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The Technical Reference Manual for the Tandy 1000 TL describes the
computer hardware components and their relationships to one another, as
well as the BIOS (Basic Input Output Services).

The information in this manual is intended for hardware and software
designers, engineers, programmers, and anyone who requires an
understanding of the design and operation of the computer.

Timing diagrams for devices used in the system architecture, Schematics,
specifications, switch settings and jumpers, and a theory of operation
are provided for the following hardware sections:

Main Logic Board Keyboards
Devices Disk Drives
Power Supplies

The Software section contains the following:

A Quick Reference list of software interrupts
(for all device, I/0, and system status services)
Keyboard ASCII and scan codes

An MS-DOS memory map

The information in this manual is a supplement to and based on a working
knowledge of the following literature:

The 1000 TL Installation and Operation Guide (Packaged with the
computer)

The Intel 80286 Programing Reference Manual. Intel order number
1210498-005

The Intel 80286 Hardware Reference Manual. Intel order number
210760-002

80286 Data Sheet. Intel order number 210253-012

This Intel literature may be ordered directly from Intel at the following
number: 1-800-549-4725



Tandy 1000 TL
Page Insertion Guide

Important Customer Note:

A gray stripe has been printed along the right edge of the title
page of each of the sections to facilitate your finding the
beginning of the section.

Also, a tabbed divider for each section has been provided for
insertion at this point.

. Exploded view: Insert at the end of the Assembly/Dis-
assembly section

Foldout schematic pages: Insert at the end of the Main
Logic Board section

Schematics Cc8000300 - Rev A
Sheets 1 of 10 thru 10 of 10

Foldout PCB art: Insert after the Main Logic Board
schematics

Silkscreen 1700376 - Rev A
Layer 1 Component Side

Layer 2 GND Plane

Layer 3 + 5V Plane

Layer 4 Solder Side

Foldout schematic page: Insert at the end of the 67
Watt Single Input Power Supply section

Schematic Model No. 8790085
Foldout schematic page: Insert at the end of the 67
Watt Dual Input Power Supply section

Schematic Model No. 8790084



Foldout keyboard art pages: Insert after the Fujitsu
Keyboard information in the Keyboard section

Keyboard Unit Assembly N860-4703-0001
Block Diagram 4700

Circuit Specification N86C-4700-0001
Circuit Specification N86C-4700-0101

Foldout schematic page: Insert after the Fujitsu custom
IC Pin Signal sheet 2 of 3 in the Keyboard section

Schematic Fujitsu Custom IC Pin Signals & Function
Sheet 3 of 3

Exploded view of Parts Assembly location: Insert after the
Section 4 Part Replacement portion of the Disk Drive section

Poldout schematic page: Insert after the Overall Diagram in
the Disk Drive section
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Introduction
General Description

The Tandy® 1000 TL is modular in design to allow maximum
flexibility in system configuration. The computer consists of a
main unit, and a detachable keyboard with coiled cable. The main
unit is supplied with one internal 3%4-inch 720K floppy disk
drive. The standard types of monitors used with the Tandy 1000 TL
are the monochrome and the color RGB monitor. Since these units
are modular, you can place them on top of the main unit or at any
convenient location.

The Tandy 1000 TL comes standard with 640K of system RAM. An
optional 128K RAM can be added on the system board to expand the
memory to a full 768K bytes, the maximum RAM allowed by the
system memory map.

other features include a parallel printer port, a serial port,
two built-in joystick interfaces, a real-time clock, a speaker
for audio feedback, a headphone jack with volume control, and
microphone/line audio in jack for sound input.



Specifications Summary

80286 CPU running at 8 MHz, 1 wait state, switchable to 4
MHz
Socket for 80287 numerical coprocessor
640K bytes DRAM upgradeable to 768K bytes (1l6-bit data bus)
4 Mbit BIOS ROM with MS-DOS® and Deskmate® (l6-bit data bus)
Tandy 1000 TL video controller that supports:
- 128K bytes DRAM (used as system and video memory)
- alphanumeric mode
- graphics modes including:

- 160 X 200 16-color

- 320 X 200 4-color
- 320 X 200 l6-color
- 640 X 200 2-color
- 640 X 200 4-color
. 8237-5 DMA controller that supports:
- 3 DMA channels
- 8-bit transfers
- 4 MHz clock speed
. 8259A interrupt controller for 8 interrupts
. 8254 interval timer that supports:
- system interrupt timing
- sound timing
- refresh timing
Custom keyboard interface controller
101-key Enhanced keyboard
Custom parallel printer port
Serial port (RS-232-C)
Real-time clock w/battery
Audio Out interface circuit that supports:
- internal 8-0Ohm speaker
- headphone jack with user accessible volume control
. Audio In interface circuit that supports:
- microphone in
- line audio in
- sound digitizing and recording
. Joystick interface for two joysticks
. custom floppy disk controller circuit that supports:
- Si-inch 360K floppy disk drives
- 34-inch 720K floppy disk drives
on-board Intelligent Hard Disk interface
One 3%-inch 720K floppy disk drive
Five 8-bit expansion slots
Reset button and support logic
67-Wwatt power supply



Optional Features

80287 numerical math coprocessor

128K DRAM upgrade (16-bit data bus memory)

5}-inch 360K floppy disk drive

33-inch 720K floppy disk drive

Hard disk card (20/40 meg)

Display adapter boards that support mono, EGA, or other
special video modes

. 300, 1200, or 2400 baud modem boards



Physical Specifications
(Computer and Keyboard)
Processor: Intel® 80286
Dimensions: Computer - 16%-inch x 13}-inch x 5%-inch
Keyboard - 16%-inch x 8-inch x li-inch
Weight: Computer - 18 lbs. (with 2 floppy disk drives)
Keyboard - 3 1lbs. 4 oz.

Power Requirements:

Range: 105 VAC to 135 VAC
Nominal: 120 VAC, 60 Hz, 3 Amp maximum

With 1 Floppy Disk Drive, 640K Memory:
AC Current: 350 - 400 mA with floppy doing R/W tests.

Disk Drive:

+5 _VDC +12 vDC
R/W 560 mA (Min.) 340 mA (Max.)
Main Logic Board: 1700 ma 450 mA
Operating Environment:
Temperature: 55° to 85° F (13° to 30° C)
Humidity: 40% to 80% non-condensing
Non-Operating Environment:
Temperature: -40° to +160° F (-40° to 71° C)
Humidity: 20% to 90% non-condensing
Disk Drive Specifications
. Power:
Supply
Voltage +5 VDC Input +12 VDC Input
Ripple
0 to 50 kHz 100 mv 100 mv
Tolerance
Including Ripple +/-5% +/-5%
Standby Current
Nominal 190 ma 160 ma
Worst Case 220 ma 190 ma
Operating Current
Nominal 260 ma 600 ma
Worst Case 300 ma 1000 mA
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System Assembly/Disassembly (Including Exploded Views)

The following instructions explain how the major subassemblies
are removed from the Tandy 1000 TL. Re-assembly of major sub-
assemblies is accomplished by reversing the order of the removal
procedures.

1., Top Cover Removal

a.

b.

Remove the (2) screws from the side of the computer at the
rear.

slide the cover forward enough to clear the power button,
volume knob, and disk drive eject button and then lift the
cover straight up and off.

2, 3%-inch Floppy Disk Removal

a.
b.

c.

a.

Remove the top cover.
Unplug the cable from the disk drive,

Remove the (3) screws attaching the drive to the drive
mounting tower.

Slide the drive out of the drive mounting tower.

3. Power Supply Removal

a.

b.

Remove the top cover.

Remove the rear panel by slightly bending the hooks on each
side near the bottom and rotating enough to clear the sheet
metal and then lift up.

Remove all cables from the main logic board and disk drives,
Remove the arm attached to the power supply switch.

Remove the (3) screws from the rear of the computer and (1)
screw from the side that secure the power supply to the rear

of the machine.

Slide the power supply up and out.



4, Main Logic Board Removal

a.

b.

Remove the top cover.

Unplug all cables and remove all of the adapter boards from
the system.

Remove the power supply.

Remove the back of the chassis by removing (1) screw at the
rear of the computer and pulling the back of the chassis to
the rear and down to clear the (3) hooks in the bottom of

the chassis. [MJO must remove 4 pois o EMM

Remove the (1l1l) screws holding the main logic board in

place.  (y[s st reupve drive B hracket ) (‘aLf%o mush remoue S?gﬁ}w’\)
Remove the main logic board by carefully pulling straight

back from under the drive support and out of the chassis.
(afs0 must remove yalime eontrol elip € (cae

NOTE: WHEN REPLACING THE MAIN LOGIC BO. » BE SURE THAT THE

VOLUME CONTROL KNOB POST SLIDES INTO THE VOLUME CONTROL
POT CORRECTLY.
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MECHANICAL BILL OF MATERIAL - TANDY 1000 TL

TANDY 1000 TL FINAL ASSEMBLY
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DESCRIPTION

CHASSIS - WELDMENT
PANEL - OPTION SLOT Rev D
SCREW - #4-40 X 3/16

OPTION SLOT PANEL

FOOT

RIVET - #1661-0512

PC BOARD SUBASSY - TANDY 1000 TL MAIN LOGIC A
BATTERY - LITHIUM CR2032
SHIELD - GROUND, EARPHONE & MICROPHONE
SCREW - #6-32 X 1/4

MAIN BOARD

JACKNUT - #4-40 X 3/16

9 PIN CONNECTORS

SHIELDING STRIP FLITE-WAY ENGR
KNOB - VOLUME CONTROL

CLIP - HAIRPIN

CHASSIS - POWER SUPPLY Rev B
POWER SUPPLY - 67 WATT

INT'L

DOM.

DOM.

SCREW - #6-32 X 5/16

POWER SUPPLY

DC HARNESS

SWITCH - POWER

SWITCH - POWER

INT'L

SCREW - M3 x SPPH

SCREW - #6-32 X 5/16

ACTUATOR - POWER SWITCH

BUTTON - POWER

RECEPTACLE - AC

HARNESS - AC

DOMESTIC

HARNESS - AC Rev B

INT'L

CAPACITOR - 1000 PFD, 400V
TORROID - CORE FAIRRITE

NUT - KEPS, #6-32

FAN - 80 MM; 12 VDC

SCREW — #10 TAPIT THREAD
ENDPLATE - POWER SUPPLY
CHASSIS - REAR

SCREW - #6-32 X 5/16

BRACKET -~ 3 1/2 DISK DRIVE
BRACKET - HARD CARD

SCREW - #6-~32 X 5/16

PART
NUMBER

8729710
8729562
8569333

8590179
8565014
8859022
8491012
8729720
8569326

8569341

8729658

8719624
8559080
8729690
8790084

8790085
8790091
8569339

8709857
8489111
8489112

8569293
8569339
8719620
8719625
8519246
8709868

8709873

8352106
8419030
8579004
8790424
8569301
8729691
8729693
8569339
8729687
8729704
8569339



MECHANICAL BILL OF MATERIAL - TﬁNDY 1000 TL

TANDY 1000 TL FINAL ASSEMBLY
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DESCRIPTION

DISK DRIVE - 3 1/2" 720KB SONY MP-F1l1lw-70D
BUTTON - DISK EJECT

SCREW ~ M3 X 5 PPH

CABLE - SIGNAL

RAIL - 5 1/4" DRIVE

CLIP - GROUNDING, DRIVE

SCREW ~ #6 - 32 X 1/4 PHILLIPS PAN HD
SUPPORT - 3 1/2" DRIVE BRACKET
SPEAKER W/CABLE

SCREW - #6-32 X 5/16

PANEL - REAR

BEZEL - FRONT

LENS
PIN - GUIDE
CASE - TOP

PANEL - DRIVE COVER
SCREW - #6 X 3/8

SCREW - #10-24 UNC 3/8"

PHILLIPS OVAL HEAD MACHINE SCREW
BUTTON - RESET, FRONT

BUTTON - RESET, REAR

SPRING - RESET BUTTON

CORD - POWER 18/3 60/C

NAMEPLATE

LABEL - SERIAL UL/FCC

LABEL - SERIAL CSA

LABEL - SERVICE ADVISEMENT (6 LANG)
LABEL - CAUTION (6 LANG)

LABEL - SERIAL INT'L

LABEL -~ BATTERY WARNING

LABEL - EARTH GROUND

INT'L -

LABEL - VIDEO, MONOCHROME COMMAND
KEYBOARD ASSEMBLY

PART
NUMBER

8790144
8719596
8569293
8709854
8719603
8529064
8569098
8729722
8490013
8569339
8719602
8719604
8719560
8739038
8729686
8719621
8569294
8569354

8719440
8719441
8739018
8709057
8719613
87891642
87891640
87891571
87891572
87891641
87891570
87891253

87891648
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Main Logic Board
Introduction

The main unit is the heart of the Tandy 1000 TL. It houses the
main logic assembly, system power supply, and floppy disk drive.

The main logic assembly is a large board mounted to the bottom of
the main unit and interconnected to the keyboard, power supply,
and disk drive by a series of cables.

The power supply is a 67W switching regulator type, designed to
provide adequate power capacity for a fully configured system
that has all the option slots in use.

The floppy disk drive uses 34-inch double-sided, double~density
diskettes to read, write, or store data. These are soft sector
diskettes. The disk drive assembly comes installed in the main
unit. The floppy diskette stores approximately 720K bytes
(formatted) of data. All system programs, with the exception of
the system startup sequence, are stored on diskette.



Switch Settings and Jumper Pin Configurations

Main Logic Board

Jumper Function Default

E1-E2 Select video Interrupt E2-E3
on IRQS

E2-E3 Normal Video Interrupt

Jumper Function Default

E6-E7 Select Direct Line E7-E8
Audio Input

E7-E8 Select Mic Audio
Input

This 1s raccurte . See. circutt din oM, Sheet
9 of 1D, which agrees with e MVZﬁfféom(
/aéef/lﬂ] [a/t’r af S,[{Lscrec’n a\(frec’s with Hhe
above ard 15 afso tn error. Quner's M(uwaf , page
(5 /5 correct, Tle correct Selg!'ttc]s are !

j:uﬁt&_r Fumc%«\ bm%n{f ,
Ce-E7  Selct MIC Ado Topt E67E7
£7-£% Seleck Direct Line AUOI/@ Infu‘fﬂ‘
CoMefﬁ"tj unathavadeq olirectlise awolio with jomper
ot EC2ET will fry He soutd c:fcu,»'#r)/.
Jouper 5ot #o ET-EZ, q4/1/%.
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Theory of Operation
80286 Microprocessor

The 80286 (U3l) is an advanced, high-performance, 16-bit
microprocessor with special capabilities for multi-tasking and
multi-user systems. Two modes of operation are available in the
80286, the Real Address mode, and the Protected Virtual Address
mode. In the Real Address mode, the 80286 is compatible with
existing 8086 and 8088 software and allows addressing of one
megabyte of memory space. The Tandy 1000 TL does NOT support the
Protected Virtual Address mode.

80287 Numerical Math Coprocessor

The 80287 (U60) performs high-speed arithmetic and logarithmic
functions and trigonometric operations that increase the
performance of an 80286 system. Performance increases are
obtained by the 80287's ability to perform math calculations
faster than the 80286, and also by executing math instructions in
parallel with the 80286.

Clock Generation (Night Blue)

All clocks required by the,system are generated by the custom CPU
controller (Ul7). There are two independent clock circuits
supplied by a Dual Oscillator Clock (Y2) from which all other
clocks are derived.

The 16 MHz Clock is routed into the CPU Controller, which
generates the output signals PRCLK, DMACLK, and SCLK. The Clock
Switch circuitry required to toggle the 80286 Microprocessor
between 8 MHz and 4 MHz mode, as well as the logic to prevent any
short cycling during a clock switch cycle, are implemented in the
CPU Controller IC. If the signal XD3 is asserted high during an
I/0 write to port 062 (hex), then the output signal PRCLK is 16
MHz, which operates the 80286 in 8 MHz mode. If the signal XD3 is
asserted low during an I/0 write to port 062 (hex), the output
signal PRCLK is at 8 MHz, operating the 80286 in the 4 MHz mode.
When Reset is generated, the signal RES- is asserted low and
defaults the Tandy 1000 TL to the 8 MHz mode.



The CPU Controller Chip also controls wait states to insert the
proper number of wait states required for a two clock mode of
operation. When the PRCLK signal is 16 MHz (8 MHz Mode), then
four wait states are inserted in all 8-bit Memory and I/0 cycles.
When the signal PRCLK is 8 MHz (4 MHz mode) then two wait states
are inserted during all 8-bit Memory and I/0 cycles. During all
16-bit memory cycles, only one wait state is inserted in both the
8 MHz and 4 MHz modes,

PRCLKO is then routed through a damping resistor to produce the
signal PRCLK for the 80286, PRCLKA for the 80287 math co-
processor, and PRCLKB for the DRAM/DMA control logic.

DMACLK and SCLK are output signals for system use. The DMACLK
output frequency is % of the PRCLK signal, and the SCLK output
frequency is % of the PRCLK signal. Both are synchronized by
Reset to the PRCLK output signal. After a Reset, DMACLK and SCLK
are held low until the 80286 asserts status S1 = 0. SCLK and
DMACLK make the first transition on the falling edge of PRCIK,
following with a Ts state that synchronizes them to PRCLK.

SCLK is buffered and filtered, then routed to the Expansion Bus
for option board use. DMACLK is filtered and then routed to the
DMA Controller.

Table 2 shows all the clocks generated from 16 MHz in both modes:

8 MHz Mode 4 MHz Mode
PRCLK 16 MHz 8 MHz
SCLK 8 MHz 4 MHz
DMACLK 4 MHz 2 MHz

Table 2. Clocks Generated From 16MHz.
Command and Control Signal Generation

The command and control signals required for the Tandy 1000 TL
operation are generated by the CPU Controller (Ul7). The command
signals are decoded from the CPU status signals S0- through Sl-
and M/(IO-) during the Ts cycle. The decoded signals indicate the
type of cycle that is to be executed (MEMR, MEMW, IOR-, IOW-,
INTA-). The control signals (ALE, DT/R, DSDENO-, DSDENl-, MEMCYC)
control the latching of addresses, determine the direction and
enabling of the data bus buffers, and start a memory cycle. Table
3 indicates the decoding of the CPU status signals.
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M/(10-) sl- s0- Type of Bus Cycle
0 0 0 Interrupt Acknowledge
0 0 1 I/0 Read
0 1 0 I/0 Write
0 1 1 None: Idle
1 0 0 Halt or Shutdown
1 0 1 Memory Read
1 1 0 Memory Write
1 1 1 None: Idle

Table 3. CPU Status Signal Decoding.

A0 and BHE- are decoded to determine the data transfer width to
and from the CPU. Table 4 shows the data transfer width depending
on the state of A0 and BHE-.

BHE- A0 width of Data Transfer

Word Transfer

Byte Transfer D8 - D15
Byte Transfer DO - D7
Not Used

OO
HOoOrHO

Table 4. Data Transfer Width Decode.

Command Buffer

Some of the command signals generated by the CPU Controller
require buffering to the system. This is accomplished by % of an
ALS244 (U25) and % of another ALS 244 (U9). These ICs buffer the
command signals to the system bus for the expansion bus slots,
the peripheral devices, and also the Video Controller.

11



DRAM Control

The CPU address decode for the Dynamic Random Access Memory
(DRAM) array is generated by the Custom DRAM/DMA Control IC
(U22). These signals are latched by ALE internally to the
DRAM/DMA Control IC and held for the complete cycle. The address
decode signals are RASO-, RASl-, CASL-, and CASH-. Memory
configurations supported by the Tandy 1000 TL are 640K bytes or
768K bytes (which includes 128K of video memory). Table 5 shows
the different options available on the DRAM/DMA Control IC.

Memory MCl MCO System Total System Control Bank Address

Option Memory Memory#* Range
1 0 1 512K 640K RASO 512k 000000-07FFFF
2 1 1 640K 768K RASO 512K 000000-07FFFF
RAS1 128K 080000-09FFFF

* Note: Total system memory includes 128K of video memory.

Table 5. Memory Configurations.

Port FFEA hex, Bits 6 & 7, control the Memory Configuration
Options. See the I/0 Map later in this manual for details.
MEMCYC triggers the control signals for the DRAM array. The
MEMCYC signal (generated by the CPU Controller) indicates that a
DRAM bus cycle is in progress. MEMCYC enables RAS0-, RASl-,
CASH-, and CASL-, depending on the address of the bus cycle. The
selected RAS(x)- lines become active at the next falling edge of
PRCLK.

After % PRCLK cycle at the rising edge of the clock, MUX is
generated and switches the DRAM address (MAO-MA8) from Row
Address to Column Address. After another PRCLK cycle at the next
rising edge of the clock, CASL- and/or CASH- are asserted. Two
CAS signals are generated internally to the DRAM/DMA Control IC
to provide the ability to access word or byte cycles in the DRaM
array. Table 6 shows the state of each control signal during each
type of bus cycle.

12



Address Range Bus RASO- RASl- CASL- CASH-
width

000000-07FFFFH Even Byte
000000-07FFFFH 0dd Byte
000000-07FFFFH Even Word
080000-09FFFFH Even Byte
080000-09FFFFH 0dd Byte
080000-09FFFFH Even Word

HEHEMHOOO
cCoOoHKHK
oHOOKO
ocoOrOOM

Table 6. Signal State Control Signals.

The signals WEO- and WEl- provide read and write control. Both
are asserted at the same time and are controlled by MEMW- (memory
write). If WEO- and WEl- are asserted high, it is a read cycle;
if they are asserted low, it is a write cycle.

Refresh Control

The REFREQ pin of the KFIT custom IC (Ul3) generates an active
high pulse every 15 usec., The rising edge of the REFREQ signal
clocks the 8237 DMA controller. This input to the DMA controller
is actually Data Transfer Request 0, (DREQO), which requests the
DMA to perform a DMA cycle. The DMA controller channel 0 has been
programmed to perform a single transfer from memory to an 1/0
device, such as a floppy drive. This causes a memory read at a
certain address to be performed. Each time the REFREQ signal is
generated, the DMA controller increments the address and performs
another memory read. This causes all memory rows to be read every
4ms to keep data in the DRAMs stable. Refer to the section on the
DMA controller for more information on DMA cycles.

BIOS ROM Control

The DRAM/DMA IC (U22) provides the CPU address decode used for
the ROM select., The signal generated is called ROMCS- (ROM Chip
Select) and is used as part of the decode used by PLS173 IFL U44.
The PLS173 IFL then generates the ROM Page Selects (RPCS-) and
Chip Enable for the BIOS ROMs US54, U55, US56, and U57. This output
is asserted whenever any of three addressed ranges is detected,
CPHLDA is inactive, and ALE is asserted. The three address ranges
are 0E0000-OFFFFFH, EE0000-EFFFFFH, and FEOO000-FFFFFFH. The
address lines SAl-SAlS are provided to the BIOS ROMs for lower
address control. The data is buffered onto the MD0-MD15 data bus,
controlled by the 82C205 IC.

13



Reset Circuit

The CPU Control IC (Ul7) controls the system reset required
either to initialize the complete system after power-up or to
reboot. Two reset output signals, RESET and RESCPU, are active
high and generated when a power-up condition is detected or when
the reset button on the front of the computer is pressed.

The RESET signal is used as a general system reset, while the
RESCPU signal resets the 80286 Processor. The RES- signal is the
input to (Ul7), which signifies a reset condition. The RES-
signal is generated either from an RC network during power up or
~from the reset switch. During a power-up, RES- is held low for
the time period generated by the RC time constant of R4l and C62.
This is the time it takes C62 to change to an active high. Also,
if the reset switch is pressed, it applies a ground to C62 and
discharges it. This asserts RES- low until C62 charges again to a

logic high.

During power-up, the RES- signal is generated twice to provide a
proper reset to the CPU control IC. A second RC time constant is
generated by R27 and C83 to the input of a schmidt trigger
inverter (Ul4). This holds the input pin of U26 (% of a 74LS74)
high for approximately 150ms. When RESCPU is negated after the
first reset, the CPU issues the first command to the CPU control
IC by driving SI- low. This generates the first rising edge of
DMACLK, which latches into U26. The Q output of U26 is then
routed to an open collector inverter, (U6), which discharges C62,
again asserting RES- low and generating the second reset. CRl
provides a reset to U26 when C62 is discharged to at least .7v.
After U26 is reset, RES- is released, and C62 is allowed to
charge, negating RES- and finishing the second reset pulse. When
the CPU issues the first command again, which starts DMACLK, U26
latches a low. This is because the D input of U26 has
transitioned to a low by the end of the second reset.

The CPU Control IC (Ul7) also internally controls the RESCPU
signal to meet the requirements of the 80286 during a detected
shutdown condition.

14



Wait State and Ready Logic

Wait state control is implemented internally to the CPU Control
IC. The function of the wait state control logic is to match the
speed of the various devices in the Tandy 1000 TL to the speed of
the 80286 CPU. Two circuits assert wait states within memory and
I/0 cycles. One method is controlled by the device being
accessed, using the IOCHRDY signal input to the CPU Control IC.
If a device requires additional wait states within the bus cycle,
the device should negate IOCHRDY low until it can service the bus
cycle. After the required number of wait states have been
inserted, the device should assert IOCHRDY, causing the READY-
output of the CPU Control IC to be asserted low, which tells the
CPU to terminate the cycle.

The second method (internal to the CPU Control IC) is several
default wait states during the various bus cycles. During a 16-
bit memory cycle (which is determined by the assertion of AFlé6-),
one wait state is automatically inserted. The default of an 8-bit
memory or I/0 cycle is four wait states. This can be overridden
by driving IOCHRDY low as mentioned above. As long as IOCHRDY is
at a logic low level, wait states are inserted indefinitely.

Note: IOCHRDY should not be held low for longer than 15 usec
because it will stop DRAM refresh cycles.

NMI- Logic

In the Tandy 1000 TL, the Non-Maskable Interrupt (NMI- indicates
an I/0 error condition and Numerical Math Coprocessor 80287
condition signal (NMI-). Both error conditions are being enabled
by the NMI- signal, which is generated from the System data bus
bit SD7, PAL CUl, and I/0O write (IOW-. The INT287- signal (from
the CPU control IC) becomes active when the ERROR- signal is
asserted by the Numerical Math Coprocessor. )

80287 Control Logic

Incorporated into the CPU Control IC is the logic required to
interface the 80287 Math Coprocessor to the 80286 CPU. This logic
decodes the signals that select and reset the 80287 and also
handles the Busy/(Error-) signals from the 80287 to the CPU.

The input signal 287CS- is a user I/0 address decoded signal used
by the CPU Control IC to generate the control signals to the
80287 IC. The 287CS- sxgnal is asserted during I/0 address OFOh -
OFFh. Further decoding is provided by the CPU Control IC, which
generates RES287, NPCS-, and BUSY287- signals. Table 7 defines
the internal decode.
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Hex Address Description

0F0 Clear Math Coprocessor Busy
OFl Reset Math Coprocessor Busy
OF8~0FF Math Coprocessor Chip Select

Table 7. 287CS- Decode.

Given the command to perform a task, the 80287 coprocessor issues
a BUSY- signal to the CPU Control IC. With the assertion of the
BUSY287- output, this signal is passed to the CPU. Normally the
BUSY- input is passed through to the BUSY287- output. Deassertion
of BUSY- results in deassertion of BUSY287-. The BUSY287- output
is latched, and the INT287- output pin is forced HIGH during this
busy period if the ERROR- input becomes active (signaling a
Numerical Processor error). Until cleared by an 1/0 write cycle
to address OFOh or 0Flh, both signals then remain active. Both
the interrupt latch for INT287- and the busy latch for BUSY287-
are cleared after a system reset.

The CPU Control IC's RES287 output pin handles resetting of the
80287 coprocessor. This can be activated by a system reset or an
I/0 write to address OFlh. This signal is active only for the
period of time that the source signal is active, as it is not
latched internally.

CPU Address Buffers

(U30), (U43), and (U27) 74ALS573 implement buffering of the
address lines to the system. SA01-~SAl9 are buffered and latched
for the expansion bus slots and 1/0 peripherals. ALE is used to
latch SA01-SA19 and held for the complete bus cycle. SA01-SAl9
are also used to address the BIOS ROMS and DRAM/DMA Control. Al7-
A23 are routed directly to DRAM/DMA control to generate memory
address decoded signals. The multiplexed address lines MAO-MA7
are also generated and buffered to the DRAM memory by the
DRAM/DMA Control IC. To meet address requirements for the DRAMs,
the MUX signal multiplexes SAl-SAl6 internally to the DRAM/DMA
Control IC.

During a DMA cycle, a 74LS245 (U43), is used to buffer S0-S7
directly from the DMA controller. S8-~S16 are buffered internally
to the DRAM/DMA controller. S17-S19 are buffered by AU7 (% of a
T4ALS244).
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Data Buffers and Conversion Logic

The 82A205 IC (U6l) provides the data buses, buffers, and drivers
for DO-D15 to the system. Three data buses are generated, SD0-SD7
for the expansion bus slots, MD0O-MD15 for memory access from ROM
and DRAM, and D0-D15, which is routed to the 80286 CPU and 80287
Coprocessor data bus. The direction and control of the data
buffers are provided by the input signals to the 82A205 IC (DT/R,
DSDENO-, DSDENl-, SBHE-~, and Sa0).

DT/R controls the direction of the data path during a read or
write. The DSDENO- and DSDENl- signals control the word and byte
data transfers, while SBHE- and SA0 determine the buffers to be
enabled during a byte access.

Conversion logic is also implemented in the 82A205 IC, controlled
by ENHLB- and DIRHLB. This conversion logic allows data to be
transferred from the lower to upper or upper to lower data byte
to meet the requirements of the CPU or receiving device.

I1/0 Decode

Two PLS173 IFLs accomplish the I/0 Address decoding. These two
ICs provide all the necessary chip select signals to the system.
The A, B, and C output signals of the PLS173 IFL (U42) are
encoded device select lines that are fed directly to the PLS173
IFL (U44), in which I/0 address decoding is generated. The second
PLS173 (U44) decodes the system address to generate the other I/0
address decode select signals. Refer to the Tandy 1000 TL I/0 Map
for details.

Floppy Disk Controller

The on-board Floppy Disk Controller (FDC) and KFIT custom IC
interface the system to the Floppy Disk Drive (FDD). Up to three
floppy disk drives can be supported.

The FDC circuit can be organized into the following subsections:

. uPD765A FDC Chip
system Interface
Clock Generation
Precompensation

Data Separator

Disk Drive Interface
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uPD765A chip. The uPD765A FDC chip (U23) integrates most of the
control logic necessary to:

interface the Serial bit stream to or from the FDD to the
parallel bus of the system

implement the commands necessary to operate the FDD

. maintain information about the status of the FDD

During a read or write data operation to the FDD, the FDC chip
generates a DMA request for a byte transfer to or from memory.
The FDC chip continues to generate DMA requests until the
preprogrammed amount of data is transferred as signified by
generation of a Termination Count (TC) Signal. After the TC is
reached, the FDC chip generates an interrupt to the system
through INT so that status and result data can be serviced.

Refer to the device data sheet for complete descriptions of the
available commands and the command and status registers.

System Interface. Various ICs, along with the KFIT custom IC,
latch and buffer data to and from the system. A DOR Write
(Digital Output Register) is generated on an I/O write to port
3F2 (hex). This signal latches the data byte that is bit defined
as the Drive Select, DS0O-, DS1-, and DS2-, Motor On, MTRON-, DMA,
(FDCDRQ), Interrupt Request (FDCINT), and a reset signal
(FDCRST-) to the FDC controller U23.

Clock Generation. The FDC Support IC (Ul5) generates all clocks
required by the Floppy Disk circuit. These clocks are derived
from a 16 MHz input signal. FDCCLK, required by the FDC
Controller (U23), is derived by dividing the 16 MHz clock by 4.
The resulting 4 MHz clock is also used as a delay counter for the
DMA request signal DRQ as well as a reference clock for the write
precompensation circuit. The 4 MHz clock also generates a 250
nanosecond pulse at a frequency of 500 KHz. The 500 KHz signal is
used as a write clock for the FDC Controller.

Precompensation. The precompensation circuit is implemented
internally to the FDC Support IC (Ul5). The write data bit can be
shifted either early or late in the serial bit stream, depending
on the requirements of the Floppy Disk Drive. This function is
programmable and controlled by the FDC IC signals PS0 and PSl.

Data Separator. The FDC Support IC (Ul5) also contains the data
separator circuit. The data separator recovers the clock and data
signals from the serial bit stream of the Floppy Disk Drive. The
FDC Support IC supports only MFM or Double-density mode.
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Disk Drive Interface. All FDC outputs to the FDD are driven by
high current open collector buffers inside the KFIT custom IC.
All FDC inputs from the FDD are buffered by 74HCT14 SCHMIDT
triggered inverters. The inputs are pulled up on-board by 1K ohm
terminating resistors. All outputs should be terminated on the
last FDD by 1K ohm resistors.

