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INTRODUCTION TO THE TANDY. 1000 TX 

The TandyO 1000 TX i s  modular i n  d e s i g n  t o  a l l o w  maximum f l e x i -  
b i l i t y  i n  system c o n f i g u r a t i o n .  The computer c o n s i s t s  of a main 
u n i t ,  a d e t a c h a b l e  keyboard w i t h  c o i l e d  c a b l e ,  and a monitor .  The 
main u n i t  is  s u p p l i e d  w i t h  one i n t e r n a l  3%" 720K f l o p p y  d i s k  
d r i v e .  The s t a n d a r d  t y p e s  o f  mon i to r s  used w i t h  t h e  Tandy 1 0 0 0  TX 
a r e  t h e  monochrome composi te  and t h e  c o l o r  RGB mon i to r .  S i n c e  
t h e s e  u n i t s  are  modular,  you can p l a c e  them on t o p  o f  t h e  main 
u n i t  o r  a t  any conven ien t  l o c a t i o n .  

The Tandy 1000 TX comes s t a n d a r d  w i t h  640K of RAM. An o p t i o n a l  
128K upgrade can be added t o  t h e  main l o g i c  boa rd ,  f o r  a t o t a l  of 
768K of RAM. The upper  128K i s  used e x c l u s i v e l y  as  v i d e o  RAM, 
l e a v i n g  640K f o r  sys t em u s e ,  which is t h e  maximum RAM suppor t ed  
by t h e  TX memory map. 

The Tandy 1000 TX comes s t a n d a r d  w i t h  640K o f  sys t em RAM. An 
o p t i o n a l  128K RAM can  be added on t h e  sys t em board t o  expand t h e  
memory t o  a f u l l  768K b y t e s ,  t h e  maximum RAM al lowed by t h e  sys -  
t e m  memory map. 

O the r  f e a t u r e s  i n c l u d e  a p a r a l l e l  p r i n t e r  p o r t ,  a s e r i a l  p o r t ,  
two b u i l t - i n  j o y s t i c k  i n t e r f a c e s ,  a speake r  f o r  a u d i o  feedback,  
and a headphone j a c k  w i t h  volume c o n t r o l .  

The main u n i t  i s  t h e  h e a r t  o f  t h e  Tandy 1000 TX. I t  houses  t h e  
main l o g i c  assembly,  system power supp ly ,  and f l o p p y  d i s k  d r i v e .  

The main l o g i c  assembly is a l a r g e  board mounted t o  t h e  bottom o f  
t h e  main u n i t  and i n t e r c o n n e c t e d  t o  t h e  keyboard, power supp ly ,  
and d i s k  d r i v e  by a se r ies  of c a b l e s .  

The power supp ly  is  a 67W s w i t c h i n g  r e g u l a t o r  t y p e ,  des igned  t o  
p r o v i d e  adequa te  power c a p a c i t y  f o r  a f u l l y  c o n f i g u r e d  system 
t h a t  h a s  a l l  t h e  o p t i o n  s l o t s  i n  use .  

The f l o p p y  d i s k  d r i v e  u s e s  3%" doub le - s ided ,  d o u b l e - d e c s i t y  d i s k -  
e t t e s  t o  r e a d ,  w r i t e ,  o r  s t o r e  d a t a .  These a r e  s o f t  s e c t o r  
d i s k e t t e s .  The d i s k  d r i v e  assembly comes i n s t a l l e d  i n  t h e  main 
u n i t .  The f l o p p y  d i s k e t t e  s t o r e s  approx ima te ly  720K b y t e s  
( f o r m a t t e d )  o f  d a t a .  A l l  sy s t em programs, w i t h  t h e  e x c e p t i o n  o f  
t h e  sys t em s t a r t u p  sequence ,  a r e  s t o r e d  on d i s k e t t e .  
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SPECIFICATIONS 

Standard Features 

80286 CPU runn ing  a t  8MHz, s w i t c h a b l e  t o  4.77 MHz 
Socke t  f o r  80287 numer i ca l  co -p rocesso r  
640K b y t e s  DRAM upgradeab le  t o  t o  768K b y t e s  (16  b i t  d a t a  b u s )  
16K b y t e s  BIOS ROM (16 b i t  d a t a  b u s )  
Tandy 1000 TX v ideo  c o n t r o l l e r  t h a t  s u p p o r t s :  - 128K b y t e s  DRAM ( u s e d  as  sys t em and v ideo  memory) 
- alphanumeric  mode 
- g r a p h i c s  modes i n c l u d i n g :  

- 160 x 200 16-COlOr 
- 320 x 200 4-color  
- 320 X 200 16-color  
- 640 X 200 2-color  
- 640 X 200 4-color  

8237-5 DMA c o n t r o l l e r  t h a t  s u p p o r t s :  - 4 DMA c h a n n e l s  
- 8 b i t  t r a n s f e r s  
- 4 MHz c l o c k  speed  
8259A i n t e r r u p t  c o n t r o l l e r  f o r  8 i n t e r r u p t s  
8253 i n t e r v a l  t imer  t h a t  s u p p o r t s :  - sys t em i n t e r r u p t  t iming  
- sound t iming  
- r e f r e s h  t iming  
Custom keyboard i n t e r f a c e  c o n t r o l l e r  
90-key keyboard t h a t  i n c l u d e s  1 2  f u n c t i o n  keys 
Custom p a r a l l e l  p r i n t e r  p o r t  
S e r i a l  p o r t  (RS-232-C) 
Audio i n t e r f a c e  c i r c u i t  t h a t  s u p p o r t s :  
- i n t e r n a l  8-Ohm speake r  
- headphone jack w i t h  u s e r  a c c e s s i b l e  volume c o n t r o l  

- 5%" 360K f l o p p y  d i s k  d r i v e s  
- 34" 720K f l o p p y  d i s k  d r i v e s  

J o y s t i c k  i n t e r f a c e  for two j o y s t i c k s  
Custom f l o p p y  d i s k  c o n t r o l l e r  c i r c u i t  t h a t  s u p p o r t s :  

One 34" 720K f l o p p y  d i s k  d r i v e  
F ive  8 - b i t  expans ion  s l o t s  
R e s e t  b u t t o n  and s u p p o r t  l o g i c  
67-Watt power supp ly  

4 



O p t i o n a l  F e a t u r e s  

80287 numer ica l  math co-processor  
128K DRAM upgrade ( 1 6 - b i t  d a t a  bus memory) 
5%" 360K f l o p p y  d i s k  d r i v e  
3+" 720K f l o p p y  d i s k  d r i v e  
Hard d i s k  c o n t r o l l e r  
Hard d i s k  c a r d  (20 meg) 
D i s p l a y  a d a p t e r  boards  t h a t  s u p p o r t  mono, EGA, o r  o t h e r  
s p e c i a l  v i d e o  modes 
300, 1200, o r  2400 baud modem boards  
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Physical Specifications 

(Computer and Keyboard) 

Processor: Intelm 80286 
Dimensions: Computer - 1 6 "  x 13%'' x 5" 

Keyboard - 16%'' x 8"  x l+" 
Weight : Computer - 18 lbs. (with 2 floppy disk drives) 

Keyboard - 3 l b s .  4 02. 

Power Requirements: 

Range: 105 VAC to 135 VAC 
Nominal: 1 2 0  VAC, 6 0  Hz, 3 Amp maximum 

With 1 Floppy Disk Drive, 640K Memory: 

AC Current: 350 - 400 mA with floppy doing R/W tests. 
Disk Drive: 

+5 VDC +12 VDC 

R/W 5 6 0  mA (Min.) 340 mA (Max.) 

Main Logic Board: 1700 mA 450 mA 

Operating Environment: 

Temperature: 55 to 8 5  degrees F ( 1 3  to 30 degrees C) 
Humidity : 40% to 8 0 %  non-condensing 

Non-Operating Environment: 

Temperature: -40 to +160 degrees F (-40 to 71 degrees C) 
Humidity: 2 0 %  to 90% non-condensing 

Disk Drive Specifications 
Power: 

