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INTRODUCTION TO THE TANDY® 1000 TX

The Tandy® 1000 TX is modular in design to allow maximum flexi-
bility in system configuration. The computer consists of a main
unit, a detachable keyboard with coiled cable, and a monitor. The
main unit is supplied with one internal 3%" 720K floppy disk
drive. The standard types of monitors used with the Tandy 1000 TX
are the monochrome composite 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 TX comes standard with 640K of RAM. An optional
128K upgrade can be added to the main logic board, for a total of
768K of RAM. The upper 128K is used exclusively as video RAM,
leaving 640K for system use, which is the maximum RAM supported
by the TX memory map.

The Tandy 1000 TX 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 sys-
tem memory map.

Other features include a parallel printer port, a serial port,
two built-in joystick interfaces, a speaker for audio feedback,
and a headphone jack with volume control.

The main unit is the heart of the Tandy 1000 TX. 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 3%" double-sided, double-density disk-
ettes 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.



SPECIFICATIONS

Standard Features

80286 CPU running at 8MHz, switchable to 4.77 MHz
Socket for 80287 numerical co-processor
640K bytes DRAM upgradeable to to 768K bytes (16 bit data bus)
16K bytes BIOS ROM (16 bit data bus)
Tandy 1000 TX 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 16-color
- 640 X 200 2-color
- 640 X 200 4-color
8237-5 DMA controller that supports:
- 4 DMA channels
- 8 bit transfers
- 4 MHz clock speed
8259A interrupt controller for 8 interrupts
8253 interval timer that supports:
- system interrupt timing
- sound timing
- refresh timing .
Custom keyboard interface controlle
90-key keyboard that includes 12 function keys
Custom parallel printer port
Serial port (RS§-232-C)
Audio interface circuit that supports:
- internal 8-Ohm speaker
- headphone jack with user accessible volume control
Joystick interface for two joysticks
Custom floppy disk controller circuit that supports:
- 5%" 360K floppy disk drives
- 3%" 720K floppy disk drives
One 3%" 720K floppy disk drive
Five 8-bit expansion slots
Reset button and support logic
67-Watt power supply



Optional Features

80287 numerical math co-processor
128K DRAM upgrade (16-bit data bus memory)

5%" 360K floppy disk drive

3%x" 720K floppy disk drive

Hard disk controller

Hard disk card (20 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" x 13%" x 5"
Keyboard - 16%" x 8" x 1%"

Weight: Computer — 18

lbs. (with 2 floppy disk drives)

Keyboard - 3 1bs. 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 degrees F (13 to 30 degrees C)

Humidity: 40% to 80%
Non-Operating Environment:

Temperature: -40 to +160
Humidity: 20% to 90%

Disk Drive Specifications
Power:

non-condensing

degrees F (-40 to 71 degrees C)
non-condensing

Supply

Voltage +5 VDC Input +12 VDC Input
Ripple

0 to 50 kHz 100 mv 100 nv
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 100G ma



SWITCH SETTINGS AND JUMPER PIN CONFIGURATIONS

Jumper

Function Interrupt

As Shipped

s2-1

52-2

S2-3

52-4

El1-E2

E3-E4

E9-EL0

Color/Monochrome Monitor
on = color
of £ monochrome/composite

Interrupt 5 Sync Source Int. 5
on internal sync
off external sync

]

FDC Interrupt Int. 6
on on board FDC controller
off optional FDC controller

[

Printer Interrupt Int. 7
on enable printer interrupt
off disable printer interrupt

Serial (Com) Port Enable Int. 4
installed = port enabled
not installed = port disabled

COM Port Select
installed = COMl selected
not installed = COM2 selected

Memory Configuration
installed = 512K system memory
not installed = 640K system memory

on

on

on

installed

installed

installed

Table 1. Switch Settings and Jumper Configurations.




THEORY OF OPERATION

80286 Microprocessor

The 80286 (Ul3) is an advanced, high~performance, 16~bit micro-
processor 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 TX does not support the Protected Virtual
Address mode.



Optional 80287 Numerical Math Co-Processor

The optional 80287 (Ul5) 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 the 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 (U52). There are two independent clock circuits sup~
plied by a Dual Oscillator Clock (Y1) from which all other clocks
are derived.

The 16 MHz Clock is routed into the CPU Controller {U52), 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 the logic to prevent
any short cycling during a clock switch cycle, are implemented in
the CPU Controller IC (U52). 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 TX 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/0O cycles. During all
16-bit memory cycles, only one wait state is inserted in both the
8MHz and 4MHz modes.

PRCLK is then routed through three damping resistors to produce
the gignals 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 PRCLK,
following with a Ts state that synchronizes them to PRCLK.

SCLK is buffered by IC U68 (74ALS244) and filtered by R51, C198,
and FB7, and is then routed to the Expansion Bus for option board
use. DMACLK is filtered by R37, FB3, and Cl171, and is then routed
to the DMA Controller (Ull).
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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.

The CPU Controller generates three other clocks. They are derived
from the 28.63636 MHz Clock Oscillator (Yl). These are 0SC, 3.58
MHz, and 1.19 MHz. The 28MHZ input signal is divided by 2 to gen-
erate 0SC, which is buffered by U68 and filtered by R49, C190,
C190A, and FB6. OSC is then routed to the expansion bus slots for
video clocks for any optional video boards. The 28MHZ signal is
also divided by 8, denerating the 3.58 MHz clock which is routed
to the Sound Generator (U7). 28MHZ is also divided by 24 to
become the 1.19 MHz clock, which is routed to the clock input of
the Interval Timer 8254-2 (Ul2).

11



Command and Control Signal Generation

The command and control signals required for the Tandy 1000 TX
operation are generated by the CPU Controller (U52). The command
signals are decoded from the CPU status signals S0*-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) con-
trol the latching of addresses, determine the direction and ena-
bling of the data bus buffers, and start a memory cycle. Table 3
indicates the decoding of the CPU status signals.

M/10%* S1¥* So* Type of Bus Cycle

Interrupt Acknowledge
I/0 Read

I/0 Write

None: Idle

Halt or Shutdown
Memory Read

Memory Write

None: Idle

HM~MeHRMHNOOOCO
HFHOORHOO
~OHOHOHO

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* AO width of Data Transfer
0 0 Word Transfer
0 1 Byte Transfer D8 - D15
1 0 Byte Transfer DO - D7
1 1 Not Used

Table 4. Data Transfer Width Decode.
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Command Buffer

Some of the command signals generated by the CPU Controller (U52)
require buffering to the system. The ICs (U68) and (U22) imple-
ment this function. The 1Cs buffer the command signals to the
system bus for the expansion bus slots, the peripheral devices,
and also the video Controller. The LMEGCS* and CPUHLDA signals
control the buffers. When CPUHLDA is asserted active (high), it
disables buffer (U22). {Outputs are tri-stated.) This indicates
to the system that the DMA Controller has accessed the system
bus. When CPUHLDA is negated (low), then the buffers are enabled,
which allows the bus to be driven.

DRAM Control

The CPU address decode for the Dynamic Random Access Memory
(DRAM) array is generated by the Custom DRAM/DMA Control IC
{U53). These signals are latched by ALE internally to the
DRAM/DMA Control IC and held for the complete cycle. The address
decode signals are RASQ*, RAS1l*, RAS2*, CASL*, and CASH*. These
are decoded by a certain address, depending on the type of DRAM
used and the configuration of the MCO and MCl jumpers. Memory
configurations supported by the Tandy 1000 TX are 640K bytes or
768K bytes (including 128K of video memory). Table 5 shows the
different options available on the DRAM/DMA Control IC.

Memory Jumper MCl MCO System Total System Control Bank Address

Option Config Memory Memory* Range
1 E9-E10 0 1 512K 640K RASO 512K 000000-07FFFF
2 None 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.
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MEMCYC triggers the control signals for the DRAM array. The
MEMCYC signal (generated by the CPU Controller (U52) indicates
that a DRAM BUS cycle is in progress. MEMCYC enables RASO*,
RAS1*, RAS2*, CASH*, and CASL*, depending on the address of the
bus cycle. The selected RAS(x)* lines become active at the next
falling edge of PRCLKB.

After % PRCLKB 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 PRCLKB 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.

Address Range Bus RASO* RAS1* RAS2* CASL* CASH*
width

000000-07FFFFH Even Byte 0 1 1 0 1

000000-07FFFFH 0dd Byte 4] 1 1 1 0

000000~-07FFFFH Even Word 0 1 1 0 0

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

gy
coo
[y
oo
o

Table 6. Signal State Control Signals.

The signals WEO* and WEl* provide read and write control. Both
are asserted at the same time by IC (U24) 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.

14



Refresh Control

The OUT1 pin of the 8254-2 Internal Timer (Ul2) generates an
active high pulse every 15 usec. The rising edge of the OUTl1 sig-
nal clocks % of a 74LS74 (U4), which generates the signal REFREQ.
REFREQ is an input signal to the 8237 DMA controller (Ull). This
input to Ull is actually Data Transfer Request 0, (DREQO), which
requests the DMA to perform a DMA cycle. The DMA controller chan-
nel 0 has been programmed to perform a single transfer from memo-
ry to an I/O 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 (U53) provides the CPU address decode used for
the ROM select. The signal generated is called ROMCS* (ROM Chip
Select) and is used as the Chip Enable for the BIOS ROMs U38 and
U39. This output is asserted whenever any of three addressed
ranges is detected, CPHLDA is inactive, and ALE is asserted. The
three address ranges are 0EO000-~OFFFFFH, EE0OO0OO0-EFFFFFH, and
FEOOOO-FFFFFFH. The address lines SAl-SAl5 are provided to the
BIOS ROMs for lower address control. The standard size of EPROM
used in the Tandy 1000 TX is 16K X 8 (128K bit). The 1000 TX
accepts larger EPROMs of 32K X 8 (256K bit) if required.

The data is buffered onto the MD0O-MD15 data bus, controlled by
the 82C205 IC (Ul4).

Reset Circuit

The CPU Control IC (U52) 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 (U52), 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 R24 and
C135. This is the time it takes C135 to change to an active high,
Also, if the reset switch is pressed, it applies a ground to Cl135
and discharges it. This asserts RES* low until C135 charges again
to a logic high.

15



During power-up, the RES* signal is generated twice to provide a
proper reset to the CPU control IC (U52). A second RC time
constant is generated by R47A and Cl71A to the input of a schmidt
trigger inverter (U66). This holds the input pin of U4 (% 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 U4. The Q output of U4
is then routed to an open collector inverter, (U67), which
discharges C135, again asserting RES* low and generating the
second reset. CR1A provides a reset to U4 when C1l35 is discharged
to at least .7v. After U4 is reset, RES* is released, and C135 is
allowed to charge, negating RES* and finishing the second reset
pulse. When the CPU issues the first command again, which starts
DMACLK, U4 latches a low. This is because the D input of U4 has
transitioned to a low by the end of the second reset.

The CPU Control IC (U52) also internally controls the RESCPU sig-
nal to meet the requirements of the 80286 during a detected shut-
down condition.

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 TX 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 AFl6¥*),
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.

16



NMI Logic

In the Tandy 1000 TX, the Non-Maskable Interrupt (NMI) indicates
an I/0 error condition or a Numerical Math Co-Processor 80287
error condition signal (NMI*). Both error conditions are enabled
by the NMIEN signal, which is generated from the Video
controller, Big Blue. The INT287* signal (from the CPU Control
IC) becomes active when the ERROR* signal is asserted by the
Numerical Math Co-Processor.

80287 Control Logic

Incorporated into the CPU Control IC is the logic required to
interface the 80287 Math Co-processor 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* signal is asserted during I/0 address OF0Oh -
OFFh. Further decoding is provided by the CPU Control IC, which
generates RES287, NPCS*, and BUSY287* signals. Table 7 defines
the internal decode.

Hex Address Description

OF0 Clear Math Co-processor Busy
OF1 Reset Math Co-processor Busy
OF8-0FF Math Co-processor Chip Select

Table 7. 287CS* Decode.

Given the command to perform a task, the 80287 co-processor
issues a BUSY* signal to the CPU Control IC. With the assertion
of the BUSY287* output, this signal is passed to the CPU. Normal-
ly 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 I/0
write cycle to address OF0h or OFlh, both signals then remain
active. Both the interrupt latch for INT287* and the busy latch
for BUSY287* are cleared after a system reset.

17



The CPU Control IC's RES287 output pin handles resetting of the
80287 co-processor. 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.

18



CPU Address Buffers

U20, U21 (74ALS573), and U22 (74ALS244) implement buffering of
the address lines to the system. SA0l-SAl9 are buffered and
latched for the expansion bus slots and 1/0 peripherals. ALE is
used to latch SA01-SAl9 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 (U53). To meet address requirements
for the DRAMs, the MUX signal multiplexes SAl1-SAl6 internally to
the DRAM/DMA Control IC.

During a DMA cycle, a 74LS245 (U3), is used to buffer S0-87
directly from the DMA controller (Ull). S$8-S16 are buffered
internally to the DRAM/DMA controller. S$17-S19 are buffered by
U22 (1/2 of a 74ALS244).

19



Data Buffers and Conversion Logic

The 824205 IC (Ul4) provides the data buses, buffers, and drivers
for D0-D15 to the system. Three data buses are generated, SD0-SD7
for the expansion bus slots, MDO-MD15 for memory access from ROM
and DRAM, and D0-D15, which is routed to the 80286 CPU and 80287
Co-processor data bus. The direction and control of the data
buffers are provided by the input signals to the 82A205 IC
(DT/R*, DSDENO*, DSDEN1*, SBHE*, and SAQ).

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 SAO0 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.

A 74ALS245 buffers the Internal Peripheral Bus XDO-XD7 from the
System Data Bus SD0O~-SD1. The enabling and direction are con-
trolled by the signals XBUFDIR* and XBUFEN*, which are generated
by a PLS173 IFL (Ul9).

20



1/0 Decode

The Video Control IC (U36), a 74HCT138 (U49), a PLS173 IFL (Ul9),
and a 74HCT138 IC (U34) accomplish the I/0 Address decoding.
These four ICs provide all the necessary chip select signals to
the system. The AA0, BAl, and CA2 output signals of the Vvideo
Controller are encoded device select lines that are fed directly
to the 74HCT138 IC, in which I/O address decoding is generated.
The second 74HCT138 (U34) and the PLS173 (Ul19) decode the system
address to generate the other I/0 address decode select signals.,
Refer to the Tandy 1000 TX I/0 Map for details.

Floppy Disk Controller

The onboard Floppy Disk Controller (FDC) interfaces the system to
the Floppy Disk Drive (FDD). Up to two internal 720K (double den-
sity MFM format) FDDs can be accommodated.

The FDC circuit can be organized into the following subsections:

. uPD765A FDC Chip
. System Interface
. Clock Generation
. Precompensation
. Data Separator
Disk Drive Interface

uPD765A Chip. The uPD765A FDC chip (U51) 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 prepro-
grammed 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 INTFDC 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.
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System Interface. Various ICs latch and buffer data to and from
the system. A DORWR* is generated at pin 6 of (U62) on an I/0
write to port 3F2 (hex). This signal latches the data byte that
is bit defined as the Drive Select, XDS0* and XDS1l*, Motor On,
MTRON*, DMA and Interrupt Request (DMA/INTE), and a reset signal
to the FDC controller U51 (FDCRST*).

Clock Generation. The FDC Support IC (U64) generates all clocks
required by the Floppy Disk circuit. These clocks are derived
from a 16 MHz input signal, FDCCLK, required by the FDC Control-
ler (U51), 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 (U64). 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 PSO and PSI.

Data Separator. The FDC Support IC (U64) 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.

Disk Drive Interface. All FDC outputs to the FDD are driven by
high current 7414 open collector buffers or 7416 open collector
inverters., All FDC inputs from the FDD are buffered by 74HCT14
SCHMIDT triggered inverters. The inputs are pulled up on board by
150 ohm terminating resistors. All outputs should be terminated
on the last FDD by 1500 ohm resistors.

Interrupt Controller

The 8259A Interrupt Controller chip (Ul6) supplies the maskable
interrupt input to the CPU. The 82592 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 Hard Disk Controller
$3 Interrupt on the Bus Modem

$4 Interrupt on the Bus RS-232

#5 Vertical Sync Optional Bus Interrupt
#6 Floppy Disk Controller Optional Bus Interrupt
#7 Printer Optional Bus Interrupt
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Interrupts 0 and 1 are connected to system board functions as
indicated in the chart. Interrupts 2-4 are connected directly to
the Expansion Bus, with the normal assigned functions listed in
the chart. Interrupts 5-7 are connected through a switch, (S2),
to the system board function listed, and are also connected to
the Expansion Bus. To use interrupts 5, 6, or 7 on the Bus, the
system board function must be disconnected (by setting the appro-
priate switch to off). Note that disconnecting the normal system
board function might cause some application programs to fail or
operate incorrectly.

Video Controller

The next major block of the Tandy 1000 TX is the video interface
circuitry. This custom part contains all the logic necessary to
generate an IBM-compatible color video display. The video inter-
face logic consists of the 84-pin custom video circuit (U36),
four 64K X 4 RAMS (Ul8, U33, U35, and U48), a 74LS244 buffer
(U71), and associated logic for generating composite and RGBI
video.

The Tandy 1000 TX video interface circuitry controls 128K of
memory. This RAM is shared by the CPU and the video. Normally,
the video requires only 16K or 32K for the video screen, and the
remainder of the 128K is available for system memory use.

The Tandy 1000 TX video interface custom circuit is composed of a
6845 equivalent design, dynamic RAM address generation/timing,
and video attribute controller logic.

Normal function of the video interface custom circuit is as
follows. After the 6845 is programmed with a correct set of oper-
ating values, a 4:1 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 gen-
erates a wait signal, VIDWAIT*, to the CPU for proper synchroni-
zation 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.
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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 syn-
chronizes 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 1:1 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 buff-
ered 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.

Timer

The final Tandy 1000 TX function other than I/O is the 8254-2
timer chip (Ul2). This part is composed of three independent pro-
grammable counters. The clock for all three counters is 1.1925
MHz. Counters 0 and 1 are permanently enabled. Counter 2 is con-
trolled by port Hex 0062, bit 0. Counter 0 is connected to sys-
tem interrupt 0 and is used for software timing functions.
Counter 1 is used for refresh function timing. Counter 2 is con-
nected to the sound circuit and also to port Hex 0061, bit 5.

Joystick Interface

The joystick interface converts positional information from
hand-held joysticks (1 or 2) into CPU data. Each joystick pro-
vides 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 U9. The other comparator
input is the reference signal (a ramp between 0.0 to +5.0 volts).
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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 IOW* and
JOYCS* signals turn on Q2, which drains C114 to 0.0 volts. When
Q2 is turned off, Ql1l, R15, R13, R14, and CRl create a
constant-current source that linearly charges Cl14 to +5.0 VDC in
1.12 milliseconds. The joystick information is "read"™ by the CPU
at Port 200/201 Hex through Ul0. See the Joystick Block Diagram.

Keyboard Interface

The next I/0 function of the Tandy 1000 TX is the Keyboard inter-
face custom circuit. The heart of this custom part is several
read-write registers that are used to control the keyboard inter-
face 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.

Sound Circuit

The sound circuit is one of the five I/0 functions of the Tandy
1000 TX. 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 TX is the 76496 com-
plex sound generator (U7). 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 (U8). 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 (U8) is routed to audio amplifiers U76 for the exter-
nal audio output and U2 for the internal speaker and headphone
jacks. The volume of the internal speaker can be adjusted by a
user-accessible volume control {(R6). When the headphone jack is
used, the internal speaker is disabled.
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DMA Controller

The major components of the Direct Memory Access (DMA) circuit
congsists 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,
addressg, and data lines are tri-stated. The CPU Controller con-
trols 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 sig-
nals 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.

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
8237A-5,

The DMA request acknowledge signals, DACK2 and DACK3, are used
along with RFRSH* and ACK* to enable the page register to be out-
put as the upper address (SA16 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 Con-
troller 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.

I/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.
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RS232 Serial Port Interface

The RS232 Port is a single-channel, asynchronous communications
port. The heart of the serial port is the WD8250-A Asynchronous
Communications Element ACE (U70) 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 WD8250-A includes a
programmable Baud Rate Generator that allows operation from 50 to
9600 Baud. The WD8250-A is supplied with a clock of 1.8432 MHz
from oscillator (Y2). The WD8250-A 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 ACE is programmed by selecting the I/0 address 3F8~3FE hex
for primary and 2F8-2FE hex for secondary and writing data out to
the port. Adress bits a0, Al, and A2 are used to define the modes
of operation by selecting the different registers to be
programmed or read.

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/O0 interface of the Tandy 1000 TX is the Printer
Interface. 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 I1/0 Pin Signal Name 1/0
Al NMI* I Bl GND GROUND
A2 SD7 1/0 B2 BRESET (0]

A3 sSD6 I/0 B3 +5V POWER
A4 sD5 1/0 B4 IRQ2 1

A5 sD4 I/0 B5 -5v POWER
a6 sp3 I/0 B6 FDCDRQ I

A7 sD2 1/0 B7 -12v POWER
A8 sD1 I/0 B8 N/C

A9 sDO 1/0 B9 +12V POWER
al0 IOCHRDY T B10 GND GROUND
All AEN [0} Bl1l SMEMW* 0]

Al2 SAl9 0 Bl2 SMEMR* o

Al3 SAl8 0 B13 IOW* e}

Al4 SAl7 o] B14 IOR* o}

Als SAl6 0] B15 DACK3* o

Alé SAlS (o] Blé6 DRQ3 I

Al7 SAl4 0 B17 DACK1* (0]

AlS8 SAl3 [¢] B18 DRQ1 I

Al9 SAl2 (o] B19 RFRSH* (o]

A20 Sall (o] B20 SCLK [0}

A2l SAl0 (o] B21 IRQ7 I

A22 SA9 o B22 IRQ6 I

A23 SA8 0 B23 IRQ5 I

A24 SA7 [0} B24 IRQ4 I

A25 SA6 o} B25 IRQ3 I

A26 SA5S 0 B26 FDCDACK* o]

aA27 sa4d [0} B27 T/C [0}

A28 SA3 (0] B28 BALE (o]

A29 SA2 o] B29 +5V POWER
A30 SAl (0] B30 0sC [0}

A3l SAQ (o] B31 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/O adapters should be designed
with a maximum of two low power Shottky (LS) loads per 1line.

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

SA0 through SAl9 (Al2-A31). These lines are 20 address bits used
to address memory and I/0 devices within the Tandy 1000 TX. 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~SAl9 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 (lsb), 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.

IOCBRDY (Al0). This signal is used to lengthen I1/0 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* (B1l3). 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 busg (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
(000000~0FFFFFH). SMEMW* is active low.

DRQ1l, FDCDRQ, and DRQ3 (B18, B6, Bl6). 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.
DRQ1l, FDCDRQ, and DRQ3 perform only 8-bit transfers. All DRQ
lines are active high.

DACK1*, FDCACK*, and DACK3* (Bl1l7, B26, Bl5). These lines are DMA
acknowledge signals used to acknowledge DMA requests DRQI,
FDCDRQ, and DRQ3. All DACK signals are active low.

RFRSH* (B19). 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). 0OSC 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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Address
000000-07FFFF

080000~-09FFFF

0A0Q000-08FFFF

0E0000-0FFFFF,

EE00O0O-EFFFFF,
or

FEOOOO-FFFFFF

Memory Map
Name
512K System RAM
128K System/Video

RAM or 128K
Expansion Memory

128K Vvideo RAM

16K BIOS ROM
Memory
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Allocated Function

System Memory

System Memory and
Video Diplay Memory
or System Memory
Memory

Reserved For
Graphics
Display Memory

Reserved For BIOS
ROM Memory



I/0 Port Map of System

I/0 Port Map Summary

Block

0000-001F
0020-003F
0040-005F
0060-007F
0080-009F
00A0-00BF
00C0-00DF
00EQ~-0QFF
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-FFFF

Usage

0000-001F
0020-0027
0040-0047
0060-006F
0080-009F
00A0

00C0-00C7
00EO-00FF

0200-0207

02F8-~02FF

0370-0377
0378-~037F

03D0-03DF

03F0-03F7
03F8-~03FF

Function

DMA Function

Interrupt Controller

Timer

PIO Function

DMA Page Register

NMI Mask Register

Sound Generator

Numerical Co-processor
Reserved

Joystick Interface

Reserved

Serial Port Secondary (COM2)
Reserved

Hard Disk Controller (optional)
Reserved

Floppy Disk Controller 2 (optional)
Printer

Reserved

System Video

Reserved

Floppy Disk Controller 1
Serial Port Primary (COML)
Not Usable
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Address

0000

0001

0002

0003

0004

0005

0006

IOW*

IOR*

IOW*

IOR¥*

IOW*

IOR*

IOW*

IOR*

IOW*

IOR*

IOW*

IOR*

IOW*

IOR*

Description

DMA Controller
0: Channel 0 Base and Current Address
Internal Flip/Flop = 0: Write A0-A7
Internal Flip/Flop = 1: Write A8-Al5
0: Channel 0 Current Address
Internal Flip/Flop = 0: Read A0-A7
Internal Flip/Flop = 1l: Read A8-Al5
DMA Controller
0: Channel 0 Base and Current Word Count
Internal Flip/Flop 0: Write WO-W7
Internal Flip/Flop 1l: Write AW-W15
0: Channel 0 Current Word Count
Internal Flip/Flop = 0: Read WO-W7
Internal Flip/Flop = 1: Read W8-W15
DMA Controller
0: Channel 1 Base and Current Address
Internal Flip/Flop 0: Write AO-A7
Internal Flip/Flop 1: Write AB8-Al5
0: Channel 1 Current Address
Internal Flip/Flop 0: Read AQ-A7
Internal Flip/Flop 1: Read A8-alS
DMA Controller
0: Channel 1 Base and Current Word Count
Internal Flip/Flop = 0: Write WO-W7
Internal Flip/Flop = 1: Write AW-W15
0: Channel 1 Current Word Count
Internal Flip/Flop = 0: Read WO-W7
Internal Flip/Flop = 1: Read W8-W15
DMA Controller
0: Channel 2 Base and Current Address
Internal Flip/Flop = 0: Write A0-A7
Internal Flip/Flop 1l: Write A8-AlS
0: Channel 2 Current Address
Internal Flip/Flop 0: Read A0-A7
Internal Flip/Flop 1: Read A8-Al5
DMA Controller
0: Channel 2 Base and Current Word Count
Internal Flip/Flop = 0: Write WO-W7
Internal Flip/Flop l: Write AW-W15
0: Channel 2 Current Word Count
Internal Flip/Flop 0: Read WO-W7
Internal Flip/Flop 1: Read W8-W15
DMA Controller
0: Channel 3 Base and Current Address
Internal Flip/Flop = 0: Write A0-A7
Internal Flip/Flop 1: Write A8-AlS
0: Channel 3 Current Address
Internal Flip/Flop = 0: Read AQ-A7
Internal Flip/Flop = 1: Read A8-AlS5
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Address Description

0007 DMA Controller
IOW* = (0: Channel 3 Base and Current Word Count
Internal Flip/Flop = 0: Write WO-W7
Internal Flip/Flop = 1: Write AW-W15
IOR* = 0: Channel 3 Current Word Count
Internal Flip/Flop 0: Read WO-W7
Internal Flip/Flop 1: Read W8-W15

0008 DMA Controller

IOW* = 0, Write Command Register
Bit escription
Memory to Memory Disable
Memory to Memory Enable
Channel 0 Address Hold Disable
Channel 0 Address Hold Enable

D
0
1
1 0
1
X If Bit 0 = O

HoIouo

Controller Enable
Controller Disable
Normal Timing
Compressed Timing

If Bit 0 = 1

Fixed Prioroty
Rotating Priority

Late Write Selection
Extended Write Selection
If Bit 3 =1

DREQ Sense Active High
DREQ Sense Active Low
DACK Sense Active Low
DACK Sense Active High

HOHOXHOROMHORO
0w nau

IOR* = 0, Read Status Register
Description
1 Channel

o

0 Has Reached TC
Channel 1 Has Reached TC
Channel 2 Has Reached TC
Channel 3 Has Reached TC
Channel 0 Request
Channel 1 Request
Channel 2 Request
Channel 3 Request

SNOONTEWNEO R
[ I S I (I A T ')

e
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Address Description
0009 DMA Controller
IOW* = 0, Write Request Register
Bit Description
0-1 Bitl Bit0
0 0 Select Channel 0
0 1 Select Channel 1
1 0 Select Channel 2
1 1 Select Channel 3
2 0 Reset Request Bit
1 Set Request Bit
3-7 Don't Care
IOR* = 0, Illegal
000A DMA Controller
IOW* = 0, Write Single Mask Register
Bit Description
0-1 Bitl Bit0
0 0 Select Channel 0 Mask Bit
0 1 Select Channel 1 Mask Bit
1 0 Select Channel 2 Mask Bit
1 1 Select Channel 3 Mask Bit
2 0 Clear Mask Bit (Enable Channel)
1 Set Mask Bit (Disable Channel)
3-7 Don't Care
TOR* = 0, Illegal
000B DMA Controller
IOW* = 0, Write Mode Register
Bit Description
0-1 Bitl Bit0D
0 0 Channel 0 Select
0 1 Channel 1 Select
1 0 Channel 2 Select
1 1 Channel 3 Select
2-3 Bit3 Bit2
0 0 Verify Transfer
0 1 Write Transfer To Memory
1 0 Read Transfer To Memory
1 1 Illegal
X If Bits 6 and 7 = 11
4 0 Autoinitialization Enable
1 Autoinitialization Disable
5 0 Address Increment Select
i Address Decrement Select
6-7 Bit7 Bité6
0 0 Demand Mode Select
0 1 Single Mode Select
1 0 Block Mode Select
1 1 Cascade Mode Select
IOR* = 0, Illegal
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Address Description

000C

000D

000E

000F

Bit

DMA Controller

IOW* = 0, Clear Byte Pointer Flip/Flop
IOR* = 0, Illegal
DMA Controller
IOW* = 0, Master Clear
IOR* = 0, Read Temporary Register
DMA Controller
IOW* = 0, Clear Mask Register
IOR* = 0, Illegal

DMA Controller
IOW* = 0, Write All Mask Register Bits
Description
0 Clear Channel 0 Mask Bit (Enable)
Set Channel 0 Mask Bit (Disable
Clear Channel 1 Mask Bit (Enable)
Set Channel 1 Mask Bit (Disable
Clear Channel 2 Mask Bit (Enable)
Set Channel 2 Mask Bit (Disable
Clear Channel 3 Mask Bit (Enable)
Set Channel 3 Mask Bit (Disable
Don't Care
IOR* = 0, Illegal

HOMOKOM
| T 1 N R A}

0010 - O001F Same as 0000-000F
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Address

0020

Note:

Bit4

Bit4
Bit3

OFRHFHORFEFROO-

w

HPHRROODOFOMN

[}

Initi

system and are generally not to be changed. Writing

Description
8259A Interrupt Controller

alization Words are set up by the operating

an initialization word might cancel pending interrupts.

1
Bit0

Bitl

Bit2
Bit3

Bit5-

0 &
0

Bit5-

w

COrHOOHKFEF®M

(*LO

Initialization Command Word 1
ICW4 Needed
ICW4 Not Needed
Cascade Mode
Single Mode
Not Used
Edge Triggered Mode
Level Triggered Mode
Not Used

W u
HORFRO

o

~Nnoa

Operation Control Word 2

Bit0-2: Determine The Interrupt Level Acted On When

The SL Bit Is Active

Interrupt Level = 0 1 2 3 456 7
Bit0 (LO): 0 1 0 10 101
Bitl (L1): 00110011
Bit2 (L2): 0 0 0 0 1 11 1

7: Control Rotate And End Of Interrupt Modes

Non-Specific EOI Command
Specific EOI Command
Rotate On Non-Specific EOI Auto
Rotate In Automatic EOI Mode (Set) Auto
Rotate In Automatic EOI Mode (Clear) Auto
*Rotate On Specific EOI Command Specific
*Set Priority Command Specific
No Operation

- L2 Are Used)
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End Of Interrupt
End Of Interrupt

Rotation
Rotation
Rotation
Rotation
Rotation



Address Description

Bit4 = 0 & Operation Control wWord 3
Bit3 =1 Bit 0-1:
Bitl Bit0 - 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
Bit2 = 0: No Poll Command
= 1: Poll Command
Bit5-6
Bit5 Bit6 - Special Mask Mode
0 0 No Action
0 1 No Action
1 0 Reset Special Mask
1 1 Set Special Mask
Bit7 = 0
0021 8259A Interrupt Controller

Initialization Control Word 2

Bit0-7: Not Used

Bit3-7: T3-T7 Of Interrupt Vector Address
(8086/8088/80286 Mode)

Initialization Control Word 3 (Master Device)

Bit0-7: = 1 Indicated IR Input Has A Slave
=0 Indicated IR Input Does Not Have A
Slave

Initialization Control Word 3 (Slave Device)
Bit0-2 = ID0~2

Bit0 Bitl Bit2 - Slave ID #
0 0 0 0

0 0 1 1

0 1 0 2

0 1 1 3

1 0 0 4

1 0 1 5

1 1 0 6

1 1 1 7

Bit3-7 = 0 (Not Used)

39



Address Description

Initialization Control Word 4
Bit0: Type Of Processor

=0 MCS-80/85 Mode

=1 8086/8088/80286 Mode
Bitl: Type Of End Of Interrupt

=0 Normal EOI
=1 Auto EOI
Bit2~3: Buffering Mode
Bit3 Bit2
0 X Non-Buffered Mode
1 0 Buffered Mode/Slave
1 1 Buffered Mode/Master
Bit4: Nesting Mode
=0 Not Special Fully Nested Mode
=1 Special Fully Nested Mode
Bit5-7: =0 (Not Used)

Operation Control Word 1 (IOR*/IOW*)
Bit0-7: Interrupt Mask For IRQO-IRQ7

=0 Mask Reset (Enable)
=] 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

0040/0044 8254-2 Timer
IOW* = 0: Load Counter No. 0
IOR* = 0: Read Counter No. 0

0041/0045 8254~2 Timer
IOW* = 0: Load Counter No. 1
IOR* = 0: Read Counter No. 1

0042/0046 8254-2 Timer
IOW* = 0: Load Counter No. 2
IOR* = 0: Read Counter No. 2
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Address Description

0043/0047 8254-2 Timer
IOW* = 0: Write Mode Word
Control Word Format
Bit 0: BCD

=0: BCD Counter (4 Decades)
=1: Binary Counter 16 Bits
Bitl-3: Mode Selection
Bit3 Bit2 Bitl

0 0 0 Mode 0
0 1 Mode 1
X 1 0 Mode 2
X 1 1 Mode 3
1 0 0 Mode 4
1 0 1 Mode 5
Bit4-5: Read/Load
Bith Bit4
o} 0 Counter Latching Operation
0 1 Read/Load LSB Only
1 0 Read/Load MSB Only
1 1 Read/Load LSB First, Then MSB
Bit6-7: Select Counter
Bit7 Bit6
0 0 Select Counter 0
0 1 Select Counter 1
1 0 Select Counter 2
1 1 Illegal
IOR* = 0: No-Operation 3-State
0048-005F Not Used
0060 Port A / Keyboard Interface Control Ports
(Read Only)
Bit Description
0 Keyboard Bit 0~LSB
1 Keyboard Bit 1
2 Keyboard Bit 2
3 Keyboard Bit 3
4 Keyboard Bit 4
5 Keyboard Bit 5
6 Keyboard Bit 6
7 Keyboard Bit 7-MSB
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Address Description

0061 Port B Read Or Write
Bit Description
0 1 = 8253 Gate 2 Enable
1 1 = Speaker Data Out Enable
2 Not Used
3 Not Used
4 1l = Disable Internal Speaker (Sound Control2)
5 Not Used
6 0 = HOLOCK (If IBM PC Keyboard Mode)
7 1 = Keyboard Clear
0062 Port C Read/Write: Bits 0-3; Read Only Bits: 4-7
Bit Description
0 Read/Write - Not Used
1 Read/Write - Not Used
2 Read/Write -~ Not Used
3 (Output) CPU Clock Rate

0 = 4.77 MHz (PC Compatible Rate)
1 = 8.00 MHz (Default By Boot ROM)
4 Video RAM Size
0 = 128K Video
1 = 256K Video
5 8253 Out #2
6 Monochrome Mode
0 = Color Monitor
1 = 350 Line Monitor, Mono

7 Reserved
0063-0066 Reserved
0067 Port H Reserved
0068 Port I A20 Gate And CPU Reset
BitO: Not Used
Bitl: 0 = GA20 Always O

1 = A20 Equals To GA20
(Reset Clears Bitl To "0")

Bit2: CPU Reset
Write
0 = Reset
1 = No Effect
Read
0 = Power On Reset
1 = CPU Reset
Bit3: Not Used
Bit4: Not Used
Bit5: Not Used
Bité6: Not Used
Bit7: Not Used
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Address

Description

0069 Port J Read And Write 8 Bit Data Storage For
Shutdown
Status Byte
BitO: Data Bit 0
Bitl: Data Bit 1
Bit2: Data Bit 2
Bit3: Data Bit 3
Bit4: Data Bit 4
Bit5: Data Bit 5
Bité6: Data Bit 6
Bit7: Data Bit 7
006A-007F Reserved
0080 DMA Page Register (Reserved for Diagnostics)
Write Only
0081 DMA Channel 2 Page Register -Write Only
Address Description
Bit0 Address Al6
Bitl Address Al7
Bit2 Address AlS8
Bit3 Address Al9
Bit4 Address A20
Bit5 Address A21
Bit6 Address A22
Bit7 Address A23
0082 DMA Channel 3 Page Register -Write Only
Address Description
Bit0 Address Al6
Bitl Address Al7
Bit2 Address AlS8
Bit3 Address Al9
Bit4 Address A20
Bit5 Address A21
Bit6 Address A22
Bit7 Address A23
0083 DMA Channel 0-1 Page Register -Write Only
Address Description
Bit0 Address Alé6
Bitl Address Al7
Bit2 Address AlS8
Bit3 Address Al9
Bit4 Address A20
Bit5 Address A2l
Bit6 Address A22
Bit7 Address A23
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Address Description

0084-008F Same as 0080-0083
00AO NMI Mask Register, Write Only
Bit Description
0 External video
0 = Normal Operation
1 = All video Addresses And Ports Are Disabled
1 MEMCONFIG 1 - Al7 128K SW
2 MEMCONFIG 2 - Al8 256K SW
3 MEMCONFIG 3 - Al9 512K SW
4 "0" Enable 128K Of Video RAM (Always "0")
5 Not Used
6 Not Used
7 1 = Enable NMI
0 = Disabled
00A1-00A7 Reserved
Bit Bit Bit Bit Memory Memory Memory
4 3 2 1 Start Length Range
256K
Enable 2Al9 Al8 Al7
0 0 0 0 0 0000 128K 0 0000-1
0 0 0 1 2 0000 128K 2 0000-3
0 0 1 0 4 0000 128K 4 0000-5
0 0 1 1 6 0000 128K 6 0000~-7
0 1 0 0 8 0000 128K 8 0000~9
0 1 1 1 B 0000 128K B 0000-B
1 0 0 1 0 0000 256K 0 0000-3
1 0 1 0 2 0000 256K 2 0000-~5
1 0 1 1 4 0000 256K 4 0000-7
1 1 0 0 6 0000 256K 6 0000-9
1 1 1 1 B 8000 256K B 0000-B
NOTE: To turn off on-board Video, be sure Port AOQH,
a "1" And Video Array Register 3.
00A8-00AF Not Used
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FFFF
FFFF
FFFF
FFFF
FFFPF
FFFF (4 Page)
FFFF
FFFF
FFFF
FFFF
FFFF (8 Page)

Data Bit 0 is



F9 Update Tone Frequency 1
F5 Additional Frequency Data
A3 Update Tone Attenuation 1
F9 Update Tone Freguency 2
F5 Aadditional Frequency Data
A3 Update Tone Attenuation 2
F9 Update Tone Frequency 3
F5 Additional Frequency Data
A3 Update Tone Attenuation 3
NFI Update Noise Control

A3 Update Noise Attenuation

Reset Numerical Co-Processor To Real Mode

Right Joystick, L = Left Joystick

Button Pressed)
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Pressed)
Pressed)
Pressed)

Address Description
00C0-00C7 Sound SN76496
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
=1 0 0 4} F6 F7 F8

=0 X FO Fl F2 F3 F4

=1 0 0 1 A0 Al A2

=1 0 1 0 Fé F7 F8

=0 X FO Fl F2 F3 F4

=1 0 1 1 A0 Al A2

=1 1 0 0 F6 F7 F8

=0 X FO Fl F2 F3 F4

=1 1 0 1 a0 al A2

=1 1 1 0 X FB NFO

=1 1 1 1 AQ Al A2
00C8-00CF Reserved

00EO-OOEF Reserved

00F0 Clear Numerical Co-Processor Busy
00F1

00F2 Same As 0OFO
00F3 Same As 0OF1
00F4 Same As QOF0

00F5 Same As 00F1

00F6 Same As 00F0
00F7 Same As 00F1
00F8-00FF Math Co-Processor Chip Select
0100-01FF Reserved

0200-0207 Joystick

Clear (Resets Integrator To 0)

0201 Read R

Bit Description

0 R - X Horizontal Position

1 R - Y Vertical Position

2 L - X Horizontal Position

3 L - Y Vertical Position

4 R Button ¥1 (Logic 0 =

5 R Button #2 (Logic 0 = Button

6 L Button ¥#1 (Logic 0 = Button

6 L Button #2 (Logic 0 = Button
0208~020F Not Used
0210~02F7 Reserved



Address Description
2F8-2FF Serial Port Secondary (COM2)
02F8 Write Transmitter Holding Register (Character to
send)
Bit Description
0 Bit 0 - LSB (First Bit Sent Serially)
1 Bit 1
2 Bit 2
3 Bit 3
4 Bit 4
5 Bit 5
6 Bit 6
7 Bit 7 - MSB
02F8 Read Receiver Buffer Register (Character Received)
Bit Description
0 Bit 0 - LSB (First Bit Received Serially)
1 Bit 1
2 Bit 2
3 Bit 3
4 Bit 4
5 Bit 5
6 Bit 6
7 Bit 7 - MSB
02F8 Divisor Latch LSB (Divisor Latch Access Bit DLAB =
lllll)
Bit Description
0 Bit 0
1 Bit 1
2 Bit 2
3 Bit 3
4 Bit 4
5 Bit 5
6 Bit 6
7 Bit 7
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Address Description

