
































































































































































































































































































































































































































































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 

I Restore 0 0 0 0 h V r1 rO 0 0 0 0 h V r1 ro 
I Seek 0 0 0 1 h V r1 rO 0 0 0 1 h V r1 rO 
1 Step 0 0 1 T h V r1 rO 0 0 1 T h V r1 roo 

I 0 1 0 T h V r1 ro 0 1 0 T h V r1 rO 
I 0 1 1 T h V r1 ro 0 1 1 T h V r1 rO 
II Read Sector 1 0 0 m S E C 0 1 . 0 0 m L E U 0 
II Write Sector 1 0 1 m S E C aO 1 0 1 m L E U eo 
III Read Address 1 1 0 0 0 E 0 0 1 1 0 0 0 E U 0 
III Read Track 1 1 1 0 0 E 0 0 1 1 1 0 0 E U 0 
III Write Track 1 1 1 1 0 E 0 0 1 1 1 1 0 E U 0 
IV Force Interrupt 1 1 0 1 . 13 12 11 10 1 1 0 1 13 12 11 10 

FLAG SUMMARY 
TABLE 2. FLAG SUMMARY 

Command Bit 
Type No(s) Description 

I 0, 1 r1 ro = Stepping Motor Rate 
See Table 3 for Rate Summary 

I 2 V = Track Number Verify Flag V = 0, No verify 
V = 1, Verify on destination track 

I 3 h = Head Load Flag h = 0, Unload head at beginning 
h = 1, Load head at beginning 

I 4 T = Track Update Flag T = 0, No update 
T = 1, Update track register 

11&111 0 aO = Data Address Mark ao = 0, FB (DAM) 
aO = 1, F8 (deleted DAM) 

II 1 C = Side Compare Flag C = 0, Disable side compare 
C = 1, Enable side compare 

II & III 1 U = Update SSO U = 0, Update SSO to 0 
U = 1, Update SSO to 1 

II & III 2 E = 15 MS Delay E = 0, No.15 MS delay 
E = 1,15 MS delay (30 MS for 1 MHz) 

II 3 S = Side Compare Flag S = 0, Compare for side 0 
S = 1, Compare for side 1 

II 3 L = Sector Length Flag LSB's Sector Length in ID Field 
00 01 10 11 

L = 0 256 512 1024 128 

L = 1 128 256 512 1024 

II 4 m = Multiple Record Flag m = 0, Single record 
m = 1, Multiple records 

IV 0-3 Ix = Interrupt Condition Flags 
10 = 1 Not Ready To Ready Transition 
11 = 1 Ready To Not Ready Transition 
12 = 1 Index Pulse 
13 = 1 Immediate Interrupt, Requires A Reset" 
13-IC = ° Terminate With No Interrupt (INTRQ) 

"NOTE: See Type IV Command Description for further information. 
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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 extemal 
potentiometer (10K) tied to the WPW signal (Pin 33) allows 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 O. 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 = O. 

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 = O. A clock equivalent to eight times 
the data rate (e.g., 4.0 M Hz 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 control 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 !XlO 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 low while the 5/8 line is held 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 internal 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 Uitter) as well as the response to 
normal frequency shift, Le., 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) (,.fh 

1K2p IN914 

Since 5114" Drives operate at exactly one-half the data rate 
(250 Kblsec) the above capacitor should be doubled to .2 or 
:22jJf. 

TYPE I COMMANDS 

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

A 2jJs (MFM) or 4 J.ls (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. 
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The Direction signal is active high when stepping in and 
low when stepping out. The Direction Signal is valid before 
the first stepping pulse 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 1 MHz 
R1 RO TEST = 1 TEST = 1 

0 0 3ms 6ms 
0 1 6ms 12 ms 
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 I 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 flag is set in any Type II or III 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 
a logic 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 ID 



Field is compared against the contents of the Track 
Register. If the track numbers compare and the 10 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 10 . 
field is read from the disk for the verification operation. 

The W0279X must find an 10 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. 
If V = 0, no verification is performed. 

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

Head Load timing (HL1) is an input to the 279X which is 
used for the head engage time. When HLT = 1, the 279X 
assumes the head is completely engaged. The head 
engage time is typically 30 to 100 ms depending on drive. 
The low 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. 

~LC~ 
I 

t-----; 
I 
I 

ML T ! I=RO,,", ONE 51-10T) 

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 I status. 

In summary for the Type I commands: if h = 0 and V = 0, 
HLD is reset If h = 1 and V = 0, HLD is set at the 
beginning of the command and HLT is not sampled nor is 
there an intemal15 ms delay. If h = 0 and V = 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 = 1 and 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 
intemal15 ms delay occurs and the 279X then waits for HLT 
to occur. 

For Type II and III commands with E flag off, HLO is made 
active and HLT is sampled until true. With E flag on, HLD is 
made active, an intemal15 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. If TROO is not 
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active low, stepping pulses at a rate specified by the (1 ro 
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 M R 
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 tlie Data Register contains the desired track 
number. The W0279X will update the Track register and 
issue stepping pulses in the appropriate direction until the 

TYPE I COMMAND FLOW 



TYPE I COMMAND FLOW 

contents of the Track register 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 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 279X 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 r1 rO 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. After a 
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VERIFY 
SEQUENCE 

NO 

NO 

NOTE 1 ""Mt lM£AE 1<::' It 10M" DEt A. 

TYPE I COMMAND FLOW 

delay determined by the r1 rO 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 O. If the T flag 
is on, the Track Register is decremented by one. After a 
delay determined by the r1 rO 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 I commands, and an internal side compare 
does not take place when the (V) Verify Flag is on. 

TYPE II COMMANDS 
The Type 1\ 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 II command, the busy status Bit is set. If 
the E flag = 1 (this is the normal case) HLO 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 field is located on the disk, the 279X compares 
the Track Number on the 10 field with the Track Register. If 
there is not a match, the next encountered 10 field is read 
and a comparison is again made. If there was a match, the 
Sector Number of the 10 field is compared with the Sector 
Register. If there is not a Sector match, the next en­
countered 10 field is read off the disk and comparisons 
again made. If the 10 field CRC is correct, the data field is 
then located and will be either written into, or read from 

TYPE II COMMAND 
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NO 

NO 

NO 

INTRQ. RESET BUSY 
SET RECOAO·NOT FOUNO 

:. REAO 

TYPE II COMMAND 

depending upon the command. The 279X must find an 10 
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 tlie Type II 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 multiple 
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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NO 

NO 

INTRa RESET BUSY 
seT CRe ERROR 

READ SECTOR 
SEQUENCE 

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 II 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 10 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 10 field, the 279X continues with 
the 10 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 II and III commands for the 2795-97 contain a side 
select flag (Bit 1). When U = 0, SSO is updated to O. 
Similarly, U = 1 updates SSO to 1. The chip compares the 
SSO to the 10 field. If they do not compare within 5 
revolutions the interrupt line is made active and the RNF 
status bit is set. 

The 279517 REAO SECTOR and WRITE SECTOR com· 
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NO 

WRITE SECTOR 
SEQUENCE 

TYPE II COMMAND 

SET DATA 
LOST 

WFHTE BYTE 
OF' ZEFIOS 

mands include a 'L' flag. The 'L' flag, in conjunction with 
the sector length byte of the 10 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 10 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 Oata Address 
Mark of the data field must be found within 30 bytes in 
single density and 43 bytes in double density of the last 10 
field CRC byte; if not, the 10 field search is repeated. 

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



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 
BIT5 

1 Deleted Data Mark 
o Data Mark 

WRITE SECTOR 

Upon receipt of the Write Sector command, the head is 
loaded (H LD active) and the Busy status bit is set. When an 
10 field is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, a ORO 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 (yJG) output is made active if the 
ORO is serviced (Le., the DR has been loaded by the 
computer). If ORO has not been serviced, the command is 
terminated and the Lost Data status bit is set. If the ORO 
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 ao 
field of the command as shown below: 

ao Data Address Mark (Bit 0) 

1 Deleted Data Mark 
o Data Mark 

The 279X then writes the data field and generates ORa's to 
the computer. If the ORO 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 or in MFM. The 
WG output is then deactivated. For a 2 MHz clock the 
INTRa will set 8 to 12 j.lsec 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 III 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 10 field is then read in from the diSk, and the six 
data bytes of the 10 field are assembled and transferred to 
the DR, and a ORO is generated for each byte. The six bytes 
of the 10 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 
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NO 

SET INTRQ 
LOST DATA 

RESET BUSY -30 MS IF CLOCK 
= 1 MHz 

TYPE III 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 10 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 ORa's are generated for each byte. The ac-



yES IMFMl 

WRITE 
BYTE OF ZEROS 
SET DATA LOST 

WRITE 2 CRe 
CHARS 

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 A.M., 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 III commands for flow diagrams.) 

Formatting the disk is a relatively simple task when operat­
ing programmed 110 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 until 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. 

TYPE III COMMAND WRITE TRACK 
The CRC generator is initialized when any data byte from 
F8 to FE is about to be transferred from the DR to the DSR 

CONTROL BYTES FOR INITIALIZATION 

DATA PATIERN WD279X INTERPRETATION WD279X INTERPRETATION 
IN DR (HEX) IN FM (DDEN = 1) IN MFM (DDEN = 0) 

OOthru F4 Write 00 thru F4 with ClK = FF Write 00 thru F4, in MFM 
F5 Not Allowed Write A 1· in MFM, Preset CRC 
F6 Not Allowed 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 Clk = 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 ". Missing clock transition between bits 3 and 4 
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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 10 fields. Also, CRC's must be generated by an F7 
pattern. 

Disks may be formatted in IBM 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 I 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 

INTRa 
RESET BUSV 

READ 
ADDRESS 

reset. 

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

10 = 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 (13 . 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 

READ TRACK 
SEQUENCE 

yes 

seT INTRQ 
RESET BUSV 

TYPE III COMMAND 
Read Track/Address 
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interrupt condition 13 = 1), an interrupt will be immediately 
generated and the current command terminated. Reading 
the status or writing to the command register will not auto­
matica"y clear the interrupt. The HEX DO is the only com­
mand that will enable the immediate interrupt (HEX 08) to 
clear on a subsequent load command register or read sta­
tus register operation. Follow a HEX 08 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 MHz). 
Loading a new command sooner than this will nullify the 
forced interrupt. 

Forced interrupt stops any command at the end of an 'in­
temal micr<>-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 (12 = 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 
orthe next Index Pulse will cause an interrupt condition. 

READ ADDRESS 
SEQUENCE 

TYPE III COMMAND 
Read Track/Address 

RESET BUS't' 
seT Hn:tQ 
SET RNF 
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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 reflects the Type I 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 S6 S5 S4 S3 S2 S1 SO 

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 110. They 
are: (times double when clock = 1 MHz) 

Delay Req'd. 
Operation Next Operation FM 

I MFM I 

Write to Read Busy Bit 12j.ts I ~s I 
Command Reg. (Status Bit 0) I 

Write to Read Status 2&.ts I 14j.1s 
I 

Command Reg. Bits 1-7 I 

Write Any Read From Diff. 0 I 0 I 
Register Register : 

IBM 3740 FORMAT - 128 BYTES/SECTOR 

Shown below is the IBM single-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. 



NUMBER HEX VALUE OF 
OF BYTES BYTE WRITTEN 

40 FF(orOO)3 
6 00 
1 FC (I ndex Mark) 

1 26 FF (or 00) 
~ 00 

1 FE (10 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) 

~ FF (or (0) 
2472 FF (or 00) 

1, Write bracketed field 26 times 
2. Continue writing until 279X interrupts out 

Approx. 247 bytes, 
3. A '00' option is allowed. 

IBM SYSTEM 34 FORMAT· 
256 BYTES/SECTOR 

Shown below is the IBM dual·density format with 256 
bytes/sector. In order for format a diskette the user must 
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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 
OF BYTES 

80 
12 
3 
1 

*50 
~ 

3 
1 
1 
1 
1 
1 
1 

22 
12 
3 
1 

256 
1 

54-

598" 

4E 
00 

HEX VALUE OF 
BYTE WRITTEN 

F6 (Writes C2) 
FC (Index Mark) 
4E 
00 
F5 (Writes A 1) 
FE (10 Address Mark) 
Track Number (0 thru 4C) 
Side Number (0 or 1) 
Sector Number (1 thru 1A) 
01 (Sector Length) 
F7 (2 CRCs written) 
4E 
00 
F5 (Writes A 1) 
FB (Data Address Mark) 
DATA 
F7 (2 CRCs written) 
4E 
4E 

• Write bracketed field 26 times 
"" Continue writing until 279X interrupts out. 

Approx. 598 bytes . 
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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) 3 bytes 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 
respect to VSS = + 7 to - 0.5V 

Operating temperature = O·C to 70·C 
Storage temperature = - 55°C to + 125·C 

OPERATING CHARACTERISTICS (DC) 

T A = O·C to 70·C, VSS = OV, VCC = + 5V ± .25V 

SYMBOL CHARACTERISTIC 

IlL Input Leakage 

10L Output Leakage 
V,H Input High Voltage 
V,L Input Low Voltage 
VOH Output High Voltage 
VOL Output Low Voltage 
VOHP Output High PUMP 
VOLP Output Low PUMP 
Po Power Dissipation 
RpU Internal Pull-up· 
ICC Supply Current 

MIN. 

2.0 

2.4 

2.2 

100 

-

FM MFM 

Gap I 16 bytes FF 32 bytes 4E 

Gap II 11 bytes FF 22 bytes 4E 
• 6 bytes 00 12 bytes 00 . 3 bytes A1 

Gap 111** 10 bytes FF 24 bytes4E 
4 bytes 00 8 bytes 00 

3 bytes A1 

Gap IV 16 bytes FF 16 bytes 4E 

* Byte counts must be exact. 
* * Byte counts are minimum, except exactly 3 bytes of A 1 

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. 

TYP. MAX. UNITS CONDITIONS 

10 iJ.A V,N = VCC 
10 iJ.A VOUT = VCC 

V 
0.8 V 

V '0 = -100iJ.A 
0.45 V '0 = 1.6mA 

V lOp = -1.0mA 
0.2 V lOp = + 1.0mA 
.75 W All Outputs Open 

1700 iJ.A V,N = OV 
70 150 mA All Outputs Open 

* Internal Pull-up resistors on PINS 1,17,19,22,36,37 and 40. Also pin 25 on 2791 and 3. 
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TIMING CHARACTERISTICS 

TA = ooe to 70°C, VSS = OV, Vee = + 5V ± .25V 

READ ENABLE TIMING 

SYMBOL CHARACTERISTIC 

TSET Setup AD DR & CS to RE 

THLO Hold AOOR & es from RE 
TRE RE Pulse Width 

TORR ORQ Reset from AI: 
TIRR INTRa Reset from RE 
TOAee Data Valid from RE 

TOOH Data Hold From RE 

WRITE ENABLE TIMING 

SYMBOL CHARACTERISTIC 

TSET Setup AOOR & es to WE 
THLO Hold AOOR & es from WE 
TWE WE Pulse Width 
TDRR ORa Reset from WE 
TIRR INTRa Reset from WE 
TOS Data Setup to WE 
TOH Data Hold from WE 

1--------- . '6' 0" '" ,,5 ------.. -41 

\/OH 

0"0 

INTRa 

VOL 

VI< 

...--rAE 

VIM 

1i5Al: ----.,---i 

004--
NOTE , Cs .. ~v fie PER.,ANENTL" TIED lOW IF OESIRED 

'TIMe OOUI!ILES WHEN CLOCK 'MHI 

I SERVICE (WORST CASEI 
'FM '215 uS 
"MFM 135 uS 

DRO AlSING EDGE' INDICATES THAT THE DATA REGISTER H.t.S ASSEMBLED 
DATA 
ORO FALLING EDGE. INDICATES THAT THE DATA REGISTER WAS REAO 

INTRO RISING EDGE OCCURS AT END OF COMMAND 
INTRQ FALLING EDGE INDICATES THAT THE STATUS REGISTER WAS READ 

READ ENABLE TIMING 

MIN. 

50 
10 

200 

20 

MIN. 

50 
10 

200 

150 
50 
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TYP. 

100 
500 
100 

TYP. 

100 
500 

0"0 

.""fRO 

MAX. UNITS CONDITIONS 

nsec 
nsec 
nsec CL = 50 pf 

200 nsec 
3000 nsec See Note 
200 nsec CL = 50pf 
150 nsec eL = 50 pf 

MAX. UNITS CONDITIONS 

nsec 
nsec 
nsec 

200 nsec 
3000 nsec See Note 

nsec 
nsec 

16" OF! 32" u5 ______ ..... -I1 

~ _______________________ ~VOl 

TIAR"--~ 

I----~ 'SERVICE 

NOTE 1 CS MAY BE PERMANENTLY TIED LOW IF DESIRED 
2 WHEN WRITING DATA INTO seCTOR TRACK OR DATA 
REGISTER USER CANNOl REAQ THIS REGISTER UNTil 
AT lEAST. ~SEC IN MFM AFTER THE RISING EDGE OF WE 

.'l 

t SERVICE lWORST CASEI ~HNe~ ~~~~3~~~Os~MEE ~~~~~~9NR~31~!E~Rs~t~~U~FM 
:~~M 23, ~ ~~s 'TIME ~~i~E~~~~J~t~~RE ~~z8lED WHEN ClK ' 1 MHz 

ORO RISING EDGE. INDICATES TH ... T THE OATA REGISTER IS EMPTY 
ORo FALLING EDGE: INDICATES n ..... T THE DATA REGISTER IS LOADED 
INTRQ RISING EDGE INDICATE THE END OF A COMMAND 
INTRa FALLING EDGE. INDICATES THAT THE COMMAND REGISTER 
IS WRITTEN TO 

WRITE ENABLE TIMING 



INPUT DATA TIMING 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS 

TpW Raw Read Pulse Width 100 200 nsec 

TBC Raw Read Cycle Time 1500 . 2000 nsec 

WRITE DATA TIMING: (All TIMES DOUBLE WHEN ClK = 1 MHz) (NO WRITE PRECOMPENSATION) 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS 

TWp Write Data Pulse Width 400 500 600 nsec FM 
200 250 300 nsec MFM 

TWG Write Gate to Write Data 2 I-Isec FM 
1 I-Isec MFM 

TWF Write Gate off from WD 2 I-Isec FM 
1 I-Isec MFM 

MISCELLANEOUS TIMING: 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS 

TCD1 Clock Duty (low) 230 250 20000 nsec 

TCD2 Clock Duty (high) 230 250 20000 nsec 

TSTP Step Pulse Output 20r4 I-Isec See Note 
TDIR Dir Setup to Step 12 I-Isec ± CLK ERROR 
TMR Master Reset Pulse Width 50 I-Isec 
TIP Index Pulse Width 10 I-Isec See Note 
RPW Read Window Pulse Width Input (}5V 

120 7,00 nsec MFM 
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. Adjustable by ext. 4.0 MHz Cext = 35 pf 
capacitor on Pin 26 
PumpUp + 25% 5.0 MHz PU = 2.2V 

VCO 
Cext = 35 pf 

Pump Down - 25% 3.0 MHz PO = O.2V 
Cext = 35 pf 

VCO 
5% Change VCC 3.8 4.2 MHz Cext = 35 pf 
TA = 75°C 3.5 MHz Cext = 35 pf 

Cext Adjustable external capacitor 20 45 100 pf VCO = 4.0MHz 
nom 

RCLK Derived read clock VCO = 4.0MHz 
= VCO oi- 8, 16, 32 

500 KHz DDEN = 0 
5/8 = 1 

250 KHz DDEN = 0 
5/8 = 0 

250 KHz DO EN = 1 
5/8 = 1 

125 KHz DO EN = 1 
5/8 = 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. 
2. Output timing readings are at VOL = O.Bv and VOH = 

2.0v. 

I-TWF --1 -.J ~TWp 

WD~---~ 
....r :..-TWG -.1 :.-TWF 

... II .-------I$,,~ 
1- T ... ---l I l ~ I 

WG ~ - - - - L..-I __ 

WRITE DATA TIMING 

I" TBC--.~ \' 

U 
5~,--__ 

READ--U 

DATA ~ ~TpW 

MISCELLANEOUS TIMING 

.. FROM STEP RATE TABLE 

READ DATA TIMING 

Table 4. STATUS REGISTER SUMMARY 

ALL TYPE I READ READ READ WRITE WRITE 
BIT COMMANDS ADDRESS SECTOR TRACK ~ECTOR 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 TRACK 0 LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA 
S1 INDEX PULSE ORO DRO ORO ORO ORO 
SO BUSY BUSY BUSY BUSY BUSY BUSY 

STATUS FOR TYPE I 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 logically 'ored' with MR. 

S6 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 CRe encountered in 10 field. 

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

S11NDEX When set, indicates index mark detected from drive. This bit is an inverted copy of the IP input. 

SO BUSY When set command is in progress. When reset no command is in progress. 
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STATUS FOR TYPE II AND III 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 II and III 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. 

54 RECORD NOT When set, it indicates that the desired track, sector, or side were not found. This bit is reset when 
FOUND (RNF) updated. 

S3 CRC ERROR If S4 is 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. 

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

DATA SEPARATOR 

1) Set TEST (Pin 22) to a logic high. 
2) Strobe MR (Pin 19). Insure that Si8, and DDEN are set properly. 
3) Set TEST (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 (25Ons for 8" DD, 500ns for 5114" 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 5114" DD, etc.). 
8) Set TEST (Pin 22) to a logic high. 

NOTE: To maintain internal VCO operation, insure that TEST = 1 whenever a master reset pulse is applied. 
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WESTERN DIGITAL 
CORPORATION 

WD279X·02 Floppy Disk Formatter/Controller 
Family Application Notes 

INTRODUCTION 

In an effort to simplify Floppy Diskette interfacing, 
Western Digital has been constantly improving the 
lSI Controller/Formatter, the most recent of which is 
the WD279X Family of lSI 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 51,4 1/ 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, 51/4" 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). 

Ai . 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 INTRa (Interrupt Request) line is 
reset. The user has the option of testing for the busy 
bit or polling INTRa to determine if command has 
been completed. 

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

The AO, Ai 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 also 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 should respond like 
"RAM" when the WD279X is idle (Busy = INTRa = 0). 

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

NEXT DELAY REQ'D. 
OPERATION OPERATION FM ; MFM 

Write to 
I 

Read Busy Bit 141s I 6J.ls 
Command Reg. (Status Bit 0) I 

I 

Write to Read Status 28J.ls : 14J.ls 
Command Reg. Bits 1-7 : 
Write Any Read From Diff. 0 I 0 I 

Register Register I 

Other CPU interface lines are ClK, MR and DDEN. 
The ClK line should be 2 MHz (8" drive) or 1 MHz 
(5114" 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 51,4 " 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 



drive. Most drives require an open-collector TIL 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 VIH 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 all Type I 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 READIWRITE 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 ryvG) output is activated, allowing current 
to flow into the ReadlWrite 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 low, 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. IfiROO is not active low, stepping pulses (pins 
15 to 16) at a rate specified by the q ro 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. 
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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 allows 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 r1 ro 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 loaded 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 WD279X issues 
one stepping pulse in the direction towards track O. If 
the T flag is on, the Track Register is decremented by 
one. After a delay determined by the f1 ro 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 WD279517 devices, the SSO output is not af­
fected during Type I commands, and an internal side 
compare does not take place 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 II or III) 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 I commands are 
performed regardless of the state of the Ready input. 
Also, whenever a Type II or III command is received, 
the TG43 signal output is updated. TG43 may be tied 
to ENP to enable write precompensation on tracks 
44-76. 