supply 
Voltage +5 VDC Input +12 VDC Input 
Ripple 
0 to 50 kHz 100 mV 100 mV 
Tolerance 
Including Ripple +/-5% +/-5% 
Standby Current 
Nominal 190 mA 1 6 0  mA 
Worst Case 220 mA 190 mA 
Ope rating Current 
Nominal 260 mA 600 mA 
Worst Case 300 mA 1000 mA 
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SWITCH SETTINGS AND JUMPER PIN CONFIGURATIONS 

~~~~ ~ 

Jumper Function Interrupt As Shipped 

s2-1 Color/Monochrome Monitor 
on = color 
off = monochrome/composite 

on 

52-2 Interrupt 5 Sync Source Int. 5 on 
on = internal sync 
off = external sync 

52-3 FDC Interrupt Int. 6 on 
on = on board FDC controller 
off = optional FDC controller 

52-4 printer Interrupt Int. I on 
on = enable printer interrupt 
off = disable printer interrupt 

E1-E2 Serial (Corn) Port Enable Int. 4 ins t a1 led 
installed = port enabled 
not installed = port disabled 

E3-E4 COM Port Select 
installed = COMl selected 
not installed = COM2 selected 

E9-El0 Memory configuration 
installed = 512K system memory 
not installed = 640K system memory 

installed 

installed 

Table 1. Switch Settings and Jumper Configurations. 
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TBEORP OF OPERATION 

80286 Microprocessor 

The 80286 (U13) is an advanced, high-performance, 16-bit micro- 
processor with special capabilities for multi-tasking and multi- 
user systems. Two modes of operation are available in the 80286, 
the Real Address mode, and the Protected Virtual Address mode. In 
the Real Address mode, the 80286 is compatible with existing 8086 
and 8088 software and allows addressing of one megabyte of memory 
space. The Tandy 1000 TX does not support the Protected Virtual 
Address mode. 
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Optional 80287 Numerical Math Co-Processor 

The optional 80287 (U15) performs high-speed arithmetic and 
logarithmic functions and trigonometric operations that increase 
the performance of an 80286 system. Performance increases are 
obtained by the 80287's ability to perform math calculations 
faster than the 80286, and also by the executing math 
instructions in parallel with the 80286. 
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Clock G e n e r a t i o n  (Nigh t  Blue) 

A l l  c l o c k s  r e q u i r e d  by t h e  sys t em a re  g e n e r a t e d  by t h e  custom CPU 
C o n t r o l l e r  (U52).  There a r e  two independent  c l o c k  c i r c u i t s  sup- 
p l i e d  by a Dual O s c i l l a t o r  Clock (Yl) from which a l l  o t h e r  c l o c k s  
a r e  d e r i v e d .  

The 1 6  MHz C l o c k  i s  rou ted  i n t o  t h e  CPU C o n t r o l l e r  (U52), which 
g e n e r a t e s  t h e  o u t p u t  s i g n a l s  PRCLK, DMACLK, and SCLK. The Clock 
Switch c i r c u i t r y  r e q u i r e d  t o  t o g g l e  t h e  80286 Mic roprocesso r  
between 8 MHz and 4 MHz mode, a s  w e l l  as  t h e  t h e  l o g i c  t o  p r e v e n t  
any s h o r t  c y c l i n g  d u r i n g  a c lock  s w i t c h  c y c l e ,  a r e  implemented i n  
t h e  CPU C o n t r o l l e r  I C  (U52).  I f  t h e  s i g n a l  XD3 i s  a s s e r t e d  h i g h  
d u r i n g  an 1/0 w r i t e  t o  p o r t  062  ( h e x ) ,  t h e n  t h e  o u t p u t  s i g n a l  
PRCLK is 1 6  MHz, which o p e r a t e s  t h e  80286 i n  8 MHz mode. I f  t h e  
s i g n a l  XD3 is a s s e r t e d  low d u r i n g  a n  1/0 w r i t e  t o  p o r t  062 ( h e x ) ,  
t h e  o u t p u t  s i g n a l  PRCLK is a t  8 MHz, o p e r a t i n g  t h e  80286 i n  t h e  4 
MHz mode. When Reset  is  g e n e r a t e d ,  t h e  s i g n a l  RES* i s  a s s e r t e d  
l o w  and d e f a u l t s  t h e  Tandy 1 0 0 0  TX t o  t h e  8 MHz mode. 

The CPU C o n t r o l l e r  Chip a l s o  c o n t r o l s  w a i t  s t a t e s  t o  i n s e r t  t h e  
p rope r  number of w a i t  s t a t e s  r e q u i r e d  f o r  a two c l o c k  mode o f  
o p e r a t i o n .  When t h e  PRCLK s i g n a l  i s  1 6  MHz ( 8  MHz Mode), t h e n  
fou r  w a i t  s t a t e s  a r e  i n s e r t e d  i n  a l l  8 - b i t  Memory and 1/0 c y c l e s .  
When t h e  s i g n a l  PRCLK i s  8 MHz ( 4  MHz mode) t h e n  two wai t  s t a t e s  
a r e  i n s e r t e d  d u r i n g  a l l  8 - b i t  Memory and 1/0 c y c l e s .  During a l l  
1 6 - b i t  memory c y c l e s ,  o n l y  one w a i t  s t a t e  is i n s e r t e d  i n  bo th  t h e  
8MHz and 4MHz modes. 

PRCLK is t h e n  rou ted  through t h r e e  damping res i s tors  t o  produce 
t h e  s i g n a l s  PRCLK f o r  t h e  80286, PRCLKA f o r  t h e  80287 math co- 
p r o c e s s o r ,  and PRCLKB f o r  t h e  DRAM/DMA c o n t r o l  l o g i c .  

DMACLK and SCLK a r e  o u t p u t  s i g n a l s  f o r  sys t em u s e .  The DMACLK 
o u t p u t  f r equency  i s  f of t h e  PRCLK s i g n a l ,  and t h e  SCLK o u t p u t  
f r equency  is Si of  t h e  PRCLK s i g n a l .  Both a r e  synchron ized  by 
Reset  t o  t h e  PRCLK o u t p u t  s i g n a l .  A f t e r  a Reset ,  DMACLK and SCLK 
a re  h e l d  low u n t i l  t h e  80286 a s s e r t s  s t a t u s  S1  = 0 .  SCLK and 
DMACLK m a k e  t h e  f i r s t  t r a n s i t i o n  on t h e  f a l l i n g  edge o f  PRCLK, 
f o l l o w i n g  w i t h  a T s  s t a t e  t h a t  s y n c h r o n i z e s  them t o  PRCLK. 

SCLK is b u f f e r e d  by I C  U68 (74ALS244) and f i l t e r e d  by R51, C198, 
and FB7, and is t h e n  r o u t e d  t o  t h e  Expansion B u s  f o r  o p t i o n  board 
use.  DMACLK is f i l t e r e d  by R37, FB3, and C171, and is then  rou ted  
t o  t h e  DMA C o n t r o l l e r  ( U 1 1 ) .  
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Tab le  2 shows a l l  t h e  c l o c k s  g e n e r a t e d  from 16 M H z  i n  b o t h  modes: 

8 MHz Mode 4 MAz Mode 

PRCLK 
SCLK 
DMACLK 

16 MHZ 
8 MHz 
4 MHz 

8 M H z  
4 MHz 
2 MHz 

Table 2. Clocks Generated From 16MBz. 

The CPU C o n t r o l l e r  g e n e r a t e s  t h r e e  o t h e r  c l o c k s .  They a re  d e r i v e d  
from t h e  28.63636 MHz Clock O s c i l l a t o r  (Yl). These a r e  OSC, 3.58 
MHz, and 1.19 M H z .  The 28MHZ i n p u t  s i g n a l  is d i v i d e d  by 2 t o  gen- 
e r a t e  O S C ,  which is  b u f f e r e d  by U68 and f i l t e r e d  by R 4 9 ,  C190, 
C 1 9 0 A ,  and FB6.  OSC is t h e n  r o u t e d  t o  t h e  expansion bus s l o t s  f o r  
v ideo  c l o c k s  f o r  any o p t i o n a l  v ideo  boa rds .  The 28MHZ s i g n a l  is 
a l s o  d i v i d e d  by 8 ,  g e n e r a t i n g  t h e  3.58 M H z  c l o c k  which is r o u t e d  
t o  t h e  Sound Genera to r  (U7). 28MHZ is a l s o  d i v i d e d  by 24 t o  
become t h e  1.19 MHz c l o c k ,  which i s  rou ted  t o  t h e  c l o c k  i n p u t  o f  
t h e  I n t e r v a l  T i m e r  8254-2 (U12).  
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Command and Control Signal Generation 

The command and c o n t r o l  s i g n a l s  r e q u i r e d  f o r  t h e  Tandy 1 0 0 0  TX 
o p e r a t i o n  a r e  g e n e r a t e d  by t h e  CPU C o n t r o l l e r  (U52). The command 
s i g n a l s  a r e  decoded from t h e  CPU s t a t u s  s i g n a l s  SO*-S1* and M/IO* 
d u r i n g  t h e  T s  c y c l e .  The decoded s i g n a l s  i n d i c a t e  t h e  t y p e  of 
c y c l e  t h a t  i s  t o  be execu ted  (MEMR*, MEMW*, I O R * ,  IOW*, I N T A * ) .  
The c o n t r o l  s i g n a l s  ( A L E ,  DT/R*, DSDENO*, DSDENl*, MEMCYC) con- 
t r o l  t h e  l a t c h i n g  o f  a d d r e s s e s ,  de t e rmine  t h e  d i r e c t i o n  and ena- 
b l i n g  of t h e  d a t a  bus  b u f f e r s ,  and s t a r t  a memory c y c l e .  Tab le  3 
i n d i c a t e s  t h e  decoding of t h e  CPU s t a t u s  s i g n a l s .  

M/IO* S1* SO* Type Of BUS Cycle 

0 0 0 I n t e r r u p t  Acknowledge 
0 0 1 1/0 Read 
0 1 0 I / O  Wri te  
0 1 1 None: I d l e  
1 0 0 H a l t  o r  Shutdown 
1 0 1 Memory Read 
1 1 0 Memory Write 
1 1 1 None: I d l e  

Table 3. CPU Status Signal Decoding. 

A 0  and BHE* a r e  decoded t o  de t e rmine  t h e  d a t a  t r a n s f e r  width t o  
and from t h e  CPU. Tab le  4 shows t h e  d a t a  t r a n s f e r  width depending 
on t h e  s t a t e  of A 0  and BHE*. 

BHE* A0 Width of Data Transfer 

0 0  Word T r a n s f e r  
0 1  Byte T r a n s f e r  D8 - D15 
1 0  Byte T r a n s f e r  DO - D7 
1 1  Not Used 

Table 4. Data Transfer Width Decode. 
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Command B u f f e r  

Some of t h e  command s i g n a l s  g e n e r a t e d  by t h e  CPU C o n t r o l l e r  ( u 5 2 )  
r e q u i r e  b u f f e r i n g  t o  t h e  sys tem.  The I C s  (U68) and (U22) imple- 
ment t h i s  f u n c t i o n .  The I C s  b u f f e r  t h e  command s i g n a l s  t o  t h e  
sys tem bus  f o r  t h e  expans ion  bus  s l o t s ,  t h e  p e r i p h e r a l  d e v i c e s ,  
and a l s o  t h e  Video C o n t r o l l e r .  The LMEGCS* and CPUHLDA s i g n a l s  
c o n t r o l  t h e  b u f f e r s .  When CPUHLDA is a s s e r t e d  a c t i v e  ( h i g h ) ,  i t  
d i s a b l e s  b u f f e r  (U22). ( O u t p u t s  a r e  t r i - s t a t e d . )  T h i s  i n d i c a t e s  
t o  t h e  sys tem t h a t  t h e  DMA C o n t r o l l e r  h a s  a c c e s s e d  t h e  sys tem 
bus .  When CPUHLDA i s  negated  ( l o w ) ,  t h e n  t h e  b u f f e r s  a r e  e n a b l e d ,  
which a l l o w s  t h e  bus t o  be d r i v e n .  

DRAM C o n t r o l  

The CPU a d d r e s s  decode f o r  t h e  Dynamic Random Access  Memory 
(DRAM) a r r a y  is g e n e r a t e d  by t h e  Custom DRAM/DMA C o n t r o l  I C  
(U53) .  These s i g n a l s  a r e  l a t c h e d  by ALE i n t e r n a l l y  t o  t h e  
DRAM/DMA C o n t r o l  I C  and h e l d  f o r  t h e  comple te  c y c l e .  The a d d r e s s  
decode s i g n a l s  a r e  RASO*, RASl*, RAS2*, CASL*, and CASH*. These 
a r e  decoded by a c e r t a i n  a d d r e s s ,  depending  on t h e  t y p e  of  DRAM 
used and t h e  c o n f i g u r a t i o n  of  t h e  MCO and MC1 jumpers.  Memory 
c o n f i g u r a t i o n s  s u p p o r t e d  by t h e  Tandy 1 0 0 0  TX a r e  640K b y t e s  o r  
768K b y t e s  ( i n c l u d i n g  128K of v i d e o  memory). T a b l e  5 s h o w s  t h e  
d i f f e r e n t  o p t i o n s  a v a i l a b l e  on t h e  DRAM/DMA C o n t r o l  I C .  

Memory Jumper MCl MCO System T o t a l  System C o n t r o l  Bank Address  
O p t i o n  Conf ig  Memory Memory* Range 

1 E9-El0 0 1 512K 640K RASO 512K 000000-07FFFF 

2 None 1 1 640K 768K RASO 512K 000000-07FFFF 
RASl 128K 080000-09FFFF 

Note: T o t a l  sys tem memory i n c l u d e s  128K of v i d e o  memory. 

T a b l e  5 .  Memory C o n f i g u r a t i o n s .  
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MEMCYC t r i g g e r s  t h e  c o n t r o l  s i g n a l s  f o r  t h e  DRAM a r r a y .  The 
MEMCYC s i g n a l  ( g e n e r a t e d  by t h e  CPU C o n t r o l l e r  (U52) i n d i c a t e s  
t h a t  a DRAM BUS c y c l e  i s  i n  p r o g r e s s .  MEMCYC e n a b l e s  RASO*, 
RASl*, RAS2*, CASH*I and CASL*, depending on t h e  a d d r e s s  of t h e  
bus c y c l e .  The s e l e c t e d  RAS(x)* l i n e s  become a c t i v e  a t  t h e  n e x t  
f a l l i n g  edge o f  PRCLKB. 

A f t e r  h PRCLKB c y c l e  a t  t h e  r i s i n g  edge o f  t h e  c l o c k ,  MUX i s  
g e n e r a t e d  and s w i t c h e s  t h e  DRAM a d d r e s s  (MAO-MAE) from Row 
Address  t o  Column Address .  A f t e r  a n o t h e r  PRCLKB c y c l e  a t  t h e  n e x t  
r i s i n g  edge o f  t h e  c l o c k ,  CASL* and/or CASH* a re  a s s e r t e d .  Two 
CAS s i g n a l s  a r e  g e n e r a t e d  i n t e r n a l l y  t o  t h e  DRAM/DMA C o n t r o l  I C  
t o  p r o v i d e  t h e  a b i l i t y  t o  access word or  b y t e  c y c l e s  i n  t h e  DRAM 
a r r a y .  Tab le  6 shows t h e  s t a t e  o f  each  c o n t r o l  s i g n a l  d u r i n g  each  
t y p e  o f  bus c y c l e .  

Address Range Bus =SO* RAS1* RAS2* CASL* CASH* 
Width 

000000-07FFFFH Even Byte 0 1 1 0 1 
000000-07FFFFH Odd Byte 0 1 1 1 0 
000000-07FFFFH Even Word 0 1 1 0 0 

080000-09FFFFH Even By te  1 0 1 0 1 
080000-09FFFFH Odd Byte 1 0 1 1 0 
080000-09FFFFH Even Word 1 0 1 0 0 

Table 6. Signal State Control Signals. 

The s i g n a l s  WEO* and WE1* p r o v i d e  r e a d  and wr i t e  c o n t r o l .  Both 
a r e  a s s e r t e d  a t  t h e  same t i m e  by I C  (U24) and a r e  c o n t r o l l e d  by 
MEMW* (memory w r i t e ) .  I f  WEO* and WE1*  a r e  a s s e r t e d  h i g h ,  i t  is a 
r ead  c y c l e :  i f  t h e y  a re  a s s e r t e d  low, it is a wr i te  c y c l e .  
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R e f r e s h  Control 

The O U T l  p i n  of t h e  8254-2 I n t e r n a l  Timer ( U 1 2 )  g e n e r a t e s  an  
a c t i v e  h i g h  p u l s e  e v e r y  15 usec .  The r i s i n g  edge of t h e  O U T l  s i g -  
n a l  c l o c k s  % of a 74LS74 ( U 4 ) ,  which g e n e r a t e s  t h e  s i g n a l  REFREQ. 
REFREQ i s  an i n p u t  s i g n a l  t o  t h e  8237 DMA c o n t r o l l e r  ( U 1 1 ) .  T h i s  
i n p u t  t o  U 1 1  is a c t u a l l y  Data T r a n s f e r  Request  0 ,  ( D R E Q O ) ,  which 
r e q u e s t s  t h e  DMA t o  per form a DMA c y c l e .  The DMA c o n t r o l l e r  chan- 
n e l  0 h a s  been programmed t o  per form a s i n g l e  t r a n s f e r  from memo- 
r y  t o  an  1/0 d e v i c e ,  such  a s  a f l o p p y  d r i v e .  T h i s  c a u s e s  a memory 
read  a t  a c e r t a i n  a d d r e s s  t o  be performed.  Each t i m e  t h e  REFREQ 
s i g n a l  i s  g e n e r a t e d ,  t h e  DMA c o n t r o l l e r  i n c r e m e n t s  t h e  a d d r e s s  
and per forms a n o t h e r  memory read .  T h i s  c a u s e s  a l l  memory rows t o  
be read  e v e r y  4ms t o  keep d a t a  i n  t h e  DRAMS s t a b l e .  Refer  t o  t h e  
s e c t i o n  on t h e  DMA c o n t r o l l e r  f o r  more i n f o r m a t i o n  on DMA c y c l e s .  

BIOS ROM Cont ro l  

The DRAM/DMA I C  (U53) p r o v i d e s  t h e  CPU a d d r e s s  decode used f o r  
t h e  ROM s e l e c t .  The s i g n a l  g e n e r a t e d  is c a l l e d  ROMCS* (ROM Chip 
S e l e c t )  and is used a s  t h e  Chip Enable  for t h e  BIOS ROMs U38 and 
U39. T h i s  o u t p u t  is a s s e r t e d  whenever any of t h r e e  a d d r e s s e d  
ranges  is d e t e c t e d ,  CPHLDA is i n a c t i v e ,  and ALE is a s s e r t e d .  The 
t h r e e  a d d r e s s  r a n g e s  a r e  OE0000-OFFFFFH, EE0000-EFFFFFH, and 
FE0000-FFFFFFH. The a d d r e s s  l i n e s  SA1-SA15 a r e  provided  t o  t h e  
BIOS ROMs f o r  lower a d d r e s s  c o n t r o l .  The s t a n d a r d  s i z e  of  EPROM 
used i n  t h e  Tandy 1000 TX is  1 6 K  X 8 (128K b i t ) .  The 1 0 0 0  TX 
a c c e p t s  l a r g e r  EPROMs of  32K X 8 (256K b i t )  i f  r e q u i r e d .  

The d a t a  is b u f f e r e d  o n t o  t h e  MDO-MD15 d a t a  bus ,  c o n t r o l l e d  by 
t h e  82C205 I C  ( U 1 4 ) .  

Reset Circuit 

The CPU C o n t r o l  I C  (U52) c o n t r o l s  t h e  system r e s e t  r e q u i r e d  
e i t h e r  t o  i n i t i a l i z e  t h e  complete  system a f t e r  power-up or t o  
r e b o o t .  Two r e s e t  o u t p u t  s i g n a l s ,  RESET and RESCPU, a r e  a c t i v e  
h i g h  and g e n e r a t e d  when a power-up c o n d i t i o n  is d e t e c t e d  or when 
t h e  r e s e t  b u t t o n  on t h e  f r o n t  of t h e  computer i s  p r e s s e d .  

The RESET s i g n a l  i s  used a s  a g e n e r a l  system r e s e t ,  w h i l e  t h e  
RESCPU s i g n a l  r e s e t s  t h e  80286 P r o c e s s o r .  The RES* s i g n a l  is t h e  
i n p u t  t o  (U52) ,  which s i g n i f i e s  a r e s e t  c o n d i t i o n .  The RES* 
s i g n a l  is g e n e r a t e d  e i t h e r  from an  RC network d u r i n g  power up o r  
from t h e  r e s e t  s w i t c h .  During a power-up, RES* is h e l d  low f o r  
t h e  t i m e  p e r i o d  g e n e r a t e d  by t h e  RC time c o n s t a n t  of R24  and 
C135. T h i s  i s  t h e  t i m e  it t a k e s  C135 t o  change t o  an  a c t i v e  h i g h .  
Also ,  i f  t h e  r e s e t  s w i t c h  i s  p r e s s e d ,  it a p p l i e s  a ground t o  C135 
and d i s c h a r g e s  it. T h i s  a s s e r t s  RES* low u n t i l  C135 c h a r g e s  a g a i n  
t o  a l o g i c  h igh .  
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During power-up, t h e  RES* s i g n a l  i s  g e n e r a t e d  twice  t o  provide  a 
p r o p e r  r e s e t  t o  t h e  CPU c o n t r o l  I C  (U52) .  A second RC t i m e  
c o n s t a n t  i s  g e n e r a t e d  by R47A and C171A t o  t h e  i n p u t  of a Schmidt 
t r i g g e r  i n v e r t e r  (U66).  T h i s  h o l d s  t h e  i n p u t  p i n  of U 4  ( J i  of a 
74LS74) h i g h  f o r  approximate ly  150ms. When RESCPU is negated  
a f t e r  t h e  f i r s t  r e s e t ,  t h e  CPU i s s u e s  t h e  f i r s t  command t o  t h e  
CPU c o n t r o l  I C  by d r i v i n g  S I *  low. T h i s  g e n e r a t e s  t h e  f i r s t  
r i s i n g  edge of DMACLK, which l a t c h e s  i n t o  U 4 .  The Q o u t p u t  of U 4  
is t h e n  r o u t e d  t o  an  open c o l l e c t o r  i n v e r t e r ,  (U67),  which 
d i s c h a r g e s  C135, a g a i n  a s s e r t i n g  RES* low and g e n e r a t i n g  t h e  
second r e s e t .  C R l A  p r o v i d e s  a r e s e t  t o  U 4  when C135 is d i s c h a r g e d  
t o  a t  l e a s t  .7v. A f t e r  U4  is reset, RES* i s  r e l e a s e d ,  and C135 is 
al lowed t o  c h a r g e ,  n e g a t i n g  RES* and f i n i s h i n g  t h e  second r e s e t  
p u l s e .  When t h e  CPU issues t h e  f i r s t  command a g a i n ,  which s t a r t s  
DMACLK, U4 l a t c h e s  a low. T h i s  i s  because  t h e  D i n p u t  of U 4  h a s  
t r a n s i t i o n e d  t o  a low by t h e  end of t h e  second r e s e t .  

The CPU C o n t r o l  I C  (U52) a l s o  i n t e r n a l l y  c o n t r o l s  t h e  RESCPU s i g -  
n a l  t o  meet t h e  r e q u i r e m e n t s  of t h e  80286 d u r i n g  a d e t e c t e d  s h u t -  
down c o n d i t i o n .  

Wait State and Ready Logic 

Wait s t a t e  c o n t r o l  is implemented i n t e r n a l l y  t o  t h e  CPU C o n t r o l  
I C .  The f u n c t i o n  of t h e  w a i t  s t a t e  c o n t r o l  l o g i c  is t o  match t h e  
speed of t h e  v a r i o u s  d e v i c e s  i n  t h e  Tandy 1 0 0 0  TX t o  t h e  speed of 
t h e  80286 CPU. Two c i r c u i t s  a s s e r t  w a i t  s t a t e s  w i t h i n  memory and 
1/0 c y c l e s .  One method is c o n t r o l l e d  by t h e  d e v i c e  be ing  
a c c e s s e d ,  u s i n g  t h e  IOCHRDY s i g n a l  i n p u t  t o  t h e  CPU C o n t r o l  I C .  
I f  a d e v i c e  r e q u i r e s  a d d i t i o n a l  w a i t  s t a t e s  w i t h i n  t h e  bus  c y c l e ,  
t h e  d e v i c e  should  n e g a t e  IOCHRDY low u n t i l  it can s e r v i c e  t h e  bus 
c y c l e .  A f t e r  t h e  r e q u i r e d  number of  w a i t  s t a t e s  have been 
i n s e r t e d ,  t h e  d e v i c e  should  a s s e r t  IOCHRDY,  c a u s i n g  t h e  READY* 
o u t p u t  of t h e  CPU C o n t r o l  I C  t o  be a s s e r t e d  low, which t e l l s  t h e  
CPU t o  t e r m i n a t e  t h e  c y c l e .  

The second method ( i n t e r n a l  t o  t h e  CPU C o n t r o l  I C )  is s e v e r a l  
d e f a u l t  w a i t  s t a t e s  d u r i n g  t h e  v a r i o u s  bus c y c l e s .  During a 16- 
b i t  memory c y c l e  (which is de termined  by t h e  a s s e r t i o n  of AF16*), 
one w a i t  s t a t e  is a u t o m a t i c a l l y  i n s e r t e d .  The d e f a u l t  of an  8 - b i t  
memory o r  1/0 c y c l e  i s  f o u r  w a i t  s t a t e s .  T h i s  can  be o v e r r i d d e n  
by d r i v i n g  IOCHRDY low a s  mentioned above. A s  long  a s  IOCHRDY i s  
a t  a l o g i c  low l e v e l ,  w a i t  s t a t e s  a r e  i n s e r t e d  i n d e f i n i t e l y .  

Note: IOCHRDY should  n o t  be h e l d  low f o r  l o n g e r  t h a n  15  usec  
because  it w i l l  s t o p  DRAM r e f r e s h  c y c l e s .  
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NMI Logic 

I n  t h e  Tandy 1 0 0 0  T X ,  t h e  Non-Maskable I n t e r r u p t  ( N M I )  i n d i c a t e s  
a n  1/0 error c o n d i t i o n  or a Numerical Math Co-Processor 80287 
error c o n d i t i o n  s i g n a l  ( N M I * ) .  Both error c o n d i t i o n s  are enab led  
by t h e  N M I E N  s i g n a l ,  which is  g e n e r a t e d  from t h e  Video 
C o n t r o l l e r ,  Big Blue.  The INT287* s i g n a l  ( f rom t h e  CPU C o n t r o l  
I C )  becomes a c t i v e  when t h e  ERROR* s i g n a l  i s  a s s e r t e d  by t h e  
Numerical Math Co-Processor .  

80281 C o n t r o l  Logic 

I n c o r p o r a t e d  i n t o  t h e  CPU C o n t r o l  I C  is t h e  l o g i c  r e q u i r e d  t o  
i n t e r f a c e  t h e  80287 Math Co-processor t o  t h e  80286 CPU. T h i s  
l o g i c  decodes  t h e  s i g n a l s  t h a t  select and reset t h e  80287 and 
a l so  h a n d l e s  t h e  Busy*/Error* s i g n a l s  from t h e  80287 t o  t h e  CPU.  

The i n p u t  s i g n a l  287CS* is a user 1/0 a d d r e s s  decoded s i g n a l  used 
by t h e  CPU C o n t r o l  I C  t o  g e n e r a t e  t h e  c o n t r o l  s i g n a l s  t o  t h e  
80287 IC.  The 287CS* s i g n a l  is a s s e r t e d  d u r i n g  1/0 a d d r e s s  OFOh - 
OFFh. F u r t h e r  decoding i s  p rov ided  by t h e  CPU C o n t r o l  I C ,  which 
g e n e r a t e s  RES287, NPCS*, and BUSY287* s i g n a l s .  Tab le  7 d e f i n e s  
t h e  i n t e r n a l  decode. 

Hex Address Description 

OF0 
OF1 
OF8-OFF 

Clear  Math Co-processor  Busy 
Reset  Math Co-processor Busy 
Math Co-processor  Chip S e l e c t  

~~ ~ ~~ 

Table 7. 287CS* Decode. 

Given t h e  command t o  pe r fo rm a t a s k ,  t h e  80287 co -p rocesso r  
i s s u e s  a BUSY* s i g n a l  t o  t h e  CPU C o n t r o l  I C .  With t h e  a s s e r t i o n  
o f  t h e  BUSY287" o u t p u t ,  t h i s  s i g n a l  is passed  t o  t h e  CPU. Normal- 
l y  t h e  BUSY* i n p u t  is passed  through t o  t h e  BUSY287* o u t p u t .  
D e a s s e r t i o n  of  BUSY* r e s u l t s  i n  d e a s s e r t i o n  of BUSY287*. The 
BUSY287* o u t p u t  is l a t c h e d ,  and t h e  INT287* o u t p u t  p i n  is f o r c e d  
H I G H  d u r i n g  t h i s  busy p e r i o d  i f  t h e  ERROR* i n p u t  becomes a c t i v e  
( s i g n a l i n g  a Numerical  P r o c e s s o r  e r r o r ) .  U n t i l  c l e a r e d  by a n  1/0 
write c y c l e  t o  a d d r e s s  OFOh or OFlh, b o t h  s i g n a l s  t h e n  remain 
a c t i v e .  Both t h e  i n t e r r u p t  l a t c h  f o r  INT287* and t h e  busy l a t c h  
f o r  BUSY287* a re  c l e a r e d  a f t e r  a sys t em reset .  
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The CPU C o n t r o l  I C ' s  RES287 o u t p u t  p i n  h a n d l e s  r e s e t t i n g  of t h e  
80287 co-processor .  T h i s  can be a c t i v a t e d  by a system r e s e t  or an  
1/0 w r i t e  t o  a d d r e s s  OFlh. T h i s  s i g n a l  is a c t i v e  o n l y  f o r  t h e  
p e r i o d  of t ime t h a t  t h e  s o u r c e  s i g n a l  is a c t i v e ,  a s  i t  is n o t  
l a t c h e d  i n t e r n a l l y .  
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CPU Address Buffers 

U 2 0 ,  U 2 1  ( 7 4 A L S 5 7 3 ) ,  and U 2 2  ( 7 4 A z S 2 4 4 )  implement buffering of 
the aadress lines to the system. SAO1-SA19 are buffered and 
latched for the expansion bus slots and 1/0 peripherals. ALE is 
used to latch SAO1-SA19 and held for the complete bus cycle. 
SAOl-SA19  are also used to address the BIOS ROMs and DRAM/DMA 
Control. A17-A23 are routed directly to DRAM/DMA control to 
generate memory address decoded signals. The multiplexed address 
lines MAO-MA7 are also generated and buffered to the DRAM memory 
by the DRAM/DMA Control IC ( U 5 3 ) .  To meet address requirements 
for the DRAMS, the MUX signal multiplexes S A l - S A 1 6  internally to 
the DRAM/DMA Control IC. 

During a DMA cycle, a 7 4 L S 2 4 5  ( U 3 ) ,  is used to buffer SO-S7 
directly from the DMA controller ( U 1 1 ) .  S8-Sl6 are buffered 
internally to the DRAM/DMA controller. S17-Sl9  are buffered by 
u 2 2  (1/2 of a 7 4 A z S 2 4 4 ) .  

19 



Data Buffers and Conversion Logic 

The 82A205 I C  ( U 1 4 )  p r o v i d e s  t h e  d a t a  b u s e s ,  b u f f e r s ,  and d r i v e r s  
f o r  DO-Dl5 t o  t h e  system. Three d a t a  buses  a r e  g e n e r a t e d ,  SDO-SD7 
f o r  t h e  expans ion  bus s l o t s ,  MDO-MD15 f o r  memory access from ROM 
and DRAM, and DO-D15, which is rou ted  t o  t h e  80286 CPU and 80287 
Co-processor d a t a  bus.  The d i r e c t i o n  and c o n t r o l  o f  t h e  d a t a  
b u f f e r s  a r e  p rov ided  by t h e  i n p u t  s i g n a l s  t o  t h e  82A205 I C  
(DT/R*, DSDENO*, DSDENl*, SBHE*, and S A O ) .  

DT/R* c o n t r o l s  t h e  d i r e c t i o n  o f  t h e  d a t a  p a t h  d u r i n g  a r ead  o r  
w r i t e .  The DSDENO* and DSDENl* s i g n a l s  c o n t r o l  t h e  word and b y t e  
d a t a  t r a n s f e r s ,  w h i l e  SBHE* and SA0 d e t e r m i n e  t h e  b u f f e r s  t o  be 
enab led  d u r i n g  a b y t e  a c c e s s .  

Conversion l o g i c  is  a l s o  implemented i n  t h e  82A205 I C ,  c o n t r o l l e d  
by ENHLB* and DIRHLB.  T h i s  c o n v e r s i o n  l o g i c  a l l o w s  d a t a  t o  be 
t r a n s f e r r e d  from t h e  lower t o  upper o r  upper  t o  lower d a t a  b y t e  
t o  meet t h e  r e q u i r e m e n t s  of t h e  CPU o r  r e c e i v i n g  d e v i c e .  

A 74ALS245 b u f f e r s  t h e  I n t e r n a l  P e r i p h e r a l  Bus XDO-XD7 from t h e  
System Data BUS SDO-SD1. The e n a b l i n g  and d i r e c t i o n  a r e  con- 
t r o l l e d  by t h e  s i g n a l s  XBUFDIR* and XBUFEN*, which a re  g e n e r a t e d  
by a PLS173 I F L  (U19).  
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1/0 Decode 

The Video C o n t r o l  I C  (U36) ,  a 74HCT138 (U49) ,  a PLS173 I F L  (U19) ,  
and a 74HCT138 I C  (U34) accomplish t h e  1/0 Address  decoding.  
These f o u r  I C s  p r o v i d e  a l l  t h e  n e c e s s a r y  c h i p  s e l e c t  s i g n a l s  t o  
t h e  system. The AAO, B A l ,  and CA2 o u t p u t  s i g n a l s  of t h e  Video 
C o n t r o l l e r  a r e  encoded d e v i c e  s e l e c t  l i n e s  t h a t  a r e  fed  d i r e c t l y  
t o  t h e  74HCT138 I C ,  i n  which 1/0 a d d r e s s  decoding is g e n e r a t e d .  
The second 74HCT138 (U34) and t h e  PLS173 (U19) decode t h e  system 
a d d r e s s  t o  g e n e r a t e  t h e  o t h e r  1/0 a d d r e s s  decode s e l e c t  s i g n a l s .  
Refer  t o  t h e  Tandy 1 0 0 0  TX 1/0 Map f o r  d e t a i l s .  

Floppy Disk Controller 

The onboard Floppy D i s k  C o n t r o l l e r  ( F D C )  i n t e r f a c e s  t h e  system t o  
t h e  Floppy D i s k  Dr ive  ( F D D ) .  Up t o  two i n t e r n a l  720K (double  den- 
s i t y  M F M  f o r m a t )  F D D s  can  be accommodated. 

The FDC c i r c u i t  can be o r g a n i z e d  i n t o  t h e  f o l l o w i n g  s u b s e c t i o n s :  

. uPD765A FDC Chip . System I n t e r f a c e  . Clock G e n e r a t i o n  . Pr e c  ompensa t i o n  . Data S e p a r a t o r  . D i s k  Dr ive  I n t e r f a c e  

uPD765A Chip. The uPD765A FDC c h i p  (U51) i n t e g r a t e s  most of t h e  
c o n t r o l  l o g i c  n e c e s s a r y  t o :  

. i n t e r f a c e  t h e  S e r i a l  b i t  s t r e a m  t o  o r  from t h e  FDD t o  t h e  
p a r a l l e l  bus of t h e  system 

. implement t h e  commands n e c e s s a r y  t o  o p e r a t e  t h e  FDD 

. m a i n t a i n  i n f o r m a t i o n  about  t h e  s t a t u s  of t h e  FDD 

During a read or  w r i t e  d a t a  o p e r a t i o n  t o  t h e  FDD,  t h e  FDC c h i p  
g e n e r a t e s  a DMA r e q u e s t  f o r  a b y t e  t r a n s f e r  t o  o r  from memory. 
The FDC c h i p  c o n t i n u e s  t o  g e n e r a t e  DMA r e q u e s t s  u n t i l  t h e  prepro-  
grammed amount of d a t a  is t r a n s f e r r e d  a s  s i g n i f i e d  by g e n e r a t i o n  
of a Termina t ion  Count ( T C )  S i g n a l .  A f t e r  t h e  TC is reached ,  t h e  
FDC c h i p  g e n e r a t e s  an i n t e r r u p t  t o  t h e  system through I N T F D C  so 
t h a t  s t a t u s  and r e s u l t  d a t a  can  be s e r v i c e d .  

Refer  t o  t h e  d e v i c e  d a t a  s h e e t  f o r  complete  d e s c r i p t i o n s  of t h e  
a v a i l a b l e  commands and t h e  command and s t a t u s  r e g i s t e r s .  
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System I n t e r f a c e .  V a r i o u s  I C s  l a t c h  and b u f f e r  d a t a  t o  and from 
t h e  system. A DORWR* i s  g e n e r a t e d  a t  p i n  6 o f  (U62) on a n  1/0 
w r i t e  t o  p o r t  3F2 ( h e x ) .  T h i s  s i g n a l  l a t c h e s  t h e  d a t a  b y t e  t h a t  
is b i t  d e f i n e d  a s  t h e  Dr ive  S e l e c t ,  XDSO* and XDSl*, Motor On, 
MTRON*, DMA and I n t e r r u p t  Request  (DMA/INTE), and a r e se t  s i g n a l  
t o  t h e  FDC c o n t r o l l e r  U 5 1  (FDCRST*). 

Clock Generation. The FDC Suppor t  I C  (U64) g e n e r a t e s  a l l  c l o c k s  
r e q u i r e d  by t h e  Floppy D i s k  c i r c u i t .  These c l o c k s  a r e  d e r i v e d  
from a 16 MHz i n p u t  s i g n a l .  FDCCLK, r e q u i r e d  by t h e  FDC Con t ro l -  
l e r  (U51),  is  d e r i v e d  by d i v i d i n g  t h e  16 MHz c l o c k  by 4 .  The 
r e s u l t i n g  4 MHz c l o c k  i s  a l s o  used a s  a d e l a y  c o u n t e r  f o r  t h e  DMA 
r e q u e s t  s i g n a l  DRQ as w e l l  as  a r e f e r e n c e  c l o c k  f o r  t h e  w r i t e  
precompensat ion c i r c u i t .  The 4 MHz c l o c k  a l s o  g e n e r a t e s  a 250 
nanosecond p u l s e  a t  a f r equency  o f  500 KHz. The 500 KHz s i g n a l  i s  
used as  a wr i t e  c lock f o r  t h e  FDC C o n t r o l l e r .  

Precompensat ion.  The precompensat ion c i r c u i t  i s  implemented 
i n t e r n a l l y  t o  t h e  FDC Suppor t  I C  (U64). The wr i t e  d a t a  b i t  can be 
s h i f t e d  e i t h e r  e a r l y  o r  l a t e  i n  t h e  s e r i a l  b i t  stream, depending 
on t h e  r e q u i r e m e n t s  o f  t h e  Floppy D i s k  Dr ive .  T h i s  f u n c t i o n  is 
programmable and c o n t r o l l e d  by t h e  FDC I C  s i g n a l s  PSO and PSI.  

Data S e p a r a t o r .  The FDC Suppor t  I C  (U64) a l s o  c o n t a i n s  t h e  d a t a  
s e p a r a t o r  c i r c u i t .  The d a t a  s e p a r a t o r  r e c o v e r s  t h e  c l o c k  and d a t a  
s i g n a l s  from t h e  s e r i a l  b i t  s t r e a m  of t h e  Floppy D i s k  Dr ive .  The 
FDC Suppor t  I C  s u p p o r t s  o n l y  MFM o r  Double-densi ty  mode. 

Disk Drive Interface.  A l l  FDC o u t p u t s  t o  t h e  FDD a r e  d r i v e n  by 
h i g h  c u r r e n t  7414 open c o l l e c t o r  b u f f e r s  o r  7416 open c o l l e c t o r  
i n v e r t e r s .  A l l  FDC i n p u t s  from t h e  FDD a r e  b u f f e r e d  by 74HCT14 
SCHMIDT t r i g g e r e d  i n v e r t e r s .  The i n p u t s  a r e  p u l l e d  up on board by 
150 ohm t e r m i n a t i n g  r e s i s t o r s .  A l l  o u t p u t s  shou ld  be t e r m i n a t e d  
on t h e  l a s t  FDD by 1 5 0 0  ohm r e s i s t o r s .  

I n t e r r u p t  Con t ro l l e r  

The 8259A I n t e r r u p t  C o n t r o l l e r  c h i p  (U16) s u p p l i e s  t h e  maskable 
i n t e r r u p t  i n p u t  t o  t h e  CPU. The 8259A h a s  e i g h t  i n t e r r u p t  i n p u t s  
c o n t r o l l e d  th rough  s o f t w a r e  commands. I t  can m a s k  ( d i s a b l e )  and 
p r i o r i t i z e  ( a r r a n g e  p r i o r i t y )  t o  g e n e r a t e  t h e  i n t e r r u p t  i n p u t  t o  
t h e  CPU. The e i g h t  i n t e r r u p t s  a r e  a s s i g n e d  a s  fo l lows :  

# O  T i m e r  Channel 0 
#1 Keyboard 
#2 I n t e r r u p t  on t h e  B u s  
# 3  I n t e r r u p t  on t h e  Bus 
#4 I n t e r r u p t  on t h e  Bus 
# 5  V e r t i c a l  Sync 
#6 Floppy D i s k  C o n t r o l l e r  
8 7  P r i n t e r  

So f tware  Timer 
Keyboard Code Received 
Hard D i s k  C o n t r o l l e r  
Modem 

O p t i o n a l  Bus I n t e r r u p t  
O p t i o n a l  Bus I n t e r r u p t  
O p t i o n a l  Bus I n t e r r u p t  

RS-232 
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I n t e r r u p t s  0 and 1 a r e  connec ted  t o  system board f u n c t i o n s  a s  
i n d i c a t e d  i n  t h e  c h a r t .  I n t e r r u p t s  2-4 a r e  connected d i r e c t l y  t o  
t h e  Expansion B u s ,  wi th  t h e  normal a s s i g n e d  f u n c t i o n s  l i s t e d  i n  
t h e  c h a r t .  I n t e r r u p t s  5-7 a r e  connected through a s w i t c h ,  (S2), 
t o  t h e  system board f u n c t i o n  l i s t e d ,  and a r e  a l s o  connected t o  
t h e  Expansion B u s .  To use  i n t e r r u p t s  5 ,  6, o r  7 on t h e  B u s ,  t h e  
system board f u n c t i o n  m u s t  be d i s c o n n e c t e d  ( b y  s e t t i n g  t h e  appro-  
p r i a t e  s w i t c h  t o  o f f ) .  N o t e  t h a t  d i s c o n n e c t i n g  t h e  normal system 
board f u n c t i o n  might  cause  some a p p l i c a t i o n  programs t o  f a i l  o r  
o p e r a t e  i n c o r r e c t l y  . 

Video  Controller 

The n e x t  major b lock  of t h e  Tandy 1 0 0 0  TX is t h e  v ideo  i n t e r f a c e  
c i r c u i t r y .  T h i s  custom p a r t  c o n t a i n s  a l l  t h e  l o g i c  n e c e s s a r y  t o  
g e n e r a t e  an  IBM-compatible c o l o r  v i d e o  d i s p l a y .  The v ideo  i n t e r -  
f a c e  l o g i c  c o n s i s t s  of  t h e  84-pin custom video  c i r c u i t  (U36), 
f o u r  64K X 4 RAMS (U18, U33, U35, and U48), a 74LS244 b u f f e r  