02F9

w
NV WN RO iw
+

o
N
e
Y]

w
-
o+

Divisor Latch MSB (Divisor Latch Access Bit DLAB

"l")
Description
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

NN B WN O

Interrupt Enable Register

Description

"]" = Enables the Received Data Available Interrupt
"]" = Enables the Transmitter Holding Register Int
"1" = Enables Receive Line Status Interrupt

"]1" = Enables the Modem Status Interrupt

Always Logical "0"

Interrupt Identification Register

Description

"0" = Interrupt Pending

Bit 2 Bit 1
LR now Fourth Level Priority
ngn wyn Third Level Priority
nyw "o Second Level Priority
nyn nyw Highest Level Priority

Always Logical "0O"
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Address Description

02FB Line Control Register
Bit Description
0-1 Bit 1 Bit 0
"o "o" Five Bit Word Length
"o nym Six Bit Word Length
" "o" Seven Bit Word Length
nyv " Eight Bit Word Length
2 "0" = One Stop Bit
"1" = 1% Stop Bits When Five Bit Length Selected
Two Stop Bits With Six, Seven, or Eight Bit
3 "l" = Parity Enable
4 "0" = 0dd Parity Select
"1" = Even Parity Select
5 Stick Parity Bit
6 "l" = Set Break Enable
7 "1" = pDivisor Latch Access Bit Enable
02FC

Bit Description

0 "1" = Data Terminal Ready Set (DTR)
"0" = Data Terminal Ready Reset (DTR)
1 Request To Send (RTS)
2 Out 1
3 out 2
4 Loop
5~7 Always Logical "0"

02FD Line Status Register

Bit Description

0 Data Ready (DR)
1 Overrun Error (OR)
2 "1l" = Detect Parity Error (PE)
3 "1" = Detect Framing Error (FE)
4 "1l" = Break Interrupt (BI)
5 Transmitter Holding Register
"]1" = Character Transferred From Holding To Shift
Register
"0" = Loading Transmitter Holding Register
6 Transmitter Shift Register Empty
"1" = Shift Register Idle
"0" = pata Transfer From Holding Register

7 Always Logical "O"
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Address Description

02FE Modem Status Register

Bit Description
Delta Clear To Send (DCTS)

0
1 Delta Data Set Ready (DDSR)
2 Trailing Edge Ring Indicator
" = On
"o" = Off
Delta Received Line Signal Detect (If Bit 0, 1, 2,
or 3 is set to a "1" modem status interrupt is
generated

w

4 "0" = Clear To Send (CTS)

5 "0" = Data Set Ready (DSR)

6 "0" = Ring Indicator (RI)

7 "0" = Received Line Signal Detect (RLSD)
02FF Reserved
0300-036F Reserved
0370-0377 Floppy Disk Controller 2 (optional)
0378 Printer - Data Latch
Bit Description

0 Bit 0 - LSB

1 Bit 1

2 Bit 2

3 Bit 3

4 Bit 4

5 Bit 5

6 Bit 6

7 Bit 7 - MSB
0379 Printer - Read Status
Bit Description

0 Not Used

1 Not Used

2 Not Used

3 "0" = Error

4 "1" = Printer Select

5 "0" = Qut of Paper

6 "0" = Acknowledge

7 "0" = Busy
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Address Description
037A (037E) Printer - Control Latch

Bit Description

0 "0" = Strobe

1 "0" = Auto FD XT

2 "0" = Initialize

3 "0" = Select Printer

4 "1l" = Enable Interrupt

5 "0" = Enable Output Data

6 Not Used

7 Not Used
037B Not Used

037C Printer - Data Latch
037D Printer - Read Status
037F-03CF Not Used

03D0-03D3 Not Used
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Address Description

03D4

03D5

03D6

03D7

03D8

Bit0

Bitl

Bit2

Bit3

Bit4

Bit5

03Dp9
Bit0
Bitl
Bit2
Bit3
Bit4
Bit5

6845 Address Register
6845 Data Register
Not Used

Not Used

Mode Select Register
High Resolution Clock
= (0 Selects 40 By 25 Alphanumeric Mode
= 1 Selects 80 By 25 Alphanumeric Mode
Graphics Select
= 0 Selects Alphanumeric Mode
= 1 Selects 320 By 200 Graphics Mode
Black And White
= 0 Selects Color Mode
= 1 Selects Black And White Mode
Video Enable
= 0 Disables Video Signal
= 1 Enables Video Signal
640 Dot Graphics
= 0 Disables 640 By 200 B&W Graphics Mode
= 1 Enables 640 By 200 B&W Graphics Mode
Blink Enable
0 Disables Blinking
1 Enables Blinking

Color Select Register
Background Blue
Background Green
Background Red
Background Intensity
Foreground Intensity
Color Select
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Address Description

03DA-03DE Write Video Array Address And Read Statu: ‘03DA)
Write Video Array Data (03DE)

Read (03DA) Write (03DE)
00 BitO Display Inactive Not Used

00 Bitl Light Pen Set Not Used

00 Bit2 Light Switch Status Not Used

00 Bit3 Vertical Retrace Not Used

00 Bit4 Not Used Not Used

01 BitO Palette Mask 0
01 Bitl Palette Mask 1
01 Bit2 Palette Mask 2
01 Bit3 Palette Mask 3
02 Bit0 Border Blue
02 Bitl Border Green

02 Bit2 Border Red
02 Bit3 Border Intensity
02 Bit5 Reserved = 0

03 Bit0 Mono Enable = 1
03 Bitl Reserved = 0

03 Bit2 Border Enable

03 Bit3 4-Color High Resolution
03 Bit4 16 Color Mode

03 Bit5 Extra Video Mode
03DB Clear Light Pen Latch

03DC Preset Light Pen Latch
03DD Extended RAM Page Register - CPU Relative
Bit Description

0 Extended Addressing Modes

1 Not Used

2 Not Used

3 CRT Video Page Address "17”

4 CRT Video Page Address "18"

5 CPU Page Address "17"

6 CPU Page Address "18"

7 Select 64K Or 256K RAM
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Address Description
03DF CRT Processor Page Register - Video Memory Relative
Bit0 Al4 CRT Page 0
Bitl Al5 CRT Page 1
Bit2 Al6 CRT Page 2
Bit3 Al4 Processor Page 0
Bit4 Al5 Processor Page 1
Bit5 Alé Processor Page 2
Bité Video Address Mode 0
Bit7 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 - BK 0 1 1
4p 1 - 32K 1 0 0
2p 2 - 32K 1 0 1
03E0-03EF Reserved
03F0 Not Used
03F1 Drive Select Switch
Bit0 Not Used
Bitl "1l" DSO = DSO
"0" DSO = DSl
Bit2 Not Used
Bit3 Mux FDCTC (Write Only)
"0" FDCTC Out
"1" Input
Bit4 Not Used
Bit5 Not Used
Bit6 Not Used
Bit7 Not Used
03F2 DOR Register (Write Only)

Bit0-1 Drive Select

Bitl

0

0
Bit2
Bit3
Bit4
Bit5
Bit6
Bit7

Bit0
0 Drive Select A*
1 Drive Select B*
0 = FDC Reset
1 = Enable DMA Request/Interrupt
1l = Drive A Motor On
1 = Drive B Motor On
1 = FDC Terminal Count
Not Used
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Address Description

03F3 Not Used

03F4 FDC - Status (Read Only) See FDC Specification

03F5 FDC - Data (R/W) See FDC Specification

03F6-03F7 Reserved

03F8-03FF Serial Port Primary (COM1)

03F8 Write Transmitter Holding Register (Character to
send)

Bit Description

Bit 0 - LSB (First Bit Sent Serially)
Bit 1
Bit 2
Bit 3
Bit 4
Bit 5
Bit 6

7

Bit - MSB

~SNounmewWwnHO l

Read Receiver Buffer Register (Character Received)

(=]
w
gy
=]

w
-
o+

Description

Bit 0 - LSB (First Bit Received Serially)
Bit 1
Bit 2
Bit 3
Bit 4
Bit 5
Bit 6
Bit 7

N WwWD O l

Divisor Latch LSB (Divisor Latch Access Bit DLAB =
lllll)

o
W
]
o0

w
e
o

Description

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

NOAUTE W O .
NouUTe WO
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Address Description

03F9

w
NOUBWN O lH
s

<
w
o1
it}

w
-
o+

|

Divisor Latch MSB (Divisor Latch Access Bit DLAB

"l")

Description

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

NV S WN O

Interrupt Enable Register

Description

"1" = Enables the Received Data Available Interrupt
"1" = Enables the Transmitter Holding Register Int
"1" = Enables Receive Line Status Interrupt

"1l" = Enables the Modem Status Interrupt

Always Logical "0"

Interrupt Identification Register

Description

"0" = Interrupt Pending

Bit 2 Bit 1
non T Fourth Level Priority
ngn wyn Third Level Priority
nyn ngw Second Level Priority
wyn wyw Highest Level Priority

Always Logical "0"
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Address Description
03FB Line Control Register
Bit Description
0-1 Bit 1 Bit 0
"o "or Five Bit Word Length
"o " Six Bit Word Length
"t "o" Seven Bit Word Length
" "iv Eight Bit Word Length
2 "0" = One Stop Bit
"]1" = 1% Stop Bits When Five Bit Length Selected
Two Stop Bits With Six, Seven, or Eight Bit
3 "1" = Parity Enable
4 "0" = 0dd Parity Select
"1" = Even Parity Select
5 Stick Parity Bit
6 "1" = Set Break Enable
7 "1" = pivisor Latch Access Bit Enable
03FC
Bit Description
0 "1" = Data Terminal Ready Set (DTR)
"Q" = Data Terminal Ready Reset (DTR)
1 Request To Send (RTS)
2 Out 1
3 Out 2
4 Loop
5-7 Always Logical "0"
03FD Line Status Register
Bit  Description
0 Data Ready (DR)
1 Overrun Error (OR)
2 "1" = Detect Parity Error (PE)
3 "1" = pDetect Framing Error (FE)
4 "1" = Break Interrupt (BI)
5 Transmitter Holding Register
"1" = Character Transferred From Holding To Shift
Register
"0" = Loading Transmitter Holding Register
6 Transmitter Shift Register Empty
"1" = Shift Register Idle
"0" = Data Transfer From Holding Register
7 Always Logical "0"
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Address Description

03FE Modem Status Register
Bit Description
0 Delta Clear To Send (DCTS)
1 Delta Data Set Ready (DDSR)
2 Trailing Edge Ring Indicator
lllll - On
“0“ = off
3 Delta Received Line Signal Detect (If Bit 0, 1, 2,
or 3 is set to a "1" modem status interrupt is
generated
4 "Q" = Clear To Send (CTS)
5 "0" = Data Set Ready (DSR)
6 "0" = Ring Indicator (RI)
7 "0" = Received Line Signal Detect (RLSD)
03FF Reserved
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TIMING SPECIFICATIONS FOR SYSTEM CLOCK TIMING (SH 1 OF 3)

!SYM!PARAMETER { MIN TYP MAX UNIT!TEST CON.
l==z|==z=zzocoos=ososcossssssssoos=s|oozz lssoc=ss=c oo | ss=s====)
ITL !16MHZ clock period ! 1 62.5! ! ns! !
Lo e e e R i B Il e  EE SR !
IT2 116MHZ clock high time 1 251 31.,2!37.5! ns! !
B e I e e I R B !
{T2a!16MHZ clock low time ! 25! 31,2!37.5! ns! !
R B e e LS P e e EEE e e e LS !
IT3 18MH2 clock period ! 1125.0! ! ns! 1
I D CE L L PR e [l EEE R e el EE RS 1
T4 !8MHZ clock high time ! ! 62.5! { ns! 1
I e e e S T e B I R e R e Gt LR !
1T4a!8MHZ clock low time ! ! 62.5! ! ns! !
I e S S e I R el R S !
IT5 !PRCLK,PRCLKA,PRCLKB period ! ! 62,5! ! ns! !
1 !fast mode ! ! ! ! ! L
e e L e e Lmmmm e et e S e !
IT6 !PRCLK,PRCLKA,PRCLKB period ! 1125.0!¢ ! ns! !
! !slow mode ! ! ! ! ! 1
T B - e el BTt R el EEE R !
IT7 !SCLK clock period fast mode 1 1125.0! ! nst !
o e e el Rt el S EE TR !
!T8 ISCLK clock period slow mode ! 1250.0! ! ns! !
e T e e I e St R Sl e '
!T9 !IDMACLK clock period fast mode ! 1250.0! ! ns! 1
fmm e o R et R Rl EES S 1
!TlO'DMACLK clock period slow mode ! 1500.0! { ns! !
I e e E S R EE e et LT TRy !
!Tll!28MHZ clock period ! ! 34.9! ! ns! !
I e e fommm e R athd e SR !
1T12108C clock period ! ! 69.8! ! ns! !
L e C e P R e T R el et EEE ST !
'Tl3'3 58MHZ clock period ! 1279.4! { ns! !
e e e E e R L Rl e B e e !
'Tl4'l 19MHZ clock period ! 1838.1! ! ns! !
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TIMING SPECIFICATIONS FOR ROM, DRAM AND SYSTEM TIMING (SH 2 OF 3)

fSYM!PARAMETER IMIN
%;I_:;;stem Clock ;::i;d ———————— =EE;T;
%;;_';;stem Clock High time _igzj;
5;5":EZ;EEZJEEXEEI‘SQIIE'SEIQ} """"" DT
%;Z—EAddr;ss val:a—;elay —!I—I—
%;;—:RLE active delay from ;;atus—_——i_g—
E%g—:gzg_lnactlve delay ) _-i_;_
%;;—:MEMR*_MEMW*_;;;;ve delay _i-;_
%;g_:&;MR*,MEQW* 1;;;;;ve delay _———i_;_
i;;—IESQEs* active d;lay from_;0 23--5—5—
;;ISS;OMCS*—lnactlve delay —i_a_
!;EI!;;;EYC a;tlve delay from PRCEE-—i—;_
i;I;iMEMCQE inactive dela; fro;_ggazgi-;_
5515EEAQQI‘;ZZI;;'5212;"2235“5&62%"'f'E'
|T141RASK* Inactive delay from PROLK ! 5
|T151CASK" active delay from PROLK ! 5
:;IE:EASX* 1;act1;;—a;1ay from —i—g_
! IMEMCYC !
Jmm e ] et [ p—
'TiZ'gemory éffzfss delay from ALE _E_g_
:TIS:RASX* Address hold time 520
f;I;fE;;Q* Addr;;;_;etup-time_ ———i_;_
IT201RASKS hold time ;58"
5551.56;‘222;;;’52125‘22;;"§£&;I """ -
1722 1DRAM access time T
i;;;iBBUS ;;tup time (555; ___________ iIB_
72410808 delay from MDBUS valid | 18
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IT25!ROM access time from
! !valid SABUS

IT261SABUS delay from ALE
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TIMING SPECIFICATIONS FOR IO R/W TIMING (SH 3 OF 3)

:SYM}PARAMETER IMIN!TYP ! MAX !UNIT! TEST COND,!
%EI'%SQEEQ'ZISZE';Z;ISE""""='f===i§§f§i=====i§Z==i===========i
T2 IPRCIK high period 2513121 37 me 1 !
g%%':ééii'éiééi';;lléé """"""" Vi 1 e 1 !
|74 I1SCIK high peried 1 1az.s1  ams 1 !
;53'-;Z;Z;;}EEREQ’;EZZGE‘E;I;;"1"15'""'i'§3‘"§;;“'i """""" !
552'-;EQEG;}EEAEE‘IQQZZIE;'QQI;;f‘"Ii""5'55"'552"'5 """""" i
g%?'-5;5';EBE;;;";;IIS'E;I;;""'i"Ii'""i'EE"iQ;"i """"""" !
16 1052 setup time Y T S !
g B e I e el !
IT9 !ALE active delay ! 51 ! 25 Ins ! !
\T101ALE inactive delay Vs s me 1 i
f;II;;;;US delay time fr;;'iié"g"65'""5"55"552“'5 """""""" §
\T12:1om* active delay Vs v as ams )
:;IS:;E);V;_lnactlve delay —"_i“;i“_—i-zg_-:;;—_i ___________ :
|T1415A805 setup cime Toor | ueos me + T :
EEIE115&*/10R*'prec£;§;;' "‘gzzai“"i:::“i;;"i """"""" !
\T161 10w palse wican 'gEZEi""iIII”'i;;"§ """"""" i
5;15525;1'222132'52125 """"" g"éi""i'lé“f;;"i """""""" i
17181 T0R" inactive delay U se s e 1T !
5515:5556&'2225;"21;; """"""" ;*gai“"i """ me 1T !
172010005 delay time TR SO i
f&EI:DBus‘hold time from Tows “;'IEi"'"'; """ i;;“§ """""" ;
;;EE';B};G; setup time to IOR:__—E-Z;——-_E _____ :r—l;——: ___________ :
172310808 delay time g"éé'""%'SE"éQ;"g """"""" !
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ISYM!PARAMETER fMIN!TYP ! MAX IUNIT! TEST COND.

ooy S MO
725150808 write delay from DEUSI 1 125 tns 1 i
IEEEQ;Sé&;_2225'52125_223;'25555%_"i""'f—IS'“§;;_"§ """""""" f
11271%0808 write delay DT e ;
1128 1X0808 read delay From Tome 1 1 iaes.sins 1 i
1129 1PRCIK clock period T T P ;
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CHIPS

82A205
PC/AT COMPATIBLE CHIP

Fully IBM™ PC AT Compatible = 16 Bit to 8 Bit Conversion Logic
B Flexible architecture allows usage in any Variable Wait State Selection

iAPX 286 design B 24 mA sink and -3.3 mA source current for
B 10 or 8 MHz with One Wait State or 6 MHz System Bus outputs

with Zero Wait State Capability | Single 5 Volit Supply

Complete System Board Memory Decode
Configurable RAM Selects
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CHirko

82A205 Pin Description

Pin

Pin No. Symbol Description
wpe y P
1 — Vss Ground.
61-68 170 MDO-7 .
2.9 /0 MD8-15 Memory data bus for the on board memory
10-17 170 Do-D7 ,
19-26 70 D8-D15 CPU data bus signals from/to the CPU
18 — Vee 5 Volt Power Supply.
3 _ System Data bus for the expansion bus. Its
5(7331?3 :;8 283_5507 direction is determined by DT/R signal from
the 82C201.
35 = Vgs Ground.
DIRHLB is generated by the 82C201 and controls
44 | DIRHLB the direction of low to high byte conversion during
data transfers to and from 8 bit peripherals
Data Transmit/Receive is generated by the 82C201. It
45 | DT/R determines direction of data to and from the
memory. A HIGH on the pin indicates a write cycle
and a LOW indicates a read cycle
BSDEND Data Strobe Enable 0 and 1 are generated by the
46, 47 DSDEN1 82C201. These signals enable the data transceivers
connected to the LOW and HIGH data bytes.
XAO0 is address signal O for the peripheral bus. It is
48 | XAD generated by the 82A203. It is used to condition the
bus transceiver for the memory data bus
XBHE is the Bus High Enable signal generated by
e the 82A203. It is used to condition the bus
49 | XBHE )
transceiver for the memory data bus, and is active
during a high byte transfer.
Control Off is generated by the 82C201 and is used
50 CNTLOFF to enable low byte data bus latch during byte
access
Memory Read is generated by the 82A203 and is used
T to enable the parity generation logic on the
St XMEMR device, and to set the direction on the output
transceiver for the memory data bus.
52 — Vee 5V Power Supply
53 | PAREN Parity Enable aII(_)ws the parity check to be done on
parity on the parity bit read from the memory
. ENHLB enables the high to low byte conversion in
54 ENHLB copnjunction with DIRHLB signal. It is generated by

the 82C201




CHIPS

82A205 Pin Description
(Continued)

Pin No. Symbol Description
Type y [
o Memory Data Bus Enable is generated by the
55 | MDBEN 82C202. It enables the data bus transceivers
connected to the memory devices.
56 o PAR Parity signal, when active, signifies a parity error on a
memory read cycle.
MDPOUTO Memory Data Parity Out 0 and 1 are the parity bits
59,57 | ’ read from the memory banks 0 and 1. They are used
MDPOUT1 ; .
to compute the parity during a ready cycle.
MDPINO Memory Data Parity In 0 and 1 are the parity bits
60, 58 (0] MDPIN1, written to the memory banks 0 and 1 during a memory

write cycle.
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Functional Description 82A205

Figure 9 illustrates a TTL equivalent of logic
implemented by the 82A205. The chip provides
the data bus buffers and drivers for DO-D15.
The three data buses controlled are the CPU
bus (D0-D15), the System bus (SD0-SD15),
and the Memory Data bus (MDO-MD15). The
direction and contro| for these drivers are
provided by the DT/R, DSDENO, DSDENT,
XBHE, and XAOQ inputs, as shown in the figure.
The low byte to high byte conversion logic is

also implemented on the chip. The conversion
logic is controlled by the ENHLB and DIRHLB
inputs. The chip also integrates the parity
generation and check logic. The parity is
computed on the memory data bus signals and
outputas MDPINO and MDPIN1. During a read
cycle, the parity check is computed on the data
read from the memory and the parity bits
MDPOUT 0 and MDPOUT 1. On a parity error,
the PAR output is activated.

> $D0-SD7

LATCH & S MDO0-MD7
BUFFER BUFFER CHECKER
DO-D7
CNTLOFF GATE —— DIR EN MDPINO
DSDEN0 ———QJENA BUFFER —Of ENA 8IT9
DIR
SEL SD8-SD15
DIRHLB DIR
ENHLB —Of ENA MDB-MD15
PARITY
BUFFER BUFFER CHECKER
D015 & H'—
_ MOPIN1
DT/R DIR DIR EN
DSDEN1 —1 ENA O ENA BITY
MDBEN D
XMEMA
PARITY
Xa0 ERROR
XBHE DETECT _J
MDPOUTO PINO
MDPOUT1 __PIN
ERROR FAR
a0 PAR
MEMR
PAREN ENA

Figure 9: 82A205 Functional Block Diagram




82A205 Absolute Maximum Ratings

Parameter Symbol Min. Max. Units
Supply Voltage Vee — 7.0 \
Input Voltage v, 05 55 v
Output Voltage - Vo 05 55 v
Operating Temperature Top —2; o ig T C\ -
gtorage Temperature o T Tstg 307 71% C

NOTE: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation
should be restricted to the conditions described under Operating Conditions

82A205 Operating Conditions

Parameter Symbol Min. Max. Units
iupply Voltage Vee 475 525V
Ambient Temperature Ta 0 70 C
82A205 DC Characteristics
Parameter Symbol Min. Max. Units
Input Lﬂ\/ioltgei - Vi 0.8 o ! L
EpLit High Voltage - Vig 72,9 o \
Output Low Voltage
loL=10mA (Note 1) Vous 05 v
Output Low Voltage
loL=24mA (Note 2) Voie 05 v
Output High Voltage
lon = -3.3mA (Note 3) Vor 24 v
Input Low Current B
V, =05V, Ve = 5.25V e 200 wA
Input High Current
V) = 2.4V, Vg = 5.25V i 20 A
Input High Current
V, = 5.5V, Vg = 5.25V 0 200 HA
Output Short Circuit Current _ B
Vo0V los 15 100 mA
Input Clamp Voltage _
I, = -18mA, V¢e = 4.75V Vie 5 v
Power Siupilyiufrl\ - lec 180 300 B rlA
Output HI-Z Leak Current _
3-State Output Pins loz1 100 100 HA
Qutput Hi-Z Leak Current

P loz2 -300 120 A

Bidirectional Pins

NOTES 1. All non-system and bus outputs only.

2. All system bus outputs, SD0-15, are specified at I = 24mA @ V5 = 0.5V.

3. All outputs and bidirectional pins
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82A205 AC Characteristics
(Ta +0°Cto 70°C, Vg + 5V + 5%)

Sym Description Min. Max. Units

11 System Data Bus to Memory Bus Delay 32 ns

t2 System Data Bus to CPU Data Bus Delay 32 ns

3 System Data Bus to Parity Bits MDPINO, 1 Output 12 42 ns

T CPU Data Bus to Memory Data Bus Delay 8 30 ns -

t5 CPU Data Bus to System Data Bus Delay 5 25 ns

t6 CPU Data Bus to Parity Bits MDPINO, MDPIN1 Output 12 42 ns

t7 Memory Data Bus to CPU Data Bus Delay 8 30 ns

t8 Memory Data Bus to System Data Bus Delay 6 27\7 né

19 Memory Data Bus to Parity Bits MDPINO, 1 Output 4 10 38 ns

t10 System Data Bus Low Byte to High Byte Conver?ion 8 32 ns

t1 System Bus to CPU Data Bus Hi-Lo Byte Conversion 10 33 ns

t12 System Bus to Mem Data Bus Hi-Lo Byte Conversion 10 35 ns

113 XAO to CPU Data Bus Low Byte Delay 8 30  ns

?1; XAO0 to Memory Data Bus HI-Z 6 26 ns

I;SA XAO to Memory Data Bus Address Valid 8 30 ns

116 XMEMR Going High to Parity Delay 7 286 ns

t17 PAREN to Parity Delay 4 20 ns

t18 Parity Input Bits to Parity Output Bits Delay 12 40 ns -

119 ENHLB to SD8-SD15 delay — 30 ns
SD BUS to CNTLOFF set-up time 10 ns
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CHIFD

Load Circuit Measurement Conditions

Parameter Output Type Symbol C, (pF) R, (Q) R, (Q) SW, SWw,
Propagation  Totem pole ¢
- PLH
Delay 3-state - 50 - 10K OFF ON
Time Bidirectional
Propagation  Open drain or teLH .
Delay Time Open Collector touL 50 0.5K ON OFF
. 3-state to 2z ON
Disable Time ;4 roctional tong 5 0.5K 1.0K OFF ON
) 3-state tezL ON ON
Enable Time Bidirectional tos 50 0.5K 1.0K OFF ON
INPUT
tpLh
Vor
OUTPUT 13v 1.3v
(DELAY) tpzL y - —-- VoL
tpLz
?‘\_AG,_
OUTPUT
(ENABLE/DISABLE) ,—%
Vig=3V.Vy =0V.t,<10ns, y< 5ns
Vee
Reset 1 DC Characteristics
5
swi
a
Rq s
5 /
o —0 3 Y A
> 2
Rp
CL ! VDD - 5V
Ta 25°C
SWy {TYP)
1 2 3 4 5
VIN (V)

Figure 10. Load Circuit and AC Characteristics Measurement Waveform




CHIFS

48-PIN PLASTIC DUAL-IN-LINE PACKAGE

UNIT (mm)
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v,
4 1 , \
\
| & =
—», l<— 0.25 tg 2)5 ,_LAA
z 05 : 015 254 1 0.25 .
H 0~15
1
~ 1.4 : 015
~
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o~ 956(2a.28) °2°(° 1 .020(0.51)
monoooomodooonoon
d ) h ’-
5 s p
28 g h
2 g h
SlE g b
@@ g b
q b
qd b
.
Of p®
&) d b & a
g g b~ =4
5 g b o e @
-4 g b o by
@ 5 g &
d b 5 e =
5 p <= 2 &
b
|=p=pepapeopagegegagogegegagegagay WP
.030(0.75)

®

007(0.18)
7010(0.25)

0s01.27)TYP




CHIPS

84-PIN PLASTIC LEADED CHIP CARRIER

o

UNIT (mm)

P
0.71 1 0.07 127 =
|
(] (D

b 5

b ()

é‘ =

h =

o] )

D ()

p ()

p -

b 5

b 5

b =

5.0 MAX I 29.2 + 0.2

i 1
30.23 + 0.2
1

Ordering Information

Package Type
Order Number Note 1 Remarks
P82C201, P82C201-10 PLCC-84 C (Note 2)
P82C202 PDIP-48 C
P82A203 PLCC-68 C
P82A204 PLCC-68 C
P82A205 PLCC-68 C
CS8220 — Standard CHIPSet (Note 3)
CS8220-10 — 10MHz CHIPSet (Note 4)
NOTES

1. PLCC = Piastic Leaded Chip Carrier 84 Pins
PDIP = Plastic Dual-In-Line Package 48 Pins

2. C = Commercial Range, 0 to 70°C, Vpp = 47510 525 V

3. CS8220 consists of P82C201, P82C202, P82A203, P82A204, P82A205
4. CS8220-10 consists of P82C201-10, P82C202, P82A203, P82A204, PB2A205
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HIGH PERFORMANCE
PROGRAMMABLE DMA CONTROLLER

m Enable/Disable Control of individual m Directly Expandable to Any Number of
DMA Requests Channels
8 Four Independent DMA Channels B End of Process Input for Terminating
= Independent Autoinitiallzation of All Transters
Channels B Software DMA Requests
® Memory-to-Memory Transfers m Independent Polarity Control for DREQ
8 Memory Block Initialization and DACK Signals
B Available In EXPRESS
m Address Increment or Decrement — Standard Temperature Range
m High Performance: Transfers up to

Avallable in 40-Lead Cerdip and Plastic
Packages
(See Packaging Spec, Order #231369)

1.6M Bytes/Second with 5 MHz 8237A-5 ™

The 8237A Muitimode Direct Memory Access (DMA) Controller is a peripheral interface circuit for microproc-
essor systems. It is designed to improve system performance by allowing external devices to directly transfer
information from the system memory. Memory-to-memory transfer capability is also provided. The 8237A
offers a wide variety of programmable control features to enhance data throughput and system optimization
and to allow dynamic reconfiguration under program control.

The 8237A is designed to be used in conjunction with an external 8-bit address latch. It contains four indepen-
dent channels and may be expanded to any number of channels by cascading additional controller chips. The
three basic transfer modes allow programmability of the types of DMA service by the user. Each channel can
be individually programmed to Autoinitialize to its original condition following an End of Process (EOP). Each
channel has a full 64K address and word count capability.

The 8273A-4 and 8237A-5 are 4 MHz and 5 MHz versions of the standard 3 MHz 8237A respectively.
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Figure 1. Block Diagram
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Table 1. Pin Description

Symbol

Type

Name and Function

Vce

POWER: + 5V supply.

Vss

GROUND: Ground.

CLK

CLOCK INPUT: Clock input controls the internal operations of the
8237A and its rate of data transfers. The input may be driven at up
to 3 MHz for the standard 8237A and up to 5 MMz for the 8237A-5.

CHIP SELECT: Chip Select is an active low input used to select
the 8237A as an |70 device during the dle cycle. This allows CPU
communication on the data bus.

RESET

RESET: Reset is an active high input which clears the Command,
Status, Request and Temporary registers. It also clears the first/
Jast flip/flop and sets the Mask register. Following a Reset the
device is in the idle cycle.

READY

READY: Ready is an input used to extend the memory read and
write pulses from the 8237A to accommodate slow memories or
1/0 peripheral devices. Ready must not make transitions during its
specified setup/hold time.

HLDA

HOLD ACKNOWLEDGE: The active high Hold Acknowledge from
the CPU indicates that it has relinquished control of the system
busses.

DREQO-DREQ3

DMA REQUEST: The DMA Request lines are individual
asynchronous channel request inputs used by peripheral circuits to
obtain DMA service. In fixed Priority, DREQO has the highest
priority and DREQ3 has the lowest priority. A request is generated
by activating the DREQ line of a channel. DACK will acknowledge
the recognition of DREQ signal. Polarity of DREQ is
programmable. Reset initializes these lines to active high. DREQ
must be maintained until the corresponding DACK goes active.

DB0-DB7

110

DATA BUS: The Data Bus lines are bidirectional three-state
signals connected to the system data bus. The outputs are
enabled in the Program condition during the 1/0 Read to output
the contents of an Address register, a Status register, the
Temporary register or a Word Count register to the CPU. The
outputs are disabled and the inputs are read during an I/0 Write
cycle when the CPU is programming the 8237A control registers.
During DMA cycles the most significant 8 bits of the address are
output onto the data bus to be strobed into an external latch by
ADSTB. In memory-to-memory operations, data from the memory
comes into the 8237A on the data bus during the read-from-
memory transfer. In the write-to-memory transfer, the data bus
outputs place the data into the new memory location.

170

1/0 READ: I/0 Read is a bidirectional active low three-state line.
In the Idle cycle, it is an input control signal used by the CPU to
read the control registers. In the Active cycle, it is an output control
signal used by the 8237A to access data from a peripheral during a
DMA Write transfer.

1/0

1/0 WRITE: |70 Write is a bidirectional active low three-state line.
In the Idle cycle, it is an input control signal used by the CPU to
load information into the 8237A. In the Active cycle, it is an output
control signal used by the 8237A to load data to the peripheral
during a DMA Read transfer.

2-206




ntel

8237A/8237A-4/8237A-5

Table 1. Pin Description (Continued)

Symbol

Type

Name and Function

110

END OF PROCESS: End of Process is an active low bidirectional
signal. Information concerning the completion of DMA services is
available at the bidirectional EOP pin. The 8237A allows an
external signal to terminate an active DMA service. This is
accomplished by pulling the EOP input low with an external EOP
signal. The 8237A also generates a pulse when the terminal count
(TC) for any channel is reached. This generates an EOP signal
which is output through the EOP line. The reception of EOP, either
internal or external, will cause the 8237A to terminate the service,
reset the request, and, if Autoinitialize is enabled, to write the base
registers to the current registers of that channel. The mask bit and
TC bit in the status word will be set for the currently active channel
by EOP unless the channel is programmed for Autoinitialize. In that
case, the mask bit remains unchanged. During memory-to-memory
transfers, EOP will be output when the TC for channel 1 occurs.
EOP shouid be tied high with a pull-up resistor if it is not used to
prevent erroneous end of process inputs.

AO-A3

1/10

ADDRESS: The four least significant address lines are
bidirectional three-state signals. In the Idle cycle they are inputs
and are used by the CPU to address the register to be loaded or
read. In the Active cycle they are outputs and provide the lower 4
bits of the output address.

A4-A7

ADDRESS: The four most significant address lines are three-state
outputs and provide 4 bits of address. These lines are enabled
only during the DMA service.

HRQ

HOLD REQUEST: This is the Hold Request to the CPU and is
used to request control of the system bus. If the corresponding
mask bit is clear, the presence of any valid DREQ causes 8237A to
issue the HRQ.

DACKO0-DACK3

DMA ACKNOWLEDGE: DMA Acknowledge is used to notify the
individual peripherals when one has been granted a DMA cycle.
The sense of these lines is programmable. Reset initializes them
to active low.

AEN

ADDRESS ENABLE: Address Enable enables the 8-bit latch
containing the upper 8 address bits onto the system address bus.
AEN can also be used to disable other system bus drivers during
DMA transfers. AEN is active HIGH.

ADSTB

ADDRESS STROBE: The active high, Address Strobe is used to
strobe the upper address byte into an external latch.

MEMORY READ: The Memory Read signal is an active low three-
state output used to access data from the selected memory
location during a DMA Read or a memory-to-memory transfer.

MEMR
MEMW

MEMORY WRITE: The Memory Write is an active low three-state
output used to write data to the selected memory location during a
DMA Write or a memory-to-memory transfer.
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FUNCTIONAL DESCRIPTION

The 8237A block diagram includes the major logic
blocks and all of the internal registers. The data in-
terconnection paths are also shown. Not shown are
the various control signals between the blocks. The
8237A contains 344 bits of internal memory in the
form of registers. Figure 3 lists these registers by
name and shows the size of each. A detailed de-
scription of the registers and their functions can be
found under Register Description.

Name 8ize Number
Base Address Registers 16 bits 4
Base Word Count Registers 16 bits 4
Current Address Registers 16 bits 4
Current Word Count Registers 16 bits 4
Temporary Address Register 16 bits 1
Temporary Word Count Register 16 bits 1
Status Register 8 bits 1
Command Register 8 bits 1
Temporary Register 8 bits 1
Mode Registers 6 bits 4
Mask Register 4 bits 1
Request Register 4 bits 1

Figure 3. 8237A Internal Registers

The 8237A contains three basic blocks of control
logic. The Timing Control block generates internal
timing and external control signals for the 8237A.
The Program Command Control block decodes the
various commands given to the 8237A by the micro-
processor prior to servicing a DMA Request. It also
decodes the Mode Control word used to select the
type of DMA during the servicing. The Priority En-
coder biock resolves priority contention between
DMA channels requesting service simultaneously.

The Timing Control block derives internal timing
from the clock input. In 8237A systems, this input
will usually be the $2 TTL clock from an 8224 or
CLK from an 8085AH or 8284A. 33% duty cycle
clock generators, however, may not meet the clock
high time requirement of the 8237A of the same fre-
quency. For example, 82C84A-5 CLK output violates
the clock high time requirement of 8237A-5. in this
case 82C84A CLK can simply be inverted to meet
8237A-5 clock high and low time requirements. For
8085AH-2 systems above 3.9 MHz, the 8085
CLK(OUT) does not satisfy 8237A-5 clock LOW and
HIGH time requirements. In this case, an external
clock should be used to drive the 8237A-5.

DMA OPERATION

The 8237A is designed to operate in two major cy-
cles. These are called Idle and Active cycles. Each
device cycle is made up of a number of states. The
8237A can assume seven separate states, each
composed of one full clock period. State | (S) is the
inactive state. It is entered when the 8237A has no

valid DMA requests pending. While in SI, the DMA
controller is inactive but may be in the Program Con-
dition, being programmed by the processor. State
S0 (SO) is the first state of a DMA service. The
8237A has requested a hold but the processor has
not yet returned an acknowledge. The 8237A may
still be programmed until it receives HLDA from the
CPU. An acknowledge from the CPU will signal that
DMA transfers may begin. S1, S2, 83 and S4 are the
working states of the DMA service. If more time is
needed to complete a transfer than is available with
normal timing, wait states (SW) can be inserted be-
tween S2 or S$3 and S4 by the use of the Ready line
on the 8237A. Note that the data is transferred di-
rectly from the 1/O device to memory (or vice versa)
with TOR and MEMW (or MEMR and TOW) being ac-
tive at the same time. The data is not read into or
driven out of the 8237A in i/O-to-memory or memo-
ry-to-1/0 DMA transfers.

Memory-to-memory transfers require a read-from
and a write-to-memory to complete each transfer.
The states, which resemble the normal working
states, use two digit numbers for identification. Eight
states are required for a single transfer. The first four
states (S11, S12, S13, S14) are used for the read-
from-memory half and the last four states (S21, 822,
S§23, S24) for the write-to-memory half of the trans-
fer.

IDLE CYCLE

When no channel is requesting service, the 8237A
will enter the Idle cycle and perform *“SI"” states. In
this cycle the 8237A will sample the DREQ lines ev-
ery clock cycle to determine if any channel is re-
%%ssting a DMA service. The device will also sample

, looking for an attempt by the microprocessor to
write or read the internal registers of the 8237A.
When CS is low and HLDA is low, the 8237A enters
the Program Condition. The CPU can now establish,
change or inspect the internal definition of the part
by reading from or writing to the internal registers.
Address lines A0-A3 are inputs to the device and
select which registers will be read or written. The
TOR and TOW lines are used to select and time reads
or writes. Due to the number and size of the internal
registers, an internal flip-flop is used to generate an
additional bit of address. This bit is used to deter-
mine the upper or lower byte of the 16-bit Address
and Word Count registers. The flip-flop is reset by
Master Clear or Reset. A separate software com-
mand can also reset this flip-fiop.

Special software commands can be executed by the
8237A in the Program Condition. These commands
are decoded as sets of addresses with the TS and
TOW. The commands do not make use of the data
bus. Instructions include Clear First/Last Flip-Flop
and Master Clear.

2-208



intel

8237A/8237A-4/8237A-5

ACTIVE CYCLE

When the 8237A is in the Idle cycle and a non-
masked channel requests a DMA service, the device
will output an HRQ to the microprocessor and enter
the Active cycle. It is in this cycie that the DMA serv-
ice will take place, in one of four modes:

Single Transfer Mode—In Single Transfer mode
the device is programmed to make one transfer only.
The word count will be decremented and the ad-
dress decremented or incremented following each
transfer. When the word count “rolls over” from zero
to FFFFH, a Terminal Count (TC) will cause an Auto-
initialize if the channel has been programmed to do
SO.

DREQ must be held active until DACK becomes ac-
tive in order to be recognized. It DREQ is held active
throughout the single transfer, HRQ will go inactive
and release the bus to the system. It will again go
active and, upon receipt of a new HLDA, another
single transfer will be performed. in 8080A, 8085AH,
8088, or 8086 system, this will ensure one full ma-
chine cycle execution between DMA transfers. De-
tails of timing between the 8237A and other bus
control protocols will depend upon the characteris-
tics of the microprocessor involved.

Block Transfer Mode—In Block Transfer mode the
device is activated by DREQ to continue making
transfers during the service until a TC, caused by
word count going to FFFFH, or an external End of

Process (EOP) is encountered. DREQ need only be
held active until DACK becomes active. Again, an
Autoinitialization will occur at the end of the service
if the channel has been programmed for it.

Demand Transfer Mode—In Demand Transfer
mode the device is programmed to continue making
transfers until a TC or external EOP is encountered
or until DREQ goes inactive. Thus transfers may
continue until the 1/0 device has exhausted its data
capacity. After the I/0 device has had a chance to
catch up, the DMA service is re-established by
means of a DREQ. During the time between services
when the microprocessor is aliowed to operate, the
intermediate values of address and word count are
stored in the 8237A Current Address and Current
Word Count registers. Only an EOP can cause an
Autoinitialize at the end of the service. EOP is gener-
ated either by TC or by an external signal. DREQ
has to be low before S4 to prevent another Transfer.