Interrupt Controller

The Interrupt Controller is contained in the KFIT custom IC (Ul3)
and supplies the maskable interrupt input to the CPU. The KFIT
custom IC has eight interrupt inputs controlled through software
commands. It can mask (disable) and prioritize (arrange priority)
to generate the interrupt input to the CPU. The eight interrupts
are assigned as follows:

#0 Timer Channel 0 Software Timer

#1  Keyboard Keyboard Code Received
#2 Interrupt on the Bus Optional Bus Interrupt
#3 Interrupt on the Bus Modem (COM2)

$#4 Interrupt on the Bus RS-232 (COM1)

#5 Interrupt on the Bus Hard Disk Controller/

Vertical Sync
#6 Floppy Disk Controller Optional Bus Interrupt
#7 Printer optional Bus Interrupt

Interrupts 0 and 1 are connected to system board functions as
indicated in the chart. Interrupts 2-7 are connected directly to
the Expansion Bus, with the normal assigned functions listed in
the chart.

video Controller

The next major block of the Tandy 1000 TL is the video interface
circuitry. This custom part contains all the logic necessary to
generate an IBM-compatible color video display. The video
interface logic consists of the 100-pin custom video circuit
(Ul9), four 64K X 4 DRAMS (U32, U33, U34, and U35), a 74LS244
buffer (U8), and associated logic for generating composite and
RGBI video.

The Tandy 1000 TL video interface circuitry controls 128K of
memory. This DRAM is shared by the CPU and the video. Normally,
the video requires only 16K or 64K for the video screen, and the
remainder of the 128K is available for system memory use.

The Tandy 1000 TL video interface custom circuit is composed of a

6845 equivalent design, dynamic RAM address generation/timing,
and video attribute controller logic.

19



Normal function of the video interface custom circuit is as
follows. After the 6845 is programmed with a correct set of
operating values, a 6:1 multiplexer generates the address inputs
to the dynamic RAMs. This MUX switches between video (6845)
address and CPU address as well as between row and column
address. Also, the video interface chip provides the RAM timing
signals and generates a wait signal, VIDWT-, to the CPU for
proper synchronization with the video RAM access cycles.

The outputs from the RAM chips are connected only to the video
interface custom circuit, so all CPU read/write operations are
buffered by this part. During a normal display cycle, video data
from the RAM chips is first latched in the Video Attribute latch
and the Video Character latch. The video interface requires a
memory organization of 64K X 16 and latches 16 bits of memory
during each access to RAM. From the output of the two latches,
the data is supplied to the character ROM for the alpha modes or
to the shift registers for the graphics modes. A final 2:1 MUX
switches between foreground or background in the alpha modes.

From the 2:1 MUX, the RGBI data is combined with the PC color
select data and latched in the Pre-Palette latch. This latch
synchronizes the RGBI data before it is used to address the
Palette. The Palette mask MUX switches between incoming RGBI
data and the Palette address register. During a CPU write to

the Palette, this address register selects one of the 16 Palette
locations. Also, the Palette mask MUX allows any of the input
RGBI bits to be set to zero.

The Palette allows the 16 colors to be remapped in any desired
organization., Normally, the Palette is set for a 1l:1 mapping
(red = red, blue = blue, and so on) for PC compatibility.
However, instantly changing the on-screen colors is a powerful
tool for animation or graphics programs.

After the Palette, the RGBI data is resynchronized in the Post
Palette register. The final logic before the RGBI data is
buffered off the chip is the Border MUX. This MUX allows the
Border to be replaced with any color selected by the border color
latch. This latch is normally disabled in PC modes, but it is
used in all PC jr modes.
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Timer

The final Tandy 1000 TL function, other than I/0, is the timer
found in the KFIT custom IC (Ul3). This part is composed of three
independent programmable counters. The clock for all three
counters is 1.1925 MHz, which is derived from 14 MHz/12. Counters
0 and 1 are permanently enabled. Counter 2 is controlled by port
Hex 0061, Bit 0. Counter 0 is connected to system interrupt 0 and
is used for software timing functions. Counter 1 is used for
refresh function timing. Counter 2 is connected to the sound
circuit and also to port Hex 0062, Bit 5.

Joystick Interface

The joystick interface contained in the PSSJ custom IC (Ull)
converts positional information from hand-held joysticks (1 or 2)
into CPU data. Each joystick provides one or two push-buttons and
X,Y position for a total of four bits each. You can use two
joysticks.

The joystick handle is connected to two potentiometers mounted
perpendicular to each other; one for X position, one for Y
position. Through the cable, the main logic board applies +5 VDC
to one side and ground to the other of the pots. The pot wiper is
the position signal: a voltage between 0 and +5 VDC. This signal
is applied to one input of a comparator HU2. The other comparator
input is the reference signal (a ramp between 0.0 to +5.0 volts).

When the position signal is equal to or less than the reference
signal, the comparator output goes true. This comparator output
is the X or Y position data bit. The ramp is reset to 0.0 VDC
whenever an I/0 Write is made at Port 200/201 Hex. The joystick
information is "read"™ by the CPU at Port 200/201 Hex through Ull.
See the Joystick Block Diagram.

Keyboard Interface

The next I/0 function of the Tandy 1000 TL is the Keyboard
interface custom circuit, part of the KFIT custom IC. The heart
of this custom part is several read/write registers that are used
to control the keyboard interface logic. For the interface to
the keyboard connector, a 164- type shift register is used to
load the serial data and allow the CPU to read it as 8 parallel
bits.

21



Sound Out Circuit

The sound circuit is one of the five I/0 functions of the Tandy
1000 TL. The circuit provides sound output for the internal
speaker as well as for an external sound circuit.

The main source of sound in the Tandy 1000 TL is the PSSJ custom
IC (Ull). It contains the equivalent of a 76496 complex sound
generator. This device has three tone generators and one white
noise generator. Each tone generator can be programmed for
frequency and attenuation. Also, this device has an audio input
pin connected to the gated output of timer channel 2, This audio
input signal is mixed with the sound generator signal and
supplied to the audio output pin.

From the output of the 76496, the sound signal is connected to a
dual analog multiplexer. The multiplexer is switched by Port 61,
Bit 4, and turns off the audio signal to the speaker, headphone
jacks, and external audio output. The output of the multiplexer
is routed to audio amplifiers U71 for the internal speaker and
headphone jacks. The volume of the internal speaker can be
adjusted by a user-accessible volume control (R59). When the
headphone jack is used, the internal speaker is disabled.

Sound In Circuit

An additional feature of the Tandy 1000 TL sound circuitry is a
Digital to Analog Converter (DAC). The DAC is controlled by
read/write Ports C4-C7. The DAC can be used to convert pre-
recorded digital sound, voice, or music into analog audio output.
A microphone jack and audio input circuitry are provided for
recording analog sound, voice or music, and converting it to
digital data. A set of jumpers is provided with the sound circuit
to allow selection between microphone and direct line input.
Jumpers Ell to El2 select microphone input, and jumpers

El2 to El13 select direct line input. The audio input signal is
fed through an amplifier, U72, and increased by a multiple of
100, before being sent to the AUDIOIN pin of the PSSJ custom IC.
Nhen direct line input is selected, the audio input signal is
reduced in amplitude by resistors R57A and R56A before being sent
to amplifier U72, Bit programming data for these ports is
available in the data sheets on the 8079021 Custom IC located in
the "Devices" section of this manual.
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Real-time Clock

The Real-time Clock in the Tandy 1000 TL system is the Dallas
Semiconductor® DS1215. Its input is derived from a 32.768 KHz
crystal CYl. When system power is removed, operation of the
DS1215 is maintained by a 3v battery. :

The DS1215 is capable of operating in both 12-Hour mode, with an
AM/PM indicator, or 24-Hour mode. The real-time clock is
initialized by reading a consecutive 64-bit stream with SA2 high
and the ROMCS- signal asserted. Then another 64-~bit read or write
may be done to set, read, or update the clock. The 64-bit pattern
is programmed into 8 8-bit registers in the DS1215. All 8
registers must be programmed at the same time, and must be sent
from Register 0 to Register 7. The DS1215 is automatically
disabled after the 64-bit stream is read. Register and bit
definition for the DS1215 can be found in the data sheets on the
DS1215 in the "Devices"™ section of this manual.

DMA Controller

The major components of the Direct Memory Access (DMA) circuit
consists of an 8237A-5 DMA controller (Ull), the DRAM/DMA Control
(U53), and a bi-directional address buffer 74ALS245 (U3).

Initialization--A DMA Operation. When a DMA operation is
requested by software or by a peripheral through a DREQ line, the
8237A-5 DMA controller initiates a Bus Hold Request to the 80286
CPU through the CPU Controller IC. The CPU Controller arbitrates
the CPU Hold Request from the DMA controller to the CPU.

When the CPU acknowledges the Hold request, the CPU control,
address, and data lines are tri-stated. The CPU Controller
controls the direction and enables the memory or peripheral
address and data buses that correspond to the requested DMA
operation.

During the DMA operation, the 8237A-5 acts as the bus master and,
along with the CPU Controller IC, generates all bus control
signals and address and data signals. The DMA transfers continue
for the number of counts and to the destination address that was
previously programmed into the DMA registers. See the device data
sheet and the IO map for complete descriptions of the registers,
their locations, and their functions.
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DMA Bus Cycles. During the data bus cycle, the 8237a-5 first
outputs the upper address (A8-Al5) on its data outputs (XD0-XD7),
to be latched in the buffer internally to the DRAM/DMA Control by
the Address Strobe signal (AS) from the 8237A-5. Next, the lower
address (A0-A7) is put directly on the S address bus by the
8237Aa-5.

The DMA request acknowledge signals, DACK2 and DACK3-, are used
along with RFRSH- and ACK* to enable the page register to be
output as the upper address (SAlé and Al7 through A23), which are
buffered by U22 to the system expansion slots.

A DMA bus cycle can be extended by the RDY input of the DMA
controller. The DMA memory read DMAMR is routed to the CPU
Controller IC for extending the DMA bus cycle by inserting on DMA
clock period as a wait state. The CPU Controller inserts the wait
state by controlling the DMARDY input of the DMA controller.

I1/0 devices can extend the DMA bus cycle by controlling the
IOCHRDY signal of the expansion bus. Setup times must be observed
for IOCHRDY to be recognized.

RS~-232 Serial Port Interface

The RS-232 Port is a single~channel, asynchronous communications
port. The heart of the serial port is the PSSJ custom IC that
functions as a serial data input/output interface. It performs
serial-to-parallel conversion on data characters received from a
peripheral device or modem and parallel-to-serial conversion on
data characters received from the CPU.

Status information reported includes the type and condition of
the ACE's transfer operations as well as any error conditions
detected during serial data operations. The PSSJ custom IC
includes a programmable Baud Rate Generator that allows operation
from 50 to 9600 Baud. The PSSJ custom IC is supplied with a clock
of 14 MHz from oscillator (Y2). The PSSJ can be tailored to the
user's requirements by being able to remove start bits, stop
bits, and parity bits. It supports 5, 6, 7, or 8 data bit
characters with 1, 1%, or 2 stop bits. Diagnostic capabilities
provide loopback functions of transmit/receive and input/output
signals,

The PSSJ serial port is programmed by selecting the I/0 address
3F8 - 3FE hex for primary and 2FB-2FE hex for secondary and
writing data out to the port. Address bits A0, Al, and A2 are
used to define the modes of operation by selecting the different
registers to be programmed or read.
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One interrupt is provided to the system from IRQ4 for primary
operation and IRQ3 for secondary operation. This interrupt is
active high., Bit 3 of the modem control register must be set high
in order to send interrupts to the system. When this bit is high,
any interrupts allowed by the interrupt enable register cause an
interrupt.

Parallel Printer Port Interface

The final I/0 interface of the Tandy 1000 TL is the Printer
Interface contained in the PSSJ custom IC (Ull). This part
supplies all the signals required to interface to a typical
parallel printer. These signals are 8 data out lines, plus
various handshake control signals. Also, the printer interface
generates an interrupt to the CPU if enabled.
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Expansion Ports
System Expansion Bus

This section identifies the I/0 interface requirements for the 8-
bit, PC-compatible option cards. Each of the five slots has a 62~
pin connector socket.

The following connector pin assignment is used on the PC option
slots; this connector socket has 62 pins.

Pin Signal Name I/0 Pin Signal Name 1/0

al  NMI-

A2 SD7 I/0 B2  BRESET o

a3 SD6 1/0 B3 +5V POWER
a4 SD5 1/0 B4 IRQ2 1

A5 SD4 I/0 B5 -5V POWER
a6 sb3 I1/0 B6 FDCDRQ I

A7  SD2 1/0 B7 -12v POWER
A8 ) 1/0 B8 N/C

A9 SDO 1/0 B9 +12v POWER
Al0 IOCHRDY I Bl0 GND GROUND
All AEN o Bll SMEMW- (o]

Al2 sAl9 (o} Bl2 SMEMR- 0

Al3 sSals 0 Bl3 IOW- 0

Al4 sal7 0 Bl4 1IOR- (o}

alS Salé o} B15 DACK3- (o]

316 SAlS o Bl6 DRQ3 1

117 sal4 (o} Bl7 DACKl- 0

118 SAl3 o B18 DRQl I

119 SsAl2 o] B19 RFRSH- 0

a20 saAll o B20 SCLK 0

121 SAlo0 o B21 IRQ7 I

A22 SA9 (o} B22 1IRQ6 I

A23 sas (o} B23 1IRQ5 I

a24 sa7 o) B24 IRQ4 I

a25 SA6 [} B25 1IRQ3 I

A26 SAS (o} B26 FDCDACK- (o}

a27 sad o B27 T/C o

A28 sa3 0o B28 BALE o]

a29 SA2 (o} B29 +5V POWER
A30 sal (o} B30 0SC 0

a3l SAO [} B3l GND GROUND
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Expansion Bus Signal Description

The following signal descriptions for the System I/0 Bus are for
PC bus-compatible option cards. Note that all signal lines are
TTL compatible levels and that I/0 adapters should be designed
with a maximum of two low power Shottky (LS) loads per line.

SCLK (B20). SCLK is the System clock and has a period of 125ns in
8 MHz mode, or 250ns in 4 MHz mode. It has a 50% duty cycle and
is used only for synchronization with the CPU. It is not intended
for uses requiring a fixed frequency.

SA0 through SAl9 (Al2-A31l). These lines are 20 address bits used
to address memory and I/0 devices within the Tandy 1000 TL. They
are gated on the system bus when the BALE signal is high and are
latched on the falling edge of the BALE signal. Generation of
these signals is accomplished by the CPU or a DMA controller.
SA0-SA19 are active high.

BALE (B28). BALE is a Buffered Address Latch Enable generated by
the CPU Control IC. It is used to latch valid addresses from the
CPU, and can be used by an I/O board to indicate a valid CPU
address, in conjunction with AEN. BALE is pulled to a high state
during DMA cycles, which include Refresh cycles. BALE is active
high.

AEN (All). AEN is an Address Enable signal used to remove the CPU
and other devices from the bus to allow DMA transfers to take
place. During AEN active, the DMA controller has control of the
address bus, the data bus, the READ command lines, and the WRITE
command lines. AEN is active high.

SDO through SD7 (A2-A9). These signals are the data bus Bits 0
through 7 from the CPU to memory and I/O devices on the bus. SDO
is the least significant bit (1sb), and SD7 is the most
significant bit (msb).

BRESET (B2). BRESET is used to reset or initialize the expansion
logic during power-up time, line voltage outage, or when the
Reset switch on the front panel is pressed. BRESET is active
high.

NMI- (Al). This signal indicates an uncorrectable system error
when active. The NMI- signal provides the system board with
parity information about memory or devices on the bus. NMI- is
active low.

IOCHRDY (Al0). This signal is used to lengthen I/0 or memory
cycles when driven low by the active device. (This signal should
not be held low more than 15 microseconds.) Any slow device using
this line should drive it low immediately upon detecting its
valid address and a READ or WRITE command. See the timing diagram
for setup times. IOCHRDY is active high (Ready condition).
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IRQ2 through IRQ7 (B4, B21-B25). These signals are used to tell
the CPU that an I/0 device needs attention. The Interrupt
Requests are prioritized with IRQ2 having the highest priority
and IRQ7 the lowest. An Interrupt Request is generated when any
IRQ signal is driven high and held high until the CPU
acknowledges the interrupt.

IOR- (Bl4). IOR- is a read signal that instructs an I/0 device to
drive its data onto the data bus (SD0-SD7). This line can be
driven by the CPU Control IC or by the DMA controller. IOR- is
active low.

IOW- (Bl3). IOW- is a write signal that instructs an I/0 device
to read, or latch, the data from the data bus (SD0-SD7). This
line can be driven by the CPU Control IC or by the DMA
controller. IOW- is active low.

SMEMR- (Bl12). SMEMR~ is a read signal that instructs a memory
device to drive its data onto the data bus (SD0-SD7). This line
can be driven by the CPU Control IC or by the DMA controller
through the CPU Control IC. SMEMR- is active only when the memory
address is within the first 1 megabyte range (000000-OFFFFFH).
SMEMR-~ is active low.

SMEMW- (Bll). SMEMW-~ is a write signal that instructs a memory
device to read, or latch, the data from the data bus (SD0-SD7).
This line can be driven by the CPU Control IC or by the DMA
controller through the CPU Control IC. SMEMW- is active only when
the memory address is within the first 1 megabyte range (000000-
OFFFFFH). SMEMW- is active low.

DRQl, FDCDRQ, and DRQ3 (Bl1l8, B6, Bl1l6). These lines are
asynchronous DMA requests by peripheral devices to gain DMA
service. They are prioritized with DRQl having the highest
priority, FDCDRQ next, and DRQ3 lowest. A DMA request is
generated by driving a DRQ line active high and holding it until
the corresponding DACK (DMA acknowledge) signal goes active.

_FDCDRQ, and DRQ3 perf ~bjt transfers. All DRQ
lines are active high.

DACK1l-, FDCACK-, and DACK3-, B26, Bl5). These lines are DMA
acknowledge signals used to acknowledge DMA requests DRQ1,
FDCDRQ, and DRQ3. All DACK signals are active low.

RFRSH- (Bl19). This signal is used to indicate a refresh cycle
that can be used by a memory board to refresh Dynamic memory.
RFRSH- is active low and generated every 15 usec.

T/C (B27). T/C is a signal that provides a pulse when the
terminal count for any DMA channel is reached. T/C is active
high.
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0SC (B30). OSC is an oscillator signal that is a high-speed clock
with a 70 nanosecond period (14.31818 megahertz). It has a 50%
duty cycle.
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Memory Map

Address
000000~-07FFFF
080000-09FFFF

0A0000-0BFFFF

0E0000-0FFFFF,
EE0000-EFFFFF,

or
FE0000-FFFFFF

Memory Map

Name

512K System RAM
128K System/video
RAM or 128K
Expansion Memory

128K video RAM

16K BIOS ROM
Memory

30

Allocated Function
System Memory

System Memory and
video Display Memory
or System Memory

Reserved for
Graphics
Display Memory

Reserved for BIOS
ROM Memory



I/0 Port Map of System

Block

0000-001F
0020-003F
0040-005F
0060-007F
0080-009F
00A0~-00BF
00c0-00DF
00EO-OO0FF
0100-01FF
0200-020F
0210-02F7
02F8-02FF

0300-031F
0320-032F
0330-036F
0370-0377
0378-037F
0380-03CF
03D0-03DF
03E0-03EF
03F0-03F7
03F8~-03FF
0400-FFE7
FFE8-FFEF
FFFO-FFFF

I/0 Port Map Summary

Usage

0000-000F
0020-0027
0040-0047
0060-0067
0080-008F
00A0-00A7
00co0-00c7
00F0-00FF

0200-0207

02F8-02FF

0370-0377
0378-037F

03D0-03DF

03F0-03F7
03F8-03FF

FFE8-FFEF

Function

DMA Function

Interrupt Controller

Timer

PIO Function

DMA Page Register

NMI- Mask Register

Sound Generator

Numerical Coprocessor
Reserved

Joystick Interface

Reserved

Serial Port Secondary (COM2
optional)

Reserved

Hard Disk Controller (optional)
Reserved

Floppy Disk Controller 2 (optional)
Printer

Reserved

System Video

Reserved

Floppy Disk Controller 1
Serial Port Primary (COM1l)
Not Used

System Control Registers
Reserved
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Address

st do TUP BT when
rmjrwv\mm% MA@O"&W

Description

0000

0001

0002

0003

0004

0005

DMA Controller

IOW- = 0: Channel 0 Base and Current Address
Internal Flip/Flop = 0: Write AO-A7

Internal Flip/Flop = 1l: Write A8-AlS

IOR- = 0: Channel 0 Current Address

Internal Flip/Flop 0: Read AO0-A7

Internal Flip/Flop 1: Read A8-AlS

]

DMA Controller

IOW- = 0: Channel 0 Base and Current Word Count
Internal Flip/Flop 0: Write WO-w7

Internal Flip/Flop 1l: Write AW-W15

IOR- = 0: Channel 0 Current Word Count

Internal Flip/Flop = 0: Read WO-W7

Internal Flip/Flop = 1l: Read W8-W15

DMA Controller

IOW~ = 0: Channel 1 Base and Current Address
Internal Flip/Flop 0: Write A0-A7

Internal Flip/Flop = 1l: Write A8-AlS

IOR- = 0: Channel 1 Current Address

Internal Flip/Flop 0: Read AO-A7

Internal Flip/Flop 1l: Read A8-AlS5

DMA Controller

IOW- = 0: Channel 1 Base and Current Word Count
Internal Flip/Flop 0: Write WO-W7

Internal Flip/Flop 1l: Write AW-W15

IOR- = 0: Channel 1 Current Word Count

Internal Flip/Flop : Read WO-W7

Internal Flip/Flop : Read W8-W1l5

0
1
DMA Controller

IOW- = 0: Channel 2 Base and Current Address
Internal Flip/Flop = 0: Write A0-A7

Internal Flip/Flop = l: Write A8-aAlS

IOR- = 0: Channel 2 Current Address

Internal Flip/Flop 0: Read AO-A7
Internal Flip/Flop = 1l: Read A8-AlS

DMA Controller

IOW- = 0: Channel 2 Base and Current Word Count
Internal Flip/Flop = 0: Write WO-W7

Internal Flip/Flop 1l: Write AW-W15

IOR- = 0: Channel 2 Current Word Count

Internal Flip/Flop 0: Read WO-W7

Intérnal Flip/Flop = l: Read W8-W15
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Address Description

0006 DMA Controller

IOW- = 0: Channel 3 Base and Current Address

Internal Flip/Flop = 0: Write A0-A7

Internal Flip/Flop = l: Write A8-al5

IOR- = 0: Channel 3 Current Address

Internal Flip/Flop = 0: Read A0-A7

Internal Flip/Flop = 1l: Read A8-AlS
0007 DMA Contrcller

IOW- = 0: Channel 3 Base and Current Word Count

Internal Flip/Flop = 0: Write WO0-W7

Internal Flip/Flop = 1l: Write aw-wl5

IOR- = 0: Channel 3 Current Word Count

Internal Flip/Flop = 0: Read WO-W7

Internal Flip/Flop = 1l: Read W8-Wl15

0008 DMA Controller
IOW- = 0, Write Command Register

Bit Description

0 Memory to Memory Disable

Memory to Memory Enable

= Channel 0 Address Hold Disable
= Channel 0 Address Hold Enable
If Bit 0 = 0

Controller Enable
Controller Disable

= Normal Timing
= Compressed Timing
If Bit 0 =1

Fixed Priority
Rotating Priority

Late Write Selection
Extended Write Selection
1f Bit 3 =1

DREQ Sense Active High
DREQ Sense Active Low

DACK Sense Active Low
DACK Sense Active High

HO O MHO HO HMHO HO XrHO MO

on
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Address Description

0008 DMA Controller
IOR- = 0, Read Status Register

Bit Description

0 1 = Channel 0 Has Reached TC
1 1 = channel 1 Has Reached TC
2 1 = Channel 2 Has Reached TC
3 1 = Channel 3 Has Reached TC
4 1 = Channel 0 Request
5 1 = Channel 1 Request
6 1 = Channel 2 Request
7 1 = Channel 3 Request
0009 DMA Controller

IOW- = 0, Write Request Register
Bit Description

0-1 Bit 1 Bit 0

0 Select Channel 0
1 Select Channel 1
0 Select Channel 2
1 Select Channel 3

Reset Request Bit
Set Request Bit

Ho Hroo

3-7 Don't Care
IOR- = 0, Illegal
000a DMA Controller
IOW~ = 0, Write Single Mask Register
Bit Description
0-1 Bit 1 Bit 0 .
0 Select Channel 0 Mask Bit
1 Select Channel 1 Mask Bit
0 Select Channel 2 Mask Bit
1 Select Channel 3 Mask Bit
Clear Mask Bit (Enable

Channel)
Set Mask Bit (Disable Channel)

- o HHOO

3-7 Don't Care

IOR~ = 0, Illegal
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Address

Description

000B

000c

000D

000E

DMA Controller
IOW- = 0, Write Mode Register
Bit Description
0-1 Bit 1 Bit
0 Channel 0 Select
0 Channel 1 Select
1 Channel 2 Select
1 Channel 3 Select
2-3 Bit 3 Bit
0 Verify Transfer
0 Write Transfer To Memory
1 Read Transfer To Memory
1 Illegal
X If Bits 6 and 7 = 11
0
1
0
1
7
0
0
1
1

HOMHON HoHOO

Autoinitialization Enable
Autoinitialization Disable

Address Increment Select
Address Decrement Select
6-7 Bit Bit 6

0 Demand Mode Select
1 Single Mode Select
0 Block Mode Select

1 Cascade Mode Select

IOR- = 0, Illegal

DMA Controller /W/Y'L J@ Hﬂf&
IOW- = 0, Clear Byte Pointer Flip/Flop r’b 0//‘
I0R- = 0, Illegal K/UJ F‘a

DMA Controller

I0W- = 0, Master Clear
IOR- = 0, Read Temporary Register

DMA Controller

I0wW- = 0, Clear Mask Register
IOR- = 0, Illegal :
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Address Description

000F DMA Controller
IOW- = 0, Write All Mask Register Bits

Bit Description

0 0 = Clear Channel 0 Mask Bit (Enable)
1 = Set Channel 0 Mask Bit (Disable

1 0 = Clear Channel 1 Mask Bit (Enable)
1 = Set Channel 1 Mask Bit (Disable

2 0 = Clear Channel 2 Mask Bit (Enable)
1 = Set Channel 2 Mask Bit (Disable

3 0 = Clear Channel 3 Mask Bit (Enable)
1 = Set Channel 3 Mask Bit (Disable

4-7 Don't Care
IOR- = 0, Illegal
0010-001F Reserved
0020 8259A Interrupt Controller
Note: Initialization Words are set up by the operating
system and are generally not to be changed.
Writing an initialization word might cancel
pending interrupts.

Bit 4 = 1 Initialization Command Word 1

Bit 0 = 0 ICW4 Needed
= 1 ICW4 Not Needed

Bit 1 = 0 Cascade Mode
= 1 Single Mode

Bit 2 Not Used

Bit 3 = 0 Edge Triggered Mode
= 1 Level Triggered Mode

Bit 5-7 Not Used

Bit 4 = 0 & Operation Control Word 2
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Address Description

0020 8259A Interrupt Controller

Bit 3 = 0 Bits 0-2: Determine the Interrupt Level Acted
on when the SL Bit is Active

Interrupt Level = 01 2 3 456 7

Bit 0 (LO): 01 010101
Bit 1 (L1): 00110011
Bit 2 (L2): 00001111

Bits 5-7: Control Rotate and End of Interrupt Modes

B7 B6 B5
0 0 1 Non-Specific EOI Command End of Interrupt
0 1 1 specific EOI Command End of Interrupt
1 0 1 Rotate on Non-Specific EOI Auto Rotation
1 0 O Rotate in Automatic EOI Mode (Set) Auto
Rotation
0 0 O Rotate in Automatic EOI Mode (Clear) Auto
Rotation
1 1 1 *Rotate on Specific EOI Command Specific
Rotation
1 1 0 *Set Priority Command Specific Rotation
0 1 0 No Operation
(*L.0 - L2 Are Used)
Bit 4 = 0 & Operation Control Word 3
Bit 3 = 1 Bits 0-1:
Bit 1 Bit 0 - Read Register Command
0 0 No Action
0 1 No Action
1 0 Read IR Register on next IOR- Pulse
1 1 Read IS Register on next IOR- Pulse
Bit 2 = 0: No Poll Command
= 1: Poll Command
Bits 5-6
Bit 5 Bit 6 ~ Special Mask Mode
0 0 No Action
0 1 No Action
1 0 Reset Special Mask
1 1 Set Special Mask
Bit 7 =0
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Address Description

0021 8259A Interrupt Controller
Initialization Control Word 2
Bits 0~7: Not Used

Bits 3-7: T3-T7 Of Interrupt Vector Address
(8086/8088/80286 Mode)

Initialization Control Word 3 (Master Device)
1 Indicated IR Input has a Slave

0 1Indicated IR Input does not have a
Slave

Bits 0-7:

Initialization Control Word 3 (Slave Device)
Bits 0-2:; = IDO0-2

Bit Bit 1 Bit 2 - Slave ID #

HHOOMMFOO
HFOHOHFOMO
NombewNhHO

Bits 3-7: = 0 (Not Used)

Initialization Control Word 4
Bit 0: Type of Processor

=0 MCS-80/85 Mode
=1 8086/8088/80286 Mode

Bit 1: Type of End of Interrupt

= 0 Normal EOI
=1 Auto EOI

Bits 2-3: Buffering Mode

Bit 3 Bit 2
0 X Non-Buffered Mode
1 0 Buffered Mode/Slave
1 1 Buffered Mode/Master
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Address Description

Initialization Control Word 4
Bit 4: Nesting Mode

=0 Not Special Fully Nested Mode
=1 Special Fully Nested Mode

Bits 5-7:

=0 (Not Used)

Operation Control Word 1 (IOR-)

Bits 0~7: Interrupt Mask for IRQO-IRQ7
=0 Mask Reset (Enable)
=1 Mask Set (Disable)

Note: Peripherals requesting an interrupt service must
generate a low to high edge and then remain at a
logic high level until service is acknowledged.
Failure to do so results in a Default Service for
IRQ7.

0022-0027 Same as 0020-0021

0028-003F Not Used

0040 8254-2 Timer
IOW- = 0: Load Counter No. 0
IOR- = 0: Read Counter No. 0
0041 8254-2 Timer
IOW-~ = 0: Load Counter No. 1
IOR- = 0: Read Counter No. 1
0042 8254-2 Timer
IOW- = 0: Load Counter No. 2
IOR- = 0: Read Counter No. 2
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Address

Description

0043

8254~2 Timer

IOW~ = 0: Write Mode Word

control Word Format

. Bit O:
Wrong-
See 759
dak <heet.