(U71), and a s s o c i a t e d  l o g i c  f o r  g e n e r a t i n g  composi te  and RGBI 
v ideo .  

The Tandy 1 0 0 0  T X  v ideo  i n t e r f a c e  c i r c u i t r y  c o n t r o l s  128K of 
memory. T h i s  R A M  is s h a r e d  by t h e  CPU and t h e  v ideo .  Normally,  
t h e  v ideo  r e q u i r e s  o n l y  16K o r  32K f o r  t h e  v ideo  s c r e e n ,  and t h e  
remainder  of t h e  128K i s  a v a i l a b l e  f o r  system memory u s e .  

The Tandy 1 0 0 0  TX v i d e o  i n t e r f a c e  custom c i r c u i t  is composed of a 
6845 e q u i v a l e n t  d e s i g n ,  dynamic R A M  a d d r e s s  g e n e r a t i o n / t i m i n g ,  
and v ideo  a t t r i b u t e  c o n t r o l l e r  l o g i c .  

Normal f u n c t i o n  of t h e  v ideo  i n t e r f a c e  custom c i r c u i t  i s  a s  
f o l l o w s .  A f t e r  t h e  6845 i s  programmed w i t h  a c o r r e c t  se t  of oper -  
a t i n g  v a l u e s ,  a 4:l m u l t i p l e x e r  g e n e r a t e s  t h e  a d d r e s s  i n p u t s  t o  
t h e  dynamic RAMS. T h i s  MUX s w i t c h e s  between v i d e o  (6845) a d d r e s s  
and CPU a d d r e s s  a s  w e l l  a s  between row and column a d d r e s s .  Also ,  
t h e  v ideo  i n t e r f a c e  c h i p  p r o v i d e s  t h e  RAM t iming  s i g n a l s  and gen- 
e r a t e s  a w a i t  s i g n a l ,  VIDWAIT*, t o  t h e  CPU f o r  proper  synchroni -  
z a t i o n  w i t h  t h e  v i d e o  RAM a c c e s s  c y c l e s .  

The o u t p u t s  from t h e  RAM c h i p s  a r e  connec ted  o n l y  t o  t h e  v ideo  
i n t e r f a c e  custom c i r c u i t ,  s o  a l l  CPU r e a d / w r i t e  o p e r a t i o n s  a r e  
b u f f e r e d  by t h i s  p a r t .  During a normal d i s p l a y  c y c l e ,  v ideo  d a t a  
from t h e  RAM c h i p s  is f i r s t  l a t c h e d  i n  t h e  Video A t t r i b u t e  l a t c h  
and t h e  Video C h a r a c t e r  l a t c h .  The v i d e o  i n t e r f a c e  r e q u i r e s  a 
memory o r g a n i z a t i o n  of 64K X 16 and l a t c h e s  16 b i t s  of memory 
d u r i n g  each a c c e s s  t o  RAM. From t h e  o u t p u t  of t h e  two l a t c h e s ,  
t h e  d a t a  is s u p p l i e d  t o  t h e  c h a r a c t e r  ROM f o r  t h e  a l p h a  modes or  
t o  t h e  s h i f t  r e g i s t e r s  f o r  t h e  g r a p h i c s  modes. A f i n a l  2:l MUX 
s w i t c h e s  between foreground o r  background i n  t h e  a l p h a  modes. 
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From t h e  2 : l  MUX, t h e  RGBI d a t a  i s  combined wi th  t h e  PC c o l o r  
s e l e c t  d a t a  and l a t c h e d  i n  t h e  P r e - P a l e t t e  l a t c h .  T h i s  l a t c h  syn- 
c h r o n i z e s  t h e  RGBI d a t a  b e f o r e  i t  is used t o  a d d r e s s  t h e  P a l e t t e .  
The p a l e t t e  mask MUX s w i t c h e s  between incoming R G B I  d a t a  and t h e  
p a l e t t e  a d d r e s s  r e g i s t e r .  During a CPU write t o  t h e  p a l e t t e ,  t h i s  
a d d r e s s  r e g i s t e r  s e l e c t s  one of t h e  16 p a l e t t e  l o c a t i o n s .  Also ,  
t h e  P a l e t t e  mask MUX a l l o w s  any of t h e  i n p u t  RGBI b i t s  t o  be se t  
t o  z e r o .  

The p a l e t t e  a l l o w s  t h e  16  c o l o r s  t o  be remapped i n  any d e s i r e d  
o r g a n i z a t i o n .  Normally,  t h e  p a l e t t e  is set  f o r  a 1:l mapping ( r e d  
= r e d ,  b l u e  = b l u e ,  and s o  on)  f o r  PC c o m p a t i b i l i t y .  However, 
i n s t a n t l y  changing t h e  on-screen  c o l o r s  is a powerful  t o o l  f o r  
a n i m a t i o n  or  g r a p h i c s  programs. 

A f t e r  t h e  P a l e t t e ,  t h e  R G B I  d a t a  is resynchronized  i n  t h e  P o s t  
P a l e t t e  r e g i s t e r .  The f i n a l  l o g i c  b e f o r e  t h e  RGBI d a t a  is buff -  
e r e d  o f f  t h e  c h i p  is t h e  Border MUX. T h i s  MUX a l l o w s  t h e  Border 
t o  be r e p l a c e d  w i t h  any c o l o r  s e l e c t e d  by t h e  border  c o l o r  l a t c h .  
T h i s  l a t c h  is normal ly  d i s a b l e d  i n  PC modes, b u t  i t  is used i n  
a l l  PC j r  modes. 

Timer 

The f i n a l  Tandy 1 0 0 0  TX f u n c t i o n  o t h e r  t h a n  1/0 is t h e  8254-2 
t i m e r  c h i p  ( U 1 2 ) .  T h i s  p a r t  is composed of t h r e e  independent  pro- 
grammable c o u n t e r s .  The c l o c k  f o r  a l l  t h r e e  c o u n t e r s  is 1.1925 
MHz.  Counters  0 and 1 a r e  permanent ly  e n a b l e d .  Counter  2 i s  con- 
t r o l l e d  by p o r t  Hex 0062, b i t  0 .  Counter  0 is connected t o  sys-  
tem i n t e r r u p t  0 and i s  used f o r  s o f t w a r e  t iming  f u n c t i o n s .  
Counter  1 is used f o r  r e f r e s h  f u n c t i o n  t iming .  Counter  2 is con- 
nec ted  t o  t h e  sound c i r c u i t  and a l s o  t o  p o r t  Hex 0061, b i t  5. 

Joystick Interface 

The j o y s t i c k  i n t e r f a c e  c o n v e r t s  p o s i t i o n a l  i n f o r m a t i o n  from 
hand-held j o y s t i c k s  (1 or  2 )  i n t o  CPU d a t a .  Each j o y s t i c k  pro-  
v i d e s  one or two push-but tons  and X , Y  p o s i t i o n  f o r  a t o t a l  of 
four  b i t s  e a c h .  You can use two j o y s t i c k s .  

The j o y s t i c k  handle  is connected t o  two p o t e n t i o m e t e r s  mounted 
p e r p e n d i c u l a r  t o  each  o t h e r ;  one f o r  X p o s i t i o n ,  one f o r  Y 
p o s i t i o n .  Through t h e  c a b l e ,  t h e  main l o g i c  board a p p l i e s  +5 VDC 
t o  one s i d e  and ground t o  t h e  o t h e r  of t h e  p o t s .  The p o t  wiper  is 
t h e  p o s i t i o n  s i g n a l :  a v o l t a g e  between 0 and +5 VDC. T h i s  s i g n a l  
is a p p l i e d  t o  one i n p u t  of  a comparator  U9. The o t h e r  comparator  
i n p u t  is t h e  r e f e r e n c e  s i g n a l  ( a  ramp between 0 . 0  t o  +5.0 v o l t s ) .  
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When t h e  p o s i t i o n  s i g n a l  i s  e q u a l  t o  or less t h a n  t h e  r e f e r e n c e  
s i g n a l ,  t h e  comparator  o u t p u t  goes  t rue .  T h i s  comparator  o u t p u t  
is t h e  X o r  Y p o s i t i o n  d a t a  b i t .  The ramp i s  r e s e t  t o  0 . 0  VDC 
whenever an 1/0 W r i t e  is made a t  P o r t  200/201 Hex.  The IOW* and 
JOYCS* s i g n a l s  t u r n  on 42,  which d r a i n s  C 1 1 4  t o  0.0 v o l t s .  When 
Q2 is turned  o f f ,  Q1, R15, R13, R14, and C R 1  c r e a t e  a 
c o n s t a n t - c u r r e n t  s o u r c e  t h a t  l i n e a r l y  c h a r g e s  C 1 1 4  t o  +5.0 VDC i n  
1 . 1 2  m i l l i s e c o n d s .  The j o y s t i c k  i n f o r m a t i o n  is " r e a d "  by t h e  CPU 
a t  P o r t  200/201 Hex through U10. See t h e  J o y s t i c k  Block Diagram. 

Keyboard Interface 

The n e x t  1/0 f u n c t i o n  of t h e  Tandy 1 0 0 0  TX is  t h e  Keyboard i n t e r -  
f a c e  c u s t o m  c i r c u i t .  The h e a r t  of t h i s  custom p a r t  is s e v e r a l  
r e a d - w r i t e  r e g i s t e r s  t h a t  a r e  used t o  c o n t r o l  t h e  keyboard i n t e r -  
f a c e  l o g i c .  For t h e  i n t e r f a c e  t o  t h e  keyboard c o n n e c t o r ,  a 164- 
type  s h i f t  r e g i s t e r  is used t o  load  t h e  s e r i a l  d a t a  and a l l o w  t h e  
CPU t o  read  it a s  8 p a r a l l e l  b i t s .  

Sound Circuit 

The sound c i r c u i t  i s  one of t h e  f i v e  1/0 f u n c t i o n s  of t h e  Tandy 
1000 TX. The c i r c u i t  p r o v i d e s  sound o u t p u t  f o r  t h e  i n t e r n a l  
s p e a k e r  a s  w e l l  a s  f o r  an  e x t e r n a l  sound c i r c u i t .  

The main s o u r c e  of sound i n  t h e  Tandy 1 0 0 0  TX is t h e  76496 com- 
p l e x  sound g e n e r a t o r  (U7) .  T h i s  d e v i c e  h a s  t h r e e  t o n e  g e n e r a t o r s  
and one whi te  n o i s e  g e n e r a t o r .  Each t o n e  g e n e r a t o r  can be 
programmed f o r  f requency  and a t t e n u a t i o n .  A l s o ,  t h i s  d e v i c e  h a s  
an a u d i o  i n p u t  p i n  connec ted  t o  t h e  g a t e d  o u t p u t  of  t i m e r  channel  
2 .  T h i s  a u d i o  i n p u t  s i g n a l  i s  mixed w i t h  t h e  sound g e n e r a t o r  
s i g n a l  and s u p p l i e d  t o  t h e  audio  o u t p u t  p i n .  

From t h e  o u t p u t  of t h e  76496, t h e  sound s i g n a l  is connected  t o  a 
d u a l  a n a l o g  m u l t i p l e x e r  ( U S ) .  The m u l t i p l e x e r  i s  swi tched  by port 
61,  b i t  4 ,  and t u r n s  o f f  t h e  a u d i o  s i g n a l  t o  t h e  s p e a k e r ,  
headphone j a c k s ,  and e x t e r n a l  audio  o u t p u t .  The o u t p u t  of t h e  
m u l t i p l e x e r  ( U S )  is r o u t e d  t o  a u d i o  a m p l i f i e r s  U76 f o r  t h e  e x t e r -  
n a l  a u d i o  o u t p u t  and U 2  for t h e  i n t e r n a l  s p e a k e r  and headphone 
j a c k s .  The volume of t h e  i n t e r n a l  s p e a k e r  c a n  be a d j u s t e d  by a 
u s e r - a c c e s s i b l e  volume c o n t r o l  (R6) .  When t h e  headphone j a c k  i s  
used,  t h e  i n t e r n a l  speaker  is d i s a b l e d .  
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DMA C o n t r o l l e r  

The major  components of t h e  Direct Memory Access  (DMA)  c i r c u i t  
c o n s i s t s  of an  8237A-5 DMA c o n t r o l l e r  ( U l l ) ,  t h e  DRAM/DMA C o n t r o l  
(U53) ,  and a b i - d i r e c t i o n a l  a d d r e s s  b u f f e r  74ALS245 ( U 3 ) .  

I n i t i a l i z a t i o n - - A  DMA Opera t ion .  When a DMA o p e r a t i o n  is 
r e q u e s t e d  by s o f t w a r e  or by a p e r i p h e r a l  th rough a DREQ l i n e ,  t h e  
8237A-5 DMA c o n t r o l l e r  i n i t i a t e s  a B u s  Hold Request  t o  t h e  80286 
CPU through t h e  CPU C o n t r o l l e r  I C .  The CPU C o n t r o l l e r  a r b i t r a t e s  
t h e  CPU Hold Request  from t h e  DMA c o n t r o l l e r  t o  t h e  CPU. 

When t h e  CPU acknowledges t h e  Hold r e q u e s t ,  t h e  CPU c o n t r o l ,  
a d d r e s s ,  and d a t a  l i n e s  a r e  t r i - s t a t e d .  The CPU C o n t r o l l e r  con- 
t r o l s  t h e  d i r e c t i o n  and e n a b l e s  t h e  memory or p e r i p h e r a l  a d d r e s s  
and d a t a  buses  t h a t  cor respond t o  t h e  r e q u e s t e d  DMA o p e r a t i o n .  

During t h e  DMA o p e r a t i o n ,  t h e  8237A-5 acts  a s  t h e  bus  mas ter  and ,  
a long  w i t h  t h e  CPU C o n t r o l l e r  I C ,  g e n e r a t e s  a l l  bus c o n t r o l  s i g -  
n a l s  and a d d r e s s  and d a t a  s i g n a l s .  The DMA t r a n s f e r s  c o n t i n u e  f o r  
t h e  number of c o u n t s  and t o  t h e  d e s t i n a t i o n  a d d r e s s  t h a t  was 
p r e v i o u s l y  programmed i n t o  t h e  DMA r e g i s t e r s .  See t h e  d e v i c e  d a t a  
s h e e t  and t h e  I O  map f o r  complete  d e s c r i p t i o n s  of t h e  r e g i s t e r s ,  
t h e i r  l o c a t i o n s ,  and t h e i r  f u n c t i o n s .  

DUA Bus Cycles .  During t h e  d a t a  bus c y c l e ,  t h e  8237A-5 f i r s t  
o u t p u t s  t h e  upper a d d r e s s  (A8-Al5) on i ts  d a t a  o u t p u t s  (XDO-XD7), 
t o  be l a t c h e d  i n  t h e  b u f f e r  i n t e r n a l l y  t o  t h e  DRAM/DMA C o n t r o l  by 
t h e  a d d r e s s  s t r o b e  s i g n a l  (AS) from t h e  82371-5. Next ,  t h e  lower 
a d d r e s s  (AO-A7) is p u t  d i r e c t l y  on t h e  S a d d r e s s  bus  by t h e  
8237A-5. 

The DMA r e q u e s t  acknowledge s i g n a l s ,  DACK2 and DACK3, a r e  used 
a long  w i t h  RFRSH* and ACK* t o  e n a b l e  t h e  page r e g i s t e r  t o  be o u t -  
p u t  a s  t h e  upper a d d r e s s  (SA16 and A17 through A23),  which a r e  
b u f f e r e d  by U22 t o  t h e  system expans ion  s l o t s .  

A DMA bus  c y c l e  can be extended by t h e  RDY i n p u t  of t h e  DMA 
c o n t r o l l e r .  The DMA memory r e a d  DMAMR* i s  r o u t e d  t o  t h e  CPU Con- 
t r o l l e r  I C  f o r  e x t e n d i n g  t h e  DMA b u s  c y c l e  by i n s e r t i n g  on DMA 
c l o c k  p e r i o d  a s  a w a i t  s t a t e .  The CPU C o n t r o l l e r  i n s e r t s  t h e  w a i t  
s t a t e  by c o n t r o l l i n g  t h e  DMARDY i n p u t  of t h e  DMA c o n t r o l l e r .  

1/0 d e v i c e s  can ex tend  t h e  DMA bus c y c l e  by c o n t r o l l i n g  t h e  
IOCHRDY s i g n a l  of t h e  expans ion  bus.  S e t u p  t i m e s  m u s t  be  observed 
f o r  IOCHRDY t o  be recognized .  
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RS232 S e r i a l  P o r t  Interface 

The R5232 P o r t  is a s i n g l e - c h a n n e l ,  asynchronous  communications 
p o r t .  The h e a r t  of t h e  s e r i a l  p o r t  is t h e  WD8250-A Asynchronous 
Communications E l e m e n t  ACE (U70) t h a t  f u n c t i o n s  a s  a s e r i a l  d a t a  
i n p u t / o u t p u t  i n t e r f a c e .  I t  per forms s e r i a l - t o - p a r a l l e l  c o n v e r s i o n  
on d a t a  c h a r a c t e r s  r e c e i v e d  from a p e r i p h e r a l  d e v i c e  o r  modem and 
p a r a 1  l e l - t o - s e r  i a1  c o n v e r s i o n  on d a t a  c h a r a c t e r s  r e c e i v e d  from 
t h e  CPU. 

S t a t u s  i n f o r m a t i o n  r e p o r t e d  i n c l u d e s  t h e  type  and c o n d i t i o n  of 
t h e  ACE'S  t r a n s f e r  o p e r a t i o n s  a s  w e l l  a s  any e r r o r  c o n d i t i o n s  
d e t e c t e d  d u r i n g  s e r i a l  d a t a  o p e r a t i o n s .  The WD8250-A i n c l u d e s  a 
programmable Baud R a t e  Genera tor  t h a t  a l l o w s  o p e r a t i o n  from 50 t o  
9600 Baud. The WD8250-A is s u p p l i e d  w i t h  a c l o c k  of  1.8432 MHz 
from o s c i l l a t o r  ( Y 2 ) .  The WD8250-A can be t a i l o r e d  t o  t h e  u s e r ' s  
r e q u i r e m e n t s  by be ing  a b l e  t o  remove s t a r t  b i t s ,  s t o p  b i t s ,  and 
p a r i t y  b i t s .  I t  s u p p o r t s  5 ,  6 ,  7 ,  or 8 d a t a  b i t  c h a r a c t e r s  wi th  
1, 1 4 ,  or 2 s t o p  b i t s .  D i a g n o s t i c  c a p a b i l i t i e s  p r o v i d e  loopback 
f u n c t i o n s  of t r a n s m i t / r e c e i v e  and i n p u t / o u t p u t  s i g n a l s .  

The ACE is programmed by s e l e c t i n g  t h e  1/0 a d d r e s s  3F8-3FE hex 
f o r  pr imary  and 2F8-2FE hex f o r  secondary  and w r i t i n g  d a t a  o u t  t o  
t h e  p o r t .  Adress  b i t s  A O ,  A l ,  and A2 are used t o  d e f i n e  t h e  modes 
of o p e r a t i o n  by s e l e c t i n g  t h e  d i f f e r e n t  r e g i s t e r s  t o  be 
programmed or r e a d .  

One i n t e r r u p t  is provided  t o  t h e  system from I R Q 4  f o r  pr imary  
o p e r a t i o n  and IRQ3 f o r  secondary  o p e r a t i o n .  T h i s  i n t e r r u p t  is 
a c t i v e  h igh .  B i t  3 of t h e  modem c o n t r o l  r e g i s t e r  m u s t  be  se t  h igh  
i n  o r d e r  t o  send i n t e r r u p t s  t o  t h e  system. When t h i s  b i t  i s  h i g h ,  
any i n t e r r u p t s  a l lowed by t h e  i n t e r r u p t  e n a b l e  r e g i s t e r  c a u s e  an  
i n t e r r u p t .  

P a r a l l e l  P r i n t e r  P o r t  I n t e r f a c e  

The f i n a l  1/0 i n t e r f a c e  of t h e  Tandy 1 0 0 0  TX i s  t h e  P r i n t e r  
I n t e r f a c e .  T h i s  p a r t  s u p p l i e s  a l l  t h e  s i g n a l s  r e q u i r e d  t o  
i n t e r f a c e  t o  a t y p i c a l  p a r a l l e l  p r i n t e r .  These s i g n a l s  a r e  8 d a t a  
o u t  l i n e s ,  p l u s  v a r i o u s  handshake c o n t r o l  s i g n a l s .  Also ,  t h e  
p r i n t e r  i n t e r f a c e  g e n e r a t e s  an  i n t e r r u p t  t o  t h e  CPU i f  enabled .  
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E x p a n s i o n  Ports 

System E x p a n s i o n  Bus 

T h i s  s ec t ion  i d e n t i f i e s  t h e  1/0 in t e r f ace  requirements  f o r  t h e  8- 
b i t ,  P C - c o m p a t i b l e  o p t i o n  cards.  E a c h  of t h e  f i v e  s l o t s  has  a 
62 -p in  connector  s o c k e t .  

T h e  f o l l o w i n g  connector  p i n  a s s ignmen t  is used on t h e  P C  o p t i o n  
s l o t s ;  t h i s  connector  s o c k e t  h a s  6 2  p i n s .  

P i n  S igna l  N a m e  I / O  P i n  S igna l  N a m e  I/O 

A 1  
A 2  
A 3  
A 4  
A5 

A 6  
A7 
A 8  
A 9  
A 1  0 

A 1  1 
A 1  2 
A 1  3 
A 1 4  
A 1  5 

A 1  6 
A 1 7  
A 1  8 
A 1  9 
A 2  0 

A2 1 
A 2  2 
A2 3 
A 2  4 
A 2  5 

A 2  6 
A 2  7 
A 2  8 
A 2  9 
A 3  0 
A3 1 

NMI* 
S D 7  
S D 6  
S D 5  
S D 4  

S D 3  
S D 2  
S D 1  
SDO 
IOCHRDY 

AEN 
S A 1  9 
S A 1 8  
S A 1 7  
S A 1 6  

S A 1 5  
S A 1 4  
S A 1 3  
S A 1 2  
S A 1  1 

S A 1 0  
S A 9  
S A 8  
S A 7  
S A 6  

S A 5  
S A4 
S A 3  
S A2 
S A 1  
S A 0  

B 1  
B 2  
83 
8 4  
85 

86  
87  
BE 
B 9  
B 1 0  

B 1 1  
8 1 2  
B 1 3  
8 1 4  
B 1 5  

B 1 6  
B 1 7  
818 
B 1 9  
B 2 0  

B2 1 
B 2  2 
8 2  3 
B 2  4 
8 2 5  

8 2  6 
8 2 7  
828  
8 2 9  
830 
83 1 

GND 
BRESET 
+5v 
I R Q 2  
- 5v 

FDCDRQ 
-12v 
N/C 
+12v 
GND 

SMEMW* 
SMEMR* 
IOW* 
IOR* 
DACK3* 

DRQ3 
DACKl* 
D R Q l  
RFRSH* 
SCLK 

I RQ7 
I R Q 6  
I R Q 5  
I R Q 4  
I R Q 3  

FDCDACK* 
T/C 
BALE 
+5v 
osc 
GND 

GROUND 
0 
POWER 
I 
POWER 

I 
POWER 

POWER 
GROUND 

0 
0 
0 
0 
0 

I 
0 
I 
0 
0 

I 
I 
I 
I 
I 

0 
0 
0 
POWER 
0 
GROUND 
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Expansion B u s  S i g n a l  Description 

The f o l l o w i n g  s i g n a l  d e s c r i p t i o n s  f o r  t h e  System 1/0 Bus a re  f o r  
PC bus-compatible  o p t i o n  c a r d s .  N o t e  t h a t  a l l  s i g n a l  l i n e s  a r e  
TTL compa t ib l e  l e v e l s  and t h a t  1/0 a d a p t e r s  s h o u l d  b e  des igned  
w i t h  a maximum of  two low power S h o t t k y  (LS)  l o a d s  pe r  l i n e .  

SCLX (B20).  SCLK is t h e  System c lock  and h a s  a p e r i o d  o f  12511s i n  
8MHz mode, o r  25011s i n  4MHz mode. I t  h a s  a 50% d u t y  c y c l e  and is 
used o n l y  f o r  s y c h r o n i z a t i o n  w i t h  t h e  CPU. I t  is n o t  i n t ended  f o r  
u s e s  r e q u i r i n g  a f i x e d  f r equency .  

SA0 th rough  SA19 (A12-A31). These l i n e s  a r e  20 a d d r e s s  b i t s  used 
t o  a d d r e s s  memory and 1/0 d e v i c e s  w i t h i n  t h e  Tandy 1000 TX. They 
a r e  g a t e d  on t h e  sys t em bus when t h e  BALE s i g n a l  is h i g h  and a r e  
l a t c h e d  on t h e  f a l l i n g  edge o f  t h e  BALE s i g n a l .  Gene ra t ion  of  
t h e s e  s i g n a l s  is  accomplished by t h e  CPU or a DMA c o n t r o l l e r .  
SAO-SA19 a r e  a c t i v e  h igh .  

BALE (828). BALE is  a Buf fe red  Address  La tch  Enable  g e n e r a t e d  by 
t h e  CPU C o n t r o l  I C .  I t  is used t o  l a t c h  v a l i d  a d d r e s s e s  from t h e  
CPU, and can be used by a n  1/0 board t o  i n d i c a t e  a v a l i d  CPU 
a d d r e s s ,  i n  c o n j u n c t i o n  w i t h  AEN. BALE is p u l l e d  t o  a h i g h  s t a t e  
d u r i n g  DMA c y c l e s ,  which i n c l u d e  R e f r e s h  c y c l e s .  BALE i s  a c t i v e  
h igh .  

AEN ( A l l ) .  AEN is an Address  Enable  s i g n a l  used t o  remove t h e  CPU 
and o t h e r  d e v i c e s  from t h e  bus t o  a l low DMA t r a n s f e r s  t o  t a k e  
p l a c e .  During AEN a c t i v e ,  t h e  DMA c o n t r o l l e r  h a s  c o n t r o l  o f  t h e  
a d d r e s s  bus,  t h e  d a t a  bus ,  t h e  READ command l i n e s ,  and t h e  WRITE 
command l i n e s .  AEN i s  a c t i v e  h igh .  

SDO th rough  SD7 (A2-A9). These s i g n a l s  a r e  t h e  d a t a  bus b i t s  0 
t h rough  7 from t h e  CPU t o  memory and 1/0 d e v i c e s  on t h e  bus. SDO 
is t h e  l e a s t  s i g n i f i c a n t  b i t  ( l s b ) ,  and SD7 i s  t h e  most 
s i g n i f i c a n t  b i t  (msb) .  

BRESET (B2). BRESET is used t o  r e s e t  or i n i t i a l i z e  t h e  expans ion  
l o g i c  d u r i n g  power-up t i m e ,  l i n e  v o l t a g e  o u t a g e ,  or when t h e  
Reset s w i t c h  on t h e  f r o n t  p a n e l  is p r e s s e d .  BRESET is a c t i v e  
h igh .  

NMI* ( A l ) .  T h i s  s i g n a l  i n d i c a t e s  an  u n c o r r e c t a b l e  sys t em e r r o r  
when a c t i v e .  The N M I *  s i g n a l  p r o v i d e s  t h e  sys t em board w i t h  
p a r i t y  in fo rma t ion  abou t  memory or d e v i c e s  on t h e  bus.  N M I *  i s  
a c t i v e  low. 

IOCERDY (A10). T h i s  s i g n a l  i s  used t o  l e n g t h e n  1/0 or memory 
c y c l e s  when d r i v e n  low by t h e  a c t i v e  d e v i c e .  ( T h i s  s i g n a l  s h o u l d  
n o t  be h e l d  l o w  more t h a n  1 5  microseconds.)  Any s low d e v i c e  us ing  
t h i s  l i n e  shou ld  d r i v e  it low immediately upon d e t e c t i n g  i ts  
v a l i d  a d d r e s s  and a READ or WRITE command. S e e  t h e  t iming  diagram 
for s e t u p  times. IOCHRDY i s  a c t i v e  h i g h  (Ready c o n d i t i o n ) .  
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IRQ2 through IRQ7 (84, B2l-B25). These s i g n a l s  a r e  used t o  t e l l  
t h e  CPU t h a t  a n  1/0 d e v i c e  needs a t t e n t i o n .  The I n t e r r u p t  
Reques t s  a r e  p r i o r i t i z e d  w i t h  IRQZ having t h e  h i g h e s t  p r i o r i t y  
and IRQ7 t h e  l o w e s t .  An I n t e r r u p t  Request  is g e n e r a t e d  when any 
I R Q  s i g n a l  is  d r i v e n  h igh  and h e l d  h i g h  u n t i l  t h e  CPU 
acknowledges t h e  i n t e r r u p t .  

IOR* (B14). I O R *  is a r ead  s i g n a l  t h a t  i n s t r u c t s  a n  1/0 d e v i c e  t o  
d r i v e  i ts  d a t a  o n t o  t h e  d a t a  bus (SDO-SD7). T h i s  l i n e  can be 
d r i v e n  by t h e  CPU C o n t r o l  I C  o r  by t h e  DMA c o n t r o l l e r .  IOR* is 
a c t i v e  l o w .  

IOW* (B13). IOW* is a w r i t e  s i g n a l  t h a t  i n s t r u c t s  a n  1/0 d e v i c e  
t o  r e a d ,  o r  l a t c h ,  t h e  d a t a  from t h e  d a t a  bus (SDO-SD7). T h i s  
l i n e  can be d r i v e n  by t h e  CPU C o n t r o l  I C  o r  by t h e  DMA 
c o n t r o l l e r .  IOW* is a c t i v e  low. 

SMEMR* (B12). SMEMR* is a r ead  s i g n a l  t h a t  i n s t r u c t s  a memory 
d e v i c e  t o  d r i v e  i ts  d a t a  o n t o  t h e  d a t a  bus (SDO-SD7). T h i s  l i n e  
can  be d r i v e n  by t h e  CPU C o n t r o l  I C  o r  by t h e  DMA c o n t r o l l e r  
t h rough  t h e  CPU C o n t r o l  I C .  SMEMR* is a c t i v e  o n l y  when t h e  memory 
a d d r e s s  i s  w i t h i n  t h e  f i r s t  1 megabyte range (000000-OFFFFFH). 
SMEMR* is a c t i v e  low. 

S M E W *  (B11). SMEMW* is a w r i t e  s i g n a l  t h a t  i n s t r u c t s  a memory 
d e v i c e  t o  r e a d ,  o r  l a t c h ,  t h e  d a t a  from t h e  d a t a  bus (SDO-SD7). 
T h i s  l i n e  can be d r i v e n  by t h e  CPU C o n t r o l  I C  o r  by t h e  DMA 
c o n t r o l l e r  t h rough  t h e  CPU C o n t r o l  I C .  SMEMW* is a c t i v e  o n l y  when 
t h e  memory a d d r e s s  is w i t h i n  t h e  f i r s t  1 megabyte range 
(000000-OFFFFFH). SMEMW* is a c t i v e  low. 

DRQl, FDCDRQ, and DRQ3 (B18, B6, B16). These l i n e s  a r e  
asynchronous DMA r e q u e s t s  by p e r i p h e r a l  d e v i c e s  t o  g a i n  DMA 
s e r v i c e .  They a re  p r i o r i t i z e d  w i t h  D R Q l  having t h e  h i g h e s t  
p r i o r i t y ,  FDCDRQ n e x t ,  and DRQ3 l o w e s t .  A DMA r e q u e s t  is 
g e n e r a t e d  by d r i v i n g  a DRQ l i n e  a c t i v e  h i g h  and h o l d i n g  i t  u n t i l  
t h e  co r re spond ing  DACK (DMA acknowledge) s i g n a l  goes  a c t i v e .  
D R Q 1 ,  FDCDRQ, and DRQ3 pe r fo rm o n l y  8 - b i t  t r a n s f e r s .  A l l  DRQ 
l i n e s  a r e  a c t i v e  h i g h .  

DACKl*, FDCACK*, and DACK3* (B17, B26, B15). These l i n e s  a r e  DMA 
acknowledge s i g n a l s  used t o  acknowledge DMA r e q u e s t s  DRQ1,  
FDCDRQ, and DRQ3. ~ l l  DACK s i g n a l s  a r e  a c t i v e  low. 

RFRSH* (B19). T h i s  s i g n a l  i s  used t o  i n d i c a t e  a r e f r e s h  c y c l e  
t h a t  can be used by a memory board t o  r e f r e s h  Dynamic memory. 
RFRSH* i s  a c t i v e  low and g e n e r a t e d  e v e r y  1 5  usec.  

T/C (B27). T/C is a s i g n a l  t h a t  p r o v i d e s  a p u l s e  when t h e  
t e r m i n a l  coun t  f o r  any DMA channe l  is reached.  T/C is a c t i v e  
h igh .  
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OSC (B30). OSC is an o s c i l l a t o r  s i g n a l  t h a t  is a high-speed c l o c k  
w i t h  a 7 0  nanosecond p e r i o d  (14.31818 megahe r t z ) .  I t  h a s  a 5 0 %  
d u t y  c y c l e .  
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Memory Map 

Name Allocated Function 

512K System RAM System Memory 

128K System/Video System Memory and 
RAM or 128K Video Diplay Memory 
Expansion Memory or System Memory 

- 

Memory 

Address 

00000 0-07FFFF 

080000-09FFFF 

OA0000-08FFFF 128K Video RAM 

OE0000-OFFFFF, 16K B I O S  ROM 
EE0000-EFFFFF, Memory 

or  
FE0000-FFFFFF 

Reserved For 
Graph ic s 
Display Memory 

Reserved For B I O S  
ROM Memory 
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1/0 Port Map of System 

1/0 Port Map Summary 

Block 

0000-001F 
0020-003F 
0040-005F 
0 06 0-0 0 7F 
0080-009F 
0 OAO-0 OBF 
00CO-00DF 
00EO-00FF 
0 1 0  0-0 IFF 
0 200-0 20 F 
0 210-0 2F7 
02F8-02FF 
0 30 0-03 1 F  
0320-032F 
0330-0 36F 
0370-0377 
0 37 8-0 37F 
0380-03CF 
0 3DO-0 3DF 
03EO-0 3EF 
03FO-03F7 
03F8-03FF 
0400-FFFF 

Usage 

0000-001F 
0020-0027 
0040-0047 
0060-006F 
0080-009F 
OOAO 
OOCO-OOC7 
00EO-00FF 

0200-0207 

02F8-02FF 

0370-0377 
0378-037F 

03DO-03DF 

03FO-03F7 
03F8-0 3FF 

F u n c t i o n  

DMA F u n c t i o n  
I n t e r r u p t  C o n t r o l l e r  
Timer 
P I 0  F u n c t i o n  
DMA Page R e g i s t e r  
N M I  Mask Reg i s t e r  
Sound G e n e r a t o r  
Numerical  Co-processor  
R e  se r ved 
J o y s t i c k  I n t e r f a c e  
Reserved 
S e r i a l  P o r t  Secondary  (COM2) 
Reserved 
Hard D i s k  C o n t r o l l e r  ( o p t i o n a l )  
Reserved 
Floppy D i s k  C o n t r o l l e r  2 ( o p t i o n a l )  
P r i n t e r  
Reserved 
System Video 
Reserved 
Floppy Disk  C o n t r o l l e r  1 
S e r i a l  P o r t  Pr imary  ( C O M 1 )  
Not Usable  
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Address  D e s c r i p t i o n  

0000 DMA C o n t r o l l e r  
IOW* = 0 :  Channel 0 Base and C u r r e n t  Address  

I n t e r n a l  F l i p / F l o p  = 0: Write AO-A7 
I n t e r n a l  F l i p / F l o p  = 1: Write A8-Al5 

I n t e r n a l  F l i p / F l o p  = 0:  Read AO-A7 
I n t e r n a l  F l i p / F l o p  = 1: Read A8-Al5 

I n t e r n a l  F l i p / F l o p  = 0: Write WO-W7 
I n t e r n a l  F l i p / F l o p  = 1: Write AW-W15 

I n t e r n a l  F l i p / F l o p  = 0:  Read wO-W7 
I n t e r n a l  F l i p / F l o p  = 1: Read W8-Wl5 

IOW* = 0: Channel  1 Base and C u r r e n t  Address  
I n t e r n a l  F l i p / F l o p  = 0: Write AO-A7 
I n t e r n a l  F l i p / F l o p  = 1: Write  A8-Al5 

I n t e r n a l  F l i p / F l o p  = 0:  Read AO-A7 
I n t e r n a l  F l i p / F l o p  = 1: Read A8-Al5 

I n t e r n a l  F l i p / F l o p  = 0: Wri te  WO-W7 
I n t e r n a l  F l i p / F l o p  = 1: Write AW-Wl5 

I n t e r n a l  F l i p / F l o p  = 0: Read WO-W7 
I n t e r n a l  F l i p / F l o p  = 1: Read W8-Wl5 

IOW* = 0: Channel  2 Base and C u r r e n t  Address  
I n t e r n a l  F l i p / F l o p  = 0:  Write AO-A7 
I n t e r n a l  F l i p / F l o p  = 1: Write A8-Al5 

I n t e r n a l  F l i p / F l o p  = 0: Read AO-A7 
I n t e r n a l  F l i p / F l o p  = 1: Read A8-Al5 

I n t e r n a l  F l i p / F l o p  = 0: Write WO-W7 
I n t e r n a l  F l i p / F l o p  = 1: Write AW-W15 

I n t e r n a l  F l i p / F l o p  = 0: Read WO-W7 
I n t e r n a l  F l i p / F l o p  = 1: Read W8-Wl5 

IOW* = 0: Channel 3 Base  and C u r r e n t  Address  
I n t e r n a l  F l i p / F l o p  = 0: Write AO-A7 
I n t e r n a l  F l i p / F l o p  = 1: Write A8-Al5 

I n t e r n a l  F l i p / F l o p  = 0:  Read AO-A7 
I n t e r n a l  F l i p / F l o p  = 1: Read A8-Al5 

IOR* = 0:  Channel 0 C u r r e n t  Address  

0001 DMA C o n t r o l l e r  
IOW* = 0: Channel  0 Base and C u r r e n t  Word Count 

IOR* = 0:  Channel  0 C u r r e n t  Word Count 

0002 DMA C o n t r o l l e r  

IOR* = 0:  Channel  1 C u r r e n t  Address  

0003  DMA C o n t r o l l e r  
IOW* = 0: Channel 1 Base and C u r r e n t  Word Count 

IOR* = 0:  Channel  1 C u r r e n t  Word Count 

0 0 0 4  DMA C o n t r o l l e r  

IOR* = 0:  Channel  2 C u r r e n t  Address  

0005 DMA C o n t r o l l e r  
IOW* = 0:  Channel 2 Base and C u r r e n t  Word Count 

IOR* = 0:  Channel 2 C u r r e n t  Word Count 

0006 DMA C o n t r o l l e r  

IOR* = 0:  Channel  3 C u r r e n t  Address  
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Address  D e s c r i p t i o n  

0007 

0008 

B i t  
0 

1 

2 

3 

4 

5 

6 

I 

B i t  
0 
1 
2 
3 
4 
5 
6 
I 

DMA C o n t r o l l e r  

I n t e r n a l  F l i p / F l o p  = 0: W r i t e  WO-W7 
I n t e r n a l  F l i p / F l o p  = 1: W r i t e  AW-W15 

I n t e r n a l  F l i p / F l o p  = 0: Read WO-W7 
I n t e r n a l  F l i p / F l o p  = 1: Read W8-Wl5 

DMA C o n t r o l l e r  
IOW* = 0 ,  Write Command R e g i s t e r  

IOW* = 0:  Channel 3 Base and C u r r e n t  Word Count 

IOR* = 0: Channel 3 C u r r e n t  Word Count 

D e s c r i p t i o n  
0 = Memory t o  Memory D i s a b l e  
1 = Memory t o  Memory Enable  
0 = Channel 0 Address  Hold D i s a b l e  
1 = Channel 0 Address  Hold Enable  
X I f  B i t  0 = 0 

0 = C o n t r o l l e r  Enable 
1 = C o n t r o l l e r  D i s a b l e  
0 = Normal Timing 
1 = Compressed Timing 
X I f  B i t  0 = 1 
0 = Fixed P r i o r o t y  
1 = R o t a t i n g  P r i o r i t y  
0 = L a t e  W r i t e  S e l e c t i o n  
1 = Extended Write S e l e c t i o n  
X I f  B i t  3 = 1 
0 = DREQ Sense A c t i v e  High 
1 = DREQ Sense  A c t i v e  Low 
0 = DACK Sense  A c t i v e  Low 
1 = DACK Sense  A c t i v e  High 

IOR* = 0, Read S t a t u s  R e g i s t e r  
D e s c r i p t i o n  
1 = Channel 0 Has Reached TC 
1 = Channel 1 Has Reached TC 
1 = Channel 2 Has Reached TC 
1 = Channel 3 Has Reached TC 
1 = Channel 0 Request  
1 = Channel 1 Request  
1 = Channel 2 Request  
1 = Channel 3 Request  
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Address  D e s c r i p t i o n  

0009 

B i t  
0 - 1  

2 

3 -1 

O O O A  

B i t  
0-1 

2 

3-1 

O O O B  

B i t  
0-1 

2-3 

4 

5 

6-7 

DMA C o n t r o l l e r  
IOw* = 0 ,  W r i t e  Request  R e g i s t e r  

D e s c r i p t i o n  
B i t l  B i t O  

0 0 S e l e c t  Channel 0 
0 1 S e l e c t  Channel 1 
1 0 S e l e c t  Channel 2 
1 1 S e l e c t  Channel 3 
0 Reset Request  B i t  
1 S e t  Request  B i t  

Don ' t  Care 
IOR* = 0 ,  I l l e g a l  

DMA C o n t r o l l e r  
IOW* = 0 ,  Wri te  S i n g l e  Mask R e g i s t e r  

D e s c r i p t i o n  
B i t l  B i t O  

0 0 S e l e c t  Channel 0 Mask B i t  
0 1 S e l e c t  Channel 1 Mask B i t  
1 0 S e l e c t  Channel 2 Mask B i t  
1 1 S e l e c t  Channel 3 Mask B i t  
0 C l e a r  Mask B i t  (Enable  Channel )  
1 S e t  Mask B i t  ( D i s a b l e  Channel)  

Don ' t  Care 
IOR* = 0 ,  I l l e g a l  

DMA C o n t r o l l e r  
IOW* = 0 ,  W r i t e  Mode R e g i s t e r  

D e s c r i p t i o n  
B i t l  B i t O  

0 0 Channel 0 S e l e c t  
0 1 Channel 1 S e l e c t  
1 0 Channel 2 S e l e c t  
1 1 Channel 3 S e l e c t  

B i t 3  B i t 2  
0 0 V e r i f y  T r a n s f e r  
0 1 Write T r a n s f e r  To Memory 
1 
1 
X 
0 
1 
0 
1 

B i t 7  
0 
0 
1 
1 

IOR* = 

0 Read T r a n s f e r  To Memory- 
1 I l l e g a l  
I f  B i t s  6 and 7 = 11 

A u t o i n i t i a l i z a t i o n  Enable  
A u t o i n i t i a l i z a t i o n  D i s a b l e  
Address  Increment  S e l e c t  
Address  Decrement S e l e c t  

B i t 6  
0 Demand Mode S e l e c t  
1 S i n g l e  Mode S e l e c t  
0 Block Mode S e l e c t  
1 Cascade Mode S e l e c t  

0 ,  I l l e g a l  

36 



Address D e s c r i p t i o n  

oooc DMA C o n t r o l l e r  
IOW* = 0 ,  C l e a r  Byte P o i n t e r  F l i p / F l o p  
IOR* = 0 ,  I l l e g a l  

OOOD DMA C o n t r o l l e r  
IOW* = 0 ,  Master C l e a r  
IOR* = 0 ,  Read Temporary R e g i s t e r  

O O O E  DMA C o n t r o l l e r  
IOW* = 0 ,  C l e a r  Mask R e g i s t e r  
IOR* = 0 ,  I l l e g a l  

OOOF DMA C o n t r o l l e r  

B i t  D e s c r i p t i o n  
IOW* = 0 ,  W r i t e  A l l  Mask R e g i s t e r  B i t s  

0 0 = C l e a r  Channel 0 Mask B i t  ( E n a b l e )  

1 0 = C l e a r  Channel 1 Mask B i t  ( E n a b l e )  

2 0 = C l e a r  Channel 2 Mask B i t  ( E n a b l e )  

3 0 = C l e a r  Channel 3 Mask B i t  ( E n a b l e )  

1 = S e t  Channel 0 Mask B i t  ( D i s a b l e  

1 = S e t  Channel 1 Mask B i t  ( D i s a b l e  

1 = S e t  Channel 2 Mask B i t  ( D i s a b l e  

1 = S e t  Channel 3 Mask B i t  ( D i s a b l e  

IOR* = 0 ,  I l l e g a l  
4-7 Don' t  Care 

0010 - OOlF Same a s  0000-000F 
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Address  D e s c r i p t i o n  

0020 8259A I n t e r r u p t  C o n t r o l l e r  

Note: I n i t i a l i z a t i o n  Words a r e  s e t  up by t h e  o p e r a t i n g  
sys t em and a re  g e n e r a l l y  n o t  t o  be changed. W r i t i n g  
an i n i t i a l i z a t i o n  word might  c a n c e l  pending i n t e r r u p t s .  

B i t 4  = 1 I n i t i a l i z a t i o n  Command Word 1 
B i t O  = 0 ICW4 Needed 

B i t l  = 0 Cascade Mode 

B i t 2  Not Used 
B i t 3  = 0 Edge T r i g g e r e d  Mode 

Bit5-7 Not Used 

= 1  I C W 4  Not Needed 

= 1  S i n g l e  Mode 

