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Write Precompensation

When operating in Double Density mode (DDEN = 0), the
279X has the capability of providing a user-defined
precompensation value for Write Data. . An external
potentiometer (10K) tied to the WPW signal (Pin 33) aliows a
setting of 100 to 300 ns from nominal.

Setting the Write precomp value is accomplished by for-
cing the TEST line (Pin 22) to a Logic 0. A stream of pulses
can then be seen on the Write Data (Pin 31) line. Adjust the
WPW Potentiometer for the desired pulse width. This
adjustment may be performed in-circuit since Write Gate
(Pin 30) is inactive while TEST = 0.

Data Separation

The 279X can operate with either an external data separator
or its own internal recovery circuits. The condition of the
TEST line (Pin 22) in conjunction with MR (Pin 19) will select
internal or external mode.

To program the 279X for external VCO, a MR pulse must be

applied while TEST = 0. A clock equivalent to eight times
the data rate (e.g., 4.0 MHz for 8” Double Density) is applied

+ to the VCO input (Pin 26). The feedback reference voltage is

available on the Pump output (Pin 23) for external in-
tegration to controi the VCO. TEST is returned to a Logic 1
for normal operation. Note: To maintain this mode, TEST
must be held low whenever MR is applied.

For internal VCO operation, the TEST line must be high
during the MR pulse, then set to a Logic 0 for the ad-
justment procedure.

A 50K Potentiometer tied to the RPW input (Pin 18) is used
to set the internal Read Data pulse for proper phasing. With
a scope on Pin 29 (TG43), adjust the RPW pulse for 1/8 of
the data rate (250 ns for 8" Double Density). An external
variable capacitor of 5-60 pf is tied to the VCO input (Pin 26)
for adjusting center frequency. With a frequency counter
on Pin 16 (DIRC) adjust the trimmer cap to yield the ap-
propriate Data Rate (500 KHz for 8" Double Density). The
DDEN line must be iow while the 5/8 line is heid high or the
adjustment times above will be doubled.

After adjustments have been made, the TEST pin is
returned to a Logic 1 and the device is ready for operation.
Adjustments may be made in-circuit since the DIRC and
TG43 lines may toggle without affecting the drive.

The PUMP output (Pin 23) consists of positive and negative
pulses, which their duration is equivalent to the phase
difference of incoming Data vs. VCO frequency. This signal

_is internally connected to the VCO input, but a Filter is

needed to connect these pulses to a slow moving DC
voltage.

The intermal phase-detector is unsymmetrical for a random
distribution of data pulses by a factor of two, in favor of a
PUMP UP condition. Therefore, it is desirable to have a
PUMP DOWN twice as responsive to prevent run-away
during a lock attempt.

A first order lag-lead filter can be used at the PUMP output
{Pin 23), This filter controls the instantaneous response of
the VCO to bit-shifted data (jitter) as well as the response to
normal frequency shift, i.e.,, the lock-up time. A balance

must be accomplished between the two conditions to
inhibit over-responsiveness to jitter and to prevent an
extremely wide lock-up response, leading to PUMP run-
away. The filter affects these two reactions in mutually
opposite directions.

The following Filter Circuit is recommended for 8"
FM/MFM:

PUMP
(PIN 23) ﬁ

uf

1KQ ING14

Since 514" Drives operate at exactly one-half the data rate
(250 Kb/sec) the above capacitor shouid be doubled to .2 or

22f.

TYPE | COMMANDS

The Type | Commands include the Restore, Seek, Step,
Step-in, and Step-Out commands. Each of the Type |
Commands contains a rate field (rg r1), which determines
the stepping motor rate as defined in Table 3.

A 2us (MFM) or 4 us (FM) pulse is provided as an output to
the drive. For every step pulse issued, the drive moves one
track location in a direction determined by the direction
output. The chip will step the drive in the same direction it

" last stepped unless the command changes the direction.

The Direction signal is active high when stepping in and

low when stepping out. The Direction signal is valid before

the first stepping puise is generated.

The rates (shown in Table 3) can be applied to a Step-
Direction Motor through the device interface.

TABLE 3. STEPPING RATES

CLK 2MHz 1MHz
R1 RO TEST = 1 TEST =1
0 0 " 3ms 6ms
0] 1 6ms 12ms
1 0 10ms 20ms
1 1 15 ms 30ms

After the last directional step an additional 15 milliseconds
of head settling time takes place if the Verify flag is set in
Type | commands. Note that this time doubles to 30 ms for
a 1 MHz clock. There is also a 15 ms head settling time if
the E fiag is set in any Type Il or lll command.

When a Seek, Step or Restore command is executed an
optional verification of Read-Write head position can be
performed by setting bit 2 (V = 1) in the command word to
alogic 1. The verification operation begins at the end of the
15 millisecond settling time after the head is loaded against
the media. The track number from the first encountered (D



Field is compared against the contents of the Track
Register. If the track numbers compare and the ID Field
Cyclic Redundancy Check (CRC) is correct, the verify
operation is complete and an INTRQ is generated with no
errors, If there is a match but not a valid CRC, the CRC error

status bit is set (Status bit 3), and the next encountered ID .

field is read from the disk for the verification operation.

The WD279X must find an ID field with correct track
number and correct CRC within 5 revolutions of the media;
otherwise the seek error is set and an INTRQ is generated.
IfV = 0, no verification is performed.

The Head Load (HLD) output controls the movement of the
read/write head against the media. HLD is activated at the
beginning of a Type | command if the h flag is set(h = 1), at
the end of the Type | command if the verify flag (V = 1), or
upon receipt of any Type I} or il command. Once HLD is
active it remains active until either a Type | command is
received with(h = Oand V = 0); or if the 279X is in an idle
state (non-busy) and 15 index puises have occurred.

Head Load timing (HLT) is an input to the 279X which is
used for the head engage time. When HLT = 1, the 279X
assumes the head is compietely engaged. The head
engage time is typicaily 30 to 100 ms depending on drive.
The tow to high transition on HLD is typically used to fire a
one shot. The output of the one shot is then used for HLT
and supplied as an input to the 279X.

HLT :FROM ONE SHOT)

HEAD LOAD TIMING

When both HLD and HLT are true, the 279X will then read
from or write to the media. The “and” of HLD and HLT ap-
pears as status Bit 5 in Type | status.

In summary for the Type | commands: ifh = 0andV = 0,
HLD isreset. If h = 1 and V = 0, HLD is set at the
beginning of the command and HLT is not sampled nor is
there an internal 15 ms delay. lf h = 0andV = 1, HLD is set
near the end of the command, an internal 15 ms occurs,
and the 279X waits for HLT to be true. If h = 1and V = 1,
HLD is set at the beginning of the command. Near the end
of the command, after all the steps have been issued, an
internal 15 ms delay occurs and the 279X then waits for HLT
to occur.

For Type Il and Il commands with E flag off, HLD is made
active and HLT is sampled until true. With E flag on, HLD is
made active, an internal 15 ms delay occurs and then HLT is
sampled until true.

RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 (TROO) input is
sampled. If TROO is active low indicating the Read-Write
head is positioned over track 0, the Track Register is loaded
with zeroes and an interrupt is generated. |f TR0O is not
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active low, stepping pulses at a rate specified by the f1rQ
field are issued until the TROO input is activated. At this
time the Track Register is loaded with zeroes and an in-
terrupt is generated. If the TROO input does not go active
low after 255 stepping pulses, the 279X terminates
operation, interrupts, and sets the Seek error status bit. A
verification operation takes place if the V flag is set. The h
bit allows the head to be loaded at the start of command.
Note that the Restore command is executed when MR
goes from an active to an inactive state.

SEEK

This command assumes that the Track Register contains
the track number of the current position of the Read-Write
head and the Data Register contains the desired track
number. The WD279X will update the Track register and
issue stepping pulses in the appropriate direction untit the

HAS N\

ATYPE

COMMAND BEEN

RECEIVED
2

YES

SET BUSY RESET CRC
SEEK ERROR DRQ. INTRQ

SET MLD RESET HLD

1S
COMMAND
A
STEP-IN
a2
NO
S
COMMAND
A
STEP-QUT
2
NO
S

|
COMMAND
A

SEY
DIRECTION

RESET
OIRECTION

STEP
L]

! RESTORE

FF,TOTA

t

0TOLCA

U

TYPE | COMMAND FLOW
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I DR TO DSR —I

S
DSR .TR
£

. .

RESET DIRECTION SET DIRECTION

IS

DIRECTION vES
PR

HEAD AT
TRACK 0 AND
DIRECTION

ISSUE
ONE STEP PULSE

!

DELAY ACCORDING
TO RY RO FIELD

COMMAND

A STEP STEF-IN

OR STEP-QUT
>

YES

:D
TYPE | COMMAND FLOW

contents of the Track register are egual to the contents of
the Data Register (the desired track location). A verification
operation takes place if the V flag is on. The h bit allows the
head to be loaded at the start of the command. An interrupt
is generated at the completion of the command. Note:
When using multiple drives, the track register must be
updated for the drive selected before seeks are issued.
STEP

Upon receipt of this command, the 278X issues one
stepping pulse to the disk drive. The stepping motor

" direction is the same as in the previous step command.

After a delay determined by the TrQ field, a verification
takes place if the V flag is on. If the T flag is on, the Track
Register is updated. The h bit allows the head to be loaded
at the start of the command. An interrupt is generated at
the completion of the command.

STEP-IN

Upon receipt of this command, the 279X issues one
stepping pulse in the direction towards track 76. If the T
flag is on, the Track Register is incremented by one. Aftera

VERIFY
SEQUENCE

INTRQ RESET BUSY

15 Mg
EXPIRED
"

HAVE

3 INDEX

HOLES

PASSEL
B}

INTRQ RESETY BUSY
SET SEEK ERROR

HAS

10 AM BEEN

DETECTED
)

DOES

TR: TRACK

ADDRESS OF 1D

FIELD
?

NC

1S
THERE A
CRC ERAOR
E}

INTRQ .
RESEY BUSY .

NOTE * MHz THERE (S A WM DEt AY

ERROR

TYPE | COMMAND FLOW

delay determined by the M0 field, a verification takes place
if the V flag is on. The h bit allows the head to be loaded at
the start of the command. An interrupt is generated at the
completion of the command. '

STEP-OUT

Upon receipt of this command, the 279X issues one
stepping pulse in the direction towards track 0. If the T flag
is on, the Track Register is decremented by one. After a
delay determined by the MTQ field, a verification takes place
if the V flag is on. The h bit allows the head to be loaded at
the start of the command. An interrupt is generated at the
completion of the command.

EXCEPTIONS

On the 2795/7 devices, the SSO output is not affected
during Type | commands, and an internal side compare
does not take place when the (V) Verify Flag is on.

TYPE Il COMMANDS

The Type il Commands are the Read Sector and Write

Sector commands. Prior to loading the Type || Command
into the Command Register, the computer must load the




Sector Register with the desired sector number. Upon
receipt of the Type Il command, the busy status Bit is set. If
the E flag = 1 (this is the normal case) HLD is made active
and HLT is sampled after a 15 msec delay. If the E flag is 0,
the head is loaded and HLT sampled with no 15 msec delay.

When an ID fieid is located on the disk, the 279X compares

the Track Number on the ID field with the Track Register. If -

there is not a match, the next encountered D field is read
and a comparison is again made. If there was a match, the
Sector Number of the ID field is compared with the Sector
Register. If there is not a Sector match, the next en-
countered 1D field is read off the disk and comparisons
again made. If the 1D field CRC is correct, the data field is
then located and will be either written into, or read from

‘ ENTER ’

s

TYPE It

COMMAND

RECEIVED
”

NO

SET BUSY RESET DRQ. LOST
DATA, RECORD NOT FOUND &
STATUS BITS 5 & 6§ INTRQ

INTRQ
RESET BUSY

HAS

15 MS

EXPIRED
2

SET
TG4

INTRQ RESET BUSY
SET WRITE PROTECT

TYPE It COMMAND

INTRQ. RESET BUSY.
SET RECORD-NOT FOUND,

HAVE
SINDEX HOLES |
PASSED
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HAS

IDAM

BEEN

DETECTED
?

NO

DOES

TR = TRACK

ADDRESS OF 10

FIELD
?

NOQ

NO SR : SECTOR

ADORESS OF iD

NO

BRING IN SECTOR LENGTH FIELD
STORE LENGTH IN INTERNAL
REGISTER

1S
YES THERE A NO
CAC ERROR
kd

SET CRC
STATUS ERROR

RESET
CRC

TYPE Il COMMAND

" depending upon the command. The 279X must find an ID
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field with a Track number, Sector number, side number, and
CRC within 5 revolutions of the disk; otherwise, the Record
not found status bit is set (Status bit 4) and the command is
terminated with an interrupt.

Each of the Type || Commands contains an (m) flag which
determines if multiple records (sectors) are to be read or
written, depending upon the command. If m = 0, a single
sector is read or written and an interrupt is generated at the
completion of the command. If m = 1, multiple records are
read or written with the sector register internally updated
so that an address verification can occur on the next
record. The 279X will continue to read or write muitiple
records and update the sector register in numerical
ascending sequence until the sector register exceeds the
number of sectors on the track or until the Force Interrupt
command is loaded into the Command Register, which
terminates the command and generates an interrupt.

For example: If the 279X is instructed to read sector 27 and
there are only 26 on the track, the sector register exceeds
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READ SECTOR
SEQUENCE

PUT RECORD TYPE IN
STATUS REG BIT §

-] YES
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SET CRC ERROR
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SEQUENCE

\

DELAY 2 BYTES OF GAP J

1

SEY DRQ J

)

’ DELAY 8 BYTES OF GAP ]

A
DR BEEN
LOADED BY
COMPUTER
iDRO : 0]
B

INTRQ RESET BUSY
SET LOST DATA
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[ DELAY 1 BYTE OF GAP DOEN

NO i
YES
TURN ON WG & WRITE
6 BYTES OfF 2EROS DELAY 11 BYTES
ITE DRI A TURN ON WG & WRITE
ACCORDING TO A0 FIELD 12 BYTES OF ZEROS
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‘i
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;

r WRITE BYTE TO DiSK

L__

SET DATA

LOST
WRITE BYTE
OF 2EROS

HAVE

ALL BYTES

BEEN WRITTEN
2

WRITE CAC I
[ WRITE 1 BYTE OF FF J

1

[ TURN OFF WG ]

TYPE II| COMMAND
the number available. The 279X will search for 5 disk
revolutions, interrupt out, reset busy, and set the record not
found status bit.

The Type Il commands for 2791-93 also contain side select
compare flags. When C = 0 (Bit 1) no side comparison is
made. When C = 1, the LSB of the side number is read off
the ID Field of the disk and compared with the contents of
the (S) flag (Bit 3). If the S flag compares with the side
number recorded in the ID field, the 279X continues with
the ID search. If a comparison is not made within 5 index
pulses, the interrupt line is made active and the Record-
Not-Found status bit is set.

The Type |l and Il commands for the 2795-97 contain a side
select flag (Bit 1). When U = 0, SSO is updated to 0.
Similarly, U = 1 updates SSO to 1. The chip compares the
8SSO to the ID field. If they do not compare within 5
revolutions the interrupt line is made active and the RNF
status bit is set.

The 2795/7 READ SECTOR and WRITE SECTOR com-

TYPE | COMMAND

mands include a ‘L’ flag. The 'L’ flag, in conjunction with
the sector length byte of the ID Field, allows different byte
lengths to be implemented in each sector. For IBM com-

~ patibility, the ‘L’ flag should be set to a one.

READ SECTOR

Upon receipt of the Read Sector command, the head is
loaded, the Busy status bit set, and when an ID field is
encountered that has the correct track number, correct
sector number, correct side number, and correct CRC, the
data field is presented to the computer. The Data Address
Mark of the data field must be found within 30 bytes in
single density and 43 bytes in doubie density of the last ID
field CRC byte; if not, the iD field search is repeated.

When the first character or byte of the data field has been
shifted through the DSR, it is transferred to the DR, and
DRQ is generated. When the next byte is accumulated in
the DSR, it is transferred to the DR and another DRQ is
generated. If the Computer has not read the previous
contents of the DR before a new character is transferred

b "~ ]



that character is lost and the Lost Data Status bit is set.
This sequence continues until the complete data field has
been inputted to the computer. If there is a CRC error at the
end of the data field, the CRC error status bit is set, and the
command is terminated (even if it is a multiple sector
command).

At the end of the Read operation, the type of Data Address
Mark encountered in the data field is recorded in the Status
Register (Bit 5) as shown:

STATUS
BITS
1 Deleted Data Mark
0 Data Mark
WRITE SECTOR

Upon receipt of the Write Sector command, the head is
loaded (HLD active) and the Busy status bit is set. When an
ID fieid is encountered that has the correct track number,
correct sector number, correct side number, and correct
CRC, a DRQ is generated. The 279X counts off 11 bytes in
single density and 22 bytes in double density from the CRC
field and the Write Gate (WG) output is made active if the
DRQ is serviced (i.e., the DR has been loaded by the
computen). If DRQ has not been serviced, the command is
terminated and the Lost Data status bit is set. If the DRQ
has been serviced, the WG is made active and six bytes of
zeroes in single density and 12 bytes in double density are
then written on the disk. At this time the Data Address
Mark is then written on the disk as determined by the @0
field of the command as shown below:

a0 Data Address Mark (Bit Q)
1 Deleted Data Mark
0 Data Mark

The 279X then writes the data field and generates DRQ's to
the computer. If the DRQ is not serviced in time for con-
tinuous writing the Lost Data Status Bit is set and a byte of
zeroes is written on the disk. The command is not ter-
minated. After the last data byte has been written on the
disk, the two-byte CRC is computed internally and written
on the disk followed by one bye of FE in FM orin MFM. The
WG output is then deactivated. For a 2 MHz clock the
INTRQ will set-8 to 12 usec after the last CRC byte is
written. For partial sector writing, the proper method is to
write the data and fill the balance with zeroes. By letting the
chip fill the zeroes, errors may be masked by the lost data
status and improper CRC Bytes.

TYPES Iti COMMANDS

READ ADDRESS

Upon receipt of the Read Address command, the head is
loaded and the Busy Status Bit is set. The next en-
countered ID field is then read in from the disk, and the six
data bytes of the ID field are assembied and transferred to
the DR, and a DRQ is generated for each byte. The six bytes
of the ID field are shown below:

TRACK SIDE SECTOR | SECTOR | CRC |CRC
ADDR [ NUMBER | ADDRESS | LENGTH | 1 2
1 2 3 4 5 6

Although the CRC characters are transferred to the

1S
THIS A
WRITE TRACK
?
' YES

SET BUSY. RESET DRQ,
LOST DATA, STATUS
BITS 4.5

=

YES

SET HLD

COPY 'S’ FLAG TO
SSO LINE (2795.7 ONLYY

INTRQ
RESET BUSY

HAS
INDEX
PULSE

OCCURED

NO

DR TO DSR

INTRO RESET
BUSY SET WPRT
I no
SET 0RQ

DELAY 1 BYTE
TIMES

HAS
ORQ BEEN
SERVICE

SET INTRQ NO
LOST DATA
RAESET BUSY

*30 MS IF CLOCK
= 1 MHz

YES

TYPE lll COMMAND WRITE TRACK

computer, the 279X checks for validity and the CRC error
status bit is set if there is a CRC error. The Track Address of
the ID field is written into the sector register so that a
comparison can be made by the host. At the end of the
operation an interrupt is generated and the Busy Status is
reset.

READ TRACK

Upon receipt of the READ track command, the head is
loaded, and the Busy Status bit is set. Reading starts with
the leading edge of the first encountered index pulse and
continues until the next index pulse. All Gap, Header, and
data bytes are assembled and transferred to the data
register and DRQ's are generated for each byte. The ac-

¢0-X6.2aM
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= %
[

'NO(FM)

WRITE 2 CRC

CHARS CLK FF

WRITE FC

cik D7

WRITE FD FE OR
F8-F@8 CLK - C7

INITIALIZE CRC

WRITE DSA
CLK FF

HAS
DR BEEN
LOADED?

WRITE
BYTE OF 2EROS

3ET DATA LOST

WRITE A1° IN MFM
WITH MISSING CLOCK
INITIALIZE CRC

WRITE C2° IN MFM
WITH MISSING CLOCK|

WRITE 2 CRC

CHARS

WRITE DSRA
IN MFM

TYPE Il COMMAND WRITE TRACK
CONTROL BYTES FOR INITIALIZATION

cumulation of bytes is synchronized to each address mark
encountered. An interrupt is generated at the completion of
the command.

This command has several characteristics which make it
suitable for diagnostic purposes. They are: no CRC
checking is performed; gap information is included in the
data stream; the internal side compare is not performed;
and the address mark detector is on for the duration of the
command. Because the A.M. detector is always on, write
splices or noise may cause the chip to look for an A.M. If an
address mark does not appear on schedule with the Lost
Data status flag being set.

The ID AM., ID field, ID CRC bytes, DAM, Data and Data
CRC Bytes for each sector will be correct. The Gap Bytes
may be read incorrectly during write-splice time because of
synchronization. : .

WRITE TRACK FORMATTING THE DISK
(Refer to section on Type |1l commands for flow diagrams.)

Formatting the disk is a relatively simple task when operat-
ing programmed /O or when operating under DMA with a
large amount of memory. Data and gap information must be
provided at the computer interface. Formatting the disk is
accomplished by positioning the R/W head over the de-
sired track number and issuing the Write Track command.

Upon receipt of the Write Track command, the head is
loaded and the Busy Status bit is set. Writing starts with
the leading edge of the first encountered index pulse and
continues until the next index pulse, at which time the
interrupt is activated. The Data Request is activated im-
mediately upon receiving the command, but writing will not
start untii after the first byte has been loaded into the Data
Register. if the DR has not been loaded by the time the
index pulse is encountered the operation is terminated
making the device Not Busy, the Lost Data Status Bit is set,
and the interrupt is activated. If a byte is not present in the
DR when needed, a byte of zeroes is substituted.

This sequence continues from one index mark to the next
index mark. Normally, whatever data pattern appears in the
data register is written on the disk with a normal clock
pattern. However, if the 279X detects a data pattern of F5
thru FE in the data register, this is interpreted as data ad-
dress marks with missing clocks or CRC generation.

The CRC generator is initialized when any data byte from
F8 to FE is about to be transferred from the DR to the DSR

DATA PATTERN

WD279X INTERPRETATION

WD279X INTERPRETATION

IN DR (HEX) IN FM (DDEN = 1) IN MFM (DDEN = 0)
00 thru F4 Write 00 thru F4 with CLK = FF Write 00 thru F4, in MFM
F5 Not Aliowed Write A1* in MFM, Preset CRC
F6 Not Aliowed Write C2** in MFM
F7 Generate 2 CRC bytes Generate 2 CRC bytes
F8 thru FB Write F8 thru FB, Clk = C7, Preset CRC Write F8 thru FB, in MFM
FC Write FC with Clk = D7 Write FC in MFM
FD Write FD with Cik = FF Write FD in MFM
FE Write FE, Clk = C7, Preset CRC Write FE in MFM
FF Write FF with Clk = FF Write FF in MFM

* Missing clock transition between bits 4 and 5

124

** Missing clock transition between bits 3and 4



or by receipt of F5 in MFM. An F7 pattern will generate two
CRC characters in FM or MFM. As a consequence, the
patterns F5 thru FE must not appear in the gaps, data
fields, or ID fields. Also, CRC’s must be generated by an F7
pattern,

Disks may be formatted in {BM 3740 or System 34 formats
with sector lengths of 128, 256, 512, or 1024 bytes.

TYPE IV COMMANDS

The Forced Interrupt command is generally used to ter-
minate a multiple sector read or write command or to in-
sure Type | status in the status register. This command can
be loaded into the command register at any time. If there is
a current command under execution (busy status bit set)
the command will be terminated and the busy status bit

reset,

The lower four bits of the command determine the condi-
tional interrupt as follows:

I0 = Not-Ready to Ready Transition
11 = Ready to Not-Ready Transition
12 = Every Index Pulse

13 = Immediate interrupt

The conditional interrupt is enabled when the correspond-
ing bit positions of the command (I3 - 10) are set to a 1.
Then, when the condition for interrupt is met, the INTRQ
line will go high signifying that the condition specified has
occurred. If 13 - 10 are all set to zero (HEX DO), no interrupt
will occur but any command presently under execution will
be immediately terminated. When using the immediate

SET BUSY
RAESET STATUS
BITS 2.4, 5

INTRQ
RESET 8USY

COPY'SFLAG
TOSSOLINE
(2795.7 ONLY}

SET HLD

NO
YES

DELAY 15MS

- :

TG43
UPDATE

NO
YES READ

ADDRESS

N READ TRACK
SEQUENCE

NO INDEX

PULSE

YES

SHIFT ONE BIT
INTO OSR

SET INTRQ
RESET BUSY

AODRESS YES

MARK DETECTEC
£}

HAVE 8
BITS BEEN
ASSEMBLED
?

SET LOST
DATA 8IT

YES ]

TRANSFER
DSR TQ OR

SET

oRQ

TYPE it COMMAND
Read Track/Address
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interrupt condition I3 = 1), an interrupt will be immediately
generated and the current command terminated. Reading
the status or writing to the command register will not auto-
matically clear the interrupt. The HEX DO is the only com-
mand that will enable the immediate interrupt (HEX DB8) to
clear on a subsequent load command register or read sta-
tus register operation. Follow a HEX D8 with DO command.

Wait 8 micro sec (double density) or 16 micro sec (single
density) before issuing a new command after issuing a
forced interrupt (times double when clock = 1 MH2).
Loading a new command sooner than this will nullify the
forced interrupt.

Forced interrupt stops any command at the end of an in-
temmal micro-instruction and generates INTRQ when the
specified condition is met. Forced interrupt will wait until
ALU operations in progress are complete (CRC
calculations, compares, etc.)

More than one condition may be set at a time. If for
example, the READY TO NOT-READY condition (11 = 1)
and the Every Index Pulse (I2 = 1) are both set, the
resultant command would be HEX “DA.” The “OR” func-
tion is performed so that either a READY TO NOT-READY
or the next index Pulse will cause an interrupt condition.

READ ADDRESS
SEQUENCE

RESET BUSY
SET WTRQ
SET ANF

HAS
IDAM BEEN
DETECTED

0

YES

SHIFT 1 BYTE
NTO OSR

¥

TRANSFER
BYTE TO DR

I

SET DAQ

HAVE §
BYTES BEEN
READ

TRANSFER TRACK
NUMBER TO SECTOR
REGISTOR

cRe YES SET CAC
ERAOR BIT
e J
SET INTRO
AESET BUSY

TYPE Hl COMMAND
Read Track/Address

STATUS REGISTER

Upon receipt of any command, except the Force Interrupt
command, the Busy Status bit is set and the rest of the
status bits are updated or cleared for the new command. If
the Force Interrupt Command is received when there is a
current command under execution, the Busy status bit is
reset, and the rest of the status bits are unchanged. If the
Force Interrupt command is received when there is not a
current command under execution, the Busy Status bit is
reset and the rest of the status bits are updated or cleared.
In this case, Status refiects the Type | commands.

The user has the option of reading the status register
through program control or using the DRQ line with DMA or
interrupt methods. When the Data register is read the DRQ
bit in the status register and the DRQ line are automatically
reset. A write to the Data register also causes both DRQ’s
to reset.

The busy bit in the status may be monitored with a user
program to determine when a command is complete, in lieu
of using the INTRQ line. When using the INTRQ, a busy
status check is not recommended because a read of the
status register to determine the condition of busy will reset
the INTRQ line.