XKoo

Bits 4-5:

Bit

IOR~ = 0:

BCD

Bit 3 Bit 2

BCD Counter (4 Decades)
Binary Counter 16 Bits

Bit 1

COoOMHMHNOO
HOMHOMO

Read/Load

Bit 4

o

Bits 1-3: Mode Selection

]
N WNH~O

Counter Latching Operation
Read/Load LSB Only

Read/Load MSB Only

Read/Load LSB First, Then MSB

Select Counter

Bit 6

OO

Select Counter 0
Select Counter 1
Select Counter 2
Illegal

No-Operation 3-State

0044-0047 same as 0040-0043

0048-005F Not Used
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Address Description

0060 Port A / Keyboard Interface Control Ports
(Read Only)

Bit Description
Keyboard Bit
Keyboard Bit
Keyboard Bit
Keyboard Bit
Keyboard Bit
Keyboard Bit
Keyboard Bit
Keyboard Bit

1
[
n
w

N WO

-MSB

NONTs WO

0061 Port B Read or Write

Bit Description

0 8253 Gate 2 Enable
1 = Enable

0 = Disable

1 Speaker Data Out Enable
1 Enable
0 Disable

2 Not Used

3 Not Used

4 Internal Speaker Enable
1 = Disable
0 = Enable

5 Not Used

6 HOLDCK (if IBM PC Keyboard Mode)
1 = Tristate Keyboard Clock Line
0 = Pull Keyboard Clock Line Low

7 Keyboard Clear

1 = Clear Buffer and Reset Keyboard Interrupt
0 = Release Clear and Reset
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Address Description

0062 Port C Read/Write: Bits 0-3; Read Only Bits: 4-7
Bit Description

0 Not Used (Read/Write)

1 Not Used (Read/Write)

2 Not Used (Read/Write)

3 (Output) CPU Clock Rate (Read/Write)
0 = 4,00 MHz (PC Compatible Rate)
1 = 8.00 MHz (Default By Boot ROM)

4 EEPROM Data Input (Read Only)

5 8253 Out #2 (Read Only)

6 Monochrome Mode

0 = Color Monitor
1 = 350 Line Monitor, Mono
7 Reserved

0063-0064 Reserved

0065 Planar Control Register (Read/Write)
m
1 = Enable ( g
0 = Disable sof /'E'O\u . AAIWdyS Feapts b?)/;\ er
Bit Description @l /\ mf{,\/ecffﬁ /)nL 3
/
0 Hard Disk Select Enable &”j ,
1 Parallel Port Select Enable
2 video Port Select Enable . M .
3 Floppy Disk Port Select Enable D,g&@hﬁ vigey por !S
4 Serial Port Select Enable j4 )
:  heserved Corihues fo olsfay
7 Parallel Port Output Enable Au*‘d&f&kkﬁ iﬂﬁfﬁ{n

0066-0067 Reserved o an 3 n
e borer wesabib
Fc’t:’ym;)fz?:, bR
0080 DMA Page Register (Reserved for Diagnostics) A :
Write Only é)ul""(’f" PR S

0068-007F Reserved

H

vre Amjef‘j ‘
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Address Description

0081 DMA Channel 2 Page Register (Write Only)

Address Description

Bit 0 Address Alé6
Bit 1 Address Al7
Bit 2 Address Al8
Bit 3 Address Al9
Bit 4 Address A20
Bit 5 Address A2l
Bit 6 Address A22
Bit 7 Address A23
0082 DMA Channel 3 Page Register (Write Only)

Address Description

Bit 0 Address Alé6
Bit 1 Address Al7
Bit 2 Address Al8
Bit 3 Address Al9
Bit 4 address A20
Bit 5 Address A2l
Bit 6 Address A22
Bit 7 Address A23
0083 DMA Channel 0-1 Page Register (Write Only)

Address Description

Bit 0 Address Alé6
Bit 1 Address Al7
Bit 2 Address AlS8
Bit 3 Address Al9
Bit 4 Address A20
Bit 5 Address A2l
Bit 6 Address A22
Bit 7 Address A23

0084-008F same as 0080-0083
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Address Description

00A0 NMI~ Mask Register, Write Only
Bit Description

Reserved

Reserved

Reserved

Reserved

Reserved

Not Used

Not Used

Non Maskable Interrupt (NMI) Enable
0 = Disabled

1 = Enabled

NOUVBEWN O

00A1-00A7 Reserved

00A8-00AF Not Used

00C0-00C3 Sound SN76496

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

= 1 0 0 0 F6 P7 F8 F9 Update Tone
Frequency 1

= 0 X FO Fl F2 F3 F4 F5 Additional
Frequency Data

= 1 0 0 1 a0 Al A2 A3 Update Tone
Attenuation 1

= 1 0 1 0 F6 F7 F8 F9 Update Tone
Frequency 2

= 0 X FO Fl F2 F3 F4 F5 Additional
Frequency Data

= 1 0 1 1 A0 Al A2 A3 Update Tone
Attenuation 2

= 1 1 0 0 F6 F7 F8 F9 Update Tone
Frequency 3

= 0 X FO Fl F2 F3 F4 FS Additional
Frequency Data

= 1 1 0 1 Al Al A2 A3 Update Tone
Attenuation 3

= 1 1 1 0 X FB NFO NFI Update Noise
Control

= 1 1 1 1 A0 Al A2 A3 Update Noise
Attenuation
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Address

Description

00c4-00C7
00c4

00c4

DAC Function
DAC Mode Register (Write Commands)
Bits 0-1

Al
Bit 0 Bit Dac Function Selected [ s 3

Joystick 'Wmﬂ ,
Successive Approximation q
Sound Channel [
Direct Write to DAC ee_ SCctton

HOMO

DMA Enable (for SA, Direct R/W) /’jj:(f{%r

DMA Disabled Y
DMA Enabled for SA, DA carz /ﬂ% (/to )

Bit

Bit DMA Interrupt Clear

DMA Interrupt Held Clear
DMA Interrupt Allowed

Ll =] w -o N oo

Bit

[y

DMA Interrupt Enable

DMA EOP Interrupt Disabled
DMA EOP Interrupt Enabled
Bit Sound Divider Sync Enable

Synchronization Disabled

synchronization Enabled (Write to, 00C6 or
00C7 reloads all dividers)

o 3] o

Bit sound Chip Extra Divide Enable

Extra Divide Disabled
Extra Divide Enabled

N MO oy

Bit Reserved

DAC Mode Register (Read Commands)

Bit 3 DMA Interrupt Flag. A DMA Interrupt has
occurred. To clear the interrupt flag, Bit 3
must be brought low and then high again.

Bit 7 Successive Approximation Done. Useful when
polling instead of using DMA.
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Address Description

00CcS Waveshape Mode Select (Write Commands)

Bits 0-2

Bit 0 Bit 1 Bit 2 Duty Cycle
0 0 0 6.25%
0 0 1 12.5%
0 1 0 18.75%
0 1 1 25,.0%
1 0 0 31.25%
1 0 1 37.5%
1 1 0 43.75%
1 1 1 50.0%

Bit 3 Reserved

Bit 4 Reserved

Bit 5 Reserved

Bits 6~-7 Waveshape Select

Bit 7 Bit 6 Waveshape Selected
0 0 Pulse
0 1 Ramp
1 0 Triangle
1 1 Reserved
00c5 Read DAC Registers (Read Commands)

Direct Read of DAC when 00C4 Bits 0-1 = 1X
Direct Read of Control Register when 00C4 Bits 0-1 = 01

0oce R/W Prequency lsb for DAC sound channel
Bit 0 FO
Bit 1 Fl
Bit 2 F2
Bit 3 F3
Bit 4 P4
Bit 5 FS5
Bit 6 F6
Bit 7 F7
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Address Description

00cC7 R/W Amplitude/frequency msb for DAC sound channel
Bit 0 F8
Bit 1 F9
Bit 2 F10
Bit 3 Fl1
Bit 4 Reserved
Bit 5 AMP 1
Bit 6 AMP 2
Bit 7 AMP 3

00C8-00CF Reserved
00EO-00EF Reserved

00F0 Clear Numerical Coprocessor Busy

00F1 Reset Numerical Coprocessor to Real Mode
00F2 Same as 00F0

00F3 Same as 00F1l

00F4 Same as 00F0

00FS5 Same as 00Fl

00F6 Same as 00F0

00F7 Same as 00F1

00F8-00FF Math Coprocessor Chip Select
0100-01FF Reserved
0200-0207 Joystick

Clear (Resets Integrator to 0)

0201 Read R = Right Joystick, L = Left Joystick

o
(o

NANB WO K

Description

- X Horizontal Position

- Y Vertical Position

- X Horizontal Position

- Y Vertical Position

Button #1 (Logic 0 = Button Pressed)
Button #2 (Logic 0 = Button Pressed)
Button #1 (Logic 0 = Button Pressed)
Button #2 (Logic 0 = Button Pressed)

ISl ol B Nl N ]

0208-020F Not Used
0210-02F7 Reserved
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Address Description

2F8-2FF Serial Port Secondary (COM2 Optional)
0300-036F Reserved
0370-0377 Floppy Disk Controller 2 (optional)
0378 Printer - Data Latch
Bit Description
Bit 0 - LSB
Bit
Bit 2
Bit 3
Bit 4
5
6
7

=

Bit
Bit
Bit

NATBWN O

- MSB
0379 Printer - Read Status

Bit Description

0 Not Used
1 Not Used
2 Not Used
3 "0" = Error (Fault)
4 "l" = printer Select In
5 "0" = Out of Paper (Paper Empty)
6 "0" = Acknowledge
7 "0" = Busy
037a Printer - Control Latch

Bit Description

0 "0" = Strobe
1 "0" = Auto FD XT
2 "0" = Initialize
3 "0" = Select Printer Out
4 "l* = Enable Interrupt
5 "0" = Enable Output Data
6 Not Used
7 Not Used
037B Not Used
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Address Description

037¢C EEPROM Control Register (Write Only)
Bit Description

0 NOVDO - EEPROM Data Output
1 NOVCE - EEPROM Chip Enable
0 Enabled or Selected

1l Disabled or Deselected

/']

2 NOVCLK - EEPROM Clock
0 = Toggle Clock Low
1 Toggle Clock High

i

037D-037F Reserved
0378-03CF Not Used 5"‘ Jome 3&( usca/ rér‘ Mone wé/ea C?VJ

03D0-~03D3 Reserved

03D4 6845 Address Register
03D5 . 6845 Data Register
03D6 Not Used

03D7 Not Used

03Dp8 Mode Select Register

Bit0 High Resolution Clock
= 0 Selects 40 X 25 Alphanumeric Mode
= 1 Selects 80 X 25 Alphanumeric Mode
Bitl Graphics Select
= 0 Selects Alphanumeric Mode
= 1 Selects 320 X 200 Graphics Mode
Bit2 Black and White
= 0 Selects Color Mode
= 1 Selects Black and White Mode
Bit3 video Enable
= 0 Disables Video Signal
= 1 Enables Video Signal
Bit4 640 Dot Graphics
= 0 Disables 640 X 200 B&W Graphics Mode
= 1 Enables 640 X 200 B&W Graphics Mode
Bit5 Blink Enable
0 Disables Blinking
1 Enables Blinking
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Address

Description

...03D9

03pA-03DE

03DB
03pC.
03pD

Color Select Register

Bit
Bit
Bit
Bit
Bit
Bit

VMW~ O

Background Blue
Background Green
Background Red
Background Intensity
Foreground Intensity
Color Select

Write Video Array Address and Read Status (03DA)
Write Video Array Data (03DE)

Read

00
00
00
00
00

01
0l
01l
01

02
02
02
02
02

03
03
03
03
03
03

Bit
Bit
Bit
Bit
Bit

Bit
Bit
Bit
Bit

Bit
Bit
Bit
Bit
Bit

Bit
Bit
Bit
Bit
Bit
Bit

(03D3)

Display Inactive
Light Pen Set

Light Switch Status
Vertical Retrace
Not Used

Clear Light Pen Latch

Preset Light Pen Latch

Write (03DE)
Not Used
Not Used
Not Used
Not Used
Not Used

Palette Mask 0
Palette Mask 1
Palette Mask 2
Palette Mask 3

Border Blue
Border Green
Border Red
Border Intensity
Reserved = 0

Mono Enable = 1
Reserved = 0

Border Enable

4-Color High Resolution
16-Color Mode

Extra Video Mode

Extended RAM Page Register -~ CPU Relative
Description

Extended Addressing Modes
‘Not Used

Not Used

CRT Video Page Address "17"
CRT Video Page Address "18"
CPU Page Address "17"
CPU Page Address "18*"
Select 64K Or 256K RAM

Bit

NV B WN RO
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Address Description

03DF CRT Processor Page Register - Video Memory Relative
Bit 0 Al4 CRT Page 0
Bit 1 AlS CRT Page 1
Bit 2 Al6 CRT Page 2
Bit 3 Al4 Processor Page 0
Bit 4 Als Processor Page 1
Bit 5 aleé Processor Page 2
Bit 6 Video Address Mode 0
Bit 7 Video Address Mode 1
video DO D7 D6
Descriptions 3DDH 3DFH 3DFH
8p 1 - 16K 0 0 0
8p 2 - 8K 0 0 1
4p 2 - 16K 0 1 0
4p 4 - 8K 0 1 1
4p 1 - 32K 1 1] 0
2p 2 - 32K 1 0 1
03E0-03EF Reserved
03F0 Not Used .
A/ Y
03Fl Drive Select Switch ,,y,"!'éﬂ.. r/[‘ re ,Z(%/
Bit 0 Not Used ‘ . ’
Bit 1 "1* DSO = DSO swaps At aud £
: "0" DSO = DS1
Bit 2 Not Used
Bit 3 Not Used
Bit 4 Not Used
Bit 5 Not Used
Bit 6 Not Used
Bit 7 "Not Used
03F2 DOR Register (Write Only)
Bits 0-1 Drive Select
Bit 1 Bit 0
0 0 Drive Select A*
0 1 Drive Select B*
Bit 2 0 = FDC Reset
Bit 3 1 = Enable DMA Request/Interrupt
Bit 4 1 = Drive A Motor On
Bit 5 1 = Drive B Motor On
Bit 6 1 = FDC Terminal Count
Bit 7 Not Used
03F3 Not Used
03F4 FDC - Status (Read Only). See FDC Specification
03F5 FDC - Data (R/W). See FDC Specification
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Address Description

03F6 Reserved
03F7 FDC Data Rate Selection
Bit Description
0 Not Used
1 Write - Data Rate

0 = S00K bits per second

1 = 250K bits per second

Not Used

Not Used

Not Used

Not Used

Not Used <
0=Disk Change

NAU e W

03F8-03FF Serial Port Primary (COM1)

03F8 Write Transmitter Holding Register (Character to
Send)

Bit Description

Bit 0 - LSB (First Bit sent Serially)
Bit
Bit
Bit
Bit
Bit
Bit
Bit

NOANBWNHO
NOY OV W N

- MSB
03F8 Read Receiver Buffer Register (Character Received)
Bit Description

Bit 0 - LSB (First Bit Received Serially)
Bit
Bit
Bit
Bit
Bit
Bit
Bit

NV WN -

- MSB

SN wihhE O
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Address Description

03F8 Divisor Latch LSB (Divisor Latch Access Bit DLAB = "1")
Bit Description

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

NN WN O
NonswNn O

03F9 Divisor Latch MSB (Divisor Latch Access Bit DLAB = "1")
Bit Description

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

NAUNdWN O
NOnewNEO

03F9 Interrupt Enable Register

Bit Description

0 "l" = Enables the Received Data Available Int

1 "l" = Enables the Transmitter Holding Register Int
2 "l" = Enables Receive Line Status Interrupt

3 "l" = Enables the Modem Status Interrupt

4-7 Always Logical "0"

03FA Interrupt Identification Register
Bit Description

0 "0” = Interrupt Pending

1-2 Bit 2 Bit 1
"o" ol 1 Al Fourth Level Priority
" nle Third Level Priority
LR "o" Second Level Priority
"l® o Highest Level Priority

3-7 Always Logical “0"
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Address Description

03FB Line Control Register

Bit Description

0-1 Bit 1 Bit 0
"o" "o Five Bit Word Length
n"on nin Six Bit Word Length
wiw "o" Seven Bit Word Length
b nln Eight Bit Word Length
2 Q" One Stop Bit

nyn 1% sStop Bits when Five Bit Length Selected
Two Stop Bits with Six, Seven, or Eight Bit
3 "l" = parity Enable
4 "0" = odd pParity Select
"l" = Even Parity Select
5 Stick Parity Bit
6 "l" = Set Break Enable

"l" = pivisor Latch Access Bit Enable

03FC %a’em Control

Bit Descrlptlon

0 nle Data Terminal Ready Set (DTR)
"0" = pData Terminal Ready Reset (DTR)

1 Request To Send (RTS)

2 out 1

3

4

out 2
Loop
5-7 Always Logical "O"

03FD Line Status Register
Bit Description
Data Ready (DR)

0
1 Overrun Error (OR)

2 "ln Detect Parity Error (PE)
3

4

5

00

nln Detect Framing Error (FE)
"l" = Break Interrupt (BI)
Transmitter Holding Register
"1l" = Character Transferred from Holding to Shift
Register
"0" = Loading Transmitter Holding Register
6 Transmitter Shift Register Empty
"l" = gshift Register Idle
"0* = pata Transfer from Holding Register
7 Always Logical "0"
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Address Description

03FE Modem Status Register
Bit Description

Delta Clear to Send (DCTS)

Delta Data Set Ready (DDSR)

Trailing Edge Ring Indicator

"1“ - on

"o = Off

3 Delta Received Line Signal Detect (If Bit 0, 1, 2,
or 3 is set to a "1" modem status interrupt is
generated

NHO

4 "0" = Clear to Send (CTS)

5 "0" = pData Set Ready (DSR)

6 "0" = Ring Indicator (RI)

7 "0" = Received Line Signal Detect (RLSD)
03FF Reserved

0400-FFE7 Not Used

FFE8-FFEB System Control Registers

FFE8 video Configuration Register (Wfr&’or(/}/)
Bit Description

Reserved . >

Memory Configuration 13 AW/5%’0/{ /’//[‘ W//Zgé ch
Memory Configuration 2 <
Memory Configuration 3 /?/U;ew/é/ 004 w/@

Reserved

16-Bit CPU Memory = 1 (Musf’éﬂ (25)

Reserved

Reserved

NN WO

FFE9 Reserved
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Address Description

FFEA WRITE/READ
Bit Description
Bit 0: ROM PAGING 0
Bit 1: ROM PAGING 1
Bit 2: ROM PAGING 2
Bit 3: ROM PAGING 3
Bit 4: ROM PAGING 4
Bit 5: System Type (Reserved - See Note)

6-7 Bit 7 Bit 6

0 0 512K System Memory
0 1 512K System Memory
1 0 512K System Memory
1 1 640K System Memory

NOTE: When reading Port FFEA, Bit 4 will be inverted
from what was written, (i.e. when a 0 is written,
a 1 will be read; when a 1 is written, a 0 will be
read.) FFEA Bit 4 can be used to determine the
system type. If Bit 4 is read back inverted, the
system is identified as a Tandy 1000 sL. If Bit 4
is NOT inverted, the system is identified as a
Tandy 1000 TL.

Wty [ Ho bt ¥ disables access 4 Hhe RONf

SCf/rﬂwt ob £0000 .

Wr;%‘nj ff ° M G or Z w,’?/*?’.’/ 1%( /Z3k wb/eza
PAT VMW/‘@ f77~3'ﬁ/*18£",. disables access 7o
MaMei/f between §ONAT - UFFFT-.
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ROM Paging Definition:

23

CHOROMOKX O

ROM CS SELECT 64K Page
#0 #1 0 ROM 0 ROM 1
1

4 1 Meg X 8 ROMs ADDRESS
19 18 17 16
FO000-FFFFF 1
EO000-EFFFF
EOCO0-EFFFF
E0000-EFFFF
EO000-EFFFF
E0000-EFFFF
E0Q000-EFFFF
E0000-EFFFF
EOO000-EFFFF

b

bt et b et el e
= b et et et e e et
el el ey ey
coocooocoor
wawwwwwxhg
MMM UMMM MwWE
COOCORMEMMHX N
»

COFHHOOKHMX HQ
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2 2 Meg X 8 ROMs
FO0000-FFFFF
E0000~EFFFF
E0000-EFFFF
EC000-EFFFF
EO0000-EFFFF
E0000-EFFFF
E0000-EFFFF
EO0000-EFFFF

! EOCOO-EFFFF

i E0000-EFFFF
E0000-EFFFF

EOOQ0C-EFFFF

| EO0000-EFFFF

‘' EQ000-EFFFF
E0000-EFFFF
E0000-EFFFF
EO0O0Q-EFFFF

ROM 0 ROM 1
1

el il T ok el ol o o ) ey ey
o et et bt et ol el et et e et et e e et e
e il N TN N SN R S S Sy Sy S S
COODOODOOCOOOOOOONX &
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COCOHFHHHOOO O KX N
COMHMMHOOHMHFOOHMFOOMMX M
OHOHOHOMORHOFROHOKHX O
COCONMHMMHOOO O X N
COHHOOHMHOOKHOO X
OHOMHOMHOHOHOHOKFONX MO
@A WN

DIV B WN

i

\

'''' ot 512 RO o0 2 25k chps = F T pages.
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.Address Description

AFFEB UART Clock, Joystick, and Sound Enable
Bit Description

0 0 = Clock Divided by 13
1 = Clock Divided by 1

1 0 = Disable Joystick
1 = Enable Joystick

2 0 = Disable Sound Chip
1 = Enable Sound Chip

3 Reserved

4 Reserved

5 Keyboard Interrupt (Read Only)
1 = Keyboard Interrupt Active
0 = Keyboard Interrupt Inactive

6 Reserved

7 Reyboard Type (Read Only)

FFEC-FFEF Reserved

FFFO-FFFF Reserved

1 = 101 XKey Enhanced Keyboard
0 = Original Tandy 1000 Keyboard
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ELECTRICAL BILL OF

MATERIAL - TANDY 1000 TL

MAIN LOGIC ASSY.

TANDY 1000 TL

QTY. DESCRIPTION

1

[}

b bt N el ot et AWNDNF WD~ ®

-

ot et et

15

DESIGNATOR

VENDOR

CPU PCB TANDY 1000 TL REV. A

STAKING PINS
SOCKET 8-PIN DIP
SOCKET 16~PIN DIP
SOCKET 18-PIN DIP
SOCKET 24-PIN DIP
SOCKET 28-PIN DIP
SOCKET 32-PIN DIP
SOCKET 32-PIN DIP
SOCKET 40-PIN DIP
SOCKET 68-PIN, PLCC

SWITCH, RESET
STEREO HEAD. JACK
MICROPHONE JACK
BATTERY HOLDER
CONNECTOR, 2-PIN
CONNECTOR, 6-PIN
CONNECTOR, 7-PIN
CONNECTOR, 9-PIN
CONNECTOR, 9-PIN
FEMALE "D" SUB
CONNECTOR, 9-PIN
"D" SUB
CONNECTOR, 17-PIN
HEADER (SHROUDED)
CONNECTOR, 31-PIN
CARD EDGE

10K
TBD

RESISTOR, VAR.
RESISTOR, VAR.
RESISTOR 10 OHM
1/4 WATT 5%
RESISTOR 33 OHM
1/4 WATT 5%
RESISTOR 300 OHM
1/4 WATT 5%

E1-8

ul2
U3,45-52,62-69
U32-39
Ul5,42,44

U24

U54,56 OR 55,57
058,59

U23,28,60
U11,13,17,22,
31,61

sl

Jl4

J1l6

Jl3

J15 (SPKR)
J3,4 (JOYSTICK)
J2 (KEYBOARD)
J12 (POWER)

Ul (VIDEO)

J5 (SERIAL)

J1l1 (FLOPPY)

J6-10

R63
R27
R48

R6~9,17,21,22,
31,32,34-39
R50,49

AMP$#1-87022-0
AMP#640460-3
AMP#2-644100-3
AMP#2-383060-3
AMP#640962-3
AMP#2-641605-3
AMP#2-644018-3
AMP#2-644018-3
AMP#2-641606-3
AMP#821574-1
BURNDY#68P410T
ALPS#KHC15901

HOSIDEN#HSJ0942-01-1020
HOSIDEN#HSJ0942-01-1060

PART
NUMBER

8709842

8529014
8509011
8509036
8509037
8509029
8509007
8505048
8505048
8509002
8509020

8489065
8519322
8519355

SPECIALTY ELEC. 2S2032-0 8491013

MOLEX$#22-29-2021 8519193
HOSIDEN#TCS5040~-16-1911 8519318
HOSIDEN#TCS5040-17-4071 8519358
MOLEX#26-48-1095 8519191
HOLMBERG#H4S09RA28CM42 8519279
AMP$#745988-3
MOLEX#82009-2052
AMP#747840-3 8519269
MOLEX# 70246-3402 8519324
TEKA#021-31014-200 8519236
VIKING#3KT31/2JFF12
JAE$#PB21-62T1-C1-S
AMP#6-530843-5
HOLMBERG#A8D31DS27C2
BURNDY#PWBH3 1DDS1B
PIHER PT15NH510KA 8270510
GENERIC 8207010
" 8207033
" 8207130



ELECTRICAL BILL OF MATERIAL - TANDY 1000 TL

MAIN LOGIC ASSY.

TANDY 1000 TL

1

LA o R e Y T R SR XY

w

N e e

QTY. DESCRIPTION DESIGNATOR VENDOR
RESISTOR 510 OHM R24 "
1/4 WATT 5%

RESISTOR 1K OHM R5,29 GENERIC
1/4 WATT 5%

RESISTOR 1.2K OHM  RS54,55,57 "
1/4 WATT 1%

RESISTOR 1.2K OHM R26

1/4 WATT 1%

RESISTOR 1.3K OHM R58 "
1/4 WATT 5%

RESISTOR 2.2K OHM  R51 "
1/4 WATT 5%

RESISTOR 2.4K OHM  R60 "
1/4 WATT 5%

RESISTOR 2.7K OHM R62 "
1/4 WATT 5%

RESISTOR 3.3K OHM R52 "
1/4 WATT 5%

RESISTOR 4.7K OHM R33,41,42,61 "
1/4 WATT 5%

RESISTOR 10K OHM R1-4,30,40,45-47 "
1/4 WATT 5%

RESISTOR 13K OHM R53,56 .
1/4 WATT 5%

RESISTOR 27K OHM R12,13,20,23,25 "
1/4 WATT 5%

RESISTOR 47K OHM R14,19,43 "
1/4 WATT 5%

RESISTOR 68K OHM R28 "
1/4 WATT 5%

RESISTOR 91K OHM R59

1/4 WATT 5%

RESISTOR 100K OHM R15,44 »
1/4 WATT 5%

RESISTOR 1 MEG OHM R10,11,16,18 »
1/4 WATT 5%

RESISTOR PAK 33 OHM RP1-4,12,13 "
16~PIN DIP

RESISTOR PAK 33 OHM RP5,14,15,18,19 "
8-PIN SIP

RESISTOR PAK 1K OHM RP7,10
6-PIN SIP

PART
NUMBER

8207151
8207210

8207212

8207213
8207222
8207244
8207227
8207233
8207247
8207310
8207313
8207327
8207347
8207368
8207391
8207410
8207510
8290044
8295033
8290210



ELECTRICAL BILL OF MATERIAL - TANDY 1000 TL

MAIN LOGIC ASSY.

TANDY 1000 TL

QTY. DESCRIPTION

2
3

45

RES. PAK 4.7K OHM
10-PIN SIP
RES.PAK 10K OHM
6-PIN SIP

RES.PAK 10K OHM
8-PIN SIP

RES. PAK 10K OHM
10-PIN SIP
CAPACITOR 220 PFD
25v 10% SMD

CAPACITOR 330 PFD
25v 10% SMD
CAPACITOR 47 PFD
50v 5% NPO CD

CAP 1000 PFD
50V 10% z5P CD
CAP .022 MFD
50V 25C
+80/-20% CD
CAP .047 MFD
50v 10% 25pP
CD OR EQUIV.
CAP .047 MFD
50v 10% X7R
MONO. AX.

DESIGNATOR

VENDOR

RP6,17
RP9,11,20
RP8,16
RP21,22

c3,4,5,8,9,
10,11,12,13,
14,15,17,19,
20,21,22,23,
24,25,26,27,
28,29,30,31,
32,33,34,38,
39,40,41,42,
43,44,45,46,
47,48,49,50,
51,52,176,180
c6,7,18,56,
57,58,59
c70,75,76,78,
83,90,94,96,
98

C169,171

c65,69,95,77,111

Ccl63

Cl31

GENERIC

PART
NUMBER

8294247
8290032
8292310
8290010

X30122243

X30133244
8300475

8302104
8303224

8373474

8373484



ELECTRICAL BILL OF MATERIAL - TANDY 1000 TL

MAIN LOGIC ASSY.

TANDY 1000 TL

QTY. DESCRIPTION

50

24

o w

B = U e e ®

CAP 0.1 MFD 50V
+80/-20% zZ5U
MONO. AX.

CAP .33 MFD
50V +80/-20% 25U
MONO. AX.

.47 MFD 50V CD
RFI TBD

CAP
CAP

3.3 MFD
10 MFD
ELEC.RAD,

CAP
CAP
16v 20%
22 MFD
ELEC.RAD. 20%
47 MFD
ELEC.RAD. 20%
100 MFD

16V ELE.RAD.

EMI FILTER .022 UF
W/FER. BEAD

EMI CAP, .022

(NO BEAD)

FERRITE BEAD
FERRITE BEAD (801)

CAP
16v
CAP
16v
CAP

DESIGNATOR

VENDOR

c1,16,35,53,
62,66,72,73,
74,82,87,88,
89,91,93,97,
99,101,103,
107,108,109,
110,111,113,
114,116,117,
126,127,128,
129,130,140,
141,144,145,
154,155,157,
158,159,160,
161,165,166,
175,177,178,
179
c11s,119,120,
121,122,123,
124,125,132,
133,134,135,
136,137,138,
139,146,147,
148,149,150,
151,152,153
c64,182,183
c2,36,37,81,
92,100,102,
104,105,142,
143,164,112
c168,170,172
c60,61,63,68,
79,80,173,174,
181
c54,55,84,85,
86,115,156,162
c71

cl67
CFl,3,4,5,6
CF2

FB2-5,7-10
FB1,6,11,12

GENERIC

MURATA #DST310 55D-
MURATA #DS310 55D-2

FARRITE #2743002121
FARRITE #2643000801

PART
NUMBER

8374104

8374334

8384475

8335322
8326101
8326221
8326474
8327101
2235 8418013
8418014

8419013
8419098

23s



ELECTRICAL BILL OF MATERIAL - TANDY 1000 TL

MAIN LOGIC ASSY.

TANDY 1000 TL

QTY. DESCRIPTION

FUSE - 1 AMP

(CANADA ONLY)

2 DIODE 1N4148

2 REGULATOR 78L05

DESIGNATOR
F1

CR1,2
VR2,3

1 REGULATOR 79MOASCT VR1

[

-

DUAL OSC.
28.63636/32.514 MHZ
DUAL OSC.

24/16 MHZ

Ic
Ic
IcC
Ic
ic
Ic
Ic
Ic
Ic
IC
IC
IcC
IC
Ic
ic
ic
I1C
Ic
Ic
ic
Ic

= = bt N b b e et W s N (e et B e e

* CAN SUBSTITUTE LS FOR ALL HCT PARTS

CRYSTAL 32.768 KHZ

7416
74LS04
741832
741574
74LS244
74ALS244
74ALS245
74ALS573
74F08
74HCTOO*
74HCT14%*
74HCT32%
T4HCT244*
T4HCT27 3%
LM339
LM386
MC1458
MC1458S
MC1488
MC1489

Y3
Y2

¥l
ué

ule
v29
U26

us
U9,u25
U40
v27,30,43
u20
uls
uls
val
us3
u21,70
u7

U7l
u72
ulo

v2
v4,5

TANVID 2 100 PIN Ul9

QFP

VENDOR

MOTOROLA MC78L05
FAIRCHILD uA78L05
TEXAS INST. uA78L0S5C
MOTOROLA MC79M05CT
FAIRCHILD uA7905

TEXAS INST. uA79MO5CKC
DIAWA,MF

DIAWA,MF

GENERIC
L]

MOTOROLA
GENERIC

MOTOROLA
MOTOROLA
NCR

PART
NUMBER
8749045

8150148
8052805

8190005

8409076
8409075

8404033
8000016
8020004
8020032
8020074
8020244
8025244
8025245
8025573
8015008
8026000
8026014
8026032
8026244
8026273
8050339
8050386
8051458
8052458
8050188
8050189
X07900100



MAIN LOGIC TANDY 1000 TL SUB ASSY.

E

e e R e = L =

s

16

ol o T = T o S

DESCRIPTION

DESIGNATOR

CPU TANDY 1000 TL SUB ASSY. (REV. A)

JUMPER PLUG

IC 80286 8 MHZ CPU

C,E STEP

IC DATA BUFFER *

IC CPU CONTROLLER

(NT. BLUE)

IC DRAM/DMA CONTROLLER

IC PSSJ
IC KFIT
IC 8237A-5

IC 8272A FDC CONT.

IC FDC SUPPORT

IC DS1215 REAL TIME CLK
IC EEPROM 64 X 16 9346

IC 256K X 1 DRAM 150 NS

IC 64K X 4 DRAM 120 NS

IC 256K X 8

BIOS ROM EVEN 200NS (1)

IC 256K X 8

BIOS ROM ODD 200NS (1)

IC 256K X 8

BIOS ROM EVEN 200NS (1)

IC 256K X 8

BIOS ROM ODD 200NS (1)

IC 16K X 8

CHARA.GEN. ROM 200NS
IC PLS173 I/0 DECODE
IC PLS173 ROM CNTL.

*

E2-E3,E6-E7
U3l

U6l
ul7
u22
ull
Ul3
u28
u23
uls

u3
ul2

U45-52,62-69

U32-35

Us55
u57
u54
us6
U24

u42
U44

VENDOR

INTEL, AMD

MOTOROLA,
FUJITSU
VLSI, RCA

MOTOROLA, RCA
NCR

NCR

INTEL, AMD,
NEC

INTEL,
ROCKWELL,
ZILOG
MOTOROLA, NCR
DALLAS SEMI.
NATIONAL,
HYUNDAI,
AMI/GOULD
FUJITSU,
HITACHI,
NEC, TI,
SAMSUNG,
MICRON
FUJITSU,
HITACHI,
NEC, TI,
SAMSUNG,
SHARP,
MOTOROLA
SHARP

SHARP
HITACHI
HBITACHI
HITACHI,
SHARP, NEC

SIGNETICS
SIGNETICS

PART
NUMBER

8859022

8519098
8041286

8079022
8040810
8040142
8079021
8079019
8040237
8040272
8041401

8079023
8040346

8049008

8040464

8076323
8075323
8079025
8079026
8079027

8077173
8076173



ELECTRICAL BILL OF MATERIAL - PROJECT 878

TANDY 1000 TL

MAIN LOGIC ASSY.
PART
QTY. DESCRIPTION DESIGNATOR VENDOR NUMBER
*THE FOLLOWING PARTS MAY BE SUBSTITUTED IF NECESSARY:
1 IC UPD765 u23 NEC 8041765
8075205

1 IC 82A205 U6l CHIPS
DATA BUFFER



MAIN LOGIC TANDY 1000 TL SUB ASSY.

ATY. DESCRIPTION

JPTION KITS:
IC 80287-6 OR 8
4 IC 64K X 4 DRAM
150 OR 120NS

DESIGNATOR

U60
U36-39

PART
VENDOR ~ NUMBER
INTEL
FUJITSU, 8040464

HITACHI, NEC,
TI, SAMSUNG,
MICRON,
SHARP,
MOTOROLA



e | L3
A RELEASED FOR PRODUCTION 08~-18-88
A1 CHANGE PER TCO ¢ 13671 08-24-00

[

14, 8/4 MHZ
CNTL
SA0-SA19

8 BIT 1/0

OPTIONAL
! JOYSTICKS
]

SDO-S07_I™ oe0
SAO-SA19 | cnTiR
ONTL | TANDY
14miz | VIDEO
11
28_6m2
32 5miZ
oK
JovsTICK |
oNTL
Spo-sp7 | PAR.
PRINTER
sao.sa1 ] "
CNTL
20wz | pgg,
1AL
SOUND
AUDIO
WX,
Rs-232
oNTL
S00-507

sa0.5A1 | JNT.