Cascade Mode—This mode is used to cascade
more than one 8237A together for simple system
expansion. The HRQ and HLDA signals from the ad-
ditional 8237A are connected to the DREQ and
DACK signals of a channel of the initial 8237A. This
allows the DMA requests of the additional device to
propagate through the priority network circuitry of
the preceding device. The priority chain is preserved
and the new device must wait for its turn to acknowl-
edge requests. Since the cascade channel of the
initial 8237A is used only for prioritizing the addition-
al device, it does not output any address or control

2ND LEVEL
T 82374
MICROPROCESSOR ISTLEVEL
HRQ DREQ HRQ
HLDA DACK HLDA
8237A
DREQ HRQ
DACK HLDA
INITIAL DEVICE 8237A
ADDITIONAL
DEVICES
2314663

Figure 4. Cascaded 8237As
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signals of its own. These could conflict with the out-
puts of the active channel in the added device. The
8237A will respond to DREQ and DACK but all other
outputs except HRQ will be disabled. The ready in-
put is ignored.

Figure 4 shows two additional devices cascaded into
an initial device using two of the previous channels.
This forms a two level DMA system. More 8237As
could be added at the second level by using the
remaining channels of the first level. Additional de-
vices can aiso be added by cascading into the chan-
nels of the second level device, forming a third level.

TRANSFER TYPES

Each of the three active transfer modes can perform
three different types of transfers. These are Read,
Write and Verify. Write transfers move data from an
1/0 device to the memory by activating MEMW and
10R. Read transfers move data from memory to an
1/0 device by activating MEMR and TOW. Verify
transfers are pseudo transfers. The 8237A operates
as in Read or Write transfers generating addresses,
and responding to EOP, etc. However, the memory
and 1/0 control lines all remain inactive. The ready
input is ignored in verify mode.

Memory-to-Memory—To perform block moves of
data from one memory address space to another
with a minimum of program effort and time, the
8237A includes a memory-to-memory transfer fea-
ture. Programming a bit in the Command register
selects channels 0 and 1 to operate as memory-to-
memory transfer channeis. The transfer is initiated
by setting the software DREQ for channel 0. The
8237A requests a DMA service in the normal man-
ner. After HLDA is true, the device, using four state
transfers in Block Transfer mode, reads data from
the memory. The channel 0 Current Address register
is the source for the address used and is decrement-
ed or incremented in the normal manner. The data
byte read from the memory is stored in the 8237A
internal Temporary register. Channel 1 then per-
forms a four-state transfer of the data from the Tem-
porary register to memory using the address in its
Current Address register and incrementing or decre-
menting it in the normal manner. The channel 1 cur-
rent Word Count is decremented. When the word
count of channel 1 goes to FFFFH, a TC is generat-
ed causing an EOP output terminating the service.

Channel 0 may be programmed to retain the same
address for all transfers. This allows a single word to
be written to a block of memory.

The 8237A will respond to external EOP signals dur-
ing memory-to-memory transfers. Data comparators
in block search schemes may use this input to termi-
nate the service when a match is found. The timing
of memory-to-memory transfers is found in Figure
12. Memory-to-memory operations can be detected
as an active AEN with no DACK outputs.

Autoinitialize—By programming a bit in the Mode
register, a channel may be set up as an Autoinitialize
channel. During Autoinitialize initialization, the origi-
nal values of the Current Address and Current Word
Count registers are automatically restored from the
Base Address and Base Word count registers of that
channel following EOP. The base registers are load-
ed simultaneously with the current registers by the
microprocessor and remain unchanged throughout
the DMA service. The mask bit is not altered when
the channel is in Autoinitialize. Following Autoinitial-
ize the channel is ready to perform another DMA
service, without CPU intervention, as soon as a valid
DREQ is detected. In order to Autoinitialize both
channels in a memory-to-memory transfer, both
word counts should be programmed identically. If 1n-
terrupted externally, EOP pulses should be applied
in both bus cycles.

Priority—The 8237A has two types of priority en-
coding available as software selectable options. The
first is Fixed Priority which fixes the channels in pri-
ority order based upon the descending value of their
number. The channel with the lowest priority is 3
followed by 2, 1 and the highest priority channel, 0.
After the recognition of any one channei for service,
the other channels are prevented from interfering
with that service until it is completed.

After completion of a service, HRQ will go inactive
and the 8237A will wait for HLDA to go low before
activating HRQ to service another channel.

The second scheme is Rotating Priority. The last
channel to get service becomes the lowest priority
channel with the others rotating accordingly.

1st 2nd 3rd
Setvice Service Service
highest 0 2 --— service 3 -t— service
1 <ag—- s€rvice 3 -—request o
2 _\0 1
lowest 3 1 2
231466-4
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With Rotating Priority in a single chip DMA system,
any device requesting service is guaranteed to be
recognized after no more than three higher priority
services have occurred. This prevents any one
channel from monopolizing the system.

Compressed Timing—In order to achieve even
greater throughput where system characteristics
permit, the 8237A can compress the transfer time to
two clock cycles. From Figure 11 it can be seen that
state S3 is used to extend the access time of the
read pulse. By removing state S3, the read pulse
width is made equal to the write pulse width and a
transfer consists only of state S2 to change the ad-
dress and state S4 to perform the read/write. S1
states will still occur when AB-A15 need updating
(see Address Generation). Timing for compressed
transfers is found in Figure 14.

Address Generatlon—In order to reduce pin count,
the 8237A multiplexes the eight higher order ad-
dress bits on the data lines. State S1 is used to out-
put the higher order address bits to an external latch
from which they may be placed on the address bus.
The falling edge of Address Strobe (ADSTB) is used
to load these bits from the data lines to the latch.
Address Enable (AEN) is used to enable the bits
onto the address bus through a three-state enable.
The lower order address bits are output by the
8237A directly. Lines AO-A7 should be connected
to the address bus. Figure 11 shows the time rela-
tionships between CLK, AEN, ADSTB, DB0O-DB7
and AO-A7.

During Block and Demand Transfer mode services,
which include multiple transfers, the addresses gen-
erated will be sequential. For many transfers the
data held in the external address latch will remain
the same. This data need only change when a carry
or borrow from A7 to A8 takes place in the normal
sequence of addresses. To save time and speed
transfers, the 8237A executes S1 states only when
updating of AB-A15 in the latch is necessary. This
means for long services, S1 states and Address
Strobes may occur only once every 256 transfers, a
savings of 255 clock cycles for each 256 transfers.

REGISTER DESCRIPTION

Current Address Register—Each channel has a
16-bit Current Address register. This register holds
the value of the address used during DMA transfers.
The address is automatically incremented or decre-
mented after each transfer and the intermediate val-
ues of the address are stored in the Current Address
register during the transfer. This register is written or
read by the microprocessor in successive 8-bit
bytes. It may also be reinitialized by an Autoinitialize
back to its oﬁéén_al value. Autoinitialize takes place
only after an EOP.

Current Word Register—Each channel has a 16-
bit Current Word Count register. This register deter-
mines the number of transfers to be performed. The
actual number of transfers will be one more than the
number programmed in the Current Word Count reg-
ister (i.e., programming a count of 100 will result in
101 transfers). The word count is decremented after
each transfer. The intermediate value of the word
count is stored in the register during the transfer.
When the value in the register goes from zero to
FFFFH, a TC will be generated. This register is load-
ed or read in successive B-bit bytes by the micro-
processor in the Program Condition. Following the
end of a DMA service it may also be reinitialized by
an Autoinitialization back to its original value. Auto-
initialize can occur only when an EOP occurs. If it is
not Autoinitialized, this register will have a count of
FFFFH after TC.

Base Address and Base Word Count Registers—
Each channel has a pair of Base Address and Base
Word Count registers. These 16-bit registers store
the original value of their associated current regis-
ters. During Autoinitialize these values are used to
restore the current registers to their original values.
The base registers are written simultaneously with
their corresponding current register in 8-bit bytes in
the Program Condition by the microprocessor.
These registers cannot be read by the microproces-
sor.

Command Reglster—This 8-bit register controls
the operation of the 8237A. It is programmed by the
microprocessor in the Program Condition and is
cleared by Reset or a Master Clear instruction. The
following table lists the function of the command
bits. See Figure 6 for address coding.

Mode Reglster—Each channel has a 6-bit Mode
register associated with it. When the register is being
written to by the microprocessor in the Program
Condition, bits 0 and 1 determine which channel
Mode register is to be written.

Request Register—The 8237A can respond to re-
quests for DMA service which are initiated by soft-
ware as well as by a DREQ. Each channel has a
request bit associated with it in the 4-bit Request
register. These are non-maskable and subject to pri-
oritization by the Priority Encoder network. Each reg-
ister bit is set or reset separately under software
control or is cleared upon generation of a TC or ex-
ternal EOP. The entire register is cleared by a Reset.
To set or reset a bit, the software loads the proper
form of the data word. See Figure 5 for register ad-
dress coding. In order to make a software request,
the channel must be in Block Mode.
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Command Register

7 6 5 4 3 2 1 0 -«—8it Number

[_{ 0 Memory-to-memory disable
1 Memory-to-memory enable

Channef 0 address hoid disable

Channel 0 address hoid enable
fbito=0

____( 0 Controller enadble
1 Controller disable

Normal timing
C timing

x = O

X - o

Ifbito=1

Fixed priority
Rotating priority

_L

J 0 Late write selection
1 write
‘ X Ifbit3=1

{ 0 DREQ sense active high
1 DREQ sense active low
0 DACK sense active low
1 DACK sense active high

231466-5

Mode Register

7 6 5 4 3 2 1 0 -a—BIit Number

00 Channel 0 select
‘T[—’ 01 Channe!} 1 select

10 Channel 2 select

11 Channei 3 select
00 Verity transfer
01 Write transfer
10 Read transter

11 lilegal
XX Ifbits6and 7=11

|0 A disabie
L1 Autoinitialization enable

‘0 Address increment select
1 Address decrement select

00 Demand mode select
01 Single mode select
10 Block mode select
11 Cascade mode select

231466-6

Request Register

7 6 5 4 3 2 1 0 -<«—Bit Number

00 Select channel 0
01 Select channel 1
10 Select channel 2
11 Select channel 3

___{O Reset request bit
1 Set request bit

231466-7

Don't Care

Mask Register—Each channel has associated with
it a mask bit which can be set to disable the incom-
ing DREQ. Each mask bit is set when its associated
channel produces an EOP if the channel is not pro-
grammed for Autoinitialize. Each bit of the 4-bit
Mask register may also be set or cleared separately
under software control. The entire register is also set
by a Reset. This disables all DMA requests until a
clear Mask register instruction allows them to occur.
The instruction to separately set or clear the mask
bits is similar in form to that used with the Request
register. See Figure 5 for instruction addressing.

7 6 5 4 3 2 1 0-w— Bit Number

LTI T

‘/—-/ 00 Select channel 0 mask bit
01 Select channel 1 mask bit
10 Select channel 2 mask bit
11 Select channel 3 mask bit

Don't Care
{ 0 Clear mask bit
1 Set mask bit

231466-8

All four bits of the Mask register may also be written
with a single command.

\—-:,—r 0 Clear channel 0 mask bit
Don’t Care 1 Set channet 0 mask bit

0 Clear channel 1 mask bit
1 Set channsl 1 mask bit

[ 0 Ciear channel 2 mask bit
1 Set channel 2 mask bit

0 Clear channel 3 mask bit
1 Set channel 3 mask bit

231466-9
Register |Operation Signals
CS TOR IOW A3 A2 A1 AQ
Command | Write 0o 1 o 10 0O
Mode Write o1 0 10 11
Request |Write 0o 1 0O 1.0 0 1
Mask Set/Reset| 0 1 0o 1 0 10
Mask Write o1 0 1 1 1 1
TemporaryRead o ¢ 1 1101
Status Read 0 0 1 1 0 00O

Figure 5. Definition of Register Codes

Status Register—The Status register is available to
be read out of the 8237A by the microprocessor. It
contains information about the status of the devices
at this point. This information includes which chan-
nels have reached a terminal count and which chan-
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0 <t—— Bit Number

[T

=

Channel 0 has reached TC
Channel 1 has reached TC
Channel 2 has reached TC
Channel 3 has reached TC

Channel 0 request
Channel 1 request
Channel 2 request

Channel 3 request
231466-10

nels have pending DMA requests. Bits 0-3 are set
every time a TC is reached by that channel or an
external EOP is applied. These bits are cleared upon
Resst and on each Status Read. Bits 4-7 are set
whenever their corresponding channel is requesting
service.

Temporary Register—The Temporary register is
used to hold data during memory-to-memory trans-
fers. Following the completion of the transfers, the
last word moved can be read by the microprocessor
in the Program Condition. The Temporary register
always contains the last byte transferred in the previ-
ous memory-to-memory operation, unless cleared
by a Reset.

Software Commands—These are additional spe-
cial software commands which can be executed in
the Program Condition. They do not depend on any
specific bit pattern on the data bus. The three soft-
ware commands are:

Clear First/Last Flip-Flop: This command must be
executed prior to writing or reading new address
or word count information to the 8237A. This ini-
tializes the flip-flop to a known state so that sub-
sequent accesses to register contents by the mi-
croprocessor will address upper and lower bytes
in the correct sequence.

Master Clear: This software instruction has the
same effect as the hardware Reset. The Com-
mand, Status, Request, Temporary, and Internal
First/Last Flip-Flop registers are cleared and the
Mask register is set. The 8237A will enter the Idle

cycle.
Clear Mask Register: This command clears the

mask bits of all four channels, enabling them to
accept DMA requests.

Figure 6 lists the address codes for the software
commands.

Signals
A3 A2 A1 A0 OR ow Operation
1 0 0 0 0 1 Read Status Reg
1 0 0 0 1 0 Write Command Register
1 0 0 1 [ 1 lllegai
1 0 0 1 1 0 Write Request Register
1 0 1 0 0 1 llegal
1 0 1 0 1 0 Write Single Mask Register Bit
1 0 1 1 0 1 llegal
1 [ 1 1 1 0 Write Mode Register
1 1 0 0 0 1 llegal
1 1 0 0 1 0 Clear Byte Pointer Flip/Flop
1 1 0 1 0 1 Read Temporary Register
1 1 0 1 1 0 Master Clear
1 1 1 0 0 1 lllegal
1 1 1 ] 1 0 Clear Mask Register
1 1 1 1 0 1 lllegal
1 1 1 1 1 0 Write All Mask Register Bits

Figure 6. Software Command Codes
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Channel Register Operation | Signals Internal | Data Bus
CS IOR 1OW A3 A2 A1 Ao|Flip-Fiop| DB0-DB7
0 Base and Current Address Write o 1 0 0 0 O O 0 AO-A7
0 1 0 0 O 0 A8-A15
Current Address Read 0 O 1 0 0 0o O (o] AO-A7
0 O 1 0 0 0 O 1 A8-A15
Base and Current Word Count]  Write o 1 0O 0 0 0 1 0 WO0-W7
0o 1 0O 0 0 O 1 1 W8-Wi1i5
Current Word Count Read 0 0 1t 0 0 0 1 0 WOo-w7
0 O 1 0O 0 0 1 1 W8-w15
1 Base and Current Address Write o 1 0 o0 0 1t O 0 AO-A7
o 1 0O 0 0 1 O 1 A8-~A15
Current Address Read 0o o i 0 0 t O 0 AO-A7
o 0o 1 0 0 Y O 1 A8~A15
Base and Current Word Count|  Write o 1 o 0 0 t 1 0 WO0-W7
0o 1 0O 0 0 1 1 1 W8-W15
Current Word Count Read 0 0 1 0 0 1 1 0 WO-W7
0 0 1 o 0 1 1 1 W8-W15
2 Base and Current Address Write 0o 1 0o 0 1 0 O 0 AO0-A7
o 1 o 0 1 0 O 1 A8-A15
Current Address Read 0 o0 1 0 1 0 O o] AO0-A7
0 o0 1 0o 1 0 O 1 A8-~A15
Base and Current Word Count|  Write 0o 1 o 0 1 0 1 1] WO0-w7
0o 1 o 0 1 0 1 1 w8-wis
Current Word Count Read 0 O 1 o 1 0 1t 0 WOo-w7
0 O 1 0o 1 0 1 1 W8-W15
3 Base and Current Address Write 0o 1 o 0 1 1 0 0 AO-A7
0 1 o o0 1 1 0 1 A8-A15
Current Address Read 0 0 1 0 1 1 0 0 A0-A7
0 o0 1 o 1 1 0 1 A8-A15
Base and Current Word Count|  Write o 1 o o0 1 1 1 0 WO0-wW7
o 1 o 0o 1 1 1 1 w8e-wis
Current Word Count Read o 0 1 0 1 1 1 0 WO-W7
0 0 1 o 1 1 1 1 W8B-wi15

Figure 7. Word Count and Address Register Command Codes
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PROGRAMMING

The 8237A will accept programming from the host
processor any time that HLDA is inactive; this is true
even if HRQ is active. The responsibility of the host
is to assure that programming and HLDA are mutual-
ly exclusive. Note that a problem can occur if a DMA
request occurs, on an unmasked channel while the
8237A is being programmed. For instance, the CPU
may be starting to reprogram the two byte Address
register of channel 1 when channel 1 receives a
DMA request. If the 8237A is enabled (bit 2 in the
command register is 0) and channel 1 is unmasked,
a DMA service will occur after only one byte of the
Address register has been reprogrammed. This can
be avoided by disabling the controller (setting bit 2 in
the command register) or masking the channel be-
fore programming any other registers. Once the pro-
gramming is complete, the controller can be en-
abled/unmasked.

After power-up it is suggested that all internal loca-
tions, especially the Mode registers, be loaded with
some valid value. This should be done even if some

channels are unused. An invalid mode may force all
control signals to go active at the same time.

APPLICATION INFORMATION(1)

Figure 8 shows a convenient method for configuring
a DMA system with the 8237A controller and an
8080A/8085AH microprocessor system. The multi-
mode DMA controller issues a HRQ to the processor
whenever there is at least one valid DMA request
from a peripheral device. When the processor re-
plies with a HLDA signal, the 8237A takes contro! of
the address bus, the data bus and the control bus.
The address for the first transfer operation comes
out in two bytes—the least significant 8 bits on the
eight address outputs and the most significant 8 bits
on the data bus. The contents of the data bus are
then latched into an 8-bit iatch to complete the full
16 bits of the address bus. The 8282 is a high
speed, 8-bit, three-state latch in a 20-pin package.
After the initial transfer takes place, the latch is up-
dated only after a carry or borrow is generated in the
least significant address byte. Four DMA channels
are provided when one 8237A is used.

—
ADORESS BUS A0-A1S )
r ] [ Y
AB-A1S
Po——dee
BRITLATCH
J sTa
Q.
AO-A1S AEN A0-A3 A4-AT TS ADSTB T,\
A N
HLDA HLDA 237A [
7 N
e
HOLO A H
s EEBee §§
crv [ 7 [ F IR
CLOCK] %
RESET
WER -
WENW o— ) CONTROL
R jo— BUS
oWpo—
DB0-DB7
41
IR SYSTEM DATA BUS )
231466-11 J

Figure 8. 8237A System Interface

NOTE:
1. See Application Note AP-67 for 8086 design information.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature under Bias ...... 0°C to 70°C
Case Temperature ................. 0°Cto +75°C
Storage Temperature .......... —65°C to +150°C
Voltage on Any Pin with

Respectto Ground.............. —0.5Vto +7V
Power Dissipation....................... 1.5 Watt

D.C. CHARACTERISTICS

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

Ta = 0°C to 70°C, Tcase = 0°C to 75°C, Vog = +5.0V +5%, GND = OV

Symbol Parameter Min | Typ(1) Max Unit Test Conditions
VoH Output High Voltage 24 v loH = —200 pA

33 V | loq = —100 pA (HRQ Only)
VoL Output LOW Voitage 0.40 \ loL = 3.2mA
ViH Input HIGH Voltage 20 Ve + 0.5 \" (Note 8)
ViL Input LOW Voitage —-0.5 0.8 \
iL Input Load Current +10 pA | OV < Vy < Vo
Lo Output Leakage Current +10 pA | 0.45V < Voyt < Voo
lcc Ve Supply Current 110 130 mA | Tp = +25°C

130 150 mA | Tp=0C

Co Output Capacitance 4 8 pF
Cy Input Capacitance 8 15 pF | fc = 1.0 MHz, Inputs = OV
Cio 1/0 Capacitance 10 18 pF

2-216



intel

8237A/8237A-4/8237A-5

A.C. CHARACTERISTICS—DMA (MASTER) MODE
Ta = 0°C to 70°C, Tcase = 0°C to 75°C, Vo = +5V +5%, GND = OV

Symbol Parameter 8237A 8237A-4 8237A-§ Unit
Min {Max! Min Max Min Max
TAEL | AEN HIGH from CLK LOW (S1) Delay Time 300 225 200 ns
TAET |AEN LOW from CLK HIGH (SI) Delay Time 200 150 130 ns
TAFAB | ADR Active to Float Delay from CLK HIGH 150 120 90 ns
TAFC |READ or WRITE Float from CLK HIGH 150 120 120 ns
TAFDB | DB Active to Float Delay from CLK HIGH 250 190 170 ns
TAHR | ADR from READ HIGH Hold Time TCY-100 TCY-100 TCY-100 ns
TAHS | DB from ADST8 LOW Hold Time 40 40 30 ns
TAHW | ADR from WRITE HIGH Hold Time TCY-50 TCY-50 TCY-50 ns
TAK DACK Valid from CLK LOW Delay Time (Note 7) 250 220 170 ns
EOP HIGH from CLK HIGH Delay Time (Note 10) 250 190 170 ns
EOP LOW from CLK HIGH Delay Time 250 190 170 ns
TASM | ADR Stable from CLK HIGH 250 190 170 ns
TASS |DB to ADSTB LOW Setup Time 100 100 100 ns
TCH Clock High Time (Transitions < 10 ns) 120 100 80 ns
TCL Clock LOW Time (Transitions< 10 ns) 150 110 68 ns
TCY CLK Cycle Time 320 250 200 ns
TDCL | CLK HIGH to READ or WRITE LOW Delay (Note 4) 270 200 190 ns
TDCTR | READ HIGH from CLK HIGH 270 210 190 ns
(S4) Delay Time (Note 4)
TDCTW |WRITE HIGH from CLK HIGH 200 150 130 ns
(S4) Delay Time (Note 4)
TDQ1 |HRQ Valid from CLK HIGH Delay Time (Note 5} 160 120 120 ns
TDQ2 250 190 120 ns
TEPS | EOP LOW from CLK LOW Setup Time 60 45 40 ns
TEPW |EOP Pulse Width 300 225 220 ns
TFAAB | ADR Float to Active Delay from CLK HIGH 250 190 170 ns
TFAC | READ or WRITE Active from CLK HIGH 200 150 150 ns
TFADB | DB Float to Active Delay from CLK HIGH 300 225 200 ns
THS HLDA Valid to CLK HIGH Setup Time 100 75 75 ns
TIDH | Input Data from MEMR HIGH Hold Time 0 0 0 ns
TIDS  |input Data to MEMR HIGH Setup Time 250 190 170 ns
TODH | Output Data from MEMW HIGH Hold Time 20 20 10 ns
TODV | Output Data Valid to MEMW HIGH 200 126 125 ns
TQS DREQ to CLK LOW (S, S4) Setup Time (Note 7) 0 0 0 ns
TRH CLK to READY LOW Hold Time 20 20 20 ns
TRS READY to CLK LOW Setup Time 100 60 60 ns
TSTL |ADSTB HIGH from CLK HIGH Delay Time 200 150 130 ns
TSTT |ADSTB LOW from CLK HIGH Delay Time 140 110 90 ns
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A.C. CHARACTERISTICS—PERIPHERAL (SLAVE) MODE
Ta = 0°C to 70°C, Tcase = 0°C to 75°C, Voo = +5V +5%, GND = OV

Symbol Parameter 8237A 8237A-4 8237A5 | ynit
Min | Max | Min | Max | Min | Max
TAR ADR Valid or CS LOW to READ LOW 50 50 50 ns
TAW ADR Valid to WRITE HIGH Setup Time 200 150 130 ns
TCW CS LOW to WRITE HIGH Setup Time 200 150 130 ns
TDW Data Valid to WRITE HIGH Setup Time 200 150 130 ns
TRA ADR or CS Hold from READ HIGH 0 0 0 ns
TRDE | Data Access from READ LOW (Note 12) 200 200 140 | ns
TRDF | DB Float Delay from READ HIGH 20 {100 20 |100| O 70 | ns
TRSTD | Power Supply HIGH to RESET LOW Setup Time | 500 500 500 ns
TRSTS | RESET to First IOWR 2TCY 2TCY 2TCY ns
TRSTW | RESET Pulse Width 300 300 300 ns
TRW | READ Width 300 250 200 ns
TWA ADR from WRITE HIGH Hold Time 20 20 20 ns
TWC CS HIGH from WRITE HIGH Hold Time 20 20 20 ns
WD Data from WRITE HIGH Hold Time 30 30 30 ns
TWWS | Write Width 200 200 160 ns
TWR End of Write to End of Read in DMA Transfer 0 0 0 ns
NOTES:

1. Typical values are for T = 25°C, nominal supply voltage and nominal processing parameters.

2. Input timing parameters assume transition times of 20 ns or less. Waveform measurement points for both input and output
signals are 2.0V for HIGH and 0.8V for LOW, unless otherwise noted.

3. Output loading is 1 TTL gate plus 150 pF capacitance, unless otherwise noted.

4. The net IOW or MEMW Puise width for normal write will be TCY-100 ns and for extended write will be 2TCY-100 ns. The
net IOR or MEMR pulse width for normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns.

5. TDQ is specified for two different output HIGH levels. TDQ1 is measured at 2.0V. TDQ2 is measured at 3.3V. The value
for TDQ2 assumes an external 3.3 K puli-up resistor connected from HRQ to Vcc.

6. DREQ shouid be held active until DACK is returned.

7. DREQ and DACK signals may be active high or active low. Timing diagrams assume the active high mode.

8. Successive read and/or write operations by the external processor to program or examine the controller must be timed to
allow at least 600 ns for the 8237A, at least 500 ns for the 8237A-4 and at least 400 ns for the 8237A-5, as recovery time
between active read or write puises. The same recovery time is needed between an active read or write pulse followed by a
DMA transfer.

9. EOP is an open collector output. This parameter assumes the presence of a 2.2K puliup to V.

10. Pin 5 is an input that should always be at a logic high level. An internal pull-up resistor will establish a logic high when
the pin is left floating. It is recommended however, that pin 5 be tied to Vo

11. Output Loading on the Data Bus is 1 TTL Gate plus 100 pF capacitance.

A.C. TESTING INPUT/OUTPUT WAVEFORM

24
20 20
>< > TEST POINTS < X
0.8 X
0.45
231466-12
A.C. Testing: Inputs are driven at 2.4V for a Logic “1” and 0.45V

for a Logic “0.” Timing measurements are made at 2.0V for a
Logic “1" and 0.8V for a Logic “0.” (Note 2)
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WAVEFORMS
SLAVE MODE WRITE TIMING
TCW
s ) Y
——] TWC
| (NOTE 9)
TWWS
oW \ £ !
TAW —— TWA
A0-A3 )L INPUT VALID
f— ™wD
TOW
DBO-DBY X‘ INPUY VALID X
231466-13
Figure 9. Slave Mode Write
SLAVE MODE READ TIMING
4 \ 4
AG-AY ADDRESS MUST BE VALID L
] . 1 e
oh X V
231466-14

Figure 10. Slave Mode Read
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WAVEFORMS (Continued)

DMA TRANSFER TIMING

< AT

- J AN il EE
- T | T _

- i L .

- L R i,
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e ANANNANAANNY 1/////:{/\}_‘/////

231466-15

Figure 11. DMA Transfer
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WAVEFORMS (Continued)

MEMORY-TO-MEMORY TRANSFER TIMING

L

w |

\

|

I

TAHS YASAI—’I
ADDRESS VAL ‘[{

£D T
fﬂ»@@ﬂ—H’ G
DBO-DB7 AB-A15 : AB-A1S Y, W
P\_. | |

‘VDCI. vncur L- —‘».vnnu ' . | Iso0m
TIoM - - ] |
| TAFC
WENR |- TIDS- .

ADSTB

TFAAB=—- -E‘ 4‘—-1’ r—»uu l T

A0-A7 ————d—i( ADDRESS VALID i

TAFC

EXT EOP

231466-16

READY TIMING

ARAAAR
AR
)=

A

y '
EXTENDED e
WRITE THH —f joe— —| [=—TRH
TRS

™ —e] fo—o
READY

231466-17

Figure 13. Ready
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WAVEFORMS (Continued)

COMPRESSED TRANSFER TIMING

oLk
TASM
1 1
A0-A7 VALD | )
TOCTR ToCL
ToeL — ‘-»- Lt le——} TDCTR
—_— [ \
TOR, WEWR N | Vi \ d
|
: e L
[N e de_TOCTW
| YDL:TWE |
OW, NENW ‘ /
——=| [=—YRH — e ‘-——'mn

T TAK —| |~ b=l TAK
op ‘ ;
| i
oer i R
e |
23146618
Figure 14. Compressed Transfer
RESET TIMING
Vec a —*
/ l&—* TASTO
TRSTW
RESET S
[ SR B
j@————— TRSTS
1OR OR 1OW N K

231466-19

Figure 15. Reset
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8254
PROGRAMMABLE INTERVAL TIMER

m Compatible with All Intel and Most m Six Programmable Counter Modes

Other Microprocessors m Three Independent 16-Bit Counters
® Handles Inputs from DC to 10 MHz

S MHz 8254-5 # Binary or BCD Counting

— 8 MHz 8254 m Single -+ 5V Supply

— 10 MHz 8254-2 m Available in EXPRESS

m Status Read-Back Command — Standard Temperature Range

The Intel® 8254 is a counter/timer device designed to solve the common timing control problems in micro-
computer system design. It provides three independent 16-bit counters, each capable of handling clock inputs
up to 10 MHz. All modes are software programmable. The 8254 is a superset of the 8253.

The 8254 uses HMOS technology and comes in a 24-pin plastic or CERDIP package.

—_
F‘ | «———cClk 0 o7 (1 247 vee
DATA —
0700 BUS COUNTER |o—— GaTE O s []2 2] WA
BUFFER 0s[}3 2] R0
e T —
ovro 0,4 236
j [ m 2077 Ay
e — D246 g WP A
- > 0 g7 1Bck2
w' > 2 l——CLK 1 Do (]8 17jour2
——O READ/ -
WRITE 3 cou:nsn GATE 1 ckol]e 18 [ GATE 2
Ag ——| LOGIC [ outo[d10 1] cLk
Ay ———] z ——>our! GATE 0 [J11 14{7 GATE 1
___T GNp []12 13[Jout1
o __]‘ 231164-2
Figure 2. Pin Configuration
——-CLK 2
CONTROL
WORD COUNTER | o gaTE2
REGISTER 2
}—>our2

:

i

Figure 1. 8254 Block Diagram

231164-1
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2-25 Order Number: 231164-003
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Table 1. Pin Description

Symbol ::;‘ Type Name and Function

D7-Do 1-8 110 DATA: Bi-directional three state data bus lines, connected to system
data bus.

CLKO 9 1 CLOCK 0: Clock input of Counter 0.

QuUT 0 10 [¢] OUTPUT 0: Output of Counter 0.

GATE O 11 | GATE 0: Gate input of Counter 0.

GND 12 GROUND: Power supply connection.

Vee 24 POWER: + 5V power supply connection.

WR 23 | WRITE CONTROL: This input is low during CPU write operations.

RD 22 | READ CONTROL: This input is low during CPU read operations.

cs 21 | CHIP SELECT: A low on this input enables the 8254 to respond to
RD and WR signals. RD and WR are ignored otherwise.

A1, Ag 20-19 | ADDRESS: Used to select one of the three Counters or the Control
Word Register for read or write operations. Normally connected to
the system address bus.

Aq Ag Selects
0 0 Counter 0
0 1 Counter 1
1 0 Counter 2
1 1 Control Word Register

CLK2 18 | CLOCK 2: Clock input of Counter 2.

OouUT 2 17 [e) OUT 2: Qutput of Counter 2.

GATE 2 16 | GATE 2: Gate input of Counter 2.

CLK 1 15 | CLOCK 1: Clock input of Counter 1.

GATE 1 14 | GATE 1: Gate input of Counter 1.

OUT 1 13 [e] OUT 1: Output of Counter 1.

FUNCTIONAL DESCRIPTION

General

The 8254 is a programmable interval timer/counter
designed for use with Intel microcomputer systems.
It is a general purpose, multi-timing element that can
be treated as an array of 1/0 ports in the system
software.

The 8254 soives one of the most common problems
in any microcomputer system, the generation of ac-
curate time delays under software control. Instead of
setting up timing loops in software, the programmer
configures the 8254 to match his requirements and
programs one of the counters for the desired delay.
After the desired delay, the 8254 will interrupt the
CPU. Software overhead is minimal and variable
length delays can easily be accommodated.

Some of the other counter/timer functions common
to microcomputers which can be implemented with
the 8254 are:

¢ Real time clock

e Event-counter

® Digital one-shot

® Programmable rate generator
e Square wave generator

e Binary rate multiplier

o Complex waveform generator
e Complex motor controller

Block Diagram

DATA BUS BUFFER

This 3-state, bi-directional, 8-bit buffer is used to in-
terface the 8254 to the system bus (see Figure 3).
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CONTROL
WORD
REGISTER

=
|

INTERNAL BUS

LN

j«——cLko
:oug«ren . GATE O

— OUT 0

[———CLK 1

COUNTER |g——GATE 1

p— OUT i

| +——CLK2
COU;‘TER GATE 2

b QUT 2

231164-3

Figure 3. Block Diagram Showing Data Bus Buffer and Read/Write Logic Functions

READ/WRITE LOGIC

The Read/Write Logic accepts inputs from the sys-
tem bus and generates control signals for the other
functional blocks of the 8254. Ay and Ag select one
of the three counters or the Control Word Register
to be read from/written into. A “low” on the RD in-
put tells the 8254 that the CPU is reading one of the
counters. A “low” on the WR input tells the 8254
that the CPU is writing either a Control Word or an
initial count. Both AD and WR are qualified by CS;
RD and WR are ignored unless the 8254 has been
selected by holding CS low.

CONTROL WORD REGISTER

The Control Word Register (see Figure 4) is selected
by the Read/Write Logic when Ay,Ap = 11. If the
CPU then does a write operation to the 8254, the
data is stored in the Control Word Register and is
interpreted as a Control Word used to define the
operation of the Counters.

The Control Word Register can only be written to;
status information is available with the Read-Back
Command.
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COUNTER 0, COUNTER 1, COUNTER 2

These three functional blocks are identical in opera-
tion, so only a single Counter will be described. The
internal block diagram of a single counter is shown
in Figure 5.

The Counters are fully independent. Each Counter
may operate in a different Mode.

The Control Word Register is shown in the figure; it
is not part of the Counter itself, but its contents de-
termine how the Counter operates.

The status register, shown in Figure 5, when
latched, contains the current contents of the Control
Word Register and status of the output and null
count flag. (See detailed explanation of the Read-
Back command.)

The actual counter is labelled CE (for “Counting Ele-
ment”). It is a 16-bit presettable synchronous down
counter.

OLy and OL_ are two 8-bit latches. OL stands for
“Output Latch”; the subscripts M and L stand for
“Most significant byte” and “Least significant byte”
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Figure 4. Block Diagram Showing Control Word Register and Counter Functions
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Figure 5. Internal Block Diagram of a Counter
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respectively. Both are normally referred to as one
unit and called just OL. These latches normally “fol-
low” the CE, but if a suitable Counter Latch Com-
mand is sent to the 8254, the latches “latch” the
present count until read by the CPU and then return
to “following”” the CE. One latch at a time is enabled
by the counter's Control Logic to drive the internal
bus. This is how the 16-bit Counter communicates
over the 8-bit internal bus. Note that the CE itself
cannot be read; whenever you read the count, it is
the OL that is being read.

Similarly, there are two 8-bit registers called CRy
and CRy {for “Count Register”). Both are normally
referred to as one unit and called just CR. When a
new count is written to the Counter, the count is
stored in the CR and later transferred to the CE. The
Control Logic allows one register at a time to be
loaded from the internal bus. Both bytes are trans-
ferred to the CE simultaneously. CRy and CR, are
cleared when the Counter is programmed. In this
way, if the Counter has been programmed for one
byte counts (sither most significant byte only or least
significant byte only) the other byte will be zero.
Note that the CE cannot be written into; whenever a
count is written, it is written into the CR.

The Control Logic is also shown in the diagram.

CLK n, GATE n, and OUT n are all connected to the
outside world through the Control Logic.

8254 SYSTEM INTERFACE

The 8254 is a component of the Intel Microcomputer
Systems and interfaces in the same manner as all

other peripherals of the family. It is treated by the
system’s software as an array of peripheral 1/0
ports; three are counters and the fourth is a control
register for MODE programming.

Basically, the select inputs Ag,A4 connect to the Ag,
A4 address bus signals of the CPU. The CS can be
derived directly from the address bus using a linear
select method. Or it can be connected to the output
of a decoder, such as an Intel 8205 for larger sys-
tems.

OPERATIONAL DESCRIPTION

General

After power-up, the state of the 8254 is undefined.
The Mode, count value, and output of all Counters
are undefined.

How each Counter operates is determined when it is
programmed. Each Counter must be programmed
before it can be used. Unused counters need not be
programmed.

Programming the 8254

Counters are programmed by writing a Control Word
and then an initial count.

The Control Words are written into the Control Word
Register, which is selected when Ay,Ag = 11. The
Control Word itself specifies which Counter is being
programmed.

¢ ADDRESS BUS (16) T
R T
9 CONTROL BUS 1
J I ] luon ]uow
DATA BUS (8) 3
vy
Ay Ay T Do-D7 RD WR
8254
COUNTER COUNTER COUNTER
9 1 2
'ouT GATE CLK' 'OUT GATE CLK' 'OUT GATE CLK'

VT

64-6

Figure 6. 8254 System Interface
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Control Word Format
ApAg =11 C8=0 RD=1

WR =0

D; Dg Ds Ds

D3 D2 Dy Do

[sc1[sco] w1 [ rwo [ M2 [ m1 ] mo[BcD]

SC—Select Counter M-—Mode
sC1 SCO M2 M1 Mo
o] 0 Select Counter 0 0 0 0 Mode 0O
0 1 Select Counter 1 0 0 1 Mode 1
1 0 Select Counter 2 X 1 0 Mode 2
1 1 Read-Back Command X 1 1 Mode 3
(see Read Operations) 1 0 0 Mode 4
1 0 1 Mode 5
RW—Read/Write
RW1 RWO
BCD
0 0 |Counter Latch Command (see Read
Operations) (¢] Binary Counter 16-bits
0 | 1 |Read/Write least significant byte only 1 Binary Coded Decimal (BCD) Counter
4 Decades
1 0 |Read/Write most significant byte only (4 Dec )
1 1 |Read/Write least significant byte first,
then most significant byte
NOTE:

Don’t care bits (X) should be 0 to insure compatibility with future Intel products.

Figure 7. Control Word Format

By contrast, initial counts are written into the Coun-
ters, not the Control Word Register. The A4,Aq in-
puts are used to select the Counter to be written
into. The format of the initial count is determined by
the Control Word used.

Write Operations

The programming procedure for the 8254 is very
flexible. Only two conventions need to be remem-
bered:

1) For each Counter, the Control Word must be writ-
ten before the initial count is written.

2) The initial count must follow the count format
specified in the Control Word (least significant
byte only, most significant byte only, or least sig-
nificant byte and then most significant byte).
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Since the Control Word Register and the three
Counters have separate addresses (selected by the
A4,Ag inputs), and each Control Word specifies the
Counter it applies to (SC0,SC1 bits), no special in-
struction sequence is required. Any programming
sequence that follows the conventions in Figure 7 is
acceptable.

A new initial count may be written to a Counter at
any time without affecting the Counter's pro-
grammed Mode in any way. Counting will be affected
as described in the Mode definitions. The new count
must follow the programmed count format.

If a Counter is programmed to read/write two-byte
counts, the following precaution applies: A program
must not transfer control between writing the first
and second byte to another routine which also writes
into that same Counter. Otherwise, the Counter will
be loaded with an incorrect count.
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-
o

Control Word—Counter 0
LSB of count—Counter 0
MSB of count—Counter 0
Control Word—Counter 1
LSB of count—Counter 1

MSB of count—Counter 1
Control Word—Counter 2
L.SB of count—Counter 2
MSB of count—Counter 2

4~ a2 200,00 >
CObmaaacoadP

Py

Control Word—Counter 0
Control Word—Counter 1
Control Word—Counter 2
LSB of count—Counter 2
LSB of count—Counter 1

LSB of count—Counter 0
MSB of count—Counter 0
MSB of count—Counter 1
MSB of count—Counter 2

NOTE:

—“ OO0 O0 A a4l
D—AQO_AO.-L—A.&°>

programming sequences.

Control Word—Counter 2
Control Word—Counter 1
Control Word—Counter 0
LSB of count—Counter 2
MSB of count—Counter 2
LSB of count—Counter 1

MSB of count—Counter 1
LSB of count—Counter 0
MSB of count—Counter 0

Control Word—Counter 1
Control Word—Counter 0
LSB of count—Counter 1

Control Word—Counter 2
LSB of count—Counter 0
MSB of count—Counter 1
LSB of count—Counter 2

MSB of count—Counter 0
MSB of count—Counter 2

-

OO0 4 aaaadP

L0200 O 2P

o

OO 4 200 == P

-

COO 2O = aaad

In all four examples, all Counters are programmed to read/write two-byte counts. These are only four of many possiole

Figure 8. A Few Possible Programming Sequences

Read Operations

it is often desirable to read the value of a Counter
without disturbing the count in progress. This is easi-
ly done in the 8254.