The format of the Status Register is shown below:

(BITS)

7 6 5 4 3 2 1 0

s7 S5 S4 S3 S2 S1 S0

Status varies according to the type of command executed
as shown in Table 4. ' :

Because of internal sync cycles, certain time delays must
be observed when operating under programmed /0. They
are: (times double when clock = 1 MH2)

Delay Req'd.
Operation Next Operation FM | MFM
Write to Read Busy Bit 12us i Bus
Command Reg. | (Status Bit 0) !
Write to Read Status 28us : 14us
Command Reg. | Bits 1-7 g
Write Any Read From Diff. o , O
Register Register ;

IBM 3740 FORMAT — 128 BYTES/SECTOR

Shown below is the IBM singie-density format with 128
bytes/sector. In order to format a diskette, the user must
issue the Write Track command, and load the data register
with the following values. For every byte to be written, there
is one Data Request.
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NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN

40 FF (or 00)3
6 00
1 FC (Index Mark)

126 FF (or 00)

6 00
1 FE (ID Address Mark)
1 Track Number
1 Side Number (00 or 01)
1 Sector Number (1 thru 1A)
1 00 (Sector Length)
1 F7 (2 CRC's written)

11 FF (or 00)
6 00
1 FB (Data Address Mark)

128 Data (IBM uses E5)
1 F7 (2 CRC’s written)

L 27 FF (or 00)
2472 FF (or 00)

1. Write bracketed field 26 times

2. Continue writing until 279X interrupts out.
Approx. 247 bytes.

3. A‘0Q' option is allowed.

IBM SYSTEM 34 FORMAT-
256 BYTES/SECTOR

Shown beiow is the IBM dualdensity format with 256
bytes/sector. In order for format a diskette the user must

issue the Write Track command and load the data register
with the following values. For every byte to be written, there
is one data request.

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN
80 4E
12 00
3 F6 (Writes C2)
1 FC (Index Mark)
* 50 4E
12 00
3 F5 (Writes A1)
1 FE (ID Address Mark)
1 Track Number (0 thru 4C)
1 Side Number (0 or 1)
1 Sector Number (1 thru 1A)
1 01 (Sector Length)
1 F7 (2 CRCs written)
22 4E
12 00
3 F5 (Writes A1)
1 FB (Data Address Mark)
256 DATA
1 F7 (2 CRCs written)
| 84 - 4
598** 4E

*Write bracketed field 26 times
** Continue writing until 279X interrupts out.
- Approx. 598 bytes.

PHYSICAL HOER
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1. NON-IBM FORMATS

Variations in the IBM formats are possible to a limited ex-
tent if the following requirements are met:

1) Sector size must be 128, 256, 512 of 1024 bytes.

2) Gap 2 cannot be varied from the IBM format.

3) 3bytes of A1 must be used in MFM.

in addition, the Index Address Mark is not required for
operation by the 279X. Gap 1, 3, and 4 lengths can be as
short as 2 bytes for 279X operation, however PLL lock up
time, motor speed variation, write splice area, etc. will add
more bytes to each gap to achieve proper operation. It is
recommended that the IBM format be used for highest
system reliability.

ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings

Voltage to any input with

respecttoVgg = +7to —0.5V
Operating temperature = 0°Cto 70°C
Storage temperature = —-55°Cto + 125°C

OPERATING CHARACTERISTICS (DC)
TA = 0°Cto70°C,Vss = 0V,VCC = + 5V = .25V

FM MFM

Gap ! 16 bytes FF 32 bytes 4E
Gap Il 11 bytes FF 22 bytes 4E
* 6 bytes 00 12 bytes 00

* 3 bytes A1
Gap fH** 10 bytes FF 24 bytes 4E

4 bytes 00 8 bytes 00

3 bytes A1
Gaplv 16 bytes FF 16 bytes 4E

* Byte counts must be exact.
** Byte counts are minimum, except exactly 3 bytes of A1
must be written.

NOTE: Maximum limits indicate where permanent device
damage occurs. Continuous operation at these limits is not
intended and should be limited to those conditions
specified in the DC Electrical characteristics.

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
L Input Leakage 10 pA VIN = VCo
loL Output Leakage 10 uA VouT = Vee
ViH Input High Voltage 20 v
VIL input Low Voltage 08 \

VOH Output High Voltage 24 v Io = —100uA
VoL Output Low Voltage i 0.45 \ io =1.6mA
VOHP Output High PUMP 22 v “lop = -1.0mA
VoLp Output Low PUMP 0.2 " lop = +1.0mA
Pp Power Dissipation .75 w All Outputs Open
Rpy Internal Pull-up” 100 1700 uA VIN = OV
lce Supply Current 70 150 mA All Outputs Open

* Internal Pull-up resistors on PINS 1, 17, 19, 22, 36, 37 and 40. Also pin 25 0n 2791 and 3.
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TIMING CHARACTERISTICS
Ta = 0°Cto70°C,Vss = OV, VGG = +5V = .25V
READ ENABLE TIMING

Z0-X6.2aM

N

ettt TiRR" —-—‘

Tvio vor
AD At cs J 1 Vit

e TRE g

(LTS

'SERVICE frut—r

Tsgr fm—
—e] Toacc |—-—

DATA I

L VALID
DOnl-‘

NOTE 1 CS MAY BE PEAMANENTLY TIED L OW If DESIRED
*TIME DOUBLES WHEN CLOCK  1MMs

({BAL

t SERVICE (WORST CASE:

‘FM 275uS

SMEM 13545

DRQ RISING EDGE' INDICATES THAT THE DATA REGISTER HAS ASSEMEBLED
DATA

DRQ FALLING EDGE. INDICATES THAT THE DATA REGISTER WAS READ
INTRQ RISING EDGE OCCURS AT ENO OF COMMAND
INTRQ FALLING EDGE. INDICATES THAT THE STATUS REGISTER WAS READ

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TSET Setup ADDR & CS to RE _ 50 nsec
THLD Hoid ADDR & CS from RE 10 nsec
TRE RE Pulse Width 200 nsec CL = 50pf
TDRR DRQ Reset from RE_ 100 200 nsec
TIRR INTRQ Reset from RE 500 3000 nsec See Note
Tpacc Data Valid from RE 100 200 nsec CL =50pf
TDOH Data Hold From RE 20 150 nsec CL = 50pt
WRITE ENABLE TIMING
SYMBOL CHARACTERISTIC MIN. TYP. MAX UNITS CONDITIONS
TSET Setup ADDR & CS to WE _ 50 nsec
THLD Hold ADDR & CS from WE 10 nsec
TWE WE Pulse Width 200 nsec
TDRR DRQ Reset fromWE 100 200 nsec
TIRR INTRQ Reset from WE 500 3000 nsec See Note
Tps Data Setup to WE _ 150 nsec
TDH Data Hoid from WE 50 nsec
l_‘______..__~ 16 OR 32° us——.-l
{ 16" OR 32' uS _____...1 ~ ‘h‘ on )
I — -] '—.— ToRA ' I ——1 EL

DRQ i
i .
' fracat—— MLLH —-——-{
N1BG g i
l .
'SERVICE L v

‘ ~—— TWE ———W

L

MUST

[s]
4

—

[Toata
——] Tos

~—anti TOR

{enth.

NOTE 1 CS MAY B8E PERMANENTLY TIED LOW if DESIRED

1 SERVICE {WORST CASE)
‘FM 235 uS
‘MFM 11508

2 WHEN WRITING DATA INTQ SECTOR TRACK OR DATA
REGISTER USER CANNOT READ THIS REGISTER UNTIL
AT LEAST 4 uSEC IN MFM AFTER THE RISING EDGE OF WE
WHEN WRITING INTO THE COMMAND REGISTER STATUS
1S NOT VALID UNTIL SOME 28 .SEC IN FM 14 uSEC IN MFM
LATER THESE TIMES ARE DSUBLED WHEN CLX : t MMz

1

“TIME DOUBLES WHEN CLOCK Hz

DRQ RISING EDGE. INDICATES THAT THE DATA REGISTER IS EMPTY
DAQ FALLING EDGE: INDICATES THAT THE DATA REGISTER 1S LOADED
INTRQ RISING EDGE INDICATE THE END OF A COMMAND

INTRQ FALLING EDGE: INDICATES THAT THE COMMAND REGISTER
1S WRITTEN TO

READ ENABLE TIMING
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_

INPUT DATA TIMING

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
Tpw Raw Read Pulse Width 100 200 nsec
TBC Raw Read Cycle Time 1800 ° 2000 nsec
WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1 MHz)(NO WRITE PRECOMPENSATION)
SYMBOL CHARACTERISTIC MIN. TYP. MAX, UNITS CONDITIONS
TwpP Write Data Pulse Width 400 500 600 nsec FM
200 250 300 nsec MFM
TWG Write Gate to Write Data 2 usec FM
1 usec MFM
TWE Write Gate off from WD 2 usec FM
1. usec MFM
MISCELLANEOUS TIMING:
SYMBOL CHARACTERISTIC MiN. TYP. MAX. UNITS CONDITIONS
TCD4 Clock Duty (low) 230 250 20000 nsec
TCDy Clock Duty (high) 230 250 20000 nsec
TsTP Step Pulse Output 20rd usec See Note
TDIR Dir Setup to Step 12 usec + CLK ERROR
TMR Master Reset Puise Width 50 usec
TiP Index Puise Width 10 usec See Note
RPW Read Window Pulse Width Input -5V
120 700 nsec MEM
240 1400 nsec FM = 15%
Precomp Adjust. 100 300 nsec MFM
WPW Write Data Pulse Width Precomp = 100 nsec
200 300 400 nsec MFM
WPW Write Data Pulse Width : Precomp = 300 nsec
600 900 1200 nsec MFM
VCO Free Run Voltage Controlled 6.0 MHz Cext =0
Oscillator. Adjustabie by ext. 4.0 MHz Cext = 35 pf
capacitor on Pin 26
Pump Up + 25% 50 MHz PU = 2.2V
Cext = 35 pf
veo Pump Down — 25% 3.0 MHz D = 0.2V
Cext = 35 pf
VCO 5% Change V¢ 3.8 4.2 MHz Cext = 35pf
Ta = 75°C 35 MHz Cext = 35pf
Cext Adjustable external capacitor 20 45 100 pf VCO = 40MHz
nom
RCLK Derived read clock VCO = 4.0MHz
: = VCO =+ 8,16, 32
500 KHz DDEN =0
5/8 = 1
250 KHz DDEN =0
B8=0
250 KHz DDEN = 1
58 = 1
125 KHz DDEN =1
58 =0
PU/DON PU/PD time on 250 ns MFM
(pulse width) 500 ns FM
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NOTES:
1. Times double when clock = 1 MHz.

W 2.0v.
I.__._rw; __.l -—»{ |<—-TWP
’ | " P I _J_,L____
|— e ——] ““" '<—’TWG —> —TwE
erere— w<3——-| L-__

- —l._J_L

WRITE DATA TIMING

fe——T8c——>|

- TCD,

l STEP IN
DIAC vOr

VoL

l- ToR

o o U O

i

- RIRQ" ——p

READ

DATA _>‘ l‘_ TPw

vouL

MISCELLANEOUS TIMING

READ DATA TIMING

2. Output timing readings are at VoL = 0.8vand VOH =

* FROM STEP RATE TABLE

Table 4. STATUS REGISTER SUMMARY

ALL TYPEI READ READ READ WRITE WRITE
BIT COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK
S7 | NOT READY NOT READY NOT READY NOT READY NOT READY NOT READY
S6 | WRITE 0 0 0 WRITE WRITE
PROTECT PROTECT PROTECT
S5 | HEAD LOADED 0 RECORD TYPE 0 0 0
S4 | SEEK ERROR RNF RNF 0 RNF 0
S3 | CRC ERROR CRC ERROR CRC ERROR 0 CRC ERROR 0
S2 | TRACKO LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA
S1 ] INDEX PULSE DRQ DRQ DRQ DRQ DRQ
S0 | BUSY BUSY BUSY BUSY BUSY BUSY

STATUS FOR TYPE | COMMANDS

BIT NAME

MEANING

S7 NOT READY

This bit is an inverted copy of the Ready input and logically ‘ored’ with MR.

This bit when set indicates the drive is not ready. When reset it indicates that the drive is ready. |

56 PROTECTED

When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input.

S5 HEAD LOADED

When set, it indicates the head is loaded and engaged. This bit is a logical “and” of HLD and HLT
signals.

S4 SEEK ERROR

When set, the desired track was not verified. This bit is reset to 0 when updated.

S3 CRC ERROR

CRC encountered in ID field.

S2 TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted copy of the
TROQ input.

S1INDEX When set, indicates index mark detected from drive. This bit is an inverted copy of the iP input.

S0 BUSY When set command is in progress. When reset no command is in progress.
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STATUS FOR TYPE Il AND lll COMMANDS

BIT NAME MEANING

S7 NOT READY This bit when set indicates the drive is not ready. When reset, it indicates that the drive is ready.
This bit is an inverted copy of the Ready input and ‘ored’ with MR. The Type Il and Ill Commands
will not execute unless the drive is ready.

S6 WRITE PROTECT | On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write Protect.
This bit is reset when updated.

S5 RECORD TYPE On Read Record: It indicates the record-type code from data field address mark. 1 = Deleted
Data Mark. 0 = Data Mark. On any Write: Forced to a Zero.

S4 RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit is reset when
FOUND (RNF) updated.
83 CRC ERROR If S4is set, an error is found in one or more ID fields; otherwise it indicates error in data field. This
bit is reset when updated.
S2 LOST DATA When set, it indicates the computer did not respond to DRQ in one byte time. This bit is reset to

zero when updated.

S1 DATA REQUEST This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation or
the DR is empty on a Write operation. This bit is reset to zero when updated.

S0 BUSY When set, command is under execution. When reset, no command is under execution.

SUMMARY OF ADJUSTMENT PROCEDURE

WRITE PRECOMPENSATION

1) Set TEST (Pin 22) to a logic high.

2) Strobe MR (Pin 19).

3) Set TEST (Pin 22) to a logic low.

4) Observe pulse width on WD (Pin 31).

5) Adjust WPW (Pin 33) for desired pulse width (Precomp Value).
6) SetTEST (Pin22) to alogic high.

DATA SEPARATOR

1) Set TEST (Pin 22) to a logic high.

2) Strobe MR (Pin 19). Insure that 5/8, and DDEN are set properly.

3) SetTEST (Pin 22) to a logic low.

4  Observe Pulse Width on TG43 (Pin 29).

5) Adjust RPW (Pin 18) for 1/8 of the read clock (250ns for 8” DD 500ns for512" DD, etc.).

6) Observe Frequency on DIRC (Pin 16).

7)  Adjust variable capacitor on VCO pin for Data Rate (500 KHz for 8" DD, 250 KHz for 5v4 " DD, etc.).
8) Set TEST (Pin 22) to alogic high.

NOTE: To maintain internal VCO operation, insure that TEST = 1 whenever a master reset pulse is applied.
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WD279X-02 Floppy Dnsk Formatter/Controller
Family Application Notes

INTRODUCTION

In an effort to simplify Floppy Diskette interfacing,
Western Digital has been constantly improving the
LSt Controlier/Formatter, the most recent of which is
the WD279X Family of LS| controller devices, incor-
porating advanced technology to include controller,
Write Precompensation and Analog Phase Lock Loop
in a single 40 pin dual-in-line package. With this
package we can now offer the designer the simplest
ever interfacing option.

The family consists of four members, WD2791,
WD2793, WD2795 and WD2797. WD2791 and WD2793
offer internal clock divide in true and inverted data
bus. The WD2795 and WD2797 offer internal side se-
lect. The family supports both 5% ” and 8" Diskette
Drives and both single and double density.

HOST INTERFACING .

The LSI Diskette Controller has been developed to
ease the interfacing of Processor to Disk Device. The
Host interfacing with WD279X Family is accom-
plished with minimum external devices via an 8 bit Bi-
directional bus, read/write controls, register select
lines and optional control line for chip select, 574" or
8" select, enable mini floppy, double density enable.
The basic operation at the controller is accomplished
by selecting the device via (CS) chip select line, en-
abling selection of one of the five internal registers
(Figure 1).

A1 - AO READ (RE) WRITE (WE)

0 0| Status Register Command Register
0 1 | Track Register Track Register

1 0 | Sector Register Sector Register

1 1 | Data Register Data Register

Figure 1.

Each time a command is issued to the WD279X, the
busy bit is set and INTRQ (Interrupt Request) line is
reset. The user has the option of testing for the busy
bit or polling INTRQ to determine if command has
been completed.

The busy bit will be reset whenever the WD279X is
idle and awaiting a new command. The INTRQ line
once set, can only be reset by reading of the status
register or issuing a new command.

The AQ, A1 Lines used for register selections can be
configured at the CPU in a variety of ways. These
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lines may actually tie to CPU addressed like RAM.
They may aiso be used under Program Control by ty-
ing to a port device such as the 8255, 6250, etc. As a
diagnostic tool when checking out the CPU interface,
the Track and Sector registers shouid respond like
“RAM” when the WD279X is idle (Busy = INTRQ = Q).

Because of internal synchronization cycles, certain
time delays must be introduced when operating un-
der Programmed //O. The worst case delays are:

¢0-X6.2GM

NEXT DELAY REQ’D.
OPERATION OPERATION FM | MFM ¢

Write to Read Busy Bit | 12us | 6us
Command Reg. | (Status Bit0) {

Write to Read Status 28us | 14us
Command Reg. | Bits 1.7 !

Write Any Read From Diff. 0 ., O
Register Register !

Other CPU interface lines are CLK, MR and DDEN.
The CLK line should be 2 MHz (8" drive) or 1 MHz
(514" drive) with 50% duty cycle. Accuracy should be
+ 1% (crystal source) since all internal timing, in-
cluding stepping rates, are based upon this clock, or
a single 2 MHz CLK on WD2791 and WD2793 since
ENMF line will internally divide CLK.

The MR or Master Reset Line should be strobed a
minimum of 50 microseconds upon each power-on
condition. This line clears and initalizes all internal
registers and issues a restore command (Hex ‘03’) on
the rising edge. A quicker stepping rate can be writ-
ten to the command register after a MR, in which

- case the remaining steps will occur at the faster pro-

grammed rate. The WD179X will issue a maximum of
255 stepping pulses in an attempt to expect the TROO
line to go active low. This line should be connected
to the drive’s TROO sensor.

The DDEN line causes selection of either single
density (DDEN = 1) or double density operation.
DDEN should not be switched during a read or write
operation.

The 5/8 Line selects interal VCO frequency to be
used with 5% " or 8" drives.

FLOPPY DISK INTERFACE

The Floppy Disk Interface can be divided into three
sections: Motor Control, Write Signals and Read Sig-
nals. All of these lines are capable of driving one TTL
load and not compatible for direct connection to the
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drive. Most drives require an open-collector TTL inter-
face with high current drive capability. This must be
done on all outputs from the WD279X. Inputs to the
WD279X may be buffered or tied to the Drives out-
puts, providing the appropriate resistor termination
networks are used. Undershoot should not exceed
- 0.3 volts, while integrity of ViH4 and VOH levels
should be kept within spec.

MOTOR CONTROL

Motor Control is accomplished by the STEP and
DIRC Lines. The STEP Line issues stepping pulses
with period defined by the rate field in aill Type | com-
mands. The DIRC Line defines the direction of steps
(DIRC = 1 STEP IN/DIRC = 0 STEP OUT).

Other Control Lines include the IP or Index Pulse.
This Line is tied to the drives’ Index L.E.D. sensor that
informs the WD279X that the stepper motor is at its
furthest position, over Track 00. The READY Line can
be used for a number of functions, such as sensing
“door open,” Drive motor on, etc. Most drives provide
a programmable READY Signal selected by option
jumpers on the drive. The WD279X will look at the
ready signal prior to executing READ/WRITE com-
mands. READY is not inspected during any Type 1
commands. All type 1 commands will execute regard-
less of the Logic Level on this Line.

GENERAL DISK WRITE OPERATION

When writing is to take place on the diskette the
Write Gate (WG) output is activated, aliowing current
to flow into the Read/Write head. As a precaution to
erroneous writing the first data byte must be loaded
into the Data Register in response to a Data Request
from the WD279X before the Write Gate signal can be
activated.

Writing is inhibited when the Write Protect input is a
logic iow, in which case any Write command is im-
mediately terminated, an interrupt is generated and
the Write Protect status bit is set.

RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 (TROO) in-
put is sampled. If TROO is active low indicating the
Read-Write head is positioned over track 0, the Track
Register is loaded with zeroes and an interrupt is gen-
erated. If TROO is not active low, stepping pulses (pins
15 to 16) at a rate specified by the ryrg field are issued
until the TROO input is activated. At this time the
Track Register is loaded with zeroes and an interrupt
is generated. If the TROO input does not go active low
after 255 stepping pulses, the WD279X terminated

operations, interrupts, and sets the Seek error status -

bit. A verification operation takes place if the V flag is
set. The h bit allows the head to be loaded at the start
of command. Note that the Restore command is exe-
cuted when MR goes from an active to an inactive
state.

SEEK

This command assumes that the Track Register con-
tains the track number of the current position of the
Read-Write head and the Data Register contains the
desired track number. The WD279X will update the
Track register and issue stepping pulses in the appro-
priate direction until the contents of the Track reg-
ister are equal to the contents of the Data Register
(the desired track location). A verification operation
takes place if the V flag is on. The h bit aliows the
head to be loaded at the start of the command. An in-
terrupt is generated at the completion of the com-
mand. Note: When using multiple drives, the track
register must be updated for the drive selected
before seeks are issued.

STEP

Upon receipt of this command, the WD279X issues
one stepping pulse to the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by the rirg field,
a verification takes place if the V flag is on. If the T
flag is on, the Track Register is updated. The h bit al-
lows the head to be Ioaded at the start of the com-
mand. An interrupt is generated at the completion of
the command. '

STEP-IN

Upon receipt of this command, the WD2739X issues
one stepping pulse in the direction towards track 0. If
the T flag is on, the Track Register is decremented by
one. After a delay determined by the rrg field, a verifi-
cation takes place if the V flag is on. The h bit allows
the head to be loaded at the start of the command.
An interrupt is generated at the completion of the
command.

EXCEPTIONS

On the WD2795/7 devices, the SSO output is not af-
fected during Type | commands, and an internal side
compare does not take piace when the (V) Verify Flag
is on.

For write operations, the WD279X provides Write
Gate (Pin 30) and Write Data (Pin 31) outputs. Write
data consists of a series of pulses set to a width ap-
proximately three times greater than the precomp ad-
justment. Write Data provides the unique address
marks in both formats.

READY

Whenever a Read or Write command (Type !l or ll}) is
received the WD279X samples the Ready input. if this
input is logic low the command is not executed and
an interrupt is generated. All Type | commands are
performed regardiess of the state of the Ready input.
Also, whenever a Type il or Ill command is received,
the TG43 signal output is updated. TG43 may be tied
to ENP to enable write precompensation on tracks
44-76.
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COMMAND DESCRIPTION

The WD279X will accept eleven commands. Com-
mand words should only be loaded in the Command
Register when the Busy status bit is off (Status bit 0).
The one exception is the Force interrupt command.
Whenever a command is being executed, the Busy
status bit is set. When a command is completed, and

interrupt is generated and the Busy status bit is reset.
The Status Register indicates whether the compieted
command encountered an error or was fault free. For
ease of discussion, commands are divided into four
types. Command types are summarized in Table 1
and Table 2.

Table 1. COMMAND SUMMARY
A. Commands for Models: 2791, 2793 B. Commands for Models: 2795, 2797
Bits Bits

Type Command 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
| Restore 0 0 0] 0 h \Y r 0 0 0 0 0 h \ 8 o
| Seek 0 0 0 1 h Vv n 0 0 0 0 1 h \ " 0
| Step 0 o -1 T h \" r 0 0 0 1 T h \ 1 0
| Step-in 0 1 0 T h \) r o} 0 1 o] T h Vv 1 0
| Step-out 0 1 1 T h \' 8] 0 0 1 1 T h \ r 0
Il Read Sector 1 0 0 m S E C 0 1 0 0 m L E U 0
Il Write Sector 1 0 1 m S E C & 1 0 9 m L E ] ag
Il Read Address 1 1 0 0 0 E 0 0 1 1 0 0 0 E U 0
I} Read Track 1 1 1 0 0 E 0 0 1 11 0 0 E U 0
Il Write Track 1 1 1 1 0 E 0 0 1 1 1 1 0 E U 0
IV Force Interrupt 1 1 o h 13 12 W lo|1 10 1 I3 2 11t g
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Table 2. FLAG SUMMARY

Command Bit
Type No(s) Description
| - 01 10 = Stepping Motor Rate
See Table 3 for Rate Summary
| 2 V = Track Number Verify Flag|V = 0. No verify
V = 1, Verify on destination track
| 3 h = Head Load Flag h = 0, Load head at beginning
h = 2, Unload head at beginning
| 4 T = Track Update Flag T = 0.Noupdate
T = 1.Update track register
Il 0 a0 = Data Address Mark ag= 0, FB(DAM)
a0 = 1, F8(deleted DAM)
&t ' 1 C = Side Compare Flag C = 0. Disable side compare
C = 1. Enable side compare
& 1 U = Update SSO U = 0. Update SSOto0
. U = 1.Update SSO to 1
1t & 2 E = 15MS Delay E = 0,No15MSdelay
E = 1,15 MS delay (30 MS for 1 MH2)
] 3 S = Side Compare Flag S = 0. Compare for side 0
S = 1, Compare for side 1
] 3 L = Sector Length Flag
LSB's Sector Length in ID Fieid
00 01 10 11
L =0 256 512 1024 128
L =1 128 256 512 1024
il 4 m = Multiple Record Flag m = 0, Single record
m = 1, Multiple records
v 0-3 Ix = Interrupt Condition Flags
10 = 1 Not Ready To Ready Transition
H = 1 Ready To Not Ready Transition
12 = 1Index Pulse .
13 = 1Immediate interrupt, Requires A Reset*
1310 = 0 Terminate With No Interrupt INTRQ)

*NOTE: See Type IV Command Description for further information.

intormation furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result trom its use. No license is granted by ~
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change
specifications at anytime without notice.
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RE 8259A/8259A-2/8259A-8
> PROGRAMMABLE INTERRUPT CONTROLLER

8 - IAPX 86, IAPX 88 Compatible a Individual Request Mask Capability
‘s MCS-80®, MCS-85® Compatible = Single + 5V Supply (No Clocks)
fElghl-Level Priority Controller m 28-Pin Dual-In-Line Package

“a Expandable to 64 Levels a Available in EXPRESS
) - Standard Temperature Range
- Extended Temperature Range

Programmable Interrupt Modes

* =The‘lntel° 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 2B-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 muiti- Ievel priority interrupts. It has
several modes, permitting optimization for a variety of system requirements.

_ ‘Tt\e 8259A is fully upward compatible with the intel® 8259. Software originally written for the 8259 will operate the
o k§25_9A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered).
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R
' 'D D DATA CONTROL LOGIC
0504 BUS
o ye BUFFER
IR . [l
L ) — \_/
X s 28 Pvec
= B 1 P
? wWR(]? 2704,
IR ! Ap[]3 26 [ iNTA
Lol ' ﬁ o, 2 k7
% e RO o, s 24 [J1R6
‘e 9 o—— IRY
" Wi——eq READ/ ‘R2 o, ] 23[11Rs
- WRITE -— IN INTERRUPY o E 7 22 jm‘
LOGIC SERVICE PRIQRITY '/—‘ REQUEST |=——1R3 ‘ 8259A
RN W— REG ResOLVERP | REG  Je—1Ra o, 21 [J1R3
S 1SR} (IRR} RS ’ o, 0] 5 ir2
Lo -~ 1o 20
R ? _ - IRE 2 .
(- 8 1R 0,0 whr
S s ) DOC n 18] RO
. caso (12 17 [JINT
ase: . —
CASO el <:> INTERRU®T MASK REG CAS‘E 13 16 [ SB/EN
: CASCADE ' MR GND 14 15 CAS 2
CASY e—af gUFFER/ |-
- COMPARATOR
' ~C‘32 -—n
S
2 N 'h? . \WYEHNAL BUS
.« . —~
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Figure 1. Block Diagram Figure 2. Pin Configuration
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Table 1. Pin Description

Symbol Pin No. | Type Name and Function

Vce 28 { Supply: +5V Supply.

GND 14 I Ground.

cs 1 i | Chip Select: Alow on this pin enables RD and WR communication between the CPU and the 8259A.
INTA functions are independent of CS.