= 1  Level  T r i g g e r e d  Mode 

B i t 4  = 0 E, O p e r a t i o n  C o n t r o l  Word 2 
B i t 3  = 0 BitO-2: Determine The I n t e r r u p t  Level  Acted On When 

The SL B i t  Is A c t i v e  

I n t e r r u p t  Level  = 0 1 2 3 4 5 6 7 
B i t O  ( L O ) :  0 1 0  1 0  1 0  1 
B i t l  ( L l ) :  0 0 1 1 0 0 1 1 
B i t 2  ( L 2 ) :  0 0 0 0 1 1  1 1 

Bit5-7: C o n t r o l  Rotate  And End Of I n t e r r u p t  Modes 

87 B6 85  
0 0 1  
0 1 1  
1 0 1  
1 0 0  
0 0 0  
1 1 1  
1 1 0  
0 1 0  

Non-Specif ic  E O 1  Command End Of I n t e r r u p t  
S p e c i f i c  E O 1  Command End Of I n t e r r u p t  
R o t a t e  On Non-Specif ic  E O 1  Auto R o t a t i o n  
R o t a t e  I n  Automatic  E O 1  Mode ( S e t )  Auto R o t a t i o n  
R o t a t e  I n  Automatic  E O 1  Mode (C lea r )  Auto R o t a t i o n  
*Rotate  On S p e c i f i c  E O 1  Command S p e c i f i c  R o t a t i o n  
* S e t  P r i o r i t y  Command S p e c i f i c  R o t a t i o n  
No O p e r a t i o n  

(*LO - L2 A r e  Used) 
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Address 

B i t 4  = 0 & 
B i t 3  = 1 

B i t l  
0 
0 
1 
1 

Description 

O p e r a t i o n  C o n t r o l  Word 3 
B i t  0-1: 
B i t O  - Read R e g i s t e r  Command 

0 No Ac t ion  
1 No A c t i o n  
0 Read I R  R e g i s t e r  On Next IOR* P u l s e  
1 Read I S  R e g i s t e r  On Next IOR* P u l s e  

B i t 2  = 0: No Poll Command 
= 1: Poll Command 

Bit5-6 
B i t 5  B i t 6  - S p e c i a l  Mask Mode 

0 0 No Ac t ion  
0 1 N o  A c t i o n  
1 0 Reset  S p e c i a l  Mask 
1 1 S e t  S p e c i a l  Mask 

B i t 7  = 0 

0021 8259A I n t e r r u p t  C o n t r o l l e r  

I n i t i a l i z a t i o n  C o n t r o l  Word 2 
BitO-7: Not Used 
Bit3-7: T3-T7 O f  I n t e r r u p t  Vector  Address  

(8086/8088/80286 Mode) 

I n i t i a l i z a t i o n  C o n t r o l  Word 3 (Master Dev ice )  
BitO-7: = 1 I n d i c a t e d  I R  I n p u t  Has A S l a v e  

= 0 I n d i c a t e d  I R  I n p u t  Does Not Have A 
S l a v e  

I n i t i a l i z a t i o n  C o n t r o l  Word 3 ( S l a v e  Dev ice )  
Bit0-2 = I D O - 2  

B i t O  B i t l  B i t 2  - S l a v e  I D  # 
0 0 0 0 
0 0 1 1 
0 1 0 2 
0 1 1 3 
1 0 0 4 
1 0 1 5 
1 1 0 6 
1 1 1 7 

Bit3-7 = 0 (Not  Used) 
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Address  D e s c r i p t i o n  

I n i t i a l i z a t i o n  C o n t r o l  Word 4 
B i t O :  Type Of P r o c e s s o r  

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

B i t l :  Type Of End O f  I n t e r r u p t  
= O  Normal E O 1  
=1 Auto E O 1  

Bit2-3: B u f f e r i n g  Mode 
B i t 3  B i t 2  

0 X Non-Buffered Mode 
1 0 Buf fe red  Mode/Slave 
1 1 Buf fe red  Mode/Master 

B i t4 :  Nes t ing  Mode 

Bit5-7: =O (Not  Used) 

Opera t ion  C o n t r o l  Word 1 (IOR*/IOW*)  
Bit0-7: I n t e r r u p t  Mask For IRQO-IRQ7 

=O Mask Reset  ( E n a b l e )  
=1 M a s k  S e t  ( D i s a b l e )  

= O  Not S p e c i a l  F u l l y  Nested Mode 
=1 S p e c i a l  F u l l y  Nested Mode 

Note: P e r i p h e r a l s  r e q u e s t i n g  a n  i n t e r r u p t  s e r v i c e  must g e n e r a t e  
a low t o  h i g h  edge and t h e n  remain a t  a l o g i c  h i g h  l e v e l  
u n t i l  s e r v i c e  is acknowledged. F a i l u r e  t o  do so r e s u l t s  i n  
a D e f a u l t  S e r v i c e  f o r  IRQ7. 

0022-0027 Same as 0020-0021 

0028-003F Not Used 

0040/0044 8254-2 Timer 
I O W *  = 0:  Load Counter  N o .  0 
IOR* = 0:  Read Counter  No. 0 

IOW* = 0:  Load Counter  N o .  1 
IOR* = 0: Read Counter  N o .  1 

IOW* = 0:  Load Counter  No. 2 
IOR* = 0:  Read Counter  No. 2 

004 1/0 04 5 8254-2 Timer 

0042/0046 8254-2 Timer 
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Address Description 

004 3/0 047 8254-2 T i m e r  
IOW* = 0: W r i t e  Mode Word 
C o n t r o l  Word Format 
B i t  0: BCD 

=0 :  BCD Coun te r  ( 4  Decades )  
=1: B i n a r y  Coun te r  16 B i t s  

B i t l - 3 :  Mode S e l e c t i o n  
B i t 3  B i t 2  B i t 1  

0 0 0 Mode 0 
0 0 1 Mode 1 
X 1 0 Mode 2 
X 1 1 Mode 3 
1 0 0 Mode 4 
1 0 1 Mode 5 

Bi t4-5 :  Read/Load 

B i t 5  B i t 4  
0 0 Coun te r  L a t c h i n g  Opera t i o n  
0 1 Read/Load LSB Only 
1 0 Read/Load MSB Only 
1 1 Read/Load LSB F i r s t ,  Then MSB 

0 0 S e l e c t  Coun te r  0 
0 1 S e l e c t  Coun te r  1 
1 0 S e l e c t  Coun te r  2 
1 1 I l l e g a l  

Bi t6-7:  S e l e c t  Coun te r  
B i t 7  B i t 6  

IOR* = 0: No-Operat ion 3 - S t a t e  

0048-005F Not Used 

0060 P o r t  A / Keyboard I n t e r f a c e  C o n t r o l  P o r t s  
(Read Only)  

B i t  D e s c r i p t i o n  
0 Keyboard B i t  0-LSB 
1 Keyboard B i t  1 
2 Keyboard B i t  2 
3 Keyboard B i t  3 
4 Keyboard B i t  4 
5 Keyboard B i t  5 
6 Keyboard B i t  6 
7 Keyboard B i t  7-MSB 
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Address 

0 0 6 1  
B i t  

0 
1 
2 
3 
4 
5 
6 
7 

0 0 6 2  
B i t  

0 
1 
2 
3 

4 

5 
6 

7 

0 0 6 3 - 0 0 6 6  

0 0 6 7  

0 0 6 8  

Description 

P o r t  B R e a d  O r  Write 
D e s c r i p t i o n  
1 = 8 2 5 3  G a t e  2 E n a b l e  
1 = S p e a k e r  D a t a  O u t  E n a b l e  
N o t  U s e d  
N o t  U s e d  
1 = D i s a b l e  I n t e r n a l  S p e a k e r  ( S o u n d  C o n t r o l 2 )  
N o t  U s e d  
0 = HOLOCK ( I f  IBM PC Keyboard M o d e )  
1 = Keyboard C l e a r  

P o r t  C R e a d / W r i t e :  B i t s  0 - 3 ;  R e a d  O n l y  B i t s :  4 - 7  
D e s c r i p t i o n  
R e a d / W r i t e  - N o t  U s e d  
R e a d / W r i t e  - N o t  U s e d  
R e a d / W r i t e  - N o t  U s e d  
( O u t p u t )  CPU C l o c k  R a t e  
0 = 4 . 7 7  MHz ( P C  C o m p a t i b l e  R a t e )  
1 = 8.00  MHz ( D e f a u l t  B y  B o o t  ROM) 
V i d e o  RAM S i z e  
0 = 1 2 8 K  V i d e o  
1 = 2 5 6 3  V i d e o  
8 2 5 3  O u t  # 2  
Monochrome Mode 
0 = C o l o r  Monitor 
1 = 350 L i n e  Monitor ,  Mono 
R e s e r v e d  

R e s e r v e d  

P o r t  H R e s e r v e d  

P o r t  I A 2 0  G a t e  A n d  CPU R e s e t  
B i t O :  N o t  U s e d  
B i t l :  0 = GA20 A l w a y s  0 

1 = A 2 0  E q u a l s  To GA20 
( R e s e t  C l e a r s  B i t l  T o  " 0 " )  

B i t 2 :  CPU 
Write 

o =  
1 =  

o =  
1 =  

B i t 3 :  N o t  
B i t 4 :  N o t  
B i t 5 :  N o t  
B i t 6 :  N o t  
B i t 7 :  N o t  

R e a d  

R e s e t  

R e s e t  
N o  E f f e c t  

P o w e r  O n  R e s e t  
CPU R e s e t  
U s e d  
U s e d  
U s e d  
U s e d  
U s e d  
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Add K es S Description 

0 0 6 9  P o r t  J R e a d  A n d  Write 8 B i t  D a t a  S torage  For 
S h u t d o w n  

S t a t u s  B y t e  
B i t O :  
B i t l :  
B i t 2 :  
B i t 3 :  
B i t 4 :  
B i t 5 :  
B i t 6 :  
B i t 7 :  

0 0 6 A - 0 0  7F 

0080 

0 0 8 1  

D a t a  B i t  0 
D a t a  B i t  1 
D a t a  B i t  2 
D a t a  B i t  3 
D a t a  B i t  4 
D a t a  B i t  5 
D a t a  B i t  6 
D a t a  B i t  7 

R e s e r v e d  

DMA Page R e g i s t e r  ( R e s e r v e d  f o r  D i a g n o s t i c s )  
Write O n l y  

DMA C h a n n e l  2 P a g e  R e g i s t e r  -Write O n l y  

D e s c r i p t i o n  A d d r e s s  
B i t O  A d d r e s s  A 1 6  
B i t l  A d d r e s s  A 1 7  
B i t 2  A d d r e s s  A 1 8  
B i t 3  A d d r e s s  A 1 9  
B i t 4  A d d r e s s  A 2 0  
B i t 5  A d d r e s s  A 2 1  
B i t 6  A d d r e s s  A 2 2  
B i t 7  A d d r e s s  A 2 3  

0 0 8 2  DMA C h a n n e l  3 P a g e  R e g i s t e r  -Write O n l y  

A d d r e s s  D e s c r i p t i o n  
B i t O  A d d r e s s  A 1 6  
B i t l  A d d r e s s  A 1 7  
B i t 2  A d d r e s s  A 1 8  
B i t 3  A d d r e s s  A 1 9  
B i t 4  A d d r e s s  A 2 0  
B i t 5  A d d r e s s  A 2 1  
B i t 6  A d d r e s s  A 2 2  
B i t 7  A d d r e s s  A 2 3  

0083 DMA C h a n n e l  0-1 Page R e g i s t e r  -Write O n l y  

A d d r e s s  D e s c r i p t i o n  
B i t O  A d d r e s s  A 1 6  
B i t l  A d d r e s s  A 1 7  
B i t 2  A d d r e s s  A 1 8  
B i t 3  A d d r e s s  A 1 9  
B i t 4  A d d r e s s  A 2 0  
B i t 5  A d d r e s s  A 2 1  
B i t 6  A d d r e s s  A 2 2  
B i t 7  A d d r e s s  A 2 3  
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Address  Descr ip t ion  

0084-008F Same a s  0080-0083 

0 OAO N M I  M a s k  R e g i s t e r ,  Write Only  

B i t  D e s c r i p t i o n  
0 E x t e r n a l  Video  

0 = Normal O p e r a t i o n  
1 = A l l  Video  A d d r e s s e s  And P o r t s  A r e  D i s a b l e d  

1 MEMCONFIG 1 - A17 128K S W  
2 MEMCONFIG 2 - A18 256K S W  
3 MEMCONFIG 3 - A19 512K SW 
4 "0" Enable  128K O f  Video  RAM (Always "0") 
5 Not Used 
6 Not Used 
7 1 = E n a b l e  N M I  

0 = D i s a b l e d  

00A1-00A7 R e  se r v e d  

B i t  B i t  B i t  B i t  
4 3 2 1 

256K 
Enable  A19 A18 A17 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 1 1 
1 0 0 1 
i 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 1 1 

Memory 
S t a r t  

0 0000 
2 0000 
4 0000 
6 0000 
8 0000 
B 0000 
0 0000 
2 0000 
4 0000 
6 0000 
B 8000 

Memory 
Length  

128K 
128K 
128K 
128K 
l28K 
128K 
256K 
256K 
256K 
256K 
256K 

Memory 
Range 

0 0000-1 FFFF 
2 0000-3 FFFF 
4 0000-5 FFFF 
6 0000-7 FFFF 
8 0000-9 FFFF 

0 0000-3 FFFF 
2 0000-5 FFFF 
4 0000-7 FFFF 
6 0000-9 FFFF 

B 0000-B FFFF ( 4  P a g e )  

B 0000-B FFFF ( 8  P a g e )  

be su re  P o r t  AOH, Data B i t  0 is NOTE: To t u r n  off on-board Video ,  

00A8-00AF N o t  Used 

a '1' And V i d e o  Array Register 3 .  
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Address 

OOCO-OOC7 

B i t 7  B i t 6  
= 1  0 
= o  x 
= 1  0 
= 1  0 
= o  x 
= 1  0 
= 1  1 
= o  x 
= 1  1 
= 1  1 
= 1  1 

00C8-00CF 

00EO-00EF 

OOFO 
OOFl 
OOF2 
00F3 
00F4 
00F5 
00F6 
OOF7 
0 OF8-0 0 FF 

0100-01FF 

0200-0207 

Description 

Sound SN76496 

B i t 5  B i t 4  B i t 3  
0 0 F6 
FO F1 F2 
0 1 A0 
1 0 F6 
FO F1 F2 
1 1 A0 
0 0 F6 
FO F1 F2 
0 1 A0 
l o x  
1 1 A0 

B i t 2  B i t 1  
F7 F8 
F3 F4 
A 1  A2 
F7 F8 
F3 F4 
A 1  A2 
F7 F8 
F3 F4 
A 1  A2 
FB NFO 
A 1  A2 

B i t 0  
F9 Update Tone Frequency 1 
F5 A d d i t i o n a l  Frequency Data  
A 3  Update Tone A t t e n u a t i o n  1 
F9 Update Tone Frequency  2 
F5 A d d i t i o n a l  Frequency Data 
A3 Update Tone A t t e n u a t i o n  2 
F9 Update Tone Frequency 3 
F5 A d d i t i o n a l  Frequency Data 
A 3  Update Tone A t t e n u a t i o n  3 
NFI Update Noise C o n t r o l  
A3 Update No i se  A t t e n u a t i o n  

Reserved  

Reserved  

Clear Numer ica l  Co-Processor Busy 
R e s e t  Numer ica l  Co-Processor To Real Mode 
Same A s  OOFO 
Same A s  OOFl 
Same As OOFO 
Same A s  OOFl 
Same A s  OOFO 
Same A s  OOFl 
Math Co-Processor Chip  S e l e c t  

Reserved 

J o y s t i c k  

Clear ( R e s e t s  I n t e g r a t o r  To 0 )  

0201 Read R = R i g h t  J o y s t i c k ,  L = L e f t  Joys t i ck  
B i t  D e s c r i p t i o n  

0 R - X H o r i z o n t a l  P o s i t i o n  
1 R - Y Ver t i ca l  P o s i t i o n  
2 L - X H o r i z o n t a l  P o s i t i o n  
3 L - Y V e r t i c a l  P o s i t i o n  
4 R Bu t ton  #l (Log ic  0 = B u t t o n  P r e s s e d  
5 R Bu t ton  #2 ( L o g i c  0 = But ton  P r e s s e d  
6 L Bu t ton  #l (Log ic  0 = But ton  P r e s s e d  
6 L Bu t ton  1 2  (Log ic  0 = But ton  P r e s s e d  

0208-020F Not Used 

0210-02F7 Reserved  
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A d d r e s s  D e s c r i p t i o n  

2 F 8 - 2 F F  S e r i a l  P o r t  Secondary (COM2) 

0 2 F 8  

B i t  

0 

- 

1 
2 
3 
4 
5 
6 
7 

02F8 

B i t  - 
0 
1 
2 
3 
4 
5 
6 
7 

0 2 F 8  

B i t  

0 
1 
2 
3 
4 
5 
6 
7 

- 

Write T r a n s m i t t e r  H o l d i n g  R e g i s t e r  ( C h a r a c t e r  t o  
s e n d )  

D e s c r i p t i o n  

B i t  0 - LSB ( F i r s t  B i t  S e n t  S e r i a l l y )  
B i t  1 
B i t  2 
B i t  3 
B i t  4 
B i t  5 
B i t  6 
B i t  7 - MSB 

R e a d  R e c e i v e r  B u f f e r  R e g i s t e r  ( C h a r a c t e r  R e c e i v e d )  

D e s c r i p t i o n  

B i t  0 - LSB ( F i r s t  B i t  R e c e i v e d  S e r i a l l y )  
B i t  1 
B i t  2 
B i t  3 
B i t  4 
B i t  5 
B i t  6 
B i t  7 - MSB 

D i v i s o r  L a t c h  LSB ( D i v i s o r  L a t c h  A c c e s s  B i t  DLAB = 
" 1 " ) 

D e s c r i p t i o n  

B i t  0 
B i t  1 
B i t  2 
B i t  3 
B i t  4 
B i t  5 
B i t  6 
B i t  7 
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Address D e s c r i p t i o n  

02F9 D i v i s o r  Latch MSB ( D i v i s o r  Latch Access  B i t  DLAB = 
" 1 " ) 

- B i t  D e s c r i p t i o n  

0 B i t  0 
1 B i t  1 
2 B i t  2 
3 B i t  3 
4 B i t  4 
5 B i t  5 
6 B i t  6 
7 B i t  7 

02F9 I n t e r r u p t  Enable  R e g i s t e r  

B i t  D e s c r i p t i o n  

0 "1" = Enables  t h e  Received Data  A v a i l a b l e  I n t e r r u p t  
1 "1" = Enables  t h e  T r a n s m i t t e r  Holding R e g i s t e r  I n t  
2 I, 1 I, = Enables  Receive Line  S t a t u s  I n t e r r u p t  
3 "1" = Enables  t h e  Modem S t a t u s  I n t e r r u p t  
4-7 Always L o g i c a l  " 0 "  

0 2FA I n t e r r u p t  I d e n t i f i c a t i o n  R e g i s t e r  

- B i t  D e s c r i p t i o n  

1-2 B i t  2 B i t  1 
0 "0"  = I n t e r r u p t  Pending 

8 ,  0 II I, 0 I t  Four th  Level  P r i o r i t y  
8 ,  0 I* I, 1 II Third  Level  P r i o r i t y  
I, 1 I, I t  0 11 Second Level  P r i o r i t y  
1 " I, 1 I t  Highes t  Level  P r i o r i t y  

3-7 Always L o g i c a l  " 0 "  
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Address  D e s c r i p t i o n  

0 2FB 

B i t  

0-1 

- 

2 

3 
4 

5 
6 
7 

02FC 

B i t  

0 

1 
2 
3 
4 

5-7 

0 2FD 

- 

B i t  

0 
1 
2 
3 
4 
5 

_. 

6 

7 

Line C o n t r o l  R e g i s t e r  

D e s c r i p t i o n  

B i t  1 B i t  0 
11 0 I8 VI 0 I, Five  B i t  Word Length 
11 0 I t  #I 1 I, S i x  B i t  Word Length 
I, 1 I, II 0 I, Seven B i t  word Length 
I, 1 I, " 1 " E i g h t  B i t  Word Length 

"0" = One S t o p  B i t  
11 1 I, = If S t o p  B i t s  When Five  B i t  Length S e l e c t e d  

"1" = P a r i t y  Enable  
"0" = Odd P a r i t y  S e l e c t  

Even P a r i t y  S e l e c t  II 1 I, = 

S t i c k  P a r i t y  B i t  
"1" = S e t  Break Enable  
"1" = D i v i s o r  Latch Access B i t  Enable  

Two S t o p  B i t s  With S i x ,  Seven, o r  E i g h t  B i t  

D e s c r i p t i o n  

"1" = Data Terminal  Ready S e t  ( D T R )  
"0"  = Data Termina l  Ready Rese t  ( D T R )  
Request  To Send (RTS) 
ou t  1 
out 2 
Loop 
Always L o g i c a l  "0" 

L i n e  s t a t u s  R e g i s t e r  

D e s c r i p t i o n  

Data Ready ( D R )  
Overrun E r r o r  ( O R )  
"1" = D e t e c t  P a r i t y  E r r o r  (PE) 
"1" = D e t e c t  Framing E r r o r  ( F E )  
"1" = Break I n t e r r u p t  ( B I )  
T r a n s m i t t e r  Holding R e g i s t e r  
II 1 8 ,  = C h a r a c t e r  T r a n s f e r r e d  From Holding To S h i f t  

"0"  = Loading T r a n s m i t t e r  Holding R e g i s t e r  
T r a n s m i t t e r  S h i f t  R e g i s t e r  Empty 
"1" = S h i f t  R e g i s t e r  I d l e  
"0"  = Data T r a n s f e r  From Holding R e g i s t e r  
Always L o g i c a l  "0" 

R e g i s t e r  
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Address Description 

0 2FE Modem S t a t u s  R e g i s t e r  

- B i t  D e s c r i p t i o n  
0 D e l t a  C l e a r  TO Send (DCTS) 
1 D e l t a  Data S e t  Ready (DDSR) 
2 T r a i l i n g  Edge Ring I n d i c a t o r  

On I, 1 I, = 
= Off I t  0 I t  

3 D e l t a  Received Line  S i g n a l  D e t e c t  (If B i t  0 ,  1, 2 ,  
o r  3 is set  t o  a "1" modem s t a t u s  i n t e r r u p t  i s  
g e n e r a t e d  

4 " 0 "  = C l e a r  T o  Send (CTS) 
5 "0" = Data S e t  Ready (DSR) 
6 "0"  = Ring I n d i c a t o r  (RI) 
7 "0"  = Received Line  S i g n a l  D e t e c t  (RLSD) 

02FF Reserved 

0 3 0 0 - 0 3 6 F  Reserved 

0 3 7 0 - 0 3 7 7  Floppy D i s k  C o n t r o l l e r  2 ( o p t i o n a l )  

0 3 7 8  

B i t  

0 
1 
2 
3 
4 
5 
6 
7 

0 3 7 9  

B i t  

0 
1 
2 
3 
4 
5 
6 
7 

- 

- 

P r i n t e r  - Data Latch 

D e s c r i p t i o n  

B i t  0 - LSB 
B i t  1 
B i t  2 
B i t  3 
B i t  4 
B i t  5 
B i t  6 
B i t  7 - MSB 

P r i n t e r  - Read S t a t u s  

D e s c r i p t i o n  

Used 
Used 
Used 
= E r r o r  
= P r i n t e r  S e l e c t  
= O u t  of Paper  
= Acknowledge 
= Busy 
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Address Description 

037A (037E) P r i n t e r  - C o n t r o l  La tch  

- B i t  D e s c r i p t i o n  

0 " 0 "  
1 I, 0 11 

2 It 0 II 
3 "0"  
4 "1" 5 I, 0 T I  

6 Not 
7 Not 

= S t r o b e  
= Auto FD XT 
= I n i t i a l i z e  
= S e l e c t  P r i n t e r  
= Enab le  I n t e r r u p t  
= Enable  Ou tpu t  Data 
used 
used 

037B N o t  Used 

037C P r i n t e r  - Data La tch  

037D P r i n t e r  - Read S t a t u s  

037F-0 3CF Not Used 

03DO-03D3 Not Used 
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Address Description 

0 3D4 6845 Address  R e g i s t e r  

0 3D5 

03D6 

03D7 

0 3D8 
B i t O  

B i t l  

B i t 2  

B i t 3  

B i t 4  

B i t 5  

03D9 
B i t O  
B i t l  
B i t 2  
B i t 3  
B i t 4  
B i t 5  

6845 Data  R e g i s t e r  

Not Used 

Not Used 

Mode S e l e c t  R e g i s t e r  
High R e s o l u t i o n  Clock 
= 0 S e l e c t s  40 By 25 Alphanumeric Mode 
= 1 S e l e c t s  80 By 25 Alphanumeric Mode 
Graphics  S e l e c t  
= 0 S e l e c t s  Alphanumeric Mode 
= 1 S e l e c t s  320 By 200 Graphics  Mode 
Black And White 
= 0 S e l e c t s  Color  Mode 
= 1 S e l e c t s  Black And White Mode 
Video Enable  
= 0 D i s a b l e s  Video S i g n a l  
= 1 Enables  Video S i g n a l  
640 Dot G r a p h i c s  
= 0 D i s a b l e s  640 By 200 B&W G r a p h i c s  Mode 
= 1 Enables  640 By 200 B&W Graphics  Mode 
B l i n k  Enable  
= 0 D i s a b l e s  B l i n k i n g  
= 1 Enables  B l i n k i n g  

Color  S e l e c t  R e g i s t e r  
Background Blue 
Background Green 
Background Red 
Background I n t e n s i t y  
Foreground I n t e n s i t y  
Color  S e l e c t  
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Address 

03DA-03DE 

Read (03DA) 
0 0  B i t O  
0 0  B i t l  
0 0  B i t 2  
0 0  B i t 3  
0 0  B i t 4  

0 1  B i t O  
0 1  B i t l  
0 1  B i t 2  
0 1  B i t 3  

02 B i t O  
02  B i t l  
02 B i t 2  
02  B i t 3  
02 B i t 5  

0 3  B i t O  
03 B i t l  
0 3  B i t 2  
03 B i t 3  
0 3  B i t 4  
03 B i t 5  

03DB 
0 3DC 

03DD 

Descr ip t ion  

Write Video Ar ray  Address  And Read S t a t u i  '03DA) 
Write Video Array Data (03DE) 

Write (03DE) 
Di sp lay  I n a c t i v e  Not Used 
L i g h t  Pen S e t  Not Used 
L i g h t  Switch S t a t u s  N o t  Used 
V e r t i c a l  Retrace Not Used 
Not Used N o t  Used 

P a l e t t e  M a s k  0 
P a l e t t e  Mask 1 
P a l e t t e  Mask 2 
P a l e t t e  M a s k  3 

Border  Blue 
Border  Green 
Border  Red 
Border I n t e n s i t y  
Reserved = 0 

Mono Enable  = 1 
Reserved = 0 
Border Enable 
4-COlOr High R e s o l u t i o n  
16  Color  Mode 
E x t r a  Video Mode 

Clear L i g h t  Pen La tch  
P r e s e t  L i g h t  Pen La tch  

Extended R A M  Page Reqis te r  - CPU R e l a t i v e  
B i t  D e s c r i p t i o n  

0 Extended Addres s ing  Modes 
1 Not Used 
2 Not Used 
3 CRT Video Page Address  "17" 
4 CRT Video Page Address  "18" 
5 CPU Page Address  "17" 
6 CPU Page Address  "18" 
7 S e l e c t  64K Or 2563 RAM 
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A d d r e s s  

0 3DF 
B i t O  A 1 4  
B i t l  A 1 5  
B i t 2  A 1 6  
B i t 3  A 1 4  
B i t 4  A 1 5  
B i t 5  A 1 6  
B i  t 6  
B i t 7  

D e s c r i p t i o n  

CRT Processor P a g e  R e g i s t e r  - V i d e o  M e m o r y  R e l a t i v e  
CRT Page 0 
CRT P a g e  1 
CRT Page 2 
Processor Page 0 
Processor  Page 1 
Processor Page 2 
V i d e o  A d d r e s s  Mode 0 
V i d e o  A d d r e s s  Mode 1 

V i d e o  DO D7 D6 
D e s c r i p t i o n s  3DDH 3DFH 3DFH 
8p 1 - 1 6 K  0 0 0 
8p 2 - 8 K  0 0 1 
4: 2 - 1 6 K  
4 p  4 - 8 K  
4 p  1 - 3 2 K  
2p 2 - 32K 

0 3 E O - 0 3 E F  R e s e r v e d  

0 3 F 0  N o t  Used 

0 1 0 
0 1 1 
1 0 0 
1 0 1 

0 3 F 1  
B i t O  
B i t l  

B i t 2  
B i t 3  

B i t 4  
B i t 5  
B i t 6  
B i t 7  

0 3 F 2  
B i t O - 1  
B i t l  

0 
0 

B i t 2  
B i t 3  
B i t 4  
B i t 5  
B i t 6  
B i t 7  

D r i v e  Se l ec t  S w i t c h  
N o t  Used 
"1" DSO = DSO 
"0" DSO = D S 1  
N o t  U s e d  
Mux FDCTC ( W r i t e  O n l y )  
'0'' FDCTC O u t  
"1 " I n p u t  
N o t  U s e d  
N o t  Used 
N o t  Used 
N o t  Used 

DOR R e g i s t e r  ( W r i t e  O n l y )  

B i t O  
0 D r i v e  Select  A* 
1 D r i v e  Select  B* 

D r i v e  Select  

0 = FDC R e s e t  
1 = E n a b l e  DMA R e q u e s t / I n t e r r u p t  
1 = D r i v e  A Motor On  
1 = D r i v e  B Motor O n  
1 = FDC T e r m i n a l  C o u n t  
N o t  Used 
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A d d r e s s  D e s c r i p t i o n  

0 3 F 3  N o t  Used 

0 3 F 4  FDC - S t a t u s  ( R e a d  O n l y )  See FDC S p e c i f i c a t i o n  

0 3 F 5  FDC - D a t a  (R/W) See FDC S p e c i f i c a t i o n  

0 3 F 6 - 0 3 F 7  R e s e r v e d  

0 3 F 8 - 0 3 F F  S e r i a l  Po r t  P r i m a r y  (COM1) 

03F8 Write T r a n s m i t t e r  H o l d i n g  R e g i s t e r  ( C h a r a c t e r  t o  
s e n d )  

B i t  

0 
1 
2 
3 
4 
5 
6 
7 

- D e s c r i p t i o n  

B i t  0 - LSB ( F i r s t  B i t  S e n t  S e r i a l l y )  
B i t  1 
B i t  2 
B i t  3 
B i t  4 
B i t  5 
B i t  6 
B i t  7 - MSB 

0 3 F 8  R e a d  R e c e i v e r  B u f f e r  R e g i s t e r  ( C h a r a c t e r  R e c e i v e d )  

B i t  

0 

- 

1 
2 

D e s c r i p t i o n  

B i t  0 - LSB ( F i r s t  B i t  R e c e i v e d  S e r i a l l y )  
B i t  1 
B i t  2 
B i t  3 
B i t  4 
B i t  5 
B i t  6 
B i t  7 - MSB 

0 3 F 8  D i v i s o r  L a t c h  LSB ( D i v i s o r  L a t c h  A c c e s s  B i t  DLAB = 
"1") 

- B i t  D e s c r i p t i o n  

0 B i t  0 
1 B i t  1 
2 B i t  2 
3 B i t  3 
4 B i t  4 
5 B i t  5 
6 B i t  6 
7 B i t  7 

5 4  



Address Description 

03F9 

Bit 

0 
1 
2 
3 
4 
5 
6 
7 

03F9 

Bit 

0 
1 
2 
3 
4-7 

0 3FA 

Bit 

0 
1-2 

- 

- 

- 

3-7 

Divisor Latch MSB (Divisor Latch Access Bit DLAB = 
" 1 " 1 

Description 

Bit 0 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 

Interrupt Enable Register 

Description 

II 1 I, = Enables the Received Data Available Interrupt 
I, 1 1 1  = Enables the Transmitter Holding Register Int 
"1" = Enables Receive Line Status Interrupt 
"1" = Enables the Modem Status Interrupt 
A1 w ays Log i c a 1 " 0 " 

Interrupt Identification Register 

Description 

I, 0 I, = Interrupt Pending 
Bit 2 Bit 1 

I, 0 n ,I 0 0, Fourth Level Priority 
I, 0 I# I, 1 I, Third Level Priority 
I, 1 II I, 0 I, Second Level Priority 
I, 1 It I, 1 II Highest Level Priority 

Always Logical "0" 
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Address D e s c r i p t i o n  

03FB Line  C o n t r o l  R e g i s t e r  

B i t  

0-1 

- 

2 

3 
4 

5 
6 
7 

03FC 

B i t  

0 

1 
2 
3 
4 

5-7 

03FD 

- 

B i t  - 

3 
4 
5 

6 

7 

D e s c r i p t i o n  

F ive  B i t  Word Length 
S i x  B i t  Word Length 
Seven B i t  Word Length 

" 1 " 11 1 II E i g h t  B i t  Word Length 
= One S t o p  B i t  ,I 0 I, 

"1" = 1% S t o p  B i t s  When Five  B i t  Length S e l e c t e d  

"1" = P a r i t y  Enable  
"0"  = Odd P a r i t y  S e l e c t  
"1" = Even P a r i t y  S e l e c t  
S t i c k  P a r i t y  B i t  
"1" = S e t  Break Enable  
"1" = D i v i s o r  La tch  Access B i t  Enable  

Two S t o p  B i t s  With S i x ,  Seven, O r  E i g h t  B i t  

D e s c r i p t i o n  

"1" = Data Terminal  Ready S e t  ( D T R )  
" 0 "  = Data Termina l  Ready Rese t  (DTR)  
Request  To Send (RTS) 
o u t  1 
out  2 
LOOP 
Always L o g i c a l  "0" 

L ine  S t a t u s  R e g i s t e r  

D e s c r i p t i o n  

Data Ready ( D R )  
Overrun E r r o r  ( O R )  
"1" = D e t e c t  P a r i t y  E r r o r  ( P E )  
"1" = D e t e c t  Framing E r r o r  ( F E )  
"1" = Break I n t e r r u p t  ( B I )  
T r a n s m i t t e r  Holding R e g i s t e r  
*I 1 I, = C h a r a c t e r  T r a n s f e r r e d  From Holding To S h i f t  

1, 0 I, = Loading T r a n s m i t t e r  Holding R e g i s t e r  
T r a n s m i t t e r  S h i f t  R e g i s t e r  Empty 
"1" = S h i f t  R e g i s t e r  I d l e  
" 0 "  = Data T r a n s f e r  From Holding R e g i s t e r  
Always L o g i c a l  "0" 

Reg is te r  
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Address  D e s c r i p t i o n  

03FE Modem S t a t u s  R e g i s t e r  

B i t  - 
0 
1 
2 

3 

4 
5 
6 
7 

03FF 

D e s c r i p t i o n  

D e l t a  C l e a r  To Send (DCTS) 
D e l t a  Data  S e t  Ready (DDSR) 
T r a i l i n g  Edge Ring I n d i c a t o r  

= Off ,, 0 n 

D e l t a  Received L i n e  S i g n a l  Detect ( I f  Bit 0 ,  1, 2, 

"1" = On 

o r  3 is s e t  t o  a "1" modem s t a t u s  i n t e r r u p t  is  
g e n e r a t e d  

= C l e a r  To Send (CTS) I, 0 II 
"0"  = Data S e t  Ready (DSR) 
"0" = Ring I n d i c a t o r  ( R I )  
"0" = Received Line  S i g n a l  D e t e c t  (RLSD) 

Reserved 

5 1  
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!T30 

!T31 

!T32 

!T33 

!T34 

1 --- 
I --- 
I --- 
I --- 
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PRCLK 

SCLK 
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ALE 

M/IO,AO-A23 

SA0 

BHE 

XBHE 

m.m. MEMW 

MEMCYC 

- 
READY 

CNTLOFF 

DIRHLB 
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- 

NOTES 

Ts 
1 Ti I Ts I Tc I Tcw I Tcw I Tcw 1 Tcw I Tcw I Tcw I Tcw I Tcw I Tcw 1 Tcw 1 TS I I I i n  . .  . I  

, .  . .  * .  I 
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TANDV COMPUTER PRODUCTS 

1000 TX Devices 
Contents 

Device Manufacturer 

82A205 Chips and Technology 

8237A-5 
8254-2 
8259A 
821219 
80286-8 
80287-6 

intel 
intel 
intel 
intel 
intel 
intel 

8250AN National Semiconductor 

8496(Sound) NCR 

MC14529 
MC1488 
MC1489 

Mot or ola 
Mot or 0 1 a 
Motorola 

U19 ( I / O  Adddress Decode) Tandy 
DRAM/DMA Cntl. Tandy 
FDC Chip Tandy 
Printer Interface Tandy 

Keyboard I/F Chip Universal 

CPU Cntl. (Nt. Blue) VT I 

Note: All Intel Chip Specifications are reprinted by permission 

Note: ~ l l  Motorola Chip Specifications are: 

of Intel Corporation. 

Copyright of Motorola, Inc. 
and are Used by Permission 



82A205 
PC/AT COMPATIBLE CHIP 

Fully IBM'" PC AT Compatible 16 Bit to 8 Bit Conversion Logic 

Flexible architecture allows usage in any wait Selection 
iAPX 286 design 

10 or 8 MHz with One Wait State or 6 MHz 
with Zero Wait State Capability Single 5 volt supply 

Complete System Board Memory Decade 

24 mA sink and -3.3 mA source current for 

System Bus 

Configurable RAM Selects 

Figure 1. PC/AT Block Diagram 



.:::::: :: :: :::::. .::::: 

8 2 A 2 0 5  Pin Description 

Description Pin Pin No. TLDe Symbol 

1 - vss Ground 

61-68 
2-9 

1/0 MDO-7 
1/0 MD8-15 Memory data bus for the on board memory 

10-1 7 
19-26 

1/0 DO-D7 
1/0 D8-Dl5 CPU data bus signals from/to the CPU 

27-34 
36-43 

System Data bus for the expansion bus Its 
direction is determined by DT/R signal from 
the 82C201 I/O SD8-15 

35 - vss Ground 

DIRHLB is generated by the 82C201 and controls 
44 I DIRHLB the direction of low to high byte conversion during 

data transfers to and from 8 bit peripherals 

Data Transmit/Receive is generated by the 82C201 It 
determines direction of data to and from the 
memory A HIGH on the pin indicates a write cycle 
and a LOW indicates a read cycle 

~ - ~ _ _  

I 45 DT/R 

Data Strobe Enable 0 and 1 are generated by the 
82C201 These signals enable the data transceivers 
connected to the LOW and HIGH data bytes 

XAO is address signal 0 for the peripheral bus It i s  

bus transceiver for the memory data bus 

XBHE is the Bus High Enable signal generated by 
the 82A203 It is used to condition the bus 
transceiver for the memory data bus and is active 
during a high byte transfer 

Control Off is generated by the 82C201 and is used 

access 

Memory Read is generated by the 82A203 and is used 
to enable the parity generation logic on the 
device. and to set the direction on the output 
transceiver for tne memory data bus 

5 V Power Supply 

Parity Enable allows the parity check to be done on 
parity on the parity bit read from the memory 

ENHLB enables the high to low byte conversion in 

the 82C201 

I DSDENO 
DSDEN1 46, 47 

~ ~ _ -  ~ 

48 I X A0 generated by the 82A203 It is used to condition the 

~ ~_ - - -~ 

49 I XBHE 

____. _________-_ 

50 I CNTLOFF to enable low byte data bus latch during byte 

51 I XMEMR 

~ _ _  ____ ~- 

~_ - vcc  - 52 

I 53 PAREN 

~- 

- -~ _.__ ~ _~ __ __ 

54 I ENHLB conjunction with DIRHLB signal It is generated by 

~ ~- - __ ~ _ 



82A205 Pin Description 
(Con tin ued) 

Pin No. Description 

Memory Data Bus Enable is generated by the 

connected to the memory devices 

memory read cycle 

Memory Data Parity Out 0 and 1 are the parity bits 

to compute the parity during a ready cycle 

Memory Data Parity In 0 and 1 are the parity bits 
written to the memory banks 0 and 1 during a memory 
write cycle 

55 I MDBEN 82C202 It enables the data bus transceivers 

~ Parity signal, when active, signifies a parity error on a 56 0 PAR 

MDPOUTO, 59,57 I MDPOUT1 read from the memory banks 0 and 1 They are used 

____- 

MDPINO, 
MDPIN1 60, 58 

___ -- 



Functional Description 82A205 
Figure 9 illustrates a TTL equivalent of logic 
implemented by the 82A205. The chip provides 
the data bus buffers and drivers for DO-D15. 
The three data buses controlled are the CPU 
bus (DO-D15), the System bus (SDO-SD15), 
and the Memory Data bus (MDO-MD15). The 
direction and control for these drivers are 
provided by the DT/R, DSDENO, DSDEN1, 
XBHE, and XAO inputs, as shown in the figure. 
The low byte to high byte conversion logic is 

DO-D7 

CNTLOFF 

DSDENO 

DIRHLE 
ENHLE 
- 

WV6 
DTE 

DSDENl 

MDEEN 

XMEMR 

also implemented on the chip. The conversion 
logic is controlled by the ENHLB and DIRHLB 
inputs. The chip also integrates the parity 
generation and check logic. The parity is 
computed on the memory data bus signals and 
output as MDPlNOand MDPIN1. During a read 
cycle, the paritycheck is computed on thedata 
read from the memory and the parity bits 
M D C U T  0 and MDPOUT 1. On a parity error, 
the PAR output is activated. 

LATCH a 
BUFFER 

-- EN -- DIR 

0 ENA ENA BIT9 

b 

I 
I I  I I 

SDO-SD7 

MDO-MD7 

MDPINO 

SD8-SD15 

MD8-MD15 

- MDPlNl 

ERROR 
DETECT 

MDPOUTO 

- 
PAR 

MOPOUT1 z'=z-k 
ERROR 

MEMR 

PAREN ENA 

Figure 9 82A205 Functional Block Diagram 



.... .. .. .. ..... ..... Lhjf> ....... ................ 

82A205 Absolute Maximum Ratings 

Para meter Symbol Min. Max. Units 

Supply Voltage vcc - 70 V 

I n p u t Vo I tage -0 5 5.5 v VI 
- 05  5 5  v 
-25 85 C 

-40 125 C 

Output Voltage VO 

___ Operating Temperature TOP 
Storage Te m pe ra t u re Tstg 

NOTE: Permanent devicedamage may occur i f  Absolute Maximum Ratingsareexceeded Functional operation 
should be restricted to the conditions described under Operating Conditions 

82A205 Operating Conditions 

Parameter Symbol Min. Max. Units 

475 525 V Supply Voltage vcc 
Ambient Temperature T A 0 70 C 
~. 

82A205 DC Characteristics 

Parameter Symbol Min. Max. Units 

Input Low Voltage VI L 0 8  V 

Input High Voltage 2 0  V 

0 5  v Output Low Voltage 
loL=lOmA (Note 1) V O L l  

lo,=24mA (Note 2) VOL2 

____ 

Output Low Voltage 0 5  v 

vOH 2 4  V Output High Voltage 
loH = -33mA (Note 3) 

Input Low Current -200 /.IA 
Vi = 0 5V, Vcc = 5.25V I iL  

20 PA Input High Current 
VI = 2.4V, Vcc = 5.25V IIH 

Input High Current 200 FA 
Vi = 5 5V, Vcc = 5.25V II  

Output Short Circuit Current 
vn=ov 'os  15 -100 mA 

-1.5 v Input Clamp Voltage 
I I  = -18mA, Vcc = 4.75V vic 

Power Supply Current Icc 180 300 mA 

Output HI-Z Leak Current 
3-State Output Pins l 0 Z l  100 100 PA 

Output HI-Z Leak Current 
Bidirectional Pins lozn -300 120 PA 

NOTES 1 All non-system and bus outputs only 
2 
3 

All system bus outputs.SD0-15. are specified at loL = 24mA @ VoL 
All outputs and bidirectional pins 

0 5 V  



02A205  AC Characteristics 
(T, + 0" C to 70" C, Vc, + 5V * 
Sym Description Min. Max. Units 

t l  System Data Bus to Memory Bus Delay 8 32 ns 

t2 System Data Bus to CPU Data Bus Delay 8 32 ns 

t3 System Data Bus to Parity Bits MDPINO, 1 Output 12 42 ns 

t4 CPU Data Bus to Memory Data Bus Delay 8 30 ns 
~ 

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

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

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

t8 Memory Data Bus to System Data Bus Delay 6 27 ns 

t9 Memory Data Bus to Parity Bits MDPINO, 1 Output 10 38 ns 

t10 System Data Bus Low Byte to High Byte Conversion 8 32 ns 

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

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

t13 XAO to CPU Data Bus Low Byte Delay 8 30 ns 

t14 XAO to Memory Data Bus HI-Z 6 26 ns 
t15 XAO to Memory Data Bus Address Valid 8 30 ns 
~ ~ ~~ ____ 
t16 XMEMR Goinq High to Parity Delay 7 28 ns 

___ 
t17 PAREN to Parity Delay 4 20 ns 

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

30 ns 119 ENFLB to SD8-SD15 delay - 

t20 SD BUS to CNTLOFF set-up time 10 ns 



SD-BUS 

MD-BUS 

D-BUS 

MDPINO, 
MDPlNl 

D-BUS 

MD-BUS 

SD-BUS 

MDPINO. 
MDPlNl 

MD-BUS 

0-BUS 

SD-BUS 

MDPINO, 
MDPlNl 

SD-BUS 

SDBUS 

D-BUS 

MD-BUS 

SD-BUS 
LOW BYTE TO 

@ !bGNHVES%N 

D-BUS (LOW BYTE) 

HI-2 MD-BUS (LOW BYTE) ----- 

XAO 4 

XMEMR 

- -6 
- 
PAR 

- 
PAREN 

MDPoUTo'l --+---- MDPIN0,l 

ENHLB 

SD8-SD15 



.... .. .. .. ..... ..... Lnlii;'5 ....... ................ 

Load Circuit Measurement Conditions 

Parameter OutputType Symbol C,(pF) R, (n) R, (n) SW, SW, 

Propagation Totem pole 
Delay 3-state 

Time 

Propagation Open drain or tpLH 50 0 5 K  - ON OFF 
Delay Time Open Collector t,,, 

- 1 OK OFF ON 
~ P L H  

~ P H L  5 0  

~- ~~ ~ 

Bid i rec t iona I 

~~ ~ ~~ -~ 

' O K  OOFF ON Disable Time ~ ~ ~ , ~ ~ t l o n a l  
tPLZ 5 0 5K  

Enable Time 3-state tPZL 50 0 5K  1 0 K  OOFF 
~ _ _ _ _ _ ~  - tPHZ ~ 