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 

Table 1. COMMAND SUMMARY 

A. Commands for Models: 2791, 2793 

Type Command 7 6 

I Restore 0 0 
1 Seek 0 0 
1 Step 0 0 
I Step-in 0 1 
I Step·out 0 1 
II Read Sector 1 0 
II Write Sector 1 0 
III Read Address 1 1 
III Read Track 1 1 
III Write Track 1 1 
IV FOfce Interrupt 1 1 

Bits 
5 4 3 

0 0 h 
0 1 h 
1 T h 
0 T h 
1 T h 
0 m S 
1 m S 
0 0 0 
1 0 0 
1 1 0 
0 11 13 

2 

V 
V 
V 
V 
V 
E 
E 
E 
E 
E 
12 
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interrupt is generated and the Busy status bit is reset. 
The Status Register indicates whether the completed 
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. 

B. Commands for Models: 2795, 2797 

Bits 
1 0 7 6 5 4 3 2 1 0 
f1 fO 0 0 0 0 h V r1 rO 
f1 ro 0 0 0 1 h V f1 ro 
f1 ro 0 0 1 T h V r1 rO 
f1 ro 0 1 0 T h V r1 rO 
r1 ro 0 1 1 T h V r1 rO 
C 0 1 0 0 m L E U 0 
C ao 1 0 1 m L E U ao 
0 0 1 1 0 0 0 E U 0 
0 0 1 1 1 0 0 E U 0 
0 0 1 1 1 1 0 E U 0 
11 10 1 1 0 1 13 12 11 10 



Table 2. FLAG SUMMARY 

Command Bit 
Type No(s) Description 

I 0,1 r1 ro = Stepping Motor Rate 
See Table 3 for Rate Summary 

I 2 V = Track Number Verify Flag V = O. No verify 
V = 1, Verify on destination track 

I 3 h = Head Load Flag h = O. Load head at beginning 
h = 2, Unload head at beginning 

I 4 T = Track Update Flag T = O. No update 
T = 1. Update track register 

II 0 ao = Data Address Mark ao = O. FB (DAM) 
ao = ,. F8 (deleted DAM) 

II & III 1 C = Side Compare Flag C = O. Disable side compare 
C = 1. Enable side compare 

II &111 1 U = Update SSO U = O. Update SSO to 0 
U = 1. Update SSO to 1 

11&111 2 E = 15 MS Delay E = 0, No 15 MS delay 
E = 1,15 MS delay (30 MS for 1 MHz) 

II 3 S = Side Compare Flag S = O. Compare for side 0 
S = 1, Compare for side 1 

II 3 L = Sector Length Flag 

LSB's Sector Length in 10 Field 
I 00 01 10 11 

L =0 256 512 1024 128 i 
IL = 1 128 256 512 1024 I 

" 4 m = Multiple Record Flag m = O. Single record 
m = 1, Multiple records 

IV 0-3 Ix = Interrupt Condition Flags 
10 = 1 Not Ready To Ready Transition 
11 = 1 Ready To Not Ready Transition 
12 = 1 Index Pulse 
13 = 1 Immediate Interrupt, Requires A Reset" 
13-10 = 0 Terminate With No Interrupt (INTRQ) 

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

Information 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 from its use. No license is granted by 
implication or otherwise under any patent or patent fights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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8259AI 8259A-2 /8259A-8 
PROGRAMMABLE INTERRUPT CONTROLLER 

I .. 
'.~ , 

'. , 
", '. IAPX 86, IAPX 88 Compatible 

~ , ~~,' . 

. :.::":. MCS-80®, MCS-85® Compatible 
~:h 0;~ 't t':" r.~· r 

~:·~t. Eight·Level Priority Controller ., 
· ... ·t-· 

'~"'. Expandable to 64 Levels 

.. :.;'r~. Programmable Interrupt Modes 

• Individual Request Mask Capability 

• Single + 5V Supply (No Clocks) 

• 28·Pin Dual·ln·Line Package 

• Available in EXPRESS 
- Standard Temperature Range 
- Extended Temperature Range :.,i·~.~.:i\'':i:r: . 

I' . "::'fThelntel~ 8259A Programmable Interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
: .. ' cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses 
.' NMPS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input. 

.\ ~' .. 
The 8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 

, several modes, permitting optimization for a variety of system requirements. 
~ ~. ~ 

· ," The 8259A is fully upward compatible with the Intell!: 8259. Software originally written for the 8259 will operate the 
; ~ 8,i5.9A in all 8259 equivalent modes (MCS·BO/85. Non-Buffered, Edge Triggered) . 
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Figure 1. Block Diagram Figure 2. Pin Configuration 
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Symbol 

Vee 
GND 

CS 

WR 

RD 

Dr-Do 

CASo-CAS2 

SP!EN 

INT 

IRo-IR7 

INTA 

Ao 

Pin No. 

28 

14 

1 

2 

3 

4-11 

12,13.15 

16 

17 

18-25 

26 

27 

8259A18259A-2/8259A-8 

Table 1. Pin Description 

Type Name and Function 

I Supply: +5V Supply. 

I Ground. 

I Chip Select: A low on this pin enables RD and WR communication between the CPU and the 8259A. 
INTA functions are independent of CS. 

I Write: A low on this pin when CS is low enables the 8259A to accept command words from the CPU. 

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

110 Bidirectional Data Bu.: Control. status and interrupt-vector information is transferred via this bus. 

I/O Ca.cade Une.: 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. 

110 Slave Program/Enable Buffer: This is a dual function pin. When in the Buffered Mode it can be used 
as an output to control buffer transceivers (EN). When not in the buffered mode it is used as an input 
to designate a master (SP = 1) or slave (SP = 0). 

0 Interrupt: This pin goes high whenever a valid interrupt request is asserted. It is used to interrupt the 
CPU. thus it is connected to the CPU's interrupt.pin. 

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

I 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 . 

I .1.0 Addre .. Une: This pin acts in conjunction with the CS, WR, and RD pins. It is used by the 8259A 
to decipher various Command Words the CPU writes and status the CPU wishes to read. It is typically 
connected to the CPU AO address line (A1 for iAPX 86,88). 
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FUNCTIONAL DESCRIPTION 

Interrupts in Microcomputer Systems 
Microcomputer system design requires that 110 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 Pol/ed 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 desirable 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. It 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 Programmable Interrupt Controller (PIC) functions 
as an overall manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equfpment, 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 1/0 
peripheral. A selection of priority modes is available to 
the programmer so that the manner in which the re­
quests are processed by the 8~59A can be configured to 

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. 

Cl'U-DRfVEN 
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CPU 
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~ 
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A .J\. A. -" 
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Figure 3a. Polled Method 
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I 

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

The interrupts at the IR input lines are handled by two 
registers in cascade, the Interrupt Request Register 
(IRR) and the In-Service Register (ISR). The IRR 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. 

I PRIORITY RESOLVER 

I 
This logic block determines the priorities of the bits set 
in the IRA. The highest priority is selected and strobed 
into the corresponding bit of the ISR during INT A pulse. 

INTERRUPT MASK REGISTER (IMR) 

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

INT (INTERRUpn 

This output goes directly to the CPU interrupt input. The 
VOH level on this line is designed to be fully compatible 
with the SOBOA, SOB5A and S086 input levels. 

INTA (INTERRUPT ACKNOWLEDGE) 

INTA pulses will cause the S259A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode {JAPM) of the 8259A. 

DATA BUS BUFFER 

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

READIWRITE CONTROL LOGIC 

The function of this block is to accept OUTput 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 
formats for device operation. This function block also 
allows the status of the 8259A to be transferred onto the 
Data Bus. 

CS (CHIP SELECn 

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

WR (WRITE) 

A lOW on this input enables the CPU to write 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 
Aegister (IS A), the Interrupt Mask Register (IMR), or the 
Interrupt level onto the Data Bus. 

CA10 

CASl 

DATA 
IUS 

BuFJlEoII 

S;JEN __ -' 

I.T 

Figure 4a. 8259A Block Diagram 

,., 

"i'N __ -, 

Figure 4b. 8259A Block Diagram 

Ao 
This input signal is used in conjunction with WA and AD 
signals to write commands into the various command 
registers, as well as reading t~e various status registers 
of the Chip. This line can be tied directly to one of the ad· 
dress lines. 
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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 110 
pins (CASO-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 10 of the inter· 
rupting slave device onto the CASO-2 lines. The slave 
thus selected will send its preprogrammed subroutine 
address onto the Data Bus during the next one or two 
consecutive INTA 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 INTEAAUPT AEQUEST lines 
(IA7-0) are raised high, setting the corresponding IAA 
bit(s). 

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

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

4. Upon receiving an INT A from the CPU group, the 
highest priority ISR bit is set, and the corresponding 
IRR bit is reset. The 8259A will also release a CALL in· 
struction code (11001101) onto the 8·bit Data Bus 

. through its 07-0 pins. 
5. This CALL instruction will initiate two more INTA 

pulses to be sent to the 8259A from the CPU group. 
6. These two INTA pulses allow the 8259A to release its 

preprogrammed subroutine address onto the Data 
Bus. The lower 8·bit address is released at the first 
INTA pulse and and the higher 8·bit address is reo 
leased at the second INTA pulse. 

7. This completes the 3·byte CALL instruction released 
by the 8259A. In the AEOI mode the ISA bit is reset at 
the end of the third INTA pulse. Otherwise, the ISA bit 
remains .set until an appropriate EOI command is 
issued at the end of the interrupt sequence. 

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

4. Upon receiving an INTA from the CPU group, the high­
est priority ISA bit is set and the corresponding IAA 
bit is reset. The 8259A does not drive the Data Bus 
during this cycle. 

5. The iAPX 86/10 will initiate a second INTA pulse. 
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 cycle. In the AEOI mode 
the ISA bit is reset at the end of the second INTA 
pulse. Otherwise, the ISA bit remains set until an 
appropriate EOI command is issued at the end of the 
interrupt subroutine. 

If no interrupt request is present at step 4 of either 
sequence (Le., 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. 

iN7'i' INt , 

CASO 

CAS I 

CAS' I 
SHN __ :'" I ·~ I "HlUur,Al .US 

.-.j 

Figure 4c. 8259A Block Diagram 
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INTERRUPT SEQUENCE OUTPUTS 
MC8-aO®, MCS-85® 

This sequence is timed by three INTA pulses. During the 
first INTA pulse the CALL opcode is enabled onto the 
data bus. 

Content of First Interrupt 
Vector Byte 

07 06 05 04 03 02 01 DO 

CALL CODE I 1 0 0 0 1 I 
During the second iNTA pulse the lower address of the 
appropriate service routine is enabled onto the data bus. 
When Interval = 4 bits As-A7 are programmed, while Ao­
AI; are automatically inserted by the 8259A. When Inter­
val = 8 only A6 and A7 are programmed, while Ao-As are 
automatically inserted. 

IR 
07 

7 A7 
6 A7 
S A7 
.- A7 
3 A7 
2 A7 
1 A7 
0 A7 

IR 
07 

7 A7 
6 A7 
S A7 
4 A7 
3 A7 
2 A7 
1 A7 
0 A7 

.Content of Second Interrupt 
Vector Byte 

Interval-4 
os 05 04 03 02 
A6 AS 1 1 1 

A6 AS 1 1 0 

A6 AS 1 0 1 

A6 A5 1 0 0 

A6 AS 0 1 1 

A6 A5 0 1 0 

A6 AS 0 0 1 

A6 A5 0 0 0 

Interval=8 
06 05 04 03 02 
A6 1 1 1 0 

A6 1 1 0 0 

A6 1 0 1 0 
A6 1 0 0 0 

A6 0 1 1 0 

A6 o ' 1 0 0 

A6 0 0 1 0 

A6 0 0 0 0 

01 DO 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

01 DO 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 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 (As- A1sl, is 
enabled onto the bus. 

07 De 

A1S Al .. 

Content of Third Interrupt 
Vector Byte 

05 04. 03 02 
A13 A12 All Al0 

iAPX 86, iAPX 88 

01 DO 

"9 AS 

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 8259A uses it to internally 
freeze the state of the interrupts for priority resolution and 
as a master it issues the interrupt code on the cascade 
lines at the end of the INTA pulse. On this first cycle it does 

not issue any data to the processor and leaves its data bus 
buffers disabled. On the second interrupt acknowledge 
cycle in iAPX 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 ADI mode control is ignored and 
As-A11 are unused in iAPX 86 mode): 

IR7 

IR6 

IRS 

IR4 

IR3 

IR2 

IRI 

IRO 

Content of Interrupt Vector Byte 
for IAPX 86 System Mode 

07 06 05 04 03 02 

T7 T6 TS T4 T3 1 

T7 T6 TS T4 T3 1 

T7 T6 T5 T4 T3 1 

T7 T6 TS T4 T3 1 

T7 T6 T5 T4 T3 0 

T7 T6 TS T4 T3 0 

T7 T6 T5 T4 T3 0 

T7 T6 T5 T4 T3 0 

PROGRAMMING THE 8259A 

01 DO 

1 1 

1 0 

0 1 

0 0 

1 1 

1 0 

0 1 

0 0 

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

1. Initialization Command Words (lCWs): Before 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 (OCWs): 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. Polled mode 

The DeWs 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. 

b. The Interrupt Mask Register is cleared. 

c. IR7 input is assigned priority 7. 

d. The slave mode address is set to 7. 
e. Special Mask Mode is cleared and Status Read is set to 

IRA. 
f. If IC4=O, then all functions selected in ICW4 are set to 

zero. (Non-Buffered mode", no Auto-EOI, MCS-80, 85 
system). 

~Not.: Masler/Slave in lew .. is only used In the buffered mode. 
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INITIALIZATION COMMAND WORDS 1 AND 2 
(ICW1.ICW2) 

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

The address format is 2 bytes long (Ao-A,s). When the 
routine interval is 4, Ao-A. are automatically inserted by 
the 8259A, while As-A,s are programmed externally. 
When the routine interval is 8, Ao-As are automatically 
in~erted by the 8259A, while A6-A,s are pr!,grammed 
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 A1S-A11 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. A10-As are ignored and ADI (Address interval) has 
no effe~t. 

LTIM: It 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; 
ADI = 0 then interval = 8. 

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

IC4: If this bit is set - ICW4 has to be read. If ICW4 
Is not neede~, set IC4 = O. 

NO (SINGl = I) 

NO (lC4 = 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 = O. 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 MIS = 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 only byte 2) through the cascade 
lines. 

b. In the slave mode (either when SP = 0, or If BUF = 1 
and MIS = 0 In ICW4) bits 2-0 identify the slave. The 
slave compares its cascade input with these bits and, 
if they are equal. bytes 2 and 3 of the call sequence (or 
just byte 2 for iAPX 86 are released by it on the Data 
Bus. 

INITIALIZATION COMMAND WORD 4 (ICW4) 

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

BUF: If BUF = 1 the b'uffered mode is ·programmed. In 
buffered mode SP/EN becomes an enable output 
and the master/slave determination is by MIS. 

MIS: If buffered mode is selected: MIS = 1 means the 
8259A Is programmed to be a master, MIS = 0 
means the 8259A is programmed to be a slave. If 
BUF = 0, MIS has no function. 

AEOI: If AEOI = 1 the automatic end of interrupt mode 
is programmed. I 

,..PM: Microprocessor mode: ~PM = 0 sets the 8259A for 
MeS-80, 85 system operation, /LPM = 1 sets the 
8259A for iAPX 86 system operation. 

Figure 6. Initialization Sequence 
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,CW, 
0,. 0, 0, 0, 

ICW2 

ICWJ IMASTER DEI/'CEI 

ICW3 IS LAVE DEVICE) 

0, 0, 0, 

1 'CWO NEEDED 
O' NO ,cwo NEEDED 

1 = SINGLE 
o Z CASCADE MODE 

CALL At'ORESS 'NTERVAL 
1. INTERVAL Of 0 
O. ,NTERVAl Of' 

, = LEVEL TRIGGERED MODE 
a = EDGE TRIGGERED MODE 

A, - ,0.5 of INTERRUPT 
VECTOR ADDRESS 

(MCS·SO, 85 MODE ONL Y) 

A,.-AO OF INTERRUPT 
VECTOR ADDRESS 

(MCS80 185 MODE) 
T, - T 3 OF INTERRUPT 
VECTOR ADDRESS 

(8086/8088 MODE) 

1'" IA I",IJUT HAS A Sl.A"E 
0- IR INftVT OOES NOT H.AvE 

It SLAVE 

I ' I 0 I 0 I 0 I 0 I 0 110, I,D, 1,00 I 

NOTE 1: SLAVE 10 IS EQUAL TO THE CORRESPONDING 
MASTER IR INPUT. 

, 
SLAVE 101 t· 

o , 2 3 • S 6 , 
o , o 1 o 1 o 1 

o 0 1 , 0 o 1 1 

000 o 1 , , , 

1 = 80861S088 MODE 
Os MCS·SOI85 MODE 

1 AUTO EOI 
0" NOAIWIAl. EOI 

,- 0 . BUFFERED MOOE/SLAI/E EEEBx NON BUFFERED MODE 

1 1 - 8UFFERED MODE/MASTER 

1 s SPECIAL FULLY NESTED 

.... ----------of·· 0 _ ~g~;PECIAL FULLY 
NESTED MODE 

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 8259A, 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 

M m ~ ~ ~ ~ ~ ~ ~ 

Q I M7 . M6 M5 M4 M3 M2 M1 MO I 

OCW2 

I R SL EO' 0 o L2 L1 LO I 

OCW3 

o ESMM SMM 0 P RR RIS I 

2-128 

OPERATION CONTROL WORD 1 (OCW1) 

OCW1 sets and clears the mask bits in the interrupt 
Mask Register (IMR). M7 - Mo 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 ttlese combinations can be found on the Opera­
tion Command Word Format. 

L2 , L" Lo-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 will revert to normal mask mode. 
When ESMM = 0, SMM has no effect. 

AFN-00221E 
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DCW' 

0" 0] C7 0, 

I 
... 0, 

l 0 " I SL I EO, I 0 i 0 I L, I L, I LO I 
JlllLEYELTO. 
ACTED....,.. 

0 1 2 J • 5 6 7 

0 1 0 1 0 1 0 1 

0 0 1 1 0 0 1 1 

0 0 a 0 1 1 1 1 

l I 
• • a a , NOfi..SP'EC1FlC EOtCOIIHIAHD } END OF tNTEAlIIUI'T 
0 1 1 SP'EctFM: EOt ~ 

1 0 1 lIIQ,..n ON NOftiI.SPIEOFlC Eot COItMAJrIfD 

} 1 0 • MmlTI. IN AU'1'DMAnc Eot MOOE (SET) AUTOtIIATtC lIK)'fAllON 

• 0 0 N:1TJlTE Ifill AI.IT'OMAT1C EOIIIODE (CL£ARt 

1 1 1 '1IM:JTATE ON iSPECIF'C EOI COMIlAHD } f-;-'1O SPEClJrIC 1tQTJd'1ON 

10'10 
"SET"'lOJIrn~O 

HOO~RATlON c.:..._....:... 
-L0-L2 A.RE USED 

OCW3 

.... 0, 0, 0, 

I 0 I 0 iEs""j SMM I 0 I 1 ! ' I •• I "'S I 
I l ft£AD REGISYEf'J CO .... AND 

a I 1 a 1 

0 I 0 1 , 
READ READ , 

NO ACTION 
IR REG IS REG 

I ON NE'(T ON NE)(T 
RD PULSE AD PULSE 

I I 1-IIOLLCQIlllllANO I 0- NO POU COMMAHD 

SPECIAL MAS. MODE 

0 I 1 a 1 

a I 0 1 1 

_nET SET 
NO ACTION SftEC1Al SPECIAL 

IiIA$It "ASK 

Figure 8. Operation Command Word Format 
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~~--------------------------I 
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 (150-7) 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 AEOI (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 Emable flip-flop has been re-enabled through soft­
ware). 

After the Initialization sequence, IRO 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 either automatically 
following the trailing edge of the last in sequence INT A 
pulse (when "EOI bit in ICW1 is set) or by a command 
word that must be issued to the 8259A before returning 
from a service routine (EOI command). An EOI command 
must be issued twice if in the Cascade mode, once forthe 
master and once for the corresponding slave. 

There are two forms of EOI command: Specific and Non­
Specific. When the 8259A is operated in modes which 
preserve the fully nested structure, it can determine 
which IS bit to reset on EOL When a Non-Specific EOI 
command is issued the 8259A will automatically 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 (EOI = 1, SL = 0, R = 0). 

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

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

AUTOMATIC END OF INTERRUPT (AEOI) MODE 

If AEOI = 1 in ICW4, then the 8259A will operate in AEOI 
mode continuously until reprogrammed by ICW4. In this 
mode the 8259A will automatically perform a non­
specific EOI operation at the trailing edge of the last 
interrupt acknowledge pulse (third pulse in MCS·80/85, 
second in iAPX 86). Note that from a system standpoint, 
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 slave. 

2-130 

AUTOMATIC ROTATION 
(Equal Priority Devices) I 
In some applications there area number of interrupting 
devices of equal priority. In this mode a device, after 
being serviced, receives the lowest priority, so a d$lvice r 
requesting an interrupt will have to wait, in the worst i 
case until each of 7 other devices are serviced at most 
once. For example, if the priority and "in service" status 

is: " I 
Before Rotate (IR4 the highest priority requiring service) 

"IS" Slatus 

Priority Status 

157 158 155 154 153 152 IS1 ISO 

101 1 101 1 101 0 I 0 101 

Low •• ' Priority 

1 716 1 5 1. 

Hlgh .. t Priority 

" 3 I 2 I 1 1'0 I 

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

157 lsa 15S I,. 153 IS2 IS1 ISO 

"IS" Status I 0 I 1 I 0 I 0 I 0 'I 0 I 0 I 0 I 

Priority Status 

Hlgh .. t Priority Low .. t Priority 

! 2 I )0 I 7FrG 4 I 3 I 

There are two ways to accomplish Automatic Rotation I 
using OCW2, the Rotation on Non-Specific EOI Command' 
(R = 1, SL = 0, EOI = 1) and the Rotate in Automatic EOI I 
Mode which is set by (R :: 1, SL = 0, EOI = 0) and cleared I 

by (R = 0, SL = 0, EOI = 0). I 

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, SL = 1; LO-L2 is the binary priority level code of the 
bottom priority device. 

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

INTERRUPT MASKS 

Each Interrupt Request input can be masked indivi<:1u­
ally by the Interrupt Mask Register (IMR) programmed 
through OCW1. Each bit in the IMR masks one interrupt 
channel if it is set (1). Bit 0 masks IRO, Bit 1 masks IR1 
and so forth. Masking an IR channel does not affect the 
other channels 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 a/l 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 al/ 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: 
SSMM = 1, SMM = 1, and cleared where SSMM = 1, 
SMM=O. 

POLL COMMAND 

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

The Poll command is Issued by setting P = "1" in OCW3. 
The 8259A treats the next AD pulse to the 8259A (i.e., 
RD = 0, ~ = 0) as an interrupt acknowledge, sets the 
appropriate IS bit if there is a reque~ and~ads the 
priority level. Interrupt is frozen from WR to RD. 

The word enabled onto the data bus during Fm is: 

07 De 05 04 03 02 01 00 

I I W2 W1 wol 
WO-W2: Binary code of the highest priority level 

requesting service. 
I: Equal to a "1." if there is an interrupt. 

This mode is useful if there is a routine command com· 
man to several levels so that the rNiA sequence is not 
needed (saves ROM space). Another application is to 
use the poll mode to expand the number of priority 
levels to more than 64. 

l TIM 81r 
p_ EDGE 
1 = LEVEL 

TO or"l~ '''''Olorv CHlS 

IAPX 88 
MODE 

,~ 

EOGE 
SENSE 

I§ 

~IOUlST 

LATCH 

0 II 

C Q 

IUSII 
LATCH 

a Q 

S 
:II 

II 

Co: ... '" u-
cO .. ", 

i~ I 'NTAn 
FREEZE ----

NaTlS 

1 ... .uTE~ CllAII ACTIVE ONL Y DUlliNG ICW' 
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1. r~UTH T AAll Fall O·LA rCM 

C I 0 
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Figure 9. Priority Ceil-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 OCW3 (IRR and ISR or OCW1 
[lMR]). 