WR | Write: Alowonthispinwhen CSislow enablesthe 8259A to accept command words from the CPU.

RD I Read: A low on this pin when CS is iow enables the 8259A to release status onto the data bus forthe
CcPU. -

D7-Dp 4-11 /O | Bidirectional Data Bus: Control, status and interrupt-vector information is transferred via this bus.
CASp-CASz | 12,13,15] 1/O | 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.

SP/EN 16 /O | Siave Program/Enable Buffer: Thisis adual 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 input
to designate a master (SP = 1) or slave (SP = 0).

INT 17 O | Interrupt: This pin goes high whenever a valid interrupt request is asserted. Itis used to interrupt the

| CPU, thus it is connected to the CPU’s interrupt pin.

IRg—-1Ry 18-25 | interrupt Requests: Asynchronous inputs. An interrupt request is executed by raising an IR input
(low to high), and holding it high untii it is acknowledged (Edge Triggered Mode), or just by a high
level on an IR input (Leve! Triggered Mode).

INTA 26 | Interrupt Acknowledge: This pin is used to enable 8259A interrupt-vector data onto the data bus by
a sequence of interrupt acknowledge pulses issued by the CPU.

Ag 27 i | AO Address Line: This pin acts in conjunction with the CS, WR, and RD pins. It is used by the 8253A
to decipher various Command Words the CPU writes and status the CPU wishes to read. Itis typically
connected to the CPU AQ address line (A1 for iAPX 86, 88).
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FUNCTIONAL DESCRIPTION

Interrupts in Microcomputer Systems

Microcomputer system design requires that I/O devices
such as keyboards, displays, sensors and other com-
ponents receive servicing in an efficient manner so that
large amounts of the total system tasks can be assumed
by the microcomputer with little or no effect on through-
put.

The most common method of servicing such devices is
the Polled approach. This is where the processor must
test each device in sequence and in effect “ask” each
one if it needs servicing. It is easy to see that a large por-
tion of the main program is looping through this con-
tinuous polling cycle and that such a method would
have a serious, detrimental effect on system through-
put, thus limiting the tasks that could be assumed by
the microcomputer and reducing the cost effectiveness
of using such devices.

A more desirabie method would be one that would 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 complete
whatever instruction that is currently being executed
and fetch a new routine that will service the requesting
device. Once this servicing is complete, however, the
processor would resume exactly where it left off.

This method is called Interrupt. 1t is easy to see that
. system throughput would drastically increase, and thus
more tasks could be assumed by the microcomputer to
further enhance its cost effectiveness.

The Programmabie Interrupt Controller (PIC) functions
as an overall manager in an Interrupt-Driven system
environment. It accepts requests from the peripheral
equipment, determines which of the incoming requests
is of the highest importance (priority), 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.

Each peripheral device or structure usually has a special
program or ‘‘routine’ that is associated with its specific
functional or operational requirements; this is referred
to as a “service routine”. The PIC, after issuing an Inter-
rupt to the CPU, must somehow input information into
the CPU that can “point” the Program Counter to the
service routine associated with the requesting device.
This “*pointer” is an address in a vectoring table and will
often be referred to, in this document, as vectoring data.

The 8259A

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 fea-
tures for expandability to other 8259A’s (up to 64 levels).
It is programmed by the system’'s software as an 1/O
peripheral. A selection of priority modes Is available to
the programmer so that the manner in which the re-
quests are processed by the 8259A can be configured to
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match his system requirements. The priority modes can
be changed or reconfigured dynamically at any time dur-
ing the main program. This means that the complete
interrupt structure can be defined as required, based on
the total system environment.

CPU-DRIVEN
MULTIPLEXOR
cPU
- ——— -
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Figure 3a. Polied Method
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Figure 3b. Interrupt Method
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INTERRUPT REQUEST REGISTER (IRR) AND
IN-SERVICE REGISTER (ISR)

The interrupts at the {R input lines are handled by two
registers In cascade, the Interrupt Request Register
(IRR) and the In-Service Register (ISR). The IRRA is used
to store all the interrupt levels which are requesting ser-
vice; and the ISR is used to store all the interrupt levels
which are being serviced.

PRIORITY RESOLVER

This logic block determines the priorities of the bits set
in the IRR. The highest priority is selected and strobed
into the correspanding 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 priority.

INT (INTERRUPT)

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

INTA (INTERRUPT ACK NOWLEDGE)

INTA puises will cause the 8259A to release vectoring
information onto the data bus. The format of this data
depends on the system mode (uPM) of the 8253A.

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 OQUTput com-
mands from the CPU. It contains the Initialization Com-

mand Word (ICW) registers and Operation Command .

Word (OCW) registers which store the various control
tormats for device operation. This function block aiso
allows the status of the 8259A to be transferred onto the
Data Bus.

CS (CHIP SELECT)

A LOW on this input enables the 8253A. No reading or
writing of the chip will occur uniess the device is
selected.

WR (WRITE)

A LOW on this input enabies the CPU to write control
words (ICWs and OCWs) to the 8259A.

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.

o B R Y

DATR
°f°o© s
BUFFER

TR ————eCy RELD!
WRITE
LoGIC

CASCADE
CAS T o——at  guFFER;
- COMPARATOR

L\‘ INTERNAL BUS

Figure 4a. 8259A Block Diagram
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SERVICE PROAITY | 1 REQUEST [= AT
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SR {INRY ns
fo—m 1R§
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]

CASD =g <. ~ INTERRUPT MASK REG
cascaoe v fimRy
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Figure 4b. 8259A Block Diagram

Ao

This input signal is used in conjunction with WR and RD
signals to write commands into the various command
registers, as well as reading the various status registers
ot the chip. This line can be tied directly to one of the ad-
dress lines.

AFN DO
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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 /O
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 inter-
rupting slave device onto the CAS0-2 lines. The slave
thus selected will send its preprogrammed subroutine
address onto the Data Bus during the next one or two
consecutive W pulses. (See section “Cascading the
8259A".)

INTERRUPT SEQUENCE

The powerful features of the 8259A in a microcomputer
system are its programmability and the interrupt routine
addressing capability. The latter allows direct or-indirect
jumping to the specific interrupt routine requested
without any polling of the interrupting devices. The nor-
mal sequence of events during an interrupt depends on
the type of CPU being used.

The events occur as follows in an MCS-80/85 system: ®

1.

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

. The 8259A evaluates these requests, and sends an

INT to the CPU, if appropriate.

. The CPU acknowledges the INT and responds with an

INTA puise.

. Upon receiving an INTA from the CPU group, the

highest priority ISR bit is set, and the corresponding
IRR bit is reset. The B259A will also release a CALL in-
struction code (11001101) onto the 8-bit Data Bus

through its D7-0 pins.
. This CALL instruction will initiate two more INTA

puises to be sent to the 8259A from the CPU group.

. These two INTA pulses allow the 8259A to release its

preprogrammed subroutine address onto the Data
Bus. The lower 8-bit address is released at the first
INTA puise and and the higher 8-bit address is re-
jeased at the second INTA pulse.

. This compietes the 3-byte CALL instruction released

by the 8259A. in the AEO! mode the ISR bit is reset at
the end of the third INTA pulse. Otherwise, the ISR bit
remains set until an appropriate EOl command is
issued at the end of the interrupt sequence.

The events occurring in an iIAPX 86 system are the same
until step 4.

4. Upon receiving an INTA from the CPU group, the high-

est priority ISR bit is set and the corresponding IRR
bit is reset. The B259A does not drive the Data Bus
during this cycie. ‘

5. The iAPX 86/10 will initiate a second INTA puise.

During 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 cycie. In the AEQI mode

the ISR bit is reset at the end of the second 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 will issue an interrupt level 7. Both the vectoring
bytes and the CAS lines will look like an interrupt level 7
was requested.

iNTA Nt
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~— |
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LOGIC SERVICE \A‘D rrioRIty [ o Agouest fe- 183
a . REG Fesovin] 1 R e ime
° 1SR M URR .5
r PR
€5 e p—— 17
g ' 0
CASO o——ef ' .- A e} INTERGI®T MASR REG
CASCADE A B
CAS | o—of aurFEmi |
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CAS 2 wr——ay : .
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Figure 4c. 8259A Block Diagram
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Figure 5. 8259A Interface to Standard
System Bus
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INTERRUPT SEQUENCE OUTPUTS
MCS-80%, MCS-85°
This séquence is timed by three INTA pulses. During the
tirst INTA pulse the CALL opcode is enabled onto the
data bus.
Content of First Interrupt
Vector Byte

D7 Dé DS D4 D3 02 D1 Do

CALL CODE 1 1 ] 0 1 1 0 1 1

During the second iNTA puise the lower address of the
appropriate service routine is enabled onto the data bus.
When interval = 4 bits Ag-A; are programmed, while Ag-
A, are automatically inserted by the 8259A. When Inter-
val = 8 only Ag and A; are programmed, while Ag-Ag are
automatically inserted.

.Content of Second Interrupt
Vector Byte

IR Intervai =4
07 De D5 D4 D3 D2 01 0o
7 A7 A6 AS 1 1 1 0 0
6 A7 A6 A5 1 1 0 ] 0
5 A7 A6 A5 1 0 1 0 ]
4 A7 A6 A5 i 0 0 ] 0
3 A7 A6 AS 0 1 1 0 0
2 A7 A6 AS 0 1 0 ] 0
1 A7 A6 A5 0 0 1 ] 0
0 A7 A6 AS 0 0 0 ] 0
IR Interval =8
D7 Ds DS D4 03 D2 D1 Do

7 A7 A6 1 1 1 0 0 0
6 A7 A6 1 1 ] 0 ] 0
5 A7 A 1 0 1 ] 0 0
4 A7 A6 1 0 0 0 ] 0
3 A7 A6 0 1 1 0 ] ]
2 A7 A6 0 1 0 ] 0 ]
1 A7 A6 0 0 1 ] 0 0
0 A7 A6 0 0 ] ] ] 0

During the third INTA pulse the higher address of the

appropriate service routine, which was programmed as
byte 2 of the initialization sequence (Ag—A,s), is
enabled onto the bus.

Content of Third Interrupt
Vector Byte

D7 DS D3 D2 D

D6 Da . 1 Do
[ as [ a1 | ara [ arz [ an | a0 | as | as )

iAPX 86, IAPX 88

iAPX 86 mode is similar to MCS-80 mode except that only
two Interrupt Acknowledge cycles are issued by the pro-
cessor 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 B259A 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 puise. On this first cycle it does
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not issue any data to the processor and leaves its data bus
buffers disabled. On the second interrupt acknowledge
cycle in iIAPX 86 mode the master (or slave if so pro-
grammed) will send a byte of data to the processor with
the acknowledged interrupt code composed as follows
(note the state of the ADl mode control is ignored and
As-Aq4 are unused in iAPX 86 mode):

Content of Interrupt Vector Byte
for IAPX 86 System Mode

07 | D6 | DS | Da | D3
IR7 T7 | 16 | 75 | T4 | T3
IR6 T7 | ve | T5 | T4 | T3
IRS T7 | T8 | T5 [ T4 | T3
R4 T7 | 6 | 15 | T4 | T3
IR3 T7 | T8 | 75 | T4 | Ta
IR2 77 | 16 | 75 | T4 | T3
IR1 77 | 76 | T5 | T4 | T3
IRO 7 |16 | 75 | T4 | T3

o
N
=]
-
(=4
(<]

QlO[O|O|=]=]={=
O|Ofj=|=]O|O|=|—=
Q|l=jOo|~=]O0|={0O]| -

PROGRAMMING THE 8259A
The 8259A accepts two types of command words gener-
ated by the CPU:

1. Initialization Command Words (ICWs): Betore normal
operation can begin, each 8259A in the system must
be brought to a starting point — by a sequence of 2 to
4 bytes timed by WR pulses.

2. Operation Command Words (OCWSs). These are the
command words which command the 8259A to oper-
ate in various interrupt modes. These modes are:
a. Fully nested mode
b. Rotating priority mode
c. Special mask mode
d. Poiled mode

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

INITIALIZATION COMMAND WORDS
(ICWS)

GENERAL

Whenever a command is issued with AO=0 and D4 =1,
this is interpreted as Initialization Command Word 1

(ICW1). ICW1 starts the initialization sequence during
which the following automatically occur.

" a. The edge sense circuit is reset, which means that fol-

lowing initialization, an interrupt request (IR) input
must make a low-to-high transition to generate an
interrupt. .

. The Interrupt Mask Register is cleared.

. IR7 input is assigned priority 7.

. The slave mode address is set to 7.

. Special Mask Mode is cleared and Status Read is set to
IRR. .
If IC4=0, then ali functions selected in ICW4 are set to
zero. (Non-Buffered mode*, no Auto-EOI, MCS-80, 85
system).

o Qoo

-~

*Note: Master/Siave in ICW4 is only used in the buffered mode.

AFN-00221E
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INITIALIZATION COMMAND WORDS 1 AND 2
(ICW1, ICW2)

As-As: Page starting address of service routines. in an
MCS 80/85 system, the 8 request levels will generate
CALLSs 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 routines will occupy a
page of 32 or 64 bytes, respectively.

The address format is 2 bytes long (Ag-Ays). When the
routine interval is 4, Ag~A4 are automatically inserted by
the 8259A, while As-Asg are programmed externally,
When the routine interval is 8, Ag-Ag are automatically
inserted by the 8259A, while Ag-A5 are programmed
externally.

The 8-byte interval will maintain compatibility with cur-
rent software, while the 4-byte interval is best for a com-
pact jump table.

In'an iAPX 86 system A45—Aq44 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 disabled.

ADI:  CALL address interval. ADI = 1 then interval = 4;
AD!=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
8259A 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=1 in 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 IAPX 86 onily byte 2) through the cascade
lines.

b. In the slave mode (either when SP=0, or it BUF = 1
and M/S =0 in ICW4) bits 2-0 identify the slave. The
siave 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 iIAPX 86 are released by it on the Data
Bus.

INITIALIZATION COMMAND WORD 4 (iICW4)

SFNM: If SFNM=1 the special fully nested mode is
programmed. :

BUF: If BUF = 1 the buffered mode is programmed. in
butfered mode SP/EN becomes an enable outp
and the master/slave determination is by M/S.

M/S: If butfered mode is selected: M/S =1 means the
8259A is programmed to be a master, M/S=0
means the 8259A is programmed to be a slave. If
BUF =0, M/S has no function.

AEOL If AEOI=1 the automatic end of interrupt mode
is programmed. ,

uPM: Microprocessor mode: uPM = 0 sets the 8259A for
MCS-80, 85 system operation, uPM = 1 sets the
8258A for iAPX B6 system operation.

NO (SINGL = 1)

NO (IC4 = 0)

1S ICw4
NEEDED

YES (1C4 = 1)

iCw4 J

READY 7O ACCEPT
INTERRUPT REQUESTS

Figufe 6. Initialization Sequence
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] A A Ay 1 LTim | ADI |SNGL| I1C4

1 1CW4 NEEDED
0= NO ICw4 NEEDED

1 = SINGLE
0 = CASCADE MODE

CALL ACORESS INTEAVAL
1= INTERVAL OF 4
0= INTERVAL OF 8

LEVEL TRIGGERED MODE
EDGE TRIGGERED MODE

1
o]

A;-Ag of INTERAUPT
VECTOR ADDRESS
(MCS-80:85 MODE ONLY)

ICW2
A, D, DO, O, O O, 0, D O

Arg, JAg1,
%2

s JA - A g
18, 12 13/ |f 1
v, /7! //rs /i’a Ao | A | 4

A,g-Ay OF INTERRUPT
VECTOR ADDRESS

N {MC580/85 MODE)
T,-T4 OF INTERRUPT
1CW3 (MASTER DEVICE) VECTOR ADDRESS

(80868088 MODE}
4 O, DO O, 9, 0, D0 D

! S S | S 1SS S | S| %

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

A SLAVE
1CW3 (SLAVE DEVICE)
aa D, D DOy o, ©o0, L, D 0, - .
1 0 o [} [} o [0, [ 10, { 1D,
]

SLAVE 10t
ofr12f3|4|5{6]|7
oftjoli1fejrfej:
olafilr{ofjof1]r
ofof{ofofvfr]rvi

1ICwe
4 Oy D¢ D5 D4 D3 02 O Do
3 [ [ 0 |SFNM| BUF | M/S | AEO1| uPM
‘
1 = 8086/8088 MODE
0 = MCS-80/85 MODE
1 AUTO EOt .
0 = NORMAL. EOI
[Co X NON BUF FERED MOOE
[ 0| - BUFFERED MODE/SLAVE
HIE] 1] - BUFFERED MODE/MASTER
1 = SPECIAL FULLY NESTED
MODE
0 = NOT SPECIAL FULLY
NOTE 1: SLAVE ID IS EQUAL TO THE CORRESPONDING . NESTED MODE

MASTER IR INPUT.

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

After the Initialization Command Words (ICWs) are pro-
grammed into the B259A, the chip is ready to accept
Interrupt requests at its input lines. However, during the
8259A operation, a selection of algorithms can com-

mand the 8259A to operate in various modes through

the Operation Command Words (OCWs).

OPERATION CONTROL WORDS (OCws)

ocw1

A0 D7 D8 D5 Ds D3I D2 D1 Do
[] [M M6 M5 Me M3 M2 M1 MO
ocwz
ol [R st eo o o L LU o]
ocws
[ o | { 0 ESMM smMM 0 1 P RR AIS|

2-128

OPERATION CONTROL WORD 1 (OCW1)

OCW1 sets and clears the mask bits in the interrupt
Mask Register (IMR). M; - M, 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, EOi — These three bits control the Rotate and
End of Interrupt modes and combinations of the two. A
chart of these combinations can be found on the Opera-
tion Command Word Format.

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

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 wilt revert to normal mask mode.
When ESMM = 0, SMM has no effect.

AFN-00221E
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Ay

% D O DO Dy DB D DOy

wr | e | e | wa [s [z | o ]

INTERRUPT MASK
1 = MASK SET
0 = MASK RESET

ACTED UPON
of1j2fafafs]s]7
oftfofifofrfofn
olofv{1{ofofr]n
afofojofrir{r}],

NON-SPECIFIC EOICOMMAND

SPECTIFIC EOf COMMAND .
ROTATE ON NON-SPECIFIC EOI COMMAND
AOTATE IN AUTOMATIC £0/ MODE (SET)

«fofl-]-{ofe

“MOTATE ON SPECIFIC EO| COMMAND
*SET PRIORITY COMMAND
NG OPERATION

[
olof«|cle|~|~]-

*LO-L2 ARE USED

ROTATE iM AUTOMATIC EQ1 MODE (CLEAR)

} END OF INTERRUPT
AUTOMATIC ROTATION

} SPECIFIC ROTATION

READ REGISTER COMMAND

) 1 ] 1
[ [ 1 '
READ READ
IRREG | ISREG
NO ACTION ON NEXT | ON NEXT
RO PULSE | AD PULSE

1=POLL COMMAND
0=NO POLL COMMAND

SPECIAL MASK MODE

[ A\l -] 1
e o 1 1
RESET SET
NC ACTION SPECIAL | SPECIAL
MASK MASK

Figure 8.~Operation Command Word Format
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FULLY NESTED MODE

This mode is entered after initialization unless another
mode is programmed. The interrupt requests are
ordered in priority form 0 through 7 (0 highest). When an

. interrupt is acknowledged the highest priority request is

determined and its vector placed on the bus. Additional-
ly, 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 AEQ! (Automatic
End of Interrupt) 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
levels will generate an interrupt (which will be
acknowledged only if the microprocessor internal Inter-
rupt enable flip-flop has been re-enabled through soft-
ware). . .

After the Initialization sequence, IR0 has the highest -

priority and IR7 the lowest. Priorities can be changed, as
will be explained, in the rotating priority mode.

END OF INTERRUPT (EOI)

The In Service (IS) bit can be reset sither automatically
foliowing the trailing edge of the last in sequence INTA
pulse (when AEOI bit in ICW1 is set) or by a command
word that must be issued to the 8259A betore returning
from a service routine (EOl command). An EQl command.
must be issued twice if in the Cascade mode, once for the
master and once for the corresponding siave.

There are two forms of EOl command: Specific and Non-
Specific. When the B259A is operated in modes which
preserve the fully nested structure, it can determine
which IS bit to reset on EOlL When a Non-Specific EO!
command is issued the 8259A will automaticaily 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 (EQ! = 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 acknowiedged. In this case a Specific End of
Interrupt must be issued which includes as part of the
command the [S level to be reset. A specific EOl can be is-
sued with OCW2 (EOt =1,SL =1,R =0,and LO-L2 isthe
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 cieared by a non-specific EQI if the
8259A is in the Special Mask Mode.

AUTOMATIC END OF INTERRUPT (AEOI) MODE

If AEOI=1in ICW4, then the B259A will operate in AEO!
mode continuously until reprogrammed by ICWA4. In this
mode the 8259A will automatically perform a non-
specific EOIl operation at the trailing edge of the last
interrupt acknowledge puise (third pulse in MCS-80/85,
second in iAPX 86). Note that from a system standpdint,
this mode should be used only when a nested multilevel
interrupt structure is not required within a single 8259A.

The AEOI mode can only be used in a master 8259A and
not a siave.

2-130

AUTOMATIC ROTATION
(Equal Priority Devices) [

In some applications there are a number of interrupting
devices of equal priority. In this mode a device, after
being serviced, receives the lowest priority, so a dgvice ‘
requesting an interrupt will have to wait, in the worst |
case until 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 priority requiring service)

IST IS8 1S5 1S4 IS3 IS2 IS1 IS0 |

“IS" Status Lol fo] 1] 0 [ofofo]

Lowest Priority Highest Priority

Priority Status E—fs [sT«]a] zﬁxm i{

After Rotate (IR4 was serviced, all other priorities
rotated correspondingly)

IS7 IS8 1S5 IS4 1S3 ISz ISt IS0

“IS" Status o]t ]oJoJofofofo]

Highest Priority Lowest Priority

Priority Status R EOT IR

There are two ways to accomplish Automatic Rotation
using OCW2, the Rotation on Non-Specific EOl Command
(R=1,8L =0, EOl = 1) and the Rotate in Automatic EQI
Mode which is set by (R = 1, SL = 0, EO!l = 0) and cleared | .
by (R =0,SL =0, EOl = 0). - {

SPECIFIC ROTATION (
(Specific Priority) ‘
The programmer can change priorities by programming
the bottom priority and thus fixing all other priorities;
i.e., if IR5 is programmed as the bottom priority device, !
then IR6 will have the highest one.

The Set Priority command is issued in OCW2 where:
R =1,8L=1;L0O-L2isthe binary priority level code of the |
bottom pricrity device. |

Observe that in this mode internal status is updated by
software control during OCW2. However, itisindependent
of the End of Interrupt (EOl) command (also executed by \ ‘
OCW2). Priority changes can be executed during an EOI !
command by using the Rotate 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 be masked individu- ]
ally by the Interrupt Mask Register (IMR) programmed
through OCW1. Each bit in the IMR masks one interrupt
channei 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 channeis operation. (

AFN-00221E ;
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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 priority
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 OCW1, it
inhibits further interrupts at that level and enables inter-
rupts 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 OCW3 where:

POLL.COMMAND

In this mede the INT output is not used or the micropro-
cessor internal Interrupt Enable flip-tlop 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"in OCW3.
The 8259A treats the next RD pulse to the 8259A (i.e,,
RD=0, CS=0) as an interrupt acknowledge, sets the
appropriate IS bit if there is a request, and reads the
priority level. Interrupt is frozen from WR to RD.

The word enabled onto the data bus during RD is:

o7 D8 DS ©O4 D3 D2 D1 DO
[|_..._-wzw1wo]

WO0-W2: Binary code of the highest priority level
requesting service.

I: Equalto a 1 if there is an interrupt.

This mode is useful if there is a routine command com-
mon to several levels so that the [NTA sequence is not
needed (saves ROM space). Another application is to

SSMM =1, SMM=1, and cleared where SSMM=1, use the poll mode to expand the number of priority
SMM =0. : leveis to more than 64.
3":0"-.'2 TO QTHER PRIOATY CELLS
1= LEVEL CLA isA
l CLR o 1SR T
¥
SET
P L €T 13M PRIORITY
\_S'—‘ IN-SERVICE REsoLvenr
LATCH
i > CONTAROL
! J LOGIC
i REQUEST IE
LATCH
§ i N NON-
°e 8 MASK MASKED
LATCH [‘4—/ AEQ
—1C Q. r—40 Q .
RTA -
MCS-80. 85
MODE € cn o
4
FREEZTE INTERNAL
DATA 8US
- " [ ¥4
~N [
T 2 g 3 22
IAPX 86 H 2 - wis
MODE g H 3 T
[ 3
FREEZE
NOTES
1. MASTER CLEAR ACTIVE ONLY DURING ICW1
2. FREEZE/ 1S ACTIVE DURING INTA/ ANO POLL SEQUENCES ONLY
3. TRUTH TABLE FOR O-LATCH
[ | |__OPERATION
TR ’ I FOLLOW
° i X HOLD

Figure 9. Priority Cell—Simplified Logic Diagram
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READING THE 8259A STATUS

The input status of several internal registers can be read to
update the user information on the system. The following
registers can be read via OCWS3 (IRR and ISR or OCW1
[IMR]). '

Interrupt Request Register (IRR): 8-bit register which con-
tains the levels requesting an interrupt to be acknowl-
edged. The highest request level is reset from the IRR
when an interrupt is acknowledged. (Not affected by IMR.)

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

Interrupt Mask Register: B-bit register which contains 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 pulse, 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 previousiy 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 output data
bus will contain the IMR whenever RD is active and AQ =1
(OCW1).

Polling overrides status read when P = 1, RR = 1in 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 re-
main high without generating another interrupt.

It 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 interrupt is enabled
to prevent a second interrupt from occurring.

The priority cell diagram shows a conceptual circuit of the
level sensitive and edge sensitive input circuitry of the
B8259A. Be sure to note that the request latch is a transpar-
ent D type latch.

In both the edge and leve! triggered modes the IR inputs
must remain high until 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 acknowledges the interrupt.
This can be a useful safeguard for detecting interrupts
caused by spurious noise glitches on the IR inputs. To im-
plement this feature the IR7 routine is used for ''clean up”
simply executing a return instruction, thus ignoring the
interrupt. If IR7 is needed for other purposes a default IR7
can still be detected by reading the ISR. A normal IR7
interrupt will set the corresponding 1SR bit. a default IR7

won't. If a default IR7 routine occurs during a normal IR7

routine, however, the ISR will remain set. In this case it is
necessary to keep track of whether or not the IR7 routine
was previously entered. If another IR7 occurs it is a
default.

IR
k
. T

N/

8086/8088 8080/8085

r

INT

EARLIEST 1R
CAN BE REMOVED

LATCH®
ARMED

NN /-

8086/8088

LATCH®

*EDGE TRIGGERED MODE ONLY ARMED

Figure 10. IR Triggering Timing Requirements
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THE SPECIAL FULLY NESTED MODE

This mode will be used in-the case of a hig system
where cascading is used, and the priority has to be con-
served within each slave. In this case the fully nested
mode will be programmed to the master (using 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 requests from
higher priority IR’s within the slave will be recognized
by the master and will initiate interrupts to the proc-
essor. (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 soft-
ware has to check whether the interrupt serviced was
the only one from that slave. This is done by sending
a non-specific End of Interrupt (EOl) command to the
slave and then reading its In-Service register and
checking for zero. if.it is empty, a non-specific EO!
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 butfers are required on the data bus and the cas-
cading mode is used, there exists the probiem of enabl-
ing buffers.

The buffered modtuvilstructure the 8259A to send an
enabie signal on SP/EN to enabie the buffers. In this

mode, whenever the 8259A’s data bus outputs are ena-
bled, the SP/EN output becomes active. '

This modification forces the use of software program-
ming to determine whether the 8259A is a master 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.

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 controlis 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 outputs are
connected to the master interrupt request inputs. When a
slave request line is activated and afterwards acknowl-
edged, the master will enable 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 contain
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 separate initialization
sequence and can be programmed to work in a different
mode. An EOI command must be issued twice: once for
the master and once for the corresponding slave. An
address decoder is required to activate the Chip Select
(CS) input of each 8259A.

