte stored in
the lowest address.

Byte transfers occur on either half of the 16-bit local data
bus. Even bytes are accessed over D7—DO0 while odd bytes

* Multibus is a patented bus of Intel.
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are transferred over D15—D8. Even-addressed words are
transferred over D15—D0 in one bus cycle, while odd-
addressed words require two bus operations. The first trans-
fers data on D15—D8, and the second transfers data on
D7—D0. Both byte data transfers occur automatically,
transparent to software.

Two bus signals, A0 and BHE, control transfers over the
lower and upper halves of the data bus. Even address
byte transfers are indicated by A0 LOW and BHE HIGH.
Odd address byte transfers are indicated by A0 HIGH
and BHE LOW. Both AO and BHE are LOW for even ad-
dress word transfers.

The 1/0O address space contains 64K addresses in both
modes. The 1/0 space is accessible as either bytes or words,
as is memory. Byte wide peripheral devices may be attached
to either the upper or lower byte of the data bus. Byte-
wide 1/0 devices attached to the upper data byte (D15—D8)
are accessed with odd 1/O addresses. Devices on the lower
data byte are accessed with even 1/O addresses. An inter-
rupt controller such as MBL 8259A must be connected to
the lower data byte (D7—DO0) for proper return of the inter-
rupt vector.

Bus Operation

The MBL 80286 uses a double frequency system clock
(CLK input) to control bus timing. All signals on the local
bus are measured relative to the system CLK input. The
CPU divides the system clock by 2 to produce the internal
processor clock, which determines bus state. Each pro-
cessor clock is composed of two system clock cycles
named phase 1 and phase 2. The MBL 82284 clock genera-
tor output (PCLK) identifies the next phase of the pro-
cessor clock. (See Fig. 21.)

Fig. 21 — SYSTEM AND PROCESSOR CLOCK

RELATIONSHIPS
Eﬂ)eessm CLOCK CYCLE
ONE BUS STATE———————#m-f
PHASE 1 PHASE 2

[—OF PHOCESSOR‘—-—t‘—-OF PROCESSOR—=
CLOCK CYCLE CLOCK CYCLE

CLK

ONE SYSTEM

CLK CYCLE

Six types of bus operations are supported; memory read,
memory write, 1/O read, 1/O write, interrupt ackowl-
edge, and halt/shutdown. Data can be transferred at a
maximum rate of one word per two processor clock cycles.

The MBL 80286 bus has three basic states: idle (Ti), send
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status (Ts), and perform command (Tc). The MBL 80286
CPU also has a fourth local bus state called hold (Th). Th
indicates that the MBL 80286 has surrendered control of
the local bus to another bus master in response to a HOLD
request.

Each bus state is one processor clock long. Fig. 22 shows
the four MBL 80286 local bus states and allowed transi-
tions.

Fig. 22 — MBL 80286 BUS STATES

RESET

NEW CYCLE*HLDA

HLDA*NEW CYCLE

NEW CYCLE READY ¢NEW CYCLE

HLDA®NEW CYCLE

ALWAYS READY

READY*NEW CYCLE

Bus States

The idle (Ti) state indicates that no data transfers are
in progress or requested. The first active state Ts is
signaled by status line S1 or SO going LOW and identi-
fying phase 1 of the processor clock. During Ts, the
command encoding, the address, and data (for a write
operation) are available on the MBL 80286 output pins.
The MBL 82288 bus controller decodes the status signals
and generates Multibus compatible read/write command
and local transceiver control signals.

After Ts, the perform command (Tc) state is entered.
Memory or 1/O devices respond to the bus operation
during Tc, either transferring read data to the CPU or
accepting write data. Tc states may be repeated as often
as necessary to assure sufficient time for the memory
or 1/O device to respond. The READY signal determines
whether Tc is repeated. A repeated Tc state is called a
wait state.

During hold (Th), the MBL 80286 will float all address,
data, and status output pins enabling another bus master
to use the local bus. The MBL 80286 HOLD input signal
is used to place the MBL 80286 into the Th state. The
MBL 80286 HLDA output signal indicates that the CPU
has entered Th.
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Fig. 23 — BASIC BUS CYCLE
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Pipelined Addressing

The MBL 80286 uses a local bus interface with pipelined
timing to allow as much time as possible for data access.
Pipelined timing allows a new bus operation to be initiated
every two processor cycles, while allowing each individual
bus operation to last for three processor cycles.

The timing of the address outputs is pipelined such that
the address of the next bus operation becomes available
during the current bus operation. Or in other words, the
first clock of the next bus operation is overlapped with
the last clock of the current bus operation. Therefore,
address decode and routing logic can operate in ad-
vance of the next bus operation. External address latches
may hold the address stable for the entire bus operation,
and provide additional AC and DC buffering.

The MBL 80286 does not maintain the address of the
current bus operation during all Tc states. Instead, the
address for the next bus operation may be emitted during
phase 2 of any Tc. The address remains valid during phase
1 of the first Tc to guarantee hold time, relative to ALE,
for the address latch inputs.

Bus Control Signals

The MBL 82288 bus controller provides control signals; ad-
dress latch enable (ALE), Read/Write commands, data
transmit/receive (DT/R), and data enable (DEN) that
control the address latches, data transceivers, write enable,

and output enable for memory and 1/0 systems.

The Address Latch Enable (ALE) output determines when
the address may be latched. ALE provides at least one
system CLK period of address hold time from the end of
the previous bus operation until the address for the next
bus operation appears at the latch outputs. This address
hold time is required to support Multibus®* and common
memory systems.

The data bus transceivers are controlled by MBL 82288
outputs Data Enable (DEN) and Data Transmit/Receive
(DT/R). DEN enables the data transceivers; while DT/R
controls transceiver direction. DEN and DT/R are timed to
prevent bus contention between the bus master, data
bus transceivers, and system data bus transceivers.

Command Timing Controls

Two system timing customization options, command
extension and command delay, are provided on the
MBL 80286 local bus.

Command extension allows additional time for external
devices to respond to a command and is analogous to
inserting wait states on the MBL 80286. External logic can
control the duration of any bus operation such that the
operation is only as long as necessary. The READY input
signal can extend any bus operation for as long as neces-
sary.

* Multibus is a patented bus of Intel.
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Fig. 24 — CMDLY CONTROLS THE LEADING EDGE OF COMMAND SIGNAL
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Command delay allows an increase of address or write
data setup time to system bus command active for any
bus operation by delaying when the system bus com-
mand becomes active. Command delay is controlled by
the MBL 82288 CMDLY input. After Ts, the bus controller
samples CMDLY at each failing edge of CLK. |f CMDLY
is HIGH, the MBL 82288 will not activate the command
signal. When CMDLY is LOW, the MBL 82288 will activate
the command signal. After the command becomes active,
the CMDLY input is not sampled.

When a command is delayed, the available response time
from command active to return read data or accept write
data is less. To customize system bus timing, an address
decoder can determine which bus operations require
delaying the command. The CMDLY input does not affect
the timing of ALE, DEN, or DT/R.

Fig. 24 illustrates four uses of CMDLY. Example 1 shows
delaying the read command two system CLKs for cycle
N-1 and no delay for cycle N, and example 2 shows delay-
ing the read command one system CLK for cycle N-1 and
one system CLK delay for cycle N.

Bus Cycle Termination
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At maximum transfer rates, the MBL 80286 bus alternates
between the status and command states. The bus status
signals become inactive after Ts so that they may cor-
rectly signal the start of the next bus operation after the
completion of the current cycle. No external indication of
Tc exists on the MBL 80286 local bus. The bus master and
bus controller enter Tc directly after Ts and continue exe-
cuting Tc cycles until terminated by READY.

READY Operation

The current bus master and MBL 82288 bus controller ter-
minate each bus operation simultaneously to achieve
maximum bus operation bandwidth. Both are informed
in advance by READY active (open-collector output
from MBL 82284) which identifies the last Tc cycle of the
current bus operation. The bus master and bus controller
must see the same sense of the READY signal, thereby
requiring READY be synchronous to the system clock.

Synchronous Ready

The MBL 82284 clock generator provides READY syn-
chronization from both synchronous and asynchronous
sources (see Fig. 25). The synchronous ready input (SRDY)
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Fig. 25 — SYNCHRONOUS AND ASYNCHRONOUS READY
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2. If SRDYEN is high, the state of SRDY will not effect READY

(SEE NOTE 3.)

of the clock generator is sampled with the failing edge
of CLK at the end of phase 1 of each Tc. The state of
SRDY is then broadcast to the bus master and bus con-
troller via the READY output line.

Asynchronous Ready

Many systems have devices or subsystems that are asynchro-
nous to, the system clock. As a result, their ready outputs
cannot be guaranteed to meet the MBL 82284 SRDY
setup and hold time requirements. But the MBL 82284
asynchronous ready input (ARDY) is designed to accept
such signals. The ARDY input is sampled at the beginning
of each Tc cycle by MBL 82284 synchronization logic.
This provides one system CLK cycle time to resolve its
value before broadcasting it to the bus master and bus
controller.

ARDY or ARDYEN must be HIGH at the end of Ts.
ARDY cannot be used to terminate bus cycle with no
wait states.

Each ready input of the MBL 82284 has an enable pin
(SRDYEN and ARDYEN) to select whether the current
bus operation will be terminated by the synchronous or
asynchronous ready. Either of the ready inputs may ter-
minate a bus operation. These enable inputs are active
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low and have the same timing as their respective ready
inputs. Address decode logic usually selects whether
the current bus operation should be terminated by ARDY
or SRDY.

Data Bus Control

Fig. 26, 27, and 28 show how the DT/R, DEN, data bus,
and address signals operate for different combinations
of read, write, and idle bus operations. DT/R goes active
(LOW) for a read operation. DT/R remains HIGH before,
during, and between write operations.

The data bus is driven with write data during the second
phase of Ts. The delay in write data timing allows the
read data drivers, from a previous read cycle, sufficient
time to enter 3-state OFF before the MBL 80286 CPU
begins driving the local data bus for write operations. Write
data will always remain valid for one system clock past the
last Tc to provide sufficient hold time for Multibus or other
similar memory or 1/O systems. During write-read or write-
idle sequences the data bus enters 3-state OFF during
the second phase of the processor cycle after the last
Tc. In a write-write sequence the data bus does not enter
3-state OFF between Tc and Ts.
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Bus Usage

The MBL 80286 local bus may be used for several func- transfers, interrupt acknowledge, and halt/shutdown. This
tions: instruction data transfers, data transfers by other section describes local bus activities which have special
bus masters, instruction fetching, processor extension data signals or requirements.

Fig. 26 — BACK TO BACK READ-WRITE CYCLES

READ BUS CYCLE WRITE BUS CYCLE——=—

N Ts Tc T: + Tc Ti
| 92 o1 | o2 o1 | o2 | o1 [ e2 | o1 | @2 o1 | 2

CLK

A23-p0__ XL __VALID ADDR/ Y ] vaLio abor | Y
-5\

VALID
READ DATA

MRDC

MWTC / j\ )
DEN
DT/R

Fig. 27 — BACK TO BACK WRITE-READ CYCLES

[ WRITE cvee f READ CYCLE i

Tt T ot Lo o | o2 ]

| | 2
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DT/R
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Fig. 28 — BACK TO BACK WRITE-WRITE CYCLES
| WRITE CYCLE N-1 | WRITE CYCLE N |
- Ts ' Te Ts - Te ! i
Ioo2 | o1 | 62 | o1 | e2 | o1 | 62 | o1 | 62 | o1 _| e2 |

CLK
A23-A0 X7 _vALio aoor N1\ X77X__] VALID ADDR N
50-S1
D15—D0 = == == = e e e = K/ VALID DATAN-1 [ VALID DATA N D))=t~
MWTC
DEN \/ | W
pr/R VO

HOLD and HLDA

HOLD and HLDA allow another bus master to gain con-
trol of the local bus by placing the MBL 80286 bus into
the Th state. The sequence of events required to pass con-
trol between the MBL 80286 and another local bus master
are shown in Fig. 29.

In this example, the MBL 80286 is initially in the Th state
as signaled by HLDA being active. Upon leaving Th, as sig-
naled by HLDA going inactive, a write operation is started.
During the write operation another local bus master re-
quests the local bus from the MBL 80286 as shown by the
HOLD signal. After completing the write operation, the
MBL 80286 performs one Ti bus cycle, to guarantee write
data hold time, then enters Th as signaled by HLDA going
active.

The CMDLY signal and ARDY ready are used to start
and stop the write bus command, respectively. Note that
SRDY must be inactive or disabled by SRDYEN to guar-
antee ARDY will terminate the cycle.

Instruction Fetching

The MBL 80286 Bus Unit (BU) will fetch instructions
ahead of the current instruction being executed. This
activity is called prefetching. It occurs when the local bus
would otherwise be idle and obeys the following rules:
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A prefetch bus operation starts when at least two bytes
of the 6-byte prefetch queue are empty.

The prefetcher normally performs word prefetches in-
dependent of the byte alignment of the code segment
base in physical memory.

The prefetcher will perform only a byte code fetch opera-
tion for control transfers to an instruction beginning on a
numerically odd physical address.

Prefetching stops whenever a control transfer or HLT
instruction is decoded by the IU and placed into the
instruction queue.

In real address mode, the prefetcher may fetch up to
6 bytes beyond the last control transfer or HLT instruc-
tion in a code segment.

In protected mode, the prefetcher will never cause a seg-
ment overrun exception. The prefetcher stops at the last
physical memory word of the code segment. Exception
13 will occur if the program attempts to execute beyond
the last full instruction in the code segment.

If the last byte of a code segment appears on an even
physical memory address, the prefetcher will read the
next physical byte of memory (perform a word code
fetch). The value of this byte is ignored and any at-
tempt to execute if causes exception 13.
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Fig. 29 — MULTIBUS WRITE TERMINATED BY ASYNCHRONOUS READ WITH BUS HOLD
BUS HOLD ACKNOWLEDGE KNOWLED
w
BUS CYCLE |== ; WRITE CYCLE ACKNOWLEDGE
TYPE Th‘ThITh’Ts'TCITc{Tc T Tn|
— A1 | 92 | &1 | 92 | ¢1 | 92 | o1 | 92 | o1 | 92 | o1 | 02 | &1 | 62 | ¢1 | ¢2 | o1 | ¢2
CLK
(SEE NOTE 5.)
HOLD™ '\ (SEE NOTE 4) (SEE NOTE 6.) K
HLDA D\ / ] T/
©
§ (SEE NOTE 1.) (SEE NOTE 1.)
@ 51-50
a
= A23—A0 (SEE NOTE 2.)
M/ 10, == = = o e o o e _( VALID N ,L_ _____
COD/INTA
! | (SEE NOTE 3.)
___________ N ——
BHE, LOCK — \ vaLD »
D15 D0 = e e e e o e e e e e . — \L.( VALID »— _____
< SRDY +
S| sRoveN UL i Xy
N
3 NOT READY NOT READY (SEE NOTE 7.)
ARDY +
2| ARDVENZL W 7/ X/ NN 277 7
- NOT READY NOT READY \READY
CMDLY 7 N\ _£ Wt WY
DELAY ENABLE (SEE NOTE 7.)
@ MWTC N\ \\‘/
N __VOH
] DT/R
]
o
= DEN \
ALE / \
Ts = STATUS CYCLE
Tc = COMMAND CYCLE
NOTES:
1. Status lines are not driven by MBL 80286, yet remain high due to pullup resistors in MBL 82288 and Intel 82289 during HOLD
state.
2. Address, M/10 and COD/INTA may start floating during any Tc depending on when internal MBL 80286 bus arbiter decides to
release bus to external HOLD. The float starts in $2 of Tc.
3. BHE and LOCK may start floating after the end of any Tc depending on when internal MBL 80286 bus arbiter decides to release
bus to external HOLD. The float starts in ¢1 of Tc.
4. The minimum HOLD to HLDA times is shown. Maximum is one Th longer.
5. The earliest HOLD time is shown. It will always allow a subsequent memory cycle if pending is shown.
6. The minimum HOLD to HLDA time is shown. Maximum is a function of the instruction, type of bus cycle and other machine
status (i.e., Interrupts, Waits, Lock, etc.)
7. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Synchronous
ready state is ignored after ready is signaled via the asynchronous input.
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Processor Extension Transfers

The processor extension interface uses |/O port addresses
O0F8(H), O0FA(H), and O0OFC(H) which are part of the
1/0 port address range reserved by intel. An ESC instruc-
tion with Machine Status Word bits EM = 0 and TS = 0
will perform /O bus operations to one or more of these
1/0 port addresses independent of the value of IOPL and
CPL.

ESC references enable the
CPU to accept PEREQ inputs for processor extension
operand trarsfers. The CPU will determine the operand
starting address and read/write status of the instruction.
For each operand transfer, two or three bus operations
are performed, one word transfer with 1/O port address
OOFA(H) and one or two bus operations with memory.
Three bus operations are required for each word operand
aligned on an odd byte address.

instructions with memory

Interrupt Acknowledge Sequence

Fig. 30 illustrates an interrupt acknowledge sequence
performed by the MBL 80286 in response to an INTR
input. An interrupt acknowledge sequence consists of two
INTA bus operations. The first allows a master MBL 8259A
Programmable Interrupt Controller (PIC) to determine
which if any of its slaves should return the interrupt
vector. An eight bit vector is read on DO0-D7 of the
MBL 80286 during the second INTA bus operation to
select an interrupt handler routine from the interrupt table.

The Master Cascade Enable (MCE) signal of the MBL 82288
is used to enable the cascade address drivers, during INTA
bus operations (See Fig. 30), onto the local address bus
for distribution to slave interrupt controllers via the system
address bus. The MBL 80286 emits the LOCK signal
(active LOW) during Ts of the first INTA bus operation. A
local bus ““hold”’ request will not be honored until the
end of the second INTA bus operation.

Three idle processor clocks are provided by the MBL 80286
between INTA bus operations to allow for the minimum
INTA to INTA time and CAS (cascade address) out delay
of the MBL 8259A. The second INTA bus operation must
always have at least one extra Tc state added via logic
controlling READY. A23-A0 are in 3-state OFF until after
the first Tc state of the second INTA bus operation. This
prevents bus contention between the cascade address
drivers and CPU address drivers. The extra Tc state allows
time for the MBL 80286 to resume driving the address
lines for subsequent bus operations.
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Local Bus Usage Priorities

The MBL 80286 local bus is shared among several internal
units and external HOLD requests. In case of simultaneous
requests, their relative priorities are:

(Highest) Any transfers which assert LOCK either ex-
plicitly (via the LOCK instruction prefix) or
implicitly (i.e. segment descriptor access,
interrupt acknowledge sequence, or an XCHG

with memory).

The second of the two byte bus operations
required for an odd aligned word operand.

The second or third cycle of a processor exten-
sion data transfer.

Local bus request via HOLD input.

Processor extension data operand transfer via
PEREQ input.

Data transfer performed by EU as part of an
* instruction.

|

(Lowest)

An instruction prefetch request from BU. The
EU will inhibit prefetching two processor
clocks in advance of any data transfers to
minimize waiting by EU for a prefetch to
finish.

Halt or Shutdown Cycles

The MBL 80286 externally indicates halt or shutdown con-
ditions as a bus operation. These conditions occur due to
a HLT instruction or multiple protection exceptions while
attempting to execute one instruction. A halt or shut-
down bus operation is signalled when S1, SO and COD/
INTA are LOW and M/10 is HIGH. A1 HIGH indicates
halt, and A1 LOW indicates shutdown. The MBL 82288
bus controller does not issue ALE, nor is READY required
to terminate a halt or shutdown bus operation.

During halt or shutdown, the MBL 80286 may service
PEREQ or HOLD requests. A processor extension seg-
ment overrrun exception during shutdown will inhibit
further service of PEREQ. Either NMI or RESET will
force the MBL 80286 out of either halt or shutdown. An
INTR, if interrupts are enabled, or a processor extension
segment overrun exception will also force the MBL 80286
out of halt. '
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BUS CYCLE TYPE Te }

Fig. 30 — INTERRUPT ACKNOWLEDGE SEQUENCE

INTA CYCLE 1 , ___INTA CYCLE 2

} ] Ts Tc Tc ’ Ti | Ti 1 T l Ts | Tc Tc I Ts ’
~ 1 | 92 ¢1|¢2]¢1|¢2|¢1|¢2 1] 021 01102 01| ¢2 |01 ¢2 ¢1|¢2|¢11¢2 #1 | 92
CLK

§1-50
M/IO
COD/INTA

Lock ;NSEE woe s )T //////////////////

MBL 80286

(SEE NOTE 5.) (SEE NOTE5.)
A23-A0 D _____._____( DON'T CARE )— ________ =<
BHEW— _________ _( DON'T CARE ). _________ _<
(SEE NOTE 1.)
D15-00 aOn . pmmmm—m— s e __

ON D7-DO
(SEE NOTE 2.) (SEE NOTE 3.)

reaoy W\ 7777777777 S\ /77777 ] S\ L7777,
- NOT READY READY NOT READY READY
AT\ [ \ /o

/\

MCE

ALE

MBL 82288

—\
/\
o [ |
Y AR /A W

DEN

NOTES:
1.
2.
3.

Data is ignored.

First INTA cycle should have at least one wait state inserted to meet MBL 8259A minimum INTA pulse width.

Second INTA cycle must have at least one wait state inserted since the CPU will not drive A23—A0, BHE, and LOCK until after
the first Tc state. The CPU imposed one/clock delay prevents bus contention between cascade address buffer being disabled by
MCE | and address outputs. Without the wait state, the MBL 80286 address will not be valid for a memory cycle started immedi-
ately after the second INTA cycle. The MBL 8259A also requires one wait state for minimum INTA pulse width.

. LOCK is active for the first INTA cycle to prevent the Intel 82289 from releasing the bus between INTA cycles in a multi-master

system.

. A23—A0 exits 3-state OFF during ¢2 of the second Tc in the INTA cycle.
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Fig. 31 — BASIC MBL 80286 SYSTEM CONFIGURATION
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1 80287 ]
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1 EXTENSION N oE
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e 4 or 8287 DATA
TRANS- 8US
CEIVER
T

SYSTEM CONFIGURATIONS

The versatile bus structure of the MBL 80286 microsystem,
with a full complement of support chips, allows flexible
configuration of a wide range of systems. The basic con-
figuration, shown in Fig. 31, is similar to an MBL 8086
maximum mode system. It includes the CPU plus an
MBL 8259A interrupt controller, MBL 82284 clock genera-
tor, and the MBL 82288 bus controller. The MBL 8086
latches (MBL 8282 and 8283) and transceivers (MBL 8286
and 8287) may be used in an MBL 80286 microsystem.

As indicated by the dashed lines in Fig. 31, the ability
to add processor extensions is an integral feature of
MBL 80286 microsystems. The processor extension inter-
face allows external hardware to perform special func-
tions and transfer data concurrent with CPU execution
of other instructions. Full system integrity is maintained
because the MBL 80286 supervises all data transfers and
instruction execution for the processor extension.

1-36

The MBL 80286 and Intel 80287 numeric data processor
which includes the 80287 numeric processor extension
(NPX) uses this interface. The MBL 80286 and Intel 80287
microsystem has all the instructions and data types of an
MBL 8086 and Intel 8087 or MBL 8088 and Intel 8087
system. The 80287 NPX can perform numeric calculations
and data transfers concurrently with CPU program execu-
tion. Numerics code and data have the same integrity as
all other information protected by the MBL 80286 protec-
tion mechanism.

The MBL 80286 can overlap chip select decoding and ad-
dress propagation during the data transfer for the pre-
vious bus operation. This information is latched into the
MBL 8282/3's by ALE during the middle of a Ts cycle. The
latched chip select and address information remains stable
during the bus operation while the next cycles address is
being decoded and propagated into the system. Decode
logic can be implemented with a high speed bipolar PROM.
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Fig. 32 — MULTIBUS® " SYSTEM BUS INTERFACE
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The optional decode logic shown in Fig. 31 takes advantage
of the overlap between address and data of the MBL 80286
bus cycle to generate advanced memory and [O-select
signals. This minimizes system performance degradation
caused by address propagation and decode delays. In ad-
dition to selecting memory and /O, the advanced selects
may be used with configurations supporting local and
system buses to enable the appropriate bus interface for
each bus cycle. The COD/INTA and M/IO signals are ap-
plied to the decode logic to distinguish between interrupt,
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1/0, code and data bus cycles.

By adding the 82289 bus arbiter chip the MBL 80286
provides a Multibus system bus interface as shown in Fig.
32. The ALE output of the MBL 82288 for the MULTIBUS
bus is connected to its CMDLY input to delay the start of
commands one system CLK as required to meet MULTI-
BUS address and write data setup times. This arrangement
will add at least one extra Tc state to each bus operation
which uses the MULTIBUS.

* MULTIBUS is a patented bus of Intel.
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Fig. 33 — MBL 80286 SYSTEM CONFIGURATION WITH DUAL-PORTED MEMORY

MBL 8286 MBL 8287

DATA D15-DO DATA

) DATA
DT/R

OE

MBL 82288
BUS
CONTROLLER 8206
ECC
DEN
CLK FREQ
’——CEII—|
DI DO CBDO
MBL 82284
CLOCK
GENERATOR

16-0 16—0 CBDI
CLK [4
N 9 pEl
J 2 <o

DRAM
2118, 2164

MBL 80286 READY
CPU CLK i— MULTIBUS SELECT
XACK
STATUS §0, §1, M/i0 > E,8,§0A7M <:— MULTIBUS
CONTROL —— COMMAND
(MRDC, MWTC)
DECODE
2 Tp
SELECT
MUX
ADDRESS
ADDRESS A23—A0, BHE, LOCK
A second MBL 82288 bus controller and additional latches Fig. 33 shows the addition of dual ported dynamic memory
and transceivers could be added to the local bus of Fig. 32. between the MULTIBUS system bus and the MBL 80286
This configuration allows the MBL 80286 to support local bus. The dual port interface is provided by the 8207
an on-board bus for local memory and peripherals, and Dual Port DRAM Controller. The 8207 runs synchronously
the MULTIBUS for system bus interfacing. with the CPU to maximize throughput for local memory

Table 16 — MBL 80286 SYSTEMS RECOMMENDED PULL UP RESISTOR VALUES

MBL 80286 Pin and Name Pullup Value Purpose
4-81
5 S0 20k 10% Pull S0, ST, and PEACK inactive during MBL 80286 hold periods
6 — PEACK
53 — ERROR 20K + 10% Pull ERROR and BUSY inactive when 80287 not present
54 — BUSY B ° (or temporarily removed from socket)
63 — READY 9102 £5% Pull READY inactive within required minimum time

(C_ = 150pF, I < 7mA)
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references. It also arbitrates between requests from the
local and system buses and performs functions such as
refresh, initialization of RAM, and read/modify/write
cycles. The 8207 combined with the 8206 Error Checking
and Correction memory controller provide for single bit

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias
Storage Temperature
Volfage on Any Pin with

Respect to Ground
Power Dissipation

........ 0°C to 70°C
............. -65°C to +150°C
-1.0to +7V
3.3 Watt

error correction. The dual-ported memory can be combined
with a standard MULTIBUS system bus interface to maxi-
mize performance and protection in multiprocessor system
configurations.

*NOTE: Permanent device damage may occur if ABSO-
LUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to the
conditions as detailed in the operational sections
of this data sheet. Exposure to absolute maxi-
mum rating conditions for extended periods may
affect device reliability.

NOTICE: Specifications contained within the following
tables are subject to change.

D.C. CHARACTERISTICS (Vcc =5V #5%, T5 = 0°C to +55°C, or Tease = 0°C to +85°C)

MBL 80286-6 MBL 80286-8
(6 MHz) (8 MHz)
Symbol Parameter Unit Test Condition
Min Max Min Max
ViL Input LOW Voltage -05 0.8 -05 0.8 \
Vin Input HIGH Voltage 20 Vect0.56 2.0 Vccet+0.5 v
ViLe CLK Input LOW Voltage -0.5 0.6 -05 0.6 \
Vibe CLK Input HIGH Voltage 3.8 Vect0.5 38 | Vect05 v
VoL Output LOW Voltage 0.45 0.45 v loL = 2.0mA
Vou Output HIGH Voltage 24 24 v lon = -400uA
L Input Leakage Current +10 +10 LA oV<VinEVee
| s Gareon w | o | a0 | s | wn | vi-ov
ILo Output Leakage Current +10 10 MA 0.45V=VoytSVee
Lo Output Leakage Current +1 1 mA 0VEVoyuT1£0.45V
lcc Supply Current (turn on, 0°C) 600 600 mA Note 1
CcLk CLK Input Capacitance 20 20 pF Fg = 1MHz
Cin Other Input Capacitance 10 10 pF Fc = 1MHz
Co Input/Output Capacitance 20 20 pF Fc = TMHz
NOTE 1: Low temperature is worst case.
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A.C. CHARACTERISTICS (V¢ =5V 5%, Ta = 0°C to + 55°C, or Tcage = 0°C to +85°C)
AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless otherwise noted.

MBL 80286-6 MBL 80286-8
(6 MHz) (8 MHz)
Symbol Parameter Unit Test Condition
Min Max Min Max

1 System Clock (CLK) Period 83 250 62 250 ns

2 System Clock (CLK) LOW Time 20 225 15 225 ns at 1.0V

3 System Clock (CLK) HIGH Time 25 230 25 235 ns at 3.6V
17 System Clock (CLK) Rise Time 10i 10 ns 1.0V to 3.6V
18 System Clock (CLK) Fall Time 10 10 ns 3.6V to 1.0V
4 Asynch. Inputs Setup Time 30 20 ns Note 1

5 Asynch. Inputs Hold Time 30 20 ns Note 1

6 RESET Setup Time 33 28 ns

7 RESET Hold Time 5 5 ns

8 Read Data Setup Time 20 10 ns

9 Read Data Hold Time 8 8 ns
10 READY Setup Time 50 38 ns
1 READY Hold Time 35 25 ns
12 Status/PEACK Valid Delay 1 55 1 40 ns Note 2, Note 3
13 Address Valid Delay 1 80 1 60 ns Note 2, Note 3
14 Write Data Valid Delay 0 65 4] 50 ns Note 2, Note 3
15 Address/Status/Data Float Delay 0 80 0 50 ns Note 2, Note 4
16 'H LDA Valid Delay 0 80 0 50 ns Note 2, Note 3
19 Cgﬁfgﬁ,:{ﬂi%ﬁe&aws - 38 Note 3,5,and 6

NOTE 1: Asychronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing purposes,

to assure recognition at a specific CLK edge.

NOTE 2: Delay from 0.8V on the CLK, to 0.8V or 2.0V or float on the output as appropriate for valid or floating condition.
NOTE 3: Output load: C_ = 100pF.

NOTE 4: Float condition occurs when output current is less than || g in magnitude.

NOTE 5: Delay measured from address either reaching 0.8V or 2.0V (Valid) to status going active reaching 2.0V or status going inactive
reaching 0.8V.
NOTE 6: For load capacitance of 10pF on Status/PEACK lines, subtract typically 7ns for 8MHz spec.
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NOTE 7: AC Test Loading on Outputs

DEVICE

OUTPUT

NOTE 8: AC Drive and Measurement Points — CLK Input

4.0V

CLK INPUT

0.45Vv

NOTE 9: AC Setup, Hold and Delay Time Measurement — General

4.0v
3.6V 3.6V
CLK INPUT
1.0v 1.0v

tSETUP | tHOLD

DEVICE
OUTPUT
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WAVEFORMS
MAJOR CYCLE TIMING
READ
BUS CYCLE TYPE . . e . e (Ti on Ts)
- Ver |[——@s2~ O T2 | o1 | o2 | o1 | 02 | o1 | o2 | &1 | o2
2y @ AR WA WAL WA WA WA
cL —®
§1-50 — ® 'y /
19, |<_,
— ®
é MG, CORINTR ;ﬁl- VALID ADDRESE | VALID ADDRESS 72X VALIF TF Ts
g |
g BHE, LOCK VALID CONTROL VALID CONTROL X VALID IF Ts
= @ - | —®
D15—D0 = e e e e e o e e e [ S PR ©] - <L VALID WRITE DATA —_
VALID READ DATA__I) ]
|
FEADY T W |
L o
r§W+5R|:.YENQ\\\\ N MW \"1@ { /
3 |®‘¢ 1] |
% ARDY + ARDYEN \\\\\ \ NN Y
2 *’#J:L* ~—®=
PCLk [/ \ / f \_1/ \ / 1/
L
——» -—-@—n—
(— ALE N /- | \L RN
Q5 | e
CMDLY N {;‘. [/l \jf@ A
I MWTC X *
@
= MRDC
DT/R
—.—l
DEN \{;
L

NOTE: For timing requirements of the MBL 82284 and MBL 82288, refer to the data sheets of the MBL 82284 and MBL 82288.
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WAVEFORMS (Continued)

MBL 80286 ASYNCHRONOUS INPUT MBL 80286 RESET INPUT TIMING AND
SIGNAL TIMING SUBSEQUENT PROCESSOR CYCLE PHASE

BUS CYCLE TYPE

Tx
fe————Tx
VcH 1 #2 #1
_F ck [/ \_/—!
Ver —1(®) _-1@ (SEE NOTE 1.)
RESET —
(SEE NOTE 1. )—\_
Tx |
NTR, NM Veu a
I NMI
HOLD, PEREQ ﬁ/ oK/ !\_/_—\
(SEE NOTE 2.)
Veo —— (SEE NOTE 1.)
ERROR, BUSY RESET
(SEE NOTE 2.
NOTES: NOTE:
1. PCLK indicates which processor cycle phase will occur on the When RESET meets the setup time shown, the next CLK will start
next CLK, PCLK may not indicate the correct phase until the or repeat ¢2 of a processor cycle.

first bus cycle is performed.
2. These inputs are asynchronous. The setup and hold times shown
assure recognition for testing purposes.

EXITING AND ENTERING HOLD

BUS CYCLE TYPE ™ Ts OR T T T
r Ve 1 @2 o)) ¢2 1 @2 1 @2
oK /) WAL WA
Veo | !
| ) -
SEE NOTE 4.
HLDA : .
i
EE NOTE 3.)—{(i2) EE NOT
. o _lEENOTESI—@ . Gz_emEnoTen)
< $1-S0
g e —
2 I & i i —
s PEACK ' NIF NPX TRANSFER '
ERm—] (SEE NOTE 1.)
BHE, LOCK (SEE NOTEET @ ~ @ “_
A23-A0 R T vALD SOOI e e —————
wio, ===== —(<<<<< VALID D
COD/INTA i (SEE NOTE 2.)
A
(SEE NOTE 6. ) VALID @
L DI5-D0——————————————— \F WRITE —_————————— -
<
@
I\
g
4 PCLK / \ /__—-\___“,/__\_/_\___/_
o
=L
NOTES:
1. These signals may not be driven by the MBL 80286 during the time shown. The worst case in terms of latest float time is shown.
2. The data bus will be driven as shown if the last cycle before Ti in the diagram was a write Tc.
3. The MBL 80286 floats its status pins during Tn. External 20k resistors keep these signals high (see Table 16).
4, For HOLD request set up to HLDA, refer to Fig. 29.
5. BHE and LOCK are driven at this time but will not become valid until Ts.
6. The data bus will remain in 3-state OFF if a read cycle is performed.
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WAVEFORMS (Continued)

MBL 80286 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY
BUS CYCLE TYPE

T Ts JC Ts Tc T
Vew $2 %1 02 ¢2 01 $2 ®1 02 o1
CLK
Veo
1/0 READ IF PROC. EXT. TO MEMORY MEMORY WRITE IF PROC. EXT. TO MEMORY
MEMORY READ IF MEMORY TO PROC. EXT. 1/0 WRITE IF MEMORY TO PROC. EXT.

sl /T L

MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER
1/0 PORT ADDRESS 00FA(H) IF MEMORY TO PROC. EXT. TRANSFER

A23-A0

M/I0 )< X7 X

COD/INTA \_|
—

'O PORT ADDRESS 00FA(H) IF PROC. EXT. TO MEMORY TRANSFER
MEMORY ADDRESS IF MEMORY TO PROC. EXT. TRANSFER

PEACK (SEE NOTE 1.)

perEQ < j;/i T

T T

ASSUMING WORD-ALIGNED MEMORY OPERAND. IF ODD ALIGNED, MBL 80286 TRANSFERS TO/FROM
MEMORY BYTE-AT-A-TIME WITH MEMORY CYCLES.

NOTES:

1. P_E_A—C?always goes active during the first-bus operation of a processor extension data operand transfer sequence. The first bus operation
will be either a memory read at operand address or 1/0 read at port address OOF A(H).

2. To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) is: 3x @— @) max. —
(® min. The actual, configuration dependent, maximum time is: 3x (D — () max. — @O min. + Ax2x (1.
A is the number of extra Tc states added to either the first or second bus operation of the processor extension data operand transfer
sequence.
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WAVEFORMS (Continued)

INITIAL MBL 80286 PIN STATE DURING RESET

BUS CYCLE TYPE Tx = T T|

CLK
Veo L/_\ (SEE NOTE 2.) ®
——(® (SEE NOTE 1.) Tq@_i
RESET /) AT LEAST PR \\
16 CLK PERIODS | # '
5750 ~© .
PEACK UNKNOWN f ®
A23-A0 "
SHE UNKNOWN @,
coo/% UNKNOWN \ .
e
Lock UNKNOWN [
— ® (SEE NOTE 3.)
MMM M mﬁ--qb _____
1 IF HOLD IS NOT ACTIVE (SEE NOTE 4.)
HLDA UNKNOWN .

NOTES:

1.

Setup time for RESET t may be violated with the consideration that ¢1 of the processor clock may begin one system CLK period later.

2. Setup and hold times for RESET | must be met for proper operation, but RESET | may occur during ¢1 or ¢2.
3.
4. HOLD is acknowledged during RESET, causing HLDA to go active and the appropriate pins to float. If HOLD remains active while

The data bus is only guaranteed to be in 3state OFF at the time shown.

RESET goes inactive, the MBL 80286 remains in HOLD state and will not perform any bus accesses until HOLD is de-activated.

1-45




AR
FUJITSU

MBL 8028
MBL 80286-6 Il

A. SHORT OPCODE FORMAT EXAMPLE

BYTE 1 BYTE 2 BYTE3

765432107654321076543210

HEENREENERENERERIREEE!

LONG OPCODE mod| reg r/m

B. LONG OPCODE FORMAT EXAMPLE

Fig. 35 — MBL 80286 INSTRUCTION FORMAT EXAMPLES

BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTE 5 BYTE 6
7654321076543210
LLLLTTITIITITLL] o orsponratuicn oisrioaral tow oata | ic oata |
OPCODE |d]w|mod| reg r/m i JI. |L _|I

REGISTER OPERAND/EXTENSION OF OPCODE

REGISTER MODE/MEMORY MODE WITH DISPLACEMENT LENGTH
WORD/BYTE OPERATION

DIRECTION IS TO REGISTER/DIRECTION IS FROM REGISTER
OPERATION (INSTRUCTION) CODE

MBL 80286 INSTRUCTION SET SUMMARY

Instruction Timing Notes

The instruction clock counts listed below establish the
maximum execution rate of the MBL 80286. With no de-
lays in bus cycles, the actual clock count of an MBL 80286
program will average 5% more than the calculated clock
count, due to instruction sequences which execute faster
than they can be fetched from memory.

To calculate elapsed times for instruction sequences,
multiply the sum of all instruction clock counts, as listed
in the table below, by the processor clock period. An 8
MHz processor clock has a clock period of 125 nano-
seconds and requires a MBL 80286 system clock (CLK
input) of 16 MHz.

Instruction Clock Count Assumptions

1. The instruction has been prefetched, decoded, and
is ready for execution. Control transfer instruction clock
counts include all time required to fetch, decode, and
prepare the next instruction for execution.

. Bus cycles do not require wait states.

. There are no processor extension data transfer or
local bus HOLD requests.

4. No exceptions occur during instruction execution.
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Instruction Set Summary Notes

Addressing displacements selected by the MOD field
are not shown. If necessary they appear after the instruc-
tion fields shown.

Above/below refers to unsigned value
Greater refers to positive signed value
Less refers to less positive (more negative) signed values

if d = 1 then to register;if d =0 then from register

if w = 1 then word instruction; if w = 0 then byte in-
struction
if s = 0 then 16-bit immediate data form the operand
if s = 1 then an immediate data byte is sign-extended
to form the 16-bit operand
x don’t care

z used for string primitives for comparison with ZF
FLAG
If two clock counts are given, the smaller refers to a register
operand and the larger refers to a memory operand

* add one clock if offset calculation requires sum-

ming 3 elements
n number of times repeated
m number by bytes of code in next instruction

Level (L)—Lexical nesting level of the procedure
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The following comments describe possible exceptions,
side effects, and allowed usage for instructions in both
operating modes of the MBL 80286.

REAL ADDRESS MODE ONLY

1.

This is a protected mode instruction. Attempted execu-
tion in real address mode will result in an undefined
opcode exception (6).

. A segment overrun exception (13) will occur if a word

operand reference at offset FFFF(H) is attempted.

. This instruction may be executed in real address

mode to initialize the CPU for protected mode.

. The IOPL and NT fields will remain 0.

. Processor extension segment overrun interrupt (9)

will occur if the operand exceeds the segment limit.

EITHER MODE

6.

An exception may occur, depending on the value of
the operand.

. LOCK is automatically asserted regardless of the

presence or absence of the LOCK instruction prefix.

. LOCK does not remain active between all operand

transfers.

PROTECTED VIRTUAL ADDRESS MODE ONLY

9.

A general protection exception (13) will occur if the
memory operand can not be used due to either a
segment limit or access rights violation. If a stack
segment limit is violated, a stack segment overrun
exception (12) occurs.

. For segment load operations, the CPL, RPL, and

DPL must agree with privilege rules to avoid an ex-
ception. The segment must be present to avoid a
not-present exception (11). If the SS register is the
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17.

. A general

desination, and a segment not-present violation
occurs, a stack exception (12) occurs.

. All segment descriptor accesses in the GDT or LDT

made by this instruction will automatically assert
LOCK to maintain descriptor integrity in multipro-
cessor systems.

. JMP, CALL, INT, RET, IRET instructions referring to

another code segment will cause a general protec-
tion exception (13) if any privilege rule is violated.

. A general protection exception (13) occurs if CPL

#0.

protection exception (13) occurs if

CPL > I0PL.

. The IF field of the flag word is not updated if

CPL > I0OPL. The IOPL field is updated only if
CPL=0.

. Any violation of privilege rules as applied to the

selector operand do not cause a protection exception;
rather, the instruction does not return a result and
the zero flag is cleared.

If the starting address of the memory operand vio-
lates a segment limit, or an invalid access is at-
tempted, a general protection exception (13) will
occur before the ESC instruction is executed. A stack
segment overrun exception (12) will occur if the stack
limit is violated by the operand’s starting address. If
a segment limit is violated during an attempted data
transfer then a processor extension segment over-
run exception (9) occurs.

. The destination of an INT, JMP, CALL, RET or IRET

instruction must be in the defined limit of a code seg-
ment or a general protection exception (13) will occur.
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CLOCK COUNT COMMENTS
Pro- Pro-
FUNCTION FORMAT Real tected Real tected
Address | Virtual | Address | Virtual
Mode | Address | Mode | Address
Mode Mode
DATA TRANSFER
MOV = Move:
Register to Register/memory 1000100w|modreg r/m 2,3* 2,3* 2 9
Register/memory to register 1000101w|modreg r/m 2,5% 2,6* 2 9
Immediate to register/memory 1710001 1w]|mod000 r/m data dataif w=1 | 2,3* 2,3* 2 9
Immediate to register 1011w reg data data if w=1 2 2
Memory to accumulator 1010000w]| addr-low addr-high 5 5 2 9
Accumulator to memory 1010001 w| addr-low addr-high 3 3 2 9
Register/memory to segment 10001110 |modOreg r/m 2,5% 17,19% 2 9,10,11
register
Segment register to register/ 10001100 |modOreg r/m *
memory L l I 23 2,3* 2 9
PUSH = Push:
Memory 171111111 | mod 110 r/m] 5* 5* 2 9
Register 01010 reg 3 3 2 9
Segment register 000reg110 3 3 2 9

| immediate

Jot1010

| "PUSHA =Push Al [e71080600
POP = Pop:
Memory 10001111 mod000 r/m I 5% 5* 2 9
Register 01011 reg 5 5 2 9
Segment register 000 reg 111 (reg#01) 5 20 2 9,10,11
| POPA = Pop A 01106606071]
XCHG = Exchange:
Register/memory with register 100001 1w|{modreg r/m ] 3,56* 3,5*% 2,7 79
Register with accumulator 10010 reg 3 3
IN = Input from:
Fixed port 111001 Owl port j 5 14
Variable port 1110110w 5 14
OUT = Output to:
Fixed port 111001 1w port ] 3 3 14
Variable port 1711011 1w 3 3 14
XLAT = Translate byte to AL 11010111 5 5 9
LEA = Load EA to register 10001101 | modreg r/m 3* 3*
LDS = Load pointer to DS 171000101 | modreg r/m (mod #11) 7* 21* 2 9,10,11
LES = Load pointer to ES 11000100 | modreg r/m (mod #11) 7* 21* 2 9,10,11
LAHF = Load AH with flags 10011111 2 2
SAHF = Store AH into flags 10011110 2 2
PUSHF = Push flags 10011100 3 3 2 9
POPF = Pop flags 10011101 5 5 24 9,156

Shaded areas indicate instructions not available in MBL 8086, 88 microsystems.
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MBL 80286 INSTURCTION SET SUMMARY (Continued)

CLOCK COUNT COMMENTS
Pro- Pro-
FUNCTION FORMAT Real tected Real tected
Address | Virtual | Address | Virtual
Mode | Address | Mode | Address
Mode Mode
ARITHMETIC
ADD = Add:
Reg/memory with register to either |000000d w | mod reg r/m 2,7* 2,7* 2 9
Immediate to register/memory 100000 s w|modO000 r/m data data if s w=g| 3,7 3,7* 2 9
Immediate to accumulator 0000010w data dataifw=1 3 3
ADC = Add with carry:
Reg/memory with register to either [000100dw | modreg r/m 2,7 2,7 2 9
Immediate to register/memory 100000 sw|mod010 r/m data data if s w=m 3,7* 3,7* 2 9
Immediate to accumulator 0001010w data dataif w=1 3 3
INC = Increment:
Register/memory 1111111w|mod 000 r/m l 2,7* 2,7* 2 9
Register 01000 reg 2 2
SUB = Subtract:
Reg/memory and register to either [001010dw |modreg r/m 2,7 2,7 2 9
Immediate from register/memory 100000 sw|mod 101 r/m data data if sw=01 ] 3,7* 3,7* 2 9
Immediate from accumulator 0010110w data dataifw=1 3 3
SBB = Subtract with borrow:
Reg/memory and register to either |000110dw |modreg r/m 2,7* 2,7 2 9
Immediate from register/memory 100000sw|mod011 r/m data data if sw=01 ] 3,7* 3,7* 2
Immediate from accumulator 0001110w data dataif w=1 3 3
DEC = Decrement:
Register/memory 1111111w|modO001 r/m ] 2,7* 2,7* 2 9
Register 01001 reg 2 2
CMP = Compare:
Register/memory with register 0011101w|[modreg r/m 2,6* 2,6* 2 9
Register with register/memory 0011100w |modreg r/m 2,7* 2,7* 2 9
Immediate with register/memory 100000sw|mod 111 r/m data data if sw=01 ] 3,6* 3,6* 2 9
Immediate with accumulator 0011110w data data if w=1 3 3
NEG = Change sign 1171101 1w |mod011 r/m 2 7* 2 7
AAA = ASCII adjust for add 00110111 3 3
DAA = Decimal adjust for add 00100111 3 3
AAS = ASCII adjust for subtract 00111111 3 3
DAS = Decimal adjust for subtract |[00101111 3 3
MUL = Multiply (unsigned): [t111011w]mod 100 r/m ]
Register-Byte 13 13
Register-Word 21 21
Memory-Byte ) 16* 16* 2 9
Memory-Word 24> 24> 2 9
IMUL = Integer multiply (signed): [1111011w[mod 101 r/m |
Register-Byte 13 13
Register-Word 21 21
Memory-Byte 16* 16* 2 9
Memory-Word 24+ / 24> 2 9

Shaded areas indicate instructions not available in MBL 8086, 88 microsystems.
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MBL 80286 INSTURCTION SET SUMMARY (Continued)

CLOCK COUNT COMMENTS

Pro- Pro-

FUNCTION FORMAT Real tected Real tected

Address | Virtual | Address | Virtual
Mode | Address | Mode | Address

Mode Mode
ARITHEMETIC (Continued)
mlljc'fpfy'&lag%;mmedi“” [01101051 [modreg /m | data | dataifs=0]| 21,24* | 2124* | 2 9
DIV = Divide (unsigned): [1111011w][mod 110 r/m |
Register-Byte 14 14 6 6
Register-Word 22 22 6 6
Memory-Byte 17* 17* 2,6 6,9
Memory-Word 25* 25* 2,6 6,9
IDIV = Integer divide (signed): ~ [111101 1w [mod 111 r/m |
Register-Byte 17 17 6 6
Register-Word 25 25 6 6
Memory-Byte 20* 20* 2,6 6,9
Memory-Word 28* 28* 2,6 6,9
AAM = ASCII adjust for multiply 11010100 [{00001010 16 16
AAD = ASCII adjust for divide 11010101 (00001010 14 14
CBW = Convert byte to word 10011000 2 2

i Sv\é\lrg = Convert word to double 2 2

} LOGIC

‘ Shift/Rotate Instructions:

‘ Register/Memory by 1 1101000w [mod TTT r/m 2,7* 2,7 2 9
Register/Memory by CL 1101001w|mod TTT r/m 5+n,8+n*|5+n 8+n* 2
Register/Memory by Count ~~ [1100000w][mod TTTr/m |  count 18+n8+n*[B+n B8 n*| 2

TTT lInstruction

000 ROL

001 ROR

010 RCL

011 RCR

100 SHL/SAL

101 SHR

111 SAR
AND = And:
Reg/memory and register to either [001000dw | modreg r/m 2,7* 2,7 2 9
Immediate to register/memory 1000000w | mod 100 r/m data data if w = U 3,7* 3,7* 2 9
Immediate to accumulator 0010010w data data if w=1 3 3
TEST = And function to flags, no result:
Register/memory and register L1 000010 wI mod reg r/mJ 2,6* 2,6* 2 9
:r’:’e'rrr“g‘f;f‘e data and register/ [1111011w][mod000 /m | data | dataifw=1]| 36* | 36* 2 9
Immediate data and accumulator L1 010100w I data Ldata ifw=1 ] 3 3
OR =Or:
Reg/memory and register to either {000010dw | modreg r/m 2,7* 2,7* 2 9
Immediate to register/memory 1000000w| mod 001 r/m data data if w 1l 3,7* 3,7* 2 9
Immediate to accumulator 0000110w data data if w=1 3 3

Shaded areas indicate instructions not available in MBL 8086, 88 microsystems.
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MBL 80286 INSTRUCTION SET SUMMARY (Continued)

Repeated by count in CX

MOVS = Move string 11110011|1010010w
CMPS = Compare string 171110012 (101001 1w
SCAS = Scan string 11110012 [1010111w
LODS = Load string 11110010/1010110w
STOS = Store string 11110010[1010101w

CONTROL TRANSFER
CALL =Call:

Direct within segment Ll 1101000 | disp-low | disp-high

Register/memory indirect

within segment [11111111 [mod o010 r/m |

Direct intersegment [1 0011010 segment offset

segment selector

Protected Mode Only (Direct intersegment):

Via call gate to same privilege level

Via call gate to different privilege level, no parameters
Via call gate to different privilege level, x parameters
Via TSS

Via task gate

Indirect intersegment 11111111 [mod 011 r/m | (mod #11)

7+m

7+m,
11+m*

13+m

16+m

CLOCK COUNT COMMENTS
Pro- Pro-
FUNCTION FORMAT Real tected Real tected
Address | Virtual | Address| Virtual
Mode | Address| Mode | Address
Mode Mode
LOGIC (Continued)
XOR = Exclusive or:
Reg/memory and register to either [001100dw |modreg r/m 2,7* 2,7* 2 9
Immediate to register/memory 1000000w |mod 110 r/m data dataifw=1 ] 3,7* 3,7* 2 9
Immediate to accumulator 0011010w data data if w=1 3 3
NOT = Invert register/memory U 111011w |mod 010 r/m I 2,7* 2,7* 2 9
STRING MANIPULATION:
MOVS = Move byte/word 1010010w 5 5 2 9
CMPS = Compare byte/word 101001 1w 8 8 2 9
SCAS = Scan byte/word 1010111w 7 7 2 9
LODS = Load byte/wd to AL/AX 1010110w 5 5 2 9
STOS = Stor byte/wd from AL/A [1010101w 3 3 2 9

7+m

7+m,
11+m*

26+m

41+m

82+m
86+4x

+m

177+m

182+m

29+m*

28 8,9,18

2 11,12,18

8,11,12
18

8,11,12
18
8,11,12
18
8,11,12

18
8,11,12
18

8,9,11
12,18

Shaded areas indicate instructions not available in MBL 8086, 88 microsystems.
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MBL 80286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT COMMENTS
Pro- Pro-
FUNCTION FORMAT Real tected Real tected
Address | Virtual | Address | Virtual
Mode | Address| Mode | Address
Mode | Mode
CONTROL TRANSFER (Continued)
Protected Mode Only (Indirect intersegment):
Via call gate to same privilege level 44+m* 8911
12,18
Via call gate to different privilege level, no parameters 83+m* 81.529.;3
. " - 90+4x 8,9,11
Via call gate to different privilege level, x parameters m* 1218
Via TSS 180+m* 81'3,'11 8
Via task gate 185+m* 8129"11;
JMP = Unconditional jump:
Short/long 171101011 disp-low 74+m 7+m 18
Direct within segment 11101001 disp-low disp-high 7+m 7+m 18
Register/memory indirect within T 7+m, 7+m,
ceoment [11111111 [ mod 100 r/m ] AR IRANLA 2 9,18
Direct intersegment [1 1101010 segment offset 11+m 23+m 11,12,18
segment selector
Protected Mode Only (Direct intersegment):
Via call gate to same privilege level 38+m 8,1118,12
Via TSS 175+m 8t
Via task gate 180+m 8'1118'12
Indirect intersegment (11111111 mod101 /m | (mod #11) 154m® | 264m* | 2 | 821
Protected Mode Only (Indirect Intersegment):
. Vi * 8,9, 11
Via call gate to same privilege level 41+m 1218
. 8,9,11
Via TSS 178+m* 12,18
. 89,11
Via task gate 183+m* 12,18
RET = Return from CALL:
Within segment 11000011 11+m 11+m 2 8,9,18
Within seg adding immed to SP 11000010] datalow | data-high | 1M+m | 11+m 2 8,9,18
Intersegment 11001011 15+m 25+m 2 89,11
12,18
Intersegment adding immediate : . 89,11
oon 9 [11001010] datalow [ data-high | 16+m 2 1218
Protected Mode Only (RET):
To different privilege level 55+m S”11‘I8"l2

Shaded areas indicate instructions not available in MBL 8086, 88 microsystems.