Interrupt Request Register (lRR): 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: 8-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 correspor'lds 
with the previous one; i.e., the 8259A "remembers" 
whether the IRR or ISR has been previously 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 AO = 1 
(OCW1). 

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

IR 

INT ____ -+_J 

INTA -----+------"""'\ 

LATCH" 
ARMED 

EARLIEST IR 
CAN BE REMOVED 

EDGE AND LEVEL TRIGGERED MODES 

This mode is programmed using bit 3 in ICW1. 

If L TIM = '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. 

If LTIM = '1', an interrupt request will be recognized by a 
'high' level on IR Input, and there is no need for an edge 
detection. The interrupt request must be removed before 
the EOI 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 
8259A. Be sure to note that the request latch is a transpar­
ent D type latch. 

In both the edge and level 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 ISR bit. a default IR7 
won't. If a default IR7 routine occurs during a normallRi 
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. 

8086/8088 8080/8085 

8086/8088 

8080/8085 

'EDGE TRIGGERED MODE ONLY 
LATCH' 
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 big 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 models 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 lA'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 nigher 
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 (EOI) command to the 
slave and then reading its In-Service register and 
checking for zero. If .it is empty, a non-specific EOI 
can be sent to the master too. If not, no EOI should be 
sent. 

BUFFERED MODE 

When the 8259A Is used In a large system where bus 
driving buffers are required on the data bus and the cas­
cading mode is used, there exists the problem of enabl­
Ing buffers. 

The buffered mode will structure the 8259A to send an 
enable signal on SP/EN to enable the butters. 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 controls the slaves through the 3 Ijne 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. W.hen 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 1161 \ 

\ 

\ , 
- -- --- -- - -- -
-- - - - f-- t-- -- - -
- - - --- - - -- - -

V VI~ 
cs .... 00·7 INTA INT 

CASO 

8259A CASI 1- -SLAVE A 

I 

i 

I 
1 - 1 -
1 

1 
CS 

'( ! 
GND 1 

I 

i , 
CONTROL BUS 

! 

OAT A BUS III 
, /\ I 
I 

~ 

, 

I 
I 
i 7 ~ I 

Ao 00-7 INTA 

825911 
SLAVE B 

j 

INTERRU'T REQUESTS 

I 
INr 

CASO 

CAS 1 

Figure 11_ Cascading the 8259A 
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ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias .......... O°C to 700 e 
Storage Temperature ..........•.•. -65°e to +150 oe 
Voltage on Any Pin 

with RespecHo Ground ............. -0.5V to + 7V 
Power Dissipation .......•.................. 1 Watt 

.. 
·NOTlCE: 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. 

D.C. CHARACTERISTICS [TA = O"C to 70"C, vee = SV ±5% (8259A-8), vee = 5V ±10% (8259A, 8259A-2)] 

Symbol Parameter Min. Max. Units Test Conditions 

V,L Input Low Voltage -O.S 0.8 V 

V,H Input High Voltage 2.0· Vce +O.SV V 

VOL Output Low Voltage 0.4S V IOL = 2.2mA 

VOH Output High Voltage 2.4 V IOH = -400~A 

VOH(lNT) 
Interrupt Output High 3.S V IOH = -100~A 
Voltage 2.4 V IOH = -400~A 

'll Input Load Current -10 +10 ~A OV ",;VIN ".;Vee 

ILOL Output Leakage Current -10 +10 ~A O.4SV ",;VOUT ".;Vee 

ICC Vce Supply Current 85 mA 

ILIR IR Input Load Current 
-300 ~A VIN = 0 

10 ~A VIN = Vee 

"Note: For Extended Temperature EXPRESS V1H = 2.3V. 

CAPACITANCE (TA = 25°C; Vee = GND = OV) 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

C'N Input Capacitance 10 pF fc = 1 MHZ 

C,Io I/O Capacitance 20 pF Unmeasured pins returned to Vss 

A.C. CHARACTERISTICS [TA = O°C to 70°C, Vee = SV ±5% (8259A-8), Vee = SV ± 10% (8259A, 8259A-2)) 

TIMING REQUIREMENTS 

Symbol Parameter 
82S9A-8 82S9A 8259A-2 

Units Test Conditions 
Min. Max. Min. Max. Min. Max. 

TAHRL AO/eS Setup to RDIiNTAl. 50 0 0 ns 

TRHAX AO/CS Hold after RDIiNTAj 5 0 0 I !'is 

TRLRH RD Pulse Width 420 235 160 ns 

TAHWL AO/CS Setup to WR~ 50 0 0 I ns 

TWHAX AO/CS Hold after WRj 20 0 0 ns 

TWLWH WR Pulse Width 400 290 190 ns 

TDVWH Data Setup to WRj 300 240 160 ns 

TWHDX Data Hold after WR1 40 0 0 ns 

TJLJH Interrupt Request Width (Low) 100 100 100 ns See Note 1 

TCVIAL 
Cascade Setup to Second or Third 

55 55 40 ns INTAl (Slave Only) 

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) 

Symbol Parameter 
8259A-8 8259A 8259A-2 

Units Test Conditions 
Min. Max. Min. Max. Min. Max. 

'TCHCL 
End of Command to next Command 

500 
(Not same command type) 500 500 ns 

End of INTA sequence to next 
INTA sequence. 

'Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (Le. 8085A = 1.6~s, 

808SA-2 = 1~, 8086 = 1 ~s, 8086-2 = 625 ns) 

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

TIMING RESPONSES 

Symbol Parameter 
8259A-8 

Min. Max. 

TRLDV Data Valid from RD liNT AJ 300 

TRHDZ Data Float alter RDIINTA[ 10 200 

TJHIH Interrupt Output Delay 400 

T1ALCV 
Cascade Valid Irom First INTA] 

565 
(Master Only) 

TRLEL Enable Active Irom RD] or INTAl 160 

TRHEH Enable inactive Irom ROT or INTAT 325 

TAHDV Data Valid Irom Stable Address 350 

TCVDV Cascade Valid to Valid Data 300 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

2.4=X x= 2.0 2.0 > TEST POINTS < 
_ 0.8 0.8 _ 

0.45 

A C TESTING INPUTS ARE DRIVEN AT 2AV FOR A LOGIC 1· AND OASV FOR 
A LOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2.0V FOR A LOGIC 1 
AND O.BV FOR A LOGIC O. 

WAVEFORMS 

WRITE 

\ 
. 

- TAHWL -
Ci 

lUI } AODflESS 

Ae 

DATA lUI 

8259A 8259A-2 
Units Test Conditions 

Min. Max. Min. Max. 

200 120 ns C of Data Bus= 
100 pF 

10 100 10 85 ns Col Data Bus 

350 300 ns 
Max text C = 100 pF 
Min. test C = 15 pF 

565 360 ns C'NT = 100 pF 

125 100 ns CCASCAOE = 100 pF 

150 150 ns 

200 200 ns 

300 200 ns 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER r-r""' .. " TEST 

-
CL = 100 pF 
CL INCLUDES JIG CAPACITANCE 

TWLWH 

~ 

- I- TWHAX !--

K 
I-TOYWH-L" I-TWHOX 

) K 
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TTL 
MSI 

TYPES SN54LS670, SN74LS670 
4-8Y-4 REGISTER FILES WITH 3-STATE OUTPUTS 

Separate ReadIWrite Addressing Permits 
Simultaneous Reading and Writing 

Fast Access Times ... Typically 20 ns . 

Organized as 4 Words of 4 Bits 

Expandable to 512 Words of n-Bits 

BULLETIN NO. DL-S 7612122, MARCH 1974-:-REVISED OCTOBER 1976 

SN54LS670 ••• J OR W PACKAGE 
SN74LS670 ••• J OR N PACKAGE 

(TOPVIEWI 

WRITE SELECT ENABLE OUTPUTS 

Vcc D'6~A 'WA ""W;"WRITE'REAO V 01 • 02' 

• For Use as: 
Scratch-Pad Memory 

Buffer Storage between Processors 

Bit Storage in Fast Multiplication Designs 

• 3-State Outputs 

• SN54LS170 and SN74LS170 Are Similar 
But Have Open-Collector Outputs 

description 

02 02 

03 04 Q4 03 

~~~ 
DATA REAOSELECT OUTPUTS 

positive logic: see 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, GW, 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 typical). The register file has a nondestructive readout in 
that data is not lost when addressed. 

I 

All inputs except read enable and write enable are buffered to lower the drive requirements to one Series 54LS/74LS !\ 
standard load, and input-clamping diodes minimize switching transients to simplify system design. High-speed. I:'~., ... !I";I 
double-ended AND-DR-INVERT gates are employed for the read-address function and have high-sink-current. . 
three-state outputs. Up to 12L of these outputs may be wire-AND conn!!cted for increasing the capacity up to 512 
words. Any number of these registers may be paralleled to provide n-bit word length. 
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The SN54LS670 characterized for operation over the full military temperature range of _55°e to 125°e; the 
SN74LS670 is characterized for operation from oOe to 70o e. 

-
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TYPES SN54LS670, SN74LS670 
4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS 

REVISED OCTOSER 1976 

WRITE FUNCTION TABLE (SEE NOTES A, B, AND C) READ FUNCTION TABLE (SEE NOTES A AND D) 

WRITE INPUTS WORD READ INPUTS OUTPUTS 

Ws WA GW 0 1 2 3 RB RA GR 01 02 03 04 

L L L 0=0 00 00 00 L L L WOB1 WOB2 WOB3 WOB4 

L H L 00 0=0 00 00 L H L W1B1 W1B2 W1B3 W1B4 

H L L 00 00 0=0 00 H L L W2Bl W2B2 W2B3 W2B4 

H H L 00 00 00 0=0 H H L W3Bl W3B2 W3B3 W3B4 

X X H 00 00 00 00 X X H Z Z Z Z 

NOTES; A. H - high level, L ~ low level, X = irrelevant, Z = high impedance (off) 

B. (0 = 0) = The tour selected internal flip-flop outputs will assume the states applied to the four external data inputs. 

C. 00::: the level of Q before the indicated input conditions were established. 

D. was' = The first bit of word 0, etc. 

functional block diagram 

DATA 
INPUTS 

01 

'121 
Gw ,131 

WB WA 

'---..r----' 
WRITE INPUT 

(5) 

RS GR RA 

'-v-----' 
READ INPUT 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • OAL.L.AS. TEXAS 75222 
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OJ 

OUTPUTS 
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TYPES SN54lS670, SN74lS670 
4-BY-4 REGISTER FIL~S WITH 3-STATE OUTPUTS 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

Vee---------e--------

INPUT--__ ~ .. _1~--~ ... 

Any D, R, or W: Req = 20 kn NOM 
OR: Req = 6.67 kn NOM 
OW: Req = 10 kn NOM 

TYPICAL OF ALL OUTPUTS 

--------------.------- Vee 
100 n 
NOM 

~----~------OUTPUT 

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

Supply voltage, Vee (see Note 1) 7V 
7V 

5.5 V 
-SSoC to 12SoC 

oOe to 700 e 
-65°C to 1500 e 

I nput voltage . . . . . . . 
Off-state output voltage 
Operating free-air temperature range: SN54LS670 

SN74LS670 
Storage temperature range 

recommended operating conditions 

Supply Yoltage, Vee 
High-level output current, IOH 

Low-level output current, IOL 

Width of write-enable or read·enable pulse, tw 

Data input with respect to· 

Setup times, high· or low-level data write enable, tsu( D) 

(see Figure 2) Write select with respect to 

write enable, tsu(W) 

Data input with respect to 

Hold times, high- or low-level data write enable, th(W) 

(see Note 2 and Figure 2) Write select with respect to 

write enable, th(D) 

Latch time for new data, tlatch (see Note 3) 

Operating free-air temperature range, T A 

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

SN54LS670 SN74LS670 
UNIT 

MIN NOM MAX MIN NOM MAX 

4.5 5 5.5 4.75 5 5.25 V 
-1 -2.6 mA 

4 8 mA 

25 25 ns 

10 10 ns 

15 15 ns 

15 15 ns 

5 5 ns 

25 25 ns 

-55 125 0 70 °c 

2. Write-select setup time will protect the data written into the previous address. If protection of data in the previous address is not 

required. tsu(W) 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. 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DALLAS, TEXAS 75222 
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TYPES SN54LS670, SN74LS670 
4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS 

REVISED OCTOBER 1976 

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

TEST CONDITIONSt 
SN54LS670 SN74LS670 

PARAMETER 
TYP:j: MIN MAX MIN 

VIH High-level input voltage 2 2 

VIL Low-level input voltage 0.7 

VIK Input clamp voltage Vee = MIN, 11=-18mA -1.5 

High-level output voltage 
Vee- MIN, VIH = 2 V, IOH =-1 mA 2.4 3.4 

VOH 
VIL = VIL max 10H ~ -2.6 mA 2.4 

Vee= MIN, VIH = 2 V, 10L = 4 mA 0.25 0.4 
VOL Low-level output voltage 

VIL = VIL max 10L = 8 mA 

Off-state output current, 

IOZH high.level voltage applied 
Vee= MAX, VIH = 2 V, VO=2.7V 20 

Off-state output current, 
Vee= MAX, VIH=2V, VO=0.4V -20 IOZL 

low-level voltage applied 

Vee = MAX, 
Any D, R, orW 0.1 

II 
Input current at 

GW 0.2 
maximum input voltage VI = 7 V 

GR 0.3 

Vee= MAX, 
Any D, R, orW 20 

IIH High-level input current GW 40 
VI = 2.7 V 

GR 60 

Any D, R, orW -0.4 

IlL Low-level input current Vee= MAX GW -0.8 

GR -1.2 

lOS Short-circuit output currend Vee= MAX -30 -130 -30 

ICC Supply current Vee= MAX, See Note 4 30 50 

tFor conditions shown as MIN or MAX, usa the appropriate value specified under recommended operating conditions. 
:j:AII typical values are at VCC = 5 V, T A = 25°C. 
§ Not more than one output should be shorted at a time. and duration of the short-circuit should not exceed one second. 

TYP:j: MAX 

0.8 

-1.5 

3.1 

0.25 0.4 

0.35 0.5 

20 

-20 

0.1 

0.2 

0.3 

20 

40 

60 

-0.4 

-0.8 

-1.2 

-130 

30 50 

UNIT 

V 

V 

V 

V 

V 

/loA 

/loA 

mA 

/"A 

mA 

mA 

mA 

NOTE 4: Maximum ICC 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, Vee = 5 V, T A = 25°e 

PARAMETER~ 
FROM 

(INPUT) 

tPLH 
Read select 

tPHL 

tPLH Write enable 
tPHL 

tPLH 
Data 

tPHL 

tZH 

tZL 
Read enable 

tHZ 

tLZ 

~tPLH:; propagation delay time, low-to-high-Ievel output 
tpHL:; propagation delay tima. high-to-Iow-Ieval output 
tZH ;: output enable time to high level 
tZL:; output enable time to low level 
tHZ:; output disable time from high level 
tLZ:; output disable time from low level 

-

TO 

(OUTPUT) 
TEST CONDITIONS 

eL=15pF, RL = 2 kn, 
AnyQ 

See Figures 1 and 2 

AnyQ 
eL = 15pF, RL = 2 kn, 

AnyQ 
See Figures 1 and 3 

AnyQ 
eL=5pF, RL = 2 kn, 
See Figures 1 and 4 

TEXAS INSTRUMENTS 
INCORPORATED 

FlOST OFFICE BOX 5012 • DALLAS. TEXAS 75222 

MIN TYP MAX UNIT 

23 40 

25 45 
ns 

26 45 

28 50 
ns 

25 45 
ns 

23 40 

15 35 
ns 

22 40 

30 50 
ns 

16 35 
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TYPES SN54LS670, SN74LS670 
4-8Y-4 REGISTER FILES WITH 3-STATE OUTPUTS 

PARAMETER MEASUREMENT INFORMATION 

TEST 

POINT 

FROM OUTPUT 
UNDER TEST -+---.--+e--. 

NOTES: A. CL includes probe and jig capacitance. 
B. All diodes are 1N916 or 1N3064. LOAD CIRCUIT 

FIGURE 1 

\;;;---------:: 
.1-" tsu(W) I 
I -I 14- th(W) 

WRITE·SELECT ~ 
INPUT WA or We 1.3 V 
(See Note A) I 

-I 
________ ~--~ ~----------------------__ 3V 

DATA INPUT I ~ I I. 
01,02, D3, or 04 I I 1.3 V I I 1.3 V 
(See Note Al .. 0 V I I. .::r~su(;;) - - - - - ~ --

WR ITE·ENAe LE 
INPUTGW 

READ·SELECT 
INPUT RA or Re 
(See Note el 

OUTPUT 
01,02,03, or 04 

I I..oj lh(D) 

~ tw--f 3V 

~1.3V 1~"----------oV 
I-- tlatch --, 

X·,v 
______ --J

1 
I 
!-tPHL--! 

\1.3V 

~1~-----:: 
\" tPLH1 

I VOH 

'--_____ ...I11.~ __ VOL 

VOLTAGE WAVEFORMS (S1 AND S2 ARE CLOSED) 

NOTES: A. High·level input pulses at the select and data inputs are illustrated; however, times associated with low-level pulses are measured 
from the same reference points. 

7-530 

B. When measuring delay· times from a read-select input, the read·enable input i. low. 
C. Input waveforms are supplied by generators having the following characteristics: PRR "2 MHz, Zout "" 50 n, duty cycle'; 50%. 

t f .;; 15 ns, t f .;; 6 ns. 
FIGURE 2 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 5012 • DAL.LAS, TEXAS 75222 
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TYPES SN54lS670, SN74lS670 
4-BY-4 REGISTER FilES WITH 3-STATE OUTPUTS 

.OATAINPUT 
01,02,03, or 04 

WRITE-ENABLE 
INPUT GW 

OUTPUT 
01,02,03, or 04 

DATA INPUT 
01, 02, 03, or 04 

WR ITE-ENAB LE 
INPUT GW 

OUTPUT 
01,02,03, or 04 

PARAMETER MEASUREMENT INFORMATION 

---------- 3V 

OV 

VOLTAGE WAVEFORM 1 (S1 AND S2 ARE CLOSED) 

3V 

~"""---'3V ~/ __ _ 

I 
I 

---------- OV 

_~! ___ --J/ \-:~--
3V 

OV 

\- ., tpHL i. -I tPLH 

----\ 3V 

_____ _ ' .... 3_V ____________ -.Jl,"'--___ 0 V 

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 

W A = RA and WB = RB' During the test G R is low. 
B. Input waveforms are supplied by generators having the following characteristics: PRR .;; 1 MHz, Zout '" 50 n, duty cycle" 50%, 

tr .. 15 ns, tr .. 6 ns. 

NOTES: A. 

FIGURE 3 

READ~ 1"3V ~3V 
ENABLE 1\ ----L}~3: ________ 0V 

~tZL----1 . I-tLZ-1 
l-t----"'4.5V: I S1 and 

WAVEFORM 1 S1 closed. t.3 V I I S2 closed 
I, !r ___ L '" 1.5 V 

(See Note A) I S2 open .". . 
I --.,----VOL 

l---tZH---! r-tHZ-l 0.5 VO.5 V 

WAVEFORM 2 S1 open. I 'I\..-r ~
I 1 ..J-----VOH 

(See Note A) S2closed -~':'~-"'OV -";'S-1-a-n-d--"'1.5V 

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-enable Input. 
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, Zout '" 50 n, dutY cycle" 50%, 

tr .. 15 ns, tr .. 6 ns. FIGURE 4 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE sox 5012 • OAL.L.AS. TEXAS 75222 
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iAPX 80186 
High Integration 16-Bit Microprocessor 

DlSllNCTlVE CHARACTERISllCS 

• Integrated fealure sal 
~ Enhanced 8086-2 CPU 

Clock generator 
Two independenl. high-speed OMA channets 
Programmable interrupt controller 

- Three programmable l6-bit timers 
Programmable memory and peripheral 
chip-selecllogic 

- Programmable wail stale generator 
- Local bus controller 

GENERAL DESCRIPTION 

The iAPX 186 (80186 part number) is a highly integrated 
16-M microprocessor. It effectively combines 15 20 of 
the most common iAPX 86 system components onto one. 
lhe 80186 provides two limes greater Ihrooghput than the 
standard 5MHz iAPX 86. The iAPX 186 is upward com­
patible With iAPX 86 and 88 software and adds 10 new 
instruction types 10 the Q)listing set. 

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

• Available in 8 MHz (80186-3) and oosl effeelive 6 MHz 
(80186-6) versions 

• High performance processor 
- Two times the performance of the standard iAPX 86 
- 4M byte/sec bus bandwidth interface 

• Direct addressing capability to 1M byte of memory 
• Completely object code compatible with all existing 

iAPX 86, 88 software 
- Ten new instruction types 

• Compalible with 8282/83/86/87, 8288, 8289 bus 
support components 

• Oplional numeric processor extension 
- iAPX 186 with a high-perfonnance eO-bit numeric 

data processor the 8087 

Figure 1. IAPX'l86 Block Dlag .. m 
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Figure 2. 8011M1 Pinout Diagram 

,Ot' BOTTOM 

; nl~il ~ ~~ '1~1~~~~ 

~'D t 
POllOOOOOOOOOOOOOEl .------- IB 

f, " ~ 
Ii PCiiI .. 

.ROY PCU'A1 
ClKOUT PCS4 

REHT pca 
12 tiCl2 .1 iicSi 

VIS Yss 

ii~'= ~ 
WWOSl 11M OUT 1 _ ~R~O 

A1tf11 _"tN, 
.'11S5 TM"tHD 
~~ -, .twa DAOI 

PIN NO. 1 MAJIIR §§i§~§~§~§§~§§§g§ 

0lS411.., 

Table 1. 801 ee PIn Daocrlptlon 
---- - .. - -r--- -...,.------y--.. -------- - --- .. - -----__ __ _ --, 

Pin 

S,mbol ~ H0R='''' ~ •• _ .... ,~ .. 
y~-;;-. V;;-~ . . = ~-_~~3- _ - ;- 5y.tem Powe, +5 voH pow~~u-;;';--' =-? 
Vss . Vss 2660 I System Gr"'OU"'n"'d::... _ _______ _ __________ :=]_--I 
RESET 57 0 Reset Output Indlcltes thlt the 80188CPU II btHng reset. and cln be used as. 

system reset II Is Ictlve HIGH, synchronlled with the processor clock, and 
lasts an integer number 0' clock periods corresponding to the length of the --+-m Signal. 

Xl , X2 59,58 I ,.- I I C·;y~~II~~~IS. Xl and )(2. provlde.n ekternal connection fo; ';-;~ndamen;; 
mode parallel resonant crystal 'or the internal crystal oscillator. X1 can in'er­
lace 10 an external clock instead of a crystal. The input or oscillator frequency 

J-- -- J. _____________ I __ __ ___ .1-is ~~tt:r!'a"J~i.v!~~~_~~"!~ .IO ge~.!!!.t~!~~~_s.!.~~_al (ClKOU_~~ 
CLKOUT 56 

RES 24 

o Clock Output provides the system with a 50% duty cycle waveform. All device 
pin timings are specilied relative 10 ClKOUT. ClKOUT has sufficient MOS drive 
capabi.lilies -'--o!~~~ !J~~~ ~~merl~_!!..~!~~.?!_ ~~_!!.~~i.~:~ _______ . __ 

System Reset causes the 80186 to immediately terminate its present activity. 
clear the Internal logic. and enter a dormant state_ This signal may be asyn­
chronous to the 80186 clock, The 80186 begins fetching inslructions approxi ­
mately 7 clock cycles after m Is relurned HIGH. m is required to be lOW 'or 