~~~ 

Bidirectional tPZh 

INPUT 

OUTPUT 
(DELAY) 

\ sw1 

1 

VIH - 3 V VIL - 0 V. I, L 10 ns 5 ns 
~~~~ 

vcc 

P Reset 1 D C  Characteristics 
5 

4 

1 

1 2 3 4 5  

V IN ( V )  

+ 
Figure 10. Load Circuit and AC Characteristics Measurement Waveform 
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48-PIN PLASTIC DUAL IN-LINE PACKAGE 

UNIT Imm) 

68 LEAD PLASTIC CHIP CARRIER DIMENSIONS IN INCHFS (MILLIMETERS) S = 3 611 



84-PIN PLASTIC LEADED CHIP CARRIER UNIT (mm) 

29.2 f 0.2 

30.23 i 0.2 * 

Ordering Information 

Order Number Note 1 
Package Type Remarks 

PLCC-84 C (Note 2) P82C201, P82C201-10 

P82C202 PDIP-48 C 

P82A203 PLCC-68 C 

P82A204 PLCC-68 C 

P82A205 PLCC-68 C 
CS8220 - Standard CHlPSet (Note 3) 

CS8220-10 - lOMHz CHlPSet (Note 4) 

NOTES 
1 PLCC = Plastic Leaded Chip Carrier 84 Pins 

PDlP = Plastic Dual-In-Line Package 48 Pins 
2 C = Commercial Range, 0 to 70"C, VDD = 4 75 to 5 25 V 
3 CS8220 consists of P82C201, P82C202. P82A203. P82A204. P82A205 
4 CS8220-10 COnStStS of P82C201-10, P82C202. P82A203, P82A204. P82A205 



8237A/6237A-4/6237A-5 
HIGH PERFORMANCE 

PROGRAMMABLE DMA CONTROLLER 

Enable/DlsaMe Control of Individual 
DMA Requests 
Four Independent DMA Channels m 
Independent Autoinltiallzation of All 
Channels m 
Memory-to-Memory Transfers 
Memory Block lnltlalization 
Address Increment or Decrement 
High Performance: Transfers up to 
1.6M Bytes/Second with 5 MHz 8237A-5 a 

Directly Expandable to Any Number of 
C hanneis 
End of Process Input for Termlnating 
Transfers 
Software DMA Requests 
Independent Polarlty Control for DREQ 
and DACK Signals 
Available In EXPRESS - Standard Temperature Range 
Available In 40-Lead Cerdlp and Piastlc 
Packages 
(See Packaging Spec, Order r231369) 

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

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

The 8273A-4 and 8237A-5 are 4 MHz and 5 MHz versions of the standard 3 MHz 8237A respectively. 

231488-1 
Figure 1. Block Dlagram 

231488-2 
Figure 2. Pln 

Conflgwatlon 
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Symbol 

F 
RESET 

READY 

HLDA 

DREQO- DREQ3 

I 

I 

I/O 

I10 

I/O 

Table 1. Pin Descrlptlon 

Name and Function 

POWER: f 5V supply. 

GROUND Ground. 
~~~ ~ 

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

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

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

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

~~ ~~ 

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

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

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

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

I/O WRITE I/O Write is a bidirectional active low three-state line. 
In the Idle cycle, it is an input control signal used by the CPU to 
load information into the 8237A. In the Active cycle, it is an output 
control signal used by the 8237A to load data to the peripheral 
durina a DMA Read transfer. 
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Table 1. Pln Descrlptlon (Continued) 

Symbol 

m 

AO-A3 

A4-A7 

I HRQ 
DACKO-DACK3 

I AEN 7 

I/O 

0 

0 

0 

Name and Function 
~~ 

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

si nal 

- 

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

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

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

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

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

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

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

0 I MEMORY WRITE The Memorv Write is an active low three-state 
output used to write data to theselected memory location during a 
DMA Write or a memory-to-memory transfer. 
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FUNCTIONAL DESCRIPTION 
The 8237A block diagram includes the major logic 
blocks and all of the internal registers. The data in- 
terconnection paths are also shown. Not shown are 
the various control signals between the blocks. The 
8237A contains 344 bits of internal memory in the 
form of registers. Figure 3 lists these registers by 
name and shows the size of each. A detailed de- 
scription of the registers and their functions can be 
found under Register Description. 

N.lM 

Base Address Registers 
Base Word Count Registen 
Current Address Registen, 
Current Word Count Registers 
Temporary Address Register 
Temporary Word Count Register 
Status Register 
Command Register 
Temporary Register 
Mode Registers 
Mask Register 
Request Register 

16 bits 

16 bits 

16 bns 
16 bits 
e bits 
e bits 
8 bits 
6 bits 4 
4 bits 
4 bits 

Figure 3.8237A internal Registers 

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

The Timing Control block derives internal timing 
from the clock input. In 8237A systems, this input 
will usually be the 42 l l L  clock from an 8224 or 
CLK from an 8085AH or 8284A. 33% duty cycle 
clock generators, however, may not meet the clock 
high time requirement of the 8237A of the same fre- 
quency. For example, 82C84A-5 CLK output violates 
the clock high time requirement of 8237A-5. In this 
case 82C84A CLK can simply be inverted to meet 
8237A-5 clock high and low time requirements. For 
8085AH-2 systems above 3.9 MHz, the 8085 
CLK(0UT) does not satisfy 8237A-5 clock LOW and 
HIGH time requirements. In this case, an external 
clock should be used to drive the 8237A-5. 

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

valid DMA requests pending. While in SI, the DMA 
controller is inactive but may be in the Program Con- 
dition, being programmed by the processor. State 
SO (SO) is the first state of a DMA service. The 
8237A has requested a hold but the processor has 
not yet returned an acknowledge. The 8237A may 
still be programmed until it receives HLDA from the 
CPU. An acknowledge from the CPU will signal that 
DMA transfers may begin. S1, S2, S3 and S4 are the 
working states of the DMA service. If more time is 
needed to complete a transfer than is available with 
normal timing, wait states (SW) can be inserted be- 
tween S2 or S3 and S4 by the use of the Ready line 
on the 8237A. Note that the data is transferred di- 
rectl from the I/O device to memory or vice versa) 
with b and MEMW (or MEMR and &) being ac- 
tive at the same time. The data is not read into or 
driven out of the 8237A in I/O-to-memory or memo- 
ry-to40 DMA transfers. 

Memory-to-memory transfers require a read-from 
and a write-to-memory to complete each transfer. 
The states, which resemble the normal working 
states, use two digit numbers for identification. Eight 
states are required for a single transfer. The first four 
states (Sl 1 , SI 2, SI 3, SI 4) are used for the read- 
from-memory half and the last four states (S21, S22, 
S23, S24) for the write-to-memory half of the trans- 
fer. 

IDLE CYCLE 

When no channel is requesting service, the 8237A 
will enter the Idle cycle and perform “SI” states. In 
this cycle the 8237A will sample the DREQ lines ev- 
ery clock cycle to determine if any channel is re- 
uesting a DMA service. The device will also sample 8s looking for an attempt by the microprocessor to 

write or read the internal registers of the 8237A. 
When is low and HLDA is low, the 8237A enters 
the Program Condition. The CPU can now establish, 
change or inspect the internal definition of the part 
by reading from or writing to the internal registers. 
Address lines AO-A3 are inputs to the device and 
select which registers will be read or written. The 

lines are used to select and time reads 
or writes. Due to the number and size of the internal 
registers, an internal flip-flop is used to generate an 
additional bit of address. This bit is used to deter- 
mine the upper or lower byte of the 16-bit Address 
and Word Count registers. The flip-flop is reset by 
Master Clear or Reset. A separate software com- 
mand can also reset this flip-flop. 

and 

Special software commands can be executed by the 
8237A in the Program Condition. These commands 
are decoded as sets of addresses with the a and m. The commands do not make use of the data 
bus. Instructions include Clear FirstILast Flip-Flop 
and Master Clear. 
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ACTIVE CYCLE 

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

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

1ST LEVEL 

4RQ QREO - 
HLDA DACK - 

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

0237A 

HRO 

HLDA 

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

8237A 

DREQ 

DACK 

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

Demand Transfer Mod-In Demand Transfer 
mode the device is programmed to continue making 
transfers qntil a TC or external is encountered 
or until DREQ goes inactive. Thus transfers may 
continue until the I/O device has exhausted its data 
capacity. After the I10 device has had a chance to 
catch up, the DMA service is re-established by 
means of a DREQ. During the time between services 
when the microprocessor is allowed to operate, the 
intermediate values of address and word count are 
stored in the 8237A Current Address and Current 
Word Count registers. Only an cancause an 
Autoinitialize at the end of the service. EOP is gener- 
ated either by TC or by an external signal. DREQ 
has to be low before S4 to prevent another Transfer. 

- HRQ - HLDA 

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



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

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

TRANSFER TYPES 

Each of the three active transfer modes can perform 
three different types of transfers. These are Read, 
Write and Verify. Write transfers move data from an 
- I/O device to the memory by activating MEMW and 
IOR. Read transfers move data from m e E r y  to an 
I/O device by activating MEMR and IOW. Verify 
transfers are pseudo transfers. The 8237A operates 
as in Read or Write transfers generating addresses, 
and responding to EOP, etc. However, the memory 
and I/O control lines all remain inactive. The ready 
input is ignored in verify mode. 

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

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

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

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

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

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

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

1m1 2nd 3rd 
&nlco S.nlc. ! b v l u  

highest 0 2 4- service 3- aewice 

2 ‘\n 1 t- service ,p -request 

lowest 3 

231466-4 
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With Rotating Priority in a single chip DMA system, 
any device requesting service is guaranteed to be 
recognized after no more than three higher priority 
services have occurred. This prevents any one 
channel from monopolizing the system. 

Compressed liming-In order to achieve even 
greater throughput where system characteristics 
permit, the 8237A can compress the transfer time to 
two clock cycles. From Figure 11 it can be seen that 
state S3 is used to extend the access time of the 
read pulse. By removing state S3, the read pulse 
width is made equal to the write pulse width and a 
transfer consists only of state S2 to change the ad- 
dress and state S4 to perform the readlwrite. S1 
states will still occur when A8-Al5 need updating 
(see Address Generation). Timing for compressed 
transfers is found in Figure 14. 

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

During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gen- 
erated will be sequential. For many transfers the 
data held in the external address latch will remain 
the same. This data need only change when a carry 
or borrow from A7 to A8 takes place in the normal 
sequence of addresses. To save time and speed 
transfers, the 8237A executes S1 states only when 
updating of A8-Al5 in the latch is necessary. This 
means for long services, S1 states and Address 
Strobes may occur only once every 256 transfers, a 
savings of 255 clock cycles for each 256 transfers. 

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

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

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

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

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

Request Reglster-The 8237A can respond to re- 
quests for DMA service which are initiated by soft- 
ware as well as by a DREQ. Each channel has a 
request bit associated with it in the 4-bit Request 
register. These are non-maskable and subject to pri- 
oritization by the Priority Encoder network. Each reg- 
ister bit is set or reset separately under software 
control or is cleared upon generation of a TC or ex- 
ternal -. The entire register is cleared by a Reset. 
To set or reset a bit, the software loads the proper 
form of the data word. See Figure 5 for register ad- 
dress coding. In order to make a software request, 
the channel must be in Block Mode. 
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Signals Register Operation. .= A3 A2 A I  A( 

Command Write 0 1 0 1 0 0 0 
Mode Write 0 1 0 1 0 1 1 
Request Write 0 1 0 1 0 0 1 
Mask SetIReset 0 1 0 1 0 1 0 
Mask Write 0 1 0 1 1 1 1 
Temporary Read 0 Q 1 1 1 0 1 
Status Read 0 0 1 1 0 0 0 

:ommand Reglster 

if 
0 Memory-to-memory disable 
1 Memory-to-memory enable 

0 
1 
X If blt 0=0 

0 Controller enable 
1 Controller disable 

0 Normal timing 
1 Compressed timing 
X i f  bit 0 = 1  

Channel 0 address hold dlsablc 
Channel 0 address hold enabic 

I o FIXW priority 
1 Rotating priorlty 

{ 0 DREO sense active high 
1 DREO senw active low 

{ 0 DACK sense actlve low 
1 DACK smw active high 

231466-5 

Mode Reglster 

1 5 4 3 2 1 0 C-B l INumbw 

00 Channel 0 select 
01 Channel 1 select 
10 Channel 2 select 
11 Channel 3 aelect 

00 Verify transfer 
01 Write tnnsfrr 
10 Read tnnsfer 
11 111egal 
XX If bits 6 and 7 =  11 

1 L 
{ 0 Autolnltlallution disable 

1 Autolnitiallzation enable 

L { 0 Address increment select 
1 Address docremot select 

00 Demand mode wiect 
01 Slngle mode select 
10 Block mode select 
11 Cascade mode aelect 

231466-6 

Request Register 
1 

1 0 5 4 3 2 1 0 r-BltNumbor 

00 Select channel 0 
Don't CaN 01 Select channel 1 

10 Wect channel 2 
11 Select channel 3 

0 Reset request bit 
1 Set request blt 

231466-7 

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

7 0 5 4 3 2 1 O t B l l N u m k r  

00 Select channel 0 mask bit 
01 Select channel 1 mask bit 
10 Select channel 2 mask bit 
11 Sslect channel 3 mask blt 

0 Clear mask blt 
1 Set mask bit 

231460-8 

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

7 0 5 4 3 2 1 O t - B l t N u m k r  - 
L( 0 Clear channel 0 mask bit 

Set channel 0 mask bit 

Clear channel 1 mask bit 
Set channel 1 mask bit 

1 

0 
1 

+ 0 Clear channel 2 mask bit 
Set channel 2 mask blt 

Clear channel 3 mask bit 
Set channel 3 mask bit 

1 

0 
1 

231466-0 

Figure 5. Definition of Register Codes 

Status Register-The Status register is available to 
be read out of the 8237A by the microprocessor. It 
contains information about the status of the devices 
at this point. This information includes which chan- 
nels have reached a terminal count and which chan- 
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? 6 5 4 3 2 1 O C - 6 l t N u m b . r  
m 
L 

1 
1 
1 
1 

1 Channel 0 request 
1 Channel 1 request 
1 Channel 2 request 
1 Channel 3 request 

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

231 468- 10 

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

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

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

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

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

Clear Mask Register: This command clears the 
mask bits of all four channels, enabling them to 
accept DMA requests. 

Figure 6 lists the address codes for the software 
commands. 

Figure 6. Software Command Codes 
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Base and Current Address 

Current Address 

Base and Current Word Count 

Current Word Count 

zhanna 

0 

~~ ~ 

3ase and Current Address 

hrrent Address 

3ase and Current Word Count 

hrrent Word Count ~ 

Register Data Bus 
DBO-DB7 

Base and Current Address 

Zurrent Address 

3ase and Current Word Count 

hrrent Word Count 

3ase and Current Address 

hrrent Address 

3ase and Current Word Count 

hrrent Word Count 

Operatioi 

Write 

Read 

Write 

Read 

Write 

Read 

Write 

Read 

Write 

Read 

Write 

Read 

Write 

Read 

write 

Read 

Slgnals 

A3 A2 A1 A( 
0 1  0 0 0 0 0  
0 1  0 0 0 0 0  

0 0  1 0 0 0 0  
0 0  1 0 0 0 0  

0 1  0 0 0 0 1  
0 1  0 0 0 0 1  

0 0  1 0 0 0 1  
0 0  1 0 0 0 1  

0 1  0 0 0 1 0  
0 1  0 0 0 1 0  

0 0  1 0 0 1 0  
0 0  1 0 0 1 0  

0 1  0 0 0 1 1  
0 1  0 0 0 1 1  

0 0  1 0 0 1 1  
0 0  1 0 0 1 1  

0 1  0 0 1 0 0  
0 1  0 0 1 0 0  

0 0  1 0 1 0 0  
0 0  1 0 1 0 0  

0 1  0 0 1 0 1  
0 1  0 0 1 0 1  

D O  1 0 1 0 1  
D O  1 0 1 0 1  

D l  0 0 1 1 0  
D 1  0 0 1 1 0  

D O  1 0 1 1 0  
3 0  1 0 1 1 0  

3 1  0 0 1 1 1  
I 1  0 0 1 1 1  

I ?  1 0 1 1 1  
I O  1 0 1 1 1  

lnterna 
FlipFio 

a0-a7 
AB-A15 

a0-a7 
AB-A15 

w0-w7 
WB-Wl5 

w0-w7 
WB-Wl5 

a0-a7 
AB-Al5 

a0-a7 
AB-A15 

w0-w7 
WB-W15 

w0-w7 
WB-Wl5 

a0-a7 
AB-A15 

a0-a7 
AB-A1 5 

w0-w7 
WB-Wl5 

w0-w7 
W8-Wl5 

a0-a7 
AB-A15 

a0-a7 
AB-A15 

WO- W7 
NB-Wl5 

w0-w7 
N8-Wl5 

Figure 7. Word Count and Addresb Register Command Codes 
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PROGRAMMING 

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

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

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

APPLICATION  INFORMATION(^) 

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

HLDA 

HOLD 

CPU 

CLOCK 

R E M  

m 

m 
m 

i SVSTEY OAT1 IUS 

231466-11 

Figure 8.8237A System Interface 

NOTE: 
1. See Application Note AP-67 for 8086 design information. 
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'Notice: Stresses above those listed under 'Hbso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implid. Ex- 
posure to absolute maximum rating conditions for 

ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature under Bias . . . . . .O"C to 70°C 
Case Temperature . . . . . . . . . . . . . . . . . pc to + 75"c 
Storage Temperature , . . . . . , . . . - 65"c to + 50"c 
Voltage on Any Pin with 

Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . 1.5 Watt 
Respect to Ground. . . . . . . . . . . . . . - 0.5V to + 7v eHendedpedods may affect device re/iabili&. 

D.C. CHARACTERISTICS 
TA = 0°C to 70"C, TCASE = 0°C to 75"C, VCC = +5.OV f5%, GND = OV 

2-21 6 



A.C. CHARACTERISTICS-DMA (MASTER) MODE 
TA = 0°C to 70"C, TCASE = 0°C to 75"C, V m  = +5V f5%, GND = OV 

Symbol 

TAEL 
TAET 

~ ~~ ~ ~~ ~~ 

8237A 8237A-4 8237A-5 Unit Parameter 
Mln Max Mln Max  Mln Max 

AEN HIGH from CLK LOW (Sl) Delay Time 300 225 200 ns 
AEN LOW from CLK HIGH (SI) Delay Time 200 150 130 ns 

TAFAB ADR Active to Float Delay from CLK HIGH 150 120 [ 90 ns 
TAFC READ or WRlTE Float from CLK HIGH 150 120 I 120 ns 
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A.C. CHARACTERISTICS-PERIPHERAL (SLAVE) MODE 
TA = 0°C to 70°C, T C A ~ E  = 0°C to 79‘2, Vcc = +5V f5%, GND = OV 

~ 

TWD Data from WRrTE HIGH Hold Time 30 30 30 ns 
TWWS Write Width 200 200 1 60 ns 
TWR End of Write to End of Read in DMA Transfer 0 0 0 ns 

I TWC 1 CS HiGH from WRlTE HIGH Hold Time 1 2 0 1  1 2 0 1  1 2 0 1  I n s 1  

231486- 12 
A.C. Testing: Inputs are driven at 2.4V for a Logic “1” and 0.45V 
for a Logic “0.” Timing measurements are made at 2.OV for a 
Logic “1” and 0.8V for a Logic “0.” (Note 2) 
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WAVEFORMS 

SLAVE MODE WRITE TIMING 

1- TCW c 

cs 

--c TWA 
4 TAW 

AO-A3 INPUT VALID 

INPUT VALID 

I I 
231 466- 1 3 

Figure 9. Slave Mode Wrlte 
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WAVEFORMS (Continued) 

DMA TRANSFER TIMING 

-- 
Io*- 

-- 

M b  - 
m a  

231466-15 

Figure 11. DMA Transfer 
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WAVEFORMS (Continued) 

MEMORY-TO-MEMORY TRANSFER TIMING 

FC 

FC 

231460-16 

Flgure 12. Memoryto-Memory Transfer 

READY TIMING 
I 

m 

lDllTL 

READY 

231488-17 

Flgura 13. Ready 
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WAVEFORMS (Continued) 

COMPRESSED TRANSFER TIMING 

CLK 

1 

UT 
EOP 

231 468- 18 

Figure 14. Compressed Transfer 

RESET TIMING 

I-- TRSTI 

Ion on low =L 231466-19 

Figure 15. Reset 
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8254 
PROGRAMMABLE INTERVAL TIMER 

Compatible with All Intel and Most 
Other Microprocessors 
Handles Inputs from DC to 10 MHz - 5 MH~8254-5 - 8 MHz 8254 8 

- 10 MHz 8254-2 
Status Read-Back Command 

I Six Programmable Counter Modes 
Three Independent 16-Bit Counters 
Binary or BCD Counting 
Single + 5V Supply 
Available in EXPRESS - Standard Temperature Range 

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

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

m 
m 

A, 
no 

is 

231 1 64 - 1 

Figure 1.8254 Block Diagram 

231 164-2 

Figure 2. Pin Configuration 
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8254 

Type 

I/O 

I 
0 

I 

I 
I 
I 

I 

Name and Function 

DATA Bi-directional three state data bus lines, connected to system 
data bus. 
CLOCK 0 Clock input of Counter 0. 
OUTPUT 0 Output of Counter 0. 
GATE 0: Gate input of Counter 0. 
GROUND Power supply connection. 
POWER + 5V power supply connection. 
WRiTE CONTROL: This input is low during CPU write operations. 
READ CONTROL: This input is low during CPU read operations. 
CHIP SELECT A lowxn thisfiut enables the 8254 to respond to 
RD and WR signals. RD and WR are ignored otherwise. 
ADDRESS Used to select one of the three Counters or the Control 
Word Register for read or write operations. Normally connected to 
the svstem address bus. 

CLK 0 
OUT 0 
GATE 0 
GND 12 

AI 
0 
0 
1 
1 

AQ Selects 
0 Counter0 
1 Counter 1 
0 Counter2 
1 Control Word Register 

I I CLOCK 2 Clock input of Counter 2. CLK 2 18 
OUT 2 
GATE2 
CLK 1 
GATE 1 
OUT 1 

FUNCTIONAL DESCRIPTION 

17 0 OUT 2 Output of Counter 2. 
16 I GATE 2 Gate input of Counter 2. 
15 I CLOCK 1: Clock input of Counter 1. 
14 I GATE 1: Gate input of Counter 1. 
13 0 OUT 1: Output of Counter 1. 

General 
The 8254 is a programmable interval timer/counter 
designed for use with Intel microcomputer systems. 
It is a general purpose, multi-timing element that can 
be treated as an array of I10 ports in the system 
software. 

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

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

Real time clock 
Event-counter 
Digital one-shot 
Programmable rate generator 
Square wave generator 
Binary rate multiplier 
Complex waveform generator 
Complex motor controller 

Block Diagram 

DATA BUS BUFFER 

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

L 

ZOUNTER 
0 

I 

-CLK 0 

t-- GATE 0 

& OUT 0 

CONTROL 

l l n  
CLK 2 

GATE 2 

OUT 2 

COUNTER 

231 164-3 
Ir) 

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

COUNTER 0, COUNTER 1, COUNTER 2 REAWWRITE LOGIC 

The ReadIWrite Logic accepts inputs from the sys- 
tem bus and generates control signals for the other 
functional blocks of the 8254. A1 and A0 select one 
of the three counters or the Control Word ReAster 
to be read from/written into. A “low” on the RD in- 
put tells the 8254 that the CPU is reading one of the 
counters. A ‘‘low’’ on the WR input tells the 8254 
that the CPU is writing either a Control Word or an 
- initial count. Both RD and 
RD and WR are ignored unless the 8254 has been 
selected by holding cs low. 

are qualified by 

CONTROL WORD REGISTER 

The Control Word Register (see Figure 4) is selected 
by the ReadIWrite Logic when A1,Ao = 11. If the 
CPU then does a write operation to the 8254, the 
data is stored in the Control Word Register and is 
interpreted as a Control Word used to define the 
operation of the Counters. 

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

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

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

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

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

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

OLM and 0 4  are two 8-bit latches. OL stands for 
“Output Latch”; the subscripts M and L stand for 
“Most significant byte” and “Least significant byte” 
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8254 

1 

t-- GATE 0 

CLK 1 

GATE 1 

OUT 1 

CLK 2 

GATE 2 

OUT 2 

231 164-4 

Figure 4. Block Diagram Showing Control Word Register and Counter Functions 

-4 

231 164-5 

Figure 5. Internal Block Diagram of a Counter 
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respectively. Both are normally referred to as one 
unit and called just OL. These latches normally “fol- 
low” the CE, but if a suitable Counter Latch Com- 
mand is sent to the 8254, the latches “latch” the 
present count until read by the CPU and then return 
to “following” the CE. One latch at a time is enabled 
by the counter’s Control Logic to drive the internal 
bus. This is how the 16-bit Counter communicates 
over the 8-bit internal bus. Note that the CE itself 
cannot be read; whenever you read the count, it is 
the OL that is being read. 

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

A i  

The Control Logic is also shown in the diagram. 
CLK n, GATE n, and OUT n are all connected to the 
outside world through the Control Logic. 

n0 

8254 SYSTEM INTERFACE 

lrn 

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

I/ow 

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

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

OPERATIONAL DESCRIPTION 

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

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

Programming the 8254 
Counters are programmed by writing a Control Word 
and then an initial count. 

The Control Words are written into the Control Word 
Register, which is selected when AI ,A0 = 11. The 
Control Word itself specifies which Counter is being 
programmed. 

Figure 6.8254 System Interface 
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SC1 SCO 

SC-Select Counter 
sc1 sco 

RW1 RWO M2 M1 MO BCD 

M-Mode 
M2 M1 MO 

0 

0 
X 

X 

I o I o I Selectcounter0 I 0 0 Mode 0 

0 1 Mode 1 

Mode 2 1 0 

1 1 Mode 3 

0 

1 

1 Select Counter 1 

0 Select Counter 2 

1 1 Read-Back Command 
(see Read Operations) 1 

1 

0 0 Mode 4 

0 1 Mode 5 

BCD 
0 0 Counter Latch Command (see Read 

Operations) 0 

1 

~ 

Figure 7. Control Word Format 

Binary Counter 16-bits 

Binary Coded Decimal (BCD) Counter 
(4 Decades) 

By contrast, initial counts are written into the Coun- 
ters, not the Control Word Register. The A1,Ao in- 
puts are used to select the Counter to be written 
into. The format of the initial count is determined by 
the Control Word used. 

0 

1 

Write Operations 
The programming procedure for the 8254 is very 
flexible. Only two conventions need to be remem- 
bered: 
1) For each Counter, the Control Word must be writ- 

ten before the initial count is written. 
2) The initial count must follow the count format 

specified in the Control Word (least significant 
byte only, most significant byte only, or least sig- 
nificant byte and then most significant byte). 

1 I ReadIWrite least significant byte only 

0 I Read/Write most Significant bvte only 

Since the Control Word Register and the three 
Counters have separate addresses (selected by the 
A1,Ao inputs), and each Control Word specifies the 
Counter it applies to (SC0,SCl bits), no special in- 
struction sequence is required. Any programming 
sequence that follows the conventions in Figure 7 is 
acceptable. 

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

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

1 

2-30 

1 ReadIWrite least significant byte first, 
then most significant byte 



8254 

sc1 sco 0 0 x 

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

x x x 

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

NOTE 

AI 
1 
0 
0 
1 
0 
0 
1 
1 
1 

AI 
1 
1 
1 
1 
0 
0 
0 
0 
1 

A0 
1 
0 
0 
1 
1 
1 
1 
0 
0 

A0 
1 
1 
1 
0 
1 
0 
0 
1 
0 

Control Word-Counter 2 
Control Word-Counter 1 
Control Word-Counter 0 
LSB of count4ounter 2 
MSB of count-Counter 2 
LSB of count-Counter 1 
MSB of count-Counter 1 
LSB of count-Counter 0 
MSB of count-Counter 0 

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

AI 
1 
1 
1 
1 
1 
0 
0 
0 
0 

AI 
1 
1 
0 
1 
0 
0 
1 
0 
1 

A0 
I 
1 
1 
0 
0 
1 
1 
0 
0 

A0 
1 
1 
1 
1 
0 
1 
0 
0 
0 

In all four examples, all Counters are programmed to read/write two-byte counts. These are only 
programming sequences. 

ur of many possible 

Figure 8. A Few Possible Programming Sequences 

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

There are three possible methods for reading the 
counters: a simple read operation, the Counter 
Latch Command, and the Read-Back Command. 
Each is explained below. The first method is to per- 
form a simple read operation. To read the Counter, 
which is selected with the A l ,  A0 inputs, the CLK 
input of the selected Counter must be inhibited by 
using either the GATE input or external logic. Other- 
wise, the count may be in the process of changing 
when it is read, giving an undefined result. 

COUNTER LATCH COMMAND 

The second method uses the “Counter Latch Com- 
mand”. Like a Control Word, this command is written 
to the Control Word Register, which is selected 
when A1 ,A0 = 11. Also like a Control Word, the 
SCO, SC1 bits select one of the three Counters, but 
two other bits, D5 and 04, distinguish this command 
from a Control Word. 