1-52




(T
FUJITSU MBL 80286-8

UNMARANARIY ~ MBL 80286-6

MBL 80286 INSTURCTION SET SUMMARY (Continued)

CLOCK COUNT COMMENTS
Pro- Pro-
FUNCTION FORMAT Real tected Real tected
Address | Virtual | Address | Virtual
Mode | Address | Mode | Address
Mode Mode
CONTROL TRANSFER (Continued)
JE/JZ = Jump on equal/zero [01110100] disp | 7+mor3|7+mor 3 18
JL/INGE = Jump on less/not -
greater or equal LO 111110 OI disp I 7+mor3|7+mor3 18
JLE/ING = Jump on less or equal/ -
not greater [o1111110]  disp | 7+mor3|7+mor 3 18
JB/INAE = Jump on below/not -
abore or equal [o1110010] disp | 7+mor3|7+mor3 18
JBE/JNA = Jump on below or N ‘
equal/not above [o1110110] disp | 7+mor3|7+mor3 18
JPIPE = Jump on parity/parity 641 11010]  die | 7+mor3| 7+mor 3 18
JO = Jump on overflow 01110000 disp 7+mor3|7+mor3 18
JS = Jump on sign 01111000 disp 7+mor3|7+mor3 18
JNE/INZ = .i:lr:p on not equal/not LO 1110101 J disp ] 7+mor 3| 7+mor3 18
JNL/JGE = Jump on not less/ -
arearer or ouqal [o1111101] diso | 7+mor3|7+mor 3 18
JNLE/JG = Jump on not less or n
equal/greater |01 111111 I disp ] 7+mor3|7+mor3 18
JNB/JAE = Jump on not below/ -
2bove or eoual [o1110011]  disp | 7+mor3| 7+mor 3 18
JNBE/JA = Jump on not below or N
equal/above [o1110111] disp ] 7+mor3|7+mor 3 18
JNP/JPO = Jolgn;p on not par/par ‘ 01111011 [ disp ] 7+mor3| 74mor3 18
JNO = Jump on not overflow 01110001 disp 7+mor 3| 7+mor 3 18
JNS = Jump on not sign 01111001 disp 7+mor3{7+mor 3 18
LOOP = Loop CX times 11100010 disp 8+mor4|8+mor4 18
LOOPZ/LOOPE = Loop while -
zero/equal F1 100001 I disp 1 8+mor4|8+mor 4 18
LOOPNZ/LOOPNEn:ml_z:?g/:lqh'j: | 171100000 | disp —I 8+mor4|8+mor4 18
JCXZ = Jump on CX zero [11100011]  disp | 8+mor4|8+tmor4 18
ENTER = Enter Procedure J11001000] d o &
: 11
15
- i 16+4x
Ll nhe : e {L-1)
LEAVE = Leave Procedure [1i001001] 5
INT = Interrupt:
Type specified 11001101 type J 23+m 2,78
Type 3 11001100 23+m 2,78
INTO = Interrupt on overflow 11001110 24+mor3 2,68
(3ifno | (3ifno
interrupt)|interrupt)

Shaded areas indicate instructions not available in MBL 8086, 88 microsystems.
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MBL 80286 INSTRUCTION SET SUMMARY (Continued)
CLOCK COUNT COMMENTS
Pro- Pro-
FUNCTION FORMAT Real tected Real tected
Address| Virtual | Address| Virtual
Mode | Address| Mode | Address
Mode Mode
CONTROL TRANSFER (Continued)
Protected Mode Only:
Via interrupt or trap gate to same privilege level 40+m 71,’?,1181
L o . 7,811
Via interrupt or trap gate to fit different privilege level 78+m 1218
Via Task Gate 167+m 71211;
_ 89,11
IRET = Interrupt return 11001111 17+m 31+m 2,4 12"15 18
Protected Mode Only:
. - 89,11
To different privilege level 55+m 12'15.18
To differetit task (NT = 1) 169+m 8131181
SOUND = Detect value out of 13* 13* 2,6 6,8,9,11
Do [01100010] modreg r/m | wss T s
cloc!
count if
excep-
tion 5)
PROCESSOR CONTROL
CLC = Clear carry 11111000 2 2
CMC = Complement carry 171110101 2 2
STC = Set carry 171111001 2 2
CLD = Clear direction 11111100 2 2
STD = Set direction 11111101 2 2
CLI = Clear interrupt 11111010 3 3 14
STI = Set interrupt 11111011 2 2 14
HLT = Halt 11110100 2 2 13
WAIT = Wait 10011011 3 3
LOCK = Bus lock prefix 171110000 0 0 14
CTS = Clear task switched flag 00001111{000001 101 2 2 3 13
ESC = Processor Extension Escape |1 1011TTT | mod LLL r/m —‘ 9-20* 9-20* 5.8 8,17
(TTT LLL are opcode to processor extension)
SEG = Segment Override Prefix 001reg110 0 0
PROTECTION CONTROL
LGDT = Load global descriptor * *
table oaister [00001111]00000001 [ mod010 r/m ] 1 1 23 9,13
SGDT = Store global descriptor
e register [00001111]00000001 | mod000 r/m | 1+ 1> 23 9
LIDT = Load interrupt descriptor » *
fanlo raamater [00001111]00000001[mod 011 r/m | 12 12 2,3 9,13
SIDT = Store interrupt descriptor *
Salle romorer [00001111]00000001 [mod 001 r/m ] 12 12+ 2,3 9
LLDT = Load local descriptor
table register from [00001111]00000000] mod 010 r/m | 17,19* 1 9,11,13
register memory

Shaded areas indicate instructions not available in-MBL 8086, 88 microsystems.
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MBL 80286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT | COMMENTS
Pro- Pro-
FUNCTION FORMAT Real tected Real tected
Address | Virtual | Address | Virtual
Mode | Address | Mode | Address
Mode Mode
PROTECTION CONTROL (Continued)
SLDT = Store.local descriptor
table register to register/  [00001111][00000000 [ mod 000 r/m] 2,3* 1 9
memory
LTR Load task register from
conistermemory [00001111]00000000] mod 011 r/m] 17,19* 1 |91113
STR = Store task register to
reaister memory [00001111]00000000] mod 001 r/m] 2,3* 1 9
LMSW = Load machine status word
e rogistor/momory | 00001111[00000001|mod 110 r/m] 36" | 36" 2,3 9,13
SMSW = Store machine status word (00001111[00000001 [ mod 100 r/m] 23" | 2,3* 2,3 9
LAR = Load access rights from
i [00001111]00000010| modreg r/m | 14,16* 1 9,11,16
LSL = Load segment limit from
e oy [00001111]00000011]mod reg r/m | 1416* | 1 |9,11,16
ARPL = Adjust register 3
privilege level from ‘ 01100011 l mod reg r/m] 10%,11* 2 8,9
register/memory :
VERR = Verify read access: T Rl
L peslsms T 111 o_ooooooo] mod 100 r/m | 1406* | 1 |9116
VERR = Verify write access: [00001 11 1]00000000] mod 101 r/m 14,16* | 1 [9,11,16

Shaded areas indicate instructions not available in MBL 8086, 88 microsystems.
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Footnotes
The effective Address (EA) of the memory operand is REG is assigned according to the following table:
computed according to the mod and r/m fields: 16-Bit (w =1) 8-Bit (w = 0)
) . 000 AX 000 AL
if mod = 00 then DISP = 0%, disp-low and disp-high are 001 CX 001 CL
absent 010 DX 010 DL
are absent 011 BX 011 BL
if mod = 01 then DISP = disp-low sign-extended to 16-bits, 100 SP 100 AH
disp-high is absent 101 BP 101 CH
if mod = 10 then DISP = disp-high: disp-low 110 SI 110 DH

111 DI 111 BH
if r/m =000 then EA = (BX) + (SI) + DISP
if r/m =001 then EA = (BX) + (DI) + DISP The physical addresses of all operands addressed by the BP
if r/m =010 then EA = (BP) + (SI) + DISP register are computed using the SS segment register. The
if r/m =011 then EA = (BP) + (DI) + DISP physical addresses of the destination operands of the string

primitive operations (those addressed by the DI register)
are computed using the ES segment, which may not be
overridden.

if r/m = 100 then EA = (SI) + DISP
if r/m =101 then EA = (DI) + DISP
if r/m =110 then EA = (BP) + DISP*
if r/m= 111 then EA= (BX) + DISP

DISP follows 2nd byte of instruction (before data if re-
quired)

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

SEGMENT OVERRIDE PREFIX

001Treg110

reg is assigned according to the following:

reg Segment Register
00 ES
01 Ccs
10 SS
11 DS
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PACKAGE ILLUSTRATION

CERAMIC LCC
(METAL SEAL)

PACKAGE DIMENSIONS (Suffix: -CV)

68-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER
(CASE No.: LCC-68C-A01)

INDEX AREA 670(17.02)5Q .050(1.27) €.040(1.02)
Tve v ﬁ
s\ - ’
% A
§ 2
=~ [—
F—d L —
i = .792(20.12) 842(21.39)
] ] .808(2052) .858(21.79)
[ —
—
— =
IS =L
WA Toen |H |
940(23.88) o TYP 4 |.-06001.52) 842(21.39)
1960(24.38) TYp 858(21.79)
o .110(2.79)

MAX

Dimension in
inches (millimeters)
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PACKAGE ILLUSTRATION

CERAMIC PGA
(METAL SEAL)

PACKAGE DIMENSIONS (Suffix: -CR)

A
MBL 80286-8 FUJITSU
MBL 80286-6 Il

.050(1.27)DIATYP

©\°\
o o
o o
o o
o o
o o
o o
o o
@ o

© 0o o o o o
o °

°
°

©@ o 0o 0 0o o o o @

© 0 o o 0o o o o o

©o © o o o o o

o

] =\
}(ooooooooo

1.135(28.83)

1.165(29.59)°

(CASE No.:

.090(2.29)

.110(2.79)
—

68-LEAD CERAMIC (METAL SEAL) PIN GRID ARRAY

PGA-68C-A01)

1.000(25.40)
REF

-015(0.38)
.020(0.51)

=

=
[

I

|

.083(2.11) | .-045(1.14)

MAX

.055(1.40)

.100(2.54)
41?0(3.05)
.185(4.70)

MAX

.099(2.49)
.122(3.10)

L
\_INDEX AREA

Dimension in
inches(millimeters)
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December 1985
Edition 1.0

BIPOLAR CLOCK GENERATOR AND READY INTERFA(.":“E
FOR MBL 80286 PROCESSORS

The Fujitsu MBL 82284 is a clock generator/driver which provides clock signals for MBL 80286 processorg and support
components. It also contains logic to supply READY to the CPU from either asynchronous or synchronous sources and
synchronous RESET from an asynchronous input with hysteresis.

® Generates System Clock for MBL 80286 ® Generates System Reset Output from
Processors Schmitt Trigger Input
® Uses Crystal or TTL Signal for Frequency ® Single +5V Power Supply
Source
® Two Package Options:
® Provides Local READY and Multibus* — 18-pin Cerdip (Suffix: C2Z)
READY Synchronization — 18-pin Plastic DIP (Suffix: P)
Fig. 1 — BLOCK DIAGRAM Fig. 2 — PIN CONFIGURATION
RESET
RES LT RESET
SYNCHRONIZER
ARDY []1 g Vee
SRDY[]2 17[J ARDYEN
X1
XTAL T~ SRDYEN[ |3 16[]51
x2 MUx cLK READY 4 15[ )50
EFIW—J——/K EFI[]s mBL 82284 14[]N.C.
F/E Fice 13[JprcLk
x1[7 12[ ] RESET
ARDYEN—1{ )—{svncHronizer x2[]s 11[]REs
* GND[:“ 9 10[JcLk
SRDYEN—@_—J READY
SRDY—— LOGIC READY
§1—— PCLK
% :D— GENERATOR PCLK

* Multibus is a patented bus of Intel.

Portions Reprinted by permission of intel Corporation

© Intel Corporation, 1982 1-59
© FUJITSU LIMITED, 1985
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PIN DESCRIPTION

The following pin function descriptions are for the MBL 82284 clock generator.

Table 1 — PIN DESCRIPTION

Symbol Type Name and Function

CLK (0] System Clock is the signal used by the processor and support devices which must be synchro-
nous with the processor. The frequency of the CLK output has twice the desired internal pro-
cessor clock frequency. CLK can drive both TTL and MOS level inputs.

F/C | Frequency/Crystal Select is a strapping option to select the source for the CLK output. When
F/C is strapped LOW, the internal crystal oscillator drives CLK. When F/C is strapped HIGH,
the EF 1 input drives the CLK output.

X1, X2 | Crystall In are the pins to which a parallel resonant fundamental mode crystal is attached for
the internal oscillator. When F/C is LOW, the internal oscillator will drive the CLK output at
the crystal frequency. The crystal frequency must be twice the desired internal processor clock
frequency.

EFI | External Frequency In drives CLK when the F/C input is strapped HIGH. The EFI input fre-
quency must be twice the desired internal processor clock frequency.

PCLK (0] Peripheral Clock is an output which provides a 50% duty cycle clock with 1/2 the frequency of
CLK. PCLK will be in phase with the internal processor clock following the first bus cycle after
the processor has been reset.

ARDYEN | Asynchronous Ready Enable is an active LOW input which qualifies the ARDY input.
ARDYEN selects ARDY as the source of ready for the current bus cycle. Inputs to ARDYEN
may be applied asynchronously to CLK. Setup and hold times are given to assure a guaranteed
response to synchronous inputs.

ARDY | Asynchronous Ready is an active LOW input used to terminate the current bus cycle. The
ARDY input is qualified by ARDYEN. Inputs to ARDY may be applied asynchronously to
CLK. Setup and hold times are given to assure a guaranteed response to synchronous inputs.

SRDYEN | Synchronous Ready Enable is an active LOW input which qualifies SRDY. SRDYEN selects

SRDY as the source for READY to the CPU for the current bus cycle. Setup and hold times
must be satisfied for proper operation.

SRDY | Synchronous Ready is an active LOW input used to terminate the current bus cycle. The SRDY
input is qualified by the SRDYEN input. Setup and hold times must be satisfied for proper
operation.

READY 0o Ready is an active LOW output which 5|gnals the current bus cycle is to be completed. The

SRDY, SRDYEN, ARDY, ARDYEN, S1, SO and RES inputs control READY as explained
later in the READY generator section. READY is an open collector output requiring an external
91082 pullup resistor.

S0, S1 | Status inputs prepare the MBL 82284 for a subsequent bus cycle. SO and ST synchronize PCLK
to the internal processor clock and control READY. These inputs have pullup resistors to keep
them HIGH if nothing is driving them. Setup and hold times must be satisfied for proper
operation.

RESET (0] Reset is an active HIGH output which is derived from the RES input. RESET is used to force
the system into an initial state. When RESET is active, READY will be active (LOW).

RES | Reset In is an active LOW input which generates the system reset signal RESET. Signals to
RES may be applied asynchronously to CLK. A Schmitt trigger input is provided on RES, so
that an RC circuit can be used to provide a time delay. Setup and hold times are given to assure
a guaranteed response to synchronous inputs.

Vee System Power: +5V power supply.

GND System Ground: 0 volts.
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FUNCTIONAL DESCRIPTION

INTRODUCTION

The MBL 82284 generates the clock, ready, and reset sig-
nals required for MBL 80286 processors and support
components. The MBL 82284 is packaged in an 18-pin DIP
and contains a crystal controlled oscillator, MOS clock
generator, peripheral clock generator, Multibus ready
synchronization logic and system reset generation logic.

CLOCK GENERATOR

The CLK output provides the basic timing control for an
MBL 80286 system. CLK has output characteristics suffi-
cient to drive MOS devices. CLK is generated by either an
internal crystal oscillator or an external source as selected
by the F/C strapping option. When F/C is LOW, the crystal
oscillator drives the CLK output. When F/C is HIGH,
the EFI input drives the CLK output.

The MBL 82284 provides a second clock output (PCLK)
for peripheral devices. PCLK is CLK divided by two. PCLK
has a duty cycle of 50% and TTL output drive charac-
teristics. PCLK is normally synchronized to the internal
processor clock.

After reset, the PCLK signal may be out of phase with the
internal processor clock. The 51 and SO signals of the first
bus cycle are used to synchronize PCLK to the internal
processor clock. The phase of the PCLK output changes
by extending its HIGH time beyond one system clock
(see waveforms). PCLK is forced HIGH whenever either SO
or ST were active (LOW) for the two previous CLK cycles.
PCLK continues to oscillate when both SO and S1 are
HIGH.

Since the phase of the internal processor clock will not
change except during reset, the phase of PCLK will not
change except during the first bus cycle after reset.

OSCILLATOR

The oscillator circuit of the MBL 82284 is a linear Pierce
oscillator which requires an external parallel resonant,
fundamental mode, crystal. The output of the oscillator

Fig. 3 — RECOMMENDED CRYSTAL AND
READY CONNECTIONS

LA SRy L cLK
v MBL 80286
3 | wmBLs22sa| ~F& CPU or
812 910| SUPPORT
4 @ |compoNENT
C1I ICZ READY READY
L L 6] — 18
- = F/C Vece Vee
SEE TABLE
2 FOR DECOUPLING
CAPACITOR T cAPACITOR
VALUES L
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is internally buffered. The crystal frequency chosen should
be twice the required internal processor clock frequency.
The crystal should have a typical load capacitance of 32 pF.

X1 and X2 are the oscillator crystal connections. For
stable operation of the oscillator, two loading capacitors
are recommended, as shown in Table 2. The sum of the
board capacitance and loading capacitance should equal
the values shown. It is advisable to limit stray board capa-
citances (not including the effect of the loading capacitors
or crystal capacitance) to less than 10 pF between the
X1 and X2 pins. Decouple Ve and GND as close to the
MBL 82284 as possible.

RESET OPERATION

The reset logic provides the RESET output to force the
system into a known, initial state. When the RES input is
active (LOW), the RESET output becomes active (HIGH).
RES is synchronized internally at the falling edge of CLK
before generating the RESET output (see waveforms).
Synchronization of the RES input introduces a one or two
CLK delay before affecting the RESET output.

At power up, a system does not have a stable V¢ and
CLK. To prevent spurious activity, RES should be asserted
until Vec and CLK stabilize at their operating values.
MBL 80286 processors and support components also re-
quire their RESET inputs be HIGH a minimum of 16 CLK
cycles. An RC network, as shown in Fig. 4, will keep
RES LOW long enough to satisfy both needs.

Fig. 4 — TYPICAL RC RES TIMING CIRCUIT

Vec
>
Sioke
1N914 $ MBL 82284
My
A\ RES
1 479
|‘I * == q0uF

A Schmitt trigger input with hysteresis on RES assures a
single transition of RESET with an RC circuit on RES.
The hysteresis separates the input voltage level at which
the circuit output switches between HIGH to LOW from
the input voltage level at which the circuit output switches
between LOW to HIGH. The RES HIGH to LOW input
transition voltage is lower than the RES LOW to HIGH
input transition voltage. As long as the slope of the RES
input voltage remains in the same direction (increasing
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or decreasing) around the RES input transition voltage, the
RESET output will make a single transition.

READY OPERATION

The MBL 82284 accepts two ready sources for the system
ready signal which terminates the current bus cycle. Either
a synchronous (SRDY) or asynchronous ready (ARDY)
source may be used. Each ready input has an enable
(SRDYEN and ARDYEN) for selecting the type of ready
source required to terminate the current bus cycle. An
address decoder would normally select one of the enable
inputs.

READY is enabled (LOW), if either SRDY + SRDYEN
= 0 or ARDY + ARDYEN = 0 when sampled by the
MBL 82284 READY generation logic. READY will remain
active for at least two CLK cycles.

The READY output has an open-collector driver allowing
other ready circuits to be wire or'ed with it, as shown in
Fig. 3. The READY signal of an MBL 80286 system re-
quires an external 91082 *5% pull-up resistor. To force
the READY signal inactive (HIGH) at the start of a bus

cycle, the READY output floats when either S1 or SO are
sampled LOW at the falling edge of CLK. Two system
clock periods are allowed for the pull-up resistor to pull
the READY signal to V. When RESET is active, READY
is forced active one CLK later (see waveforms).

Fig. 5 illustrates the operation of SRDY and SRDYEN.
These inputs are sampled on the falling edge of CLK when
ST and SO are inactive and PCLK is HIGH. READY is
forced active when both SRDY and SRDYEN are sampled
as LOW.

Fig. 6 shows the operation of ARDY and ARDYEN.
These inputs are sampled by an internal synchronizer at
each falling edge of CLK. The output of the synchronizer
is then sampled when PCLK is HIGH. If the synchronizer
resolved both the ARDY and ARDYEN have been resolved
as active, the SRDY and SRDYEN inputs are ignored.
Either ARDY or ARDYEN must be HIGH at end of TS
(see Fig. 6).

READY remains active until either S1 or SO are sampled
LOW, or the ready inputs are sampled as inactive.

Table 2 — MBL 82284 CRYSTAL LOADING CAPACITANCE VALUES

Crystal Frequency C1 Capacitance (pin 7) C2 Capacitance (pin 8)

1 to 8 MHz 60 pF 40 pF
8 to 16 MHz 25 pF 15 pF
NOTE: Capacitance values must include stray board capacitance.
Fig. 5 — SYNCHRONOUS READY OPERATION
| TS | TC | TC | Tl
CLK
PCLK

AN AL
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Fig. 6 — ASYNCHRONOUS READY OPERATION

| TS [ TC

CLK

PCLK _/_

TC | TI

@)
gl
o

/

SRDYEN \

ARDY 7

: AN

ARDYEN

READY

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias .. ............ 0°C to 70°C
Storage Temperature . . . . .......... -65°C to +150°C
All Output and Supply Voltages . ....... -0.5V to +7V
All Input Voltages ................ -1.0V to +6.5V
Power Dissipation . . ... ... .. ... 1 Watt

*NOTE:

Permanent device damage may occur if ABSO-
LUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to the
conditions as detailed in the operational sections
of this data sheet. Exposure to absolute maxi-
mum rating conditions for extended periods may
affect device reliability.

D.C. CHARACTERISTICS (Vcc = 5V#5%, T5 = 0°C to 70°C)

MBL 82284-6 MBL 82284-8
Symbol Parameter (6 MHz) (8 MHz) Unit Test Condition
Min Max Min Max
A Input LOW Voltage 0.8 0.8 \
Vin Input HIGH Voltage 20 2.0 \
ViHR RES and EFI Input HIGH Voltage 2.6 2.6 Vv
Vivs RES Input Hysteresis 0.25 0.25 \Y
VoL RESET, PCLK Output LOW Voltage 0.45 0.45 \Y) lop =5mA
Vou RESET, PCLK Output HIGH Voltage 24 24 Y, lon = -TmA
VoLr READY Output LOW Voltage 0.45 0.45 \Y loL =7mA
VoLc CLK Output LOW Voltage 0.45 0.45 Vv loL =5mA
Vouc CLK Output HIGH Voltage 40 4.0 \% lon = -800uA
Ve Input Forward Clamp Voltage -1.0 -1.0 \Y) lc = -bmA
Ie Forward Input Current -0.5 -05 mA Vg =0.45V
Ir Reverse Input Current 50 50 MA Vg =Vce
lec Power Supply Current 145 145 mA
C, Input Capacitance 10 10 pF Fec = 1MHz
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A.C. CHARACTERISTICS (Vcc =5V 5%, Ta = 0°C to 70°C)

AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless otherwise noted.

MBL 82284-6 | MBL 82284-8
Symbol Parameter : (6 MHz) (8 MHz) Unit Test Condition
Min Max Min Max

1 EFI to CLK Delay 35 30 ns at 1.5V Note 1
2 EFI LOW Time 40 25 ns at 1.5V Note 1, Note 7
3 EFI HIGH Time 35 25 ns at 1.5V Note 1, Note 7
4 CLK Period 83 500 62 500 ns
5 CLK LOW Time 20 15 ns at 1.0V Note 1, Note 2, 8
6 CLK HIGH Time 25 25 ns at 3.6V Note 1, Note 2, 8
7 CLK Rise Time 10 10 ns 1.0V to 3.6V Note 1
8 CLK Fall Time 10 10 ns 3.6V to 1.0V Note 1
9 Status Setup Time 28 22 ns Note 1

10 Status Hold Time 1 1 ns Note 1

11 SRDY or SRDYEN Setup Time 25 15 ns Note 1

12 SRDY or SRDYEN Hold Time 0 0 ns Note 1

13 ARDY or ARDYEN Setup Time 5 0 ns Note 1, Note 3

14 ARDY or ARDYEN Hold Time 30 30 ns Note 1, Note 3

15 RES Setup Time 25 20 ns Note 1, Note 3

16 RES Hold Time 10 10 ns Note 1, Note 3

17 READY Inactive Delay 5 5 ns at 0.8V Note 4

18 READY Active Delay 0 33 0 24 ns at 0.8V Note 4

19 PCLK Delay 0 45 0] 45 ns Note 5

20 RESET Delay 5 50 5 34 ns Note 5

21 PCLK LOW Time t4-20 t4-20 ns Note 5, Note 6

22 PCLK HIGH Time t4-20 t4-20 ns Note 5, Note 6

NOTE 1: CLK loading: C;_ = 150pF.

NOTE 2:

NOTE 3:
NOTE 4:

NOTE 6&:
NOTE 6:
NOTE 7:

With the internal crystal oscillator using recommended crystal and capacitive loading; or with the EFI input meeting specifications
t2, and t3. Use a parallel-resonant, fundamental mode crystal. The recommended crystal loaidng for CLK frequencies of 8-16MHz
are 25pF from pin X1 to ground, and 15pF from pin X2 to ground. These recommended values are +5pF and include all stray capa-
citance, Decouple V¢ and GND as close to the MBL 82284 as possible.

This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at specific CLK edge.
READY loading: Igr = 7mA, C_ = 150pF. In system application, use 910 £ +5% pullup resistor to meet MBL 80286-8 and
80286-6 timing requirements.

PCLK and RESET loading: C = 75pF. PCLK also has 750 £ pullup.

t4 refers to any allowable CLK period.

When driving the MBL 82284 with EF1, provide minimum EFI HIGH and LOW times as follows:

. 8MHz | 12MHz | 16MHz

CLK Output Frequency: CLK CLK CLK*
Min. required EFI HIGH time 52ns 35ns 25ns
Min. required EFI LOW time 52ns 40ns 25ns

*At CLK frequencies above 12MHz, CLK output HIGH and LOW times are guaranteed only when using crystal with recommended

NOTE 8:

capacitive loading per Table 2, not when driving component from EFI. All features of the MBL 82284 remain functional whether
EF1 or crystal is used to drive the MBL 82284.

When using crystal (with recommended capacitive loading per Table 2) appropriate for speed of MBL 80286, CLK output HIGH
and LOW times guaranteed to meet MBL 80286 requirements.
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NOTE 9: EFI Drive and Measurement Points NOTE 10: CLK Output Measurement Points
24V
1.5V 1.5V
0.45V.
NOTE 11: AC Setup, Hold and Delay Time Measurement — General
3.6V 3.6V
MBL 82284
CLK
OUTPUT 1.0v 1.0V
tSETUP tHOLD
2.4v
{2.0V 2.0v
DEVICE
INPUT
0.8V 0.8v
0.45v
tDELAY
OTHER
DEVICE
OUTPUT
NOTE 12: AC Test Loading on Outputs
Vee Vee
750 Q 910
PCLK READY Other
output output outputs
75pF I 150pFI Cp I
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WAVEFORMS

CLK AS A FUNCTION OF EFI

@ ®

EF1

CLK

NOTE: The EFI input LOW and HIGH times as shown are required
to guarantee the CLK LOW and HIGH times shown.

RESET AND READY TIMING AS A FUNCTION OF RES
WITH S1 AND SO0 HIGH

Depends on previous
state of RES

— ——]

Note 2

| B C

NOTE 1: This is an asynchronous input. The setup and hold times
shown are required to guarantee the response shown.
NOTE 2: Tie 910 2 +5% pullup resistor to the READY output,
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READY AND PCLK TIMING WITH RES HIGH

w LS /NSNS S S
51,5 .ﬁ"r" -

] o
PCLK KJndefifri\regX o / \r@@ :
@ ——
S/, ////////7H ALY

o @ Note 1 6 No
' Note 2—= @ r—— ——
vess I -

NOTE 1: This is an asynchronous input. The setup and hold times
shown are required to guarantee the response shown.
NOTE 2: Tie 910 2 +5% pullup resistor to the READY output.
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PACKAGE ILLUSTRATION

CERAMIC PACKAGE
(CERDIP)

PACKAGE DIMENSIONS (suffix: CZ)

ROVANCE INFORMATION

18-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE

i - | I'*"II_ALLjl""l("""‘llﬁl'_|w

(CASE No. : DIP-18C-C01)

R.025(0.64)
REF

™~

.285(7.24)
.302(7.67)

| SR [ GRS R W G SUNU R SUUSIS M SN R SR Ry SIS R S

.882(22.40)

.912(23.16)

—= |=—.056(1.42)MAX

110(2.79)

.090(2.29)

.032(0.81)
TYP .020(0.51)

/ 0°~15°
.305(7.75) .300(7.62)TYP
.325(8.26)
.008(0.20) ’
.014(0.36)
.200(5.08)MAX
.120(3.05)
.150(3.81)

.050(1.27)

.800(20.32)REF
.042(1.07) .013(0.33)

.062(1.58)

©1985 FUJITSU D18005S-1C

.023(0.58)

Dimensions in
inches (millimeters)
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PACKAGE ILLUSTRATION

PLASTIC PACKAGE

PACKAGE DIMENSIONS (Suffix: P)

18-LEAD PLASTIC DUAL-IN-LINE PACKAGE
(CASE No.: DIP-18P-M02)

r“1r“1r“|r“1r“1r“|r”1rrlj s——’—i%

INDEX-1
.240(6.10) .290(7.37)
1260(6.60 31007,
(EJECTOR MARK) { ! 310(7.87)

'

i

L LT LIRS LA #
.850(21.60|)1r] LUI LLI .008(0.20)

.876(22.25) .012(0.30)

—t ~=—.049(1.25) MAX

.197(5.00)MAX

INDEX-2

.118(3.0)MIN

-100(2.54) .047(1.20) 1
N YE R ~—  .020(0.51)

TYP .059(1.50)
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NMOS BUS CONTROLLER FOR MBL 80286 PROCESSORS

The Fujitsu MBL 82288 Bus Controller is a 20-pin NMOS component for use in MBL 80286 microsystems. The bus
controller provides command and control outputs with flexible timing options. Separate command outputs are used
for memory and 1/0O devices. The data bus is controlled with separate data enable and direction control signals.

Two modes of operation are possible via a strapping option: Multibus compatible bus cycles, and high speed bus cycles.

® Provides Commands and Control for ® Control Drivers with 16 mA lo, and 3-State
Local and System Bus Command Drivers with 32 mA g

o Offers Wide Flexibility in System ® Single +5V Supply
Configurations ® Two Package Options:

® Flexible Command Timing -20-Pin Cerdip (Suffix: -CZ)

e Optional Multibus* Compatible Timing -20-Pin Plastic DIP (Suffix: -P)

Fig. 1 — BLOCK DIAGRAM Fig. 2 — PIN CONFIGURATION
3-STATE
COMMAND
STATUS OUTPUTS
50— raTUS L INTA READY [ |1 20[] Vee
S$1—-1oecoberf~  commanp f1—TORC cik ]2 19{] 50
M0~ Soeie [T iowe 51 []s 18[] w/io
H— MRDC MBL 82288 _
H—MWTC | MCE [|4 17[] DT/R
STATE ALE []5 16[ ] DEN
CONCT'-R'E)L MACHINE CONTROL mB 16 15[ ] CEN/AEN
INPUTS OUTPUTS
CEN/AEN-H L oT/R emoLy [7 14f] cENL
CENL:l— conTroL] | || Cgl'J“TTP'?ﬁ_'- L1 DEN mRrDC []8 13[] INTA
INPUT
CMDLY—*:‘ LOGIC LOGIC [f=ALE mwic [{o 12[ ] TORC
READY— H— MCE A
TI - GND []10 11{] TOWC
MB

*Multibus is a patented bus of Intel.

Portions Reprinted by permission of Intel Corporation
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PIN DESCRIPTION
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The following pin function descriptions are for the MBL 82288 bus controller.

Table 1 — PIN DESCRIPTION

Symbol

Type

Name and Function

CLK

System Clock provides the basic timing control for the MBL 82288 in an MBL 80286 micro-
system. Its frequency is twice the internal processor clock frequency. The falling edge of this
input signal establishes when inputs are sampled and command and control outputs change.

0, S1

Bus Cycle Status starts a bus cycle and, along with M/10, defines the type of bus cycle. These
inputs are active LOW. A bus cycle is started when either S1 or SO is sampled LOW at the
falling edge of CLK. Setup and hold times must be met for proper operation.

MBL 80286 Bus Cycle Status Definition
M/I0 s1 S0 Type of Bus Cycle
0

Interrupt acknowledge
1/O Read

1/0 Write

None; Idle

Halt or shutdown
Memory read

Memory write

None; Idle

0
0
0
1
1
1
1

- —200~==00
DO —-20=0=o0

Memory or 1/O Select determines whether the current bus cycle is in the memory space or 1/0
space. When LOW, the current bus cycle is in the 1/0 space. Setup and hold times must be met
for proper operation.

Multibus Mode Select determines timing of the command and control outputs. When HIGH,
the bus controller operates with Multibus-compatible timings. When LOW, the bus controller
optimizes the command and control output timing for short bus cycles. The function of the
CEN/AEN input pin is selected by this signal. This input is typically a strapping option and not
dynamically changed.

CENL

Command Enable Latched is a bus controller select signal which enables the bus controller to
respond to the current bus cycle being initiated. CENL is an active HIGH input latched inter-
nally at the end of each TS cycle. CENL is used to select the appropriate bus controller for each
bus cycle in a system where the CPU has more than one bus it can use. This input may be
connected to V¢ to select this MBL 82288 for all transfers. No control inputs affect CENL.
Setup and hold times must be met for proper operation.

CMDLY

Command Delay allows delaying the start of a command. CMDLY is an active HIGH input. If
sampled HIGH, the command output is not activated and CMDLY is again sampled at the next
CLK cycle. When sampled LOW the selected command is enabled. If READY is detected LOW
before the command output is activated, the MBL 82288 will terminate the bus cycle, even if
no command was issued. Setup and hold times must be satisfied for proper operation. This
input may be connected to GND if no delays are required before starting a command. This
input has no effect on MBL 82288 control outputs.

READY

Ready indicates the end of the current bus cycle. READY is an active LOW input. Multibus
mode requires at least one wait state to allow the command outputs to become active. READY
must be LOW during reset, to force the MBL 82288 into the idle state. Setup and hold times
must be met for proper operation. The MBL 82284 drives READY LOW during RESET.
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Table 1 — PIN DESCRIPTION (Continued)

Symbol Type Name and Function

CEN/AEN | Command Enable/Address Enable controls the command and DEN outputs of the bus con-
troller. CEN/AEN inputs may be asynchronous to CLK. Setup and hold times are given to
assure a guaranteed response to synchronous inputs. This input may be connected to V¢ or
GND.

When MB is HIGH, this pin has the AEN function. AEN is an active LOW input which indicates
that the CPU has been granted use of a shared bus and the bus controlier command outputs
may exit 3-state OFF and become inactive (HIGH). AEN HIGH indicates that the CPU does
not have control of the shared bus and forces the command outputs into 3-state OFF and DEN
inactive (LOW). AEN would normally be controlled by an 82289 bus arbiter which activates
AEN when that arbiter owns the bus to which the bus controller is attached.

When MB is LOW this pin has the CEN function. CEN is an unlatched active HIGH input which
allows the bus controller to activate its command and DEN outputs. With MB LOW, CEN LOW
forces the command and DEN outputs inactive but does not tristate them.

ALE o Address Latch Enable controls the address latches used to hold an address stable during a bus
cycle. This control output is active HIGH. ALE will not be issued for the halt bus cycle and is
not affected by any of the control inputs.

MCE 0 Master Cascade Enable signals that a cascade address from a master MBL 8259A interrupt
controller may be placed onto the CPU address bus for latching by the address latches under
ALE control. The CPU’s address bus may then be used to broadcast the cascade address to slave
interrupt controllers so only one of them will respond to the interrupt acknowledge cycle.
This control output is active HIGH. MCE is only active during interrupt acknowledge cycles
and is not affected by any control input. Using MCE to enable cascade address drivers requires
latches which save the cascade address on the falling edge of ALE.

DEN (0} Data Enable controls when data transceivers connected to the local data bus should be enabled.
DEN is an active HIGH control output. DEN is delayed for write cycles in the Multibus mode.

DT/R (0] Data Transmit/Receive establishes the direction of data flow to or from the local data bus.
When HIGH, this control output indicates that a write bus cycle is being performed. A LOW
indicates a read bus cycle. DEN is always inactive when DT/R changes states. This output is
HIGH when no bus cycle is active. DT/R is not affected by any of the control inputs.

10WC o} 1/0 Write Command instructs an /O device to read the data on the data bus. This command
output is active LOW. The MB and CMDLY inputs control when this output becomes active,
READY controls when it becomes inactive.

IORC (o] 1/0 Read Command instructs an |/O device to place data onto the data bus. This command
output is active LOW. The MB and CMDLY inputs control when this output becomes active.
READY controls when it becomes inactive.

MWTC (0] Memory Write Command instructs a memory device to read the data on the data bus. This
command output is active LOW. The MB and CMDLY inputs control when thisoutput becomes
active. READY controls when it becomes inactive.

MRDC (0] Memory Read Command instructs the memory device to place data onto the data bus. This
command output is active LOW. The MB and CMDLY inputs control when this output be-
comes active. READY controls when it becomes inactive.

INTA (0] Interrupt Acknowledge tells an interrupting device that its interrupt request is being acknowl-
edged. This command output is active LOW. The MB and CMDLY inputs control when this
output becomes active. READY controls when it becomes inactive.

Vee System Power: +5V power supply.
GND System Ground: 0 volts,
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FUNCTIONAL DESCRIPTION

INTRODUCTION

The MBL 82288 bus controller is used in MBL 80286 sys-
tems to provide address latch control, data transceiver con-
trol, and standard level-type command outputs. The com-
mand outputs are timed and have sufficient drive capa-
bilities for large TTL buses and meet all IEEE-796 require-
ments for Multibus. A special Multibus mode is provided to
satisfy all address/data setup and hold time requirements.
Command timing may be tailored to special needs via a
CMDLY input to determine the start of a command and
READY to determine the end of a command.

Connection to multiple buses are supported with a latched
enable input (CENL). An address decoder can determine
which, if any, bus controller should be enabled for the bus
cycle. This input is latched to allow an address decoder
to take full advantage of the pipelined timing on the
MBL 80286 local bus.

Bus shared by several bus controllers are supported. An
AEN input prevents the bus controller from driving the
shared bus command and data signals except when enabled
by an external bus arbiter such as the 82289. :

Separate DEN and DT/R outputs control the data trans-
ceivers for all buses. Bus contention is eliminated by dis-
abling DEN before changing DT/R. The DEN timing allows
sufficient time for tristate bus drivers to enter 3-state OFF
before enabling other drivers onto the same bus.

The term CPU refers to any MBL 80286 processor or
MBL 80286 support component which may become
an MBL 80286 local bus master and thereby drive the
MBL 82288 status inputs.

PROCESSOR CYCLE DEFINITION

Any CPU which drives the local bus uses an internal clock
which is one half the frequency of the system clock (CLK)
(see Fig. 3). Knowledge of the phase of the local bus master
internal clock is required for proper operation of the
MBL 80286 local bus. The local bus master informs the
bus controller of its internal clock phase when it asserts the
status signals. Status signals are always asserted beginning
in Phase 1 of the local bus master’s internal clock.

PHASE 1

=—"—"ONE PROCESSOR CLOCK CYCLE

ONE BUS T STATE

~—OF PROCESSOR—=1=—0OF PROCESSOR—
CLOCK CYCLE CLOCK CYCLE

N \__/_\__/_ ___

Veu
MBL 82284 PCLK /
(FOR REFERENCE) I

Fig. 3 — CLK RELATIONSHIP TO THE PROCESSOR CLOCK AND BUS T-STATES

PHASE 2
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BUS STATE DEFINITION

The MBL 82288 bus controller has three bus states (see
Fig. 4): Idle(T!), Status (TS) and Command (TC). Each bus
state is two CLK cycles long. Bus state phases correspond
to the internal CPU processor clock phases.

The TI bus state occurs when no bus cycle is currently
active on the MBL 80286 local bus. This state may be re-
peated indefinitely. When control of the local bus is being
passed between masters, the bus remains in the T| state.

Fig. 4 — MBL 82288 BUS STATES

CYCLE

NEW CYCLE

[
MBL 82288-8 FUJITSU

MBL 82288-6 Il

BUS CYCLE DEFINITION

The S1 and SO inputs signal the start of a bus cycle. When
either input becomes LOW, a bus cycle is started. The TS
bus state is defined to be the two CLK cycles during which
either S1 or SO are active (see Fig. 5). These inputs are
sampled by the MBL 82288 at every falling edge of CLK.
When either S1 or SO are sampled LOW, the next CLK
cycle is considered the second phase of the internal CPU
clock cycle.

The local bus enters the TC bus state after the TS state.
The shortest bus cycle may have one TS state and one TC
state. Longer bus cycles are formed by repeating TC states.
A repeated TC bus state is called a wait state.

The READY input determines whether the current TC bus
state is to be repeated. The READY input has the same
timing and effect for all bus cycles. READY is sampled
at the end of each TC bus state to see if it is active. If
sampled HIGH, the TC bus state is repeated. This is called
inserting a wait state. The control and command outputs do
not change during wait states.

When READY is sampled LOW, the current bus cycle is
terminated. Note that the bus controller may enter the
TS bus state directly from TC if the status lines are sampled
active at the next falling edge of CLK.

PHASE 2

5i-50 Vin
FROM

PHASE 1

Fig. 5 — BUS CYCLE DEFINITION

PHASE 1

CPU vy

Sample
READY

o7 N | /77
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Table 2 — COMMAND AND CONTROL OUTPUTS FOR EACH TYPE OF BUS CYCLE

TeotBuscyde | Wio | st | so | Qe | QU | ARAEN NG
Interrupt Acknowledge 0 0 0 INTA LOW YES YES
1/0 Read 0 1 10RC Low YES NO
1/0 Write 0 1 0 owc HIGH YES NO
None; Idle 0 1 1 None HIGH NO NO
Halt/Shutdown 1 -0 0 None HIGH NO NO
Memory Read 1 0 1 MRDC Low YES NO
Memory Write 1 1 0 MWTC HIGH YES NO
None; Idle 1 1 1 None HIGH NO NO

OPERATING MODES

Two types of buses are supported by the MBL 82288:
Multibus and non-Multibus. When the MB input is strapped
HIGH, Multibus timing is used. In Multibus mode, the
MBL 82288 delays command and data activation to meet
IEEE-796 requirements on address to command active and
write data to command active setup timing. Multibus mode
requires at least one wait state in the bus cycle since the
command outputs are delayed. The non-Multibus mode
does not delay any outputs and does not require wait
states. The MB input affects the timing of the command
and DEN outputs.

COMMAND AND CONTROL OUTPUTS

The type of bus cycle performed by the local bus master is
encoded in the M/ﬁ, -S_T‘ and §] inputs. Different com-
mand and control outputs are activated depending on the
type of bus cycle. Table 2 indicates the cycle decode done
by the MBL 82288 and the effect on command, DT/R,
ALE, DEN, and MCE outputs.

Bus cycles come in three forms: read, write, and halt.
Read bus cycles include memory read, 1/0 read, and inter-
rupt acknowledge. The timing of the associated read com-
mand outputs (MRDC, IORC, and INTA), control outputs
(ALE, DEN, DT/R) and control inputs (CEN/AEN, CENL,
CMDLY, MB, and READY) are identical for all read bus
cycles. Read cycles differ only in which command output is
activated. The MCE control output is only asserted during
interrupt acknowledge cycles.

Write bus cycles activate different control and command
outputs with different timing than read bus cycles. Memory
write and 1/O write are write bus cycles whose timing for
command outputs (MWTC and I0OWC), control outputs
(ALE, DEN, DT/R) and control inputs (CEN/AEN, CENL,
CMDLY, MB, and READY) are identical. They differ only
in which command output is activated.

Halt bus cycles are different because no command or con-
trol output is activated. All control inputs are ignored
until the next bus cycle is started via S1 and SO.
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Fig. 6-10 show the basic command and control output
timing for read and write bus cycles. Halt bus cycles are not
shown since they activate no outputs. The basic idle-read-

Fig. 6 — IDEL-READ-IDEL BUS CYCLES WITH MB =0

idle and idle-write-idle bus cycles are shown. The signal - ’:_EADBUS CYCL;E_C -

label CMD represents the appropriate command output for

the bus cycle. For Fig. 6—10, the CMDLY input is con- CLK

nected to GND and CENL to Vcc. The effects of CENL

and CMDLY are described later in the section on control §1-50

inputs.

Fig. 6, 7 and 8 show non-Multibus cycles. MB is connected ALE

to GND while CEN is connected to V¢c. Fig. 6 shows a

read cycle with no wait states while Fig. 7 shows a write

cycle with one wait state. The READY input is shown to DEN

illustrate how wait states are added. {
DT/R
CMD

e NN, /7777

Fig. 7 — IDLE-WRITE-IDLE BUS CYCLES WITH MB=0

WRITE BUS CYCLE
WAIT STATE
Ti TS | TC TC Ti

[e]
O

pin g g e

\o
T L //////V\\\\\\\\\\\V////////////,
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Bus cycles can occur back to back with no Tl bus states
between TC and TS. Back to back cycles do not affect the
timing of the command and control outputs. Command

Fig. 8 — WRITE-WRITE BUS CYCLES WITH MB=0

and control outputs always reach the states shown for the 1ST WRITE CYCLE 2ND WRITE CYCLE

same clock edge (within TS, TC, or following bus state) of a

bus cycle. TC TS TC
CLK

A special case in control timing occurs for back to back

write cycles with MB = 0. In this case, DT/R and DEN re- 555

main HIGH between the bus cycles (see Fig. 8). The com-
mand and ALE output timing does not change.

Fig. 9 and 10 show a Multibus cycle with MB = 1. AEN and READY n////// /////ﬁ
- \

CMDLY are connected to GND. The effects of CMDLY and v
AEN are described later in the section on control inputs. DENOH DEN
Fig. 9 shows a read cycle with one wait state and Fig. 10 REMAINS

shows a write cycle with two wait states. The second wait Vou HIGH
state of the write cycle is shown only for example purposes DT/R
and is not required. The READY input is shown to illus-
trate how wait states are added.
CMD

Fig. 9 — IDLE-READ-IDLE BUS CYCLES WITH MB =1

T | TS | TC TC Tl

\

DEN

|
5

| =y
S NN

i
%
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Fig. 10 — IDEL-WRITE-IDLE BUS CYCLES WITH MB =1

T TS | TC

TC | TC | Tl

ALE

DEN

Von

\
A

DT/R

CMD

L A—

N5
RERSY /i /“\\\\\\\W"Y\\\\\\\\&W/////

The MB control input affects the timing of the command
and DEN outputs. These outputs are automatically delayed
in Multibus mode to satisfy three requirements:

1) 50 ns minimum setup time for valid address before any
command output becomes active.

2) 50 ns minimum setup time for valid write data before
any write command output becomes active.

3) 65 ns maximum time from when any read command be-
comes inactive until the slave’s read data drivers reach
3-state OFF.

Three signal transitions are delayed by MB = 1 as compared
to MB =0:

1) The HIGH to LOW transition of the read command out-
puts (IORC, MRDC, and INTA) are delayed one CLK
cycle.

2) The HIGH to LOW transition of the write command
outputs (IOWC and MWTC) are delayed two CLK cycles.

3) The LOW to HIGH transition of DEN for write cycles is
delayed one CLK cycle.

1.78

Back to back bus cycles with MB = 1 do not change the
timing of any of the command of control outputs. DEN al-
ways becomes inactive between bus cycles with MB = 1.

Except for a halt or shutdown bus cycle, ALE will be
issued during the second half of TS for any bus cycle.
ALE becomes inactive at the end of the TS to allow latch-
ing the address to keep it stable during the entire bus
cycle. The address outputs may change during Phase 2 of
any TC bus state. ALE is not affected by any control
input.

Fig. 11 shows how MCE is timed during interrupt acknowl-
edge (INTA) bus cycles. MCE is one CLK cycle longer
than ALE to hold the cascade address from a master
MBL 8259A valid after the falling edge of ALE. With the
exception of the MCE control output, an INTA bus cycle
is identical in timing to a read bus cycle. MCE is not af-
fected by any control input.
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Fig. 11 — MCE OPERATION FOR
AN INTA BUS CYCLE
T

TS | TC

MCE

CONTROL INPUTS

The control inputs can alter the basic timing of com-
mand outputs, allow interfacing to multiple buses, and
share a bus between different masters. For many
MBL 80286 systems, each CPU will have more than one
bus which may be used to perform a bus cycle. Normal-
ly, a CPU will only have one bus controller active for each
bus cycle. Some buses may be shared by more than one
CPU (i.e. Multibus) requiring only one of them use the bus
at a time.

Systems with multiple and shared buses use two control
input signals of the MBL 82288 bus controller, CENL
and AEN (see Fig. 12). CENL enables the bus controller
to control the current bus cycle. The AEN input prevents
a bus controllér from driving its command outputs. AEN
HIGH means that another bus controller may be driving
the shared bus.

In Fig. 12, two buses are shown: a local bus and a Multi-
bus. Only one bus is used for each CPU bus cycle. The
CENL inputs of the bus controllers select which bus con-
troller is to perform the bus cycle. An address decoder
determines which bus to use for each bus cycle. The
MBL 82288 connected to the shared Multibus must be
selected by CENL and be given access to the Multibus
by AEN before it will begin a Multibus operation.

CENL must be sampled HIGH at the end of the TS bus
state (see waveforms) to enable the bus controller to
activate its command and control outputs. If sampled
LOW the commands and DEN will not go active and
DT/R will remain HIGH. The bus controller will ignore
the CMDLY, CEN, and READY inputs until another bus
cycle is started via S1 and SO. Since an address decoder is
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commonly used to identify which bus is required for each
bus cycle, CENL is latched to avoid the need for latching
its input.

The CENL input can affect the DEN control output. When
MB = 0, DEN normally becomes active during Phase 2 of
TS in write bus cycles. This transition occurs before CENL
is sampled. If CENL is sampled LOW, the DEN output will
be forced LOW during TC as shown in the timing wave-
forms.

When MB = 1, CEN/AEN becomes AEN. AEN controls
when the bus controller command outputs enter and
exit 3-state OFF. AEN is intended to be driven by a bus
arbiter, like the 82289, which assures only one bus con-
troller is driving the shared bus at any time. When AEN
makes a LOW to HIGH transition, the command outputs
immediately enter 3-state OFF and DEN is forced inactive.
An inactive DEN should force the local data transceivers
connected to the shared data bus into 3-state OFF (see
Fig. 12). The LOW to HIGH transition of AEN should
only occur during Tl or TS bus states.

The HIGH to LOW transition of AEN signals that the bus
controller may now drive the shared bus command signals.
Since a bus cycle may be active or be in the process of start-
ing, AEN can become active during any T-state. AEN LOW
immediately allows DEN to go to the appropriate state.
Three CLK edges later, the command outputs will go active
(see timing waveforms). The Multibus requires this delay
for the address and data to be valid on the bus before the
commands become active.

When MB=0, CEN/AEN becomes CEN. CEN is an synchro-
nous input which immediately affects the command and
DEN outputs. When CEN makes a HIGH to LOW transi-
tion, the commands and DEN are immediately forced in-
active. When CEN makes a LOW to HIGH transition, the
commands and DEN outputs immediately go to the ap-
propriate state (see timing waveforms). READY must still
become active to terminate a bus cycle if CEN remains
LOW for a selected bus controller (CENL was latched
HIGH).

Some memory or 1/O systems may require more address
or write data setup time to command active than provided
by the basic command output timing. To provide flexible
command timing, the CMDLY input can delay the activa-
tion of command outputs. The CMDLY input must be
sampled LOW to activate the command outputs. CMDLY
does not affect the control outputs ALE, MCE, DEN, and
DT/R.
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Fig. 12 — SYSTEM USE OF AEN AND CENL
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CMDLY is first sampled on the falling edge of the CLK
ending TS. If sampled HIGH, the command output is not
activated, and CMDLY is again sampled on the next falling
edge of CLK. Once sampled LOW, the proper command
output becomes active immediately if MB = 0. If MB = 1,
the proper command goes active no earlier than shown in
Fig. 9 and 10.

READY can terminate a bus cycle before CMDLY allows
a command to be issued. In this case no commands are
issued and the bus controller will deactivate DEN and
DT/R in the same manner as if a command had been
issued.

WAVEFORMS DISCUSSION

The waveforms show the timing relationships of inputs and
outputs and do not show all possible transitions of all
signals in all modes. Instead, all signal timing relationships
are shown via the general cases. Special cases are shown
when needed. The waveforms provide some functional
descriptions of the MBL 82288; however, most functional
descriptions are provided in Fig. 5 through 11.

To find the timing specification for a signal transition in
a particular mode, first look for a special case in the wave-
forms. If no special case applies, then use a timing specifica-
tion for the same or related function in another mode.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ... ... .. 0°C to 70°C
Storage Temperature . .. .......... -65°C to +150°C
Voltage on Any Pin with

RespecttoGND . . . .............. -0.5V to +7V
Power Dissipation . . . .................... 1 Watt

*NOTE:

D.C. CHARACTERISTICS (Ve =5V#5%, To = 0°C to 70°C)

A
288-8 FUJITSU

MBL 82
82288-6 Il

MBL

Permanent device damage may occur if ABSO-
LUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to the
conditions as detailed in the operational sections
of this data sheet. Exposure to absolute maxi-
mum rating conditions for extended periods may
affect device reliability.

MBL 82288-6 MBL 82288-8
Symbol Parameter (6 MHz) (8 MHz) Unit Test Condition
Min Max Min Max

Vi Input LOW Voltage -05 08 -05 0.8 \

Vin Input HIGH Voltage 20 |Vcct0.5 2.0 |Vcct0.5 \Y

ViLe CLK Input LOW Voltage -05 0.6 -0.5 0.6 \%

Vine CLK Input HIGH Voltage 38 |Vcct0.5 38 |Vect05| V

VoL Output LOW Voltage:
Command Outputs 0.45 0.45 Vv loL =32mA, Note 1
Control Outputs 0.45 0.45 \ loL = 16mA, Note 2

Von Output HIGH Voltage:
Command Outputs 24 24 \) lon = -5mA, Note 1
Control Outputs 24 24 \" lon = -1mA, Note 2

Ie Input Current (SO and ST inputs) -0.5 -0.5 mA | V;=045V

he ln;i):rt,ul;:?kage current (all other £10 +10 A ov< Vin < Vee

lLo Output Leakage Current +10 +10 uA 0.45V< Vour< Vee

lee Power Supply Current 120 120 mA

CcrLk CLK Input Capacitance 12 12 pF Fc = 1MHz

C, Input Capacitance 10 10 pF Fc = 1MHz

Co Input/Output Capacitance 20 20 pF Fc = 1MHz

NOTE: 1. Command Outputs are INTA, TORC, TOWC, MRDC, and MWRC.