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

( ADDRESS BUS (16} J
1
T CONTROL BUS 1
1 i l ¥ INTREQ
: ! I
L i i L
g DATA BUS (8) 1
IES RN
i
—_ - —_—] ——t — —_— —
— ' 1 * I
_—de L = -4 d s - 4 = + i !
B ' | I ! i
—_— — —_— — —_— —_ e [ — l f !
|
U o
A& | Q
CS Ay D07 INTA INT T3 a4, INTA INT ¢s A, Do7 WNTA INT
CAasO caso caso
82594 8259A
SLAVE A Casy SLAVE B cas1 CAs 1 MASTER
cas2 . " cas2 CAS 2
SPEN? 6 S 4 3 2 1 90 SPEN7 6 S 4 3 2 1 0 SP:ENM? M6 M5 M4 M3 M2 M1 MO
| . T [ \
i . 6
7 6 5 4 3 2 1 0 7 6 5 3 2 1 o0 s ¢ {32 v 0
L. |
T
INTERAUPT REQUESTS
Figure 11. Cascading the 8259A
2-133 AFN-00221E



intel

8259A/8259A-2/8259A-8

ABSOLUTE MAXIMUM RATINGS*

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

with RespecttoGround ............. -05Vto+7V
PowerDissipation ............ . e 1 Watt

D.C. CHARACTERISTICS

*NOTICE: Stresses above those listed under ''Absolute
Maximum Ratings"” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied.

[Ta = (°C to 70°C, Vo = 5V =5% (8259A-8), Vo = 5V =10% (8259A, 8259A-2)]

Symbol Parameter Min. Max. Units Test Condltions
ViL input Low Voltage -0.5 0.8 \'
ViK input High Voltage 2.0* Vee +0.5V v
Voi Output Low Voltage 0.45 v loL = 2.2mA
VoH Output High Voltage 24 v loq = —400uA
Interrupt Output High 3.5 v loy = —100uA
V
OH(INT) Voltage 24 v loH = —400uA
i input Load Current -10 +10 uA 0V <sV|N sVe¢
ILoL Output Leakage Current -10 +10 nA 0.45V =VgoyTt =Vee
icc Ve Supply Current 85 mA
-300 A =
UAT) IR Input Load Current £ Vin = 0
10 nA VIN = Vee
*Note: For Extended Temperature EXPRESS V,; = 2.3V,
CAPACITANCE (T4 = 25°C; Vo = GND = 0V)
Symbol Parameter Min. Typ. Max. Unit Test Conditions
CiN input Capacitance 10 pF fc = 1 MHZ
Ci/o I/0 Capacitance 20 pF Unmeasured pins returned to Vgg

A.C. CHARACTERISTICS (T4 = 0°C to 70°C, Ve = 5V +5% (8259A-8), Vo = 5V = 10% (8259A, 8258A-2)]

TIMING REQUIREMENTS

Symbol Parameter 8255A-8 & 8259A 8259A-2 Units | Test Conditions
Min. | Max. | Min. | Max. | Min. | Max.

TAHRL | AO/CS Setup to RD/INTA| 50 0 0 ns
TRHAX | AO/CS Hold after RD/INTA? 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? 20 0 0 ns
TWLWH |WR Pulse Width 400 290 190 ns
TDVWH | Data Setup to WR? 300 240 160 ns
TWHDX | Data Hold after WR] 40 0 0 ns
TJLIH Interrupt Request Width (Low) 100 100 100 ns See Note 1
TCVIAL f%%“?;,:f;”opnﬁz)sec°”d orThird | g5 55 40 ns

End of RD to next RD___
TRHRL | 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
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A.C. CHARACTERISTICS (Continued)

(Not same command type)

End of INTA sequence to next

INTA sequence.

Symbol Parameter 8259A-8 82594 8259A-2 Units | Test Conditions
Min. | Max. | Min. | Max. ;| Min. | Max.
“TCHCL End of Command to next Command 500 500 500 ns

“Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A = 1.6us,

8085A-2 = 1us, 8086 = 1us, 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 82594-8 82594 8259A-2 Units Test Conditions
- Min, Max. Min. Max. Min. Max.
TRLDV Data Valid trom RD/INTA| 300 200 120 -'ns C of Data Bus=
100 pF
TRHDZ Data Float after EB/lNTAI 10 200 10 100 10 85 ns C of Data Bus
Max text C = 100 pF
TJHIH Interrupt Qutput Deiay 400 350 300 ns Min. test C = 15 pF
TIALCV Cascade Valid fr'om First INTA| 565 565 360 ns Cir = 100 pF
(Master Only)
TRALEL Enable Active from RD| or INTA| 160 125 100 ns Ceascape = 100 pF
TRHEH Enable inactive from RD] or INTA[ 325 150 150 ns
TAHDV Data Valid from Stable Address 350 200 200 ns
TCVDV Cascade Valid to Valid Data 300 300 200 ns

A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUT,QUTPUT

24

2.0 2.0
> TEST POINTS <
0.8 0.8

AC TESTING INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 1" AND 0.45V FOR
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC 1
AND 0.8V FOR A LOGIC C.

0.45

A.C. TESTING LOAD CIRCUIT

DEVICE
UNDER

TEST

-
1

Cy = 100 pF
C( INCLUDES JIG CAPACITANCE

L = 100 pF

WAVEFORMS
WRITE — TWLWH
) \ a
N 7
TAHWL o ——dod TWHAX
cs
" ADDAESS sUS
Ae
TOVWH —ei> TWHOX
DATA SUS

A dnr
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m - TYPES SNb4LS670, SN74LS670

MSI 4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS

BULLETIN NO. DL-§ 7612122, MARCH 1974—REVISED OCTOBER 1976-

SNS4LS670 ... J OR W PACKAGE
Separate Read/Write Addressing Permits SN74LS670...J OR N PACKAGE
Simultaneous Reading and Writing (TOP VIEW)
. . . bAT WRITE SELECT ENABLE OUTPUTS
Fast Access Times . . . Typically 20 ns Vec ATA Wm
Organized as 4 Words of 4 Bits wilstluwllll2tinlinlls
Expandable to 512 Words of n-Bits T {1 L 1 |
: Wa Wz Gy Gy o
For Use as:
Scratch-Pad Memory D2 az
Buffer Storage between Processors
R R
Bit Storage in Fast Multiplication Designs ?3 I |B [" T im
3-State Outputs iH2H030«0sHsH7 s
SN54LS170 and SN74LS170 Are Similar \DZ_T3 DF, Fg Fa G 0F, GND
But Have Open-Collector Outputs ' DATA READ SELECT OUTPUTS
. positive logic: see description
description

The SN54LS670 and SN74LS670 MSI 16-bit TTL register files incorporate the equivalent of 98 gates. The register file
is organized as 4 words of 4 bits each and separate on-chip decoding is provided for addressing the four word locations
to either write-in or retrieve data. This permits simultaneous writing into one location and reading from another word
location.

Four data inputs are available which are used to supply the 4-bit word to be stored. Location of the word is determined
by the write-address inputs A and B in conjunction with a write-enable signal. Data applied at the inputs should be in its
true form. That is, if a high-level signal is desired from the output, a high-level is applied at the data input for that
particular bit location. The latch inputs are arranged so that new data will be accepted only if both internal address gate
inputs are high. When this condition exists, data at the D input is transferred to the latch output. When the write-enable
input, Gy, is high, the data inputs are inhibited and their levels can cause no change in the information stored in the
internal latches. When the read-enable input, GR, is high, the data outputs are inhibited and go into the high-impedance
state.

The individual address lines permit direct acquisition of data stored in any four of the latches. Four individual decoding
gates are used to complete the address for reading a word. When the read address is made in conjunction with the
read-enable signal, the word appears at the four outputs.

This arrangement—data-entry addressing separate from data-read addressing and individual sense line—eliminates
recovery times, permits simultaneous reading and writing, and is limited in speed only by the write time
(27 nanoseconds typical) and the read time {24 nanoseconds typlcal) The register file has a nondestructive readout in
that data is not lost when addressed.

All inputs except read enable and write enable are buffered to lower the drive requirements to one Series 54L.5/74LS
standard load, and input-clamping diodes minimize switching transients to simplify system design, High-speed,
double-ended AND-OR-INVERT gates are employed for the read-address function and have high-sink-current,
three-state outputs. Up to 124 of these outputs may be wire-AND connected for increasing the capacity up to 512
words. Any number of these registers may be paralieled to provide n-bit word length.

The SN54LS670 characterized for operation over the full military temperature range of —55°C to 125°C; the
SN74L.S670 is characterized for operation from 0°C to 70°C.
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TYPES SNb54LS670, SN74LS670
4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS

REVISED OCTOBER 1976

logic
WRITE FUNCTION TABLE (SEE NOTES A, B, AND C) READ FUNCTION TABLE (SEE NOTES A AND D)
WRITE INPUTS WORD READ INPUTS OUTPUTS
Wg Wa Gy 0 1 2 3 Rg Ra GRr Q1 Q2 Q3 Q4
L L L Q=D Qq Qg Qg L L L Ww0B1 WO0B2 WOB3 WO0B4
L H L Qo Q=D Qq Qg L H L W1B1 WiB2 WIB3 WiB4
H L L Qg Qp Q=D Qg H L L W2B1 W2B2 W2B3 W2B4
H H L Qg Qq Qg Q=0 H H L W3B1 W3B2 W3B3 W3B4
X X H Qo Qo Qo Qo X X H b4 V4 z z
NOTES: A. H = high level, L = low level, X = irrelevant, Z = high impedance (off)
8. (Q = D) = The four selected internal flip-flop outputs will assume the states applied to the four external data inputs,
C. Qg = the levei of Q before the indicated input conditions were established.
D. WOB1 = The first bit of word O, etc.
functional biock diagram
(15) D _ _
ot WORD 0 WORD 1 WORD 2 WORD 3 i o o, 3
|
slir=lir=dir=1 -
|
=
02 [&1] a [ { @
]
" p— ¢
] .i i
DATA J
INPUTS > OUTPUTS

2}

—

i3

=

D §
v
"]

T

J
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12}
Gw

(R k3] (18}
wg WwWa
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TYPES SN54LS670, SN741LS670

4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

Vee -——

INPUT ——

Any D, R, or W:
GRr: Re
Gw:Heq

Reg = 20 k2 NOM
= 6.67 k{2 NOM
=10 k2 NOM

TYPICAL OF ALL OUTPUTS

100
NOM

OUTPUT

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, V¢ (see Note 1)
Inputvoltage . . . . . . . . . .
Off-state output voltage e

Operating free-air temperature range: SN54L8670 e e e e

SN74LS670 . . . . . . .

Storage temperature range

recommended operating conditions

7V
7V
55V

. —55 Cto 125°C
) 0°C to 70°C
—65°C to 150°C

SN54LS670 SN74LS670 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 5 5.5 4.75 5 525! V
High-level output current, IoH -1 —2.6| mA
Low-level output current, 1o 4 8| mA
Width of write-enable or read-enable pulse, ty 25 25 ns
Data input with respect to-
Setup times, high- or low-level data write enable, tg,(D) 10 10 ns
(see Figure 2) Write select with respect to
write enable, t15,(wW) 15 15 ns
Data input with respect to 15 16 ns
Hold times, high- or low-levei data write enable, th(w)
{see Note 2 and Figure 2) Write select with respect to 5 5 ns
write enable, th(p)
Latch time for new data, tigych (see Note 3) 25 25 ns
Operating free-air temperature range, Ta -~55 128 0 70| °C

NOTES: 1. Voltage values are with respect to network ground terminal,

2. Write-select setup time will protect the data written into the previous address. |f protection of data in the previous address is not
required, tgy(yy) can be ignored as any address selection sustained for the final 30 ns of the write-enable pulse and during th(w)
will result in data being written into that location, Depending on the duration of the input conditions, one or a number of
previous addresses may have been written into.

3. Latch time is the time allowed for the internal output of the latch to assume the state of new data, See Figure 2, This is important
only when attempting to read from a location immediately after that location has received new data.
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TYPES SN54LS670, SN74LS670
4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS

REVISED OCTOBER 1876

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

N54LS670 SN74LS670
PARAMETER TEST CONDITIONST SN5AL UNIT
: MIN TYPE MAX | MIN TYPE MAX
Vi High-level input voltage 2 2 Y
Vi Low-level input voitage ‘ 0.7 08| Vv
Vi Input clamp voitage Vee = MIN, lj = —-18 mA -1.5 -1.5 A\
Vee = MIN, VIH=2V, loH = —1 mA 2.4 3.4
VoH High-level output voltage cc IH OH v
VL = VL max loH =—2.6 mA 24 3.1
Vee = MIN, VIiH=2V, oL =4 mA 0.25 0.4 0.25 0.4
VoL Low-level output voltage cc 1" oL \
VL = VL max loL =8 mA 0.35 0.5

Off-state output current,
| Vee = MAX, ViH=2V, V=27V 20 20 A
OZH igh-tevel voltage applied cc tH 0 g

Off-state output current,
i Vce = MAX, VIH=2V, V=04V -~20 ~20 A
ozL low-level voltage applied cc IH 0 .

input current at Ve = MAX, Any O, R, or W 0.1 0.1
o maximum input voitage Vi=7V Sw 02 02 mA
Gr 0.3 0.3
Vee = MAX, Any D, R,orW 20 20
ljg  High-level input current Gw 40 40 | uA
V=27V GR &0 50
Any D, R, orW —-0.4 -0.4
liL  Lowlevel input current Vee = MAX Gy -0.8 -0.8 | mA
- GR -1.2 -1.2
log Short-circuit output current8| Ve = MAX =30 -130 | =30 —130| mA
lcc  Supply current Vee = MAX, See Note 4 30 50 30 50 | mA

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
fan typical values areat Voo =5V, T = 25°C.
Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
NOTE 4: Maximum lee is guaranteed for the following worst-case conditions: 4.5 V is applied to all data inputs and both enable inputs, all
address inputs are grounded and all outputs are open.

switching characteristics, Vcc =5V, TA=25C

PARAMETERY FROM T0 TEST CONDITIONS MIN TYP MAX [UNIT
' (INPUT) (OUTPUT)
1 CL= F, R_L=2k&
PLH Read select Any Q L=18pF, RL=2ka, z 40 ns
tPHL See Figures 1 and 2 25 45
,’_" t.
PLH Write enable Any Q 26 45 ns
tPPHL CL=15pF, RL=2kQ, 28 50
1| ’ See Fi 1and 3 25 4
PLH Data Any Q fgures 1 an > ns
tPHL 23 40
: tZH 15 35
ns
t C_=5pF RL =2k 2
ZL Read enable Any Q L=opm L ! 2 40
tHz See Figures 1 and 4 30 50
ns
Lz - : 16 35
. ﬂtp LM = propagation delay time, low-to-high-level output
tpH | = propagation deiay timae, high-to-low-level output
tZzH = output enable time to high levetl
t tZL = output enable time to low level
’: t4z = output disable time from high level
i t| z = output disable time from low levet
TEXAS INSTRUMENTS 7.529
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TYPES SN54LS670, SN7415670
4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS

PARAMETER MEASUREMENT INFORMATION

TEST
POINT vee
Ru
S1
FROM QUTPUT
UNDER TEST (See Note B)
&L~ s
{See Note Al
S2
NOTES: A. Cj includes probe and jig capacitance,
B. Ali diodes are TN916 or 1N3064. LOAD CIRCUIT
FIGURE 1
WRITE-SELECT
INPUT Wy, or Wg
(See Note A)
DATA INPUT
D1, D2, D3, 0r D4
(See Note A)
WRITE-ENABLE
INPUT Gy
READ-SELECT
INPUT Rp or Rg
{See Note B)
QUTPUT
Q1,Q2, Q3,0r Q4
VOLTAGE WAVEFORMS (S1 AND S2 ARE CLOSED)
NOTES: A, High-level input puises at the select and data inputs are illustrated; however, times associated with low-level pulses are measured
from the same reference points.
8. When measuring deiay’ times from a read-select input, the read-enable input is low.
C. Input waveforms are supplied by generators having the following characteristics: PRR < 2 MHz, 2,,,; = 50 £, duty cycle < 50%,

ty € 16 ns, 1, < 6 ns,
FIGURE 2

1-530
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TYPES SN54LS670, SN741S670
4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS

PARAMETER MEASUREMENT INFORMATION

e mm— e e —— s s — e — 3V
.DATA INPUT
D1, D2, D3, or D4 ! 1.3v
! oV
|
l ————— 3V
|
WRITE-ENABLE ! 1.3V
INPUT Gy | |
oV
f—tpLH = l-—tPHL-{
._.____._,.l._ —-I——-—-—-——-— VOH
OUTPUT
Q1, Q2,Q3,0rQ4 1.3V .3V
—— — — VoL
VOLTAGE WAVEFORM 1 (S1 AND S2 ARE CLOSED)
3v
DATA INPUT
D1, D2, D3, 0or D4 | 13V
I e e e e e — — ——— 0V
l — e e mm e — 3V
WRITE-ENABLE |
INPUT Gy l 1.3v
|
|| ov
l T tPHL fo——et-tPLH
——— — | | 3V
!
OUTPUT
Q1,Q2, Q3, or Q4 13V 1.3V
———— e — — —_——_——————— 0V
VOLTAGE WAVEFORM 2 (S1 AND S2 ARE CLOSED)
NOTES: A. Each select address is tested. Prior to the start of each of the above tests both write and read address inputs are stabilized with
Wpa = Rpa and Wg = Rg. During the test G is low.
B. Input waveforms are supplied by generators having the following characteristics: PRR < 1 MHz, Z5,¢ = 50 £, duty cycle < 50%,
ty <15 ns, t, <6 ns.
FIGURE 3
| READ 3v
| 13V
ENABLE N\ 13V
} I— —————————— ov
p— 2L —¢ bt 27—
| +—-——=4.5V : | S1and
WAVEFORM 1 | s1ciosed, \QB v i } Szclosed
(See Note A) | 52 open L —_———
! , —==5----voL
—tzh—— iz~ 05 V0S5V
i ' oA ————vou
i WAVEFORM 2 S1 open, ! -5 <15V
. (See Note A) S2 closed T3V S1 and ’
S e T sov S2 closed

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS
Waveforms 1 is for an output with internal conditions such that the output is low except when disabled by the read-enabl !
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the read-enable input.
B. When measuring delay times from the read-enable input, both read-select inputs have been established at steady states.
C. input waveforms are supplied by generators having the following characteristics: PRR < 1 MHz, Z5,y = 50 Q, duty cycle < 50%,

ty K16 ns, ty < 6 ns. FIGURE 4

NOTES: A. e input.

1076
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IAPX

80186

High Integration 16-Bit Microprocessor

DISTINCTIVE CHARACTERISTICS

Integrated teature set

- Enhanced 8086-2 CPU

- Clock generator

- Two independenl, high-speed DMA channels

By
- Pr

- Three programmabie 16-bit timers
Progi ble memory and perip
chip-select logic

- Prog! wait state g

- Local bus confroller

Available in 8 MHz (80186-3) and cost effective 6 MHz

{80186-6) versions

High performance processor

= Two times the performanca of the standard iAPX B6

— 4M byte/sec bus bandwidth interiace

Direct addressing capability to 1M byte of memory

Completely object code compatible with all existing

iAPX 86, B8 software

- Ten new inslruction types

Compatible with 8282/83/86/87, 8288, 8289 bus

support components

Oplional numeric processor extension

~ APX 186 with a high-performance 80-bit numeric
data processor the 8087

GENERAL DESCRIPTION

The IAPX 186 (80186 part number) is a highly integrated
16-bit microprocessor. It effectively combines 15 20 of
the mosl common iAPX B6 syslem components onto one,
The 80186 provides two times greater throughput than the
standard SMHz IAPX 86. The iAPX 186 is upward com-
patible with iIAPX 86 and 88 software and adds 10 new
instruction types to the existing set.

Tha iAPX 186 comes in a 68-pin package and requires a
single +5V power supply.

Figure 1. 1APX*186 Block Diagram
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Figure 2. 80186 Pinout Diagram
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1APX 186

Tabte 1. 80188 Pin Description (Continued)

Table 1. 80186 Pin Description

Name and Function

System Power: +5 volt power supply.

System Ground.

Reset Output indicates that the 80186 CPU is bu&ng reset, and can be used as a
system reset. It is active HIGH, sy i with the p clock, and
lasts an integer number of clock periods corresponding to the length of the
RAES signal.

X1, X2 59,58

CLKOUT 56

RES 24

_is internally divided by two 1o general

Crystal inputs, X1 and X2, provide an external connection for a vundnmemal

mode parallel resonant crystal for the internal crystal oscillator. X1 can inter-

face lo an external clock instead of a crystal. The input or oscillator frequency
neral lha clock signal (CLKOUT).

Clock Output provides the system with a 50% duty cycle waveform. All device
pin limings are specilied relative to CLKOUT. CLKOUT has sufficient MOS drive
capabilities tor the 8087 Numeric Profgggg_vﬁx!gpsion.

System Resel causes the 80186 to i y terminate its p t activity,
clear the internal fogic. and enter 8 dormant state. This signal may be asyn-
chronous to the 80186 clock. The 80186 begins fetching instructions approxi-
mately 7 clock cycles after IES is returned HIGH. RES is requlred to be LOW for
greater than 4 clock cycles and is internally sy d. For proper initiali
tion. the LOW-to-HIGH transition of RES must occur no sooner than 50
microseconds after power up. This input is provided with a Schmitl- -trigger to
facilitate power-on ﬁ S generation via an RC network. When RES occurs. the
80186 will drive 1he stalus lines 1o an inactive levet for one clack, and then
tri- state them

Pin
Symbol No. Type Name and Function
TEST 47 ] fEsT is examined by the WAIT instruction. If the TEST input is HIGH when
begins, i will TEST will be
leumpiod until it goes LOW, at which time execution will rasume tinterrupls
are enabled while the 80186 is waiting for TEST, interrupts will be serviced. This
input is synchronized internally.

TMRIN 0, 20 | Timer Inputs are used either as clock or control! signals, depending upon the

TMA IN1 21 | programmed timer mode. These inputs are active HIGH (or LOW-to-HIGH
fransitions are counted) and internally synchronized.

TMR OUT 0, 22 o] Timer outputs are used to provide single pulse or continuous waveform gener-

TMR OUT 1 23 o ation, depending upon Lhe limer mode selected. .

DRQO 18 t DMA Request is driven HIGH by an external device when il desires that a

DRQ1 19 i DMA channel (Channel 0 or 1) perform a transfer. These signals are active
HIGH. level-triggered, and internally synchronized.

NMI 46 ] Non-Maskable Interrupt is un cdge-lnggaved input which causes 8 type 2
interrupt. NMI is not L y. A transition from a LOW to HIGH
initiates the interrupt at the next instruction boundary. NMI is latched inter-
nally. An NMI duration of one clock or more will guarantee service. Thisinput is
internally synchronized.

INTO, INTY, 4544 ) Interrupt Req can be d by strobing one of these pins.

INT2/INTAD 42 O | When configured as inputs, these pins are active HIGH. Interrupt Requests are

INT3/INTAT 41 O | synchronized internally. INT2 and INT3 may be configured via software to
provide active-LOW interrupt-acknowledge output signals. All interrupt inputs
may be configured via software to be either edge- or level-triggered. To ensure
recognition, all interrupt requasts must remain active until the interrupt is
acknowleged. When iRMX mode Is selected, the function of these pins
changes (see Interrupt Controller section of this data sheet).

A19/56, 85-68 (o] Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the four most

A1B/S5, (o] significant address bits during Ty. These signals are active HIGH. During Ta,

A17/84, o T3, Tw, and T4, status information is available on these tines as encoded

A16/S3 o] below:

Low High
S6 Processor Cycle DMA Cycle
$§3,54, and S5 are defined as LOW during To-Ty.

AD15-ADO 10-17 Vo Address/Data Bus (0-15) signals itute the time memory or /0

1-8 address (Ty) and data (T3, T3, Tw, and Ty) bus. The bus is active HIGH. Ag is
analogous to BHE for the lower byte of the data bus, pins Dy through Dyg. It is
LOW during Ty when a byte is to be transferred onto the lower portion of the
bus in memory or /O operations.

BHE/S7 84 O | During Ty the Bus High Enable signal should be used to determine if data is to

be enabled onto the most aignificant haif of the data bus, pins Dys-Dg. BHE is
LOW during T4 for read, write, and interrupt acknowledge cycles when abyte is
to be transferred on the higher hall of the bus. The Sy status information is
available during Tz, T3, and T4. Sy is logically aquivalent to BHE. The signal is
active LOW, and is tristated OFF during bus HOLD.

BHE and A0 Encodings
| BHE Value | AO Value Function

Word Transter

Byte Transter on lower half of data bus (D7 -Dp)

<~=0o

0
1 Byte Transfer on upper half of data bus (D15-D8)
0
1

Reserved




IAPX 186

Tabie 1. 80188 Pin Description {Continued)

Symbol

Pin
No.

Type

Name and Functlon

ALE/QSO

61

Address Latch Enable/Queue Status 0 is provided by the 80186 to latch the
address into the 8282/8283 address latches. ALE is active HIGH. Addresses are
guaranteed to be valid on the trailing edge of ALE. The ALE rising edgs is
generated off the rising edge of the CLKOUT immediately preceding Ty of the

iated bus cycle, ef! ly ane-half clock cycle earlier than in the stan-
dard 8086. The tralling edge is generated ofl the CLKOUT rising edge in Ty as
in the B086. Note that ALE is never floated.

WHr/ast

€3

Write Strobe/Queue Siatus 1 indicates that the data on the bus is to be written
into a memory or an /O device. WH is active for Tz, T3, and Tw of any wrile
cycle. it is active LOW, and floats during "HOLD.” It is driven HIGH for one clock
during Reset, and then fioated. When the BD186 is in queus status mode, the
ALE/QS0 and WR/QS1 pins provide information about processor/instruction
qusus interaction.

as1 Qso Queue Operation
0 No gqueue operation

First opcode byte fetched from the queue
1 Subsaquent byte fetched from the queue

Y X-)
-

0 Empty the gueite

RO/QSMD

62

Read Strobe indicates that the 80186 is performing a memory or I/O read cycle.
RAD is active LOW for T, T3. and Ty of any read cycle. it is guarantesd not to go
LOW in T, until after the Address Bus is floated, AiD is active LOW, and fiosts
during "HOLD." RD is driven HIGH for one clock during Reset, and then the
output driver is floated. Awesk internal pull-up mechanism on the RD line hols
it HIGH when the line is not driven. During RESET the pin is sampled to
determine whether thes 80186 should provide ALE, WR, and RD, or if the
Queue-Status should be provided. AD should be cannected to GND to provide
Queue-Status dala.

ARDY

55

Asynchronous Ready Intorms the 80186 that the addressed memory space or
/O device will complete a data transter. The ARDY input pin will sccept an
asynchronous input, and is active HIGH. Only the rising edge is internally
synchronized by the 80186. This means that the falling edge of ARDY must be
synchronized to the B0186 clock. If connected to Vo, no WAIT states are
inserted. Asynchronous ready (ARDY) or synchronous ready (SRDY) must be
active to terminate & bus cycle,

SRDY

49

Synchronous Rndy must be synchronized externally to the 80186. The use of

SROYp ystem-timing specification on the Hsady input. This
is accomplnshad by ellmmanng the ane-half clock cycle which is required for
internally resolving the signal level when using the ARDY input. This line is
active HIGH. If this line is connected to Vg, no WAIT states are inserted,
Asynchronous ready (ARDY) or synchronous ready (SRDY) must be active
bafore a bus cycls is lermi

LOCK

48

TOCK output indicates thal other system bus masters are not to gain controt of
the system bus white LOCK is active LOW, The LOCK signal is requested by the
LOCK prefix instruction and is activated at the beginning of the first data cycle
associated with the instruction following the LOCK prefix. It remains aclive
until the completion of the instruction following the LOCK prefix. No pre-
fetches will occur white LOCK is asserted. LOTK is active LOW, is driven HIGH
for one clock during RESET, and then floated.