There are three possible methods for reading the
counters: a simple read operation, the Counter
Latch Command, and the Read-Back Command.
Each is explained below. The first method is to per-
form a simple read operation. To read the Counter,
which is selected with the A1, AO inputs, the CLK
input of the selected Counter must be inhibited by
using either the GATE input or external logic. Other-
wise, the count may be in the process of changing
when it is read, giving an undefined result.

COUNTER LATCH COMMAND

The second method uses the “Counter Latch Com-
mand”. Like a Control Word, this command is written
to the Control Word Register, which is selected
when Ay,Ag 11. Also like a Control Word, the
SCO0, SC1 bits select one of the three Counters, but
two other bits, D5 and D4, distinguish this command
from a Control Word.

Ay,Ag = 11;CS = 0; RD

=1, WR=20
D3 D2 D4

Do

Dy Dg Ds Dg
sc1[sco] o] o]

x | x]x

[x]

SC1,SC0—specify counter

to be latched

SC1 SCO Counter
0 0 0
0 1 1
1 0 2
1 1| Read-Back Command

D5,D4—00 designates Counter Latch Command

X—don’t care
NOTE:

Don’t care bits (X) should be 0 to insure compatibility

with future intel products.

.

Figure 9. Counter Latching Command Format
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The selected Counter’s output latch (OL) latches the
count at the time the Counter Latch Command is
received. This count is held in the latch until it is read
by the CPU (or until the Counter is reprogrammed).
The count js then unlatched automatically and the
OL returns to “following” the counting element (CE).
This allows reading the contents of the Counters
“on the fly” without affecting counting in progress.
Multiple Counter Latch Commands may be used to
latch more than one Counter. Each latched Coun-
ter’'s OL holds its count until it is read. Counter Latch
Commands do not affect the programmed Mode of
the Counter in any way.

If a Counter is latched and then, some time later,
latched again before the count is read, the second
Counter Latch Command is ignored. The count read
will be the count at the time the first Counter Latch
Command was issued.

With either method, the count must be read accord-
ing to the programmed format; specifically, if the
Counter is programmed for two byte counts, two
bytes must be read. The two bytes do not have to be
read one right after the other; read or write or pro-
gramming operations of other Counters may be in-
serted between them.

Another feature of the 8254 is that reads and writes
of the same Counter may be interleaved; for exam-
ple, if the Counter is programmed for two byte
counts, the following sequence is valid.

1) Read least significant byte.
2) Write new least significant byte.
3) Read most significant byte.
4) Write new most significant byte.

If a Counter is programmed to read/write two-byte
counts, the following precaution applies: A program
must not transfer control between reading the first
and second byte to another routine which also reads
from that same Counter. Otherwise, an incorrect
count will be read.

READ-BACK COMMAND

The. third method uses the Read-Back Command.
This command allows the user to check the count
value, programmed Mode, and current states of the
OUT pin and Null Count flag of the selected coun-
ter(s).

The command is written into the Control Word Reg-
ister and has the format shown in Figure 10. The
command applies to the counters selected by set-
ting their corresponding bits D3, D2, D1 = 1.

AO,A1=11 ©T5=0 RD=1 WR=0
D7y Dg Ds Dy D3 Dy Dy Dy
L1 I 1 ]CGUN1j§TATUS|CNT2|CNT1 CNTO| 0

Ds: 0 = Latch count of selected counter(s)

D4: 0 = Latch status of selected counters(s)

D3: 1 = Select Counter 2

Dy: 1 = Select Counter 1

D4: 1 = Select Counter 0

Do: Reserved for future expansion; Must be 0

Figure 10. Read-Back Command Format

The read-back command may be used to latch multi-
ple_counter output latches (OL) by setting the
COUNT bit D5 = 0 and selecting the desired coun-
ter(s). This single command is functionally equiva-
lent to several counter latch commands, one for
each counter latched. Each counter’s latched count
is held until it is read (or the counter is repro-
grammed). The counter is automatically unlatched
when read, but other counters remain latched until
they are read. If multiple count read-back commands
are issued to the same counter without reading the
count, all but the first are ignored; i.e., the count
which will be read is the count at the time the first
read-back command was issued.

The read-back command may also be used to latch
status information of selected counter(s) by setting
STATUS bit D4 = 0. Status must be latched to be
read; status of a counter is accessed by a read from
that counter.

The counter status format is shown in Figure 11. Bits
D5 through DO contain the counter's programmed
Mode exactly as written in the last Mode Control
Word. OUTPUT bit D7 contains the current state of
the OUT pin. This allows the user to monitor the
counter’s output via software, possibly eliminating
some hardware from a system.

D7 Dg Ds Dg D3 D Dy Do
output| N | rw1 | Rwo [M2| M1 [Mo|BCD
Count
D7 1 = OUT Pinis 1
0 = OUT Pinis 0
Dg 1 = Null Gount
0 = Count available for reading

Ds-Dg Counter programmed mode (see Figure
7)

Figure 11. Status Byte
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NULL COUNT bit D6 indicates when the last count
written to the counter register (CR) has been loaded
into the counting element (CE). The exact time this
happens depends on the Mode of the counter and is
described in the Mode Definitions, but until the count
is loaded into the counting element (CE), it can’t be
read from the counter. If the count is latched or read
before this time, the count value wili not reflect the
new count just written. The operation of Null Count
is shown in Figure 12.

This Action Causes
A. Write to the control word register;(!) Null Count = 1
B. Write to the count register (CR);(2)  Null Count = 1
C. New Count is loaded into Null Count = 0
CE (CR — CE);

NOTE:

1. Only the counter specified by the control word will
have its Null Count set to 1. Null count bits of other
counters are unaffected.

2. if the counter is programmed for two-byte counts
(least significant byte then most significant byte) Null
Count goes to 1 when the second byte is written.

COUNT and STATUS bits D5,D4 = 0. This is func-
tionally the same as issuing two separate read-back
commands at once, and the above discussions ap-
ply here aiso. Specifically, if multiple count and/or
status read-back commands are issued to the same
counter(s) without any intervening reads, all but the
first are ignored. This is illustrated in Figure 13.

if both count and status of a counter are latched, the
first read operation of that counter will return latched
status, regardless of which was latched first. The
next one or two reads (depending on whether the
counter is programmed for one or two type counts)
return latched count. Subsequent reads return un-
latched count.

Figure 12. Null Count Operation

If multiple status latch operations of the counter(s)
are performed without reading the status, all but the
first are ignored; i.e., the status that will be read is
the status of the counter at the time the first status
read-back command was issued.

Both count and status of the selected counter(s)
may be latched simuitaneously by setting both

CS|{RD|WR|Aq|Ag
0 1 0 0 | O | Writeinto Counter 0
0 1 0 0 | 1 | Write into Counter 1
Q 1 0 1 | 0 | Writeinto Counter 2
0 1 0 1 | 1 | Write Control Word
0] 0 1 0 | 0 | Read from Counter 0
[V Y] 1 0 | 1 | Read from Counter 1
o| o0 1 1 | O | Read from Counter 2
ol o0 1 1 | 1 | No-Operation (3-State)
1 X X | X | X | No-Operation (3-State)
0 1 1 X | X | No-Operation (3-State)

Figure 14. Read/Write Operations Summary

Command
D7 Dg Ds Dg D3 D2 Dy Do

Description

Result

1 1 ojo0o|(0}O0 1 0
] Counter 0

Read back count and status of

Count and status latched
for Counter 0

Read back status of Counter 1

Status latched for Counter 1

Read back status of Counters 2, 1

Status latched for Counter
2, but not Counter 1

Read back count of Counter 2

Count latched for Counter 2

Counter 1

Read back count and status of

Count iatched for Counter 1,
but not status

Read back status of Counter 1

Command ignored, status
already latched for Counter 1

Figure 13. Read-Back Command Example
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Mode Definitions

The following are defined for use in describing the
operation of the 8254.

CLK Pulse: a rising edge, then a falling edge, in
that order, of a Counter's CLK in-
put.

Trigger: a rising edge of a Counter's GATE
input.

the transfer of a count from the CR
to the CE (refer to the “Functional
Description’’)

Counter loading:

MODE 0: INTERRUPT ON TERMINAL COUNT

Mode 0 is typically used for event counting. After the
Control Word is written, OUT is initially low, and will
remain low until the Counter reaches zero. OUT then
goes high and remains high until a new count or a
new Mode 0 Control Word is written into the Coun-
ter.

GATE = 1 enables counting; GATE = 0 disables
counting. GATE has no effect on OUT.

After the Control Word and initial count are written to
a Counter, the initial count will be loaded on the next
CLK pulse. This CLK pulse does not decrement the
count, so for an initial count of N, OUT does not go
high until N + 1 CLK pulses after the initial count is
written.

If a new count is written to the Counter, it will be

loaded on the next CLK pulse and counting will con-

tinue from the new count. If a two-byte count is writ-

ten, the following happens:

1) Writing the first byte disables counting. OUT is set
low immediately (no clock pulse required)

2) Writing the second byte allows the new count to
be loaded on the next CLK pulse.

This allows the counting sequence to be synchroniz-
ed by software. Again, OUT does not go high until
N+ 1 CLK pulses after the new count of N is written.

If an initial count is written while GATE = 0, it will
still be loaded on the next CLK pulse. When GATE
goes high, OUT will go high N CLK pulses later; no
CLK pulse is needed to load the Counter as this has
already been done.

MODE 1: HARDWARE RETRIGGERABLE
ONE-SHOT

OUT will be initialty high. OUT will go fow on the CLK
pulse following a trigger to begin the one-shot pulse,
and will remain low until the Counter reaches zero.
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OUT will then go high and remain high until the CLK
pulse after the next trigger.

After writing the Control Word and initial count, the
Counter is armed. A trigger results in loading the
Counter and setting OUT low on the next CLK pulse,
thus starting the one-shot pulse. An initial count of N
will result in a one-shot pulse N CLK cycles in dura-
tion. The one-shot is retriggerabie, hence OUT will
remain low for N CLK pulses after any trigger. The
one-shot pulse can be repeated without rewriting the
same count into the counter. GATE has no effect on
OUT.

If a new count is written to the Counter during a one-
shot pulse, the current one-shot is not affected un-
less the counter is retriggered. In that case, the
Counter is loaded with the new count and the one-
shot pulse continues until the new count expires.

MODE 2: RATE GENERATOR

This Mode functions like a divide-by-N counter. It is
typically used to generate a Real Time Clock inter-
rupt. OUT will initially be high. When the initial count
has decremented to 1, OUT goes low for one CLK
pulse. OUT then goes high again, the Counter re-
loads the initial count and the process is repeated.
Mode 2 is periodic; the same sequence is repeated
indefinitely. For an initial count of N, the sequence
repeats every N CLK cycles.

GATE = 1 enables counting; GATE = 0 disables
counting. f GATE goes low during an output pulse,
OUT is set high immediately. A trigger reloads the
Counter with the initial count on the next CLK pulse;
OUT goes low N CLK pulses after the trigger. Thus
the GATE input can be used to synchronize the
Counter.

After writing a Control Word and initial count, the
Counter will be loaded on the next CLK pulse. OUT
goes low N CLK Pulses after the initial count is writ-
ten. This allows the Counter to be synchronized by
software also.

Writing a new count while counting does not affect
the current counting sequence. If a trigger is re-
ceived after writing a new count but before the end
of the current period, the Counter will be loaded with
the new count on the next CLK pulse and counting
will continue from the new count. Otherwise, the
new count will be loaded at the end of the current
counting cycle. In mode 2, a COUNT of 1 is illegal.

MODE 3: SQUARE WAVE MODE
Mode 3 is typically used for Baud rate generation.

Mode 3 is similar to Mode 2 except for the duty cycle
of OUT. OUT will initially be high. When half the
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The following conventions apply to all mode timing diagrams:
1. Counters are programmed for binary (not BCD) counting and for reading/writing least significant byte (LSB) only.
2. The counter is always selected (CS always low).
3. CW stands for “Control Word”’; CW = 10 means a control word of 10 HEX is written to the counter.
4, LSB stands for “Least Significant Byte"” of count.
5. Numbers below diagrams are count vaiues. The lower number is the least significant byte. The upper number is the
most significant byte. Since the counter is programmed to read/write LSB only, the most significant byte cannot be read.

N stands for an undefined count.

Vertical lines show transitions between count values.

231164-7

Figure 15. Mode 0
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Figure 16. Mode 1

initial count has expired, OUT goes low for the re-
mainder of the count. Mode 3 is periodic; the se-
quence above is repeated indefinitely. An initial
count of N results in a square wave with a period of
N CLK cycles.

GATE = 1 enables counting; GATE = 0 disables
counting. if GATE goes low while OUT is low, OUT is
set high immediately; no CLK pulse is required. A
trigger reloads the Counter with the initial count on
the next CLK pulse. Thus the GATE input can be
used to synchronize the Counter.

2-36

After writing a Control Word and initial count, the
Counter will be loaded on the next CLK pulse. This
allows the Counter to be synchronized by software
also.

Writing a new count while counting does not affect
the current counting sequence. If a trigger is re-
ceived after writing a new count but before the end
of the current half-cycle of the square wave, the
Counter will be loaded with the new count on the
next CLK pulse and counting will continue from the
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A GATE transition should not occur one clock prior to terminal count.

231164-9

Figure 17. Mode 2

new count. Otherwise, the new count will be loaded
at the end of the current haif-cycle.

Mode 3 is implemented as follows:

Even counts: OUT is initially high. The initial count is
loaded on one CLK pulse and then is decremented
by two on succeeding CLK pulses. When the count
oxpires OUT changes value and the Counter is re-
loaded with the initial count. The above process is
repeated indefinitely.
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Odd counts: OUT is initially high. The initial count
minus one (an even number) is loaded on one CLK
pulse and then is decremented by two on succeed-
ing CLK pulses. One CLK pulse after the count ex-
pires, OUT goes low and the Counter is reloaded
with the initial count minus one. Succeeding CLK
pulses decrement the count by two. When the count
expires, OUT goes high again and the Counter is
reloaded with the initial count minus one. The above
process is repeated indefinitely. So for odd counts,
OUT will be high for (N + 1)/2 counts and low for
(N — 1)/2 counts.
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NOTE:
A GATE transition should not occur one clock prior to terminal count.

Figure 18. Mode 3
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MODE 4: SOFTWARE TRIGGERED STROBE

QUT will be initially high. When the initial count ex-
pires, OUT will go low for one CLK pulse and then
go high again. The counting sequence is “‘triggered”
by writing the initial count.

GATE = 1 enables counting; GATE = 0 disables
counting. GATE has no effect on OUT.

After writing a Control Word and initial count, the
Counter will be loaded on the next CLK pulse. This
CLK pulse does not decrement the count, so for an

initial count of N, OUT does not strobe low until N +
1 CLK pulses after the initial count is written.

If a new count is written during counting, it will be
loaded on the next CLK pulse and counting will con-
tinue from the new count. If a two-byte count is writ-
ten, the following happens:

1) Writing the first byte has no effect on counting.

2) Writing the second byte allows the new count to
be loaded on the next CLK pulse.

This allows the sequence to be ‘retriggered” by
software. OUT strobes low N + 1 CLK pulses after
the new count of N is written.

CW=18 LSB=3

CW=18 LSB=3

[

ID}OIO'FF\FF rr'
2/ 1] 0

FF | FE | FD

CW=18 LSB=3

:

ofoo|o|o]|ol]FF
|“|"‘”‘"’3|2|1|2}110|rr

231164-11

Figure 19. Mode 4
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MODE 5: HARDWARE TRIGGERED STROBE
(RETRIGGERABLE)

OUT wilt initially be high. Counting is triggered by a
rising edge of GATE. When the initial count has ex-
pired, OUT will go low for one CLK pulse and then
go high again.

After writing the Control Word and initial count, the
counter will not be loaded until the CLK pulse after a
trigger. This CLK puise does not decrement the
count, so for an initial count of N, OUT does not
strobe low until N + 1 CLK pulses after a trigger.

A trigger results in the Counter being loaded with the
initial count on the next CLK pulse. The counting
sequence is retriggerable. OUT will not strobe low
for N + 1 CLK pulses after any trigger. GATE has
no effect on OUT.

If a new count is written during counting, the current
counting sequence will not be affected. If a trigger
occurs after the new count is written but before the
current count expires, the Counter will be loaded
with the new count on the next CLK pulse and
counting will continue from there.

CW=1A LSB=3

Cw=1A LSB=3

oo o |0 |FF|o
|N]Nl"|"|"|3\2|| OlFFlSI

_________ AATCIAm e ———————
GATE 1)\ ,\

ouT ’

CW=1A LSB=3 LSB=§

eate ‘J-\:_ -

Pelwlwlwpnlgl gl elamlmlslsl
3 2 |1 o lFFIFET 5 | 4

231164-12

Figure 20. Mode 5
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. e
Signal Low
Status Or Going Rising High
Modes Low
0 Disables —_—— Enables
Counting Counting
1 —_— 1) Initiates ———
Counting
2) Resets Output
after Next
Clock
2 1) Disables
Counting Initiates Enables
2) Sets Output Counting Counting
immediately
High
3 1) Disables
Counting Initiates Enables
2) Sets Output Counting Counting
Immediately
High
4 Disables _— Enables
Counting Counting
5 —_— Initiates —_—
Counting
Figure 21. Gate Pin Operations Summary
Min Max
Mode Count | Count
0 1 0
1 1 0
2 2 0
3 2 0
4 1 0
5 1 0

NOTE:
0 is equivalent to 216 for binary counting and 104 for
BCD counting.

Figure 22. Minimum and Maximum Initial Counts

2-41

Operation Common to All Modes

PROGRAMMING

When a Control Word is written to a Counter, all
Control Logic is immediately reset and OUT goes to
a known initial state; no CLK pulses are required for
this.

GATE

The GATE input is always sampled on the rising
edge of CLK. in Modes 0, 2, 3, and 4 the GATE input
is level sensitive, and the logic level is sampled on
the rising edge of CLK. In Modes 1, 2, 3, and 5 the
GATE input is rising-edge sensitive. In these Modes,
a rising edge of GATE (trigger) sets an edge-sensi-
tive flip-flop in the Counter. This flip-flop is then sam-
pled on the next rising edge of CLK; the fiip-flop is
reset immediately after it is sampled. in this way, a
trigger will be detected no matter when it occurs—a
high logic level does not have to be maintained until
the next rising edge of CLK. Note that in Modes 2
and 3, the GATE input is both edge- and level-sensi-
tive. In Modes 2 and 3, if a CLK source other than
the system clock is used, GATE should be pulsed
immediately following WR of a new count value.

COUNTER

New counts are loaded and Counters are decre-
mented on the falling edge of CLK.

The largest possible initial count is 0; this is equiva-
lent to 216 for binary counting and 104 for BCD
counting.

The Counter does not stop when it reaches zero. In
Modes 0, 1, 4, and 5 the Counter “wraps around” to
the highest count, either FFFF hex for binary count-
ing or 9999 for BCD counting, and continues count-
ing. Modes 2 and 3 are periodic; the Counter reloads
itself with the initial count and continues counting
from there.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias

Storage Temperature .......... —65°C to +150°C

Voitage on Any Pin with
RespecttoGround.............. —0.5Vto +7V

Power Dissipation ...................ia 1w

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

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

D.C. CHARACTERISTICS T, = 0°Cto 70°C, Vgg = 5V £10%

Symbol Parameter Min Max Units Test Conditions
Vi Input Low Voltage -0.5 0.8 \
Vin Input High Voltage 2.0 Voo +0.5V v
VoL Output Low Voltage 0.45 \ loL = 20mA
VoH Output High Voltage 2.4 \ lon = —400 pA
I Input Load Current +10 pA ViN = Vg to OV
loFL Output Float Leakage +10 rA Vout = Vo 10 0.45V
Icc Ve Supply Current 170 mA
CAPACITANCE T, = 25°C, Vgg = GND = OV
Symbol Parameter Min Max Units Test Conditions
CIN Input Capacitance 10 pF fc = 1 MHz
Cio 1/0 Capacitance 20 pF Unmeasured pins
returned to Vgs
A.C. CHARACTERISTICS T = 0°Cto0 70°C, Vg = 5V £10%, GND = 0V
Bus Parameters(1)
READ CYCLE
Symbol Parameter 8254-5 8254 8254-2 Unit
Min Max Min Max Min Max
taR Address Stable Before RD | 45 45 30 ns
tsk CS Stable Before RD | 0 0 0 ns
tRA Address Hold Time After RD T 0 0 0 ns
tRR RD Pulse Width 150 150 95 ns
tRD Data Deiay from RD | 120 120 85 ns
taD Data Delay from Address 220 220 185 ns
toE RD 1T to Data Floating 5 90 5 90 5 65 ns
try Command Recovery Time 200 200 165 ns
NOTE:

1. AC timings measured at Vo = 2.0V, Vg = 0.8V.
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A.C. CHARACTERISTICS T5 = 0°Cto 70°C, Ve = 5V £10%, GND = 0V (Continued)

WRITE CYCLE
Symbol Parameter 8254-5 8254 82542 Unit
Min Max Min Max Min Max
taw Address Stable Before WR | 0 0 0 ns
tsw CS Stable Before WR | 0 0 0 ns
tWA Address Hold Time After WR | ] 0 0 ns
tww WR Pulse Width 150 150 95 ns
tow Data Setup Time Before WR T 120 120 95 ns
twp Data Hold Time After WR T 0 0 0 ns
tRv Command Recovery Time 200 200 165 ns
CLOCK AND GATE
Symbol Par " 8254-5 8254 8254-2 Unit
Min Max Min Max Min Max
toLk Clock Period 200 bC 125 DC 100 bC ns
tpwH High Pulse Width 60(3) 60(3) 300 ns
tewL Low Pulse Width 60(3) 60(3) 50(3) ns
1R Clock Rise Time 25 25 25 ns
tr Clock Fall Time 25 25 25 ns
tow Gate Width High 50 50 50 ns
taL Gate Width Low 50 50 50 ns
tgs Gate Setup Time to CLK T 50 50 40 ns
tGH Gate Setup Time After CLK T 5002 50(2) 50(2) ns
top Output Delay from CLK { 150 150 100 ns
tooGg Output Delay from Gate | 120 120 100 ns
twe CLK Delay for Loading | 0 55 0 55 0 55 ns
twa Gate Delay for Sampling -5 50 -5 50 -5 40 ns
two OUT Delay from Mode Write 260 260 240 ns
tcL CLK Set Up for Count Latch —40 45 —40 45 —40 40 ns

NOTES:
2.1n Modes 1 and 5 triggers are sampled on each rising clock edge. A second trigger within 120 ns (70 ns for the 8254-2) of

the rising clock edge may not be detected.
3. Low-going glitches that violate tpwh, tpwi May cause errors requiring counter reprogramming.
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WAVEFORMS

WRITE

taw | tya | —

cs %F -

!ty |

DATA BUS VALID F
t t

2311684-13
READ

X X

taRr L—'u
cs .& l

N vy s
> \
— thD L— tor L—
———————— %D r.
DATA BUS s == cme el e e e s e o e e VALID Yo o e o e e
231164-14
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WAVEFORMS (Continued)

RECOVERY

231164-15

3l
3

CLOCK AND GATE

. MODE COUNT*
WR twe
tewi oLk las —»|

1PwH

CLK
tr —pl tgs—| — tp [ tan
\ we A
GATE tow?

‘ fan <——Im——>| 4——-?— top
ouTPUT O | x
L two
231164-16
*Last byte of count being written.
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
24
20 20
DEVICE
4>< > TEST POINTS < X U‘I_ODER
0.8 0.8 EST
0.45 C, = 150 pF
231164~17 I
A.C. Testing: Inputs are driven at 2.4V fc. a Logic “1” and 0.45V —
for a Logic “0.” Timing measurements are made at 2.0V for a -
Logic “1” and 0.8V for a Logic “0". 231164-18
CL = 150 pF
Cy Includes Jig Capacitance
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PROGRAMMABLE INTERRUPT CONTROLLER
8259A/8259A-2/8259A-8

m 8086, 8088 Compatible m Single +5V Supply (No Clocks)
m MCS-80®, MCS-85® Compatible | 28-Pin Dual-In-Line Package
m Eight-Level Priority Controller m Available in EXPRESS

— Standard Temperature Range

® Expandable to 64 Levels — Extended Temperature Range

m Programmable Interrupt Modes
m Individual Request Mask Capability
The Intel 8259A Programmable Interrupt Controller handies up to eight vectored priority interrupts for the CPU.

It is cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin
DIP, uses NMOS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input.

The 8259A is designed to minimize the software and real time overhead in handling multi-level priority inter-
rupts. It has several modes, permitting optimization for a variety of system requirements.

The 8259A is fully upward compatible with the Intel 8259. Software originally written for the 8259 will operate
the 8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered).

INT

z
Z
>

DATA CONTROL LOGIC —
0,-0, 8uUS 3
BUFFER —_—

1
r— wr(]?2 A
l ] ' Ao[] 3 [ iNT&
o, [11R7
§ o] s [11Re
ar 1T I S
o, Q- 1R
— f—IR0O
AD ——e-0f i o,js [J1R3
WR——ed READ/ "2 o, {9 ;lmz
WRITE |— N INTERRUPT] D, Rt
LOGIC SERVICE PRIORITY REQUEST |*—IR3
Ay —] REG RESOLVER] REG  |=— R4 LY 1180
SR} [ILLTIN D CASO RNt
i |-~—I1Rs cas1 sh-Jdi7
cs Jo—R? GNOD [cas2

C T 7

Figure 2. Pin
CAS 0 ——ei O INTERRUPT MASK REG Configuration
CASCADE {IMA)
CAS1 =——el BUFFER/
COMPARATOR
CAS 2 =t
SPIEN ————j \leEﬂNAl 8us
N
231468-1
Figure 1. Block Diagram
October 1966
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Table 1_Pin Description

Pin No.

Type

Name and Function

28

SUPPLY: +5V Supply.

GROUND

_j Cs.

CHIP SELECT: A 1ow on this pin enables RD and WR communication
between the CPU and the 8259A. INTA functions are independent of

WRITE: A low o this pin when CS is low enables the 8259A to accept
command words from the CPU.

READ: A fow on this pin when CS is low enables the 8259A to release
status onto the data bus for the CPU.

4-11

170

BIDIRECTION}\L DATA BUS: Control, status and interrupt-vector
information is transterred via this bus.

12,13,15

110

CASCADE LINES: The CAS lines form a private 8259A bus to control
a multiple 8259A structure. These pins are outputs for a master 8259A
and inputs for a slave 8259A.

16

170

SLAVE PROGRAM/ENABLE BUFFER: This is a dual function pin.
When in the Buffered Mode it can be used as an output to control
buffer transceivers (EN). When not in the buffered mode it is used as

| an i_rEu‘ti to des_uggg{e a master (SP = 1) or slave (SP = 0).

INTERRUPT: This pin goes high whenever a valid interrupt request is
asserted. It is used to interrupt the CPU, thus it is connected to the
CPU'§ intgrrupt pjn

IRo-IR;

18-25

INTERRUPT REQUESTS: Asynchronous inputs. An interrupt request
is executed by raising an IR input (low to high), and holding it high until
it is acknowledged (Edge Triggered Mode), or just by a high level on an
IR input (Level Triggered Mode).

l

2
>

26

INTERRUPT ACKNOWLEDGE: This pin is used to enable 8258A
interrupt-vector data onto the data bus by a sequence of interrupt
acknowledge puises issued by the CPU.

27

AO ADDRESS LINE: This pin acts in conjunction with the CS, WR, and
RD pins. It is used by the 8259A to decipher various Command Words
the CPU writes and status the CPU wishes to read. It is typically
connected to the CPU AO address line (A1 for 8086, 8088).
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FUNCTIONAL DESCRIPTION

CPU-DRIVEN
ou MULTIPLEXOR
Interrupts in Microcomputer Systems T
Microcomputer system design requires that 1.O de- r
vices such as keyboards, displays, sensors and oth- \

p:
er components receive servicing in a an efficient }
manner so that large amounts of the total system nam ¢:> <:> vom

tasks can be assumed by the microcomputer with
little or no effect on throughput.

The most common method of servicing such devic- K\:> o
es is the Polled approach. This is where the proces- now %

sor must test each device in sequence and in effect

“ask’ each one if it needs servicing. It is easy to see
that a large portion of the main program is looping =

through this continuous polling cycle and that such a ! [
method would have a serious detrimental effect on <::>" rom 1

system throughput, thus limiting the tasks that could Lo
be assumed by the microcomputer and reducing the \}
cost effectiveness of using such devices. 231468-3

A more desirable method would be one that would Figure 3a. Polled Method

allow the microprocessor to be executing its main
program and only stop to service peripheral devices
when it is told to do so by the device itself. In effect,
the method would provide an external asynchronous

input that would inform the processor that it should e
complete whatever instruction that is currently being
executed and fetch a new routine that will service 4
the requesting device. Once this servicing is com-

plete, however, the processor would resume exactly
where it left off. RAM

PIC | —

Il

This method is called /nterrupt. it is easy to see that
system throughput would drastically increase, and
thus more tasks could be assumed by the micro-

computer to further enhance its cost effectiveness. om :> o
The Programmable Interrupt Controller (PIC) func-
tions as an overall manager in an Interrupt-Driven
system environment. It accepts requests from the
10 (2)

coming requests is of the highest importance (priori-
ty), ascertains whether the incoming request has a
higher priority value than the level currently being
serviced, and issues an interrupt to the CPU based
on this determination.

peripheral equipment, determines which of the in-

Each peripheral device or structure usually has a

special program or “routine” that is associated with J\/ :__ o1

its specific functional or operational requirements;

this is referred to as a “service routine”. The PIC, 231468-4

after issuing an Interrupt to the CPU, must somehow

input information into the CPU that can “point” the Figure 3b. Interrupt Method
Program Counter to the service routine associated

with the requesting device. This “pointer” is an ad-

dress in a vectoring table and will often be referred

to, in this document, as vectoring data.
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The 8259A is a device specifically designed for use
in real time, interrupt driven microcomputer systems.
It manages eight levels or requests and has built-in
features for expandability to other 8258A’s (up to 64
levels). It is programmed by the system’s software
as an 1/0 peripheral. A selection of priority modes is
available to the programmer so that the manner in
which the requests are processed by the 8259A can
be configured to match his system requirements.
The priority modes can be changed or reconfigured
dynamically at any time during the main program.
This means that the complete interrupt structure can
be defined as required, based on the total system
environment.

INTERRUPT REQUEST REGISTER (IRR) AND
IN-SERVICE REGISTER (ISR)

The interrupts at the IR input lines are handled by
two registers in cascade, the Interrupt Request Reg-
ister (IRR) and the In-Service (ISR). The IRR is used
to store all the interrupt levels which are requesting
service; and the ISR is used to store all the interrupt
levels which are being serviced.

PRIORITY RESOLVER

This logic block determines the priorites of the bits
set in the IRR. The highest priority is selected and
strobed into the corresponding bit of the ISR during
INTA pulse.

INTERRUPT MASK REGISTER (IMR)

The IMR stores the bits which mask the interrupt
lines to be masked. The IMR operates on the IRR.
Masking of a higher priority input will not affect the
interrupt request lines of lower quality.

INT (INTERRUPT)

This output goes directly to the CPU interrupt input.
The Voy level on this line is designed to be fully
compatible with the 8080A, 8085A and 8086 input
levels.

INTA (INTERRUPT ACKNOWLEDGE)

INTA pulses will cause the 8259A to release vector-
ing information onto the data bus. The format of this
data depends on the system mode (uPM) of the
8259A.

DATA BUS BUFFER

This 3-state, bidirectional 8-bit buffer is used to inter-
face the 8259A to the system Data Bus. Control
words and status information are transferred
through the Data Bus Buffer.

READ/WRITE CONTROL LOGIC

The function of this block is to accept OUTput com-
mands from the CPU. It contains the Initialization
Command Word (ICW) registers and Operation
Command Word (OCW) registers which store the
various control formats for device operation. This
function block also allows the status of the 8259A to
be transferred onto the Data Bus.

CS (CHIP SELECT)

A LOW on this input enables the 8259A. No reading
or writing of the chip will occur unless the device is
selected.

WR (WRITE)

A LOW on this input enables the CPU to write con-
troi words (ICWs and OCWs) to the B259A.

RD (READ)

A LOW on this input enables the 8259A to send the
status of the Interrupt Request Register (IRR), In
Service Register (iSR), the Interrupt Mask Register
(IMR), or the Interrupt level onto the Data Bus.

Ag

This input signal is used in conjunction with WR and
RD signals to write commands into the various com-
mand registers, as well as reading the various status
registers of the chip. This line can be tied directly to
one of the address fines.
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DATA
0,-D, 8uUS
BUFFER

RD -}

WR ——ec] READ/
WRITE
LOGIC

A -

CAasoO
CASCADE
CAS 1 «——=f BUFFER/
COMPARATOR

CAS 2 =

SPIEN .———? \

INTERNAL BUS

231468-5

Figure 4a. 8259A Block Diagram
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CASQ =—

CAS1 0—4

CAS 2 =

CASCADE
BUFFER/
COMPARATOR

PIEN -————?

INTA INT

CONTROL LOGIC

N

INTERNAL BUS

je——IRO
pe— IR T

IN ENTERRUPT] ‘A2
e —IR3

SERVICE PRIORITY (‘* REQUEST
jresoLverf |  REG  |o—1Re

REG
(ISR} (IRR) RS
|e—— IRG
je—R?
INTERRLIPT MASK REG
{IMR}
pas

231468-6

Figure 4b. 8259A Block Diagram
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THE CASCADE BUFFER/COMPARATOR

This function block stores and compares the IDs of
all 8259A’s used in the system. The associated
three /0 pins (CAS0-2) are outputs when the 8259A
is used as a master and are inputs when the 8259A
is used as a slave. As a master, the 8259A sends
the ID of the interrupting slave device onto the
CASO0-2 lines. The slave thus selected will send its
preprogrammed subroutine address onto the Data
Bus during the next one or two consecutive TNTA
pulses. (See section “Cascading the 8259A™.)

INTERRUPT SEQUENCE

The powerful features of the 8259A in a microcom-
puter system are its programmability and the inter-
rupt routine addressing capability. The latter allows
direct or indirect jumping to the specific interrupt rou-
tine requested without any polling of the interrupting
devices. The normal sequence of events during an
interrupt depends on the type of CPU being used.

The events occur as follows in an MCS-80/85 sys-

tem:

1. One or more of the INTERRUPT REQUEST lines
(IR7-0) are raised high, setting the correspond-
ing IRR bit(s).

2. The 8259A evaluates these requests, and sends
an INT to the CPU, if appropriate.

3. The CPU acknowledges the INT and responds
with an INTA pulse.

4. Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set, and the correspond-
ing IRR bit is reset. The 8259A will also release a
CALL instruction code (11001101) onto the 8-bit
Data Bus through its D7-0 pins.

5. This CALL instruction will initiate two more INTA
pulses to be sent to the 8259A from the CPU
group.

6. These two INTA pulses allow the 8259A to re-
lease its preprogrammed subroutine address
onto the Data Bus. The lower 8-bit address is re-
leased at the first INTA pulse and the higher 8-bit
address is released at the second INTA pulse.

7. This completes the 3-byte CALL instruction re-
leased by the 8289A. In the AEOI mode the ISR
bit is reset at the end of the third INTA puise.
Otherwise, the ISR bit remains set until an appro-
priate EOl command is issued at the end of the
interrupt sequence.

The events occuring in an 8086 system are the

same until step 4.

4. Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set and the correspond-
ing IRR bit is reset. The 8259A does not drive the
Data Bus during this cycle.

5. The 8086 will initiate a second INTA pulse. Dur-
ing this pulse, the 8259A releases an 8-bit pointer
onto the Data Bus where it is read by the CPU.

6. This completes the interrupt cycle. In the AEOI
mode the ISR bit is reset at the end of the sec-
ond INTA pulse. Otherwise, the ISR bit remains
set until an appropriate EOl command is issued
at the end of the interrupt subroutine.

If no interrupt request is present at step 4 of either
sequence (i.e., the request was too short in duration)

the 8259A wilt issue an interrupt levei 7. Both the

vectoring bytes and the CAS lines will look like an
interrupt level 7 was requested.
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DATA CONTROL LOGIC
DD, 8US
BUFFER

— v 1RO
RD cmsmme-Of e | R 1
e READ/ e IR2

wR WRITE |t N hNTERRUPT]
LOGIC SERVICE PRIORITY REQUEST [==IR3
[yp— REG RESOLVER] REG  |ammm=IR4
SR} LY P,
i = IRE
cs | S— )

caso INTERRUPT MASK REG
(IMR}
cas1
cAs2
SN J INTERNAL BUS
231468-7

< ADDRESS BUS (16) ]
§ CONTROL BUS
[T ol
b DATA BUS (8) ] )
casa 0 0%
b cAs? 0250

2 |IQ ma -m mo mn 1] lnu RQ

[T

SLAVE PROGRESY L

|

ENABLE BUPFER INTER

RUPT
REQUESTS

231468-8

Figure 5. 8259A Interface to

Standard System Bus

Figure 4¢. 8259A Block Diagram

INTERRUPT SEQUENCE OUTPUTS

MCS-80®, MCS-85@

This sequence is timed by three INTA pulses. During
the first INTA pulse the CALL opcode is enabled
onto the data bus.
Content of First Interrupt Vector Byte
D7 D6 D5 D4 D3 D2 D1 DO

[1 1 00 1 1 0 1

During the second INTA pulse the lower address of
the appropriate service routine is enabled onto the
data bus. When Interval = 4 bits As—A7 are pro-
grammed, while Ag—A4 are automatically inserted by
the 8259A. When Interval = 8 only Ag and A7 are
programmed, while Ag-As are automatically insert-
ed.

CALL CODE
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Content of Second Interrupt Vector Byte

composed as follows (note the state of the ADI
mode control is ignored and Ag-Aqq are unused in

During the third INTA pulse the higher address of the
appropriate service routine, which was programmed
as byte 2 of the initialization sequence (Ag-A1s), is
enabled onto the bus.
Content of Third Interrupt Vector Byte
D7 D6 D5 D4 D3 D2 D1 DO

[ars [ ara [ar3 [ a2 [ar1 [ a10] ao [ ns]

8086, 8088

8086 mode is similar to MCS-80 mode except that
only two Interrupt Acknowledge cycles are issued by
the processor and no CALL opcode is sent to the
processor. The first interrupt acknowledge cycle is
similar to that of MCS-80, 85 systems in that the
8259A uses it to internally freeze the state of the
interrupts for priority resolution and as a master it
issues the interrupt code on the cascade lines at the
end of the INTA pulse. On this first cycle it does not
issue any data to the processor and leaves its data
bus buffers disabled. On the second interrupt ac-
knowledge cycle in 8086 mode the master (or siave
if so programmed) will send a byte of data to the
processor with the acknowledged interrupt code

IR Interval = 4 8086 mode):
D7 D6 D5 D4 D3 D2 D1 DO Content of Interrupt Vector Byte
7 | A7 A6 A5 1 1 1 0 ° for 8086 System Mode
6 | A7 A6 A5 1 1 0 0 0 D7 D6 | D5 | D4 | D3 | D2 | D1 | DO
5 | A7 A6 A5 1 0 1 0 0 R7 | T7 { T6 | T5 | T4 [ T3 | 1 1 1
4 | A7 A6 A5 1 0 0 0 0 IR6 | T7 [ T6 | T5 | T4 | T3 1 1 0
3 | A7 A6 A5 0 1 P 0 ° IRE| T7 [T6 | T5 | T4 | T3 | 1 1] 1
2 | A7 A8 A5 0O 1 0 0 ) R4 | T7 | T6 [ TS | T4 | T3 | 1 0 0
1 A7 A6 A5 o 0 1 0 0 IRB|[T7 |T6 [ T5 | T4 [ T3 | O 1 1
0| A7 A6 A5 O 0 0 0 0 R2 | T7 (T6 [ T5 | T4 | T3 | O 1 0
IR1 | T7 | T6 {T5| T4 (T3 | O 0 1
IR Interval = 8 RO | T7{T6 | T5 (T4 | T3 | 0 0fo0
D7 D6 D5 D4 D3 D2 D1 DO
T AT A6 1 1 1 0 0 OJ pROGRAMMING THE 8259A
6 | A7 A6 1 1 0 0 0 0
The 8259A accepts two types of command words
5|A7 A8 1 0 1 0 0 © generated by the CPU:
4 | A7 A6 1 0 0 0 0 0 1. Initialization Command Words (ICWs): Before
normal operation can begin, each 8259A in the
3 jA7T A O 1 1 0 0 0 system must be brought to a starting point—by a
2 |A7 A6 O 1 0 0 0 0 sequence of 2 to 4 bytes timed by WR pulses.
1 1A7 A8 o 0 1 2. Operation Command Words (OCWs): These are
0 0 ° the command words which command the 8259A
0OJA7 A6 0 O 0O O 0 O to operate in various interrupt modes. These

modes are:

a. Fully nested mode

b. Rotating priority mode
c. Special mask mode
d. Polled mode

The OCWs can be written into the 8259A anytime
after initialization.

INITIALIZATION COMMAND WORDS
(ICWS)

General

Whenever a command is issued with A0 = 0 and D4

= 1, this is interpreted as Initializaton Command

Word 1 (ICW1). ICW1 starts the intiitalization se-

quence during which the following automatically oc-

cur.

a. The edge sense circuit is reset, which means that
following initialization, an interrupt request (IR) in-
put must make a low-to-high transistion to gener-
ate an interrupt.

2-242



intef

8259A

. The Interrupt Mask Register is cleared.
. IR7 input is assigned priority 7.
. The slave mode address is set to 7.

. Specia! Mask Mode is cleared and Status Read is
set to IRR.

f. If IC4 = 0, then all functions selected in ICW4

are set to zero. (Non-Buffered mode*, no Auto-

EOI, MCS-80, 85 system).

® a o T

*NOTE:
Master/Slave in ICW4 is only used in the buffered
mode.