2. Control Outputs are DT/R, DEN, ALE and MCE.

1-82



(T
FUJITSU

(AT

MBL 82288-8
MBL 82288-6

A.C. CHARACTERISTICS (V¢ =5V 5%, T, = 0°C to 70°C)

AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in data sheet waveforms, unless otherwise noted.

MBL 82288-6 MBL 82288-8
Symbol Parameter (6 MHz) (8 MHz) Unit Test Condition
Min Max Min Max

1 CLK Period 83 250 62 250 ns

2 CLK HIGH Time 25 230 20 235 ns at 3.6V

3 CLK LOW Time 20 225 15 230 ns at 1.0V

4 CLK Rise Time 10 10 ns 1.0V to 3.6V

5 CLK Fall Time 10 10 ns 3.6V to 1.0V

6 M/10 and Status Setup Time 28 22 ns

7 M/10 and Status Hold Time 1 1 ns

8 CENL Setup Time 30 20 ns

9 CENL Hold Time 1 1 ns
10 READY Setup Time 50 38 ns
1 READY Hold Time 35 25 ns
12 CMDLY Setup Time 25 20 ns
13 CMDLY Hold Time 1 1 ns
14 AEN Setup Time 25 20 ns Note 3
15 AEN Hold Time 0 0 ns Note 3
16 ALE, MCE Active Delay from CLK 3 25 3 20 ns Note 4
17 ALE, MCE Inactive Delay from CLK 35 25 ns Note 4
18 DEN (Write) Inactive from CENL 35 35 ns Note 4
19 DT/R LOW from CLK 40 25 ns Note 4
20 DEN (Read) Active from DT/R 5 50 35 ns Note 4
21 DEN (Read) Inactive Delay from CLK 3 40 35 ns Note 4
22 DT/R HIGH from DEN Inactive 5 45 35 ns Note 4
23 DEN (Write) Active Delay from CLK 35 30 ns Note 4
24 DEN (Write) Inactive Delay from CLK 3 35 3 30 ns Note 4
25 DEN Inactive from CEN 40 30 ns Note 4
26 DEN Active from CEN 35 30 ns Note 4

f
7 DT/(?”:"ELG(':"E’T:’“ L((:)I;NK) 50 35 ns Note 4
28 DEN Active from AEN 35 30 ns Note 4
29 CMD Active Delay from CLK 3 40 3 25 ns Note 5
30 CMD Inactive Delay from CLK 3 30 3 25 ns Note 5
31 CMD Inactive from CEN 35 25 ns Note 5
32 CMD Active from CEN 45 25 ns Note 5
33 CMD Inactive Enable from AEN 40 40 ns Note 5
34 CMD Float Delay from AEN 40 40 ns Note 6
35 MB Setup Time 25 20 ns
36 MB Hold Time 0 0 ns
37 Command Inactive Enable from MB1 40 40 ns Note 5
38 Command Float Time from MB* 40 40 ns Note 6
39 DEN Inactive from MB1 40 30 ns Note 4
40 DEN Active from MB4 35 30 ns Note 4
NOTE: AEN is an asynchronous input. This specification is for testing purposes only, to assure recognition at a specific CLK edge.

o0 s w

. Control output load: C_= 150pF.
. Command output load: C_= 300pF.
. Float condition occurs when output current is less than o in magnitude.
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NOTE 7: AC Drive and Measurement Points — CLK Input

CLK INPUT

NOTE 8: AC Setup, Hold and Delay Time Measurement — General

4.0v
3.6V 3.6V
CLK INPUT
. 1.0v

0.45v

TIXTXS
IRER
SRS
SZRHN
XK

DEVICE
OUTPUT

SRR &
&&&&&ﬁ&&&%&%ﬁ”&:&

N

b
20
S
KX
5
55
5
b5
6%
%
KRS
K&
S
KS
KK
5
KOS

NOTE 9: AC Test Loading on Outputs

DEVICE
OUTPUT

L.
i
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WAVEFORMS

CLK CHARACTERISTICS

© @ |-
CLK .

STATUS, ALE, MCE, CHARACTERISTICS

>
O @
~

MCE

CENL, CMDLY, DEN CHARACTERISTICS WITH MB =0 AND CEN =1 DURING WRITE CYCLE

| TS

—\ e

51-50

®
CENL

g
CMDLY ﬁ m
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READ CYCLE CHARACTERISTICS WITH MB =0 AND CEN =1
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WAVEFORMS (Continued)

CEN CHARACTERISTICS WITH MB=0

CEN

— @ -

p— e
oo B \
DT/R )r

I Jole
RERDY \\\\\\\\\\\\\\\\lﬂ&i!: 7[;/ T

AEN CHARACTERISTICS WITH MB =1

NOTE 1: AEN is an asynchronous input. AEN setup and hold times are specified to guarantee the response shown in the
waveforms,

1-87




AR

MBL 82288-8 FUJITSU
mBL 82288-6 Il

PACKAGE ILLUSTRATION

CERAMIC PACKAGE
(CERDIP)

PACKAGE DIMENSIONS (Suffix -CZ)

20-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE
(CASE No.: DIP-20C-C01) )
0° ~15°
rl_l S s S s S N s N s N s Y s Y o § * u
R.025(0.64) 272(6.91)
REF
.291(7.39)
.300(7.62)TYP
.305(7.75)
.325(8.26)
Lu | NN [y NN [ SN ( SN [ (SN B SN R SN Gy SN f S L
.940(23.88)
1.000(25.4)
.008(0.20)
~—| |=—.050(1.27)MAX .014(0.36)
I .200(5.08)MAX
.120(3.05)
.150(3.81)
.090(2.29) .032(0.81) .020(0.51)
-110(2.79) . Tvp ! .050(1.27)
.900(22.86)REF '
.042(1.06) | -015(0.38)
-062(1.58) 023(0.58) S\lcmh:: s(ir?\?isliimneters)
© 1985 FUJITSU D20001S-1C
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PACKAGE ILLUSTRATION
PLASTIC PACKAGE

PACKAGE DIMENSIONS (Suffix: -P)

20-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-20P-M01)

e 0"~1%’

q 270(6.85)

e T LT LI LI LT LTI LT TL] CTOR MARK)

953(24.2)
008(0.20)

976(24.8)
012(0.30)

OO e 0 Y e O e o [

034(0.85)

‘_[/ I.—.osnu 27IMAX oastie | [T
i \
172(6 36IMAX

118(3.0MIN
100(2.54) | 015(0.38)
TP 05011.27) 1021(0.54) 020(0.51MIN omewomin

062(157)
© 1985 FUJITSU D200055-1C
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NMOS HIGH-INTEGRATION 16-BIT MICROPROCESSOR

NMOS HIGH-INTEGRATION [, 1:18%:1e)}:72)
16-BIT MICROPROCESSOR

February 1986
Edition 1.0

The Fujitsu MBL 80186 is a highly integrated 16-bit microprocessor. The MBL 80186 effectively combines 15—20
of the most common MBL 8086 system components onto one. The MBL 80186 provides two times greater throughput
than the standard 5MHz MBL 8086. The MBL 80186 is upward compatible with MBL 8086 and 88 software and adds
10 new instruction types to the existing set. It is housed in a 68-pad ceramic LCC (Leadless Chip Carrier: JEDEC Type
A) or 68-pin Ceramic PGA (Pin Grid Array) package.

Integrated Feature Set:

Enhanced MBL 8086-2 CPU

Clock Generator

2 Independent, High-Speed DMA Channels
Programmable Interrupt Controller

3 Programmable 16-bit Timers

Programmable Memory and Peripheral Chip-Select
Logic

Programmable Wait State Generator

— Local Bus Controller

Available in 8MHz (MBL 80186) and cost effective
6MHz (MBL 80186-6) versions.

High-performance Processor
— 2 Times the Performance of the Standard

MBL 8086
— 4 MByte/Sec Bus Bandwidth Interface

ing MBL 8086, 88 Software
— 10 New Instruction Types

Through Intel 8087 Interface

Two Package Options:

— 68-Pad Ceramic LCC (Suffix -CV)
(JEDEC Type A)
— 68-Pin Ceramic PGA (Suffix -CR)

Direct Addressing Capability to 1 MByte of Memory
Completely Object Code Compatible with All Exist-

High Performance Numerical Coprocessing Capability

Fig. 1 — BLOCK DIAGRAM

INT3/INTAT
CLKOUT Ve GND INT2/INTAD TMR OUT 1 TMR OUT 0
Ak INT1 TMR INT}  TMR INO
J NMI INTO |
I_EXECUTION UNHT; { PROGRAMMABLE
] TIMERS
| 1 2 i 0 1 2
'f\f&T | MAX COUNT t
| PROGRAMMABLE REGISTER B
CLOCK | INTERRUPT MAX COUNT
GENERATOR . ] CONTROLLER REGISTER A
16-BI
GENERAL : CONTROL REGISTERS
PURPOSE
| REGISTERS | Ao 16-81T
l J COUNT REGISTER
‘ it {

INTERNAL BUS +—DRQO
| U I ora1
| {

PROGRAMMABLE
— DMA UNIT
50-52 0
CHIP-SELECT 20BIT
SRDY UNIT SOURCE POINTERS
ARDY- BUS INTERFASE 20-BIT
TEST UNIT 16-BIT DESTINATION
HOLD SEGMENT POINTERS
REGISTERS PROGRAMMABLE
HLDA 16-BIT
— 6-BYTE CONTROL
RES PREFETCH ROt TRANSFER COUNT
RESET QUEUE _‘ CONTROL
l { 4{\ L REGISTERS
1 1 < v ]
BEN 1 AR ALE ucs 1 PCS6/A2
<. ’D ADO-— A16/S3— C PCS5/A1
o. & BHE/S? AD15  A19/56 MCS0—3 PCS0-4

Portions reprinted by permission of Intel Corporation
®©Intel Corporation, 1983
©FUJITSU LIMITED, 1986
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Fig. 2 — PIN CONFIGURATIONS
TOP VIEW 68-PAD LCC BOTTOM VIEW
2=
Z 2
L0> o ,aMIT
S35eses eeetl
s
:':'95‘ Fzzzzé’zz'aé’
8 _ HUUUUUUL _
- 52 SO [ UCS
- 510 LCS
| S2[] PCS6/A2
| ARDY [ PCS5/A1
] cLkouT PCS4
| RESET [ PCS3
=| B PCS2
= X190 PCST
1 Vss |1 Vss
- ALE/Qs0 PCSO
- RD/QSVD [ RES
- wWR/Qs1[1 []TMR OUT 1
= BHE[] ] TMR OUT 0
= A19/56 ] ClT™RIN1
] A18/5 ] C]TMR IN O
] A17/s4 ] C]DRQ1
I A16/83[] (%] DRQO
! JOOOOOOO e
N 7 e5282822 33258588
PIN NO. 1 MARK 5958528529595
<(<<(<(<,:<<(<)2><(<(<(<(<(<<(<(
68-PIN PGA
TOP VIEW BOTTOM VIEW
( ) T852072202402628 5300320 1
h719 21
719521,23,25 2729 31,33 36 36
1516 38 37
o O [oRe]
13 14 40 39
o O o O
1% 120 420 41o
43
%
7O 80 o o
5 6 48 47
o O [o2e]
3 4 50_49
o O o 0o
1.2 67 65 63 6159 57 55 53 51
0 ©® 0 0O 0O O [¢)
L | 686664 62 60 58 56 54 52
.
= INDEX——
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PIN DESCRIPTION
Table 1 — PIN DESCRIPTION

Symbol Pin No. Type Name and Function
Vee: Vee 9,43 1 System Power: +5 V power supply.
Vss, Vss 26, 60 | System Ground.
RESET 57 (o] Reset Output indicates that the MBL 80186 CPU is being reset, and can

be used as a system reset. It is active HIGH, synchronized with the pro-
cessor clock, and lasts an integer number of clock periods corresponding
to the length of the RES signal.

X1, X2 59, 58 | Crystal Inputs, X1 and X2, provide an external connection for a funda-
mental mode parallel resonant crystal for the internal crystal oscillator.
X1 can interface to an external clock instead of a crystal. In this case,
minimize the capacitance on X2 or drive X2 with complemented X1.
The input or oscillator frequency is internally divided by two to generate
the clock signal (CLKOUT).

CLKOUT 56 (0] Clock Output provides the system with a 50% duty cycle waveform. All
device pin timings are specified relative to CLOKOUT. CLKOUT has suf-
ficient MOS drive capabilities for the 8087 Numeric Processor Extension.

RES 24 | System Reset causes the MBL 80186 to immediately terminate its pre-
sent activity, clear the internal logic, and enter a dormant state. This
signal may be asynchronous to the MBL 80186 clock. The MBL 80186
begins fetching instructions approximately 7 clock cycels after RES is
returned HIGH. RES is required to be LOW for greater than 4 clock
cycles and is internally synchronized. For proper initialization, the LOW-
to HIGH transition of RES must occur no sooner than 50 microseconds
after power up. This input is provided with a Schmitt-trigger to facilitate
power-on RES generation via an RC network. When RES occurs, the
MBL 80186 will drive the status lines to an inactive level for one clock,
and then tri-state them.

| TEST 47 | TEST is examined by the WAIT instruction. If the TEST input is HIGH
when “WAIT"” execution begins, instruction execution will suspend.
TEST will be resampled until it goes LOW, at which time execution will
resume. If interrupts are enabled while the MBL 80186 is waiting for
TEST, interrupts will be serviced. This input is synchronized internally.

TMR IN O, 20 | Timer Inputs are used either as clock or control signals, depending upon
TMR IN 1 21 | the programmed timer mode. These inputs are active HIGH (or LOW-to-
HIGH transitions are counted) and internally synchronized.

TMR OUT 0, 22 (0] Timer Outputs are used to provide single pulse or continuous waveform
TMR OUT 1 23 (0] generation, depending upon the timer mode selected.

DRQO, 18 | DMA Request is driven HIGH by an external device when it desires that a
DRQ1 19 | DMA channel (Channel O or 1) perform a transfer. These signals are

active HIGH, level-triggered, and internally synchronized.

NMI 46 | Non-Maskable Interrupt is an edge-triggered input which causes a type 2
interrupt. NMI is not maskable internally. A transition from a LOW to
HIGH initiates the interrupt at the next instruction boundary. NMI is
latched internally. An NMI duration of one clock or more will guarantee
service. This input is internally synchronized.

INTO, INT1, 45,44 | Maskable Interrupt Requests can be requested by strobing one of these
INT2/INTAO, 42 1/0 pins. When configured as inputs, these pins are active HIGH. Interrupt
INT3/INTA1 41 1/0 Requests are synchronized internally. INT2 and INT3 may be configured

via software to provide active-LOW interrupt-acknowledge output signals.
All interrupt inputs may be configured via software to be either edge- or
level-triggered. To ensure recognition, all interrupt requests must remain
active until the interrupt is acknowledged. When iRMX mode is selected,
the function of these pins changes (see Interrupt Controller section of
this data sheet).
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PIN DESCRIPTION (Continued)

Table 1 — PIN DESCRIPTION (Continued)

Symbol

Pin No.

Type

Name and Function

A19/S6,
A18/S5,
A17/84,
A16/S3

65
66
67
68

[eJeJoXo)

Address Bus Outputs (16—19) and Bus Cycle Status (3—6) reflect the
four most significant address bits during T1. These signals are active
HIGH. During T2, T3, Tw and T4, status information is available on
these lines as encoded below:

Low High
S6 Processor Cycle DMA Cycle

S3, S4, and S5 are defined as LOW during T2—T4.

AD15—-ADO

10-17,
1-8

1/0

Address/Data Bus (0—15) signals constitute the time mutiplexed memory
or 1/0 address (T1) and data (T2, T3, Tw, and T4) bus. The bus is active
HIGH. A0 is analogous to BHE for the lower byte of the data bus, pins
D7 through DO. It is LOW during T1 when a byte is to be transferred
onto the lower portion of the bus in memory or I/O operations.

BHE/S7

64

During T1 the Bus High Enable signal should be used to determine if data
is to be enabled onto the most significant half of the data bus, pin D15—
D8. BHE is LOW during T1 for read, write, and interrupt acknowledge
cycles when a byte is to be transferred on the higher half of the bus.
The S7 status information is available during T2, T3, and T4. S7 is logi-
cally equivalent to BHE. The signal is active LOW, and is tristated OFF
during bus HOLD.

BHE and AO Encodings

Value| AO Value Function
0 0 Word Transfer
0
1
1

1 Byte Transfer on upper half of data bus (D15—D8)
0 Byte Transfer on‘lower half of data bus (D7—DO0)
1 Reserved

ALE/QS0

61

Address Latch Enable/Queue Status 0 is provided by the MBL 80186 to
latch the address into the MBL 8282/8283 address latches. ALE is active
HIGH. Addresses are guaranteed to be valid on the trailing edge of ALE.
The ALE rising edge is generated off the rising edge of the CLKOUT
immediately preceding T1 of the associated bus cycle, effectively one-
half clock cycle earlier than in the standard MBL 8086. The trailing edge
is generated off the CLKOUT rising edge in T1 as in the MBL 8086.

"Note that ALE is never floated.

WR/QS1

63

Write Strobe/Queue Status 1 indicates that the data on the bus is to be
written into a memory or an 1/0 device. WR is active for T2, T3, and Tw
of any write cycle. It is active LOW, and floats during “HOLD.” It is
driven HIGH for one clock during Reset, and then floated. When the
MBL 80186 is in queue status mode, the ALE/QSO and WR/QS1 pins
provide information about processor/instruction queue interaction.

Qas1 Qso Queue Operation

0 No queue operation

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

- =~o0o0

RD/QSMD

62

Read Strobe indicates that the MBL 80186 is performing a memory or
1/0 read cycle. RD is active LOW for T2, T3, and Tw of any read cycle.
It is guaranteed. not to go LOW in T2 until after the Address Bus is
floated. RD is active LOW, and floats during “HOLD.” RD is driven
HIGH for one clock during Reset, and then the output driver is floated.
A weak internal pull-up mechanism on the RD line holds it HIGH when
the line is not driven. During RESET the pin is sampled to determine
whether the MBL 80186 should provide ALE, WR and RD, or if the
Queue-Status should be provided. RD should be connected to GND to
provide Queue-Status data.
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PIN DESCRIPTION (Continued)
Table 1 — PIN DESCRIPTION (Continued)
Symbol Pin No. Type Name and Function

ARDY 55 | Asynchronous Ready informs the MBL 80186 that the addressed mem-
ory space or |1/0 device will complete a data transfer. The ARDY input
pin will accept an asynchronous input, and is active HIGH. Only the rising
edge is internally synchronized by the MBL 80186. This means that the
falling edge of ARDY must be synchronized to the MBL 80186 clock.
If connected to Ve, no WAIT states are inserted. Asynchronous ready
(ARDY) or synchronous ready (SRDY) must be active to terminate a
bus cycle. If unused, this line should be tied LOW.

SRDY 49 | Synchronous Ready must be synchronized externally to the MBL 80186.
The use of SRDY provides a relaxed system-timing specification on the
Ready input. This is accomplished by eliminating the one-half clock
cycle which is required for internally resolving the signal level when using
the ARDY input. This line is active HIGH. If this line is connected to
Vee, no WAIT states are inserted. Asynchronous ready (ARDY) or
synchronous ready (SRDY) must be active before a bus cycle is ter-
minated. If unused, this line should be tied LOW.

LOCK 48 (o] LOCK output indicates that other system bus masters are not to gain
control of the system bus while LOCK is active LOW. The LOCK signal
is requested by the LOCK prefix instruction and is activated at the
beginning of the first data cycle associated with the instruction following
the LOCK prefix. It remains active until the completion of the instruc-
tion following the LOCK prefix. No prefetches will occur while LOCK is
asserted. LOCK is active LOW, is driven HIGH for one clock during
RESET, and then floated.

S0, 51,52 5254 (o} Bus Cycle Status S0—S2 are encoded to provide bus-transaction inform-
ation:
MBL 80186 Bus Cycle Status Information
s2 S1 SO Bus Cycle Initiated
0 0 0 Interrupt Acknowledge
0 0 1 Read 1/0
0 1 0 Write 1/0
0 1 1 Halt
1 0 0 Instruction Fetch
1 0 1 Read Data from Memory
1 1 0 Write Data to Memory
1 1 1 Passive (no bus cycle)
The status pins float during “HOLD.” o _
52 may be used as a logical M/IO indicator, and S1 as a DT/R indicator.
The status lines are driven HIGH for one clock during Reset, and then
floated until a bus cycle begins.
HOLD, 50 | HOLD indicates that another bus master is requesting the local bus. The

HLDA 51 (0] HOLD input is active HIGH. HOLD may be asynchronous with respect
to the MBL 80186 clock. The MBL 80186 will issue a HLDA (HIGH)
in response to a HOLD request at the end of T4 or T1. Simultaneous
with the issuance of HLDA, the MBL 80186 will float the local bus and
control lines. After HOLD is detected as being LOW, the MBL 80186
will lower HLDA. When the MBL 80186 needs to run another bus cycle,
it will again drive the local bus and control lines.

UCS 34 (0} Upper Memory Chip Select is an active LOW output whenever a memory
reference is made to the defined upper portion (1K—256K block) of
memory. This line is not floated during bus HOLD. The address range
activating UCS is software programmable.
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PIN DESCRIPTION (Continued)
Table 1 — PIN DESCRIPTION (Continued)

Symbol

Pin No.

Type

Name and Function

LCs

33

o]

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

38-35

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

PCS0-4

25,27-30

Peripheral Chip Select Signals 0—4 are active LOW when a reference is
made to the defined peripheral area (64K byte 1/O space). These lines are
not floated during bus HOLD. The address ranges activating PCS0—4 are
software programmable.

PCS5/A1

31

Peripheral Chip Select 5 or Latched A1 may be programmed to provide
a sixth peripheral chip select, or to provide an internally latched A1l
signal. The address range activating PCSH is software programmable.
When programmed to provide latched A1, rather than PCSb, this pin
will retain the previously latched value of A1 during a bus HOLD. A1 is
active HIGH.

PCS6/A2

32

Peripheral Chip Select 6 or Latched A2 may be programmed to provide
a seventh peripheral chip select, or to provide an internally latched A2
signal. The address range activating PCS6 is software programmable.
When programmed to provide latched A2, rather than PCSB, this pin
will retain the previously latched value of A2 during a bus HOLD. A2
is active HIGH,

DT/R

40

Data Transmit/Receive controls the direction of data flow through the
external MBL 8286/8287 data bus transceiver. When LOW, data is trans-
ferred to the MBL 80186. When HIGH, the MBL 80186 places write
data on the data bus.

O
2

39

Data Enable is provided as an MBL 8286/8287 data bus transceiver
output enable. DEN is active LOW during each memory and 1/O access.
DEN is HIGH whenever DT/R changes state.
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FUNCTIONAL DESCRIPTION

INTRODUCTION

The following Functional Description describes the base
architecture of the MBL 80186. This architecture is com-
mon to the MBL 8086, 88, and 286 microprocessor families
as well. The MBL 80186 is a very high integration 16-bit
microprocessor. It combines 15-20 of the most com-
mon microprocessor system components onto one chip
while providing twice the performance of the standard
MBL 8086. The MBL 80186 is object code compatible
with the MBL 8086, 88 microprocessors and adds 10 new
instruction types to the existing MBL 8086, 88 instruction
set.

MBL 80186 BASE ARCHITECTURE

The MBL 8086, 88, 186, and 286 family all contain the
same basic set of registers, instructions, and addressing
modes. The MBL 80186 processor is upward compatible
with the MBL 8086, 8088, and 80286 CPUs.

Register Set

The MBL 80186 base architecture has fourteen registers
as shown in Fig. 3a and 3b. These registers are grouped
into the following categories.

® General Registers

Eight 16-bit general purpose registers may be used to
contain 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.

e Segment Registers

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

® Base and Index Registers

Four of the general purpose registers may also be used to
determine offset addresses of operands in memory. These
registers may contain base addresses or indexes 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 certain
aspects of the MBL 80186 processor state. These are the
Instruction Pointer Register, which contains the offset
address of the next sequential instruction to be executed,
and the Status Word Register, which contains status and
control flag bits (see Fig. 3a and 3b).

Status Word Description

The Status Word records specific characteristics of the
result of logical and arithmetic instructions (bits 0, 2, 4,
6, 7, and 11) and controls the operation of the MBL 80186
within a given operating mode (bits 8, 9, and 10). The
Status Word Register is 16-bits wide. The function of the
Status Word bits is shown in Table 2.

Fig. 3a — MBL 80186 GENERAL PURPOSE REGISTER SET
16-BIT
REGISTER SPECIAL
NAME REGISTER
FUNCTIONS
7 07 0 15 0
CODE SEGMENT
H AL
BYTE AX A MULTIPLY/DIVIDE cs SELECTOR
ADDRESSABLE 1/0 INSTRUCTIONS DATA SEGMENT
EBIT DX DH DL DS SELECTOR
REGISTER LOOP/SHIFT/ STACK SEGMENT
NAMES cx CH CL REPEAT/COUNT 58 SELECTOR
SHOWN) Bx oh BL £s gggg&ggemem
BASE REGISTERS
BP SEGMENT REGISTERS
Sl 15 0
INDEX REGISTERS
DI F STATUS WORD
INSTRUCTION
SsP STACK POINTER 1P POINTER
15 0 STATUS AND CONTROL
GENERAL REGISTERS
REGISTERS
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Fig. 3b — STATUS WORD FORMAT

STATUS FLAGS:
CARRY

PARITY

AUXILIARY CARRY

ZERO
SIGN

OVERFLOW
15 14 13 1 11 10

2
status woro: fWWWWWWWIW\Y oF | oF |

8 7 (6 5 (4 3 12 1 0
?FITFISFIZF NWEENWWESNWWED

CONTROL FLAGS:
TRAP FLAG

INTERRUPT ENABLE

RESERVED

DIRECTION FLAG

Table 2 — STATUS WORD BIT FUNCTIONS

Bit
Position
0 CF

Name Function

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.

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

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

Sign Flag — Set equal to high-order
bit or result (0 if positive, 1 if nega-
tive).

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

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

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

Clearing DF causes auto increment.

Overflow Flag — Set if the signed
result cannot be expressed within
the number of bits in the destina-
tion operand; cleared otherwise.

1 OF

Instruction Set

The instruction set is divided into seven categories: data
transfer, arithmetic, shift/rotate/logical, string manipula-
tion, control transfer, high-level instructions, and processor
control. These categories are summarized in Fig. 4.

1-97

An MBL 80186 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 Organization

Memory is organized in sets of segments. Each segment
is a linear contiguous sequence of up to 64K (216) 8-bit
bytes. Memory is addressed using a two-component address
(a pointer) that consists of a 16-bit base segment and a
16-bit offset. The 16-bit base values are contained in one
of four internal segment registers (code, data, stack, extra).
The physical address is calculated by shifting the base
value LEFT by four bits and adding the 16-bit offset value
to yield a 20-bit physical address (see Fig. 5). This allows
for a 1 MByte physical address size.

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

Special segment override instruction prefixes allow the
implicit segment register selection rules to be overridden
for special cases. The stack, data, and extra segments may
coincide for simple programs.
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Fig.4 — MBL 80186 INSTRUCTION SET
GENERAL PURPOSE MOvs Move byte or word string
MOV Move byte or word INS Input bytes or word string
PUSH Push word onto stack QuUTS Output bytes or word string
POP Pop word off stack CMPS Compare byte or word string
PUSHA Push all registers on stack SCAS Scan byte or word string
POPA Pop all registers from stack LODS Load byte or word string
XCHG Exchange byte or word STOS Store byte or word string
XLAT Translate byte REP Repeat
INPUT/OUTPUT REPE/REPZ Repeat while equal/zero
IN Input byte or word REPNE/REPNZ Repeat while not equal/not zero
ouT Output byte or word LOGICALS
ADDRESS OBJECT NOT Not” b "
LEA Load effective address AND "Ao;” byte or word
LDS Load pointer using DS OR P nl - vte (:rt:rvor "
LES Load pointer using ES XOR Enc :sze or byte or wor 3
P - byt
FLAG TRANSFER XC’L’lSIVe or’’ byte or wor
N TEST "Test'' byte or word
LAHF Load AH register from flags
- - SHIFTS
SAHF Store AH register in flags - N - "
SHL/SAL Shift logical/arithmetic left byte or word
PUSHF Push flags onto stack -
SHR Shift logical right byte or word
POPF Pop flags off stack
SAR Shift arithmetic right byte or word
ROTATES
ADDITION
ROL Rotate left byte or word
ADD Add byte or word "
- ROR Rotate right byte or word
ADC Add byte or word with carry
RCL Rotate through carry left byte or word
INC Increment byte or word by 1 -
- — RCR Rotate through carry right byte or word
AAA ASCI|I adjust for addition
DAA Decimal adjust for addition FLAG OPERATIONS
SUBTRACTION STC Set carry flag
SuB Subtract byte or word CLC Clear carry flag
SBB Subtract byte or word with borrow CMC Complement carry flag
DEC Decrement byte or word by 1 STD Set direction flag
NEG Negate byte word CLD Clear direction flag
CMP Compare byte or word STI Set interrupt enable flag
AAS ASCII adjust for subtraction CcLI Clear interrupt enable flag
DAS Decimal adjust for subtraction EXTERNAL SYNCHRONIZATION
MULTIPLICATION HLT Halt until interrupt or reset
MuUL Multiply byte or word unsigned WAIT Wait for TEST pin active
IMUL Integer multiply byte or word ESC Escape to extension processor
AAM ASCII adjust for multiply LOCK Lock bus during next instruction
DIVISION i NO OPERATION
DIV Divide byte or word unsigned NOP No operation
IDIV Integer divide byte or word HIGH LEVEL INSTRUCTIONS
AAD ASCII adjust for division ENTER Format stack for procedure entry
cBw Convert byte to word LEAVE Restore stack for procedure exit
CWD Convert word to doubleword BOUND Detects values outside prescribed range
1-98
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Fig. 4 — MBL 80186 INSTRUCTION SET (Continued)

CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS
JA/NBE Jump if above/not below nor equal CALL Call procedure
JAE/INB Jump if above or equal/not below RET Return from procedure
JB/JNAE Jump if below/not above nor equal
JmP Jump
JBE/JNA Jump if below or equal/not above
Jc Jump if carry ITERATION CONTROLS
JE/JZ Jump if equal/zero
R i LOOP Loop
JG/INLE Jump if greater/not less nor equal
JGE/INL Jump if greater or equal/not less LOOPE/LOOPZ Loop if equal/zero
JL/INGE Jump if less/not greater nor equal LOOPNE/LOOPNZ Loop if not equal/not zero
if
JLE/ING Jump if less or equal/not greater Xz Jump if register CX = 0
JNC Jump if not carry
JNE/INZ Jump if not equal/not zero INTERRUPTS
JNO Jump if not overflow
INT Interrupt
JNP/JPO Jump if not parity/parity odd
JNS Jump if not sign INTO F’I_n’terrupt if overflow
JO Jump if overflow
JP/JPE Jump if parity/parity even IRET Interrupt return
JS Jump if sign

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

Fig. 5 — TWO COMPONENT ADDRESS

SEGMENT

BASE LOGICAL

ADDRESS
OFFSET

n

1 2 3 6 2|PHYSICAL ADDRESS
9 0

TO MEMORY

Table 3 — SEGMENT REGISTER SELECTION RULES

Memory Segment .
Reference Register '"s‘;hc", Se%mfnt
Needed Used ection Rule
Instructions Code (CS) Instruction prefetch and imme-
diate data.
Stack Stack (SS) All stack pushes and pops; any
memory references which use
BP Register as a base register.
External Data | Extra (ES) All string instruction references
(Global) which use the DI register as an
index.
Local Data Data (DS) All other data references.

Fig. 6 — SEGMENTED MEMORY HELPS
STRUCTURE SOFTWARE
r-—-—-1
1 [}
CODE
MODULE A
DATA
! |
! 1
CODE CPY
MODULE B L]
DATA L1 cope
1 1 DATA
I |
STACK
EROcEss -  EXTRA
SEGMENT
| ) REGISTERS
| |
PROCESS
DATA
BLOCK 1
]
|
! ]
PROCESS
DATA
BLOCK 2
| ]
—_———d
MEMORY
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Addressing Modes
The MBL 80186 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 general registers.

® /mmediate Operand Mode: The operand is included
in the instruction.

Six modes are provided to specify the location of an
operand in a memory segment. A memory operand address
consists of two 16-bit components: a 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 address, 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);

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

o the /index (contents of either the S| or DI index regis-
ters).

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.

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

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

® /ndexed Mode: The operand’s offset is the sum of an
8- or 16-bit displacement and the contents of an index
register (S| or DI).

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

® Based Indexed Mode with Displacement: The operand’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 MBL 80186 directly supports the following data types:
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® /nteger: A signed binary numeric value contained
in an 8-bit byte or a 16-bit word. All operations as-
sume a 2's complement representation. Signed 32-
and 64-bit integers are supported using the MBL 80186
and Intel 8087 Numeric Data Processor.

® 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.

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

® ASC/!: A byte representation of alphanumeric and con-
trol characters using the ASCI| standard of character
representation.

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

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

® Floating Point: A signed 32-, 64-, or 80-bit real number
representation. (Floating point operands are supported
using the MBL 80186 and Intel 8087 Numeric Data
Processor configuration.)

In general, individual data elements must fit within defined
segment limits. Fig. 7 graphically represents the data types
supported by the MBL 80186.

1/0 Space

The 1/0O space consists of 64K 8-bit or 32K 16-bit ports.
Separate instructions address the 1/O space with either
an 8-bit port address, specified in the instruction, or a 16-
bit port address in the DX register. 8-bit port addresses
are zero extended such that A15-A8 are LOW. 1/0 port
addresses 00F8(H) through OOFF (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 resumption
of the interrupted program. Interrupts fall into three
classes: hardware initiated, INT instructions, and instruc-
tion exceptions. Hardware initiated interrupts occur in
response to an external input and are classified as non-
maskable or maskable.

Programs may cause an interrupt with an INT instruc-
tion. Instruction exceptions occur when an unusual condi-
tion, which prevents further instruction processing, is
detected while attempting to execute an instruction. If the
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Fig. 7 — MBL 80186 SUPPORTED DATA TYPES

7 0
SIGNED
BYTEm
SIGN BIT-L— 1
MAGNITUDE
G 7 0
UNSIGNED
svre [ ]
‘MSB__
MAGNITUDE

1514*1g7 0 o

SIGN BIT~-MSB
MAGNITUDE

SIGNED 31 +3
DOUBLE
WORD*
SIGN BIT~|=MSB )
MAGNITUDE
+7 +6 +5 +4 +3+2 +1 0
SIGNEDg3 4847 3231 1615 O

QUAD
woro*l || | | [ ] | |
SIGN BIT--MSB |

+2 1615 *1 0 o
llll|l||ll|[|l|1l|ll||||l¥l¥ll|

MAGNITUDE
15 +1 0 o
UNSIGNED
woro [T
TMsSB
MAGNITUDE
BINARYZ_*N 0 7 " 07 0 g
CODED
DEC D) _BCD BCD  BCD
DIGIT N DIGIT 1 DIGITO
7 *N o 7 +107 0 ¢

ASCIII I e
ASCII  ASCII

ASCII
CHARACTERy CHARACTER 1 CHARACTER(

PACKED [ e A AL
BCD[ l
— | —
MOST LEAST
SIGNIFICANT DIGIT SIGNIFICANT DIGIT
715*N_ o 715*1 07150 o

STRING l I .
BYTE WORD N BYTE WORD 1 BYTE WORD 0

37 +3
POINTER

+2 4615 +1 0 o

SELECTOR OFFSET
9t +8 +7 +6 +5 +4 +3 +2 +1 O

0
FL%TWITIIIIIIIJJJ‘

SIGN BIT - i
EXPONENT

MAGNITUDE

NOTE:
*SUPPORTED BY MBL 80188 AND INTEL 8087 NUMERIC
DATA PROCESSOR CONFIGURATION.
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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 seg-
ment override prefix immediately preceding the ESC in-
struction if the prefix was present. In all other cases, the
return address from an exception will point at the instruc-
tion 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 4 shows the MBL 80186 predefined
types and default priority levels. For each interrupt, an
8-bit vector must be supplied to the MBL 80186 which
identifies the appropriate table entry. Exceptions supply
the interrupt vector internally. In addition, internal pe-
ripherals and non-cascaded external interrupts will generate
their own vectors through the internal interrupt controller.
INT instructions contain or imply the vector and allow
access to all 256 interrupts. Maskable hardware initiated
interrupts supply the 8-bit vector to the CPU during an
interrupt acknowledge bus sequence. Non-maskable hard-
ware interrupts use a predefined internally supplied vector.

Interrupt Sources

The MBL 80186 can service interrupts generated by soft-
ware or hardware. The software interrupts are generated
by specific instructions (INT, ESC, unused OP, etc.) or the
results of conditions specified by instructions (array bounds
check, INTO, DIV, IDIV, etc.). All interrupt sources are
serviced by an indirect call through an element of a vector
table. This vector table is indexed by using the interrupt
vector type (Table 4), multiplied by four. All hardware-
generated interrupts are sampled at the end of each instruc-
tion. Thus, the software interrupts will begin service first.
Once the service routine is entered and interrupts are
enabled, any hardware source of sufficient priority can
interrupt the service routine in progress.

The software generated MBL 80186 interrupts are de-
scribed below.

® Divide Error Exception (Type 0)

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

e Single-Step Interrupt (Type 1)

Generated after most instructions if the TF flag is set. Inter-
rupts will not be generated after prefix instructions (e.g.,
REP), instructions which modify segment registers (e.g.,
POP DS), or the WAIT instruction.




Table 4 — MBL 80186 INTERRUPT VECTORS

Vector Default Related
Interrupt Name Type Priority Instructions

Divide Error 0 *1 DIV, IDIV
Exception

Single Step 1 12%*2 Al
Interrupt

NMI 2 1 All

Breakpoint 3 *1 INT
Interrupt

INTO Detected 4 *q INTO
Overflow
Exception

Array Bounds 5 *1 BOUND
Exception

Unused-Opcode 6 *1 Undefined
Exception Opcodes

ESC Opcode 7 il ESC Opcodes
Exception

Timer O Interrupt 8 2AX**x

Timer 1 Interrupt 18 2B ****

Timer 2 Interrupt 19 2C**x*

Reserved 9 3

DMA 0 Interrupt 10 4

DMA 1 Interrupt 1 5

INTO Interrupt 12 6

INT1 Interrupt 13 7

INT2 Interrupt 14 8

INT3 Interrupt 15 9

NOTES:
*1. These are generated as the result of an instruction
execution,
**2. This is handled as in the MBL 8086.

***xx3 All three timers constitute one source of request

to the interrupt controller. The Timer interrupts
all have the same default priority level with re-
spect to all other interrupt sources. However, they
have a defined priority ordering amongst them-
selves. (Priority 2A is higher priority than 2B.)
Each Timer interrupt has a separate vector type
number.

4. Default priorities for the interrupt sources are

used only if the user does not program each source

into a unique priority level.

An escape opcode will cause a trap only if the

proper bit is set in the peripheral control block

relocation register.

**xb

® Non-Maskable Interrupt—NMI (Type 2)
An external interrupt source which cannot be masked.

® Breakpoint Interrupt (Type 3)

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

® INTO Detected Overflow Exception (Type 4)
Generated during an INTO instruction if the OF bit is set.
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® Array Bounds Exception (Type 5)
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Generated during a BOUND instruction if the array index is
outside the array bounds. The array bounds are located in
memory at a location indicated by one of the instruction
operands. The other operand 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

(D8H~DFH). This exception will only be generated if a bit

in the relocation register is set. The return addre

ss of this

exception will point to the ESC instruction causing the

exception. If a segment override prefix preceded
instruction, the return address will point to the
override prefix.

the ESC
segment

Hardware-generated interrupts are divided into two groups:

maskable interrupts and non-maskable interru

pts. The

MBL 80186 provides maskable hardware interrupt request

pins INTO-INT3. In addition, maskable interrupt:

s may be

generated by the MBL 80186 integrated DMA controller

and the integrated timer unit. The vector types
interrupts is shown in Table 4. Software enables

for these
these in-

puts by setting the interrupt flag bit (IF) in the Status
Word. The interrupt controller is discussed in the peripheral

section of this data sheet.

Further maskable interrupts are disabled while servicing an

interrupt because the IF bit is reset as part of the

response

to an interrupt or exception. The saved Status Word will re-
flect the enable status of the processor prior to the inter-

rupt. The interrupt flag will remain zero unless spi

ecifically

set. The interrupt return instruction restores the Status
Word, thereby restoring the original status of IF bit. If the
interrupt return re-enables interrupts, and another inter-

rupt is pending, the MBL 80186 will immediatel

«the highest-priority interrupt pending, i.e., no ins

of the main line program will be executed.

Non-Maskable Interrupt Request (NMI)

y service
tructions

A non-maskable interrupt (NMI) is also provided. This

interrupt is serviced regardless of the state of th

e IF bit.

A typical use of NM| would be to activate a power failure

routine. The activation of this input causes an
with an internally supplied vector value of 2. No

interrupt
external

interrupt acknowledge sequence is performed. The IF bit
is cleared at the beginning of an NMI interrupt to prevent

maskable interrupts from being serviced.

Single-Step Interrupt

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

Initialization and Processor Reset

Processor initialization or startup is accomplished by
driving the RES input pin LOW. RES forces the MBL 80186
to terminate all execution and local bus activity. No in-
struction or bus activity will occur as long as RES is active.
After RES becomes inactive and an internal processing
interval elapses, the MBL 80186 begins execution with the
instruction at physical location FFFFO(H). RES also sets
some registers to predefined values as shown in Table 5.

Table 5 — MBL 80186 INITIAL REGISTER STATE
AFTER RESET

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

MBL 80186 CLOCK GENERATOR

The MBL 80186 provides an on-chip clock generator for
both internal and external clock generation. The clock
generator features a crystal oscillator, a divide-by-two
counter, synchronous and asynchronous ready inputs, and
reset circuitry.

Oscillator

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

The following parameters may be used for choosing a
crystal:

010 70°C
3082 max

Temperature Range:
ESR (Equivalent Series Resistance):
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CO (Shunt Capacitance of Crystal): 7.0 pF max
C1 (Load Capacitance): 20 pF = 2 pF
Drive Level: 1 mW max

Fig. 8 — RECOMMENDED MBL 80186 CRYSTAL

CONFIGURATION
=L 200F
X1 L
3 x MHz CRYSTAL
X2 ,
OpF
MBL 80186 T

x
MBL 80186 (8 MHz) | 16
MBL 80186 (6 MHz) | 12

Clock Generator

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

READY Synchronization

The MBL 80186 provides both synchronous and asynchro-
nous ready inputs. Asynchronous ready synchronization 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 cycle of re-
solution time is used. Full synchronization is performed
only on the rising edge of ARDY, i.e., the falling edge of
ARDY must be synchronized to the CLKOUT signal if it
will occur during T2, T3 or TW. High-to-LOW transitions
of ARDY must be performed synchronously to the CPU
clock,

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 MBL 80186, as part of the integrated
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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 MBL 80186 provides both a RES input pin and a syn-
chronized RESET pin for use with other system com-
ponents. The RES input pin on the MBL 80186 is provided
with hysteresis in order to facilitate power-on Reset genera-
tion via an RC network. RESET is guaranteed to remain
active for at least five clocks given a RES input of at least
six clocks. RESET may be delayed up to two and one-half
clocks behind RES.

Multiple MBL 80186 processors may be synchronized
through the RES input pin, since this input resets both
the processor and divide-by-two internal counter in the
clock generator. In order to insure that the divide-by-two
counters all begin counting at the same time, the active
going edge of RES must satisfy a 25 ns setup time before
the falling edge of the MBL 80186 clock input. In addition,
in order to insure that all CPUs begin executing in the same
clock cycle, the reset must satisfy a 25 ns setup time before
the rising edge of the CLKOUT signal of all the processors.

LOCAL BUS CONTROLLER

The MBL 80186 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 control lines 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 MBL 80186 provides ALE, RD, and WR bus control
signals. The RD and WR signals are used to strobe data
from memory to the MBL 80186 or to strobe data from the
MBL 80186 to memory. The ALE line provides a strobe to
address latches for the multiplexed address/data bus. The
MBL 80186 local bus controller does not provide a
memory/1/0 signal. If this is required, the user will have to
use the S2 signal (which will require external latching),
make the memory and I/O spaces nonoverlapping, or use
only the integrated chip-select circuitry.

Transceiver Control

The MBL 80186 generates two control signals to be con-
nected to MBL 8286/8287 transceiver chips. This capabilit'y
allows the addition of transceivers for extra buffering with-
out adding external logic. These control lines, DT/R and
DEN, are generated to control the flow of data through the
transceivers. The operation of these signals is shown in
Table 6.
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Table 6 — TRANSCEIVER CONTROL SIGNALS
DESCRIPTION

Pin Name Function

DEN (Data Enable) Enables the output drivers of the
transceivers. It is active LOW during

memory, 1/0, or INTA cycles.

DT/R (Data Transmit/
Receive)

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 to-
ward the processor during a read
operation.

Local Bus Arbitration

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

The MBL 80186 HOLD latency time, i.e., the time between
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 the highest-priority activity
request which the processor may receive: higher than in-
struction fetching or internal DMA cycles. However, if a
DMA cycle is in progress, the MBL 80186 will complete the
transfer before relinquishing the bus. This implies that if a
HOLD request is received just as a DMA transfer begins, the
HOLD latency time can be as great as 4 bus cycles. This
will occur if a DMA word transfer operation is taking place
from an odd address to an odd address. This is a total of 16
clocks or more, if WAIT states are required. In addition, it
locked transfers are performed, the HOLD latency time will
be increased by the length of the locked transfer.

Local Bus Controller and Reset

Upon receipt of a RESET pulse from the RES input, the

local bus controller will perform the following actions:

® Drive DEN, RD, and WR HIGH for one clock cycle, then
float.

NOTE: RD is also provided with an internal pull-up
device to prevent the processor from inadvertently enter-
ing Queue Status mode during reset.
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Drive SO-S2 to the passive state (all HIGH) and then
float.

Drive LOCK HIGH and then float.

Tristate AD0-15, A16-19, BHE, DT/R.

Drive ALE LOW (ALE is never floated).

Drive HLDA LOW.

INTERNAL PERIPHERAL INTERFACE

All the MBL 80186 integrated peripherals are controlled
via 16-bit registers contained within an internal 256-byte
control block. This control block may be mapped into
either memory or 1/O space. Internal logic will recognize
the address and respond to the bus cycle. During bus cycles
to internal registers, the bus controller will signal the
operation externally (i.e., the RD, WR, status, address,
data, etc., lines will be driven as in a normal bus cycle), but
D15-0, SRDY, and ARDY will be ignored. The base
address of the control block must be on an even 256-byte
boundary (i.e., the lower 8 bits of the base address are all
zeros). All of the defined registers within this control block
may be read or written by the MBL 80186 CPU at any
time. The location of any register-contained within the 256-
byte control block is determined by the current base
address of the control block.

The control block base address is programmed via a 16-bit
relocation register contained within the control block at
offset FEH from the base address of the control block (see
Fig. 9). It provides the upper 12 bits of the base address
of the control block. Note that mapping the control register
block into an address range corresponding to a chip-select
range is not recommended (the chip select circuitry is
discussed later in this data sheet). In addition, bit 12 of
this register determines whether the control block will be
mapped into I/O or memory space. If this bit is 1, the
control block will be located in memory space, whereas if
the bit is 0, the control block will be located in 1/0 space.
If the control register block is mapped into |/O space, the
upper 4 bits of the base address must be programmed as 0
(since 1/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 iRMX mode, and cause
the CPU to interrupt upon encountering ESC instructions.

At RESET, the relocation register is set to 20FFH. This
causes the control block to start at FFOOH in 1/O space.
An offset map of the 256-byte control register block is
shown in Fig. 10.

The integrated MBL 80186 peripherals operate semi-
autonomously from the CPU. Access to them for the most
part is via software read/write of the control and data
locations in the control block. Most of these registers can
be both read and written. A few dedicated lines, such as
interrupts and DMA request provide real-time communica-
tion between the CPU and peripherals as in a more con-
ventional system utilizing discrete peripheral blocks. The
overall interaction and function of the peripheral blocks
has not substantially changed.

CHIP-SELECT/READY GENERATION LOGIC

The MBL 80186 contains logic which provides program-
mable chip-select generation for both memories and pe-
ripherals. In addition, it can be programmed to provide
READY (or WAIT state) generation. It can also provide
latched address bits A1 and A2. The chip-select lines are
active for all memory and 1/0 cycles in their programmed
areas, whether they be generated by the CPU or by the
integrated DMA unit.

Memory Chip Selects

The MBL 80186 provides 6 memory chip select outputs
for 3 address areas: upper memory, lower memory, and
midrange memory. One each is provided for upper memory
and lower memory, while four are provided for midrange
memory.

The range for each chip select is user-programmable and can
be set to 2K, 4K, 8K, 16K, 32K, 64K, 128K (plus 1K and
256K for upper and lower chip selects). In addition, the
beginning or base address of the midrange memory chip
select may also be selected. Only one chip select may be
programmed to be active for any memory location at a
time. All chip select sizes are in bytes, whereas MBL 80186
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.

Fig. 9 — RELOCATION REGISTER

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OFFSET: FEH ET RMX X M/10 Relocation Address Bits R19—R8
ET = ESC Trap/ No ESC Trap (1/0)
M/I0 = Register block located in Memory / 1/O Space (1/0)
RMX = Master Interrupt Controller mode / iRMX compatible Interrupt Controller mode (0/1)

1-105




U
MBL 80186  FUJITSU
MBL 80186-6 il

Fig. 10 — INTERNAL REGISTER MAP

OFFSET
Relocation Register FEH
. DAH
DMA Descriptors Channel 1
DOH
DMA Descri Ch 10 CAH
escriptors Channe
i COH
Chip-Select Control Regist ABH
-oelec ontro egisters
P " 9 AOH
" | Reai 66H
Timer 2 Control Registers 60H
N R 5EH
Timer 1 Control Registers 58H
Timer 0 Control Registers 56H
S50H
R 3EH
Interrupt Controller Registers
20H

® Upper Memory CS

The MBL 80186 provides a chip select, called UCS, for the
top of memory. The top of memory is usually used as the
system memory because after reset the MBL 80186 begins
executing at memory location FFFFOH.

The upper limit of memory defined by this chip select is
always FFFFFH, while the lower limit is programmable. By
programming the lower limit, the size of the select block
is also defined. Table 7 shows the relationship between the
base address selected and the size of the memory block
obtained.

The lower limit of this memory block is defined in the
UMCS register (see Fig. 11). This register is at offset AOH
in the internal control block. The legal values for bits 6-13
and the resulting starting address and memory block sizes
are given in Table 7. Any combination of bits 6-13 not
shown in Table 7 will result in undefined operation. After
reset, the UMCS register is programmed for a 1K area. It
must be reprogrammed if a larger upper memory area is
desired.

Any internally generated 20-bit address whose upper 16
bits are greater than or equal to UMCS (with bits 0-5 “0"’)
will cause UCS to be activated. UMCS bits R2-R0 are used
to specify READY mode for the area or memory defined
by this chip-select register, as explained below.
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Table 7 — UMCS PROGRAMMING VALUES

Starting Address Memory meﬁfixiar'n:e
(Base Address) Block Size RO=R1=R2=0)
FFCO0 1K FFF8H
FF800 2K FFB8H
FF000 4K FF38H
FE000 8K FE38H
FCO000 16K FC38H
F8000 32K F838H
F0000 64K FO38H
E0000 128K EO38H
C0000 256K C038H

® Lower Memory CS

The MBL 80186 provides a chip select for low memory
called LCS. The bottom of memory contains the interrupt
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 also defined. Table 8 shows the relationship between
the upper address selected and the size of the memory
block obtained.

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

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

Table 8 — LMCS PROGRAMMING VALUES

v Add Memory L(I:(s:s V.a!ue
pper ress " suming
Block Size RO=R1=R2=0)

003FFH 1K " 0038H
007FFH 2K 0078H
O0OFFFH 4K 00F8H
01FFFH 8K 01F8H
03FFFH 16K 03F8H
07FFFH 32K 07F8H
OFFFFH 64K OFF8H
1FFFFH 128K 1FF8H
3FFFFH 256K 3FF8H

- - -
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® Mid-Range Memory CS

The MBL 80186 provides four MCS lines which are active
within a user-locatable memory block. This block can be
located anywhere within the MBL 80186 1M byte memory
address space exclusive of the areas defined by UCS and
LCS. Both the base address and size of this memory block
are programmable.

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

The EX and MS in MPCS relate to peripheral functionally
as described in a later section.

Table 9 — MPCS PROGRAMMING VALUES

Total Block Individual MPCS Bits
Size Select Size 14-8

8K 2K 0000001B

16K 4K 0000010B

32K 8K 0000100B

64K 16K 0001000B

128K 32K 0010000B

256K 64K 0100000B

512K 128K 1000000B

The base address of the mid-range memory block is defined
by bits 15-9 of the MMCS register (see Fig. 14). This
register is at offset ABH in the internal control block. These

bits correspond to bits A19-A13 of the 20-bit memory
address. Bits A12-A0 of the base address are always 0. The
base address may be set at any integer multiple of the size
of the total memory block selected. For 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 con-
tents of both of these registers are undefined. However,
none of the MCS lines will be active until both the MMCS
and MPCS registers are accessed.

MMCS bits R2-R0 specify READY mode of operation for
all mid-range chip selects. All devices in mid-range memory
must use the same number of WAIT states.

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

Peripheral Chip Selects

The MBL 80186 can generate chip selects for up to seven
peripheral devices. These chip selects are active for seven
contiguous blocks of 128 bytes above a programmable base
address. This base address may be located in either memo-
ry or 1/O space.

Fig. 11 — UMCS REGISTER

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OFFSET: AOH 1 1 U U U U U U U u 1 1 1 R2 | R1 RO
A19 A1
Fig. 12 — LMCS REGISTER
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
OFFSET: A2H 0 0 U U U U U U U U 1 1 1 R2 | R1 RO

A19

A1
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Fig. 13 — MPCS REGISTER
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
OFFSET: A8H 1 M6 | M5 | M4 | M3 | M2 | M1 | MO | EX | MS 1 1 1 R2 | R1 RO
Fig. 14 — MMCS REGISTER
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
OFFSET: A6H u U U U U U V) 1 1 1 1 1 1 R2 | R1 RO
A19 A13

Seven CS lines called PCS0-6 are generated by the
MBL 80186. The base address is user-programmable; how-
ever it can only be a multiple of 1K bytes, i.e., the least
significant 10 bits of the starting address are always O.

desired peripheral base location. PACS bits 0-2 are used to
specify READY mode for PCSO-PCS3.

Table 10 — PCS ADDRESS RANGES

PCS5 and PCS6 can also be programmed to provide latched PCS Line Active between Locations
address bits A1, A2. If so programmed, they cannot be used PCSO PBA — PBA +127
as peripheral selects. These outputs can be connected PCS1 PBA +128 — PBA +255
. . . . PCS2 PBA + 256 — PBA + 383
directly to the A0, A1 pins used for selecting internal PCS3 PBA + 384 — PBA +511
registers of 8-bit peripheral chips. This scheme simplifies PCS4 PBA +512 — PBA + 639
the h e interface because the 8-bit regi f pe- PCS5 PBA + 640 — PBA +767
.e ardwar i terfac caus . |t~ gisters of p PoSE PBA + 768 — PBA + 895
ripherals are simply treated as 16-bit registers located on

even boundaries in 1/O space or memory space where only
the lower 8-bits of the register are significant: the upper
8-bits are “don’t cares.”