1APX 186

Table 1. 80188 Pin Description (Continusd)

Symbol

Pin
No.

Type

Name and Function

56,5152

52-54

Bus cycle status 50-52 are

ded to provide bus-trar information:

80186 Bus Cycle Status Information

&

Bus Cycle Initiated

Interrupt Acknowledge
Read /O

Write YO

Hait

Instruction Fetch

Read Data from Memory
Write Data to Memory

~oo=~oo |9

P - Y- 1)
“wo=wo=0~=o0 Y

1

The status pins float during "HOLD."
32 may be used as a logical M/ID indicator, and 51 as a DT/R indicator.

The status lines are driven HIGH for one clock during Reset, and then lioated
untit a bus cycle begins.

Passive (no bus cycle) 1

HOLD (input)
HLDA (output)

HOLD indicates that another bus masier is requesting the local bus. The HOLD
input is sctive HIGH. HOLD may be asynchronous with respect to the 80186
clock. The 80186 will issue a HLDA in raspanse lo a HOLD raquast at the end of
Tq or Ty. Simul with the i of HLDA, the 80186 will float the local
bus and control lines. Attar HOLD is detected as being LOW, the 80186 will
fower HLDA. When the 80186 needs to run another bus cycle, it will again drive
the local bus and control lines.

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

a3

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

MC50-3

38,37,36,35

Mid-Range Memory Chip Select signals are active LOW when a memory
reference is made to the defined mid-range portion of memory (6K-512K).
These lines are not ltoated during bus HOLD. The address ranges activating
MCS0-3 are software programmable.

PC50-4

25,27-30

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

PC35/A1

31

Peripheral Chip Select 5 or Latchad A1 may be programmed to provide a sixth
peripheral chip seloc! or to provlde an internally tatched A1 signal. The

d range acti oPCSSiss When programmed
to provide latched Af, ‘rather than FES? " this pin wilt retain the praviously
latched vatue of A1 during a bus HOLD. At is active HIGH.

FCS6/A2

32

Pariphsral Chip Select 8 or Latched A2 may be programmed to provide a
seventh peripheral chip selecl or to provide an lmemally fatched A2 signal.
The range acti is sof When pro-
grammed to provide lslched A2, rather than FCSG nns pin will retain the
previously latched value of A2 during 8 bus HOLD. A2 is active HIGH.

DOTR

40

Oata Transmit/Receive controis the direction of data llow through the extemal
8286/8287 data bus transceiver. When LOW, data is translerred to the 80186.
When HIGH the 80186 plgcgs write data on the data bus.

39

Data Enable is provided as an 8286/8287 data bus transceiver output enable.
DEN is active LOW during each memory and /O access DEN is HIGH whenever

OT/A changes state.




IAPX 186

FUNCTIONAL DESCRIPTION

" Introduction

The following Functional Description describes the
base architecture of the iAPX 186. This architecture
is common to the iAPX 86, 88, and 286 microproces-
sor families as well. The iAPX 186 is a very high
integration 16-bit microprocessor. It combines 15-20
of the most common microprocessor system compo-
nents onto one chip while providing twice the perfor-
mance of the standard iAPX B6. The 80186 is object
code compatible with the iAPX 86, 88 microproces-
sors and adds 10 new instruction types to the exist-
ing iAPX 86, 88 instruction set.

IAPX 186 BASE ARCHITECTURE

The iAPX 86, 88, 186, and 286 tamily all contain the
same basic set of registers, instructions, and
addressing modes. The 80186 processor is upward
compatible with the 8086, 8088, and 80286 CPUs.

Register Set

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

General Registers

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

Segment Reglsiers

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

Base and Index Registers

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

Status and Control Registers

Two 16-bit special purpose registers record or alter
certain aspects of the 80186 processor state. These
are the Instruction Pointer Register, which contains
the offsel address of the next sequential instruction
to be executed, and the Status Word Register, which
contains status and control flag bits (see Figures 3a
and 3b).

Status Word Description

The Status Word records specific characteristics of
the result of logical and arithmetic instructions (bits
0.2. 4,6, 7, and 11) and controls the operation of the
80186 within a given operating mode (bits 8, 9, and
10}). The Status Word Register is 16-bits wide. The
function of the Status Word bits is shown in Table 2.

IAPX 188

Figure 3b. Status Word Format

STATUS FLAGS
CARRY

PARITY

AUXILIARY CARRY

ZERO

SIGN

OVERFLOW

15 14 13 12 1 1 19 L L ] 7 L] s 4 3 2 1 0
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Figure 3a. 80186 Genersl Purpose Register Set
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Table 2. Status Word Bit Functions

Bit y
Position Name Function

0 CF Carry Fiag—Set on high-order bil
carry or borrow; cleared otherwise

2 PF Parily Flag—Sel il tow-order 8 bits
of result contain an even number of
1-bits; cleared otherwise

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

6 ZF Zero Flag-Sef it result is zero:
cleared otherwise

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

8 TF Single Step Flag—Once set. a sin-

gle step inferrupt occurs after the
next instruction executes. TF is
cleared by the singte step interrupt

manipulation, control transter, high-level instruc-
tions, and processor control. These categories are
summarized in Figure 4.

An 80186 instruction can reference anywhere from
zero fo several operands. An operand can reside in a
register, in the instruction itself, or in memory. Spe-
cific operand addressing modes are discussed later
in this data sheet.

Memory Organization

Memory is organized in sets of segments. Each seg-
ment is a linear contiguous sequence of up to 64K
(2‘6) 8-bit bytes. Memory is addressed using a two-
component address (a pointer) that consists of a
16-bit base segment and a 16-bit offset. The 16-bit
base values are contained in one of four internal

.

9 s (code, data, stack, extra). The

9 IF Interrupt-enable Flag—When set.
maskable interrupts will cause the
CPU to Iransfer control to an inter-
rupt veclor specified location.

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

" OoF Overftow Fiag—Sel if the signed
result cannot be expressed
within the number of bits in the
destination operand, cleared

otherwise

Instruction Set

The instruction set is divided into seven categories:
data transfer, arithmetic, shift/rotateslogical, string

physical address is calculated by shifting the base
value LEFT by four bits and adding the 16-bit offset
value 1o yield a 20-bit physical address {see Figure 5).
This allows for a 1 MByte physical address size.

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

Special segment override instruction prefixes allow
the implicit segment register selection rules to be
overridden for special cases. The stack, data, and
extra segments may coincide for simple programs.
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Flgure 4. IAPX 186 instruction Set (continued)

CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS
JA/JNBE Jump if above/not below nor equal CALL Call procedure
JAE/INS Jump if above or equal/not below RET Return from procedure
JB/INAE Jump if below/not abave nor equal JMP Jump
JBE/JNA Jump it below or equal/not above
Jc Jurmnp if carry ITERATION CONTROLS
JENSZ Jump if equalizero
JG/INLE Jump if greater/nat tess nor equal LOOP Loop
JGEJNL Jump if greater or aqual/not less LODOPE/LOOPZ Loop if aqual’zero
JUINGE Jurnp il less/nol greater nor equal LOOPNE/LOOPNZ Loop if not equal/nol zero
JLE/NG Jump il less or equal/not greater JCxz Jumpifregister CX = 0
JNC Jump if not carry
JNE/JINZ Jump if not equalino! zero INTERRUPTS
JNO Jump if not overflow
JNP/IJPO Jump if not parity/parity odd INT interrupt
JNS Jump if not sign INTO interrupt if overflow
JO Jump if overfiow IRET interrupt return
JPPE Jump if parity/parily even
JS Jump if sign

All mnemonics copyright Intet Corp.

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

Figure 8. Segmented Memory Helps
Structure Software

| S }

| '
Figure 5. Two Component Address COOE
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Figure 4. IAPX 188 Instruction Set
GENERAL PURPOSE MOVS Move byte or word string
MOV Move byte or word INS input bytes or word stnng
PUSH Push word onto stack OUTS Output bytes or word string
POP Pop word off stack CMPS Compare byte or word slring
PUSHA Push all registers on stack SCAS Scan byte or word string
POPA Pop all registers lrom stack LODS Load byte or word string
XCHG Exchange byte or word STOS Store byte or word string
XLAT Translate byte REP Repeal
INPUT/QUTPUT REPE/REPZ Repeat while equal/zero
N l Input byie or word REPNE/REPNZ Repeat while not equal/not zero
ouTt l Output byte or word LOGICALS
ADDRESS OBJECT NOT “Not” byte or word
LEA Load s!l?cllva gddress AND “And” byte orword
LDS Load potnlev using DS OR “Inclusive or" byte or word
LES Load pointer using £S XOR “Exclusive or” byle or word
FLAG TB'ANSFER TEST “Test" byle or word
LAHF Load AH reglslev Ilvom flags SHIFTS
SAHF Store AH register in lags SHUSAL | Shiftlogicaliarnithmetic left byte or word
::gi:F Z::r;':;‘iir:az:‘nk SHR Shfl( togical right byte or word
-~ SAR Shift arithmelic right byte or word
ROTATES
ADDITION ROL Rolate le!t byte or word
ADD Add byte or word AOR Rotate right byte or word
ADC Add byte or word with carry RCL Rotate through carry left byte or word
INC Increment byte or word by 1 ACRK Rotate through carry right byle or word
AAA ASCII adjust for addition
DAA Decimal adjust for addition FLAG OPERATIONS
SUBTRACTION STC Set carry flag
sus Subtract byte or word CLC Clear carry flag
SBB Subtract byle or word with borrow CMC Complement carry flag
DEC Decrement byte or word by 1 STD Sel direction llag
NEG Negale byte or word CLD Clear direction flag
CMP Compare byte or word ST Setinterrup! enable flag
AAS ASCIl adjust for subtraction CLt Clear interrup! enable liag
DAS Decimal adjust for subtraction EXTERNAL SYNCHRONIZATION
MULTIPLICATION HLT Halt until interrupt or reset
MUL Multiply byle or word unsigned WAIT Wait for TEST pin active
IMUL Integer multiply byte or word ESC Escape t0 exiension processor
AAM ASCH adjust for multiply LOCK Lock bus during next instruction
DIVISION NO OPERATION
Div Divide byle or word unsigned NOP J No operation
DIV Integer divide byte or word HIGH LEVEL INSTRUCTIONS
AAD ASCH adjust for division ENTER Format stack for procedure entry
cew Convert byte lo word LEAVE Reslore stack lor procedure exit
CWD Converl word to doubleword - BOUND Detects values oulside prescribed range
Alt mnemomcs copyright Intel Corp

TOMEMORY i !
STACK
035518-5
PROCESS 1
SV:’CCKS EXTRA
Table 3. Seg t Register Selection Rules e
! '
' V
Memory |Segment .
Reference | Register Implicit Segment pROCESS
Needed Used Selsction Rule DATA
BLOCK 1
Instructions Code {CS)| Instruction prefetch and
immediate data. 1 ]
Stack Stack (SS)| All stack pushes and ! t
pops; any memory refer- PROCESS
ences which use BP Reg- DATa
ister as a base register. siocx2
External Extra (ES)| Afl string instruction ' "
Data references which use [
{Global) the DI register as an HEMONY
index. 0355186
L.ocal Data Data (DS) | All other data references.
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Addressing Modes

The 80186 provides eight categories of addressing
modes to specify operands. Two addressing modes
are provided for instructions that operate on register
or immediate operands:

* Register Opsrand Mode: The operand is located in
one of the B- or 16-bit general registers.

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

Six modes are provided to specity the location of an
operand in a memory segmeri. A memory operand
address consists of two 16-bit components: a seg-
ment base and an offset. The segment base is sup-
plied by a 16-bit segment register either implicity
chosen by the addressing mode or explicitly chosen
by a segment override prefix. The offset, also called
the effective address, is calculated by summing any
combination of the following three address
elements:

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

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

the index (contents of either the St or DI index
registers).

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

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

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

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

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

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

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

Based Indexed Mode with Displacement: The
operand’s offset is the sum of a base register's
contents, an index register's contents, and an B- or
16-bit disptacement.

Data Types
The 80186 directly supports the following data types:

* Integer: A signed binary numeric vatue contained
in an 8-bit byte or a 16-bit word. All operations
assume a 2's complement representation. Signed
32 and 64 bit integers are supported using the 8087
Numeric Data Processor.

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

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

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

ASCHi: A byte representation of aiphanumeric and
control characters using the ASCH standard of
character representation.

BCD: A byte (unpacked) representation of the de-
cimal digits 0-9.

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

Floating Point: A signed 32-, 64-, or 80-bit real
number representation. (Floating point operands
are supported using the IAPX 186/8087 Numeric
Data Processor configuration.)

In general, individual data elements must fit within
defined segment limits. Figure 7 graphically
represents the data types supported by the IAPX 186.

1/O Space

The /O space consists of 84K 8-bit or 32K 16-bit
ports. Separate instructions address the I/O space
with either an 8-bit port address, specified in the
instruction, or a 16-bit port address in the DX regis-
ter. 8-bit port addresses are zero extended such that
Ais-Ag are LOW /O port addresses 00F8(H) through
O00FF(H) are reserved.

Interrupts

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

IAPX 188

Figure 7. IAPX 188 Supported Data Types
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NOTE:

*SUPPORTED BY iAPX AR WITH A NUMERIC DATA PROCESSOR

Programs may cause an interrupt with an INT in-
struction. Instruction exceptions occur when an un-
usuat condition, which prevents further instruction
processing, is detected while attempting to execute
an instruction. if the exception was caused by ex-
ecuting an ESC instruction with the ESC trap bit set
in the relocation register, the return instruction will
point to the ESC instruction, or to the segment over-
ride prefix immediately preceding the ESC instruc-
tion if the prefix was present. In all other cases, the
return address from an exception will point at the
instruction immediately following the instruction
causing the exception.

A table containing up to 256 pointers defines the
proper interrupt service routine for each interrupt.
Interrupts 0-31, some of which are used for instruc-
tion exceptions, are reserved. Table 4 shows the
80186 predefined types and default priority levels.
For each interrupt, an 8-bit vector must be supplied
to the 80186 which identifies the appropriate table
entry. Exceptions supply the interrupt vector inter-
nally. In addition, internal peripherals and non-
cascaded external interrupts will generate their own
vectors through the internal interrupt controlier. INT
instructions contain or imply the vector and allow
access to all 256 interrupts. Maskable hardware in-
itiated interrupts supply the B-bit vector to the CPU
during an interrupt acknowledge bus sequence.
Non-maskable hardware interrupts use a predefined
internally supplied vector.

Interrupt Sources

The 80186 can service interrupts generated by soft-
ware or hardware. The software interrupts are
generated by specific instructions {INT, ESC, unused
OP, etc.) or the results of conditions specified by
instructions (array bounds check, INTO, DIV, IDWV,
etc.). All interrupt sources are serviced by an indirect

, call through an element of a vector table. This vector

table is indexed by using the interrupt vector type
{Table 4), multiplied by four. All hardware-generated
interrupts are sampled at the end of each instruction.
Thus, the software interrupts will begin service first.
Once the service routine is entered and interrupts
are enabled, any hardware source of sufficient
priority can interrupt the service routine in progress.

The software generated 80186 interrupts are
described below.

DIVIDE ERROR EXCEPTION (TYPE 0)

Generated when a DIV or IDIV instruction quotient
cannot be expressed in the number of bits in the
destination.
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Table 4. 80186 interrupt Vectors

Vector |Detautt| ~ Relsted
Interrupt Name | Type |Priority| instr
L L Il

Divide Error Q0 % DIV, 10V
Exception

Single Step 1 12°72 Al
Interrupt

NMI 2 A Al

Breakpoint 3 1 INT
Interrupt

INTO Detected 4 1 INTO
Overflow

- Exception

Array Bounds 5 1 BOUND
Exception

Unused-Opcode 6 ‘1 Undefined
Exception Opcodes

ESC Opcode 7 b R £SC Opcodes
Exceplion

Timer 0 Interrupt 8

Timer 1 Interrupt 16

Timer 2 Interrupt 17

Reserved 9

DMA 0 Interrupt 10

DMA 1 Interrupt 1

INTQ Interrupt 12

INT1 Interrupt 13

INT2 interrupt 14

INT3 Interrupt 15 -

NOTES: -
*1 These are generated as the resuit of an instruction

exaculion

**2 This is handled as in the 8086 .
“***3 Al three umers constitute one source of request {o lhe
interrupl controlter The Ttmer interrupts all have the same
detault prionty leve! with respect to all other interrupt
sources However, they nave a delined prionty ordering
amongst themselves (Prionity 2A is higher priority than
28) Each Timer inlerrupl has a separate veclor type
number
Defaull priorities for the interrupt sources are used only il
the user does not program each-source inlo a umque
priority leve!
An escape opcode will cause a lrap only if the proper bitis
set in the peripheral controt block relocation register

~

#

SINGLE-STEP INTERRUPT (TYPE 1)

Generated after most instruclions if the TF flag is set.
Interrupts will not be generated after prefix instruc-
tions (e.g., REP), instructions which modily segment
registers (e.g.. POP DS), or the WAIT instruction.

NON-MASKABLE INTERRUPT—NMI (TYPE 2)
An external interrupt! source which cannot be
masked.

BREAKPOINT INTERRUPT (TYPE 3)

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

INTO DETECTED OVERFLOW EXCEPTION

(TYPE 4)

Generated during an INTQ instruction if the OF bit is
set.

ARRAY BOUNDS EXCEPTION (TYPE 5)

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

UNUSED OPCODE EXCEPTION (TYPE 6)
Generated if execution is attempted on undefined
opcodes.

ESCAPE OPCODE EXCEPTION (TYPE 7)

Generated if execution is attempted of ESC opcodes
(D8H~DFH). This exception will only be generated if a
bit in the relocation register is set. The return ad-
dress of this exception will point to the ESC inslruc-
tion causing the exception. if a segment override
prefix preceded the ESC instruction, the return ad-
dress will point to the segment override prefix.

Hardware-generated interrupts are divided into two
groups: maskabie interrupts and non-maskable in-
terrupts. The B0186 provides maskable hardware in-
terrupt request pins INTO-INT3. tn addition,
maskable interrupts may be generated by the 80186
integrated DMA controller and the integrated timer
unit. The vector types for these interrupts is shown in
Table 4. Software enables these inputs by setting the
interrupt flag bit (IF) in the Status Word. The interrupt
controller is discussed in the peripheral section of
this data sheet.

Further maskable interrupts are disabled while
servicing an interrupt because the IF bit is reset as
part of the response to an interrupt or exception. The
saved Status Word will reflect the enable status of the
processor prior to the interrupt. The interrupt flag
will remain zero unless specifically set. The interrupt
return instruction restores the Status Word, thereby
restoring the original status of IF bit. If the interrupt
return re-enables interrupts, and another interrupt is
pending, the 80186 will immediately service the
highest-priority interrupt pending. i.e.. no instruc-
tions of the main line program will be executed.

Non-Maskable Interrupt Request (NMI)

A non-maskabie interrupt (NMI) is also provided.
This intercupt is serviced regardiess of the state of
the IF bit. A typical use of NMi would be to activate a
power failure routine. The activation of this input

IAPX 186

causes an interrupt with an internally supplied vector
value of 2. No external interrupt acknowledge se-
quence is performed. The IF bit is cleared at the
beginning of an NMI interrupt 1o prevent maskable
interrupts from being serviced.

Single-Step Interrupt

The 80186 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-siep flag bit (TF) in the Status Word. Once this
bit is set, an internal single-step interrupt will occur
after the next instruction has been executed. The
interrupt clears the TF bit and uses an internally
supplied vector of 1. The IRET instruction is used to
set the TF bit and transfer control to the next instruc-
tion to be single-stepped.

Initialization and Processor Reset

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

Table 5. 80186 Initlal Register State after RESET

Status Word FO02(H)
Instruction Pointer 0000(H)
Code Segment FFEF(H)
Data Segment 0000(H)
Exira Segment 0000(H)
Stack Segment 0000(H)
Relocation Register 20FF{H)
uMCs FFFB(H)

1APX 186 CLOCK GENERATOR

The iAPX 186 provides an on-chip clock generator '

for both internal and external clock generation. The
clock generator features a crystal osciltator, a divide-
by-two counter, synchronous and asynchronous
ready inputs, and reset circuitry.

Oscillator

The oscillator circuit of the IAPX 186 is designed to
be used with a parallel resonant fundamental mode
crystal. This is used as the time basae for the iAPX 186.
The crystal frequency selected will be double the
CPU clock frequency. Use of an LC or RC circuit is not

recommended with this oscillator. If an external oscil-
lator is used, it can be connected directly to input pin
X1 in lieu of a crystal. The output of the oscillator is
not directly available outside the iAPX 186. The
recommended crystal configuration is shown in
Figure 8.

Flgure 8. Recommended IAPX 186 Crystal
Configuration

I

X, —
1 X MHz CRYSTAL

80136
== 20pF
X = 16 for 8 MHz (80185-3)
X = 12 for 6 MHz (80186-6)
0355188
Clock Generator

The iAPX 186 clock generator provides the 50% duty
cycle processor clock for the iAPX 186. It does this by
dividing the oscillator oulput by 2 forming the sym-
metrical clock. If an external oscillator is used, the
state of the clock generator will change on the failing
edge of the oscillator signal. The CLKOUT pin pro-
vides the processor clock signal for use outside the
iAPX 186. This may be used to drive other system
components. All timings are referenced to the output
clock.

READY Synchronization

The IAPX 186 provides both synchronous and asyn-
chronous ready inputs. Asynchronous ready synchroni-
zation is accomplished by circuitry which samples
ARDY in the middle of Ty, the end of T3, and againin the
middle of each Tw untit ARDY is sampled HIGH. One-
half CLKOUT cycle of resolution lime is used. Full syn-
chronization is performed only on the rising edge of
ARDY, i.e., the talling edge of ARDY must be syn-
chronized to the CLKOUT signal if it will occur during T2
or Ty. HIGH-to-LOW transitlions of ARDY must be
performed synchronously to the CPU clock.

A second ready 1nput (SRDY} is provided to interface
with externally synchronized ready signals. This in-
put is sampled at the end of T, and again at the end ot
each Ty until it is sampled HIGH. By using this input
rather than the asynchronous ready input, the half-
clock cycle resolution time penalty is eliminated.
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This input must satisly set-up and hold times to
guarantee proper operation of the circuit.

In addition, the iAPX 186, as part of the integrated
chip-select logic, has the capability to program WAIT
states for memory and peripheral blocks. This is dis-
cussed in the Chip Select/Ready Logic description.

RESET Logic

The iAPX 186 provides both a RES input pin and a
synchronized RESET pin for use with other system
components. The RES input pin on the iAPX 186 is
provided with hysteresis in order to facilitate power-
on Reset generation via an RC network. RESET is
guaranteed to remain active for at least five clocks
given a AES input of at Jeast six clocks. RESET may
be delayed up to two and one-half clocks behind
RES.

Multiple iAPX 186 processors may be synchronized
through the RES input pin, since this input resets
both the processor and divide-by-two internal count-
er in the clock generator. in order to insure that the
divide-by-two counters all begin counting at the
same time, the active going edge of RES must satisty
a 25 ns setup time before the falling edge of the
80186 clock input. In addition, in order to insure that
alt CPUs begin executing in the same clock cycle, the
reset must satisfy a 25 ns setup time before the rising
edge of the CLKOUT signal of alt the processors.

LOCAL BUS CONTROLLER

The iAPX 186 provides a local bus controller to
generate the local bus control signals. in addition, it
employs a HOLD/HLDA protocol for relinquishing
the local bus to other bus masters. it also provides
control lines thal can be used to enable external
buffers and to direct the flow of data on and off the
focal bus.

Memory/Peripheral Control

The iAPX 186 provides ALE, RD, and WR bus control
signals. The AD and WA signals are used to strobe
data from memory to the iAPX 186 or to sirobe data
from the iAPX 186 to memory. The ALE line provides
a strobe 1o address latches for the multiplexed ad-
dress/data bus. The iAPX 186 local bus controller
does not provide a memory/i/Q signal. i this is re-
quired, the user will have to use the 52 signal (which
will require external lalching), make the memory and
110 spaces nonoverlapping, or use only the in-
tegrated chip-select circuitry.

Transcelver Control

The iAPX 186 generates two control signals to be
connected to 8286/8287 transceiver chips. This capa-
bility allows the addition of transceivers for extra
buffering without adding external logic. These con-
trot lines, DT/R and DEN, are generated to controi the
flow of data through the transceivers. The operation
of these signals is shown in Table 6.

Table 6. Transcelver Control Signais Description

Pin Name Function

DEN (Data Enable) | Enables the outpul drivers of
the transceivers. It is active
LOW during memory. VO, or
INTA cycles.

DT/A (Data Transmit/ | Determines the direction of
Receive) travel through the transceivers.
A HIGH level directs data away
from the processor during write
operations, while a LOW level
directs data toward the proces-

sor during a read operation.

Local Bus Arbitration

The iAPX 186 uses a HOLD/HLDA system of local bus
exchange. This provides an asynchronous bus ex-
change mechanism. This means multiple masters
utilizing the same bus can operate at separate clock
frequencies. The iAPX 186 provides a single
HOLD/HLDA pair through which all other bus mas-
ters may gain control of the local bus. This requires
external circuitry to arbitrate which external device
will gain control of the bus from the IAPX 186 when
thers is more than one alternate local bus master.
When the iAPX 186 relinquishes control of the local
bus, it floats DEN, AD, WR, §0-52, LOCK, ADo-
AD15, A16-A19, BHE, and DT/R to allow another
master to drive these lines directly.

The iAPX 186 HOLD latency time, i.e., the time be-
tween HOLD request and HOLD acknowledge, is a
function of the activity occurring in the processor
when the HOLD request is received. A HOLD request
is the highest-priority activity request which the pro-
cessor may receive: higher than instruction fetching
or internat DMA cycles. However, if a DMA cycle is in
progress, the iAPX 186 will complete the transler
betore relinquishing the bus. This implies that if a
HOLD request is received just as a DMA transfer
begins, the HOLD latency time can be as great as 4
bus cycles. This will occur if a DMA word transfer
operalion is taking place from an odd address to an
odd address. This is a total of 16 clocks or more, if
WAIT states are required. In addition, if iocked trans-
fers are performed, the HOLD tatency time will be
increased by the length of the locked transfer.

Local Bus Controller and Reset

Upon receipt of a RESET puise from the AES input,
the local bus controller wilt perform the following
actions:

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

NOTE: RD is also provided with an internal pull-up
device to prevent the processor from inadvertently
entering Queue Status mode during reset.

Drive 50-32 to the passive state {all HIGH) and
then float.

Drive LOCK HIGH and then fioat.

Tristate ADO-15, A16-19, BHE, DT/A.

Drive ALE LOW (ALE is never floated).

Drive HLDA LOW.

INTERNAL PERIPHERAL INTERFACE

All the iAPX 186 integrated peripherals are con-
trolled via 16-bit registers contained within an inter-
nal 256-byte control block. This control block may be
mapped into either memory or I/O space. internal
logic will recognize the address and respond to the
bus cycle. During bus cycles to internal registers, the
bus confrofler will signal the opsration externally
(i.e., the AD, WR, status, address, data, etc., lines will
be driven as in a normal bus cycle), but Dy5_g, SRDY.
and ARDY will be ignored. The base address of the
control block must be on an even 256-byte boundary
(i.e.. the lower 8 bits of the base address are all
zeros). All of the defined registers within this control
block may be read or written by the 80186 CPU at any
time. The location of any register contained within
the 256-byte control block is determined by the cur-
rent base address of the control block.

The controi block base address is pragrammed via a
16-bit relocation register contained within the con-
trol block at offset FEH from the base address of the
control block (see Figure 9). It provides the upper 12
bits of the base address of the controt block. Note
that mapping the control register biock into an ad-
dress range corresponding to a chip-select range is
not recommended (the chip select circuitry is dis-
cussed later in this data sheet). In addition, bit 12 of
this register determines whether the control biock
will be mapped into /O or memory space. if this bit is
1, the control block will be located in memory space,
whereas if the bit is 0, the controi block will be lo-
cated in /O space. if the control register block is
mapped into I/O space, the upper 4 bits of the base
address must be programmed as 0 (since 1/O ad-
dresses are only 16 bits wide).