Initialization Command Words 1 and 2
(ICW1,ICW2)

As-A1s: Page starting address of service routines.
In an MCS 80/85 system, the 8 request levels will
generate CALLs to 8 locations equally spaced in
memory. These can be programmed to be spaced at
intervals of 4 or 8 memory locations, thus the 8 rou-
tines will occupy a page of 32 or 64 bytes, respec-
tively.

The address format is 2 bytes long (Ag—A1s). When
the routine interval is 4, Ag—A4 are automatically in-
serted by the 8259A, while As—Aq5 are programmed
externally. When the routine interval is 8, Ag—As are
automatically inserted by the 8259A, while Ag-Aqs
are programmed externally.

The 8-byte interval will maintain compatibility with
current software, while the 4-byte interval is best for
a compact jump table.

In an 8086 system A15-A1q are inserted in the five

most significant bits of the vectoring byte and the

8259A sets the three least significant bits according
to the interrupt level. Ajg-As are ignored and ADI

(Address interval) has no effect.

LTIM: If LTIM = 1, then the 8259A will operate in
the level interrupt mode. Edge detect logic
on the interrupt inputs will be disabted.

ADl:  CALL address interval. ADI = 1 then inter-
val = 4; ADI = 0 then interval = 8.

SNGL: Single. Means that this is the only 8259A in
the system. If SNGL = 1 no ICW3 will be
issued.

IC4: If this bit is set—ICW4 has to be read. If
ICW4 is not needed, set IC4 = 0.

Initialization Command Word 3 (ICW3)

This word is read only when there is more than one
B259A in the system and cascading is used, in which

case SNGL = 0. It will load the 8-bit slave register.
The functions of this register are:

a. In the master mode (either when SP = 1, or in
buffered mode when M/S = 1in ICW4) a “1” is
set for each slave in the system. The master then
will release byte 1 of the call sequence (for MCS-
80/85 system) and will enable the corresponding
slave to release bytes 2 and 3 (for 8086 only byte
2) through the cascade lines.

b. In the slave mode (either when SP = 0, or if BUF
= 1 and M/S = 0 in ICW4) bits 2-0 identify the
slave. The slave compares its cascade input with
these bits and, if they are equal, bytes 2 and 3 of
the call sequence (or just byte 2 for 8086) are
released by it on the Data Bus.

r Icw1

I icwa2

NO (SINGL = 1)

YES (SNGL = 0)

T

NO (1IC4 = 0) 1S ICW4

NEEDED

YES (IC4 = 1)

r 1cwa l

READY TO ACCEPY
INTERRUPT REQUESTS

231468-9

Figure 6. Initialization Sequence
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Initialization Command Word 4 (ICW4)
SFNM: If SFNM = 1 the special fully nested mode
is programmed.

AEOL

master, M/S = 0 means the 8259A is pro-
grammed to be a slave. If BUF = 0, M/S
has no function.

If AEOI = 1 the automatic end of interrupt

BUF: If BUF = 1 the buffered mode is pro- mode i mmed
grammed. In buffered mode SP/EN be- o programmed.
comes an enable output and the master/ wPM:  Microprocessor mode: pPM = 0 sets the
slave determination is by M/S. 8259A for MCS-80, 85 system operation,
M/S: It buffered mode is selected: M/S = 1 gpg:lati:o n1 sets the 8259A for 8086 system
means the 8259A is programmed to be a P .
1ow1
Ay 0O, D &, O 0O, D, D 0
i) A, A‘ Ag 1 LTIM AD! |SNGL| IC4
l 1 ICW4& NEEDED
0 : NO ICW4 NEEDED
| = SINGLE
0 = CASCADE MODE
CALL APDRESS INTERVAL
1= INTERVAL OF 4
0= INTERVALOF 8
1 = LEVEL TRIGGERED MODE
0 = EDGE TRIGGERED MODE
A;-As of INTERRUPT
VECTOR ADDRESS
(MCS-80/85 MODE ONLY)
231468-10
icw2
A, D, O D, DO, D, D, D D
: “y“y"y‘y‘y A a
IS WASNAAWAAWAL Ay .
A,5-Ag OF INTERRUPT
VECTOR ADDRESS
(MCS80/85 MODE)
T,-T, OF INTERRUPT
VECTOR ADDRESS
(8086 /8088 MODE)
23146811

Figure 7. Initialization Command Word Format
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NOTE:

ICW3 (MASTER DEVICE)
% 0, DO O, O, 0, D D G

Llelsfsfs]sls]s]s]

ICW3 (SLAVE DEVICE)
“o 0, Dg o 0O, o, 0, 0O, Do

(LTl Tol=T]

1= IR INPUT HAS A SLAVE
0= IR INPUT DOES NOT HAVE
A SLAVE

231468-12

SLAVE 101

L
-~

2
0

Icwa
Ag 07 De Ds Ds O3 D2 Dy Og

olojole

-|lojo]|a

°

o|=|-|w

~lo|=[w
o

[ ] | o] o [semour | ws

acor] ow |

231468-13

| -

= 8086/8088 MODE
= MCS-80/85 MODE

o=

1= AUTO EOt
0 - NORMAIL EOI

[0 T X ]- NON BUFFERED MODE
[ V| 0 |- BUFFERED MODE/SLAVE
[T 1 7 |- BUFFERED MODE/MASTER

Slave ID is equal to the corresponding master IR input.

1 = SPECIAL FULLY NESTED
MODE

0 = NOT SPECIAL FULLY
NESTED MODE

231468-14

Figure 7. Initialization Command Word Format (Continued)
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OPERATION COMMAND WORDS
(OCWS)

After the Initialization Command Words (ICWs) are
programmed into the 8259A, the chip is ready to ac-
cept interrupt requests at its input lines. However,
during the 8259A operation, a selection of algo-
rithms can command the 8259A to operate in vari-
ous modes through the Operation Command Words
(OCWs).

Operation Control Words (OCWs)

A0 D7

D6

OCw1

D5 D4 D3 D2 D1 DO

[M7  we

M5 M4 M3 M2 M1 Mo|

ocw2

[o] [r

SL

EOl 0 0 L2 L1 L0

OoCw3

o] [o

ESMM SMM 0 1 P RR RIS|

ocw
4 D, O, D, DO Dy D, D O
1 M7 M6 M5 M4 M3 M2 M1 MO
ocw2
A, D, D, D, D, D, B, D D

T <= -] 1]

INTERRUPT MASK
1= MASK SET
0= MASK RESET

231468-15

IR LEVEL 7O BE
ACTED UPON
o[1]2]3]e}>s 7
ofrjolrio} 1
ojJojrjrjo]o 1
ojojJojofr| 1
ojo]» NON-SPECIFIC EOICOMMAND END OF INTERRUPT
[RERE SPECIFIC EOI COMMAND
1o ROTATE ON NON-SPECIFIC EOl COMMAND
11o0]e ROTATE IN AUTOMATIC EOI MODE (SET) AUTOMATIC ROTATION
ofofjo ROTATE IN AUTOMATIC EOI MODE (CLEAR)
{1} *ROT/ IFi COMMA|
ROTATE ON SPECIFIC EO) No SPECIFIC ROTATION
1117910 *SET PRIORITY COMMAND
0] 1]0]| w~NOOPERATION
*LO-L2 ARE USED

231468-16

Figure 8. Operation Command Word Format
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Operation Control Word 1 (OCW1)

OCW1 sets and clears the mask bits in the interrupt
Mask Register (IMR). M7-Mg represent the eight
mask bits. M = 1 indicates the channel is masked
(inhibited), M = 0 indicates the channel is enabled.

Operation Control Word 2 (OCW2)

R, SL, EOl—These three bits contro! the Rotate and
End of Interrupt modes and combinations of the two.
A chart of these combinations can be found on the
Operation Command Word Format.

Lo, Ly, Lp—These bits determine the interrupt level
acted upon when the SL bit is active.

OCw3

ESMM] SMM 0 1 » RA | RIS

READ REGISTER COMMAND
0 ! 0 !
) 0 ! !
READ READ
iR REG IS REG
NO ACTION ON NEXT JONNEXT
RO PULSE | RD PULSE

SPECIAL MASK MODE

0 ¥ 0 1
0 o 1 1
RESET SET
NO ACTION SPECIAL | SPECIAL
MASK MASK
231468-17

Figure 8. Operation Command Word Format (Continued)
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Operation Control Word 3 (OCW3)

ESMM—Enable Special Mask Mode. When this bit
is set to 1 it enables the SMM bit to set or reset the
Special Mask Mode. When ESMM = 0 the SMM bit
becomes a “don’t care”.

SMM—Special Mask Mode. If ESMM = 1 and SMM
= 1 the 8259A will enter Special Mask Mode. If
ESMM = 1 and SMM = 0 the 8259A will revert to
normal mask mode. When ESMM = 0, SMM has no
effect.

Fully Nested Mode

This mode is entered after initialization unless anoth-
er mode is programmed. The interrupt requests are
ordered in priority from O through 7 (O highest).
When an interrupt is acknowledged the highest pri-
ority request is determined and its vector placed on
the bus. Additionally, a bit of the Interrupt Service
register (ISO-7) is set. This bit remains set until the
microprocessor issues an End of Interrupt (EOI)
command immediately before returning from the
service routine, or if AEO! (Automatic End of Inter-
rupt) bit is set, until the trailing edge of the last INTA.
While the IS bit is set, all further interrupts of the
same or lower priority are inhibited, while higher lev-
els will generate an interrupt-{which will be acknowl-
edged only if the microprocessor internal Interupt
enable flip-flop has been re-enabled through soft-
ware).

After the initialization sequence, IR0 has the highest
prioirity and 1R7 the lowest. Priorities can be
changed, as will be explained, in the rotating priority
mode,

End of Interrupt (EOV)

The In Service (IS) bit can be reset either automati-
cally following the trailing edge of the last in se-
quence INTA pulse (when AEOI bit in ICW1 is set) or
by a command word that must be issued to the
8259A before returning from a service routine (EOI
command). An EOl command must be issued twice
if in the Cascade mode, once for the master and
once for the corresponding slave.

There are two forms of EOl command: Specific and
Non-Specific. When the 8259A is operated in modes
which perserve the fully nested structure, it can de-
termine which IS bit to reset on EOl. When a Non-
Specific EO! command is issued the 8259A will auto-
matically reset the highest IS bit of those that are
set, since in the fully nested mode the highest IS
level was necessarily the last level acknowledged
and serviced. A non-specific EOI can be issued with
OCW2 (EOl = 1,SL = 0,R = 0).

When a mode is used which may disturb the fully
nested structure, the 8259A may no longer be able
to determine the last level acknowledged. In this
case a Specific End of Interrupt must be issued
which includes as part of the command the IS level
to be reset. A specific EOl can be issued with OCW2
(EOl = 1, 8L = 1, R = 0, and LO-L2 is the binary
level of the IS bit to be reset).

It should be noted that an IS bit that is masked by an
IMR bit will not be cleared by a non-specific EOI if
the 8259A is in the Special Mask Mode.

Automatic End of Interrupt (AEOI)
Mode

If AEOI = 1 in ICW4, then the 8259A will operate in
AEO! mode continuously until reprogrammed by
ICWA4, in this mode the 8259A will automatically per-
form a non-specific EOl operation at the trailing
edge of the last interrupt acknowledge pulse (third
pulse in MCS-80/85, second in 8086). Note that
from a system standpoint, this mode should be used
only when a nested multilevei interrupt structure is
not required within a single 8259A.

The AEO! mode can only be used in a master 8259A
and not a slave.

Automatic Rotation
(Equal Priority Devices)

In some applications there are a number of interrupt-
ing devices of equal priority. In this mode a device,
after being serviced, receives the lowest priority, so
a device requesting an interrupt will have to wait, in
the worst case untii each of 7 other devices are
serviced at most once. For example, if the priority
and “in service” status is:

Before Rotate (IR4 the highest prioirity requiring
service)

I

IS7 IS8 IS8 i84 1S3 1S2 %1 IS0

(o] JoTsToo]o]o]

“IS” Status 231468-18 |

Lowest Priority Highes! Priority

X
NN EAESENENER

Priority Status 231468-19
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After Rotate (IR4 was serviced, all other priorities
rotated correspondingly)

IS7 1S8 1S5 1S4 1S3 182 ISt IS0
(ol Tololelole]0]

“IS" Status 231468-20

Highest Priority Lowest Priority

G AT

231468-21

Priority Status

There are two ways to accomplish Automatic Rota- )

tion using OCW2, the Rotation on Non-Specific EOI
Command (R = 1, SL = 0, EOl = 1) and the Ro-
tate in Automatic EC! Mode which is set by (R = 1,
SL = 0, EOl = 0) and cleared by (R = 0, SL = 0,
EOI = 0).

o

Specific Rotation
(Specific Priority)

The programmer can change priorities by program-
ming the bottom priority and thus fixing all other pri-
orities; i.e., if IR5 is programmed as the bottom prior-
ity device, then IR6 will have the highest one.

The Set Priority command is issued in OCW2 where:
R = 1, 8L = 1, LO-L2 is the binary priority level
code of the bottom priority device.

Observe that in this mode internal status is updated
by software control during OCW2. However, it is in-
dependent of the End of Interrupt (EOI) command
(also executed by OCW2). Priority changes can be
executed during an EOl command by using the Ro-
tate on Specific EOl command in OCW2 (R = 1, SL
= 1, EOl = 1 and LO-L2 = IR level to receive
bottom priority).

Interrupt Masks

Each Interrupt Request input can bem masked indi-
vidually by the Interrupt Mask Register (IMR) pro-
grammed through OCW1. Each bit in the IMR masks
one interrupt channel if it is set (1). Bit 0 masks IR0,
Bit 1 masks IR1 and so forth. Masking an IR channel
does not affect the other channels operation.

Special Mask Mode

Some applications may require an interrupt service
routine to dynamically alter the system priority struc-

ture during its execution under software control. For
example, the routine may wish to inhibit lower priori-
ty requests for a portion of its execution but enable
some of them for another portion.

The difficulty here is that if an Interrupt Request is
acknowledged and an End of Interrupt command did
not reset its IS bit (i.e., while executing a service
routine), the 8259A would have inhibited all lower
priority requests with no easy way for the routine to
enable them,

That is where the Special Mask Mode comes in. In
the special Mask Mode, when a mask bit is set in
OCWI1, it inhibits further interrupts at that level and
enables interrupts from all other levels (lower as well
as higher) that are not masked.

Thus, any interrupts may be selectively enabled by
loading the mask register.

The special Mask Mode is set by OWC3 where:
SSMM = 1, SMM = 1, and cleared where SSMM =
1, SMM = 0.

Poll Command

In this mode the INT output is not used or the micro-
processor internal Interrupt Enabile flip-flop is reset,
disabling its interrupt input. Service to devices is
achieved by software using a Poll command.

The Poll command is issued by setting P = ‘1”7 in
OCW3. The B259A treats the next RD pulse to the
8259A (i.e., RD = 0, CS = 0) as an interrupt ac-
knowledge, sets the appropriate IS bit if there is a
request, and reads the priority level. Interrupt is fro-
zen from WR to RD.

The word enabled onto the data bus during RD is:
D7 D6 D5 D4 D3 D2 Dt DO

[1 — — — — w2 wi_wo]

WO0-Wa2: Binary code of the highest priority level
requesting service.

I: Equal to “1” if there is an interrupt.

This mode is useful if there is a routine command
common to several levels so that the INTA se-
quence is not needed (saves ROM space). Another
application is to use the poll mode to expand the
number of priority levels to more than 64.

Reading the 8259A Status

The input status of several internal registers can be
read to update the user information on the system.
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LTim 81T TOOTHER PRIOATY CELLS
0= EDGE |
V2 LEVEL
CLA »r
€06E
SENSE ? PRIO|
Sense P 2 Py oty
; u—‘ NSEAVICE MESOLVER
o LATC
CONTROL
L0GiC
J]r
ser nEQuEsT 'T
LATCH
| o - NON
- ey 4 masxeo
LATCH LLI—
c (-]
L ..{
MCS-80, 85
MODE cLa _i
L—d INTERNAL
e DATA BUS
<z
T bE
iNTA ] H €2
088 H H ¢ £33
MODE & g 3 £
o H
FREEZE
NOTES:
231468-22

1. Master clear active only during ICW1.
2. FREEZE is active during INTA and poll sequences only.
3. Truth Table for a D-Latch.

C|[ D} Q [ Operation
1[0i| Di Follow
o X |Qn1 Hold

Figure 9. Priority Cell—Simplified Logic Diagram

The following registers can be read via OCW3 (IRR
and ISR or OCW1 [IMR]).

Interrupt Aequest Register (IRR): 8-bit register which
contains the levels requesting an interrupt to be ac-
knowledged. The highest request level is reset from
the IRR when an interrupt is acknowledged. (Not af-
fected by IMR.)

In-Service Register (ISR): 8-bit register which con-
tains the priority levels that are being serviced. The
ISR is updated when an End of Interrupt Command
is issued.

Interrupt Mask Register: 8-bit register which con-
tains the interrupt request lines which are masked.

The IRR can be read when, prior to the RD pulse, a
Read Register Command is issued with OCW3 (RR
= 1,RIS = 0)

The ISR can be read, when, prior to the RD puise, a
Read Register Command is issued with OCW3 (RR
= 1,RIS = 1).

There is no need to write an OCW3 before every
status read operation, as long as the status read
corresponds with the previous one,; i.e., the 8259A
“remembers” whether the IRR or ISR has been pre-
viously selected by the OCW3. This is not true when
poll is used.

After initialization the 8259A is set to IRR.

For reading the IMR, no OCW3 is needed. The out-
put data bus will contain the IMR whenever RD is
active and A0 = 1 (OCW1).

Polling overrides status read when P = 1, RR = 1
in OCW3.

Edge and Level Triggered Modes
This mode is programmed using bit 3 in ICW1.

If LTIM = ‘0’, an interrupt request will be recognized
by a low to high transition on an IR input. The IR
input can remain high without generating another in-
terrupt.
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e/

INTA

EARLIEST IR

LATCH"
ARMED CAN BE REMOVED

=
X /o
Ao

*EDGE TRIGGERED MODE ONLY

LATCH'
ARMED

231468-23

Figure 10. IR Triggering Timing Requirements

If LTIM = *1’, an interrupt request will be recognized
by a ‘high’ level on IR Input, and there is no need for
an edge detection. The interrupt request must be
removed before the EOl command is issued or the
CPU interrupts is enabled to prevent a second inter-
rupt from occurring.

The priority cell diagram shows a conceptual circuit
of the level sensitive and edge sensitive input circuit-
ry of the 8259A. Be sure to note that the request
latch is a transparent D type latch.

In both the edge and level triggered modes the IR
inputs must remain high untii after the falling edge of
the first INTA. If the IR input goes low before this
time a DEFAULT IR7 will occur when the CPU ac-
knowledges the interrupt. This can be a useful safe-
guard for detecting interrupts caused by spurious
noise glitches on the IR inputs. To implement this
feature the IR7 routine is used for “clean up” simply
executing a return instruction, thus ignoring the inter-
rupt. If IR7 is needed for other purposes a default
IR7 can still be detected by reading the {SR. A nor-
mal IR7 interrupt will set the corresponding ISR bit, a
default IR7 won't. If a default IR7 routine occurs dur-
ing a normal IR7 routine, however, the ISR will re-
main set. In this case it is necessary to keep track of
whether or not the IR7 routine was previously en-
tered. If another IR7 occurs it is a default.

The Special Fully Nest Mode

This mode will be used in the case of a big system
where cascading is used, and the priority has to be
conserved within each slave. In this case the fully
nested mode will be programmed to the master (us-

ing ICW4). This mode is similar to the normal nested

mode with the following exceptions:

a. When an interrupt request from a certain slave is
in service this slave is not locked out from the
master’s priority logic and further interrupt re-
quests from higher priority IR’s within the slave
will be recognized by the master and will initiate
interrupts to the processor. (in the normal nested
mode a slave is masked out when its request is in
service and no higher requests from the same
slave can be serviced.)

b. When exiting the Interrupt Service routine the
software has to check whether the interrupt serv-
iced was the only one from that slave. This is
done by sending a non-specific End of Interrupt
(EOIl) command to the slave and then reading its
In-Service register and checking for zero. If it is
empty, a non-specific EOl can be sent to the
master too. If not, no EOI should be sent.

Buffered Mode

When the 8259A is used in a large system where
bus driving buffers are required on the data bus and
the cascading mode is used, there exists the prob-
lem of enabling buffers.

The buffered mode will structure the 8259A to send
an enable signal on SP/EN to enable the buffers. In
this mode, whenever the 8259A’s data bus outputs
are enabled, the SP/EN output becomes active.

This modification forces the use of software pro-
gramming to determine whether the 8259A is a mas-
ter or a slave. Bit 3 in ICW4 programs the buffered
mode, and bit 2 in ICW4 determines whether it is a
master or a slave.
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CASCADE MODE

The 8259A can be easily interconnected in a system
of one master with up to eight slaves to handle up to
64 priority levels.

The master controls the slaves through the 3 line
cascade bus. The cascade bus acts like chip selects
to the slaves during the INTA sequence.

In a cascade configuration, the slave interrupt out-
puts are connected to the master interrupt request
inputs. When a slave request line is activated and
afterwards acknowledged, the master will enabie the
corresponding slave to release the device routine
address during bytes 2 and 3 of INTA. (Byte 2 only
for 8086/8088).

The cascade bus lines are normally low and will con-
tain the slave address code from the trailing edge of
the first INTA pulse to the trailing edge of the third
pulse. Each 8259A in the system must follow a sep-
arate initialization sequence and can be pro-
grammed to work in a different mode. An EOl com-
mand must be issued twice: once for the master and
once for the corresponding slave. An address de-
coder is required to activate the Chip Select (CS)
input of each B259A.

The cascade lines of the Master 8259A are activat-
ed only for slave inputs, non-slave inputs leave the
cascade line inactive (low).

ADDRESS BUS (16) 1

I

CONTROL BUS

)

l
L]

1 1

I INT AEQ

L

OATA BUS (8}

3

Cs 4, DoO7 iNT INT
caso

[ 1]

82594
AS MASTER

CAS 2
SEENM) M6 M5 M4 M3 M2 M1 MO

INTERRUPT REQUESTS

Figure 11. Cascading the 8259A
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ABSOLUTE MAXIMUM RATINGS*

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

with Respect to Ground. ......... —~0.5Vto +7V
Power Dissipation ..................oooiia 1w

*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 (T4 = 0°Ct0 70°C, Vg = 5V +5% (8259A-8), Voo = 5V + 10%

(8259A, 8259A-2))

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage —-05 0.8 \
ViH Input High Voltage 2.0 Vee + 0.5V \"
VoL Output Low Voltage 0.45 \ loL = 2.2mA
VoH Output High Voltage 2.4 v lony = —400 pA
VOH(NT) Interrupt Output High 35 \' loy = —100 nA
Voltage 2.4 v lon = —400 kA
1y Input Load Current -10 +10 HA OV < VN € Voo
oL Output Leakage Current -10 +10 A 0.45V < Vout < Vee
lcc Ve Supply Current 85 mA
lur IR Input Load Current ~-300 pA Vin=0
10 HA ViNn = Vce
*NOTE:
For Extended Temperature EXPRESS Vi = 2.3V.
CAPACITANCE T, = 25°C; Vog = GND = 0V
Symbol Parameter Min Typ Max Unit Test Conditions
Cin Input Capacitance 10 pF fc = 1 MHz
Ciro 1/0 Capacitance 20 pF Unmeasured Pins Returned to Vgg
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A.C. CHARACTERISTICS
Ta = 0°C to 70°C, Vo = 5V +5% (8259 A-8), Voc = 5V £ 10% (8259A, 8259A-2)

TIMING REQUIREMENTS

Symbol Parameter 8259A-8 | B8259A | 8259A-2 | ynits | Test Conditions
Min | Max | Min | Max | Min | Max
TAHRL | AO/CS Setup to RD/INTA | 50 0 0 ns
TRHAX | AO/TS Hold after RD/INTA T 5 0 0 ns
TRLRH | RD Puise Width 420 235 160 ns
TAHWL | AO/CS Setup to WR | 50 0 0 ns
TWHAX | AO/CS Hold after WR T 20 0 0 ns
TWLWH | WR Pulse Width 400 290 190 ns
TDVWH { Data Setup to WR T 300 240 160 ns
TWHDX | Data Hold after WR T 40 0 0 ns
TJLJH | Interrupt Request Width (Low) 100 100 100 ns See Note 1
TCVIAL IC;:l%afs( SSI::,uep (;c; Is)econd or Third 55 55 40 ns
TRHRL | End of RD to Next RD
End of INTA to Next INTA within 160 160 160 ns
an INTA Sequence Only
TWHWL | End of WR to Next WR 190 190 190 ns
N
Tt et oot et o) Jano| |
End of INTA Sequence to Next
INTA Sequence.

*Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A =

1.6 ps, B0B5A-2 = 1 ps, 8086 = 1 ps, 8086-2 = 625 ns)

NOTE:

This is the low time required to clear the input latch in the edge triggered mode.

TIMING RESPONSES

Symbol Parameter 8259A-8| 8259A | 8259A-21,; 15| Test Conditions
Min | Max | Min | Max | Min | Max
TRLDV |Data Valid from RD/INTA | 300 200 120| ns C of Data Bus =
100 pF
TRHDZ |Data Fioat after RD/INTA 1 10 (200 10 [100{ 10 | 85 | ns |Cof Data Bus
TJHIH | Interrupt Output Dela: 400 350| |300| ns |MaxTestC = 100pF
TIALCV [C : VuIF;uf Fy INTA L Min Test C = 15 pF
ascade Valid from First
(Master Only) 565 565 360| ns [Cyy = 100 pF

TRLEL {Enable Active fromRD { or INTA | 160 125 100 | ns

- — — Ccascape = 100 pF
TRHEH |Enable Inactive from RD T or INTA 1 325 150 150 ns
TAHDV |Data Valid from Stable Address 350 200 200| ns
TCVDV |Cascade Valid to Valid Data 300 300 200| ns
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A.C. TESTING INPUT/OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

24
20 20
:> TEST POINTS <
0.8 0.8
0.45

231468-25

A.C. Testing: Inputs are driven at 2.4V for a logic “1" and 0.45V

for a logic “0". Timing measurements are made at 2.0V for a logic
“1" and 0.8V for a logic “0".

DEVICE

UNDER
TEST

CL = 100 pF

231468-26
C, = 100 pF
Cy Includes Jig Capacitance

WAVEFORMS

WRITE

H

TWLWH

I

TAHWL
cs

ADDAESS BUS

DVWi -TWHOX

DATA BUS

231468-27

2-255




mtel 8250A
WAVEFORMS (Continued)
READ/INTA
[0 S TALRN } %
K
[
— TRLEL — TRNEM
po—TAHRL — TRHAX
a
ADDRESS BUS
Ae
TALOV ——t TRAHDZ
. .
AANS- - —— e e e e = Pem—————
%\
231468-28
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WAVEFORMS (Continued)
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NOTES:
Interrupt output must remain HIGH at least until leading edge of first INTA.
1. Cycle 1 in 8086, 8088 systems, the Data Bus is not active.
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SINGLE/DOUBLE DENSITY FLOPPY DISK CONTROLLER

m IBM Compatible in Both Single and m Data Transfers in DMA or Non-DMA
Double Density Recording Formats Mode

m Programmable Data Record Lengths: m Parallel Seek Operations on Up to Four
128, 256, 512, or 1024 Bytes/Sector Drives

m Multi-Sector and Multi-Track Transfer m Compatible with all Intel and Most
Capability Other Microprocessors

m Drives Up to 4 Floppy or Mini-Floppy m Single-Phase 8 MHz Ciock
Disks m Single +5V Power Supply (+ 10%)

® Controls 8", 5%" and 3% Floppy Disk g Pplastic 40 Pin DIP or 40 Pin CERDIP

rives Packages

The 8272A is an LS| Floppy Disk Controller (FDC) Chip, which contains the circuitry and control functions for
interfacing a processor to 4 Floppy Disk Drives. It is capable of supporting either IBM 3740 single density
format (FM), or IBM System 34 Double Density format (MFM) including double sided recording. The 8272A
provides control signals which simplify the design of an external phase locked loop and write precompensation
circuitry. The FDC simplifies and handles most of the burdens associated with implementing a Floppy Disk
Drive interface. The 8272A is a pin-compatible upgrade to the 8272.

87 oot ” h REQISTERS ResET(] 1 40f) vee
Ap[] 2 39 I RW/SECK
WR[] 3 s[JLcToiR
cs(]4 37 ] FRISTP
<#—— WR CLOCK A] s 36 ] MDL
—— WR DATA
WA ENABLE ogs(] 6 35 Y roy
SERIAL — PRESHIFTO o8] 7 34 ) weiTs
” INTERFACE [-—»- PRESHIFT 1
CONTROLLER [ Mm[] 33 I FLTITRKO
[<~—— READ DATA o8] e 32[]Ps
«—— DATA WINDOW
TNy —= vco SYNC os 1o 8724 55 s,
1 E| oBs (] 11 30 [T] WR DATA
DAG - | READY o8 [] 12 29[ 05y
—=O READ INPUT  [—— WRITE PROTECT/TWO SIDE
[ poRT  |e— iNDEX oe;(]13 287108,
—=c DMA f+— FauLTTRACK 0 14
WA —=d contRoL _I‘ _ora] 27 [JHoseL
Ay —| Loaic DACK[] 15 28 [IMFM
RESET —-} ORIVE |— orive seect o
T ” INTERFACE [— baive sevect ":E 1 it g we
‘ CONTROLLER |- MFM MODE [ 17 24 Voo
Lt outPyT o
vory! | mwiseex INT[] 18 23] RO DATA
[—= HEAD LOAD k] 20w
CLK — — HEAD SELECT
[ rp— [——» Low curReENTIDIRECTION aNo[] 20 21 TWR cik
GND —= [—= FauLT RESETISTEP
210606-2
210606-1

Figure 1. 8272A Internal Block Diagram Figure 2. Pin Configuration

November 1986
3-1 Order Number: 210606-002
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Table 1. Pin Description

Pin Connec-
Symbol No. Type tion To Name and Function

RESET 1 | wP RESET: Piaces FDC in idle state. Resets output lines to FDD to “0”
(low). Does not clear the last specify command.

RD 2 101) pP READ: Control signal for transfer of data from FDC to Data Bus, when
“0" (low).

WR 3 101) uP | WRITE: Control signal for transfer of data to FDC via Data Bus, when
“0” (low).

[} 4 ) uP | CHIP SELECT: IC selected when “0” (low) allowing RD and WR to be
enabled.

Ag 5 1t1) pP DATA/STATUS REGISTER SELECT: Selects Data Reg (Ag = 1) or
Status Reg (Ag = 0) contents to be sent to Data Bus.

DBo-DB7 { 6-13 [1/0(1) uP DATA BUS: Bidirectional 8-Bit Data Bus.

DRQ 14 (o] DMA | DATA DMA REQUEST: DMA Request is being made by FDC when
DRQ “1".3)

DACK 15 | DMA |DMA ACKNOWLEDGE: DMA cycle is active when “0” (low) and
Controller is performing DMA transfer.

TC 16 | DMA | TERMINAL COUNT: Indicates the termination of a DMA transfer when
“1” (high)(@.

IDX 17 | FDD |INDEX: Indicates the beginning of a disk track.

INT 18 (o] uP INTERRUPT: Interrupt Request Generated by FDC.

CLK 19 | CLOCK: Single Phase 8 MHz (4 MHz for mini floppies) Squarewave
Clock.

GND 20 GROUND: D.C. Power Return.

Ve 40 D.C. POWER: +5V

RW/SEEK| 39 [o] FDD | RREAD WRITE/SEEK: When “1” (high) Seek mode selected and when
“0" (low) Read/Write mode selected.

LCT/DIR 38 o FDD |LOW CURRENT/DIRECTION: Lowers Write current on inner tracks in
Read/Write mode, determines direction head will step in Seek mode.

FR/STP 37 (e] FDD |FAULT RESET/STEP: Resets fault FF in FDD in Read/Write mods,
provides step pulses to move head to another cylinder in Sesk mode.

HDL 36 (o] FDD | HEAD LOAD: Command which causes Read/Write head in FDD to
contact diskstte.

RDY 35 | FDD | READY: Indicates FDD is ready to send or receive data. Must be tied
high (gated by the index pulse) for mini floppies which do not normally
have a Ready line.

WP/TS 34 | FDD | WRITE PROTECT/TWO-SIDE: Senses Write Protect status in Read/
Write mode, and Two Side Media in Seek mode.

FLT/TRKO{ 33 | FDD |FAULT/TRACK 0: Senses FDD fault condition in Read/Write mode
and Track O condition in Seek mode.

PS4, PSo (31,321 O FDD | PRECOMPENSATION (PRE-SHIFT): Write precompensation status
during MFM mode. Determines early, late, and normal times.

WRDATA | 30 o FDD | WRITE DATA: Serial clock and data bits to FDD.

DSy,DSy (28,29 O FDD | DRIVE SELECT: Selects FDD unit.
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Table 1. Pin Description (Continued)

Pin Connec-
Symbol No. Type tion To Name and Function

HDSEL 27 o FDD | HEAD SELECT: Head 1 selected when “1” (high) Head 0 selected
when “0" (low).

MFM 26 (o] PLL MFM MODE: MFM mode when “1,” FM mode when “0”.

WE 25 o FDD WRITE ENABLE: Enables write data into FDD.

vCco 24 o PLL VCO SYNC: inhibits VCO in PLL when “0” (low), enables VCO when
oy

RDDATA | 23 | FDD READ DATA: Read data from FDD, containing clock and data bits.

DW 22 | PLL DATA WINDOW: Generated by PLL, and used to sample data from
FDD.

WRCLK | 21 | WRITE CLOCK: Write data rate to FDD FM = 500 kHz, MFM = 1
MHz, with a pulse width of 250 ns for both FM and MFM.
Must be enabled for all operations, both Read and Write.

NOTES:

1. Disabled when CS = 1.

2. TC must be activated to terminate the Execution Phase of any command.
3. DRQ is also an input for certain test modes. It should have a 5 k2 pull-up resistor to prevent activation.

{ SYSTEM BUS y
I DATA
WINDOW
oRQ PLL
RD DATA
WR DATA
, —
.22 DACK 82724 DRIVE
DMA FOC INTERFACE
CONTROLLER INPUT CONTROL
GUTPUT CONTROL )'

TC
TERMINAL
COUNT

210806-3

Figure 3. 8272A System Block Diagram

DESCRIPTION

Hand-shaking signais are provided in the 8272A
which make DMA operation easy to incorporate with
the aid of an external DMA Controller chip, such as
the 8237A. The FDC will operate in either DMA or
Non-DMA mode. In the Non-DMA mode, the FDC
generates interrupts to the processor for every
transfer of a data byte between the CPU and the
8272A. In the DMA mode, the processor need only

load a command into the FDC and all data transfers
occur under control of the 8272A and DMA control-
ler.

There are 15 separate commands which the 8272A
will execute. Each of these commands require multi-
ple 8-bit bytes to fully specify the operation which
the processor wishes the FDC to perform. The fol-
lowing commands are available.

Write Data
Format a Track
Write Deleted Data

Read Data
Read ID
Read Deleted Data

Read a Track Seek
Scan Equal Recalibrate (Restore to
Scan High or Equal Track 0)

Sense Interrupt Status
Sense Drive Status

Scan Low or Equal
Specify

For more information see the Intel Application Notes
AP-116 and AP-121.

FEATURES

Address mark detection circuitry is internal to the
FDC which simplifies the phase locked loop and
read electronics. The track stepping rate, head load
time, and head unload time may be programmed by
the user. The 8272A offers many additional features
such as multiple sector transfers in both read and
write modes with a single command, and full IBM
compatibility in both single (FM) and double density
(MFM) modes.

3-3
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8272A ENHANCEMENTS

On the 8272A, after detecting the Index Pulse, the
VCO Sync output stays low for a shorter period of
time. See Figure 4a.

On the 8272 there can be a problem reading data
when Gap 4A is 00 and there is no IAM. This occurs
on some older floppy formats. The 8272A cures this
problem by adjusting the VCO Sync timing so that it
is not low during the data field. See Figure 4b.

Track GepeafiaM]  @apt [0 ] Gapz | Daa
Index Pulte ——— 1
8272 VCO Sync
8212AVCO Syne . ¥ vt
2106064

*560 us in FM mode; 527 us in MFM mode

a. Margin on the Index Pulse

Track Gapsa0) [ 1D Gap2 Dats
Index Pulse
8272 _—_ —
VCO Syne
8272
V08 Syne T
210606-5

b. Ability to Read Data
When Gap 4A Contains 00

Figure 4. 8272A Enhancements over the 8272

8272A REGISTERS—CPU INTERFACE

The 8272A contains two registers which may be ac-
cessed by the main system processor; a Status Reg-
ister and a Data Register. The 8-bit Main Status
Register contains the status information of the FDC,
and may be accessed at any time. The 8-bit Data
Register (actually consists of several registers in a
stack with only one register presented to the data
bus at a time), stores data, commands, parameters,
and FDD status information. Data bytes are read out
of, or written into, the Data Register in order to pro-
gram or obtain the results after execution of a com-
mand. The Status Register may only be read and is
used to facilitate the transfer of data between the
processor and 8272A.

The relationship between the Status/Down registers
and the signals RD, WR, and Ag is shown in Table 2.

Table 2. Ag, RD, WR Decoding for the Selection
of Status/Data Register Functions.

Ao { RD | WR Function

0 0 1 Read Main Status Register
0 1 o] lilegal(1}

0 0 0 iilegai()

1 0 0 liegal(1)

1 0 1 Read from Data Register

1 1 0 Write into Data Register

NOTE:

1. Design must guarantee that the 8272A is not subjected
to illegal inputs.

The Main Status Register bits are defined in Table 3.



|ntel 8272A

Table 3. Main Status Register Bit Description

Bit Number Name Symbol Description
Do FDD 0 Busy DoB FDD number 0 is in the Seek mode.
D FDD 1 Busy D4B FDD number 1 is in the Seek mode.
Dy FDD 2 Busy DoB FDD number 2 is in the Seek mode.
D3 FDD 3 Busy D3B FDD number 3 is in the Seek mode.
Dy4 FDC Busy CB A read or write command is in process.
Ds Non-DMA Mode NDM The FDG is in the non-DMA mode. This bit is set only

during the execution phase in non-DMA mode.
Transition to ‘0" state indicates execution phase has
ended.

De Data Input/Output DIO Indicates direction of data transfer between FDC and
Data Register. If DIO = “1” then transfer is from Data
Register to the Processor. If DIO = “0”, then transfer
is from the Processor to Data Register.

Dy Request for Master RQM Indicates Data Register is ready to send or receive
data to or from the Processor. Both bits DIO and RQM
should be used to perform the handshaking functions
of “ready” and “direction’ to the processor.

The DIO and RQM bits in the Status Register indicate when Data is ready and in which direction data will be
transferred on the Data Bus.

NOTE:
There is a 12 us or 24us RQM flag delay when using an 8 or 4 MHz clock respectively.

OUT OF FDC AND INTO PROCESSOR

DATA IN-OUT
(D10}
OUY OF PROCESSOR AND INTO FOC

READY

REQUEST
FOR MASTER NOY
o READY
wR L
L] l L
[ s | 8| & c [ c [ole] a

210606-6

NOTES:

A—Data register ready to be written into by processor

B—Data register not ready to be written into by processor

C—Data register ready for next data byte to be read by the processor
D-—Data register not ready for next data byte to be read by processor

Figure 5. Status Register Timing
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The 8272A is capable of executing 15 different com-
mands. Each command is initiated by a multi-byte
transfer from the processor, and the result after exe-
cution of the command may also be a multi-byte
transfer back to the processor. Because of this mul-
ti-byte interchange of information between the
8272A and the processor, it is convenient to consid-
er each command as consisting of three phases:

Command Phase: The FDC receives all information
required to perform a particular
operation from the processor.
The FDC performs the operation
it was instructed to do.

After completion of the opera-
tion, status and other house-
keeping information are made
available to the processor.

Execution Phase:

Result Phase:

During Command or Result Phases the Main Status
Register (described in Table 3) must be read by the
processor before each byte of information is written
into or read from the Data Register. Bits D6 and D7
in the Main Status Register must be in a 0 and 1
state, respectively, before each byte of the com-
mand word may be written into the 8272A. Many of
the commands require multiple bytes, and as a re-
sult the Main Status Register must be read prior to
each byte transfer to the 8272A. On the other hand,
during the Result Phase, D6 and D7 in the Main
Status Register must both be 1’s (D6 = 1 and D7 =
1) before reading each byte from the Data Register.

NOTE:
This reading of the Main Status Register before
each byte transfer to the 8272A is required in only
the Command and Result Phases, and NOT during
the Execution Phase.

During the Execution Phase, the Main Status Regis-
ter need not be read. If the 8272A is in the non-DMA
Mode, then the receipt of each data byte (if 8272A is
reading data from FDD) is indicated by an interrupt
signal on pin 18 (INT = 1). The generation of a
Read signal (RD = 0) will reset the interrupt as well
as output the Data onto the Data Bus. For example,
if the processor cannot handle Interrupts fast
enough (every 13 us for MFM mode) then it may poll
the Main Status Register and then bit D7 (RQM)
functions just like the Interrupt signal. If a Write
Command is in process, then the WR signal per-
forms the reset to the Interrupt signal.

The 8272A always operates in a muiti-sector trans-
fer mode. It continues to transfer data until the TC
input is active. In Non-DMA Mode, the system must
supply the TC input.

If the 8272A is in the DMA Mode, no Interrupts are
generated during the Execution Phase. The 8272A
generates DRQ’s (DMA Requests) when each byte
of data is available. The DMA Controller responds to
this request with both a DACK = 0 (DMA Acknowl-
edge) and a RD = 0 (Read signal). When the DMA
Acknowledge signal goes low (DACK = 0) then the
DMA Request is reset (DRQ = 0). If a Write Com-
mand has been programmed then a WR signal will
appear instead of RD. After the Execution Phase
has been completed (Terminal Count has occurred)
then an Interrupt will occur (INT = 1). This signifies
the beginning of the Result Phase. When the first
byte of data is read during the Result Phase, the
Interrupt is automatically reset (INT = 0).