The starting address of the peripheral chip-select block is
defined by the PACS register (see Fig. 15). This 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 zeros. If the chip-select block is located
in 1/0 space, bits 12-15 must be programmed zero, since
the 1/O address is only 16 bits wide. Table 10 shows the
address range of each peripheral chip select with respect
to the PBA contained in PACS register.

The user should program bits 15-6 to correspond to the

The mode of opetation 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
Fig. 16). This register is located at offset A8H in the
internal control block. Bit 7 is used to select the function
of PCS5 and PCSB, while bit 6 is used to select whether the
peripheral chip selects are mapped into memory or 1/0
space. Table 11 describes 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.

MPCS bits 0-2 are used to specify READY mode for
PCS4-PCS6 as outlined below.

Fig. 15 — PACS REGISTER

OFFSET: A4H U u U u U U

R2 | R1 RO
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Table 11 — MS, EX PROGRAMMING VALUES

Bit Description
MS 1 = Peripherals mapped into memory space.
0 = Peripherals mapped into 1/0 space.
EX 0 =5 PCS lines. A1, A2 provided.
=7 PCS lines. A1, A2 are not provided.

READY Generation Logic
The MBL 80186 can generate a “READY"’ signal internally
for each of the memory or peripheral CS lines. The number
of WAIT states to be inserted for each peripheral or memo-
ry is programmable to provide 0-3 wait states for all
accesses to the area for which the chip select is active. In
addition, the MBL 80186 may be programmed to either
ignore external READY for each chip-select range indi-
vidually or to factor external READY withthe integrated
ready generator. ‘

|
READY control consists of 3 bits for each CS line or group

of lines generated by the MBL 80186. The interpretation of *

the ready bits is shown in Table 12.

Table 12 — READY BITS PROGRAMMING

R2 R1 RO Number of WAIT States Generated

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

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

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

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

1 0 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). This means, 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 external ready signal. Note that the external ARDY and

SRDY lines are always ignored during cycles accessing
internal peripherals.

R2-R0 of each control word specifies the READY mode
for the corresponding block, with the exception of the
peripheral chip selects: R2-R0 of PACS set the PCS0-3
READY mode, R2-R0O of MPCS set the PCS4-6 READY
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.

Upon leaving RESET, the UCS line will be programmed
to provide chip selects to a 1K block with the accom-
panying READY control bits set at 011 to allow the
maximum number of internal wait states in conjunction
with external Ready consideration (i.e., UMCS resets to
FFFBH).

No other chip select or READY control registers have
any predefined values after RESET. They will not
become active unti! 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 MBL 80186 DMA controller provides two independent
high-speed DMA channels. Data transfers can occur be-
tween memory and |/O spaces (e.g., Memory to 1/0) or
within the same space (e.g., Memory to Memory or |/O
to 1/0). Data can be transferred either in bytes (8 bits) or
in words (16 bits) to or from even or odd addresses. Each
DMA channel maintains both a 20-bit source and destina-
tion pointer which can be optionally incremented or de-
cremented after each data transfer (by one or two depend-
ing on byte or word transfers). Each data transfer consumes
2 bus cycles (a minimum of 8 clocks), one cycle to fetch
data and the other to store data. This provides a maximum
data transfer rate of one Mword/sec or 2 MBytes/sec.

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

Fig. 16 — MPCS REGISTER

OFFSET: A8H 1 M6 | M5 | M4 | M3 | M2

M1

MO | EX | MS 1 1 1 R2 | R1 RO
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Counter, and a 16-bit Control Word. The format of the
DMA Control Blocks is shown in Table 13. The Transfer
Count Register (TC) specifies the number of DMA trans-
fers 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 Fig. 18). All
registers may be modified or altered during any DMA
activity. Any changes made to these registers will be re-
flected immediately in DMA operation.

Table 13 — DMA CONTROL BLOCK FORMAT

Register Address
Register Name

Ch.0 Ch.1
Control Word CAH DAH
Transfer Counter C8H D8H
Destination Pointer (upper 4 bits) C6H D6H
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 MBL 80186 DMA channel.
This register specifies:

® the mode of synchronization;

® whether bytes or words will be transferred;

® whether interrupts will be generated after the last
transfer;

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

® the relative priority of the DMA channel with respect to
the other DMA channel;

® whether the source pointer will be incremented, de-
cremented, 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
1/0 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.

DMA Control Word Bit Descriptions
B/W: Byte/Word (0/1) Transfers.

ST/STOP: Start/Stop (1/0) Channel.

CHG/NOCHG: Change/Do not change (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 control
word. If this bit is cleared when writing
the control word, the ST/STOP bit will

Fig. 177 — DMA UNIT BLOCK DIAGRAM

20 BIT ADDER/SUBTRACTOR

ADDER CONTROL
LoGic TIMER REQUEST

DRQ1 D
REQUEST

r TRANSFER COUNTER CH.

SELECTION | prao

1
DEST. ADRS. POINTER CH. 1

SRC. ADRS. POINTER CH.

I TRANSFER COUNTER CH.

1
0
DEST. ADRS. POINTER CH. 0

SRC. ADRS. POINTER CH. 0

LOGIC
DMA |
CONTROL
LOGIC
INTERRUPT
REQUEST

A

CHANNEL CONTROL WORD 1

CHANNEL CONTROL WORD 0

< INTERNAL ADDRESS/DATA BUS >




MR

FUJITSU MBL 80186
HINNWIG MBL 80186-6
Fig. 18 — DMA CONTROL REGISTER
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T _
M/ DESTINATION M/ SOURCE D CHG/ ST/ B/
0 DEC INC| TO0 DEC INc | TC | INT | SYN | P g | X | gOcHG| &ToP w
Q
X = DON'T CARE.
not be altered. This bit is not stored; it DEST: INC  Increment destination pointer by 1 or 2
will always be a 0 on read. (B/W) after each transfer.

INT: Enable Interrupts to CPU on Transfer M/TO Destination pointer is in M/IO space
Count termination. (1/0).

TC: If set, DMA will terminate when the DEC Decrement destination pointer by 1 or 2
contents of the Transfer Count regis- (depending on B/W) after each transfer.
ter reach zero. The ST/STOP bit will
also be reset at this point if TC is set. P: Channel priority — relative to other
If this bit is cleared, the DMA unit channel.
will decrement the transfer count 0 low priority.
register for each DMA cycle, but the 1 high priority.

DMA transfer will not stop when the Channels will alternate cycles if both set
contents of the TC register reach zero. at same priority level.

SYN: 00 No synchronization. TDRQ: 0: Disable DMA requests from timer

(2 bits) NOTE: The ST bit will be cleared 2.

automatically when the contents 1: Enable DMA requests from timer 2.
of the TC register reach zero re-
gardless of the state of the TC bit. Bit 3: Bit 3 is not used.
01 Source synchronization.
10 Destination synchronization. If both INC and DEC are specified for the same pointer, the
11 Unused. pointer will remain constant after each cycle.
SOURCE: INC Increment source pointer by 1 or 2

M/10

DEC

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

Source pointer is in M/10 space (1/0).

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

DMA Destination and Source Pointer Registers

Each DMA channel maintains a 20-bit source and a 20-bit
destination pointer. Each of these pointers takes up two
full 16-bit registers in the peripheral control block. The
lower four bits of the upper register contain the upper
four bits of the 20-bit physical address (see Fig. 18a). These
pointers may be individually incremented or decremented

Fig. 18a — DMA MEMORY POINTER REGISTER FORMAT

HIGHER

REGISTER XXX XXX

ADDRESS

XXX A19-A16

LOWER
REGISTER
ADDRESS

A156—A12

A11-A8

A7-A4 A3-A0

15
XXX = DON'T CARE
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after each transfer. If word transfers are performed, the
pointer is incremented or decremented by two. Each
pointer may point into either memory or 1/0O space. Since
the DMA channels can perform transfers to or from odd
addresses, there is no restriction on values for the pointer
registers. Higher transfer rates can be obtained if all word
transfers are performed to even addresses, since this will
allow data to be accessed in a single memory access.

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 unsynchronized transfers are programmed, however,
DMA activity will terminate when the transfer count
register reaches zero.

DMA Requests

Data transfers may be either source or destination 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; that is,
the transfer will take place continually until the correct
number of transfers has occurred. When source or unsyn-
chronized transfers are performed, the DMA channel may
begin another transfer immediately after the end of a
previous DMA transfer. This allows a complete transfer to
take place every 2 bus cycles or eight clock cycles (as-
suming no wait states). No prefetching occurs when desti-
nation synchronization is performed, however. Data will
not be fetched from the source address until the destina-
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tion device signals that it is ready to receive it. When
destination synchronized 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 is done to
allow the destination device time to remove its request
if another transfer is not desired. Since the DMA controller
will relinquish the bus, the CPU can initiate a bus cycle. As
a result, a complete bus cycle will often be inserted be-
tween destination synchronized transfers. These lead to
the maximum DMA transfer rates shown in Table 14.

Table 14 — MAXIMUM DMA TRANSFER RATES

Type of
Synchronization CPU Running CPU Halted
Selected
Unsynchronized 2MBytes/sec 2MBytes/sec
Source Synch 2MBytes/sec 2MBytes/sec
Destination Synch 1.3MBytes/sec 1.5MBytes/sec

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

Fig. 19 — TIMER BLOCK DIAGRAM

=SIED T[T DMA
AN | pOUTY IN  NOUT, = REQ.
T0 T1 T2
INT. —— INT. INT.
REQ. REQ. REQ.
T2 OUT
TIMER O TIMER 1

MAX COUNT VALUE
A

MAX COUNT VALUE
A

TIMER 2

MAX COUNT VALUE
B

CLOCK |MAX COUNT VALUE
B

MAX COUNT VALUE

MODE/CONTROL MODE/CONTROL MODE/CONTROL
WORD WORD WORD
S INTERNAL ADDRESS/DATA BUS )

ALL 16 BIT REGISTERS

1-112



A
FUJITSU MBL 80186

WM - mBL 80186-6

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 the odd memory loca-
tions; however, an external bus hold takes priority over an
internal DMA cycle. Because an interrupt request cannot
suspend a DMA operation and the CPU cannot access
memory during a DMA cycle, interrupt latency time will
suffer during sequences of continuous DMA cycles. An
NMI request, however, will cause all internal DMA activity
to halt. This allows the CPU to quickly respond to the NM|
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 have been generated. There-
fore, the source and destination transfer pointers, and the
transfer count register (if used) must be programmed before
this 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 multiple
channel registers are modified, it is recommended that a
LOCKED string transfer be used to prevent a DMA trans-
fer from occurring between updates to the channel regis-
ters.

DMA Channels and Reset
Upon RESET, the DMA channels will perform the follow-
ing actions:

® The Start/Stop bit for each channel will be reset to
STOP.
® Any transfer in progress is aborted.

TIMERS

The MBL 80186 provides three internal 16-bit programma-
ble timers (see Fig. 19). Two of these are highly flexible
and are connected to four external pins (2 per timer). They
can be used to count external events, time external events,
generate nonrepetitive waveforms, etc. The third timer is

not connected to any external pins, and is useful for real-
time coding and time delay applications. In addition, this
third timer can be used as a prescaler to the other two, or
as a DMA request source.

Timer Operation

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

Each timer gets serviced every fourth CPU-clock 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 (2
MHz for an 8 MHz CPU clock). Due to internal synchro-
nization and pipelining of the timer circuitry, a timer
output may take up to 6 clocks to respond to any indi-
vidual clock or gate input. Since the count registers and the
maximum count registers are all 16 bits wide, 16 bits of
resolution ‘are provided. Any Read or Write access to
the timers will add one wait state to the minimum four-
clock bus cycle, however. This is needed to synchronize
and coordinate the internal data flows between the inter-
nal timers and the internal bus.

15 14 13 12 11

5

Fig. 20 — TIMER MODE/CONTROL REGISTER

4 3 2 1 0

EN | INH | INT | RIU 0 |

MC | RTG P

EXT | ALT | CONT
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The timers have several programmable options.
® All three timers can be set to halt or continue on a
terminal count.

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

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

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

Timer Mode/Control Register

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

Table 15 — TIMER CONTROL BLOCK FORMAT

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

ALT:

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

CONT:

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

EXT:

The external bit selects between internal and external
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clocking for the timer. The external signal may be asyn-
chronous with respect to the MBL 80186 clock. If this
bit is set, the timer will count LOW-to-HIGH transitions
on the input pin. If cleared, it will count an internal clock
while using the input pin for control. In this mode, the
function of the external pin is defined by the RTG bit. The
maximum input to output transition latency time may be
as much as 6 clocks. However, clock inputs may be pipe-
lined as closely together as every 4 clocks without losing
clock pulses.

P:

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

RTG:

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

If RTG = 0, the input level gates the internal clock on and
off. If the input pin is HIGH, the timer will count; if the
input pin is LOW, the timer will hold its value. As indicated
previously, the input signal may be asynchronous with
respect to the MBL 80186 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 zero on the first clock, and
then incrementing thereafter. Further transitions on the
input pin will again reset the timer to zero, from which it
will start counting up again. If CONT = 0, when the timer
has reached maximum count, the EN bit will be cleared,
inhibiting further timer activity.

EN:

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

INH:

The-inhibit bit allows for selective updating of the enable
(EN) bit. If INH is a one during the write to the mode/
control word, then the state of the EN bit will be modified
by the write. If INH is a zero during the write, the EN bit



VAR
FUJITSU MBL 8018

6
MWW MBL 80186-6

will be unaffected by the operation. This bit is not stored;
it will always be a 0 on a read.

INT:

When set, the INT bit enables interrupts from the timer,
which will be generated on every terminal count. If the
timer is configured in dual MAX COUNT register mode, an
interrupt will be generated each time the value in MAX
COUNT register A is reached and each time the value in
MAX COUNT register B is reached. If this enable bit is
cleared after the 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.)

McC:

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

RIU:

The Register in Use bit indicates which MAX COUNT
register is currently being used for comparison to the timer
count value. A zero value indicates register A. The RIU bit
cannot be written, i.e., its value is not affected when the
control register is written. It is always cleared when the
ALT bit is zero.

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

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

Count Registers

Each of the three timers has a 16-bit count register. The
current 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.

Max Count Registers

Timers 0 and 1 have two MAX COUNT registers, while
timer 2 has a single MAX COUNT register. These contain
the number of events the timer will count. In timers O and
1, the MAX COUNT register used can alternate between the
two max count values whenever the current maximum
count is reached. The condition which causes a timer to
reset is equivalent between the current count value and the

max count being used. This means that if the count is
changed to be above the max count value, or if the max
count value is changed to be below the current value, the
timer will not reset to zero, but rather will count to its
maximum value, ““wrap around’’ to zero, then count until
the max count is reached.

Timers and Reset
Upon RESET, the Timers will perform the following
actions:

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

® All SEL (Select) bits are reset to zero. This selects MAX
COUNT register A, resulting in the Timer Out pins going
HIGH upon RESET.

INTERRUPT CONTROLLER

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

Internal interrupt sources (Timers and DMA channels) can
be disabled by their own control registers or by mask bits
within the interrupt controller. The MBL 80186 interrupt
controller has its own control registers that set the mode of
operation for the controller.

The interrupt controller will resolve priority among
requests that are pending simultaneously. Nesting is pro-
vided so interrupt 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 Fig. 21.

The interrupt controller has a special iRMX 86 compati-
bility mode that allows the use of the MBL 80186 within
the iRMX 86 operating system interrupt structure. The con-
troller is set in this mode by setting bit 14 in the peripheral
control block relocation register (see iRMX 86 Compati-
bility Mode section). In this mode, the internal MBL 80186
interrupt controller functions as a ‘‘slave’’ controller to an
external ““master’’ controller. Special initialization software
must be included to properly set up the MBL 80186 inter-
rupt controller in iRMX 86 mode.

MASTER MODE OPERATION

Interrupt Controller External Interface

For external interrupt sources, five dedicated pins are pro-
vided. One of these pins is dedicated to NMI, non-maskable
interrupt. This is typically used for power-fail interrupts,
etc. The other four pins may function either as four inter-




rupt input lines with internally generated interrupt vectors,
as an interrupt line and an interrupt acknowledge line
(called the ‘‘cascade mode’’) along with two other input
lines with internally generated interrupt vectors, or as two
interrupt input lines and two dedicated interrupt acknowl-
edge output lines. When the interrupt lines are configured
in cascade mode, the MBL 80186 interrupt controller will
not generate internal interrupt vectors.

External sources in the cascade mode use externally gener-
ated interrupt vectors. When an interrupt is acknowledged,
two INTA cycles are initiated and the vector is read into
the MBL 80186 on the second cycle. The capability to
interface to external MBL 8259A programmable interrupt
controllers is thus provided when 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 MBL 8259A. The inter-
rupt controller responds identically to internal interrupts in
all three modes: the difference is only in the interpretation
of function of the four external interrupt pins. The inter-
rupt controller is set into one of these three modes by
programming the correct bits in the INTO and INT1 control
registers. The modes of interrupt controller operation are
as follows:

QT
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® Fully Nested Mode

When in the fully nested mode four pins are used as direct
interrupt requests. The vectors for these four inputs are
generated internally. An in-service bit is provided for every
interrupt source. If a lower-priority device requests an inter-
rupt while the in-service bit (IS) is set, no interrupt will be
generated by the interrupt controller. In addition, if an-
other interrupt request occurs from the same interrupt
source while the in-service bit is set, no interrupt will be
generated by the interrupt controller. This allows inter-
rupt service routines to operate with interrupts enabled
without being themselves interrupted by lower-priority
interrupts. Since interrupts are enabled, higher-priority
interrupts will be serviced.

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

® Cascade Mode

The MBL 80186 has four interrupt pins and two of them
have dual functions. In the fully nested mode the four pins
are used as direct interrupt inputs and the corresponding

Fig. 21 — INTERRUPT CONTROLLER BLOCK DIAGRAM
TIMER TIMER TIMER DMA DMA
0 1 2 0 1 INTO INT1 INT2 INT3 NMI
L
TIMER INTERRUPT
CONTROL REG. REQUEST REG.
DMA 0 INTERRUPT
CONTROL REG. MASK REG.
DMA 1 IN-SERVICE
CONTROL REG. REG.
EXT. INPUT 0 INTERRUPT PRIOR. LEV.
CONTROL REG. :> PRIORITY MASK REG.
EXT. INPUT 1 RESOLVER INTERRUPT
CONTROL REG. STATUS REG.
EXT. INPUT 2
CONTROL REG. é’gﬁg&i_
EXT. INPUT 3 TION
CONTROL REG. LOGIC
INTERRUPT
REQUEST TO
PROCESSOR
<!L INTERNAL ADDRESS/DATA BUS >
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vectors are generated internally. In the cascade mode, the
four pins are configured into interrupt input-dedicated
acknowledge signal pairs. The interconnection is shown
in Fig. 22. INTO is an interrupt input interfaced to a
MBL 8259A, while INT2/INTAO serves as the dedicated
interrupt acknowledge signal to that peripheral. The same
is true for INT1 and INT3/INTA1. Each pair can selective-
ly be placed in the cascade or non-cascade mode by pro-
gramming 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 gener-
ate 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 MBL 8259As. Three levels of
priority are created, requiring priority resolution in the
MBL 80186 interrupt controller, the master MBL 8259As,
and the slave MBL 8259As. If an external interrupt is
serviced, one IS bit is set at each of these levels. When the
interrupt service routine is completed, up to three end-of-
interrupt commands must be issued by the programmer.

® 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 MBL 8259A masters. Normally, an interrupt
request from an interrupt source will not be recognized
unless the in-service bit for that source is reset. |f more than
one interrupt source is connected to an external interrupt
controller, all of the interrupts will be funneled through
the same MBL 80186 interrupt request pin. As a result,
if the external interrupt controller receives a higher-
priority interrupt, its interrupt will not be recognized by
the MBL 80186 controller until the MBL 80186 in-service
bit is reset. In special fully nested mode, the MBL 80186
interrupt 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,
however, to inhibit interrupts from other lower-priority
MBL 80186 interrupt sources.

Special procedures should be followed when resetting
IS bits at the end of interrupt service routines: Software
polling of the external master's IS register is required
to determine if there is more than one bit set. If so, the
IS bit in the MBL 80186 remains active and the next
interrupt service routine is entered.

Operation in a Polled Environment

The controller may be used in a polled mode if interrupts

1-117

are undesirable. When polling, the processor disables
interrupts and then polls the interrupt controller when-
ever it is convenient. Polling the interrupt controller is ac-
complished by reading the Poll Word (Fig. 31). Bit 156 in
the poll word indicates to the processor that an interrupt
of high enough priority is requesting service. Bits 0-4
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 information
without guaranteeing service of any pending interrupt,
i.e., not set the indicated in-service bit. The MBL 80186
provides a Poll Status Word in addition to the conventional
Poll Word to allow this to be done. Poll Word information
is duplicated in the Poll Status Word, but reading the Poll
Status Word does not set the associated in-service bit. These
words are 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 register of
each interrupt source. (A source with a priority level of 4
has higher priority over all priority levels from 5 to 7.
Priority registers containing values lower than 4 have
greater priority.) All interruptsources have preprogrammed
default priority levels (see Table 4).

If two requests with the same programmed priority level
are pending at once, the priority ordering scheme shown
in Table 4 is used. If the serviced interrupt routine re-
enables interrupts, it allows other requests to be serviced.

® 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 interrupt
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 nonspecific. The
nonspecific command does not specify which IS bit is reset.
When issued, the interrupt controller automatically resets
the IS bit of the highest priority source with an active
service routine. A specific EOl command requires that the
programmer send the interrupt vector type to the 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.
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® Trigger Mode

The four external interrupt pins can be programmed in
either edge- or level-trigger mode. The control register for
each external source has a level-trigger mode (LTM) bit. All
interrupt inputs are active HIGH. In the edge sense mode
or the level-trigger mode, the interrupt request must remain
active (HIGH) until the interrupt request is acknowledged
by the MBL 80186 CPU. In the edge-sense mode, if the
level remains high after the interrupt is acknowledged, the
input is disabled and no further requests will be generated.
The input level must go LOW for at least one clock cycle to
reenable the input. In the level-trigger mode, no such pro-
vision is made: holding the interrupt input HIGH will cause
continuous interrupt requests.

® Interrupt Vectoring

The MBL 80186 Interrupt Controller will generate inter-
rupt vectors for the integrated DMA channels and the
integrated 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 4).

Interrupt Controller Registers

The Interrupt Controller register model is shown in Fig. 23.
It contains 15 registers. All registers can both be read or
written unless specified otherwise.

® |In-Service Register

This register can be read from or written into. The format
is shown in Fig. 24. 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 interrupt requests
from devices with a lower programmed priority level. The
TMR bit is the In-Service bit for all three timers; the DO

and D1 bits are the In-Service bits for the two DMA chan-
nels; the 10-13 are the In-Service bits for the external
interrupt pins. The IS bit is set when the processor ac-
knowledges an interrupt request either by an interrupt ac-
knowledge or by reading the poll register. The IS bit is
reset at the end of the interrupt service routine by an
end-of-interrupt command issued by the CPU.

® Interrupt Request Register

The internal interrupt sources have interrupt request
bits inside the interrupt controller. The format of this
register is shown in Fig. 24. 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
request bits for the DMA channels.

The state of the external interrupt input pins is also indi-
cated. The state of the external interrupt pins is not a
stored condition inside the interrupt controller, therefore
the external interrupt bits cannot be written. The external
interrupt request bits show exactly 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
internal interrupt sources, the register bits are set when
a request arrives and are reset when the processor acknowl-
edges the requests.

® Mask Register

This is a 16-bit register that contains a mask bit for each
interrupt source. The format for this register is shown in
Fig. 24. A one in a bit position corresponding to a par-
ticular sources serves to mask the source from generating
interrupts. These mask bits are the exact same bits which
are used in the individual control registers; programming a
mask bit using the mask register will also change this bit
in the individual control registers, and vice versa.

shown in Fig. 25. The code in the lower three bits of this

Fig. 22 — CASCADE MODE INTERRUPT CONNECTION

INTO
MBL 80188

INTAO

INT

MBL 8259A
PIC

INTA
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(NON-iRMX 86 MODE)

INT3 CONTROL REGISTER

INT2 CONTROL REGISTER

INT1 CONTROL REGISTER

INTO CONTROL REGISTER

DMA1 CONTROL REGISTER

DMAO CONTROL REGISTER

TIMER CONTROL REGISTER

INTERRUPT STATUS REGISTER

INTERRUPT REQUEST REGISTER

IN-SERVICE REGISTER

PRIORITY MASK REGISTER

MASK REGISTER

POLL STATUS REGISTER

POLL REGISTER

EO! REGISTER

Fig. 23 — INTERRUPT CONTROLLER REGISTERS

OFFSET
3EH

3CH
3AH
38H
36H
34H
32H
30H
2EH
2CH
2AH
28H
26H
24H
22H

® Priority Mask Register

This register is used to mask all interrupts below particular
interrupt priority levels. The format of this register is

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 reset to
seven (111) upon RESET so all interrupts are unmasked.

® [nterrupt Status Register

This register contains general interrupt controller status
information. The format of this register is shown in Fig. 26.
The bits in the status register have the following functions:

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

IRTx: These three bits represent the individual timer
interrupt request bits. These bits are used to
differentiate the 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.

Fig. 24 — IN-SERVICE, INTERRUPT REQUEST, AND MASK REGISTER FORMATS
15 14 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 13 12 " 10 D1 Do 0 |[TMR
Fig. 256 — PRIORITY MASK REGISTER FORMAT
15 14 3 2 1 0
0 0 0 |PRM2|PRM1|PRMO
Fig. 26 — INTERRUPT STATUS REGISTER FORMAT
15 14 7 6 5 4 3 2 1 0
DHLT| O 0 0 0 0 0 |IRT2|IRT1|IRTO
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® 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 Fig. 27. The three bit positions PRO, PR1, and PR2
represent the programmable priority level of the inter-
rupt source. The MSK bit inhibits interrupt requests from
the interrupt source. The MSK bits in the individual control
registers are the exact same bits as are in the Mask Register;
modifying them in the individual control registers will also
modify them in the Mask Register, and vice versa.

® INTO-INT3 Control Registers

These registers are the control words for the four external
input pins. Fig. 28 shows the format of the INTO and INT1
Control registers; Fig. 29 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:

PRO-2: 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 whenever the external line
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is high. In edge-triggered mode, an interrupt
will be generated only when this level is pre-
ceded 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 = nonmask.
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 Fig. 30. It initiates an EOl command when
written to by the MBL 80186 CPU.

The bits in the EOI register are encoded as follows:

Sx: Encoded information that specifies an inter-
rupt source vector type as shown in Table 4.
For example, to reset the In-Service bit for
DMA channel 0, these bits should be set to
01010, since the vector type for DMA channel
0 is 10. Note that to reset the single In-Service
bit for any of the three timers, the vector type
for timer O (8) should be written in this regis-

ter.
Fig. 27 — TIMER/DMA CONTROL REGISTER FORMATS
15 14 4 3 2 1 0
0 0 0 |MSK |PR2 | PR1 | PRO
Fig. 28 — INTO/INT1 CONTROL REGISTER FORMATS
15 14 7 6 5 4 3 2 1 0
0 0 0 |SFNM| C |LTM |MSK |PR2 | PR1 | PRO
Fig. 29 — INT2/INT3 CONTROL REGISTER FORMATS
15 14 5 4 3 2 1 0
|
0 0 0 iLTM MSK | PR2 | PR1 | PRO
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NSPEC/ :
SPEC

A bit that determineds the type of EOl com-
mand. Nonspecific = 1, Specific = 0.

® Poll and Poll Status'Registers

These registers contain polling information. The format of
these registers is shown in Fig. 31. 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.

iRMX 86 COMPATIBILITY MODE

This mode allows iRMX 86-80186 compatibility. The inter-
rupt model of iRMX 86 requires one master and multiple
slave MBL 8259As in cascaded fashion. When iRMX mode
is used, the internal MBL 80186 interrupt controller will be
used as a slave controller to an external master interrupt
controller. The internal MBL 80186 resources will be
monitored through the internal interrupt controller, while
the external controller functions as the system master inter-
rupt controller.

Upon reset, the MBL 80186 interrupt controller will be
in the non-iIRMX 86 mode of operation. To set the con-

troller in the iIRMX 86 mode, bit 14 of the Relocation
Register should be set.

Because of pin limitations caused by the need to inter-
face to an external MBL 8259A master, the internal inter-
rupt controller will no longer accept external inputs. There
are however, enough MBL 80186 interrupt controller
inptus (internally) to dedicate one to each timer. In this
mode, each timer interrupt source has its own mask bit, IS
bit, and control word.

The iRMX 86 operating system requires peripherals to be
assigned fixed priority levels. This is incompatible with the
normal operation of the MBL 80186 interrupt controller.
Therefore, the initialization .software must program the
proper priority levels for each source. The required priority
levels for the internal interrupt sources in iRMX mode are
shown in Table 16.

Table 16 — INTERNAL SOURCE PRIORITY LEVEL

Priority Level Interrupt Source

0

Timer O
(reserved)
DMA O
DMA 1
Timer 1
Timer 2

aObdWN =

These level assignments must remain fixed in the iRMX 86
mode of operation.

iRMX 86 Mode External Interface

The configuration of the MBL 80186 with respect to an
external MBL 8259A master is shown in Fig. 32. The INTO
input is used as the MBL 80186 CPU interrupt input. INT3
functions as an output to send the MBL 80186 slave-
interrupt-request to one of the 8 master-PIC-inputs.

Fig. 30 — EOl REGISTER FORMAT
15 14 13 5 4 3 2 1 0
SREcl o | o 0 | sa|s3|s2]|st]so
Fig. 31 — POLL REGISTER FORMAT
15 14 13 5 4 3 2 1 0
meG | 0] o 0 | s4a|s3|s2|s1|so
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Fig. 32 — iRMX 86 INTERRUPT CONTROLLER INTERCONNECTION

MBL 8259A
MASTER
INTA 1RO < :REOUESTS FROM
OTHER SLAVES
MBL 80186 INT.
BLBO1BEINT.IN |
IR7 —_—

MBL 80186 CA%02

INTO

. SLAVE SELECT CASCADE

INT1 ADDRESS DECODER

iNT2

TS MBL 80186 SLAVE INTERRUPT OUTPUT

Correct master-slave interface requires decoding of the
slave addresses (CASD-2). Slave MBL 8259As do this inter-
nally. Because of pin limitations, the MBL 80186 slave
address will have to be decoded externally. TNT1 is used
as a slave-select input. Note that the slave vector address
is transferred internally, but the READY input must be
supplied externally.

INT2 is used as an acknowledge output, suitable to drive
the INTA input of an MBL 8259A.

Interrupt Nesting

iRMX 86 mode operation allows nesting of interrupt
requests. When an interrupt is acknowledged, the priority
logic masks off all priority levels except those with equal
or higher priority.

Vector Generation in the iRMX 86 Mode

Vector generation in iRMX mode is exactly like that of a
MBL 8259A slave. The interrupt controller generates an
8-bit vector which the CPU muitiplies by four and uses as
an address into a vector table. The significant five bits of
the vector are user-programmable while the lower three
bits are generated by the priority logic. These bits represent
the encoding of the priority level requesting service. The
significant five bits of the vector are programmed by
writing to the interrupt Vector register at offset 20H.

Specific End-of-Interrupt

In iRMX mode the specific EOl command operates to re-
set 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.

Interruput Controller Registers in the iRMX 86 Mode

All control and command registers are located inside the
internal peripheral control block. Fig. 33 shows the offsets
of these registers.

® End-of-Interrupt Register

The end-of-interrupt register is a command register which
can only be written. The format of this register is shown in
Fig. 34. It initiates an EOQl command when written by the
MBL 80186 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 internal interrupt sources.
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The format for this register is shown in Fig. 35. Bit posi- MSK: Mask bit for the priority level indicated by PRx
tions 2 and 3 correspond to the DMA channels; positions bits.

0, 4, and 5 correspond to the integral timers. The source's

IS bit is set when the processor acknowledges its interrupt Fig. 33 — INTERRUPT CONTROLLER REGISTERS
request. (iIRMX MODE)

OFFSET
® Interrupt Request Register ) ) LEVEL 5 CONTROL REGISTER Ak
This register indicates which internal peripherals have inter- (TIMER 2)

.rupt. requests pe.ndmg. The format. of this register is shown LEVEL 4 CONTROL REGISTER 281
in Fig. 35. The interrupt request bits are set when a request (TIMER 1)
arrives from an internal source, and are reset when the LEVEL 3 CONTROL REGISTER 36H
processor acknowledges the request. (DMA 1)
. LEVEL 2 CONTROL REGISTER 34H
® Mask Register (DMA 0)
This register conta.lns a. mas!< bit for .eacI‘1 interrupt sou.rc.e. LEVEL 0 CONTROL REGISTER a2m
The format for this register is shown in Fig. 35. If the bit in (TIMER 0)
this reg|s‘ter corresponding to a partnculf-xr interrupt source is INTERRUPT STATUS REGISTER 30H
set, any interrupts from that source will be masked. These
mask bits are exactly the same bits which are used in the INTERRUPT REQUEST REGISTER 2EH
individual control registers, i.e., changing the state of a IN-SERVICE REGISTER 2CH
mask b!t f" this .reg‘ls.ter WI.“ also change the s?ate of the PRIORITY-LEVEL MASK REGISTER 2AH
mask bit in the individual interrupt control register corre-
sponding to the bit. MASK REGISTER 28H
SPECIFIC EOI REGISTER 22H
° isters
Contro! Regist N INTERRUPT VECTOR REGISTER 20H
These registers are the control words for all the internal
interrupt sources. The format of these registers is shown in

Fig. 36. 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.

® Interrupt Vector Register

This register provides the upper five bits of the interrupt
vector address. The format of this register is shown in Fig.
37. 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:

tx: 5-bit field indicating the upper five bits of the

vector address.

Fig. 34 — SPECIFIC EOI REGISTER FORMAT
15 ’14 13 8 7 6 5 4 3 2 1 0
0 [ 0 . 0 0 0 0 0 0 L2 L1 Lo
Fig. 35 — IN-SERVICE, INTERRUPT REQUEST, AND MASK REGISTER FORMATS ,
15 14 13 8 7 6 5 4 3 2 1 0 \
0 0 0 0 0 0 |TMR2TMR1 D1 DO 0 |TMRO
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® 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 mask-
ed.

® |Interrupt Status Register

This register is defined exactly as in Non-iRMX Mode. (See
Fig. 26.)

(T

MBL
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MBL 80186-6

Interrupt Controller and Reset

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

All SFNM bits reset to 0, implying Fully Nested Mode.
All PR bits in the various control registers set to 1. This
places all sources at lowest priority (level 111).

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

All Interrupt Service bits reset to 0.

All Interrupt Request bits reset to 0.

All MSK (Interrupt Mask) bits set to 1 (mask).

All C (Cascade) bits reset to 0 (non-cascade).

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

Initialized to non-iRMX 86 mode.

Fig. 36 — CONTROL WORD FORMAT
15 14 13 8 7 6 5 4 3 2 1 0
0 0 0 0 0] 0 0 0 MSK | PR2 | PR1 | PRO
Fig. 37 — INTERRUPT VECTOR REGISTER FORMAT
15 14 13 8 7 6 5 4 3 2 1 0
0 0 0 0 4 t3 t2 t1 t0 0 0 0
Fig. 38 — PRIORITY LEVEL MASK REGISTER FORMAT
15 14 13 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 m2 | mi m0

1-124

L



A

FUJITSU MBL 80186
MM - MBL 80186-6
Fig. 39 — TYPICAL MBL 80186 COMPUTER
16 MHz
i
Vee X1 X2
V[
I L ADDRESS RESET
eser s MBL 8282 OR iESE
I
MBL 80186
RD|
WR 1
PROGRAM
—T]——:> RAM
MCS0-3 >
BHE ’
SRDY +5V
ARDY j
NMI—
HOLD}—
L - LOW RAM
LCS
TMRIN O +5V {}
TMR OUT 0 !
CLOCK
MBL 8286 OR ]EI
287 D0-D7 <—>
] :J‘>TRANSCEIVER > &2/
DEN —,__D_ i T OF SERIAL TERMINAL
DT/R|— 1o
PCS0
Al
A2
INTO |
DISK
INTERFACE K> DISK
INT1 HARDWARE @ _
PCSa
DRQO
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Fig. 40 — TYPICAL MBL 80186 MULTI-MASTER BUS INTERFACE

16 MHz
e N
cC X1 X —
Ucs s
RD RESET
rom KT
RESET RES
MBL 8282 OR
> 823
I LATCH
STB OF
L)
J LOW
ALE - o5 RAM
ALE s
Lcs
BHE
" 75
MBL 8282 OR ADDRESS
AD0-AD19 [ 8283 > %us
LATCH
sTB__OE |
MBL 80186 L3
Ml MBL 8286 OR
HOLD 8087 : > DATA BUS

TRANSCEIVER

DT/R
DEN
cLKouT oLk o
ALE g2gg
= = 50-52 BUS BUS. CONTROL
S0-S2 CONTROLLEF COMMANDS
| CEN
10B___AEN
L

——
S0-52, AEN
50-52),

Bl
8289
cLK BUS MULTIBUS
ARBITER
P 5°é3 $YSB/RESE S Rnsiaamion
PCS1 108
TGCR TOCR REsB|L—
N

5v
SRDY|—— GND
ARDY
| °<‘f IXACK

MULTI-
MASTER
SYSTEM
BUS
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature under Bias
Storage Temperature . . . .. ........
Voltage on Any Pin with

Respect to Ground

Power Dissipation . .. .. ....... ... ... .....

*NOTE:

D.C. CHARACTERISTICS (V¢ =5V £10%, To = 0°to 70°C)
Applicable to MBL 80186 (8 MHz) and MBL 80186-6 (6 MHz)

Permanent device damage may occur if ABSO-
LUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to the
conditions as detailed in the operational sections
of this data sheet. Exposure to absolute maxi-
mum rating conditions for extended periods may
affect device reliability.

Symbol Parameter Min. Max Units Test Conditions
ViL Input Low Voltage 0.5 +0.8 \
Vin :;Tlu etx'i;gpht X (RES)) 20 Vect0s v
Vi Input High Voltage (RES) 3.0 Vec+05 v
VoL Output Low Voltage 0.45 v :gt 25(5) :2 :2: asl(l)-:fher outputs
Vou Output High Voltage 2.4 \ loH = —400 uA
lec Power Supply Current ﬂ mA Max measured at h—j—o-os—
450 Ta=70°C
[I'] Input Leakage Current 10 HA 0V <V|n <Vce
ILo Output Leakage Current +10 uA 0.45V < VouyT < Vcc
Vel Clock Input Low Voltage -0.5 0.6 \
VeHI Clock Input High Voltage 3.9 Veet1.0 \
VerLo Clock Output Low Voltage 0.6 loL=4.0mA
VcHo Clock Output High Voltage 4.0 lon =-200 uA
Cin Input Capacitance 10 pF
Cio 1/0 Capacitance 20 pF

A.C. CHARACTERISTICS (Vcc =5V £10%, Ta = 0° to 70°C)

MBL 80186 Timing Requirements All timings Measured At 1.5 Volts Unless Otherwise Noted.
Applicable to MBL 80186 (8 MHz) and MBL 80186-6 (6 MHz)

Symbol Parameter Min. Max. Units Test Conditions
TDVCL Data in Setup Time (A/D) 20 ns
TCLDX Data in Hold Time (A/D) 10 ns
TARYHCH | (T mets Setup Time 20 ns
TARYLCL AREADY Inactive Setup Time 35 ns
TCHARYX AREADY Hold Time 15 ns
TARYCHL Asynch_ronous Ready Inactive 15 ns

Hold Time
TSRYCL 2’;2:;':{0)”;22:?];" Setup Time 20 ns
TCLSRY SREADY Transition Hold Time 15 ns
THVCL HOLD Setup Time* 25 ns
TINVCH INTR, NMI, TEST, TIMERIN,

Setup Time* 25 ns
TINVCL DRQO, DRQ1, Setup Time* 25 ns

* To guarantee recognition at next clock.
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A.C. CHARACTERISTICS (Continued)
MBL 80186 Master Interface Timing Responses

MBL 80186 (8 MHz) MBL 80186-6 (6 MHz)
Symbol P: Units Test Conditions
Min. Max. Min. Max.
TCLAV | Address Valid Delay 5 55 5 63 ns :‘I-:z?p'ﬁfsop':
TCLAX Address Hold Time 10 10 ns
TCLAZ Address Float Delay TCLAX 35 TCLAX 44 ns
TCHCZ Command Lines Float Delay 45 56 ns
TCHCV f:a(:;\:n:'r;c:tl;ines Valid Delay 55 76 ns
TLHLL ALE Width TCLCL-35 TCLCL-35 ns
TCHLH ALE Active Delay 35 44 ns
TCHLL ALE Inactive Delay 35 44 ns
TLLAX | fpddress Hold Time to ALE TCHCL-25 TCHCL-30 ns
TCLDV Data Valid Delay 10 44 10 55 ns
TCLDOX Data Hold Time 10 10 ns
TWHDX Data Hold Time after WR TCLCL-40 TCLCL-50 ns
TCVCTV Control Active Delay 1 10 70 10 87 ns
TCHCTV Control Active Delay 2 10 55 10 76 ns
TCVCTX Control Inactive Delay 5 55 5 76 ns
TCVDEX ?NEO':']_:I'\;?& :"gy[:e' ;’y 10 70 10 87 ns
TAZRL Address Float to RD Active 0 0 ns
TCLRL RD Active Delay 10 70 10 87 " ns
TCLRH RD Inactive Delay 10 55 10 76 ns
TRHAV RD Inactive to Address Active TCLCL-40 TCLCL-50 ns
TCLHAV HLDA Valid Delay 5 50 5 67 ns
TRLRH RD Width 2TCLCL-50 2TCLCL-50 ns
TWLWH WR Width 2TCLCL-40 2TCLCL-40 ns
TAVAL Address Valid to ALE Low | TCLCH-25 TCLCH-45 ns
TCHSV Status Active Delay 10 55 10 76 ns
TCLSH Status Inactive Delay 10 65 10 76 ns
TCLTMV | Timer Output Delay 60 75 ns 100 pF max
TCLRO Reset Delay 60 75 ns
TCHQSV | Queue Status Dealy 35 44 ns
TCHDX Status Hold Time 10 10 ns
TAVCH Address Valid to Clock High 10 10 ns
MBL 80186 Chip-Select Timing Responses
MBL 80186 (8 MHz) MBL 80186-6 (6 MHz)
Symbol Parameter Units Test Conditions
Min. Max. Min. Max.
TCLCSV Chip-Select Active Delay 66 80 ns
TCXCSX Chip-Select Holcf Time from 35 35 ns
Command Inactive
TCHCSX Chip-Select Inactive Delay 5 35 5 47 ns
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A.C. CHARACTERISTICS (Continued)

MBL 80186 CLKIN Timing Requirements

MBL 80186 (8 MHz) MBL 80186-6 (6 MHz)
Symbol Parameter Units Test Conditions
Min, Max. Min. Max.
TCKIN CLKIN Period 62.5 250 83 250 ns
TCKHL CLKIN Fall Time 10 10 ns 35Vto10V
TCKLH CLKIN Rise Time 10 10 ns 1.0Vto35V
TCLCK CLKIN Low Time 25 33 ns 15V
TCHCK CLKIN High Time 25 33 ns 15V

MBL 80186 CLKOUT Timing Responses (200 pF load)

Symbol Parameter MBL 80186 (8 MHz) MBL 80186-6 (6 MHz) Units Test Conditions
Min. Max. Min. Max,
TCICcO CLKIN to CLKOUT Skew 50 62.5 ns ‘
TCLCL CLKOUT Period 125 500 167 500 ns
TCLCH CLKOUT Low Time %TCLCL-7.5 %TCLCL-7.5 ns 15V
TCHCL CLKOUT High Time %TCLCL-7.5 %TCLCL-7.5 ns 1.5V ‘
TCH1CH2 | CLKOUT Rise Time 15 15 ns 1.0Vto35V
TCL2CL1 | CLKOUT Fall Time 15 15 ns 35Vto1.0V
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WAVEFORMS
MAJOR CYCLE TIMING
T T2 T Tw Ta
TCHICH2
le——TeLoL —d H TCL2CL1
% \
axor XX £X 1 J: Y/
7| Tchsv ' ' (NOTE 3)*57reh
Vo TCHCL TCLSH
$2-50 X —————
\
X( | W .
TCLDV TCHCZ
TCLAV
BHE/ - ToLAX NOTE 1
BHE/S7, STE AT _
A19/S6-A16/S3 BHE/ATS 16 7S
[TLaLL TL!JXI —————
ALE XK 4 I
TCHLH TAVAL
TCLDV TCLAZ
TCLAV == TCLAX TCLDOX
AD15-AD0 )( A15-A0 DATA OUT
1 1
WRITE CYCLE TAVCH TeveTv —TWHDX NOTE 1
| ITLLAX TCVCTX
DEN
D, INTA, Teverv =T — -—
DT/R=Voy * 7g—
W TCVCTX |l
TDVCL
_-‘\] TCLAZ TCLDX
—
AD15-ADO / TonT POINTER) ) FLOAT  \eo
INTA CYCLE | TCHCTV TCHCTV
DT/R
TeveTv / >
RD,WR = Vo INTA NOQTE 2 }‘
BHE=Vo,_ TCVETY — TCVDEX ||
DEN Y
~
s L L
TV e 2
SOFTWARE HALT-DT/R = Vo,
RD, WR, INTA, DEN = Vou INVALID ADDRESS
PCST TCLAV TCHCSX
™MCS
Les1 ~——Y TcLcsv TCXCSX |
Ucs
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WAVEFORMS (Continued)

MAJOR CYCLE TIMING (Continued)

T T2 TCH1CH2 T4
~——TCLCL TCL2CL1
VeH
CLK OUT 7£ S( jl N K 7[ \
VoL TCHCL | ToLen
TCLSH =— (NOTE 3)
§2-50
TCHsV [ N\ % TCHDX
TCLAV eev TCLAX
BHE/S7, A19/S6—A16/S3 BHE A19-A16 )( §7-83
| TLHLL
ALE —\ TLLAX /—-—
— TAVAL /.
TCHLH
TCHLL
TLLAX
TCLDX
TCLAV TAVAL TCLAZ VTDVCL
F
AD15—ADO A15—A0| FLOAT/'\ DATA IN LOAT
READ CYCLE TAVCH TAZRL TCLRH TRHAV
RD
TCHCTV  TCLRL t TRLRH —= TCHCTV
DT/R
WR, INTA
~Von TCHCTV —= TCVDEX —
DEN
- \
FTS, TCHCSX
MCS ———eeeeeed
LCs, ——1‘(——TCLCSV | TCXCSX
Ucs
NOTES:

1. Following a Write cycle, the Local Bus is floated by the MBL 80186 only when the MBL 80186 enters a “‘Hold Acknowledge’’ state.
2, INTA occurs one clock later in iRMX-mode

3. Status inactive just prior to T4.
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CLKOUT \

[

TCLAV

CLKOUT —\——/

TINVCH

.....

e

DRQO,

DRQ1

YT

TINVCL

NMI,
TEST,
INTO-3
TIMERIN

CLKOUT

Qso, as1
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WAVEFORMS (Continued)

HOLD-HLDA TIMING

| T2 T3 T2 ‘
CLKOUT
TARYHCH — '——TCHARYx
))
[
ARDY ’
—= |=TARYCHL —
TARYLCL f—
ARDY
CLKOUT _\—/—-\\—/—_\ / \
—TSRYCL — TCLSRY
SRDY
Ta T,
ava RN
CLK L ,,_/
THVCL =— THVCL
HOLD
— TCLHAV TCLHAV
HLDA o ’
—= TCLAV
- TCLAZ
AD15—ADO, .. . - ~——"\ f—
MBL 80186 )-——/ -+ MBL 80186
DEN .- .. L / N—
— TCHCZ TCHCV —=|
A19/S6—A16/S3, =1 + = .. - -
RD,WR, MBL 80186 )-—-)——)———( MBL 80186
'——' —————————————— @ w— ya ———
BHE, : <
DT/R,
§2-50

1-133




[T
MBL 80186 FUJITSU

MBL 80186 6 MR
WAVEFORMS (Continued)
TIMER ON MBL 80186
TCKIN j=TCLCK-=
CLKIN
TCKHL TCKLH |~ TCHCK
TCH1CH2 TCH2CH1
CLKOUT TCICO —— TCLCH TCHCL
TCLCL
/
_ N
TINVCH
TIMERIN TCLTMV
TIMEROUT I 2-6 CLOCKS 4

MBL 80186 INSTRUCTION TIMINGS

® No wait states or bus HOLDS occur.
® All word-data is located on even-address boundaries.