In addition to providing relocation information for
the control block, the relocation register contains
bits which place the interrupt controller into iIRMX
mode, and cause the CPU to interrupt upon en-
countering ESC instructions. At RESET, the reioca-
tion register is set to 20FFH. This causes the control
biock to start at FFOOH in VO space. An offset map
of the 256-byte contro! register block is shown in
Figure 10.

The integrated IAPX 186 peripherals operate semi-
autonomously from the CPU. Access to them for the
most part is via software read/write of the controt and
data locations in the controi block. Most of these
registers can be both read and written. A few
dedicated lines, such as interrupts and DMA request
provide real-time communication between the CPU
and peripherals as in a more conventional system
utilizing discrete peripheral blocks. The overall inter-
action and function of the peripheral blocks has not
substantially changed.

CHIP-SELECT/READY GENERATION
LOGIC

The iAPX 186 contains logic which provides pro-
grammable chip-select generation for-both
memaries and peripherals. In addition, it can be pro-
grammed to provide READY (or WAIT state) genera-
tion. It can also provide latched address bits A1 and
A2. The chip-select lines are active for all memory
and 1/O cycles in their programmed areas, whether
they be generated by the CPU or by the integrated
DMA unit.

Memory Chip Selects

The iAPX 186 provides 6 memory chip select outputs
for 3 address areas: upper memory, lower memory,
and midrange memory. One each is provided for up-
per memory and lower memory, while four are pro-
vided for midrange memory.

The range for each chip select is user-programmable
and can be set to 2K, 4K, BK, 16K, 32K, 64K, 128K
(plus 1K and 256K for upper and lower chip selects).
in addition, the beginning or base address of the
midrange memory chip select may also be selected.
Only one chip select may be programmed to be ac-
tive for any memory location at a time. All chip select
sizes are in bytes, whereas iAPX 186 memory is ar-
ranged in words. This means that if. for example, 16
64K x 1 memories are used, the memory block size
will be 128K, not 64K.
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Figure 9. Relocation Register
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Figure 10. Internal Register Map Table 7. UMCS Programming Values
OFFSET
Starting
Reiocation Register FEH Address Memory UMCS Value
(Base Block (Assuming
Address) Size RO=R1=R2=0)
oax Fro00 2 FrooH
OMA Descriptors Channel 1 oon £F000 « FF3gH
FEQOO 8K FE38H
FC000 16K FC38H
F8000 32K FB38H
DMA Descriptors Channel 0 FOO00 64K F038H
con £0000 128K EO038H
C0000 256K C038H
AsH
Chip-Select Controt Registers
AOH The lower limit of this memory block is defined in the
UMCS register (see Figure 11). This register is at
offset AOH in the internal control block. The legal
oen values for bits 6-13 and the resulting starting ad-
Timer 2 Comtrol Repisters dress and memory block sizes are given in Table 7.
foH Any combination of bits 6-13 not shown in Table 7
Tumver 1 Controf Megisters e will result in undefined operation. After reset, the
SaH UMCS register is programmed for a 1K area. It must
Tiver 0 Control Reglsters seH be r.epmgrammed if a farger upper memory area is
soH desired.
Any internally generated 20-bit address whose upper
_— 16 bits are greater than or equal to UMCS (with bits
Interrupt Controller Registers 0-5 “0") will cause UCS to be activated, UMCS bits
204 RA2-R0 are used to specify READY mode for the area
QB0 of memory defined by this chip-seiect register, as
explained below.
Upper Memory TS

The iAPX 186 provides a chip select, called UCS, for
the top of memory. The top of memory is usually used
as$ the system mermory because after reset the iAPX
186 begins executing at memory location FFFFOH.

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

Lower Memory TS

The iAPX 186 provides a chip select for low memory
called L.CS. The bottom of memory contains the inter-

rupt vector table, starting at location 00000H.

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

Table 8. LMCS Programming Vaiues

Memory LMCS Value
Upper Block (Assuming
Address Size RO=Ri1=R2=0)
003FFH iK 0038H
CO7FFH 2K 0078H
O0FFFH 4K ) 00FBH
O1FFFH aK 01F8H
03FFFH 16K 03F8H
O7FFFH 32K 07F8H
OFFFFH 64K OFF8H
1FFFFH 128K 1FFBH
IFFFFH 256K IFF8H

The upper Hmit of this memory block is defined in the
LMCS register {see Figure 12). This register is at
offset A2H in the internal control block. The legal
values for bits 6-15 and the resulting upper address
and memory block sizes are given in Table 8. Any
combination of bitg 6-15 not shown in Table 8 will
result in undsfined operation. After reset, the LMCS
register value is undefined. However, the LT3 chip-
select line will not become active until the LMCS
register is accessed.

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

Mid-Range Memory TS

The iAPX 186 provides four MCS lines which are
active within a user-locatable memory block. This
block can be located anywhere within the iAPX 186
1M byte memory address space exclusive of the
areas defined by UCS and LCS. Both the base ad-
dress and size of this memory block are
programmable.

The size of the memory block defined by the mid-
range select lines, as shown in Table 9, is determined

by bits 8-14 of the MPCS register (see Figure 13).
This register is at location A8H in the internal control
block. One and only one of bits 8-14 must be set ata
time. Unpredictable operation of the MCS lines will
otherwise occur. Each of the four chip-select lines is
active for cne of the four equal contiguous divisions
of the mid-range block. Thus, if the totat block size is
32K, each chip select is active for 8K of memory with
MC30 being active for the first range and MCS3
being active for the last range.

The EX and MS in MPCS relate to peripheral
functionality as described in a later section

Table 9. MMCS Programming Values

Total Block individual MMCS Bits

Size Select Size 14-8

aK 2K 00000018
16K 4K 00000108
32K 8K 00001008
64K 16K 00010008
128K 32K 00100008
256K 64K 01000008
512K 128K 10000008

The base address of the mid-range memory block is
defined by bits 15-9 of the MMCS register (see Fig-
ure 14). This register is at offset A6H in the internal
control block. These bits correspond to bits A19-A13
of the 20-bit memory address. Bits A12-A0 of the
base address are always 0. The base address may be
set at any integer multiple of the size of the total
memory block selected. For example, if the mid-
range block size is 32K (or the size of the block for
which each MCS line is active Is 8K), the block could
be located at 10000H or 18000H, but not at 14000H,
since the first few integer multiples of a 32K memory
block are OH, 8000H, 10000H, 1B000H, etc. After
reset, the contents of both of these registers is un-
definad. However, none of the MCS lines will be ac-
tive until both the MMCS and MPCS registers are
accessed.

Figure 11. UMCS Register
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Figure 12. LMCS Register
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Figure 13. MPCS Reglster
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Flgure 14. MMCS Regisier
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MMCS bits R2-R0 specify READY mode of operation
for all mid-range chip selects. All devices in mid-
range memory must use the same number of WAIT
states.

The 512K block size for the mid-range memory chip
selects is a special case. When using 512K, the base
address would have to be at either locations 00000H
or 80000H. It. it were to be programmed at 00000H
when the LCS line was programmed, there would be
an internal conflict between the LC3 ready genera-
tion logic and the MCS ready generation logic.
Likewise, if the base address were programmed at
BOO0OH, there would be a conflict with the UCS ready
generation logic. Since the LTS chip-select line does
not become active until programmed, while the UCS
line is active at reset, the memory base can be set
only at O000O0H. If this base address is selected,
howaever, the LCS range must not be programmed.

Peripheral Chip Selects

The iAPX 186 can generate chip selects for up to
seven peripheral devices. These chip selects are ac-
tive for seven contiguous blocks of 128 bytes above a
programmable base address. This base address may
be located in either memory or I/O space.

Seven 35 lines called PC50-6 are generated by the
iAPX 186. The base address is user-programmable;

however it can only be a multiple of 1K bytes, i.e., the
least significant 10 bits of the starting address are
always 0.

PCS5 and PCS6 can also be programmed to provide
latched address bits A1, A2. if so programmed, they
cannot be used as peripheral selects. These outputs
can be connected directly to the A0, A1 pins used for
selecting internal registers of 8-bit peripheral chips.
This scheme simplifies the hardware interface be-
cause the B-bit registers of peripherals are simply
treated as 16-bit registers located on even bound-
aries in 1/O space or memory space where only the
lower B-bits of the register are significant: the upper
8-bits are “don’t cares.”

The starting address of the peripheral chip-select
block is defined by the PACS register (see Figure 15).
This register is located at offset A4H in the internat
control block. Bits 15--6 of this register correspond to
bits 19-10 of the 20-bit Programmable Base Address
(PBA) of the peripheral chip-seiect block. Bits 9-0 of
the PBA of the peripheral chip-select block are all
zeros. I the chip-select block is located in I/O space,
bits 12-15 must be programmed zero, since the /O
address is only 16 bits wide. Table 10 shows the
address range of each peripheral chip select with
respeci to the PBA contained in PACS register.

Figure 15. PACS Register
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The user should program bits 156 to correspond to
the desired peripheral base iocation. PACS bits 0-2
are used to specify READY mode for PCS0-PCS3.

Tabie 10. PCS Address Ranges

PCS Line Active between Locations
PCSO PBA —PBA+127
PCS1 PBA+128 —PBA+255
PCS2 PBA+256 —PBA+383
PCS3 PBA+384 —PBA+511
PCS4 PBA+512 —PBA+639
PCSS PBA+640 —PBA+767
PCS6 PBA+768 —PBA+895

The mode of operation of the peripheral chip selects
is defined by the MPCS register (which is aiso used to
set the size of the mid-range memory chip-select
block, see Figure 16). This register ia located at offset
ABH in the internal control block. Bit 7 is used to
salect the function of PC35 and PC36, white bit 6 is
used to select whether the peripheral chip selects
are mapped into memory or /O space. Table 11 de-
scribes the programming of these bits. After reset,
the contents of both the MPCS and the PACS regis-
ters are undefined, however none of the PCS lines
will be active until both of the MPCS and PACS regis-
ters are accessed.

Table 11. MS, EX Programming Values

8it Description

MS

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

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

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

MPCS bits 0-2 are used to specify READY mode for
PCS4-PCS6 as outlined below.

READY Generation Logic

The iAPX 186 can generate a "READY" signal inter-
nally for each of the memory or peripheral CS lines.
The number of WAIT states to be inserted for each
periphera! or memory is programmable to provide
0-3 wait states for all accesses to the area for which
the chip select is active. In addition, the iAPX 186 may
be programmed to either ignore external READY for

each chip-select range individually or to factor exter-
nal READY with the integrated ready generator.

READY control consists of 3 bits for each TS line or
group of lines generated by the iAPX 186. The inter-
pretation of the ready bits is shown in Table 12.

Table 12. READY Bits Programming

R2 | R1 | RO|Number of WAIT States Generated

0 ] 0 |0 wait stales, external RDY also used.

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

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

0 1 1 |3 wait states inserted, external RDY aiso|
used.

1 0 0 |0 wait states, external RDY ignored.

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

1 1 0 {2 wail states inserted, external RDY]
ignored.

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

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

R2-R0O of each control word specifies the READY
mode for the corresponding block, with the excep-
tion of the peripheral chip selects: R2-R0 of PACS
set the PC50-3 READY mode, R2-R0 of MPCS set
the PCS4-6 READY mode.

Chip Select/Ready Logic and Reset

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

e All chip-select outputs will be driven HIGH.

* Upon leaving RESET, the UCS line will be pro-
grammed to provide chip selects to a 1K block with
the accompanying READY control bits set at 011 to

Figure 16. MPCS Register
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aflow the maximum pumber of internal wait states DMA Operation Figure 18. DMA Control Register
in conjunction with external Ready consideration ) N .
(i.e.. UMCS resets to FFFBH). Each channel has six registers in the control block
 No other chip select or READY control registers which define each channel's specific operation. The
have any predefined values after RESET, They will control reg|sla.rs consist f" a 20-bit Source pointer (2 B 14 13 1z u W e e 7 e s a 2 2
not become active until the CPU accesses their words), a 20-bit Destination pointer (2 words}, a 16- = 1 2
control registers. Both the PACS and MPCS regis- bit Transfer Counter, and a 16-bit Control Word. The W DESTINATION SOURCE o ST, &
ters must be accessed before the PC3 lines %v;" format of the DMA Controf Blocks is shown in Table o pEC wol 1§ B e | Te | mTy s ’ H x | ngthe | %o w
become active. 13. The Transfer Count Register (TC) specifies the -
number of DMA transfers to be performed. Up to 64K X - DON'T CARE.
byte or word transfers can be performed with auto-
matic termination. The Control Word defines the
DMA CHANNELS channet’s operation (see Figure 18). All registers may
., . be modified or altered during any DMA activity. Any
The 80186 DMA controller provides two independent ! . 03s318-18
high-speed DMA channels. Data transfers ¢an occur f"r::eg;:tgya ?: [l):nlAhzzr::g:lers will be reflected
between memory and YO spaces {e.g., Memory to )
/0) or within the same s .G.. :
Me)m S Vo)s e cpaa:;e(ﬂer agnsirr:;?!o;iy(h:: Table 13. DMA Controf Block Format DMA Channel Control Word Register INT: 53:::(3' vr:‘t‘g:‘:?ts to CPU on byte
B ermination.
in bytes (B bits) or in words (16 bits) to or from even or Each DMA Channel Control Word dstermines the "y "

L TC: It set, DMA wiil terminate when the
0dd addresses. Each DMA channel maintains both Register Address mode of operation for the particular 80186 DMA contents of the Transfer Count reg-
20-bit sﬁurce and destination pointer which can be Register Name Ch.0 Ch.1 channel. This register specifies: ister reach zero. The ST/STOP bit
optionally incremented or decremented after each N e A .
data lranysfer (by one or two depending on byte or Controt Word Can DA © the mode of synchronization; willalso be reset af this point if TC is
word transf Each data transf, 2 b Transter Count CoH DeH ® whether bytes or words will be transferred; set. if this bit is cleared, the DMA

ers). Ea ata transter consumes < bus Destination Pointer (upper 4| C6H D6H f n unit will decrement the transfer
cycles (a minimum of 8 clocks), one cycle to fetch bits) * whether interrupts will be generated after the last ot ? n eMA
data and the other to store data. This provides a Destination Pointer ) CaH D4H transfer: L " coun ragistar for each DMA cycle.
maximum data transfer rate of one Mword/sec or 2 Source Pointer (upper 4 bits C2H D2H ® whether DMA activity will cease after a pro- but the DMA transfer will not stop
MBytes/sec Source Poinler COH DOH grammed number of DMA cycles; when the contents of the TC register
’ o the relative priority of the DMA channel with reach zero.
— respect to the other DMA channel; SYN: 00 No synchronization.
* whather the source pointer will be incremented, (2 bits) NOTE: The ST bit will be cleared
Figure 17. DMA Unit Block Diagram decremented, or maintained constant after each automatically when the contents
transfer; . of the TC register reach zero re-
. ;n/lgether the source pointer addresses memory or gardless of the state of the TC bit.
space; -
- R . N 01 Source synchronization.
ADDER CONTROL . o whether the destination pointer will be incre- p A~ S
20 BIT ADDER/SUBTRACTOR L——' LOGIC TIMER REQUEST mented, decremented, or maintained constant af- 10 Destination synchronizatian.
N 11 Unused.
ter each transfer; and .
o whether the destination pointer will address SOURCE:INC  Increment source pointer by 1 or 2
jﬂa memory or HO space. (depends on B/W) after each
s:iggﬁg" transfer.
TRANSFER COUNTER CH. 1 Logic | ORa® D The DMA channel control registers may be changed MO Source pointer is in M/IO space
DEST ADRS. POINTER CH 1 j—r] while the channe! is operating. However, any (1/0).
SRC AORS. POINTERCH.1 Jaed  pma l changes made during operation will affect the cur- DEC Decrement source pointer by 1 or 2
TRANSFER COUNTER CH. 0 [« CONTROL rent DMA transfer. (depends on B/W) after each
DEST ADRS. POINTER CH, 0 |u— transter. )
SRC ADRS. POINTER CH. 0 DMA Controi Word Bit Descriptions DEST: INC Increment destination pointer by 1
or 2 (B/W) after each transfer.
. Biw: Byte/Word (0/1) Transfers. MAD Destination pointer is in M/IO space
CHANNEL CONTROL WORD 1 1/0}.
CHANNEL CONTROL WORD 0| ST/STOP: Start/stop (1/0) Channel. (/o).
4 _ DEC Decrement destination pointer by 1
CHG/NDCHG: Change/Do not change (1/0) or 2 (depending on B/W) atter each
ST/STOP bit. If this bit is set when transfer.
writing to the control word, the S "
t INTERNAL > ST/STOP bit will be programmed by e S:::::" priority—relative to other
the write to the control word. If this T
bit is cleared when writing the con- 0 low priority.
trol word, the ST/STOP bit will not 1 high priority.
be altered. This bit is not stored: it Channels will alternate cycles if
08518 17 will always be a 0 on read. both set at same priority level.
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TORQ 0: Disable DMA requests from timer
2.,
1. Enable DMA requests from timer
2.
Bit3 Bit 3 is not used.

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

DMA Destination and Source Pointer
Registers

Each DMA channel maintains a 20-bit source and a
20-bit destination peointer. Each of these pointers
takes up two full 16-bit registers in the peripheral
control block. The lower four bits of the upper regis-
ter contain the upper four bits of the 20-bit physical
address (see Figure 18a). These pointers may be
individually incremented or decremented after each
transfer. If word transfers are performed the pointer
is incremented or decremented by two. Each pointer
may point into either memory or /O space. Since the
DMA channels can perform transfers to of from odd
addresses, there is no restriction on values for the
pointer registers. Higher transfer rates can be ob-
tained if all word transfers are performed to even
addresses, since this will allow data to be accessed in
a single memory access.

DMA Transfer Count Register

Each DMA channel maintains a 16-bit transfer count
register (TC). This register is decremented after
every DMA cycle, regardless of the state of the TC bit
in the DMA Control Register. if the TC bit in the DMA
control word is set, however, DMA activity will ter-
minate when the transfer count register reaches
zero.

DMA Requests

Data transfers may be either source or destination
synchronized, that is either the source of the data or
the destination of ihe data may request the data
transfer. In addition, DMA transfers may be un-
synchronized; that is, the transfer will take place
continually until the correct number of transfers has
occurred. When source or unsynchronized transiers
are performed, the DMA channel may begin another
transfer immediately after the end of a previous DMA
transfer. This allows a complete transfer to take place
every 2 bus cycles or eight clock cycles (assuming no
wait states). No prefetching occurs when destination
synchronization is performed, however. Data will not
be fetched from the source address until the destina-
tion device signals that it is ready to receive it. When
destination synchronized transfers are requested,
the DMA controller will relinquish control of the bus
after every transfer. Il no other bus activity is in-
itiated, another DMA cycle will begin after two pro-
cessor clocks. This is done to allow the destination
device time to remove its request if another transter
is not desired. Since the DMA controller will relin-
quish the bus, the CPU can initiate a bus cycle. As a
resuit, a complete bus cycle will often be inserted
between destination synchronized transfers. These
lead to the maximum DMA transter rates shown in
Table 14.

Table 14. Maximum DMA Transfer Rates
Type of
Synchronization
Selected

CPU Running | CPU Halted

Unsynchronized
Source Synch 2MByles/sec 2MBytes/sec
Destination Synch 1.3MBytes/sec | 1.5MBytes/sec

2MBytes/sec 2M8Bytes/sec

1APX 186

DMA Acknowledge

No explicit DMA acknowledge pulse is provided.
Since both source and destination pointers are
maintained, a read from a requesting source, or a
write to a requesting destination, shou!d be used as
the DMA acknowtedge signal. Since the chip-select
tines can be programmed to be active for a given
block of memory or /O space, and the DMA pointers
can be programmed to point to the same given block,
a chip-select line could be used to indicate a DMA
acknowledge.

DMA Prlority

The DMA channels may be programmed such that
one channel is always given priority over the other, or
they may be programmed such as {o aliernate cycles
when both have DMA requests pending. DMA cycles
always have priority over internal CPU cycies except
between locked memory accesses or word accesses
the odd memory locations; however, an external bus
hold takes priority over an internal DMA cycle. Be-
cause an interrupt request cannot suspend a DMA
operation and the CPU cannot access memory dur-
ing a DMA cycle, interrupt latency time will suffer
during sequences of continuous DMA cycles. An
NMI request, however, will cause all internal DMA
activity to halt. This allows the CPU to quickly
respond to the NMI request.

DMA Programming

DMA cycles will occur whenever the ST/STOP bit of
the Control Register is set. lf synchronized transfers

are programmed, a DRQ must aiso have been
generated. Therefore, the source and destination
transfer pointers, and the transfer count register (if
used) must be programmed before this bit is set.

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

DMA Channetls and Reset

Upon RESET, the DMA channels will perform the
following actions:

® The Start/Stop bit for each channel will be reset to
STOP.
e Any transfer in progress is aborted.

TIMERS

The 80186 provides three internal 16-bit programma-
ble timers (see Figure 19). Two of these are highly
flexible and are connected to four external pins (2
per timer). They can be used to count external
events, time external events, generate nonrepetitive
waveforms, etc. The third timer is not connected to
any external pins, and is useful for real-time coding
and time delay applications. In addition, this third
timer can be used as a prescaler to the other two, or
as a DMA request source.

Figure 18a. DMA Memory Pointer Reglster Format
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Figure 19. Timer Block Dlagram
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Timer Operation

The timers are controlled by 11 16-bit registers in the
internal peripheral controf block. The configuration
of these registers is shown in Table 15. The count
register contains the current value ol the timer. it can
be read or written at any time independent of
whether the timer is running or not. The value of this
register will be incremented for each timer event.
Each of the timers is equipped with a MAX COUNT
register, which defines the maximum count the timer
will reach. After reaching the MAX COUNT register
value, the timer count value will reset to zero during
that same clock, i.e., the maximum count value is
never stored in the count register itself. Timers 0 and
1 are, in addition, equipped with a second MAX
COUNT register, which enables the timers to alter-
nate their count between two different MAX COUNT
values programmed by the user. i a single MAX
COUNT register is used, the timer output pin will
switch LOW for a single clock, 2 clocks after the
maximum count value has been reached. In the duat
MAX COUNT register mode, the output pin will indi-
cate which MAX COUNT register is currentiy in use,
thus allowing nearly complete freedom in selecting
waveform duty cycles. For the timers with two MAX
COUNT registers, the RIU bit in the control register
determines which is used for the comparison.

Each timer gets serviced every fourth CPU-clock
cycle, and thus can operate &t speeds up to one-
quarter the internal clock frequency {one-eighth the
crystal rate). External clocking of the timers may be
done at up to a rate of one-quarter of the internal
CPU-clock rate (2 MHz for an 8 MHz CPU clock). Due
to internal synchronization and pipelining of the
timer circuitry, a timer output may take up to 6 clocks
to respond to any individual clock or gate input.

Since the count registers and the maximum count
registers are all 16 bits wide, 16 bits of resolution
are provided. Any Read or Write access to the
timers will add one wait state to the minimum
four-clock bus cycle. However, this is needed to
synchronize and coordinate the internal data flows
between the internal timers and the internal bus.

The timers have several programmable options.

All three timers can be set to hait or continue on a
terminal count.

Timers 0 and 1 can select between internal and
external clocks, alternate between MAX COUNT
registers and be set to retrigger on externat events.
The timers may be programmed to cause an inter-
rupt on terminal count.

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

Timer Mode/Control Reglster

The mode/control register (see Figure 20) allows the
user to program the specific mode of operation or
check the current programmed status for any of the
three integrated timers.

Table 15. Timer Control Block Format
Register Offset

Register Name Tme. 0;Tmr. 91| Tmr 2
Mode/Control Word 56H SEM 86H
Max Count B 541 §5CH {not present
Max Count A 52H SAH 62H
Count Register 50H 58H 60H
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Figure 20. Timer Mode/Controi Register
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ALT:

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

CONT: .

Setting the CONT bit causes the associated timer to
run continuousty, while resetting it causes the timer
to halt upon maximum count. if CONT = 0 and ALT
=1, the timer will count to the MAX COUNT register A
value, reset, count to the register B value, reset, and
halt.

EXT:

The external bit selects between internal and exter-
nal clocking for the timer. The external signal may be
asynchronous with respect to the 80186 clock. If this
bit is set, the timer will count LOW-to-HIGH trans-
itions on the input pin. If cleared, it will count an
internal clock while using the input pin for control. In
this mode, the function of the external pin is defined
by the RTG bit. The maximum input to output transi-
tion latency time may be as much as 6 clocks.
However, clock inputs may be pipelined as closely
together as every 4 clocks without losing clock
pulses.

P:

The prescaler bit is ignored unless internal clocking
has been selected (EXT = 0). If the P bit is a zero, the
timer will count at one-fourth the internal CPU clock
rate. If the P bit is a one, the output of timer 2 will be
used as a clock for the timer. Note that the user must
initialize and start timer 2 to obtain the prescaled
clock.

RTG:

- Retrigger bit is only active for internal clocking {(EXT

= 0). In this case it determines the control function
provided by the input pin.

## RTG = 0, the input leve! gates the internal clock on
and oft. If the input pin is HIGH, the timer will count; if

>

3

“This bit is not stored; it will always be a 0 on a read.

the input pin is LOW, the timer will hold its value. As
indicated previously, the input signal may be asyn-
chrorous with respect to the 80186 clock.

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

EN:

The enable bit provides programmer control over the
timer's RUN/HALT status. When set, the timer is en-
abled to increment subject to the input pin con-
straints in the internal clock mode (discussed
previously). When cleared, the timer will be inhibited
from counting. All input pin transitions during the
time EN is zero will be ignored. If CONT is zero. the
EN bit is automatically cleared uoon maximum
count.

INH:

The inhibit bit allows for selective updating of the
enable (EN) bit. If INH is a one during the write to the
mode/control word, then the state of the EN bit will
be modified by the write. If INH is a zero during the
write, the EN bit will be unatfected by the operation.

INT:

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

MC:

The Maximum Count bit is set whenever the timer
reaches its tinal maximum count value. If the timer is
configured in dual MAX COUNT register mode, this
bit will be set each time the vaiue in MAX COUNT
register A is reached, and each time the value in MAX
COUNT register B is reached. This bit is set regard-
less of the timer's interrupt-enable bit. The MC bit
gives the user the ability to monitor timer status
through software instead of through interrupts.
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RIU:

The Register In Use bit indicates which MAX COUNT
register is currently being used for comparison to the
timer count value. A zero value indicates register A.
The RIU bit cannot be written, i.e, its value is not
atfected when the control register is written. it is
always cleared when the ALT bit is zero.

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

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

Count Registers

Each of the three timers has a 16-bit count register.
The current contents of this register may be read or
written by the processor at any time. If the register is
written into while the timer is counting, the new vatue
will take effect in the current count cycle.

Max Count Registers

Timers 0 and 1 have two MAX COUNT registers, while
timer 2 has a single MAX COUNT register. These con-
tain the number of events the timer will count. In
timers 0 and 1, the MAX COUNT register used can
alternate between the two max count values
whenever the current maximum count is reached.
The condition which causes a timer to reset is equiv-
aleni between the current count value and the max
count being used. This means that if the count is
changed to be above the max count value, or if the
max count value is changed to be below the current
value, the timer will not reset to zero, but rather will
count to its maximum value, “wrap around" to zero,
then count until the max count is reached.

Timers and Reset

Upon RESET, the Timers will perform the following
acticns;

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

* All SEL (Sefect) bits are reset to zero. This selects
MAX COUNT register A, resulting in the Timer Out
pins going HIGH upon RESET.

INTERRUPT CONTROLLER

The B0186 can receive interrupts from a number of
sources. both inlernal and external. The internal in-
terrupl controller serves to merge these requests on
a priority basis, for individual service by the CPU.
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Internal interrupt sources (Timers and DMA chan-
nels) can be disabled by their own control registers
or by mask bits within the interrupt controller. The
80186 interrupt controller has its own control regis-
ters that set the mode of operation for the controiler.