~~~l~~~h~~~ ::~~lri~I~~ :~~tii~~t:~n~sy~~~;O;!~:~. ~:r ~~~:r, i~~~8~i l~ 
~~~~:~~c~~::.:-~~, lrS:~~~;a~~~~ i~~:t~~~~~i::,~i~:e~~t~~~~~'I~~ 
80 166 will drive the stal115 lines 10 "n inaclive level ' 0 ' one clock. and then 
tri-~Iate Ihem 

IAPX .. I 

reb .. 1. 801. Pin Daocrlpllon (Continued) 
.. - -_. 

Pin 
S,mbol Ho. T,,. Heme end Function 

-
T£ST H I nS1 is examined by the WAtT Instruction. If the ~ inpul is HIGH when 

"WAIT" execution begins. instruction execution will suspend. Trn will be 
resampled until iI goes lOW. al whk h t ime execution will resume. If inlerrupts 
are enabled while the80188 is wlitlng lor TEST. interrupts will be serviced. This 
input is synchronized internally. 

TMR IN O. 20 I Timer Inputs are used either as clock or control signals, depending upon the 
TMR INt 21 I programmed timer mode. These Inputs are active HIGH (or lOW~to~HIGH 

transitions are ,:ounted) end internally synchroni~ed. --
TMR OUT O. 22 0 Timer outputs are used to provide single pulse or continuous waveform gene,-
TMR OUT 1 23 0 ation. depending upon I~.limer mod! sele~ _ _ _____ 1----- .. ..-
OROO 18 I OMA Request Is driven HIGH by an eldernel device when it desires that a 
ORal 19 I DMA channel (Channel 0 or 1) parform • transfer. These signals are active 

HIGH. tayel-triggered. end internally synchronized, 

NMI 46 I Non~Maskable Interrupt is an edge-triggered input which causes a type 2 
interrupt NMt Is not maskable internally. A transition from a lOW to HIGH 
inltia'es the interrup,t II Ihe next Instruction boundary. NMI is latched Inter-
nally. An NMI duration of one clock or more will guarantee service. This input Is 
internilly synchronized. 

INTO. INTI . 45.« I Masklble Interrupt Requeeta Cln be requested by strobing one 01 these pins. 
INT2I111m 42 110 When configured a. lnputs. tMse pins are Ictlve HIGH. Interrupt Requests a,e 
INT3/iNTA1 41 110 aynchronized Int,meny. INT2 and INT3 may be configured vii software to 

provide active--lOW interrupl-acknowledge output signals. Alt Interrupt inputs 
may be configured via sonwlr, lo be either edge- or level-triggered. To ensure 
recognition, all In'eHupl requests must remain active until Ihe interrupt is 
acknowteged. When IRM)( mode Is selected, the function of these pins 
changes (see Interrupt ConlrOU., section of this data sheet). 

1.19156. 65- 68 0 Address Bus Outputs (18- 19) Ind Bus Cycle Status (3-8) reflect the four molt 
A1B155. 0 Ilgnificant address bits during TI . These signala are active HIGH. During T2 . 
1.17154. 0 T3. TW, and T ... status informal ion is available on these lines as encoded 
1.16153 a below: 

I I low -hHi~ 
56 Processor Cycle OMACycl. 

83.54, and S5 are defined IS lOW during T2-T .. . 

AOt5-AOO 10-17 UO Address/Oata Bus (0-15) Ilgnlls constitute the time mutiplexed memory or 110 
1-8 address eTl ) and dala IT2 . T3 . Two and T .. ) bus. The bus is active HKJH. Ao is 

analogous 10 H for the lower byte of the data bus, pins D7 through 00 ' It Is 
lOW during T 1 when I byte II to be transterred onlo the lower portion 0' the 
bus In melnOfy or 110 operatlonl. 

1IHlI57 84 0 During TI the BUI High Enable Ilgnallhould be used to determine II da.a la to 
be enabled onto the mos'algnlflcant hllf 01 the data bus, pins o,s- O, . IJRE is 
lOW during TI for read. write, and InteHupt acknowledge cycles when a byte la 
to be transferred on the highe, hllf 01 Ihe bus. The 57 slatus information Is 
ayailable during T2' . J3 . and T • . 5, is logicaltyequlv81ent to BHE. The signal is 
active lOW, and I. h istated OFF during bus HO,=~_. _ ___ _ _ ____ 

IRE and AO Enc:od!ngs 

!!HE Value AO Value Function 

0 0 Word Trlnsfer 
0 1 BVte Transfer on upper half of data bus (015- 08) 
1 0 Byte Trans'er on lower half of data bus (07 - t\J) 
1 1 _ _ _ ~,;~.,_r_¥§.!L _ ____ .. _____ . _______ .. __ 

L--___ ._._ .. _. _ _ _ _____ _ _ ____ __ . ..... _ . . _ __ _ 



IAPX 186 IAPX18S 

Teble 1. 801l1li Pin Deacrlpllon (Conllnued) Teble 1. 80188 Pin Oeacrl'ptlon (Continued) 

Pin 
:---------.---- ---------1 -- ~-----~- --.~-- -~~--'--"----"-"'- ._------ -

Pin 
Symbol No. Type Neme end Funcllon 

f---'-- -- -----------------------------
ALE/aSO 61 0 Address latch Enable/Queue Status 0 is provided by the 80186 to latch the 

address Inlo the 828218283 address latches. ALE Is active HIGH. Addresses Bfe 
guaranteed to be valid on the trailing edge of ALE. The ALE rising edge is 
generated off the rising edge of the CLKOUT immediately preceding T 1 of the 
associatad bus cycle. effectively one-half clock cycle earlier than in the stan-
d.rd 8086. The trailing edge Is generlled oU the ClKOUT rising edge In T 1 as 
in the 9086. Nole that ALE Is never floated. 

WRiaSl 63 0 Write Strobe/Queue Stalus 11ndieates that the data on the bus is to be written 
Into I memory or an I/O davlce. \irn is active for T2. T3. and Tw of any wrile 

~_ymbol No. Type Neme end Funcllon 
--~.--------- -- -----_._-_ .. __ ._-

SO,~,~ 52-54 0 Bus ·cycle slat~s SU-S2 are encoded to provide ~~~:!!~saction in~o~: 

80186 Bus Cycle Status ~n~~~!!~n. ______ 

52 SI SO Bus CJ~!!..'.~itlate~ ____ 

0 0 0 Interrupt Acknowledge 
0 0 1 Read I/O 
0 1 0 Write 1/0 
0 1 1 Hall 
1 0 0 Instruction Fetch 

cycle. 't II active lOW. and floats during ··HOlO."lt is driven HIGH for one clock 
during Reset, and then floated. When the 9019615 in queue status mode. the 
ALE/QSO and WRlaS1 pins provide information about processor/instruction 
queue Interaction. 

as! aso Queue Operation 

0 0 No queue operation 
0 1 First opcode byte fetched from the queue 
1 ! Subsequent byte fetched from the queue 
1 0 Emply Ihe Queue 

1 0 1 Read Data from Memory 
1 t 0 Write Data to Memory 
1 1 1 Passive (no bus cycle) 

The slalus pins Iloal during "HOLD," 
~ may be used as a logical M/I~ indicator, and 51 as a OT/R indicator. 

The status lines are driven HIGH 'or one clock during Reset. and then floated 

,----
until 8 bus cycle begins. --

HOLD (Inpul) 50 I HOLD Indicates that another bus master is requesting the local bus, The HOLD 

ROlaSMO 62 0 Read Strobe indicates that the 8018615 performing 8 memory or I/O read cycle. 
AD is active lOW 'orT2. T3. andTw 0' any read cycle. It is guaranteed not to go 
lOW In T2 untilaner the Address Bus Is floated. AD is active low. and floats 
during ·'HOLO." ftC Is driven HIGH for one clock during Reset. and then the 
output driver Is floated. Aweak internal pull~up mechanism on the nn line hols 
il HIGH when the line is not driven. During RESET the pin is sampled to 
determine whether the 80186 should provide ALE. WR. and ml. or if the 
aueue~Slatus should be provided. AD should be connected to GNO to provide 
Queue-StIlus data. 

HLOA (oulpul) 51 0 Input is acllve HIGH. HOLD may be asynchronous with respect to the 80186 
clock. The 80186 will issue a HLDA in response to a HOLD request at the end of 
T .. or TI. Simultaneous with the issuance of HlDA. the 80186 will float the local 
bus and control lines. After HOLD Is detected as being LOW, the 80186 will 
lower HlDA. When the 80186 needs to run another bus cycle. il will again drive 
the local bus and control lines. --

UCS 34 0 Upper Memory Chip Select Is an active lOW output whenever a memory 
reference is made to the defined upper portion (1K-256K block) or memory, 
This line is not floated during bus HOLD. The address range activating m;s is 

AROY 55 I Asynchronous Ready Informs the 80186 that the addressed memory space or 
va device will complete a data transfer. The AROY inpul pin will accept an 
asynChronous input. Ind is active HIGH. Only the rising edge is intemafly 
synchronized by the 80186. This means that the falling edge 0' A,ROY must be 
synchronized to the 80186 clock. If connected to Vee. no WAIT states are 
inserted. Asynchronous ready (AROY) or synchronous ready (SROY) must be 
active to terminate a bus cycle, . _._--_._---

software programmable. --
~ 33 0 lower Memory Chip Select is active lOW whenever a memory reference is 

made to the defined lowar portion (1K-256K) of memory. This line is not 
floated during bus HOLD. The address range activating LCS is software 

!im-3 
programmable. 

~--.~--

38,37,36,35 0 Mid-Range Memory Chip Select signals are active lOW when a memory 
reference Is made to the defined mid-range portion of memory (8K-512K) . 

SROY 49 I Synchronous Ready must be synchronized externally 10 the 80186. The use of 
SROYprovides a relaxed syslem~timing specification on the Readv inpul. This 

These lines are not floated during bus HOLD. The address ranges activating 
~-:.3 are so'~are prog.,!:ammable. _ . _________ 

is accomplished by eliminating the one~half clock cycle which is required for 
internally resolving the signal level when using the ARDY input This line is 
active HIGH. If this line is connected to Vee. no WAlT states are inserted. 
Asynchronous ready (AROY) or synchronous ready (SROY) must be active 
before a bus cycle is lerminat.ed. --

LOCK 48 0 [QCi( output Indicates that other system bus masters are not to gain control of 
the syslem bus while LOCK Is active Low. The LOCK signal is requesled by Ihe 
LOCK prefix instruction and is activated al the beginning 0' the first data cycle 
aSSOCiated with the Instruction following the lOCK prefix. II remains active 
until the completion of the instruction 'ollowing the lOCK prefix. No pre~ 
fetches will occur while ~ is asserted. a5'eK is active LOW. is driven HIGH 

1'CSii-4 25,27-30 0 Peripheral Chip Select signals 0-4 are scUve LOW when a reference is made 10 
the defined peripheral area (64K byte I/O space). These lines are not 1I0ated 
during bus HOLD. The address ranges activating PCSO-. are software 

-,,--- programmable. ----------- ... ~ 
~IAI 31 0 Peripheral Chip Select 5 or latched A1 may be programmed to provide a sixth 

peripheral chip select. or to provide an Internally latched A 1 signal, The 
address range activating ~ is software programmable. When programmed 
to provide latched A 1. rather than ~. this pin will retain the previously 

---- -- latched value of A1 durin~ a bus HOLD. A1 Is active HIGH. ---
~1A2 32 0 Peripheral Chip Select 6 or Latched A2 may be programmed 10 provide a 

for one clock during RESET. and then fl?..!ted. _____ " _______ ~ SBventh peripheral chip select. or to provide an Internally latched A2 signal. 
The address range activating PC§6 Is softwa~ogrammable. When pro· 
grammed to provide latched A2. ralher than eS6. this pin will retain the 
previously latched vall!e of A2 during a bus HO~~ ~_.i~.:Bctive H~~_~:.-._~ 

OTIR 40 0 Data Transmit/Receive controls the direction 0' data now through the external 
8286/8267 data bus transceiver. When lOW. data Is transferred to the 80186. 

-::-::c:c--- -- ---- When HIGH the 8011!.~!c!~~rlte d~~~~.!...~~~a bus. 

DEN 39 0 Data Enable is provided as an 828618287 data bus transceiver output enable. 
~ is active lOW during each memory and 110 access l5EN is HIGH whenever 

-------_. '-_.- -- ~.!'~ ~c_hanges ~I~':._._~ _______ ~_ .. _ . __ ._-_._-----

L___________ --:--___ _ 
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FUNCTIONAL DESCRIPTION 

Introduction 

The following Functional Description describes the 
base architeclure of Ihe iAPX 186. This architeclure 
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 Ihe standard iAPX 86. The 80186 is object 
code compatible with Ihe 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 family 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. 

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

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

8 •• e end Inde. Reglat." 
Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base ad­
dresses or indexes 10 particular IO.cations within 8 
segment. The addressing mode selects the specific 
registers for operand and address calculations. 

Stetu. end Control Regl.tera 
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 38 
and 3b). 

Statu. 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. 

Figure 3a. 80188 Generel Purpole Regllter Set 
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Figur. 3b. Statu. Word Formet 

STATUS FLAGS 
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PARITY 
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~ RESERVED 

Teble 2_ Statu. Word 811 Function. 

PD~I~\on I Neme I Function 

0 CF Carry flag-Sel on htgh·order bit 
carry or borrow; cleared otherwise 

PF Parity flag-Set illow-order 8 bits 
of result contain an even number of 
I ·bits; cleared otherwise 

AF I Set on carry from or borrO'lN to the 
low order four bits of Al; cleared 
otherwise 

ZF Zera Flag-Set it result is zero: 
cleared otherwise 

SF Sign Flag..-Set equal to high-order 
bit of result (Oifpositive.1 ilnegative) 

TF Single Step Flag-Once sel. a sin· 
gle step interrupt occurs aller the 
next instruction executes. TF is 
cleared by the single step interrupt 

IF Interrupt-enable flag-When sel. 
maskable interrupts will cause the 
CPU to transfef contralto an inter· 
rupt vector specified location. 

10 I OF Direction Flag-Causes string 
instructions to auto decrement 
the appropriate index register 
when set. Clearing OF causes 

f--··----I------+---~~~!~~~---
11 Of I Overflow flag-Set il the signed 

Instruction Set 

result cannot be expressed 
within the number o~ bits in the 
destination operand, cleared 
otherwise 

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

INTERRUPT ENABLE 

DIRECTION FLAG 

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

An 80188 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 Organlzetlon 

Memory is organized in sels 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-blt offset. The 16-bit 
base values are contained in one of four internal 
segment registers (code, data, .tack, extra). The 
physical address is calculated by shifting the base 
value LEFT by lour bits and adding the 16-bit offset 
value to yield a 2O-bit physical address (see Figure 5). 
This allows for a 1 MByie 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 Bre 
written (see Figure 6) as independent modules thai 
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, dala. and 
extra segments may coincide for simple programs. 
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Figure 4. IAPX 188 Instruction Set Figure 4. IAPX 186 Inltrucllon Set (continued) 

GENERAL PURPOSE MOVS Move byte or word str~ng CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS 

MOV Move byte or word INS Input bytes or word string JAlJNBE Jump if above/not below nor equal CALL Call procedure 

PUSH Push word onlo stack OUTS Output bytes or word string JAEIJNB Jump it above or equal/not below RET Return from procedure 

POP Pop word off slack CMPS Compare byte Of word siring JBIJNAE Jump If belowlnol above nor equal JMP Jump 

PUSHA Push all regIsters on stack SCAS Scan byte or word string 

POPA Pop all registers bom stack LODS Load byte or word string 

JBErJNA Jump if below or equallnot above 

JC Jump if carry ITERATION CONTROLS 

XCHG Exchange bYte or word STOS Siore byte or word siring JEIJZ Jump if equal/zero 

XLAT Translale byte REP Repeal JGIJNLE Jump if greaterir'lOlless nor equal LOOP Loop 

INPUT/OUTPUT REPEIREPZ Repeat while equal/zero JGEiJNL Jump it grealer or equal/not less lOOPEILOOPZ Loop if equal/zero 

IN Input byte or word REPNEIREPNZ Repeat while not equal/not zero 

OUT Oulpul byle or word 
LOGICALS 

ADDRESS OBJECT 
NOT "Not" byte or word 

LEA Load effective address 
AND "And" byle or word 

LOS load pointer using OS 
OR "Inclusive or" byte or word 

LES load pointer USing ES 
XOR "Exclusive or" byte or word 

FLAG TR~NSFER TEST "Test" byte or word 
LAHF Load AH register 'rom flags 

SHIFTS 
SAHF Store AH register in flags SHUSAL I Shilliogicalfarilhrnelic lell byle or word 
PUSHF Push flags onto stack 

SHR I Shift logical righl byle Of word 
POPF Pop flags off stack 

SAR f Shift arithmetic right byte or word 

JLJJNGE Jump if lesslnol greater nor equal LOOPNEiLOOPNZ Loop if not equal/not zero 

JLE'JNG Jump if less or equal/not greater JCXZ Jump if register ex -. 0 

JNC Jump If not carry 

JNEiJNZ Jump if nol equal/not zero INTERRUPTS 

JNO Jump if not overflow 

JNPIJPO Jump if nol panty/parity odd INT Interrupt 

JNS Jump il nol sign INTO Interrupt jf overflow 

JO Jump if overflow IRET Interrupt relurn 

JP'JPE Jump if parily/parity even 

JS Jump if sign 

All mnemonics copyrighllnlel Corp. 

ROTATES 
ADDITION ROL Rolaleleft byle or word -

To access operands that do not reside in one of the Figure 8. Segmented Memory Help. 
lour immediately available segments, a lull 32-bit Structure Software 

ADD Add byte or word ROR Rolate right byte or word pointer can be used to reload both the base (seg-
ADC Add byte or word WIth carry RCL Rolatelhrough carry Ie" byle or word 
INC Increment byte or word by 1 RCR Rolate through carry right byte or word I 

AM ASCII adjust for addItion 

DAA DeCimal adjust for add ilion FLAG OPERATIONS 

SUBTRACTION STC Set carry lIag 

SUB Subtract byte or word CLC Clear carry flag 

SBB Subtract byte or word with borrow CMC Complement carry flag 

DEC Oecremenf byte or word by 1 STD Set direction flag 

NEG Negate byte or word CLD Clear direction lIag 

ment) and ollset values. r---' 
I I 

Figure 5. lWo Component Addr""" ~ MODULE. 
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"_ • 0 IS 0 0 2 2 oons" 

[~~ " . CODE. 

CMP Compare byte or word STI Sel interrupt enable lIag 

MS ASCII adjust for subtraction CLI Clear interrupt enable lIag 
\.' , '! PHlSIC ... I"'OOllfSS 

DAS Decimal adlusllor subtracllon EXTERNAL SYNCHRONIZATION 035618·5 

MULTIPLICATION HLT Halt until interrupt or resel 
PROCESS 
STACK 

MUL Muiliply byte or word unsigned WAIT wait for TEST pin aclive Teble 3. Segment Regllter Selection Rul .. SEGMENT 
"EGtST£RS 

IMUL Integer multiply byte or word ESC Escape to a)Ctension processor 

AAM ASCII adjust for multiply LOCK lock bus during next instruction 

DIVISION NO OPERATION 

Memory Segment 
Impllcli Segment Relerence Regllter PROCESS 

Needed U.ed Selection Rule """ DlV Oivlde byte or word unsigned NOP No operation 

IDIV Inleger divide byte or word HIGH LEVEL INSTRUCTIONS 

BlOCI( I 

Instructions Code (CS) tnstruclion pre'etch and 
immediate dats. 

MD ASCII adJusllor diviston ENTER Format slack for procedure entry 

CBW Convert byte 10 word LEf.VE Restore slack lor procedure exit 

CWO Convert word 10 doubleword BOUND Detects values outside prescribed range 

Slack Stack (55) All stack pushes and 
pops; any memory refer- .ooc .. , 0 ences which use BP Reg- OA'. 

isler as a base register. BLOCK;! 

External Extre (ES) All Siring instruction , , 
Data references which use l ___ J 
(Global) the 01 register as an MeMO"'" 0356186 index. 

Local Data Oat. (OS) All other data references. 
A - ._--- .-_ .. -

------- ------_._-- --

-
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Addressing Modes 

The B01B6 provides eight cotegorles of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions thai operate on register 
or immediate operands: 

• Regisfer Operand Mode: The operond is locoted in 
one of the 8- or 16-bit general registers. 

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

Six modes are provided to specify the location 0' an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg­
ment base and an oUsat. The segment base is sup­
plied by a 16-blt 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 8- or l6-bit immediate value 
contained in the instruction); 

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

• Ihe index (contents of either the SI or 01 index 
registers). 

Any corry out from the 16-bit addition Is Ignored. 
Eight-bit displacements are sign extended to 16-blt 
values. 

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

• Direc! Mode: The operond's offset is contolned In 
the Instruction as an B- or 16-bit displacement 
element. 

• Register Indirect Mode: The operand's offset is In 
one of the registers SI, 01, BX, or BP. 

• Based Mode: The operand's offset is the sum of on 
8- or l6-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 (SI or 01). 

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

• Based IndoKed Mode with Displacement: The 
operand's offset is the sum of a base register's 
contents. an index register's contents, and an 8- Of 

16-bit displacement. 

'0 

Dlltll Types 

The 80186 directly supports the following dota types: 

• Inreger: A signed binary numeric value contained 
in an B-bit byte or 0 16-bit word_ All operotlons 
assume a 2's complement representation. Signed 
32 and 64 bil integers are supporled using Ihe 8087 
Numeric Data Processor. 

• Ordinal: An unsigned binary numeric value con­
toined in on B-bit byte or a 16-bit word_ 

• Poinrer: A 16- or 32-bit quantity, composed of 0 
16-bit offset component or 0 16-blt segment base 
component in addition to a 16-bit offset 
component. 

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

• ASCII: A byte representation of alphanumeric ond 
control characters using the ASCII standard 01 
character representation. 

• BCD: A byte (unpacked) reprasentation 01 the de­
cimol digits 0-9. 

• Packed BCD: A byte (packed) representotlon of 
two decimal digits (0-9)_ One digit Is stored In each 
nibble (4-blts) of the byte. 

• Floaring Point: A signed 32-, &4-, or 8O-bll real 
number representation. (Floating point operands 
are supporled using the iAPX 166/B067 Numeric 
Data Processor configuralion.) 

In general, individual data elements must fit within 
defined segment limlts_ Figure 7 gra;:thically 
represents the data types supported by the IAPX 186, 

1/0 Space 

The I/O space consists of 64K 6-blt or 32K 16-blt 
ports. Seporate instructions address the 110 space 
with either an 8-bit port oddress, specified in the 
instruction, or B 16-bit port address in the OX regis­
ter. 8-bit port addresses are zero extended such that 