OPTIONAL
PRINTER

OPTIONAL
HEADPHONE JACK

) ) SPEAKER

BoooooooaD[ 0o0d
Doono: oo
o coopoonoonuaceD ooag

S| 1ren
142

KYBD.

L08IC

KFIT

soson |

P

FIYRETEY et

CNTL ) cntLR
1642

L) REAL

SA1, SA3 TIME

7
80286
00-D15
|__16/8 w2z MICRO- | AO-A23
PROCESSOR [ couenty w
4
1 80287 ! 824205
| 00-D15 ) D0-D15 ML_____J
16/8 Wiz | OPTIONAL | CPUCNTL e
i/ w2 OPTIN [ A BUFFERS .w__._\
| co-pRoc. _CNTL Cony.
i LosIC
! |
©PU CNTL
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SYSTEM
\ cuxs | contRoL | A0. AL, A20
P o CPUCHTL
24mi2 [T I eepe—
e XDO-XD7
oK NIGHT BLUE
reser |
SHTTCH
A17-23 /
DRAM/DMA | MAC-MAB MAO-MAB
mz“;w RASO-AAS2 RASO-RAS2 50
40K
16/8
sowz | OO A ROMCS vt M00-4015
CONTROL | XD0-XC? ARRAY
SA0-SA16
CNTL
8237 XD0-X07 RONCS
\__4/ami2 | WR SAQ-SA7 SA1-SA1S BI0S MOO-MD1S —
eNTL ROM
CNTL ‘—Wm
\ s

8 BIT 1/0

EXPANSION BUS

OPTTONAL

720K

FLOPPY

DISK

DRIVE
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‘ 80286
High Performance Microprocessor
with Memory Management and Protection
(80286-12, 80286-10, 80286-8)
@ High Performance Processor (Up to six & Two 8086 Upward Compatible

times 8086) Operating Modes: .
— 8086 Real Address Mode :
@ Large Address Space:
— 16 Megabytes Physical » — Protected Virtual Addres; Mode
. —1 Gigabyte Virtual per Task : m Range of Clock Rates
@ Integrated Memory Management, Four- - :g‘;m“: f°£§:8268§'012
Level Memory Protection and Support e MH zf °"80826 A
for Virtual Memory and Operating - 6 MHz f°" 802 86.6
Systems - z tor -
_ m High Bandwidth Bus Interface u gggﬂ;’_e System Development |
(12.5 Megabyte/Sec) — Development Software: Assembler,
m Industry Standard O.S. Support: PL/M, Pascal, FORTRAN, and System
- iRMX@" Utilities
- 65&" ~ In-Circuit-Emulator (ICET™-286)
— MS-DOS* m Available In 68 Pin Ceramic LCC
. (Leadless Chip Carrier), PGA (Pin Grid
m Optional Processor Extension: Array), and PLCC (Plastic Leaded Chip
— 80287 High Performance 80-bit Carrier) Packages
Numeric Data Processor {Ses Packaging Spec., Order #231369)

The 80286 is an advanced, high-performance microprocessor with specially optimized capabilities for multiple
user and multi-tasking systems. The 80286 has built-in memory protection that supports operating system and
task isolation as well as program and data privacy within tasks. A 12 MHz 80286 provides six times or more
throughput than the standard 5 MHz 8086. The 80286 includes memory management capabilities that map 230
(one gigabyte) of virtual address space per task into 224 bytes (16 megabytes) of physical memory. )
The 80286 is upward compatible with 8086 and 88 software. Using 8086 real address mode, the 80286 is
object code compatible with existing 8086, 88 software. In protected virtual address mode, the 80286 is source
code compatible with 8086, 88 software and may require upgrading to use virtual addresses supported by the
80286's integrated memory management and protection mechanism. Both modes operate at full 80286 per-
formance and execute a superset of the 8086 and 88 instructions.

The 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
1s state, and start execution of the new task. The 80286 also supports virtual memory systems by providing a
Segment-not-present exception and restartable instructions.

*XENIX and MS-DOS are trademarks of Microsoft Corp.
*UNIX is a trademark of Bell Labs or AT&T
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Plastic Leaded Chip Carrier

Component Pad Views—As viewed from underside of
component when mounted on the board.

car 187, C
ERROR [ 7 1m
LU R )
cix .C. L i T
§ Vee 3 wne 2 o1 vee
1 RESET INTR NtR |3 T ] reser
8 Ay 3 we [ 3 (1%
8 3 C]
8 i 3 3
@ PEREQ PEREO | .
5 vee [ o ::
© READY L T
2 HOLD woiD [ 3 ]
- oA moa F2 ]
CooNY [ 7]
WIS [ ]
Ay . 3 i K Ay
r"vrwr'n'vwanr\r\rlrﬂr‘r\r‘lr'\r
X 12 17 v U . L ')
2 1 E h::E PIN NO. T MARK Eggaaﬁ“>; 3
< < < <
- NOTE: : : : 210253-2
N.C. signals must not be connected -
“ O~ 6 men Ve N~ O
f88553838355 5535553588
g
8588383'&E ‘5'58838568
( 600006066 ) [ ve0cco006 )
0w NIBCERRLG @O D 6| WROR ap U MR |88 0 4o
. A2 MO8 8 & ne.  BUSY BUsY ne |96 8&| s a2
Evee ak|@® & mr Ne. Ne. NR |G O OB ax v
S AIReSCI B @ &S] ma Ne Ne. N[O & € 8| ReseT a3
B mleoo © @] Pereo vgq vss PEREC 1@ © D] ae s
Eno ala@ @ @| RTY v, Yoo FODY |© @ (X 2] WYY
.a sl @ & Hoa wowp HOLD HLDA |60 & BR| a8 as
Al A0 |B® O @ @] u/B coo/iNTa cov/iNTA u/6 |@ B a0 an
M3 a2 |0REOROOOOD @) Ne X oK ne. e%@@)@@@@@@@ a2 a3
| PGRO®OGE @@@@@@@@J
T TIN PINNO.IMAM(/ T EEEEEE
::::::’5‘":' . z Q<(‘<<<
. o
I338.88B 4 HELE RIS ERE 210253-3

PIN NO.1 MARK

P.C. Board Views—As viewed from the component ]
side of the P.C. board.

[¢] 2 |ELE
] S =
< -«

210253-50
d6d88s8ads5d8s58s5a88¥f

LB | B S 4 L B M 2 Lot L S Bt R
Lol JLJLJLitatolocdbatabdiatdniny

Figure 2. 80286 Pin Configuration
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The following pin function descriptions are for the 80286 microprocessor:

Table 1. Pin Description

Symbol

Type

Name and Function

CLK

SYSTEM CLOCK provides the fundamental timing for 80286 systems. It is divided by two
inside the 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-Do

/0

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

Az3-Ag

ADDRESS BUS outputs physical memory and i/0 port addresses. A0 is LOW when data is
to be transferred on pins D7_g. Ap3~A1g are LOW during 1/0 transfers. The address bus is
active HIGH and floats to 3-state OFF during bus hold acknowledge.

BHE

BUS HIGH ENABLE indicates transfer of data on the upper byte of the data bus. Dq5_g.
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

alue A0 Value Function

1 Byte transfer on upper half of data bus (D15-Dg)
0 Byte transfer on lower half of data bus (D7..g)
1 1 Will never occur

\ .

0 0 Word transfer
0

1

BUS CYCLE STATUS indicates initiation of a bus cycle and, along with M/10 and COD/
INTA, defines the type of bus cycle. The bus is in a T state whenever one or both are LOW,
§1 and 50 are active LOW and float to 3-state OFF during bus hold acknowledge.

80286 Bus Cycle Status Definition

l

0 53 Bus Cycle Initiated

N
174
Ol

COD/INTA M

Interrupt acknowledge
Will not occur

Will not occur

None; not a status cycle
IF A1 = 1 then halt; else shutdown
Memory data read
Memory data write
None; not a status cycle
Will not occur

1/0 read

170 write

None; not a status cycle
Will not occur

Memory instruction read
Will not occur

None; not a status cycle

0 (LOW)

(HIGH)

A e Ed LA M O0000000
4 A d L0000 LA 240000
—‘-‘00—*-‘00--00_;_.00
2O O04 0404040 =-0=0O

M/i0

MEMORY 1/0 SELECT distinguishes memory access from I/0 access. If HIGH during T, a
memory cycle or a halt/shutdown cycle is in progress. If LOW, an 1/0 cycle or an interrupt
acknowledge cycle is in progress. M/IO 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 acknowiedge cycles from I/0 cycles. COD/
INTA floats to 3-state OFF during bus hold acknowledge. lts timing is the same as M/10.

LOCK

BUS LOCK indicates that other system bus masters are not to gain control of the system
bus for the current and the following bus cycle. The LOCK signal may be activated explicitly
by the “LOCK" instruction prefix or automatically by 80286 hardware during memory XCHG
instructions, 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.




Table 1. Pin Description (Continued)

Symbol

Type

Name and Function

HOLD
HLDA

BUS HOLD REQUEST AND HOLD ACKNOWLEDRGE conirol ownership of
the 80286 local bus, The HOLD input allows another local bus master to
request control of the local bus. When control is granted, the 80286 will float
its bus drivers to 3-state OFF and then activate HLDA, thus entering the bus
hotd acknowledge condition. The local bus will remain granted to the
requesting master until HOLD becomes inactive which results in the 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 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 80286 responds to an interrupt request, it performs two interrupt
acknowledge bus cycles to read an 8-bit interrupt vector that identifies 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.

NMI

NON-MASKABLE INTERRUPT REQUEST interrupts the 80286 with an
internally supplied vector value of 2. No interrupt acknowledge cycles are
performed. The interrupt enable bit in the 80286 flag word does not affect this
input. The NMl 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.

- PEREQ

' PEACK

PROCESSOR EXTENSION OPERAND REQUEST AND ACKNOWLEDGE
extend the memory management and protection capabilities of the 80286 to
processor extensions. The PEREQ input requests the 80286 to perform a
data operand transfer for a processor extension. The PEACK output signals
the processor extension when the requested operand is being transferred.
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.

BUSY
ERROR

PROCESSOR EXTENSION BUSY AND ERROR indicate the operating
condition of a processor extension to the 80286. An active BUSY input stops
80286 program execution on WAIT and some ESC instructions until BUSY
becomes inactive (HIGH). The 80286 may be interrupted while waiting for
BUSY to become inactive. An active ERROR input causes the 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. These inputs have internal pull-up resistors.




Table 1. Pin Description (Continued)

Symbol Type Name and Function

RESET | SYSTEM RESET clears the internal logic of the 80286 and is active HIGH.

_ The 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 80286 enter the state shown below:

80286 Pin State During Reset

Pin Value . Pin Names
1 (HIGH) 80, 51, PEACK, A23-A0, BHE, LOCK
0 (LOW) M/10, COD/INTA, HLDA (Note 1)
3-state OFF Dy5-Dg

Operation of the 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 38 CLK cycles from the trailing edge of RESET are
required by the 80286 for internal initialization before the first bus cycle, to
fetch code from the power-on execution address, occurs.

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 transition 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.

- SYSTEM POWER: + 5 Volt Power Supply.

CAP [ SUBSTRATE FILTER CAPACITOR: a 0.047 uF 1 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 ieakage current of 1 pA
is allowed through the capacitor.
For correct operation of the 80286, the substrate bias generator must charge
this capacitor to its operating voltage. The capacitor chargeup time is 5
milliseconds (max.) after Vo 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 80286 processor clock can be
synchronized to another clock by pulsing RESET LOW synchronous to the
system clock.

NOTE:
1. HLDA is only Low if HOLD is inactive (Low).
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BULBL

FUNCTIONAL DESCRIPTION

Introduction

The 80286 is an advanced, high-performance micro-
processor with specially optimized capabilities for
multiple user and multi-tasking systems. Depending
on the application, a 12 MHz 80286's performance
is up to six times faster than the standard 5 MHz
8086’s, while providing complete upward software
compatibility with Intel’s 8086, 88, and 186 family of
CPU's.

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

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

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

80286 BASE AﬁCHITECTURE

The 8086, 88, 186, and 286 CPU family all contain
the same basic set of registers, instructions, and

addressing modes. The 80286 processor is upward
compatible with the 8086, 8088, and 80186 CPU’s.

Register Set

The 80286 base architecture has fifteen registers as
shown in Figure 3. These registers are grouped into
the following four categories:

General Registers: Eight 16-bit general purpose
registers used to contain arithmetic and logical oper-
ands. 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 Organi-
zation.)

Base and Index Registers: Four of the general pur-
pose 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
determines the specific registers used for operand
address calculations.

Status and Control Registers: The 3 16-bit special
purpose registers in figure 3A record or control cer-
tain aspects of the 80286 processor state including
the Instruction Pointer, which contains the offset ad-
dress of the next sequential instruction to be execut-
ed.

16-8IT SPECIAL
REGISTER REGISTER
NAME FUNCTIONS
7 07 0
BYTE AX{ A AL MULTIPLY/DIVIDE
ADDR LE 1/0 INSTRUCTIONS
©-a ox[ oM oL
REGISTER
NAMES } .
SHOWR) x| oH c LOOP/SHIFT/REPEAT/COUN
Bx| eH BL
. BASE REGISTERS
P
si
INDEX REGISTERS
oi
sp } STACK POINTER
15 o
GENERAL
REGISTERS

15 0
cs CODE SEGMENT SELECTOR
ps DATA SEGMENT SELECTOR
ss STACK SEGMENT SELECTOR
ES EXTRA SEGMENT SELECTOR

SEGMENT REGISTERS

15 0

F . STATUS WORD
P INSTRUCTION POINTER
STATUS AND CONTROL

REGISTERS

Figure 3. Register Set
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STATUS FLAGS:

I |

BN\ I B I I I e I I\ A AN I

CONTROL FLAGS:
TRAP FLAG
WNTERRUPY ENABLE
DIRECTION FLAG

AWY e neseaven

TASK SWITCH

EMULATED

sy 210253-4

Figure 3a. Status and Control Register Bit Functions

Flags Word Description

The Flags word (Flags) records specific characteris-
tics of the result of logical and arithmetic instructions
(bits 0, 2, 4, 6, 7, and 11) and controls the operation
of the 80286 within a given operating mode (bits 8

and 9). Flags is a 16-bit register. The function of the

flag bits is given in Table 2.

Instruction Set

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

An 80286 instruction can reference zero, one, or two
operands; where an operand resides in a register, in
the instruction itself, or in memory. Zero-operand in-
structions (e.g. NOP and HLT) are usually one byte
long. One-operand instructions (e.g. INC and DEC)
are usually two bytes long but some are encoded in
only one byte. One-operand instructions may refer-
ence a register or memory location. Two-operand
instructions permit the following six types of instruc-
tion operations:

—Register to Register
—Memory to Register
—Immediate to Register
—Memory to Memory
—Register to Memory
—Immediate to Memory

Table 2. Flags Word Bit Functions

Bit

Position Name Function

0 CF | Carry Flag—Set on high-order bit

carry or borrow; cleared otherwise

2 PF Parity Flag—Set if low-order 8 bits
of result contain an even number of

1-bits; cleared otherwise

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

otherwise

6 ZF | Zero Flag—Set if result is zero;

cleared otherwise

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

Overflow Flag—Set if result is a too-
large positive number or a too-small -
negative number (excluding sign-bit)
to fit in destination operand; cleared
otherwise

11 OF

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.

Direction Flag—Causes string
instructions to auto decrement
the appropriate index registers
when set. Clearing DF causes -
auto increment.
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Two-operand instructions (e.g. MOV and ADD) are
usually three to six bytes long. Memory to memory
operations are provided by a special class of string
instructions requiring one to three bytes. For de-
tailed instruction formats and encodings refer to the
_ instruction set summary at the end of this document.

For detailed operation and usage of each instruc-
tion, see Appendix of 80286 Programmer’'s Refer-
ence Manual (Order No. 210498)

GENERAL PURPOSE
MOV Move byte or word
PUSH Push word onto stack
POP Pop word off stack
PUSHA Push all registers on stack
POPA Pop all registers from stack
XCHG Exchange byte or word
XLAT Translate byte
INPUT/OUTPUT
IN Input byte or word
ouT Output byte or word
ADDRESS OBJECT
LEA Load effective address
LDS Load pointer using DS
LES . Load pointer using ES
FLAG TRANSFER
LAHF Load AH register from flags
SAHF Store AH register in flags
PUSHF Push flags onto stack
POPF Pop flags off stack

Figure 4a. Data Transfer Instructions

MOVS Move byte or word string
INS Input bytes or word string
QuUTS Output bytes or word string
- CMPS Compare byte or word string
SCAS Scan byte or word string
LODS : Load byte or word string
STOS Store byte or word string
REP Repeat
REPE/REPZ Repeat while equal/zero
REPNE/REPNZ Repeat while not equal/not zero

Figure 4c. String Instructions

ADDITION
ADD Add byte or word
ADC Add byte or word with carry
INC Increment byte or word by 1
AAA ASCIl adjust for addition
DAA Decimal adjust for addition
SUBTRACTION
sSuB Subtract byte or word
SBB Subtract byte or word with borrow
DEC Decrement byte or word by 1
NEG Negate byte or word
CMP. Compare byte or word
AAS ASCII adjust for subtraction
DAS Decimal adjust for subtraction
MULTIPLICATION
MUL Multipte byte or word unsigned
IMUL integer multiply byte or word
AAM ASCII adjust for multiply
DIVISION
DIV Divide byte or word unsigned
DIV Integer divide byte or word
AAD ASCII adjust for division
CBW Convert byte to word
CWD Convert word to doubleword

Figure 4b. Arithmetic Instructions

LOGICALS
NOT “Not"" byte or word
AND “And” byte or word
OR “Inclusive or" byte or word
XOR "Exclusive or" byte or word
TEST “Test” byte or word
SHIFTS
SHL/SAL Shift logical/arithmetic left byte or word
SHR Shift logical right byte or word
SAR Shift arithmetic right byte or word
ROTATES
ROL Rotate left byte or word
ROR Rotate right byte or word
RCL Rotate through carry left byte or word
RCR Rotate through carry right byte or word

Figure 4d. Shift/Rotate Logical Instructions




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 JMP 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/JINZ 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 overfiow IRET Interrupt return
JP/JPE Jump if parity/parity even
JS Jump if sign
Figure 4e. Program Transfer Instructions
FLAG OPERATIONS Memory Organization
2{2 iz;zzr:i‘gag Memory is organized as .sets qf variable [ength seg-
ments. Each segment is a linear contiguous se-
CMC Complement carry flag quence of up to 64K (216) 8-bit bytes. Memory is
STD Set direction flag addressed using a two component address (a point-
ab Oar diection lag o bl offseh The sogment selector indicates the do.
STl Setinterrupt enable flag ;irec; s%gn’?eht in r?ligmory. The ‘c:Jffse"t1 c'granponent in-
Clear interrupt enable flag dicates the desired byte address within the segment.

CLI

EXTERNAL SYNCHRONIZATION

HLT Halt until interrupt or reset

WAIT Wait for BUSY not active

ESC Escape to extension processor

LOCK Lock bus during next instruction
NO OPERATION

NOP L No operation .

EXECUTION ENVIRONMENT CONTROL

LMSW Load machine status word

SMSW Store machine status word

Figure 41. Processor Control Instructions
ENTER Format stack for procedure entry
LEAVE Restore stack for procedure exit
BOUND Detects values outside prescribed range

Figure 4g. High Level Instructions
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Figure 5. Two Component Address
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Table 3. Segment Register Selection Rules

Memory Segment Register Implicit Segment
Reference Needed Used Selection Rule

Instructions Code (CS) Automatic with instruction prefetch

Stack Stack (SS) Al stack pushes and pops. Any memory reference which uses BP
as a base register.

Local Data Data (DS) All data references except when relative to stack or
string destination

External (Global) Data Extra (ES) Alternate data segment 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 selec-
tors are usually stored in the high speed segment
registers. An instruction need specify only the de-
sired segment register and an offset in order to ad-
dress a memory operand.

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

Special segment override instruction prefixes allow
the implicit segment register selection rules to be
overridden for special cases. The stack, data, and
extra segments may coincide for simple programs.
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 80286 provides a total of eight addressing
modes for instructions to specify operands. Two ad-

dressing modes are provided for instructions that

operate on register or immediate operands:

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

immediate Operand Mode: The operand is in-
cluded in the instruction.

Six modes are provided to specify the location of an
operand in a memory segment. A memory operand
address consists of two 16-bit components: seg-
ment selector and offset. The segment selector is
supplied by a segment register either implicitly cho-
sen 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:

the displacement (an 8 or 16-bit immediate val-
ue contained in the instruction)

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

===
] [}
cooe
MODULE A
baTA
! }
] 1
cooe cry
MOOULE B
0ATA l-—-- cooe
) i 1 DATA
' '
STACK
PROCESS
STACK EXTRA
SEGMENT
REGISTERS
] [}
' '
PROCESS
DATA
BLOCK 1
! ]
! 1
PROCESS
DATA
BLocK 2
L} t
| PR |
MEMORY 210253-6

Figure 6. Segmented Memory Helps -
Structure Software

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

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

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

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

Register indlrect 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).



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 op-
erand’s offset is the sum of a base register's con-
tents, an index register’'s contents, and an 8 or 16-bit
displacement. )

Data Types

The 80286 directly supports the following data
types:
Integer: A signed binary numeric value con-
tained 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 Numeric Data Processor,
the 80287.

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

A 32-bit quantity, composed of a
segment selector component and an
offset component. Each component
is a 16-bit word.

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

A byte representation of alphanu-
meric and control characters using
the ASCIi standard of character rep-
resentation.

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

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 num-
ber representation. (Floating point
operands are supported using the
80287 Numeric Processor).

Ordinal:

Pointer:

String:

ASCIl:

BCD:

Packed BCD:

Floating Point:

Figure 7 graphically represents the data types sup-
ported by the 80286.

1/0 Space

The I/0 space consists of 64K 8-bit or 32K 16-bit
ports. /0 instructions address the I/O space with

either an 8-bit port address, specified in the instruc-
tion, or a 16-bit port address in the DX register. 8-bit
port addresses are zero extended such that A{5~Ag

- are LOW. I/O port addresses OOF8(H) through
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00FF(H) are reserved.

7 0

SIGNED

BYTE
SIGNBITIL_____ 1
MAGNITUDE

7 0
UNSIGNED
BYTE
L msB
MAGNITUDE

. sutl g9 0 o
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WORD
SIGN BIT - | L-MSB

MAGNITUDE
sionep 1 *3 +2 g5 Y [
DOUBLE
WORD*
SIGN BIT- | L MS8 N
WMAGNITUDE
+7 +6 +§ +4 +3 +2 +1 ]
SIGNED 48 47 323 1815 °
QUAD
ST T 1 11 11
SIGN BIT 4= MSB —
MAGNITUDE
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Blwv’ N 7 Y1 97 0 o
IMA
OE ey, _BCD BCD . BCD
DIGIT N . DIGIT 1 DIGIT 0
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y *N y t1 o7 0 o
PACKED
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STRING LA
BYTE'WORDN BYTE'WORD 1 BYTE WORD 0
an *3 +2 gy 1 0 o
POINTER
}
SELECTOR OFFSET
7949 +8 4T 48 4S5 44«3 +2 +1 0,
FLOATING
sone | 1 1 T T T T T T 11
SIGN BIT | | - -
EXPONENT MAGNITUDE

210253-7
*Supported by 80287 Numeric Data Processor

Figure 7. 80286 Supported Data Types
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Table 4. Interrupt Vector Assignments
Function interrupt | Related | L o
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
Intel reserved-do not use A 8-15
Processor extension error interrupt 16 ESC or WAIT
Intel reserved—do not use 17-31
User defined 32-255
Interrupts setting the iqterrqpt flag bit (IF) in the flag worq. All
224 user-defined interrupt sources can share this in-

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

A table containing up to 256 pointers defines the
proper interrupt service routine for each interrupt. In-
terrupts 0-31, some of which are used for instruc-
tion exceptions, are reserved. For each interrupt, an
8-bit vector must be supplied to the 80286 which
identifies the appropriate 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 inter-
rupts supply the 8-bit vector to the CPU during an
interrupt acknowledge bus sequence. Non-maska-
ble hardware interrupts use a predefined internally
supplied vector.

MASKABLE INTERRUPT (INTR)

The 80286 provides a maskable hardware interrupt
request pin, INTR. Software enables this input by
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put, yet they can retain separate interrupt handlers.
An 8-bit vector read by the CPU during the interrupt
acknowledge sequence (discussed in System Inter-
face section) identifies the source of the interrupt.

Further maskable interrupts are disabled while serv-
icing an interrupt by resetting the IF bit as part of the
response to an interrupt or exception. The saved
flag word will reflect the enable status of the proces-
sor prior to the interrupt. Until the flag word is re-
stored to the flag register, the interrupt flag will be
zero unless specifically set. The interrupt return in-
struction 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 provid-
ed. NMI has higher priority than INTR. 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.

While executing the NMI servicing procedure, the
80286 will service neither further NMI requests,
INTR requests, nor the processor extension seg-
ment overrun interrupt until an interrupt return (IRET)
instruction is executed or the CPU is reset. If NM|
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 interrupts.



SINGLE STEP INTERRUPT

The 80286 has an internal interrupt that aliows pro-
grams to execute one instruction at a time. It is
called the single step interrupt and is controiled 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 instruction has been executed.
The interrupt clears the TF bit and uses an internally
supplied vector of 1. The IRET instruction is used to
set the TF bit and transfer control to the next instruc-
tion to be single stepped.

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 in-
struction of the interrupt handler. If other interrupts
remain enabled they are processed before the first
instruction of the current interrupt handler is execut-
“ed. The last interrupt processed is therefore the first
one serviced.

Table 5. Interrupt Processing Order

Table 6. 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)

HOLD must not be active during the time from the
leading edge of RESET to 34 CLKs after the trailing
edge of RESET.

Machine Status Word Description
The machine status word (MSW) records when a

“task switch takes place and controls the operating

mode of the 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, control the processor extension interface.
After RESET, this register contains FFFO(H) which
places the 80286 in 8086 rea!l address mode.

Table 7. MSW Bit Functions

Bit
Position

0 PE

Name Function

Protected mode enable places the
80286 into protected mode and cannot
be cleared except by RESET.

Order Interrupt
1 Instruction exception
2 Single step
3 NMI
4 Processor extension segment overrun
5 INTR
6 INT instruction

Initialization and Processor Reset

Processor initialization or start up is accomplished
by driving the RESET input pin HIGH. RESET forces
the 80286 to terminate all execution and local bus
activity. No instruction or bus activity will occur as
long as RESET is active. After RESET becomes in-
active and an internal processing interval elapses,
the 80286 begins execution in real address mode
with the instruction at physical location FFFFFO(H).
RESET also sets some registers to predefined val-
ues as shown in Table 6.

1 MP | Monitor processor extension allows
WAIT instructions fo cause a processor
extension not present exception

(number 7). -

Emulate processor extension causes a
processor extension not present ‘
exception (number 7) on ESC
instructions to allow emulating a
processor extension.

Task switched indicates the next
instruction using a processor extension
will cause exception 7, allowing software
to test whether the current processor
extension context belongs to the current
task.

The LMSW and SMSW instructions can load and
store the MSW in real address mode. The recom-
mended use of TS, EM, and MP is shown in Table 8.

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. 80286 operation is identical to 8086, 88. None
0 0 1 No processor extension is available. Software will emulate its function. s ESC
1 0 1 No processor extension is available. Software will emulate its function. The current ESC
processor extension context may belong to another task.
o] 1 0 A processor extension exists. None
1 1 0 A processor extension exists. The current processor extension context may belongto | ESCor
another task. The Exception 7 on WAIT allows software to test for an error pending WAIT
from a previous processor extension operation.




Halt

The HLT instruction stops program execution and
prevents the CPU from using the local bus until re-
started. Either NMI, INTR with IF = 1, or RESET will
force the 80286 out of halt. if interrupted, the saved
CS:IP will point to the next instruction after the HLT.

8086 REAL ADDRESS MODE

The 80286 executes a fully upward-compatible su-
perset of the 8086 instruction set in real address
mode. In real address mode the 80286 is object
code compatible with 8086 and 8088 software. The
real address mode architecture (registers and ad-
dressing modes) is exactly as described in the
80286 Base Architecture section of this Functional
Description.

Memory Size

Physical memory is a contiguous array of up to
1,048,576 bytes (one megabyte) addressed by pins
Ag through A1g and BHE. Agq through A3 should be
ignored.

Memory Addressing

In real address mode physical memory is a contigu-
ous array of up to 1,048,576 bytes (one megabyte)
addressed by pins Ag through Ajg and BHE. Ad-
dress bits Apg~Az3 may not always be zero in real
mode. App-Ag3 should not be used by the system
while the 80286 is operating in Real Mode.

The selector portion of a pointer is interpreted as the
upper 16 bits of a 20-bit segment address. The lower
four bits of the 20-bit segment address are always
zero. Segment addresses, therefore, begin on multi-
ples of 16 bytes. See Figure 8 for a graphic repre-
sentation of address information.

All segments in real address mode are 64K bytes in
size and may be read, written, or executed. An ex-
ception or interrupt can occur if data operands or
instructions attempt to wrap around the end of a
segment (e.g. a word with its low order byte at offset
FFFF(H) and its high order byte at offset 0000(H). If,
in real address mode, the information contained in a

segment does not use the full 64K bytes, the unused -

end of the segment may be overlayed by another
segment to reduce physical memory requirements.

Reserved Memory Locations-

The 80286 reserves two fixed areas of memory in
real address mode (see Figure 9); system initializa-
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tion area and interrupt table area. Locations from
addresses FFFFO(H) through FFFFF(H) are re-
served for system initialization. Initial execution be-
gins at location FFFFO(H). Locations 00000(H)
through 003FF(H) are reserved for interrupt vectors.

15 [
OFFSET
0000 OFFSET ADDRESS
15 0
SEGMENT 00| SEGMENT
SELECTOR 0000} AppRESS
T )
20-BIT PHYSICAL
MEMORY ADDRESS
210253-8

Figure 8. 8086 Real Address Mode
Address Calculation

RESET BOOTSTRAP R
f ‘
| PROGRAM JUMP - FFFFOH
* : v
3FFH
INTERRUPT POINTER
FOR VECTOR 255
3FCH
A . ~
T : v
; ™
INTERRUPT POINTER
FOR VECTOR 1 aH
INTERRUPT POINTER 3H
FOR VECTOR 0
oM
 INITIAL CS:IP VALUE IS FOOO:FFFO.
210253-9

Figure 9. 8086 Real Address Mode Initially
Reserved Memory Locations




Table 9. Real Address Mode Addressing Interrupts

Interrupt Related Return Address
Function Number 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 extend- No
interrupt ing beyond offset FFFF(H)

Segment overrun exception 13 Word memory reference with offset " Yes

= FFFF(H) or an attempt to exe-

cute past the end of a segment

Interrupts

Table 9 shows the interrupt vectors reserved for ex-
ceptions and interrupts which indicate an addressing
error. The exceptions leave the CPU in the state ex-
isting before attempting to execute the failing in-
struction (except for PUSH, POP, PUSHA, or POPA).
Refer to the next section on protected mode initiali-
zation for a discussion on exception 8.

Protected Mode Initialization

To prepare the 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 interrupt vector table in real address mode.
After reset, the interrupt table base is initialized to
000000(H) and its size set to 03FF(H). These values
are compatible with 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. Shutdown and halt are externally signalled via
a halt bus operation. They can be distinguished by
A¢ HIGH for halt and A3 LOW for shutdown. In real
address mode, shutdown can occur under two con-
ditions: .

e Exceptions 8 or 13 happen and the IDT limit does

not include the interrupt vector.

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

-PROTECTED VIRTUAL ADDRESS

An NMI input can bring the CPU out of shutdown if

the IDT limit is at least 000F(H) and SP is greater
than 0005(H), otherwise shutdown can only be exit-
‘ed via the RESET input.

MODE

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

The 80286 enters protected virtual address mode
from real address mode by setting the PE (Protec-
tion Enable) bit of the machine status word with the
Load Machine Status Word (LMSW) instruction. Pro-
tected mode offers extended physical and virtual
memory address space, memory protection mecha-
nisms, and new operations to support operating sys-
tems and virtual memory.

All registers, instructions, and addressing modes de-
scribed in the 80286 Base Architecture section of
this Functional Description remain the same. Pro-
grams for the 8086, 88, 186, and real address mode
80286 can be run in protected mode; however, em-
bedded constants for segment selectors are differ-
ent.

Memory Size

The protected mode 80286 provides a 1 gigabyte
virtual address space per task mapped into a 16
megabyte physical address space defined by the ad-
dress pin Ap3_Ag 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 re-
startable exception. .

Memory Addressing

As in real address mode, protected mode uses 32-
bit pointers, consisting of 16-bit selector and offset
components. The selector, however, specifies an in-
dex into a memory resident table rather than the up- :
per 16-bits of a real memory address. The 24-bit



base address of the desired segment is obtained
from the tables in memory. The 16-bit offset is add-
ad to the segment base address to form the physical

address as shown in Figure 10. The tables are auto-

matically referenced by the CPU whenever a seg-
ment register is loaded with a selector. All 80286
instructions which load a segment register will refer-
ence the memory based tables without additional
software. The memory based tables contain 8 byte
values called descriptors.

ey
PHYSICAL MEMORY
x A
MEMORY .
OPERAND SEGMENT
SEGMENT DESCRIPTOR
DESCRIPTOR TABLE
i )
X X
210253-10

Figure 10. Protected Mode Memory Addressing

Access Rights Byte Definition

DESCRIPTORS

Descriptors define the use of memory. Special types
of descriptors also define new functions for transfer
of control and task switching. The 80286 has seg-
ment descriptors for code, stack and data segments,
and system control descriptors for special system
data segments and control transfer operations. De-
scriptor accesses are performed as locked bus op-
erations to assure descriptor integrity in multi-proc-
essor systems.