The interrupt controller will resolve priority among
requests that are pending simultaneously. Nesting is
provided so interrupt service routines for iower
priority interrupts may themselves be interrupted by
higher priority interrupts. A block diagram of the
interrupt controfler is shown in Figure 21.

The interrupt controller has a special IRMX 86 com-
patibility mode that allows the use of the B0186
within the iRMX 86 operating system interrupt struc-
ture. The controller is set in this mode by setting bit
14 in the peripheral control block relocation register
{see iIRMX 86 Compatibility Mode section). In this
mode, the internal 80186 interrupt controller func-
tions as a “slave” controller to an external “master”
controller. Special initialization software must be in-
cluded to properly set up the 80186 interrupt control-
ler in iRMX 86 mode.

NON-IRMX MODE OPERATION

Interrupt Controller External interface

For external interrupt sources, five dedicated pins
are provided. One of thesa pins is dedicated to NMI,
non-maskable interrupt. This is typicaily used for
power-fail interrupts, etc. The other four pins may
function either as four interrupt input lines with inter-
nally generated interrupt vectors, as an interrupt line
and an interrupt acknowledge line (callted the
“cascade mode"} along with two other input lines
with internally generated interrupt vectors, or as two
interrupt input lines and two dedicated interrupt ac-
knowledge ouput lines. When the interrupt lines are
contigured in cascade mode, the 80186 interrupt
controller will not generate internai interrupt
vectors.

External sources in the cascade mode use externally
generated interrupt vectors. When an interrupt is
acknowledged, two INTA cycles are initiated and the
vector is read into the 80186 on the second cycle. The
capability to interface to external 8259A program-
mable interrupt controllers is thus provided when the
inputs are configured in cascade mode.

interrupt Controlier Modes of Operation

The basic modes of operation of the interrupt con-
troller in non-iRMX mode are similar to the B259A.
The interrupt controller responds identically to inter-
nal interrupts in all three modes: the difference is
only in the interpretation of function of the four exter-
nal interrupt pins. The interrupt controtler is set into
one of these three modes by programming the cor-
rect bits in the INTO and INT1 contro! registers. The
modes of interrupt controller operation are as
follows:

Fully Nested Node

When in the fully nested mode four pins are used as
direct interrupt requests. The vectors for these foyr
inputs are generated internally. An in-service bit is
provided tor every interrupt source. If a fower-priority
device requests an interrupt while the in-service bit
(IS) is set, no interrupt will be generated by the inter-
rupt controller. In addition, if another interrupt re-
quest occurs from the same interrupt source while
the inservice bit is set, no interrupt will be generated
by the interrupt controller. This allows interrupt ser-
vice routines io operate with interrupts enabled with-
out being themselves interrupted by iower-priority
interrupts. Since interrupts are enabled, higher-
priority interrupts will be serviced.

When a service routine is completed, the proper IS
bit must be reset by writing the proper pattern to the
EOI register. This is required to allow subsequent
interrupts from this interrupt source and to allow
servicing of lower-priority interrupts. An EOl com-
mand is issued al the end of the service routine just

before the issuance of the return from interrupt in-
struction. If the fully nested structure has been
upheld, the next highest-priority source with its IS bit
set is then serviced.

Cascade Mode

The 80186 has four interrupt pins and two of them
have dual functions. In the fully nested mode the four
pins are used as direct interrupt inputs and the cor-
responding vectors are generated internally. In the
cascade mode, the four pins are configured into in-
terrupt input-dedicated acknowledge signal pairs.
The interconnection is shown in Figure 22, INTO is an
interrupt input interfaced to an 8259A, while
INT2/INTAO serves as the dedicated interrupt ac-
knowledge signal to that peripheral. The same is true
for INT1 and INT3/INTA1. Each pair can selectively be
placed in the cascade or non-cascade mode by pro-
gramming the proper value into INTO and INT1 con-
trol registers. The use of the dedicated acknow!edge
signals eliminates the need for the use of external
logic to generate INTA and device select signals.

The primary cascade mode allows the capability to
serve up to 128 external interrupt sources through
the use of external master and slave 8259As. Three
levels of priority are created, requiring priority
resolution in the 80186 interrupt controller, the mas-
ter 8259As, and the slave 8259As. If an external inter-
rupt is serviced, one IS bit is set at each of these
{evels. When the interrupt service routine is com-
pleted, up to three end-of-interrupt commands must
be issued by the programmer.

Figure 21. Interrupt Controlier Block Diagram
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Special Fully Nested Mode

This mode is entered by setting the SFNM bit in INTO
or INT1 control register. it enables complete nestabil-
ity with external 8259A masters. Normally, an inter-
rupt request from an interrupt source will not be
recognized unless the in-service bit for that source is
reset. If more than one interrupl source is connected
to an external interrupt controller, all of the interrupts
will be funneled through the same 80186 interrupt
request pin. As a result, if the external interrupt con-
troller receives a higher-priority interrupt, its inter-
rupt will not be recognized by the 80186 controller
until the 80186 in-service bit is reset. In special fully
nested mode, the B0186 interrupt controller will allow
interrupts from an external pin regardless of the
state of the in-service bit for an interrupt source in
order to allow multiple interrupts from a single pin.
An in-service bit will continue to be set. however, to
inhibit interrupts from other lower-priority 80186 in-
terrupt sources.

Special procedures should be folluowed when reset-
ting IS bits at the end of interrupt service routines.
Software polling of the external master's IS register
is required to determine if there is more than one bit
set. If so, the IS bit in the 80186 remains active and
the next interrupt service routine is entered.

Operation in a Polled Environment

The controller may be used in a polled mode if inter-
rupts are undesirable. When polling. the processor
disables interrupts and then polls the interrupt con-
troller whenever it is convenient. Polling the inter-
rupt controller is accomplished by reading the Polli
Word (Figure 9). Bit 15 in the pol! word indicates to
the processor that an interrupt of high enough
priority is requesting service. Bits 0-4 indicate to the
processor the lype vector of the highest-priority
source requesting service. Reading the Poll Word
causes the In-Service bit of the highest-priority
source to be set.

It is desirable to be able to read the Poli Word infor-
mation without guaranteeing service of any pending
interrupt, i.e.. not set the indicated in-service bit. The
80186 provides a Poll Status Word in addition to the
conventional Poll Word to allow this to be done. Poll
Word informalion is duplicated in the Poll Status
Word, but reading the Poll Status Wdrd does not set
the associated in-service bit. These words are lo-
cated in two adjacent memory locations in the regis-
ter fite.

28

Non-IRMX Mode Features

Programmable Priority

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

if two requests with the same programmed priority
level are pending at once. the priority ordering
scheme shown in Table 4 is used. if the serviced
interrupt routine reenables interrupts, it allows other
requests to be serviced.

End-of-Interrupt Command

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

Trigger Mode

The four external interrupt pins can be programmed
in either edge- or level-trigger mode. The control
register for each external source has a level-trigger
mode (LTM) bit. All interrupt inputs are active HIGH.
In the edge sense mode or the level-trigger mode, the
interrupt request must remain active (HIGH) until the
interrupt request is acknowledged by the 80186 CPU.
In the edge-sense mode, if the level remains high
alter the interrupt is acknowledged, the input is dis-
abled and no further requests will be generated. The
input level must go LOW for at least one clock cycle to
reenable the input. In the level-trigger mode, no such
provision is made: holding the interrupt input HIGH
will cause continuous interrupt requests.
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Interrupt Vectoring

The 80186 interrupt Controller will generate inter-
rupt vectors for the integrated DMA channels and
the integrated Timers. {n addition, the Interrupt Con-
troller will generate interrupt vectors for the external
interrupt fines if they are not configured in Cascade
or Special Fully Nested Mode. The interrupt vectors
generated are fixed and cannot be changed (see
Table 4).

interrupt Controller Registers

The Interrupt Controller register model is shown in
Figure 23. It contains 15 registers. All registers can
both be read or written unless specified otherwise.

In-Service Register

This register can be read from or written into. The
format is shown in Figure 24. it contains the In-
Service bit for each of the interrupt sources. The
In-Service bit is set to indicate that a source's service
routine is in progress. When an In-Service bit is set,
the interrupt controlier will not generate interrupts to
the CPU when it receives interrupt requests from
devices with a lower programmed priority level. The
TMR bit is the in-Service bit for all three timers; the
D0 and D1 bits are the In-Service bits for the two DMA
channels; the 10-13 are the In-Service bits for the
external interrupt pins. The IS bit is set when the
processor acknowiedges an interrupt request either
by an interrupt acknowledge or by reading the poll
register. The IS bit is reset at the end of the interrupt
service routine by an end-ol-interrupt command is-
sued by the CPU.

Interrupt Request Register

The internal interrupt sources have interrupt request
bits inside the interrupt controlier. The format of this
register is shown in Figure 24. A read from this regis-
ter yields the status of these bits. The TMR bit is the
logical OR of all timer interrupt requests. DO and D1
are the interrupt request bits for the DMA channels.

The state of the external interrupt input pins is also
indicated. The state of the external interrupt pins is
not a stored condition inside the interrupt controller,
therefore the external interrupt bits cannot be writ-
ten. The external interrupt request bits show exactly
when an interrupt request is given to the interrupt
controller, so if edge-triggered mode is selected, the
bit in the register will be HIGH only after an inactive-
to-active transition. For internal interrupt sources,
the register bits are set when a request arrives and
are reset when the processor acknowledges the
requests.

Mask Register

This is a 16-bit register that contains a mask bit for
each interrupt source. The format for this register is
shown in Figure 24. A one in a bit position corres-
ponding to a particular source serves to mask the
source from generaling interrupts. These mask bits
are the exact same bits which are used in the individ-
ual control registers; programming a mask bit using
the mask register will also change this bit in the
individual control registers, and vice versa.

Figure 22. Cascade Mode Interrupt Connection
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Figure 23. interrupt Controiler Registers Priority Mask Register
{Non-IRMX 86 Mode) This register is used to mask all interrupts below
particular interrupt priority levels. The format of this
OFFSET register is shown in Figure 25. The code in the lower
three bits of this register inhibits interrupts of
T3 CONTROL REGISTER x*H priority lower (a higher priority number)} than the
code specified. For example, 100 written into this
T3 CONTROL REGISTER sem register masks interrupts of level five (101), six (110).
INT1 CONTROL REGISTER 2AH and seven (111). The register is reset to seven (111}
upon RESET so all interrupts are unmasked.
INTD CONTROL REGISTER H
interrupt Status Register
DMA 1 CONTROL REGISTER Fo This register contains general interrupt controlier
status information. The format of this register is
DMA 0 CONTROL REGISTER e shown in Figure 26. The bits in the status registe
have the following functions: .
TIMER CONTROL REGISTER k7o)
DHLT:  DMA Halt Transfer; setting this bit halts all
INTERRUPT CONTROLLER STATUS REQISTER | 304 DMA transfers. it is au.tomaucally set
whenever a non-maskable interrupt occurs,
and it is reset when an IRET instruction is
INTERAUPT AEQUEST REGISTER b executed. The purpose of this bit is to allow
prompt service of all non-maskable inter
N SERVICE REQETER o rupts. This bit may aiso be set by the CPU.
PRIORITY MASK REQISTER 244
IRTx:  These three bits represent the individual
MASK REGISTER 2™ timer interrupt requaest bits. These bits are
"used to differentiate the timer interrupts,
POLL STATUS REQISTER bl since the timer IR bit in the interrupt re-
quest register is the "OR” function of all
FoLL REisTER M timer interrupt requests. Note that setting
€01 REGISTER 2 any one of these three bits initiates an inter-
rupt request to the interrupt controller.
MS51B 24
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Figure 24. In-Service, interrupt Request, and Mask Register Formats
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Figure 25. Priority Mask Register Format
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Figure 26. Interrupt Status Register Format
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Timer, DMA 0, 1; Control Registers

These registers are the control words for all the inter-
nal interrupt sources. The format lor these registers
is shown in Figure 27, The three bit positions PRO,
PR1, and PR2 represent the programmable priority
level of the interrupt source. The MSK bit inhibits
interrupt requests from the interrupt source. The
MSK bits in the individual control registers are the
exact same bits as are in the Mask Register; modify-
ing them in the individuat contro! registers will also
modify them in the Mask Register, and vice versa.

INTO-INT3 Control Reglsters

These registers are the control words for the four
external input pins. Figure 28 shows the format of the
INTO and INT1 Control registers; Figure 29 shows the
format of the INT2 and INT3 Control registers. in
cascade mode or special fully nested mode, the con-
trol words for INT2 and INT3 are not used.

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

PRO-2: Priority programming information. Highest
priority - 000, lowest priority - t11.

LTM: Level-trigger mode bit. 1 = level-triggered;
0 = edge-triggered. interrupt Input levels
are active high. in level-triggered mode, an
interrupt is generated whenever the exter-
nal line is high. In edge-triggered mode, an
interrupt will be generated only when this

level is preceded by an inactive-to-active
transition on the line. In both cases. the
level must remain active until the interrupt
is acknowledged.

MSK:  Mask bit, 1 - mask; 0 =~ nonmask
C: Cascade mode bit, 1 - cascade: 0 direct

SFNM:  Special fully nested mode bit. 1 - SFNM:
0 - normal nested mode

EOI Register

The end of the interrupt register is a command regis-
ter which can only be written into. The format of this
register is shown in Figure 30. It initiates an EOt
command when written to by the 80186 CPU

The bits in the EOI register are encoded as follows:

S,: Encoded information that specifies an in-
terrupt source vector type as shown in
Table 4. For example, to reset the In-Service
bit for DMA channel 0, these bits should be
set to 01010, since the vector type for DMA
channel 0 is 10. Note that to reset the single
In-Service bit for any of the three timers, the
vector type for timer 0 {8) should be written
in this register.

Figure 27. Timer/DMA Control Register Formats
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Flgure 28. INTO/INT1 Control Register Formats
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Figure 23. INT2/INT3 Control Reglster Formats
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NSPEC/: A bit that determines the type of EO! com-
SPEC mand. Nonspecific = 1, Specific = 0.

Poll and Poll Status Registers

These registers contain polling information. The for-
mat of these registers is shown in Figure 31. They can
only be read. Reading the Poll register constitutes a
software poll. This will set the IS bit of the highest
priority pending interrupt. Reading the poll status
register will not set the IS bit of the highest priority
pending interrupt. only the status of pending inter-
rupts will be provided.

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

Sy Encoded information that indicates the
vector type of the highest priority interrupt-
ing source. Valid only when INTREQ = 1.

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

IRMX 86 COMPATIBILITY MODE

This mode allows iRMX 86-80186 compatibility. The
interrupt model of iIRMX 86 requires one master and
multiple slave B259As in cascaded fashion. When
iAMX mode is used, the internalt B0186 interrupt con-
troller will be used as a slave controlier to an external
master interrupt controller. The iniernal 80186 re-
sources will be monitored through the internal inter-
rupt controller, while the external controller
tunctions as the system master interrupt controlier.

Upon reset, the 80186 interrupt controlier will be in
the non-iRMX 86 mode of operation. To set the con-
troller in the iIRMX 86 mode, bit 14 of the Relocation
Register should be set.

Because of pin limitations caused by the need to
interface to an external 8259A master, the internal
interrupt controller will no longer accept external
inputs. There are however, enough 80186 interrupt
controller inputs (internally) to dedicate one to each
timer. In this mode, each timer interrupt source has
its own mask bit, IS bit. and contro! word.

The iRMX 86 operating system requires peripherals
to be assigned fixed priority levels. This is incom-
patible with the normal operation of the 80186 inter-
rupt controller. Therefore, the initialization software
must program the proper priority levels for each
source. The required priority levels for the internal
interrupt sources in iRMX mode are shown in Table
16.

Table 16. Internal Source Prlority Level
Priority Level interrupt Source
"o Timer 0
1 (resarved)
2 DMA 0
3 DMA 1
4
5

Timer 1
Timer 2

These level assignments must remain fixed in the
iRMX 86 mode of operation.

iIRMX 86 Mode External interface

The configuration of the 80186 with respect to an
external 8259A master is shown in Figure 32. The
INTO input is used as the 80186 CPU interrupt input.
INT3 functions as an output to send the 80186 slave-
interrupt-request to one of the B master-PiC-inputs.
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Figure 30. EOI Register Format
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Correct master-slave interface requires decoding of
the stave addresses (CAS0-2). Slave 8259As do this
internally. Because of pin limitations, the 80186 slave
address will have to be decoded externally. INT1 is
used as a slave-select input. Note that the slave vec-
tor address is transferred internally, but the READY
input must be supplied externally.

INT2 is used as an acknowledge output, suitable to
drive the INTA input of an 8259A.

Interrupt Nesting

IRMX 86 mode operation allows nesting of interrupt
requests. When an interrupt is acknowledged, the
priority logic masks off all priority levels except
those with equal or higher priority.

Vector Generation in the IRMX 86 Mode

Vector generation in iRMX mode is exactly like that of
an B259A slave. The interrupt controller generates an
8-bit vector which the CPU multiplies by four and
uses as an address into a vector table. The significant
five bits of the vector are user-programmable while
the lower three bits are generated by the priority
logic. These bits represent the encoding of the
priority ievel requesting service. The significant five
bits of the vector are programmed by writing to the
interrupt Vector register at offset 20H.

Specific End-of-Interrupt

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

Interrupt Controller Registers
in the IRMX 86 Mode

All control and command registers are located inside
the internal peripheral control block. Figure 33
shows the offsats of these registers.

End-of-Interrupt Register

The end-of-interrupt register is a command register
which can only be written. The format of this register
is shown in Figure 34. It initiates an EOI command
when written by the 80186 CPU.,

The bits in the EOI register are encoded as follows:

Ly: Encoded value indicating the priority of the
1S bit to be reset.

In-Service Reglsier
This register can be read from or written into. It
contzaing the in-service bit for each of the internal

33
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interrupt sources. The format for this register is
shown in Figure 35. Bit positions 2 and 3 correspond
to the DMA channels; positions 0, 4, and 5 corre-
spond to the integrat timers. The source’s IS bit is set
when the processor acknowledges its interrupt re-
quest.

Interrupt Request Register

This register indicates which internal peripherals
have interrupt requests pending. The format of this
register is shown in Figure 35. The interrupt request

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

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

Figure 33. Interrupt Controller Registers
{IRMX 88 Mode)

Interrupt Vector Register

This register provides the upper five bits of tne inter-
rupt vector address. The format of this register is
shown in Figure 37. The interrupt controlier itself
provides the lower three bits of the interrupt vector
as determined by the priority leve! of the interrupt
request.

The format of the bits in this register is:

e 5-bit tield indicating the upper five bits of the
vector address.

Prlority-Level Mask Reglster
This register indicates the lowest priority-level inter-
rupt which will be serviced.

The encoding of the bits in this register is:

my: 3-bit encoded field indication priority-ievel
value. All levels of lower priority will be
masked.

Interrupt Controller and Reset

Upon RESET. the interrupt controlier will perform the
following actions:

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

All PR bits in the various control registers set to 1.
This places ali sources at lowest priority (level

111).

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

¢ All Interrupt Service bits reset to d.

« All Interrupt Request bits reset to 0.

s All MSK (Interrupt Mask) bits set to 1 (mask).

e All C (Cascade) bits reset to 0 {non-cascade).

e Al PRM {Priority Mask) bits set to 1, implying no

levels masked.
 initialized to non-iAMX 86 mode.

Figure 38. Control Word Format

03851637

bits are set when a request arrives from an internal OFFSET
source, and are resel when the processor acknowi-

LEVEL 5§ CONTROL REGISTER K
edges the request. {TIMER 2)

LEVEL EGISTE
Mask Reglster ) ‘Cg'I‘J'E‘:L"" R 384
This register contains a mask bit for each interrupt
source. The format for this register is shown in Fig- L‘“L’c‘::;ﬁt REGISTER 26K
ure 35. If the bit in this register corresponding to a .
particular interrupt source is set, any interrupts from LEVEL2 CD:;‘:‘:’L REGISTER H
that source will be masked. These mask bits are !
exactly the same bits which are used in the individual LEVEL 0 CONTROL REGISTER A
control registers, i.e., changing the state of a mask (TIMER O 1
bit in "‘?IS register wl!l alsq change the state ol' the INTERRUPT.REGUEST REGISTER 20
mask bit in the individual interrupt control register
corresponding to the bit. IN-SERVICE REGISTER 20m
Control Reglsters PRIORITY-LEVEL MASK REGISTER 2AH
These registers are the control words for all the inter-
nal interrupt sources. The format of these registers is MASK REGISTER 284
shown in Figure 36. Each of the timers and both of
the DMA channels have their own Control Register. SPECIFIC EOI REGISTER M
The bits of the Control Registers are encoded as INTERRUPT VECTOR REGISTER 204
follows:

035518-34
Fligure 34. Specitic EOl Register Format
15 41 [] 7 & 5 a2 1 »
o ] a . . . 0 0 L] L) ¢ 0 L2 (8] 10
#35%1B-35

Figure 37. Interrupt Vector Register Format

035518-20

Figure 35. In-Service, Interrupt Request, and Mask Register Format

0 0 |TMAZ{TMR1] Dt Do o TMRG

035518 38

Flgure 38. Priority Level Mask Register

35

038648 39
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Figure 39. Typical IAPX 188 Computer
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AESET

i

Figure 40. Typical IAPX 188 Multi-Master Bus Interface
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PACKAGE NOTE: The IDT 3M Textool 68-pin JEDEC Socket Figure 42. Textool 68 Lead Chip Carrier Socket
The 80186 is housed in a 68-pin, leadless JEDECtype 1S required for [CE™ operation. See Figure 40 for
A hermetic chip carrier. Figure 41 illustrates the details.

package dimensions.

Figure 41. 80186 JEDEC Type A Package .
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ABSOLUTE MAXIMUM RATINGS*

Ambient Tem

Storage Temperature

perature under Bias

Voltage on Any Pin with

Respect to
Power Dissip:

Ground
ation ............. .

*NOTICE: Stresses above those listed under
“Absolute Maximum Ralings" may cause permanent
damage 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.
Exposure to absolute maximum rating conditions
for extended periods may atlect device reliability.

D.C. CHARACTERISTICS (T) = 0°-70°C, Vge = 5V +10%)

Symbol Parameter Min. Max. Unlts Test Conditions

ViL Inpul Low Voitage -0.5 +0.8 Volts

Vin Input High Voitage 20 Vee+ 0.5 Voits

(All excapt X1 and REB) .

ViH1 Input High Voltage (RE3) 3.0 Vee + 05 Volts

VoL Qutput Low Voltage 0.45 Volts I3 = 2.5 mA for 50-52
13 = 2.0 mA for all other
outputs

Vo Qutput High Voltage 24 Volts loa = —400 uA

cc Power Supply Current 550 mA Ta = 25°C

LT} Input Leakage Current =10 uA oV < Viy < Voo

ho Output Leakage Current =10 BA 0.45V < Voyy < Voo

VeLo Clock Qutput Low 0.6 Volts I3 =2.5mA

Vewo Clock Output High 4.0 Volts log = —200 xA

Veu Clock Input Low Volitage -05 0.6 Volis

Ve Clock Input High Voltage 39 Vee + 1.0 Volts

Gn Input Capacitance 10 pF

Cio 1/O Capacitance 20 pF

PIN TIMINGS

A.C. CHARACTERISTICS (Ta = 0°-70°C, V¢ = 5V = 10%)
801688 Timing Requirements All Timings Measured At 1.5 Voits Unless Otherwise Noted.

Symboi Parameter Mir. Max. Units Test Conditions
TOVCL Data in Setup (A/D) 20 ns
TCLDX Data in Hold (A/0) 10 ns
TARYHCH| Asynchronous Ready

(AREADY) active setup

time*® 20 ns
TARYLCL | AREADY inactive setup

time 35 ns
TCHARYX| AREADY hoid time 15 ns
TSRYCL |Synchronous Ready

(SREADY) transition setup

time 35 ns
TCLSRY I SREADY transition hold

time 15 ns
THVCL HOLD Setup® 25 ns
TINVCH  |INTR, NMI, TEST, TIMERIN,

Setup® 25 ns
TINVCL |DRQO, DRQT, Setup* 25 ns

“To quarantee recognition at next clock

an

A.C. CHARACTERISTICS (Continued)
80186 Master Interface Timing Responses

80186-3 (8 MHz)

80186-6 (6 MHz)

Symbol Parameter Min. Max. Min. Max. | Units Test Conditions
TCLAV Address Valid Delay 10 44 10 63 ns  Cy - 20-200 pF all oulputs
TOLAX |AddressHold I ns o
TCLAZ ) Addves; .Floa; 6eiay- o .44 ns ’ i
TCHCZ | Command Lines Float Detay Ts6 | ns B
TéHC{I . Command Lir;es Valid 65!3); o 7 N

(after float) 55 TCHCL. ns
TLHLL | ALE widih Tlroetas | | ons N
TCHLH | ALE Aciive Detay a5 ' 48 | ns o
TCHLL ALévinac L] Delay‘ _35 i 44 ns }
i’LLAX ’ Addre‘s; Hok‘; to ALEU_" D . ' i ’ o

Inactive TCHCL-25 TCHCL-30 ns
TCLDV |DatavVaidDelay | 10 |44 0 | s | ons ’
M P A S R G . .- . . . -

v ) s )

TCV_CW 7(};nl}ol Active Deaﬁ_mv 10 o 76 ) ns N ’
TGHCTV | Control Active Delay2 | 10 | 55 s | )
TCVCTX |Conirot Inactive Detay | %0 |85 | 10 |voicH| ns |
TCVDEX |OEW inactve Detlay | | ’

(Non-Write Cycle) 70 87 ns
}AZR—L Adéress ﬁ;;l I;) FTB;::I;;; ’ 0 - V 6 ’ 7 ns )
TCLAL | AD Actve Detay 10 70 10 | 87 | ns
TCLRH ﬁ) Inactive Dela;' T 10 55 10” B TCLCH | ns
TRHAV | FD Inaciive to Address B

Aclive TCLCL-40 TCLCL-50 ns
TCLHAV |HLDAValidDelay | 10 |s0 1 | e | ns
TRLAH | AD width 2TCLCL-50 2TCLCL-50 ns
TWLWH | WR width ’ 2TCLCL-40 21CLoL-40 | ns
TAVAL Address Validv;o ALE Low TCLCH-25 1"CLCHA-4€; ns
TCHSV |Status Active Delay | 10 |55 10 |[TeHoL| ns
1”CLSHw Stalus Inaciiva Delay o 107 n 55 1(; - TCLCH | ns
TCLTMV | Timer Output [5e|a'y o B 60 o 75 ns  |100 pF max B
TCLRO |Reset Detay - 60 75 ns e
TCHOSV | Queve Status Delay T iss 4 | ons ’
TCHDX | Data Hold Time 10 0 ns
80186 Chip-Select Timing Responses
Symbol Parameter Min. Max. Min. Max. |Units Test Conditions
TCLCSV | Chip-Select Aclive Delay 66 [:1s] ns
TCXCSX | Chip-Select Hold trom ’

Command Inactive a5 35 ns
TCHCSX Chip-Selec.l“ Inactive Delayr 7 16 35 10 47 ns

41



A.C. CHARACTERISTICS (Continued)
80186 CLKIN Requirements

1APX 1868

80186-3 (8 MHz)

80186-6 (6 MHz)

Symbol Parameter Min. Max. Min. Max. | Units | Test Conditions
TCKIN CLKIN Period 625 250 83 250 ns
TCKHL | CLKIN Fall Time 10 10 | ns |35t 1.0vohs
TCKLH CLKIN Rise Time 10 10 ;\s 1.0 to 35 volts
TCLCK | GLKIN Low Time 25 33 ns | 1.5 volts N
TCHCK CLKIN High Time 25 33 ns | 1.5volts
80186 CLKOUT Timing (200 pF load)