It is important to note that during the Result Phase
all bytes shown in the Command Table must be
read. The Read Data Command, for example has
seven bytes of data in the Result Phase. All seven
bytes must be read in order to successfully complete
the Read Data Command. The 8272A will not accept
a new command until all seven bytes have been
read. Other commands may require fewer bytes to
be read during the Result Phase.

The 8272A contains five Status Registers. The Main
Status Register mentioned above may be read by
the processor at any time. The other four Status
Registers (STO, ST1, ST2, and ST3) are only avail-
able during the Result Phase, and may be read only
after successfully completing a command. The par-
ticular command which has been executed deter-
mines how many of the Status Registers will be
read.

The bytes of data which are sent to the 8272A to
form the Command Phase, and are read out of the
8272A in the Result Phase, must occur in the order
shown in the Table 4. That is, the Command Code
must be sent first and the other bytes sent in the
prescribed sequence. No foreshortening of the
Command or Result Phases are allowed. After the
last byte of data in the Command Phase is sent to
the 8272A, the Execution Phase automatically
starts. in a similar fashion, when the last byte of
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Table 4. 8272A Command Set

Phase R/W Data Bus Remarks
D7 Dg Ds Dy D3 D2 D4 Do
READ DATA
Command W MT MFM  SK 0 0 1 1 0 Command Codes
w 0 0 0 0 0 HDS DSt DSO
w o] Sector ID Information
w H Prior to Command
w R Execution
w N
w EOT
w GPL
w DTL
Execution Data Transfer
Between the FDD
and Main-System
Resuilt R STO Status Information
R ST1 After Command
R 8T2 Execution
R C
R H Sector ID Information
R R After Command
R N Execution
READ DELETED DATA
Command w MT MFM  SK 0 1 1 0 0 Command Codes
w 0 0 0 0 0 HDS DSt DS0
w C Sector D Information
w H Prior to Command
w R Execution
w N
w EOT
w GPL
w DTL
Execution Data Transfer
Between the FDD
and Main-System
Result R STO Status Information
R STH1 After Command
R ST2 Execution
R o]
R H Sector ID Information
R R After Command
R N Execution

37
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Table 4. 8272A Command Set (Continued)

Phase | R/W Data Bus Remarks
Dy Dg D5 Dy D3 D2 D4 Do
WRITE DATA
Command w MT MFM 0 0 0 1 0 1 Command Codes
w 0 0 0 0 0 HDS DS1 DSO
w C Sector ID Information
w H Prior to Command
w R Execution
w N
w EOT
w GPL
w DTL
Execution Data Transfer
Between the Main-
System and FDD
Result R STO Status Information
R ST1 After Command
R 8T2 Execution
R [¢]
R H Sector iD Information
R R After Command
R N Execution
WRITE DELETED DATA
Command w MT  MFM 0 0 1 0 0 1 Command Codes
w 0 0 0 0 0 HDS DS1 DSo
w C Sector ID information
w H Prior to Command
w R Execution
w N
w EOT
w GPL
w DTL
Execution Data Transfer
Between the FDD
and Main-System
Result R sTO Status Information
R ST1 After Command
R ST2 Execution
R (o]
R H Sector ID Information
R R After Command
R N Execution

3-8
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Table 4. 8272A Cc

d Set (Continued)

Phase R/W Data Bus Remarks
D D Ds D4 D3 D, D4 Do
READ A TRACK
Command W 0 MFM  SK 0 0 0 1 0 Command Codes
w 0 0 0 0 0 HDS DSt DSo
w C Sector ID Information
w H Prior to Command
w R Execution
w N
w EOT
w GPL
w DTL
Execution Data Transfer
Between the FDD
and Main-System.
FDC Reads all of
Cylinders Contents
from Index Hole to
EOT
Result R STo Status Information
R ST1 After Command
R ST2 Execution
R [o]
R H Sector ID Information
R R After Command
R N Execution
READ ID
Command w 0 MFM 0 0 1 0 1 0 Commands
w 0 0 0 0 0 HDS DS1 DSo
Execution The First Correct ID
Information on the
Cylinder is Stored in
Data Register
Result R STO Status Information
R ST1 After Command
R 8T2 Execution
R Cc
R H Sector ID Information
R R During Execution
R N Phase
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Table 4. 8272A Command Set (Continued)

Phase R/W Data Bus Remarks
Dy Dg Ds Dy D3 D2 D4 Do
FORMAT A TRACK
Command w 0 MFM 0 0 1 1 0 1 Command Codes
w 0 0 0 0 0 HDS DS1 DSO
w . N Bytes/Sector
W SC Sectors/Cylinder
w _— GPL Gap 3
w - D Filler Byte
Execution
FDC Formats an
Entire Cylinder
Result R - SsTo Status Information
R ST1 After Command
R - ST2 Execution
R I Cc
R H In This Case, the ID
R —_ R Information has no
R N Meaning
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Table 4. 8272A Command Set (Continued)

Phase R/W Data Bus Remarks
Dy D¢ Ds Dg D3 D, D4 Do
SCAN EQUAL
Command W MT MFM  SK 1 0 0 0 1 Command Codes
w 0 0 0 0 0 HDS DS1 DSO
w C Sector ID Information
w H Prior to Command
w R Execution
w N
w EOT
w GPL
w STP
Execution Data Compared
Between the FDD
and Main-System
Result R STO Status Information
R ST1 After Command
R §T2 Execution
R [¢]
R H Sector ID Information
R R After Command
R N Execution
SCAN LOW OR EQUAL
Command w MT MFM  SK 1 1 0 0 1 Command Codes
w 0 0 0 0 0 HDS DSt DSoO
w C Sector D Information
W H Prior to Command
w R Execution
w N
w EOT
w GPL
w STP
Execution Data Compared
Between the FDD
and Main-System
Result R STO Status Information
R ST 1 After Command
R ST2 Execution
R Cc
R H Sector ID Information
R R After Command
R N Execution

311
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Tabie 4. 8272A Command Set (Continued)

Phase R/W Data Bus Remarks
Dy Dg Ds Dy D3 Do D4 Do
SCAN HIGH OR EQUAL
Command W MT MFM  SK 1 1 1 0 1 Command Codes
w 0 0 o] 0 0 HDS DS1 DSO
w C Sector ID Information
w H Prior to Command
W R Execution
w N
w EOT
w GPL
w STP
Execution Data Compared
Between the FDD
and Main-System
Result R §TO Status Information
R ST1 After Command
R ST2 Execution
R C
R H Sector ID Information
R R After Command
R N Execution
RECALIBRATE
Command W 0 0 0 0 0 1 1 1 Command Codes
w 0 0 0 0 0 0 Ds1 DSo
Execution Head Retracted to
Track 0
SENSE INTERRUPT STATUS
Command 4 0 0 0 0 1 0 0 0 Command Codes
Result R STO Status Information at
R PCN the End of Each Seek
Operation About the
FDC
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Table 4. 8272A Command Set (Continued)

Phase | R/W Data Bus Remarks
Dy Dg Ds Dy D3 D Dy Do
SPECIFY
Command w 0 0 0 0 0 0 1 1 Command Godes
w —_ SRT > < HUT
w — HLT > ND
SENSE DRIVE STATUS
Command w 0 0 [ (] 0 1 0 (] Command Codes
W 0 0 0 (4] 0 HDS DSi1 DSo
Result R ST3 Status Information
about FDD
SEEK
Command w 0 0 0 0 1 1 1 1 Command Codes
w 0 0 0 0 0 HDS DS1 DSO
w NCN
Execution Head is Positioned
Over Proper Cylinder
on Diskette
INVALID
Command w Invalid Codes Invalid Command
Codes (NoOp—FDC
Goes Into Standby
State)
Result R STO STO =80
(16)
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Table 5. Command Mnemonics

Symbol Name Description

Ag Address Line 0 Ag controls selection of Main Status Register (A9 = 0) or Data Register
(Ag = 1).

C Cylinder Number | C stands for the current selected Cylinder track number 0 through 76 of
the medium.

D Data D stands for the data pattern which is going to be written into a Sector.

D7-Dg Data Bus 8-bit Data bus where D7 is the most significant bit, and Dy is the least
significant bit.

DS0, DS1 | Drive Select DS stands for a selected drive number 0 or 1.

DTL Data Length When N is defined as 00, DTL stands for the data length which users are
going to read out or write into the Sector.

EOT End of Track EOT stands for the final Sector number of a Cylinder.

GPL Gap Length GPL stands for the length of Gap 3 (spacing between Sectors excluding
VCO Sync Field).

H Head Address H stands for head number O or 1, as specified in ID field.

HDS Head Select HDS stands for a selected head number 0 or 1 (H = HDS in all command
words).

HLT Head Load Time HLT stands for the head load time in the FDD (2 to 254 ms in 2 ms
increments).

HUT Head Unload Time | HUT stands for the head unload time after a read or write operation has
occurred (16 to 240 ms in 16 ms increments).

MFM FM or MFM Mode | if MF is low, FM mode is selected and if it is high, MFM mode is selected.

MT Multi-Track If MT is high, a multi-track operation is to be peformed (a cylinder under
both HDO and HD1 will be read or written).

N Number N stands for the number of data bytes written in a Sector.

NCN New Cylinder NCN stands for a new Cylinder number, which is going to be reached as a

Number result of the Seek operation. Desired position of Head.
ND Non-DMA Mode ND stands for operation in the Non-DMA Mode.
PCN Present Cylinder PCN stands for the Cylinder number at the completion of SENSE
Number INTERRUPT STATUS Command. Position of Head at present time.

R Record R stands for the Sector number, which will be read or written.

R/W Read/Write R/W stands for either Read (R) or Write (W) signal.

SC Sector SC indicates the number of Sectors per Cylinder.

SK Skip SK stands for Skip Deleted Data Address Mark.

SRT Step Rate Time SRT stands for the Stepping Rate for the FOD (1 to 16 msin 1 ms

increments). The same Stepping Rate applies to all drives (F = 1 ms,
E = 2ms, etc.).

3-14
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Table 5. Command Mnemonics (Continued)

Symbol Name Description

STO Status 0 ST 0-3 stand for one of four registers which store the status information after

ST1 Status 1 a command has been executed. This information is available during the result

sT2 Status 2 phase after command execution. These registers should not be confused with

ST3 Status 3 the main status register (selected by Ag = 0). ST 0-3 may be read only after
a command has been executed and contain information relevant to that
particular command.

STP During a Scan operation, if STP = 1, the data in contiguous sectors is
compared byte by byte with data sent from the processor (or DMA), and if
STP = 2, then alternate sectors are read and compared.

data is read out in the Result Phase, the command is
automatically ended and the 8272A is ready for a
new command. A command may be aborted by sim-
ply sending a Terminal Count signal to pin 16
(TC=1). This is a convenient means of ensuring that
the processor may always get the 8272A’s attention
even if the disk system hangs up in an abnormal
manner.

POLLING FEATURE OF THE 8272A

After power-up RESET, the Drive Select Lines DSO
and DS1 will automatically go into a polling mode. In
between commands (and between step pulses in
the SEEK command) the 8272A polis all four FODs
looking for a change in the Ready line from any of
the drives. If the Ready line changes state (usually
due to a door opening or closing) then the 8272A will
generate an interrupt. When Status Register 0 (ST0)
is read (after Sense Interrupt Status is issued), Not
Ready (NR) wili be indicated. The polling of the
Ready line by the 8272A occurs continuously be-
tween instructions, thus notifying the processor
which drives are on or off line. Approximate scan
timing is shown in Table 6.
Table 6. Scan Timing

DS1 DSo Approximate Scan Timing
0 0 220 ps
0 1 220 ps
1 0 220 ps
1 1 440 ps

COMMAND DESCRIPTIONS

During the Command Phase, the Main Status Regis-
ter must be polled by the CPU before each byte is
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written into the Data Register. The DIO (DB6) and
RQM (BD7) bits in the Main Status Register must be
in the “0” and “1” states respectively, before each
byte of the command may be written into the 8272A.
The beginning of the execution phase for any of
these commands will cause DIO and RQM to switch
to “1” and “0” states respectively.

READ DATA

A set of nine (9) byte words are required to place the
FDC into the Read Data Mode. After the Read Data
command has been issued the FDC loads the head
(if it is in the unloaded state), waits the specified
head settling time (defined in the Specify Com-
mand), and begins reading ID Address Marks and ID
fields. When the current sector number (“‘R”) stored
in the ID Register (IDR) compares with the sector
number read off the diskette, then the FDC outputs
data (from the data field) byte-by-byte to the main
system via the data bus.

After completion of the read operation from the cur-
rent sector, the Sector Number is incremented by
one, and the data from the next sector is read and
output on the data bus. This continuous function is
called a “Multi-Sector Read Operation.” The Read
Data Command must be terminated by the receipt of
a Terminal Count signal. Upon receipt of this signal,
the FDC stops outputting data to the processor, but
will continue to read data from the current sector,
check CRC (Cyclic Redundancy Count) bytes, and
then at the end of the sector terminate the Read
Data Command.

The amount of data which can be handled with a
single command to the FDC depends upon MT (mui-
ti-track), MFM (MFM/FM), and N (Number of Bytes/
Sector). Table 7 on the next page shows the Trans-
fer Capacity.
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Table 7. Transfer Capacity

Multi-Track | MFM/FM | Bytes/Sector Maximum Transfer Capacity Final Sector Read
MT MFM N (Bytes/Sector)(N of Sectors) from Diskette
0 0 00 (128)(26) = 3,328 26 at Side 0
0 01 (256)(26) = 6,656 or 26 at Side 1

1 0 00 (128)(52) = 6,656 <

1 1 01 (256) (52) = 13,312 26 at Side 1
0 0 01 (256) (15) = 3,840 15 at Side 0
0 1 02 (512)(15) = 7,680 or 15 at Side 1
1 0 01 (256)(30) = 7,680 .

1 1 02 (512)(30) = 15360 15atSide 1
0 0 02 512)(8) = 4,096 8 at Side 0
0 1 03 (1024) 8) = 8,192 or 8 at Side 1
1 0 02 (512)(16) = 8,192 ,

1 1 03 (1024) (16) = 16,384 8 at Side 1

The “multi-track” function (MT) allows the FDC to
read data from both sides of the diskette. For a par-
ticular cylinder, data will be transferred starting at
Sector 1, Side 0 and completing at Sector L, Side 1
(Sector L = last sector on the side).

NOTE:
This function pertains to only one cylinder (the
same track) on each side of the diskette.

When N 0, then DTL defines the data length
which the FDC must treat as a sector. if DTL is
smaller than the actual data length in a Sector, the
data beyond DTL in the Sector is not sent to the
Data Bus. The FDC reads (internally) the complete
Sector performing the CRC check, and depending
upon the manner of command termination, may per-
form a Multi-Sector Read Operation. When N is non-
zero, then DTL has no meaning and should be set to
OFFH.

At the completion of the Read Data Command, the
head is not unloaded until after Head Unload Time
Interval (specified in the Specify Command) has
elapsed. If the processor issues another command
before the head unioads then the head settling time
may be saved between subsequent reads. This time
out is particularly valuable when a diskette is copied
from one drive to another.

If the FDC detects the Index Hole twice without find-
ing the right sector, (indicated in “R"), then the FDC
sets the ND (No Data) flag in Status Register 1 to a
1 (high), and terminates the Read Data Command.
(Status Register 0 also has bits 7 and 6 set to 0 and
1 respectively.)
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After reading the ID and Data Fields in each sector,
the FDC checks the CRC bytes. If a read error is
detected (incorrect CRC in ID field), the FDC sets
the DE (Data Error) flag in Status Register 1 to a 1
(high), and if a CRC error occurs in the Data Field
the FDC also sets the DD (Data Error in Data Field)
flag in Status Register 2 to a 1 (high), and terminates
the Read Data Command. (Status Register 0 also
has bits 7 and 6 set to 0 and 1 respectively.)

If the FDC reads a Deleted Data Address Mark off
the diskette, and the SK bit (bit D5 in the first Com-
mand Word) is not set (SK = 0), then the FDC sets
the CM (Control Mark) flag in Status Register 2 to a
1 (high), and terminates the Read Data Command,
after reading all the data in the Sector. If SK = 1,
the FDC skips the sector with the Deleted Data Ad-
dress Mark and reads the next sector.

During disk data transfers between the FDC and the
processor, via the data bus, the FDC must be serv-
iced by the processor every 27 us in the FM Mode,
and every 13 us in the MFM Modes, or the FDC sets
the OR (Over Run) flag in Status Register 1 to a 1
(high), and terminates the Read Data Command.

If the processor terminates a read (or write) opera-
tion in the FDC, then the ID Information in the Result
Phase is dependent upon the state of the MT bit and
EOT byte. Table 5 shows the values for C, H, R, and
N, when the processor terminates the Command.
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Table 8. ID Information When Processor Terminates Command

Final Sector Transferred to ID Information at Result Phase
MT EOT P — .
rocessor c H R N
1A Sector 1 to 25 at Side 0
OF Sector 1 to 14 at Side 0 NC NC R+ 1 NC
08 Sector 1 to 7 at Side 0
1A Sector 26 at Side 0
OF Sector 15 at Side 0 C+1 NC R =01 NC
0 08 Sector 8 at Side 0
1A Sector 1 to 25 at Side 1
OF Sector 1 to 14 at Side 1 NC NC R+ 1 NC
08 Sector 1 to 7 at Side 1
1A Sector 26 at Side 1
OF Sector 15 at Side 1 C+1 NC R =01 NC
08 Sector 8 at Side 1
1A Sector 1 to 25 at Side 0
OF Sector 1 to 14 at Side 0 NC NC R+ 1 NC
08 Sector 1 to 7 at Side 0
1A Sector 26 at Side 0
OF Sector 15 at Side 0 NC Ls8 R =01 NC
1 08 Sector 8 at Side 0
1A Sector 1 to 25 at Side 1
OF Sector 1 to 14 at Side 1 NC NC R+1 NC
08 Sector 1 to 7 at Side 1
1A Sector 26 at Side 1
OF Sector 15 at Side 1 C+1 LSB R =01 NC
08 Sector 8 at Side 1
NOTES:

1. NC (No Change): The same valus as the one at the beginning of command execution.
2. LSB (Least Significant Bit): The least significant bit of H is complemented.

WRITE DATA

A set of nine (9) bytes are required to set the FDC
into the Write Data mode. After the Write Data com-
mand has been issued the FDC loads the head (if it
is in the uniocaded state), waits the specified head
settling time (defined in the Specify Command), and
begins reading ID Fields. When the current sector
number (“R”), stored in the ID Register (IDR) com-
pares with the sector number read off the diskette,
then the FDC takes data from the processor byte-
by-byte via the data bus, and outputs it to the FDD.

After writing data into the current sector, the Sector
Number stored in “R” is incremented by one, and
the next data field is written into. The FDC continues
this “Muiti-Sector Write Operation” until the issu-
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ance of a Terminal Count signal. If a Terminal Count
signal is sent to the FDC it continues writing into the
current sector to complete the data field. If the Ter-
minal Count signal is received while a data field is
being written then the remainder of the data field is
filled with 00 (zeros).

The FDC reads the ID field of each sector and
checks the CRC bytes. If the FDC detects a read
error (incorrect CRC) in one of the ID Fields, it sets
the DE (Data Error) flag of Status Register 1 to a 1
(high), and terminates the Write Data Command.
(Status Register 0 also has bits 7 and 6 set to 0 and
1 respectively.)

The Write Command operates in much the same
manner as the Read Command. The following items
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are the same; refer to the Read Data Command for
details:

e Transfer Capacity

® EN (End of Cylinder) Flag

* ND (No Data) Flag

® Head Unload Time Interval

e ID Information when the processor terminates
command (see Table 2)

o Definition of DTL when N = 0 and when N # 0

In the Write Data mode, data transfers between the
processor and FDC must occur every 31 us in the
FM mode, and every 15 us in the MFM mode. If the
time interval between data transfers is longer than
this then the FDC sets the OR (Over Run) flag in
Status Register 1 to a 1 (high), and terminates the
Write Data Command.

For mini-floppies, multiple track writes are usually
not permitted. This is because of the turn-off time of
the erase head coils—the head switches tracks be-
fore the erase head turns off. Therefore the system
should typically wait 1.3 ms before attempting to
step or change sides.

WRITE DELETED DATA

This command is the same as the Write Data Com-
mand except a Deleted Data Address Mark is written
at the beginning of the Data Field instead of the nor-
mal Data Address Mark.

READ DELETED DATA

This comimand is the same as the Read Data Com-
mand except that when the FDC detects a Data Ad-
dress Mark at the beginning of a Data Field (and
SK = 0 (low)), it will read all the data in the sector
and set the CM flag in Status Register 2 to a 1
(high), and then terminate the command. if SK = 1,
then the FDC skips the sector with the Data Address
Mark and reads the next sector.

READ A TRACK

This command is similar to READ DATA Command
except that the entire data field is read continuously
from each of the sectors of a track. Immediately af-
ter encountering the INDEX HOLE, the FDC starts
reading all data fields on the track as continuous
blocks of data. If the FDC finds an error in the ID or
DATA CRC check bytes, it continues to read data
from the track. The FDC compares the ID informa-
tion read from each sector with the value stored in
the IDR, and sets the ND flag of Status Register 1 to
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a 1 (high) if there is no comparison. Multi-track or
skip operations are not allowed with this command.

This command terminates when EOT number of
sectors have been read. If the FDC does not find an
ID Address Mark on the diskette after it encounters
the INDEX HOLE for the second time, then it sets
the MA (missing address mark) flag in Status Regis-
ter 1 to a 1 (high), and terminates the command.
(Status Register 0 has bits 7 and 6 set to 0 and 1
respectively.)

READ ID

The READ ID Command is used to give the present
position of the recording head. The FDC stores the
values from the first ID Field it is able to read. If no
proper ID Address Mark is found on the diskette,
before the INDEX HOLE is encountered for the sec-
ond time then the MA (Missing Address Mark) flag in
Status Register 1 is set to a 1 (high), and if no data is
found then the ND (No Data) flag is also set in
Status Register 1 to a 1 (high) and the command is
terminated.

FORMAT A TRACK

The Format Command allows an entire track to be
formatted. After the INDEX HOLE is detected, Data
is written on the Diskette: Gaps, Address Marks, |D
Fields and Data Fields, all per the IBM System 34
(Double Density) or System 3740 (Single Density)
Format are recorded. The particular format which
will be written is controlled by the values pro-
grammed into N (number of bytes/sector), SC (sec-
tors/cylinder), GPL (Gap Length), and D (Data Pat-
tern) which are supplied by the processor during the
Command Phase. The Data Field is filled with the
Byte of data stored in D. The ID Field for each sector
is supplied by the processor; that is, four data re-
quests per sector are made by the FDC for C (Cylin-
der Number), H(Head Number), R(Sector Number)
and N(Number of Bytes/Sector). This allows the
diskette to be formatted with nonsequential sector
numbers, if desired.

After formatting each sector, the processor must
send new values for C, H, R, and N to the 8272A for
each sector on the track. The contents of the R Reg-
ister is incremented by one after each sector is for-
matted, thus, the R register contains a value of R +
1 when it is read during the Result Phase. This incre-
menting and formatting continues for the whole
track until the FOC encounters the INDEX HOLE for
the second time, whereupon it terminates the com-
mand.
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If a FAULT signal is received from the FDD at the
end of a write operation, then the FDC sets the EC
flag of Status Register 0 to a 1 (high), and termi-
nates the command after setting bits 7 and 6 of
Status Register 0 to 0 and 1 respectively. Also the
loss of a READY signal at the beginning of a com-

mand execution phase causes command termina-
tion.

Table 9 shows the relationship between N, SC, and
GPL for various sector sizes:

Table 9. Sector Size Relationships

Format | BYtes/ 8" Floppy Bytes/ 5%," Floppy Bytes/ 3'%" Mini Floppy
Sector | N [ sC | GPL(1) | GPL(2) | Sector | N | SC [ GPL(") [ GPL(2) | Sector | N | SC | GPL(1) | GPL(2)
FM 128 [00[1A| 07 1B 128 00| 12| 07 09 128 [0 |OF | 07 1B
Mode 256 |01|OF| OE 2A 128 (00| 10| 10 19 — == = —
512 (02| 08| 1B 3A 256 |01|08| 18 30 256 {1109 | OF 2A
1024 (03[ 04| 47 8A 512 (02|04 46 87 512 [2]05| 1B 3A
2048 (04|02 C8 FF | 1024 |03|02| c8 FF — == - —
4096 [05/01] C8 FF | 2048 04| 01| C8 FF — =] =] = —
MPM 256 |01{1A| OE 36 256 (01|12 oA oc 256 | 1|0OF| CE 36
Mode 512 [02|OF| 1B 54 256 |01 10| 20 32 —|~]=] = —
1024 |03| 08| 35 74 512 |o2| 08| 2A 50 512 (2|09 | 1B 54
2048 04|04 | 99 FF | 1024 [03|04| 80 FO | 1024 |3 |05| 35 74
4096 (05|02 cs FF 2048 104 | 02 cs FF — [~ — —_ —_
8192 06| 01| C8 FF | 4096 |05|/01| c8 FF —i—|=] = —
NOTES:

1. Suggested values of GPL in Read or Write Commands to avoid splice point between data field and ID field of contiguous

sections.
2. Suggested values of GPL in format command.

SCAN COMMANDS

The SCAN Commands allow data which is being
read from the diskette to be compared against data
which is being supplied from the main system (Proc-
essor in NON-DMA mode, and DMA Controller in
DMA mode). The FDC compares the data on a byte-
by-byte basis, and looks for a sector of data which
meets the conditions of Dppp = Dprocessor DFDD <
Dprocessors O DFpb 2 Dprogessor- Ones_comple-
ment arithmetic is used for comparison (FF = larg-
est number, 00 = smallest number). After a whole

sector of data is compared, if the conditions are not
met, the sector number is incremented (R + STP
—> R), and the scan operation is continued. The
scan operation continues until one of the following
conditions occur; the conditions for scan are met
(equal, low, or high), the last sector on the track is
reached (EOT), or the terminal count signal is re-
ceived.

If the conditions for scan are met then the FDC sets
the SH (Scan Hit) flag of Status Register 2 to a 1
(high), and terminates the Scan Command. If the

Table 10. Scan Status Codes

Status Register 2

Command Comments
Bit2 = SN Bit3 = SH
Drpp = Dprocessor
Scan Equal
d Depp # Dprocessor

Scan Low or Equal

Drpp = Dprocessor
Depp < Dprocessor
Drpp * Dprocessor

Scan High or Equal

o000 l=0

Drpp = Dprocessor
Drpp > Derocessor
Drpp < Derocessor

CO=2 |00 2 |0

3-19



ntel

8272A

conditions for scan are not met between the starting
sector (as specified by R) and the last sector on the
cylinder (EOT), then the FDC sets the SN (Scan Not
Satisfied) flag of Status Register 2 to a 1 (high), and
terminates the Scan Command. The receipt of a
TERMINAL COUNT signai from the Processor or
DMA Controller during the scan operation will cause
the FDC to complete the comparison of the particu-
lar byte which is in process, and then to terminate
the command. Table 10 shows the status of bits SH
and SN under various conditions of SCAN.

If the FDC encounters a Deleted Data Address Mark
on one of the sectors (and SK = 0), then it regards
the sector as the last sector on the cylinder, sets CM
(Control Mark) flag of Status Register 2 to a 1 (high)
and terminates the command. If SK = 1, the FDC
skips the sector with the Deleted Address Mark, and
reads the next sector. In the second case (SK = 1),
the FDC sets the CM (Control Mark) flag of Status
Register 2 to a 1 (high) in order to show that a Delet-
ed Sector had been encountered.

When either the STP (contiguous sectors STP = 01,
or alternate sectors STP = 02 sectors are read) or
the MT (Multi-Track) are programmed, it is neces-
sary to remember that the last sector on the track
must be read. For example, if STP = 02, MT = 0,
the sectors are numbered sequentially 1 through 26,
and we start the Scan Command at sector 21; the
following will happen. Sectors 21, 23, and 25 will be
read, then the next sector (26) will be skipped and
the Index Hole will be encountered before the EOT
value of 26 can be read. This will resuit in an abnor-
mal termination of the command. lf the EOT had
been set at 25 or the scanning started at sector 20,
then the Scan Command would be completed in a
normal manner.

During the Scan Command data is supplied by either
the processor or DMA Controller for comparison
against the data read from the diskette. In order to
avoid having the OR (Over Run) flag set in Status
Register 1, it is necessary to have the data available
in less than 27 us (FM Mode) or 13 ps (MFM Mods).
If an Overrun occurs the FDC terminates the com-
mand.

SEEK

The read/write within the FOD is moved from cylin-
der to cylinder under control of the Seek Command.
The FDC compares the PCN (Present Cylinder Num-
ber) which is the current head position with the NCN
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(New Cylinder Number), and performs the foliowing
operation if there is a difference:

PCN < NCN: Direction signal to FDD set to a 1
(high), and Step Pulses are issued. (Step In.)

PCN > NCN: Direction signal to FDD set to a 0
(low), and Step Pulses are issued. (Step Out.)

The rate at which Step Pulses are issued is con-
trolled by SRT (Stepping Rate Time) in the SPECIFY
Command. After each Step Pulse is issued NCN is
compared against PCN, and when NCN = PCN,
then the SE (Seek End) flag is set in Status Register
0 to a 1 (high), and the command is terminated.

During the Command Phase of the Seek operation
the FDC is in the FDC BUSY state, but during the
Execution Phase it is in the NON BUSY state. While
the FDC is in the NON BUSY state, another Seek
Command may be issued, and in this manner paral-
lel seek operations may be done on up to 4 Drives at
once.

If an FDD is in a NOT READY state at the beginning
of the command execution phase or during the seek
operation, then the NR (NOT READY) flag is set in
Status Register 0 to a 1 (high), and the command is
terminated.

Note that the 8272A Read and Write Commands do
not have implied Seeks. Any R/W command should
be preceded by: 1) Seek Command; 2) Sense inter-
rupt Status; and 3) Read ID.

RECALIBRATE

This command causes the read/write head within
the FDD to retract to the Track O position. The FDC
clears the contents of the PCN counter, and checks
the status of the Track 0 signal from the FDD. As
long as the Track O signal is low, the Dirsction signal
remains 1 (high) and Step Pulses are issued. When
the Track 0 signal goes high, the SE (SEEK END)
flag in Status Register O is set to a 1 (high) and the
command is terminated. If the Track 0 signal is still
low after 77 Step Pulses have been issued, the FDC
sets the SE (SEEK END) and EC (EQUIPMENT
CHECK) flags of Status Register 0 to both 1s
(highs), and terminates the command.

The ability to overlap RECALIBRATE Commands to
multiple FDDs, and the loss of the READY signal, as
described in the SEEK Command, also applies to
the RECALIBRATE Command.
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SENSE INTERRUPT STATUS

An Interrupt signal is generated by the FDC for one
of the following reasons:

1) Upon entering the Result Phase of:
a) Read Data Command
b) Read a Track Command
c) Read ID Command
d) Read Deleted Data Command
e) Write Data Command
f) Format a Cylinder Command
g) Write Deleted Data Command
h) Scan Commands
2) Ready Line of FDD changes state
3) End of Seek or Recalibrate Command
4) During Execution Phase in the NON-DMA Mode

interrupts caused by reasons 1 and 4 above occur
during normal command operations and are easily
discernible by the processor. However, interrupts
caused by reasons 2 and 3 above may be uniquely
identified with the aid of the Sense Interrupt Status
Command. This command when issued resets the
interrupt signal and via bits 5, 6, and 7 of Status
Register 0 identifies the cause of the interrupt.

Neither the Seek or Recalibrate Command have a
Result Phase. Therefore, it is mandatory to use the
Sense Interrupt Status Command after these com-
mands to effectively terminate them and to provide
verification of the head position (PCN).

Table 11. Seek, Interrupt Codes

Seek End
Bit5

Interrupt Code
Bit6é | Bit7

Cause

1 1 Ready Line Changed

State, Either Polarity

Normal Termination
of Seek or Recalibrate
Command

0

Abnormal Termination
of Seek or Recalibrate

Command

SPECIFY

The Specify Command sets the intitial values for
each of the three internal timers. The HUT (Head
Unioad Time) defines the time from the end of the
Execution Phase of one of the Read/Write Com-
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mands to the head unload state. This timer is pro-
grammable from 16 to 240 ms in increments of
16 ms (01 16 ms, 02 = 32 ms....OF
240 ms). The SRT (Step Rate Time) defines the time
interval between adjacent step puises. This timer is
programmable from 1 to 16 ms in increments of
tms(F=1ms, E=2ms, D= 3ms, etc.). The
HLT (Head Load Time) defines the time between
when the Head Load signal goes high and when the
Read/Write operation starts. This timer is program-
mable from 2 to 254 ms in increments of 2 ms (01 =
2ms, 02 =4ms, 03 = 6ms....FE = 254 ms).

The step rate should be programmed 1 ms longer
than the minimum time required by the drive.

The time intervals mentioned above are a direct
function of the clock (CLK on pin 19). Times indicat-
ed above are for an 8 MHz clock, if the clock was
reduced to 4 MHz (mini-floppy application) then all
time intervals are increased by a factor of 2.

The choice of DMA or NON-DMA operation is made
by the ND (NON-DMA) bit. When this bit is high
(ND = 1) the NON-DMA mode is selected, and
when ND = 0 the DMA mode is selected.

SENSE DRIVE STATUS

This command may be used by the processor when-
ever it wishes to obtain the status of the FDDs.
Status Register 3 contains the Drive Status informa-
tion.

INVALID

If an invalid command is sent to the FDC (a com-
mand not defined above), then the FDC will termi-
nate the command. No interrupt is generated by the
8272A during this condition. Bit 6 and bit 7 (DIO and
RQM) in the Main Status Register are both high
(*“1”) indicating to the processor that the 8272A is in
the Result Phase and the contents of Status Regis-
ter 0 (STO) must be read. When the processor reads
Status Register 0 it will find an 80H indicating an
invalid command was received.

A Sense Interrupt Status Command must be sent
after a Seeok or Recalibrate interrupt, otherwise the
FDC will consider the next command to be an Invalid
Command.

In some applications the user may wish to use this
command as a No-Op command, to place the FDC
in a standby or no operation state.
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Table 12. Status Registers

Bit

Description

No. Name Symbol

STATUS REGISTER 0

Dy Interrupt IC Dy =0andDg =0

Code Normal Termination of Command, (NT). Command was completed and
properly executed.

D¢ Dy =0andDg = 1
Abnormal Termination of Command, (AT). Execution of Command was
started, but was not successfully completed.

Dy =1andDg = 0

Invalid Command issus, (IC). Command which was issued was never
started.

D7 =1andDg =1

Abnormal Termination because during command execution the ready
signal from FDD changed state.

Ds | Seek End SE When the FDC completes the SEEK Command, this flag is set to 1
(high).

D4 Equipment EC If a fault Signal is received from the FDD, or if the Track 0 Signal fails

Check 1o occur after 77 Step Pulses (Recalibrate Command) then this flag is
set.

D3 Not Ready NR When the FDD is in the not-ready state and a read or write command
is issued, this flag is set. If a read or write command is issued to Side 1
of a single sided drive, then this flag is set.

D> Head HD This flag is used to indicate the state of the head at Interrupt.

Address

Dy Unit Select 1 us1 These flags are used to indicate a Drive Unit Number at Interrupt.

Dg Unit Select 0 uso

STATUS REGISTER 1

D7 End of EN When the FDC tries to access a Sector beyond the final Sector of a

Cylinder Cylinder, this fiag is set.

Dg Not used. This bit is always 0 (low).

D5 Data Error DE When the FDC detects a CRC error in either the ID field or the data
field, this flag is set.

Dy Over Run OR If the FDC is not serviced by the main-systems during data transfers,
within a certain time interval, this flag is set.

D3 Not used. This bit always O (fow).

Dy No Data ND During execution of READ DATA, WRITE DELETED DATA or SCAN
Command, if the FDC cannot find the Sector specified in the IDR
Register, this flag is set.

During executing the READ 1D Command, if the FDC cannot read the
1D field without an error, then this flag is set.

During the exscution of the READ A Cylinder Command, if the starting
sector cannot be found, then this flag is set.
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Table 12. Status Register (Continued)

Bit

Description
No. l Name L Symbo!
STATUS REGISTER 1 (Continued)
D4 Not NW During execution of WRITE DATA, WRITE DELETED DATA or Format
Writable A Cylinder Command, if the FDC detects a write protect signal from the
FDD, then this flag is set.
Do Missing MA if the FDC cannot detect the ID Address Mark after encountering the
Address index hole twice, then this flag is set.
Mark If the FDG cannot detect the Data Address Mark or Deleted Data
Address Mark, this flag is set. Also at the same time, the MD (Missing
Address Mark in Data Field) of Status Register 2 is set.
STATUS REGISTER 2
D; Not used. This bit is always O (low).
Dg Control CcM During executing the READ DATA or SCAN Command, if the FDC
Mark encounters a Sector which contains a Deleted Data Address Mark, this
. flag is set.
Ds Data Error in DD If the FDC detects a CRC error in the data field then this flag is set.
Data Field
Dy Wrong wC This bit is related with the ND bit, and when the contents of C on the
Cylinder medium is different from that stored in the IDR, this flag is set.
D3 Scan Equal SH During execution, the SCAN Command, if the condition of “equal” is
Hit satisfied, this flag is set.
Dy Scan Not SN During executing the SCAN Command, if the FDC cannot find a Sector
Satisfied on the cylinder which meets the condition, then this flag is set.
D4 Bad BC This bit is related with the ND bit, and when the content of C on the
Cylinder medium is different from that stored in the IDR and the content of C is
FF, then this flag is set.
Do Missing MD When data is read from the medium, if the FDC cannot find a Data
Address Address Mark or Deleted Data Address Mark, then this flag is set.
Mark in Data
Field
STATUS REGISTER 3
D7 Fault FT | Thisbitis used to indicate the status of the Fault signal from the FDD.
D¢ Write WP This bit is used to indicate the status of the Write Protected signal from
Protected the FDD.
Ds Ready RDY This bit is used to indicate the status of the Ready signal from the
FDD.
Dy Track 0 TO This bit is used to indicate the status of the Track 0 signal from the
FDD.
D3 Two Side T8 This bit is used to indicate the status of the Two Side signal from the
FDD.
Dy Head HD This bit is used to indicate the status of Side Select signal to the FDD.
Address
Dy Unit Select 1 us1 This bit is used to indicate the status of the Unit Select 1 signal to the
FDD.
Do Unit Select 0 uso This bit is used to indicate the status of the Unit Select 0 signal to the
FDD.
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ABSOLUTE MAXIMUM RATINGS*

............. 0°Cto +70°C
—40°Cto +125°C

Operating Temperature
Storage Temperature

All Qutput Voltages ................ ~05t0 +7V
Alllnput Voltages .................. -05t0 +7V
Supply Voltage Vg« vvvevvvininns -0.5t0 +7V
Power Dissipation ................... .. ... 1 Watt
‘Ta = 25°C

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings” may cause permanent dam-
age lo 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 T4 = 0°Cto +70°C, Voo = +5V £10%

N Limit:
Symbol i Min : Max Unit Co::ifitcms
Vi Input Low Voltage | - 0.5 0.8 v
Vit Input High Voltage 2.0 Vee + 0.5 \
VoL Qutput Low Voltage 0.45 \ loL = 2.0 mA
Vor QOutput High Voltage 2.4 Vce \ loq = —400 pA
icc Ve Supply Current 120 mA
i Input Load Current 10 pA Vin = Voo
(All tnput Pins) -10 pA VN = 0V
Lo High Level Output 10 HA Vout = Veo
Leakage Current
loFL Output Float +10 HA 0.45C < Vout < Voo
Leakage Current
pAPACITANCE Ta = 25°C, fo = 1 MHz, Voo = OV
Symbol Parameter Nin LimltsMax Unit Co::l:l‘ons
Cingg) Clock Input Capacitance 20 pF All Pins Except Pin
CiN Input Capacitance 10 pF gn:gr;;sl}rzed
Cyo Input/Output Capacitance 20 pF
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A.C. CHARACTERISTICS Tp = 0°Cto +70°C, Vog =

+5.0V + 10%

Symbol | Parameter Typ(1) I Min l Max l Unit l Notes
CLOCK TIMING

toy Clock Period 120 500 ns (Note 5)
tcH Clock High Period 40 ns (Note 4, 5)
tRsT Reset Width 14 toy

READ CYCLE

AR Select Setup to RD | 0 ns

tRA Select Hold from RD 1 0 ns

tRR RAD Pulse Width 250 ns

tRD Data Delay from RD | 200 ns

tor Output Float Delay 20 100 ns

WRITE CYCLE

taw Select Setup to WR | 0 ns

twa Select Hold from WR 1 0 ns

tww WH Pulse Width 250 ns

tow Data Setup to WR T 150 ns

twp Data Hold from WR 1 5 ns

INTERRUPTS

R INT Delay from RD T 500 ns (Note 6)
twi INT Delay from WR T 500 ns (Note 6)
DMA

tracy DRQ Cycle Period 13 Bs (Note 6)
tAKRQ DACK | toDRQ ) 200 ns

tRQR DRQT toRDJ 800 ns (Note 6)
traw DRQT toWR ) 250 ns (Note 6)
tRaRW DRQT toRDT orWR T 12 us (Note 6)
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A.C. CHARACTERISTICS TA = 0°Cto +70°C, Vo = +5.0V +10% (Continued)

Symbol | Parameter T Typ() l Min ] Max ) Unlt J Notes
FDD INTERFACE
twey WCK Cycle Time 2o0r4 MFM =0
1or2 KS | MFM = 1 (Note 2)
tweH WCK High Time 250 80 350 | ns
top Pre-Shift Delay from WCK T 20 100 | ns
tep WDA Delay from WCK T 20 100 | ns
twpD Write Data Width twen — 50 ns
twe WET toWCK T orWE{ to 20 100 | ns
WCK | Delay
twwey Window Cycle Time 2 MM =0
1 BS ) MFM = 1
tWRD Window Setup to RDD T 15 ns
trow Window Hold from RDD } 15 ns
tRoD RDD Active Time (HIGH) 40 ns
FDD SEEK/DIRECTION/STEP
tus USy, 1 Setup to RW/SEEK T 12 ps | (Note )
tsu USq, 1 Hold after RW/SEEK | 15 us | (Note6)
tso RW/SEEK Setup to LCT/DIR 7 us | (Note 6)
tos RW/SEEK Hold from LCT/DIR 30 us | (Note 6)
tosT LCT/DIR Setup to FR/STEP T 1 us | (Note 6)
tsTD LCT/DIR Hold from FR/STEP | 24 us | (Note 6)
tsTU DS, 1 Hold from FR/Step | 5 us | (Note 6)
tsTP STEP Active Time (High) 5 ps | (Note 6)
tsc STEP Cycle Time 33 us | (Note 3, 6)
trR FAULT RESET Active Time (High) 8 10 us | (Note 6)
tiox INDEX Pulse Width 10 toy
trvc Terminal Count Width 1 toy
NOTES:

1. Typical values for T = 25°C and nominal supply voltage.

2. The former values are used for standard floppy and the latter values are used for mini-floppies.

3. tgc = 33 us min. is for different drive units. in the case of same unit, tgc can be ranged from 1 ms to 16 ms with 8 MHz
clock period, and 2 ms to 32 ms with 4 MMz clock, under software control.