The following instruction timings represent the minimum
execution time in clock cycles for each instruction. The
timings given are based on the following assumptions:

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 reference can

® The opcode, along with any data or displacement require one (and in some cases, two) additional clocks
required for execution of a particular instruction, has above the minimum timings shown. This is due to the
been prefetched and resides in the queue at the time it asynchronous nature of the handshake between the BIU
is needed.

and the Execution unit.
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INSTRUCTION SET SUMMARY

Clock

POP = Pop:
Memory
Register
Segment register

XCHG = Exchange:
Register/memory with register
Register with accumulator

IN = Input from:
Fixed port
Variable port

OUT = Output to:
Fixed port
Variable port

XLAT = Translate byte to AL
LEA = Load EA to register
LDS = Load pointer to DS
LES = Load pointer to ES
LAHF = Load AH with flags

SAHF = Store AH into flags
PUSHF = Push flags

POPF = Pop flags

SEGMENT = Segment Override:
cs

Ss

DS

ES

FUNCTION FORMAT Comments
Cycles

DATA TRANSFER

MOV = Move:

Register to register/memory [1000100w ] modreg r/m 2/12

Register/memory to register [1000101w] modreg r/m 2/9

Immediate to register/memory [171700011w ] mod000 r/m data [ dataifw=1 ] 12-13 8/16-bit

Immediate to register [101 1w reg data dataif w=1 3-4 8/16-bit

Memory to accumulator 1010000w addr-low addr-high 9

Accumulator to memory 1010001w addr-low addr-high 8

Register/memory to segment register 10001110 mod O reg r/m 2/9

Segment register to register/memory [10001100 mod O reg r/m 2/11

PUSH = Push:

Memory [11111111 [ mod 110 r/m ] 16

Register 10

Segment register 9

[10001111]

mod 000 r/m |

20

01011 reg
000vreg111

(reg #0

10
1) 8

[1000011w][ modreg r/m | 4/17
10010 reg 3
[1110010w] port 10

1110110w 8
[T770011w] port | 9
7
1
[10001101 [ modreg r/m 6

171000101 | modreg r/m | (mod #11) 18
11000100 [ modreg r/m | (mod #11) 18
10011111 2
3
9
8
2
2
2
2

Shaded areas indicate instructions not available in MBL 8086, 88 microsystems.
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INSTRUCTION SET SUMMARY (Continued)
FUNCTION FORMAT Clock Comments
Cycles
ARTHMETIC
ADD = Add:
Reg/memory with register to either 000000dw | modreg r/m 3/10
Immediate to register/memory 100000 sw | mode 000 r/m data [ dataif sw=01 ] 4/16
Immediate to accumulator 0000010w data dataifw=1] 3/4 8/16-bit
ADC = Add with carry:
Reg/memory with register to either [000100dw [ modreg r/m 3/10
Immediate to register/memory [100000sw [ mod010 r/m data [ dataifsw=01 | 4/16
Immediate to accumulator [0001010w data dataifw=1] 3/4 8/16-bit
INC = Increment:
Register/memory [11111171w [ mod000 r/m ] 3/15
Register 01000 reg 3
SUB = Subtract:
Reg/memory and register to either [001010dw [ modreg r/m | 3/10
Immediate from register/memory [100000sw | mod 101 r/m | data [ dataif sw=01 ] 4/16
Immediate from accumulator f0o010110w | data [dataifw=1] 3/4 8/16-bit
SBB = Subtract with borrow:
Reg/memory and register to either 000110dw | modreg r/m 3/10
Immediate from register/memory 100000sw | mod 011 r/m data | dataifsw=01 | 4/16
Immediate from accumulator 0001110w data dataifw=1] 3/4 8/16-bit
DEC = Decrement:
Register/memory [T1111717 17w [ mod 001 r/m | 3/15
Register 01001 reg 3
CMP = Compare:
Register/memory with register 0011101w | modreg r/m 3/10
Register with register/memory 0011100w | modreg r/m 3/10
Immediate with register/memory 1700000sw | mod 111 r/m data | dataifsw=01 | 3/10
Immediate with accumulator 0011110w data [dataifw=1] 3/4 8/16-bit
NEG = Change sign 17111011w | mod 011 r/m ] 3
AAA = ASCII adjust for add 00110111 8
DAA = Decimal adjust for add 00100111 4
AAS = ASCII adjust for subtract 00111111 7
DAS = Decimal adjust for subtract 00101111 4
MUL = Muitiply (unsigned): [1111011w [ mod 100 r/m |
Register-Byte 26-28
Register-Word 35-37
Memory-Byte 32-34
Memory-Word 41-43
IMUL = Integer multiply (signed): (11711071 1w [ mod 101 /m |
Register-Byte 25-28
Register-Word 34-37
Memory-Byte 31-34
Memory-Word 40-43

DIV = Divide (unsigned):
Register-Byte
Register-Word
Memory-Byte
Memory-Word

[1171701 1w [ mod 110 r/m_|

29
38
35
44

Shaded areas indicate instructions not available in MBL 8086, 88 microsystems.
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INSTRUCTION SET SUMMARY (Continued)

FUNCTION FORMAT Clock Comments
Cycles
ARITHMETIC (Continued)
IDIV = Integer divide (signed): 111101 1w [ mod 111 r/m ]
Register-Byte 44-52
Register-Word 53-61
Memory-Byte 50-58
Memory-Word 59-67
AAM = ASCI| adjust for multiply [T1010100 00001010 19
AAD = ASCI! adjust for divide 11010101 00001010 15
CBW = Convert byte to word 10011000 2
CWD = Convert word to double word (10011001 4
LOGIC
Shift/Rotate instructions:
Register/memory by 1 1101000w | mod TTT r/m 2/15
Register/memory by CL 1101001w | mod TTT r/m 5+n/174n
| Reaister/memory by coun [1100000w [ modTTT e/m | L Staliten )
TTT Instruction
000 ROL
001 ROR
010 RCL
011 RCR
100 SHL/SAL
101 SHR
111 SAR
AND = And:
Reg/memory and register to either [001000dw | modreg r/m | 3/10
Immediate to register/memory [T0O00000w | mod 100 r/m | data [dataifw=1] 4/16
Immediate to accumulator [0010010w data [dataifw=1] 3/4 8/16-bit
TEST = And function to flags, no result:
Register/memory and register [Too0010w | modreg r/m 3/10
Immediate data and registeymemory [111101 1w | mod 000 r/m data [dataifw=1] 4/10
Immediate data and accumulator [fo10100w data dataifw=1 | 3/4 8/16-bit
OR =Or:
Reg/memory and register to either [000010dw [ modreg r/im | 3/10
Immediate to register/memory [1000000w | mod 001 r/m | data [ dataifw=1] 4/16
Immediate to accumulator [0oo001T10w data [dataifw=1] 3/4 8/16-bit
XOR = Exclusive or:
Reg/memory and register to either [001100dw [ modreg rim | 3/10
Immediate to register/memory [T000000w | mod 110 r/m | data [dataifw=1] 4/16
Immediate to accumulator [o11010w | data [dataifw=1 | 3/4 8/16-bit
NOT = Invert register/memory 1171101 1w [ mod010 r/m ] 3
STRING MANIPULATION
MOVS = Move byte/word 14
CMPS = Compare byte/word 1010011w 22
SCAS = Scan byte/word 15
LODS = Load byte/wd to AL/AX 12
STOS = Stor byte/wd from AL/A

Shaded areas indicate instructions not available in MBL 8086, 88 microsystems.
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WA
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=

CONTROL TRANSFER
CALL =Call:

Direct within segment [11101000 [ disp-low [ disp-high |

Register/memory indirect

within segment 11111111 [ mod 010 r/m |

Direct intersegment [1o011010 [ segment offset ]
| segment selector ]

Indirect intersegment (17111111 [ mod011 _r/m | (mod #11)

JMP = Unconditional jump:

Short/long [T1101011 ] disp-low |

Direct within segment [117701001 ] disp-low [ disp-high ]

Register/memory indirect [1T771717111 | mod 100 r/m |

within segment

Direct intersegment [1T7701010 ] segment offset ]
{ segment selector ]

Indirect intersegment [A1T1117111 [ mod 101 r/m ] (mod #11)

RET = Return from CALL:

Within segment 11000011

Within seg adding immed to SP | 11000010 | data-low [ data-high |

Intersegment 11001011

Intersegment adding immediate to SP [11001010 | data-low [  data-high ]

FUNCTION FORMAT Comments
Cycles

STRING MANIPULATION (Continued):

Repeated by count in CX

MOVS = Move string [117110010 [1010010w] 8 +8n

CMPS = Compare string [T1711001z [ 1010011w] 5+ 22n

SCAS = Scan string [M711001z T1010111w] 5+ 15n

LODS = Load string (111710010 [1010110w] 6+11n

STOS = Store string [1177170010 1010101 w] 6 +9n

13/19
23

38

14
14
11/17

14

26

16
18
22
25

Shaded areas indicate instructions not available in MBL 8086, 88 microsystems.
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INSTRUCTION SET SUMMARY (Continued)

INT = Interrupt:

Type specified

Type 3

INTO = Interrupt on overflow

IRET = Interrupt return

[fiooi1101 ]

11001100

11001111

FUNCTION FORMAT g;:::eks Comments
CONTROL TRANSFER (Continued):
JE/JZ = Jump on equal/zero [01110100 ] disp ] 4/13 JMP not
= . taken/JMP
JL/INGE ':)l:"e‘gu:\’lj less/not greater &1 111700 | disp J 413 aken
JLE/JING = Jump on less or =
equal/not greater 01111110 disp 4/13
JB/INAE = Jump on below/not -
above or equal [01110010 ] disp | 4/13
JBE/JNA = Jump on below or -
equal/not above LO 111011 ﬂ— disp l 4/13
JP/JPE = Jump on parity/parityeven [01111010 disp 4/13
JO = Jump on overflow [01110000 disp 4/13
JS = Jump on sign [01111000 disp 4/13
JNE/JNZ = Jump on not equal/not "
Zoro [01110101 ] disp___ | 413
JNL/JGE = Jump on not less/greater =
or equal [011711101 ] disp ] 4/13
JNLE/JG = Jump on not less or "
equal/greater o111 ] disp | 4/13
JNB/JAE = Jump on not below/ -
above or equal [017110011 ] disp ] 4/13
JNBE/JA = Jump on not below or :
equal fabove [0 1110111 L disp 4‘ 4/13
JNP/JPO = Jump on not par/par odd 01111011 disp 4/13
JNO = Jump on not overflow 01110001 disp 4/13
JNS = Jump on not sign 01111001 disp 4/13
JCXZ = Jump on CX zero [T171700011 disp 5/15
LOOP = Loop CX times [1T1100010 disp 6/16 LooP
LOOPZ/LOOPE = Loop while - not
zero/equal IL1 100001 I disp I 6/16 takig'/(le_r(‘)OP
LOOPNZ/LOOPNE = Loop while -
not zero/equal [17100000 ] disp J 6/16

if INT.taken/

if INT. not
taken

Shaded areas indicate instructions not available in MBL 8086, 88 microsystems.
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FUNCTION FORMAT Clock Comments
Cycles

PROCESSOR CONTROL

CLC = Clear carry 2

CMC = Complement carry 2

STC = Set carry 2

CLD = Clear direction 2

STD = Set direction 2

CLI = Clear interrupt 2

STI = Set interrupt 2

HLT = Halt 11110100 2

WAIT = Wait 10011011 6 if test=0
LOCK = Bus lock prefix 11110000 2

ESC = Processor extension escape [11011TTT [ modLLL r/nﬂ 6

(TTT LLL are opcode to processor extension)

Shaded areas indicate instructions not available in MBL 8086, 88 microsystems.
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FOOTNOTES

The Effective Address (EA) of the memory operand is com- REG is assigned according to the following table:
puted according to the mod and r/m fields:

16-Bit (w = 1) 8-Bit (w=0)
if mod = 11 then r/m is treated as a REG field

- - _ 0 o4 S 000 AX 000 AL
;ferr:od =00 then DISP = 0%, disp-low and disp-high are ab- 001 CX 001 CL
if mod = 01 then DISP = disp-low sign-extended to 16-bits, 010 DX 010DL
disp-high is absent 011 BX 011 BL
. _ e 100 SP 100 AH
if mod = 10 then DISP = disp-high: disp-low 101 BP 101 CH
110 Sl 110 DH
i = = + +
if r/m =000 then EA = (BX) + (SI) + DISP 111 DI 111 BH

if r/m =001 then EA = (BX) + (DI) + DISP
if r/m=010 then EA = (BP) + (SI) + DISP
if r/m =011 then EA = (BP) + (DI) + DISP
if r/m =100 then EA = (Sl) + DISP

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

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

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

The physical addresses of all operands addressed by the BP
register are computed using the SS segment register. The
physical addresses of the destination operands of the string
primitive operations (those addressed by the DI register)
are computed using the ES segment, which may not be
overridden.

A
|
|
|
\
\
i
|
|
|
|
|

DISP follows 2nd byte of instruction (before data if re-
quired) |

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

NOTE:

EA CALCULATION TIME IS 4 CLOCK CYCLES FOR ALL
MODES, AND IS INCLUDED IN THE EXECUTION TIMES
GIVEN WHENEVER APPROPRIATE.

SEGMENT OVERRIDE PREFIX

001reg110

reg is assigned according to the following:

Segment
reg Register
00 ES
01 Ccs
10 SS
1" DS
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PACKAGE ILLUSTRATION

CERAMIC LCC
(METAL SEAL)

PACKAGE DIMENSIONS (Suffix -CV)

68-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER
(CASE No.: LCC-68C-A01)

INDEX AREA 670(17.02)5Q .050(1.27) €.040(1.02)
Tve oTve T
% z=l 1
N é:
=]
~N —
— E—  .792(20.12) 842(21.39)
_—/— \% :808(20.52) :858(21.79)
| \
L~ ]
— Sh
= NT T i
.036(0.91) . -
940(23.88) TYp —d| |<-08001.52) 842(21.39)
960(24.38) TYP 858(21.79)
| .110(2.79)
MAX
©1985 FUJITSU C68001S-1C Dimensions in

inches (millimeters)
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PACKAGE ILLUSTRATION

CERAMIC PGA
(METAL SEAL)

PACKAGE DIMENSION (Suffix -CR)

.050(1.27)DIATYP

68-LEAD CERAMIC (METAL SEAL)

REPEATED QUAD IN-L

INE PACKAGE

(CASE No.: RIT-68C-A01)

.090(2.29)

°
°

©o o o o o

© 06 o o o o o
o

© o o o o o o o

© 0o o o 0 o o o

° ‘ =

.110(2.79) .122(3.10)
— F

.099(2.49)

o =
; =

+ ]
1.000(25.40)
REF

o .015(0.38) | |
020(0.51)0'A
—]

[——=

|

1 O

1.135(28.83)

1.165(29.59) 2

©1985 FUJITSU R68001S-2C

MAX

‘083(2.11;:1‘

045(1.14)
™ 055(1.40) INDEX AREA

.100(2.54)
.120(3.05)

.185(4.70)
MAX

Dimensions in
inches (millimeters)
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MICROPROCESSOR MBL 8086-1

February 1985
Edition 4.0

NMOS 16-BIT MICROPROCESSOR

The Fujitsu MBL8086 high performance 16-bit CPU is available in three clock rates: 5, 8 and 10 MHz. The CPU is
implemented in N-Channel, depletion load, silicon gate technology, and packaged in a 40-pin ceramic or plastic DIP.
The MBL 8086 operates in both single processor and multiple processor configurations to achieve high performance

levels.
® Direct Addressing Capability of 1 MByte ® 8 and 16-Bit Signed and Unsigned
of Memory Arithmetic in Binary or Decimal

Including Multiply and Divide
® Architecture Designed for Powerful 9 it

Efficient High ® Range of Clock Rates:
ﬁ:?,irlntx;,aar;%‘;?ge and Efficient Hig 5 MHz for MBL 8086,
8 MHz for MBL 8086-2,
® 14 Word by 16-Bit Begister Set with 10 MHz for MBL 8086-1
Symmetrical Operations ® MULTIBUS* System Compatible
® 24 Operand Addressing Modes Interface
e Bit, Byte, Word, and Block Operations ® 40-Pin DIP:

Ceramic DIP (Suffix: -C)
Plastic DIP (Suffix: -P)

Fig. 1 — BLOCK DIAGRAM Fig. 2— PIN CONFIGURATIONS
EXECUTION UNIT BUS INTERFACE UNIT
[ 1 [ RELOCATION | MAX MIN }
REGISTER FILE REGISTER FILE MODE MODE
A SEGMENTS \_J
POqur‘éaégg REGAIg.rr)TON GND[ 1 40 jVCC
INDE INSTRUC
(8 WORDS) POINTER AD1402 39[1AD15
(5 WORDS) AD13[]3 38[1A16/s3
AD12[]4 37[1A17/s4
AD11[5 36 [1A18/S5
BHEss, AD10(] 6 35[1A19/S6
16-BIT ALU _T)A,,,_/so ADO[ 7 34 IBHE/S7
A, Aosa 8 33[AMN/MX
FLAGS BUS “ﬁm AD,-AD AD7Q)9 32HRD
INTERFACE e AD6] 10 g’(')gg 31[ORQ/GTO (HOLD)
3 )iNTA,RD WR AD5[]11 30[QRQ/GT1 (HLDA)
o AD4[]12 29[OLOCK (WR)
3,)DT/RDEN.ALE AD3[]13 28152 (M/70)
J1 AD2[]14 27[3§1 (DT/R)
L : AD1} 15 26 [0S0 (DEN)
*,Nstiﬁljg;?m ADO[}16 25{10S0  (ALE)
QUEUE NMITY17 24[10Qs1 (INTA)
INTR[] 18 23[OTEST
R SN2 CcLK19 221 READY
INTR—] —=TocK GNDL 20 21 FIRESET
NM|——1
Ra/aT,, Cz:> CONTROL & TIMING 2 )0s,.as,
HOLD ——] 3 )5,5,5,
HLDA } :> ’
I READY —[_ ﬁ
CLK RESET MN/MX GND

Vee
*Trade Mark of Intel Corporation, USA

Portions Reprinted by permission of Intel Corporation
© Intel Corporation, 1983

1-144



WA pmBL 8086

FUJITSU  mpB) 8086-2
- MBL 8086-1

TABLE 1 — PIN DESCRIPTION

The following pin function descriptions are for MBL 8086 systems in either minimum or maximum mode. The “‘Local Bus’’ in
these descriptions is the direct multiplexed bus interface connection to the MBL 8086 (without regard to additional bus

buffers).
Symbol | Pin No. | Type Name and Function

AD;s5-AD, | 2-16,39 | 1/0 Address Data Bus: These lines constitute the time multiplexed memory/10 address (T;)
and data (T,, T3, Tw, T4) bus. A, is analogous to BHE for the lower byte of the data bus,
pins D;-Dy. It is LOW during T, when a byte is to be transferred on the lower portion of
the bus in memory or |I/O operations. Eight-bit oriented devices tied to the lower half
would normally use Ao to condition chip select functions. (See BHE.) These lines are
active HIGH and float to 3-state OFF during interrupt acknowledge and local bus ‘‘hold
acknowledge.”

A19/Se, 35-38 o Address/Status: During T, these are the four most

Ag/Ss, significant address lines for memory operations. During

A17/S4, 1/0 operations these lines are LOW. During memory and

A16/S3 1/O operations, status information is available on these AL,/S, | AL,/S, | Characteristics
lines during T,, T3, Tw, and T4. The status of the [ ow) ) Alternate Data
interrupt enable FLAG bit (Ss) is updated at the | o 1 Stack
beginning of each CLK cycle. A;;/S4 and A4/S; are | 1(HIGH) | 0 Code or None
encoded as shown. ; 0 1 Data
This information indicates which relocation register is (ﬂoliN)
presently being used for data accessing.

These lines float to 3-state OFF during local bus “hold
acknowledge.”

BHE/S, 34 (0] Bus High Enable/Status: During T, the bus high enable
signal (BH—E) should be used to enable data onto the
most significant half of the data bus, pins D;s-Dg.

Eight-bit oriented devices tied to the upper half of the | BHE | A, | Characteristics

bus would normally use BHE to condition chip select 0 0 | Whole word
functions. BHE is LOW during T, for read, write, and 0 1 Udzper byte from/to
interrupt acknowle@ge cyc!es when a byte is to be ; o ‘I’_OWZ‘:‘;'CT: from/to
transferred on the high portion of the bus. The S; status even address
information is available during T,, T3, and T4. The 1 1 | None

signal is active LOW, and floats of 3-state OFF in

“hold.” 1t is LOW during T; for the first interrupt

acknowledge cycle.

RD 32 (0] Read: Read strobe indicates that the processor is performing a memory or 1/0 read cycle,
depending on the state of the S, pin. This signal is used to read devices which reside on the
MBL 8086 local bus. RD is active LOW during T,, Ty and Ty of any read cycle, and is
guaranteed to remain HIGH in T, until the MBL 8086 local bus has fleated.

This signal floats to 3-state OFF in ““hold acknowledge.’

READY 22 I READY: is the acknowledgement from the addressed memory or 1/O device that it will
complete the data transfer. The READY signal from memory/IO is synchronized by the
MBL 8284A Clock Generator to form READY. This signal is active HIGH. The MBL 8086
READY input is not synchronized. Correct operation is not guaranteed if the setup and
hold times are not met.

INTR 18 ! Interrupt Request: is a level triggered input which is sampled during the last clock cycle of
each instruction to determine if the processor should enter into an interrupt acknowledge
operation. A subroutine is vectored to via an interrupt vector lookup table located in
system memory. It can be internally masked by software resetting the interrupt enable bit.
INTR is internally synchronized. This signal is active HIGH.

TEST 23 | TEST: Input is examined by the ““Wait" instruction. If the TEST input is LOW execution
continues, otherwise the processor waits in an “ldle’” state. This input is synchronized
internally during each clock cycle on the leading edge of CLK.
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TABLE 1 — PIN DESCRIPTION (Continued)

Symbol | Pin No. | Type Name and Function

NMI 17 | Non-maskable interrupt: an edge triggered input which causes a type 2 interrupt. A
subroutine is vectored to via an interrupt vector lookup table located in system memory.
NMI is not maskable internally by software. A transition from a LOW to HIGH initiates the
interrupt at the end of the current instruction. This input is internally synchronized.

RESET 21 | Reset: causes the processor to immediately terminate its present activity. The signal must
be active HIGH for at least four clock cycles. It restarts execution, as described in the
instruction Set description, when RESET returns LOW. RESET is internally synchrnoized.

CLK 19 | Clock: provides the basic timing for the processor and bus controller. 1t is asymmetric
with a 33% duty cycle to provide optimized internal timing.

Vee 40 Vee: +5V power supply pin.

GND 1,20 Ground

MN/MX 33 | Minimum/Maximum: indicates what mode the processor is to operate in. The two modes

are discussed in the following sections.

The following pin function descriptions are for the MBL 8086/8288 system in maximum mode (i.e., MN/MX = GND). Only the
pin functions which are unique to maximum mode are described; all other pin functions are as described above.

S,,51.5 26-28 (0] Status: active during T4, T,, and T, and is returned to — —
the passive state (1,1,1) during T3 or during Ty when S, Si| So| Characteristics
READY is HIGH. This status is used by the MBL 828g | O(LOW) | 0 | 0 TPt e
Bus Controller to generate all memory and I/O access | g ol 1 Rzag(z‘?’o Pg,t
control signals. Any change by S,, S;, or S, during T4 | o 1| 0| Write 1/O Port
is used to indicate the beginning of a bus cycle, and the 111 Halt
return to the passive state in T3 or Ty is used to | 1(HIGH)| 0 | 0 | Code Access
indicate the end of a bus cycle. ! 0| 1| ReadMemory

1 110 Write Memory

These signals float to 3-state OFF in “hold acknowl- | 1 1] 1 Passive
edge.” These status lines are encoded as shown.

RQ/GT,, |-30,31 1/0 Request/Grant: pins are used by other local bus masters to force the processor to release

RQ/GT, the local bus at the end of the processor’s current bus cycle. Each pin is bidirectional with

RQ/GT, having higher priority than RQ/GT,. RQ/GT has an internal pull-up resistor so
may be left unconnected. The request/grant sequence is as follows (see Figure 9):

1. A pulse of 1 CLK wide from another local bus master indicates a local bus request
(“*hold”) to the MBL 8086 (pulse 1).

2. During a T4 or T; clock cycle, a pulse 1 CLK wide from the MBL 8086 to the requesting
master (pulse 2), indicates that the MBL 8086 has allowed the local bus to float and
that it will enter the “hold acknowledge’’ state at the next CLK. The CPU'’s bus
interface unit is disconnected logically from the local bus during “hold acknowledge.’

3. A pulse 1 CLK wide from the requesting master indicates to the MBL 8086 (pulse 3)
that the “hold” request is about to end and that the MBL 8086 can reclaim the local
bus at the next CLK .

Each master-master exchange of the local bus is a sequence of 3 pulses. There must be one
dead CLK cycle after each bus exchange. Pulses are active LOW.

If the request is made while the CPU is performing a memory cycle, it will release the local
bus during T, of the cycle when all the following conditions are met:

1. Request occurs on or before T,.

2. Current cycle is not the low byte of a word (on an odd address).

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence.
4. A locked instruction is not currently executing.
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TABLE 1 — PIN DESCRIPTION (Continued)

Symbol | Pin No. | Type Name and Function

If the local bus is idle when the request is made the two possible events will follow:

1. Local bus will be released during the next clock.
2. A memory cycle will start within 3 clocks. Now the four rules for a currently active
memory cycle apply with condition number 1 already satisfied.

LOCK 29 (¢] LOCK: outpyt indicates that other system bus masters are not to gain control of the
system bus while LOCK is active LOW. The LOCK signal is activated by the “LOCK"
prefix instruction and remains active until the completion of the next instruction. This
signal is active LOW, and floats to 3-state OFF in ‘hold acknowledge.”

Qs,,0S, | 24,25 (¢] Queue Status: The queue status is valid during the Qs, QS,|  Characteristics

CLK cycle after which the queue operation is per- | O(LOW) [ O | No Operation
£ d o 1 First Byte of Op
ormed. Code from Queue

QS, and QS, provide status to allow external tracking | ; (HIGH) (1’ Sﬁ‘;g‘;:;‘ﬁt%'ﬁ‘f
of the internal MBL 8086 instruction queue. from Queue

The following pin function descriptions are for the MBL 8086 in minimum mode (i.e., MN/W=VCC). Only the pin functions
which are unique to minimum mode are described; all other pin functions are as described above.

M/l 28 (o] Status line: logically equivalent to S, in the maximum mode. It is used to distinguish a
memory access from an 1/0 access. M/10 becomes valid in the T, preceding a bus cycle and
remains valid until the final T, of the cycle (M=HIGH, T0=LOW). M/IO floats to 3-state
OFF in local bus “hold acknowledge.”

WR 29 [0} Write: indicates that the processor is performing a write memory or write 1/0 cycle,
depending on the state of the M/IO signal. WR is active for T,, T3 and Ty of any write
cycle. It is active LOW, and floats to 3-state OFF in local bus “hold acknowledge.”

INTA 24 (0] INTA is used as a read strobe for interrupt acknowledge cycles. It is active LOW during T,,
T3, and Ty of each interrupt acknowledge cycle.

ALE 25 (0] Address Latch Enable: provided by the processor to latch the address into the

MBL 8282/8283 address latch. It is a HIGH pulse active during T4 of any bus cycle. Note
that ALE is never floated.

DT/R 27 (0] Data Transmit/Receive: needed in minimum system that desires to use an MBL 8286/8287
data bus transceiver. It is used to control the direction of data flow through the transceiver.
Logically DT/R is equivalent to S; in the maximum mode, and its timing is the same as for
M/10. (T=HIGH, R=LOW). This signal floats to 3-state OFF in local bus “hold
acknowledge.”

26 (0] Date Enable: provided as an output enable for the MBL 8286/8287 in a minimum system
which uses the transceiver. DEN is active LOW during each memory and 1/0 access and for
INTA cycles. For a read or INTA cycle it is active from the middle of T, until the middle
of T4, while for a write cycle it is active from the beginning of T, until the middle of T4,
DEN floats to 3-state OFF in local bus “hold acknowledge.”’

HOLD, 31,30 | I/O HOLD: indicates that another master is requesting a local bus‘*hold.” To be acknowledged,
HLDA HOLD must be active HIGH. The processor receiving the “hold” request will issue HLDA
(HIGH) as an acknowledgement in the middle of a T4 or T, clock cycle. Simultaneous
with the issuance of HLDA the processor will float the local bus and control lines. After
HOLD is detected as being LOW, the processor will LOWer the HLDA, and when the
processor needs to run another cycle, it will again drive the local bus and control lines.

|»)
2

The same rules as for RQ/GT apply regarding when the local bus will be released.

HOLD is not an asynchronous input. External synchronization should be provided if the
system cannot otherwise guarantee the setup time.
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FUNCTIONAL DESCRIPTION

GENERAL OPERATION

The internal functions of the MBL 8086 processor are
partitioned logically into two processing units. The first is
the Bus Interface Unit (BIU) and the second is the
Execution Unit (EU) as shown in the block diagram of
Figure 1.

These units can interact directly but for the most part
perform as separate asynchronous operational processors.
The bus interface unit provides the functions related to
instruction fetching and queuing, operand fetch and store,
and address relocation. This unit also provides the basic
bus control. The overlap of instruction pre-fetching
provided by this unit serves to increase processor perform-
ance through improved bus bandwidth utilization. Up to 6
bytes of the instruction stream can be queued while
waiting for decoding and execution.

The instruction stream queuing mechanism allows the BIU
to keep the memory utilized very efficiently. Whenever
there is space for at least 2 bytes in the queue, the BIU
will attempt a word fetch memory cycle. This greatly
reduces ‘“dead time’’ on the memory bus. The queue acts
as a First-in-First- Out (FIFO) buffer, from which the EU
extracts instruction bytes as required. If the queue is
empty (following a branch instruction, for example), the
first byte into the queue immediately becomes available
to the EU.

The execution unit receives pre-fetched instructions from
the BIU queue and provides un-relocated operand ad-
dresses to the BIU. Memory operands are passed through
the BIU for processing by the EU, which passes results to
the BIU for storage. See the Instruction Set description
for further register set and architectural descriptions.

MEMORY ORGANIZATION

The processor provides a 20-bit address to memory which
locates the byte being referenced. The memory is organ-
ized as a linear array of up to 1 million bytes, addressed as
00000(H) to FFFFF(H). The memory is logically divided
into code, data, extra data, and stack segments of up to
64K bytes each, with each segment falling on 16-byte
boundaries. (See Figure 3a.)

MBL 8086
M

BL 8086-2
MBL 8086-1

All memory references are made relative to base addresses
contained in high speed segment registers. The segment
types were chosen based on the addressing needs of
programs. The segment register to be selected is automati-
cally chosen according to the rules of the following table.
All information in one segment type share the same
logical attributes (e.g. code or data). By structuring
memory into relocatable areas of similar characteristics
and by automatically selecting segment registers, programs
are shorter, faster, and more structured.

Word (16-bit) operands can be located on even or odd
address boundaries and are thus not constrained to even
boundaries as is the case in many 16-bit computers. For
address and data operands, the least significant byte of the
word is stored in the lower valued address location and
the most significant byte in the next higher address
location. The BIU automatically performs the proper
number of memory accesses, one if the word operand is
on an even byte boundary and two if it is on an.odd byte
boundary. Except for the performance penalty, this
double access is transparent to the software. This perform-
ance penalty does not occur for instruction fetches, only
word operands.

Physically, the memory is organized as a high bank
(Dys-Dg) and a low bank (D;-Do) of 512K 8-bit bytes
addressed in parallel by the processor’s address lines
Ajo-A;. Byte data with even addresses is transferred on
the D;-Dg bus lines while odd addressed byte data (Ao
HIGH) is transferred on the D;s-Dg bus lines. The
processor provides two enable signals, BHE and Ao, to
selectively allow reading from or writing into either an
odd byte location, even byte location, or both. The
instruction stream is fetched from memory as words and
is addressed internally by the processor to the byte level
as necessary.

In referencing word data the BIU requires one or two
memory cycles depending on whether or not the starting
byte of the word is on an even or odd address, respec-
tively. Consequently, in referencing word operands

Memory Segment Register .
Reference Need Used Segment Selection Rule

Instructions CODE (CS) Automatic with all instruction prefetch.

Stack STACK (SS) All stack pushes and pops. Memory references relative to BP base register
except data references.

Local Data DATA (DS) Data references when: relative to stack, destination of string operation,
or explicity overridden. N

External (Global) Data EXTRA (ES) Destination of string operations: Explicitly selected using a segment
override.
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performance can be optimized by

address references to the stack may N 3
adversely affect the context switching

locating data on even address bounda- Fig. 3a — MEMORY ORGANIZATION
ries. This is an especially useful tech-
nique for using the stack, since odd EFFFEH

time for interrupt processing or task 64 KB CODE SEGMENT
multiplexing.
Certain locations in memory are re- XXXX OH

n
7
a

served for specific CPU operations (see
Figure 3b). Locations from address
FFFFOH through FFFFFH are re-
served for operations including a jump +OFFSET
to the initial program loading routine.
Following RESET, the CPU will al- L
ways begin execution at location

H i . SEGMENT
FFFFOH where the jump must be REGISTER FILE

STACK SEGMENT

Locations 00000H through O03FFH - DATA SEGMENT
are reserved for interrupt operations. cs

Each of the 256 possible interrupt ;2

types has its service routine pointed to TS = S

by a 4-byte pointer element consisting
of a 16-bit segment address and a 16-
bit offset address. The pointer ele- EXTRA DATA SEGMENT
ments are assumed to have been stored
at the respective places in reserved R
memory prior to occurrence of inter- T 00000H
rupts.

MINIMUM AND MAXIMUM MODE

The requirements for supporting
minimum and maximum MBL 8086
systems are sufficiently different that
they cannot be done efficiently with RESET BOOTSTRAP
40 uniquely defined pins. Consequent- PROGRAM JumP
ly, the MBL 8086 is equipped with a FFFFOH
strap pin (MN/MX) which defines the
system configuration. The definition
of a certain subset of the pins changes
dependent on the condition of the
strap pin. When the MN/MX .pin is 3FFH
strapped to GND, the MBL 8086 INTERRUPT POINTER
treats pins 24 through 31 in maximum FOR TYPE 255
mode. An MBL 8288 bus controller
interprets status information coded
into Sp, S;, S, to generate bus timing
and control signals compatible with
the MULTIBUS™ architecture. When INTERRUPT POINTER
the MN/MX pin is strapped to Vcc. FOR TYPE 1

the MBL 8086 generates bus control 4H
N s o 3H
signals itself on pins 24 through 31, as INTERRUPT POINTER
shown in parentheses in Figure 2. FOR TYPE 0
Examples of minimum mode and OH
maximum mode systems are shown in
Figure 4.

Fig. 3b — RESERVED MEMORY LOCATIONS

FFFFFH

3FCH
)
= . =

7H
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Fig. 4a — MINIMUM MODE MBL 8086 TYPICAL CONFIGURATION EXAMPLE
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BUS OPERATION

The MBL 8086 has a combined address and data bus
commonly referred to as a time-multiplexed bus. This
technique provides the most efficient use of pins on the
processor while permitting the use of a standard 40-lead
package. This “local bus” can be buffered directly and
used throughout the system with address latching pro-
vided on memory and 1/0 modules. In addition, the bus
can also be demultiplexed at the processor with a single
set of address latches if a standard non-multiplexed bus is
desired for the system.

Each processor bus cycle consists of at least four CLK
cycles. These are referred to as T, T,, T3 and T, (see
Figure 5). The address is emitted from the processor
during T, and data transfer occurs on the bus during T3
and T4. T, is used primarily for changing the direction of
the bus during read operations. In the event that a “NOT
READY" indication is given by the addressed device,
“Wait"” states (T\y) are inserted between T3 and T,. Each
inserted “Wait" state is of the same duration as a CLK
cycle. Periods can occur between MBL 8086 bus cycles.
These are referred to as “’Idle” states (T4) or inactive CLK
cycles. The processor uses these cycles for internal
housekeeping.

During T; of any bus cycle the ALE (Address Latch
Enable) signal is emitted (by either the processor or the
MBL 8288 bus controller, depending on the MN/MX
strap). At the trailing edge of this pulse, a valid address
and certain status information for the cycle may be latch-
ed.

Status bits 3:, S_l and S_2 are used, in maximum mode, by
the bus controller to identify the type of bus transaction
according to the following table:

S, $; 1S, CHARACTERISTICS
0 (LOW) 0 0 Interrupt Acknowledge
0 0 1 Read 1/0
0 1 0 Write 1/0
0 1 1 Halt
1 (HIGH) 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)

1-152

MBL 8086-
MBL 8086-1

Status bit S through S; are multiplexed with high-order
address bits and the BHE signal, and are therefore valid
during T, through T,. S; and S, indicate which
segment register (see Instruction Set description) was used
for this bus cycle informing the address, according to the
following table:

S, S; CHARACTERISTICS
0 (LOW) 0 Alternate Data (extra segment)
0 1 Stack
1 (HIGH) 0 Code or None
1 1 Data

S; is a reflection of the PSW interrupt enable bit. Sg = 0
and S, is a spare status bit.

1/0 ADDRESSING

In the MBL 8086 1/O operations can addressed up to a
maximum of 64K 1/0 byte registers or 32K 1/0 word
registers. The 1/0O address appears in the same format as
the memory address on bus lines A;s-Ag. The address
lines Ajg-Aj¢ are zero in /O operations. The variable 1/0
instructions which use register DX as a pointer have full
address capability while the direct 1/O instructions direct-
ly address one or two of the 256 1/O byte locations in
page O of the 1/O address space.

1/O ports are addressed in the same manner as memory
locations. Even addressed bytes are transferred on the
D;-Dg bus lines and odd addressed bytes on Ds5-Dg. Care
must be taken to assure that each register within an 8-bit
peripheral located on the lower portion of the bus be
addressed as even.
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EXTERNAL INTERFACE

PROCESSOR RESET AND INITIALIZATION

Processor initialization or start up is accomplished with
activation (HIGH) of the RESET pin. The MBL 8086
RESET is required to be HIGH for greater than 4 CLK
cycles. The MBL 8086 will terminate operations on the
high-going edge of RESET and will remain dormant as
long as RESET is HIGH. The low-going transition of
RESET triggers an internal reset sequence for approxi-
mately 10 CLK cycles. After this interval the MBL 8086
operates normally beginning with the instruction in abso-
lute location FFFFOH (see Figure 3b). The details of this
operation are specified in the Instruction Set description
of the Family User’s Manual. The RESET input is inter-
nally synchronized to the processor clock. At initializa-
tion the HIGH-to-LOW transition of RESET must occur
no sooner than 50 us after power-up, to allow complete
initialization of the MBL 8086.

NMI may not be asserted prior to the 2nd CLK cycle
following the end of RESET.

INTERRUPT OPERATIONS

Interrupt operations fall into two classes; software or
hardware initiated. The software initiated interrupts and
software aspects of hardware interrupts are specified in
the Instruction Set description. Hardware interrupts can
be classified as non-maskable or maskable.

Interrupts result in a transfer or control to a new program
location. A 256-element table containing address pointers
to the interrupt service program locations resides in
absolute locations 0 through 3FFH (see Figure 3b), which
are reserved for this purpose. Each element in the table is
4 bytes in size and corresponds to an interrupt ‘‘type’’. An
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interrupting device supplies an 8-bit type number, during
the interrupt acknowledge sequence, which is used to
‘“‘vector’”’ through the appropriate element to the new
interrupt service program location.

NON-MASKABLE INTERRUPT (NMI)

The processor provides a single non-maskable interrupt
pin (NMI) which has higher priority than the maskable
interrupt request pin (INTR). A typical use would be to
activate a power failure routine. The NMI is edge-triggered
on a LOW-to-HIGH transition. The activation of this pin
causes a type 2 interrupt. (See instruction Set descrip-
tion.) :

NMI is required to have a duration in the HIGH state of
greater than two CLK cycles, but is not required to be
synchronized to the clock. Any high-going transition of
NMI is latched on-chip and will be serviced at the end of
the current instruction or between whole moves of a
block-type instruction. Worst case response to NMI would
be for multiply, divide, and variable shift instructions.
There is no specification on the occurrence of the
low-going edge; it may occur before, during, or after the
servicing of NMI. Another high-going edge triggers another
response if it occurs after the start of the NMI procedure.
The signal must be free of logical spikes in general and be
free of bounces on the low-going edge to avoid triggering
extraneous responses.

MASKABLE INTERRUPT (INTR)

The MBL 8086 provides a single interrupt request input
(INTR) which can be masked internally by software with
the resetting of the interrupt enable FLAG status bit. The

| T , T2 T3

ALE!

Fig. 6 — INTERRUPT ACKNOWLEDGE SEQUENCE
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LOCK
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interrupt request signal is level triggered. It is internally
synchronized during each clock cycle on the high-going
edge of CLK. To be responded to, INTR must be present
(HIGH) during the clock period preceding the end of the
current instruction or the end of a whole move for a
block-type instruction. During the interrupt response
sequence further interrupts are disabled. The enable bit is
reset as part of the response to any interrupt (INTR, NMI,
software interrupt or single-step), although the FLAGS
register which is automatically pushed onto the stack
reflects the state of the processor prior to the interrupt.
Until the old FLAGS register is restored the enable bit
will be zero unless specifically set by an instruction.

During the response sequence (figure 6) the processor
excutes two successive (back-to-back) Interrupt acknowl-
edge cycles. The MBL 8086 emits the LOCK signal from
T, of the first bus cycle until T, of the second. A local
bus “hold” request will not be honored until the end of
the second bus cycle.|p the second bus cycle a byte is
fetched from the external Interrupt system (e.g.,
MBL 8259A PIC) which idetifies the source (type) of the
Interrupt. This byte is multiplied by four and used as a
pointer into the interrupt vector lookup table. An INTR
signal left HIGH will be continually responded to within
the limitations of the enable bit and sample period. The
INTERRUPT RETURN instruction includes a FLAGS
pop which returns the status of the original interrupt
enable bit when it restores the FLAGS.

HALT

When a software “HALT" instruction is executed the
processor indicates that it is entering the “HALT" state in
one of two ways depending upon which mode is strapped.
In minimum mode, the processor issues one ALE with no
qualifying bus control signals. In Maximum Mode, the
processor issues appropriate HALT status on Sz, S;, So
and the MBL 8288 bus controller issues one ALE. The
MBL 8086 will not leave the “HALT" state when a local
bus “hold” is entered while in “HALT". In this case, the
processor reissues the HALT indicator. An interrupt re-
quest or RESET will force the MBL 8086 out of the
“HALT" state.

READ/MODIFY/WRITE (SEMAPHORE)
OPERATIONS VIA LOCK

The LOCK status information is provided by the pro-
cessor when directly consecutive bus cycles are required
during the execution of an instruction. This pfovides the
processor with the capability of performing read/modify/
write operations on memory (via the Exchange Register
With Memory instruction, for example) without the
possibility of another system bus master receiving inter-
vening memory cycles. This is useful in multiprocessor
system configurations to accomplish “‘test and set lock”
operations. The LOCK signal is activated (forced LOW) in

*Trade Mark of Intel Corporation, USA
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the clock cycle following the one in which the software
“LOCK" prefix instruction is decoded by the EU. It is
deactivated at the end of the last bus cycle of the
instruction following the “LOCK’" prefix instruction.
While LOCK is active a request on a RQ/GT pin will be
recorded and then honored at the end of the LOCK.

EXTERNAL SYNCHRONIZATION VIA TEST

As an alternative to the interrupts and general |/O
capabilities, the MBL 8086 provides a single software-
testable input known as the TEST signal. At any time the
program may execute a WAIT instruction. If at that time
the TEST signal is inactive (HIGH), program execution
becomes suspended while the processor waits for TEST to
become active. It must remain active for at least 5 CLK
cycles. The WAIT instruction is re-executed repeatedly
until that time. This activity does not consume bus cycles.
The processor remains in an idle state while waiting. All
MBL 8086 drivers go to 3-state OFF if bus “Hold” is
entered. If interrupts are enabled, they may occur while
the processor is waiting. When this occurs the processor
fetches the WAIT instruction one extra time, processes
the interrupt, and then re-feches and re-executes the
WAIT instruction upon returning from the interrupt.

BASIC SYSTEM TIMING

Typical system configurations for the processor operating
in minimum mode and in maximum mode are shown in
Figugs_4a and 4b, respectively. In minimum mode, the
MN/MX pin is strapped to V¢ and the processor emits
bus control signals in a manner similar to the 8085. In
maximum mode, the MN/MX pin is strapped to Vgg and
the processor emits coded status information which the
MBL 8288 bus controller uses to generate MULTIBUS™
compatible bus control signals. Figure 5 illustrates the
signal timing relationships.

Fig. 7 — MBL 8086 REGISTER MODEL
AX AH AL ACCUMULATOR
BX BH BL BASE
cX CH cL COUNT
DX DH DL DATA
— sp STACK POINTER
BP BASE POINTER
S| SOURCE INDEX
DI DESTINATION INDEX
INSTRUCTION POINTER
STATUS FLAGS
cs CODE SEGMENT
DS DATA SEGMENT
i Ss STACK SEGMENT
ES EXTRA SEGMENT
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SYSTEM TIMING — MINIMUM SYSTEM

The read cycle begins in T; with the assertion of the
Address Latch Enable (ALE) signal. The trailing (low-
going) edge of this signal is used to latch the address
information, which is valid on the local bus at this time,
into the MBL 8282/8283 latch. The BHE and A, signals
address the low, high, or both bytes. From T, to T4 the
M/10 signal indicates a memory or 1/O operation. At T,
the address is removed from the local bus and the bus goes
to a high impedance state. The read control signal is also
asserted at T,. The read (RD) signal causes the addressed
device to enable its data bus drivers to the local bus. Some
time later valid data will be available on the bus and the
addressed device will drive the READY line HIGH. When
the processor returns the read signal to a HIGH level, the
addressed device will again 3-state its bus drivers. If a
transceiver (MBL 8286/8287) is required to buffer the
MBL 8086 local bus, signal DT/R and DEN are provided
by the MBL 8086.

A write cycle also begins with the assertion of ALE and
the emission of the address. The M/IO signal is again
asserted to indicate a memory or |/O write operation. In
the T, immediately following the address emission the
processor emits the data to be written into the addressed
location. This data remains valid until the middle of T,.
During T,, T3 and Ty the processor asserts the write
contro!l signal. The write (WR) signal becomes active at
the beginning of T, as opposed to the read which is
delayed somewhat into T, to provide time for the bus to
float.

The BHE and A, signals are used to select the proper
byte(s) of the memory/IO word to be read or written
according to the following table:

BHE Ao CHARACTERISTICS
0 0 Whole word
0 1 Upper byte from/
to odd address
1 0 Lower byte from/
to even address
1 1 None

1/0 ports are addressed in the same manner as memory
location. Even addressed bytes are transferred on the
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D,-Dy bus lines and odd addressed bytes on Dy5-Dsg.
The basic difference between the interrupt acknowledge

.cycle and a read cycle is that the interrupt acknowledge

signal (TNTA) is asserted in place of the read (RD) signal
and the address bus is floated. (See Figure 6.) In the
second of two successive INTA cycles, a byte of informa-
tion is read from bus lines D,-Dy as supplied by the
interrupt system logic (i.e., MBL 8259A Priority Interrupt
Controller). This byte identifies the source (type) of the
interrupt. It is multiplied by four and used as a pointer
into an interupt vector lookup table, as described earlier.

BUS TIMING — MEDIUM SIZE SYSTEMS

For medium size systems the MN/MX pin is connected to
GND and the MBL 8288 Bus Controller is added to the
system as well as an MBL 8282/8283 latch for latching
the system address, and a MBL 8286/8287 transceiver to
allow for bus loading greater than the MBL 8086 is
capable of handling. Signals ALE, DEN, and DT/R are
generated by the MBL 8288 instead of the processor in
this configuration although their timing remains relatively
the same. The MBL 8086 status outputs (S,,S;, and Sy)
provide type-of-cycle information and become MBL 8288
inputs. This bus cycle information specifies read (code,
data, or 1/0), write (data or 1/0), interrupt acknowledge,
or software halt. The MBL 8288 thus issues control signals
specifying memory read or write, 1/0 read or write, or
interrupt acknowledge. The MBL 8288 provides two types
of write strobes, normal and advanced, to be appiied as
required. The normal write strobes have data valid at the
leading edge of write. The advanced write strobes have the
same timing as read strobes, and hence data isn‘t valid at
the leading edge of write. The MBL 8286/8287 transceiver
receives the usual T and OE inputs from the MBL 8288's
DT/R and DEN.

The pointer into the interrupt vector table, which is
passed during the second INTA cycle, can derive from an
MBL 8259A located on either the local bus or the system
bus. If the master MBL 8259A Priority Interrupt Con-
troller is positioned on the local bus, a TTL gate is
required to disable the MBL 8286/8287 transceiver when
reading from the master MBL 8259A during the interrupt
acknowledge sequence and software “poll”.
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ABSOLUTE MAXIMUM RATINGS* *NOTE: Permanent device damage may occur if ABSO-
LUTE MAXIMUM RATINGS are exceeded.
Ambient Temperature Under Bias ....... 0°Cto 70°C Functional operation should be restricted to the
Storage Temperature ............. —65°C to + 150°C conditions as detailed in the operational sections
Voltage on Any Pin with of this data sheet. Exposure to absolute maxi-
Respectto Ground ................ —0.5t0+7V mum rating conditions for extended periods may

Power Dissipation ....................... 2.5 Watt affect device reliability.

D.C. CHARACTERISTICS (MBL 8086: Vcc =5V * 10%, T5 = 0°C to 70°C) [
: (MBL 8086-2: V¢ =5V *5%, T =0°C to 70°C) !
(MBL 8086-1: Ve =5V 5%, T =0°C to 70°C)

Symbol Parameter Min. Max. Units Test Conditions
Vie Input Low Voltage -0.5 +0.8 \
Vi Input High Voltage 20 Vec+0.5 \
Voo Output Low Voltage 0.45 \ lop =25 mA . |
Vohn Output High Voltage 24 \ lon = -400 pA I
lee Power Supply Current: MBL 8086 340
MBL 8086-2 350 mA Ta=25°C
MBL 8086-1 360
I Input Leakage Current +10 MA OV <V|y S<Vce
lio Output Leakage Current +10 MA 0.45V < Vgyt <Vce
Veo Clock Input Low Voltage -0.5 +0.6 \
Veu Clock Input High Voltage 3.9 Vee +1.0 \
Capacitance of Input Buffer
Cin (All input except 15 pF fc=1MHz
ADy—AD,s, RQ/GT)
Capacitance of 1/0 Buffer _
e 5 F fc=1MH
Cio (AD,—AD;s, RQ/GT) 1 P ¢ z
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A.C. CHARACTERISTICS (MBL 8086:  Vcc =5V +10%, Ta =0°C to 70°C)
(MBL 8086-2: Vcc =5V +5%, T =0°C to 70°C)
(MBL 8086-1: V¢ =5V 5%, T =0°C to 70°C)
MINIMUM COMPLEXITY SYSTEM
TIMING REQUIREMENTS
MBL 8086-1
Symbol Parameter MEL 8088 MBL 8086-2 (Preliminary) Unit|  Test
Min. Max. Min. Max. Min. Max.
TCLCL CLK Cycle Period 200 500 125 500 100 500 | ns
TCLCH CLK Low Time 118 68 53 ns
TCHCL CLK High Time 69 44 39 ns
TCH1CH2 | CLK Rise Time 10 10 10 | ns |From 1.0V
to 3.5V
TCL2CL1 | CLK Fall Time 10 10 10 | ns |From 3.5V
to 1.0V
TDVCL Data in Setup Time 30 20 5 ns
TCLDX Data in Hold Time 10 10 10 ns
TR1VCL RDY Setup Time 35 35 35 ns
into MBL 8284A
(See Notes 1, 2)
TCLR1X RDY Hold Time 0 0 0 ns
into MBL 8284A
(See Notes 1, 2)
TRYHCH READY Setup 118 68 53 ns
Time into
MBL 8086
TCHRYX | READY Hold Time 30 20 20 ns
into MBL 8086
TRYLCL READY lInactive to -8 -8 -10 ns
CLK (See Note 3)
THVCH HOLD Setup Time 35 20 20 ns
TINVCH INTR, NMI, TEST 30 15 15 ns
Setup Time (See
Note 2)
TILIH Input Rise Time 20 20 20 | ns |From 0.8V
(Except CLK) to 2.0V
TIHIL Input Fall Time 12 12 12 | ns |From 2.0V
(Except CLK) to 0.8V
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A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES

MBL 8086-1
MBL 8086 MBL 8086-2 L . Test
Symbol Parameter . (Preliminary) Units Conditions
Min, Max Min. Max. Min. Max.
TCLAV | Address Valid Delay 10 110 10 60 10 50 | ns
TCLAX | Address Hold Time 10 10 10 ns
TCLAZ | Address Float TCLAX 80 TCLAX 50 10 40| ns
Delay
TLHLL | ALE Width TCLCH-20 TCLCH-10 TCLCH-10 ns
TCLLH | ALE Active Delay 80 50 40 | ns
TCHLL | ALE Inactive Delay 85 55 45 | ns
TLLAX | Address Hold Time | TCHCL—10 TCHCL-10 TCHCL-10 ns
to ALE Inactive
TCLDV | Data Valid Delay 10 110 10 60 10 50 | ns
TCHDX | Data Hold Time 10 10 10 ns
TWHDX | Data Hold Time TCLCH-30 TCLCH-30 TCLCH-25 ns
After WR
TCVCTV | Control Active 10 110 10 70 10 50 | ns
Delay 1
TCHCTV | Control Active 10 110 10 60 10 45 | ns | C,=20-100pF
Delay 2 for alt
- MBL 8086
TCVCTX | Control Inactive 10 110 10 70 10 50 | ns Outputs (in
Delay addition to
TAZRL | Address Float to 0 0 0 ns | MBL 8086
READ Active self-load)
TCLRL | RD Active Delay 10 165 10 100 10 70 | ns
TCLRH | RD Inactive Delay 10 150 10 80 10 60 | ns
TRHAV | RD Inactive to Next | TCLCL—45 TCLCL—-40 TCLCL-35 ns
Address Active
TCLHAV | HLDA Valid Delay 10 160 10 100 10 60 | ns
TRLRH | RD Width 2TCLCL-75 2TCLCL-50 2TCLCL—40 ns
TWLWH | WR Width 2TCLCL—60 2TCLCL-40 2TCLCH-35 ns
TAVAL | Address Valid to TCLCH—60 [CLCH-40 TCLCH-35 ns
ALE Low
TOLOH | Output Rise Time 20 20 20 | ns |From 0.8V to
2.0V
TOHOL | Output Fall Time 12 12 12 | ns [From 2.0V to
0.8V
NOTES:

1. Signal at MBL 8284A shown for reference only.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state. (8 ns into T3).
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
2.4

><.5 ~—TEST POINTS—=— 1>< DEVICE
UNDER
TEST
0.45 S Ic,_=1oopF

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR
A LOGIC “1” AND 0.45V FOR A LOGIC “0” TIMING
MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A

LOGIC “17 AND “o. CL: INCLUDES JIG CAPACITANCE
WAVEFORMS
MINIMUM MODE
T T, T3 g Ta
y TeLeL - TeLactt 4
CLK (MBL 8284A Out;\)/uct:-j? \ % \K ’M L( //—‘ ’_\\ / \
—={TCHCT TCHCL TCLCH
M/10 X
TCLAV|=—] TCLAX TCLDV TCHDX
BHE/S7, Aq19/86—A16/S3 )( BHE, A19~A16)( §7-83 ’k
TCLLH—=| TLHLL—— TLLAX
ALE )P \ T //-—
TAVAL -
B =—TR1VCL
TCHLL IH \
B AR AN
—= }=—TCLR1X
TRYLCL e

READY (MBL 8086 Input)

. TFCHRYX
TAVAL | TLLAx o
I
TCLAV—~| TCLAZ TCLDX
TDVCL
TCLAX :
AD15— AD15—AD DATA IN

ADq M FLOAT FLOAT
TAZRL—={ TCLRH—— TRHAV-
RD 1
READ CYCLE i
___ ___(NOTE 1) TCHCTV TCLRL t TRLRH TCHCTV
(WR,INTA=Vgon)
DT/R

TCVCTV—= f‘ TCVCTX—=— E/
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WM meL 8086
FUJITSU = mp| 8086-2

HIINIWWN - mBL 8086-1

WAVEFORMS (Continued)

MINIMUM MODE (Continued)

DT/R = INDETERMINATE
NOTES:
2.

INSERTED.
3.

1. ALL SIGNALS SWITCH BETWEEN Vo AND Vg, UNLESS OTHERWISE SPECIFIED.
RDY IS SAMPLED NEAR THE END OF T,, T3, Ty TO DETERMINE IF Ty MACHINES STATES ARE TO BE

T T, Ty T T,
TCLCL——J ——i TCL2CL1 /
Ven TCH1CH2
CLK (MBL 8284A Output) / \& \L jﬂ
v
e [TeHeTV TonoL TCLCH
M/10 X
TCLAV-—— = TcLRy TCHD X~
BHE/S7, A19/S—A16/S3 ) BHE, Ajg—A1g $7-S3
L
TCLLH——] (={TLHLL—~— |
TLLAX re-
ALE N J
TAVAL _—
TCHLL—| |+ oy
TCLAV——| = TCLAX TCHDX~—=— ’*
AD15—ADg AD;5-ADg X . DATA OUT )_—C
1 1 L
TAVAL TWHDX
WRITE CYCLE Tevery — TCVCTX
(NOTE 1) BEN LAX
(RD, INTA, 9
DT/R=Vou) TCVCTV=— == TWLWH
- \ 7
TCVCTX—— =
— ’—'TCLAZ TDVCL l=—TCLDX
AD;5—AD ) i POINTER {
157770 / T FLOAT FLOAT  \.
TCHCTV TCHCTV
INTA CYCLE DT/R l
(NOTES 1 & 3)
(RD,WR = Vg TCVCTV—
BAE-=V _
ou) INTA
TCVCTV —= TCVCTX—
DEN
INVALID ADDRESS SOFTWARE HALT
SOFTWARE HALT—
RD, WR, INTA = Vou TCLAV——|

TWO INTA CYCLES RUN BACK-TO-BACK. THE MBL 8086 LOCAL ADDR/DATA BUS IS FLOATING DURING
BOTH TNTA CYCLES. CONTROL SIGNALS SHOWN FOR SECOND TNTA CYCLE.

. SIGNALS AT MBL 8284A ARE SHOWN FOR REFERENCE ONLY.

. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED.
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MBL 8086 MMM

MBL 8086-2 FUJITSU
MBL 8086-1 NI
A.C. CHARACTERISTICS
MAX MODE SYSTEM (USING MBL 8288 BUS CONTROLLER)
TIMING REQUIREMENTS
MBL 8086-1
™ MBL 8086-
Symbol Parameter BL 8086 BL 8086-2 (Pre.liminarv) Units Cor;lt-lei::ons
Min. Max. Min. Max. Min. Max.
TCLCL |CLK Cycle Period 200 500 125 500 100 500( ns
TCLCH |CLK Low Time 118 68 53 ns
TCHCL |CLK High Time 69 44 39 ns
TCH1CH2|CLK Rise Time 10 10 10| ns | From 1.0V to
3.5V
TCL2CL1 |CLK Fall Time 10 10 10| ns | From 3.5V to
1.0v
TDVCL  |Data in Setup Time 30 20 5 ns
TCLDX |Data in Hold Time 10 10 10 ns
TR1VCL |RDY Setup Time 35 35 35 ns
into MBL 8284A
(See Notes 1, 2)
TCLR1X |RDY Hold Time 0 0 0 ns
into MBL 8284A
(See Notes 1, 2)
TRYHCH |READY Setup Time 118 68 53 ns
into MBL 8086
TCHRYX |READY Hold Time 30 20 20 ns
into MBL 8086
TRYLCL |READY Inactive to -8 -8 -10 ns
CLK (See Note 4)
TINVCH |Setup Time for 30 15 15 ns
Recognition (INTR,
NMI, TEST) (See
Note 2)
TGVCH |RQ/GT Setup Time 30 15 12 ns
TCHGX |RQ Hold Time 40 30 20 ns
into MBL 8086
TILIH Input Rise Time 20 20 20| ns | From 0.8V to
(Except CLK) 2.0v
TIHIL Input Fall Time 12 12 12| ns | From 2.0V to
{Except CLK) 0.8v

NOTES:

1. Signal at MBL 8284A or MBL 8288 shown for reference only.

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK,
3. Applies only to T3 and wait states.