A, .-A. are LOW. I/O port addresses OOF6(H) through 
OOFF(H) are reserved_ 

InterrUpts 

An interrupt transfers e)(ecutlon to a new program 
locotion. The old program address (CS:IP) ond ma­
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter­
rupts fall into three classes: hardware initiated, INT 
instructions, and Instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or 
maskable. 

Figure 7, IAPX 188 Supported 0.,. Type. 
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Programs may couse an Interrupt with an INT in­
struction. Instruction exceptions occur when an un­
usual condition, which provents 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 it 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 a. which are used for instruc­
tion exceptions, are reserved. Table 4 shows the 
80186 predefined types ond delault priority levels. 
For each interrupt, on 8-bit vector must be supplied 
to the 60186 which identifies the appropriote 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 internol interrupt controller, INT 
instructions contain or imply the vector and allow 
access to oil 256 interrupts_ Maskable hardware in­
Itiated Interrupts supply the 6-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 

tnterrupt Sources 

The 80166 can service interrupts generated by soft­
ware or hardware. The software interrupts are 
generoted by specifiC instructions (INT, ESC, unused 
OP. etc,) or the resuRs of conditions specified by 
instructions (array bounds check, INTO, DIV, IDIV, 
ete-l- All Interrupt sources are serviced by on 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 8ach 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 Bre 
described below, 

DfVIDE ERROR EXCEPTION {TYPE 0) 
Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number 01 bits in the 
deslinati~n. 
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Table 4. 80186 Interrupt Vectors 

Vector Default Related 

'~-""l"~ 
Priority In.tructlon. 

DIvide E Hor 0 ., DIV.IDIV 
Exception 

Single Step 1 12"2 All 
Interrupt 

NMI ·1 All 
Breakpoint '1 INT 

Interrupt 
INTO Detected '1 INTO 

Overflow 
. Exception 

Array Bounds ., BOUND 
Exception 

Unused-Opcode '1 Undefined 
Exception Opcodes 

ESC Opcode T" ESC Opcodes 
Exception 

Timer 0 Interrupt S 2A·· .. 
Timer 1 Interrupt 16 2B···· 
Timer 2 Interrupt 17 2C·· .. 
Reserved 9 3 
OMA 0 Interrupt 10 4 
DMA 1 Interrupt 11 5 
INTO Interrupt 12 6 
tNTl Interrupt 13 7 
INT2 Interrupt 14 8 
INT3 1"lerrUp" 15 9 

NOTES: 
"1 These are generated as the result of an Instruchon 

execullon 
·'2 This is handled as In the 8086 

····3 All three 'Imers constitute one source of requesl to the 
Interrupt controller T he Timer interrupts all have the same 
delautl Priority level wilh respect 10 all other Interrupt 
sources However, they ,laVe a delined prioTlty ordering 
amongst themselves (Priority 2"- is hIgher Priority than 
28) Each TImer Interrupt has a separate vector type 
number 

-4 Default prlorttles for Ihe Interrupt sources are used only if 
the user does nol program each'source into a unique 
priority level 

"'5. An escape opcode will cause a trap only if the proper bll is 
set in the penpheral conlrol block relocatIon register 

SINGLE-STEP INTERRUPT (TYPE 1) 
Generated after most instructions if the TF flag is set. 
Interrupts will not be generated after prefix instruc· 
tions (e.g., REP), instructions which modify segment 
registers (e.g .. POP OS), or the WAIT instruclion. 

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

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

12 

INTO DETECTED DVERFLOW EXCEPTION 
(TYPE 4) 
Generated during an INTO instruction if the OF bit is 
set. 

ARRAY BOUNDS EXCEPTION (TYPE 5) 
Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memo'ry 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 at1empted of ESC opcodes 
(D8H-OFH). This e,ception 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 instruc­
tion causing the exception. If a segment override 
prefix preceded the ESC instruction, the relurn ad­
dress will point to the segment override prefix. 

Hardwarg.generated interrupts are divided into two 
groups: maskable interrupts and non~maskable in· 
terrupts. The 80186 provides maskable hardware in­
terrupt request pins fNTO-INT3. In addition. 
maskable interrupts may be generated by the 80186 
integrated OMA controller and the integrated timer 
unit. The vector types for these interrupts is shown in 
Table 4. Software enables Ihese inputs by selling the 
interrupt IIag bit (IF) in the Slatus 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 10 an interrupt or exception. The 
saved Slatus Word will reflect the enable status of the 
processor prior to the interrupt. The interrupt flag 
will remain zero unless specificalty set The interrupt 
return instruction restores lhe Status Word. thereby 
restoring !he 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. Le .. no instruc­
tions of the main line program will be executed. 

Non-Maskable Interrupt Request (NMI) 

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

causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se­
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent mask able 
interrupts from being servic~d. 

Single-Step Interrupt 

The 80186 has an internal interrupt that allows pro­
grams to execute one instruction at a time. It is called 
the single·slep interrupt and is controlled by the 
Single-step flag bit (TF) in the Status Word. Once Ihis 
bit is set, an internal singlErstep 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 ~ forces the 
80186 to terminate all execution and local bus ac· 
tivity. No instruction or bus activity will occur as long 
as RES is active. After RE"S becomes inactive and an 
internal processing interval 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 Inillal Register State alter RESET 

Status Word 
Instruction POinter 
Code Segment 
Data Segment 
Extra Segment 
Stack Segment 
Relocation Register 
UMCS 

fOO2(H) 
OOOO(H) 
FFFF(H) 
OOOO(H) 
OOOO(H) 
OOOO(H) 
20FF(H) 
FFFB(H) 

IAPX 186 CLOCK GENERATOR 

The iAPX 186 provides an on-Chip clock generalor 
for both internal and external clock generation. The 
clock generator features a crystal oscillator. a divide­
by-two counter. synchronous and asynchronous 
ready inputs, and reset circuitry. 

Oscillator 

The OSCillator circuit of the iAPX 186 is designed to 
be used with a parallel resonant fundamental mode 
crystal. This is used as the time base for the iAPX 186. 
The crystal frequency selected will be double Ihe 
CPU clock frequency. Use of an lC or RC circuit is not 
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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 
re-commended crystal configuration is shown in 
Figure 8. 

Figure 8. Recommended IAPX 186 Crystal 
Conftguratlon 

I
20PF 

.. , .. "R t:::l x MHz CRYSTAL 

'.' r 20pF 

Clock Generator 

x "" 16 10f' 8 MHz (S0186-3) 
X = 12 for 6 MHz (80186-6) 

The iAPX 186 clock generator provides the 50% duty 
cycle processor clock for the iAPX 186.11 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 falling 
edge of the oscillator signal. The ClKOUT pin pro­
vides the processor clock signal for use outside the 
iAPX 186. This may be used 10 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 Ihe middle 01T 2,the end 01 T2, and again in Ihe 
middle 01 each Tw unlil AROY is sampled HIGH. One­
hall CLKOUT cycle 01 resolution time is used. Full syn­
chronization is performed only on the rising edge of 
AROY, i.e .• the falling edge of AROY must be syn­
chronized to the ClKOUT signal if it will occur during T 2 
or T w. HIGH-lo-lOW transitions 01 AROY must be 
perlormed synchronously to the CPU clock. 

A second ready Input (SROY) is provided to inlerface 
with externally synchronized ready signals. This in­
put is sampled at the end of T2 and again at the end of 
each T w 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 salisfy set-up and hold times to 
guarantee proper operation of the circuit. 

In addition, the iAPX 186, as part 01 the Integrated 
chip-select logic, has the capability to program WAIT 
stales for memory and peripheral blocks. This is dis­
cussed in the Chip Select/Ready Logic description. 

RESET Logic 

The IAPX 186 provides both a m Input pin and a 
synchronized RESET pin lor use with other system 
components. The liES input pin on the i APX 186 is 
provided with hysteresis in order to facilitate power­
on Reset generation via an AC network. RESET is 
guaranteed to remain active for at least five clocks 
given a RES input 01 at least six clocks. RESET may 
be delayed up to two and one-hall clocks behind 
RES. 

Multiple iAPX 186 processors may be synchronized 
through the RES input pin, since this input resels 
both the processor and dlvide-by-two internal count­
er in the clock generator. In order to insure that the 
divlde-by-two counters all begin counting at the 
same time, the active going edge 01 RES must satisfy 
a 25 ns setup time before the laillng edge 01 the 
80186 clock input. In addition. in order to insure that 
011 CPUs begin executing in the same clock cycle, the 
reset must satisfy a 25 ns setup time before the rising 
edge 01 the CLKOUT signal of all 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 lor relinquishing 
the local bus to other bus masters. It also provides 
control lines that can be used to enable external 
buffers and to direct the flow of data on and off the 
local bus. 

Memory/Peripheral Control 

The iAPX 186 provides ALE, 1m. and WR bus control 
signals. The AD and WA signals are used to strobe 
data from memory to the iAPX 186 or to strobe data 
Irom the iAPX 186 to memory. The ALE line provides 
a strobe to address latches for the multiplexed ad~ 
dress/data bus. The iAPX 186 local bus controller 
does not provide a memory/lio signal If this is re­
quired, the user will have to use the 52 signal (whic:h 
will require B)(ternallalching), make the memory and 
110 spaces nonoverlapping, or use only the in­
tegr<lted chip-select circuitry. 

" 

Transceiver 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
trollines, DT/R and lJEI'l, are generated to control the 
flow of data through the transceivers. The operation 
01 these signals is shown in Table 6. 

Table I. Trenlcelver Controt Slgnall Delcrlptlon 

PIn Name 

nrn (Data Enable) 

DTiR (Data Transmit! 
Receive) 

Funct~0ll. ___ j 

Enables the output drivers of 
the transceivers. It is active 
LOW during memory, If 0, or 
INTA cycles. 
Determines Ihe direction of 
travel through the transceivers. 
A HIGH level directs data away 
from the processor during write 
operations, while a LOW level 
directs data toward the proces­
sor during a read operation. 

Local Bus Arbitration 

The iAPX 186 uses a HOLD/HLDA system 01 local bus 
8x.change. 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 01 the local bus. This requires 
external circuitry to arbitrate which external device 
will gain control 01 Ihe bus from the IAPX 186 when 
there is more than one alternate local bus master. 
When the iAPX 186 relinquishes control 01 the local 
bus, it floats DEN. AD. WR, M-52. LOCK, AOO­
AD15, AI6-M9, 1ffiE, and DT/A 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 internal DMA cycles. However, if a DMA cycle is in 
progress, the iAPX 186 will complete the transler 
before relinquishing the bus. This implies that if a 
HOLD request is received just as a DMA transfer 
begins. the HOLD latency time can be as great as 4 
bus cycles. This will occur if a DMA word transfer 
operation is taking place from an odd address to an 
odd address. This is a tala I of 16 clocks or more. if 
WAIT slates are required. In addition, if locked trans­
fers are performed, the HOLD lalency time will be 
increased by th£' length of the locked Iransfer. 

Local Bus Controller and Relet 

Upon receipt of a RESET pulse Irom the m input, 
the local bus controller will perform the following 
actions: 

• Drive~, 1m, and WR HIGH for one clock cycle. 
then lIoal. 

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

• Drive M-52 to the passive state (all HIGH) a~d 
then lIoat. 

• Drive lOCR HIGH and then lIoat. 
• Tristate AOO-15, AI6-19, 1ffiE, 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 inler­
nal256-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 controller will signal the operation externally 
(i.e" the RD, Wl'i. status, address, dala, etc .• lines will 
be driven as in a normal bus cycle), but 0

'
5-0, SRDY. 

and ARDY will be ignored. The base address of the 
control block must be on an even 256-byte boundary 
(i.e., the lower 8 bits of the base address are all 
zeros). All 01 the defined registers within this control 
block may be read or written by the 80186 CPU at any 
timBo 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 control block base address is programmed via a 
16-blt relocation register contained within the con­
trol block at ollsel FEH from the base address of the 
control block (see Figure g). It provides the upper 12 
bits of the base address 01 the control block. Note 
that mapping the control register block inlo 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 block 
will be mapped into 110 or memory space. If this bit is 
1, the control block will be located in memory space, 
whereas if the bit is 0, the control block will be lo­
cated in 110 space. If the control register block is 
mapped into 110 space. the upper 4 bits of the base 
address must be programmed as 0 (since 1/0 ad­
dresses are only 16 bits wide). 

IS 
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In addition to providing relocation information for 
the control block, the relocation register contains 
bits which place the interrupt controller Into iRMX 
mode, and cause the CPU to interrupt upon en­
countering ESC instructions. At RESET, the reloca­
tion register is set to 20FFH. This causes the control 
block to start at FFOOH in 110 space. An ollset map 
of the 256-byte control register block is shown in 
Figure 10. 

The integrated IAPX 186 peripherals operate seml­
autonomously from the CPU. Access to them for the 
most part is via software read/write of the control and 
data locations In the control block. Most of these 
registers can be both read and "Iritten. 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 overail 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 lor both 
memories and peripherals. In addition, it can be pro­
grammed to provide READY (or WAIT state) genera­
tion. It can also provide latChed address bits A 1 and 
A2. The chip-select lines are active for all memory 
and 110 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 
'or 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. 8K. 16K. 32K, 64K, 128K 
(piUS 1 K 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 selecl may be programmed to be ac­
tive for any memory location at a time. All chip select 
siles are in bytes, whereas iAPX 186 memory is ar­
ranged in words. This means that if. for example, 16 
64K )( 1 memories are used. the memory block size 
will be 128K, not 64K. 
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Figure 9. Relocetlon Register 
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Upper Memory ~ 

The iAPX 186 provides a chip selecl. called UCS. lor 
Ihe lop 01 memory. The top 01 memory is usually used 
as the system memory because alter resellhe iAPX 
186 begins execuling at memory localion FFFFOH. 

The upper limit 01 memory deli ned by this chip select 
is always FFFFFH. while the lower limit is program· 
mabie. By programming the lower limil, the size 01 
the select block is aiso defined. Table 7 shows the 
relationship between the base address selected and 
the size 01 the memory block obtained. 
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Table 7. UMCS Programming Value. 

---.--
Slartlng 
Addr ... 

(Ba •• 
Addre .. ) 

ffCOO 
ff800 
ffOOO 
fEOOO 
fCOOO 
F8000 
FOOOO 
EOOOO 
COOOO 

Memory 
Block 
Stze 

lK 
2K 
4K 
8K 
16K 
32K 
64K 
128K 
?56K 

.. _-'---

UMCS Value 
(A.sumlng 

RO=Rl =R:l=O) 

FFF8H 
ff88H 
ff38H 
FE38H 
FC38H 
F838H 
f038H 
E038H 
C038H 

The lower limit of this memory block is defined in the 
UMCS register (see Figure II). This register is at 
offset AOH in the internat control block. The legal 
values lor bits 6-13 and the resulting starting ad· 
dress and memory block sizes are given in Table 7. 
Any combination 01 bits 6-13 not shown in Table 7 
will result in undefined operation. After reset. the 
UMCS register is programmed lor a lK area. 11 must 
be reprogrammed if a targer upper memory area is 
desired. 

Any internally generated 2D-bit address whose upper 
16 blls are greater than or equal to UMCS (with bits 
0-5 "0") will cause UCS to be aclivated. UMCS bits 
R2-RO are used to specily READY mode lor the area 
01 memory delined by this chip-setect register, as 
explained below. 

lower Memory ~ 

The iAPX 186 provides a chip selecllor low memory 
called LCS. The bottom 01 memory contains the inter· 
rupt vector table. starting at location OOOOOH. 

The lower limit of memory defined by this chip select 
is always OH, while the upper iimil is programmable. 
By programming the upper limit, Ihe size 01 the 
memory block is also deli ned. Table B shows the 
relationship between the upper address selected and 
the size 01 the memory block obtained. 

Tabla.. lMCS Programming Value. 

Upper 
Addre .. 

003ffH 
007FFH 
OOFFFH 
01FFFH 
03FFFH 
07fFFH 
OfffFH 
lFFFFH 
3FFFFH 

Mamory 
Block 
Size 

lK 
2K 
4K 
8K 
16K 
32K 
&tK 
128K 
256K 

LMCS Valua 
(As.umlng 

RO=R1=R2=0) 

0038H 
0078H 
OOf8H 
01F8H 
03F8H 
07F8H 
Off8H 
lFF8H 
3Ff8H 

The upper limit 01 this memory block is defined in the 
LMCS register (see Figure 12). This register is at 
ollset A2H in the internal control block. The legal 
values lor bits 6-15 and the resulting upper address 
and memory block sizes are given in Table 8. Any 
combination 01 bits 6-15 not shown in Table 8 will 
result in undefined operation. Alter reset, the lMCS 
register value I. undelined. However, the [CS chip­
select line will nol become active until the lMCS 
register is accessed. 

Any internally generated 2().bll address whose upper 
16 bits are les. than or equal to LMCS (with bits 0-5 
"1") will cause lcs to be active. lMCS register bits 
R2-RO are used to specily the READY mode lor the 
area 01 memory delined by this chip-select register. 

Mid-Range Memory CS 
The iAPX 186 provides lour J..1CS lines which are 
active within a user-locatable memory block. This 
block can be located anywhere within the IAPX 186 
1 M byte memory address space exclusive 01 the 
areas delined by OCS and LCS. Both the base ad· 
drass and size of this memory block are 
programmable. 

The size 01 the memory block delined by the mid­
range select lines, as shown in Table 9, is determined 
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by bits 8-14 01 the MPCS register (see figure 13). 
This register is at location ASH in the internal control 
block. One and only one 01 bits 8-1,( must be set at a 
time. Unpredictable operation 01 the J..1CS lines will 
otherwise occur. Each 01 the lour chip-select lines Is 
active lor one 01 the lour equal contiguous divisions 
01 the mid· range block. Thus, il the total block size is 
32K, each chip select is active 'or 8K 01 memory with 
~ being active lor the lirst 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 

Tabla 11. MMCS Programming Value. 

,---
Tolal Block Individual MMCS BII. 

Size S.lecl Size 14-' 

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

The base address 01 the mid-range memory block is 
defined by bits 15-9 01 the MMCS register (see Fig­
ure 14). This register is at ollset A6H in Ihe internal 
control block. These bits correspond to bits 1.19-1.13 
01 the 2(J.bit memory address. Bits A12-AO 01 the 
base address are always o. The base address may be 
set at any integer multiple 01 the size 01 the total 
memory block selected. For example, il the mid­
range block size Is 32K (or the size 01 the block lor 
which each MCS line is active Is 8K), the block could 
be located at l0000H or 18000H, but not at 14000H, 
since the lirsl lew integer multiples 01 a 32K memory 
block are OH, 8000H, l0000H, 18000H, etc. Alter 
reset, the contents of both of these registers is un· 
defined. However. none of the JJCS lines will be ac­
tive until bolh the MMCS and MPCS registers are 
accessed. 

Figur. 11. UMCS Regl.tar 
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Figure 12. LMCS Regl.ter 
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Figure 13. MPCS Regl.ter 
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Figure 14. MMCS Reglste, 
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MMCS bits R2-RO specify READY mode of operalion 
for all mid~range chip selects. All devices in mid· 
fange memory must use the same number of WAIT 
states. 

The 512K block size for Ihe mid-range memory chip 
selecls is a special case. When using 512K. Ihe base 
address would have to be at either locations OOOOOH 
or BOOOOH. If. il were 10 be programmed al OOOOOH 
when Ihe [CS line was programmed. Ihere would be 
an internal conflict between the lCS ready genera­
tion logic and Ihe MCS ready generalion logic. 
likewise. if the base address were programmed at 
80000H. Ihere would be a conflicl wilh Ihe OCS ready 
generation logic. Since Ihe lCS chip-seleclline does 
not become active until programmed, while the UCS 
line is active at reset, the memory base can be set 
only al OOOOOH. If Ihis base address is selecled. 
however, the CCS range must not be programmed. 

Peripheral Chip Selects 

The iAPX 186 can generale Chip selecls for up 10 
seven peripheral devices. These chip selects afe ac~ 
live for seven contiguous blocks of t 28 bytes above a 
programmable base address. This base address may 