SC1 ,SCO-specify counter to be latched 

SCl sco Counter 

05,D4-00 designates Counter Latch Command 

X-don’t care 

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

~~~ ~ ~ ~ 

Figure 9. Counter Latchlng Command Format 
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8254 

Output 

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

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

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

zAt RW1 RWO M2 M I  MO BCD 

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

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

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

READ-BACK COMMAND 

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

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

A O , A l = l l  C S = O  R D = l  m=O 

1 CNTP CNTl  CNTO 0 

D5: 0 = Latch count of selected counter(@ 
D4: 0 = Latch status of selected counters(s) 
D3: 1 = Select Counter 2 
D2: 1 = Select Counter 1 
D1: 1 = Select Counter 0 
Do: Reserved for future expansion; Must be 0 

Figure 10. Read-Back Command Format 

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

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

The counter status format is shown in Figure 11. Bits 
D5 through DO contain the counter’s programmed 
Mode exactly as written in the last Mode Control 
Word. OUTPUT bit 07  contains the current state of 
the OUT pin. This allows the user to monitor the 
counter’s output via software, possibly eliminating 
some hardware from a system. 

D7 1 = OUT Pin is 1 
0 = OUT Pin is 0 

0 = Count available for reading 
D5-Do Counter programmed mode (see Figure 

D6 1 = Null Count 

7) 
I 

Figure 11. Status Byte 
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- 
CS RD 
0 1 

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

WR A i  A0 

0 0 0 Write intocounter0 

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

CE (CR -+ CE); 

NOTE 
1. Only the counter specified by the control word will 
have its Null Count set to 1. Null count bits of other 
counters are unaffected. 
2. If the counter is programmed for two-byte counts 
(least significant byte then most significant byte) Null 
Count goes to 1 when the second byte is written. 

Figure 12. Null Count Operation 

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

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

0 
0 

COUNT and bits D5D4 = 0. This is func- 
tionally the same as issuing two separate read-back 
commands at once, and the above discussions ap- 
ply here also. Specifically, if multiple count and/or 
status read-back commands are issued to the same 
counter(s) without any intervening reads, all but the 
first are ignored. This is illustrated in Figure 13. 

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

1 0 1 0 WriteintoCounter2 

1 0 1 1 WriteControl Word 

0 
0 

0 1 0 1 ReadfromCounterl 

0 1 1 0 ReadfromCounter2 

I O  I O  I 1 I O  1 0  IReadfromCounterO I 

1 

0 
X X X X No-Operation (3-State) 

1 1 X X No-Operation (3-State) 

I 0 I 0 1 1 1 1 I 1 1 No-Operation (3-State) 1 

1 

Counter 1 but not status 

1 1 0 0 0 1 0 Read backstatusofCounter 1 Command ignored, status 
already latched for Counter 1 

Figure 13. Read-Back Command Example 
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Mode Definitions 
The following are defined for use in describing the 
operation of the 8254. 
CLK Pulse: a rising edge, then a falling edge, in 

that order, of a Counter’s CLK in- 
put. 

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

Counter loading: the transfer of a count from the CR 
to the CE (refer to the “Functional 
Description”) 

MODE 0: INTERRUPT ON TERMINAL COUNT 

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

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

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

If a new count is written to the Counter, it will be 
loaded on the next CLK pulse and counting will con- 
tinue from the new count. If a two-byte count is writ- 
ten, the following happens: 
1) Writing the first byte disables counting. OUT is set 

2) Writing the second byte allows the new count to 

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

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

low immediately (no clock pulse required) 

be loaded on the next CLK pulse. 

MODE 1: HARDWARE RETRIGGERABLE 

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

ONE-SHOT 

OUT will then go high and remain high until the CLK 
pulse after the next trigger. 

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

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

MODE 2: RATE GENERATOR 

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

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

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

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

MODE 3 SQUARE WAVE MODE 

Mode 3 is typically used for Baud rate generation. 
Mode 3 is similar to Mode 2 except for the duty cycle 
of OUT. OUT will initially be high. When half the 
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L 

QAT€ 

OUT --- 

CW-IO LSB-3 

W r n  

CLK A 

OUT I 
I I I I I : I : I : I ! I : I : I E I 

231164-7 

IOTE 
'he following conventions apply to all mode timing diagrams: 
. Counters are programmed for binary (not BCD) counting and for readinglwriting least significant byte (LSB) only. 
I. The counter is always selected (m always low). 
. CW stands for "Control Word"; CW = 10 means a control word of 10 HEX is written to the counter. 
. LSB stands for "Least Significant Byte" of count. 
. Numbers below diagrams are count values. The lower number is the least significant byte. The upper number is the 
lost significant byte. Since the counter is programmed to readlwrite LSB only, the most significant byte cannot be read. 

N stands for an undefined count. 
Vertical lines show transitions between count values. 

Figure 15. Mode 0 
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CLK 

CLK 

Figure 16. Mode 1 

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

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

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

Writing a new count while counting does not affect 
the current counting sequence. If a trigger is re- 
ceived after writing a new count but before the end 
of the current half-cycle of the square wave, the 
Counter will be loaded with the new count on the 
next CLK pulse and counting will continue from the 
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C W = 1 4  LSB=J 

a m -  

GATE 

--- 
OUT 

GATE 

OUT 
--- 

231164-9 
l N I N 1 N l N J :  I : ] ;  E l :  1 4 0 1 : )  

NOTE 
A GATE transition should not occur one clock prior to terminal count. 

Figure 17. Mode 2 

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

Mode 3 is implemented as follows: 

Even counts: OUT is initially high. The initial count is 
loaded on one CLK pulse and then is decremented 
by two on succeeding CLK pulses. When the count 
expires OUT changes value and the Counter is re- 
loaded with the initial count. The above process is 
repeated indefinitely. 

Odd counts: OUT is initially high. The initial count 
minus one (an even number) is loaded on one CLK 
pulse and then is decremented by two on succeed- 
ing CLK pulses. One CLK pulse after the count ex- 
pires, OUT goes low and the Counter is reloaded 
with the initial count minus one. Succeeding CLK 
pulses decrement the count by two. When the count 
expires, OUT goes high again and the Counter is 
reloaded with the initial count minus one. The above 
process is repeated indefinitely. So for odd counts, 
OUT will be high for (N + 1)/2 counts and low for 
(N - 1)/2 counts. 
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CLK 

GATE 

CW-16 LSB54 

m 

CLK 

GATE I 

NOTE 
A GATE transition should not occur one clock prior to terminal count. 

Figure 18. Mode 3 
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MODE 4: SOFTWARE TRIGGERED STROBE 

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

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

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

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

If a new count is written during counting, it will be 
loaded on the next CLK pulse and counting will con- 
tinue from the new count. If a two-byte count is writ- 
ten, the following happens: 
1) Writing the first byte has no effect on counting. 
2) Writing the second byte allows the new count to 

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

be loaded on the next CLK pulse. 

mm 

CLK 

GATE 

CLK 

GATE I 
--- 

OUT 

I I I I I : I : I : I : I : I : I ::I 

CLK 

OATE --- 
OUT 

231164-11 

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

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

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

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

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

strobe low until N + 1 CLK pulses after a trigger. 

mm 

CLK 

------- 
GATE 

OUT 

C W = l A  L S B = 3  

a 

OUT I 
C W = l A  LSB=3 LSB = s 

a 

CLK 

In----- -------- 
GATE 

OUT 

231164-12 
I N I N  I N  I N  I N I :  1 :  I 9  I :  I::I::I: I :  I 

Figure 20. Mode 5 
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Signal Low 
Statum Or Qolng 
Modem Low 

0 Disables 
Counting 

1 - - 

2 I )  Dlsabies 
Counting 

2) Sets Output 
Immediately 
Hlgh 

3 1) Dlsabies 
Countlng 

2) Sets Output 
immediately 
High 

4 Disables 
Counting 

5 -- 

Rlrlng Hlgh 

-- Enables 
Counting 
-- I) initiates 

Counting 
2) Resets Output 

after Next 
Clock 

Initiates Enables 
Counting Counting 

lnltiates Enables 
Counting Counting 

-- Enables 
Counting 

initiates -- 
Counting 

Mode Count Count 

3 0 
4 1 0 
5 1 0 

NOTE 
0 is equivalent to 216 for binary counting and IO4 for 
BCD counting. 

Figure 22. Minimum and Maximum initial Counts 

Operation Common to All Modes 

PROGRAMMING 

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

GATE 

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

COUNTER 

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

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

The Counter does not stop when it reaches zero. In 
Modes 0, 1,4, and 5 the Counter "wraps around" to 
the highest count, either FFFF hex for binary count- 
ing or 9999 for BCD counting, and continues count- 
ing. Modes 2 and 3 are periodic; the Counter reloads 
itself with the initial count and continues counting 
from there. 
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*Notice: Stresses above those listed under Ybso- 
lute Maximum Ratings'' may cause permanent dam- 
age to the device. This is a stress rating on& and 
functional operation Of the device at these Of any 
other conditions above those indicated in the opera- 
tional sections of this Specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE Specilcations contained within the 
following tables are subject to change. 

ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias . . . . . .0"C to 70°C 
Storage Temperature . . . , . . , , . . - 6 5 ' ~  to + 1 5 0 " ~  
Voltage on Any Pin with 

Respect to Ground, . , , . . , . . . . , . . - o.5v to + 7v 
Power Dissipation , . . . . . . . . . . . . . . . . . . . . . . . . . . 1 W 

Symbol Parameter Min 
CIN input Capacitance 

I10 Capacitance Cl/O 

D.C. CHARACTERISTICS TA = 0°C to 70°C, vcc = 5~ f 10% 

Max Units Test Conditions 
10 PF f, = 1 MHz 
20 PF Unmeasured pins 

returned to Vss 

A.C. CHARACTERISTICS TA = 0°C to 70"C, Vcc = 5V f IO%, GND = OV 

Bus Parameters(') 

READ CYCLE 

NOTE: 
1. AC timings measured at VOH = ZOV, VOL = 0.8V. 
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A.C. CHARACTERISTICS TA = 0°C to 70"C, VCC = 5V +lo%, GND = Ov (Continued) 

WRITE CYCLE 

CLOCK AND GATE 

Parameter 

NOTES 
2. In Modes 1 and 5 triggers are sampled on each rising clock edge. A second trigger within 120 ns (70 ns for the 8254-2) of 
the rising clock edge may not be detected. 
3. Low-going glitches that violate tpWH, tpWL may cause errors requiring counter reprogramming. 
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WAVEFORMS 

WRITE 

READ 

231164-14 
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0.45 

231 164- 17 

A.C. Testing: Inputs are driven at 2.4J fL. a Logic “1” and 0.45V 
for a Logic “0.” Timing measurements are made at 2.0V for a 
Logic “1” and 0.8V for a Logic “0”. 

WAVEFORMS (Continued) 

RECOVERY 

-- 
RD. WR 

231 164- 15 

CLWKANDGATE 

L-.-.-two”l.-.rl 
‘Last bvte of count beina written. 

231164-16 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER I TEST 1 ;  CI = 15OpF 

231 164- 18 
CL = 150pF 
CL Includes Jig Capacitance 
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8 2 5 9 ~  

a259~/a259~-2 /a259~-a  

iw 
PROGRAMMABLE INTERRUPT CONTROLLER 

w 8086, 8088 Compatible 
w MCS-80@, MCS-85@ Compatible w 28-Pin Dual-In-Line Package 
w Eight-Level Priority Controller w Available in EXPRESS 
w Expandable to 64 Levels 
w Programmable Interrupt Modes 

w Single + 5V Supply (No Clocks) 

- Standard Temperature Range - Extended Temperature Range 

w Individual Request Mask Capability 

The Intel 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 NMOS technology and requires a single +5V supply. Circuitry is static, requiring no clock input. 

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

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

1 

- 
R D  - 

READ/ 
WRITE + 
LOGIC 

EE- 

A0 - 
E *  

CAS 0 

CAS 1 

CAS 2 

-- 
SPEN 

CASCADE 

COMPARATOR 

I I I CONTROL LOGIC 

I 

1 
-IRO 
-IR1 

-IRS 

L .-If37 

t t 
1 INTERRllPT MASK REG 

IlMRl 

231488-2 

Figure 2. Pin 
Configuration 

231468-1 

Figure 1. Block Diagram 

2-234 
0Ctob.r 1906 

Order Number: 231468401 



8259A 

-- 
Symbol Pin No. Type 

I vcc 28 

I GND 14 

cs 1 I 
- 

- 
WR 2 I 

3 I RD 
-- - 

____I __  - - __I_ 
Name and Function __ _ _  __  ___ ___ ___ 

SUPPLY: + 5v Supply 

CHIP SELECT: k low on this pin enables RD and WR communication 

__I_- ____ 
GROUND 

between the CPu atid the 8259A INTA functions are independent of 
cs 
WRITE: A low on this pin when CS is low enables the 8259A to accept 
command words from the CPU 

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

_ _  _-_ _I___ 

_- -- 

- -__ - - _I- 

6 7  -Do 

CAS,-,-CAS2 

-- 
SP/EN 

I NT 

IRo-IR7 

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. 

g ADDRESS LINE: This pin acts in conjunction with the B, 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 A0 address line (AI for 8086,8088). 

-- _.____. 

4-1 1 I/O BIDIRECTIONAL DATA BUS: Control, status and interrupt-vector 
information is transferred via this bus. 

CASCADE LINES The CAS lines form a private 8259A bus to control 
a multiple 825YA structure. These pins are outputs for a master 8259A 
and inputs for a slave 8259A. 

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). 

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. 

18-25 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). 

12, 13, 15 1/0 

.- . I _-_-__I_ 

16 I/O 

__ ._ __ ._ _. -. __ . . - -.. .- __ I -I_ 

17 0 

- - .- .- .- -.... -. 
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FUNCTIONAL DESCRIPTION 

Interrupts in Microcomputer Systems 
Microcomputer system design requires that 1.0 de- 
vices such as keyboards, displays, sensors and oth- 
er components receive servicing in a an efficient 
manner so that large amounts of the total system 
tasks can be assumed by the microcomputer with 
little or no effect on throughput. 

The most common method of servicing such devic- 
es is the Polled approach. This is where the proces- 
sor must test each device in sequence and in effect 
“ask” each one if it needs servicing. It is easy to see 
that a large portion of the main program is looping 
through this continuous polling cycle and that such a 
method would have a serious detrimental effect on 
system throughput, 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 com- 
plete, 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 micro- 
computer to further enhance its cost effectiveness. 

The Programmable Interrupt Controller (PIC) func- 
tions as an overall manager in an Interrupt-Driven 
system environment. It accepts requests from the 
peripheral equipment, determines which of the in- 
coming requests is of the highest importance (priori- 
ty), ascertains whether the incoming request has a 
higher priority value than the level currently being 
serviced, and issues an interrupt to the CPU based 
on this determination. 

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 Interrupt 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 ad- 
dress in a vectoring table and will often be referred 
to, in this document, as vectoring data. 

231 468-3 

Figure 3a. Polled Method 

B I/O 111 

231 468-4 
~~ ~ 

Figure 3b. Interrupt Method 

2-236 



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

INTERRUPT REQUEST REGISTER (IRR) AND 

The interrupts at the IR input lines are handled by 
two registers in cascade, the Interrupt Request Reg- 
ister (IRR) and the In-Service (1%). The IRR is used 
to store all the interrupt levels which are requesting 
service; and the ISR is used to store all the interrupt 
levels which are being serviced. 

IN-SERVICE REGISTER (ISR) 

PRIORITY RESOLVER 

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

INTERRUPT MASK REGISTER (IMR) 

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

INT (INTERRUPT) 

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

lNTA (INTERRUPT ACKNOWLEDGE) 

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

REAWWRITE CONTROL LOGIC 

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

- 
CS (CHIP SELECT) 

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

- 
WR (WRITE) 

A LOW on this input enables the CPU to write con- 
trol words (ICWs and OCWs) to the 8259A. 

- 
RD (READ) 

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

A0 

- This input signal is used in conjunction with WR and 
RD signals to write commands into the various com- 
mand registers, as well as reading the various status 
registers of the chip. This line can be tied directly to 
one of the address lines. 
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Figure 4a. 8259A Block Diagram 
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Figure 4b. 8259A Block Diagram 
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THE CASCADE BUFFERKOMPARATOR 

This function block stores and compares the IDS of 
all 8259A’s used in the system. The associated 
three I/O 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 ID of the interrupting 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 microcom- 
puter system are its programmability and the inter- 
rupt routine addressing capability. The latter allows 
direct or indirect jumping to the specific interrupt rou- 
tine requested without any polling of the interrupting 
devices. The normal sequence of events during an 
interrupt depends on the type of CPU being used. 

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

One or more of the INTERRUPT REQUEST lines 
(IR7-0) are raised high, setting the correspond- 
ing IRR bit(s). 
The 8259A evaluates these requests, and sends 
an INT to the CPU, if appropriate. 
The CPUknowledges the INT and responds 
with an INTA pulse. 
Upon receiving an lNTA from the CPU group, the 
highest priority ISR bit is set, and the correspond- 
ing IRR bit is reset. The 8259A will also release a 
CALL instruction code (1 1001 101) onto the &bit 
Data Bus through its D7-0 pins. 

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

6. These two lNTA pulses allow the 8259A to re- 
lease its preprogrammed subroutine address 
onto the Data B u s z e  lower 8-bit address is re- 
leased at the first INTA pulse and t h e h e r  8-bit 
address is released at the second INTA pulse. 

7. This completes the 3-byte CALL instruction re- 
leased by the 8259A. In the AEOI m e t h e  ISR 
bit is reset at the end of the third INTA pulse. 
Otherwise, the ISR bit remains set until an appro- 
priate EO1 command is issued at the end of the 
interrupt sequence. 

The events occuring in an 8086 system are the 
same until step 4. 
4. Upon receiving an lNTA from the CPU group, the 

highest priority ISR bit is set and the correspond- 
ing IRR bit is reset. The 8259A does not drive the 
Data Bus during this cycle. 

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

6. This completes the interrupt cycle. In the AEOl 
mode the ISR bit is reset at the end of the sec- 
ond lNTA pulse. Otherwise, the ISR bit remains 
set until an appropriate EO1 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. 
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Figure 4c. 8259A Block Diagram 
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INTERRWT 
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Figure 5.8259A interface to 
Standard System Bus 

INTERRUPT SEQUENCE OUTPUTS 

MCS-80@, MCS-85@ 
This sequence is timed by three lNTA pulses. During 
the first m pulse the CALL opcode is enabled 
onto the data bus. 

Content of First interrupt Vector Byte 
D7 D6 05 D4 D3 D2 D1 DO 

CALLCODE 1 1  1 0 0 1 1 0 1 1  

During the second m pulse the lower address of 
the appropriate service routine is enabled onto the 
data bus. When Interval = 4 bits A5-A7 are pro- 
grammed, while Ao-A4 are automatically inserted by 
the 8259A. When Interval = 8 only A6 and A7 are 
programmed, while Ao-A5 are automatically insert- 
ed. 
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IR3 

IR2 

IR1 

IRO 

Content of Second Interrupt Vector Byte 

T7 T6 T5 T4 T3 0 1 1 

T7 T6 T5 T4 T3 0 1 0 

T7 T6 T5 T4 T3 0 0 1 

T7 T6 T5 T4 T3 0 0 0 

Interval = 4 

D7 D6 D5 D4 D3 02  D1 DO 

1 A 7 A 6 A 5 O  0 1 0  0 

O A 7 A 6 A 5  0 0 0 0 0 

1 6 I A 7  A6 A5 i i i :I 5 A7 A6 A5 

4 A7 A6 A5 1 0 0 0 

3 A7 A6 A5 1 0 

A15 

1 2 1 A 7 A 6 A 5  0 1 0 0 0 1  

A14 A13 A12 A l l  A10 A9 A8 

Interval = 8 

07 D6 D5 D4 03 D2 D1 DO 

6 A 7 A 6 1  1 0  0 0 0 

5 A 7 A 6 1  0 1  0 0 0  

1 4 1 A 7  A6 1 0 0 0 0 0 1  

A7 A6 0 0 

I O l A 7 A 6  0 0 0 0 0 0 1  

During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed 
as byte 2 of the initialization sequence (AB-A~~) ,  is 
enabled onto the bus. 

Content of Third Interrupt Vector Byte 
D7 D6 05 D4 D3 D2 D1 DO 

8086,8088 
8086 mode is similar to MCS-80 mode except that 
only two Interrupt Acknowledge cycles are issued by 
the processor and no CALL opcode is sent to the 
processor. The first interrupt acknowledge cycle is 
similar to that of MCS-80, 85 systems in that the 
8259A uses it to internally freeze the state of the 
interrupts for priority resolution and as a master it 
issues the interrupt code on the cascade lines at the 
end of the INTA pulse. On this first cycle it does not 
issue any data to the processor and leaves its data 
bus buffers disabled. On the second interrupt ac- 
knowledge cycle in 8086 mode the master (or slave 
if so programmed) will send a byte of data to the 
processor with the acknowledged interrupt code 

composed as follows (note the state of the AD1 
mode control is ignored and A5-All are unused in 
8086 mode): 

Content of Interrupt Vector Byte 
for 8086 System Mode 

I] 
IR5 T7 T6 T5 T4 T3 1 0 1 

PROGRAMMING THE 8259A 
The 8259A accepts two types of command words 
generated by the CPU: 
1. 

2. 

Initialization Command Words (IC Ws): Before 
normal operation can begin, each 8259A in the 
system must be brought to a startingeoint-by a 
sequence of 2 to 4 bytes timed by WR pulses. 
Operation Command Words (OCWs): These are 
the command words which command the 8259A 
to operate in various interrupt modes. These 
modes are: 
a. Fully nested mode 
b. Rotating priority mode 
c. Special mask mode 
d. Polled mode 

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

INITIALIZATION COMMAND WORDS 
(ICWS) 

General 
Whenever a command is issued with A0 = 0 and D4 
= 1, this is interpreted as Initialization Command 
Word 1 (ICW1). lCWl starts the intiitalization se- 
quence during which the following automatically oc- 
cur. 
a. The edge sense circuit is reset, which means that 

following initialization, an interrupt request (IR) in- 
put must make a low-to-high transistion to gener- 
ate an interrupt. 
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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 IRR. 
f. If IC4 = 0, then all functions selected in ICW4 

are set to zero. (Non-Buffered mode*, no Auto- 
EOI, MCS-80, 85 system). 

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

Initialization Command Words 1 and 2 
(ICW1, ICW2) 
A5-Al5: Page starting address of service routines. 
In an MCS 80185 system, the 8 request levels will 
generate CALLS to 8 locations equally spaced in 
memory. These can be programmed to be spaced at 
intervals of 4 or 8 memory locations, thus the 8 rou- 
tines will occupy a page of 32 or 64 bytes, respec- 
tively. 

The address format is 2 bytes long (Ao-Al5). When 
the routine interval is 4, Ao-A4 are automatically in- 
serted by the 8259A, while are programmed 
externally. When the routine interval is 8, Ao-A5 are 
automatically inserted by the 8259A, while A6-A15 
are programmed externally. 

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

In an 8086 system A15-All 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-A5 are ignored and AD1 
(Address interval) has no effect. 
LTIM: If LTIM = 1, then the 8259A will operate in 

the level interrupt mode. Edge detect logic 
on the interrupt inputs will be disabled. 

ADI: CALL address interval. AD1 = 1 then inter- 
val = 4; AD1 = 0 then interval = 8. 

SNGL: Single. Means that this is the only 8259A in 
the system. If SNGL = 1 no ICW3 will be 
issued. 
If this bit is set-lCW4 has to be read. If 
ICW4 is not needed, set IC4 = 0. 

IC4: 

Initialization Command Word 3 (ICW3) 
This word is read only when there is more than one 
8259A in the system and cascading is used, in which 

case SNGL = 0. It will load the &bit slave register. 
The functions of this register are: 
a. In the master mode (either when SP = 1, or in 

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

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

I ICW1 1 

NO (SINQL = 1) 

YES (SNGL = 0 )  

I ICW3 
I I 

NO (IC4 = 0) 

I ICW4 

I 
I 

-I + 
READY TO ACCEPT 

INTERRUPT REOUESTS 

231468-9 

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

is programmed. 
BUF: If BUF = 1 the buffered mode is pro- 

grammed. In buffered mode SP/EN be- 
comes an enable output and the master/ 
slave determination is by MIS. 

M/S: If buffered mode is selected: MIS = 1 
means the 8259A is programmed to be a 

master, M/S = 0 means the 82594, is pro- 
grammed to be a slave. If BUF = 0, MIS 
has no function. 

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

pPM: Microprocessor mode: pPM = 0 sets the 
8259A for MCS-80, 85 system operation, 
pPM = 1 sets the 8259A for 8086 system 
operation. 

I c w l  

A0 4 0' 4 0. 0, 0 7  Dl Do 

i 

r 1 I C W 4 N E E D E D  
0 = NO lCW4 NEEDED 

I 1 

1 I * 1 = SINGLE 
0 = CASCADE MODE 

CALL A E O R E ~  I N T E R V A L  - 1 - I N T E R V A L  OF 4 
0 I I N T E R V A L  OF 8 

i 

A,-A of INTERRUPT 

(MCS-80/85 MODE O N L Y )  
V E ~ T O R  ADDRESS 

231 468-10 

VECTOR ADDRESS 
(MCSBO / 85 MODE) 

T7-T3 OF INTERRUPT 
VECTOR ADDRESS 

231468-11 

Ffgure 7. Initialization Command Word Format 
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I 4 1 -= IR INPUT HAS A S L A V E  
0 = IR INPUT D O E S  N O T  H A V E  

4 S L A V E  

231468-12 

ICW3 ( S L A V E  D E V I C E 1  

4J 0, 06 4 D. D, DZ Dl 0 0  

I S L A V f  ID111 I 

- 
231468-13 

ICW4 

I = A U T O  € 0 1  

' 1 = SPECIAL FULLY NESTED 
MODE 

NESTED MODE 
0 = NOT SPECIAL FULLY 

231468-14 

MOTE 
Slave ID is equal to the corresponding master IR input. 

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

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

(OCWS) 

(OCWS). 

Operation Control Words (OCWs) 
ocw1 

A0 D7 D6 D5 D4 D3 D2 D1 DO 

I M ~  M6 M5 M4 M3 M2 M1 M o l  

ocw2 101 I R SL EO1 0 0 L2 L1 LO I 
OCW3 

101 [ 0 ESMM SMM 0 1 P RR RlSl 

END OF INTERRUPT NON-clrrCIflC E0KX)YYIND 

SPECIFIC EO1 COYMANO 

ROTATE ON NON-SPECIFIC EO1 COYNAND 

ROTATE IN AUTONATIC EO1 NODE AUTONATIC ROTATION 

ROTATE IN AUTOMATIC EOI NODE ( c u m )  

*M mmnm COMMAND 
SP€ClFlC ROTATION 

'ROTATE ON MCIF IC  EO1 COYMANO 

231468-16 

Figure 8. Operation Command Word Format 
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L 

Operation Control Word 1 (OCW1) Operation Control Word 2 (OCW2) 

1 = POLL CONNAND 
O=NO POLL COYNAND 

SPECIAL MASK MODE 

r O  1 0 1 

- 0  0 1 1 
I 

RESET SET 
NO ACTION SPECIAL SPECIAL 

MAW m*tK 

* 

OCWl 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. 

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

Lp, L1, Lo-These bits determine the interrupt level 
acted upon when the SL bit is active. 

READ REOISTER COMMAND 

NO I R  REG IS REG 
ON N E X T  EN NEXT 
RD PULSE R D  PULSE 

Figure 8. Operation Command Word Format (Continued) 
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Operation Control Word 3 (OCW3) 
ESMM-Enable Special Mask Mode. When this bit 
is set to 1 it enables the SMM bit to set or reset the 
Special Mask Mode. When ESMM = 0 the SMM bit 
becomes a “don’t care”. 

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

Fully Nested Mode 
This mode is entered after initialization unless anoth- 
er mQde is programmed. The interrupt requests are 
ordered in priority from 0 through 7 (0 highest). 
When an interrupt is acknowledged the highest pri- 
ority request is determined and its vector placed on 
the bus. Additionally, a bit of the Interrupt Service 
register (ISO-7) is set. This bit remains set until the 
microprocessor issues an End of Interrupt (EOI) 
command immediately before returning from the 
service routine, or if AEOl (Automatic End of Inter- 
rupt) bit is set, until the trailing edge of the last INTA. 
While the IS bit is set, all further interrupts of the 
same or lower priority are inhibited, while higher lev- 
els will generate an interrupt-(which will be acknowl- 
edged only if the microprocessor internal lnterupt 
enable flip-flop has been re-enabled through soft- 
ware). 

After the initialization sequence, IRO has the highest 
prioirity 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 automati- 
cally following the trailing edge of the last in se- 
quence lNTA pulse (when AEOl bit in lCWl is set) or 
by a command word that must be issued to the 
8259A before returning from a service routine (EO1 
command). An EO1 command must be issued twice 
if in the Cascade mode, once for the master and 
once for the corresponding slave. 

There are two forms of EO1 command: Specific and 
Non-Specific. When the 8259A is operated in modes 
which perserve the fully nested structure, it can de- 
termine which IS bit to reset on EOI. When a Non- 
Specific EO1 command is issued the 8259A will auto- 
matically reset the highest IS bit of those that are 
set, since in the fully nested mode the highest IS 
level was necessarily the last level acknowledged 
and serviced. A non-specific EO1 can be issued with 
OCW2 (EO1 = 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 EO1 can be issued with OCW2 
(EO1 = 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 EO1 if 
the 8259A is in the Special Mask Mode. 

Automatic End of Interrupt (AEOI) 
Mode 
If AEOl = 1 in lCW4, then the 8259A will operate in 
AEOl mode continuously until reprogrammed by 
ICW4. in this mode the 8259A will automatically per- 
form a non-specific EO1 operation at the trailing 
edge of the last interrupt acknowledge pulse (third 
pulse in MCS-80/85, second in 8086). Note that 
from a system standpoint, this mode should be used 
only when a nested multilevel interrupt structure is 
not required within a single 8259A. 

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

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

Before Rotate (IR4 the highest prioirity requiring 
service) 

r ‘1 
187 IS0 186 184 183 IS2 IS1 IW 

[ 0 ] 1 1 0 [  1 ~ ~ ~ J  

“IS” Status 231 468- 18 

I---’. 1 
L0We.l Pdorlty Hlghoml Prlodly 

Priority Status 23 1468- 19 
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l o  t o  0 0 0 

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

1 
0 0 

II 
nighat ~ d o t i i ~  Lowoat PdOrllY 

/ 

Priority Status 231468-21 

There are two ways to accomplish Automatic Rota- 
tion using OCW2, the Rotation on Non-Specific EO1 
Command (R = 1, SL = 0, EO1 = 1) and the Ro- 
tate in Automatic EO1 Mode which is set by (R = 1, 
SL = 0, EO1 = 0) and cleared by (R = 0, SL = 0. 
EO1 = 0). 

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

The Set Priority command is issued in OCW2 where: 
R = 1, 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 in- 
dependent of the End of Interrupt (EOI) command 
(also executed by OCW2). Priority changes can be 
executed during an EO1 command by using the Ro- 
tate on Specific EO1 command in OCW2 (R = 1, SL 
= 1, EO1 = 1 and LO-L2 = IR level to receive 
bottom priority). 

Interrupt Masks 
Each Interrupt Request input can bem masked indi- 
vidually by the Interrupt Mask Register (IMR) pro- 
grammed through OCWl. 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. 

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

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

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

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

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

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

Poll Command 
In this mode the INT output is not used or the micro- 
processor internal Interrupt 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 RD pulse to the 
8259A (i.e., RD = 0, cs = 0) as an interrupt ac- 
knowledge, sets the appropriate IS bit if there is a 
request, andreadsthe priority level. Interrupt is fro- 
zen from WR to RD. 

The word enabled onto the data bus during RD is: 
D7 D6 D5 0 4  03 D2 D1 DO 

I I _ _ _ _  w 2  w 1  wo I 
WO-W2: Binary code of the highest priority level 

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

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

Reading the 8259A Status 
The input status of several internal registers can be 
read to update the user information on the system. 
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Figure 9. Priority Cell-Simpllfied Logic Diagram 

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

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

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

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

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

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

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

After initialization the 8259A is set to IRR. 

For reading the IMR, no OCW3 is needed. Theout- 
put data bus will contain the IMR whenever AD is 
active and A0 = 1 (OCWI). 

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

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

If LTlM = IO', an interrupt request will be recognized 
by a low to high transition on an IR input. The IR 
input can remain high without generating another in- 
terrupt. 
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Figure 10. IR Triggering Timing Requirements 
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If LTIM = ‘1 I ,  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 EO1 command is issued or the 
CPU interrupts is enabled to prevent a second inter- 
rupt from occurring. 

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

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

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

ing ICW4). This mode is similar to the normal nested 
mode with the following exceptions: 
a. When an interrupt request from a certain slave is 

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

b. When exiting the Interrupt Service routine the 
software has to check whether the interrupt serv- 
iced was the only one from that slave. This is 
done by sending a non-specific End of Interrupt 
(EOI) command to the slave and then reading its 
In-Service register and checking for zero. If it is 
empty, a non-specific EO1 can be sent to the 
master too. If not, no EO1 should be sent. 

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

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

This modification forces the use of software pro- 
gramming to determine whether the 8259A is a mas- 
ter or a slave. Bit 3 in ICW4 programs the buffered 
mode, and bit 2 in ICW4 determines whether it is a 
master or a slave. 
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CASCADE MODE 
The 8259A can be easily interconnected in a system 
of one master with up to eight slaves to handle up to 
64 priority levels. 

The master controls the slaves through the 3 line 
cascade bus. The cascad9s  acts like chip selects 
to the slaves during the INTA sequence. 

In a cascade configuration, the slave interrupt out- 
puts are connected to the master interrupt request 
inputs. When a slave request line is activated and 

The cascade bus lines are normally low and will con- 
tain the slave address code from the trailing edge of 
the first INTA pulse to the trailing edge of the third 
pulse. Each 8259A in the system must follow a sep- 
arate initialization sequence and can be pro- 
grammed to work in a different mode. An EO1 com- 
mand must be issued twice: once for the master and 
once for the corresponding slave. An address de- 
coder is required to activate the Chip Select (CS) 
input of each 8259A. 

The cascade lines of the Master 8259A are activat- 
ed only for slave inputs, non-slave inputs leave the 

afterwards acknowledged, 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). 

cascade line inactive (low). 

ADDRESS I U S  1161 I 
I 1  

INTERRWT REOUESTS 

231 488-24 

Figure 11. Cascading the 8259A 
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8259A 

Symbol 

CI N 

CI/O 

*Notice: Stresses above those listed under 'Xbso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these Of any 
other conditions above those indicated in the opera- 
tionalsections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliabii& 

ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias . . . . . .0"C to 70°C 
Storage Temperature , . . . . . . . . . - 6 5 0 ~  to + 15pc 
Voltage on Any Pin 

with Respect to Ground. . . . . . . . . . - o.5v to + 7v 
Power Dissipation . . . . . . . . . . . . , . . . . . . . . . . . . . . 1 W 

Parameter Min Typ Max Unit Test Conditions 

Input Capacitance 10 pF fc = 1 MHz 

I/O Capacitance 20 pF Unmeasured Pins Returned to Vss 

D. C. CHARACTERISTICS (TA = 0°C to 70°C, Vcc = 5V * 5% (8259A-8), Vcc = 5V * 10% 
(8259A, 8259A-2)) 

'NOTE: 
For Extended Temperature EXPRESS VIH = 2.3V. 

CAPACITANCE TA = 25°C Vcc = GND = OV 
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8259A 

Symbol 

A.C. CHARACTERISTICS 
TA = 0°C to 70°C, Vcc = 5V f 5% (8259 A-8), Vcc = 5V k 10% (8259A, 8259A-2) 

Par am et e r 8259A-8 

Mln Max 

50 

5 

8259A 8259A-2 ~ Unlts Test Condltlons 
Mln Max Mln Max 

0 0 ns 

0 0 ns 

I TRLRH I RD Pulse Width 

TAHRL 

TRHAX 

I TDVWH I Data Setup to WR 7 

A O / E  Setup to RD/m & 
A O / m  Hold after RD/m t 

I TWHDX I Data Hold after WR t 

420 

50 

20 

an lNTA Sequence Only 

235 160 ns 

0 0 ns 

0 0 ns 

End of lNTA Sequence to Next 
INTA Seauence. 

400 

300 

290 190 ns 

240 160 ns 

Symbol 8259A-8 Parameter 
Min I Man 

'Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A = 
1.6 ps, 8085A-2 = 1 ps, 8086 = 1 ps, 8086-2 = 625 ns) 

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

8259A 

Min Max 
8259A-2 ~ Unlts Test Conditions 
Min Max 

I 1300 
ITRLDV I Data Valid from RD/m & 

TRHDZ 

TJHIH 

Data Float after RD/m t 10 200 
Interrupt Output Delay 400 

TIALCV 

TRLEL 

ITRHEH I Enable Inactive from RD t or ? I I 325 

565 

160 

Cascade Valid from First & 
(Master Only) 

Enable Active from RD 1 or m 1 

TAHDV 

TCVDV 

Data Valid from Stable Address 

Cascade Valid to Valid Data 
350 
300 

!200! !120! ns lCofDataBus= 
100 pF 
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8259A 

A.C. TESTING INPUT/OUTPUT WAVEFORM 

1 
2.0 2.0 > TEST POINTS < 2.4 

0.0 

231 468-25 

A.C. Testing: Inputs are driven at 2.4V for a logic “1” and 0.45V 
for a logic “0”. Timing measurements are made at 2.0V for a logic 
“1” and 0.W for a logic “0”. 

A.C. TESTING LOAD CIRCUIT 

DEVICE UNDER 

231468-26 
CL = 100 pF 
CL Includes Jig Capacitance 

WAVEFORMS 

WRITE 
I 

W L W H  - wa 

I 
TAHWL - -- TWMAX c 

a 
A W L 8 8  DU8 

r* 
- T w H - -  L wnox 

DATA BU8 

231 468-27 
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8259A 

WAVEFORMS (Continued) 

READ/INTA 

OTHER TIMING 

- 
RD TATA 
m L 

.C- TCHCL ___H 

231468-29 
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- c  

in t 

I I! - TJLJM - 

NOTES 
Interrupt output must remain HIGH at least until leading edge of first INTA. 
1. Cycle 1 in 8086, 8088 systems, the Data Bus is not active. 

TJMlH 

... 
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8272A 
SINGLE/DOUBLE DENSITY FLOPPY DISK CONTROLLER 
IBM Compatible in Both Single and 

Programmable Data Record Lengths: . . Double Density Recording Formats 

128, 256,512, or 1024 Bytes/Sector 
Multi-Sector and Multi-Track Transfer 
Capability . . Disks 

Controls 8 " ,  5%'' and 3%'' Floppy Disk . 
Drives 

Drives Up to 4 Floppy or Mini-Floppy 

Data Transfers in DMA or Non-DMA 
Mode 
Parallel Seek Operations on Up to Four 
Drives 
Compatible with all Intel and Most 
Other Microprocessors 
Single-Phase 8 MHz Clock 
Single + 5V Power Supply ( f 10%) 
Plastic 40 Pin DIP or 40 Pin CERDIP 
Packages 

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

TERMINAL 

RESET 

0- 

CLK --t vcc ---) 
BND ---) 

WRITE PROTECTlTWO SIDE 

LOW CURRENTIDIRECTION 

210606-1 

Flgure 1.8272A internal Block Diagram 

21 0606-2 

Figure 2. Pin Configuration 
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Table 1. Pin Descriptlon 
~~ ~ 

Name and Function Connec- 
Symbol :: Type tionTo 

RESET 1 I pP RESET: Places FDC in idle state. Resets output lines to FDD to “0” 
(low). Does not clear the last specify command. - 

RD 2 I(1) pP 

LOW CURRENT/DIRECTION: Lowers Write current on inner tracks in 
ReadIWrite mode, determines direction head will step in Seek mode. 

FAULT RESET/STEP Resets fault FF in FDD in ReadIWrite mode, 
provides step pulses to move head to another cylinder in Seek mode. 

HEAD LOAD Command which causes Read/Write head in FDD to 
contact diskette. 

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

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

FAULT/TRACK 0: Senses FDD fault condition in Read/Write mode 
and Track 0 condition in Seek mode. 

CLK 

GND 20 

I 
~~~~~ 

PRECOMPENSATION (PRE-SHIFT): Write precompensation status 
during MFM mode. Determines early, late, and normal times. 