4. Applies only to T2 state (8 ns into T3).
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W - meL sose
FUJITSU  MBL 8086-2
MR MmBL 8086-1
A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
MBL 8086-1
Symbol Parameter MBL 8086 MBL 8086-2 (Preli g y) Units Con.;?tsitons
Min. Max. Min, Max. Min. Max.
TCLML | Command Active 10 35 10 35 10 35 ns
Delay (See Note 1)
TCLMH | Command Inactive 10 35 10 35 10 35 ns
Delay (See Note 1)
TRYHSH | READY Active to 110 65 45 ns
Status Passive
(See Note 3)
TCHSV Status Active Delay 10 110 10 60 10 45 ns
TCLSH Status Inactive 10 130 10 70 10 55 ns
Delay
TCLAV | Address Valid 10 110 10 60 10 50 ns
Delay
TCLAX | Address Hold Time 10 10 10 ns
TCLAZ Address Float Delay TCLAX 80 TCLAX 50 10 40 ns
TSVLH Status Valid to ALE 15 15 15 ns
High (See Note 1)
TSVMCH | Status Valid to MCE 15 15 15 ns
High (See Note 1)
TCLLH CLK Low to ALE 15 15 15 ns [x~ _
Valid (See Note 1) C,_f;r22"—100pF
TCLMCH | CLK Low to MCE 15 15 15 | ns| mBL 808G
High (See Note 1) Outputs (in
TCHLL ALE Inactive Delay 15 15 15 ns addition to
(See Note 1) MBL 8086
TCLMCL | MCE Inactive Delay 15 15 15 ns self-load)
(See Note 1)
TCLDV Data Valid Delay 10 110 .10 60 10 50 ns
TCHDX Data Hold Time 10 10 10 ns
TCVNV | Control Active 5 45 5 45 5 45 ns
Delay (See Note 1) )
TCVNX Control Inactive 10 45 10 45 10 45 ns
Delay (See Note 1)
TAZRL | Address Float to 0 0 0 ns
Read Active
TCLRL RD Active Delay 10 165 10 100 10 70 ns
TCLRH RD Inactive Delay 10 150 10 80 10 60 ns
TRHAV | RD Inactive to TCLCL-45 TCLCL-40 TCLCL-35 ns
Next Address Active
TCHDTL | Direction Control 50 50 50 ns
Active Delay
(See Note 1)
TCHDTH | Direction Control 30 30 30 ns
Inactive Delay
(See Note 1)
TCLGL | GT Active Delay 0 85 0 50 0 45 ns
TCLGH GT Inactive Delay 0 85 0 50 0 45 ns
TRLRH | RD Width 2TCLCL-75 2TCLCL-50 2TCLCL-40 ns
TOLOH Qutput Rise Time 20 20 20 ns | From 0.8V to
2.0V
TOHOL | Output Fall Time 12 12 12 ns | From 2.0V to
0.8V
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mBL 8086 MMM

MBL 8086-2 FUJITSU
MBL 8086-1 NI
WAVEFORMS
MAXIMUM MODE
n T2 T3 T,
Ven = TCLCL—— T TCL2CLT T,,
CLIECL % / \\ )HI ;Ll‘ }/-”_\\ }/_\

—TCLSH
_ 7 -
S5, 51, 5o (EXCEPT HALT) . / f/(see NOTE &) 1\

TCLDV 1 —

TCLAV— LAX TCHDX
BHE/S, A19/Sg—A16/S3 BHE, Arg—A $,—S3

T
TSVLH—]|
TCLLH— TCH -
ALE (MBL 8288 e
OUTPUT) YA

RDY (MBLI?\iSL;/_\) §JMA Wi{ \\ \\\ \ \\\\

— r—TCLR1X

—[TRYLCL /
TRYHSH — FCHRYX
TCLAX
" TRYHCH

" TCLDX

7
READ CYCLE TCLAV-—— % TCLAZ TDVCL
AD,5—AD, ADq5—AD )
15 ) 15 ‘0 TLOAT DATA IN FLOAT
TAZRL—= TCLRH TRHAV-

TCHDTH
TCHDTL~—~ t TRLRH
TCLRL
DT/R

i —
TCLML— TCLMH—=|
MBL 8288
outpuTs¢ MADCOR
SEE NOTES 5,6
TCVNV—=—
DEN
TCVNX——
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U meL 8086
FUJITSU MBL 8086-2
NN MBL aogg-l

WAVEFORMS (Continued)

MAXIMUM MODE (Continued)
T4 T2 T3

1
\Y T )
CH
CLK / \ 4 \k /“ \
Ver N A \
TCHSV —{  |~—TcLsH
_ I
$5.51, 5y (EXCEPT HALT) X /] | (seenote8) N
] TCLDV -
TCLAV— - TeLoy TCHDX——]
AD;5-ADg AD15—ADg DATA
AC

— TCLML TCLMH——
MBL 8288 OUTPUTS \[
SEE NOTES 5,6 AMWC OR AIOWC

TCLML— —= TCLMH
MWTC OR IOWC

RESERVED FOR \
CASCADE ADOR FLOAT FLOAT \

AD45—ADg FLOAT
(SEE NOTES 3 & 4)

— TDVCL~— TCLDX
AD4,5—AD POINTER —_.C
e AT | FLOAT
TSVMCH—] | fmt CEMCL—
p—
MCE/ /
PDEN 1¢{ MCH—— — L TCHDTL — TCHDTH
DT/R _.4___\1:
MBL 8288 OUTPUTS | TCLML——
SEE NOTES 5,6 TA
TCVNV — TCLMH
SOFTWARE HALT — DEN
(DEN = Vo : RD, MRDC, TORC, MWTC, AMWC, TCVNX—=1

TOWC, ATOWC, TNTA = Vou)

AD15—ADg T INVALID ADDRESS
— TCLAV
o N——————
$2, 84,8 \
25% N\ / N
NOTES:

1. ALL SIGNALS SWITCH BETWEEN Vg AND Vo UNLESS OTHERWISE SPECIFIED.

2. RDY IS SAMPLED NEAR THE END OF T,, T3, T, TO DETERMINE IF T,, MACHINES STATES ARE TO BE INSERTED.

3. CASCADE ADDRESS IS VALID BETWEEN FIRST AND SECOND INTA CYCLE.

4. TWO TNTA CYCLES RUN BACK-TO-BACK. THE MBL 8086 LOCAL ADDR/DATA BUS IS FLOATING DURING BOTH INTA
CYCLES. CONTROL FOR POINTER ADDRESS IS SHOWN FOR SECOND INTA CYCLE.

5. SIGNALS AT MBL 8284A OR MBL 8288 ARE SHOWN FOR REFERENCE ONLY.

AND DEN) LAGS THE ACTIVE HIGH MBL 8288 CEN.
7. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED.
8. STATUS INACTIVE IN STATE JUST PRIOR TO Tg4.
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maL 8086 MM
MBL 8086-2 FUJITSU
mBL 8086-1 MY

WAVEFORMS (Continued)

ASYNCHRONOUS SIGNAL RECOGNITION

NMI TINVCH (see note 1)
INTR  signal

TEST

NOTE 1. SETUP REQUIREMENTS FOR ASYNCHRONOUS
SIGNALS ONLY TO GUARANTEE RECOGNITION
AT NEXT CLK

BUS LOCK SIGNAL TIMING RESET TIMING
(MAXIMUM MODE ONLY)

>50 usec———=j
'Any CLK Cycle ) | Any CLK CycleI
| | Vee /
CLK
cLKk _\_
TCLAV TCLAV TDVCL TCLDX
LOCK RESET N
>4 CLK CYCLES
REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

IAny CLK CycleI 0-CLK Cycle ,

CLK

TGvcH  TCLGL /W_#g TCLCL

l_TcLoL TCHGX ) T TCLGH pULSE 3
o 7 PULSE 1 PULSE_Z COPROCESSOR
RA/GT copnﬁ_cossson 8086 GT RELEASE

Previous grant

—= ~—TCLAZ

AD45—ADg MBL
A19/S6—A16/S3 MBL 8086 COPROCESSOR 8086
S2.81, S0 (SEE NOTE 1)

RD, LOCK

BHE/S,

NOTE 1. THE COPROCESSOR MAY NOT DRIVE THE BUSES OUTSIDE
THE REGION SHOWN WITHOUT RISKING CONTENTION.
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A
FUSITSU MBI 5086-2
N MBL 8086-1

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

2 1CLK CYCLE 1 OR 2 CYCLES

oL« ,/—\g ,_/_\
THVCH THVCH
i 1
HOLD
i T
TCLHAV TCLHAV
[ {L
HLDA
{ L

|

|

—= |~—TCLAZ " . |

AD45—ADgq, {f if |
A19/Se—A16/S3, MBL 8086 COPROCESSOR MBL 8086 ‘
|

RD

. aln ) pr—
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TABLE 2 — INSTRUCTION SET SUMMARY*

DATA TRANSFER
MOV = Move:

Register/memory to/from register
Immediate to register/memory
Immediate to register

Memory to accumulator
Accumulator to memory
Register/memory to segment register
Segment register to regis v

76543210765432107654321076543210

r/m

PUSH = Push:
Register/memory
Register
Segment register

POP = Pop:
Register/memory
Register

Segment register

XCHG = Exchange:
Register/memory with register
Register with

N = Input from:
Fixed port
Variable port

OUT = Output to:
Fixed port

Variable port

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

POPF = Pop flags

ARITHMETIC

ADD = Add:

Reg./memory with register to either
Immediate to register/memary
Immediate to

B
fo
2

[mod _reg __r/m
mod_reg _r/m
mod_reg  r/m

000000 dwmod reg r/m

ADC = Add with carry:

(00000 swmod000 /m ] —  data | dataif s:w=01_]
fooo0o0iow Gata Gata if w=1

Reg./memory with register to either 0001004d
1000005 wmod010 r/m | data

Immediate to register/memory
Immediate to

001010 data data if w=1

INC = Increment:
Register/memory

Register

AAA = ASCII adjust for add
DAA = Decimal adjust for add

SUB = Subtract:
Reg./memory and register to either
Immediate from register/memory

Immediate from

1 1 wimod 0 0 0
reg

Im ]

00 1010dwmod_reg__r/m
000 swmod 101 rm] — data [ dotaifs:w=01 ]
T

o]
o|

$BB = Subtract with borrow
Reg./memory and register to either
Immediate from register/memory
Immediate from

data data if w=1

|

lellzlleielle]

00110dwmod reg m
100000 s wmod0 11 _ om

data
data if w=1

| _cetaifsw=01

001110w data

DEC = Decrement:
Register/memory
Register

NEG =Change sign

CMP = Compare:
Register/memory and register
Immediate with register/memory
Immediate with accumulator

AAS =ASCII adjust for subtract
DAS =Decimal adjust for subtract
MUL =Multiply (unsigned)
IMUL=Integer multiply (signed)
AAM=ASCII adjust for multiply
DIV = Divide (unsigned)

IDIV =Integer divide (signed)

AAD =ASCI adjust for divide

CBW = Convert byte to word

CWD =Convert word to double word

left

AR
FUJITSU

N

MBL 8086
MBL 8086-2
MBL 8086-1

76543210765432107654321076543210
mod 0 0 1 _r/m

i%

1001 reg

[mod0 11 /m ]

d wimod reg _jm ]
wimod 1 11 /m | data ]
w __ odota | daifwel ]

&3

ROL =Rotate left
ROR =Rotate right

RCL =Rotate through carry flag left
RCR = Rotate through carry flag right

AND = And:
Reg./memory and register to either
Immediate to register/memory

Immediate to

v w[mod 0 1 t/m

00 1000dwmod reg _r/m |
000000wmod1 00 om ] data ]
0010017 0wl data Gata if w1

TEST = And function to flags. no result:

Register/memory and register
Immediate data and register/memory

166007 0wlmod_reg/m ]
T 1701 Twmod000 dm | g [ dsiwei ]

Immediate data and 1070100w data data if w=1
OR=0r:

Reg./memory and register to either  [00 0 0 1 0 d wlmod reg__r/m ]

Immediate to register/memory T000000wmod001 dm [ dewitwei__]
Immediate to 00001 10w data data if w=1

XOR = Exclusive or:
Reg./memory and register to either
Immediate to register/memory

Immediate to

o]
o)

1100dwlmod reg c/m ]
1 00000 Owjmodi 10 _rm
11010w data

5]

.I

data if w=1

STRING MANIPULATION

REP = Repeat

MOVS = Move byte/word

CMPS = Compare byte/word
SCAS = Scan byte/word

LODS = Load byte/wd to AL/AX
STOS = Store byte/wd from AL/A

N

*Mnemonics © Intel Corporation, 1978
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FUJITSU mgl 3086 2

WA MBL 8086-1

TABLE 2 — INSTRUCTION SET SUMMARY*

CONTROL TRANSFER

CALL = Call: 7665432107654321076543210 7654321076543210
Direct within segment (1101000  dispiow disp-high | ::z:ﬁfe: j:lmp on not below/ 6117 0071] ]
Indirect within segment A1 11111 1Jmod010 r/m INBE/JA = Jump on not bels
Direct intersegment [fo0071010] offsetiow offsethigh | equalfabove P on not below or | N | disp |
seglow [ seghigh | JINP/JPO= Jump on not par/par odd 111101 disp
Indirect intersegment 7171111 [mod01 1 c/m INO = Jump on not overflow T 7000 S
" JINS = Jump on not sign 111100 disp
JMP = Unconditicnal Jump: ] _ LOOP = Loop CX times 110001 disp
Direct within segment [ disp-low disp-high 1 LOOPZ/LOOPE = Loop while FT100007 -
Direct within segment-short I disp zerolequal I isp ]
Indirect within segment mod 100 r/m i LOO/PNZ/II.OOPNE-- Loop while not T 5555 9] Frea—
Direct intersegment offsetlow offset-high zero/equal
X -~ JCXZ = Jump on CX zero 71100011 disp
seglow seg-high
Indirect intersegment T1 11111 1]mod101 _r/m
INT = Interrupt
RET = Return from CALL: Type specified 11 1101 type ]
Within segment Type 3 11 1100
Within seg, adding immed, to SP data-low datahigh | INTO = Interrupt on overflow 11 1110
Intersegment IRET = Interrupt return 11 T
Intersegment, adding immediate to SP datalow | datahigh |
JE/JZ = Jump on equal /zero disp PROCESSOR CONTROL
JL/INGE = Jump on less/not greater CLC = Clear carry 11111000
or equal Pirrr1o0f disp ] CMC = Complement carry T1110101
JLE/ING = Jump on less or equal/not g - STC = Set carry
1111110 d
greater © l = l CLD = Clear direction
JB/IMAE = Jump on [fiiiooiol dw ] STD = Set direction
above or equal _ .
JBE/ONA - Jump an below of CLI= Clear interrupt
equal/not above Prrr1o119f disp 1 STI = Set interrupt
JP/UPE = Jump on parity/parity even disp HLT = Halt
40 = Jump on overflow disp WAIT = Wait
JS = Jump on sign | ESC = Escape (to external device) X x xJmod x x x__r/m ]
JINE/INZ = Jump on not equal/not disp LOCK = Bus lock prefix T 000
zero NOP= N« t 170010000
INL/JGE = Jump on ot less/greater [0 1 1 1 110 1] T | o operation
or equal h
JINLE/JG = Jump on not less i iiT i dw ]
or equal/greater
Footnotes: if s:2w = 01 then 16 bits of immediate data form the operand.
if s:w = 11 then an immediate data byte is sign extended to
AL = 8-bit accumulator form the 16-bit operand.
AX = 16-bit accumulator if v = 0 then “count’ = 1if v = 1 then “count” in (CL)
CX = Count register x = don't care
DS = Data segment 2 i used for string primitives for comparison with ZF FLAG
ES = Extra segment SEGMENT OVERRIDE PREFIX
Above/below refers to unsigned value AR
Greater = more positive
Less = less positive (more negative) signed values REG s assigned according to the following table:
if d =1 then “t0" reg: if d = 0 then “from" reg
if w= 1 then word i if w=0then byte i i 16-8it (w=1] 8Bt fw=0] Seqment
) _ . ) 000 AX 000 AL 00 ES
ifmod = 11 then r/m is treated s  REG feld 503 o 001 oL o1 cs
if mod = 00 then DISP = 0*, disp-low and disp-high areabsent 010 DX 010 DL 10 ss
Zf mod - 01 then DISP = dfspdh?w sign-extended to 16-bits, disp-high is absent 011 BX o011 BL 11 DS
if mod = 10 then DISP Kd)l(sp; l(gh.)ctsplo:/ PP 100 AH
it r/m = 000 then EA = (8X) S|Hoxs 101 BP 101 CH
if rim = 001 then EA = (8X) + (DI DISPP 110 st 110 bH
if r/m = 010 then EA = (BP) + (S1) + DIS} 11 D! 11 BH

if r/m =011 then EA = (BP} + (DI) + DISP
if r/m = 100 then EA = (SI) + DISP

Instructions which reference the flag register fiie as a 16-bit object use
the symbol FLAGS to represent the file:

. N FLAGS = X:X:X:X:{OF):(DF): (IF):(TF):(SF):(ZF): X: (AF): X: (PF): X: (CF)
DISP follows 2nd byte of instruction {before data if required)

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

*Mnemonics © Intel Corporation, 1978
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PACKAGE ILLUSTRATION

CERAMIC PAKAGE
(METAL SEAL)

PACKAGE DIMENSIONS (Suffix:-C)

A
MBL 8086.2 FUJITSU
MBL 80861 I

R.050(1.27)
REF

40-LEAD CERAMIC (Metal Seal) DUAL IN-LINE PACKAGE
(CASE No.: DIP-40C-A01)

.585(

9 .605(

INDEX
AREA

1.980(50.29)

2.020(51.31)

]-—.060(1.52)MAX

.090(2.29) J .036(0.91) ___‘ .015(0.38) .040(
.110(2.79) 055(1.40) .023(0.58) .060(

1.900(48.26)REF !

A==

4.86)
15.38)
.590(

.610(15.49)

4.99)

1.02)
1.52)

.177(4.50)MAX

.120(3.06)
| .150(3.81)

-008(0.20)
.012(0.30)

Dimensions in
inches (millimeters)
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(T ey 3036
FUJITSU

MBL 808
UNMVAARKRNNAN ML 8086-1

PACKAGE ILLUSTRATION

PLASTIC PACKAGE

PACKAGE DIMENSIONS (Suffix: -P)

40-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DiP-40P-M01)

0"~1§j
i e 0 e O e e o e O e o O o e s B B e ,
\/(EJECTOR MARK) l
.533(13.54)
.553(14.05)
1590(14.99)
INDEX 610(15.49)
{8 5 0 [y
2.045(51.94) .008(0.20)
2.071(52.60) 1012(0.30)
l-—osou 29)MAX
.195(4.96)MAX
118(3.00MIN
100(2.54)TY. oson2n || orswo3e) 020(0.51)MIN

.070(1.78)

Dimensions in
inches (millimeters)
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A

TS NMOS HIGH-INTEGRATION
FUJITSU 8-BIT MICROPROCESSOR

IR

MBL 80188
MBL 80188-6

February 1986
Edition 1.0

NMOS HIGH-INTEGRATION 8-BIT MICROPROCESSOR

The Fujitsu MBL 80188 is a highly integrated microprocessor with an 8-bit data bus interface
architecture to give high performance. The MBL 80188 effectively combines 15-20 of the most comy
components onto one. The MBL 80188 provides two times greater throughput than the standard 5M
The MBL 8088 is upward compatible with MBL 8086 and 88 software and adds 10 new instruction typi
existing set. It is housed in a 68-pad ceramic LCC (Leadless Chip Carrier: JEDEC Type A) or 68-pin ceramic

(Pin Grid Array) package.

® Integrated Feature Set:
— Enhanced MBL 8088-2 CPU
— Clock Generator
— 2 Independent, High-Speed DMA Channels
— Programmable Interrupt Controller
— 3 Programmable 16-bit Timers
— Programmable Memory and Peripheral Chip-Select
Logic
— Programmable Wait State Generator
— Local Bus Controller
o 8-Bit Data Bus Interface: 16-bit internal architecture
® Auvailable in 8 MHz (MBL 80188) and cost effective
6 MHz (MBL 80188-6) versions.

3+16-bit internal

High-performance 8 MHz Processor
— 2 Times the Performance of the Standard
MBL 8088
— 2 MByte/Sec Bus Bandwidth Interface
Direct Addressing Capability to 1 MByte of Memory
Completely Object Code Compatible with All Exist-
ing MBL 8086, 88 Software
— 10 New Instruction Types
High Performance Numerical Coprocessing Capability
Through Intel 8087 interface
Two Package Options:
— 68-Pad Ceramic LCC (Suffix -CV)
(JEDEC Type A)
— 68-Pin Ceramic PGA (Suffix -CR)

Fig. 1 — BLOCK DIAGRAM
INT3/INTAT
CLKOUT Ve GND INT2/INTAG TMR OUT 1 TMR OUT 0
40 INT1 TMR IN , T™R IN1
NMI INTO H
' T A
Pvrstetetrieed ] i
EXECUTION UNIT) 1 PROGRAMMABLE
1 2 | !
18I | MAX COUNT t
| PROGRAMMABLE REGISTER B
cLOCK | INTERRUPT MAX COUNT
GENERATOR ot | CONTROLLER REGISTER A
1681
GENERAL : CONTROL REGISTERS
PURPOSE
REGISTERS | JASALLCR 168IT
H COUNT REGISTER
INTERNAL BUS q ———————0ra0
! F——DRO!
| PRO E
N DMA UNIT
so-s2<’_ 0 1
CHIP-SELECT ! 208IT
SRDY—}-=f UNIT | SOURCE POINTERS,
ARDY—}-of BUS INTERFACE ! 20-81T
TEST— ] UNIT ose L DESTINATION
POINTER:
HOLD— = REGISTERS OINTERS
Y — PROGRAMMABLE T6BIT
LOA X CONTROL.
PREFETCH REGISTERS TRANSEER COUNT
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Fig. 2 — PIN CONFIGURATIONS
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PIN DESCRIPTION
Table 1 — PIN DESCRIPTION
Symbol Pin No. Type Name and Function
Vee, Vee 9,43 | System Power: +5 V power supply.
Vss, Vss 26, 60 | System Ground.
RESET 57 (0] Reset Output indicates that the MBL 80188 CPU is being reset, and can

be used as a system reset. It is active HIGH, synchronized with the pro-
cessor clock, and lasts an integer number of clock periods corresponding
to the length of the RES signal.

X1, X2 59, 58 | Crystal Inputs, X1 and X2, provide an external connection for a funda-
mental mode parallel resonant crystal for the internal crystal oscillator.
X1 can interface to an external clock instead of a crystal. In this case,
minimize the capacitance on X2 or drive X2 with complemented X1.
The input or oscillator frequency is internally divided by two to generate
the clock signal (CLKOUT).

CLKOUT 56 (0] Clock Output provides the system with a 50% duty cycle waveform. All
device pin timings are specified relative to CLKOUT. CLKOUT has suf-
ficient MOS drive capabilities for the 8087 Numeric Processor Extension.

x|
m
wn

24 | System Reset causes the MBL 80188 to immediately terminate its pre-
sent activity, clear the internal logic, and enter a dormant state. This
signal may be asynchronous to the MBL 80188 clock. The MBL 80188
begins fetching instructions approximately 7 clock cycles after RES is
returned HIGH. RES is required to be LOW for greater than 4 clock
cycles and is internally synchronized. For proper initialization, the LOW-
to-HIGH transition of RES must occur no sooner than 50 microseconds
after power up. This input is provided with a Schmitt-trigger to facilitate
power-on RES generation via an RC network. When RES occurs, the
MBL 80188 will drive the status lines to an inactive level for one clock,
and then tri-state them.

TEST 47 1 TEST is examined by the WAIT instruction. |f the TEST input is HIGH
when “WAIT” execution begins, instruction execution will suspend.
TEST will be resampled until it goes LOW, at which time execution will
resume. If interrupts are enabled while the MBL 80188 is waiting for
TEST, interrupts will be serviced. This input is synchronized internally.

TMR IN O, 20 I Timer Inputs are used either as clock or control signals, depending upon
TMR IN1 21 | the programmed timer mode. These inputs are active HIGH (or LOW-to-
HIGH transitions are counted) and internally synchronized.

TMR OUT 0, 22 (@) Timer Outputs are used to provide single pulse or continuous waveform
TMR OUT 1 23 (0] generation, depending upon the timer mode selected.
|
|

DRQO, 18 DMA Request is driven HIGH by an external device when it desires that a
DRQ1 19 DMA channel (Channel 0 or 1) perform a transfer. These signals are
active HIGH, level-triggered, and internally synchronized.

NMI 46 | Non-Maskable Interrupt is an edge-triggered input which causes a type 2
interrupt. NMI is not maskable internally. A transition from a LOW to
HIGH initiates the interrupt at the next instruction boundary. NMI is
latched internally. An NMI duration of one clock or more will guarantee
service. This input is internally synchronized.

INTO, INT1, 45,44 | Maskable Interrupt Requests can be requested by strobing one of these
INT2/INTAO, 42 1/0 pins. When configured as inputs, these pins are active HIGH. Interrupt
INT3/INTA1 41 1/0 Requests are synchronized internally. INT2 and INT3 may be configured

via software to provide active-LOW interrupt-acknowledge output signals.
All interrupt inputs may be configured via software to be either edge- or
level-triggered. To ensure recognition, all interrupt requests must remain
active until the interrupt is acknowledged. When iRMX mode is selected,
the function of these pins changes (see Interrupt Controller section of
this data sheet).
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PIN DESCRIPTION (Continued)
Table 1 — PIN DESCRIPTION (Continued)
Symbol Pin No. Type Name and Function

A19/S6, 65—68 0 Address Bus Outputs (16—19) and Bus Cycle Status (3—6) reflect the
A18/S5, (0] four most significant address bits during T1. These signals are active
A17/54, (o] HIGH. During T2, T3, Tw and T4, status information is available on
A16/S3 [0} these lines as encoded below:
Low High
S6 Processor Cycle DMA Cycle
S3, S4, and Sb are defined as LOW during T2—T4.
AD7-ADO 24,68 1/0 Address/Data Bus (0—7) signals constitute the time mutiplexed memory
11,13,15,17 or 1/0O address (T1) and data (T2, T3, Tw, and T4) bus. The bus is active
HIGH.
A15—-A8 1,3,5,7 (0] Address-only Bus (8—15), containing valid address from T1—T4. The bus
10,12,14,16 is active HIGH.
S7 64 (0] This signal is always HIGH to indicate that the MBL 80188 has an 8-bit
data bus, and is tri-state OFF during bus HOLD.
ALE/QSO 61 (0] Address Latch Enable/Queue Status 0 is provided by the MBL 80188 to

latch the address into the MBL 8282/8283 address latches. ALE is active
HIGH. Addresses are guaranteed to be valid on the trailing edge of ALE.
The ALE rising edge is generated off the rising edge of the CLKOUT
immediately preceding T1 of the associated bus cycle, effectively one-
half clock cycle earlier than in the standard MBL 80188. The trailing edge
is generated off the CLKOUT rising edge in T1 as in the MBL 80188.
Note that ALE is never floated.

WR/QS1 63 o Write Strobe/Queue Status 1 indicates that the data on the bus is to be
written into a memory or an |/O device. WR is active for T2, T3, and Tw
of any write cycle. It is active LOW, and floats during “HOLD.” It is
driven HIGH for one clock during Reset, and then floated. When the
MBL 80188 is in queue status mode, the ALE/QSO and WR/QS1 pins
provide information about processor/instruction queue interaction.

Qas1 Qso Queue Operation
o] 0 No queue operation
(o] 1 First opcode byte fetched from the queue
1 1 Subsequent byte fetched from the queue
1 1] Empty the queue
RD/QSMD 62 (o] Read Strobe indicates that the MBL 80188 is performing a memory or

1/0 read cycle. RD is active LOW for T2, T3, and Tw of any read cycle.
It is guaranteed not to go LOW in T2 until after the Address Bus is
floated. RD is active LOW, and floats during “HOLD.” RD is driven
HIGH for one clock during Reset, and then_the output driver is floated.
A weak internal pull-up mechanism on the RD line holds it HIGH when
the line is not driven. During RESET the pin is sampled_to determine
whether the MBL 80188 should provide ALE, WR and RD, or if the
Queue-Status should be provided. RD should be connected to GND to
provide Queue-Status data.

ARDY 55 I Asynchronous Ready informs the MBL 80188 that the addressed mem-"
ory space or /O device will complete a data transfer. The ARDY input
pin will accept an asynchronous input, and is active HIGH. Only the
rising edge is internally synchronized by the MBL 80188. This means
that the falling edge of ARDY must be synchronized to the MBL 80188
clock. If connected to Ve, no WAIT states are inserted. Asynchronous
ready. (ARDY) or synchronous ready (SRDY) must be active to ter-
minate a bus cycle. If unused, this line should be tied low.
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PIN DESCRIPTION (Continued)
Table 1 — PIN DESCRIPTION (Continued)
Symbol Pin No. Type Name and Function
SRDY 49 | Synchronous Ready must be synchronized externally to the MBL 80188.

The use of SRDY provides a relaxed system-timing specification on the
Ready input. This accomplished by eliminating the one-half clock cycle
which is required for internally resolving the signal level when using
the ARDY input. This line is active HIGH. If this line is connected to
Vee, no WAIT states are inserted. Asynchronous ready (ARDY) or
synchronous ready (SRDY) must be active before a bus cycle is ter-
minated. If unused, this line should be tied low.

LOCK 48 (0] LOCK output indicates that other system bus masters are not to gain
control of the system bus while LOCK is active LOW. The LOCK signal
is requested by the LOCK prefix instruction and is activated at the
beginning of the first data cycle associated with the instruction following
the LOCK prefix. It remains active until the completion of the instruc-
tion following the LOCK prefix. No prefetches will occur while LOCK is
asserted. LOCK is active LOW, is driven HIGH for one clock during
RESET, and then floated.

SO, §1,S2 52-54 (o] Bus Cycle Status S0—S2 are encoded to provide bus-transaction inform-
ation:
MBL 80188 Bus Cycle Status Information

52 s1 S0 Bus Cycle Initiated
0 0 0 Interrupt Acknowledge
4] 0 1 Read 1/0
4] 1 0 Write 1/0

‘i (0] 1 1 Halt

| 1 0 0 Instruction Fetch
1 0 1 Read Data from Memory
1 1 0 Write Data to Memory

| 1 1 1 Passive (no bus cycle)

The status pins float during “HOLD.”

S2 may be used as a logical M/I0 indicator, and S1 and a DT/R indicator.
The status lines are driven HIGH for one clock during Reset, and then
floated until a bus cycle begins.

HOLD, 50 | HOLD indicates that another bus master is requesting the local bus.
HLDA 51 o The HOLD input is active HIGH. HOLD may be asynchronous with
respect to the MBL 80188 clock. The MBL 80188 will issue a HLDA
in response to a HOLD request at the end of T4 or T1. Simuitaneous
with the issuance of HLDA, the MBL 80188 will float the local bus and
control lines. After HOLD is detected as being LOW, the MBL 80188
will lower HLDA. When the MBL 80188 needs to run another bus cycle,
it will again drive the local bus and control lines.

UCsS 34 (o] Upper Memory Chip Select is an active LOW output whenever a memory
reference is made to the defined upper portion (1K—256K block) of
memory. This line is not floated during bus HOLD. The address range
activating UCS is software programmable.

LCS 33 (0] Lower Memory Chip Select is active LOW whenever a memory reference

is made to the defined lower portion (1K—256K) of memory. This line
is not floated during bus HOLD. The address range activating LCS is
software programmable.

MCS0-3 38-35 (0] Mid-Range Memory Chip Select signals are active LOW when a memory
reference is made to the defined mid-range portion of memory (8K—
512K). These lines are not floated during bus HOLD. The address ranges
activating MCS0—3 are software programmable.
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PIN DESCRIPTION (Continued)
Table 1 — PIN DESCRIPTION (Continued)
Symbol Pin No. Type Name and Function

PCS0—-4 25,27-30 (0] Peripheral Chip Select Signals 0—4 are active LOW when a reference is
made to the defined peripheral area (64K byte |/O space). These lines are
not floated during bus HOLD. The address ranges activating PCS0—4 are
software programmable.

PCS5/A1 31 (0] Peripheral Chip Select 5 or Latched A1 may be programmed to provide
a sixth peripheral chip select, or to provide an internally latched A1
signal. The address range activating PCS5 is software programmable.
When programmed to provide latched A1, rather than PCSb, this pin
will retain the previously latched value of A1 during a bus HOLD. A1 is
active HIGH.

6/A2 32 (0] Peripheral Chip Select 6 or Latched A2 may be programmed to provide
a seventh peripheral chip select, or to_provide an internally latched A2
signal. The address range activating PCS6 is software programmable.
When programmed to provide latched A2, rather than PCS6, this pin
will retain the previously latched value of A2 during a bus HOLD. A2
is active HIGH.

DT/R 40 (0] Data Transmit/Receive controls the direction of data flow through the [

external MBL 8286/8287 data bus transceiver. When LOW, data is trans- I
ferred to the MBL 80188. When HIGH, the MBL 80188 places write :
data bus.

39 (o] Data Enable is provided as an MBL 8286/8287 data bus transceiver i
output enable. DEN is active LOW during each memory and 1/O access.
DEN is HIGH whenever DT/R changes state.

|

PC

[%2]

O
p=4
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FUNCTIONAL DESCRIPTION

INTRODUCTION

The following Functional Description describes the base
architecture of the MBL 80188. This architecture is com-
mon to the MBL 8086, 88, and 286 microprocessor families
as well. The MBL 80188 is a very high integration 8-bit
microprocessor. It combines 15-20 of the most common
microprocessor system components onto one chip
while providing twice the performance of the standard
MBL 8088. The MBL 80188 is object code compatible
with the MBL 8086, 88 microprocessors and adds 10 new
instruction types to the existing MBL 8086, 88 instruction
set.

MBL 80188 BASE ARCHITECTURE

The MBL 8086, 88, 186, 188, and 286 family all contain
the same basic set of registers, instructions and -addressing
modes. The MBL 80188 processor is upward compatible
with the MBL 8086, 8088, 80186, and 80286 CPUs.

Register Set

The MBL 80188 base architecture has fourteen registers
as shown in Fig. 3a and 3b. These registers are grouped
into the following categories.

® General Registers

Eight 16-bit general purpose registers may be used to
contain 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 immediately ad-
dressable for code, stack, and data. (For usage, refer to
Memory Organization.)

® Base and Index Registers

Four of the general purpose registers may also be used to
determine offset addresses of operands in memory. These
registers may contain base addresses or indexes 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 certain
aspects of the MBL 80188 processor state. These are the
Instruction Pointer Register, which contains the offset
address of the next sequential instruction to be executed,
and the Status Word Register, which contains status and
control flag bits (see Fig. 3a and 3b).

Status Word Description

The Status Word records specific characteristics of the
result of logical and arithmetic instructions (bits 0, 2, 4,
6, 7, and 11) and controls the operation of the MBL 80188
within a given operating mode (bits 8, 9, and 10). The
Status Word Register is 16-bits wide. The function of the
Status Word bits is shown in Table 2.

Fig. 3a — GENERAL PURPOSE REGISTER SET
16-BIT
REGISTER SPECIAL
NAME REGISTER
FUNCTIONS
7 07 0 15 0
CODE SEGMENT
ax | aH AL
BYTE MULTIPLY/DIVIDE cs SELECTOR
ADDRESSABLE 1/0 INSTRUCTIONS DATA SEGMENT
Gair bx | DH bt s SELECTOR
REGIST LOOP/SHIFT/ STACK SEGMENT
NAMES cX cH cL REPEAT/COUNT ss SELECTOR
SHOWN) Bx - oL es EXTRA SEGMENT
BASE REGISTERS SELECTOR
B8P SEGMENT REGISTERS
SI 15 0
INDEX REGISTERS
DI F STATUS WORD
INSTRUCTION
sp } STACK POINTER P INSTRJC
15 0 STATUS AND CONTROL
GENERAL REGISTERS
REGISTERS
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Fig. 3b — STATUS WORD FORMAT

STATUS FLAGS:

CARRY

PARITY
AUXILIARY CARRY
ZERO

SIGN

OVERFLOW

1110 9

STATUS WORD: Ix\\\\l\\\\\{\\\\\l\\\\\l oF | oF] IF l TE] s I zF I\\\\\I AF i\\\\\l P I\\\\\I CFI

CONTROL FLAGS:
TRAP FLAG
INTERRUPT ENABLE
DIRECTION FLAG

RESERVED

Table 2 — STATUS WORD BIT FUNCTIONS

Bit An MBL 80188 instruction can reference anywhere from
L Name Function . . .
Position zero to several operands. An operand can reside in a
(¢] CF Carry Flag — Set on high-order bit register, in the instruction itself, or in memory. Specific
carry or borrow; cleared otherwise. operand addressing modes are discussed later in this data
2 PF Parity Flag — Set if low-order 8 bits h
of result contain an even number of sheet.
1-bits; cleared otherwise.
4 AF Set on carry from or borrow to the 5 )
low order four bits of AL; cleared Memory Organization
otherwise. .
6 ZF Zero Flag — Set if result is zero; Memory is organized in sets of segments. Each segment
cleared otherwise. is a linear contiguous sequence of up to 64K (2'€) 8-bit
7 SF Sign Flag — Set equal to high-order bytes. Memory is addressed using a two-component address
?i.\:e;)f result (0 if positive, 1 if nega- (a pointer) that consists of a 16-bit base segment and a
8 TF Single Step Flag — Once set, a sin- 16-bit offset. The 16-bit base values are contained in one

gle step interrupt occurs after the of four internal segment registers (code, data, stack, extra).
next instruction executes. TF is The physical address is calculated by shifting the base

cleared by the single step interrupt. . d . h . £
9 IF Interrupt-Enable Flag — When set, value LEF~T by four. bits an adding the 1§~blt [ sgt
maskable interrupts will cause the value to yield a 20-bit physical address (see Fig. 5). This

CPU to transfer control to an inter- i i
& 0 ress size.
rupt vector specified location. allows for a 1 MByte physical address s

10 DF Direction Flag — Causes string i ! i
instructions to auto decrement the All instructions that address operands in memory must
appropriate index register when set. specify the base segment and the 16-bit offset value.
Clearing DF causes auto increment. F ) . di he

1 oF Overflow Flag — Set if the signed or spee.d and compact |n§tructlon enco |ng,‘ t g s.eg-
result cannot be expressed within ment register used for physical address generation is im-

the number of bits in the destina-

tion operand: cleared othenwise. plied by the addressing mode used (see Table 3). These

rules follow the way programs are written (see Fig. 6)
as independent modules that require areas for code and
data, a stack, and access to external data areas.

Instruction Set

The instruction set is divided into seven categories: data Special segment override instruction prefixes allow the
transfer, arithmetic, shift/rotate/logical, string manipula- implicit segment register selection rules to be overriden for
tion, control transfer, high-level instructions, and processor special cases. The stack, data, and extra segments may
control. These categories are summarized in Fig. 4. coincide for simple programs.
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Fig. 4 — MBL 80188 INSTRUCTION SET

GENERAL PURPOSE MOVS Move byte or word string
MOV Move byte or word INS Input bytes or word string
PUSH Push word onto stack OUTS Output bytes or word string
POP Pop word off stack CMPS Compare byte or word string
PUSHA Push all registers on stack SCAS Scan byte or word string
POPA Pop all registers from stack LODS Load byte or word string
XCHG Exchange byte or word STOS Store byte or word string
XLAT Translate byte REP Repeat
INPUT/OUTPUT REPE/REPZ Repeat while equal/zero
IN Input byte or word REPNE/REPNZ Repeat while not equal/not zero
ouT Output byte or word LOGICALS
ADDRESS OBJECT —
LEA Load effective address NOT Not” byte or word
AND “And’’ byte or word
LDS Load pointer using DS B
- - OR “Inclusive or”’ byte or word
LES Load pointer using ES XOR 'Exclusive or'’ byte or word
FLAG TRANSFER TEST ““Test’’ byte or word
LAHF Load AH register from flags SHIFTS
SAHF Store AH register in flags SHL/SAL Shift logical/arithmetic left byte or word
PUSHF Push flags onto stack SHR Shift logical right byte or word
POPF Pop flags off stack SAR Shift arithmetic right byte or word
ROTATES
ADDITION ROL Rotate left byte or word
ADD Add byte or word ROR Rotate right byte or word
ADC Add byte or word with carry RCL Rotate through carry left byte or word
INC Increment byte or word by 1 RCR Rotate through carry right byte or word
AAA ASCII adjust for addition
DAA Decimal adjust for addition FLAG OPERATIONS
SUBTRACTION STC Set carry flag
SUB Subtract byte or word CcLC Clear carry flag
SBB Subtract byte or word with borrow cmc Complement carry flag
DEC Decrement byte or word by 1 STD Set direction flag
NEG Negate byte or word CLD Clear direction flag
CMP Compare byte or word STI Set interrupt enable flag
AAS ASCII adjust for subtraction cLi Clear interrupt enable flag
DAS Decimal adjust for subtraction EXTERNAL SYNCHRONIZATION
MULTIPLICATION HLT Halt until interrupt or reset
MUL Muitiply byte or word unsigned WAIT Wait for TEST pin active
IMUL Integer multiply byte or word ESC Escape to extension processor
AAM ASCII adjust for multiply LOCK Lock bus during next instruction
DIVISION NO OPERATION
DIV Divide byte or word unsigned NOP No operation
IDIV Integer divide byte or word ) HIGH LEVEL INSTRUCTIONS
AAD ASCI| adjust for division ENTER Format stack for procedure entry
CcBW Convert byte to word LEAVE Restore stack for procedure exit
CWD Convert word to doubleword BOUND Detects values outside prescribed range

1-180



(A
FUJITSU MBL 80188

NI MBL 80188-6

Fig. 4 — MBL 80188 INSTRUCTION SET (continued)

CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS
JA/INBE Jump if above/not below nor equal CALL Call procedure
JAE/JNB Jump if above or equal/not below RET Return from procedure
JB/IJNAE Jump if below/not above nor equal
- JMP Jump
JBE/JNA Jump if below or equal/not above
JC Jump if carry ITERATION CONTROLS
JE/JZ Jump if equal/zero oop L
JG/INLE Jump if greater/not less nor equal L oop
JGE/INL Jump if greater or equal/not less LOOPE/LOOPZ Loop if equal/zero
JL/INGE Jump if less/not greater nor equal LOOPNE/LOOPNZ Loop if not equal/not zero
JLE/ING Jump if less or equal/not greater Jcxz Jump if register CX = 0
JNC Jump if not carry
JNE/INZ Jump if not equal/not zero INTERRUPTS
JNO Jump if not overflow INT
INP/JPO Jump if not parity/parity odd Interrupt
JNS Jump if not sign INTO Interrupt if overflow
JO Jump if overflow
JP/JPE Jump if parity/parity even IRET Interrupt return
Js Jump if sign
To access operands that do not reside in one of the four
immediately available segments, a full 32-bit pointer can Fig. 6 — SEGMENTED MEMORY HELPS
be used to reload both the base (segment) and offset values. STRUCTURE SOFTWARE
r-——-1
Fig. 5 — TWO COMPONENT ADDRESS | |
CODE
SHIFT LEFT 4 BITS SEGMENT MODULE A SATA
BASE LOGICAL
ADDRESS : |
OFFSET !
CODE chy
MODULE B |_
DATA —1 CODE
1 2 3 6 2|PHYSICAL ADDRESS : : L DATA
STACK
TO MEMORY
PROCESS -
STACK EXTRA
SEGMENT
Table 3 — SEGMENT REGISTER SELECTION RULES | | REGISTERS
| !
Memory Segment -
Reference Register I"S‘pi"c'f Seg:am?nt PROCESS
Needed Used election Rule DATA
BLOCK 1
Instructions Code (CS) Instruction prefetch and imme- |
diate data. | I
]
Stack Stack (SS) All stack pushes and pops; any
memory references which use Ei?riESS
BP Register as a base register. BLOCK 2
External Data | Extra (ES) All string instruction references
(Global) which use the DI register as an ] |
index. L——_J
MEMORY
Local Data Data (DS) All other data references.
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Addressing Modes
The MBL 80188 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 general registers.

® /mmediate Operand Mode: The operand is included in
the instruction.

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

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

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

® the /index (contents of either the S| or DI index regis-
ters).

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.

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

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

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

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

® Based Indexed Mode with Displacement: The operand’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 MBL 80188 directly supports the following data types:

® /nteger: A signed binary numeric value contained in
an 8-bit byte or a 16-bit word. All operations assume a
2's complement representation. Signed 32- and 64-bit
integers are supported using the MBL 80188 and Intel
8087 Numeric Data Processor.

® 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.

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

® ASC//: A byte representation of alphanumeric and
control characters using the ASCII standard of character
representation.

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

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

® Floating Point: A signed 32-, 64-, or 80-bit real number
representation. (Floating point operands are supported
using the MBL 80188 and Intel 8087 Numeric Data
Processor configuration).

In general, individual data elements must fit within defined
segment limits. Fig. 7 graphically represents the data types
supported by the MBL 80188.

1/0 Space

The 1/O space consists of 64K 8-bit or 32K 16-bit ports.
Separate instructions address the 1/O space with either an
8-bit port address, specified in the instruction, or a 16-bit
port address in the DX register. 8-bit port addresses are
zero extended such that A15-A8 are LOW. I/O port ad-
dresses 00F8(H) through OOFF(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 resumption
of the interrupted program. Interrupts fall into three
classes: hardware initiated, INT instructions, and instruc-
tion exceptions. Hardware initiated interrupts occur in
response to an external input and are classified as non-
maskable or maskable.

Programs may cause an interrupt with an INT instruction.
Instruction exceptions occur when an unusual condition,
which prevents further instruction processing, is detected
while attempting to execute an instruction. |f the excep-
tion was caused by executing an ESC instruction with the
ESC trap bit set in the relocation register, the return in-
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struction will point to the ESC instruction, or to the seg-
Fig. 7 — MBL 80188 SUPPORTED DATA TYPES ment override prefix immediately preceding the ESC
instruction if the prefix was present. In all other cases, the
return address from an exception will point at the instruc-
7 tion immediately following the instruction causing the

0
SIGNED :
BYTE m exception.

SIGN BIT- L1

MAGNITUDE A table containing up to 256 pointers defines the proper
UNSIGNED 0 interrupt service routine for each interrupt. Interrupts
BYTE %I 0-31, some of which are used for instruction exceptions,
MAGNITUDE are reserved. Table 4 shows the MBL 80188 predefined
1514*1g7 0 o types and default priority levels. For each interrupt, an

SIGNED 8-bit vector must be supplied to the MBL 80188 which
SIGV\II\IC‘E;:?FJ ~MSB identifies the appropriate table entry. Exceptions supply
MAGNITUDE the interrupt vector internally. In addition, internal pe-

SIGNED 31 +3 +2 1615 1 0 o ripherals and non-cascaded external interrupts will generate
DOUBLE their own vectors through the internal interrupt controller.
SI‘gﬂRB?TJtMSB ) INT instructions contain or imply the vector and allow
MAGNITUDE access to all 256 interrupts. Maskable hardware initiated

SIGNEDS3+7 +§8 4;5 +32 3‘;3 +216 1"51 0, interrupts supply the 8-bit vector to the CPU during an
W%%AD[B I I l | [ J l interrupt acknowledge bus sequence. Non-maskable hard-
SIGN BIT-EMSB ! ware interrupts use a predefined internally supplied vector.

MAGNITUDE
15 +1 0 o Interrupt Sources

UNS'xgggm The MBL 80188 can service interrupts generated by soft-
~MSB ware or hardware. The software interrupts are generated
MAGNITUDE by specific instructions (INT, ESC, unused OP, etc.) or the

BINARYZ N 0 7 " 97 0 ¢ results of conditions specified by instructions (array bounds
DE%?!&&E check, INTO, DIV, IDIV, etc.) All interrupt sources are
(BCD) DIGIT N DI%?‘I‘?1 DIBGCI:‘?O serviced by an indirect call through an element of a vector

S N o . ; +107 0 o table. This vector table is indexed by using the interrupt
Ascn[ﬂ-'Tm] ['rrrrn-rrm'p-n-l vector type"(TabIe 4), multiplied by four. All hardware-
ASCT ASCIT ASCHI generated interrupts are sampled at the end of each instruc-
CHARACTERy CHARACTER  CHARACTER( tion. Thus, the software interrupts will begin service first.

+N o 7 1 97 0 ¢ Once the service routine is entered and interrupts are

7
PACKED enabled, any hardware source of sufficient priority can
BCD| | I | enabled, any har source o icient priority
interrupt the service routine in progress.

| —) | S—
MOST LEAST
SIGNIFICANT DIGIT SIGNIFICANT DIGIT
The software generated MBL 80188 interrupts are de-

75N o 7151 07150 o scribed below.
STRING I I oo
BYTE WORD N BYTE WORD 1 BYTE WORD 0 ® Divide Error Exception (Type 0)
37 +3 +2 4615 +1 0 Generated when a DIV or IDIV instruction quotient
POINTER m""ﬂ""‘m"”'"r’""ﬂ'""l cannot be expressed in the number of bits in the destina-
| tion.
SELECTOR OFFSET
799 8 +7 +6 +5 +4 +3 +2 +1 0 ® Single-Step Interrupt (Type 1)
FLOATING R ) . .
POINT* || T T 1T 1T 1T 1] Generated after most instructions if the TF flag is set.
SIGN BITJEXPONENTl VAGNITUDE —1 Interrupts will not be generated after prefix instructions
(e.g., REP), instructions which modify segment registers
NOTE: (e.g., POP DS), or the WAIT instruction.
*SUPPORTED BY MBL 80188 AND INTEL 8087 NUMERIC
DATA PROCESSOR CONFIGURATION. ® Non-Maskable Interrupt—NMI (Type 2)

An external interrupt source which cannot be masked.
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Table 4 — MBL 80188 INTERRUPT VECTORS

Vector Default Related

Interrupt Name Type Priority Instructions

Divide Error 0 *1 DIV, IDIV
Exception

Single Step 1 12%*2 All
Interrupt

NMI 2 1 All

Breakpoint 3 *1 INT
Interrupt

INTO Detected 4 *1 INTO
Overflow
Exception

Array Bounds 5 *1 BOUND
Exception

Unused-Opcode 6 *1 Undefined
Exception Opcodes

ESC Opcode 7 *EEx ESC Opcodes
Exception

Timer O Interrupt 8 2AX*x*

Timer 1 Interrupt 18 2B****

Timer 2 Interrupt 19 2C**x*

Reserved 9 3

DMA 0 Interrupt 10 4

DMA 1 Interrupt 1 5

INTO Interrupt 12 6

INT1 interrupt 13 7

INT2 Interrupt 14 8

INT3 Interrupt 15 9

NOTES:
*1. These are generated as the result of an instruction execu-

tion.

This is handled as in the MBL 8088.

All three timers constitute one source of request to the
interrupt controller. The Timer interrpts all have the same
default priority level with respect to all other interrupt
sources. However, they have a defined priority ordering
amongst themselves. (Priority 2A is higher priority than
2B.) Each Timer interrupt has a separate vector type
number.

. Default priorities for the interrupt sources are used only if
the user does not program each source into a unigue
priority level.

An escape opcode will cause a trap only if the proper bit is
set in the peripheral control block relocation register.

**2,

*xx%3

*xrg

® Breakpoint Interrupt (Type 3)

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

® INTO Detected Overflow Exception (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 index
is outside the array bounds. The array bounds are located
in memory at a location indicated by one of the instruc-
tion 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.
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® Escape Opcode Exception (Type 7)

Generated if execution is attempted of ESC opcodes (D8H-
DFH). This exception will only be generated if a bit in the
relocation register is set. The return address of this excep-
tion will point to the ESC instruction causing the excep-
tion. If a segment override prefix preceded the ESC instruc-
tion, the return address will point to the segment override
prefix.

Hardware-generated interrupts are divided into two groups:
maskable interrupts and non-maskable interrupts. The
MBL 80188 provides maskable hardware interrupt request
pins INTO-INT3. In addition, maskable interrupts may be
generated by the MBL 80188 integrated DMA controller
and the integrated timer unit. The vector types for these
interrupts is shown in Table 4. Software enables these
inputs by setting the interrupt flag bit (IF) in the Status
Word. The interrupt controller is discussed in the peripheral
section of this data sheet.

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 to
the interrupt. The interrupt flag will remain zero unless
specifically set. The interrupt return instruction restores
the Status Word, thereby restoring the original status of IF
bit. If the interrupt return re-enables interrupts, and
another interrupt is pending, the MBL 80188 will immedi-
ately service the highest-priority interrupt pending, i.e.,
no instructions of the main line program will be executed.

Non-Maskable Interrupt Request (NMI)

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

Single-Step Interrupt

The MBL 80188 has an internal interrupt that allows pro-
grams to execute one instruction at a time. It is called
the single-step interrupt and is controlled by the single-
step flag bit (TF) in the Status Word. Once this bit is set,
an internal single-step interrupt will occur after the next
instruction has been executed. The interrupt clears the TF
bit and uses an internally supplied vector of 1. The IRET
instruction is used to set the TF bit and transfer control
to the next instruction to be single-stepped.
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Initialization and Processor Reset

Processor initialization or startup is accomplished by
driving the RES input pin LOW. RES forces the
MBL 80188 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 MBL 80188
begins execution with the instruction at physical location
FFFFO(H). RES also sets some registers to predefined
values as shown in Table 5.

Table 5 — MBL 80188 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)
umMmcs FFFB(H)

THE MBL 80188 COMPARED TO THE MBL 80186

The MBL 80188 CPU is an 8-bit processor designed around
the MBL 80186 internal structure. Most internal func-
tions of the MBL 80188 are identical to the equivalent
MBL 80186 functions. The MBL 80188 handles the ex-
ternal bus the same way the MBL 80186 does with the
distinction of handling only 8 bits at a time. Sixteen bit
operands are fetched or written in two consecutive bus
cycles. Both processors will appear identical to the soft-
ware engineer, with the exception of execution time. The
internal register structure is identical and all instructions
have the same end result. The differences between the
MBL 80188 and MBL 80186 are outlined below. Internal-
ly, there are three differences between the MBL 80188
and the MBL 80186. All changes are related to the 8-bit
bus interface.

® The queue length is 4 bytes in the MBL 80188, whereas
the MBL 80186 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 neces-
sary to fetch instructions 8 bits at a time.

To further optimize the queue, the prefetching algo-
rithm was changed. The MBL 80188 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
MBL 80186 waits until a 2-byte space is available.

The internal execution time of the instruction is af-
fected by the 8-bit interface. All 16-bit fetches and
writes from/to memory take an additional four clock
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cycles. The CPU may also be limited by the speed
of instruction fetches when a series of simple opera-
tions occur. When the more sophisticated instructions
of the MBL 80188 are being used, the queue has time
to fill and the execution proceeds as fast as the execu-
tion unit will allow.

The MBL 80188 and MBL 80186 are completely soft-
ware compatible by virture of their identical execution
units. Software that is system dependent may not be
completely transferable, but software that is not system
dependent will operate equally well on an MBL 80188 or
an MBL 80186.

The hardware interface of the MBL 80188 contains the
major differences between the two CPUs. The pin assign-
ments are nearly identical, however, with the following
functional changes.

® A8-A15 — These pins are only address outputs on the
MBL 80188. These address lines are latched internally
and remain valid throughout a bus cycle in a manner
similar to the 8085 upper address lines.

BHE has no meaning on the MBL 80188 and has been

eliminated.

MBL 80188 CLOCK GENERATOR

The MBL 80188 provides an on-chip clock generator for
both internal and external clock generation. The clock
generator features a crystal oscillator, a divide-by-two
counter, synchronous and asynchronous ready inputs, and
reset circuitry.

Oscillator

The oscillator circuit of the MBL 80188 is designed to
be used with a parallel resonant fundamental mode crystal.
This is used as the time base for the MBL 80188. The
crystal frequency selected will be double the CPU clock
frequency. Use of an LC or RC circuit is not recommended
with this oscillator. If an external oscillator is used, it can
be connected directly to input pin X1 in lieu of a crystal.
The output of the oscillator is not directly available outside
the MBL 80188. The recommended crystal configuration
is shown in Fig. 8.