be located in either memory or 1/0 space. 

Seven ell lines called PeSO-6 are genera led by Ihe 
iAPX 186. The base address is user~programmable; 

." 

however il can only be a multiple of 1 K byles. i.e .• Ihe 
leasl significant 10 bils of Ihe slarling address are 
always o. 

PCS5 and PCSS can also be programmed 10 provide 
lalched address bits AI. A2. If so programmed, Ihey 
cannot be used as peripheral selects. These outputs 
can be connecled directly 10 Ihe AO. AI pins used for 
selecling Inlernal regislers of 8-bit peripheral chips. 
This scheme simplifies the hardware interface be· 
cause the a-bit registers of peripherals are Simply 
treated as 16~bit registers located on even bound· 
aries in 1/0 space or memory space where only the 
lower 8-bits of the register are significant: the upper 
8~bits are "don't cares." 

The slarting address of Ihe peripheral chip-selecl 
block is defined by Ihe PACS register (see Figure 15). 
This register is located at offset A4H in the internal 
control block. Bits 15-6 of thiS register correspond to 
bils 19-10 of Ihe 20-bil Programmable Base Address 
(PBA) 01 Ihe peripheral chip-selecl block. Bits 9-0 of 
the PBA of the peripheral chip·select block are all 
zeros. If the chip-select block is located in 110 space, 
bits 12-15 must be programmed zero, since the IJO 
address is only 16 bits wide. Table 10 shows the 
address range of each peripheral chip selecl with 
respect to the PBA contained in PACS register. 

~---

Figure 15. PACS Regloler 
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The user should program bils 15-6 to correspond 10 
the desired peripheral base location. PACS bils 0-2 
are used 10 specify READY mode for PCSO-PCS3. 

T.ble10. PCS Add .... R.ng" 

PCS Line Active t>.tw •• n loc.llon. I 
PCSO PBA -PBA+127 
PCSI PBA+128 -PBA+255 
PCS2 PBA+256 -PBA+383 
PCS3 PBA+384 -PBA+511 
PCS4 PBA+512-PBA+639 
PCS5 PBA+~O-PBA+767 
PCS6 PBA+768-PBA+895 L....-___ _ ___ _ 

The mode of operation of Ihe peripheral chip selects 
is defined by Ihe MPCS regisler (which Is also used 10 
sel Ihe size of the mid-range memory chip-selecl 
block. see Figure 16). This register 1910081ed aloffset 
ASH in Ihe inlernal control block. BII 7 is used 10 
selecllhe function of I'CS5 and J5CSij, while bit 6 is 
used 10 selecl whelher Ihe peripheral chip selecls 
are mapped inlo memory or liD space. Table 11 de­
scribes Ihe programming of Ihese blls. After resel. 
Ihe conlenls of bolh Ihe MPCS and Ihe PACS regis­
ters are undefined. however none of the PCS lines 
will be active until bolh of Ihe MPCS and PACS regis­
ters are accessed, 

Table 11. MS, EX Programming Value. 

t~]-t--
Bit De.crlptlon ._ .. - ----------
MS 1 "" Peripherals mapped into memory space. 

o "" Peripherals mapped Into 1/0 space. 

EX 0 = 5 I5"CS lines. A1, A2 provided. 
1 = 7 Pes lines. A1, A2 are not provided. 

- ~---- -_._---------

MPCS bils 0-2 are used 10 specify READY mode for 
J5CS4-15CS6 as outlined below. 

READY Generation Logic 

The iAPX 186 can generale a ·'READY'· signal inler­
nally for each of the memory or peripheral CS lines. 
The number of WAIT slales 10 be inserled for each 
peripheral or memory is programmable 10 provide 
0-3 wait states for all accesses to Ihe area for which 
Ihe chip selecl is active. In addllion.Ihe iAPX 186 may 
be programmed to either ignore external READY for 
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each chip-select range individually or 10 factor exler­
nal READY wilh Ihe inlegraled ready generalor. 

READY conlrol conslsls of 3 blls for each CS line or 
group of lines generaled by Ihe IAPX 186. The inler­
prelation of Ihe ready bils is shown in Table 12. 

Table 12. READY Bit. Progr.mmlng 

R2 R1 RO Number of WAIT St., •• Gan.r.ted 

0 0 0 o wait states, external ROY also used. 
0 0 1 1 wail state inserted. external ROYalSOI 

used. 
0 o 2 wail states inserted, external ROYalso 

used. 
0 3 walt states inserted, external ROY also 

used. 
0 o 0 wait states, external ROY Ignored. 
0 1 1 wait state inserted, external Aovl 

ignored. 
2 wait states inserted, 8xternal RD 
Ignored. 
3 wait states inserted, external RD 
ignored. 

The Inlernal ready generalor operales in parallel with 
exlernal READY, nolln series if Ihe exlernal READY 
is used (R2 = 0). This means. for example. if Ihe 
internal generator is set to insert two wait states. but 
activily on Ihe exlernal READY lines will inserl four 
walt states, the processor will only insert 'our wait 
slales. nol six. This is because Ihe Iwo wail slales 
generated by Ihe inlernal general or overlapped Ihe 
firsllwo wail slales generaled by Ihe exlernal ready 
signal. Nole Ihallhe exlernal ARDYand SRDY lines 
are always ignored during cycles accessing internal 
peripherals. 

R2-RO of each conlrol word specifies Ihe READY 
mode for Ihe corresponding block. wilh Ihe excep­
lion of Ihe peripheral chip selecls: R2-RO of PACS 
sel Ihe 1SCW-3 READY mode. R2-RO of MPCS sel 
Ihe F'CS4-6 READY mode. 

Chip Select/Ready Logic and Resel 

Upon resel. Ihe Chip-Selecl/Ready logic will per­
form the following actions: 

• All chip-selecl oulpuls will be driven HIGH. 
• Upon leaving RESET, Ihe OCS line will be pro· 

grammed 10 provide chip selecls 10 a 1 K block with 
Ihe accompanying READY conlrol bils selal 01110 

Figure 16. MPCS Regl.ter 

151413121110" r 1543210 

OFFSET: AI',,' 1 ... IM5IM.IM,IM>!M,IMOI .. IMSI, I' I, IR'IR'IROI 
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allow the maximum number of internal wait states 
in conjunction with external Ready consideration 
(i.e .. UMCS resets 10 FFFBH). 

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

DMA CHANNELS 

The 80186 DMA controller provides Iwo independent 
high-speed DMA channels. Data transfers can occur 
between memory and 1/0 spaces (e.g., Memory to 
1/0) or within the same space (e.g .. Memory to 
Memory or 1/0 to 1/0). Dala can be transferred either 
in byles (8 bits) or in words (16 bits) 10 or from even or 
odd addresses. Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after Bach 
data transfer (by one or two depending on byte or 
word transfers). Each data trans'er consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
dala and the olher to store data. This provides a 
maximum dala transfer rate of one Mword/sec or 2 
MBytesisec. 

DMA Operation 

Each channel has six registers in the control block 
which define each channel's specific operation. The 
control registers consist of a 2G-bit Source pointer (2 
words), a 20-bi\ Deslination poinler (2 words), a 16-
bit Transfer Counler, and a 16-bil Control Word. The 
formal of the DMA Control Blocks is show'; in Table 
13. The Trensfer Count Register (TC) specifies the 
number of DMA transfers to be performed. Up 10 64K 
byte or word transfers can be performed with auto­
matic termination. The Control Word defines the 
channel's operalion (see Figure 18). All registers may 
be modified or altered during any DMA activity. Any 
changes made to these registers will be reflected 
immedialely in DMA operation. 

Tabte 13. DMA Contro' Block Format 

Reg,.t.r Addr ••• 

Reg'ater Name Ch.O Ch.l 

Control Word CAH DAH 
Transfer Counl C8H D8H 
Destinalion Poinler (upper 4 C6H D6H 

bils) 
Destination Polnler C4H D4H 
Source Pointer (upper" bits C2H D2H 
Source Poinler COH DOH 

FIgure 17, DMA Unit Block Dtagram 

TIMER REOUESt 

l ______ . 03551817 
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Figure 18. DMA Controt Regl.ter 

DMA Channel Control Word Register 

Each DMA Channel Control Word delermines Ihe 
mode of operation for the particular 80186 DMA 
channel. This register specifies: 

• the mode of synchronization; 
• whether bytes or words will be transferred: 
• whelher interrupts will be generated efter the lasl 

transfer; 
• whether DMA activity will cease afler a pro­

grammed number of DMA cycle.: 
• the relative priority of the DMA channel with 

respect 10 the olher DMA channel; 
• whether the source pOinter will be incremented. 

decremented, or maintained constant after each 
transfer; . 

• whether the source pOinter addresses memory or 
I/O space; 

• whether the destination pointer will be incre­
mented, decremented, or maintained constant af­
ter each transfer; and 

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

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

DMA Control Word Bit Descriptions 

!l1W: 

ST/STOP; 

ByleiWord (011) Transfers. 

Start/slop (1/0) Channel. 

CHG/NOCHG: Change/Do not change (1/0) 
ST/SfOI> bit. .f this bit is set when 
writing to the cont~ol word. the 
ST/STOP bit will be programmed by 
the wrile to the conlrol word. " this 
bit is cleared when writing the con­
lrol word, the ST/S"'fOI' bit will nol 
be altered. This bit is not stored; it 
will always be a 0 on read. 

'----.----.----------~-. 
?1 

INT: 

TC: 

SYN: 
(2 bils) 

03551918 

Enable Interrupls to CPU on byte 
count termination. 

" sel, DMA will terminale when Ihe 
contents of the Transfer Count reg· 
ister reach zero. The ST/STOP bil 
will also be reset al this point if TC is 
set. " this bil is cleared, the DMA 
unit will decrement the Iransfer 
count register for each DMA cycle, 
bul the DMA transfer will nol slop 
when the contents of the TC register 
reach zero. 

00 No synchronization. 

NOTE: The ST bit will be cleared 
automatically when the contents 
of the TC register reach zero re­
gardless of the slate of Ihe TC bit. 

0,1 Source synchronization. 
10 Destination synchronization. 
11 Unused. 

SOURCE:INC Increment source pointer by 1 or 2 
(depends on B/W) after each 
transfer. 

MIlO Source poinler is in MilO space 
(1/0). 

DEC Decrement source pointer by 1 or 2 
(depends on B/W) after each 
transfer. 

DEST: INC Increment destination pointer by 1 
or 2 (!lIW) after each Iransfer. 

P 

MIlO Destination pOinter is in MilO space 
(1/0). 

DEC Decrement deslination poinler by 1 
or 2 (depending on I3/W) afler each 
transfer. 

Channel priority-relative to other 
channel. 

o low priority. 
1 high priority. 

Channels will alternale cycles if 
both set at same priority level. 
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TDRQ 

Bit 3 

0: Disable DMA requests from timer 
2. 

1: Enable DMA requests from timer 
2. 

Bit 3 is not used. 

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

DMA Destination and Source Pointer 
Registers 

Each DMA channel maintains a 2O-bit source and a 
20·bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. The lower four bits of the upper regis­
ter contain the upper four bits of the 2Q-bit physical 
address (see Figure t8a). 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 110 space. Since the 
DMA channels can perform transfers to or from odd 
addresses. there is no restriction on values for the 
pointer registers. Higher transfer rates can be 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-blt transfer count 
register (TC). This register is decremented alter 
every DMA cycle, regardless of the state of the TC bit 
in the DMA Control Register. II the TC bit in the DMA 
control word is set. however. OMA activity will terM 
minsle 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 the data may request the data 
transfer. In addition, DMA transfers may be unM 
synchronized; that is, the transfer will take place 
continually until the correct number of transfers has 
occurred. When source or unsynchronized transfers 
are performed, the OMA channel may begin another 
transfer immediately after the end of a previous OMA 
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. II no other bus activity is in­
itiated, another DMA cycle wili begin alter two pro­
cessor clocks. This is done to allow the destination 
device time to remove its request if another transfer 
Is not desired. Since the DMA controller will relin­
quish the bus, the CPU can initiate a bus cycle. As a 
result, a complete bus cycle will often be inserted 
between destination synchronized transfers. These 
lead 10 the maximum DMA trans'er rates shown in 
Table 14. 

Table 14, Maximum DMA Tranaf.r Rates 

t 
---- --- -- --1-----J Type of 

Synchronization 
Selected CPU Running CPU Hahed 

---- - ~- - - - - -- --~ 
Unsynchronlled 2MByles/sec 2MBylesisec 
Source Synch 2M Bytes/sec 2MBytesJsec 
O~s~~tlo~~ync~ __ ~~~Byt~s/se~ 1 5~Bytes/~~ 

Figure 18a, DMA Memory PoInter Reglater Format 

HIGHE. 
REGISTER 

A~:~~~~-+ __ ~~ __ 4-~~~-4~~~~~ 
REGISTER 

ADDRESS !-;--~~~--.l.~~~~..L~~~-1~~ __ ~--.! 

XXX DON'T CARE 

DMA Acknowledge 

No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained. a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block 01 memory or 110 space, and the DMA pointers 
can be programmed to point to the same given block. 
a chip-select line could be used to indicate a DMA 
acknowledge. 

DMA Priority 

The DMA channels may be programmed such that 
one channel is always given priority over the other, or 
they may be programmed such as io alternate cycles 
when both have DMA requests pending. DMA cycles 
always have priority over internal CPU cycles except 
between locked memory accesses or word accesses 
the odd memory locations: 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 sulfer 
during sequences of continuous OMA 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 STISTOP bit of 
the Control Register is set. II synchronized Iransfers 
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are programmed, a ORO must also have been 
generated. Therefore, the source and destination 
transfer poinlers, and the transler count register (i' 
used) must be programmed before this bit is set. 

Each DMA register may be modified while the chan­
nel is operating. II the CHGINOCHG bit is cleared 
when the control register is written, the STISTOP bit 0' 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 'rom occurring be­
tween updates to the channel registers. 

DMA Channels and Reset 

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

• The Start/Stop bit lor each channel will be reset to 
STOP. 

• 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 
liexible and are connected to four external pins (2 
per timer). They can be used to counl external 
events, time external events. generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful 'or real-time coding 
and time delay applications. In addition, this third 
timer can be used as 8 prescaler to the other two. or 
as a OMA request source. 

FIgure 19. TImer Btock Dtagram 
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Timer Operation 

The timers are controlled by 11 16-bit registers in the 
internal peripheral control block. The configuration 
of these registers is shown in Table 15. The count 
register contains the current value of the timer. It can 
be read or written at any time independent of 
whether the timer is running or not. The value of this 
register will be 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. If a single MAX 
COUNT register is used, the timer output pin will 
switch LOW for a single clock, 2 clocks after the 
maximum count value has been reached. In the dual 
MAX COUNT register mode, the output pin will indi­
cate which MAX COUNT register is currenlly 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 al speeds up to one­
quarter the internal clock frequency (one-eighth the 
crystal rate). External clocking of the timers may be 
done at up 10 a rate of one-quarter of the Internal 
CPU-clock rale (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 halt or continue on a 
terminal count. 

• Timers 0 and 1 can select between internal and 
external clocks, alternale between MAX COUNT 
registers and be set to ret rigger on external events. 

• The timers may be programmed to cause an inter4 

rupt on terminal count. 

These options are selectable via the timer model 
control word. 

Timer Mode/Control Re,glster 

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

Teble 15. nmer Control Block Format 

Roglltor Off .. 1 

Aogiller Nemo TmtO Tmt1 Tmt2 

Modo/Control Word 56H 5EH 86H 
Max Count B 541{ 5CH not present 
Max Count A 52H 5AH 62H 
Count Register 50H 58H 60H 

Figure 20_ TImer Mode/Control Aejillt.r 

15 14 13 12 11 5 4 2 1 0 

1 EN IINH liNT I RIU I 0 1· .. ·1 Me I RTGI p I EXT I ALl I CONTI 
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ALT: 
The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
regisler 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 "on­
repetitive waveforms. Square waves and pulse out­
puts of any duty cycle are a subset of available 
signals obtained' by not changing the final count 
registers. The ALT bit also determines the function of 
the timer output pin. " ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. II ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(011 forB/A). 

CONT: 
Setting the CONT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to hall 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 60166 clock. I! this 
bit is set, the timer will count LOW-ta-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 alone-fourth the internal CPU clock 
rate. I! the P bit is a one. the output of timer 2 will be 
used as a clock lor the timer. Note Ihat the user must 
initialize and start timer 2 to obtain the prescaled 
clock. 

RTG: 
- Aetrigger bit is only active for internal clocking (EXT 
= 0), In this case it determines the control function 
provided by the input pin. 

If RTG = 0, the input level gates the internal clock on 
and off. If the input pin is HIGH, the timer will count; if 

;,r, 
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the input pin is LOVV. the timer will hold its value. As 
indicated previously. the input signal may be asyn~ 
chrOr1ous with respect to the 60166 clock. 

When RTG = 1, the input pin delects 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 1\ will start counting up again. I! 
CONT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 

EN: 
The enable bit provides programmer control over the 
timer'S RUN/HALT status. When set, the timer is 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. I! INH is a one during the write to the 
made/control word, then the state of the EN bit will 
be modified by the write. I! INH is a zero during the 
write, the EN bit will be unaffected by the operation. 

'This bit is not stored; it will always be a 0 on a read, 

INT: 
When set, the INT bit enables interrupts f,om the 
timer, which -will be generated on every terminal 
count. I! the timer is configured in dual MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the 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 final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached. and each time the value in MAX 
COUNT register B is reached. This bit is set 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 nol 
affected when the control register is written. It is 
always cleared when the ALl bit is zero 

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

ALT .- 0, EXT ~ 0, p ~ 0, RTG c 0, RIU ~ 0 

Count Registers 

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

Max Count Registers 

Timers 0 and 1 have two MAX CQUNTregisters, while 
limer 2 has a single MAX COUNT register. These con­
tain the number of events the timer will count. In 
timers 0 and t, 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
alent 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 
actiens: 

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

• All SEl (Select) bits are reset to zero. This selects 
MAX COUNT register A. resulting in the Timer Out 
pins going HIGH upon RESET 

INTERRUPT CONTROLLER 

The 80186 can receive interrupts from a number of 
sources. both internal and external The internal In~ 
terrupt controller SfHves to mP.rQe these requests on 
a priority basis, for individual smvlce by the CPU. 

;1(, 

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 controller 

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

The interrupt controller has a special iAMX 86 com­
patibility mode that allows the use of the 80186 
within the iAMX 86 operating system interrupt struc­
ture. The controller is sel in this mode by setting bit 
14 in the peripheral control block relocation register 
(see iRMX 86 Compatibility Mode section). In this 
mode, the internal 80186 interrupt controller 'unc­
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 these pins is dedicated to NMI, 
non~maskable interrupt. This is typically used for 
power-fail interrupts, etc. The other four pins may 
fUnction either as four interrupt input lines with inter­
nally generated interrupt vectors, as an interrupt line 
and an interrupt acknowledge line (called the 
"cascade mode") along with two other Input lines 
with internally generated interrupt vectors. or as two 
interrupt input lines and two dedicated interrupt ac­
knowledge ouput lines, When the interrupt lines are 
configured in cascade mode. the 80186 interrupt 
controller will not generate internal interrupt 
vectors. 

External sources in the cascade mode use externally 
generated interrupt vectors. When an interrupt is 
acknowledged. two iNfA cycles are initiated and the 
vector is rf>ad into the 80186 on the second cycle. The 
capability to interface to external 8259A program· 
mtlhle interrupt controllers is thus provided when the 
inpuls arp confiqured In cascade mode. 

______________________________________________ ~I~A~PX1" 

: 
Interrupt Controller Modes of Operation 

The basic modes of operation of the interrupt con­
troller in non-iRMX mode are similar to the 8259A. 
The interrupt controller responds identically to inter­
nal interrupts in aU three modes: the difference is 
only in the interpretation of function 01 the four exter­
nal interrupt pins. The interrupt controller is set into 
one of these three modes by programming the cor­
rect bits in the INTO and INT 1 control registers. The 