4. From 2.0V to +2.0V.

5. At 4 MHz, the clock duty cycle may range from 16% to 76%. Using an 8 MHz clock the duty cycle can range from 32% to
52%. Duty cycle is defined as: D.C. = 100 (tcq + tcy) with typical rise and falf times of 5 ns.

6. The specified values listed are for an 8 MHz clock period. Multiply timings by 2 when using a 4 MHz clock period.
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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

=T

210606-7

A.C. Testing: Inputs are driven at 2.4V for a Logic 1" and 0.45V
for a Logic “0". Timing measurements are made at 2.0V for a
Logic “1” and 0.8V for a Logic “0".

DEVICE

UNDER
TEST

L = 100 pF

C_ Includes Jig Capacitance

Iq = 100 pF

210606-8

WAVEFORMS

PROCESSOR READ OPERATION

A, CS.
DACK

le—1or

VALID

INT

210606-9
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WAVEFORMS (Continued)

PROCESSOR WRITE OPERATION

A, TS5, DACK

tow ]

DATA

INT

210606-10

DMA OPERATION

teacy

takro

210606-11
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WAVEFORMS (Continued)

CLOCK TIMING
CLK ‘——/—\
210606-12
FDD WRITE OPERATION
WRITE CLOCK
{WCK)
pr] twe
WRITE ENABLE
(WE)
tep
Sl )
PRESHIFT 0 or 1
N X
A
}a—twop -] tep
WRITE D:/
(WDA)
210606--13
Preshift 0 | Preshift 1

Normal 0 [

Late 4 1

Early 1 0

Invalid 1 1
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WAVEFORMS (Continued)

SEEK OPERATION

STABLE

RW SEEK

tso

| ——tos.

LcT
DIRECTION

STEP

tost
{1570

151p —pm

210606-14

FLT RESET

INDEX

FAULT RESET
FAIL UNSAFE RESET

210606-15

1
210606-16




mtef 8272A
WAVEFORMS (Continued)
FDD READ OPERATION
READ DATA
troo
A thow—m]
4 N
READ DATA %
WINDOW
AN 3
210606-17
TERMINAL COUNT RESET
TC RESET
e
tasT
210606-18 210606-19
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High Performance Microprocessor
with Memory Management and Protection
(80286-12, 80286-10, 80286-8, 80286-6)

m High Performance Processor (Up to six B Range of clock rates

times 8086) — 12.5 MHz for 80286-12
m Large Address Space: — 10 MHz for 80286-10
— 16 Megabytes Physical —8 MHz for 80826-8
— 6 MHz for 80286-6

— 1 Gigabyte Virtual per Task

®m Integrated Memory Management, Four-
Level Memory Protection and Support

m Complete System Development
Support:
— Development Software: Assembler,

for Virtual Memory and Operating PL/M, Pascal, FORTRAN, and System
Systems Utilities

= Two 8086 Upward Compatible — In-Circuit-Emulator (ICET™-286)
Operating Modes: m High Bandwidth Bus Interface

— 8086 Real Address Mode
— Protected Virtual Address Mode

m Optional Processor Extension:
— 80287 High Performance 80-bit
Numeric Data Processor

m Available in EXPRESS:

— Standard Temperature Range
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 10 MHz 80286 provides five times or more
throughput than the standard 5 MHz 8086. The 80286 includes memory management capabiilities 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
its 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.

(12.5 Megabyte/Sec)

| Available in 68 Pin Ceramic LCC
(Leadless Chip Carrier) and PGA (Pin
Grid Array) Packages
(See Packaging Spec., Order #231369)

PHYSICAL
aDoREsS

210253-1

November 1988
3-1 Order Number: 210263-010



lnter 80286

Component Pad Views—As viewed from underside of P.C. Board Views—As viewed from the component
component when mounted on the board. side of the P.C. board.
d3dsdsisdssssaid
o
. ﬁj c::
2 2] vee
3 1] aer
(8] . A
g Z
5 : 1
2 -
i 2
| S ——
E PNNO 1 MARK ]
NOTE: 210253-2

TRROR CaP caP
NC.  BO%Y BUSY
WIR NG, NC.
NG NG
PEREQ Vg Vss

u /%0 COD/INTA COD/WTA /%
NC.  LOCK LOCK.

a3

PIN NO.1 MARK

A23
Yss
a20
ate
ats
Al4

at 3 210263-3
FIGURE 2. 80286 Pin Configuration
Table 1. Pin Description
The following pin function descriptions are for the 80286 microprocessor :
Symbol Type Name and F
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.

Dy5-Do 1o DATA BUS inputs data during memory, 1/0, 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.

Aza-Ag o] ADDRESS BUS outputs physical memory and I/0 port addresses. A0 is LOW when data
i8 to be transferred on pins Dy_o. Az3—A4g are LOW during I/0 transfers. The address
bus is active HIGH and floats to 3-state OFF during bus hold acknowledge.

BHE o] BUS HIGH ENABLE indicates transfer or data on the upper byte of the data bus. Dys._g.
Eight-bit oriented devices assigned to trégnygpper byte of the data bus would normally use
to condition chip select functions. is active LOW and floats to 3-state OFF
during bus hold ack dg
BHE and A0 Encoding
BHE value A0 Value Function
0 ] Word transfer
0 1 Byte transter on upper half of data bus (D1s-Dg)
1 [} Byte transfer on lower half of data bus (D7 _g)
1 1 Wiil never occur
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Table 1. Pin Description (Continued)

Symbol

Type

Name and Function

§1,50

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,
S1 and S0 are active LOW and float to 3-state OFF during bus hold acknowledge.

80286 Bus Cycle Status Definition

0|
(=]

COD/INTA M/10 S1 Bus Cycle Initiated

0|

1
0 ({Low) 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/Q read
170 write
None; not a status cycle
Will not occur
Memory instruction read
Will not occur
None; not a status cycle

(HIGH)

ddddaaaapOOOOOO
44 . 0000saaa0000
440044004 w00~w=00O
O -0 0 402040 =0=0

M/1I0

MEMORY /0 SELECT distinguishes memory access from 1/0 access. !f HIGH during Tg, a
memory cycle or a halt/shutdown cycle is in progress. if LOW, an 170 cycle or an interrupt
acknowledge cycle is in progress. M/10 floats to 3-state OFF during bus hold acknowledge.

COD/INT

>

CODE/INTERRUPT ACKNOWLEDGE distinguishes instruction fetch cycles from memory
data read cycles. Also distinguishes interrupt acknowledge cycles from 1/0 cycles. COD/
INTA fioats to 3-state OFF during bus hold acknowledge. Its timing is the same as M/10.

TOCK

BUS LOCK indicates that other system bus masters are not to gain control of the system
bus for the current and the foliowing 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.

HOLD
HLDA

BUS HOLD REQUEST AND HOLD ACKNOWLEDGE control ownership of the 80286 local
bus. The HOLD input aliows 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 hold acknowledge condition. The local bus will remain granted
to the requesting master untii 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 NMI input is active HIGH, may be
asynchronous to the system ciock, 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.
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Table 1. Pin Description (Continued)

Symbot

Type

Name and Function

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.

PROCESSOR EXTENSION BUSY AND ERROR indicate the osgerating
condition of a processor extension to the 80286. An active Y 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 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.

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) 0, 57, PEACR, A23-A0, BRE, 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 802886 for internal initialization before the first bus cycle, to
fetch code from the power-on execution address, occurs.

A LOW 1o HIGH transition of RESET synchronous to the system ciock will
end a processor cycte 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 Voits.

Vec

SYSTEM POWER: +5 Volt Power Supply.

CAP

SUBSTRATE FILTER CAPACITOR: a 0.047 uF + 20% 12V capacitor must
be connected between this pin and ground. This capacitor filters the output of
the interal substrate bias generator. A maximum DC leakage current of 1 uA
i8 aliowed through the capacitor.

For correct operation of the 802886, 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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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, an 8 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 calied 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 ARCHITECTURE

The 8086, 88, 186, and 286 CPU family ail 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 genera! 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.

188 SPECIAL
REGISTER REGISTER
NAME FUNCTIONS
7 o7 o
::TE e ool s ] AL MULTIPLY/DIVIOE
110 INSTRUCTI
s ol o | o O INSTRUCTIONS
REGISTER
NAMES
SHOWN) ox| on et |} roorssrT/RerEAT/COUNT
Bx| BH 8L
BASE REGISTERS
epP
st |
INDEX
o
sp J STACK POINTER
15 [
GENERAL
REGISTERS

15 0
cs CODE SEGMENT SELECTOR
os DATA SEGMENT SELECTOR
ss STACK SEGMENT SELECTOR
€S EXTRA SEGMENT SELECTOR
SEGMENT REGISTERS
5 o
F STATUS WORD
P INSTRUCTION POINTER
STATUS ANO CONTROL
REGISTERS

Figure 3. Register Set
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210253-4

Figure 3a. Status and Contro! Register Bit Functions
Table 2. Flags Word Bit Functions

Fiags 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
—Immaediate to Register
—Memory to Memory
—Register to Memory
—Iimmediate to Memory

3-8

Bit
Position

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

AF

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

ZF

Zero Flag—Set if result is zero;
cleared otherwise

SF

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

OF

Overtfiow 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

TF

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.

OF

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 ADDITION
usually three to six bytes long. Memory to memory
operations are provided by a special class of string ADD Add byte or word
instructions requiring one to three bytes. For de- ADC Add byte or word with carry
tailed instruction formats and encodings refer to the INC Increment byte or word by 1
instruction set summary at the end of this document. AAA ASCII adjust for addition
. . . DAA Decimal adjust for addition
For detailed operation and usage of each instruc- SUBTRA cITION
tion, see Appendix of 80286 Programmer's Refer-
ence Manual (Order No. 210488) sus Subtract byte or word
GENERAL PURPOSE SBB Subtract byte or word with borrow
MOV Move byte or word DEC Decrement byte or word by 1
PUSH Push word onto stack NEG Negate byte or word
POP Pop word off stack CMP Compare byte or word
PUSHA Push all registers on stack AAS ASCIt adjust for subtraction
POPA Pop all registers from stack DAS Decimal adjust for subtraction
XCHG Exchange byte or word MULTIPLICATION
XLAT Translate byte MUL Multiple byte or word unsigned
INPUT/OUTPUT IMUL Integer muitiply byte or word
IN ] Input byte or word AAM ASCH adjust for multiply
out { Output byte or word DIVISION
ADDRESS OBJECT oIV Divide byte or word unsigned
LEA [ Load effective address | bV Integer divide byte or word _
LDS ! Load pointer using DS AAD ASCII adjust for division
LES ] Load pointer using ES CBW Convert byte to word
FLAG TRANSFER CWD Convert word to doubleword
LAHF Load AH register from flags Figure 4b. Arithmetic Instructions
SAHF Store AH register in flags
PUSHF Push flags onto stack LOGICALS
POPF Pop flags off stack NOT “Not" byte or word
Figure 4a. Data Transtfer Instructions AND “And" byte or word
OR “Inclusive or" byte or word
MOVS Move-byte or word string XOR “Exclusive or" byte or word
INS Input bytes or word string TEST “Test" byte or word
ouTS Output bytes or word string SHIFTS
CMPS Compare byte or word string SHL/SAL Shitt iogical/ arithmetic left byte or word
SCAS Scan byte or word string SHR Shift logical right byte or word
LODS Load byte or word string SAR Shitt arithmetic right byte or word
STOS Store byte or word string ROTATES
REP Repeat ROL Rotate left byte or word
REPE/REPZ Repeat while equa!/zero ROR Rotate right byte or word
REPNE/REPNZ Repeat while not equal/not zero RCL Rotate through carry let byte or word
RCR Rotate through carry right byte or word |

Figure 4c. String Instructions
Figure 4d. Shift/Rotate Logical Instructions
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CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS
JA/INBE Jump if above/not below nor equal CALL Call procedure
JAE/INB Jump if above or equal/not below RET Return from procedure
JB/JINAE 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/JINL Jump if greater or equal/not less LOOPE/LOOPZ Loop if equal/zero
JL/INGE Jump if less/not greater nor equal LOOPNE/LOOPNZ Loop if not equal/not zero
JLE/ING Jump if less or equal/not greater JCXZ Jump if register CX = 0
JNC Jump if not carry
JNE/INZ Jump if not equal/not zero INTERRUPTS
JNO Jump if not overflow
JNP/JPO Jump if not parity/parity odd INT Interrupt
JNS Jump if not sign INTO Interrupt if overflow
JO Jump if overflow IRET interrupt return
JP/JPE Jump if parity/parity even
JS Jump if sign
Figure 4e. Program Transfer Instructions
FLAG OPERATIONS Memory Organization
STC Set carry flag X
cLe Clear carry fiag Memory is organized as sets of variable length seg-
ments. Each segment is a lingar contiguous se-
CcMC 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-
CcLD Clear direction flag or) that consists of a 16-bit segment selector, and a
ST Set interrupt enable flag 1§-bit offset. The segment selector indicates the de-
sired segment in memory. The offset component in-
Cul Clear interrupt enable flag dicates the desired byte address within the segment.

EXTERNAL SYNCHRONIZATION

HLT Halt until interrupt or reset
WAIT Wait for BUSY not active :F M
ESC Escape 10 extension processor 32-81T POINTER
LOCK Lock bus during next instruction R ———
NO OPERATION
NOP No operation ‘T— orenano scres

EXECUTION ENVIRONMENT CONTROL

LMSW I Load machine status word
SMSW I Store machine status word
Figure 4f. Processor Control Instructions
PENTER Format stack for procedure entry
LEAVE Restore stack for procedure exit
BOUND Detects values outside prescnbed range

Figure 4g. High Level Instructions

Lo

\.
MEMORY
210253-5

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) All stack pushes and pops. Any memory reference which uses BP
as a base register.

Local Data Data (DS) All data references except whan 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 calcuiated
by summing any combination of the following three
address elements:

the displacement (an 8 or 16-bit immediate vai-

ue contained in the instruction)

the base (contents of either the 3X or BP base

registers)

i
]T{J
ElE]]s

210253-6

Figure 6. Segmented Memory Helps
Structure Software

the index (contents of either the SI or DI index
registers)

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

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

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

Register Indirect Mode: The operand's offset is in
one of the registers Si, DI, BX, or 8P.

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

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:

ASCli:

BCO:

Packed BCO:

Floating Point:

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

1/0 Space

The 1/0 space consists of 64K 8-bit or 32K 16-bit
ports. 1/0 instructions address the 1/0 space with

3-10

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 Aj5-Ag
are LOW. I/0O port addresses OOFB(H) through
O00FF(H) are reserved.

r
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Figure 7. 80286 Supported Data Types
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Table 4. interrupt Vector Assignments

Function I:terrupt Related D:;I:: t.ot tl::t?:;:::s
umber instructions Causing Exception?
Divide error exception 0 Div, IOV Yes
Single step interrupt 1 Ali
NMI interrupt 2 INT 2 or NMI pin
Breakpoint interrupt 3 INT 3
INTO detected overfiow 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
tntel reserved-do not use 8-15
Processor extension error interrupt 16 ESC or WAIT
Intel reserved-do not use 17-31
User defined 32-255
Interrupts setting the imerru_pt flag bit (IF) in the flag worq AII
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 80288 provides a maskable hardware interrupt
raouest pin, INTR. Software enables this input by

put, yet they can retain separate interrupt handters.
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 but 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 originai 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 NM! would be to activate a power failure routine.
The activation of this input causes an interrupt with
an internally supplied vector value of 2. No external
interrupt acknowledge sequence is performed.

While executing the NMI servicing procedurs, 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.
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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 controlled by
the single step flag bit (TF) in the flag word. Once
this bit is set, an internal single step interrupt will
occur after the next 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 handier. If other interrupts
remain enabled they are processed betore 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
Qrder Interrupt
Instruction exception
Single step

NMI
Processor extension segment overrun
INTR

olo|s|wiv]=-

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.

Table 6. 80286 Initiat Register State after RESET

Flag word 0002(H) |
Machine Status Word FFFO(H)
Instruction pointer FFFO(H)
Code segment FO00(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 the initial RESET to 34 CLKs after
the trailing edge of the initial RESET of an 80286
system.

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 real address mode.

Table 7. MSW Bit Functions
Function -’

Bit
Position

0 PE

Name

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

Monitor processor extension allows
WAIT instructions to 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 8 processor extension

will cause exception 7, allowing software

1o test whether the current processor

l extension context belongs to the current
task.

2 EM

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 Pr Extension Control
—
Instructions
TS | MP | EM Recommended Use Causing
Exception 7
0 0 0 Initial encoding after RESET. 80286 operation is identical 1o 8086, 88 None
0 0 1 No p ion is available. Software will emulate its function ESC
1 0 1 No pr ion is ble. Software will emulate its function. The current ESC
processor extension context may belong to another task.
] 1 0 A processor extension exists. None
1 1 0 A processor extension exists. The current processor extension context may belongto | ESC or
another task. The Exception 7 on WAIT allows software to test for an error pending WAIT
froma previous processor axtension operation
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Halt

The HLT instruction stops program execution and
prevents the CPU from using the local bus until re-
started. Either NMI, INTR with (F = 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
A through Ayg and BHE. Ayq through Apg should be
ignored.

Memory Addressing

In reat 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 Apo—-Apz may not always be zero in real
mode. Azo-Az3 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) andits high order byte at offset 0000(H). !f,
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 raquirements.

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.

OFFSET
ADDRESS

T |

15
loooor OFFSET J
——
SEGI‘ENT

| SEGMENT
SELECTOR °°°° ADDRESS

19 0
20-BIT PHYSICAL
MEMORY ADDRESS
210253-8

Figure 8. 8086 Real Address Mode
Address Calculation

FFFFFH
RESEY BOOTSTRAP
PROGRAM JUMP
G u FFFFOH
. A
~ : ¥
IFFH
INTERRUPT POINTER
FOR VECTOR 255
FCH
A . ~
¥ : Y
™
INTERRUPT POINTER
FOR VECTOR 1 ™
INTERRUPY POINTER M
FOR VECTOR 0 o

INITIAL C8:IP VALUE IS FOOO:FFFO.
210253-9

Figure 9. 8086 Real Address Mode initiaily
Reserved Memory Locations
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Table 9. Real Address Mode Addressing Interrupts

Function Interrupt Related Return Address
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

A4 HIGH for halt and Ay 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.

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.

3-14

PROTECTED VIRTUAL ADDRESS
MODE

The 80286 exscutes a fully upward-compatible su-
perset of the 8086 instruction set in protected virtuat
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 addrassing 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 addressshsgace defined by the ad-
dress pin Ap3_Ap and . 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 tocation 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
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base address of the desired segment is obtained
from the tables in memory. The 16-bit offset is add-
ed 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. Ait 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.

crPy
T
o e
PHYSICAL MEMOAY
A ~
MEMORY
OPERAND }umm
—
SEQMENT SCRPT
pescreToR :.u on
n 0 ¥
X X
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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
s=1

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

j 07

T
INTEL RESERVED"

Tor P [ e

BASE o
"

.7

ACCESS

aGuTsBvTE  "°

LTy o
L

Figure 10. Protected Mode Memory Addressing

Access Rights Byte Definition

]
21025311
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*Must be set to 0 for compatibility with 80386

P o:'t'lon Name Function
7 Present (P) P=1 Segment is mapped into physical memory.
P=0 No mapping to physical memory exits, base and iimit 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: i
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 Whriteable (W) w=0 Data segment may not be written into. S =1,
T W= Data segment may be written into. E=0)
Fiytaﬁ: 3 Executable (E) E=1 Code Segment Descriptor type is: It
Definition 2 Conforming (C) c=1 Code segment may only be executed Code
when CPL 2 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 ingtructions. |

Figure 11. Code and Data Segment Descriptor Formats

3-15
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Code and data (including stack data) are stored in
two types of segments: code segments and data
segments. Both types are identified and defined by
segment 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 ditferently 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.
It P = 0, the segment is not valid. The DPL fieid 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 | Vaiue 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 Flelds
Name Value Description
4 -Call Gate
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
g segment (Call, interrupt or
DESTINATION | 16-bit Trap Gate)

SELECTOR | selector

Selector to the target task
state segment (Task Gate)

Entry point within the target

DESTINATION | 16-bit

OFFSET offset
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 = Q indicates the contents are not valid and
causes exception 11 if referenced. DPL is the de-

code segment

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 global descriptor table indi-
cator (T1), 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).
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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 coniiine descriptor access to the defined lim-
its of the table as shown in Figure 16. A restartable
axception (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 alf 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.
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Figure 16. Local and Giobal
Descriptor Table Definition

The LGDT and LLDT instructions load the base and
limit of the global and local descriptor tables. LGDT
and LLOT are privileged, i.e. they may only be exe-
cuted by trusted programs operating at level 0. The
LGOT 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 LDT 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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*Must be set to 0 for compatibility with 80386.

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).
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Figure 18. interrupt Descriptor Tabie 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 aliocate
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
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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
privilege only effect access to the descriptor.

TASK PRIVILEGE

A task always executes at one of the four priviege
leveis. 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 transters through gate descriptors to a new code
segment (See Control Transfer). Tasks begin exe-
cuting at the CPL vailue 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 O 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 regardiess of the task's CPL. RPL
1s generally used to verify that pointer parameters
passed to a more trusted procedure are not allowed
to use data at a more privileged level than the caller
(refer to pointer testing instructions).

Descriptor Access and Privilege
Validation

Determining the ability of a task to access a 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.

It the privilege checks fail (e.g. DPL is numercally
less than the maximum of CPL and RPL) or an incor-
rect type of descriptor is referenced (e.g. gate de-
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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 |RET instructions may only reference code
segment dascriptors 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 oid 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. Reter-

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. It 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 Operation 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/LDT
within task may change CPL Interrupt Instruction, Trap or DT
Exception, External Interrupt
Interrupt Gate
intersegment to a lower privilege level (changes task CPL) RET, IRET® Code Segment | GDT/LDT
CALL, JMP Task State GDT
Segment
Task Switch CALL, JMP Task Gate GOT/LOT
IRET**
tnterrupt Instruction,
Exception, External Task Gate iov
Interrupt

*NT (Nested Task bit of flag word) =- 0
**NT (Nested Task bit of flag word) = 1

3-20
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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 0, 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 I/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:

e The IF bit is not changed if CPL > IOPL.

e The IOPL field of the flag word is not changed if
cPL > 0.

No exceptions or other indication are given when
these conditions occur.
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Table 11
Segment Register Load Checks

Exception

Error Description

13
110r12
13

Descriptor table limit exceeded
Segment descriptor not-present
Privilege rules violated

Invalid descriptor/segment type seg-
ment register load:
—Read only data segment load to
ss

—Special Control descriptor load to
DS, ES, S

—Execute only segment load to
DS, ES, SS

—Data segment load to CS

—Read/Execute code segment
load to S

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

Exception
Error Description Number
CPL # 0 when executing the following
instructions: 13
LiDT, LLDT, LGDT, LTR, LMSW,
CTS, HLT
CPL > 1OPL when executing the fol-
lowing instructions: 13

INS, IN, OUTS, OUT, STI, CLI,
LOCK

EXCEPTIONS

The 80286 detects several types of exceptions 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
interrupt Function Address Restart- Code
Vector At Falling able? on Stack?
Instruction?
8 Double exception detected Yes No2 Yes
] Processor extension segment overrun No No2 No
10 Invalid task state segment Yes Yes Yes
1 Segment not present Yes Yes Yes
12 Stack segment overrun or stack segment not present Yes Yes1 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 is 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 violation 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 resuit 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 {DT 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 >0028(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 selsctor.
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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 aiso 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
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).
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POINTER TESTING INSTRUCTIONS tions use the memory management hardware to ver-
ify that a selector value refers to an appropriate seg-

The 80286 provides several instructions to speed ment without risking an exception. A condition flag

pointer testing and consistency checks for maintain- (ZF) indicates whether use of the selector or seg-
ing system integrity (see Table 15). These instruc- ment will cause an exception.
o ™~
cPu
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sramen 4 ' O|TYPE[  BASEz 1| ANAVAILABLE TASK STATE
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| 1 4 i DESTINATION OF A nsx
LY F I SWITCH.
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Figure 20. Task State Segment and TSS Registers
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Table 15. 80286 Pointer Test Instructions

0 4,

P

instruction

Adjust Requested Privilege
Level: adjusts the RPL of
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.

VERify for Read: sets the
zero flag if the segment re-
ferred to by the selector
can be read.

VERify for Write: sets the
2zoro flag if the segment re-
ferred to by the selector
can be written.

Load Segment Limit: reads
the segment limit into the
register if privilege rules
and descriptor type aliow.
Set zero fiag if successful.

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

Selector,
Register

ARPL

VERR Selector

VERW Selector

LSL Register,

Selector

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 aliow initialization code to be
placed at the top of physical memory, Azz—Azqg will
be HIGH when the 80286 performs memory refer-
ences relative to the CS register until CS is changed.
Apg-Agg will be zero for references to the DS, ES, or
SS segments. Changing CS in real address mode
will force Azz—Agp LOW whenever CS is used again.
The initial CS:IP value of FOOO0:FFFO provides 64K
bytes of code space for initialization code without
changing CS.

Protected mode operation requires several registers
to be initialized. The GDT and IDT base registers
must refer to a valid GDT and IDT. After executing
the LMSW 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 /O components. The
interface has 24 address lines, 16 data lines, and 8
status and control signals.

The 80286 CPU, 82284 clock generator, 82288 bus
controiler, 82289 bus arbiter, tranceivers, and latch-
es provide a buffered and decoded system bus inter-
face. The 82284 generates the system clock and
synchronizes READY and RESET. The 82288 con-
verts 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 I/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 D7_q while
odd bytes are transferred over Dys5-g. Even-ad-
dressed words are transferred over Dys-¢ in one
bus cycle, while odd-addressed word require ftwo
bus operations. The first transfers data on Dqs-g,
and the second transfers data on D7_q. Both byte
data transfers occur automatically, transparent to
software.
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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 I/0 address space contains 64K addresses in
both modes. The 1/0 space is accessible as either
bytes or words, as is memory. Byte wide peripheral
devices may be attached to either the upper or lower
byte of the data bus. Byte-wide I/0 devices attached
to the upper data byte (D5-g) are accessed with
odd 1/0 addresses. Devices on the lower data byte
are accessed with even 1/0 addresses. An interrupt
controller such as Intel’s 8259A must be connected
to the lower data byte (D7_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 82284 clock generator output (PCLK) identifies
the next phase of the processor clock. (See Figure
21)

ONE LOCK CYCLE:
} ONE BUS T STATE —————————
PHASE 1 PHASE 2
F—M OF PROCESSOR —{
CLOCK CYCLE CLOCK CYCLE
(-1 3
«— ONE SYSTEM
CLXCYCLE
e _YT N Y
210263-21

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 hait/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 (T,), and perform command (T,). The 80286
CPU also has a fourth local bus state called hold
(Th). Th indicates that the 80286 has surrendered
control of the local bus to another bus master in
response to a HOLD request.

Each bus state is one processor clock long. Figure
22 shows the four 80286 local bus states and al-
fowed transitions.
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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
Tg is signaled by status line ST or 50 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 (Tc) state is en-
tered. Memory or 1/0 devices respond to the bus
operation during Tg, either transferring read data to
the CPU or accepting write data. Tg 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 T¢ is repeated. A
repeated T state is called a wait state.

During hold (Th), 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
CF @ 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-
eration. Therefore, address decode and routing logic
can operate in advance of the next bus operation.
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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 transceivers, 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 anato-
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 aliows 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 controller 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 in| ;ut does not affect the timing
of ALE, DEN, or DT/
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Figure 24. CMDLY Controls the Leading Edge of Command Signal

Figure 24 illustrates four uses of CMDLY. Example 1 the READY signal, thereby requiring READY be syn-
shows delaying the read command two system chronous to the system clock.

CLKs for cycte N-1 and no delay for cycle N, and

example 2 shows delaying the read command one Synchronous Ready

system CLK for cycle N-1 and one system CLK de- The 82284 clock generator provides READY syn-

lay for cycle N. chronization from both synchronous and asynchro-
nous sources (see Figure 25). The synchronous
Bus Cycle Termination ready input (SRDY) of the clock generator is sam-

At maximum transfer rates, the 80286 bus alternates pled with the falling edge of CLK at the end of phase
between ti:a status and command states. The bus 1 of each T,. The state of SRDY is then broadcast to
status signals become inactive after Tg so that they the bus master and bus controller via the READY
may correctly signal the start of the next bus opera- output line.

tion after the completion of the current cycle. No

external indication of T exists on the 80286 local Asynchronous Ready

bus. The bus master and bus controller enter T, di- .
rectly after Tg and continue executing T¢ cycles until Many systems ha\;‘e dewtc 6s or subsysterns t?at are
terminated by READY. asynchronous to the system clock. As a result, their
ready outputs cannot be guaranteed to meet the
SELry . 82284 SRDY setup and hold time requirements. But
READY Operation the 82284 asynchronous ready input (ARDV) is de-

The current bus master and 82288 bus controller signed to accept such signals. The ARDY input is
terminate each bus operation simultaneously to sampled at the beginning of each T¢ cycle by 82284
achigve maximum bus operation bandwidth. Both synchronization logic. This provides one system CLK
are informed in advance by READY active (open- cycle time to resolve its value before broadcasting it
collector output from 82284) which identifies the last to the bus master and bus controller.

Tc cycle of the current bus operation. The bus mas-

ter and bus controller must see the same sense of
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Figure 25. Synchr

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

Each ready input of the 82284 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.

18 and Asynch
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Ready

The data bus is driven with write data during the
second phase of Tg. 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 last 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 Tg.

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 27. Back to Back Write-Read Cycles
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Figure 28. Back to Back Write-Write Cycles
HOLD and HLDA prefix may be used with the following ASM-286 as-

HOLD AND HLDA allow another bus master to gain
control 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 T,
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 Ty, as signaled by HLDA going active.

The CMDLY signal and ARDY ready are used to
start and sto% the write bus command, respectively.
Note that DY must be inactive or disabled by
SROYEN 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 unless the 80286 is in the
Halt condition. To insure that the 80286 remains in
the Halt condition until the processor Reset opera-
tion is complete, no interrupts should occur after the
execution of HLT until 34 CLKs after the trailing
edge of the RESET pulse.

Lock

The CPU asserts an active lock signal during Inter-
rupt-Acknowliedge cycles, the XCHG instruction, and
during some descriptor accesses. Lock is also as-
serted when the LOCK prefix is used. The LOCK
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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
operation for control transfers to an instruction be-
ginning on a numerically odd physical address.

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

In real address mode, the prefetcher may fetch up to
6 bytes beyond the last control transfer or HLT in-
struction in a code segment.
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In protected mode, the prefetcher will never cause a If the last byte of a code segment appears on an
segment overrun exception. The prefetcher stops at even physical memory address, the prefetcher will
the last physical memory word of the code segment. read the next physical byte of memory (perform a
Exception 13 will occur if the program attempts to word code fetch). The vaiue of this byte is ignored
execute beyond the last full instruction in the code and any attempt to exscute it causes exception 13.

segment.
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NOTES:
1. Status lines are not driven bx 80286, yet remain high due to pullup resistors in 82268 and 82289 during HOLD state.

2. Address, M/I0 and COD/INTA may start floating during any Tc depending on when internal 80286 bus arbiter de-
cides to release bus to external HOLD. The float starts in ¢$2 of Tg

3. BHE and LOCK may start floating after the end of any Tc 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 = 0 and TS = 0 will perform I/O bus operations
to one or more of these 1/0 port addresses indepen-
dent of the value of (OPL 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 I/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.

Interrupt Acknowledge Sequence

Figure 30 illustrates an interrupt acknowledge se-
quence performed by the 80286 in response to an
INTR input. An interrupt acknowledge sequence
consists of two INTA bus operations. The first allows
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 T
state added via logic controling READY. This is
needed to meet the 8259A minimum INTA puise
width.
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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 either
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)

Halt or Shutdown Cycles

The 80286 externally indicates halt or shutdown
conditions as a bus operation. These conditions oc-
cur due to a HLT instruction or multiple protection
exceptions while attempting to execute one instruc-
tion. A halt or shutdown bus operation is signalled
when $7, S0 and COD/INTA are LOW and M/10 is
HIGH. A HIGH indicates halt, and Ay LOW indi-
cates shutdown. The 82288 bus controller does not
issue ALE, nor is READY required to terminate a halt
or shutdown bus operation.

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

1. Data is ignored, upper data bus, Dg-D1s, 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. Aga—Agp 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
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Figure 31. Basic 80286 System Configuration

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, 82284
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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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
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 T 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 lO-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 |/0, the advanced selects may be used
with configurations supporting local and system bus-
es to enable the approgriate bus interface for each
bus cycle. The COD/Il and M/T0 signals are ap-
plied to the decode logic to distinguish between in-
terrupt, 1/0, code and data bus cycles.

By adding the 82288 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 allows 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 Contiguration 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 Reslistor Values

80286 Pin and Name Pullup Value Purpose

481

550 20KOQ £10% Pull 50, $7, and PEACK inactive during 80286 hold periods
6—PEACK

53—ERROR 20K £10% Pull ERROR and BUSY inactive when 80287 not present
54—BUSY (or temporarily removed from socket)

63—READY 9100 £5% Pull,lqh;E?D:Ai)nac“ve within required minimum time (Ci = 150 pF,

I2ICETM-286 System Design
Considerations

One of the advantages of using the 80286 is that full
in-circuit emulation debugging support is provided
through the I2ICE 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 12ICE
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.
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias ....0°C to +70°C

Storage Temperature ........... ~65°C to+ 150°C

Voltage on Any Pin with
RespecttoGround.............. —1.0Vto +7V

Power Dissipation.......................... 3.3W

*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 lo absolute maximum rating conditions for
extended periods may affect device reliability.

D.C. CHARACTERISTICS (vcc = 5V £5%, Tcase = 0°C to +85°C)

Symbol Parameter Min Max Unit Test Condition
ViL input LOW Voltage -5 8 "
ViH Input HIGH Voltage 2.0 Vec + .5 \
ViLe CLK Input LOW Voltage -5 8 A
ViHG CLK Input HIGH Voltage 38 Vo + .5 Y%

D.C. CHARACTERISTICS (vVoc = 5V £5%, Tcase = 0°C to +85°C)
Symbol Parameter Min Max Unit Test Condition
VoL Output LOW Voltage 0.45 \ loL = 2.0 mA
VoH Output HIGH Voltage 2.4 \ lon = —400 pA
¥} Input Leakage Current +10 pA 0V < V|N < Voo
licr Input CLK Leakage Current +10 HA 0.45 < VN < Voo
ILcr Input CLK Leakage Current +1 mA 0V < VN < 0.45V
" BOS7 an ERHOR Ping % 500 #A Vin = ov
ILo Output Leakage Current +10 pA 0.45V < Vout < Voo
ILo Output Leakage Current *1 mA 0V < Voyr < 0.45V
lec Supply Current 600 mA 25°C, oy Max
Cok CLK Input Capacitance 20 pF Fc = 1MHz
CiN Other Input Capacitance 10 pF Fc = 1MHz
Co Input/Output Capacitance 20 pF Fc = 1 MHz
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A.C. CHARACTERISTICS (Voo = 5V 5%, Tcase = 0°C to +85°C)*
AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless
otherwise noted.

6MHz | 8MHz e 10 MHz " ‘”12.5 Mqu
Symbol Parameter o 6 8] ¢ 10 10 12 a2 Unit | Test Condition
Min [ Max | Min|Max| Min Max | Max Min
1 System Clock (CLK) Period 83 | 250 | 62 | 250 50 250 40 250 | ns
2 System Clock (CLK) LOW Time 20 | 225] 15 | 225 12 232 11 237 | ns jat1.0V
3 System Clock (CLK) HIGH Time | 25 | 230 | 25 | 235 16 239 13 239 | ns |at3.8V
17 | System Clock (CLK) Rise Time 10 10 8 = 8 ns |1.0Vio 3.6V
18 | System Clock (CLK) Fall Time 10 10 8 - 8 ns [3.6Vto 1.0V
4 Asynch. inputs Setup Time 30 20 20 15 ns |Note 1
5 Asynch. Inputs Hold Time 30 20 20 15 ns [ Note 1
] RESET Setup Time 33 28 23 18 ns
7 RESET Hold Time 5 5 5 5 ns
8 Read Data Setup Time 20 10 8 5 ns
9 Read Data Hold Time 8 8 8 6 ns
10 | READY Setup Time 50 38 26 22 ns
11__|READY Hold Time 35 25 25 20 ns
12 [Status/PEACK Valid Delay 1155|140 — — - — | ns [Note2 Note3
12a | Status/PEACK Active Delay — | =]=1= 1 22 3 18 | ns [Note2 Note3
12b | Status/PEACK Inactive Delay el Rl el 1 30 3 20 | ns [Note2 Note3
13 Address Valid Delay 1181} 60 1 35 1 32 ns |Note2 Note3
14 | Write Data Valid Delay 0 |65]| 0| 50 0 30 0 30 ns |Note2 Note3
15 | Address/Status/Data Float Delay] 0 | 80 | 0 | 50 0 47 0 32 | ns |Note2 Note4
16 HLDA Valid Delay 0180050 0 47 0 25 ns [Note2 Note3d
18 | Address Valid To Status - 38 27 22 ns |Note 3
Valid Setup Time Note 5 Note 6
*T, is guaranteed 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 float on the output as appropriate for valid or floating condition.

3. Output load: C|_ = 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 on STATUS/PEACK lines, subtract typically 7 ns for 8 MHz spec, and maximum 7 ns for
10 MHz spec.
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A.C. CHARACTERISTICS (Continued)

DEVICE
OUTPUT

CL

210253-37

NOTE 7:
AC Test Loading on Outputs

40V

CLK INPUT

0.45V

210253-38
NOTE 8:
AC Drive and Measurement Points—CLK input
4.0V
36V 36V
CLK INPUT
\ 10v 1.0v
0.45V
!
r..m. e ...om__i
24v - 0.0,
OTHER ,
Y 20v
DEVICE
OUTPUT
osv
210253-38%

NOTE 9:
AC Setup, Hold and Delay Time Measurement—General
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A.C. CHARACTERISTICS (Continued)
82284 Timing Requirements
82284-10
Symbol Parameter 822846 | 62284-8 (Preliminary) | Units | Test Conditions
Min | Max | Min | Max Min Max
11 SRDY/SRDYEN Setup Time | 25 17 15 ns
12 SRDY/SRDYEN Hold Time 0 0 0 ns
13 ARDY/ARDYEN Setup Time 5 0 0 ns (Note 1)
14 ARDY/ARDYEN Hold Time 30 30 30 ns (Note 1)
19 PCLK Delay 0 45 0 45 0 35 ns C_ = 75pF
loL =5mA
loH = —1mA
NOTE 1:
These times are given for testing purposes to assure a predetermined action.
82288 Timing Requirements
82288-10
Symbol Parameter 82288-6 | 622688 | (o oiminary) | Units | TestConditions
Min | Max | Min | Max Min Max
12 CMDLY Setup Time 25 20 15 ns
13 CMDLY Hold Time 1 1 1 ns
30 Command Delay | Command Inactive | § 30 5 25 5 20 CL = 300 pF max
from CLK ns |lpL = 32 mA max
29 Command Active 3 40 3 25 3 21 loy = —5 mA max
16 ALE Active Delay 3 25 3 20 3 16 ns
17 ALE Inactive Delay 35 25 19 ns
19 DT/ﬁ Read Actina Delay 40 25 23 ns CL = 150 pF
22 DT/R Read Inactive Delay 5 45 5 35 5 20 ns loL = 16 mA max
20 DEN Read Active Delay 5 50 5 35 5 21 L P
oH = —1mA max
21 DEN Read Inactive Delay 3 40 3 35 3 21 ns
23 DEN Write Active Delay 35 30 23 ns
24 DEN Write Inactive Delay 3 35 3 30 3 19 ns
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WAVEFORMS
MAJOR CYCLE TIMING
READ CYCLE WRITE CYCLE
ILLUSTRATED WITH ZERO ILLUSTRATED WITH ONE READ
WAIT STATES WAIT STATE (T, OR Tg)

BUS CYCLE TYPE

S1+50

Az3=Ag
 10,COD INTA

80286

BHE, LOCK

REAOY

SROY+SRDYEN

82284

ARDY+ARDYEN

PCLK

L

ALE

Te

I VAVANVA W/

VALID ADDRESS |

% VALID IF Ts

b3 |

AU

IR

Z

W //////

VALID READ DATA
{o=o

Hﬁ H ‘

NN

Y 4

UL

L

. P
s e
D
DR \
A 51-_{@ 4
-2 @
- R 1%F L
B 210253~40
NOTE:

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

80286 ASYNCHRONOUS
INPUT SIGNAL TIMING

BUS CYCLE TYPE

Veu "411 -
w_/ T}/
Ve
@ ] Q -—
(’&‘m" 1) \ 4
P (Ol

wermsan - @ =
vaorenea TN ) I

1

80286 RESET INPUT TIMING AND
SUBSEQUENT PROCESSOR CYCLE PHASE

i
53

1

o1 2
i (kO
2 7//{ i, S Y/

210253-41

210253-42

NOTES:

1. PCLK indicates which processor cycle phase will occur NOTE:

3:';2‘;: ?I:tst%lﬂ: :y%:_eKism ;z”r;or;:gglcats the corract phase When RESET meets the setup time shown, the next CLK
2. These inputs are asynchronous. The setup and hoid will start or repeat $2 of a processor cycle.

times shown assure recognition for testing purposes.