CODE AND DATA SEGMENT DESCRIPTORS
Besides segment base addresses, code and data
descriptors contain other segment attributes includ-
ing 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 Figure 11). Any segment usage vio-
lating a segment attribute indicated by the segment
descriptor will prevent the memory cycle and cause
an exception or interrupt.

Code or Data Segment Descriptor

7 07

- T
+7 INTEL RESERVED® +6
ACCESS
RIGHTS BYTE +5 |P DPtlSJ TYPE l: BASE23-1e +4
i Ny
’ +3 BASE1so +2
!
+1 T UMITis 0
1
[ a7 °
210253-11

*Must be set to 0 for compatibility with 80386.

P ogt’t'i on Name Function
7 Present (P) P=1 Segment is mapped into physical memory. .
: P=0 No mapping to physical memory exits, base and limit are -
not used.
6-5 Descriptor Privilege Segment privilege attribute used in privilege tests.
Level (DPL)
4 Segment Descrip- S=1 Code or Data (includes stacks) segment descriptor
tor (S) S =0 - System Segment Descriptor or Gate Descriptor
3 Executable (E) E=0 Data segment descriptor type is: If
2 Expansion Direc- ED =0 Expand up segment, offsets must be < limit. Data
tion (ED) ED =1 Expand down segment, offsets must be > limit. Segment
1 Writeable (W) W =0 Data segment may not be written into. =1,
W =1  Data segment may be written into. E=0)
;?gg 3 Executable (E) E=1 Code Segment Descriptor typs is: If
Definition 2 Conforming (C) c=1 Code segment may only be executed Code
when CPL >DPL and CPL Segment
remains unchanged.
1 Readable (R) R =0 Code segment may not be read S =1,
- R=1 Code segment may be read. E=1)
0 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.

Figure 11. Code and Data Segment Descriptor Formats

3-16



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 descriptors (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 descriptor types
have three fields in common: present (P) bit, De-
scriptor 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 con-
trols when the descriptor 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 ac-
cessing 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 seg-
ments may not be written into. Data segments may
grow in two directions, as determined by the Expan-
sion Direction (ED) bit: upwards (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 Figure 11).

A code segment (S = 1, E = 1) may be execute-
only or execute/read as determined by the Read-
able (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 attri-
bute called conforming (C). A conforming code seg-
ment may be shared by programs 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 priv-

ilege 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 protected mode 80286 defines System Segment
Descriptors. These descriptors define special sys-
tem data segments which contain a table of descrip-
tors (Local Descriptor Table Descriptor) or segments
which contain the execution state of a task (Task
State Segment Descriptor).

Figure 12 gives the formats for the special system
data segment descriptors. The descriptors contain a
24-bit base address of the segment and a 16-bit lim-
it. 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.
Iif P = 0, the segment is not valid. The DPL field is
only used in Task State Segment descriptors and
indicates the privilege level at which the descrip-

tor may be used (see Privilege). Since the Local De-
scriptor Table descriptor may only be used by a spe-
cial privileged instruction, the DPL field is not used.
Bit 4 of the access byte is 0 to indicate that it is a
system control descriptor. The type field specifies
the descriptor type as indicated in Figure 12.

System Segment Descriptor
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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 0 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

Figure 12. System Segment Descriptor Format

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

Gates are used to control access to entry points
within the target code segment. The gate descrip-
tors are call gates, task gates, interrupt gates and
trap gates. Gates provide a level of indirection be-
tween the source and destination of the control
transfer. This indirection allows the CPU to automati-
cally 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 rou-
tines. The interrupt gate disables interrupts (resets
IF) while the trap gate does not.

Gate Descriptor
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Gate Descriptor Fields

Name Value Description
4 -Call Gate
T 5 ~Task Gate
TYPE 6 ~Interrupt Gate
7 ~-Trap Gate
P 0 ~Descriptor Contents are not
valid
1 —-Descriptor Contents are
valid
DPL 0-3 Descriptor Privilege Level
WORD Number of words to copy
COUNT 0-31 from callers stack to called
procedures stack. Only used
with call gate.
Selector to the target code
DESTINATION | 16-bit ?‘?2:32: é)oau. interrupt or
SELECTOR | selector Selector to the target task
state segment (Task Gate)
DESTINATION | 16-bit | Entry point within the target
OFFSET offset | code segment

_Figure 13. Gate Descriptor Format

Figure 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 descriptor. 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 segment. Since
task gates invoke a task switch, the destination off-
set is not used in the task gate.

Exception 13 is generated when the gate is used if a
destination selector does not refer to the correct de-
scriptor 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 de-
scriptors. P = 1 indicates that the gate contents are
valid. P = 0 indicates the contents are not valid and
causes exception 11 if referenced. DPL is the de-

scriptor privilege level and specifies when this de-
scriptor may be used by a task (refer to privilege
discussion below). Bit 4 must equal 0 to indicate a
system control descriptor. The type field specifies
the descriptor type as indicated in Figure 13.

SEGMENT DESCRIPTOR CACHE REGISTERS -

A segment descriptor cache register is assigned to
each of the four segment registers (CS, SS, DS, ES).
Segment . descriptors are automatically loaded
(cached) into a segment descriptor cache register
(Figure 14) whenever the associated segment regis-
ter is loaded with a selector. Only segment descrip-
tors may be loaded into segment descriptor cache
registers. Once loaded, all references to that seg-
ment of memory use the cached descriptor informa-
tion instead of reaccessing the descriptor. The de-
scriptor 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: descrip-
tor entry index, local or giobal descriptor table indi-
cator (T!), and selector privilege (RPL) as shown in
Figure 15. These fields select one of two memory
based tables of descriptors, select the appropriate
table entry and allow highspeed testing of the selec-
tor’s privilege attribute (refer to privilege discussion
below).

SELECTOR
I INDEX I}J RPL]
§ I T W T A T O 1
s 3270
BiTS NAME FUNCTION
1-0 | REQUESTED | INDICATES SELECTOR PRIVILEGE
. PRIVILEGE | LEVEL DESIRED
LEVEL
(RPL)
2 TABLE T = 0 USE GLOBAL DESCRIPTOR TABLE
INDICATOR (6om
m T = 1 USE LOCAL DESCRIPTOR TABLE
on
15-3 | INDEX SELECT DESCRIFTOR ENTRY IN TABLE

210253-15

Figure 15. Selector Fields

PROGRAM VISIBLE r __________ PR -BG_RA_I —W V-TSC:LE_ ————————— _l

! ACCESS !

SEGMENT SELECTORS : RIGHTS SEGMENT PHYSICAL BASE ADDRESS SEGMENT SIZE |

o ! !

13 | |

i I

ss ] I

ES | I

" : o “©» 16 15 :

SEGMENT REGISTERS ] SEGMENT DESCRIPTOR CACHE REGISTERS ]

{LOADED BY PROGRAM) L (AUTOMATICALLY LOADED BY CPU)

__________________________ Jd 210253-14

Figure 14. Descriptor Cache Registers
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LOCAL AND GLOBAL DESCRIPTOR TABLES

Two tables of descriptors, called descriptor tables,
contain all descriptors accessible by a task at any
given time. A descriptor table is a linear array of up
to 8192 descriptors. The upper 13 bits of the selec-
tor value are an index into a descriptor table. Each
table has a 24-bit base register to locate the descrip-
tor table in physical memory and a 16-bit limit regis-
ter that confine descriptor access to the defined lim-
its of the table as shown in Figure 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, called the Local Descriptor Table (LDT), con-
tains descriptors 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 can-
not be accessed by a task if its segment descriptor
does not exist in either descriptor table at the time of
access.

AL MEMORY A
A A

CcPU

GOT LMY

—_—

[——

[

LOT,

CURRENT
Lor

1

LDTn

PROGRAM INVISIBLE |
. (AUTOMATICALLY
LOADED

=
j

INCREASING

MEMORY

ADORESSES

210253-16

Figure 16. Local and Global
Descriptor Table Definition

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 exe-
cuted 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 Figure 17.
The LLDT instruction loads a selector which refers
to a Local Descriptor Table descriptor containing the

base address and limit for an LDT, as shown in Fig-
ure 12.
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Figure 17. Global Descriptor Table and Interrupt
Descriptor Table Data Type

INTERRUPT DESCRIPTOR TABLE

The protected mode 80286 has a third descriptor
table, called the Interrupt Descriptor Table (IDT)
(see Figure 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 Figure 17 and Pro-
tected Mode Initialization).

"~ MEMORY ~
GATE FOR
INTERRUPT #n
GATE FOR
INTERRUPT #n-1 .
. . INTERRUPT
. DESCRIPTOR
cPy . ! Tasie
(om)
hid ° GATE FOR
1T LT }_ INTERRUPT #1 ¢ a
GATE FOR a
INTERRUPT #0 3
IDT BASE 3
1™
= ° : £33
X ~
~ ~
21025318

Figure 18. Interrupt Descriptor Table Definition

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

Privilege

The 80286 has a four-level hierarchical privilege sys-
tem which controls the use of privileged instructions
and access to descriptors (and their associated seg-
ments) within a task. Four-level privilege, as shown
in Figure 19, is an extension of the user/supervisor
mode commonly found in minicomputers. The privi-
lege levels are numbered 0 through 3. Level 0 is the



NOTE: PL BECOMES NUMERICALLY LOWER AS PRIVILEGE LEVEL
INCREASES
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most privileged level. Privilege levels provide protec-
tion within a task. (Tasks are isolated by providing
private LDT's for each task.) Operating system rou-
tines, interrupt handlers, and other system software
can be included and protected within the virtual ad-
dress 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.

Tasks, descriptors, and selectors have a privilege
level attribute that determines whether the descrip-
tor may be used. Task privilege effects the use of
instructions and descriptors. Descriptor and selector
privitege 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 called the Current Privilege Level (CPL) and is de-
fined 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 con-
trol transfers through gate descriptors to a new code
segment (See Control Transfer). Tasks begin exe-
. cuting at the CPL value specified by the code seg-
ment selector within TSS when the task is initiated
via a task switch operation (See Figure 20). A task
executing at Level 0 can access all data segments
defined in the GDT and the task's LDT and is con-
sidered 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 descrip-
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tor. Descriptors with DPL = 0 are the most protect-
ed. Only tasks executing at privilege level 0
(CPL = 0) may access them. Descriptors with DPL
= 3 are the least protected (i.e. have the least re-
stricted access) since tasks can access them when
CPL = 0, 1, 2, or 3. This rule applies to all descrip-
tors, except LDT descriptors.

SELECTOR PRIVILEGE

Selector privilege is specified by the Requested Priv-
ilege 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 selector. 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 segments at
privilege Level 3 regardless of the task's CPL. RPL
is generally used to verify that pointer parameters
passed to a more trusted proceédure 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 seg-
ment involves the type of segment to be accessed,
the instruction 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 (selectors 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
segment descriptor. The CPL of the task and the
RPL of the selector must be the same as or more
privileged (numerically equal to or lower than) than
the descriptor DPL. In general, a task can only ac-
cess 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 fail (e.g. DPL is humericany
less than the maximum of CPL and RPL) or an incor-
rect type of descriptor is referenced (e.g. gate de-



scriptor or execute only code segment) exception 13
occurs. If the segment is not present, exception 11
is generated.

Instructions that load selectors into SS must refer to
data segment descriptors for writable data seg-
ments. The descriptor 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 exception 12.

CONTROL TRANSFER ‘
Four types of control transfer can occur when a se-

lector is loaded into CS by.a control transfer opera- -

tion (see Table 10). Each transfer type can only oc-
cur if the operation which loaded the selector refer-
ences 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 trans-
fer is also subject to rules of privilege. A CALL or
JUMP instruction may only reference a code seg-
ment descriptor with DPL equal to the task CPL or a
conforming segment with DPL of equal or greater
privilege than CPL. The RPL of the selector used to
reference the code descriptor 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 Seg-
ment descriptor, the descriptor DPL must be the
same or less privileged than the task’s CPL. Refer-

ence to a valid Task State Segment descriptor caus-
es a task switch (see Task Switch Operation). Refer-
ence to a Task State Segment descriptor at a more
privileged level than the task’s CPL generates ex-
ception 13.

When an instruction or interrupt references a gate
descriptor, the gate DPL must have the same or less
privilege than the task CPL. If DPL is at a more privi-
leged level than CPL, exeception 13 occurs. If the
destination selector contained in the gate: refer-
ences a code segment descriptor, the code seg-
ment descriptor DPL must be the same or more priv-
ileged than the task CPL. If not, Exception 13 is is-
sued. After the control transfer, the code segment
descriptors DPL is the task’s new CPL. If the desti-
nation selector in the gate references a task state
segment, a task switch is automatically performed
(see Task Switch Operation).

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 return control to a code segment at the
same or less privileged level.

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

Table 10. Descriptor Types Used for Control Transfer

Descriptor Descriptor
Control Transfer Types Operatlon Types Referenced Table
Intersegment within the same privilege level JMP, CALL, RET,IRET* | Code Segment | GDT/LDT
Intersegment to the same or higher privilege level interrupt | CALL Call Gate GDT/LOT
within task may change CPL. : Interrupt Instruction, Trap or DT
Exception, External Interrupt
Interrupt Gate
intersegrment 1o 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 0T
Interrupt
*NT (Nested Task bit of flag word) = 0
**NT (Nested Task bit of flag word) = 1
3-21



PRIVILEGE LEVEL CHANGES

Any control transfer that changes CPL within the
task, causes a change of stacks as part of the oper-
ation. Initial values of SS:SP for privilege levels 0O, 1,
and 2 are kept in the task state segment (refer to
Task Switch Operation). During a JMP or CALL con-
trol 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 instruc-
tion operation. For subroutine calls that pass param-
eters on the stack and cross privilege levels, a fixed
number of words, as specified in the gate, are cop-
ied from the previous stack to the current stack. The
inter-segment RET instruction with a stack adjust-
ment value will correctly restore the previous stack
pointer upon return.

Protection

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

Restricted usage of segments (e.g. no write al-
lowed to read-only data segments). The only seg-
ments available for use are defined by descrip-
tors 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 de-
termined by the CPL and 1/O Privilege Level
(IOPL). The IOPL is defined by bits 14 and 13 of
the flag word.

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 ex-
ception. 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 suffi-
cient 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.

Table 11
Segment Register Load Checks

. Exception
Errpr Description Number
Descriptor table limit exceeded 13
Segment descriptor not-present 11ori12
Privilege rules violated 13
Invalid descriptor/segment type seg-
ment register load:
—Read only data segment load to
SS
—Special Control descriptor load to
DS, ES, S8 13
—Execute only segment load to
DS, ES, 88
—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:
Carry out in offset calculations is ignored.

Table 13. Privileged Instruction Checks

Error Description Esz;p;z"
CPL # 0 when executing the followmg
instructions: 13
LIDT, LLDT, LGDT, LTR LMSW,
CTS, HLT
CPL > IOPL when executing the fol-
lowing instructions: 43
INS, IN, OUTS, OUT, STI, CL,
LOCK
EXCEPTIONS

The 80286 detects several types of exceptlons and
interrupts, in protected mode (see Table 14). Most
are restartable after the exceptional condition is re-
moved. Interrupt handlers for most exceptions can
read an error code, pushed on the stack after the
return address, that 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 overrun exception,
the return address will not point at the ESC instruc-
tion that caused the exception; however, the proces-
sor extension registers may contain the address of

- the failing instruction.
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Table 14. Protected Mode Exceptions

Return
Always Error -
-":;:;gft Function :td: ress Restart- Code
alling ble? Stack?

Instruction? able on Stac
8 Double exception detected Yes No2 Yes
9 Processor extension segment overrun No No2 No
10 - Invalid task state segment Yes Yes Yes
11 Segment not present Yes Yes Yes
12 Stack segment overrun or stack segment not present Yes Yest 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 exception
will not be restartable because stack segment wrap around i§ not permitted. This condition is identified by the value of the
saved SP being either 0000(H), 0001(H), FFFE(H), or FFFF(H).
2. These exceptions indicate a vuolatvon to privilege rules or usage rules has occurred. Restart is generally not attempted

under those conditions.

These exceptions indicate a violation to privilege
rules or usage rules has occurred. Restart is gener-
ally 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 ex-
ception. A not-present exception causes exception
11 or 12 and is restartable.

Special Operations

_TASK SWITCH OPERATION

The 80286 provides a built-in task switch operation
which saves the entire 80286 execution state (regis-
ters, address space, and a link to the previous task),
loads a new execution state, and commences exe-
cution 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 n instruction, exception, or ex-
ternal interrupt may also invoke the task switch op-
eration by selecting a task gate descriptor in the as-
sociated IDT descriptor entry.

The TSS descriptor points at a segment (see Figure
20) containing the entire 80286 execution state
while a 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
80286 called the Task Register (TR). This register
contains a selector referring to the task state seg-
ment descriptor that defines the current TSS. A hid-
den 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 instruc-
tion. If NT = 0, the IRET instruction performs the
regular current task by popping values off the stack;
when NT = 1, IRET performs a task switch opera-
tion back to the previous task.

When a CALL, JMP, or INT instruction initiates a
task switch, the old (except for case of JMP) 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 seg-
ment 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 con-

" text need only be changed when a different task at-

tempts to use the processor extension (which still
contains the context of a previous task). The 80286
detects the first use of a processor extension after a
task switch by causing the processor extension not

-present exception (7). The interrupt handler may
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then decide whether a context change is necessary.

Whenever the 80286 switches tasks, it sets the Task
Switched (TS) bit of the MSW. TS indicates that a
processor extension context may belong to a differ-
ent task than the current one. The processor exten-
sion not present exception (7) will occur when at-
tempting to execute an ESC or WAIT instruction if
TS=1 and a processor extension is present (MP=1
in MSW).



tions use the memory management hardware to ver-
ify that a selector value refers to an appropriate seg-
ment without risking an exception. A condition flag
(ZF) indicates whether use of the selector or seg-
ment will cause an exception.

POINTER TESTING INSTRUCTIONS

The 80286 provides several instructions to speed
pointer testing and consistency checks for maintain-
ing system integrity (see Table 15). These instruc-
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Figure 20. Task State Segment and TSS Registers
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Table 15. 80286 Pointer Test Instructions
Function

Instruction | Operands

ARPL Selector,

Register

Adjust Requested Privilege
Level: adjusts the RPL ot
the selector to the numeric
maximum of current selec-
tor RPL value and the RPL
value in the register. Set
zero flag if selector RPL
was changed by ARPL.

VERR VERIfy for Read: sets the
zero flag if the segment re-
ferred to by the selector

can be read.

Selector

VERW VERify for Write: sets the
zero flag if the segment re-
ferred to by the selector

can be written.

Selector

LSL Load Segment Limit: reads
the segment limit into the
register if privilege rules
and descriptor type allow.
Set zero flag if successiul.

Register, -
Selector

Load Access Rights: reads
the descriptor access
rights byte into the register
if privilege rules allow. Set

LAR Register,

Selector

zero flag if successful.

DOUBLE FAULT AND SHUTDOWN

If two separate exceptions are detected during a sin-
gle instruction execution, the 80286 performs the
double fault exception (8). If an execution occurs
during processing of the double fault exception, the
80286 will enter shutdown. During shutdown no fur-
ther instructions or exceptions are processed. Either
NMI (CPU remains in protected mode) or RESET
(CPU exits protected mode) can force the 80286 out
of shutdown. Shutdown is externally signalled via a
HALT bus operation with A; LOW.

PROTECTED MODE INITIALIZATION

The 80286 initially executes in real address mode
after RESET. To allow initialization code to be
placed at the top of physical memory, Ax3~Azq will
be HIGH when the 80286 performs memory refer-
ences relative to the CS register until CS is changed.
Az3-Agg Will be zero for references to the DS, ES, or
SS segments. Changing. CS in real address mode
will force Ap3—Azo LOW whenever CS is used again.
The initial CS:IP value of FOO0:FFFO provides 64K
bytes of code space for |nmahzat|on code wuthout
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 instruction to set PE, the 80286 must im-
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mediately execute an intra-segment JMP instruction
to clear the instruction queue of instructions decod-
ed in_real address mode.

To force the 80286 CPU registers to match the initial
protected mode state assumed by software, execute
a JMP instruction with a selector referring to the ini-
tial TSS used in the system. This will load the task
register, local descriptor table register, segment reg-
isters 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 80286 system interface appears in two forms: a
local bus and a system bus. The local bus consists
of address, data, status, and control signals at the
pins of the CPU. A system bus is any buffered ver-
sion 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 80286 family includes several devices to gener-
ate standard system buses such as the IEEE 796
standard MULTIBUS.

Bus Interface Signals and Timing

The 80286 microsystem local bus interfaces the
80286 to local memory and |/0 components. The
interface has 24 address lines, 16 data lines, and 8
status and control signals.

The 80286 CPU, 82C284 clock generator, 82288
bus controller, 82289 bus arbiter, tranceivers, and
latches provide a buffered and decoded system bus
interface. The 820284 generates the system clock
and synchronizes READY and RESET. The 82288
converts bus operation status encoded by the 80286
into command and bus control signals. The 82289
bus arbiter generates Multibus bus arbitration sig-
nals. These components can provide the timing and
electrical power drive levels required for most sys-
tem 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 mega-
byte can be addressed in real address mode. Memo-
ry 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 Dy_q while
odd bytes are transferred over Dys_g. Even-ad-
dressed words are transferred over Dq5_g in one
bus cycle, while odd-addressed word require two
bus operations. The first transfers data on Dqs5-g,
and the second transfers data on Dy_g. Both byte
data transfers occur automatically, transparent to
software.



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

The 1/0 address space contains 64K addresses in
both modes. The 1/0O space is accessibie 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-g) are accessed with

odd I/0 addresses. Devices on the lower data byte
are accessed with even I/0 addresses. An interrupt
controller such as Intel's 8258A must be connected
to the lower data byte (Dy_g) for proper return of the
interrupt vector.

Bus Operation

The 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 pro-
duce the internal processor clock, which determines
bus state. Each processor clock is composed of two.
system clock cycles named phase 1 and phase 2.
The 82C284 clock generator output (PCLK) identi-
fies the next phase of the processor clock. (See Fig-
ure 21.)

j¢——— ONE PROCESSOR CLOCK CYCLE-———]

ONE BUS T STATE —
PHASE 2
OF PROCESSOR ——~{
CLOCK CYCLE

HASE 1
}-t— OF PROCESSOR
CLOCK CYCLE

cK

ONE SYSTEM
CLK CYCLE

peix -—/————————-—-\——_——_/——
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-

Figure 21. System and Processor
Clock Relationships

Six types of bus operations are supported; memory
read, memory write, 1/0 read, I/0 write, interrupt ac-
knowledge, -and halt/shutdown. Data can be trans-
ferred at a maximum rate of one word per two proc-
essor clock cycles.

The 80286 bus has three basic states: idle (T}, send
status (Tg), and perform command (T¢). The 80286
CPU also has a fourth lecal bus state called hold
{Th). T indicates that the 80286 has surrendered
control of the local bus to arother bus master in
response to a HOLD request. i

Each bus state is .one processor clock long. Figure

22 shows the four 80286 local bus states and al-.

lowed transitions.
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ALDA o NEW CYCLE

READY o NEW CVC
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Figure 22, 80286 Bus States

Bus States

The idle (T;) state indicates that no data transfers
are in progress or requested. The first active state
Ts is signaled by status line 31 or SO going LOW
and identifying phase 1 of the processor clock. Dur-
ing Tg, the command encoding, the address, and
data (for a write operation) are available on the
80286 output pins. The 82288 bus controller de-
codes the status signals and generates Multibus
compatible read/write command and local trans-
ceiver control signals.

After Tg, the perform command (T¢) state is en-
tered. Memory or I/0 devices respond to the bus
operation during Tg, either transferring read data to
the CPU or accepting write data. T states may be
repeated as often as necessary to assure sufficient
time for the memory or 1/0 device to respond. The
READY signal determines whether Tg is repeated. A
repeated Tc state is called a wait state.

During hold (T}), the 80286 will float all address,
data, and status output pins enabling another bus
master to use the local bus. The 80286 HOLD input
signal is used to place the 80286 into the Ty, state.
The 80286 HLDA output signal indicates that the
CPU has entered Th.

Pipelined Addressing

The 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 al-
lowing 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 oth-
er words, the first clock of the next bus operation is
overlapped with the last clock of the current bus op-
ération. Thereforé, address decode and routing logic
can operate in advance of the next bus operation.



|¢——————— READ BUS CYCLE N

READ BUS CYCLEN + 1———————4
!

n f e Ty

b '

- |

»

cLK

-t l‘ -2 l -t I -2

PROC CLK

L ] L I/

|————— 2 PCLK CYCLE TRANSFER

|

Sy 17

2 PCLK CYCLE TRANSFER —
25 CLOCK CYCLE ADDRESS TO DATA VALID

- re XK | XK ] s ] P
— . —
READY S~ \ /
v ommnoonoonoo o S >

PIPELINING: VALID ADDRESS (N - 1) MRILABLE IN LAST PHASE OF BUS CYCLE (N).

VALID READ
DATA (N+1)

VALIO READ
DATA (N)

210253-23

Figure 23. Basic Bus Cycle

External address latches may hold the address sta-
ble for the entire bus operation, and provide addi-
tional AC and DC buffering.

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

Bus Control Signals

The 82288 bus controller provides control signals;
address latch enable (ALE), Read/Write commands,
data transmit/receive (DT/R), and data enable
(DEN) that control the address latches, data trans-
ceivers, 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 82288
outputs Data Enable (DEN) and Data Transmit/Re-
ceive (DT/R) DEN enables the data transceivers;
while DT/R controls tranceiver direction. DEN and
DT/R are timed to prevent bus contention between

the bus master, data bus transcelvers and system

data bus transceivers.
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Command Timing Controls

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

Command extension allows additional time for exter-
nal devices to respond to a command and is analo-
gous to inserting wait states on the 8086. 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 opera-
tion for as long as necessary.

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 command becomes active. Command delay is
controlled by the 82288 CMDLY input. After Tg, the
bus controlier samples CMDLY at each failing edge
of CLK. If CMDLY is HIGH, the 82288 will not acti-
vate the command signal. When CMDLY is LOW,
the 82288 will activate the command signal. After
the command becomes active, the CMDLY input is
not sampled. .

When a command is delayed, the available re-
sponse time from command active to return read
data or accept write data is less. To customize sys-
tem bus timing, an address decoder can determine
which bus operations require delaying the com-
mand. The CMDLY input does not affect the timing
of ALE, DEN, or DT/R
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Figure 24, CMDLY Controls the Leading Edge of Command Signal

Figure 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 delaying the read command one
system CLK for cycle N-1 and one system CLK de-
lay for cycle N.

Bus Cycle Termination

At maximum transfer rates, the 80286 bus alternates
between the status and command states. The bus
status signals become inactive after Tg so that they
may correctly signal the start of the next bus opera-
tion after the completion of the current cycle. No
external indication of T, exists on the 80286 local
bus. The bus master and bus controller enter T, di-
rectly after Tg and continue executing T, cycles until
terminated by READY.

READY Operation

The current bus master and 82288 bus controller
terminate each bus operation simultaneously to
achieve maximum bus operation bandwidth. Both
are informed in advance by READY active (open-
collector output from 82C284) which identifies the
last T¢ cycle of the current bus operation. The bus
master and bus controller must see the same sense
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of the READY signal, thereby requiring READY be
synchronous to the system clock.

Synchronous Ready

The 82C284 clock generator provides READY syn-
chronization from both synchronous and asynchro-
nous sources (see Figure 25). The synchronous
ready input (SRDY) of the clock generator is sam-
pled with the falling edge of CLK at the end of phase
1 of each T¢. The state of SRDY is then broadcast to
the bus master and bus controller via the READY
output line.

Asynchronous Ready

Many systems have devices or subsystems that are
asynchronous to the system clock. As a result, their
ready outputs cannot be guaranteed to meet the
82C284 SRDY setup and hold time requirements.
But the 82C284 asynchronous ready input (ARDY) is
designed to accept such signals. The ARDY input is
sampled at the beginning of each Tg cycle by
82C284 synchronization logic. This provides one
system CLK cycle time to resolve its value before
broadcasting it to the bus master and bus controller.
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Figure 25. Synchronous and Asynchronous Ready

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 82C284 has an enable pin
(SRDYEN and ARDYEN) to select whether the cur-
rent bus operation will be terminated by the synchro-
nous or asynchronous ready. Either of the ready in-
puts may terminate a bus operation. These enable
inputs are active 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

Figures 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 op-
erations.
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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
80286 CPU begins driving the local data bus for
write operations. Write data will always remain valid
for one system clock past the fast T to provide suffi-
cient hold time for Multibus or other similar memory
or 1/0 systems. During write-read or write-idle se-
quences the data bus enters 3-state OFF during the
second phase of the processor cycle after the last
Te. In a write-write sequence the data bus does not
enter 3-state OFF between T and T.

Bus Usage

The 80286 local bus may be used for several func-
tions: instruction data transfers, data transfers by
other bus masters, instruction fetching, processor
extension data transfers, interrupt acknowledge, and
halt/shutdown. This section describes local bus ac-
tivities which have special signals or requirements.
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Figure 26. Back to Back Read-Write Cycles
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Figure 27. Back to Back Write-Read Cycles
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Figure 28. Back to Back Write-Write Cycles

HOLD and HLDA

HOLD AND HLDA allow another bus master to gain
contro! of the local bus by placing the 80286 bus into
the Ty, state. The sequence of events required to
pass control between the 80286 and another local
bus master are shown in Figure 29.

In this example, the 80286 is initially in the Ty, state
as signaled by HLDA being active. Upon leaving Tp,
as signaled by HLDA going inactive, a write opera-
tion is started. During the write operation another
local bus master requests the local bus from the
80286 as shown by the HOLD signal. After complet-
ing the write operation, the 80286 performs one T;
bus cycle, to guarantee write data hold time, then
enters Tp, 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 guarantee ARDY will terminate the cy-
cle.

HOLD must not be active during the time from the
leading edge of RESET until 34 CLKs following the
trailing edge of RESET.

Lock

The CPU asserts an active lock signal during Inter-
rupt-Acknowledge cycles, the XCHG instruction, and
during some descriptor accesses. Lock is also as-
serted when the LOCK prefix is used. The LOCK
prefix may be used with the following ASM-286 as-
sembly instructions; MOVS, INS, and OUTS. For bus

cycles other than Interrupt-Acknowledge cycles,
Lock will be active for the first and subsequent cy-
cles of a series of cycles to be locked. Lock will not
be shown active during the last cycle to be locked.
For the next-to-last cycle, Lock will become inactive
at the end of the first T regardless of the number of
wait-states inserted. For Interrupt-Acknowledge cy-
cles, Lock will be active for each cycle, and will be-
come inactive at the end of the first T¢ for each cy-
cle regardless of the number of wait-states inserted.

Instruction Fetching

The 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:

A prefetch bus operation starts when at least two
bytes of the 6-byte prefetch queue are empty.

The prefetcher normally performs word prefetches
independent of the byte alignment of the code seg-
ment base in physical memory.

" The prefetcher will perform only a byte code fetch
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operation for control transfers to an instruction be-'
ginning on a numerically odd physical address.

Prefetching stobs 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 in-
strucuon in a code segment



In protected mode, the prefetcher will never cause a
segment 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

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 attempt to execute it causes exception 13.
segment. , i
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NOTES: ’ )
1. Status lines are not driven by 80286, yet remain high due to pullup resistors in 82288 and 82289 during HOLD state."

2. Address, M/10 and COD/INTA may start floating during any Tc depending on when internal 80286 bus arbiter de-

cides to retease bus to external HOLD. The float starts in $2 of Tc.

3. BHE and LOCK may start floating after the end of any T¢ depending on when internal 80286 bus arbiter decides to
release bus to external HOLD. The float starts in ¢1 of Tc.

4. The minimum HOLD to HLDA time is shown. Maximum is one Ty 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 state (i.e., interrupts, Waits, Lock, etc.).

7. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Syn-

chronous ready state is ignored after ready is signaled via the asynchronous input.

Figure 29. MULTIBUS® Write Terminated by Asynchronous Ready with Bus Hold
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Processor Extension Transfers

The processor extension interface uses 1/0 port ad-
dresses 00F8(H), 00FA(H), and 00FC(H) which are
part of the 1/0 port address range reserved by Intel.
An ESC instruction with Machine Status Word bits
EM = 0and TS = 0 will perform I/0 bus operations
to one or more of these 1/0 port addresses indepen-
dent of the value of IOPL and CPL.

ESC instructions with memory references enable the
CPU to accept PEREQ inputs for processor exten-
sion operand transfers. 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 trans-
fer with 1/0 port address 00FA(H) and one or two
bus operations with memory. Three bus operations
are required for each word operand aligned on an
odd byte address.

NOTE: :

Odd-aligned numerics operands should be avoided
when using an 80286 system running six or more
memory-write wait states. The 80286 can generate
an incorrect numerics address if all the following
conditions are met:

— Two floating point (FP) instructions are fetched

and in the 80286 queue.