The following parameters may be used for choosing a
crystal:

Temperature Range: 0to70°C
ESR (Equivalent Series Resistance): 30€2 max
CO (Shunt Capacitance of Crystal): 7.0 pF max
CL (Load Capacitance): 20 pF £ 2 pF
Drive Level: 1 mW max




Fig. 8 - RECOMMENDED MBL 80188 CRYSTAL
CONFIGURATION

X1
=3 x MHz CRYSTAL
x2r 20pF
)
MBL 80188 [

MBL 80188 (8 MHz) 6

MBL 80188-6(6 MHz)| 12

Clock Generator

The MBL 80188 clock generator provides the 50% duty
cycle processor clock for the MBL 80188. It does this by
dividing the oscillator output by 2 forming the symmetrical
clock. If an external oscillator is used, the state of the clock
generator will change on the falling edge of the oscillator
signal. The CLKOUT pin provides the processor clock
signal for use outside the MBL 80188. This may be used to
drive other system components. All timings are referenced
to the output clock.

READY Synchronization

The MBL 80188 provides both synchronous and asynchro-
nous ready inputs. Asynchronous ready synchronization 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 cycle of
resolution time is used. Full synchronization is performed
only on the rising edge of ARDY, i.e., the falling edge of
ARDY must be synchronized to the CLKOUT signal if
it will occur during T2, T3 or Tw. HIGH-to-LOW transi-
tions of ARDY must be performed synchronously to the
CPU clock.

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 resolu-
tion time penalty is eliminated.

This input must satisfy set-up and hold times to guarantee
proper operation of the circuit.

In addition, the MBL 80188, 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.

I
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RESET Logic

The MBL 80188 provides both a RES input pin and a
synchronized RESET pin for use with other system com-
ponents. The RES input pin on the MBL 80188 is provided
with hysteresis in order to facilitate power-on Reset genera-
tion via an RC network. RESET is guaranteed to remain
active for at least five clocks given a RES input of at least
six clocks. RESET may be delayed up to two and one-half
clocks behind RES.

Multiple MBL 80188 processors may be synchronized
through the RES input pin, since this input resets both
the processor and divide-by-two internal counter in the
clock generator. In order to insure that the divide-by-two
counters all begin counting at the same fime, the active
going edge of RES must satisfy a 25 ns setup time before
the falling edge of the MBL 80188 clock input. In addition,
in order to insure that all CPUs begin executing in the same
clock cycle, the reset must satisfy a 25 ns setup time
before the rising edge of the CLKOUT signal of all the
processors.

LOCAL BUS CONTROLLER

The MBL 80188 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 control lines 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 MBL 80188 provides ALE, RD, and WR bus control
signals. The RD and WR signals are used to strobe data
from memory to the MBL 80188 or to strobe data from
the MBL 80188 to memory. The ALE line provides a
strobe to address latches for the multiplexed address/
data bus. The MBL 80188 local bus controller does not
provide a memory/I/O signal. If this is required, the user
will have to use the S2 signal (which will require external
latching), make the memory and 1/O spaces nonoverlap-
ping, or use only the integrated chip-select circuitry.

Transceiver Control

The MBL 80188 generates two control signals to be con-
nected to MBL 8286/8287 transceiver chips. This capa-
bility allows the addition of transceivers for extra buffer-
ing without adding external logic. These control lines,
DT/R and DEN, are generated to control the flow of data
through the transceivers. The operation of these signals is
shown in Table 6.
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Table 6 — TRANSCEIVER CONTROL SIGNALS
DESCRIPTION

Pin Name Function

DEN (Data Enable) Enables the output drivers of the
transceivers. It is active LOW during

memory, I/0O, or INTA cycles.

Determines the direction to travel
through the transceivers. A HIGH
level directs data away from the
processor during write operations,
while a LOW level directs data to-
ward .the processor during a read

DT/R (Data Transmit/
Receive)

operation.

Local Bus Arbitration

The MBL 80188 uses a HOLD/HLDA system of local bus
exchange. This provides an asynchronous bus exchange
mechanism. This means multiple masters utilizing the
same bus can operate at separate clock frequencies. The
MBL 80188 provides a single HOLD/HLDA pair through
which all other bus masters may gain control of the local
bus. This requires external circuitry to arbitrate which
external device will gain control of the bus from the
MBL 80188 when there is more than one alternate local
bus master. When the MBL 80188 relinquishes control
of the local bus, it floats DEN,RD, WR, S0-S2, LOCK,
ADO-AD15, A16-A19, S7, and DT/R to allow another
master to drive these lines directly.

The MBL 80188 HOLD latency time, i.e., the time be-
tween HOLD request and HOLD acknowledage, is a function
of the activity occurring in the processor when the HOLD
request is received. A HOLD request is the highest-priority
activity request which the processor may receive: higher
than instruction fetching or internal DMA cycles. However,
if a DMA cycle is in progress, the MBL 80188 will com-
plete the transfer before relinquishing the bus. This implies
that if a HOLD request is received just as a DMA transfer
begins, the HOLD latency time can be as great as 4 bus
cycles. This will occur if a DMA word transfer operation
is taking place from an odd address to an odd address. This
is a total of 16 clocks or more, if WAIT states are required.
In addition, if locked transfers are performed, the HOLD
latency time will be increased by the length of the locked
transfer.

Local Bus Controller and Reset

Upon receipt of a RESET pulse from the RES input, the

local bus controller will perform the following actions:

e Drive DEN, RD, and WR HIGH for one clock cycle, then
float.

NOTE: RD is also provided with an internal pull-up
device to prevent the processor from inadvertently
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entering Queue Status mode during reset.

Drive SO-S2 to the passive state (all HIGH) and then
float.

Drive LOCK HIGH and then float.

Tristate ADO-7, A8-19, S7, DT/R.

Drive ALE LOW (ALE is never floated).

Drive HLDA LOW.

INTERNAL PERIPHERAL INTERFACE

All the MBL 80188 integrated peripherals are controlled
via 16-bit registers contained within an internal 256-byte
control block. This control block may be mapped into
either memory or 1/0O space. Internal logic will recognize
the address and respond to the bus cycle. During bus
cycles to internal registers, the bus controller will signal
the operation externally (i.e., the RD, WR, status, address,
data, etc., lines will be driven as in a normal bus cycle),
but D7-0, SRDY, and ARDY will be ignored. The base
address of the control block must be on an even 256-byte
boundary (i.e., the lower 8 bits of the base address are all
zeros). All of the defined registers within this control
block may be read or written by the MBL 80188 CPU
at any time. The location of any register contained within
the 256-byte control block is determined by the current
base address of the control block.

The control block base address is programmed via a 16-bit
relocation register contained within the control block at
offset FEH from the base address of the control block
(see Fig. 9). It provides the upper 12 bits of the base
address of the control block. Note that mapping the
control register block into an address range corresponding
to a chip-select range is not recommended (the chip select
circuitry is discussed later in this data sheet). In addition,
bit 12 of this register determines whether the control block
will be mapped into I/O or memory space. If this bit is
1, the control block will be located in memory space,
whereas if the bit is 0, the control block will be located in
1/0 space. If the control register block is mapped into /O
space, the upper 4 bits of the base address must be pro-
grammed as O (since 1/O addresses are only 16 bits wide).

Whenever mapping the MBL 80188 peripheral control
block to another location, the programming of the reloca-
tion register should be done with a byte write (i.e. OUT
DX,AL). Any access to the control block is done 16 bits
at a time. Thus, internally, the relocation register will get
written with 16 bits of the AX register while externally,
the BIU will run only one 8 bit bus cycle. If a word instruc-
tion is used (i.e. OUT DX,AX), the relocation register
will be written on the first bus cycle. The BIU will then
run a second bus cycle which is unnecessary. The address
of the second bus cycle will no longer be within the control
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block (i.e. the control block was moved on the first cycle),
and therefore, will require the generation of an external
ready signal to complete the cycle. For this reason we re-
commend byte operations to the relocation register. Byte
instructions may also be used for the other registers in the
control block and will eliminate half of the bus cycles
required if a word operation had been specified. Byte
operations are only valid on even addresses though, and are
undefined on odd addresses.

In addition to providing relocation information for the
control block, the relocation register contains bits which
place the interrupt controller into iRMX mode, and
cause the CPU to interrupt upon encountering ESC instruc-
tions. At RESET, the relocation register is set to 20FFH.
This causes the control block to start at FFOOH in 1/O
space. An offset map of the 256-byte control register
block is shown in Fig. 10.

The integrated MBL 80188 peripherals operate semi-
autonomously from the CPU. Access to them for the
most part is via software read/write of the control and data
locations in the control block. Most of these registers can
be both read and written. A few dedicated lines, such as
interrupts and DMA request provide real-time communica-
tion between the CPU and peripherals as in a more con-
ventional system utilizing discrete peripheral blocks.
The overall interaction and function of the peripheral
blocks has not substantially changed. The data access from/
to the 256-byte internal control block will always be 16-bit
and done in one bus cycle. Exférnally the BIU will still
run two bus cycles for each 16-bit operation.

CHIP-SELECT/READY GENERATION LOGIC

The MBL 80188 contains logic which provides program-
mable chip-select generation for both memories and pe-
ripherals. In addition, it can be programmed to provide
READY (or WAIT state) generation. It can also provide
latched address bits A1 and A2. The chip-select lines are
active for all memory and 1/0 cycles in their programmed
areas, whether they be generated by the CPU or by the
integrated DMA unit.
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Memory Chip Selects

The MBL 80188 provides 6 memory chip select outputs
for 3 address areas: upper memory, lower memory, and
midrange memory. One each is provided for upper memory
and lower memory, while four are provided for midrange
memory.

The range for each chip select is user-programmable and
can be set to 2K, 4K, 8K, 16K, 32K, 64K, 128K (plus 1K
and 256K for upper and lower chip selects). In addition,
the beginning or base address of the midrange memory chip
select may also be selected. Only one chip select may be
programmed to be active for any memory location at a
time. All chip select sizes are in bytes.

Fig. 10 — INTERNAL REGISTER MAP
OFFSET
Relocation Register FEH
DMA Descri Ch 11 DAH
t
escriptors Channe DOH
CAH
DMA Descriptors Channel O
COH
Chip-Select C | Regi ABH
- t t
ip-Select Control Registers AOH
X A 66H
Timer 2 Control Registers 60H
Timer 1 Control Registers ggn
Timer O Control Registers 56H
50H
| Controller Regist 3EH
t t
nterrupt Controller Registers 20H

® Upper Memory CS

The MBL 80188 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 MBL 80188 begins
executing at memory location FFFFOH.

Fig. 9 — RELOCATION REGISTER

15 14 13 12 1110 9 8 7 6 5 4 3 2 1 4]
OFFSET: FEH ET RMX X Mm/10 Relocation Address Bits R19—R8
ET = ESC Trap / No ESC Trap (1/0)
M/10 = Register block located in Memory / 1/O Space (1/0)
RMX = Master Interrupt Controller mode / iRMX compatible Interrupt Controller mode (0/1)
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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 7 shows the relationship be-
tween the base address selected and the size of the memory
block obtained.

Table 7 — UMCS PROGRAMMING VALUES

Starting Address Memory U(':E:, '\'(ia'l‘:e
(Base Address) Block Size RO=R1=R2=0)
FFCO00 1K FFF8H
FF800 2K FFB8H
FF000 4K FF38H
FEO000 8K FE38H
FCO000 16K FC38H
F8000 32K F838H
F0000 64K FO38H
E0000 128K EO38H
C0000 256K CO38H

The lower limit of this memory block is defined in the
UMCS register (see Fig. 11). This register is at offset AOH in
the internal control block. The legal values for bits 6-13
and the resulting starting address and memory block sizes
are given in Table 7. Any combination of bits 6-13 not
shown in Table 7 will result in undefined operation. After
reset, the UMCS register is programmed for a 1K area. It
must be reprogrammed if a larger upper memory area is
desired.

Any internally generated 20-bit address whose upper 16
bits are greater than or equal to UMCS (with bits 0-5 “0"")
will cause UCS to be activated. UMCS bits R2-R0 are used
to specify READY mode for the area of memory defined
by this chip-select register, as explained below.

® Lower Memory CS

The MBL 80188 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 also defined. Table 8 shows the relationship be-
tween the upper address selected and the size of the
memory block obtained.

The upper limit of this memory block is defined in the
LMCS register (see Fig. 12). This register is at offset A2H
in the internal control block. The legal values for bits
6-15 and the resulting upper address and memory block
sizes are given in Table 8. Any combination of bits 6-15
not shown in Table 8 will result in undefined operation.
After reset, the LMCS register value is undefined. How-

ever, the LCS chip-select line will not become active until
the LMCS register is accessed.

Table 8 — LMCS PROGRAMMING VALUES

LMCS Value
Upper Address B’:noecT‘JS'i!e (Assuming
RO=R1=R2=0)
003FFH 1K 0038H
007FFH 2K 0078H
O0FFFH 4K 00F8H
01FFFH 8K 01F8H
O3FFFH 16K O3F8H
07FFFH 32K 07F8H
OFFFFH 64K OFF8H
1FFFFH 128K 1FF8H
3FFFFH 256K 3FF8H

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

® Mid-Range Memory cs

The MBL 80188 provides four MCS lines which are active
within a user-locatable memory block. This block can be
located anywhere within the MBL 80188 1M byte memory
address space exclusive of the areas defined by UCS and
LCS. Both the base address and size of this memory block
are programmable.

The size of the memory block defined by the mid-range
select lines, as shown in Table 9, is determined by bits
8-14 of the MPCS register (see Fig. 13). This register
is at location A8H in the internal control block. One
and only one of bits 8-14 must be set at a time. 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.
Thus, if the total block size is 32K, each chip select is
active for 8K of memory with MCSO being active for the
first range and MCS3 being active for the last range.

The EX and MS in MPCS relate to peripheral functionality
as described in a later section.

Table 9 — MPCS PROGRAMMING VALUES

Total Block Individual MPCS Bits
Size Select Size 14-8

8K 2K 0000001B

16K 4K 00000108B

32K 8K 0000100B

64K 16K 0001000B

128K 32K 00100008

256K 64K 01000008

512K 128K 10000008
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"The base address of the mid-range memory block is defined
by bits 15-9 of the MMCS register (see Fig. 14). This
register is at offset ABH in the internal control block.
These bits correspond to bits A19-A13 of the 20-bit
memory address. Bits A12-A0 of the base address are
always 0. The base address may be set at any integer
multiple of the size of the total memory block selected.
For 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 contents of both of these registers are undefined.
However, none of the MCS lines will be active until both
the MMCS and MPCS registers are accessed.

MMCS bits R2-R0 specify READY mode of operation for
all mid-range chip selects. All devices in mid-range memory
must use the same number of WAIT states.

The 512K block size for the mid-range memory chip
selects is a special case. When using 512K, the base address
would have to be at either locations 00000H or 80000H.
If it were to be programmed at 00000H when the LCS line

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

Peripheral Chip Selects
The MBL 80188 can generate chip selects for up to seven
peripheral devices. These chip selects are active for seven
contiguous blocks of 128 bytes above a programmable
base address. This base address may be located in either
memory or 1/0 space.

Seven CS lines called PCS0-6 are generated by the
MBL 80188. The base address is user-programmable; how-
ever it can only be a multiple of 1K bytes, i.e., the least
significant 10 bits of the starting address are always 0.

PCS5 and PCS6 can also be programmed to provide latched

Fig. 11 — UMCS REGISTER
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OFFSET: AOH 1 1 U U U U U ] U U 1 1 1 R2 | R1 RO
A19 A1
Fig. 12 — LMCS REGISTER
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OFFSET: A2H ] 0 U V] U U U V) U U 1 1 1 R2 [ R1 RO
A19 A1
Fig. 13 — MPCS REGISTER
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OFFSET: A8H 1 M6 | M5 [ M4 | M3 | M2 | M1 | MO | EX | MS 1 1 1 R2 | R1 RO
Fig. 14 — MMCS REGISTER
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OFFSET: A6H U u U U u U U 1 1 1 1 1 1 R2 | R1 RO
A19 A13
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Fig. 15 — PACS REGISTER

OFFSET: A4H U U V] U U U

A19

A10

address bits A1, A2. If so programmed, they cannot be
used as peripheral selects. These outputs can be connected
directly to the A0, A1 pins used for selecting internal
registers of 8-bit peripheral chips. This scheme simplifies
the hardware interface because the 8-bit registers of pe-
ripherals are simply treated as 16-bit registers located on
even boundaries in 1/O space or memory space where only
the lower 8-bits of the register are significant: the upper
8-bits are ““don’t cares.”’

The starting address of the peripheral chip-select block is
defined by the PACS register (see Fig. 15). This 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 zeros. If the chip-select block is located
in 1/0 space, bits 12-15 must be programmed zero, since
the 1/O address is only 16 bits wide. Table 10 shows the
address range of each peripheral chip select with respect
to the PBA contained in PACS register.

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

Table 10 — PCS ADDRESS RANGES

Table 11 — MS, EX PROGRAMMING VALUES

Bit Description

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

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

MPCS bits 0-2 are used to specify READY mode for
PCS4-PCS6 as outlined below.

READY Generation Logic

The MBL 80188 can generate a “READY’’ signal inter-
nally for each of the memory or peripheral CS lines. The
number of WAIT states to be inserted for each peripheral
or memory is programmable to provide 0-3 wait states
for all accesses to the area for which the chip select is
active. In addition, the MBL 80188 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 MBL 80188. The inter-
pretation of the ready bits is shown in Table 12.

" Table 12 — READY BITS PROGRAMMING

PCS Line Active between Locations
PCSO PBA — PBA+127
PCS1 PBA +128 — PBA + 255
PCS2 PBA + 256 — PBA + 383
PCS3 PBA +384 — PBA +511
PCs4 PBA +512 — PBA +639
PCS5 PBA + 640 — PBA + 767
PCS6 PBA +768 — PBA +895

R2

R1

RO

Number of WAIT States Generated

0

0

[

1

0 wait states, external RDY also
used.

1 wait state inserted, external RDY
also used.

2 wait states inserted, external RDY

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
Fig. 16). This 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 /O
space. Table 11 describes 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.

also used.

3 wait states inserted, external RDY
also used.

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

2 wait states inserted, external RDY
ignored.

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). This means, 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,
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the processor will only insert four wait states, not six.
This is because the two wait states generated by the inter-
nal generator overlapped the first two wait states generated
by the external ready signal. Note that the external ARDY
and SRDY lines are always ignored during cycles accessing
internal peripherals.

R2-R0O of each control word specifies the READY mode
for the corresponding block, with the exception of the
peripheral chip selects: R2-R0O of PACS set the PCS0-3
READY mode, R2-R0O of MPCS set the PCS4-6 READY
mode.

Chip Select/Ready Logic and Reset

A
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registers consist of a 20-bit Source Pointer (2 words), a
20-bit Destination Pointer (2 words), a 16-bit Transfer
Counter, and a 16-bit Control Word. The format of the
DMA Control Blocks is shown in Table 13. The Transfer
Count Register (TC) specifies the number of DMA transfers
to be performed. Up to 64K byte transfers can be per-
formed with automatic termination. The Control Word
defines the channel’s operation (see Fig. 18). All registers
may be modified or altered during any DMA activity. Any
changes made to these registers will be reflected immedi-
ately in DMA operation.

Table 13 — DMA CONTROL BLOCK FORMAT

Upon

reset, the Chip-Select/Ready Logic will perform

the following actions:

All chip-select outputs will be driven HIGH.
Upon leaving RESET, the UCS line will be programmed

Register Address
Register Name

Ch.0 Ch. 1
Control Word CAH DAH
Transfer Counter C8H D8H
Destination Pointer (upper 4 bits) C6H D6H
Destination Pointer C4H D4H
Source Pointer (upper 4 bits) C2H D2H
Source Pointer COH DOH

to provide chip selects to a 1K block with the accom-
panying READY control bits set at 011 to allow the
maximum number of internal wait states in conjunction
with external Ready consideration (i.e., UMCS resets
to FFFBH).

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

DMA CHANNELS

The MBL 80188 DMA controller provides two independent
high-speed DMA channels. Data transfers can occur be-
tween memory and 1/O spaces (e.g., Memory to 1/O) or
within the same space (e.g., Memory to Memory or 1/0 to
1/0). Each DMA channel maintains both a 20-bit source
and destination pointer which can be optionally incre-
mented or decremented after each data transfer. Each data
transfer consumes 2 bus cycles (a minimum of 8 clocks),
one cycle to fetch data and the other to store data. This
provides a maximum data transfer rate of one MByte/sec.

DMA Operation
Each channel has six registers in the control block which
define each channel’s specific operation. The control

DMA Channel Control Word Register

Each DMA Channel Control Word determines the mode
of operation for the particular MBL 80188 DMA channel.
This register specifies:

the mode of synchronization;

whether interrupts will be generated after the last
transfer;

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

the relative priority of the DMA channel with respect
to the other DMA channel;

whether the source pointer will be incremented, de-
cremented, 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
1/0 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.

Fig. 16 — MPCS REGISTER

OFFSET: AS8H 1 M6 | M5 | M4 | M3 | M2

M1 | MO | EX | MS 1 1 1 R2 | R1 RO
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Fig. 177 — DMA UNIT BLOCK DIAGRAM

ADDER CONTROL
20 BIT ADDER/SUBTRACTOR LOGIC

TIMER REQUEST

DRQ1 D
REQUEST

SELECTION | prao
[ TRANSFER COUNTER CH. 1 LOGIC
DEST. ADRS. POINTER CH. 1

SRC. ADRS. POINTER CH. DMA |
CONTROL

:
| TRANSFER COUNTER CH.0 LOGIC
DEST. ADRS. POINTER CH. 0 INTERRUPT
- .
SRC. ADRS. POINTER CH. 0 REQUEST

CHANNEL CONTROL WORD 1
CHANNEL CONTROL WORD 0

< INTERNAL ADDRESS/DATA BUS >

Fig. 18 — DMA CONTROL REGISTER
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0]
T
M/ DESTINATION M/ SOURCE* D CHG/ ST/
i0 DEC INC|{10 DEC inc | TC |[INT| SYN | P | g | X InOcHG |sTOP | X
Q
X = DON'T CARE.
DMA Control Word Bit Descriptions
ST/STOP: Start/Stop (1/0) Channel. cycle, but the DMA transfer will not stop
CHG/NOCHG: Change/Do not change (1/0) ST/STOP when the contents of the TC register
bit. If this bit is set when writing to the reach zero.
control word, the ST/STOP bit will be SYN: 00 No synchronization.
programmed by the write to the control (2 bits) NOTE: The ST bit will be cleared
word. If this bit is cleared when writing automatically when the contents of
the control word, the ST/STOP bit will the TC register reach zero regardless
not be altered. This bit is not stored; it of the state of the TC bit.
will always be a 0 on read. 01 Source synchronization.
INT: Enable Interrupts to CPU on byte count 10 Destination synchronization.
termination. 11 Unused.
TC: If set. DMA will terminate when the SOURCE: INC  Increment source pointer by 1 after each
contents of the Transfer Count register transfer.
reach zero. The ST/STOP bit will also be M/10 Source pointer is in M/IO space (1/0).

reset at this point if TC is set. If this bit
is cleared, the DMA unit will decrement
the transfer count register for each DMA

DEC Decrement source pointer by 1 after
each transfer.
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DEST: INC  Increment destination pointer by 1 after
each transfer.
M/IO Destination pointer is in M/IO space

(1/0).

DEC Decrement destination pointer by 1 after
each transfer.

P: Channel priority — relative to other chan-
nel.
0: low priority.
1: high priority.
Channels will alternate cycles if both set
at same priority level.

TDRAQ: 0: Disable DMA requests from timer 2.
1: Enable DMA requests from timer 2.

Bit 3: Bit 3 is not used.

If both INC and DEC are specified for the same pointer,

the pointer will remain constant after each cycle.

DMA Destination and Source Pointer Registers

Each DMA channel maintains a 20-bit source and a 20-bit
destination pointer. Each of these pointers takes up two
full 16-bit registers in the peripheral control block. The
lower four bits of the upper register contain the upper
four bits of the 20-bit physical address (see Fig. 18a).
These pointers may be individually incremented or decre-
mented after each transfer. Each pointer may point into
either memory or 1/O space. Since the DMA channels can
perform transfers to or from odd addresses, there is no
restriction on values for the pointer registers.

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 unsynchronized transfers are programmed, DMA

activity will terminate when the transfer count register
reaches zero.

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; that is,
the transfer will take place continually until the correct
number of transfers has occurred. When source or unsyn-
chronized transfers are performed, the DMA channel may
begin another transfer immediately after the end of a
previous DMA transfer. This allows a complete transfer to
take place every 2 bus cycles or eight clock cycles (assuming
no wait states). No prefetching occurs when destination
synchronization is performed, however. Data will not be
fetched from the source address until the destination
device signals that it is ready to receive it. When destination
synchronized transfers are requested, the DMA 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 is done to allow the
destination device time to remove its request if another
transfer is not desired. Since the DMA controller will re-
linquish the bus, the CPU can initiate a bus cycle. As a
result, a complete bus cycle will often be inserted between
destination synchronized transfers. These lead to the
maximum DMA transfer rates shown in Table 14.

~Table 14 — MAXIMUM DMA TRANSFER RATES

Type of
Synchronization CPU Running CPU Halted
Selected
Unsynchronized 1MBytes/sec 1MBytes/sec
Source Synch 1MBytes/sec 1MBytes/sec
Destination Synch 0.65MBytes/sec 0.75MBytes/sec

DMA Acknowledge
No explicit DMA acknowledge pulse is provided. Since both
source and destination pointers are maintained, a read from

Fig. 18a — DMA MEMORY POINTER REGISTER FORMAT

HIGHER
REGISTER XXX XXX
ADDRESS

XXX A19—-A16

LOWER
REGISTER
ADDRESS

A15—-A12 A11-A8

A7-A4 A3—-A0

15

XXX =DON'T CARE
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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/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 the odd memory locations; how-
ever, an external bus hold takes priority over an internal
DMA cycle. Because an interrupt request cannot suspend
a DMA operation and the CPU cannot access memory
during a DMA cycle, interrupt latency time will suffer
during sequences of continuous DMA cycles. An NMI
request, however, will cause all internal DMA activity to
halt. This 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 have been generated. There-
fore, the source and destination transfer pointers, and the
transfer count register (if used) must be programmed
before this bit is set.

Each DMA register may be modified while the channel

-
e}
:w:»«
=
=
s
'i‘gf

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

DMA Channels and Reset

Upon RESET, the DMA channels will perform the follow-

ing actions:

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

® Any transfer in progress is aborted.

TIMERS

The MBL 80188 provides three internal 16-bit programma-
ble timers (see Fig. 19). Two of these are highly flexible
and are connected to four external pins (2 per timer).
They can be used to count external events, time external
events, generate nonrepetitive waveforms, etc. The third
timer is not connected to any external pins, and is useful
for real-time coding and time delay applications. In addi-
tion, this third timer can be used as a prescaler to the other
two, or as a DMA request source.

Timer Operation

The timers are controlled by 11 16-bit registers in the
internal peripheral control block. The configuration of
these registers is shown in Table 15. The count register
contains the current value of the timer. It can be read or
written at any time independent of whether the timer is
running or not. The value of this register will be incre-

Fig. 19 — TIMER BLOCK DIAGRAM

215D T DMA

&IN QUD IN OouT, REQ.
T0 Ti T2
INT. —= INT. INT.
REQ. REQ. REQ.

T2 0UT
TIMER O TIMER 1
MAX COUNT VALUE MAX COUNT VALUE TIMER 2
A A

MAX COUNT VALUE| CLOCK IMAX COUNT VALUE
B B

MAX COUNT VALUE

MODE/CONTROL
WORD

MODE/CONTROL
WORD WORD

MODE/CONTROL

i

i

& INTERNAL ADDRESS/DATA BUS S

ALL 16 BIT REGISTERS

|
|
i
|
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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
zero during that same clock, i.e., the maximum count
value is never stored in the count register itself. Timers 0
and 1 are, in addition, equipped with a second MAX
COUNT register, which enables the timers to alternate
their count between two different MAX COUNT values
programmed by the user. If a single MAX COUNT register
is used, the timer output pin will switch LOW for a single
clock, 2 clocks after the maximum count value has been
reached. In the dual MAX COUNT register mode, the out-
put pin will indicate which MAX COUNT register is cur-
rently 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 (2 MHz
for an 8 MHz CPU clock). Due to internal synchronization
and pipelining of the timer circuitry, a timer output may
take up to 6 clocks to respond to any individual clock
or gate input. Since the count registers and the maximum
count registers are all 16 bits wide, 16 bits of resolution are
provided. Any Read or Write access to the timers will add
one wait state to the minimum four-clock bus cycle, how-
ever. This is needed to synchronize and coordinate the
internal data flows between the internal timers and the
internal bus.

The timers have several programmable options.

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

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

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

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

I
FUJITSU

A

MBL

80188
MBL 80188-6

Timer Mode/Control Register

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

Table 15 — TIMER CONTROL BLOCK FORMAT

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

ALT:

The ALT bit determines which of two MAX COUNT
registers is used for count comparison. If ALT = 0, register
A for that timer is always used, while if ALT = 1, the com-
parison will alternate between register A and register B
when each maximum count is reached. This alternation
allows the user to change one MAX COUNT register while
the other is being used, and thus provides a method of
generating nonrepetitive 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 zero, the output pin will go LOW
for one clock, the clock after the maximum count is
reached. If ALT is one, the output pin will reflect the
current MAX COUNT register being used (0/1 for B/A).

CONT:

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

EXT:

The external bit selects between internal and external
clocking for the timer. The external signal may be asyn-
chronous with respect to the MBL 80188 clock. If this
bit is set, the timer will count LOW-to-HIGH transitions
on the input pin. If cleared, it will count an internal clock
while using the input pin for control. In this mode, the
function of the external pin is defined by the RTG bit.

12 11

Fig. 20 — TIMER MODE/CONTROL REGISTER

EN

I

INT RIU 0

MC

RTG EXT | ALT CONT
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The maximum input to output transition latency time may
be .as much as 6 clocks. However, clock inputs may be
pipelined as closely together as every 4 clocks without
losing clock pulses.

P:

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

RTG:

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

If RTG = 0, the input level gates the internal clock on and
off. If the input pin is HIGH, the timer will count; if the
input pin is LOW, the timer will hold its value. As indicated
previously, the input signal may be asynchronous with
respect to the MBL 80188 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 zero on the first clock, and then
incrementing thereafter. Further transitions on the input
pin will again reset the timer to zero, from which it will
start counting up again. If CONT = 0, when the timer has
reached maximum count, the EN bit will be cleared, in-
hibiting further timer activity.

EN:

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

INH:

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

INT:
When set, the INT bit enables interrupts from the timer,
which will be generated on every terminal count. If the
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timer is configured in dual MAX COUNT register mode,
an interrupt will be generated each time the value in MAX
COUNT register A is reached, and each time the value in
MAX COUNT register B is reached. If this enable bit is
cleared after the 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.)

MC:

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

RIU:

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

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

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

Count Redgisters

Each of the three timers has a 16-bit count register. The
current 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.

Max Count Registers

Timers 0 and 1 have two MAX COUNT registers, while
timer 2 has a single MAX COUNT register. These contain
the number of events the timer will count. In timers O and
1, the MAX COUNT register used can alternate between
the two max count values whenever the current maximum
count is reached. The condition which causes a timer to
reset is equivalent between the current count value and
the max count being used. This means that if the count is
changed to be above the max count value, or if the max
count value is changed to be below the current value, the
timer will not reset to zero, but rather will count to its
maximum value, ‘‘wrap around’ to zero, then count until
the max count is reached.
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Timers and Reset

Upon RESET, the Timers will perform the following

actions:

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

® All SEL (Select) bits are reset to zero. This selects MAX
COUNT register A, resulting in the Timer Out pins going
HIGH upon RESET.

INTERRUPT CONTROLLER

The MBL 80188 can receive interrupts from a number of
sources, both internal and external. The internal interrupt
controller serves to merge these requests on a priority basis,
for individual service by the CPU.

Internal interrupt sources (Timers and DMA channels)
can be disabled by their own control registers or by mask
bits within the interrupt controller. The MBL 80188 inter-
rupt controller has its own control registers that set the
mode of operation for the controller.

The interrupt controller will resolve priority among re-
quests that are pending simultaneously. Nesting is provided
so interrupt service routines for lower priority interrupts
may themselves be interrupted by higher priority inter-
rupts. A block diagram of the interrupt controller is shown
in Fig. 21.

The interrupt controller has a special iRMX 86 compati-
bility mode that allows the use of the MBL 80188 within

the iIRMX 86 operating system interrupt structure. The
controller is set in this mode by setting bit 14 in the
peripheral control block relocation register (see iRMX 86
Compatibility Mode section). In this mode, the internal
MBL 80188 interrupt controller functions as a “‘slave’”
controller to an external ‘‘master’” controller. Special
initialization software must be included to properly set
up the MBL 80188 interrupt controller in iRMX 86 mode.

NON-iRMX MODE OPERATION

Interrupt Controller External Interface

For external interrupt sources, five dedicated pins are
provided. One of these pins is dedicated to NMI, non-
maskable interrupt. This is typically used for power-fail
interrupts, etc. The other four pins may function either
as four interrupt input lines with internally generated
interrupt vectors, as an interrupt line and an interrupt
acknowledge line (called the ‘‘cascade mode’’) along with
two other input lines with internally generated interrupt
vectors, or as two interrupt input lines and two dedicated
interrupt acknowledge output lines. When the interrupt
lines are configured in cascade mode, the MBL 80188
interrupt controller will not generate internal interrupt
vectors.

External sources in the cascade mode use externally gene-

TIMER TIMER TIMER DMA DMA
1

QTT

INTO

INT

Fig. 21 — INTERRUPT CONTROLLER BLOCK DIAGRAM

1 INT2 INT3 NMI

=]

TIMER INTERRUPT
CONTROL REG. REQUEST REG.
DMA 0 INTERRUPT
CONTROL REG. MASK REG.
DMA 1 IN-SERVICE
CONTROL REG. REG.
EXT. INPUT 0 INTERRUPT PRIOR. LEV.
CONTROL REG. —_—> PRIORITY MASK REG.
EXT. INPUT 1 RESOLVER INTERRUPT
CONTROL REG. STATUS REG.
EXT. INPUT 2 VECTOR
CONTROL REG. GENERA-
EXT. INPUT 3 TION
CONTROL REG. LOGIC '
INTERRUPT
REQUEST TO
PROCESSOR

INTERNAL ADDRESS/DATA BUS

>

¢
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rated interrupt vectors. When an interrupt is acknowledged,
two INTA cycles are initiated and the vector is read into
the MBL 80188 on the second cycle. The capability to
interface to external MBL 8259A programmable interrupt
controllers is thus provided when the inputs are configured
in cascade mode.

Interrupt Controller Modes of Operation

The basic modes of operation of the interrupt controller
in non-iIRMX mode are similar to the MBL 8259A. The
interrupt controller responds identically to internal inter-
rupts in all three modes: the difference is only in the inter-
pretation of 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 opera-
tion are as follows:

® Fully Nested Mode

When in the fully nested mode four pins are used as direct
interrupt requests. The vectors for these four inputs are
generated internally. An in-service bit is provided for every
interrupt source. If a lower-priority device requests an
interrupt while the in-service bit (IS) is set, no interrupt
will be 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 controller. This allows interrupt
service routines to operate with interrupts enabled without
being themselves interrupted by lower-priority interrupts.
Since interrupts are enabled, higher-priority interrupts will
be serviced.

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

® Cascade Mode

The MBL 80188 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 correspond-
ing vectors are generated internally. In the cascade mode,
the four pins are configured into interrupt input-dedicated
acknowledge signal pairs. The interconnection is shown
in Fig. 22. INTO is an interrupt input interfaced to an
MBL 8259A, while INT2/INTAO serves as the dedicated
interrupt acknowledge signal to that peripheral. The same
is true for INT1 and INT3/INTA1. Each pair can selectively
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be placed in the cascade or non-cascade mode by pro-
gramming 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 MBL 8259As. Three levels of
priority are created, requiring priority resolution in the
MBL 80188 interrupt cantroller, the master MBL 8259As,
and the slave MBL 8259As. If an external interrupt is
serviced, one IS bit is set at each of these levels. When the
interrupt service routine is completed, up to three end-of-
interrupt commands must be issued by the programmer.

® 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 MBL 8259A masters. Normally, an interrupt
request from an interrupt source will not be recognized
unless the in-service bit for that source is reset. If more
than one interrupt source is connected to an external
interrupt controller, all of the interrupts will be funneled
through the same MBL 80188 interrupt request pin. As a
result, if the external interrupt controller receives a higher-
priority interrupt, its interrupt will not be recognized by
the MBL 80188 controller until the MBL 80188 in-service
bit is reset. In special fully nested mode, the MBL 80188
interrupt 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,
however, to inhibit interrupts from other lower-priority
MBL 80188 interrupt sources.

Special procedures should be followed when resetting IS
bits at the end of interrupt service routines. Software
polling of the external master’s IS register is required to
determine if there is more than one bit set. If so, the IS
bit in the MBL 80188 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 inter-
rupts and then polls the interrupt controller whenever it is
convenient. Polling the interrupt controller is accomplished
by reading the Poll Word (Fig. 31). Bit 15 in the poll word
indicates to the processor that an interrupt of high enough
priority is requesting service. Bits 0-4 indicate to the pro-
cessor the type vector of the highest-priority source re-
questing service. Reading the Poll Word causes the In-
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Service bit of the highest-priority source to be set.

It is desirable to be able to read the Poll Word information
without guaranteeing service of any pending interrupt,
i.e., not set the indicated in-service bit. The MBL 80188
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.

Non-iRMX 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 register of
each interrupt source. (A source with a priority level of 4
has higher priority over all priority levels from 5 to 7.
Priority registers containing values lower than 4 have
greater priority.) All interrupt sources have preprogrammed
default priority levels (see Table 4).

If two requests with the same programmed priority level
are pending at once, the priority ordering scheme shown
in Table 4 is used. If the serviced interrupt routine reen-
ables interrupts, it allows other requests to be serviced.

® End-of-Interrupt Command

The end-of-interrupt (EOIl) command is used by the pro-
grammer to reset the In-Service (IS) bit when an interrupt
service routine is completed. The EOl command is issued
by writing the proper pattern to the EOI register. There
are two types of EQl commands, specific and nonspecific.
The nonspecific command does not specify which IS bit
is reset. When issued, the interrupt controller automatically
resets the IS bit of the highest priority source with an
active service routine. A specific EOl command requires

that the programmer send the interrupt vector type to the
interrupt controller indicating which source’s IS bit is to
be reset. This command is used when the fully nested struc-
ture has been disturbed or the highest priority IS bit that
was set does not belong to the service routine in progress.

® Trigger Mode

The four external interrupt pins can be programmed in
either edge- or level-trigger mode. The control register for
each external source has a level-trigger mode (LTM) bit.
All interrupt inputs are active HIGH. In the edge sense
mode or the level-trigger mode, the interrupt request must
remain active (HIGH) until the interrupt request is ac-
knowledged by the MBL 80188 CPU. In the edge-sense
mode, if the level remains high after the interrupt is ac-
knowledged, 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. In the level-
trigger mode, no such provision is made: holding the inter-
rupt input HIGH will cause continuous interrupt requests.

® Interrupt Vectoring

The MBL 80188 Interrupt Controller will generate inter-
rupt vectors for the integrated DMA channels and the
integrated 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 4).

Interrupt Controller Registers

The Interrupt Controller register model is shown in Fig. 23.
It contains 15 registers. All registers can both be read.or
written unless specified otherwise.

® [n-Service Register )
This register can be read from or written into. The format

INTO

Fig. 22 — CASCADE MODE INTERRUPT CONNECTION

INT

MBL 80188

INTAO

MBL 8259A
PIC

INTA
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Fig. 23 — INTERRUPT CONTROLLER REGISTERS
(NON-iRMX 86 MODE)
OFFSET
INT3 CONTROL REGISTER 3EH
INT2 CONTROL REGISTER 3CH
INT1 CONTROL REGISTER 3AH
INTO CONTROL REGISTER 38H
DMA1 CONTROL REGISTER 36H
DMAO 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

is shown in Fig. 24. 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 interrupt requests
from devices with a lower programmed priority level. The

TMR bit is the In-Service bit for all three timers; the DO
and D1 bits are the In-Service bits for the two DMA chan-
nels; the 10—13 are the In-Service bits for the external
interrupt pins. The IS bit is set when the processor ac-
knowledges an interrupt request either by an interrupt
acknowledge or by reading the poll register. The IS bit is
reset at the end of the interrupt service routine by an
end-of-interrupt command issued by the CPU.

® |Interrupt Request Register

The internal interrupt sources have interrupt request bits
inside the interrupt controller. The format of this register
is shown in Fig. 24. 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
request bits for the DMA channels.

The state of the external interrupt input pins is also indi-
cated. The state of the external interrupt pins is not a
stored condition inside the interrupt controller, therefore
the external interrupt bits cannot be written. The external
interrupt request bits show exactly 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
internal interrupt sources, the register bits are set when a
request arrives and are reset when the processor acknowl-
edges the requests.

® Mask Register
This is a 16-bit register that contains a mask bit for each
interrupt source. The format for this register is shown in

Fig. 24 — IN-SERVICE, INTERRUPT REQUEST, AND MASK REGISTER FORMATS

15 14 10 9 8 7 6 5 4 3 2 1 0
o| o | - . . o |o |o |13 |12 |1 |10]|Dl |D0O| 0O [TMR
Fig. 256 — PRIORITY MASK REGISTER FORMAT
15 14 3 2 1 0
oo | - 0 |PRM2 |PRM1 [PRMO
Fig. 26 — INTERRUPT STATUS REGISTER FORMAT
15 14 7 6 5 4 3 2 1 0
DHLT| © 0|0 | 0| 0| 0 |IRT2]IRT1|IRTO
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Fig. 24. A one in a bit position corresponding to a parti-
cular source serves to mask the source from generating
interrupts. These mask bits are the exact same bits which
are used in the individual control 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 particular
interrupt priority levels. The format of this register is
shown in Fig. 25. 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 reset to
seven (111) upon RESET so all interrupts are unmasked.

® Interrupt Status Register

This register contains general interrupt controller status
information. The format of this register is shown in Fig. 26.
The bits in the status register have the following functions:

DHLT: DMA Halt Transfer; setting this bit halts all
DMA transfers. It is automatically set whenever
a non-maskable interrupt occurs, and it is reset
when an IRET instruction is executed. The
purpose of this bit is to allow prompt service
of all non-maskable interrupts. This bit may
also be set by the CPU.

IRTx: These three bits represent the individual timer
interrupt request bits. These bits are used to
differentiate the timer interrupts, since the

timer IR bit in the interrupt request register is

the “OR’”’ function of all timer interrupt re-
quests. Note that setting any one of these three
bits initiates an interrupt request to the inter-
rupt 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 Fig. 27. 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 as are in the Mask Register;
modifying them in the individual control registers will also
modify them in the Mask Register, and vice versa.

® INTO—INT3 Control Registers

These registers are the control words for the four external
input pins. Fig. 28 shows the format of the INTO and INT1
Control registers; Fig. 29 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:

PRO-2: 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 whenever the external line is

Fig. 27 — TIMER/DMA CONTROL REGISTER FORMATS

15 14 4 3 2 10
oo 0 |MSK|PR2|PR1 |PRO
Fig. 28 — INTO/INT1 CONTROL FORMATS
15 14 7 6 5 4 3 2 1 0
o | o 0 [SFNM| C |LTM|MSK|PR2 | PR1 | PRO
Fig. 29 — INT2/INT3 CONTROL REGISTER FORMATS
15 14 5 4 3 2 1 0
o | o 0 |LTM |MSK | PR2 | PR1 | PRO
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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 = nonmask.
C: Cascade mode bit, 1 = cascade; 0 = direct
SFNM: Special fully nested mode bit, 1 = SFNM

o 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 Fig. 30. It initiates an EOl command when
written to by the MBL 80188 CPU.

The bits in the EOI register are encoded as follows:

Sx: Encoded information that specifies an interrupt
source vector type as shown in Table 4. For
example, to reset the In-Service bit for DMA
channel 0, these bits should be set to 01010,
since the vector type for DMA channel Qis 10.
Note that to reset the single In-Service bit for
any of the three timers, the vector type for
timer O (8) should be written in this register.

NSPEC/:
SPEC

A bit that determines the type of EOl com-
mand. Nonspecific = 1, Specific = 0.

® Poll and Poll Status Registers

These registers contain polling information. The format of
these registers is shown in Fig. 31. 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.

Table 16 — INTERNAL SOURCE PRIORITY LEVEL

Priority Level Interrupt Source

Timer 0
(reserved)
DMA 0
DMA 1
Timer 1
Timer 2

b WN=O0

iRMX 86 COMPATIBILITY MODE

This mode allows iRMX 86-80188 compatibility. The
interrupt model of iRMX 86 requires one master and
multiple slave MBL 8259As is cascaded fashion. When
iRMX mode is used, the internal MBL 80188 interrupt
controller will be used as a slave controller to an external
master interrupt controller. The internal MBL 80188 re-
sources will be monitored through the internal interrupt
controller, while the external controller functions as the
system master interrupt controller.

Upon reset, the MBL 80188 interrupt controller will be
in the non-iIRMX 86 mode of operation. To set the con-
troller in the iRMX 86 mode, bit 14 of the Relocation
Register should be set.

Because of pin limitations caused by the need to interface
to an external MBL 8259A master, the internal interrupt
controller will no longer accept external inputs. There are
however, enough MBL 80188 interrupt controller inputs
(internally) to dedicate one to each timer. In this mode,
each timer interrupt source has its own mask bit, IS bit,

Fig. 30 — EOI REGISTER FORMAT

15 1413 5 4 3 2 10
ceree| 0 | o 0 | s4|s3|s2|st|so
Fig. 31 — POLL REGISTER FORMAT
151413 5 4 3 2 1 0
g oo 0o | s4|s3|s2|st|so
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Fig. 32 — iRMX 86 INTERRUPT CONTROLLER INTERCONNECTION
MBL 8259A
MASTER
NTE RO REQUESTS FROM
< :OTHER SLAVES
MBL 80188 INT.IN | =
IR7 B

MBL 80188 £302

INTO

S SLAVE SELECT CASCADE

INT1 ADDRESS DECODER

INT2

INT3 MBL 80188 SLAVE INTERRUPT OUTPUT

and control word.

The iRMX 86 operating system requires peripherals to be
assigned fixed priority levels. This is incompatible with
the normal operation of the MBL 80188 interrupt con-
troller. Therefore, the initialization software must program
the proper priority levels for each source. The required
priority levels for the internal interrupt sources in iRMX
mode are shown in Table 16.

These level assignments must remain fixed in the iRMX
86 mode of operation.

iRMX 86 Mode External Interface

The configuration of the MBL 80188 with respect to an
external MBL 8259A master is shown in Fig. 32. The INTO
input is used as the MBL 80188 CPU interrupt input.
INT3 functions as an output to send the MBL 80188
slave-interrupt-request to one of the 8 master-PIC-inputs.

Correct master-slave interface requires decoding of the
slave addresses (CAS0-2). Slave MBL 8259As do this
internally. Because of pin limitations, the MBL 80188 slave
address will have to be decoded externally. INT1 is used
as a slave-select input. Note that the slave vector address
is transferred internally, but the READY input must be
supplied externally.

INT2 is used as an acknowledge output, suitable to drive

the INTA input of an MBL 8259A.

Interrupt Nesting
iRMX 86 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 iRMX 86 Mode

Vector generation in iRMX mode is exactly like that of an
MBL 8259A slave. The interrupt controller generates an
8-bit vector which the CPU multiplies by four and uses
as an address into a vector table. The significant five bits
of the vector are user-programmable while the lower three
bits are generated by the priority logic. These bits represent
the encoding of the priority level requesting service. The
significant five bits of the vector are programmed by
writing to the Interrupt Vector register at offset 20H.

Specific End-of-Interrupt

In iRMX 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 iRMX 86 Mode
All control and command registers are located inside the
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internal peripheral control block. Fig. 33 shows the offsets
of these registers.

Fig. 33 — INTERRUPT CONTROLLER REGISTERS

(iRMX 86 MODE)
A OFFSET
¢ End-of-Interrupt Register LEVEL 5 CONTROL REGISTER | sayy
The end-of-interrupt register is a command register which (TIMER 2)
can only be written. The format of this register is shown in LEVEL 4 CONTROL REGISTER 38H
Fig. 34. It initiates an EOl command when written by the (TIMEF:)H e
MBL 80188 CPU. LEVEL 3 CONTROL 36H
(DMA 1)
LEVEL 2 CONTROL REGISTER 34H !
The bits in the EOI register are encoded as follows: (DMA 0) k
T - LEVEL 0 CONTROL REGISTER
Lx: Encoded value indicating the priority of the IS (TIMER 0) 32H
i be reset.
bit to reset INTERRUPT STATUS REGISTER 30H

® In-Service Register

This register can be read from or written into. It contains
the in-service bit for each of the internal interrupt sources.
The format for this register is shown in Fig. 35. Bit posi-
tions 2 and 3 correspond to the DMA channels; positions
0, 4, and 5 correspond to the integral timers. The source’s
IS bit is set when the processor acknowledges its interrupt
request.

® |nterrupt Request Register

This register indicates which internal peripherals have inter-
rupt requests pending. The format of this register is shown
in Fig. 35. The interrupt request bits are set when a request
arrives from an internal source, and are reset when the
processor acknowledges the request.

® Mask Register

This register contains a mask bit for each interrupt source.
The format for this register is shown in Fig. 35. If the bit
in this register corresponding to a particular interrupt
source is set, any interrupts from that source will be
masked. These mask bit are exactly the same bits which
are used in the individual control registers, i.e., changing
the state of a mask bit in this register will also change the
state of the mask bit in the individual interrupt control

INTERRUPT REQUEST REGISTER | 2gH

IN-SERVICE REGISTER 2CH

PRIORITY-LEVEL MASK REGISTER 2AH

MASK REGISTER 28H

SPECIFIC EOI REGISTER 22H

INTERRUPT VECTOR REGISTER 20H

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 Fig. 36. Each of the timers and both of the DMA chan-
nels 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; not that each source must be
programmed at specified levels.

MSK: mask bit for the priority level indicated by PRx
bits.

Fig. 34 — SPECIFIC EOI REGISTER FORMAT

0 |TMR2[TMR1| D1 Do 0 [TMRO|
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® Interrupt Vector Register

This register provides the upper five bits of the interrupt
vector address. The format of this register is shown in
Fig. 37. 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:

tx: 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 exactly as in non-iRMX mode
(see Fig. 26).

(T
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Interrupt Controller and Reset

Upon RESET, the interrupt controller will perform the

following actions:

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

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

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

® All Interrupt Service bits reset to 0.

® All Interrupt Request bits reset to 0.

® All MSK (Interrupt Mask) bits set to 1 (mask).

® All C (Cascade) bits reset to O (non-cascade).

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

® |nitialized to non-iRMX 86 mode.

15 14 13 8

Fig. 36 — CONTROL WORD FORMAT

0 0 0 0 | MSK|PR2 |PR1 | PRO

Fig. 37 — INTERRUPT VECTOR REGISTER FORMAT

7 6 5 4 3 2 1 0

t4 t3 t2 t1 t0 0 0 0

15 14 13 8

Fig. 38 — PRIORITY LEVEL MASK REGISTER FORMAT
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Fig. 39 — TYPICAL MBL 80188 COMPUTER
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Fig. 40 — TYPICAL MBL 80188 MULTI-MASTER BUS INTERFACE
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ABSOLUTE MAXIMUM RATINGS*

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

Respectto Ground .. ............. -1.0V to +7V
Power Dissipation . ... ................... 3 Watt

*NOTE:

D.C. CHARACTERISTICS (Vcc =5V £10%, T =0°t070°C)
Applicable to MBL 80188 (8 MHz) and MBL 80188-6 (6 MHz)

Permanent device damage may occur if ABSO-
LUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to the
conditions as detailed in the operational sections
of this data sheet. Exposure to absolute maxi-
mum rating conditions for extended periods may
affect device reliability.

Symbol Parameter Min. Max Units Test Conditions
ViL Input Low Voltage -0.5 +0.8 Vv
Vin (A xcopt X1 and FES) 20 | Veet0s |V
™ Input High Voltage (RES) 3.0 Vcc+0.5 \Y
Vou Output Low Voltage 045 V| 1020 mh foral other outputs
VoH Output High Voltage 24 \ lon = —400 uA
lcc Power Supply Current % mA Max measured at .ﬁ:’%
IN] Input Leakage Current +10 kA 0V <V|y < Vee
ILo Output Leakage Current +10 HA 0.45V < VoyT < Vce
Veur Clock Input Low Voltage -0.5 0.6 \
VCHI Clock Input High Voltage 3.9 Vee+1.0 \%
VciLo Clock Output Low Voltage 0.6 \ loL=4.0mA
VcHo Clock Output High Voltage 4.0 \" lon = -200 pA
Cin Input Capacitance 10 pF
Cio 1/0 Capacitance 20 pF

A.C. CHARACTERISTICS (Vcc =5V +10%, To = 0°t070°C)
MBL 80188 Timing Requirements All Timings Measured At 1.5 Volts Unless Otherwise Noted.
Applicable to MBL 80188 (8 MHz) and MBL 80188-6 (6 MHz)

Symbol Parameter Min. Max Units Test Conditions
TDVCL Data in Setup Time (A/D) 20 ns
TCLDX Data in Hold Time (A/D) 10 ns

Asynchronous Ready
TARYHCH (AREADY) Active Setup Time* 20 ns
TARYLCL AREADY Inactive Setup Time 35 ns
TARYCHL Asynch'ronous Ready Inactive 15 ns
Hold Time
TCHARYX AREADY Hold Time 15 ns
Synchronous Ready
TSRYCL (SREADY) Transition Setup Time 20 ns
TCLSRY SREADY Transition Hold Time 15 ns
THVCL HOLD Setup Time* 25 ns
TINVCH INTR, NMI, TEST, TIMERIN, 25 ns
Setup Time*
TINVCL DRQO, DRQ1, Setup Time* 25 ns

* To guarantee recognition at next clock.
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A.C. CHARACTERISTICS (Continued)
MBL 80188 Master Interface Timing Responses

Symbol Parameters MBL 80188 (8 MHz) MBL 801886 (6 MHz) Units Test Conditions
Min. Max. Min. Max.