modes of interrupt controller operation are as 
follows: 

Fully Nested "ode 
When in the fully nesled mode four pins are used as 
direct interrupt requests. The vectors for these fotJr 
inputs are generated internally. An in-service bit is 
provided for every interrupt source. If a lower-priority 
device requests an interrupt while the in-service bit 
(IS) is set, no interrupt will be generated by the 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 to operate with interrupts enabled with­
out being themselves interrupted by lower-priority 
interrupts. Since interrupts are enabled, higher­
priority interrupts will be serviced. 

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

before the issuance 0' the return from interrupt in­
struction. If the fully nested structure has been 
upheld, the nelCt highest~priority source with its IS bit 
set is then serviced. 

Calc.de Mode 
The 80186 has lour interrupt pins and two of them 
have dual runctions. 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 
INT2J1NTAO serves as the dedicated interrupt ac­
knowledge signal to that peripheral. The same is true 
for INTI and INT3/1NTA 1. Each pair can selectively be 
placed in the cascade or non-cascade mode by pro­
gramming the proper valUe into INTO and INTl con­
trol registers. The use of the dedicated acknowledge 
signals eliminates the need for the use 0' external 
logic to generate iNfA 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 
levels. When the interrupt service routine is com­
pleted, up to three end-of-interrupt commands must 
be issued by the programmer. 

Flgur. 21. Interrupt Controller Block Diagram 
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Special Fully ",asted Mode 
This mode is enlered by selling the SFNM bil in INTO 
Or INTl conlrol regisler. II enables complele 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 Interrupt 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
rupl will not be recognized by the 80186 conlroiler 
until the 80186 in-service bit is reset. In special fully 
nested mode, the 80186 interrupt controller will anow 
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 followed when reset­
ting IS bits at the end of interrupt service routmes. 
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 rouline 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 Poll 
Word (Figure 9). Bil 15 in ihe poll word indicates to 
the processor that an interrupt of high enough 
priority is requesting service. Bits 0-4 indicate to the 
processor the type vector of the highest-priority 
source requesling service. Reading the Poll Word 
causes the In-Service bit of the highest-priority 
source to be set 

It is desirable 10 be able to read the Poll Word inlor­
mation without guaranteeing service of any pending 
interrupt, i.e .• not set the indicated in-service bit. The 
80186 provides a Poll Sial us Word In addition to the 
conventional Poll Word 10 allow Ihls to be done. Poll 
Word information is duplicated in ~he Poll Status 
Word. bUI reading Ihe Poll Status w.)rd does not sel 
the associated in-service bit. These words are lo­
cated in two adjacent memory locations in the regis­
ter file. 

~8 

Non-IRMX Mode Features 

Programmable Priority 
The user can program the interrupt sources into any 
01 eighl dillerent priorily levels. The programming is 
done by placing a 3-biI priorily 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 Ihan 4 have greater priority.) All 
interrupt sources have preprogrammed defaull 
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-ol-Interrupt Command 
The end-ol-interrupl (EOI) command is used by Ihe 
programmer to reset Ihe In-Service (IS) bit when an 
interrupt service routine is completed. The EOI com­
mand is issued by writing the proper pattern to the 
EOI regisler. There are IWO Iypes of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
Ihe inlerrupt coni roller automalically resels Ihe IS bit 
of the highest priority source with an active service 
routine. A specific EOI command requires that the 
programmer send the interrupt vector type to the 
interrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 

Trigger Mode 
The four external interrupt pins can be programmed 
in either edge- or level-Irigger mode. The conlrol 
register for each' external source has a levet-trigger 
mode (LTM) bit. All interrupl inpuls are aclive HIGH. 
In the edge sense mode or the levef .. trigger mode, the 
interrupt request must remain active (HIGH) until the 
inlerrupl requesl is acknowledged by Ihe 80186 CPU. 
In Ihe edge-sense mode, il the level remains high 
after the interrupt is acknowledged. the input is dis­
abled and no lurlher requesls will be generated. The 
inpu11evel musl go LOW lor at least one clock cycle 10 
reenable the input. In the level-trigger mode, no such 
provision is made: holding the interrupt input HIGH 
will caUSe continuous interrupt requests. 

Interrupt Vectoring 
The 80186 Interrupt Controller will generate inter­
rupt vectors for Ihe inlegraled DMA channels and 
the integrated Timers. In addition, Ihe Inlerrupt Con­
troller will generate interrupt vectors for the external 
interrupi lines if they are not configured in Cascade 
or SpeCial Fully Nested Mode. The interrupt vectors 
generated are fix:ed 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 controller will not generate interrupts to 
the CPU when it receives interrupt requests from 
devices with a lower programmed priority level. The 
TMR bit is Ihe in-Service bil lor all Ihree timers; the 
DO and 01 bits are the In-Service bits lor Ihe Iwo OMA 
channels; the 10-13 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading Ihe poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-or-interrupt command is­
sued by the CPU. 
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Interrupt Request Register 
The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The 'arm at 0' this 
register is shown in Figure 24. A read from this regis­
ler yields Ihe slatus 01 Ihese bils. The TMR bil is Ihe 
logical OR 01 all timer inlerrupl requests. 00 and 01 
are the interrupt request bits for the OMA channels. 

The state of the external interrupt input pins is also 
indica led. The slate 01 the exlernal inlerrupl pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bils 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 generating 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. Interru, 
(Non-IR 

pt Controller Regl.ter. 
IoIX 88 Mode) 

Priority Me.k Regl.ter 
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 

L REOfSTEfli ",H 
three bits of this register inhibits interrupts of i 

priority lower (8 higher priority number) than the 
INT3 CONTRO 

_ REGISTER lCH code specified. For example, 100 written into this 

-- register masks interrupts 01 level live (101). six (110). 
INT:!: CONTROl 

INTI CONTRO _ REGISTER ,.H and seven (111). The register is reset to seven (111) 
upon RESET so all interrupts are unmasked. 

INTO CONTROl • REGISTER ,.. 
---- Interrupt Statu. Register 

DMA1 CONTR' Ol REGISTER "" This register contains general interrupt controller 
status Information. The format of this register is 

OMA 0 CONTROl tOl REGISTER "" shown in Figure 26, The bits in the status register 
-- have the following functions: 

TIMER CONTRO: IOl REGISTER "" -~--- DHLT: DMA Halt Transler: setting this bit halts all 

INTERRUPT CONTAOlll ER STATUS REOlsnR "" 
DMA translers. It is automatically set 
whenever a non-mask able interrupt occurs, 
and it is reset when an IRET instruction is 

INTERRUPT REa UEST fIIEGISTER 2£H 
executed. The purpose 01 this bit is to allow --

REOtsTER 2CH prompt service of all non·maskable inter-

-- rupts. This bit may also be set by the CPU. 
IN-SERVICE 

PRIORITY MA .5K REotSTEfil "H 
j---- IATx: These three bit. represent the Individual 

MASKfII!1 OIITER - . timer Interrupt request bits. These bit. are 
used to differentiate the timer interrupts. 

POLL STATUS IS MOtsTER ... since the timer IR bit in the interrupt re-

amER .'" Quest register is the "OR" function of all 
timer Interrupt requests. Note that setting 

POLL AE' 

EOI REOI GISTER "'" 
anyone of these three bits initiates an Inter-
rupt request to the interrupt controller. 

03551B2.f 

Fig ure 24. In-Service, Interrupt Reque", end M .. k Regl.ter Formetl 

15 14 '0 • • 
10 10 I 0 I" 112 I" 10 D' DO I • ImA I 01 0 _Lolol·L"II2I"IIOJD'IDOI·~ 

0:'1561815 

----~----~ .. ---------

Figure 25. Priority Me.k Regl.ter Formal 

15 14 • , 0 

, 0 ' ..... ' .... " .. MO' o I 0 I I 0 ''''''I~'''MO' 

_._------- ----_._- _._-- --- --_ .. 

Figure 28. Interrupt StatuI Reglot.r Format 
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Timer, DMA 0, 1; Control Reglste,. 
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 PA2 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 
e)(act same bits as are in the Mask Register; modify­
ing them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 

INTO-INT3 Control Registers 
These registers are the control words for the four 
e)(ternal input pins. Figure 28 shows the format of the 
INTO and INTI 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 lor INT2 and INT3 are not used. 

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

PRO-2: Priority programming information. Highest 
priority ODD. lowest priority - 111. 

LTM: Level-trigger mode bit. 1 = level-triggered; 
o = edge-triggered. Interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter­
nalline is high. In edge-triggered mode. an 
interrupt will be generated only when this 
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level is preceded by an inactive~to~activ~ 

transition on the line. In both cases. the 
level must remain active until1he interrupt 
is acknowledged. 

MSK: Mask bit. 1 mask; 0 ~. nonmask 

C: Cascade mode bit. 1 cascade: 0 direct 

SFNM: Special lully nested mode bit. 1 SFNM: 
O' 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 EOI 
command when written to by the 80186 CPU 

The bits in 'he EOI register are encoded as follows: 

5,.: Encoded information that specifies an in­
terrupt source vector type as shown in 
Table 4. For example. to reset the In-Service 
bit lor DMA channel O. these bits should be 
set to 01010. since the vector Iype lor 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 

15 14 3 2 1 0 

I 0 0 I I 0 I MS' I • A2 1 'A' I 'AO I 

--------~-~-

Figure 28. INTO/INTI Control Regl.ter Format. 

15 14 • 4 3 2 1 0 

o I 0 I I 0 IS'NMI ItT"I"s. I .. 21 'A' I 'M I 

----

Figure 29. INT2IINT3 Control Register Formats 
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NSPEC/: A bit that determines the type of EDt com-
SPEC mand. Nonspecific = 1. Specific = O. 

Polf and Polf Status Regfslers 
These registers contain polling information. The for­
mat 01 these registers is shown in Figure31, They can 
only be read. Reading the Poll register constitutes a 
soflware potl. This will sel Ihe tS bil of the highesl 
priority pending interrupt. Reading Ihe poll status 
register will not set the IS bit of the highest priority 
pending interrupt; only the status of pending inler­
rupts will be provided. 

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

Sx: Encoded information that indicates the 
vector type 01 the highest priority interrupt­
ing source. Valid only when tNTREQ = 1. 

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

IRMX 86 COMPATIBILITY MODE 

This mode allows iRMX 86-80186 compatibility. The 
interrupt model of iRMX 86 requires one master and 
multiple slave 8259As in cascaded fashion. When 
iRMX mode is used. the internal 80186 interrupt con­
troller will be used as a slave controller to an external 
master interrupt controller. The internal 80186 re­
sources will be monitored through the iniernal inter­
rupt controller. while the external controller 
fUnctions as the system master interrupi controller. 

Upon reset. the 80186 interrupt controller will be in 
the non-iRMX 86 mode of operation. To set the con­
troller in the iRMX 86 mode, bit 14 01 the Relocation 
Register should be set. 

Because of pin limitations caused by the need to 
inlerface 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 
limer. In this mode. each timer interrupt source has 
its own mask bit. IS bil. and control word. 

The iRMX 86 operating system requires peripherals 
to be assigned fixed priority levels. This is incom­
patible with the normal operation 01 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. 

Teble 18. Inlernel Source Priority Level 

r

---P,i~rll;' ':'~vel - r- I~;err;;'-So';;c~ --
--- --- -- -- - ._- -- -----

o Timer 0 

1 l (reserved) 
2 DMAO 
3 DMA t 
.. Timer 1 
5 Timer 2 

-- -- --

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

IRMX 86 Mode External Interface 

The configuration of the 80t86 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 8 master-PIC-inputs. 

Figure 30. EOI Register Formal 

15 ,. 13 

I~~ I 0 I 0 I . . . . I ~TS4 I 53 I '2 I S1 I so-] 
0050519·31 

Figure 31_ Poll Reglater Formet 

15 ,. 13 
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Figure 32. IRMX 18 Interrupt Controller Interconnection 
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Correct master-slave interface requires decoding of 
the slave addresses (CASO-2). Slave 8259As do this 
internally. Because of pin limitations. the 80186 slave 
address will have to be decoded externally. Iirrl is 
used as B slave-select input. Note that the slave vec­
tor address is transferred internally, but the REAOY 
input must be supplied externally. 

INT2 is usad as an acknowledge output, suitable to 
drive the IFITA input 01 an 8259A. 

Interrupt Nesting 

iRMX 86 mode operation allows nesting of interrupt 
requests. When an interrupt is acknowledged, the 
priority logic masks 011 all priority levels except 
those with equal or higher priority. 

Vector Generation In the IRMX 86 Mode 

Vector generation in iRMX mode Is exactiy like Ihat of 
an 8259A slave. The interrupt controller generates an 
8-bit veclor which the CPU multiplies by four and 
uses as an address into a vector table. The significant 
five bits 01 the vector are user-programmable while 
the lower three bits are generated by the priority 
logic. These bits represent the encoding or the 
priority level requesting service. The significant rive 
bits of the vector are programmed by writing to the 
Interrupt Vector register at offset 2OH. 

035518·33 

Specific End-of-Interrupt 

In iRMX mode the specific EOI command operates to 
reset an in-service bit of a specific priority. The user 
supplies a 3-bil priority-level value that pOints to an 
in-service bit to be reset. The command is executed 
by writing the correcl 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 
Ihe internal peripheral control block. Figure 33 
shows the offsets of these registers. 

Encl-o'·lnterrupt Reglaler 
The end-of-inlerrupt 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: 

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

In·Servlce Regla'er 
This register can be read from or written into. It 
contains the In-servjce bit for each of the internal 
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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 integral timers. Tho source's IS bit is set 
when the processor acknowledges its interrupt re­
quest. 

Interrupt Requell Regilier 
This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 35. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl­
edges the reques!. 

Mask Reglsler 
This register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig­
ure 35. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits Bre 
exactly the same bits which are used in the Individual 
control registers. I.e., changing the state of 8 mask 
bil in this register will also change Ihe state 01 the 
mask bit in the Individual interrupt control register 
corresponding to the bi!. 

Conlrol Regille .. 
These registers are the control words for all the inter­
nallnterrupt sources. The format of these registers's 
shown in Figure 36. Each 01 the IImers and bolh 01 
Ihe DMA channels have their own Control Reglsler. 

The bits of the Control Registers are encoded as 
lollows: 

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

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

Figure 33_ Inlerrupl Coni roller Reglslers 

(IRMX 88 Mode) 

OFFSET 

LEVEL 5 CONTROL REGISTER I JAH 
(TIMER 2) 

--------
lEWl .. CONTROL REGISTER I 38H 

jTIMER 11 
------

lEWl 3 CONTROL REGISTER 1-(OMA1) 

I---
lEV£l2 CONTROL REGISTER I 3<H 

(OMAO) 
-.-~--

UVEl 0 CONTROL REGISTER 

~'~ (TIMER 0) 

INTERRUPT·REQUEST REGISTER 2£H 

IN-SERVICE REGISTER 2CH 

PRtoRfTY·lEVEl MASK REGISTER .. H 

MASK REGISTER , ... 
SP!:CIFtc EOI REGISTER 22H 

INTERRUPT WCTOR REGISTeR 1-
03!61B·34 

Figure 34_ Specific EOI Regleler Formel 
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Figure 35_ In-Service, Inlerrupt Requesl, and Mask Regilier Formet 
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Inlerrupl Veclor Regilier 
This regisler provides the upper live bils 01 Ille inter-

Interrupt Controller and Reset 

rupt vector address. The format of this register is Upon RESET. the inlerrupl conlroller will perlorm Ihe 
shown in Figure 37. The interrupt conlroller Iiself following actions: 
provides the lower three bits of the interrupt vector 

• All SFNM bits resel to O. implying Fully Nested 8S determined by the priority level of the interrupt 
request. Mode. 

The format of the bits in this register is: 
• All PR bits in the various control registers set to 1. 

This places all sources at lowest priority (level 
tx: 5-bil lield indicating Ihe upper live bits 01 Ihe 111). 

vector address. • All LTM bits reset to 0, resulting in edge-sense 
mode. 

Prlorlly-Level Melk Regilier • All Interrupl Service bits reset to cI. 
This register indicates the lowest priority-level inter- • All Interrupt Request bits reset to O. 
rupt which will be serviced. • All MSK (Interrupt Mask) bits set to 1 (mask). 

The encoding of the bits in this register is: All C (Cascade) bits resel to 0 (non-cascade). 

3-bit encoded lield Indication priority-level 
• All PRM (priority Mask) bits set to 1. implying no 

"'x: levels maSked. 
value. All levels of lower priority will be 

• Initialized to non-iAMX 86 mode. masked. 

Figure 38_ Conlrol Word Formal 

15 .. 13 • 1 • • , , , , • 
1.1 · I· I 1.1.1 · 1·1 ·IMs·I~I~'I_1 

Figure 37_ Inlerrupt Veclor Regilier Format 

11 .. 13 • 1 • • , , , , • 
1.1 ' I ·1 I· I MID I ~ I " I ~ I ·1 ' 1·1 

Figure 38. Priority Level Malk Ragilier 
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Figure 39. Typlc.IIAPX 188 Computer 
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Figure 40. l'yplcalIAPX 188 Multl-M .. ter Bu. Interface 

16MHI 

X2 

ucs 
lID 

ALE 
La 

iiitE 
WlI 

ADO-AD" 

10'. 

NMI 

NOLD 

ClKOUT 

fi·S'2 

peSO 
~S-, 

LOCk 

SRDY 

ARDV 

JB~ 
r;==:> _OR el_ I2S3 

LArCH 

In OE 

OF~ AAM 

e! 

~ 

b _OA F===:>=ESS '''3 UTCH 

ST. III 
STB __ o~ __ 

1 

US_OA 1 ~ ~TRA=~IVEA -.....- DATA BUS 

Y,--~ MUll 

! L_~ 
MAS' 
SYST 
BUS 

Dl/A 
ClK 

- .. - ALE 
DEN ---

SO-S2 :,S: ~~~~~~~~'rl ,....; COfrtTROllER 
__ CEN 

lOB iEN 

~ T---
) l!i)..fl A~N 

.201 _ ~-=--b -- -~ CLK AA':Ii'EA lr-- "'> MUlTlBUS ... -~ ~r-" !-- .- -
lOB 

~- ---- .... -- --lotI( REsaf!.. ·5V 

_GNO ---- <1----- ... -~~--- --- JACK 

" 

. 
reA 
EM 



1~I?X18e _ 

PACKAGE 
The 80186 is housed in a 68-pin, leadlessJEOEC type 
A hermetic chip carrier. Figure 41 illustrates the 
package dimensions. 

NOTE: The lOT 3M Textool 68-pin JEOEC Socket 
Is required for ICE'" operation. See Figure 40 for 
details. 

Figure 41. 80186 JEDEC Type A Package 
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Figure 42. Textool 68 Lead Chip Carrier Sockel 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature under Bia. . .... O·C to 70·C 
Siorage Temperature ....•...... -6S·C to +lSO·C 
Vollage on Any Pin with 

Respect to Ground 
Power Dissipation .. 

.......... -1.0V to +7V 
.................. 3Wall 

"NOTICE: Stresses above those listed under 
"Absolute Maximum Ratings'· maycBuse permanent 
damage to the device. This is 8 stress rating only and 
functional operation of the device 8t these or any 
other conditions above those indicated in the opera­
tional sections of this specification is not implied. 
Exposure to absolute maximum rsting conditions 
for extended periods may affect device "'liability . 

D.C. CHARACTERISTICS (TA = 0·-70·C, Vee = 5V :tlO%) 

Symbol Parameter MIn, Ma •• Unit. Ta.t Condition. 

VIL I"pul Low Voltage -0.5 +0.8 Volts 

VIH Input High Voltage 
(Alle.cepl Xl and m) 

2.0 Vee + 0.5 Volta 

VIH1 Inpul High Voltage (RES) 3.0 Vec + 0.5 Volts 

VOL Output low Voltage 0 .• 5 Volts I. - 2.5 mA for SO-S2 
la = 2.0 rnA for all other 
outputs 

VOH Oulput High Voltage 2 .• Volta loa = -.OO,.A 

Icc Power Supply Curren'/: 550 mA TA - 25·C 

......'!-j Input Leakage Current ±10 ,.A OV < VIN < Vee 

ILO Output leakage Current %10 ,.A 0 .• 5V < Your < Vee 

VCLO Clock Output low 0.8 Volts I. = 2.5mA 

VCHO Clock Oulput High •. 0 Volts loa = -200,.A 

VCLI Clock Input Low Vollage -0.5 0.6 Volts 

VCHI Clock In~ut High Voltage 3.9 Vee + 1.0 Volts ---
.....9~ Input Capacitance 10 pF 

GtO 1/0 Capacitance 20 pF 
-- -- ----------

PIN TIMINGS 
A.C. CHARACTERISTICS (TA = 0"-70·C, Vec = SV :t 10%) 
80188 Timing Requlremant. All Timings Measured All.S Volts Unless Otherwise Noted. 

f--Symbol P.r.matar I Min: I Mn, I Unit. I .!!.I C; .. ~I~~!!lon. 
~YCL Data in Setup (AID) I 20 I I ns 

i-- TCLDX Dalaln Hold (AID) I 10 I I ns _._--
TARYHCH Asynchronous Ready 

(AREADY) active setup 
lime· I 20 I +.~.....:.j___ '. _____ _ 

~ARYlCl ~~;ADY Inaclive selup j ~ ns 

I--!CHARYX -"_READY ~~..'!~__ 15 ns 

TSRVCL Synchronous Ready 
(SREADY) transition se'lup 