— The first FP instruction is any floating point store
except FSTSW AX.

— The second FP instruction accesses memory.

— The operand of the first instruction is aligned on
an odd memory address.

— Six or more wait states are inserted during either
of the last two memory write (odd aligned oper-
ands are transferred as two bytes) transfers of
the first instruction.

The second FP operand’s address will be incre-
mented by one if these conditions are met. These
conditions are most likely to occur in a multi-master
system. For a hardware solution, contact your local
Intel representative.

Commands to the numerics coprocessor should not
be delayed by nine or more T-states. Excessive
(nine or more) command-delays can cause the
80286 and 80287 to lose synchronization.

Interrupt Acknowledge Sequence

Figure 30 illustrates an interrupt acknowledge se-
quence performed by the 80286 in response to an

3-33

INTR input. An interrupt acknowledge sequence
consists of two INTA bus operations. The first aliows
a master 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 DO~D7 of the 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
82288 is used to enable the cascade address driv-
ers, during INTA bus operations (See Figure 30),
onto the local address bus for distribution to slave
interrupt controllers via the system address bus. The
80286 emits the LOCK signal (active LOW) during Tg
of the first INTA bus operation. A local bus *‘hold”
request will not be honored until the end of the sec-
ond INTA bus operation.

Three idle processor clocks are provided by the
80286 between INTA bus operations to allow for the
minimum INTA to INTA time and CAS (cascade ad-
dress) out delay of the 8259A. The second INTA bus
operation must always have at least one extra Tg
state added via logic controlling READY. This is
needed to meet the 8259A minimum INTA pulse
width.

Local Bus Usage Priorities

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

(Highest) Any transfers which assert LOCK seither
explicitly (via the LOCK instruction prefix)
or implicitly (i.e. some segment descriptor
accesses, interrupt acknowledge se-
quence, or an XCHG with memory).

The second of the two byte bus opera-
tions required for an odd aligned word op-
erand.

The second or third cycle of a processor
extension data transfer.

Local bus request via HOLD input.

Processor extension data operand trans-
fer via PEREQ input.

Data transfer performed by EU as part of
an instruction.

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

(Lowest)
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NOTES:
1. Data is ignored, upper data bus, Dg—D4s, should not change state during this time.
2. First INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width.
3. Second INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width.
4. TOCK is active for the first INTA cycle to prevent the 82289 from releasing the bus between INTA cycles in a multi-
master system. LOCK is also active for the second INTA cycle.
5. Ag3-Ag exits 3-state OFF during ¢2 of the second T in the INTA cycle.
6. Upper data bus should not change state during this time.

Figure 30. Interrupt Acknowledge Sequence

issue ALE, nor is READY required to terminate a halt -

al h w I
Halt or Shutdown Cycles or shutdown bus operation.

The 80286 externally' indicates halt or shutdown
conditions as a bus operation. These conditions oc-
cur due to a HLT instruction or multiple protection

During halt or shutdown, the 80286 may service
PEREQ or HOLD requests. A processor extension

exceptions while attempting to execute one instruc-
tion. A halt or shutdown bus operation is signalled
when S1, SO and COD/INTA are LOW and M/IO is
HIGH. Ay HIGH indicates halt, and Ay LOW indi-
cates shutdown. The 82288 bus controller does not

3-34

segment overrun exception during shutdown will in-
hibit further service of PEREQ. Either NMI or RESET
will force the 80286 out of either halt or shutdown.
An INTR, if interrupts are enabled, or a processor
extension segment overrun exception will also force
the 80286 out of halt.
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Figure 31. Basic 80286 System Configuration

The 80287 has all the instructions and data types of
an 8087. The 80287 NPX can perform numeric cal-
culations and data transfers concurrently with CPU

SYSTEM CONFIGURATIONS

The versatile bus structure of the 80286 microsys-

tem, with a full complement of support chips, allows
flexible configuration of a wide range of systems.
The basic configuration, shown in Figure 31, is simi-
lar to an 8086 maximum mode system. It includes
the CPU plus an 8259A interrupt controller, 82C284
clock generator, and the 82288 Bus Controller.

As indicated by the dashed lines in Figure 31, the
ability to add processor extensions is an integral fea-
ture of 80286 microsystems. The processor exten-
sion interface allows external hardware to perform
special functions and transfer data concurrent with
CPU execution of other instructions. Full system in-
tegrity is maintained because the 80286 supervises
all data transfers and instruction execution for the
processor extension.
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program execution. Numerics code and data have
the same integrity as all other information protected
by the 80286 protection mechanism.

The 80286 can overlap chip select decoding and ad-
dress propagation during the data transfer for the
previous bus operation. This information is latched
by ALE during the middle of a Tg cycle. The latched
chip select and address information remains stable
during the bus operation while the next cycle’s ad-
dress is being decoded and propagated into the sys-
tem. Decode logic can be implemented with a high
speed bipolar PROM. :

The optional decode logic shown in Figure 31 takes
advantage of the overlap between address and data
of the 80286 bus cycle to generate advanced mem-
ory and [O-select signals. This minimizes system
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- Figure 32. MULTIBUS® System Bus Interface

performance degradation caused by address propa-
gation and decode delays. In addition to selecting
memory and 1/0, the advanced selects may be used
with configurations supporting local and system bus-
es to enable the appropriate bus interface for each
bus cycle. The COD/INTA and M/I0 signals are ap-
plied to the decode logic to distinguish between in-
terrupt, 1/0, code and data bus cycles.

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

A second 82288 bus controller and additional latch-
es and transceivers could be added to the local bus
of Figure 32. This configuration aliows the 80286 to
support an on-board bus for local memory and pe-
ripherals, and the MULTIBUS for system bus inter-
facing.
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Figure 33. 80286 System Configuration with Dual-Ported Memory

Figure 33 shows the addition of dual ported dynamic
memory between the MULTIBUS system bus and
the 80286 local bus. The dual port interface is pro-
vided by the 8207 Dual Port DRAM Controller. The
8207 runs synchronously with the CPU to maximize
throughput for local memory references. It also arbi-
trates 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 error correction. The dual-ported memory can be
combined with a standard MULTIBUS system bus
interface to maximize performance and protection in
multiprocessor system configurations.

Table 16. 80286 Systems Recommended Pull Up Resistor Values

80286 Pin and Name Pullup Value Purpose
457
5—580 20K £10% Pull 86, 57, and PEACK inactive during 80286 hold periods(1)
6-—PEACK
Pull READY inactive within required minimum time (C_ = 150 pF,
63—READY 9100 +5% In < 7 mA)
NOTE:

1. Pull-up resistors are not required on S0 and ST when the corresponding pins of the 82C284 are connected to S0 and 37.

I12ICE™-286 System Design
Considerations

One of the advantages of using the 80286 is that full
in-circuit emulation debugging support is provided
through the I12ICE system 80286 probe. To utilize
this powerful tool it is necessary that the system de-
signer be aware of a few minor parametric and
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functional differences between the 80286 and I2ICE
system 80286 probe. The I2ICE data sheet (I12ICE
Integrated Instrumentation and In-Circuit Emulation
System, order #210469) contains a detailed de-
scription of these design considerations. It is recom-
mended that this document be reviewed by the
80286 system designer to determine whether or not
these differences affect his design.



ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ....0°C to +70°C

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

Respectto Ground............. .—1.0Vto +7V
Power Dissipation................ccvinnnn. 3.3wW

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

extended periods may affect device reliability.

D.C. CHARACTERISTICS (Ve = 5V £5%, Tcasg = 0°Cto +85°C)*

Symbol Parameter Min Max Unit Test Condition

lcc Supply Current (0°C Turn On) 600 mA (Note 1)

Cclk CLK Input Capacitance 20 pF (Note 2)

CiN Other Input Capacitance 10 pF (Note 2)

Co input/Output Capacitance 20 pF (Note 2)
NOTES:

1. Tested at worst case load and maximum frequency.

2. These are not tested. They are guaranteed by design characterization.

D.C. CHARACTERISTICS

(Vcc = 5V £5%, Tcase = 0°C to +85°C)* Tested at the minimum operating frequency of the part.

Symbol Parameter Min Max Unit Test Condition
ViL Input LOW Voltage —-0.5 0.8 "

ViH Input HIGH Voltage 2.0 Ve +0.5 \"

Vie CLK Input LOW Voltage —0.5 0.6 v

ViHe CLK Input HIGH Voltage 3.8 Voe +0.5 v

Vou Output LOW Voltge 0.45 \ loL = 2.0 mA
Von Output HIGH Voltage 2.4 \ loy = —400.0 pA
I " Input Leakage Current 10 pA 0V < VN < Voo
ILcR _ Input CLK, RESET Leakage Current +10 uA 0.45 < Vjy < Voo
ILcr Input CLK, RESET Leakage Current +1 ) mA 0<V|N<045
o Output Leakage Current +10 - pA 0.45 < Vout < Veo
Lo Output Leakage Current - +1 mA 0 < Voyt <0.45

*Ta is guaranteed from 0°C to +55°C as long as Tcasg is not exceeded.
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A.C. CHARACTERISTICS (vec = 5V £5%, Tcase = 0°Cto +85°C)*
AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless
otherwise noted.

12.5 MHz
(Preliminary)

8| -8 -10 -10 -12 -12
Min | Max| Min Max Min Max

1 System Clock (CLK) Period 62 | 250 50 250 40 250 ns
2 System Clock (CLK) LOW Time ~ | 15 | 225 | 12 232 11 237 ns |at1.0v
3 System Clock (CLK)HIGH Time | 25 | 235 | 16 239 13 239 ns |at3.6V

8 MHz 10 MHz
Unit | Test Condition

Symbol Parameter

17 System Clock (CLK) Rise Time 10 |- 8 — 8 ns |1.0Vto 3.6V,
(Note 7)

18 System Clock (CLK) Fall Time 10 8 —_ 8 ns |3.6Vto 1.0V,
- (Note 7)

4 Asynch. Inputs Setup Time 20 20 15 ns | (Note 1)

5 Asynch. Inputs Hold Time 20 20 15 ns | (Note 1)

6 RESET Setup Time ' 28 23 18 ' ns

7 RESET Hold Time 5 5 5 ns

8 Read Data Setup Time 10 | . 8 5 ns

9 Read Data Hold Time 8 8 6 ns

10 | READY Setup Time 38 26 22 ns

1 READY Hold Time 25 25 20 ns

12 | Status/PEACK Valid Delay 1| 40 — — — — ns | (Notes 2,3)

22 18 ns | (Notes 2, 3)

22 20 ns | (Notes 2, 3)
30 22 ns | (Notes2,3)

12a1 | Status Active Delay — [ — 3
3
3
35 1 32 ns | (Notes2,3)
0
0
0

12a2 | PEACK Active Delay _— —
12b | Status/PEACK Inactive Delay — | —
13 Address Valid Delay 1 60
14 Write Data Valid Delay 0 | 50
15 Address/Status/Data Float Delay| 0 | 50 47 32 ns |(Notes2,4,7)
16 HLDA Valid Delay 0 | 50 47 27 ns | (Notes 2, 3)

19 Address Valid To Status 38 ; 27 22 ns | (Notes 3,5, 6)
Valid Setup Time
*Ta is guaranteed from 0°C to +55°C as long as Tcasg is not exceeded.

NOTES:

1. Asynchronous 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.

2. Delay from 1.0V on the CLK, to 0.8V or 2.0V or fioat on the output as appropnate for valid or floating condition.

3. Output load: Ci, = 100 pF.

4. Float condition occurs when output current is less than I o in magnitude.

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.

6. For load capacitance of 10 pF or more on STATUS/PEACK lines, subtract typically 7 ns for 8 MHz, 10 MHz and 12.5 MHz’
spec.

7. These are not tested. They are guaranteed by design characterization.

30 30 ns | (Notes 2, 3)

OlOjO|=a|ja|maia
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A.C. CHARACTERISTICS (Continued)

DEVICE
OUTPUT

210253-37

NOTE 8:
AC Test Loading on Outputs

4.0v

CLK INPUT

0.45v
210253-38

NOTE 9: v
AC Drive and Measurement Points—CLK Input

4.0v
eV 3.6v

\ 1.0v 1.0V
]
’0 1SETUP —>}o— tHoLD
2

CLK INPUT

0.45V

DEVICE
OUTPUT

210253-39

NOTE 10:
AC Setup, Hold and Delay Time Measurement—General
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A.C. CHARACTERISTICS (Continued)

82C284 Timing Requirements

Symbol Parameter 82C284-8 | 82C284-10 | 82C284-12 Units c Tde':'t
Min | Max | Min | Max | Min | Max onditions

1" SRDY/SRDYEN Setup Time | 17 15 15 ns

12 SRDY/SRDYEN Hold Time 0 2 ns

13 ARDY/ARDYEN Setup Time | 0 0 0 ns (Note 1)

14 ARDY/ARDYEN Hold Time 30 . 30 25 ns (Note 1)

19 PCLK Delay 0 45 0 35 0 23 ns [ C_ =75pF
loL = 5mA
loH= —1mA

NOTE 1:
These times are given for testing purposes to assure a predetermined action.
82288 Timing Requirements
Symbol Parameter 82288-8 | 82288-10 82288'-12 Units c T:i:lt
Min | Max | Min | Max | Min | Max onditions

12 CMDLY Setup Time 20 15 15 ns

13 CMDLY Hold Time ns

30 Command Delay | Command | 5 | 20 5 20 5 20 CL = 300 pF max

from CLK Inactive ns loL = 32 mA max

29 Command| 3 | 25 | 3 [ 21 | 3 | 21 low = —5mA max

' Active

16 ALE Active Delay 3|12 | 3 16 | 3 16 ns

17 ALE Inactive Delay 25 19 19 ns

19 DT/ _R_ Read Active Delay 25 - 23 23 ns CL = 150 pF

22 DT/R Read Inactive Delay 35 20 18 ns loL = 16 mA max

20 DEN Bead Actlv§ Delay 35 21 21 ns lon = — 1 mA max

21 DEN Read Inactive Delay 3 35 3 21 19 | ns

23 DEN Write Active Delay 30 23 23 ns

24 DEN Write Inactive Delay 3 30 3 19 3 19 ns
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NOTE:

1. The modified timing is due io the CMDLY signal being active.
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WAVEFORMS (Continued)

80286 ASYNCHRONOUS
INPUT SIGNAL TIMING

80286 RESET INPUT TIMING AND
SUBSEQUENT PROCESSOR CYCLE PHASE

BUS CYCLE TYPE
Ven
cx /)
ALY

— @ - —]
PCLK
(SEE NOTE 1.) \

T,
o

3
B

i
~

N
INTR, N @ iy
HOLD,PEREQ
S5ewe, TN XL

— Q < -
(SEE NOTE 2.)

210253-41

210263-42

NOTES:

1. PCLK indicates which processor cycle phase will occur
on the next CLK. PCLK may not indicate the correct phase
until the first bus cycle is performed.

2. These inputs are asynchronous. The setup and hold
times shown assure recognition for testing purposes.

NOTE:
When RESET meets the setup time shown, the next CLK
will start or repeat ¢$2 of a processor cycle.

EXITING AND ENTERING HOLD
BUS CYCLE mas TS OR T, 1, T
2 1 (—H ¢t 2 3] 2
H H A e Ve l
—{9)
HLOA (SEE NOTE 4)
—{ 20— ”
(SEE NOTE 3.) —{(Df— o — @}-—(szs NOTE 3.)
§1.55 I Tg >
D L
g —
s e 2 o s LE neu
PEACK ! IF NPX | TRANSFER '
S (50K (SEENOTE 5)—+ 6D j-—- ’ — ©® (SEE NOTE 1.)
‘23;/%2 cmmememme e LL((( VALID : emeesseecccosccancaae
COD/INTA B
(SEE NOTE 6.) — (SEE NOTE 2.)
. .
P
210253-43
NOTES:

1. These signals may not be driven by the 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 T; in the diagram was a write T¢.
3. The 80286 floats its status pins during T, External 20 KQ resistors keep these signals high (see Table 16).
4. For HOLD request set up to HLDA, refer to Figure 29.
5. BHE and LOCK are driven at this time but will not become valid until T,
6. The data bus will remain in 3-state OFF if a read cycle is performed.
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WAVEFORMS (Continued)
80286 PEREQ/PEAEVR TIMING FOR ONE TRANSFER ONLY
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NOTES:
1. PEACK 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 OOFA(H).

2. To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) is: 3%
® -1282max,~ @ min.. The actual, configuration dependent, maximum time is: 3X ® -128smax.~ @ min. + AX2X @,

A is the number of extra T¢ states added to either the first or second bus operation of the processor extension data operand

transfer sequence.

INITIAL 80286 PIN STATE DURING RESET

BUS CYCLE TYPE

T, 7 T
Veu ) o & e o e o | e
I
Ya
d@% (SEE NOTE 1.)
paser /3 ATLEAST
| 16 CLX PERIOOS :—}ﬁ
7-% 45
UNKNOWN % 7
FERCK d
[ @ 55
UNKNOWN {
BHE
o ;K
coor#TA UNKNOWN - £c
/INTA t 2
L3 1 £C
LOCK UNKNOWN f i
. el (B) pa——(s2E NOTE 3
DATA )Z)22222222)ZZZZ?ZZZ)Z?ZZZZZ)ZZ??ZZ)2)2)2\ ————— B3 S T —.

210253-45

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 J may occur during $1 or ¢2.

3. The data bus is only guaranteed to be in 3-state OFF at the time shown.
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BYTE1 BYTE 2 BYTE3 BYTE4 BYTES BYTES
7 685 4321 07 6543210
TIITTITIITTTTT] (owoeroms | woommmwn | cowomn | womoen i
OPCODE dlwlmod| reg tm | | | HIGH DATA )
_______ R e e . R R e p—— ]
E— REGISTER OPERAND/REGISTERS TO USE IN OFFSET CALCULATION
REGISTER OP ID/EXTENSION OF OPCODE
REGISTER MODE/MEMORY MODE WITH DISPLACEMENT LENGTH
WORD/BYTE OPERATION
DIRECTION IS TO REGISTER/DIRECTION IS FROM REGISTER
OPERATION (INSTRUCTION) CODE
A. SHORT OPCODE FORMAT EXAMPLE
BYTE 1 BYTE 2 BYTE3 BYTE 4 BYTES
7 & 5 4 3 21 0 7 654 32107 685 4 3 210
TITTTTITTTITTT T ITIITTT aveee 1 eroms 1
LONG OPCODE mod| reg | rm . | 1
——————— - v s - - - —
8. LONG OPCODE FORMAT EXAMPLE
210253-46

Figure 35. 80286 Instruction Format Examples

80286 INSTRUCTION SET SUMMARY

instruction Timing Notes

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

To calculate elapsed times for instruction se-
quences, 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 nanoseconds and requires an 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 in-
struction clock counts include all time required to
fetch, decode, and prepare the next instruction for
execution.

2. Bus cycles do not require wait states.

3. 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 instruction fields shown.

Above/below refers to unsigned value

Greater refers to positive signed value

Less refers to less positive (more negative) signed
values )

then to register; if d = 0 then from register

ifd=1

ifw =1 then word instruction; if w = 0 then byte
instruction

ifs = 0 then 16-bit immediate data form the oper-
and

ifs = 1 then an immediate data byte is sign-ex-

tended 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
summing 3 elements

number of times repeated
m = number of bytes of code in next instruction
Level (L)—Lexical nesting level of the procedure

* =

n=



The following comments describe possible excep-
tions, side effects, and allowed usage for instruc-
tions in both operating modes of the 80286.

REAL ADDRESS MODE ONLY

1.

This is a protected mode instruction. Attempted

execution 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 at-
tempted.

. 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 seg-
ment limit.

EITHER MODE

6.

7.

8. L

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 oper-

and transfers.

PROTECTED VIRTUAL ADDRESS MODE ONLY

9.

10.

A general protection exception (13) will occur if
the memory operand cannot be used due to ei-
ther a segment limit or access rights violation. If
a stack segment limit is violated, a stack seg-
ment overrun exception (12) occurs.

For segment load operations, the CPL, RPL, and
DPL must agree with privilege rules to avoid an
exception. The segment must be present to
avoid a not-present exception (11). If the SS reg-
ister is the destination, and a segment not-pres-
ent violation occurs, a stack exception (12) oc-
curs.
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11.

12,

13.

14.

16.

17.
. violates a segment limit, or an invalid access is

18.

All segment descriptor accesses in the GDT or
LDT made by this instruction will automancally
assert LOCK to maintain descriptor integrity in
multiprocessor systems.

JMP, CALL, INT, RET, IRET instructions refer-
ring to another code segment will cause a gener-
al protection exception (13) if any pnvrlege rule is
violated.

A general protection exception (13) occurs if
CPL # 0.

A general protection exception (13) occurs if
CPL > IOPL.

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

> IOPL. 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 ex-
ception; rather, the instruction does not return a
result and the zero fiag is cleared.

If the starting address of the memory operand

attempted, a general protection exception (13)
will occur before the ESC instruction is execut-
ed. A stack segment overrun exception (12) will
occur if the stack limit is violated by the oper-
and’s starting address. If a segment limit is vio-
lated during an attempted data transfer then a
processor extension segment overrun exception
(9) occurs.

The destination of an INT, JMP, CALL, RET or
IRET instruction must be in the defined limit of a
code segment or a general protection exception
(13) will occur.



80286 INSTRUCTION SET SUMMARY

CLOCK COUNT COMMENTS
FUNCTION FORMAT Real | virar |, P | victual
Address Address
Mode Address Mode Address
Mode Mode
DATA TRANSFER
hov =Move: *
egister to Register/Memory b 000100w I modreg r/m l .23 23 2 9
Register/memory to register l 1000101w l mod reg r/m—l . 2,5 2,5° 2 9
Jmmediate to register/memory L 1100011w l mod000 r/m T data l dataifw = d 23 2,3° 2 9
immediate to register . ho1 1w reg l data I data if w= 17 2 2
Memory to accumulator I 1010000w ] addr-low l addr-high l 5 5 2 9
Accumulator to memory [ 1010001w I addr-low ] addr-high I 3 3 2 9
Register/memory 10 segment register b 0001110 l mod O reg r/m ] ' 2,5 17,19* 2 9,10,11
Segment register to register/memory I 10001100 l mod 0 reg r/m] . 2,3* 2,3 2 9
PUSH =Push:
Memory [11111111 [mog110vm] 5 5 2 9
Register 01010 reg . - 3 3 2 9
Segment register v ’ 000reg110 . 3 3 2 9

POP = Pop:

Memory L10001111 lmodooo r/m] : 5 5¢ 2 9

Register 01011 reg 5. 5 2 9
000reg111 {reg=01) ’ ’ 5 20 2 9,10,11

0110000

XCHG = Exhcange:

Register/memory with register [ 100001 1w Imod reg r/m] ) 3,5 3,5 2,7 .79
Register with accumulator ’ : 3 3

N=Input from:

Fixed port |111oo10wl port 5 5 14

Variable port 5 5 14

OUT = Output to:

g
L

Fixed port X 11110011w o .
Mariable port . : _ : 3 3 . 14
XLAT = Transiate byte to AL 11010111 - . ) 5 5 . - 9

LEA = Load EA 1o register [ 10001101 ]modreg r/;' 3 3°
1.DS = Load pointer to DS b 1000101 'modreg r/m] {mod#11) 7 21 2 . 8,10,11
L.ES = Load pointer to ES l 11000100 lmod reg - r/rn] {mod#1) ” 21° 2 9,10,11"

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

CLOCK COUNT COMMENTS
FUNCTION FORMAT Real P'vc,m'd Real Pm:d
. Address Address
. Mode Address Mode Address
Mode Mode
DATA TRANSFER (Continued)
lLAHF Load AH with flags 2 2
BAHF = Store AH into flags 2 2
PUSHF = Push flags 3 3 2 .9
POPF = Pop fiags 5 5 24 9,15
ARITHMETIC
ADD = Add:
Reg/memory with register to either ' [ 000000dw l mod reg '/Ll ] 2,7* 2,7* 2 9
Immediate to register/memory [ 100000sw I mod 000 r/m I data l dataif sw = 01 3.7* 3,7° 2 9
Immediate to accumulator I 0000010 WT data l dataif w=1 1 3 3
ADC = Add with carry:
Reg/memory with register to either [ 000100dw I mod reg r/m-l 27" 2,7* 2 9
Immediate to register/memory l 100000sw ] mod010 r/m ]— data ]dala ifsw =01 ] 3,7 3,7° 2 9
Jmmediate 1o accumulator l 0001010w ] data dataif w=1 l 3 3
NC = increment:
Register/memory [ t111111w [ mod000 r/rﬁ] 27° 2,7* 2 9
Register 2 2
SUB=Subtract:
Reg/memory and register to either l 001010dw l modreg r/m ] . 27 2,7° 2 9
Jmmediate from register/memory I 100000sw l mod101 r/m l data ldala ifsw= Oﬂ 3,7° 3,7 2 ]
Immediate from accumulator [ 0010110w I data I dataifw=1 J 3 3
BB = Subtract with borrow:

Reg/memory and register to either I 000110dw l modreg r/m J 2,7* 2,7° 2 9
Immediate from register/memory [ 100000 SLI mod011 r/ml data l data if s w=01 I .37 3,7* 2 9
Jmmediate from accumulator ' 0001110w I data ] dataifw=1 , 3 3
DEC = Decrement
Register/memory [ 1111111w [mod001 r/ﬂ 27 27° 2 9
Register 2 2
CMP = Compare
Register/memory with register 0011101w lmod reg r/ﬂ 2,6 2,6* 2 9
Register with regisler/mgmory I 0011100w lmod reg 1/ QJ 2,7° 2,7* 2 9
mmediate with register/memory mo 000sw Jmod 111 o/m l data idata ifsw= OJ . 36° 36° 2 9

diate with lator [0011110d data l data if w=1 J ‘ < 3
NEG = Change sign [111101 1meodo11 r/m] ) 2 7 2 9
AAA = ASCI adjust for add 3 3
DAA = Decimal adjust for add 3 3
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80286 INSTRUCTION SET SUMMARY (Continued)

Memory-Word

|

~dti5¥o?iz-]rﬁoami

DIV = Divide (unsigned)

Register-Byte
Register-Word
Memory-Byte
Memory-Word

DIV =integer divide (signed)

Register-Byte
Register-Word
Memory-Byte
Memory-Word

IAAM = ASCII adjust for muttiply
AAD = ASCII adjust for divide
CBW = Convert byle'lo word

ICWD = Convert word to double word

1.OGIC
Emmnouu Instructions:

Register/Memory by 1

Register/Memory by CL

[1111011w [mog 110 v/m]

[4111011w[mod111 wm]

[11010100 [ 00001010 |

[11010101 [ 00001010 |

10011000
10011001

lI101000wImodTTT rlml

[1101 001meDdTTT r/n-“

™

Instruction
000 ROL
001 ROR
010 ACL
011 RCR
100 SHL/SAL
101 SHR
111 SAR

CLOCK COUNT COMMENTS
Protected Protected
FUNCTION FORMAT Real virwat | P | vitum
Address Address
Mode Address Mode Address
Mode Mode
ARITHMETIC (Continued)
AAS = ASCHi adjust for subtract 00111111 3 3
PAS = Decimal adjust for subtract 3 3
MUL = Multiply (unsigned): [ 111101 1w [mod 100 r/m
Register-Byte 13 13
FRegister-Word : 21 21
Memory-Byte 16* 16* 2 8
Memory-Word 24 24° 2 9
#MULx= Integer multiply (signed): [ 111101 1w ]mod1 01 r/m]
Register-Byte 13 13
Register-Word 21 21
Memory-Byte 16°* 16° 2 9
24* 24* 2 9

14 14
22 22
17 17
25* 25
17 17
25 25
20 20*
28* 28
16 16
14 14
2 2
2 2
2,7* 2,7

5+n8+n*|5+n8+n*

] 6
6 6
26 6,9
26 6,9
6 6
6 6
2,6 6,9
26 6,9
2 9

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

CLOCK COUNT COMMENTS
UNGTION FORMAT Real Protected Real Protected
F Address Virtual Address Virtual
Mode Address Mode Address
Mode Mode
ARITHMETIC (Continued)
AND = And:
Feg/memory and register 1o either I 001000dw I mod reg !/rﬂ 27 2,7* 2 9
Jmmediate to register/memory i 1000000w T mod 100 r/m [ data l data if w= 1_] 3,7* 3.7° 2 9
Jmmediate to accumulator [ 0010010w ] data J data if w=1J 3 3
TEST = And function to flags, no result:
Reqgister/memory and register ' 1000010w ' modreg r/m ] 2,6 26° 2 9
fmmediate data and register/memory [ 1111011w T mod 000 r/m [ data J dataifw=1 ] 3,6° 36 2 9
Jmmediate data and accumulator ‘ 1010100w I data J data if w= Ll 3 3
OR =0r:
Reg/memory and register to either LO 00010dw l mod reg r/mJ 2,7 2,7* 2 9
mmediate 1o register/memory Ll 000000wW Tmod 001 r/mJ data J dataif w= 1—' 3,7 3,7 2 9
fmmediate to accumulator [ 0000110w l data l dataifw=1 I 3 3
XOR = Exclusive or:
Reg/memory and register to either [ 001100d w1 modreg r/m ] 2,7 2,7* 2 9
Jmmediate to register/memory l 1000000w l mod110 r/m l data ﬁata ifw= ﬂ 3,7* 3,7° 2 ]
diate to accumulator loo 11010w ] data Idata ifw = 1J 3 3
NOT = Invert register/memory [ 1111011w I mod010 v/rnJ 2,7 2,7 2 9
STRING MANIPULATION:
MOVS = Move byte/word 5 5 2 9
CMPS = Compare byte/word 8 8 2 9
ISCAS = Scan byte/word 7 7 2 9
. ODS = Load byte/wd to AL/AX 5 5 2 9
STOS = Stor byte/wd from AL/A 3 3 2 9
\ noxpor’ - [Giiotiow] ‘
2110111w
Repeated by countin CX
OV =Move string [111100111101001(»:] 5+4n 5+4n 2 9
CMPS = Compare string [ 1111001:T1moo11w] 5+0n 5+9n 28 89
SCAS = Scan string [11110012T1010111w' 5+8n 5+8n ‘2.8 8,9
LODS = Load string I 11110011 [ 1o1o11oﬂ 5+4n 5+4n 28 8,9
TOS = Store string |1111oo11|1o101o1ﬂ

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

CLOCK COUNT COMMENTS
N Real Protected Rea Protected
[FUNCTIO! FORMAT Virtual Virtuat
Address Address
Mode Address Mode Address
Mode Mode
ICONTROL TRANSFER
ICALL =Call:
iDirect within segment . [ 11101000 J disp-low [ disp-high ] 7+m . 7+m 2 18
iRegister/memory l 11111111 ImodO\O r/m] 74+mt1+m* | 7+m 114+ m* 2.8 8,8,18
indirect within segment
Direct intersegment [ 10013010 ] segment c;ﬂset J 13+ m 26+m 2 11,12,18
iProtected Mode Only (Direct intersegment): f segment sefector ]
Via call gate to same privilege level 41+m 8.,11,12,18
Via call gate to different privilege level, no parameters 82+m 8,11,12,18
Via call gate to difierent privilege level, x parameters 86 +4x+m 8,11,12,18
Via TSS 177+m 8,11,12,18
Via task gate 182+ m 8,11,12,18
Indirect intersegment 1111111 ] mod 011 r/m] (mod#11) 16+m 29+ m* 2 8,9,11,12,18
|Protected Mode Only (Indirect intersegment):
Via call gate to same privilege level 44+ m* 8,9,11,12,18
Via call gate to ditferent privilege level, no parameters 83 +m* 8,9,11,12,18
Via call gate to different privilege level, x parameters 80 +4x +m* 8,9,11,12,18
Via TSS 180+ m* 8,9,11,12,18
Via task gate 185+ m* 8,9,11,12,18
WMP = Unconditional jump:
W/Iong { 11101011 l disp-low 1 7+m 7+m 18
Direct within segment { 11101001 l disp-low l disp-high J 7+m 7+ m 18
IRegister/memory indirect within segment ( 11111111 ]mod 100 r/mJ 7+m11+m*{ 7+m, 11+m* 2 9,18
IDirect intersegment I 11101010 l segment offset J 11+m 23+m 11,12,18
IProtected Mode Only (Direct interseg ) [ segment selector ]
Via call gate to same privilege level 38+m 8,11,12,18
ViaTSS 175+ m 8,11,12,18
Via task gate 180+ m 8,11,12,18
Indirect intersegment - r 11111111 Jmod1 01 r/mJ {mod=#11) 15+m* 26+m* 2 8,9,11,12,18
Protected Mode Only (Indirect Intersegment):
Via call gate to same privilege level 41+m* 8,9,11,12,18
Via TSS 178+ m* 8,9,11,12,18
Via task gate 183+m* 8,9,11,12,18
JRET = Return from CALL:
[Within segment 11000011 11+m 11+m 2 89,18
[Within seg adding immed to SP 1 11000010 ] data-low T data-high ] 1M+m 11+m 2 8.9,18
Intersegment adding immediate to SP l 11001010 ] data-low I data-high J 15+m 2 8,9,11,12,18
{Protected Mode Only (RET):
To different privilege level 55+m 9,11,12,18
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80286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT COMMENTS

FUNCTION FORMAT Real P':‘:::d Real Pr:l:::d
Address Address
Node Address Mode Address
Mode Mode
CONTROL TRANSFER (Continued)
JE/JZ=Jump on equal 2610 [o1110100 [ asp | 7+mor3 | 7+mora 18
JL/INGE = Jump on less/not greater or equal [ 01111100 T disp J 7+mor3 7+mor3 18
JLE/JNG = Jump on less or equal/not greater [ 01111110 ] disp ] 7+mor3 7+mor3 18
JB/JINAE = Jump on below/not above or equal [ 01110010 l disp J 7+mor3 7+mor3 18
JBE/JNA = Jump on below or equal/not above l 01110110 ‘ disp J 7+mor3 7+mor3 , 18
JP/JPE = Jump on parity/parity even l 01111010 T disp J 7+mor3 7+mor3 ' 18
JO = Jump on overflow l 01110000 I disp ] 7+mor3 7+mor3 18
JS = Jump on sign l 01111000 1 disp J 7+ mor3 7+mor3 . 18
JNE/JNZ = Jump on not equal/not zero [ 0111010 1_] disp J 7+mor3 7+mor3 18
JNL/JGE = Jump on. not less/greater or equal l 01111101 L disp ] 7+mor3 7+mor3 18
JNLE/JG = Jump on not less or equal/greater [ 01111111 ] disp ] 7+mor3 7+mor3 18
JNB/JAE = Jump on not below/above or equat I 01110011 ] disp J 7+mor3 7+mor3 18
JNBE/JA = Jump on not below or equal/above [ 01110111 L disp ] 7+mor3 7+mor3 18
JNP/JPO = Jump on not par/par odd [ 0111101 17 disp i 7+mor3 7+mor3 18
JNO = Jump on nol overflow [ 011 100011 disp J 7+mor3 7+mor3 18
JNS = Jump on not sign [ 01111001 l disp J 7+mor3 7+mor3 18
LOOP = Loop CX times [ 11100010 L disp ' 8 +moré 8+mor4 18
LOOPZ/LOOPE = Loop while zero/equal l 11100001 l disp J 8+mord 8+mor4 18
LOOPNZ/LOOPNE = Loop while not zero/equal l 11100000 L dispJ 8+mord 8+mord 18
JCXZ = Jump on CX zero l 11100011 [ disp J 8 +mord 8+mord 18
INT = Interrupt:
Type specified ruoonm L type J 23+m 278
Type 3 23+m 278
INTO = Interrupt on overflow 24 +mor3 2,68
3ifno 3ifno
interrupt) interrupt)

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

To different task (NT = 1)

11110000

OCK = Bus lock prefix

PROCESSOB CONTROL
ICLC = Clear carry :
ICMC = Complement carry
STC = Set carry
CLD = Clear direction
STD = Set direction
ICLI=Clear interrupt
ST1=Setinterrupt
-
I

00001111 | 00000110

[ 1101177 T ' mod LLL r/ml
(TTT LLL are opcode to processor extension)

001 reg 110

S$C = Processor Extension Escape

Loedgol ottt gt (20001111 ] 00000001 [0

T = Store giobal descriptor table register .fqo"n’oiﬁf{ 00000

CLOCK COUNT COMMENTS
Real Protected Real Protected
FUNCTION FORMAT Virtual Virtual
Address Address
Mode Address Mode Address
Mode Mode
ICONTROL TRANSFER (Continued)
Protected Mode Only:
Via interrupt or trap gate to same privilege level 40+ m - 7.8,11,12,18
Via interrupt or trap gate to fit ditierent privilege levet 78+ m 7.8,11,12,18
Via Task Gate 167+m 7,8,11,12,18
RET = Interrupt return 11001111 17+m 31+ m 24 8,9,11,12,15,18
Protected Mode Only: -
To different privilege ievel 55+m 8,9,11,12,15,18
168+m 8,9,11,12,18

2 2
2 2
2 2
2 2
2 2
3 3
2 2
2 2
3 3

9-20° 9-20"

&

z

58 8,17

Shaded areas indicate instructions not available in 8086, 88 microsystems.
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80286

80286 INSTRUCTION SET SUMMARY (Continued)

FUNCTION

5

FORMAT

Shaded areas indicate instructions not available in 8086, 88 microsystems.
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CLOCK COUNT COMMENTS
Real Protected Real Protected
Virtual Virtual
Address Address
Mode Address Mode Address
Mode Mode
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Footnotes

The Effective Address (EA) of the memory operahd .

is computed according to the mod and r/m fields:

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

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

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

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

if 1/m = 000 then EA = (BX) + (SI) + DISP
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 = (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
required)
*except if mod = 00 and r/m = 110 then EQ = disp-high: disp-low.