* RWISEEK 39 

WRITE DATA: Serial clock and data bits to FDD. 

DRIVE SELECT: Selects FDD unit. 

i5s 

A0 

DBo-DB7 

DRQ 

DACK 

TC 

I 

4 I pP 

5 l(1) pP 

6-13 1/0(1) pP 

14 0 DMA 

15 I DMA 

16 I DMA 

I I I I 

LCT/DIR 

READ Control signal for transfer of data from FDC to Data Bus, when 
“0” (low). 

WRITE Control signal for transfer of data to FDC via Data Bus, when 
“0” Ilow). 

38 0 FDD 

~ ~ 

CHIP SELECT IC selected when “0” (low) allowing RD and WR to be 
enabled. 

DATABTATUS REGISTER SELECT Selects Data Reg (A0 = 1) or 
Status Reg (A0 = 0) contents to be sent to Data Bus. 

DATA BUS: Bidirectional &Bit Data Bus. 

DATA DMA REQUEST DMA Request is being made by FDC when 
DRQ *7*9.(3) 

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

TERMINAL COUNT: Indicates the termination of a DMA transfer when 
“1” (high)(z). 

INDEX Indicates the beginning of a disk track. 

INTERRUPT Interrupt Request Generated by FDC. 

CLOCK Single Phase 8 MHz (4 MHz for mini floppies) Squarewave 
Clock. 

GROUND: D.C. Power Return. 

D.C. POWER: + 5V 
~~-~~ ~ ~ 

READ WRITEBEEK: When “1” (high) Seek mode selected and when 
“0” (low) Read/Write mode selected. 
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0272A 

Symbol 

HDSEL 

MFM 

WE 

Name and Function Connec- t! tlonTo 

27 0 FDD HEAD SELECT Head 1 selected when “1” (high) Head 0 selected 

26 0 PLL MFM MODE MFM mode when “1 ,” FM mode when “0”. 
25 0 FDD WRITE ENABLE Enables write data into FDD. 

when “0” (low). 

VCO 
~~ 

24 0 PLL VCO SYNC Inhibits VCO in PLL when “0” (low), enables VCO when 
“1 .” 

NOTES 
1. Disabled when E = 1. 
2. TC must be activated to terminate the Execution Phase of any command. 
3. DRQ is also an input for certain test modes. It should have a 5 k f i  pull-up resistor to prevent activation. 

RD DATA 

DW 

WRCLK 

COUNT 

210606-3 

Figure 3.8272A System Block Dlagram 

23 I FDD READ DATA Read data from FDD, containing clock and data bits. 

22 I PLL DATA WINDOW Generated by PLL, and used to sample data from 

21 I 

FDD. 

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

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

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

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

Read Data 
Read ID 
Read Deleted Data 
Read a Track 
Scan Equal 
Scan High or Equal 
Scan Low or Equal 
Specify 

Write Data 
Format a Track 
Write Deleted Data 
Seek 
Recalibrate (Restore to 
Track 0) 
Sense Interrupt Status 
Sense Drive Status 

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

FEATURES 
Address mark detection circuitry is internal to the 
FDC which simplifies the phase locked loop and 
read electronics. The track stepping rate, head load 
time, and head unload time may be programmed by 
the user. The 8272A offers many additional features 
such as multiple sector transfers in both read and 
write modes with a single command, and full IBM 
compatibility in both single (FM) and double density 
(MFM) modes. 
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8272A ENHANCEMENTS 
On the 8272A, after detecting the Index Pulse, the 
VCO Sync output stays low for a shorter period of 
time. See Figure 4a. 

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

0 

0 

T R C ~  OaP4A( IAMl Oapl I ID I Oap? I DaU 
Index Pule. . 
8272 VCO Sync- I 

8272Avcosync- - J 

210606-4 
'560 ps in FM mode; 527 p s  in MFM mode 
a. Margin on the Index Pulse 

0 1 Read Main Status Register 

1 0 Illeaal(l) 

Track Oap4A(on I ID I Qap2 I Deb 
Index Pulse 

8272 vco sync 

8272A 

I I 

vcosync  - 
b. Ability to Read Data 

When Gap 4A Contains 00 

Figure 4.8272A Enhancements over the 8272 

21 0606-5 

1 

1 

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

The relationship between the Status/Down registers 
and the signals m, m, and A0 is shown in Table 2. 

Table 2. Ao, m, WR Decoding for the Selection 
of Status/Data Register Functions. 

0 1 Read from Data Register 

1 0 Write into Data Register 
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iw 8272A 

FDD 1 Busy 

FDD 2 Busv 

Bit Number E DjB 
D& 

FDD number 1 is in the Seek mode. 

FDD number 2 is in the Seek mode. 

Table 3. Main Status Register Blt Descrlption 

Name I Svmbol 1 DescriDtion 1 
FDD 0 Busy I DnB FDD number 0 is in the Seek mode. I 

1 
~~ 

FDD 3 Busy ~ 1 G B  I FDD number 3 is in the Seek mode. 

FDC Busy I CB 

I NDM 

Non-DMA Mode 

A read or write command is in process. 

The FDC is in the non-DMA mode. This bit is set only 
during the execution phase in non-DMA mode. 
Transition to “0” state indicates execution phase has 
ended. 

Data Input/Output 

Request for Master 

DIO 

RQM 

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

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

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

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

OUT OF FDC AND INTO PROCESSOR 
DATA IN.OUT 

(010) 
OUTOFPROCESSORANDINTOFDC 

READY I 
NOT 

R U D Y  

REOUEST 
FOR MASTER 

(ROW 

WR 

210606-6 

NOTES 
A-Data register ready to be written into by processor 
B-Data register not ready to be written into by processor 
C-Data register ready for next data byte to be read by the processor 
&Data register not ready for next data byte to be read by processor 

Figure 5. Status Register Timing 
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iw 8272A 

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

required to perform a particular 
operation from the processor. 

Execution Phase: The FDC performs the operation 
it was instructed to do. 

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

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

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

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

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

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

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

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

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

Phase Remarks Data Bus 

D7 D6 D5 D4 D3 Dz Dt Do 
R/W 

Command 

Execution 

Result 

W 
W 
W 
W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R - 

MT MFM SK 0 0 1 1 0  
0 0 0 0  0 HDS DSl DSO 

C 
H 
R 
N 

EOT 
GPL 
DTL 

ST 0 
ST 1 
ST 2 

C 
H 
R 
N 

READDELETEDDATA 

Command 

Execution 

Result 

W 
W 
W 
W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R 

MT MFM SK 0 1 1 0 0  

C 
H 
R 
N 

EOT 
GPL 
DTL 

0 0 0 0  0 HDS DS1 DSO 

ST 0 
ST 1 
ST 2 

C 
H 
R 
N 

Command Codes 

Sector ID Information 
Prior to Command 
Execution 

Data Transfer 
Between the FDD 
and Main-System 

Status Information 
After Command 
Execution 

Sector ID Information 
After Command 
Execution 

Command Codes 

Sector ID Information 
Prior to Command 
Execution 

Data Transfer 
Between the FDD 
and Main-System 

Status Information 
After Command 
Execution 

Sector ID Information 
After Command 
Execution 
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Table 4.8272A Command Set (Continued) 
I 

Phase Remarks Data Bus 

D7 D6 D5 D4 D3 D2 DI DO 
RIW 

WRITE DATA 

Command 

Execution 

Result 

W 
W 
W 
W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R - 

WRITE DELETED 

Command 

Execution 

Result 

MT MFM 0 0 0 1 0 1  
0 0 0 0  0 HDS DSI DSO 

C 
H 
R 
N 

EOT 
GPL 
DTL 

ST 0 
ST 1 
ST 2 

H 
R 
N 

DATA - 
W 
W 
W 
W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R - 

MT MFM 0 0 1 0 0 1  
0 0 0 0  0 HDS DS1 DSO 

C 
H 
R 
N 

EOT 
GPL 
DTL 

ST 0 
ST 1 
ST 2 

C 
H 
R 
N 

Command Codes 

Sector ID Information 
Prior to Command 
Execution 

Data Transfer 
Between the Main- 
System and FDD 

Status Information 
After Command 
Execution 

Sector ID Information 
After Command 
Execution 

Command Codes 

Sector ID Information 
Prior to Command 
Execution 

Data Transfer 
Between the FDD 
and Main-System 

Status Information 
After Command 
Execution 

Sector ID Information 
After Command 
Execution 
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iw 8272A 

Phase Data Bus 
Remarks R/W 

Command 

Execution 

3esult 

w 
w 
w 
w 
W 
w 
w 
w 
w 

R 
R 
R 
R 
R 
R 
R 

lEAD ID 

:xecution 

lesult 

0 MFM SK 0 0 0 1 0  
0 0 0 0  0 HDS DS1 DSO 

C 
H 
R 
N 

EOT 
GPL 
DTL 

ST 0 
ST 1 
ST 2 

C 
H 
R 
N 

Command Codes 

Sector ID Information 
Prior to Command 
Execution 

Data Transfer 
Between the FDD 
and Main-System. 
FDC Reads all of 
Cylinders Contents 
from Index Hole to 
EOT 

Status Information 
After Command 
Execution 

Sector ID Information 
After Command 
Execution 

The First Correct ID 
Information on the 
Cylinder is Stored in 
Data Register 

ST 0 
ST 1 
ST 2 

Status Information 
After Command 
Execution 

C 
H Sector ID Information 

N Phase 
R During Execution 
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8272A 

Data Bus 
Phase R/W Remarks 

Command 

Execution 

Result 

0 MFM 0 0 1 1 0 1  
0 0 0 0  0 HDS DS1 DSO 

N 
sc 

GPL 
D 

W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R 

ST 0 
ST 1 
ST 2 

C 
H 
R 
N 

Command Codes 

Bytes/Sector 
SectordCylinder 
Gap 3 
Filler Byte 

FDC Formats an 
Entire Cylinder 

Status Information 
After Command 
Execution 

In This Case, the ID 
Information has no 
Meaning 
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0272A iw 
Data Bus 

Phase R/W Remarks 

Command 

Execution 

Result 

L 
w 
W 
w 
W 
w 
w 
W 
W 
w 

R 
R 
R 
R 
R 
R 
R - 

w 
w 
w 
w 
w 
W 
w 
W 
w 

R 
R 
R 
R 
R 
R 
R - 

MT MFM SK 1 0 0 0 1  
0 0 0 0  0 HDS DSl DSO 

C 
H 
R 
N 

EOT 
GPL 
STP 

ST 0 
ST 1 
ST 2 

C 
H 
R 
N 

L 
MT MFM SK 1 1 0 0 1  
0 0 0 0  0 HDS DS1 DSO 

C 
H 
R 
N 

EOT 
GPL 
STP 

ST 0 
ST 1 
ST 2 

C 
H 
R 
N 

Command Codes 

Sector ID Information 
Prior to Command 
Execution 

Data Compared 
Between the FDD 
and Main-System 

Status Information 
After Command 
Execution 

Sector ID Information 
After Command 
Execution 

Command Codes 

Sector ID Information 
Prior to Command 
Execution 

Data Compared 
Between the FDD 
and Main-System 

Status Information 
After Command 
Execution 

Sector ID Information 
After Command 
Execution 

3-1 1 



iw 8272A 

Phase 
- 

Table 4.8272A Command Set Continuedl 

Remarks 
Data Bus 

R/W 
0 7  D6 D5 D4 D3 D2 D1 Do 

Command W 0 0 0 0 0 1 1 1 

Execution 
w o o o o  0 0 DS1 DSO 

SCAN HIGH OR EQUAL 

CornmandCodes 

Head Retracted to 
Track 0 

Command 

Execution 

Result 

Command W 0 0 0 0 1 0 0 0 
Result R ST 0 

R PCN 

W 
W 
w 
W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R 

CommandCodes 
Status Information at 
the End of Each Seek 
Operation About the 
FDC 

MT MFM SK 1 1 1 0 1  

C 
H 
R 
N 

EOT 
GPL 
STP 

0 0 0 0  0 HDS D S l  DSO 

ST 0 
ST 1 
ST 2 

C 
H 
R 
N 

Command Codes 

Sector ID Information 
Prior to Command 
Execution 

Data Compared 
Between the FDD 
and Main-System 

Status Information 
After Command 
Execution 

Sector ID Information 
After Command 
Execution 
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8272A 

Phase 

Table 4.8272A Command Set (Continued) 

Remarks Data Bus R/W 
D7 DS D5 D4 D3 D2 D1 DO 

Command W 0 0 0 0 0 0 1 1 
W - SRT - > <- HUT - 
W - HLT > ND 

3-1 3 

CommandCodes 

Command W 0 0 0 0 0 1 0 0 
W 0 0 0 0 0 HDS DS1 DSO 

Result R ST 3 

CommandCodes 

Status Information 
about FDD 

Command W 0 0 0 0 1 1 1 1 
W 0 0 0 0 0 HDS DS1 DSO 
W NCN 

Execution 

CommandCodes 

Head is Positioned 
Over Proper Cylinder 
on Diskette 

Command W Invalid Codes 

Result R ST 0 

Invalid Command 
Codes (NoOp-FDC 
Goes Into Standby 
State) 
STO = 80 

(1 6) 



8272A 

A0 

C 

D 

Table 5. Command Mnemonics 

Address Line 0 

Cylinder Number 

Data 

A0 controls selection of Main Status Register (A0 = 0) or Data Register 

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

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

(A0 = 1). 

1 Symbol I Name I Description 

DSO, DS1 

DTL 

EOT 

Drive Select 

Data Length 

End of Track 

DS stands for a selected drive number 0 or 1. 

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

EOT stands for the final Sector number of a Cylinder. 

8-bit Data bus where 0 7  is the most significant bit, and Do is the least I significant bit. 

~~ 

F - D O  T Data Bus 

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

H stands for head number 0 or 1, as specified in ID field. 

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

H 

HDS Head Select 

Head Address 

HLT 

HUT 

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

Head Unload Time HUT stands for the head unload time after a read or write operation has 
occurred 116 to 240 ms in 16 ms increments). 

N 

NCN 

ND 

, M F M ~  ~~~~~ ~~~~ ~ ~~ ~ ~ 

FM or MFM M o d e l  I f  MF is low, FM mode is selected and if it is high, MFM mode is selected. 

Number 

New Cylinder 
Number 

Non-DMA Mode 

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

NCN stands for a new Cylinder number, which is going to be reached as a 
result of the Seek operation. Desired position of Head. 

ND stands for omration in the Non-DMA Mode. 