TCLAV | Address Valid Delay 5 55 5 63 ns g:—:uz:g;ffo Pk
TCLAX Address Hold Time 10 10 ns

TCLAZ Address Float Delay TCLAX 35 TCLAX 44 ns

TCHCZ Command Lines Float Delay 45 56 ns

TCHCV Z{;z:n:;ztl;ines Valid Delay 55 76 ns

TLHLL ALE Width TCLCL-35 TCLCL-35 ns

TCHLH ALE Active Delay 35 44 ns

TCHLL ALE Inactive Delay 35 44 ns

TLLAX | fddress Hold Time to ALE TCHCL-25 TCHCL-30 ns

TCLDV Data Valid Delay 10 44 10 55 ns

TCLDOX | Data Hold Time 10 10 ns

TWHDX | Data Hold Time after WR TCLCL-40 TCLCL-50 ns

TCVCTV Control Active Delay 1 10 70 10 87 ns

TCHCTV Control Active Delay 2 10 55 10 76 ns

TCVCTX Control Inactive Delay 5 55 5 76 ns-

TCVDEX &i’:;’;i’ﬁ:‘"gy‘iﬁ;y 10 70 10 87 ns

TAZRL Address Float to RD Active 0 0 ns

TCLRL RD Active Delay 10 70 10 87 ns

TCLRH RD Inactive Delay 10 55 10 76 ns

TRHAV RD Inactive to Address Active TCLCL-40 TCLCL-50 ns

TCLHAV | HLDA Valid Delay 5 50 5 67 ns

TRLRH RD Width 2TCLCL-50 2TCLCL-50 ns

TWLWH WR Width 2TCLCL-40 2TCLCL-40 ns

TAVAL Address Valid to ALE Low TCLCH-25 TCLCH-45 ns

TCHSV Status Active Delay 10 55 10 76 ns

TCLSH Status Inactive Delay 10 65 10 76 ns

TCLTMV | Timer Output Delay 60 75 ns 100 pF max
TCLRO Reset Delay 60 75 ns

TCHQSV Queue Status Delay 35 44 ns

TCHDX Status Hold Time 10 10 ns

TAVCH Address Valid to Clock High 10 10 ns

MBL 80188 Chip-Select Timing Responses
Symbol Parameter MBL 80188 {8 MH2) MBL 801886 (6 MHz) Units Test Conditions
Min. Max. Min. Max.

TCLCSV Chip-Select Active Delay 66 80 ns

oxosx | s T | . -

TCHCSX Chip-Select Inactive Delay 5 35 5 47 ns
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A.C. CHARACTERISTICS (Contiuned)
MBL 80188 CLKIN Timing Requirements

MBL 80188 (8 MHz) MBL 80188-6 (6 MHz) 5 -
Symbol Parameter Units Test Conditions
Min. Max. Min. Max.

TCKIN CLKIN Period 625 250 83 250 ns

TCKHL CLKIN Fall Time 10 10 ns 35Vto1.0V
TCKLH CLKIN Rise Time 10 10 ns 10Vto35V
TCLCK CLKIN Low Time 25 33 ns 15V

TCHCK CLKIN High Time 25 33 ns 1.5V

MBL 80188 CLKOUT Timing Responses (200 pF load)
MBL 80188 (8 MHz) MBL 80188-6 (6 MHz)

Symbol Parameter Min. Max. Min. Max. Units Test Conditions
TCICO CLKIN to CLKOUT Skew 50 62.5 ns
TCLCL CLKOUT Period 125 500 167 500 ns
TCLCH CLKOUT Low Time %TCLCL-7.56 %TCLCL-7.5 ns 15V
TCHCL CLKOUT High Time %»TCLCL-7.5 %TCLCL-7.5 ns 1.5V
TCH1CH2 | CLKOUT Rise Time 15 15 ns 1.0Vto35V
TCL2CL1 | CLKOUT Fall Time 15 15 ns 35Vto10V
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WAVEFORMS
MAJOR CYCLE TIMING
T T2 T3 Tw T4
TCH1CH2
|-—TcLeL —f TCL2CLY
Ve H
cLK ouT 7Z 5‘ 7( 51(
—7TCHSV | I (NOTE 3)\7aTeh
Ve TCHCL TCLSH
52-50 W ~—f————
S( \\.____
TCLDV TCHCZ
. TCLAV TCLAX renez
HE BHE .
NPT BHE/A19-A16 %
[T TL!LAXI ro—f————
ALE 3'( / —_————
TCHLH TAVAL
TELDV TCLAZ
TCLAV et TCLAX TCLDOX
AD15-ADO )( A15—AD DATA OUT
L |
WRITE CYCLE TAVCHle—eelTovETY |- TWHDX—{ NOTE 1(
| ITLLAX TCVCTX
DEN
RD, INTA, TOVeTV — 1= TWLWH
DT/R = Voy * 7[“‘
WR TCVCTX e
TDVCL
».—:’ TCLAZ TCLDX
a
AD15-ADO / TLoAT POINTER B FLOAT |
INTA CYCLE __[mTenety \ Tenery
DT/R
TCveTv / ) }
PE——
RD, WA - Von INTA NOTE 2 / }F
BHE = V. TCVCTV —= TCVDEX ==
BEN AT
~ Lol
~
SOFTWARE HALT-DT/R = Vg,
RD, WR, INTA, DEN = Vo iy INVALID ADDRESS
PCsi TCLAV TCHCSX
MCS
Lesi =3 TCLCSV TCXCEX pm——e—
cs \
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WAVEFORMS (Continued)

MAJOR CYCLE TIMING (Continued)

T T2 TCHI1CH2 T3 Tw T4
~——TcLCL—= TcL2cL1
Vew
CLK OUT 7‘ 54( 7l 5( 7{ \
TCHCL ! m
Ve TOLSHI=~ (noTE3) [ms
§2-50 7
TCHSV | \ Z / TCHDX
TCLAV TCLDV TCLAX
BHE/S7, A19/S6-A16/S3 BHE/A19-A16 )( §7-53
| TLHLL |
ALE \| TLLAX aln
— TAVAL \ /
TCHLH
TCHLL
TLLAX
TCLDX
TCLAV TAVAL TCLAZ ‘TTDVCL
F
AD15—ADO A15—A0 FLOAT/I\ DATA IN LOAT
il ] ‘J\._
READ CYCLE TAVCH TAZRL TCLRH—— TRHAV
RD ;L
TCHCTV  TCLRL TRLRH - TCHCTV
DT/R
WR, INTA
~Vou TeveTv— TCVDEX ——
DEN ;
PR— \
PCS, TCHCSX
£cs, _._S‘C_ TCLcsv |_TCXCSX
Ucs

NOTES:

1. Following a Write cycle, the Local Bus is floated by the MBL 80188 only when the MBL 80188 enters a ‘“Hold
Acknowledge” state.

2. INTA occurs one clock later in iRMX-mode.

3. Status inactive just prior to T4.
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WAVEFORMS (Continued)

oo\ [ _\_/—_\

—«{ TCLAV — TCLAV
LOCK

[

DRQO,
DRQ1
TINVCH ~
TINVCL ~

NMI,
TEST,
INTO-3,
TIMERIN

CLKOUT \
-

TCHQSV

Qso, as1 ><
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WAVEFORMS (Continued)

HOLD-HLDA TIMING
| T2 T3 T2 |
cLKOUT \
TARYHCH -— I——TCHARYX
)
[
ARDY I
—= |=TARYCHL —
ARDY TARYLCL o
oot _\__—/—\\___/—\ \__.___/ \
le— TSRYCL ~ —of TCLSRY
SRDY }
T4 T1
CLKOUT / / \\__-/'_\_
wed N / \_/ ‘.
THVCL THVCL
HOLD
™ TCLHAV TCLHAV —=]
HLDA ot
—— TCLAV
— TCLAZ
AD15—ADO, . .. - e
: MBL 80188 »——2 + { wBL 80188
DEN .o .. L ~ \
—— TCHCZ TCHCV —=|
A19/S6—A16/S3, = ¢ ¢ el . ———a
RD,WR, MBLBO188 _———:)T:)—)———( MBL 80188
e, " . Y/
DT/R,
§2-50
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WAVEFORMS (Continued)
TIMER ON MBL 80188
TCKIN f=-TCLCK -~
CLKIN
TCKHL TCKLH ~—TCHCK:
TCH1CH2 TCH2CH1
CLKOUT TCICO —= TCLCH TCHCL
TCLCL
/
/ N
——
TINVCH
TIMERIN TCLTMV
TIMEROUT f 2—6 CLOCKS 7|
MBL 80188 INSTRUCTION TIMINGS ® All word-data is located on even-address boundaries.
The following instruction timings represent the minimum All jumps and calls include the time required to fetch the
execution time in clock cycles for each instruction. The opcode of the next instruction at the destination address.
timings given are based on the following assumptions: ’
® The opcode, along with any data or displacement re- All instructions which involve memory reference can re-
quired for execution of a particular instruction, has been Quire one (and i" Some cases, tw<?) ?ddltlonal clocks above
prefetched and resides in the queue at the time it is the minimum timings shown. This is due to the asynchro-
needed nous nature of the handshake between the BIU and the
® No wait states or bus HOLDS occur. Execution unit.
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INSTRUCTION SET SUMMARY

FUNCTION FORMAT Clock Comments
Cycles

DATA TRANSFER

MOV = Move:

Register to register/memory 1000100w| modreg r/m 2/12*

Register/memory to register 1000101w]| modreg r/m 2/9*

Immediate to register/memory 110001 1w| modO000 r/m data dataifw=1 | 12—-13* 8/16-bit

Immediate to register 1011w reg data data if w =1 3-4 8/16-bit

Memory to accumulator 1010000w addr-low addr-high 9*

Accumulator to memory 1010001w addr-low addr-high 8*

Register/memory to segment register 10001110 mod O reg r/m 2/13

Segment register to register/memory 10001100 mod O reg r/m 2/15

PUSH = Push:

Memory 11111111 ] mod 110 r/m] 20

Register 01010 reg

Segment register 000 reg 110

POP = Pop:
Memory
Register
Segment register

XCHG = Exchange:
Register/memory with register
Register with accumulator *

IN = Input from:
Fixed port
Variable port

OUT = Output to:
Fixed port
Variable port

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

POPF = Pop flags

SEGMENT = Segment Override
cs
ss
Ds
ES

B0

~[o1700t

10001111 ] mod000 r/m ]
01011 reg
000reg111 (reg #01)

[1000017Tw]

modreg  r/m |

10010 reg

[1110010w]

port ]

[1110011w]

port

11101 11w

11010111

10001101

modreg r/m

11000101

modreg r/m

11000100

modreg  r/m

10011111
10011110

[10011100]

[100117101]

(00101110

00110110
[001711110
[007100110

(mod #11)
(mod #11)

4/17*

10*
g*

NNNN
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Shaded areas indicate instructions not available in MBL 8086, 88 microsystems.
*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers.




INSTRUCTION SET SUMMARY (Continued)

MBL 80188
MBL 80188-6 il

A
FUJITSU

Clock

Register-Byte
Register-Word
Memory-Byte
Memory-Word

FUNCTION FORMAT Comments
Cycles

ARITHMETIC

ADD = Add:

Reg/memory with register to either [000000dw | modreg r/m 3/10*

Immediate to register/memory [100000sw [ mod000 r/m data [ dataif sw=01] 4/16*

Immediate to accumulator [0o000010w data dataifw=1] 3/4 8/16-bit

ADC = Add with carry:

Reg/memory with register to either [000100dw [ mod reg r/nﬂ 3/10*

Immediate to register/memory [100000sw [ mod010 r/m | data [ dataif sw=01] 4/16*

Immediate to accumulator [0001010w | data [dataifw = ﬂ 3/4 8/16-bit

INC = Increment:

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

Register [01000 reg | 3

SUB = Subtract:

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

Immediate from register/memory [100000sw [ mod101 r/m | data [ dataif sw=01] 4/16*

Immediate from accumulator [0010110w | data [dataifw=1] 3/4 8/16-bit

SBB = Subtract with borrow:

Reg/memory and register to either [000110dw [ modreg r/m 3/10*

Immediate from register/memory [100000sw | mod011 r/m data [ dataif sw=01] 4/16*

Immediate from accumulator [0001110w ] data data if w =1 3/4 8/16-bit

DEC = Decrement:

Register/memory 01111 11w [ mod001 r/m ] 3/15*

Register 3

CMP = Compare:

Register/memory with register 0011101w [ modreg r/m 3/10*

Register with register/memory 0011100w | modreg r/m 3/10*

Immediate with register/memory 100000sw [ mod 111 r/m data [ dataifsw=01] 3/10*

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

NEG = Change sign [1 111011w | mod 011 r/m 3

AAA = ASCII adjust for add 00110111 8

DAA = Decimal adjust for add 4

AAS = ASCII adjust for subtract 7

DAS = Decimal adjust for subtract 4

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

Register-Byte 26-28

Register-Word 35-37

Memory-Byte 32-34

Memory-Word 41-43*

IMUL = Integer multiply (signed): [11711011w [ mod 101 r/m |

Register-Byte

Register-Word

Memory-Byte

Memory-Word

l(:lil;l;;; Integer immediate mymply tL“ 0 1/0 s [ hodres :r’/m T

DIV = Divide (unsigned): [117117011w [ mod 110 /m |

Shaded areas a indicate instructions not available in MBL 8086, 88 microsystems.
*Note: 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)

Register/memory by CL.

AND = And:

Reg/memory and register to either
Immediate to register/memory
Immediate to accumulator

Register/memory and register
Immediate data and register/memory
Immediate data and accumulator

OR =Or:

Reg/memory and register to either
Immediate to register/memory
Immediate to accumulator

XOR = Exclusive or:

Reé/memory and register to either
Immediate to register/memory
Immediate to accumulator

NOT = Invert register/memory

STRING MANIPULATION
MOVS = Move byte/word

CMPS = Compare byte/word
SCAS = Scan byte/word

LODS = Load byte/wd to AL/AX
STOS Stor byte/wd from AL/A

1101001w | modTTT r/m

TTT Instruction

0 ROL
1 ROR
0 RCL
1 RCR
0 SHL/SAL
1 SHR
1 SAR

===0000
—=00==00

mod reg r/m

mod 100 r/m data [dataifw=1]

data dataifw=1 |

TEST = And function to flags, no result:

[(1000010w ][ modreg r/m |

[11711011w [ mod000 r/m | data [dataifw=1]
[1010100w] data [dataifw=1]
[000010dw ]| modreg r/m

[1000000w [ mod 001 r/m data [dataifw=1]
[oo00110w data dataifw=1 |
[001100dw ] modreg r/m

[1000000w ][ mod 110 r/m data [dataifw=1 ]
[oo11010w data dataifw=1 |
[11711011w ] mod010 r/m

1010010w

1010011w

Shaded areas indicate instructions not avallable in MBL 8086, 88 microsystems.

*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers.
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FUNCTION FORMAT Clock Comments
Cycles

ARITHMETIC (Continued)

IDIV = Integer divide (signed): 111101 1w] mod 111 r/m

Register-Byte 44-52

Register-Word 53—61

Memory-Byte 50-58

Memory-Word 59-67*

AAM = ASCI| adjust for multiply [110101007] 00001010} 19

AAD = ASCII adjust for divide [17010101] 00001010 ] 15

CBW = Convert byte to word 10011000 2

CWD = Convert wosd to double word 10011001 4

LOGIC

Shift/Rotate Instructions:

Register/memory by 1 [1701000w] mod TTT r/m | 2/15*

5+n/17+n*

3/10*
4/16*
3/4

3/10%
4/10*
3/4

3/10*
4/16*
3/4

3/10*
4/16*

8/16-bit

8/16-bit

8/16-bit

8/16-bit

b

e
-
-
-
S

B

|

m.
i
|
L
i
]
e
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INSTRUCTION SET SUMMARY (Continued)

FUNCTION FORMAT Clock Comments
Cycles

STRING MANIPULATION (Continued)

Repeated by count in CX

MOVS = Move string [11110010 ] 1010010w | 8+ 8n*

CMPS = Compare string 117110012z 0100 w 5+ 22n*

SCAS = Scan string 11110012 0101 w 5+ 16n*

LODS = Load string 11110010 010110w 6+ 11n*
1010101w 6+ 9n*

T

s
B
o feed o

ot -
4 S i
ol gegar

o
i 3
ot ony

CONTROL TRANSFER

CALL =Call:

Direct within segment [11101000 ] disp-low [ disp-high | 19

Register/memory indirect

within segment [111111117 [ mod010 r/m | 17/27

Direct intersegment [1oo011070 segment offset ] 31
D [ segment selector ]

Indirect intersegment [11111111 [ mod 011 _r/m | (mod #11) 54

JMP = Unconditional jump:

Short long [1T1101011 ] disp-low | 14

Direct within segment [11101001 ] displow | disp-high | 14

Register memory indirect

within segment [17177717 ["mod100 r/m | 11/21

Direct intersegment [11101010 ] segment offset | 14
[ segment selector ]

Indirect intersegment [A11117111 [ mod 101 _r/m | (mod #11) 34

RET = Return from CALL:

Within segment 11000011 20
Within seg adding immed to SP 11000010 data-low [ data-high | 22
Intersegment 11001011 . 30
Intersegment adding immediateto SP [ 11001010 data-low | data-high | 33

Shaded areas indicate instructions not available in MBL 8086, 88 microsystems.
*Note: 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 Comments
Cycles
CONTROL TRANSFER (Continued)

JE/JZ = Jump on equal/zero [01110100 ] disp ] 4/13 JMP not
JL/INGE = Jump on less/not greate . taken/JMP
/ P greater 517711100 | dse | 413 taken

JLE/JNG = Jump on less or -
equal/not greater (orrrr110] disp ] 4/13
JB/JNAE = Jump on below/not "
above or equal [01110010 ] disp ] 4/13
JBE/JNA = Jump on below or -
equal/not sbove [07170710 ] disp ] 4/13
JP/JPE = Jump on parity/parityeven [01111010 disp | 4/13
JO = Jump on overflow [01110000 disp | 4/13
JS = Jump on sign [011117000 disp ] 4/13
JNE/JNZ = JZ::r;p on not equal/not [ 01170101 l disp —l 4/13
JNL/JGE = Jump on not less/greater -
or equal [07117111071 disp ] 4/13
JNLE/JG = Jump on not less or =
equal/greater [orrarrra ] disp J 4/13
JNB/JAE = Jump on not below/ :
above or equal [o1170011 ] disp | 4/13
JNBE/JA = Jump on not below or -
cqusl/above [07170111 ] disp ) 4/13
JNP/JPO = Jump on not par/par odd 01111011 disp 4/13
JNO = Jump on not overflow 01110001 disp 4/13
JNS = Jump on not sign 01111001 disp 4/13
JCXZ = Jump on CX zero l 11100011 disp 5/15
LOOP = Loop CX times | 11100010 disp j 6/16 LOOP not
LOOPZ/LOOPE = Loop while - taken/LOOP
zero/equal [11100001 ] disp ] 6/16 taken
LOOPNZ/LOOPNE = Loop while =
not zero/equal (11100000 ] disp J 6/16

LA

INT = Interrupt:

Type specified 11001101 type
Type 3 11001100
INTO = Interrupt on overflow 11001110
IRET = Interrupt return 11001111
_BOUND = Detect value outofrange [ 01100010

if INT.taken/
if INT. not
taken

Shaded areas indicate instructions not available in MBL 8086, 88 microsystems.
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INSTRUCTION SET SUMMARY (Continued)
Clock

FUNCTION FORMAT Cycles Comments

PROCESSOR CONTROL

CLC = Clear carry 2

CMC = Complement carry 2

STC = Set carry 2

CLD = Clear direction 11111100 2

STD = Set direction 11111101 2

CLI = Clear interrupt 11111010 2

STI = Set interrupt EEEEEEER 2

HLT = Halt 2

WAIT = Wait 6 if test =0

LOCK = Bus lock prefix 2

ESC = Processor extension escape [A1011TTT [ mod LLL r/m | 6

(TTT LLL are opcode to processor extension)

Shaded areas indicate instructions not available in MBL 8086, 88 microsystems.
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FOOTNOTES
The Effective Address (EA) of the memory operand is com- REG is assigned according to the following table:
puted according to the mod and r/m fields:
16-Bit (w = 1) 8-Bit (w =0)

if mod = 11 then r/m is treated as a REG field 000 AX 000 AL
if mod = 00 then DISP = 0%, disp-low and disp-high are 001 CX 001 CL
absent 010 DX 010 DL
if mod = 01 then DISP = disp-low sign-extended to 16-bits, 011 BX 011 BL
disp-high is absent 100 SP 100 AH
if mod = 10 then DISP = disp-high: disp-low 101 BP 101 CH

110 SI 110 DH
if r/m = 000 then EA = (BX) + (Sl) + DISP 111 DI 111 BH

if r/m = 001 then EA = (BX) + (DI)+ DISP
if r/m =010 then EA = (BP) + (Sl) + DISP
if r/m =011 then EA = (BP) + (Dl)+ DISP
if r/m =100 then EA = (SI) + DISP

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

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

The physical addresses of all operands addressed by the BP
register are computed using the SS segment register. The
physical addresses of the destination operands of the string
primitive operations (those addressed by the DI register)
are computed using the ES segment, which may not be
overridden.

DISP follows 2nd byte of instruction (before data if re-
quired)

*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 appro-
priate.

SEGMENT OVERRIDE PREFIX

reg is assigned according to the following:

reg Segment Register
00 ES
01 Cs
10 SS
1 DS
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PACKAGE ILLUSTRATION

CERAMIC LCC
(METAL SEAL)

PACKAGE DIMENSIONS (Suffix -CV)

68-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER
(CASE No.: LCC-68C-A01)

INDEX AREA '670‘;@2’50 .052(Y1F.’27) c.o::%l.oz)
N\ /%-5_( H '
Z
= men ||| s
=
=
N7 | |

AT

’_J
I |.o36(0.91) O
.940(23.88) TvP —a |<-08001.52) 842(21.39)
' 1960(24.38) TYP 858(21.79)
.110(2.79)
- MAX

Dimension in

©1985 FUJITSU C68001S-1C inches (millimeters)
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PACKAGE ILLUSTRATION

CERAMIC PGA
(METAL SEAL)

PACKAGE DIMENSIONS (Suffix -CR)

68-LEAD CERAMIC (METAL SEAL)
REPEATED QUAD IN-LINE PACKAGE
(CASE No.: RIT-68C-A01)

.050(1.27)DIATYP

.090(2.29) .099(2.49) |
110(2.79) 122(3.10) |
— |
o o o o o o o o o
o @/o 6o 060 0 06 0® o p— |
o o ° o —17=
o o o o [
o o o o ’ L=
. o o | 10002540
o o o o [——
o o o e 015(038) | |
.020(0.51)
o o ° o ——
© ® ©o 0o o 06 o o 0 @® o =]
o o o o o o o o o [=] -+ =E
| — — J
.045(1.14)
1.135(28.83) 083(2.11) INDEX AREA
L so 055(1.40 \
1.165(29.59) °2 MAX :
.100(2.54)
" .120(3.05)
.185(4.70)
MAX

Dinr':ensions in )
inches (millimeters’
©1985 FUJITSU LIMITED R68001S-2C il
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MICROPROCESSOR  [IVETRH 44961

February 1985
Edition 4.0

NMOS 8-BIT MICROPROCESSOR

The Fujitsu MBL 8088 is a new generation, high performance microprocessor implemented in N-channel, depletion
load, silicon gate technology (NMOS), and packaged in a 40-pin ceramic or plastic DIP. The processor has attributes of

both 8- and 16-bit microprocessors. It is directly compatible with MBL 8086 software and Intel 8080/8085 hardware
and peripherals.

@ 8-Bit Data Bus Interface e 8-Bit and 16-Bit Signed and Unsigned Arithme-
® 16-Bit Internal Architecture tic in Binary or Decimal, Including Multiply and
® Direct Addressing Capability to 1 Mbyte of Divide
Memory ® Compatible with 8155-2, 8755A-2 and 8185-2
Direct Software Compatibility with MBL 8086 Multiplexed Peripherals
CPU e Two Clock Rates:
14-Word by 16-Bit Register Set with Symmetri- 5MHz for MBL 8088,
cal Operations 8MHz for MBL 8088-2,
® 24 Operand Addressing Modes 10MHz for MBL 8088-1

® 40-Pin DIP:
Ceramic DIP (Suffix: -C)
Plastic DIP  (Suffix: -P)

® Byte, Word, and Block Operations

Fig. 1 —BLOCK DIAGRAM Fig. 2 — PIN CONFIGURATION

MEMORY INTERFACE

C-BUS MIN [ MAX
{L MODE |MODE
U
4 GNDL 1 a0 vee
A1402 39015
sl$‘SE§kJACBT\'2g 2 A1303 381 A16/S3
QUEUE| 2 A12004 3701 A17/54
A1105 36[7 A18/s5
ES 1 A100]6 351 A19/S6
BUS s aol7 3411550 (HIGH)
INTERFACE Ss A8[]8 33 MN/MX
UNIT DS EXECUTION UNN AD7C}9 gL 32PRD .
= ‘eten AD6C 10 8088 31PHOLD (RG/GTO)
@ AD5 11 30fHLDA (ROQ/GTI)
C ABUS aDar]12 200WR  (LOCK)
AD3[]13 280J10/M  (S2)
AD2[]14 27@DT/R  (81)
s} S Ap1g 15 2601DEN  (50)
ADOC] 16 25ALE  (QSO0)
CcH CL LOGIC UNIT ALE
EXECUTION| _DH DL NMIC] 17 240INTA  (as1)
UNIT sP | L_ INTRC]18 23p TEST
BP ! cLkr]19 221 READY
Si GND[20 21IRESET
DI FLAGS i

Portions Reprinted by permission of intel Corporation
© Intel Corporation, 1980 1-226
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TABLE 1 — PIN DESCRIPTION

The following pin function descriptions are for MBL 8088 systems in either minimum or maximum mode. The “local bus”
in these descriptions is the direct multiplexed bus interface connection to the MBL 8088 (without regard to additional bus

buffers).
Symbol Pin No. | Type Name and Function
AD,;—-AD, 9-16 1/0 Address Data Bus: These lines constitute the time multiplexed memory/IO address

(T;) and data (T,, T3, Tw, and T,4) bus. These lines are active HIGH and float to 3-state
OFF during interrupt acknowledge and local bus “hold acknowledge”.

Ays—Ag 2-8, 39 (0] Address Bus: These lines provide address bits 8 through 15 for the entire bus cycle |
(T;—T4). These lines do not have to be latched by ALE to remain valid. A;s — Ag
are active HIGH and float to 3-state OFF during interrupt acknowledge and local bus
“hold acknowledge”’.

Ai9/Se, 35-38 (0] Address/Status: During T,, these are the four

As/Ss, most significant address lines for memory op-

A7/Ss, erations. During 1/0 operations, these lines are

A6/Ss LOW. During memory and 1/O operations,

status information is avalable on these lines s,
during T,, T3, Tw, and T4. S¢ is always low. 0 (LOW)
The status of the interrupt enable flag bit (Ss) 0

is updated at the beginning of each clock 1 (HIGH)
cycle. S4 and S; are encoded as shown. 1

Characteristics
Alternate Data
Stack
Code or None
Data

(2
&

- O =0

This information indicates which segment S, is 0 (LOW)
register is presently being used for data acces-
sing.

These lines float to 3-state OFF during local
bus “hold acknowledge”.

RD 32 (o} Read: Read strobe indicates that the processor is performing a memory or |/O read
cycle, depending on the state of the 10/M pin or S,. This signal is used to read devices
which reside on the MBL 8088 local bus. RD is active LOW during T,, T3 and Tw of
any read cycle, and is guaranteed to remain HIGH in T, until the MBL 8088 local bus
has floated.

This signal floats to 3-state OFF in “hold acknowledge’’.

READY 22 | READY: is the acknowledgement from the addressed memory or |/O device that it will
complete the data transfer. The RDY signal from memory or 1/O is synchronized by the
MBL 8284A clock generator to form READY. This signal is active HIGH. The MBL 8088
READY input is not synchronized. Correct operation is not guaranteed if the set up and
hold times are not met.

INTR 18 1 Interrupt Request: is a level triggered input which is sampled during the last clock cycle
of each instruction to determine if the processor should enter into an interrupt acknow-
ledge operation. A subroutine is vectored to via an interrupt vector lookup table located
in system memory. It can be internally masked by software resetting the interrupt
enable bit. INTR is internally synchronized. This signal is active HIGH.

TEST 23 | TEST: input is examined by the “wait for test’ instruction. If the TEST input is LOW,
execution continues, otherwise the processor waits in an “idle” state. This input is
synchronized internally during each clock cycle on the leading edge of CLK.

NMI 17 | Non-Maskable Interrupt: is an edge triggered input which causes a type 2 interrupt.
A subroutine is vectored to via an interrupt vector lookup table located in system
memory. NMI is not maskable internally by software. A transition from a LOW to
HIGH initiates the interrupt at the end of the current instruction. This input is internal-
ly synchronized.
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TABLE 1— PIN DESCRIPTION (Continued)

gl

I

Symbol Pin No. | Type Name and Function

RESET 21 | RESET: causes the processor to immediately terminate its present activity. The signal
must be active HIGH for at least four clock cycles. It restarts execution, as described in
the instruction set description, when RESET returns LOW. RESET is internally syn-
chronized,

CLK 19 I Clock: provides the basic timing for the processor and bus controller. It is asymmetric
with a 33% duty cycle to provide optimized internal timing.

Vee 40 Vee: is the +6V £10% power supply pin.

GND 1,20 GND: are the ground pins.

MN/MX 33 l Minimum/Maximum: indicates what mode the processor is to operate in. The two

modes are discussed in the following sections.

The following pin function descriptions are for the MBL 8088 minimum mode (i.e., MN/MX = Vce). Only the pin functions
which are unique to minimum mode are described; all other pin functions are as described above.

10/M

28

(0]

Status Line: is an inverted maximum mode §2 . It is used to distinguish a memory access
from an 1/0 access. 10/M becomes valid in the T4 preceding a bus cycle and remains
valid until the final T4 of the cycle (I/O=HIGH, M=LOW). IO/M floats to 3-state OFF in
local bus ““hold acknowledge”’.

29

Write: strobe indicates that the processor is performing a write memory or write 1/0
cycle, depending on the state of the |O/M signal. WR is active for T,, T3, and Tw of any
write cycle. It is active LOW, and floats to 3-state OFF in local bus “hold acknowledge’’.

INTA

24

INTA: is used as a read strobe for interrupt acknowledge cycles. It'is active LOW during
T,, T3, and Tw of each interrupt acknowledge cycle.

ALE

25

Address Latch Enable: is provided by the processor to latch the address into the
MBL 8282/8283 address latch. It is a HIGH pulse active during clock low of T; of any
bus cycle. Note that ALE is never floated.

DT/R

27

Data Transmit/Receive: is needed in a minimum system that desires to use an
MBL 8286/8287 data bus transceiver. It is used to control to direction of data flow
through the transceiver. Logically, DT/R is equivalent to S, in the maximum mode, and
its timing is the same as for I0/M (T=HIGH, R=LOW). This signal floats to 3-state OF F

in local “hold acknowledge”.

26

Data Enable: is provided as an output enable for the MBL 8286/8287 in a minimum
system which uses the transceiver. DEN is active LOW during each memory and 1/0
access, and for INTA cycles. For a read or INTA cycle, it is active from the middle of
T, until the middle of T4, while for a write cycle, it is active from the beginning of T,
until the middle of T4. DEN floats to 3-state OFF during local bus “*hold acknowledge’’.

HOLD,
HLDA

30, 31

HOLD: indicates that another master is requesting a local bus ““hold”’. To be acknow-
ledged, HOLD must be active HIGH. The processor receiving the ““hold’’ request will
issue HLDA (HIGH) as an acknowledgement, in the middle of a T4 or T, clock cycle.
Simultaneous with the issuance of HLDA the processor will float the local bus and
control lines. After HOLD is detected as being LOW, the processor lowers HLDA, and
when the processor needs to run another cycle, it will again drive the local bus and
control lines.

Hold is not an asynchronous input. External synchronization should be provided if
the system cannot otherwise guarantee the set up time.
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TABLE 1 — PIN DESCRIPTION (Continued)

Symbol Pin No. | Type Name and Function
SSO 34 o Status line: is logically equivalent to SO in the | '9/M__|DT/R| S50 Characteristics

maximum mode. The combination of S50, | '{HIGHI| 0 | 0 '"l‘(e"“‘:td

10/M and DT/R allows the system to com- acknowledge
1 0 1 Read 1/0 Port

pletely decode the current bus cycle status. X
1 1 0 | Write I/O Port
1 1 1 Halt
0 (LOW) 0 0 | Code Access
0 o] 1 Read Memory
0 1 0 Write Memory
0 1 1 Passive

The following pin function descriptions are for the MBL 8088, 8228 system in maximum mode (i.e., MN/MX=GND.)
Only the pin functions which are unique to maximum mode are described; all other pin functions are as described above.

with RQ/GT, having higher priority than RQ/GT,. RQ/GT has an internal pull-up re-
sistor, so may be left unconnected. The request/grant sequence is as follows (See Fig. 8):

1. A pulse of one CLK wide from another local bus master indicates a local bus request

(“hold”’) to the MBL 8088 (pulse 1).

2. During a T4 or T, clock cycle, a pulse one clock wide from the MBL 8088 to the
requesting master (pulse 2), indicates that the MBL 8088 has allowed the local bus
to float and that it will enter the “hold acknowledge’’ state at the next CLK. The
CPU'’s bus interface unit is disconnected logically from the local bus during “hold
acknowledge’’. The same rules as for HOLD/HOLDA apply as for when the bus is

released.

3. A pulse one CLK wide from the requesting master indicates to the MBL 8088 (pulse
3) that the “hold’’ request is about to end and that the MBL 8088 can reclaim the

local bus at the next CLK. The CPU then enters T,.

2,51,50 | 26-28 (o] Status: is active during clock high of T4, Ty,
and T,, and is returned to the passive state
(1,1,1) during T3 or during Tw when READY
is HIGH. This status is used by the MBL 8288 52 S1| S0 | Characteristics
bus controller to generate all memory and 1/0 0(LOW) | 0 | O | Interrupt
access control signals. Any change by 52, S1, acknowledge
or SO during T4 is used to indicate the begin- 0 011 Ref"d 1/0 Port
ning of a bus cycle, and the return to the 0 1| 0| Write I/O Port
passive state in T3 or Tw is used to indicate 0 ! ! Halt
the end of a bus cycle. 1(HIGH) | 0 | 0 [ Code Access
1 0 1 Read Memory
These signals float to 3-state OFF during 1 110 | Write Memory
“hold acknowledge’. During the first clock 1 1 | 1 | Passive
cycle after RESET becomes active, these
signals are active HIGH. After this first clock
they float to 3-state OFF.
RQ/GTO, 30, 31 1/0 Request/Grant: pins are used by other local bus masters to force the processor to release
RQ/GT1 the local bus at the end of the processor’s current bus cycle. Each pin is bidirectional
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TABLE 1— PIN DESCRIPTION (Continued)

Symbol Pin No. | Type Name and Function
RQ/GTO, 30, 31 1/0 Each master-master exchange of the local bus is a sequence of three pulses. There must
RO/GT1 be one idle CLK cycle after each bus exchange. Pulses are active LOW.

If the request is made while the CPU is performing a memory cycle, it will release the
local bus during T, of the cycle when all the following conditions are met:

1. Request occurs on or before T,.

2. Current cycle is not the low byte of a word.

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence.
4. A locked instruction is not currently executing.

If the local bus is idle when the request is made the two possible events will follow:

1. Local bus will be released during the next clock.
2. A memory cycle will start within 3 clocks. Now the four rules for a currently active
memory cycle apply with condition number 1 already satisfied.

LOCK 29 o] LOCK: indicates that other system bus masters are not to gain control of the system bus
while LOCK is active (LOW). The LOCK signal is activated by the “LOCK" prefix
instruction and remains active until the completion of the next instruction. This signal
is active LOW, and floats to 3-state off in “*hold acknowledge’.

Qs1, Qso 24,25 0 Queue Status: provide status to allow external as1  |aso| Characteristics

tracking of the internal MBL 8088 instruction 0(LOW) | 0 | No operation

queue. 0 1 First byte of opcode

. . . from queue
he queu us i
after which the ausee operation’s performed. |1 HGH| O | Emoty ne aueue
a P P : 1 1 | Subsequent byte from
queue

— 34 (o] Pin 34 is always high in the maximum mode.
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FUNCTIONAL DESCRIPTION

MEMORY ORGANIZATION

The processor provides a 20-bit address to memory which
locates the byte being referenced. The memory is organ-
ized as a linear array of up to 1 million bytes, addressed as
00000(H) to FFFFF(H). The memory is logically divided
into code, data, extra data, and stack segments of up to
64K bytes each, with each segment falling on 16-byte
boundaries. (See Fig. 3.)

All memory references are made relative to base addresses
contained in high speed segment registers. The segment
types were chosen based on the addressing needs of
programs. The segment register to be selected is auto-
matically chosen according to the rules of the following
table. All information in one segment type share the same
logical attributes (e.g. code or data). By structuring
memory into relocatable areas of similar characteristics
and by automatically selecting segment registers, programs
are shorter, faster, and more structured.

Word (16-bit) operands can be located on even or odd
address boundaries. For address and data operands, the
least significant byte of the word is stored in the lower
valued address location and the most significant byte in
the next higher address location. The BIU will auto-
matically execute two fetch or write cycles for 16-bit
operands,

Certain locations in memory are reserved for specific CPU
operations. (See Fig. 4.) Locations from addresses
FFFFOH through FFFFFH are reserved for operations
including a jump to the initial system initialization
routine. Following RESET, the CPU will always begin
execution at location FFFFOH where the jump must be
located. Locations 00000H through 003FFH are reserved
for interrupt operations. Four-byte pointers consisting of
a 16-bit segment address and a 16-bit offset address direct
program flow to one of the 256 possible interrupt service
routines. The pointer elements are assumed to have been
stored at their respective places in reserved memory prior
to the occurrence of interrupts.

MINIMUM AND MAXIMUM MODES

The requirements for supporting minimum and maximum
MBL 8088 systems are sufficiently different that they
cannot be done efficiently with 40 uniquely defined pins.
Consequently, the MBL 8088 is equipped with a strap
pin (MN/MX) which defines the system configuration.
The definition of a certain subset of the pins changes,
dependent on the condition of the strap pin. When the
MN/MX pin is strapped to GND, the MBL 8088 ‘defines
pins 24 through 31 and 34 in maximum mode. When the

Fig. 3 — MEMORY ORGANIZATION

SEGMENT

REGISTER FILE

7 0

+ OFITSET

4

SS

ES

— S5 4
DS T

WORD{

) —

OFFFFFH

CODE SEGMENT

XXXX0H

STACK SEGMENT

DATA SEGMENT

EXTRA DATA
SEGMENT

T 00000H

Fig. 4 — RESERVED MEMORY LOCATIONS

RESET BOOTSTRAP
PROGRAM JUMP

FFFFFH

FFFFOH

INTERRUPT POINTER
FOR TYPE 255

3FFH

3FOH

INTERRUPT POINTER
FOR TYPE 1

7H
4H

INTERRUPT POINTER
FOR TYPE O

3H
OH
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the MBL 8088 generates

bus control signals itself on pins 24 through 31 and 34.
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Refe,r:\t: :\}Ieed Segmeats:’egister Segment Selection Rule
Instructions CODE (CS) Automatic with all instruction prefetch.
I
Local Data DATA (DS) E;;?atriif:,ri?c::pm}:c :0 J::?ittii‘éz nt'o stack, destination of string
External (Global) Data EXTRA (ES) gazsr;i::ttig‘r’\ergzes.tring operations: Explicity selected using a

The minimum mode MBL 8088 can be used with either a
multiplexed or demultiplexed bus. The multiplexed bus
configuration is compatible with the MCS-85* multi-
plexed bus peripherals (Intel 8155, 8156, 8355, 8755A,
and 8185). This configuration (See Fig. 5.) provides the
user with a minimum chip count system. This architecture
provides the MBL 8088 processing power in a highly
integrated form,

The demultiplexed mode requires one latch (for 64K
addressability) or two latches (for a full megabyte of
addressing). A third latch can be used for buffering if the
address bus loading requires it. An MBL 8286 or
MBL 8287 transceiver can also be used if data bus buff-
ering is required. (See Fig. 6.) The MBL 8088 provides
DEN and DT/R to control the transceiver, and ALE to

*Trade Mark of Intel Corporation, USA

latch the addresses. This configuration of the minimum
mode provides the standard demultiplexed bus structure
with heavy bus buffering and relaxed bus timing require-
ments,

The maximum mode employs the MBL 8288 bus con-
troller., (See Fig. 7.) The MBL 8288 decodes status lines
So. Si, and S;, and provides the system with all bus
control signals. Moving the bus control to the MBL 8288
provides better source and sink current capability to the
control lines, and frees the MBL 8088 pins for extended
large system features. Hardware lock, queue status, and
two request/grant interfaces are provided by the
MBL 8088 in maximum mode. These features allow co-
processors in local bus and remote bus configurations.
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Fig. 5 — MULTIPLEXED BUS CONFIGURATION
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Fig. 6 — DEMULTIPLEXED BUS CONFIGRATION EXAMPLES (MINIMUM MODE)
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Fig. 7 — FULLY BUFFERED SYSTEM EXAMPLE (MAXIMUM MODE)
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BUS OPERATION

The MBL 8088 address/data bus is broken into three parts
— the lower eight address/data bits (ADo—AD;), the
middle eight address bits (Ag —A;s), and the upper four
address bits (Ajg —Ajo ). The address/data bits and the
highest four address bits are time multiplexed. This

processor, permitting the use of a standard 40 lead
package. The middle eight address bits are not multi-
plexed, i.e. they remain valid throughout each bus cycle.
In addition, the bus can be demultiplexed at the processor
with a single address latch if a standard, non-multiplexed

technique provides the most efficient use of pins on the bus is desired for the system.

Fig. 8 — BASIC SYSTEM TIMING
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i 4 J
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ALE_f_\ / \

/__\ y{«‘ TOT,
/
=\ i \ \
Q\‘,-A,SX S,-S, )C

\
i
ADDR X As-A, A, )L

ADDR/DATA }(Aon)-- ”é‘én“Siii‘ﬁﬁD)(\Dzkl?B)“'—<Av‘AnX DATA OUT (D,-D,) >--O<:

(4+Nwa 1) = Tey

|
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»
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N
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Each processor bus cycle consists of at least four CLK
cycles. These are referred to as Ty, T,, T3, and T4. (See
Fig. 8). The address is emitted from the processor during
T, and data transfer occurs on the bus during T3 and T,.
T, is used primarily for changing the direction of the bus
during read operations. In the event that a “NOT
READY" indication is given by the addressed device,
“wait’’ states (Tw) are inserted between T3 and T4. Each
inserted “wait” state is of the same duration as a CLK
cycle. Periods can occur between MBL 8088 driven bus
cycles. These are referred to as “idle”” states (Ti), or
inactive CLK cycles. The processor uses these cycles for
internal housekeeping.

During T; of any bus cycle, the ALE (address latch
enable) signal is emitted (by either the processor or the
MBL 8288 bus controller, depending on the MN/MX
strap). At the trailing edge of this pulse, a valid address
and certain status information for the cycle may be
latched.

Status bits Sy, Sy, and S, are used by the bus controller,
in maximum mode, to identify the type of bus transaction
according to the following table:

So CHARACTERISTICS

S
O(Low) | O 0 Interrupt Acknowledge
0

0 1 Read 1/0

0 1 0 Write 1/0

0 1 1 Halt

1 (High) | 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)

Status bits Sz through Sy are multiplexed with high order
address bits and are therefore valid during T, through T,,
S; and S, indicate which segment register was used for
this bus cycle in forming the address according to the
following table:

S4 S; CHARACTERISTICS
0 (Low) 0 Alternate Data (Extra Segment)
0 1 Stack
1 (High) | O Code or None
1 1 Data
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Ss is a reflection of the PSW interrupt enable bit. Sg is
always equal to 0.

1/0 ADDRESSING

In the MBL 8088, 1/0 operations can address up to a
maximum of 64K 1/0 registers. The 1/0 address appears in
the same format as the memory address on bus lines
Ais —Ao. The address lines Ajg —Aj6 are zero in 1/0
operations. The variable 1/0 instructions, which use
register DX as a pointer, have full address capability, while
the direct 1/O instructions directly address one or two of
the 256 1/0 byte locations in page O of the 1/O address
space. /O ports are addressed in the same manner as
memory locations.

Designers familiar with the Intel 8085 or upgrading an
8085 design should note that the 8085 addresses 1/0
with an 8-bit address on both halves of the 16-bit address
bus. The MBL 8088 uses a full 16-bit address on its lower
16 address lines.

EXTERNAL INTERFACE
PROCESSOR RESET AND INITIALIZATION

Processor initialization or start up is accomplished with
activation (HIGH) of the RESET pin. The MBL 8088
RESET is required to be HIGH for greater than four clock
cycles. The MBL 8088 will terminate operations on the
high-going edge of RESET and will remain dormant as
long as RESET is HIGH. The low-going transition of
RESET triggers an internal reset sequence for approxi-
mately 7 clock cycles. After this interval the MBL 8088
operates normally, beginning with the instruction in
absolute location FFFFOH. (See Fig. 4.) The RESET
input is internally synchronized to the processor clock. At
initialization, the HIGH to LOW transition of RESET
must occur no sooner than 50 us after power up, to allow
complete initialization of the MBL 8088.

If INTR is asserted sooner than nine clock cycles after the
end of RESET, the processor may execute one instruction
before responding to the interrupt.

All 3-state outputs float to 3-state OFF during RESET.
Status is active in the idle state for the first clock after
RESET becomes active and then floats to 3-state OFF.

INTERRUPT OPERATIONS

Interrupt operations fall into two classes: software or
hardware initiated. The software initiated interrupts and
software aspects of hardware interrupts are specified in
the instruction set description in the MBL 8086 Family



I ML 8088
FUJITSU

MBL 8088-2
WA MBL 8088 -1

User’s Manual. Hardware interrupts can be classified as
non-maskable or maskable.

Interrupts result in a transfer of control to a new program
location. A 256 element table containing address pointers
to the interrupt service program locations resides in
absolute locations O through 3FFH (see Fig. 4), which are
reserved for this purpose. Each element in the table is 4
bytes in size and corresponds to an interrupt ‘‘type’’. An
interrupting device supplies an 8-bit type number, during
the interrupt acknowledge sequence, which is used to
vector through the appropriate element to the new
- interrupt service program location.

NON-MASKABLE INTERRUPT (NMI)

The processor provides a single non-maskable interrupt
(NMI) pin which has higher priority than the maskable
interrupt request (INTR) pin. A typical use would be to
activate a power failure routine. The NMI is edge-triggered
on a LOW to HIGH transition. The activation of this pin
causes a type 2 interrupt.

NMI is required to have a duration in the HIGH state of
greater than two clock cycles, but is not required to be
synchronized to the clock. Any higher going transition of
NMI is latched on-chip and will be serviced at the end of
the current instruction or between whole moves (2 bytes
in the case of word moves) of a block type instruction.
Worst case response to NMI would be for multiply, divide,
and variable shift instructions. There is no specification on
the occurrence of the low-going edge; it may occur before,
during, or after the servicing of NMI. Another high-going
edge triggers another response if it occurs after the start of
the NMI procedure. The signal must be free of logical
spikes in general and be free of bounces on the low-going
edge to avoid triggering extraneous responses.

MASKABLE INTERRUPT (INTR)

The MBL 8088 provides a single interrupt request input
(INTR) which can be masked internally by software with
the resetting of the interrupt enable (IF) flag bit. The
interrupt request signal is level triggered. It is internally
synchronized during each clock cycle on the high-going
edge of CLK. To be responded to, INTR must be present
(HIGH) during the clock period preceding the end of the
current instruction or the end of a whole move for a block
type instruction. During interrupt response sequence,
further interrupts are disabled. The enable bit is reset as
part of the response to any interrupt (INTR, NMI,
software interrupt, or single step), although the FLAGS
register which is automatically pushed onto the stack
reflects the state of the processor prior to the interrupt.
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Until the old FLAGS register is restored, the enable bit
will be zero unless specifically set by an instruction.

During the response sequence (See Fig. 9), the processor
executes two successive (back to back) interrupt acknowl-
edge cycles. The MBL 8088 emits the LOCK signal
(maximum mode only) from T, of the first bus cycle until
T, of the second. A local bus “hold” request will not be
honored until the end of the second bus cycle. In the
second bus cycle, a byte is fetched from the external
interrupt system (e.g., MBL 8259A PIC) which identifies
the source (type) of the interrupt. This byte is multiplied
by four and used as a pointer into the interrupt vector
lookup table. An INTR signal left HIGH will be continual-
ly responded to within the limitations of the enable bit
and sample period. The interrupt return instruction
includes a flags pop which returns the status of the
original interrupt enable bit when it restores the flags.

HALT

When a software HALT instruction is executed, the
processor indicates that it is entering the HALT state in
one of two ways, depending upon which mode is
strapped. In minimum mode, the processor issues ALE,
delayed by one clock cycle, to allow the system to latch
the halt status. Halt status is available on 10/M, DT/R,
and SSO. In maximum mode, the processor issues appro-
priate HALT status on S,,S;, and S;, and the MBL 8288
bus controller issues one ALE. The MBL 8088 will not
leave the HALT state when a local bus hold is entered
while in HALT. In this case, the processor reissues the
HALT indicator at the end of the local bus hold. An
interrupt request or RESET will force the MBL 8088 out
of the HALT state.

READ/MODIFY/WRITE (SEMAPHORE) OPERATIONS
VIA LOCK

The LOCK status information is provided by the pro-
cessor when consecutive bus cycles are required during the
execution of an instruction. This allows the processor to
perform read/modify/write operations on memory (via
the ‘“‘exchange register with memory’’ instruction), with-
out another system bus master receiving intervening
memory cycles. This is useful in multiprocessor system
configurations to accomplish ‘‘test and set lock’’ opera-
tions. The LOCK signal is activated (LOW) in the clock
cycle following decoding of the LOCK prefix instruction.
It is deactivated at the end of the last bus cycle of the
instruction following the LOCK prefix. While LOCK is
active, a request on a RQ/GT pin will be recorded, and
then honored at the end of the LOCK.
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Fig. 9 — INTERRUPT ACKNOWLEDGE SEQUENCE
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EXTERNAL SYNCHRONIZATION VIA TEST

As an alternative to interrupts, the MBL 8088 provides a
single software-testable input pin (TEST). This input is
utilized by executing a WAIT instruction. The single
WAIT instruction is repeatedly executed until the TEST
input goes active (LOW). The execution of WAIT does not
consume bus cycles once the queue is full.

If a local bus request occurs during WAIT execution, the
MBL 8088 3-states all output drivers. If interrupts are
enabled, the MBL 8088 will recognize interrupts and
process them. The WAIT instruction is then refetched,
and reexecuted.

BASIC SYSTEM TIMING

In minimum mode, the NM/MX pin is strapped to V.
and the processor emits bus control signals compatible
with the 8085 bus structure. In maximum mode, the
MN/MX pin is strapped to GND and the processor emits
coded status information which the MBL 8288 bus
controller uses to generate MULTIBUS™ compatible bus
control signals.

SYSTEM TIMING — MINIMUM SYSTEM

(See Fig. 8)

The read cycle begins in T; with the assertion of the
address latch enable (ALE) signal. The trailing (low going)
edge of this signal is used to latch the address information,

*Trade Mark of Intel Corporation, USA
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which is valid on the address/data bus (ADy—AD) at this
time, into the MBL 8282/8283 latch. Address lines Ag
through A;s do not need to be latched because they
remain valid throughout the bus cycle. From T; to T, the
10/M signal indicates a memory or 1/0 operation. At T,
the address is removed from the address/data bus and the
bus goes to a high impedance state. The read control
signal is also asserted at T,. The read (RD) signal causes
the addressed device to enable its data bus drivers to the
local bus. Some time later, valid data will be available on
the bus and the addressed device will drive the READY
line HIGH. When the processor returns the read signal to a
HIGH level, the addressed device will again 3-state its bus
drivers. If a transceiver (MBL 8286/8287) is required to
buffer the MBL 8088 local bus, signals DT/R and DEN are
provided by the MBL 8088.

A write cycle also begins with the assertion of ALE and
the emission of the address. The 10/M signal is again
asserted to indicate a memory or 1/0 write operation. In
T,, immediately following the address emission, the
processor emits the data to be written into the addressed
location. This data remains valid until at least the middle
of T4. During T,, T3, and Ty, the processor asserts the
write control signal. The write (WR) signal becomes active
at the beginning of T,, as opposed to the read, which is
delayed somewhat into T, to provide time for the bus to
float.
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The basic difference between the interrupt acknowledge
cycle and a read cycle is that the interrupt acknowledge
(INTA) signal is asserted in place of the read (RD) signal
and the address bus is floated. (See Fig. 9.) In the second
of two successive INTA cycles, a byte of information is
read from the data bus, as supplied by the interrupt
system logic (i.e. MBL 8259A priority interrupt con-
troller). This byte identifies the source (type) of the
interrupt. It is multiplied by four and used as a pointer
into the interrupt vector lookup table, as described earlier.

BUS TIMING — MEDIUM COMPLEXITY SYSTEMS

(See Fig. 10)

For medium complexity systems, the MN/MX pin is
connected to GND and the MBL 8288 bus controller is
added to the system, as well as an MBL 8282/8283 latch
for latching the system address, and an MBL 8286/8287
transceiver to allow for bus loading greater than the
MBL 8088 is capable of handling. Signals ALE, DEN, and
DT/R are generated by the MBL 8288 instead of the
processor in this configuration, although their timing
remains relatively the same. The MBL 8088 status outputs
(S5, Sy, and S,) provide type of cycle information
and become MBL 8288 inputs. This bus cycle information
specifies read (code, data, or 1/0), write (data or 1/0),
interrupt acknowledge, or software halt. The MBL 8288
thus issues control signals specifying memory read or
write, 1/0 read or write, or interrupt acknowledge. The
MBL 8288 provides two types of write strobes, normal
and advanced, to be applied as required. The normal write
strobes have data valid at the leading edge of write. The
advanced write strobes have the same timing as read
strobes, and hence, data is not valid at the leading edge of
write. The MBL 8286/8287 transceiver receives the usual
T and OE inputs from the MBL 8288’s DT/R and DEN
outputs.

The pointer into the interrupt vector table, which is
passed during the second INTA cycle, can derive from an
MBL 8259A located on either the local bus or the system
bus. If the master MBL 8259A priority interrupt controller
is positioned on the local bus, a TTL gate is required to
disable the MBL 8286/8287 transceiver when reading
from the master MBL 8259A during the interrupt acknow-
ledge sequence and knowledge sequence and software
“poll”,

THE MBL 8088 COMPARED TO THE MBL 8086

The MBL 8088 CPU is an 8-bit processor designed around
the MBL 8086 internal structure. Most internal func-
tions of the MBL 8088 are identical to the equivalent
MBL 8086 functions. The MBL 8088 handles the external

1-239

bus the same way the MBL 8086 does with the distinction
of handling only 8 bits at a time. Sixteen-bit operands are
fetched or written in two consecutive bus cycles. Both
processors will appear identical to the software engineer,
with the exception of execution time. The internal
register structure is identical and all instructions have the
same end result. The differences between the MBL 8088
and MBL 8086 are outlined below. The engineer who is
unfamiliar with the MBL 8086 is referred to the MBL
8086 Family User’s Manual, Chapters 2 and 4, for func-
tion description and instruction set information.

Internally, there are three differences between the
MBL 8088 and the MBL 8086. All changes are related to
the 8-bit bus interface.

® The queue length is 4 bytes in the MBL 8088, whereas
MBL 8086 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 algo-
rithm was changed. The MBL 8088 BIU will fetch a
new instruction to load into the queue each time there
is a 1 byte hole (space availa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>