SEGMENT OVERRIDE PREFIX

00tregt 10

reg is assigned according to the following: -

Segment
reg Register
00 ES
01 CS
10 SS
1 DC

REG is assigned according to the following table:

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

The physical addresses of all operands' addressed
by the BP register are computed using the SS seg-

* ment register. The physical addresses of the desti-
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nation operands of the: string primitive operations
(those addressed by the DI register) are computed
using the ES segment, which may not be overridden.

DATA SHEET REVISION REVIEW

The following list represents key differences be-
tween this and the -012 data sheet. Please review
this summary carefully. :

1. Specifications for the 6 MHz version of the part
have been deleted. Intel no longer manufactures
an 80286-6. .

2. The system diagrams (Figures 31 and 32) have
been modified. The circuit which drives the RES
input of the 82C284 has been modified in order to
allow the 82C284 to correctly generate a system
reset signal. See the 82C284 data sheet (Order

"~ No. 210453) for further information.



T 80287
e s - 80-BIT HMOS
N  NUMERIC PROCESSOR EXTENSION
- (80287-3, 80287-6, 80287-8, 80287-10)

m High Performance 80-Bit Internal | ¥ Protected Mode Operation CQmpIetely
Architecture ‘ ‘Conforms to the 80286 Memory

' Implements Proposed IEEE Floatlng Management and Protection. ..
Point Standard 754 . Mechanisms . .

‘ ' m Directly Extends 80286 Instruction Set
] Expands 80286 Data types to Include to Trigonometric, Logarithmic,

= 32-, 64-, 80-Bit Floating Point, 32-, 64-
" Bit Integers and 18-Digit BCD Operands v Exponential and Arithmetic lnstructlons
n ’bbject Code Compatible with 8087 - for All Data types
- 87" & Operates with 80386 cpu without
l Built-In Exception Handling , . ~ Software Modification-
n Operates in Both Real and Protected m Available in EXPREss—Standard
Mode 80286 Systems . Temperature Range -
L B 8x80-Bit lndivldually Addressable, m Available in 40 pin-CERDIP package
. Numeric Register Staek - (see Packaging Spec: Order #231369)

The Intel 80287 is a high performance numerics processor extension that extends the 80286 architecture with
floating point, extended integer and BCD data types. The 80286/80287 computing system fully conforms to
the proposed IEEE Floating Point Standard. Using a numerics oriented architecture, the 80287 adds over fifty
mnemonics to the 80286/80287 instruction set, making the 80286/80287 a complete solution for high per-
formance numeric processmg The 80287 is implemented in N-channel, depletion load, silicon gate technology
(HMOS) and packaged in a 40-pin cerdip package. The 80286/80287 |s object code compatible with the

8086/8087 and 8088/8087.
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Figure 2.
80287 Pin Configuration

210920-1
Figure 1. 80287 Block Diagram

- September 1987
3-56 Order Number: 210920-007
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- Table 1. 80287 Pin Description

P Name and Functon

Symbols
Clk =

- CLOCK INPUT: this clock provides the basic timing for internal 80287

operations. Special MOS level inputs are required. The 82284 or 8284A

- CLK outputs are compatibie to this input.

CLOCK MODE SIGNAL.: indicates whether CLK input is to be divided by .
3 or used directly. A HIGH input will cause CLK to be used directly. This -

. input must be connected to V¢ or Vsg as appropriate. This input must

be either HIGH or LOW 20 CLK cycles before RESET goes LOW.

SYSTEM RESET: causes the 80287 to immediately terminate its
present activity and enter a dormant state. RESET is required to be -

. HIGH for more than 4 80287 CLK cycles. For proper initialization the

HIGH-LOW ftransition must occur no sooner than 50 us after Vgg and
CLK meet their D.C. and A.C. specifications.

110

DATA: 1-bit bidirectional data bus. inputs to these pins may be applied
asynchronous to the 80287 clock. '

. BUSY STATUS: asserted by the 80287 to indicate that it is currently

executing a command.

ERROR STATUS: refiects the ES bit of the status word. This signal
indicates that an unmasked error condition exists.

PEREQ

PROCESSOR EXTENSION DATA CHANNEL OPERAND TRANSFER
REQUEST: a HIGH on this output indicates that the 80287 is ready to
transfer data. PEREQ will be disabled upon assertion of PEACK or upon
actual data transfer, whichever occurs first, if no more transfers are

required.

PROCESSOR EXTENSION DATA CHANNEL OPERAND tRANSFER
ACKNOWLEDGE: acknowledges that the request signal (PEREQ) has
been recognized. Will cause the request (PEREQ) to be withdrawn in
case there are no more transfers required. PEACK may be
asynchronous to the 80287 clock. ’

NPRD

NUMERIC PROCESSOR READ: Enables transfer of data from the
80287. This input may be asynchronous to the 80287 clock.

NPWR

NUMERIC PROCESSOR READ: Enables transfer of data from the
80287. This input may be asynchronous to the 80287 clock.

NPST, NPS2

NUMERIC PROCESSOR SELECTS: indicate the CPU is performing an
ESCAPE instruction. Concurrent assertion of these signals (i.e., NPS1 is
LOW and NPS2 is HIGH) enables the 80287 to perform floating point
instrucctions. No data transfers involving the 80287 will occur unless the
device is selected via these lines. These inputs may be asynchronous to

the 80287 clock.

CMD1, CMDO

COMMAND LINES: These, along with select inputs, allow the CPU to
direct the operation of the 80287.
These inputs may be asynchronous to the 80287 clock.
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Table 1. 80187 Pin Description (Continued)

FUNCTIONAL DESCRIPTION
The 80287 Numeric Processor Extension (NPX) pro-

vides arithmetic instructions for a variety of numeric -
data types in 80286/80287 systems. It also exe- : -
cutes numerous built-in transcendental functions-

(e.g., tangent and log functions). The 80287 exe-
cutes instructions in parallel with an 80286. it effec-

"~ Symbols " Type Name and Function -
- Vgs - . | System ground, both pins must be connected to ground.
Voo ' +5Vsupply

tively extends the register and instruction set of an

' 80286 system for existing 80286 data types and

adds several new data types as well. Figure 3 pres-
ents the program visible register model of the
80286/80287. Essentially, the 80287 can be treated
as an additional resource or an extension to the
80286 that can be used as a single unified system,

r the 80286/80287. :

- 80287 -
) . 80286 - ) ' STACK: - TAGFIELD
15 FILE: ° 7 78 . . 64 8 S0 1 0
AX | A1 | SIGN [  ExPONENT SIGNIFICAND
BX : R2 . PO
[0 4 | R3
DX | P
SI | RS
Dl | Re
Bp I'm
sp | e
| F—— .
1§ 0 " 15 0 -
» I CONTROL REGISTER
FLAGS | STATUS REGISTER
" " TAG WORD
L——___\
15 9 | | INSTRUCTION POINTER —|
cs |
:: | L~ DATAPOINTER  —
|
ss
|
210920-3

Figure 3. 80286/80287 Architecture

The 80287 has two operating modes similar to the
two modes of the 80286. When reset, 80287 is in
the real address mode. It can be placed in the pro-
tected virtual address mode by executing the
SETPM ESC instruction. The 80287 cannot be
switched back to the real address mode except by
reset. In the real address mode, the 80286/80287 is

completely software compatible with 8086/8087 and

8088/8087.
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Once in protected mode, all references to memory
for numerics data or status information, obey the
80286 memory management and protection rules
giving a fully protected extension of the 80286 CPU.
In the protected mode, 80286/80287 numerics soft-
ware is also completely compatible with 8086/8087

‘and 8088/8087.




SYSTEM CONFIGURATION
WITH 80286

As a processor extension to an 80286, the 80287
can be connected to the CPU as shown in Figure
4A. The data channel control signals (PEREQ,
PEACK), the BUSY signal and the NPRD, NPWR
signals, aliow the NPX to receive instructions and
data from the CPU. When in the protected mode, all
information received by the NPX is validated by the
80286 memory management and protection unit.

Once started, the 80287 can process in parallel with .

and independent of the host CPU. When the NPX
detects an error or exception, it will indicate this to
the CPU by assemng the ERROR signal. ’

The NPX uses the processor extension request and
acknowledge pins of the 80286 CPU to implement
data transfers with memory under the protection
model of the CPU. The full virtual and physical ad-
dress space of the 80286 is available. Data for the
80287 in memory is addressed and represented in
the same manner as for an 8087.

\
Note that the PEACK input pin is pulled high. This is
because the 80287 is not required to keep track of
the number of words transferred during an operand
transfer when it is connected to the 80386 CPU. Un-
like the 80286 CPU, the 80386 CPU knows the exact
length of the operand being transferred to/from the
80287. After an ESC instruction has been sent to the
80287, the 80386 processor extension data channel
will initiate the data transfer as soon as it receives
the PEREQ signal from the 80287. The transfer is
automatically terminated by the 80386 CPU as soon
as all the words of the operand have been trans-
ferred.

- Because of the very high speed local local bus of

the 80386 CPU, the 80287 cannot reside directly on
the CPU local bus. A focal bus controller logic is
used to generate the necessary read and write cycle

timings as well as the chip select timings for the

The 80287 can operate either directly from the CPU

clock or with a dedicated clock. For operation with
the CPU clock (CKM = 0), the 80287 works at one-
third the frequency of the system clock (i.e., for an
8 Mz 80286, the 16 MHz system clock is divided
down to 5.3 MHz). The 80287 provides a capability
to internally divide the CPU clock by three to pro-
duce the required internal clock (33% duty cycle).
To use a higher performance 80287 (8 MHz), an
8284A clock driver and appropriate crystal may be
used to directly drive the 80287 with a V4 duty cycle
clock on the CLK input (CKM = 1). The following
table describes the relationship between the clock
speed and the 287 speed version needed as a func-
tion of the CKM state.

287 Speed CLK Speed
Version CKM = 0 CKM = 1
5 MHz 12 MHz 5 MHz
6 MHz 16 MHz 6 MHz
8 MHz 20 MHz 8 MHz
10 MHz 25 MHz 10 MHz

SYSTEM CONFIGURATION
WITH 80386

The 80287 can also be connected as a processor
extension to the 80386 CPU as shown in Figure 4b.
All software written for 8086/8087 and 80286/
80287 is object code compatible with 80386/80287
and can benefit from the increased speed of the
80386 CPU.
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80287 The 80386 CPU uses 1/O addresses
800000F8 through 800000FF to communicate with
the 80287. This is beyond the normal /O address
space of the CPU and makes it easier to generate
the chip select signals using A31 and M/IO. It may
also be noted that the 80386 CPU automatically
generates 16-bit bus cycles whenever it communi-
cates with the 80287.

HARDWARE INTERFACE

Communication of instructions and data operands
between the 80286 and 80287 is handied by the
CMDO, CMD1, NPS1, NPS2, NPRD, and NPWR sig-
nals. 1/0 port addresses 00F8H, 00FAH, and 00FCH
are used by the 80286 for this communication.
When any of these addresses are used, the NPST
nput must be LOW and NPS2 input HIGH. The
éRG and IOWC outputs of the 82288 identify i/O
space transfers (see Figure 4A). CMDO should be
connected to latched 80286 A1 and CMD1 should
be connected to latched 80286 A2.

1/O ports 00F8H to OOFFH are reserved for the
80286/80287 interface. To guarantee correct opera-
tion of the 80287, programs must not perform any
1/0 operations to these ports.

The PEREQ, PEACK, BUSY, and ERROR signals of
the 80287 are connected to the same-named 80286
input. The data pins of the 80287 should be directly
connected to the 80286 data bus. Note that ali bus
drivers connected to the 80286 local bus must be
inhibited when the 80286 reads from the 80287. The
use of M/IO in the decoder prevents INTA bus cy-
cles from disabling the data transceivers.

PROGRAMMING INTERFACE

Table 2 lists the seven data types the 80287 sup-
ports and presents the format for each type. These
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values are stored in memory with the least signifi-
cant digits at the lowest memory address. Programs
retrieve these values by generating the lowest ad-
dress. All values should start at even addresses for
maximum system performance i '

Intemally the 80287 holds all numbers in the tempo~
rary real format. Load instructions automatically con-
vert operands represented in memory as 16-, 32-, or
64-bit integers, 32- or 64-bit floating point number or

18-digit packed BCD numbers into temporary real
format. Store lnstructlons perform the reverse type
conversion.

80287 computations use the processor's register
stack. These eight 80-bit registers provide the equiv-
alent capacity of 40 16-bit registers. The 80287
register set can be accessed as a stack, with in- .
structions operating on the top one or two stack ele-
ments, or as a fixed register set, with instructions

_ operating on explicitly designated registers..

— A
N 2424
A1sho Vee
—>] RESET v ¢
READY | —»] READY 80286 2
cc.s_x' < N g_;x B S 0,
% le % coo/
b i P iNTA . =
M/ 0 e u/io lg r CB A
BUSY o
82c288 BUSY I ia  PEREQ 74AS138
BUS L S ) 3
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e == p—
oT/R B 0 D D
ALE oLk
fOWC iGRC i e o o
_———
[ BUSY X |3 PEREQ
NPRD  |E |3
» EwR
RESET »| reser | DATA
I READY so287 D150
NPS. S
=S 820284 (i SOCKET '%531 — Vec l
CLOCK 51 L) ¢
GENERATOR = :] CMDY [
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CLK CKM
r
e m—————— "
L= 1
N | (] 4
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Figure 4A. 80286/80287 System Configuration
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GENERATOR
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Figure 4B. 80386/80287 System Configuration : : ’
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Table 2 80287 Data Type Representation in Memory

o

Data Most Significant Byte HIGHEST ADDRESSED BYTE -
. F ¢ Range Preclslon -
ormats N 7 0|7 0|7 0{7 0|7 0|7 0|7 0|7 0|7 0|7 O
Word Integer 10* ’16 B‘iisv : ggngs;iwiun
: IR SRR
Short Integer 10° 328Bits. | . ... - 1gg€§fsusun
. N 0
Long integer | 10'® 64 Bits JE
63 . o m e e EEE =
Ll MAGNIT ‘
Packed BCD | 10%® 18 Digits |S Ia.,, 1y Brs ; Bra, 813,812, 8414 dug, B L:.D,Euy 19 00 0a 05,0, ﬂleuJ
" T2 . ] . o
Short Real 10:38 " 24 Bits s 5,?.3’55;,55%, l SIGNIFICAND ] e DI

3 23\_“ 0 : -

Long Real |10 | samits 5| ofifiRe | 0 sowecawo . - | B
63 52‘;,, _—— e " Y T,
Temporary Real [ 1054932 | 64 Bits sI. Al h - SIGNIFICAND I
79 64 63° 0
NOTES: 210920-6
1. S = Sign bit (0 = positive, 1 = negative)
2. dp, = Decimal digit (two per byte)
3. X = Bits have no significance; 8087 ignores when loading, zeros when storing.
4. A = Position of implicit binary point
5. | = Integer bit of significant; stored in temporary real, implicit in short and long real.
6. Exponent Bias (normalized values):

Short Real: 127 (7FH)

Long Real: 1023 (3FFH)

Temporary Real: 16383 (3FFFH)
7. Packed BCD: (—1)s (Dq7... Do)
8. Real: (—1)s (2E-BIAS)(F¢Fy...)

Table 6 lists the 80287's instructions by class. No appropriate high level languages. All 8086/8088 de-
special programming tools are necessary to use the velopment tools which support the 8087 can also be
80287 since all new instructions and data types are used to develop software for the 80286/80287 in
directly supported by the 80286 assembler and real address mode.
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SOFTWARE INTFRFA_CE st PHOCESSOR ARCHlTECTURE

The 80286/80287 is programmed as a smgle proc- .. As shown in anure 1, the NPX is internally duvnded -
essor, All communication between the 80286 and- - into two processing elements, the bus interface unit
the 80287 is transparent to software: The CPU auto-... -.-(BIU) and the numeric execution unit (NEU). The
matically controls the 80287 whenever a numeric in- ‘NEU executes all numeric instructions, while the BIU
struction - is* executed. Al memory : addressing receives and decodes instructions, requests oper-
modes, physical memory, and virtual memory of the ", and transfers t6 and-from memory and’ exequtes
CPU are avallable for use by the NPX . ... . processor control instructions. The two units are
.., .., ., abletooperate independently of one another allow-
Since the NPX operates ln parallel with the CPU, any .. ing the BIU to maintain asynchronous communica-
errors detected by the NPX may be reported after’ _' tion with the CPU while the NEU is busy processnng
the CPU has executed the ESCAPE instruction . . anumeric instruction. :
which caused it. To aliow identification of the failing... . . g . s
numeric instruction, the NPX contains two pointer ~*
registers which identify the address of the failing nu-- BUS INTERFACE UNIT R

meric instruction and the numeric memory operand if
appropriate for the mstructlon encountermg thus er- The BIU decodes the ESC instruction executed by
v +" the CPU. If the ESC code defines a math instruction;

ror. : S
R R S A L ‘t_he BIU transmits the formatted instruction to the

N LT - NEU. If the ESC code defines an administrative in-

INTERRUPT DESCRIPTION U struction, the BIU executes it independently of the
. NEU. The parallel operation of the NPX with the

Several mterrupts of the 80286 are used to repon CPU is normally transparent to the user. The BIU
exceptional conditions while executing numeric pro- generates the BUSY and ERROR signals for 80826/
grams in either real or protected mode. The inter-~ 80287 processor synchronlzatlon and error notifica-
rupts and their functions are shown in Table 3. . tion, respectrvely .

The 80287 executes a single numeric instruction at |
a time. When executing most ESC instructions, the
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Table 3. 80286 Interrupt Vectors Reserved for NPX . “ - ".": °

_ Interrupt Number

Interrupt Function - -

7

An ESC instruction was encountered when EM or TS of the 80286 MSW was'-
set. EM = 1 indicates that software emulation of the instruction is required. =
When TS is set, either an ESC or WAIT instruction will cause interrupt 7. This .=« -
indicates that the current NPX context may not belong to the current task.’

The second or subsequent words of a numeric operand in memory exceeded a .
segment’s limit. This interrupt occurs after executing an ESC instruction. The - -
saved return address will not point at the numeric instruction causing this ~ _
interrupt. After processing the addressing error, the 80286 program canbe™ ~~
restarted at the return address with IRET. The address of the failing numeric’ .
instruction and numeric operand and saved in the 80287. An interrupt handler -
for this interrupt must execute FNINIT before any other ESC or WAIT

instruction. .

13

The starting address of a numeric operand is not in the segment S l|m|t. The . ..

- return address will point at the ESC instruction, including prefixes, causing this..
error. The 80287 has not executed this instruction. The instruction and data

address is 80287 refer to a previous, correctly executed, instruction.

16

The previous numeric instruction caused an unmasked numeric error. The
address of the faulty numeric instruction or numeric data operand is stored in -
the 80287. Only ESC or WAIT instructions can cause this interrupt. The 80286
return address will point at a WAIT or ESC instruction, including pref xes, which -

may be restarted after cleanng the error condmon in the NPX.

80286 tests the BUSY pin and waits until the 80287
indicates that it is not busy before initiating the com-
mand. Once initiated, the 80286 continues program
execution while the 80287 executes the ESC in-
struction. In 8086/8087 systems, this synchroniza-
tion is achieved by placing a WAIT instruction before
an ESC instruction. For most ESC instructions, the
80287 does not require a WAIT instruction before
the ESC opcode. However, the 80287 will operate
correctly with these WAIT instruction. In all cases, a
WAIT or ESC instruction should be inserted after
any 80287 store to memory (except FSTSW and
FSTCW) or load from memory (except FLDENV or
FRSTOR) before the 80286 reads or changes the
value to be sure the numeric value has already been
writen or read by the NPX.

Data transfers between memory and the_80287,
when needed, are controlled by the PEREQ PEACK,
NPRD, NPWR, NPS7, NPS2 signals. The 80286
does the actual data transfer with memory through
its processor extension data channel. Numeric data
transfers with memory performed by the 80286 use
the same timing as any other bus cycie. Control sig-
nal for the 80287 are generated by the 80826 as
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shown in Figure 4a, and meet the timing require-
ments shown in the AC requirements section.

NUMERIC EXECUTION UNIT

The NEU executes all instructions that involve the
register stack; these include arithmetic, logical, tran-
scendental, constant and data transfer instructions.
The data path in the NEU is 84 bits wide (68 signifi-
cand bits, 15 exponent bits and a sign bit) which
allows internal operand transfers to be performed at
very high speeds.

When the NEU begins executing an instruction, it
activated the BIU BUSY signal. This signal is used in
conjunction with the CPU WAIT instruction or auto-
matically with most of the ESC instructions to syn-
chronize both processors.

REGISTER SET

The 80287 register set is shown in Figure 5. Each of
the eight data registers in the 8087’s register stack
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oVaws

79 78 6463

DATA FIELD

TAG FIELD
o 1 0

IGN | EXPONENT

SIGNIFICAND

AN

CONTROL REGISTER

STATUS REGISTER

TAG WORD .

—— INSTRUCTION POINTER —

DATA POINTER

Figure 5. 80287 Reglster Set

is 80 bits wide and is divided into “fields” corre-
sponding to the NPX’s temporary real data type.

At a given point in time the TOP field in the status
word identifies the current top-of-stack register. A
“push’ operation decrements TOP by 1 and loads a
value into the new top register. A “‘pop” operation
stores the value from the current top register and
then increments TOP by 1. Like 80286 stacks in
memory, the 80287 register stack grows “down”
toward lower-addressed registers.

Instructions may address the data registers either
implicitly or explicitly. Many instructions operate on
the register at the TOP of the stack. These instruc-
tions implicitly address the register pointed by the
TOP. Other instructions allow the programmer to ex-
plicitly specify the register which is to be used. This
explicit register addressing is also "“top-relative.”

STATUS WORD

The 16-bit status word (in the status register) shown
in Figure 6 reflects the overall state of the 80287. It
may be read and inspected by CPU code. The busy
bit (bit 15) indicates whether the NEU is executing
an instruction (B = 1) oris idle (B = 0).
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The instructions FSTSW, FSTSW AX, FSTENV, and
FSAVE which store the status word are executed
exclusively by the BiU and do not set the busy bit
themselves or require the Busy bit be cleared in or-
der to be executed.

The four numeric condition code bits (Co-C3) are
similar to the flags in a CPU: instructions that per-
form arithmetic operations update these bits to re-
flect the outcome of NPX operations. The effect of
these instructions on the condition code is summa-
nzed in Tables 4a and 4b. '

Bits 14~ 12 of the status word pomt to the 80287
register that is the current top-of-stack (TOP) as de-
scribed above. Figure 6 shows the six error flags in
bits 5-0 of the status word. Bits 5-~0 are set to indi-
cate that the NEU has detected an exception while
executing an instruction. The section on exception
handling explains how they are set and used.

Bit 7 is the error summary status bit. This bit is set if
any unmasked exception bit is set and cleared oth-
erwise. if this bit is set, the ERROR signal is assert-
ed. , : ‘ -
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* EXCEPTION FLAGS (3 EXCEPTION HAS OCCURRED)
INVALID OPERATION* ‘
DENORMALIZED OPERAND*

ZERO DIVIDE*

OVERFLOW*

UNDERFLOW*  ~

PRECISION® -~

(RESERVED)

ERROR SUMMARY STATUS™
CONDITION CODE'?

TOP OF STACK POINTER™

NOTES:

2. See Table 5 for condition code mterpretatlon
3. Top Values
000 = Register 0 is Top of Stack
001 = Register 1 is Top of Stack
L]

111 = Register 7 is Top of Stack.

*For definitions, see the section on exception handiing

NEU BUSY _ )
) 210920-7

1. ES is set if any unmasked exception bit is set, cleared otherwnse

Figure 6. 80287 Status Word

TAG WORD

The tag word marks the content of each register as
shown in Figure 7. The principal function of the tag
word is to optimize the NPX's performance. The
eight two-bit tags in the tag word can be used, how-
ever, to interpret the contents of 80287 registers.

INSTRUCTION AND DATA POINTERS

The instruction and data pointers (See Figures 8a
and 8b) are provided for user-written error handlers.
Whenever the 80287 executes a new instruction, the
BIU saves the instruction address, the operand ad-
dress (if present) and the instruction opcode. 80287
instructions can store this data into memory.

" The instruction and data pointers appear in one of
two formats depending on the operating mode of the
80287. In real mode, these values are the 20-bit
physical address and 11-bit opcode formatted like
the 8087. In protection mode, these values are the
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32-bit virtual address used by the program which ex-
ecuted an ESC instruction. The same FLDENV/
FSTENV/FSAVE/FRSTOR instructions as those of
the 8087 are used to transfer these values between
the 80287 registers and memory.

The saved instruction address in the 80287 will point
at any prefixes which preceded the instruction: This
is different than in the 8087 which only pomted at
the ESCAPE instruction opcode

CONTROL WORD

The NPX provides several processing optlons which
are selected by loading a word from memory into the
control word. Figure 9 shows the format and encod-
ing of fields in the control word.

The low order byte of this control word configures
the 80287 error and exception masking. Bits 5-0 of
the control word contain individual masks for each of
the six exceptions that the 80287 recognizes. The
high order byte of the control word configures the



|ns:_r:::l_o‘n Cg Cz E ‘c, ‘ Co Interpretaﬂon

Compare, Test | 0 0. X . 0 ST > Source or 0 (FTST)
0 0 X 1 ST < Source or 0 (FTST)
1 -0 X 0 ST = Source or 0 (FTST)
1 I X | ST is not comparable

Remainder Qq -0 Qo “>- Qg | Complete reduction with ©

e “. .| threelow bits of quotient _
e T IR TS (See Table 5b)
: u 1 U .U Incomplete Reduction

Examine 0 0 . 0 0 Valid, positive unnormalized
0 0 .0 . 1 Invalid, positive, exponent = 0
0 -0 1 -0 Valid, negative, unnormalized
0 0 B B Invalid, negative, exponent = 0
0 1 S0 -0 Valid, positive, normalized
0 1 0 - -1 infinity, positive
0 1 1. 0 Valid, negative, normalized
0 1 1. : 1. Infinity, negative
1 0 0" 0} Zero, positive
1 0 0. 1 Empty

- 1 .0 L 0 Zero, Negative
1 -0 . = E PR Empty
1 1 0 0 Invalid, positive, exponent = 0
1 1 - 0 1 Empty
1 1 -1 [ Invalid, negatlve exponent =0
1 1 1 1T Empty -
NOTES:

1. ST = Top of Stack

2. X = value is not affected by instruction

3. U = value is undefined following lnstructlon
4. Qn Quotient bit n

Table 45 Condition Code interpretation after -
FPREM (See _Note 1) Instructionas a Functlon of

Dividend Value
Dividend Range Qa Q| Q
Dividend < 2 * Modulus Ca Cq Qo
Dividend < 4 * Modulus Cs Qq Qo
Dividend = 4 * Modulus Qo Q4 Qo

NOTE:
1. Previous value of indicated bit, not affected by FPREM
instruction execution.
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80287 operating mode including precision, rounding,
and infinity control. The precision control bits (bits
9-8) can be used to set the 80287 internal operating
precision at less than the default of temporary real
(80-bit) precision. ‘This can be useful in providing
compatibility with the early generation arithmetic
processors of smaller precision than the 80287. The
rounding control bits (bits 11-10) provide for direct-
ed rounding and true chop as well as the unbiased
round to nearest even mode specified in the IEEE
standard. Contro! over closure of the number space
at infinity is also provided (either affine closure:
oo, or projective closure: o, is treated as unsigned,
may be specified).



15 - -~ L N
- TAG(7) | TAG(6) | TAG(5) | TAG(4) | TAG() | TAG(2 | TAG(1) |.TAG(O) |- -
» TAG VALUES:
NOTE: ) 00 = VALID
The index i of tag(i) is not top-relative. A program . 01=2ZERO . -
typically uses the “top"” field of Status Word to deter- 10 = INVALID or INFINITY
mine which tag(i) field refers to logical top of stack. ) 1 = EMPTY
Figure 7. 80287 Tag Word
L 4
MEMORY OFFSET
15 0
CONTROL WORD +0
STATUS WORD +2
TAG WORD +4
IP OFFSET +6
CS SELECTOR +8
DATA OPERAND OFFSET +10
DATA OPERAND SELECTOR +12

EXCEPTION HANDLING

The 80287 detects six different exception conditions
that can occur during instruction execution. Any or
all exceptions wili cause the assertion of external
ERROR signal and ES bit of the Status Word if the
appropriate exception masks are not set.

The exceptions that the 80287 detects and the ‘de-
fault’ procedures that will be carried out if the excep-
tion is masked, are as follows:

Invalid Operation: Stack overflow, stack underfiow,
indeterminate form (0/0, oo, — oo, etc) or the use of
a Non-Number (NAN) as an operand. An exponent
value of all ones and non-zero significand is re-
served to identify NANSs. If this exception is masked,
the 80287 defauit response is to generate a specific
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Figure 8a. Protected Mode 80287 Instruction and Data Pointer image in Memory

NAN called INDEFINITE, or to propogate already ex-
isting NANs as the calculation resuit.

Overflow: The result is too large in magnitude to fit
the specified format. The 80287 will generate an en-
coding for infinity if this exception is masked.