EXITING AND ENTERING HOLD
sus CYCLE TYPE T T
o1
r ax o2
woa ®
— -— il 1
Fie% (lu[uon 3 —-%b_ . —’ —=® j— (seE NOTE 3
—-(@— @ "1, o !
g P ] ®"— — *r:'" re——— —] ®"<—
— _-‘ (SEE NOTE 1)
L S @Qb " ®
W, TTTT e VAL ;
coo/wTA {SEE NOTE 2.)
®
-t genyoee) VALD
L | I WRITE
[~/ /S
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 TH. 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 are driven at this time but will not become valid until Tg.

8. The data bus will remain in 3-state OFF if a read cycle is performed.
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WAVEFORMS (Continued)
80286 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY

BUS CYCLE TYPE

T . Ts LT s T T
Vew | 2 . @ e e 2 B B
Veu . _ IO READ IF PROC EXT TO MEMORY _ MEMORY WRITE If PROC EXT TO MEMORY
|/ MEMORY READ IF MEMORY TO PROC EXT /" 10 WAITE IF MEMORY TO PROC EXT

$1050 U\ / /

i
MEMORY ADORESS ¥ PRCC EXT TO MEMORY TAANSFER
10 PORT ADDRESS GOFA(H) € MEMORY TO PROC. EXT TRANSFER

A
o
coomwTa = 10 POR" ADRESS GOFA(Y, F PROC EXT TO MEMORY TAANSFER
. o iia " MEMOR\ ADDAESS if MEMORY TO PRTC EXT TRANSFER
PEACK (SEENOTEY)

b (SEENOTE2) uﬂm [ —

7erea. JTIIIUIIR \\\ VA I

ASSUMING WORD-ALIGNEQ MEMORY OPERAND. IF ODD ALIGNED. 80285 TRANSFERS TO/FROM MEMORY BYTE-AT-A-TIME WITH TWO MEMORY CYCLES.

210253-44

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 I/0 read at port address OOFA(H).

2. To prevent a second processor extension data operand ‘ransfer, the woret ~ase maximum time (Shown above) is: 3~ a
@ -12amax. - ©min. The actual, configuration dependent, maximui tme :s -1 28max.~ @ min. * AX2x
A is the number of extra T¢ states added to either the first or secor.d bus operatl the processor extension data operand
transfer sequence.

INITIAL 80286 PIN STATE DURING RESET

BUS CYCLE TYPE
T
81 02

m —x_/‘\_/

IseE noTE T i)
oDl ‘1(\7"

—o D i (SEE NOTE 1 \
" —1[4(‘*—'—-4— i akremoos i@_."’ﬂ*f'“*“'H?—M~
il pr— — ‘3‘;‘7‘ —s5
- j | !
e UNKNOWN : 7
= j ~
CDO/:“! UNKNOWN : 1 * LG
L‘@\N
woen o , I &
’ R T—
B N NI 00) e R

®

noa UmowN X "
T
210253-45 J
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 1 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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!
] BYTE 1 BYTE2 BYTEJ BYTE4 BYTES BYTES
T4 s 4311 014343210
_______ G
) 1
LOW DISP.DATA ! HIGH DISP/DATA LOW DATA | HIGH DATA !
OPCODE | d|w]mod| reg rm t t |
——————— D i T N
I REGISTER OPERAND/REGISTERS TO USE IN OFFSET CALCULATION
OF OPCODE
MOOE WITH DISPLACEMENT LENGTH
WORO/BYTE
1510 TION (S FROM
( CODE
A. SHORT OPCODE FORMAY EXAMPLE
BYTE1 BYTE2 BYTE3 BYTE4 BYTES
| P45 4331 0 v 48 433107884331
_______ ymmm———mn
I
; Low Disp HIGH DISP !
! LONG OPCODE mod| reg rm | I
| Y GRS U Sk, AU SN R —————— - - - —— -
! 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

. 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.

. Bus cycles do not require wait states.

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

No exceptions occur during instruction execution.

w N

>
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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

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

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=
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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).

2. A segment overrun exception (13) wilt occur if a
word operand reference at offset FFFF(H) is at-
tempted.

3. This instruction may be executed in real address
mode to initialize the CPU for protected mode.

4. The IOPL and NT fields will remain 0.

5. Processor extension segment overrun interrupt
(9) will occur if the operand exceeds the seg-
ment limit.

EITHER MODE

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

7. LOCK is automatically asserted regardless of the
presence or absence of the LOCK instruction
prefix.

8. LOCK does not remain active between all oper-
and transfers.

PROTECTED VIRTUAL ADDRESS MODE ONLY
9. 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 ioad 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.

10.
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18.

o

. All segment descriptor accesses in the GDT or

LDT made by this instruction will automatically
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 privilege 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

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

Any violation of privilege rules as applied to the
selector operand do not cause a protection ex-
ception; rather, the instruction does not return a
result and the zero flag is cleared.

. If the starting address of the memory operand

violates a segment limit, or an invalid access is
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 transter 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 oceur.
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80286 INSTRUCTION SET SUMMARY

[Segment register

Memery
fregiser

bsgment register (reg+=01)
pOPAFop Al '
XCHG = Exhcange:

Register/memory with register modreg  r/m

Register with | 10010 reg

N = Input from:

Fsodpon

Mariable port

[OUT = Output to:

Fsedpor

Ivariable port

XKLAT = Translate byte to AL

LEA = Load EA to register modreg  ¢/m

L.DS = Load pointer to DS (mod+#11)
LES = Load pointer to ES (11000100 [modreg _/m|  (modw1)

3°

7

35°

3
21

21

CLOCK COUNT COMMENTS
Real Protected Real Protected
FUNCTION FORMAT ad Virtual Virtual
Mode | AGUISSE | Tyoge | Addrees
Mode ” Mode
DATA TRANSFER
MOV =Move:
Register to Register/Memory 1000100w 2,3 2,3* 2 9
Register/memory to register 1000101w 25° 25° 2 ]
fmmediate to register/memory | 1100011w I mod 000 r/m | data I dataifw = L‘ 23 23" 2 9
Jmmediate to register 1011w _reg ] data l dataifw=1 ] 2 2
Memory to I 1010000w ] addr-low | addr-high ] 5 5 2 9
Bccumulator to memory 1010001w I addr-low | addr-high ] 3 3 2 8
Register/memory to segment register 10001110 | modOreg r/m 25 17,19* 2 9,10,11
[Segment register to register/memory mod O reg r/m 23* 23 2 1]
PUSH = Push:
Memory mod110 r/m 5 5 2 [
Register 01010 reg 3 3 2 i}
000reg110

9,10,11

7.9

8,10,11

9,10,11

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

All mnemonics copyright Intel Corporation 1987.
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80286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT COMMENTS
FUNCTION FORMAT Rew | Protected| o, | Protected
Address Virtual Address Virtual
Mode Address Mode Address
Mode Mode
[PATA TRANSFER (Continued)
LAHF Load AH with flags 2 2
BAHF = Store AH into flags 2 2
PUSHF = Push flags 10011100 3 3 2 9
POPF = Pop flags 5 5 24 9,15
ARITHMETIC
ADD = Add:
FReg/memory with register to either 27 27 2 9
fmmediate to register/memory @0 00sw [ mod 000 rﬂ data ‘Hata ifsw =01 3,7 37 2 9
Immediate to accumulator We 00010w l data# dataifw=1 ‘] 3 3
IADC = Add with carry:
Reg/memory with register to either 2,7* 2,7 2 9
Immediate to register/memory I 100000sw lmodo 10 /m l data |dala ifsw=01 3.7 37 2 9
Immediate to accumulator m 01010w | data dataifw=1 ' 3 3
INC = Increment:
Register/memory 2,7° 2,7 2 9
Register 2 2
[SUB = Subtract:
Reg/memory and register to either 27 27 2 9
Jmmediate from register/memory rl 00000sw ] mod 101 v/ml data ,da(a ifsw = ﬁ] 3,7 3.7 2 9
from W010110WL data I dataifw=1 | 3 3
[SBB = Subtract with borrow:
Reg/memory and register to either 2,7 27 2 9
Jmmediate from register/memory I 100000sw iﬂ’d 011 r/m l data —ljala itsw=01 37 3,7 2 9
from [DDO1110WI data I dal-xlw=1—l 3 3
PEC = Decrement
Register/memory 27 27 2 9
Register 2 2
ICMP = Compare
Register/memory with register 26° 28 2 9
Register with register/memory mod reg r/m 2,7* 2,7* 2 9
Immediate with register/memory I 1000008w Imod 111 r/mL data I data it s w=oT| 36" 36° 2 9
with [oot1110w] deta | detatw=1 | 3 3
NEG = Change sign 2 7* 2 9
MAA = ASCII adjust for add 3 3
DAA = Decimal adjust for add 3 3
All mnemonics copyright Intel Corporation 1987.
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80286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT
Protected Protected
FUNCTION FORMAT Real Real
Virtual Virtual
Address Address
Mode Address ™ Address
Mode Mode

ARITHMETIC (Continued)

JAAS = ASCI! adjust for subtract 00t11111 3 3
PAS = Decimal adjust for subtract 00101111 3 3
MUL = Muitiply i 1111011w [mod100 r/m|

Register-Byte 13 13

Register-Word 21 21

Memory-Byte 16° 16° 2 9
Memory-Word 24* 24° 2 9
MUL = ntger mutply (sgnec):

Register-Byte 13 13

Register-Word 21 21

Memory-Byte 16* 16* 2 9
Memory-Word

IMUL = integer immecinte muttipty . | " '

IV = Divide (unigned)

Register-Byte 14 14 6 6
Register-Word 22 22 6 6
Memory-Byte 17 17 26 69
Memory-Word 25° 25* 28 6,9
DIV = Integer divide (signed) m mod111 t/m

Register-Byte 17 17 6 6
Register-Word 25 25 6 6
Memory-Byte 20* 20° 26 6.9
Memory-Word 28* 28° 26 69

JAAM = ASCII adjust for multiply 16 186
AAD = ASCII adjust for divide 14 14
[CBW = Convert byte to ward m 2 2
ICWD = Convert word to double word m 2 2

LoGIC
[Shift/Rotate instructions:

Register/Memory by 1 1101000w {mod TTT _ r/m) 27° 27 2 [

FRegister/Memory by CL 5+n8+n*|5+n8+n° 2 9

Progistar/Memory by Count T T

s

T instruction
000 ROL
001 ROR
010 RCL
011 RCR
100 SHL/SAL
101 SHR
111 SAR

Shaded areas indicate i not le in 8086, 88
All mnemonics copyright Intel Corporation 1987.

3-48



intd 80286

80286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT COMMENTS
FUNCTION FORMAT Reai | Protected | | Protected
Address | VU8 |y qregs | Virtue!
Mode Address Mode Address
Mode Mode
ARITHMETIC (Continued)
AND = And:
Reg/memory and register to either 2,7* 27* 2 9
Jmmediate to register/memory l 1000 W mod 100 r/m I data I data it w;l 37 37¢ 2 9
Jmmediate to accumulator | 001001 OLL data I dataifw=1 | 3 3
[TEST = And tunction to fisgs, no result:
Register/memory and register 2,6° 26° 2 9
jmmediate data and register/memory ri 111011w ( mod000 r/m ( data f dataif w=1 3.6 36° 2 9
Jmmediate data and accumulator l 1010100w I data I dataif w= 1—| 3 3
POR=0r:
Reg/memory and register to aither modreg r/m 2,7* 27 2 k]
Jmmediate to register/memory [ 1000000w I mod001 r/m l data ( dataitw=1 3.7 3,7° 2 9
Jmmediate to accumulator I 0000110w L data Tdma fw=1 ] 3 3
XOR =Exclusive or:
Reg/memory and register to either 2,7 2,7* 2 9
Immediate to register/memory mﬂ 00 OLLmod 110 ’/"LL data I dataitw = 1 3,7* 37 2 9
Jmmediate 1o accumulator [ 0011010w [ data Iaata ifw= 1' 3 3
NOT = Invert register/memory 27 27" 2 9
BTRING MANIPULATION:
MOVS = Move byte/word 5 5 2 9
[EMPS = Compare byte/word 8 8 2 9
ISCAS = Scan byte/word 7 7 2 9
LODS = Load byte/wd to AL/AX 5 5 2 9
STOS = Stor byte/wd from AL/A 3 3 2 9
lepeated by count in CX
IOV =Move string 5+4n S5+4n 2 9
MPS = Compare string 5+8n 5+9n 28 89
AS = Scan string 5+8n 5+8n 28 8.9
0DS = Load string 5+4n 5+4n 28 88
08 Stre g von

Shaded areas indicate ions not avail in 8086, 88

All mnemonics copyright Intel Corporation 1987.
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80286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT COMMENTS
Real Protected Real Protected
IFUNCTION FORMAT al Virtual Virtual
Address Address
Mode Address Mode Address
Mode Mode
ICONTROL TRANSFER
CALL - Calk:
IDirect within segment [ 11101000 I disp-iow L disp-high 7+m 7+m 2 18
IRegister/memory moe010 rimy 7em ti+mt | 7em t1emt | 28 89,18
lindirect within segment
Direct intersegment rt 0011010 l segment offset 13+m 26+m 2 11,1218
p — o
Protected Mode Only (Direct | segment selector
Via cali gate 10 same privilege leve! 41+m 8,11,12,18
Via call gate to different privilege ievel, no parameters 82+m 8,11,12,18
Vvia call gate to different privilege ievel, x parameters 86 +4x-+m 8,11,12,18
viaTSS 177+m 8,11,12,18
Via task gate 182~m 8.11,12,18
ey
Indirect intersegment 1mod 0 * 1o rmy (mod ~11) i6+m 29 +m* 3 89,11,12,18
Protected Mode Only (Indirect intersegment):
Via call gate to same privilege level 44+ m* 89,11,12,18
Via call gate to different privilege ievel, no parameters 83 +m* 89,11,12,18
Via call gate to different privilege leve!, x parameters 30 +4x +m* 8,9.11,12,18
via TSS 180+ m* 8,9,11,12,18
Via task gate 185+ m* 89,11,12,18
WMP = Unconditional jump:
—_—
IShort/long disp-low 7em 7+m 18
[Direct within segment |r‘ 1101001 Tl aisp-low [ disp-high 7+m 7+m 18
— —
Register/memory incirect within segment 11111111 mod10¢C r/r\j 7 +m1+mt| 7+m 11 rm* 2 9,18
Direct intersegment { 11101010 [ segment cifset 1t+m 23+m 11,1218
e ———
Protected Mode Only (Direct i ! segment selector j
Via cali gate to same privilege levei 38 +m 8,11,12,18
Via TSS 175+m 8,11,12,18
Via task gate 180+ m 8,11,12,18
)
Indirect intersegment 11111111 jmodi101  /n) (mod - 11 15+m* 26+ m” 2 89,11,12,18
Protected Mode Only (Indirect intersegment):
Via call gate to same privilege level 41+m* 8.9,11,1218
Via TSS 178+m* 89,11,12,18
Via task gate 183+m* 8,9,11,12,18
IRET = Return from CALL:
Within segment 11000011 11+m 1t+m 2 89,18
T
Within seg adding immed to SP F 1000010 ] dataslow |  data-high I 1M+m 11+m 2 8,9,18
)
Intersegment 1100101 1_J 15+m 25 +m 2 8,9,11,12,18
Intersegment adding immediate to SP [ 11001010 I data-low I data-high J 15+m 2 89,11,1218
IProtected Mode Only (RET):
To different privilege level 55+m 9,11,12,18

All mnemonics copyright Intel Corporation 1987.
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80286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT [
FUNCTION FORMAT Roa | Proecind | ey | Prowemd
Address Address
Mode Address Mode Address
Mode Mode
[CONTROL TRANSFER (Continued)
JE/JZ = Jump on equal zero 7+mor3 7+mor3 18
JL/JNGE = Jump on less/not greater or equal 7+mor3 7+mor3 18
[JLE/JNG = Jump on less or equal/not greater 7+mor3 7+mor3 18
JB/JNAE = Jump on below/not above or equal 7+mord 7+mor3 18
JBE/JNA = Jump on below or equal/not above T+mor3d 7+mor3 18
JP/JPE = Jump on parity/parity even 7+mor3 7+mord 18
JO = Jump on overfiow 7+mor3 7+mor3 18
JS = Jump on sign m 7+mord | 7+mor3 18
JJNE/JNZ = Jump on not equal/not zero 7+mor3 7+mor3 18
[JNL/JGE = Jump on not less/greater or equal 7+mor3 7+mor3 18
JJNLE/JG = Jump on not less or equal/greater 7+mor3 7+mor3 18
JJNB/JAE = Jump on not below/above or equal 7+mord 7+mor3 18
[ JNBE/JA = Jump on not below or equal/above 7+mor3 7+mor3 18
[JNP/JPO = jump on not par/par odd 7+mor3 7+mor3 18
JNO = Jump on not overflow m 7+mord 7+mor3 18
JNS = Jump on not sign 7+mor3 7+mor3 18
LOOP = Loop CX times 8+mord 8+mord 18
LOOPZ/LOOPE = Loop while zero/equal 8+mord 8+mor4 18
LOOPNZ/LOOPNE = Loop while not zero/equal m 8+mor4 B+mord 18
JCXZ =Jump on CX zero 8+mord 8+mord 18
= i
¥
2+m
INTO = Interrupt on overfiow 24 +mor3
@ifno (3ifno
interrupt) interrupt)

Shaded areas indicate i ions not ava in 8086, 88

All mnemonics copyright Intel Corporation 1987.
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80286 INSTRUCTION SET SUMMARY (Continued)

CLOCK COUNT COMMENTS
Real Protected Real Protected
FUNCTION FORMAT Virtual ol Virtual
Address Address
Mode Address Mode Address
Mode Mode
ICONTROL TRANSFER (Continued)
Protected Mode Only:
Via interrupt or irap gate to same privilege level 40+ m 7.8,11,12,18
Via interrupt or trap gate to fit ditferent privilege level 78+ m 7,8.11,12,18
Via Task Gate 167+m 7.8,11,12,18
IRET = Interrupt return 17+m 31+ m 24 8,9,11,12,15,18
Protected Mode Only:
To different privitege level 55+m 8,9,11,12,15,18
To different task (NT=1) 169+m 8,9,11,12,18
BOUND » Detect vakue out of tange 01196010 | modreg r/m LI S - 28
; L :  countit
* axoeption 5}
PROCESSOR CONTROL
[CL.C = Ciear carry 2 2
ICMC = Complement carry 11110101 2 2
CLD = Clear direction 2 2
BTD = Set direction 11111101 2 2
CLt = Clear interrupt 11111070 3 3 14
STI== Set interrupt 11111011 2 2 14
HLT = Halt 11110100 2 2 13
WAIT = Wait 10011011 3 3
} OCK = Bus lock prefix 1] [}
T8~ Cloar task switched fiag 20001111.].00000110 2 2
ESC = Processor Extension Escape modLLL r/m 9-20° 9-20° 58 8,17
TT LLL are opcode to processor extension)
BEG = Segment Override Prefix
rogister | 00001111 | 90000001 [mod000
rogister [ 00001111 00000001 |medo11
s [looao1111] 00000000 medoio wml |
: [occ01111 [ 00000000 [modase wm|

Shaded areas indicate instructions not avaitable in 8086, 88 microsystems.

All mnemonics copyright Intel Corporation 1987,
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80286 INSTRUCTION SET SUMMARY (Continued)

Shaded areas indicate i i not avail in 8086, 88

CLOCK COUNT COMMENTS
lected Protected
FUNCTION FORMAT Real Virtual Real Virtual

All mnemonics copyright Intel Corporation 1987.
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Footnotes

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

if mod = 11 then r/m is treated as 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 r/m = 000 then EA = (BX) + (SI) + DISP

if r/m = 001 then EA = (BX) + (D) + DISP
if r/m = 010 then EA = (BP) + (Sl) + DISP
if r/m = 011 then EA = (BP) + (D) + DISP
if /m = 100 then EA = (Si) + DISP

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

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

DISP follows 2nd byte of instruction (before data if
required)
*except if mod = 00 and r/m = 110 then EQ = disp-high: disp-low.

SEGMENT OVERRIDE PREFIX

001reg110

reg is assigned according to the following:

Segment

reg Register
00 ES
01 Ccs
10 SS
11 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 SI 110 DH
111 DI 111 BH

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

All mnemonics copyright Intel Corporation 1987.
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80-BIT HMOS
NUMERIC PROCESSOR EXTENSION
(80287-3, 80287-6, 80287-8, 80287-10)

® High Performance 80-Bit Internal B Protected Mode Operation Completely
Architecture Conforms to the 80286 Memory

m Implements Proposed IEEE Floating Management and Protection
Point Standard 754 Mechanisms
m Expands 80286 Data types to Include B Directly Extends 80286 Instruction Set
32-'? 64-, 80-Bit FloatlrgpPolnt, 32-, 64- to Trigonometric, Logarithmic,
Bit Integers and 18-Digit BCD Operands Exponential and Arithmetic instructions
for All Data types

® Object Code Compatible with 8087 B Operates with 80386 CPU without

m Built-in Exception Handling Software Modification

m Operates in Both Real and Protected m Avallable in EXPRESS—Standard
Mode 80286 Systems Temperature Range

H 8x80-Bit, Individually Addressable, m Avalilable in 40 pin-CERDIP package
Numeric Reglster Stack (see Packaging Spec: Order #231368)

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 processing. The 80287 is implemented in N-channel, depletion load, silicon gate technology
(HMOS) and packaged in a 40-pin cerdip package. The 80286/80287 is object code compatible with the
8086/8087 and 8088/8087.

BUS INTERFACE UNIT NUMERIC EXECUTION UNIT

210920-2

sTaTus L
ADDRESS Y
L L @ B N/C Pins should not be connected

NOTE:

N T Figure 2.

Figure 1. 80287 Block Diagram 80287 Pin Configuration

November 1986
3-55 Order Number: 210820-006
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Table 1. 80287 Pin Description

Symbols

Type

Name and Functon

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 ara compatible to this input.

CKM

CLOCK MODE SIGNAL: indicates whether CLK input is to be divided by
3 or used directly. A HIGH input wilf cause CLK to be used directly. This
input must be connected to Vgg or Vgg as appropriate. This input must
be either HIGH or LOW 20 CLK cycles before RESET goes LOW.

RESET

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 transition must occur no sooner than 50 us after Ve and
CLK meet their D.C. and A.C. specifications.

D15-D0

170

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

BUSY

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

ERROR

ERROR STATUS: reflects 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.

PEACK

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.

NUMERIC PROCESSOR READ: Enables transfer of data from the
80287. This input may be asynchronous to the 80287 clock.

NUMERIC PROCESSOR READ: Enables transfer of data from the
80287. This input may be asynchronous to the 80287 clock.

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)

Symbols Type Name and Function
Vss | System ground, both pins must be connected to ground.
Vee I + 5V supply

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-

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,
the 80286/80287.

80287
80266 | STACK: TAG FIELD
15 FILE: 0 ™ T8 64 83 0 1 0
AX ! R1 | SIGN EXPONENT SIGNIFICAND
Bx | p2
cx { 1]
ox : Re
S| | (.13
ol | Re
8P A?
8P l Re
15 'y ‘I 5
[ CONTROL REGISTER
FLAGS ! STATUS REGISTER
L ———— 1 TAG WORD
cs L 9 | |- INSTRUCTIONPOINTER ]
|
':: | L~  DATAPOINTER ]
[ !
|
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.
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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 , NPWR
signals, allow 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 asserting 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.

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 MHz 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 4 duty cycle
clock on the CLK input {CKM = 1). The foilowing
table describes the relationship between the clock
speed and the 287 operating speed as a function of
the CKM state.

287 Speed CLK Spead
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.

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 local bus controller logic is
used to generate the necessary read and write cycle
timings as well as the chip select timings for the
80287. The 80386 CPU uses |/O addresses
800000F8 through 800000FF to communicate with
the 80287. This is beyond the normal 1/O address
space of the CPU and makes it easier to generate
the chip select signals using A31 and M/10. 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 handled by the
CMDO0, CMD1, NPST, NPS2, NPRD, and NPWR sig-
nals. 170 port addresses 00F8H, 00FAH, and 00FCH
are used by the 80286 for this communication.
When any of these addresses are used, the NPS1
inEut must be LOW and NPS2 input HIGH. The

and TOWC outputs of the 82288 identify I/0
space transfers (see Figure 4A). CMDO should be
connected to latched 80286 A1 and CMD1 should
be connected to latched 80286 A2.

{/0 ports 00F8H to OOFFH are reserved for the
80286/80287 interface. To guarantee correct opera-
tion of the 80287, programs must not perform any
/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 all 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.

Internally 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 instructions 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.

Yee
i3
<< 20KN
> > L/ A/
reseT |19 C'E ce
i AEADY 19 :
% 8228 CLK b3 by $2Ka
§1 4
8014 l I
Ats-Ao
READY READY
cLx cLx
5 8
] 80 Dw-Do
MA0 mMAD
$-——| ERROR PEREQ |——
82288 BUSY_ PEACK |—
T coD INTA
[CODINTA |
DEN
DTR ;
___ _ALE cLK
IOWC _TORC 0
RESET PEACK | ' I —
PEREQ }— o
80287 Y
Dis00 DATA OR
Vee 8287
NPRD  NP82 (— Vcc
NPWR  NPB1
L{ {ERROR CMD1
0K0 LJBusY cmpo
. CLK_CKM
— N
R oK
828441
\
x1 EF? Y
L e—d
30 MHz TANK
OSCILLATOR

210920-4

Figure 4A. 80286/80287 System Configuration
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Vee
30 MHz
OSCILLATOR
10K ]
ca‘agg FiC EFI
K
GENERATOR 8284A-1
CLK2 RESET L X cock
v e B
CLK2 RESET RESET CLK
BUsY BUSY | /" TIELOW FOR DIVIDE-BY-3 TTL CLK
_Busy BUSY  CKM [~ TiE HIGH FOR NO-DIVIDE MOS CLK
ERROR ERROR
PEREQ PEREQ .
w/i0 NPS1
T4F3T3
A3t i) NPS2
A2 cMDo
OF _L——d cMD1
80388 80287
cpPu = NUMERIC
COPROCESSOR
D154 Jurass D15-# PEACK [—AAA—O Vco
E 20K
- []
READY L —
2BE. MG ocAL  iOR NPRD
, BUs  — J—
DT, WR CONTROLLER !OW NPWR
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Figure 4B. 80386/80287 System Configuration
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Table 2. 80287 Data Type Repr tation in Memory
Data Most Significant Byte HIGHEST ADDRESSED BYTE

o | | 7 [y oo o[ ol o] ol o[ o] ]

Word Integer 10* 16 Bits E CoMeLEmEnT)

15 0

Short Integer |  10° 32 Bits I C8Wetemenn
3 o

Long Integer 10'® 64 Bits ]gg&isusnn
63 0

- s| x MAGNITUDE
18 Digits 817 O1oz 815, Oay i3y iz 0 Doy e dg &7 4 dg , B, 0y, 95 9, dy by
n n °

Packed BCD | 10"

Short Real | 10%% | 24Bits [s] 888 | swnricano |

3 2% _ e )
Long Real 107308 53 Bits |5  expouent I SIGNIFICAND ]
63 528 _ " 0
Temporary Real [ 104932 | 64 Bits sl ErnOn Nt ﬁ SIGNIFICAND ]
79 64 63" )

210820-6

N
1.8 = Slgn bit (0 = positive, 1 = negative)
2. d, = Decimal digit (two per byte)
3. X = Bits have no significance; 8087 ignores when loading, zeros when storing.
4. 4 = 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)8 (Dy7... Do)
8. Real: (—1)s (2E-BIAS)(FoF,. . )

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 INTERFACE

The 80286/80287 is programmed as a single proc-
essor. All communication between the 80286 and
the 80287 is transparent to software. The CPU auto-
matically controls the 80287 whenever a numeric in-
struction is executed. All memory addressing
modes, physical memory, and virtual memory of the
CPU are available for use by the NPX.

Since the NPX operates in parallel with the CPU, any
ermors detected by the NPX may be reported after
the CPU has executed the ESCAPE instruction
which caused it. To allow identification of the failing
numeric instruction, the NPX contains two pointer
registers which identify the address of the failing nu-
meric instruction and the numeric memory operand if
appropriate for the instruction encountering this er-
ror.

INTERRUPT DESCRIPTION

Several interrupts of the 80286 are used to report
exceptional conditions while executing numeric pro-
grams in either real or protected mode. The inter-
rupts and their functions are shown in Table 3.
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PROCESSOR ARCHITECTURE

As shown in Figure 1, the NPX is internally divided
into two processing elements, the bus interface unit
(BIU) and the numeric execution unit (NEU). The
NEU executes all numeric instructions, while the BIU
receives and decodes instructions, requests oper-
and transfers to and from memory and executes
processor control instructions. The two units are
able to operate independently of one another allow-
ing the BIU to maintain asynchronous communica-
tion with the CPU while the NEU is busy processing
a numeric instruction.

BUS INTERFACE UNIT

The BIU decodes the ESC instruction executed by
the CPU. If the ESC code defines a math instruction,
the BIU transmits the formatted instruction to the
NEU. If the ESC code defines an administrative in-
struction, the BIU executes it independently of the
NEU. The parallel operation of the NPX with the
CPU is normally transparent to the user. The BIU
generates the §6§V and ERROR signals for 80826/
80287 processor synchronization and error notifica-
tion, respectively.

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 Fi

Interrupt Number

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 wilt cause interrupt 7. This
indicates that the current NPX context may not belong to the current task.

instruction.

9 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. Atter processing the addressing error, the 80286 program can be
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

13 The starting address of a numeric operand is not in the segment’s limit. 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 prefixes, which
may be restarted after clearing the error condition 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, NPST, 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 cycle. 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 BS§Y 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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79 78 6463

DATA FIELD

TAG FIELD
0 1 0

IGN | EXPONENT

SIGNIFICAND

15

CONTROL REGISTER

STATUS REGISTER

TAG WORD

— INSTRUCTION POINTER —

DATA POINTER

Figure 5. 80287 Register 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
impficitly 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-
rized in Tables 4a and 4b.

Bits 14-12 of the status word point 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.

5it 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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CElrer ol el ol

EXCEPTION FLAGS (t EXCEPTION HAS OCCURRED)
INVALID OPERATION*

LIZED OPERAND"*
ZERO DIVIDE®
OVERFLOW*

- ow:
PRECISION"

( )

ERROR status™
CONDITION CODE'?'

TOP OF STACK POINTER'Y

NEU BUSY

NOTES:
1. ESis set if any ption bit is set, ¢l
2. See Table 5 for condition code interpretation.
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 handling

d otherwise.

210820-7

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 wilt point
at any prefixes which preceded the instruction. This
is different than in the 8087 which only pointed at
the ESCAPE instruction opcode.

CONTROL WORD

The NPX provides several processing options which
are selected by loading a word from memory into the
control word. Figure 8 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
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Table 4a. Condition Code Interpretation

Ins};:pc:lon C3 Cz Cq Co Interpretation
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 1 X 1 ST is not comparable
Remainder Q4 0 Qo Qa Complete reduction with
three low bits of quotient
(See Table 5b)
V] 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 1 1 Invalid, negative, exponent = 0
0 1 0 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 1 0 Zero, Negative
1 0 1 1 Empty
1 1 0 0 Invalid, positive, exponent = 0
1 1 0 1 Empty
1 1 1 0 Invalid, negative, exponent = 0
1 1 1 1 Empty
NOTES:
1. 8T = Top of Stack
2. X = value is not affected by instruction
3. U = value is undefined following instruction
4. Q, = Quotient bit n

Table 4b. Condition Code Interpretation after
FPREM (See Note 1) instruction as a Function of

Dividend Value
Dividend Range Q2 Q; Qg
Dividend < 2 * Modulus C3 Cy Qo
Dividend < 4 * Modulus C3 Qy Qo
Dividend = 4 * Modulus Q2 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 contro! 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. Control over closure of the number space
at infinity is also provided (either affine closure: +
oo, or projective closure: <, is treated as unsigned,
may be specified).
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15 ]
TAG(7) | TAG(6) | TAG(S) | TAG(4) | TAG(3) | TAG(2) | TAG(1) | TAG(0)
TAG VALUES:
NOTE: 00 = VALID
The index i of tag(i) is not top-relative. A program 0t = ZERO
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. 11 = EMPTY |
Figure 7. 80287 Tag Word
MEMORY OFFSET
15 [
CONTROL WORD +0
STATUS WORD +2
TAG WORD +4
IP OFFSET +6
CS SELECTOR +8
DATA OPERAND OFFSET +10
DATA OPERAND SELECTOR +12

Figure 8a. Protected Mode 80287 Instruction and Data Pointer Image in Memory

EXCEPTION HANDLING

The 80287 detects six different exception conditions
that can occur during instruction execution. Any or
all exceptions will 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 underflow,
indeterminate form (0/0, o, — 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 NANs. If this exception is masked,
the 80287 default response is to generate a specific
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NAN called INDEFINITE, or to propogate already ex-
isting NANs as the calculation result.

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.

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.
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MEMORY
OFFSET
15 0
CONTROL WORD +0
STATUS WORD +2
TAG WORD +4
INSTRUCTION POINTER (15-0) +6
INSTRUCTION | | INSTRUCTION 8
POINTER (19-16) OPCODE (10-0)
DATA POINTER (15-0) +10
DATA POINTER
(19-16) 0 +12
15 12 11 0

Figure 8b. Real Mode 80287 Instruction and Data Pointer Image in Memory

Fx xx L cl RC PC rxl X lPMlUI;IOM‘I’IM]’DMI;S’I

EXCEPTION MASKS (1 EXCEPTION IS MASKED)
INVALID OPERATION
DENORMALIZED OPERAND
ZERO DIVIDE
OVERFLOW

\ Low
PRECISION

( )

( D)
PRECISION CONTROL ‘"'

ROUNDING CONTROL'?

INFINITY CONTROL (0 - PROJECTIVE, 1 = AFFINE)
(RESERVED)

210920-8
(1) PRECISION CONTROL (2) ROUNDING CONTROL
00 = 24 BITS (SHORT REAL) 00 = ROUND TO NEAREST OR EVEN
0t = RESERVED 01 = ROUND DOWN (TOWARD -x)
10 = 53 BITS (LONG REAL) 10 = ROUND UP (TOWARD +x}
11 = 64 BITS (TEMP REAL) 11 = CHOP (TRUNCATE TOWARD ZERO)

Figure 9. 80287 Control Word
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Denormalized Operand: At least one of the oper-
ands is denormalized; it has the smallest exponent
but a non-zero significand. Normal processing con-
tinues if this exception is masked off.

Inexact Result: The true result is not exactly repre-
sentable in the specified format, the resuit is round-
ed according to the rounding mode, and this flag is
set. If this exception is masked, processing will sim-
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
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
handling 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).

Therefore, any interrupt controller oriented in-
structions for the 8086/8087 may have to be de-
leted.

. Interrupt vector 16 must point at the numeric error
handler routine.

. The saved floating point instruction address in the
80287 includes any leading prefixes before the
ESCAPE opcode. The corresponding saved ad-
dress of the 8087 does not include leading prefix-
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—it
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 cause interrupt 7.
An interrupt 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 should be
added to report these programming errors.

w

»

(&)

o

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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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ... ... 0°C to 70°C
Storage Temperature .......... —65°Cto +150°C
Case Temperature ................... 0°Cto 85°C
Voltage on any Pin with

RespecttoGround ............... ~1.0to +7V
Power Dissipation.................... ... 3.0 Watt

*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 condijtions 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 T, = 0°Ct0 70°C, T¢c = 0°C 10 85°C, Vge = 5V 5%

ALL SPEEDS SELECTIONS

Symbol Parameter Min Max Unit Test Conditions
Vi Input LOW Voltage -0.5 0.8 \"
ViK Input HIGH Voltage 2.0 Vee +0.5 \
ViHe Clock Input HIGH Voltage
CKM = 1: 2.0 Vee +1 v
CKM = 0: 3.8 Ve +1 v
Vi Clock Input LOW Voltage
CKM =1 -0.5 0.8 Vv
CKM =0 -0.5 0.6 \
VoL Output LOW Voltage 0.45 v lop = 3.0mA
Vo Output HIGH Voltage 24 v loy = —400 pA
M Input Leakage Current . +10 pA OV < VN € Vo
ILo Output Leakage Current ] +10 MA 0.45V < Vour < Voo
Icc Power Supply Current 600 mA Ta = 0C
475 mA Ta = 25°C
. 375 mA Ta = 70°C
CiN input Capacitance . 10 pF Fc = MHz
Co Input/Output Capacitance . 20 pF Vg = 1 MHz
(D0-D15)
CcLk CLK Capacitance . 12 pF Fc = 1MHz
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A.C. CHARACTERISTICS T4 = 0°Cto 70°C, Tcase = 0°C 10 85°C, Vo = 5V £5%

TIMING REQUIREMENTS

A.C. timings are referenced to 0.8V and 2.0V points on signals unless otherwise noted.

80287-3 | so267-6 | soze7-8 | 023110 Tost
6 MH; Hz
Symbot Parameter 5MHz MHz Ll Preliminary | Y8 | condivions
Min | Max | Min | Max | Min [ Max | Min | Max
ToLoL CLK Period
CKM = 1: 200 | 500 | 166 | 500 | 125 | 500 | 100 | 500 ns
CKM = 0: 625|250 | 625|166 | 50 | 166 | 40 166 ns
TorcH | CLKLOW Time
CKM = 1: 118 100 | 343 | 68 | 343 | 62 | 343 ns |At0.8V
CKM = 0: 15 (230 | 15 | 146 | 15 | 146 | 11 146 ns | At0.6V
TeHoL | CLK HIGH Time
CKM = 1: 69 50| 230 | 43 | 230 | 28 | 230 ns |At2.0V
CKM = 0: 20 | 235| 20 | 151 | 20 | 151 18 | 151 ns | At3.6V
TcHicH2 | CLK Rise Time 10 10 10 10 ns |{1.0Vto3.6V
if CKM = 0
TerzcL1 | CLK Fall Time 10 10 10 10 ns |3.6Vto1.0V
ifCKM =0
Tpywn | Data Setup to 75 75 75 75 ns
NPWR Inactive
TwHDx | Data Hoid from 30 30 18 18 ns
NPWR Inactive
TwiwH | NPWR NPRD 95 95 90 90 ns | At0.8v
TRLRH Active Time
TAVRL Command Valid
TawwL | to NPWR or 0 0 0 0 ns
NPRDActive
TMHRL | Minimum Delay
from PEREQ Active | 130 130 130 100 ns
to NPRD Active
TkLKH PEAK Active Time 85 85 85 60 ns | At0.8V
TKHKL PEAK Inactive Time { 250 250 250 200 ns | At2.0V
TkHon | PEAK Inactive to
NPWR, NPRD 50 50 40 40 ns
Inactive
TcoHKL NPWR, NPRD
Inactive to —-30 —-30 —30 —30 ns
PEAK Active
TwHax | Command Hold
TaHax | from NPWR, 30 30 30 22 ns
NPRD Inactive
TkLcL PEAK Active
Setup to NPWR 50 50 40 40 ns
NPRD Active
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A.C. CHARACTERISTICS Ta = 0°Cto 70°C, Tgase = 0°C to 85°C, Vo = 5V +£5% (Continued)

TIMING REQUIREMENTS (Continued)

A.C. timings are referenced to 0.8V and 2.0V points on signals unless otherwise noted.

80287-3 | 802876 | sozs7-8 | SZBici0 Test
Symbol Parameter 5MHz | 6MHz | B8MHz | poypingry | Units | oo thions
Min | Max | Min | Max | Min | Max | Min | Max
Twc. | NPWR, NPRD 70 70 70 53 ns | (Note 1)
to CLK Setup Time
TouH | NPWR, NPRD 45 45 45 37 ns | (Note 1)
from CLK Hold Time
TrscL | RESET to CLK 20 20 20 20 ns | (Note 1)
Setup Time
TeLrs | RESET from CLK 20 20 20 20 ns | (Note1)
Hold Time
TIMING RESPONSES
80287-3 | 80287-6 | soze7-g | 89287010 Tost
Symbol Parameter 5 MHz 6 MHz 8MHz | preliminary | Units | conditions
Min | Max | Min | Max | Min | Max | Min | Max
Truoz | NPRD Inactive to 375 375 35 21 ns | (Note 2)
Data Float
TrRiov | NPRD Active to 60 60 60 60 ns | (Note3)
Data Valid
TigH | ERROR Activeto [ 100 100 100 100 ns | (Note 4)
BUSY inactive
Twiav | NPWR Active to 100 100 100 100 | ns | (Note5)
BUSY Active
TkLmL PEAK Active to 127 127 127 100 ns (Note 6)
PEREQ Inactive
TcMmol Command Inactive
Time
Write-to-Write 95 95 95 75 ns | At2.0V
Read-to-Read 250 95 95 75 ns At2.0V
Write-to-Read 106 95 95 