Symbol Parameter Min. Max. Min. Max. | Units | Test Conditions
TCICO CLKIN to CLKOUT Skew 50 625 ns
TCLCL CLKOUT Penod ‘ 125 500 167 500 ns
TCLCH | CLKOUT Low Time % TCLCL-7 § * TCLCL-7 5 ns | 15volts
TCHCL CLKOUT High Time vz TCLCL-7.5] % TCLCL-7.5 ns 15 volts
TCHICH2 | CLKOUT Rise Time 15 ‘ 15 né |A0 lo 55 vblls
TCL2CLY CLKOUT Fall Time 15 15 ;'\s 3.510 1 volts

All timings measured al 1.5 volls unless otherwise noted.

ar

WAVEFORMS
MAJOR CYCLE TIMING
Vew v 1 Hn T .
e TeLCL - M TeLcLt /
cLcout Y \ / N
A (NoTE P\, _ N
Vo | Yous) . YeLs JCLCH
\ A)
X \
ol BT S e
I
- Thax=H 2= [~ wotE s
BHESS, .
A A8, Eﬂ!/no-Alqs $;-5)
T
e Tl TULAX
{ —
r
ALE
TavAL =R ’
TCHLH =t |w— TCLOV|-= -— TCLAZ — —
TCL AV —»| - TCLAX |~ - JCLDOX -—e{
AD,s-AD, An-A, DATA OUT
i
WRITE CYCLE 1 . 1;_ -+— TwhHox | —={MOTE 1
CVCTV |"‘“ ! pe|TCVCTX
- X
AD, INTA, Teverv e e
DTR Vg, TWLWH
L
l TOVCTX = e
—a -— TCLAZ I;:mvcm-» ~— YcLox
ADy,-ADy POINTER {
A FLOAT V.
INTA CYCLE | |<-T1CHCTY
7 4
AD.WR, V,
aRE - v e TEVCTX —» —
o £/

SOFTWARE HALT—DEN - Vo,

RD, WR, INTA, DT/R - Vo, INVALID ADORESS

PCS, T rcLW —e] |

ics,

weS . TCHCSX o -—
Wics } — -« YCLCSY TCXCSX —» -
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WAVEFORMS (Continued)
MAJOR CYCLE TIMING (Continued)
T T2 Ty Tw T
l«——TlCL TCHICHZ
VYou —\ —\ Tonene l’
cLxout R 4 \
. ﬂ N 7 N —
Vo TCHEL M Scisk TCLCH
1 B (Note 3)
$2.51.8g »|TcHsY I\(—
= TOLDY|
ToLav-o] Jreuix ] [— -
1
Ars/B-A, BHE Ayy-Asg - 8-,
TUHLL
1 TLLAX -
ALE e
] /. -
TeHLH —+] | TAAL  fe—
TeRLL—]
TLLAX TeLOX
TCLAV > TAVAL —! TeLAZ TOVCL
g F———-\| rwoar
AD,5-ADy Ais-Ao o OATA IN
AEAD CYCLE TA nl.-j e TCLAH - t—— TRHAY ——ad
Ao A
— TCHCTY  TeLAL 1  I— TeHETY
. oTA ! /
WRLINTA Voo
TeveTY—e TEVETX —>
DEN
— . TCHCSX
Pcs,
s I |
ics, | -—TCLCSY - TOXCSK - =
(0]
035518-45
NOTES

1 Foliowing a Write cycle, the Local Bus is floated by the 80186 only when the
80186 enters a* Hold Acknowledge” stste.

2 INTA occurs one clock later in AMX-mode

3 Stalus tnactive just prioe io T,

44

IAPX 186

WAVEFORMS (Continued)

cLxouT
] TCLAV —= TCLAV
LTk
035518 46
cLxout A
DROO,
oral
TINVCH -—
TINVCL —on| [
NMI,
TEST
INTD-3
TIMERIN
035518 47
cLxout \
TCHQSV fw—an
Qso, ast

03551848




1APX 186
WAVEFORMS (Continued)
HOLD-HLDA TIMING
R n
CLKOUT \ /_\—‘
TarvicH—o| [« I<— TCHARYX
ARDY | | ‘ ’ |
TARYLCL. [--—
035518 -49
cu(our_\_—/_ \_—_/_.‘ / \
+— rsnver — TCLSAY
SADY
035518-50
T T
cLxout Y —
o S 4/
THVCL - ] |e—THver
HOLD
—f  [|wvetHav| T TCLHAW -
HLDA o |
! - ToLAY
—o| |e-TCLAZ
AD1S-ADO . e < T ——
00188 ) e > 0tk
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A19/SS-AIWSS, P
AD, Wh. 20188 aotes
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DUA,
$2-$0 @15518 51
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WAVEFORMS (Continued)

TIMER ON 80188

cLaN
TEKHL
TCHCHZ — | TCH2CH1

CLKOUT vcmo——x TCLOH—— TOHCL

TCLoL 035518-52

’
y =
——nd
— TINVCH i

TIMERIN
—=| TCLYMY |=—

2-8 CLOCKS 4

03551853

80186 INSTRUCTION TIMINGS

e All word-data is located on even-address
boundaries. :

The following instruction timings represent the mini-

mum execution time in clock cycles for each instruc-

tion. The timings given are based on the following

All jumps and calis include the time required to fetch
the opcode of the next instruction at the destination

assumplions: address.

e The opcode, along with any data or displacement All instructions which involve memory reference can
required for execution of a particular instruction, require one (and in some cases, 1wo) additional
has been prefetched and resides in the queue at clocks above the minimum timings shown. This is
the time it is needed. due to the asynchronous nature of the handshake

No wait states or bus HOLDS occur. between the BIU and the Execution unit.

.




1APX 186
INSTRUCTION SET SUMMARY
Clock
FUNCTION FORMAT Cycles Comments
DATA TRANSFER
MOV = Move
Register 1o Register Memory 2nz
Register memary to register [060167 w] mooreg_rm | 2/9
Immeduate o register memory [[ro00 11 w] mddG0 rm data atatwal ] 12-13, 8/16-bit
Immediate 10 register [iotiw reg data datadw~ 1 3-4 8/16-bit
Memory 1o [or6o60w adds-iow a0ds-ugh 9
Accumulator 10 memory [[oiooot w 206 Tow a00r-hgh 8
Register memory 10 segment register modQreg rm 29
Segrent ragister taregister memory [ 000 1 10 0] modOrep vm | 2/
PUSH = Puah: ’
Memory [ mait0 m ] 16
Regrster 01010 g | 10
Segmen registes 600 reg110] 9
immediate [fhoe10s0] dan T euads=0 | 10
PUSHA = Push Al 38
0P x Pop
Memary [oo07vi V] meadds rm] 20
Register 10
Segment regrster (reg=01) 8
POP = Pop A 51
XCHG = Exchangs’
Regrster memory with tegister [1 000017 w] modeeg rm | An7
Register with [T 0 g |} 3
1% = inpet frem:
Foeson 1
variable port 8
OUT = Owtpetta:
Vanabie port 7
XLAT - Transtate byte lo AL 1"
LEA = Load EA 0 regrster [[665716 7] modreg rm } 6
LDS - Load gointer to DS [t 00010 1] modreg rm | tmos» 1) 18
LES = Load pointer 19 €S 11000100] modreg rm ] tmod = 11} 18
LAHE < Lozd AH witn fiags t001 1111 2
SAHF ~ Slore AHino Hags pooriae 0] 3
PUSHE = Push mags feoitioo) 9
POPE ~ Pup Mags ]

Shaded areas indicate instructions not available iniAPX 86, 88 microsystems.

All mnemonics copynght of Intel Corp 1983,

|
i
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INSTRUCTION SET SUMMARY {(Continued)

Clock
FUNCTION FORMAT Cycles Comments
ANITHMETIC
ADD « Add
Feg memory with regstes 1o ether {000000d w] modreg ¢m ano
Imimediate to seqister memory [100000s w] med600 1m data [ catasw-01] 4/16
Immediate to accurmulator [fe0o00 10wl dau Gtiw. )| 314 B8/16-bit
ADC = Add.wiS carry:
Reg-memory with register to either Io 00100dw| modreg tm o
Immediate to reguste;-memary [ 000005 w[ mos0io rm | datz T dandsw-o1 | 4/16
Immediate (o actumulator [Pootoraw] data [ wnitw-1 ] 3/4 8/16-bit
INC < Icrement:
Register memory [( 17371 w] modbld rm | 15
Register 01000 rep 3
SUD = Subtract:
Reg memory and register (o either [0o101T00w] modreg rm 3o
Immedtate from register memory {Toooo6sw] mediot im | dala [ dandsw-01 ] 41186
Immedate from accumutator bfoioiiow data [ eatadtw-i ) 3/4 8/16-bnt
SBS = Swhtract wik derrew’
Req memory and register 1o either [Poor1Gdw] modreg rm | 310
Immediate hom reqister memory [[o0000sw] mod0it m | dita [ daudsw 01 | 4116
Immediate from accumutator foeori10w data [ aniw-1"] 34 8/16-bit
DEC = Decramant:
Register memory 315
e 3
CNP « Compars:
Reguster-memory with registet [Bo71t30s w] mogreg «m } 310
Register with register memory ftor 17100 w] modreg rm | 3/10
Immediate with tegister. memory 1000005 w[ moatid rm | Gata [ oaatsw-01 | ano
tmmediate with aceumulaior o i 0w data [ sandw-1 ] 34 8/16-bit
MEG = Change sign P 017 & mod0t1 rm | 3
ARA - ASCHI agjust for add 110171 8
DAA - Gecimal adpust tor 3dd 100111 4
AAS - ASCIF agjust for subtract IR 7
DAS - Decrmal adyust for sublract 1011711] 4
MUL = Multipty funsigned) 1111031 w
Regrster-Byte 26-28
Aegister-Word 35-37
Memory-Byte 32-34
Memory-Word 41-43
Aeqister Byte 25-28
Regster- Word 34-37
Memary-Byte 31-34
Memory-Word 40-43
m';)lmmmmmm [Bii0ios 1] mang tm | gu | oawdsed }| 22-2%/29-32
O - D consanedh [T T8iTe] meaiidim]
Register-Byte 29
Register-Word 38
Memory-Byle 35
Memory-Word 44

Alt mnamonics copyright of Intel Corp 1983

Shaded areas indicate instructions not available inIAPX 86, 88 microsystems
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IAPX 188
INSTRUCTION SET SUMMARY (Continued) INSTRUCTION SET SUMMARY (Continued)
Clock Clock
FUNCTION FORMAT Cycles Comments FUNCTION FORMAT Cycles Comments
ANITHMENE (Continnd) STAING MANIPULATION (Continued)
Repealed by count in CX
NWW"":;MI"“ (signed) 44-52 MOVS - Move string [ o010 tot00 0w 1
ogister-Byte
Register-Word 53-61 £MPS - Compare sting I (RN T XS (R X T KK 22
Memaory-Byte :g—:g SCAS - Scan stnng T 111001 2 [10101 11w 15
Memary-Word =
AAM - ASCI adus! for muigly 19 1008 - Load string T 1711001 0]1010110w] 12
M0 - 501 s o e 15 108 - S song ERKIEEN (X NIRIRE: -
COW - Convert byte 0 ward 2 - e = SR
WD - Canver word 1o double ward 4 A
i im»hnqﬁu : o Aejested
LoGIC . . Not Repeated
Shift Motate Ingiructions
RAegister Memory by 1 || 101000w| mogTTi¢m ] 2118 CONTROL TRANSFER
Register Mamory by Ct mod 111 rm CALL = Catt :
B - . . oo e -| ngh
AegisterrMemaory by Count T 100000 w] mdiirm | "Gl £7) $+n/17+n i Ditect wittun segment [fo70t000] dsplow |  dsphy 14
Regster memory [C 1117 1] meddioim ] 13119
sndirecy within segment
g Aol Drrectnterseqment [[ooiid10] Segment offset ] 23
g1e  Ad
Q11 ACA
100 SHLSAL
101 SHR
AR P— im0 %
AND = And- JMP = Uncenditienal mp:
Aieg memory and register to either D01000dw] mosreg im | 30 Shart tong 13
Immediale to ragister memary 1000000 w] modig0 im | @ [ emiw-1_} 416 Drrect within segment [ 000 1 ] "osplow [ dsengn |} 13
tmmediate to accumutator D 0100 10w Gt [ amtw-1_] 34 8/16-bit Register memory indiect withn seqment[1 13 1 T 11 1] mod 100 rm ] nnz
TEST:= And tunction be flags, ne result Direct t 111010°0 segment affset 13
Regueter memory and register [[So0010w] modg 7m 310 hrect intersegmen
Immediate data and registermemary t11 10819 w] modGo0 rm dat» [Tatdw-t ] 4110 -
Immediate data and accumutato 1010100 data dadw-1_| s 4 816-bit
s g ( = o indirect VAT 111 1] mediirm | tmod« ) 26
omwor
Reg memary and register fo erther 0000t0dw| medreg rm no
Immediate to register memary 1000000 w] modlot ¢m data [ it | 416 RET = Aeten ko CML 1100001 1 16
. Within segment |
Immediate 10 accumutat 00001 10w la datatw-1 1 -
ate 10 acc o i dal w1 | 3/4 8/16-bit Vot seg 20rg immed to P [0050708 T T 19
XOR = Extlusive o Intersegment IR AR 22
Fieg memory and fegistes fo either m modreg 1 3o Intersegment adding mmeaiateto 5P [1 1007101 daalow | dalahgh | .25
Immetiale to seqistes memory [foooo000«] modtio im | data [ dtaw-1 ] 4N6
) i 0 = _bi ] - - .
mmediate o accumusior fPot1o1dw G J -1 34 8/16-bit . Shaded areas indicate instructions not availabie iniAPX 86, 88 microsystems.
WOT - fnvert register-memary [0 v w] _meddio rm 3 :
STRING MAMPLLATION:
MOVS - Move byte wor 848n
EMPS - Compare byle word 5+22n
SCAS - Scan byte word 1010111 w 5+15n
10DS - L 0ag byre wd to AL AX V0i0110w] 6+11n
$70S - Stor byte wd lrom ALA 101070 w] 6+9n
- oputoywwdtombpon  [@T18110w] ’ 8
OUTS - Cutoct bytewdtoBXport {0 1710111 w) 7

Shaded areas indicate instructions not available in APX 86, 88 microsystems.

Allinnemnnics copyright of Intel Cor 1987 All mnemanics copyright of Inlei Corp 1963




|APX 186 IAPX 186

INSTRUCTION SET SUMMARY (Continued) INSTRUCTION SET SUMMARY (Continued)
Clock Clock
FUNCTION FORMAT Cycles Comments FUNCTION FORMAT Cycles Comments
: PAOCESSOR CONTROL
CONTADL TRANSFER {Conlinued) CLE - Clear carry 2
/A2 Jug onequ 20 01110100 disp ] 413 13if JMP M - Complament can [risiai]
JUIMGE < hrvgor 55 0l g ' k. 01111100 disp } 413 taken s v 2
AEME ot 01111110 4 4 if JMP $to- Setcany AR AEEA ‘j 2
= g o s o o e ] 413 not taken CLD - Ciear direction 11111100] 2
RRAE - S el e e 9111081 2 4n3 $TD - Set direction 11111101] 2
REM - degorteomoroitooe. (0111011 25 4n3 CU - Clear sntesrugt TT111010] 2
:-jr:;mm::wmw :: : 5 ; ::D 413 ST - Setunterrupt 11111011) 2
P m:w- T11100 ms: :;:; . - han L‘_MJ 2
[ = = ‘ s WAIT - Wt 6 iftest - 0
KL - syt = — 3 LOCK - Bus Jock prehx 2
4 B¢ Powssobrensmatsape  [1901 111 T] i v )
MES - wrgrdiesmagoe [0 11111 KL 43 {777 LLL are 0pcode 1o processor extension)
MMYIRE « hrgotrideouoeremd [0 1150010 1 disp 413
JMREA < herponromeoeoseizoe [0 111011 1 oisp N3
SUPJP = Jumo o ndt o s 00 111 11 disp 413 FOOTNOTES
NG = Jumg o oot et [o1110001 dsp 413 The effective Address (EA) of the memory operand is REG is assigned according to the following table:
INS < Jrponedl s 7111001 9159 413 computed according lo the mod and r/m fieids: _ -
LODP - Lo Cxtees [N 7o 5 . 515 . -1 . \ REG field 16-Bit(w =1)  8-Bit(w = 0)
LOOPLALOOPE - Lo st 3 : . 616 ifmod = 11 thenr/mistreatedas a el 000 AX 000 AL
LOOPLLO0PHE - Lopwirctosear [T 17 3 s 51/;5 JMP taken ifmod = 00then DISP = 0", disp-low and disp-high 001 CX 001 CL
JCXZ + o0 CR re [o001 0 m 5 JMP not taken are absent 010 DX 010 DL
itmod = 01 then DISP = disp-low sign-extended to 011 BX 011 BL
STER - e Pricidens JELS () X XN | B T S| Tt | “3‘ e -gr: «‘:}E\V 16-bits, disp-high is absent 100 SP 100 AH
ots ] : . ® o ifmod = 10 then DISP = disp-high: disp-low 101 BP 101 CH
L 22+18(n-1) 110 St 110 DH
LEAVE = Lave Procedure ’ g( ifs/m = 000 then EA = (BX) + (S) + DISP 111 DI 111 BH
INT = tmtorvapt: ifr/m = 001 thenEA = (BX) + (DY) + DISP
Tyoe specilied oo voi] tyve } 47 itr/m = 010then EA = (BP) + (SI) + DISP
"‘;‘n’ (Lisotioo) 45 "]"m Tﬂk!"/ itr/m = 011thenEA = (BP) + (DI) + DISP The physical addresses of all operands addressed by
INTO - inferrupt on overtlow [ioairroj 48/4 L uk'e:m ifim = 100then EA = (SI) + DISP the BP register are computed using the SS segment
ifom < 101 th - ISP register. The physical addresses of the destination op-
WET = Interrupt retuin 28 !lrm 101 then EA = (DI) + DIS . erands of the string primitive operations (those ad-
iirim = 110then EA = (BP) + DISP dressed by the D! register) are computed using the ES
sowliconctanssaininng. (LI ETT T S - U itim = 111then €A = (BX) + DISP . ssgment, which may not be overridden.
. P ; - i DISP lollows 2nd byte of instruction (before data if
required)
Shaded areas indicate instructions not available iniAPX 86, 88 microsystems. “exceptitmod - 00andr/m - 110then EA = disp-high: disp-low.
SEGMENT OVERRIDE PREFIX
regis assigned according to the foliowing-
Segment
teg Register
00 ES
01 cs
10 ss
" DS
Al mnemonics copynght of intel Corp 1983,

w2 " . 53



1
16 Bit Slaves, 111

2
256 Kbyte/1 Megabyte Dynamic RAM/Controller, 14
2K /4K /8K EPROM, 14

T
74L8670 - Memory Management Unit, 127

8

80186 CPU - 16-BIT Microprocessor, 127
8259A - Interrupt Controller, 127
8531 ASCC - Serial Controller, 127

8536 CI0 - Parallel Port Controller, 127
A

Address Bus, 18
APPENDIX A, 127
Automatic Logon, 117

B
Batch Processing, 120
Baud Rate Clock Generator, 7T

C

CENTRONICS PRINTER, 83

CLOCK (Clock), 25

CLOCK GENERATOR, 16

Control Input Bus, 21

Control Output Bus, 23

Control Register Bit Assignments, 125
Control Registers, 124

CPSSLV16.GEN, 112

CPSSLV16.PAR, 112

CPZ-186 MASTER MULTI-USER SYSTEM CHANGES, 107
CRT TERMINAL SET-UP INSTRUCTIONS, 102

D

Description, 53

DMA Channel Assignments, 10
DMA Control Bus, 24

DMA Controller, 9

DMA Operations, 10

E
ERROR* (Error), 26

P

FDC Wait Register (Port 308 Hex), 125
FLOPPY DISK CONTROLLER, TO

Floppy Disk Controller (FDC), 9

Floppy Disk Controller Assignment, 124
FLOPPY DRIVE JUMPER OPTIONS, 40



FUNCTIONAL DESCRIPTION, 5

H

HARD DISK COMPATABILITY GUIDE, 103
Hardware Modifications, 109
Hardware Setup Instructions, 28
HOLD* (DMA Request), 22

I

I/0 Chip Selects, 15

I/0 Port Address Assignments, 124
Input Data Bus, 18

Input/Output Structure, 5

INT* (Maskable Int. Reg.), 21

" Interrupt Control Logic, 11

Interrupt Controller Assignments, 124
Interrupt Controller/Select, 11
INTRODUCTION, 2, 46

d

JA - FDC Data Separator Calibrate, 29
JB - Interrupt Source Select, 29
JUMPER OPTIONS, 29

L
LONG DISTANCE SERIAL COMMUNICATIONS, 66

M

MANUFACTURER SPECIFIED LINES, 27
Master Batching, 122

MD1010 & MD1013 JUMPER OPTIONS, 104
MD1013/1016 Drive List, 105

Memory Management Registers, 124
MEMORY MANAGEMENT UNIT, 13
MITSUBISHI 2894-63% (FULL HEIGHT), 44
MITSUBISHI M2896-63 (HALF HEIGHTS, 43
Mixing 8 And 16 Bit Slaves, 115

N
NMI* (Non-maskable Int. Req.), 22

0
0 (System Clock), 25
Off-Board I/0 Controllers, 6

On-board Functions Register (Port 308 Hex), 125

ON-BOARD I/0 CONTROLLERS, 9

One Megabyte 16 Bit Slaves, 113
OPERATING INSTRUCTIONS, 28
Qutput Data Bus, 18

P

Parallel I/0 Port Control Interface, 8
Parallel Port A and B Assignment, 124
PARALLEL PORT INTERFACE, 103

PCHAIN (Interrupt Priority), 27




pDBIN (Read Strobe), 23

PERSONALITY BOARD - CLOCK/CALENDAR, 99
Personality Board Interconnection Instructions, 48
PERSONALITY BOARD USERS GUIDE, 46

pHLDA (Hold Acknowledge), 24

PJA - SCC Port A Clock Source Select, 32
PJB - SCC Port B Clock Source Select, 32
PJC - 256 x 1 DRAM Enable, 33

PJD - 256/512/1024 K Select, 34

PJE - SCC or CIO DMA1 Select, 34

PJF - 512 KByte Memory Select, 35

PJG - 1 Meg Memory Select, 35

PJH - Interrupt Priority Chain, 36

PJJ - 2K/4K/8K EPROM Select, 36

PJK - Connect 80186 Refresh to Bus, 38
PJL - Write Signal Timing, 38

PJM - Read Signal Timing, 39

POC* (Power-on Clear), 26

POWER-ON CLEAR/RESET LOGIC, 15

PRIAM INTELLIGENT HARD DISK, 86

pSTVAL* (Status Valid), 23

pSYNC (Cycle Start), 23

pWR* (Write Strobe), 24

PWRFAIL* (Power Failure), 26

Q
QUME DATATRACK 8, 41

R

RDY (Slave Ready), 21

Reserved Lines, 27

RFSH* (Refresh), 27

RS232/FULL MODEM, 59

RS2%2/NO MODEM, 54

RS422 SERIAL COMMUNICATIONS, 62

S

S-100 BUS CONTROL SIGNALS GENERATOR, 16
S-100 Bus I/0 Address Space, 125

3=100 Bus Interface, 17

S100 BUS, 104

SEIMENS FDD100-8D, 44

Serial I/0 Controller, 6

Serial I/0 Port Control, 6

Serial Port A and B Assignments, 124
sHLTA (Halt Acknowledge), 20

SHUGART ASSOCIATES SYSTEM INTERFACE, 92
SHUGART MODEL 800/801, 40

. SHUGART MODEL 850/851, 41

sINP (Input), 19

SINTA (Interrupt Acknowledge), 20
'SIXTN* (Sixteen Acknowledge), 22

SLAVE CLR* (Slave Clear), 26

sM1 (Opcode Fetch), 19

SMEMR (Memory Read), 19



Software Modifications, 107
SOFTWARE SECTION, 106
SOLDER/TRACE CUT OPTIONS, 31

sOUT (Output), 20

SPECIAL-CHIPS DATA SHEETS, 127
Specifications, 3

Status Bus, 19

sWO* (Write Cycle), 20

sXTRQ* (16-Bit Data Transfer), 20
System Power, 26

T

- TANDON TM100-2 (5 1/4" drive), 45
TANDON TM848-1, 42

TANDON TM848- 2E 43

Technical Features, 2

U
Utility Bus, 25

v
Vector Interrupt Bus, 25

f
WARRANTY, 126
WD2793 - Floppy Disk Controller, 127

X
XRDY (Special Ready), 21




1S,

Intercontinental Micro
RPB=-200 Application Note
- 12=22-86

1) RPB=-200 used gg a mogem:

A) Move 2x5 Dip shunt to side marked modem (near edge of
card) .

B) Move 2 pin shunt from second left position to first left
position (nearest resistor):

O 0 0 0 0O

l |
0O 000 0o

C) On the DB-25 connector, pins are defined as follows:

2 = Transmit Data (to modem)

3 - Receive Data (from moden)

4 - Request .to send (to moden) : JA%
5 = Clear to send (from moden)

6 = Data Set ready (from modem)

- Ground j
- Data Carrier detect (from modem)

15~- Transmit clock (from modem; jumper required)
17- Receive Clock (from modem; jumper required)
20~ Data Terminal Ready (to modem)

22= Ring (from modem)

'2) RPB-200 handshaking configquration:

At default, the RPB=-200 handshaking is disabled to be
compatable with terminals. When uSLng' the Clear to Send
| Optlon on printers, the following pin optlons are avallable.

o

o)
DB-25 pin ==> 5

'

TP RFR O—O




Floppy
Tape
Hard Disk

< . MS/TER
InterContinental Microsystems

4020 Leaverton Ct., Anaheim, CA 92807
Phone: (714) 630-0964

Telex: 821375 SUPPORT UD

FAX: (714) 630-4811

Easylink 62562040 BBX (714)632-8750

CPS 1 CPS-PC

SAS-200

- - ~ . ~
’ . .
! Floppy, Tape —— -
'\ Hard Disk —— e
S s . N
T ey L TR ~
’ \ 7’
1+ Floppy, Tape | 1 Serial & Pz rallel
* Hard Di ' I Periphe. als
.\~_ -—’I \\~- -
e s N g T R s ] [‘ ST ._/_]
. B . ( . ‘ \
' Serial —_— ' Floppy, Tape —— AS-200
1 il ! Hard Disk s '_\ e
L ! ’ Ay ’
R - W . S e &
| cpss
1BM PC-BUS
A ~ ~
\
' floppy 1 ] hard 1
' disk ' disk '

CPS-MS

- ~

parallel I ] oMmTI
printer I‘ '\ conlroller

b e

SAS-200

CPS-16

Basic L
Shared 5% A iy \
Peripherais 5 .
' " 1 serial !
|‘ modem ,' terminal ' printer I, MS/TER
R el N, = e
SAS-200 ] [ ] [
c Y A= TS N 2T Y
\ . \ . \
RPB-200 CPS1 CCB-100 : RPB-200
% . .
N . - RN .
serial
printer
$-100 BUS MOTHERBOARD
serial
iph
e Legend CPZ - Master Processor - 8-Bit (16-Bit)
CPS - Slave Processor - 8-Bit or 16-Bit
o ¥ R WS-80 - 8-Bit Workstation
1 1 Optional Peripheral WS-286 - 16-Bit Workstation
floppy i ' Can.be shared by all usefs. CCB-100 Real Time Clock
A Rm N s v XXX-100 - Personality Boards

lo4 —5%" x8"

ACTIVE OR PASSIVE
ARCNET HUB

——— ——— Coax Cable
Arcnet link

LAN-PC - PC Arcnet
LANS-100 - S$100 Bus Arcnet Board

InterConti | Microsy

— bridging yesterday's, today's and tomorrow's
technologies for more connectivity.

Our breakthroughs provide more solutions, for
network power applications.

PC&
LAN PC

\
'
' [}

’ \

ARCNET
INTERFACE |— _\

\
1 Serial & Parallel |

Peripherals 1
’

\\

HUB

L

PC Coinpatible
& LANPC

PC/XT &
LANPC
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