Zero Divisor: The divisor is zero while the dividend
is a non-infinite, non-zero number. Again, the 80287
will generate an encoding for infinity if this exception
is masked. C : .

Underflow: The result in non-zero but too small in
magnitude to fit in the specified format. If this excep-
tion is masked the 80287 will denormalize (shift
right) the fraction until the exponent is in range. The
process is called gradual underflow.



80287 - ‘ .

s T MEMORY |
- OFFSET
15 o
] CONTROL WORD +0
___STATUSWORD -~ 42
- - - . TAGWORD T T
< INSTRUCTION POINTER (15-0) -~ - | . +6 .
INSTRUCTION | o | INSTRUCTION +8
POINTER (19-16) OPCODE (10-0) .
. DATAPOINTER(15-0) | = +10° , S
| DATAPOINTER T e ey
(19-16) - | - o R R TS
15" 12 1 0 ‘

“* Figure 8b. Real Mode 80287 Instruction and Data Pointer Image In Memory - - - - - - e
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EXCEPTION MASKS (1 -EXCEPTION IS MASKED)

INVALID OPERATION o . -
DENORMALIZED OPERAND N
ZERO DIVIDE . . S,
OVERFLOW \ '
UNDERFLOW
PRECISION

(RESERVED)

(RESERVED) <

PRECISION CONTROL 'V

ROUNDING CONTROL'?

INFINITY CONTROL (0 = PROJECTIVE, 1 = AFFINE)

(RESERVED)

(1) PRECISION CONTROL
00 = 24 BITS (SHORT REAL)
01 = RESERVED
10 = 53 BITS (LONG REAL)

. 11 = 64 BITS (TEMP REAL)

210920-8

(2) ROUNDING CONTROL
00 = ROUND TO NEAREST OR EVEN
01 = ROUND DOWN (TOWARD —x)
10 = ROUND UP (TOWARD +x)
11 = CHOP (TRUNCATE TOWARD ZERO)

Figure 9. 80287 Control Word
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Denormalized Operahd: At leavs—tﬁone ef' the 'op‘er-
‘ands is denormalized; it has the smallest exponent

‘but a non-zero srgmfrcand Normal processing con-

tmues if this exception is masked off.

‘Inexact Resuit: The true result is not exactly repre- .

sentable in the specified format, the result is round-
ed according to the roundlng mode, and this flag is-

h Therefore any rnterrupt controller orrented ln-
structions for the 8086/8087 may have to be de-
leted.

~ 2. Interrupt vector 16 must point at the numeric error

" handler routine.--

{

‘3; The saved floating point instruction address in the

. 80287 includes any leading prefixes before the

set. If this exception is masked, processing erI srm- -

ply continue.

If the error is not masked, the corresponding error .~

bit and the error status bit (ES) in the control word
‘will be set, and the ERROR output signal will be as-

serted. If the CPU attempts to execute another ESC_ ..

‘or WAIT instruction, exception 7 will occur.

The error condition must be resolved via an interrupt

v

service routine. The 80287 saves the address of the -

floating point instruction causing the error as well as
the address of the lowest memory location of any
memory operand required by that instruction.

8086/8087 COMPATIBILITY:
The 80286/80287 supports portability of 8086/8087

programs when it is in the real address mode. How-

ever, because of differences in the numeric error
handiing techniques, error handling routines may
need to be changed. The differences between an
80286/80287 and 8086/8087 are:

1. The NPX error signal does not pass through an
interrupt controller (8087 INT signal does).

4,

. ESCAPE opcode. The corresponding saved ad-
dress of the 8087 does not include leading prefrx-
es.

In protected mode, the format of the saved in-
- struction and operand pointers is different than for
the 8087. The instruction opcode is not saved—rt
must be read from memory if needed.

. Interrupt 7 will occur when executing ESC instruc-

tions with either TS or EM or MSW = 1. If TS of
. MSW =1 then WAIT will also causé intérrupt 7.
An |nterrupt handler should be added to handle
this situation.

. Interrupt 9 will occur if the second or subsequent
words of a floating point operand fall outside a
segment‘s size. Interrupt .13 will.occur if the start-

" ing address of a numeric operand falls outside a

segment’s size. An interrupt handler shouid be

added to report these programming errors.

In the protected mode, 8086/8087 application code
can be directly ported via recompilation if the 80286

"~ memory protection rules are not violated.
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80287 . o

ABSOLUTE MAXIMUM RATINGS"

Ambient Temperature Under Bias ...... 0°Cto 70°C
Storage Temperature .......... —65°Cto +150°C
Case Temperature ...7..0:.. .. 0. :...0°Cto 85°C_ o

Voltage on any Pin with °
Respect to Ground

Power Drssnpatlon el

D.C. CHARACTERISTICS TA = 0°c to 70°c Tc 0°c fo 85°C vcc =5V £5% -

—10to Y7V )
- 30Watt.. _

§
.~ *Notice: Stresses above those listed under “Abso-

lute Maximum Ratings” may cause permanent dam-
age to the device. This is. a stress rating only and
functional operation of the device at these or any

- other conditions above those indicated in the opera-

tional sections of this specification is not implied. Ex-

;.= posure to absolute maximum rating conditions for
- extended pen'ods may affect device reliability. -

Soae

ALL SPEEDS SELECTIONS - - -~ " - - '~f' =
Symbol Parameter - - - | - Min - Max Unit Test Conditions ~
Vi- 5] Input LOWVoltage =~ | . —05 | .. 081 |V .
ViH - .| InputHIGH Voltage .. 20. | Veo+05 | Vv
_Vic-. . ' | ClockinputHIGH Voltage |- - "'| - |7
aloo ] CKM =1 20. | Voo +1 v
CKM = 0; 3.8 Vee +1 v
Vg~ " Clock Input LOW Voltage -
B : CKM = 1. - - -0.5 0.8 -V
-CKM =0 S —05 0.6 vV
Vou- - ‘Output LOW Voltage 0.45 - \Y loL = 3.0mA
VOH Output HIGH Voltage 24 v loH = —400 pA
Iy - = Input Leakage Current woe +10 - pA OV < ViN<Vee
ko -~ | OutputlLeakage Current—-- |~ e +10- pA 0.45V < Vour <€ Voo
lcc Power Supply Current 600 mA Ta = 0°C
: - o 475 “MA Ta = 25°C
- . 375 mA Ta = 70°C
Cin input Capacitance - e 710 pF Fc = MHz
Co . | Input/Output Capacntance e 20 7 pF Ve = 1MHz
— - . (Do D15) ...... . . R, - -
CaLk " CLK Capacitance T e 127" | pF Fc = 1MHz
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Ac CHABACTERISTICS Ta=0Cto 70°C, Toase = 0°C1085°C, Vog = BV £5%" 5770 7544

TIMING REQUIREMENTS

A C. timings are referenced to 0. 8V and 2. 0V pomts on sngnals unless otherwnsa noted

[+ | so287-3 | 8oze7-6 | s0287-8 vl ER I et
: SMHz: .| 6MHz | 8MHz Units | -
Symbol Parameter . 8N Preliminary Unjts Conditions
Min | Max [ Min | Max | Min | Max | Min | Max
Teier | CLK Period SOl SO D O R A BTN BN S i,
CKM = 1: 200 { 500 | 166 | 500 | 125 | 500 | 100 | 500 ns’
CKM = 0: 62.5 | 250 (625|166 | 50 | 166 | 40 | 166 ns
Teten | CLK LOW Time - N E - e
: CKM = 1: 118 1100 [ 343 | 68 {343 | 62 | 343 | ns- | AtOSV -
CKM = 0: 156 | 230 | 15 | 146 | 15 | 146 | 11.] 146 |. ns At06V
TcHcL | CLK HIGH Time D o R DY I
AR CKM = 1: 69 | - - /50| 230 | 43 {230 .28 {"230.] ns.|At20v..:
CKM = 0: 20 | 235| 20 [ 151 | 20 | 151 18 | 151 ns |At3.6V. .
TcHicHz | CLK Rise Time 10 |- 10° 10 10 ‘ns | 1.0Vto 3.6V
, : : if CKM = 0
TeorecL1 | CLK Fall Time 10 10 10 10..] ns [3.6Vio 1.0V
e , if CKM = 0
TovywH | Data Setup to 75 75 75 75 ns
NPWR Inactive - T - -
Twhpx | Data Hold from 30 30 18 18- ns
NPWR Inactive ’ L
Twiwre | NPWR NPRD 95 95 90 90 ns |At0.8V
TRLRH Active Time i ’ - ) o
TavwL | Command Valid o -
TavRL to NPWR or 0 0 0 ~ 0 - ns
NPRDActive
TMHRL | Minimum Delay ) )
‘ from PEREQ Active | 130 130 130 100 ns
to NPRD Active : - - s
TKLKH EAK Active Time 85 85 85 60 ns | At0.8V
TiHke | PEAK Inactive Time | 250 250 250 200 ns - | At2.0V- - -
TKHCH PEAK Inactive to . . . .
NPWR, NPRD 50 50 40 40 ns
Inactive
TcHkL | NPWR, NPRD
Inactive to -30 —30 -30 -30 ns
PEAK Active
TwHax | Command Hold
Truax | from NPWR, 30 30 30 22 ns
NPRD Inactive
TkLeL PEAK Active :
Setup to NPWR 50 50 40 40 ns
NPRD Active
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A.C. CHARACTERISTICS T, = 0°Cto 70°C, Tcage = 0°C to 85°C, Vg = 5V +5% (Contiriued) -

'!'_IMI‘IWQQ_HBEQUIREMVEVNTSV (antinued) ‘ B P
A.C. timings are referenced to 0.8V and 2.0V points on signals unless otherwise noted.
' ; 80267-3 | 802676 | sozer-g | %20 | " et
. ~1-5MHz |~ 6 MH ol I .. .
Symbol Parameter (SMHz' |~ 6MHz | 8MHz Preliminary H"'}“ Conditions
- 7777 Min | Max | Min { Max | Min | Max | Min | Max :
TiwvcLa -| NPWR, NPRD 70 L.pwe| 704« - = |- 70 |~-~ .| 53 ns | (Noted)
' to CLK Setup Time R IR A A o P ’
Teuw |NPWR,NPRD | 45 | 45 as | - [37.]. | ns [(Notet)
from CLK Hold Time ol S )
TrscL' | RESETtoCLK- - - | 20 200~ 201771200 0 1 ns | (Notet)
Setup Time - T e
TcLrs | RESET from CLK 2 | 2. . |20}... | 20 ns | (Note 1)
< | Hold Time o :
TIMING RESPONSES - e
* | 802873 | so0287-6 | soze7-g | B020710 Test
Symbol Parameter S5MHz | 6MHz 8MHz | preliminary | Ynits | conditions
s Min | Max | Min | Max | Min | Max | Min | Max
Truaz | NPRD Inactive to 375 37.5 3 | 21 ns | (Note2)
Data Float
Triov | NPRD Active to 60 60 60 60 ns | (Note3) .
Data Valid . g - :
TiLeH ERROR Activeto | 100 100 100 100 ns (Note 4)
. BUSY Inactive . . . : - .
Twiey | NPWR Active to 100 100 100 100 ns | (Note5)
: BUSY Active - S - : - )
Tkme | PEAK Active to 127 127 127 | | 100 ns | (Note6)
PEREQ Inactive e
Tomoi Command Inactive | . . . -
Time : i S g4 -
Write-to-Write . | 95.1... .| 95 | 95 { .. 75 ns | At2.0Vv
Read-to-Read 250 95 85 | | 7% ] . ns | At2.0V
Write-to-Read 105 : 95 95 75 ns | At2.0V
Read-to-Write | 95 95 95 |- 75 ns At 2.0V
TrHaH | DataHold from  { 5 3 : 3 3 o ns | (Note 7)
: NPRD Inactive '
. NOTES: , S
1. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at a specific CLK
edge.
- 2. Float condition occurs when output current is less than I o on D0-D15.
3. DO-D15 10SINF¢: XL = 100 pF.
4, BUSY loading: CL = 100 pF.
5. BUSY loading: CL = 100 pF.
6. On last data transfer on numeric instruction.
7. DO~D15 loading: CL = 100 pF.
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= 'v JULO/ ],;:i;;‘;‘ B
WAVEFORMS . B T A AT I N

DATA TRANSFER TIMING (Initiated by 80286) et LD R S Ty
" cMDO CMD1 o : N
NPZ1,NPS2 - X o .. VALID L ‘
e 5 e 4—;TR R ! ‘__~_’_ - _—’ . vy
NPRD : T LAH——— 4 — TRHAX
et C i
oo ; - nvm.\“‘ o T T T T DATA ~
vl - - - A<——TRHQZ—>| TRANSFER.
—»| TRLQV - | «—TRHQH—»| EE : FROM
- - - B —r - - e . wz” - - 1
Do-Dis - L DATA OUT - - 1
. . TAVWL\l.\,\\ - il w2
. : - TWLWH: < TWHAX ————— .
NPWR. — x CoT [ — - .
- o e -
L_‘—‘—Iovw'_'-»i TWHDX : TRANSFER
- > > L. TO .
80287
Do-Dys DATA MAY CHANGE DATA IN DATA MAY CHANGE
| VALID
—»{ TWLBN |=&—
- . BUSY
210920~12

DATA CHANNEL TIMING (initiated by 80287)
)

- CMDO,CMD1 ° ‘ : i

NPS1,NPS2 L VALID K

~ ~ o T T -

- TCMD!

| <————TMHRL ———— | ———— TCLML ———

PEREQ ! - X
, TKLCL—>] |

«——TKLMLfTb = TKHCH |- t—TKHKL—»

<—————TCHKL -] l

— — o ———— ——— ————— o | -\

TR i i

——————— TK LK H ]

210920-13
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Mal | ovcor

WAVEFORMS (Continued)

ERROR OUTPUT TIMING ‘ o L e L e

- Iy . ; HR
e miad - e ey TILBN e N AP

CLK, RESET TIMING (CKM 1)

- 210820-15

NOTE: ey
Reset, NPWR, NPRD are inputs asynchronous to CLK. Tmlng reqmrements on this page are glven for testlng purposes only.
to assure recognition at a spec:ﬁc CLK edge. . . - R

i =
K
-~ - " -
)
P . B i '

3.75




n Ile : 80287 o -

WAVEFORMS (Continued) : G DONEV AW

CLK, NPRD, NPWR TIMING (CKM = 1) ’ Sldee YU L P

CLK
(IFCKM =1)

e

- -

CLK,RESETTIMING (CKM = 0) .~ - .~ . . .. . . o7 0 7iss i

¢

PHASE INDETERMINATE

CLK
(IF CKM = 0)

+/ e
RESET . j . . ‘\\\\ e
. R . I, . e 21082017 -
NOTE: ) . :
Reset must meet timing shown to guarantee known phase of internal + 3 circuit.

CLK, NPRD, NPWR TIMING (CKM = 0)

210920-18
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[}
1

Data Transfer

FLD = LOAD

Integer/Real Me"mor;' to ST(0)

Long Integer Memory to ST(0)

Temporary Real Memory to

ST(0) R,
BCD Memory to ST(0) .~ 1 7

$T(i) to ST(0)
FST = STORE
ST(0) to Integer/Real Memory
ST(0) to ST(i)

FSTP = STORE AND POP
ST(0) to integer/Real Memory

ST(0) to Long integer Memory

S$T(0) to Temporary Real
Memory

ST(0) to 8BCD Memory

ST(0) to STi)

FXCH = Exchange ST(i) and *
ST(0) - -

Comparison
FCOM = Compare -
Integer/Real Memory to ST(0)

ST(i) to ST (0)

FCOMP = Compare and Pop
Integer/Real Memory to ST(0)

ST(i) to ST(0)

FCOMPP = Compare ST(1) to
. ST{0) and Pop Twice -

FTSY = Test ST(0)

FXAM = Examine ST(0)

- Table 6. 80287 Extensions to the 80286 Instruction Set

£ ) omm-l ¥ "Clock Count Range ° .
Ao e R 328 | 328 | 64BI | 168’
f o i = 1 Displ Real | integ Real | Integer -
[ MED - o [ 1w | n
[escare w¢ 1 [ moD 0 0 ) ST G 3856 52-60 40-60 _ 46-54__
[escape T T Wop 1 0 1 h L
ILESCAPE o1 1[moD 10
[escare 1 1 1 T;noo' T o .
Jescare 0 o 11'1“1 00 0 st
[escare mF 1 [ mop 0 1 0 FWT]:::'P:%P::: 84-90 82-92 96-104  80-90
Cfescare o T o v osta]l L Ll o s
[ESCAPE ME 1] MoD 0 1 1 Am ::Bngp_j So-02 8484 S8-108 6222
[escare v v 1 [mop 1711 T DieRT T 94-108
[escare 0 1 1 [moD 1 1 1
[escare 1 1 1 [ MoD 110
[escape 1 01 [1 1 013
EséAPE 00 f'] 11007
fsscue MF 0 [ MOD 0 1 0 R/MI::Ens:P:] 60-70 78-91 €5-75  72-86
| ESCAPE 50 [+1 01 0 s} : 40-50
ESCAPE WF 0 | MOD 0 1 1 Am " DisP | 6373 8093 6777 74-68
ESCAPE 06 0 0 |1 1 0 1 1 ST() 4552 ,
~fescape v 1011 011001 | 45-55
[escwe‘our]”wooroo]"‘ 3648
lescape 0 0 1 [ 11 100101 | 12-23
_ 210920-19
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- ———
e

36V CKM:=0
20v CKM=1

10V CKM=0 '

i _{ 0ASVCKM = 1 08V CKM=1 |
} ce e el - ST T 210020-9, ... .
. AC Drive and Measurement Points—CLK Input - -~ - =
EREARNe : . : A S 1 T S SIS AP, i

4.0V CKM =0

3.6V CKM:-0

24V CKM =1
P 20V CKM: 1 e
CLK I R .
INPUT I W .
o . \i.ov CKM=0 5
045V CKM -0 . 0.8V CKM=1._ ]
0.45V CKM =1
) -
. -—'»om—' NI R e "
- 24v <
OTHER 20v ;
DEVICE vt TR T e
INPUT i
” T o
. 0.45v e ;
e— tDELAY
) / 20v ,
DEVICE ) o
OQUTPUT o
o8V
210920-10
AC Setup, Hold and Delay Time Measurement—General e
DEVICE
OUTPUT
—_——
‘- - 210920-11 o

AC Test Loading on Outputs

3-78



Table 6. 80287 Extenislons to the 80286 Instruction Set (Continied) =

ettt e ARG Optional " Clock Count Range
IR 8,78 Bt 328it | 3281t |e4Bit | 1681
Constants - Displacement | Real | Integer | Rea! | Integer
l ME T . N e 00 ol L1 [ n
FLDZ = LOAD + 0.0intoST(0) [ESCAPE 0 0 1 [t 1+ 1061110 | .. Mt
. PR — - o e o
FLO1 = LOAD + 1.0into ST(0) [ ESCAPE 0 0 1 [1 1 1 0 1 0 0 Trisa
FLOP} = LOAD 7intoST(0) [ ESCAPE 0 0 1 [1 1 10 1 0 1
R¥ W)
FLDLZY = LOAD log, 10into [ ESCAPE 0 0 1 [ £ 1 1 0 1 0 0
ST(0)
FLDLZE = LOAD logzeinto [ ESCAPE 0 0 1 [1 1 1.0 1 0 1 P
ST(0) — : 0
FLDLG2 = LOAD logqg 2 into S
ST(0) [escare 0 0 1 [1 1. 10110
FLDLN2 = LOAD iog,2 into Lescms 00 1]1 1101 1.0 o
ST(0) S S
Arithmetic
FADD = Addition - .o
integer/Real Memory with ST(0) Lsscme MF oT MOD 0 0 0 RM ] DISP .| 90-120 108-143 95125 102-137
ST(i) and ST(0) {ESCAFE ¢ PO|[1 1 00 O ST ] B 70-100 (Note 1)’
FSUB = Subtraction N )
Integer/Real Memory with ST(0) [ ESCAPE MF 0 | MOD 1 0 R RM | 90-120 108-143 95-125, 102-137
ST(i) and ST(0) [ESCAPE a P o—l 1.110 R'AM ] - - 70-100 (Note 1) .,
FMUL = Multiplication L B
Integer/Real Memory with ST(O) | ESCAPE MF 0 [ MOD 0 0 1 AM | DISP !~ 110-125 130-144 112-168 124-138
ST(i) and ST(0) [escare a Po 11 00 1 AM | 90-145 (Note 1)
FOIV = Division el
Integer/Real Memory with ST(0) [ ESCAPE MF 0 [MOD 1 1 R ARM [ ISP -] . 215-225 230-243 220-230 224-238
ST(i) and ST(0) lescape a Po 1 1 11 RAM | ~ 7 193-203(Note 1)
FSQRT = Square Root of ST(0) [escms 00 111 T 111010 ] ’ 180-186 - - - : ¢
FSCALE = Scale ST(O) by ST(1) [ ESCAPE 0 0 1 [ 11 1 1 1 101 | _ . 82-38 .. .. .
FPREM = Partial Remainderof | ESCAPE 0 0 1] 1 111 100 0 | 16-180
ST(0) +ST(Y) 7 . . ‘ -
FRNDINT = Rouna ST(0)to | ESCAPE 0 0 1 |1 1 111100 | 16-50
integer - .- - - B B ——— -
210920-20
NOTE:

1. 1f P = 1 then add 5 clocks.
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Table 6. 80287 Extensions to the 80286 Instruction Set (Continued) ’

FXTRACT = Extract
" Components of St(0)

FABS = Absolute Value of
ST(0)

FCHS = Change Sign of ST(0)

Transcendental
FPTAN = Partial Tangent of
ST(0)

FPATAN = Partial Arctangent
of ST(0) +ST(1)

F2xmy = 2570 4
FYL2X = ST(1)* Logz
I1ST(O)

FYL2XP1 = ST(1)* Logz
IST(0) +1]

Processor Control
FINIT = Initialize NPX

FSETPM = Enter Protected

Mode
FSTSW AX = Store Control

Word

FLDCW = Load Control Word
FSTCW = Store Control Word
FSTSW = Store Status Word
FCLEX = Ciear Exceptions
FSTENV = Store Environment
FLDENV = bLoad. Envivon;r\ont
FSAVE = Save S’.l.l“

FRSTOR = Restore State

FINCSTP = increment Stack
Pointer

FDECSTP = Decrement Stack
Pointer

R Optional

. it
—[ ESCAPE N EEEEEEEXI
[ESCAPE 1 ]1 1.10000 IAI -
[ Escare 111t 100000 s
[ escare BEEEEEYERY
[ escape E 1 110011 ]
.| ESCAPE 11110000 -
["escare 11111000 ﬂ
[ escare I EEER ) 1]
[ Escape 111 100001 1]
[ Escare 1]11 100100
[ escare 111 100000 |
[ escare 1 [ mop 1 0 1 Am 1:: DISP |
[ escape 1Moo 11 1AM ] oise !
| escape 1[mop 11 1 RM | Disp |
[ escare 111 100010 |
| escape 1Moo 11 0 RM | Disp !
[ escare 1mop 100 mrM | oisp |-
[‘escare 1 Mmoo 1 10rM | DgP !
[(escare 1Mo 100 rM | oisp '2
[ escare BEEEEEEERR
["escare 111110110

Clock Count Ranﬁcv

whiote 'y

|
27-55
‘

SRR

iy C10=170 2

2-8

10-16
v o7-14
12-18
T12-18

2-8

35-45
205-215

205-215

6-12

o

612

B e

210920-21

3-80



Table 6. 80287 Exténsidﬁs 'io ih?ér 80286Instructla;|Set(Contlnued) o8 *

R
FFREE = Free ST(i) e [ ESCAPE 1 0 1 L1 1 000 sn-) ]’f RS
FNOP = No Operation [Escms 001 L1 1 01000 T]
NOTES: ’ yoo ST e e et
1. if mod = 00 then D|SP = 0°, dlsp-low and dxsp-hngh are absent. ’ ) s
if mod = 01 then DISP = disp-low sign-extended to 16—b|ts. disp-high i is absent .
if mod = 10 then DISP = disp-high; disp-low - SO A R 7
if mod = 11 then r/m is treated as an ST(j) field IR TER 2
2. if r/m = 000 then EA = (BX) + (SI) +DISP S - :
if r/m = 001 then EA = (BX) + (DI) +DISP ' R P e o .
if/m = 010 then EA = (BP) + (S}) +DISP s
ifr/m = 011 then EA = (BP) + (DI) +DISP" ' ) 3
if r/m = 100 then EA = (SI) + DISP . o .
ifr/m = 101 then EA = (D) + DISP .. .. o s T -
if r/m = 110 then EA = (BP) + DISP LT -
if /m = 111 then EA = (BX) + DISP - . L e e e

*except if mod = 000 and r/m = 110 then EA = disp-high; disp-low.
3. MF = Memory Format
00—32-bit Real
01—32-bit Integer : .
10—64-bit Real . ) L L
11—16-bit Integer - o , o L ’
4, ST(O) Current stack top e ’
ST(i) = ith register below stack top
5. d = Destination : B .
0—Destination is ST(0) . R R S
1—Destination is ST(i) PR . . IR
6. P = Pop -
0—No pop ) )
1—Pop ST(0)
7. R = Reverse: When d = 1 reverse the sense of R
0—Destination (op) Source
1-—Source (op) Destination

8. For FSQRT: —0 < ST(0) < +
For FSCALE: —215 < 8T(1) < +215 and ST(1) mteger - =
For F2XM1: 0 < ST(0) < 21 e - o
For FYL2X: 0 < ST(0) < = i )

- <S8T(1) < +o0 : - . v P
For FYL2XP1: 0 < IST(O) < (2 — V2)2- : ] e
) —o < ST(1) < o B ) o e
For FPTAN: 0 < ST(0) < w/4 :
For FPATAN: 0 < ST(0) < ST(1) < + ©
ESCAPE bit pattern is 11011.

©

DATA SHEET REVISION REVIEW

The following list represents the key differences between this and the -006 80287 Data Sheet. Please review -

the summary carefully.
1. The CLK speed table in the sectlon entitled “SYSTEM CONFIGURATION WITH 80286" was modified to
show the required CLK frequencies in the divide-by-3 mode (CKM = 0) for the 287 speeds t_abulated

2. Obsolete components were replaced with readily available components in Flgure 4A.

3. In the AC TIMING REQUIREMENTS table the timing symbols, TAVRL and TAVWL were reversed in order to
match the parameter description. ) :
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80387

2.7 8087 and 80287 Compatibiiity

This section summarizes the differences between
the 80387 and the 80287. Any migration from the
8087 directly to the 80387 must aliso take into ac-
oountthediﬂemnoesbetwoentheaoa?wme
aozaTasﬁstodlnAppendo(A ,

Manychangeshavebeendesxgnodmothesosn
to directly support the IEEE standard in hardware.
These changes result in increased performance by
eknﬁnat;ngmeneedforsofhnarematsuppomm
standar -

2.7.1 GENERAL DIFFERENCES

The 80387 supports only affine closure for inﬁmty
arithmetic, not projective closure. Bit 12 of the Con-
trol Word (CW) no longer defines infinity control. Itis
a reserved bit; but it is initialized to zero after RESET
or FINIT and is changeable upon loading the CW.
Programs must ignore this bit.

Operands for FSCALE and FPATAN are no longer
restricted in range (except for + o°); FaXM1 t.nd
FPTANacoeptawlderrangeofoperands i

The results of transcendental opombons may be
slighﬂydiﬁerenﬂrommoucouumdbyaoaa'l

Inmeea.saofFPTAN the 80387 atme
tangont1 ont result in ST(1), and (always) a tloahng point
in

Roundhgccmrousk;effeqtforFLDmm o

Software cannot change entries of the tag word to
valuos(omerﬂlmempty)ﬂmdonotroﬂectmem
tualregistercontems v

After reset. FINIT, and inoomplete FPREM the
80387rasetstozaromecondihoneodebnscs—co
of the status word.

In conformance with the IEEEstandw :he30387
does not support the special data formats: -pseu-

Table 2.7. Exceptions

dozgro. pseudo-NaN, pseudoinfinity, and unnormal.

: Defauit Action .
Exception , Cause (it exception Is ked)
Invalid Operation on a signaling NaN, unsupported format, Resultis a quist NaN, integer
Operation indeterminate form (0* o0, 0/0, (+ @) + (— ), etc.),or | indefinite, or BCD indefinite

stack overflow/underfiow (SF is also set). ' '
Denormalized | Atleast one of the operands is denormalized, i.e. it has Normal processing
Operand the smallest exponent but a nonzero significand. continues
Zero Divisor The divisor is zero while the dividend is a nomnﬁnita Resultis
: nonzero number. ;
Overfiow The result is too large in magmtude to fitin the specified | Resultis largest finite value _
format. or &
Underflow The true result is nonzero but too small to be Result is denormalized or
represented in the specified format, and, if underflow zero
exception is masked, denormalization causes loss of
accuracy.
Inexact The true result is not exactly representable in the Normal processing
Result specified format (e.g. 1/3); the result is rounded continues
(Precision) aocordng to the rounding mode.

Note: he 50257)([, A/w( most Zﬂ—con/e%/c 647;5 use ﬁic 357
//w'frvdllan sd’ o




2,7.2 EXCEPTIONS

A number of differences exist due to changes in the
IEEE standard and to functional improvements to
the architecture of the 80387:

1.

10.

11.

12.

13.

When the overflow or underflow exception is
masked, the 80387 differs from the 80287 in
rounding when overflow or underflow occurs.
The 80387 produces results that are consistent
with the rounding mode.

. When the underflow exception is masked, the

80387 sets its underflow flag only if there is also
a loss of accuracy during denormalization.

. Fewer invalid-operation exceptions due to de-

normal operands, because the instructions
FSQRT, FDIV, FPREM, and conversions to BCD
or to integer normalize denormal operands be-
fore proceeding.

. The FSQRT, FBSTP, and FPREM instructions

may cause underflow, because they support de-
normal operands.

. The denormal exception can occur during the

transcendental instructions and the FXTRACT
instruction.

. The denormal exception no longer takes prece-

dence over all other exceptions.

. When the denormal exception is masked, the

80387 automatically normalizes denormal oper-
ands. The 8087/80287 performs unnormal arith-
metic, which might produce an unnormal result.
When the operand is zero, the FXTRACT in-
struction reports a zero-divide exception and
leaves — o0 in ST(1).

. The status word has a new bit (SF) that signals

when invalid-operation exceptions are due to
stack underflow or overflow.

FLD extended precision no longer reports denor-
mal exceptions, because the instruction is not
numeric.

FLD single/double precision when the operand
is denormal converts the number to extended
precision and signals the denormalized operand
exception. When loading a signaling NaN, FLD
single/double precision signals an invalid-oper-
and exception.

The 80387 only generates quiet NaNs (as on the
80287); however, the 80387 distinguishes be-
tween quiet NaNs and signaling NaNs. Signaling
NaNs trigger exceptions when they are used as
operands; quiet NaNs do not (except for FCOM,
FIST, and FBSTP which also raise IE for quiet
NaNs).

When stack overflow occurs during FPTAN and
overflow is masked, both ST(0) and ST(1) con-
tain quiet NaNs. The 80287/8087 leaves the
original operand in ST(1) intact.

14

15.

. When the scaling factor is + o, the FSCALE
(ST(0), ST(1)) instruction behaves as follows
(ST(0) and ST(1) contain the scaled and scaling
operands respectively):

e FSCALE(0, o) generates the invalid operation
exception.

® FSCALE(finite, — ) generates zero with the
same sign as the scaled operand.

o FSCALE(finite, + o) generates o with the
same sign as the scaled operand.

The 8087/80287 returns zero in the first case
and raises the invalid-operation exception in the
other cases.

The 80387 returns signed infinity/zero as the un-
masked response to massive overflow/under-
flow. The 8087 and 80287 support a limited
range for the scaling factor; within this range ei-
ther massive overflow/underflow do not occur or
undefined results are produced.

3.0 HARDWARE INTERFACE

In

the following description of hardware interface,

the # symbol at the end of a signal name indicates
that the active or asserted state occurs when the
signal is at a low voltage. When no # is present after
the signal name, the signal is asserted when at the
high voltage level.

3.

In

1 Signal Description
the following signal descriptions, the 80387 pins

are grouped by function as follows:

1.

2.
3.

4.

5.

Execution control—CPUCLK2, NUMCLK2, CKM,
RESETIN

NPX handshake—PEREQ, BUSY #, ERROR #

Bus interface pins—D31-D0, W/R#, ADS#,
READY #, READYO#

Chip/Port  Select—STEN,
CMDO #

Power supplies—Vcc, Vss

NPS1#, NPS2,

Table 3.1 lists every pin by its identifier, gives a brief

de

scription of its function, and lists some of its char-

acteristics. All output signals are tristate; they leave

flo
bu

ating state only when STEN is active. The output
ffers of the bidirectional data pins D31-D0 are

also tristate; they leave floating state only in read
cycles when the 80387 is selected (i.e. when STEN,
NPS1#, and NPS2 are all active).

Figure 3.1 and Table 3.2 together show the location

of

4-146

every pin in the pin grid array.
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.
m’re[ 80387
Instruction Optional
First Byte Second Byte Flelds
1| 11011 OPA 1 MOD 1 | o8 | RM | sB | Disp
2 | 11011 MF OPA MOD oP8 R/M | SIB | DISP
3 | o1 P | opA | 1 1 O