time 35 _ ---1 ns 

TCLSRY SAEAOY transi1ion hold 
ns 

,lime - -.---l--""'~-i -f.....-.--------. .... -- .- 25 __ ._ 
. ..2~_VC~_ .~()LD S.~ucp=· = ___ . 

TINVCH INTR, NMI. TEST, TIMERIN. 
Setup· I 25 

~VCL-~~Qo. D~C::l:S~~~- .. ~·25 ...J.~....l.--

ns 

ns 

·To guarantee recognitIon at next clock 
.0 

A.C. CHARACTERISTICS (Continued) 

80186 Master Inlerlace Timing Responses 

80186·3 (8 MHz) 80186·6 (6 MHz) 

Symbol Parameter Min. ax. Min. Max. Units Test Conditions 

TCLAV Address Valid Delay 10 44 10 63 ns ICL 20-200 pF all outputs 

TCLAX Address Hold 10 10 ns 

TClAZ Address Float Delay TCLAX 35 TCLAX 44 ns 

TCHCZ Command lines Float Delay 45 56 ns 

TCHCV Command Lines Vahd Delay 
(afler 1Ioal) j '~n·", ~" TCHCL ns 

TlHlL ALE W,dlh TCLCL·35 ns 

TCHLH ALE Active Delay :: 44 ns 

TCHLl ALE Inactive Delay 44 ns 

TLLAX Address Hold to ALE 
Inactive TCHCL·25 TCHCL·30 ns --_._-_._------

TCLDV Data Valid Delay 10 44 10 55 ns 

TCLOOX Data Hold Time 10 10 ns 

TWHDX Dala Hold after WR TCLCL·40 TClCl·50 ns 
-------._---

TCVCTV Control Active 0elay1 10 70 10 67 ns 

TCHCTV Control Active DeJay2 10 55 10 TCHCL ns 
..... .. -- .. 

TCVCTX Control Inactive Delay 10 55 10 TClCH ns 
f-· ---- ----- .-

TCVDEX DEN Inactive Delay 
(Non-Write Cycle) 70 87 ns 

TAZRl Address Float 10 AD Active ns 

TClRl AD Active Delay 10 70 10 87 ns 

TCLRH AD Inacllve Delay 10 55 10 TClCH ns 

TRHAV Rfi Inactive 10 Address 
Aclive TClCl·40 TCLCL·50 ns 

TClHAV HLDA Valid Delay 10 50 10 67 ns 

TRLRH AD Widlh 2TClCL·50 2TCLCl·50 ns 

TWLWH WI'i Widlh 2TClCL·40 2TCLCL·40 ns 

TAVAl Address Valid to ALE Low TCLCH·25 TCLCH·45 ns 

TCHSV Status Adive Delay 10 55 10 TCHCl ns 

TCLSH Status Int'lclive Delay 10 55 10 TClCH' ns 

TCLTMV Timer Output Delay 60 75 ns (100 pF max 

TClRO Reset Delay 60 75 ns 

TCHOSV Queue Status Delay 35 44 ns 

TCHDX Oala Hold Time 10 10 ns 

80186 Chip. Select Timing Responses 

I Symbol Parameter Min. Max. Min. Ma •• Unils Test Conditions 

!TClCSV Chip-Select Aclive Delay 66 80 ns 

ITCXCSX ChIp-Select Hold Irom 
Command Inaclive 35 35 ns 

TCHCSX Chip- Select Inactive Delay 10 35 10 47 ns 

41 



A.C. CHARACTERISTICS (Continued) 

80186 ClKIN RequIrements 

Symbol Parameter 

lCKIN elKIN Period 

TCKIIL eLKIN Fall Ttme 

rCKLH elKIN Rise Time 

TCLCK eLKIN Low Time 

TCHCK elKIN High Time 

80186 ClKOUT Timing (200 pF load) 

Symbol Parameter 

TCICO eLKIN to CLKOUT Skew 

rCLCL CLKOUT Period 

rClCH ClKOUT Low Time 

rCHCL Cl KOUT High Time 

rCHICH2 ClKOUT Rise Time 

rCL2Cl.I CLKOUT Fall Time 

80186-3 (8 MHz) 

MIn. Max. 

62.5 250 

10 

10 

25 

25 

Min. Max. 

50 

125 500 

"1 reLeL· 75 

'h releL·7 5 

15 

15 

All hmlngs mensured at 1.5 volts unless otherwi~e nOled. 

4;> 

80186-6 (6 MHz) 

Min. Max, 

83 250 

10 

10 

33 

33 

Min. Max. 

62.5 

167 500 

, . .., reLel· 7 5 

112 reLeL· 7 ,5 

15 

15 

UnIts Test Conditions 

ns 

ns 3.5 to 1.0 volls 

ns 1.0 to 3 5 volls 
--

ns 1.5 valls 

ns f 5 volls 

Units Test Conditions 

ns 

ns 
.-

ns 1.5 volls 

ns 15 volts 

ns 1 o 10 35voll5 

ns 3.5 to 1 valls 

,...---- IAPX 18& 

AD.f:t _ ~ 

WAVEFORMS 

MAJOR CYCLE TIMING 

v," r, r, T1 Tw r, 

ClKOUT 

TCHez 
NOTEt 

iH£ts" 
A'QI~-"'.~~ 

~ /--

H,ll 

DEN 

PAlAOUT 

\~TWH'!. TCy~TE 

__ +1 I TWLWM I Lr--II---

LLi' 
,"'VCT1I:."r '-­"'lDYel"'" 1_ YeLDX 

POINTER 
FLOAT 

I~II~ 

-I ~ --I t++---" 
SOF~ ... ~_~~~g_-DE~ -VOl. i RD, WA, INTA., OT/A Yf*l 

PeS, 
MeS 
LC5, 
MCS 

TClltI_ 

~ 

INVAltD ADORESS 

-I~ TCtteSX_ 

rellC,xi -F-



IAPX186 

WAVEFORMS (Continued) 

MAJOR CYCLE TIMING (Conllnued) 

CLKOUT 

S2,SI'~ 

iHfJs70 

A"ISo-A .. !$, I 'I'~C:"-" Til'l -'I I "'---

ALE 

r"·j rT"Ala t reLAz 

FTDVCl-~JI AD,,-AQ, A'~i I FLOAT~ DATA3C FlOAT ~ 

READ CYCLE 

AD 

DT/R 
WR. iNTi Vn.~ 

6Eii 

PCS, 

~ I .I 
liB 

NOTES 
1 Followmg a WUle cycle, the locitl Bus " ftoated by the 801M only When the 

80186 entl'15 I 'Hold Acknowledoe" 11_ 
2 INT" occurs one dock Jeter In AMX-mode 
3 Stlllu$ InactIve Just PlIOI' 10 1. 

44 

035518'''5 

CUtOUT 

LOCK 

CutOUT 

NMI, 
TEST 

INTO·3 
TIMERIN ____ ---1 

ClKOUT 

QSO. aS1 

IAPX 186 

WAVEFORMS (Continued) 

OJS-'i18046 

03SStBn 

TCHQSV 

4', 



IAPX 188 

WAVEFORMS (Continued) 

T, 

ClKOUT 

ARDY 

ClkOUT 

Cl.OOT~HVCl _ 

00 -It----t---
HOLO 

HLDA 

---00 -+---t-JI 

ADIS-ADO ----o0tn 
10'" D£Il---- oo 

Al9(S6--Al&'S3, ----00 

AD.WA. 101M 
Iim.----oo 
DT'A, 

52-SO 

HOlD-HlDA TIMING 

T, 

Tct.ttM 

}---

:~ ---' 

4(; 

T, 

T. 

TCHeY r 

035518·A\I 

ro5518·50 

T, 

,TClAV 

10'" 

00'" 

IAPX 188 

WAVEFORMS (Continued) 

TIMER ON 10188 

eLKIN 

CLKOUT TCtCO 

1 • Tela. '1 035518,52 

TlMERIN 

I 
----J 

nNVCH 

80186 INSTRUCTION TIMINGS 

The following instruction timings represent the mini· 
mum execution time in clock (ycles for each instruc­
tion. The timings given are based on the following 
assumptions: 

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

• No wait states or bus HOLDS occur. 

OJS51B·Sl 

• All word-data is located on even-address 
boundaries. . 

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

All instructions which involve memory reference can 
require one (and in some cases, two) additional 
clocks above the minimum timings shown. This is 
due 10 the asynchronous nature of the handshake 
between the BtU and the Execution unit. 



IAPX 186 ___ _ 

FUNCTION 

DAtA ruMSfER 
MOW. III.,. 
R!OISI~rl0Rf:9IS1efMtmory 

INSTRUCTION SET SUMMARY 

FORMAT 

11-600100, mOOleo 
i I Reo.\ter memnry to reOtster l' 0 0 0 I 0 I • I "'uu '~\I • '" I 

imm~d'''leloregts'ermemory I, 100 ° 11" I mO<lOOO 1m I 111" d",,1 ... 1 

Immedt"e10 feg'$ler 11 0' 1. feQ I dali I data,I .... ! 

Memory !O Kcumut3lo/ 11 0 I 0000 til I add,-low I ad4r·I\'QIl 

Accumulalortornemory I, 01000 t.l addrlow I IOclr·!\'oll 

ReQtsI~rmemorylOSlIlrn!",f!Q,slet 'I 0001 1 1 0 I modOletj rm I 
SeQment r,gtSle/To Il'gTst~1 memory 11 0 0 0 , 1 0 0 I mod 0 leg I m 1 

",SM:a ,., .... : 

Memo,., 11 1111",1 mod'IO 1m I 
RI!Q'Sler 10 1010 fry 1 

SeQmen!rtO,,,ef ~Ioto~o~ ... ;,~, ;O~I=~~=r::J!~~:::J 
Immedll1e @ 1 1'0 1 0 s 0 I d&II ,..tI,_O 

PO.ttl • !Just! All 

po,. "" 
Memory 

ReO'SI!!1 

~mentltOlsttr 

PON • !lop All 

lCHG '" be"''' .. ' 
RtOlstermemoryw,thftQlster 

Reglslerw,lhactumulJlDr 

IN-&llrlll:lrwm 
Flledpon 

v.al'abltporl 

OUT .. hqtI1 tI" 
f •• eIlDO" 

V3mblepon 

lUT .. lranS1Jltby!.toAl 

lEA" lold EA 10 1~lsll' 

LDS - lOld ~omlle' 10 OS 

LEI-LoadpOtrlltrioES 

lAHF .. lOldAHwltnllags 

UHf .. SIOfe AH mlo IIfQs 

",SMF· Pusl'l nags 

,.,,, .. Pt!pn'\Is 

10 1 ;0" 0 I) if] 

IT 0 0 0 1 1 1 1 I mooOOD 1m I 
101011 'tV I 
IOOOlfOll'l (ItQ-Oll 

(0 n ooooTJ 

11 000011.-] modreg -,-m=] 

110010 reg I 

P=-t 1 0010 ",I pot1 

11 "OlIO .. ! 

(, i 100 11 wi ocm 
'I 1 101 1 1 .1 
1'1010 1 111 

Illinoria'] modrtg ,ml 

11100010 q moore; 1m I (moll .. 1t) 

1110001001 mod't9 '·m I 1ml)(l-l1) 

11 001 1 11 tI 
1100111101 

1100111001 

l' 001 1 10 Ij 

Shaded areas indicate instructIons not available in iAPX 86.88 microsystems, 

All mnemonics copyright of Inlel Corp 1963 

Clock 
Cycle, I Comment. 

2/12 

219 

12-13. 8/l6-bit 

3-4 8/l6-bit 

9 

219 
2111 

16 

10 

10 

38 

20 
10 

8 

51 

./17 

3 

10 

8 

11 

6 

18 
18 

2 
3 
9 

8 

------------- - - 4ij--- ---' 

FUNCTION 

IIUTHMfTlt 
100. Ad" 

_.~2. 

INSTRUCTION SET SUMMARY (Continued) 

FORMAT 

Reomemorywtttlregtsltftoetttler 10 00000 d 'II I modllQ 1m 

tmmedr'I!IOteGtSTer memory 11 00000 S \ili'l mooOOO dal~ cwallsVJI~OI 
tmmedille to Kcumulillof 10 0 0 0 0 1 0 "" I d," tt •• 1 

ADt .. AIi,w" 1:1",: 

Rtg.memory*'1IHeQtSlerIOlttflel 1''-00-' 0011 .1 modrlQ 1m 
.. ~ ~ ~ A A i 

'''''''I;V'.'~ '" '''''~'~I·''''''''U'' I. v U U V V ) • I mod 0 1 0 I m da1¥ d3l1 It Sill' - 01 

tmmedl~'e'Oktumula'or 1000 I 0 , 0 .1 ~" 1I~"11w-l 

'Me", tnemM ... · 
ReQtstermemory 11111111.1 modOoa 1m I 
Reg,ster 10 ! 000 reo I 
SUI .. s.tnct 

Reomemory'ndregtSleJ l01ftflet !~ ~~-~: ~d ""1 modreg rm 

"lJJ"<:'II"I~ ''',m 1"'II'~I~r """"'UIY I, U u U U II' • I mod , 0 t , m I d,ta d3la ,I ~ .. ...: 0 t 
Immtdllle lrom ICcumut'Ior 10 0 I 0 , , 0 .1 d3la I dilla 11. - 1 

SI'" s.tr.d.""",,..... 
Reo rrwmory ,nc! rtgtSIl!llo !tlMr 

Immedtale hom 'tOtSler memory 

Immediate from ,ctllmuj,lor 

Oft .. Ott ... ",.",: 
R!Q1Slermemory 

ReQlsler 

c., .. c."".,," 
RtO,st!l'memory.llhtetjlst!l 

Rl'gISIe, WlltlrtO'sler memory 

Irnmed'Jle .11h revlller. memory 

Immedllle.rthltcumulalol 

If£G = ClQnQt SIgn 

AAA .- ASCllldlusllor add 

DAA - Otttmalldtust 101 ,dd 

W-ASClIId,ustforsublrltf 

DAS ~ Oe1::fmal adJUSllor sub"1t1 

.Ul~MuI11p1y'un;!gned' 

R!g!ste'·B~e 
Retj'Slef.'M::Irll 
Memo,.,-S'(te 
Memory-~Id 

IMUl.,. InleOllmlllTtplylSl0nedl 
~eQ'SIe,S'(Ie 

Reo,s,el-~Id 

Memory,Byee 
Memory·Word 

~0_0_1 10 d ... I modreg rm 

poo-ao-os.1 modOll rm I daUtls.·Ol 

10001 I 10.1 dlti I d)l) " .... ". t" 

[1---"'" 1.1 modOO' rm 1 
10 1001 TeQ 1 

1601 I 10' w] -mOdregfm] 

L!::'!_'n_1' 00*1 modrl9 rm I 
(10if6-o

n

o-S.1 moen! 1 1m 1 d3l1 dal1115 ....... 01 

100' , 1 '0.1 d,l, 1 4"',1 .... -1 

11111011.1 rnocI011 Iml 

100110"11 

1001001 1 ,I 
10011111 II 
100101 , , II 
[I; I 1 (jl-'-.TmodIOO 1m 1 

(, i'-' 01 1.1 mod j 0' 1m 1 

Clock 
Cycle, 

3/10 

4/16 

3/4 

3/10 

./16 

3/4 

3/15 

3 

3/10 

4/16 

3/4 

3/10 

4/16 

3/4 

3/15 

3 

3/10 

3/10 

3/10 

3/4 

3 

26-28 
35-37 
32-~ 

.1-43 

25-28 
~-37 
31-~ 
.0-43 

=';llmlQft~multtPY 1011010 S 11 modl19 dIIJ .ds-o 1122-25129-32 

EtI'ImOt¥'de'unSlO~dl 

R!Qtster,B'(te 
ReotSler-Word 
MemOl)'-By1e 
Memory·Worll 

11 1 i '-01 1.1 mot1 t 10 If" 

Shaded areas Indicate instructions nol avaIlable In IAPX 86. BS microsyslems 

All mnemomcs copynght ollnlel Corp 1983 

4.q 

29 
38 
35 
44 

lAP X 186 

Comments 

B/1G-bit 

8/16·bit 

Oll6-blt 

8/16-blt 

ellS-bit 



IAP~~~ ________________________________________________ _ 

fUNCTION 

A'UTH.mc Itemlnltl')' 

IOIVTlntegerllr",de(slgned) 

R'II'st!l·Byte 
R~lster·Wor!l 

Memory·By1e 
M~mory·'Mml 

.u.M;ASCJl~dI1l5110rmu",ply 

MO ~ ASCU JdlUSllof dn/lde 

ClW -ConV!rfbylelowoflt 

INSTRUCTION SET SUMMARY (Continued) 

FORMAT 

1'-' I 10 1 ' W I mOdi I' 1m I 

[,-;OTOiool DODO 10 1 01 
1110 1 0 1 0110000,10101 

I' 00 1 10001 

CWD-CoOV!r1 WOI!l 10 double wOfll I' 001 I U U , I 

lOGIC 
Shlft ....... I"'nctlllli 
ReQlsler'Memorybyt 

Register M~morybyCl 

RlQlSflrrMlmory by Count 

"_D .. AM· 
l'IeglTlfmory,nd reOlstertoelll1er 

Immed'~le 10 req"ler"memory 

ImlTlfd,m10 atcurnulJlor 

TfST'"' .... ~ .. n ..... ,..11t 

,'101000 I'll modmrm 

1'101001wl modmrm 

li _!_~A_6 ~_! I mod T1} ! ~ . iDUIIt 1 C I 
m_ 
aDo AOl 
001 FlOR 
010 Rel 
01 , IlCR 
,00 SHl SAL 
'01 SHR 
'11 SAR 

r!-~100Q-dwl mod/tV 1m 

(10-0-0000;", madlOD 1m elm dlllllw,,1 

10 0100 1 0.1 d,la d,"" ...... 1 

R~,stel memory Ind '~15I!r 11 0 0 0 0 lOw I mod ft9 

Immedl.te 11111 1m:! accum~lllor 

... Or 

Rl!'9lT1f!moryandf~l!tefklllll1'ltf 

tmmedille10 ftQlS\!1 memory 

tmmtOlafelo,cWfTlofalOi 

IOR_In:"'''''1f: 
Rl!QmemoryOilldfeQ'51!'rlolilltlel 

Immediate 10 leijlSltf'mtmory 

tmme41IJlelOltC\JIflOllfOf 

fIOT- tlMlrtttQlsler'mtmory 

mUlRMAMtI'Ul.ATlON 

II 1 1 101 1 ",I -mod 000 r m r---ciala data "_" I 
i. ft ...... "._.1 I· u , ... " .. I d~'a -diiill.:-rJ 

l!.J!J!:~!_tfd-w.l modr~ rm 

r'- 000000 _I modOO' 1m I dlla dlllllw-l 

to 000' 10 'IIi Gala I data".~' 

l!l:.!._' ~ I!~_~I rnocIll!Q 1m 

(Toooooo wi modllO 1m I data dlllll.-1 

'001 1010 w\ dill I dalO1,I",,- I 

II t I 101 1.1 motlOl0 1m) 

IIOYS-MOW'by'f!'IItOfd II 0' 0010.1 

C"PS~Compu!lrV'feW(lfd 110 I 001' .1 
ICA! ·Scanby'f! word If 0 , 0 , , , 'It I 
LDDS,loadbvrewdloAlAX I, 0' 0 I 10 wi 
ITOS·SlorbylewdllomALA 110, 0 10' .1 
... _"", .. ';';0.,.., 10" a, '0 wi 

Clock 
Cycl •• 

«-52 

53-61 
SO-58 
59-67 

'9 
15 

2 

2115 

5+n/17+h 

3110 

4116 

3/' 

3110 

'"0 
3/4 

3110 

"16 
3/. 

3110 

.{16 

3/. 

3 

8+8n 

5+22" 
5+15n 

6+1'" 
6+9" 

IKIll .. Ou1outbyW.cltoOXpoT1 .=lo_'='=o='==':::'=-wl ______________ L __ 
Shaded areas Indicate Instrucllons not aV311rlbte in tAPX 86, a8 mlcrosyslems 

Alllnr1f"!mf)f)r(;~ r.orynqhl of Inlol Corp 198:1 

'0 

Comments 

811S-bit 

81l6-bit 

81tS-bit 

81l6-bit 

FUNcnON 

"e-pUlt\1DyCOllnt'nCX 
lion ·MOY!stronq 

tMP'S-Comp,restf,no 

SW-SClI'ISlfrn; 

CONTROl ruMIft:R 

tALL-CIII' 
OUtClwlttlln 5tqme-nl 

Re-QISltrmtmory 
rndrreclw,tIl'''segmtnt 

Outctmle-rStQme-nf 

Indirect ,mtfSevmtn' 

"''''~~tientl''''''; 
Shor1lonQ 

O"tClw,ltllnS!I;lmenl 

INSTRUCTION SET SUMMARY (Continued) 

fORMAT 

(1 i-T 0 100 0-1- cll!P-1ow---T- d'SP-II;ij~ 

I' , I I I 1 I I I madOtO 1m I 
r-ifi)il"OIOC ~I~ 

I UO"'trllsele-ClOl I 

{T}'7 I I I , 'J ~ Imoll. HI 

fIT1l!...'_~l'l .~ 
~tf1~-d'SP.'OW d'51)·II'1I1I 

ReOISltlme-moryrndlfeClwrltltnStQmenll' 11 I I l' '1 

Oortcl,nltfuomtnl fIT!o~ sevmenl0llse-1 

I St9mentsellClor 

lndlltclrnlefseqmenl ry=TTi~Od'~ lmod. 11\ 

lIlT :. R ..... hnI CAlL. 

Wrlllrn s!9
mellt ~I ,:,~o~o~o~O~' ~'~I -=.,---r------o-"..,.-..,--, 

W'th'Tl seq Idllonglmmed 10 SP 11 I 0 0 0 0 , 0 I da1,·\ow d~ti·t"O" 

tnterseome"1 I, 100 10' , I 
lnle-lseomel1laCldlnOlmmedrltt IOSP :=ll=;'=:O=:O~' o~, ~o ?-1--::"= .. .,-,,-.--r---::,.= .. ·7,,,=,-, 

Shaded areas Indicate instructIons not available In iAPX 86,88 microsyslems. 

All mnernonk.s copytlQhl nllnlel Corp 1983 

~d 

Clock 
Cycl •• 

14 

22 
15 

,. 
13119 

23 

38 

13 
13 

11117 

13 

26 

16 
18 

22 

25 

IAPX1811 

Comment. 



IAPX186 

INSTRUCTION SET SUMMARY (Continued) 

FUMC110N 

CO."'Dl T1WISFEfI (CtftIl"t4," 

JlIJZ ...... lr1l'Qu11lt'l1 

FOAMAT 

[fTITTlooT- dlSP 
I I .lJJllCE .. ~O"'fU".9'*O' .. 1011,11100 

Jl£JtlIiii ....... IJ'~!II!QIIII~II'.. 10 1 tit 11 0 (lISP 

"'JUE .. ~!)I""'IOOI&IQotOI_ 101110010 a,sp 
JIlIJfU, .. ~!)I~ltl'OllllroctltlOl'i! 101110110 (lISP 

"JP(-N"!!IJIP"I'fPi'ttMl' 10 11 1 101 0 dlSP 

JO·~(JrIOIfrb 10 1 I 1 000 0 GISCI 

.II .. .,,"'. 101111000 GISP 

"'JJIl"~DIII\1I .. 1'(II1M 1011 lOt 0 I IIlsp 

..... JQl-.lll"f!)l!ldlItU~QI'rQIIII 10 lit 1 10 1 ellSP 

M£:JI .. ..,.,!)InGlllIU .. IM.,.. 1011 I 1" 1 "'SIJ 
JlltJAf .. U'!IIII"'.,O ..... MOI.... 10 1 1 1 0 0' I dlsp 

_£IJ11,·..,III"G1 .......... 101110111 GISP 

..,·Jf'G .. ~(YInallII',.,co:I 
JNO~_(I'IIIOIMIb 

...... ..,.,.111l1(li. 
lOOP "I lDootl\ln'e 

lOOf'Z:loon"'lq_lt'lI~ 

Iu 11 1 1 U 1 1 I dlsp 

l!CiOiiI.! 0 , I "'Sf! 
1011110011 diSCI 

II 1 I 000 I 0 I dis;! 

1,110000" dts" 
I i lOOPtQ.rl.OOrtlf ... l._noI/tIOtQIII! 11 1100000 I 

JCIZ .. JwnpOllUItIO It 1 1 0001 1 I at", 

..-.IOw ....... 
l·a 

;~p h I '0 1 0 0 0 I ... L·-,,-;:jItI:tiIIJI·", 

l·t 
l>t 
LBII-lNVt PrOCllklrt piOOn,,] 

nl1'_IIIItMN,,· 

TYDeSI*III!d IT I 001 10 1 I type 

TyoeJ I, tOO I 10 0 I 
nnO-lnlenuptonoverfloolw 1"0011101 

JIIlD-lnttf,uptlrlUln rTt 00"'-'--1-11 

..... botoct __ ,,_ .• IItJoiUJ._.!Il'''' h:~' 

Shaded areas indicate Instructions not available in iAPX 86.88 microsystems. 

All mnemonics COPYright ollnle\ Corp 1963. 

---_._---_. 
5? 

Clock 
Cycl •• 

.'13 

.,13 

.113 

"13 
"13 
"13 
"13 
.,13 
.,13 
"13 
4113 

4113 

.,13 

.,13 

.,13 
4113 
5115 
6116 
6116 
16 
5 

15 
25 

22+18(n-l) 
8 

47 

.5 
481. 

28 

33-3ir ';, 

Comments 

13ifJMP 
taken 

4 ilJMP 
not laken 

JMPtakenf 
JMP nol taken 

+t" . 
. .;~. 

if INT. takenl 
it INT. not 

taken 

.. '. , , 

IAPX 186 

INSTRUCTION SET SUMMARY (Continued) 

FUNCTION 

PflOt£SSOft toll1ll0l 
ClC eleafalry 

CMC " Complement any 

Sn:ySelurry 

ClD- Clealdn!C11on 

lTD ~ Sl!tdll!ctlon 

tu - Clul mleHUpI 

sn~ Sdlnlerrupl 

HlT-Han 

_11 '1411 

lot. -8uslockprellx 

FORMAT 

[iTIll00O] 
11 11 1010 1 I 
1111110011 

It 11111001 

1111111011 

1111110101 

11 11110111 

1111101001 

I, 00110111 

11 1 I 1 0000 I 
fit Processor ExlenSlOn [scaPf! 110"01 1 f f T J mOd ill I m I 

(TTllllaleopcolklop'ocesWI,xtenSlonl 

FOOTNOTES 

The eHective Address (EA) 01 the memory operand is 
computed according to the mod and rim lie Ids: 

if mod = 11 then rim is treated as ~ REG lield 

il mod = 00 then DISP = 0·. disp-Iow and disp-high 

are absent 

il mod = 01 then DISP = disp-Iow sign-extended to 

16-bits. disp-high is absent 

il mod = 10 then DISP = disp-high: disp-Iow 

if rim = 000 then EA = (BX) • (SI) + DISP 

if rim = 001 then EA = (BX) t (01) + DISP 

it rim = 010 then EA = (BP) + (SI) + DISP 

if rim = 011 then EA = (BP) t (01) + DISP 

if rim = 100thenEA = (SI) + DISP 

ifrlm - 101 thenEA = (01) + DISP 

ilrlm = 110thenEA = (BP) + DISp· 

ilrlm = 111 thenEA = (BX) t DISP 

DISP lollows 2nd byte 01 inl;truction (belore data if 
required) 

-eJ:ceplilmod' OOandrfm ." 110lhenEA '" disp-high:disp·\ow 

SEGMENT OVERRIDE PRERX 

10 0 1 reg 1 1 01 

reg is assigned according to the lollowing' 

Segment 
reg Register 

00 ES 

01 CS 
10 SS 
11 OS 

Clock 
Cycl •• 

2 
2 

Comment. 

if tesl ·0 

REG is assigned according to the lollowing table: 

16-BIt(w = 1) 8-BIt(w = 0) 
000 AX 000 AL 

001 CX 001 CL 

010 OX 010DL 

011 BX 011 BL 

100 SP 100 AH 

101 BP 101 CH 

110 SI 110DH 

111 01 111 BH 

The physical addresses of all operands addressed by 
the BP register are computed using the SS segment 
register. The physical addresses 01 the destination op­
erands of the string primitive operations (those ad­
dressed by the 01 register) are computed using Ihe ES 
segment, which may not be overridden . 

---~----- -
S3 



1 
16 Bit Slaves, 111 

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

7 
74LS670 

8 

- Memory Management Unit, 127 

80186 CPU - 16-BIT Microprocessor, 127 
8259A - Interrupt 'Controller, 127 
8531 ASCC - Serial Controller, 127 
8536 CIO - Parallel Port Controller, 127 

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

B 
Batch Processing, 120 
Baud Rate Clock Generator, 7 

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 

F 
FDC Wait Register (Port 308 Hex), 125 
FLOPPY DISK CONTROLLER, 70 
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/O Chip Selects, 15 
I/O Port Address Assignments, 124 
Input Data Bus, 18 
Input/Output Structure, 5 
INT* (Maskable Int. Req.), 21 
Interrupt Control Logic, 11 
Interrupt Controller Assignments, 124 
Interrupt Controller/Select, 11 
INTRODUCTION, 2, 46 

J 
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 
MU1010 & MD1013 JUMPER OPTIONS, 104 
MD1013/1016 Drive List, 105 
Memory Management Registers, 124 
MEMORY MANAGEMENT UNIT, 13 
MITSUBISHI2894-63 (FULL HEIGHT)t 44 
MITSUBISHI M2896-63 (HALF HEIGHT), 43 
Mixing 8 And 16 Bit Slaves, 115 

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

o 
o (System Clock), 25 
Off-Board I/O Controllers, 6 
On-board Functions Register (Port 308 Hex), 125 
ON-BOARD I/O CONTROLLERS, 9 
One Megabyte 16 Bit Slaves, 113 
OPERATING INSTRUCTIONS, 28 
Output Data Bus, 18 

P 
Parallel I/O 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 INTE~LIGENT 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 
RS232/NO MODEM, 54 
RS422 SERIAL COMMUNICATIONS, 62 

S 
S-100 BUS CONTROL SIGNALS GENERATOR, 16 
S-100 Bus I/O Address Space, 125 
S-100 Bus Interface, 17 
S100 BUS, 104 
SEIMENS FDD1 00-8D , 44 
Serial I/O Controller, 6 
Serial I/O 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 
soU1 (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 

W 
WARRANTY, 126 
WD2793 - Floppy Disk Controller, 127 

X 
XRDY (Special Ready), 21 
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Intercontinental Micro 
RPB-200 Application Note 

12-22;"86 

1) RPB-200 used ~ A modem: 

A) Move 2,x5 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) : 

00000 0 
I 
o 0 0 000 

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

2 - Transmit Data (to modem) 
3 - Receive Data (from lUodeln) 
4 - Request ~o send (to modem) 
5 - Clear to send (from modem) 
6 - Data Set ready (from modem) 
7 - Ground 
a - 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) RPR~200 handshaking configuration: 

At default, the RPB-200 handshaking is disabled to be 
compatable with terminals. When using the Clear to Send 
option on printers, the following pin options arc ~vailable: 

0 0 
I 

0 0 

DB-25 pin --> 5 d 
i 
s 
a 
b 

-1 
e 

0 0 

0 0 

20 4 

1 

Jc/"'J' -
\ \i 
\ \ o 0 \ 

o 0 

11 19 

t 



I ----

-! = 

iY 
leM 

InterContinental Microsvstems 

I.-.-

4020 Leaverton Ct., Anaheim, CA 92807 
Phone: (714) 030-0964 
Telex: 821375 SUPPOR T UD 
FAX: (71 4) 630-4811 
Easylink 62562040 BBX (714)632-8750 

~ '--- --- ----' --- -----" 

( TurboLAN Networkiiig~ 

Floppy, Tape \..........-' 
Hard Disk ,~_ SAS-200 ~ \, ______ ,../~ WS-286 

,..~ ---.-

, <J.pp, T.P.', ,, - -- - - - , ,- -- ! 
"fa d DISk : : Serial & P .. -allel \ / . .... , 

" I \ Peript-c..dls I t Senal,' Parallel , 

--] r--" " P.nph ... " , 

('F~~P~'-T:P~ " ~'-~ S --- ' 
~ , ' - -~~--'-' -=-;;~J 

______ " I "'~~ I ' '\ II "-
IBM PC-BUS I ARCNET '~ 

Serial 
Periphl!fals 

Serial 
Peripherals 

floppy 
disk 

hard 
disk 

~~"'~J l "" 

--roo' ~--' 

_~ __ ;:''"': _' ';~: MS'~. :" _ \ ,F=: 
CPS, , ] [ , p"n'.. ' ' ' r:: 

C
' ~,. : ,'- -- '--] [--/ ,.~~:':.. ' . 
- ' ,- ' ' -

______ , _m ' - - -- -- II'" 
____ " __ __ _ _ '~CPS-IMS ~ CP'·100 " : ,,-----

'" _ J SAS-200 

mod ... 

-~ 1 [--

Legend 

, , 

" 

G 
Optional Peripheral 
Can be shared by all users. 

ACTIVE OR PASSIVE 
ARCNET HUB 

Coal( Cable 
Arcnet link 

( - - ---,', 

_____ I I 
5·100 BUS MOTHERBOARD 

CPZ - fo.b sler Processor · B-Bit (1S.Bilj 

CPS - Slave Processor - a-Bit or 1S· Bil 

WS-BO • a·Bit Workstation 

WS-286 - 16-Bit Workstation 

CCB-100 Real TIme Clock 

XXX-100 - Personality Boards 

LAN-PC - PC Arcnet 

LAN5-100 - 5100 Bus Arcnet Board 

InterContinental Microsystems 
- bridging yesterday's, today's and tomorrow's 
technologies for more connectivity. 
Our breakthroughs provide more solutions. for 
network power applications. 

;' , -.J,2 HUB 

C;;:T~ 
A~_. ~C. C~':'l PC 

'T 
~ 
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