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

R 

R/W 

sc 

Record 

Read/Write 

Sector 

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

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

SC indicates the number of Sectors per Cylinder. 

~~~~~ 

Present Cylinder PCN stands for the Cylinder number at the completion of SENSE 1 INTERRUPT STATUS Command. Position of Head at present time. IPCN I Number 

SK 

SRT 

Skip 

Step Rate Time 

SK stands for Skip Deleted Data Address Mark. 

SRT stands for the Stepping Rate for the FDD (1 to 16 ms in 1 ms 
increments). The same Stepping Rate applies to all drives (F = 1 ms, 
E = 2 ms. etc.). 
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8272A 

STP 

Table 5. Command Mnemonics (Continued) 

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

Symbol 

ST 0 
ST 1 
ST 2 
ST 3 

DS1 

0 
0 
1 

Name 

Status 0 
Status 1 
Status 2 
Status 3 

DSO Approximate Scan Timing 

0 220 ps 

1 220 ps 

0 220 ps 

Description 

ST 0-3 stand for one of four registers which store the status information after 
a command has been executed. This information is available during the result 
phase after command execution. These registers should not be confused with 
the main status register (selected by A0 = 0). ST 0-3 may be read only after 
a command has been executed and contain information relevant to that 
particular command. 

1 1 440 ps 

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

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

Table 6. Scan Tlmlng 

COMMAND DESCRIPTIONS 
During the Command Phase, the Main Status Regis- 
ter must be polled by the CPU before each byte is 

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

READ DATA 

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

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

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

0 0 00 
0 1 01 
1 0 00 
1 1 01 
0 0 01 
0 1 02 
1 0 01 
1 1 02 
0 0 02 
0 1 03 
1 0 02 
1 1 03 

The “multi-track” function (MT) allows the FDC to 
read data from both sides of the diskette. For a par- 
ticular cylinder, data will be transferred starting at 
Sector 1, Side 0 and completing at Sector L, Side 1 
(Sector L = last sector on the side). 

NOTE 
This function pertains to only one cylinder (the 
same track) on each side of the diskette. 

When N = 0, then DTL defines the data length 
which the FDC must treat as a sector. If DTL is 
smaller than the actual data length in a Sector, the 
data beyond DTL in the Sector is not sent to the 
Data Bus. The FDC reads (internally) the complete 
Sector performing the CRC check, and depending 
upon the manner of command termination, may per- 
form a Multi-Sector Read Operation. When N is non- 
zero, then DTL has no meaning and should be set to 
OFFH. 

Maximum Transfer Capacity Final Sector Read 
(Bytes/Sector)(Number of Sectors) from Diskette 

(128) (26) = 3,328 26 at Side 0 
(256) (26) = 6,656 or 26 at Side 1 

26 at Side 1 (128) (52) = 6,656 
(256) (52) = 13,312 
(256) (15) = 3,840 15atSideO 

(256) (30) = 7,680 
(512) (30) = 15,360 

(512) (15) = 7,680 or 15 at Side 1 

15 at Side 1 

(512)(8) = 4,096 8 at Side 0 
(1024) (8) = 8,192 or 8 at Side 1 

8 at Side 1 (512) (16) = 8,192 
(1024) (16) = 16,384 

At the completion of the Read Data Command, the 
head is not unloaded until after Head Unload Time 
Interval (specified in the Specify Command) has 
elapsed. If the processor issues another command 
before the head unloads then the head settling time 
may be saved between subsequent reads. This time 
out is particularly valuable when a diskette is copied 
from one drive to another. 

If the FDC detects the Index Hole twice without find- 
ing the right sector, (indicated in “R”), then the FDC 
sets the ND (No Data) flag in Status Register 1 to a 
1 (high), and terminates the Read Data Command. 
(Status Register 0 also has bits 7 and 6 set to 0 and 
1 respectively.) 

After reading the ID and Data Fields in each sector, 
the FDC checks the CRC bytes. If a read error is 
detected (incorrect CRC in ID field), the FDC sets 
the DE (Data Error) flag in Status Register 1 to a 1 
(high), and if a CRC error occurs in the Data Field 
the FDC also sets the DD (Data Error in Data Field) 
flag in Status Register 2 to a 1 (high), and terminates 
the Read Data Command. (Status Register 0 also 
has bits 7 and 6 set to 0 and 1 respectively.) 

If the FDC reads a Deleted Data Address Mark off 
the diskette, and the SK bit (bit D5 in the first Com- 
mand Word) is not set (SK = 0), then the FDC sets 
the CM (Control Mark) flag in Status Register 2 to a 
1 (high), and terminates the Read Data Command, 
after reading all the data in the Sector. If SK = 1, 
the FDC skips the sector with the Deleted Data Ad- 
dress Mark and reads the next sector. 

During disk data transfers between the FDC and the 
processor, via the data bus. the FDC must be serv- 
iced by the processor every 27 p,s in the FM Mode, 
and every 13 ps in the MFM Mode, or the FDC sets 
the OR (Over Run) flag in Status Register 1 to a 1 
(high), and terminates the Read Data Command. 

If the processor terminates a read (or write) opera- 
tion in the FDC, then the ID Information in the Result 
Phase is dependent upon the state of the MT bit and 
EOT byte. Table 5 shows the values for C, H, R, and 
N, when the processor terminates the Command. 
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8272A 

EOT 

1A 
OF 
08 

1 A 
OF 
08 

1 A 
OF 
08 

1 A 
OF 
08 

1A 
OF 
08 

1 A 
OF 
08 

1A 
OF 
08 

1A 
OF 
08 

Table 8. ID Information When Processor Terminates Command 

ID Information at Result Phase 1 -. 
Final Sector Transferred to 

Processor 
C H R N l  

Sector 1 to 25 at Side 0 
Sector 1 to 14 at Side 0 NC NC R A l  NC 
Sector 1 to 7 at Side 0 

Sector 26 at Side 0 
Sector 15 at Side 0 c + 1  NC R = 01 NC 
Sector 8 at Side 0 

Sector 1 to 25 at Side 1 
Sector 1 to 14 at Side 1 NC NC R + l  NC 
Sector 1 to 7 at Side 1 

Sector 26 at Side 1 
Sector 15 at Side 1 c +  1 NC R = 01 NC 
Sector 8 at Side 1 

Sector 1 to 25 at Side 0 
Sector 1 to 14 at Side 0 NC NC R + l  NC 
Sector 1 to 7 at Side 0 

Sector 26 at Side 0 
Sector 15 at Side 0 NC LSB R = 01 NC 
Sector 8 at Side 0 

Sector 1 to 25 at Side 1 
Sector 1 to 14 at Side 1 
Sector 1 to 7 at Side 1 

Sector 26 at Side 1 
Sector 15 at Side 1 
Sector 8 at Side 1 

MT 

0 

1 1 R t - 1  I 1; c + 1  R = 01 

NC I 
NOTES 
1. NC (No Change): The same value as the one at the beginning of command execution. 
2. LSB (Least Significant Bit): The least significant bit of H is complemented. 

WRITE DATA 

A set of nine (9) bytes are required to set the FDC 
into the Write Data mode. After the Write Data com- 
mand has been issued the FDC loads the head (if it 
is in the unloaded state), waits the specified head 
settling time (defined in the Specify Command), and 
begins reading ID Fields. When the current sector 
number (“R”), stored in the ID Register (IDR) com- 
pares with the sector number read off the diskette, 
then the FDC takes data from the processor byte- 
by-byte via the data bus, and outputs it to the FDD. 

After writing data into the current sector, the Sector 
Number stored in “R” is incremented by one, and 
the next data field is written into. The FDC continues 
this “Multi-Sector Write Operation” until the issu- 

ance of a Terminal Count signal. If a Terminal Count 
signal is sent to the FDC it continues writing into the 
current sector to complete the data field. If the Ter- 
minal Count signal is received while a data field is 
being written then the remainder of the data field is 
filled with 00 (zeros). 

The FDC reads the ID field of each sector and 
checks the CRC bytes. If the FDC detects a read 
error (incorrect CRC) in one of the ID Fields, it sets 
the DE (Data Error) flag of Status Register 1 to a 1 
(high), and terminates the Write Data Command. 
(Status Register 0 also has bits 7 and 6 set to 0 and 
1 respectively.) 

The Write Command operates in much the same 
manner as the Read Command. The following items 
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are the same; refer to the Read Data Command for 
details: 

Transfer Capacity 
EN (End of Cylinder) Flag 
ND (No Data) Flag 
Head Unload Time Interval 
ID Information when the processor terminates 
command (see Table 2) 
Definition of DTL when N = 0 and when N f 0 

a 1 (high) if there is no comparison. Multi-track or 
skip operations are not allowed with this command. 

This command terminates when EOT number of 
sectors have been read. If the FDC does not find an 
ID Address Mark on the diskette after it encounters 
the INDEX HOLE for the second time, then it sets 
the MA (missing address mark) flag in Status Regis- 
ter 1 to a 1 (high), and terminates the command. 
(Status Register 0 has bits 7 and 6 set to 0 and 1 
respectively.) 

In the Write Data mode, data transfers between the 
processor and FDC must occur every 31 ps in the 
FM mode, and every 15 ps in the MFM mode. If the 

ti;; ti;;rv;e b;Ec3;tki;e trarfer;eF 2ne;;;a; 
Status Register to a (high), and terminates the 
Write Data Command. 

READ ID 

i:ziz: ~~~~~~~ ~ ~ ~ ~ h ” e g ~ ~ ~ ~ ~ ~  
values from the first ID Field it is able to read. If no 
proper ID Address Mark is found on the diskette, 
before the INDEX HOLE is encountered for the sec- 
ond time then the MA (Missing Address Mark) flag in 
Status Register 1 is set to a 1 (high), and if no data is For mini-floppies, multiple track writes are usually 

not permitted, This is because of the turn-off time of 
the erase head coil-the head switches tracks be- found then the ND (No Data) flag is set in 

fore the erase head turns off. Therefore the system 
should typically wait 1.3 ms before attempting to 

Status Register to a (high) and the command is 
terminated’ 

step or change sides. 

WRITE DELETED DATA 

FORMAT A TRACK 

The Format Command allows an entire track to be 

This command is the same as the Write Data Com- 
mand except a Deleted Data Address Mark is written 
at the beginning of the Data Field instead of the nor- 
mal Data Address Mark. 

READ DELETED DATA 

This command is the same as the Read Data Com- 
mand except that when the FDC detects a Data Ad- 
dress Mark at the beginning of a Data Field (and 
SK = 0 (low)), it will read all the data in the sector 
and set the CM flag in Status Register 2 to a 1 
(high), and then terminate the command. If SK = 1, 
then the FDC skips the sector with the Data Address 
Mark and reads the next sector. 

READATRACK 

This command is similar to READ DATA Command 
except that the entire data field is read continuously 
from each of the sectors of a track. Immediately af- 
ter encountering the INDEX HOLE, the FDC starts 
reading all data fields on the track as continuous 
blocks of data. If the FDC finds an error in the ID or 
DATA CRC check bytes, it continues to read data 
from the track. The FDC compares the ID informa- 
tion read from each sector with the value stored in 
the IDR, and sets the ND flag of Status Register 1 to 

formatted. After the INDEX HOLE is detected, Data 
is written on the Diskette: Gaps, Address Marks, ID 
Fields and Data Fields, all per the IBM System 34 
(Double Density) or System 3740 (Single Density) 
Format are recorded. The particular format which 
will be written is controlled by the values pro- 
grammed into N (number of bytes/sector), SC (sec- 
tors/cylinder), GPL (Gap Length), and D (Data Pat- 
tern) which are supplied by the processor during the 
Command Phase. The Data Field is filled with the 
Byte of data stored in D. The ID Field for each sector 
is supplied by the processor; that is, four data re- 
quests per sector are made by the FDC for C (Cylin- 
der Number), H(Head Number), R(Sector Number) 
and N(Number of Bytes/Sector). This allows the 
diskette to be formatted with nonsequential sector 
numbers, if desired. 

After formatting each sector, the processor must 
send new values for C, H, R, and N to the 8272A for 
each sector on the track. The contents of the R Reg- 
ister is incremented by one after each sector is for- 
matted, thus, the R register contains a value of R + 
1 when it is read during the Result Phase. This incre- 
menting and formatting continues for the whole 
track until the FDC encounters the INDEX HOLE for 
the second time, whereupon it terminates the com- 
mand. 
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If a FAULT signal is received from the FDD at the 
end of a write operation, then the FDC sets the EC 
flag of Status Register 0 to a 1 (high), and termi- 
nates the command after setting bits 7 and 6 of 
Status Register 0 to 0 and 1 respectively. Also the 
loss of a READY signal at the beginning of a com- 

mand execution phase causes command termina- 
tion. 

Table 9 shows the relationship between N, SC, and 
GPL for various sector sizes: 

Status Register 2 
Compand 

Bit 2 = SN Bit 3 = SH 
0 1 
1 0 

0 1 
Scan Low or Equal 0 0 

1 0 

0 1 
Scan High or Equal 0 0 

1 0 

Scan Equal 

1024 
2048 
4096 

MPM 256 
Mode 

1024 
2048 
4096 
81 92 

Comments 

DFDD = DProcessor 
DFDD f DProcessor 

DFDD = Dprocessor 
DFDD < DProcessor 
DFDD DProcessor 

DFDD = DProcessor 
DFDD > Dprocessor 
DFDD Q: DProcessor 

Table 9. Sect 

- 
N 
00 
01 
02 
03 
04 

01 
02 
03 
04 
05 

- 

05 

06 

8" Flopp Bytes/ 
~ p ~ ( 2 )  Sector 

512 
FF 1024 

2048 
256 
256 
51 2 

FF 1024 
FF 2048 
FF 4096 

02 
03 
04 
05 

08 
04 
02 
01 
12 
10 
08 
04 
02 
01 

- 

- 

, 18 
46 
C8 
C8 
OA 
20 
2A 
80 
C8 
C8 

30 
87 
FF 
FF 
oc 
32 
50 
FO 
FF 
FF 

r Size Relationships 

NOTES 
1. Suggested values of GPL in Read or Write Commands to avoid splice point between data field and ID field of contiguous 
sections. 
2. Suggested values of GPL in format command. 

SCAN COMMANDS 

The SCAN Commands allow data which is being 
read from the diskette to be compared against data 
which is being supplied from the main system (Proc- 
essor in NON-DMA mode, and DMA Controller in 
DMA mode). The FDC compares the data on a byte- 
by-byte basis, and looks for a sector of data which 
meets the conditions of DFDD = DProcessor, DFDD S 
DProcessor, 0'. ~ F D D  2 DProcessor; Ones ComPle- 
ment arithmetic IS used for comparison (FF = larg- 
est number, 00 = smallest number). After a whole 

sector of data is compared, if the conditions are not 
met, the sector number is incremented (R + STP 

R), and the scan operation is continued. The 
scan operation continues until one of the following 
conditions occur; the conditions for scan are met 
(equal, low, or high), the last sector on the track is 
reached (EOT), or the terminal count signal is re- 
ceived. 

If the conditions for scan are met then the FDC sets 
the SH (Scan Hit) flag of Status Register 2 to a 1 
(high), and terminates the Scan Command. If the 
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conditions for scan are not met between the starting 
sector (as specified by R) and the last sector on the 
cylinder (EOT), then the FDC sets the SN (Scan Not 
Satisfied) flag of Status Register 2 to a 1 (high), and 
terminates the Scan Command. The receipt of a 
TERMINAL COUNT signal from the Processor or 
DMA Controller during the scan operation will cause 
the FDC to complete the comparison of the particu- 
lar byte which is in process, and then to terminate 
the command. Table 10 shows the status of bits SH 
and SN under various conditions of SCAN. 

If the FDC encounters a Deleted Data Address Mark 
on one of the sectors (and SK = 0), then it regards 
the sector as the last sector on the cylinder, sets CM 
(Control Mark) flag of Status Register 2 to a 1 (high) 
and terminates the command. If SK = 1, the FDC 
skips the sector with the Deleted Address Mark, and 
reads the next sector. In the second case (SK = l), 
the FDC sets the CM (Control Mark) flag of Status 
Register 2 to a 1 (high) in order to show that a Delet- 
ed Sector had been encountered. 

When either the STP (contiguous sectors STP = 01, 
or alternate sectors STP = 02 sectors are read) or 
the MT (Multi-Track) are programmed, it is neces- 
sary to remember that the last sector on the track 
must be read. For example, if STP = 02, MT = 0, 
the sectors are numbered sequentially 1 through 26, 
and we start the Scan Command at sector 21; the 
following will happen. Sectors 21, 23, and 25 will be 
read, then the next sector (26) will be skipped and 
the Index Hole will be encountered before the EOT 
value of 26 can be read. This will result in an abnor- 
mal termination of the command. If the EOT had 
been set at 25 or the scanning started at sector 20, 
then the Scan Command would be completed in a 
normal manner. 

During the Scan Command data is supplied by either 
the processor or DMA Controller for comparison 
against the data read from the diskette. In order to 
avoid having the OR (Over Run) flag set in Status 
Register 1, ,it is necessary to have the data available 
in less than 27 ps (FM Mode) or 13 ps (MFM Mode). 
If an Overrun occurs the FDC terminates the com- 
mand. 

SEEK 

The read/write within the FDD is moved from cylin- 
der to cylinder under control of the Seek Command. 
The FDC compares the PCN (Present Cylinder Num- 
ber) which is the current head position with the NCN 

(New Cylinder Number), and performs the following 
operation if there is a difference: 

PCN < NCN: Direction signal to FDD set to a 1 
(high), and Step Pulses are issued. (Step In.) 

PCN > NCN: Direction signal to FDD set to a 0 
(low), and Step Pulses are issued. (Step Out.) 

The rate at which Step Pulses are issued is con- 
trolled by SRT (Stepping Rate Time) in the SPECIFY 
Command. After each Step Pulse is issued NCN is 
compared against PCN, and when NCN = PCN, 
then the SE (Seek End) flag is set in Status Register 
0 to a 1 (high), and the command is terminated. 

During the Command Phase of the Seek operation 
the FDC is in the FDC BUSY state, but during the 
Execution Phase it is in the NON BUSY state. While 
the FDC is in the NON BUSY state, another Seek 
Command may be issued, and in this manner paral- 
lel seek operations may be done on up to 4 Drives at 
once. 

If an FDD is in a NOT READY state at the beginning 
of the command execution phase or during the seek 
operation, then the NR (NOT READY) flag is set in 
Status Register 0 to a 1 (high), and the command is 
terminated. 

Note that the 8272A Read and Write Commands do 
not have implied Seeks. Any R/W command should 
be preceded by: 1) Seek Command; 2) Sense Inter- 
rupt Status; and 3) Read ID. 

RECALIBRATE 

This command causes the readlwrite head within 
the FDD to retract to the Track 0 position. The FDC 
clears the contents of the PCN counter, and checks 
the status of the Track 0 signal from the FDD. As 
long as the Track 0 signal is low, the Direction signal 
remains 1 (high) and Step Pulses are issued. When 
the Track 0 signal goes high, the SE (SEEK END) 
flag in Status Register 0 is set to a 1 (high) and the 
command is terminated. If the Track 0 signal is still 
low after 77 Step Pulses have been issued, the FDC 
sets the SE (SEEK END) and EC (EQUIPMENT 
CHECK) flags of Status Register 0 to both 1s 
(highs), and terminates the command. 

The ability to overlap RECALIBRATE Commands to 
multiple FDDs, and the loss of the READY signal, as 
described in the SEEK Command, also applies to 
the RECALIBRATE Command. 
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SENSE INTERRUPT STATUS 

An Interrupt signal is generated by the FDC for one 
of the following reasons: 
1) Upon entering the Result Phase o f  

a) Read Data Command 
b) Read a Track Command 
c) Read ID Command 
d) Read Deleted Data Command 
e) Write Data Command 
9 Format a Cylinder Command 
g) Write Deleted Data Command 
h) Scan Commands 

2) Ready Line of FDD changes state 
3) End of Seek or Recalibrate Command 
4) During Execution Phase in the NON-DMA Mode 

Interrupts caused by reasons 1 and 4 above occur 
during normal command operations and are easily 
discernible by the processor. However, interrupts 
caused by reasons 2 and 3 above may be uniquely 
identified with the aid of the Sense Interrupt Status 
Command. This command when issued resets the 
interrupt signal and via bits 5, 6, and 7 of Status 
Register 0 identifies the cause of the interrupt. 

Neither the Seek or Recalibrate Command have a 
Result Phase. Therefore, it is mandatory to use the 
Sense Interrupt Status Command after these com- 
mands to effectively terminate them and to provide 
verification of the head position (PCN). 

Table 11. Seek, Interrupt Codes 

Cause 

Ready Line Changed 
State, Either Polarity 

Seek End Interrupt Code 

Normal Termination 
of Seek or Recalibrate 
Command 

Abnormal Termination 
of Seek or Recalibrate 
Command 

SPECIFY 

The Specify Command sets the intitial values for 
each of the three internal timers. The HUT (Head 
Unload Time) defines the time from the end of the 
Execution Phase of one of the Read/Write Com- 

mands to the head unload state. This timer is pro- 
grammable from 16 to 240 ms in increments of 
16 ms (01 = 16 ms, 02 = 32 ms . . . . OF = 
240 ms). The SRT (Step Rate Time) defines the time 
interval between adjacent step pulses. This timer is 
programmable from 1 to 16 ms in increments of 
1 ms (F = 1 ms, E = 2 ms, D = 3 ms, etc.). The 
HLT (Head Load Time) defines the time between 
when the Head Load signal goes high and when the 
ReadIWrite operation starts. This timer is program- 
mable from 2 to 254 ms in increments of 2 ms (01 = 
2 ms, 02 = 4 ms, 03 = 6 ms . . . . FE = 254 ms). 

The step rate should be programmed 1 ms longer 
than the minimum time required by the drive. 

The time intervals mentioned above are a direct 
function of the clock (CLK on pin 19). Times indicat- 
ed above are for an 8 MHz clock, if the clock was 
reduced to 4 MHt (mini-floppy application) then all 
time intervals are increased by a factor of 2. 

The choice of DMA or NON-DMA operation is made 
by the ND (NON-DMA) bit. When this bit is high 
(ND = 1) the NON-DMA mode is selected, and 
when ND = 0 the DMA mode is selected. 

SENSE DRIVE STATUS 

This command may be used by the processor when- 
ever it wishes to obtain the status of the FDDs. 
Status Register 3 contains the Drive Status informa- 
tion. 

INVALID 

If an invalid command is sent to the FDC (a com- 
mand not defined above), then the FDC will termi- 
nate the command. No interrupt is generated by the 
8272A during this condition. Bit 6 and bit 7 (DIO and 
RQM) in the Main Status Register are both high 
(“I”) indicating to the processor that the 8272A is in 
the Result Phase and the contents of Status Regis- 
ter 0 (STO) must be read. When the processor reads 
Status Register 0 it will find an 80H indicating an 
invalid command was received. 

A Sense Interrupt Status Command must be sent 
after a Seek or Recalibrate interrupt, otherwise the 
FDC will consider the next command to be an Invalid 
Command. 

In some applications the user may wish to use this 
command as a No-Op command, to place the FDC 
in a standby or no operation state. 
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STATUS REGISTER 

D7 Interrupt 
Code 

D6 

D5 SeekEnd 

D4 Equipment 
Check 

Dg Not Ready 

D2 Head 
Address 

0 
IC 07 = 0 and D6 = 0 

Normal Termination of Command, (NT). Command was completed and 
properly executed. 

Abnormal Termination of Command, (AT). Execution of Command was 
started, but was not successfully completed. 

Invalid Command issue, (IC). Command which was issued was never 
started. 

Abnormal Termination because during command execution the ready 
signal from FDD changed state. 
When the FDC completes the SEEK Command, this flag is set to 1 
(high). 
If a fault Signal is received from the FDD, or if the Track 0 Signal fails 
to occur after 77 Step Pulses (Recalibrate Command) then this flag is 
set. 
When the FDD is in the not-ready state and a read or write command 
is issued, this flag is set. If a read or write command is issued to Side 1 
of a single sided drive, then this flag is set. 
This flag is used to indicate the state of the head at Interrupt. 

D7 = 0 and D6 = 1 

D7 = 1 and D6 = 0 

D7 = 1 and 0 6  = 1 

SE 

EC 

NR 

HD 
~~ 

D, 
Do 

D3 
D2 

Unit Select 1 US 1 

Unit Select 0 US 0 
These flags are used to indicate a Drive Unit Number at Interrupt. 

Over Run 

D7 

No Data 

Endof 
Cylinder 

EN When the FDC tries to access a Sector beyond the final Sector of a 
Cylinder, this flag is set. 

OR 

D6 
D5 

ND 

Not used. This bit is always 0 (low). 
When the FDC detects a CRC error in either the ID field or the data 
field, this flag is set. 

DataError DE 

If the FDC is not serviced by the main-systems during data transfers, 
within a certain time interval, this flag is set. 
Not used. This bit always 0 (low). 
During execution of READ DATA, WRITE DELETED DATA or SCAN 
Command, if the FDC cannot find the Sector specified in the IDR 
Register, this flag is set. 

During executing the READ ID Command, if the FDC cannot read the 
ID field without an error, then this flaa is set. 
During the execution of the READ A Cylinder Command, if the starting 
sector cannot be found. then this flaa is set. 
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8272A 

D1 

Do 

Table 12. Status Register (Continued) 

Not 
Writable 

Missing 
Address 
Mark 

NW During execution of WRITE DATA, WRITE DELETED DATA or Format I 
A Cylinder Command, if the FDC detects a write protect signal from the 
FDD, then this flag is set. 
If the FDC cannot detect the ID Address Mark after encountering the 
index hole twice, then this flag is set. 

If the FDC cannot detect the Data Address Mark or Deleted Data 
Address Mark, this flag is set. Also at the same time, the MD (Missing 
Address Mark in Data Field) of Status Register 2 is set. 

MA 

~~ 

Description Bit 

No. 1 Name 1 Symbol 
STATUS REGISTER 1 (Continued) 

D7 

D6 

Not used. This bit is always 0 (low). 

During executing the READ DATA or SCAN Command, if the FDC 
encounters a Sector which contains a Deleted Data Address Mark, this 
flaa is set. 

Control 
Mark 

CM 

WC 

D5 Data Error in ~ DD 

D4 Wrong 

~ _ _ ~  ~ 

Data Field 

Cvlinder 

I , -.s I 

This bit is related with the ND bit, and when the contents of C on the 

l6he FDC detects a CRC error in the data field then this flag IS set. 

medium is different from that stored in the IDR, this flag is set. 

D7 Fault 

D6 Write 
Protected 

Scan Equal 
Hit 

Scan Not 
Satisfied 

Bad 
Cylinder 

Missing 
Address 
Mark in Data 
Field 

SH 

SN 

BC 

During execution, the SCAN Command, if the condition of “equal” is 
satisfied, this flag is set. 

During executing the SCAN Command, if the FDC cannot find a Sector 
on the cylinder which meets the condition, then this flag is set. 

This bit is related with the ND bit, and when the content of C on the 
medium is different from that stored in the IDR and the content of C is 
FF, then this flag is set. 

When data is read from the medium, if the FDC cannot find a Data 
Address Mark or Deleted Data Address Mark, then this flag is set. 

MD 

FT 

WP 

This bit is used to indicate the status of the Fault signal from the FDD. 

This bit is used to indicate the status of the Write Protected signal from 
the FDD. 

Two Side 

Head 
Address 

D5 1 Ready 1 RDY This bit is wed  to indicate the status of the Ready signal from the 1 FDD. 

TS 

HD 

This bit is used to indicate the status of the Two Side signal from the 
FDD. 

This bit is used to indicate the status of Side Select signal to the FDD. 

D4 1 Track0 1 TO 
This bit is used to indicate the status of the Track 0 signal from the 1 FDD. 

D3 

D2 

D1 1 Unit Select 1 1 US 1 This bit is used to indicate the status of the Unit Select 1 signal to the 1 FDD. 
Do I Unit Select 0 1 US 0 This bit is used to indicate the status of the Unit Select 0 signal to the I FDD. 
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ABSOLUTE MAXIMUM RATINGS" 
Operating Temperature . . . . . . . . . . . . .  0°C to + 70°C 
Storage Temperature . . . . . . . . . .  - 40°C to + 125°C 
All Output Voltages . . . . . . . . . . . . . . . .  -- 0.5 to + 7V 
All Input Voltages . . . . . . . . . . . . . . . . . .  - 0.5 to f 7v  
Supply Voltage Vcc . . . . . . . . . . . . . . . .  - 0.5 to + 7V 
Power Dissipation ....................... . l  Watt 
*Tq 25°C 

Test Unit Limits 

Max Conditions 

0.8 V 

Input High Voltage Vcc t 0.5 V 

0.45 v IOL = 2.0 IT~A 

Symbol 

IOH 1 - 400 p A  
.____ 

V 

Input Load Current 10 PA VIN VCC 
- 10 pA VIN = ov . _- 

--__I- 

Output Float 0.45C I VOUT < Vcc 
Leakagecurrent I I 

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

D.C. CHARACTERISTICS TA = 0°C to + ~ W C ,  vCC = + 5~ 10% 

------I---- I--- ---------- CAPACITANCE TA = ~ Y C ,  f ,  = 1 MHz, vcc = OV 

Conditions Parameter 
I Max 

I 1 Symbol 1 
I 

Clock Input Capacitance 20 pF I All Pins Except Pin 
Input Capacitance pF 

Under Test Tied 
to AC Ground 

PF 
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A.C. CHARACTERISTICS TA = 0°C to +70"C, vCC = +5.0V * 10% 

12 ps (Note6) 

3-25 



8272A 

Symbol Parameter 1 Typ(1) I Min I Max I Unit I Notes 

..-.. , I I 

twcy WCK Cycle Time 2o r4  
1 or2 

twnu WCK Hiah Time 250 80 350 

MFM = 0 
ps MFM = 1 (Note2) 

ns 

-- I 

tRDD RDD Active Time (HIGH) 40 ns 

I I 

tus USo, 1 Setup to RWISEEK f 12 

tsu USo, 1 Hold after m / S E E K  4 15 
tnn RWISEEK Setup to LCTIDIR 7 

- 

NOTES 
1. Typical values for TA = 25% and nominal supply voltage. 
2. The former values are used for standard floppy and the latter values are used for mini-floppies. 
3. tSC = 33 1 s  min. is for different drive units. In the case of same unit, t s  can be ranged from 1 ms to 16 ms with 8 MHz 
clock period, and 2 ms to 32 ms with 4 MHz clock, under software control. 
4. From 2.0V to +2.OV. 
5. At 4 MHz, the clock duty cycle may range from 16% to 76%. Using an 8 MHz clock the duty cycle can range from 32% to 
52%. Duty cycle is defined as: D.C. = 100 (~CH + by) with typical rise and fall times of 5 ns. 
6. The specified values listed are for an 8 MHz clock period. Multiply timings by 2 when using a 4 MHz clock period. 

ps (Note6) 

ps (Note6) 

ILS (Note61 
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tDS 

tDST 
tsTn 

- 
RWISEEK Hold from LCTIDIR 30 ps (Note6) 

LCTIDIR Setup to FRISTEP f 1 ps (Note6) 
LCTIDIR Hold from FRISTEP d, 24 ILS (Note61 



iw 8272A 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

210606-7 

A.C. Testing: Inputs are driven at 2.4V for a Logic “1” and 0.45V 
for a Logic “0“. Timing measurements are made at 2.0V for a 
Logic “1” and 0.8V for a Logic “0”. 

A.C. TESTING LOAD CIRCUIT 

DEVICE UNDER 

210606-8 

CL = 100 pF 
CL Includes Jig Capacitance 

WAVEFORMS 

PROCESSOR READ OPERATION 

DATA - - - - - - - - - -!?-= VALID - - - _ _  

D 

INT 

210606-9 
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WAVEFORMS (Continued) 

lROCESSOR WRITE OPERATION 

L 

c 7 

- 
D I T 4  

INT 

210606-10 

DMA OPERATION 

210606-1 1 
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8272A iw 

-IC" c 

L 
CLK 

WAVEFORMS (Continued) 

4 IC" - 
CLOCK TIMING 

FDD WRITE OPERATION 

-twc*+ t--.--tWC" 

L 3  
c 

WRITE CLOCK W C K )  

2 7 
+twt+ +k- 

WRITE ENABLE 
(WE1 

210606-13 

I Preshift 0 I Preshift 1 I 
Normal 
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WAVEFORMS (Continued) 

SEEK OPERATION 

L 
STABLE 

c 

L 
LCT 

DIRECTION 7 

STEP 

21 0606- 1 4 

FAIL UNSAFE RESET 

210606-1 6 
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WAVEFORMS (Continued) 

FDD READ OPERATION 

4 

L - \ 
READ DATA 

WINDOW - 
c 

4 I W W C "  * 
21 0606-1 7 

TERMINAL COUNT RESET 

210606-1 9 
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80286 
High Performance Microprocessor 

with Memory Management and Protection 
(80286-1 2, 80286-1 0,80286-8,80286-6) 

High Performance Processor (Up to  six 
times 8086) 
Large Address Space: - 16 Megabytes Physical - 1 Gigabyte Virtual per Task 
Integrated Memory Management, Four- ' 
Level Memory Protection and Support 
for Virtual Memory and Operating 
Systems 
Two 8086 Upward Compatible 
Operating Modes: - 8086 Real Address Mode - Protected Virtual Address Mode 
Optional Processor Extension: - 80287 High Performance 80-bit 

Numeric Data Processor 
Available in EXPRESS 
-Standard Temperature Range 

' 

Range of clock rates - 12.5 MHz for 80286-12 - 10 MHz for 80286-10 - 8 MHz for 80826-8 
-6 MHz for 80286-6 
Complete System Development 
support: - Development Software: Assembler, 

- In-Circuit-Emulator (ICETM-286) 

High Bandwidth Bus Interface 
(1 2.5 Megabyte/Sec) 
Available in 68 Pin Ceramic LCC 
(Leadless Chip Carrier) and PGA (Pin 
Grid Array) Packages 

PL/M, Pascal, FORTRAN, and System 
Utilities 

(See Packaging Spec., Order 1231369) 

The 80286 is an advanced, high-performance microprocessor with specially optimized capabilities for multiple 
user and multi-tasking systems. The 80286 has built-in memory protection that supports operating system and 
task isolation as well as program and data privacy within tasks. A 10 MHz 80286 provides five times or more 
throughput than the standard 5 MHz 8086. The 80286 includes memory management capabilities that map 230 
(one gigabyte) of virtual address space per task into 224 bytes (16 megabytes) of physical memory. 
The 80286 is upward compatible with 8086 and 88 software. Using 8086 real address mode, the 80286 is 
object code compatible with existing 8086,88 software. In protected virtual address mode, the 80286 is source 
code compatible with 8086, 88 software and may require upgrading to use virtual addresses supported by the 
80286's integrated memory management and protection mechanism. Both modes operate at full 80286 per- 
formance and execute a superset of the 8086 and 88 instructions. 
The 80286 provides special operations to support the efficient implementation and execution of operating 
systems. For example, one instruction can end execution of one task, save its state, switch to a new task, load 
its state, and start execution of the new task. The 80286 also supports virtual memory systems by providing a 
seament-notmesent exception and restartable instructions. 

Figure 1.80286 Internal Block Dlagram 
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iw 80286 

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

P.C. Board Vlewr-As viewed from the component 
side of the P.C. board. 

NOTE 
N.C. signals must not be connected 

rn o - l ( n * n  
,"8 8 6 6 6 6 6 6 

1 

210253-2 

W M  

A I  A2 

C4.n vcc 
R t S n  U 

A4 Is 

A6 A? 

ld A0 
A10 A11 

A l l  113 

210253-3 

be follow' in function 

FIGURE 2.80286 Pln Conflgurrtlon 
Table 1. Pln Dercrlptlon 
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80286 

Symbol 

si, a 

Table 1. Pin Description (Continued) 
Type Name and Function 
0 BUS CYCLE STATUS indicates initiation of a bus cycle and, along with MI@ and COD/ m. defines the type of bus cycle. The bus is in a T, state whenever one or both are LOW, 

9 and are active LOW and float to 3-state OFF during bus hold acknowledge. 

C O D / m  
0 (LOW) 

le Status 
so - M/W I [ 

0 
0 
0 
0 
0 
0 
0 
1 (HIGH) 
1 
1 
1 
1 
1 
1 

Bus Cycle lnltlated 
Interrupt acknowledge 
Will not occur 
Will not occur 
None; not a status cycle 
IF AI = 1 then halt; else shutdown 
Memory data read 
Memory data write 
None; not a status cycle 
Will not occur 
I10 read 
I/O write 
None; not a status cycle 
Will not occur 
Memory instruction read 
Will not occur 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
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1 1 1 1 I None; not a status cycle 
M J ~  

CODJINTA 

m 

READY 

HOLD 

0 MEMORY I/O SELECT distinguishes memory access from I/O access. If HIGH during T,, a 
memory cycle or a halt/shutdown cycle is in progress. If LOW, an I10 cycle or an interrupt 
acknowledge cycle is in progress. M/m floats to 3-state OFF during bus hold acknowledge. 
CODE/INTERRUPT ACKNOWLEDGE distinguishes instruction fetch cycles from memory 
data read cycles. Also distinguishes interrupt acknowledge cycles from I/O cycles. COD/ m floats to 3-state OFF during bus hold acknowledge. Its timing is the same as M / m .  
BUS LOCK indicates that other system bus masters are not to gain control of the system 
bus for the current and the following bus cycle. T h e m  signal may be activated explicitly 
by the “LOCK” instruction prefix or automatically by 80286 hardware during memory XCHG 
instructions, interrupt acknowledge, or descriptor table access. 
floats to 3-state OFF during bus hold acknowledge. 
BUS READY terminates a bus cycle. Bus cycles are extended without limit until terminated 
by LOW. 
times relative to the system clock be met for correct operation. READY is ignored during 

1 bus hold acknowledge. 
I BUS HOLD REQUEST AND HOLD ACKNOWLEDGE control ownership of the 80286 local 

0 

0 

is active LOW and 

I 
is an active LOW synchronous input requiring setup and hold 

I 
HLDA 0 bus. The HOLD input allows another local bus master to request control of the local bus. 

When control is granted, the 80286 will float its bus drivers to 3-state OFF and then activate 
HLDA, thus entering the bus hold acknowledge condition. The local bus will remain granted 
to the requesting master until HOLD becomes inactive which results in the 80286 
deactivating HLDA and regaining control of the local bus. This terminates the bus hold 
acknowledge condition. HOLD may be asynchronous to the system clock. These signals 

INTR I 
are active HIGH. 
INTERRUPT REQUEST requests the 80286 to suspend its current program execution and 
service a pending external request. Interrupt requests are masked whenever the interrupt 
enable bit in the flag word is cleared. When the 80286 responds to an interrupt request, it 



80286 

Pln Valm 
1 (HIGH) 

%state OFF 
0 (LOW) 

Table 1. Pin De8crbtlon (Continued) 

Pln N o m  
a, m. m. A23-AO, m, 
D15-DO 
WE, C O D / m .  HLDA (Note 1) 

vss 
vcc 
CAP 

TYp. 
I 
0 

I 

I 

I 

I 

Name and Functlon 
PROCESSOR EXTENSION OPERAND REOUEST AND ACKNOWLEWE 
extend the memoly management and protectron capabilities of the 80286 to 
processor extensions. The PEREQ input requests the 80286 to perform a 
data operand transfer for a processor extension The output signals 
the processor extension when the requested operand is being transferred 
PEREQ is acttve HIGH and floats to 3-state OFF during bus hold 
acknowledge may be asynchronous to the system clock. is 
active LOW 
PROCESSOR EXTENSION BUSY AND ERROR indicate the o rating 
condhon of a processor extenson to the 80286 An active d i n p u t  stops 
80286 program execubon on WAIT and some ESC instrucbons until 
becomes inactwe (HIGH) The 80286 ma be interrupted while waiting for 

to become inacttve An active input causes the 80286 to 
perform a processor extension interrupt when executtng WAIT or some ESC 
instructtons These inputs are active LOW and may be asynchronous to the 
svstem clock 

SYSTEM RESET clears the internal logic of the 80286 and is active HIGH 
The 80286 may be reinitialized at any time with a LOW to HIGH transition on 
RESET which rematns active for more than 16 system clock cycles Dunng 
RESET actwe the outDut Dins of the 80286 enter the state shown below 

00288 Pin Stat. Durlna R o u t  

SYSTEM QROUND 0 Volts 
SYSTEM POWER + 5 Volt Power Supply 
SUBSTRATE FILTER CAPACITOR a 0 047 pF ? 20% 12V capacitor must 
be connected between this p n  and ground This capacitor filters the output of 
the internal substrate btas generator A maximum DC leakage current of 1 pA 
is allowed through the capacttor 
For correct oporabon of the 80286, the substrate bias generator must charge 
this capaator to its operating vobge The capacitor chargeup time is 5 
mitlkteconds (max ) after Vm and CLK reach t h w  specified AC and DC 
parameters RESET may be applled to prevent epunous a m i t y  by the CPU 
during thls trme After thls bme, the 80288 processor clock can be 
synchronized to another clock by pulsing RESET LOW synchronous to the 
system clock 

NOTE 
1. HLDA is only Law if HOLD is tMCtNB (Low) 
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FUNCTIONAL DESCRIPTION 

Introduction 

The 80286 is an advanced, high-performance micro- 
processor with specially optimized capabilities for 
multiple user and multi-tasking systems. Depending 
on the application, an 8 MHz 80286’s performance 
is up to six times faster than the standard 5 MHz 
8086’s, while providing complete upward software 
compatibility with Intel’s 8086, 88, and 186 family of 
CPU’S. 

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

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

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

80286 BASE ARCHITECTURE 
The 8086, 88, 186, and 286 CPU family all contain 
the same basic set of registers, instructions, and 

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

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

General Registers: Eight 16-bit general purpose 
registers used to contain arithmetic and logical oper- 
ands. Four of these (AX, BX, CX, and DX) can be 
used either in their entirety as 16-bit words or split 
into pairs of separate &bit registers. 

Segment Registers: Four 16-bit special purpose 
registers select, at any given time, the segments of 
memory that are immediately addressable for code, 
stack, and data. (For usage, refer to Memory Organi- 
zation.) 

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

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

BYTE 
ADDRESSABLE 
(&BIT 
REGISTER 
NAMES 
SIIOWN) 

lEBlT SPECIAL 
REGISTER REGISTER 

NAME FUNCTIONS 
CODE SEGMENT SELECTOR 

DATA SEGMENT SELECTOR 

STACK SEGMENT SELECTOR 

EXTFU SEGMENT SELECTOR 

110 INSTRUCTIONS 

CX CH U ] LOOPIY(lFTlREPEAT1CWNT 

BP 

SI 1 INDEX REGISTERS 

DI 

SP ) STACK POINTER 

15 0 

GENERAL 
REGISTERS 

SEGMENT REGISTERS 

I5 0 

STATUS AND CONTROl 

REGISTERS 

Figure 3. Register Set 

3-5 



iw 80280 

_ _ ~  ~ ~~ 

Flgure 3a. Status and Control Reglster Bit Functlono 

Flags Word Description 
The Flags word (Flags) records specific characteris- 
tics of the result of logical and arithmetic instructions 
(bits 0, 2, 4, 6. 7, and 11) and controls the operation 
of the 80286 within a given operating mode (bits 8 
and 9). Flags is a 16-bit register. The function of the 
flag bits is given in Table 2. 

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

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

-Register to Register 
--Memory to Register 
-Immediate to Register 
--Memory to Memory 
--Register to Memory 
-Immediate to Memory 

Table 2. Flag8 Word 811 Functlonr 

T 
7 I SF 

Functlon 

Carry Flag-Set on highorder bit 
any or mow; cleared otherwise 
Parity F1a-t if low-order 8 bits 
of result contain an even number of 
1 -bits: cleared Otherwise 
Set on carry from or borrow to the 
low order four bits of AL; cleared 
otherwise 
Zero Flag-Set if result is zero; 
cleared otherwise 

Sgn Flag-Set equal to hgh-order 
bit of result (0 fi poslbve, 1 fi negatwe) 
Overflow Flag-Set if result is a too- 
large posmve number or a too-small 
negative number (excluding sgen-bt) 
to fit in deSbMbon operand. cleared 
OthWWlse 

Single Step Flag-Once set, a sin- 
gle step interrupt occurs after the 
next instmctmn executes TF is 
cleared by the stngle step intempt 
Interrupt-enable Flag-When set. 
maskable interrupts mll cause the 
CPU to transfer control to an inter- 
rupt vector specmed locabon 
Dtrecbon Flag-Causes stnng 
instrucbons to auto decrement 
the appropnate index registers 
when set Cleanng OF causes 
auto increment 
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INS 

OUTS 

CMPS 

SCAS 

LODS 

STOS 

REP 
REPE/REPZ 
REPNE/REPNZ 

Two-operand instructions (e.9. MOV and ADD) are 
usually three to six bytes long. Memory to memory 
operations are provided by a special class of string 
instructions requiring one to three bytes. For de- 
tailed instruction formats and encodings refer to the 
instruction set summary at the end of this document. 

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

Input bytes or word string 

Output bytes or word stnng 

Compare byte or word stnng 

Scan byte or word stnng 

Load byte or word string 

Store byte or word stnng 

Repeat 
Repeat while equallzero 
Repeat whlle not equal/not zero 

r MOV I Movebvteorword I 
r PUSH I Push wordontostack I 

Pop word off stack 

Push all registers on stack 

Pop all registers from stack 

Exchange byte or word 

Translate byte 

PUSHA 

INPUT/OUTPUT 
Input byte or word 
Output byte or word 

Load effective address 

Load pointer using DS 
Load pointer usrng ES 

ADDRESS OBJECT 

FLAG TRANSFER 
I LAHF I Load AH reaister fromflaas I 
I SAHF I  store^^ reaister in flaas I 
I PUSHF I Push flaas onto stack I 
I POPF I Pooflaosoff stack I 

Flgure 4a. Data Transfer lnstructlons 

MOVS I Move-byte or word string 

Flgure 4b. Arlthmetlc Instructions 

Flgure 4d. Shlfl/Rotate Loglcd lnstructlonr 
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Figure 4e. Program Transfer instructions 

FLAG OPERATIONS 

Set carry flag 

Clear carry flag 

Complement carry flag 

Set direction flag 
Clear direction flaa 

1 STI I Set interrwt enable flaa I 
I CLI I Clear interruDt enable flaa I 
I EXTERNAL SYNCHRONIZATION I 

Halt until interrupt or reset 
Wait for Busy not active 
Escape to extension processor 
Lock bus during next instruction 

NO OPERATION 
No omration 

LOCK 

I EXECUTION ENVIRONMENT CONTROL I 
LMSW I Load machine status word 
SMSW I Store machine status word 

Figure 41. Processor Control lnrtructlonr 

I ENTER I Format stack for orocedure entw I 
I LEAVE I Restore stack for orocedure exit I 
I BOUND 1 Detects values outside Drescnbed ranae I 

Memory Organization 
Memory is organized as sets of variable length seg- 
ments Each segment IS a linear contiguous se- 
quence of up to 64K (216) &bit bytes Memory IS 
addressed using a two component address (a point- 
er) that consists of a 16-bit segment selector, and a 
16-bit offset The segment selector indicates the de- 
sired segment in memory The offset component in- 
dicates the desired byte address within the segment 

Figure 4g. High Level instructlonr Figure 5. Two Component Address 
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Memory 
Reference Needed 

Segment Reglster lmpllclt Segment 
Used Selectlon Rule 

I Instructions I Code(CS) 1 Automatic with instruction mefetch I 

Local Data 

External (Global) Data 

I Stack 
Data (DS) 

Extra (ES) 

All data references except when relative to stack or 
stnng destination 

I All stack pushes and pops. Any memory reference which uses BP 
as a base reaister. 

All instructions that address operands in memory 
must specify the segment and the offset. For speed 
and compact instruction encoding, segment selec- 
tors are usually stored in the high speed segment 
registers. An instruction need specify only the de- 
sired segment register and an offset in order to ad- 
dress a memory operand. 

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

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

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

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

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

the dlrplacement (an 8 or 16-bit immediate val- 
ue contained in the instruction) 
the ba8e (contents of either the a X  or BP base 
registers) 

r - - -1  
I I  

I I  I i  

21 0253-6 

~~ ~ 

Flgure 6. Segmented Memory Helps 
Structure Software 

the Index (contents of either the SI or DI index 
registers) 

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

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

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

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

Bebed Mode: The operand's offset is the sum of an 
8 or 16-bit displacement and the contents of a base 
register (BX or BP). 
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Indexed Mode: The operand's offset IS the sum of 
an 8 or 16-bit displacement and the contents of an 
index reqister (SI or DI) 

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

Based indexed Mode with Displacement: The op- 
erand's offset is the sum of a base register's con- 
tents, an index register's contents, and an 8 or 16-bit 
displacement 

Data Types 
The 80286 directly supports the following data 
types: 
Integer: 

Ordinal: 

Pointer: 

String: 

ASCII: 

BCD: 

Packed BCD: 

A signed binary numeric value con- 
tained in an 8-bit byte or a 16-bit 
word. All operations assume a 2's 
complement representation. Signed 
32 and 64-bit integers are supported 
using the Numeric Data Processor, 
the 80287. 
An unsigned binary numeric value 
contained in an &bit byte or 16-bit 
word. 
A 32-bit quantity, composed of a 
segment selector component and an 
offset component. Each component 
is a 16-bit word. 
A contiguous sequence of bytes or 
words. A string may contain from 1 
byte to 64K bytes. 
A byte representation of alphanu- 
meric and control characters using 
the ASCII standard of character rep- 
resentation. 
A byte (unpacked) representation of 
the decimal digits 0-9. 
A byte (packed) representation of 
two decimal digits 0-9 storing one 
digit in each nibble of the byte. 

Floating Point: A signed 32, 64, or 80-bit real num- 
ber representation. (Floating point 
operands are supported using the 
80287 Numeric Processor). 

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

either an &bit port address, specified in the instruc- 
tion, or a 16-bit port address in the DX register. 8-bit 
port addresses are zero extended such that A15-Ae 
are LOW. I /O port addresses OOFB(H) through 
OOFF(H) are reserved. 

.-b.funmvmwr*oln-yvrn 

210253-7 

Flgure 7.80286 Supported Data fyper 

I/O Space 
The I10 space consists of 64K 8-bit or 32K 16-bit 
ports. I/O instructions address the I10 space with 
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Single step interrupt 

NMI interrupt 

Table 4. Interrupt Vector Assignments 

1 All 

2 INT 2 or NMI pin 

Doer Return Address 
Point to lnstructlon 
Causlna EXCeDtlOn? 

Related 
ctlonr 

Breakpoint interrupt 

INTO detected overflow exception 

1 Divide error exception 1 0 1 DIV, IDlV I Yes I 

3 INT3 

4 INTO No 
~ 

BOUND range exceeded exception 5 BOUND Yes 

Invalid oDcode excmtion 6 Anv undefined occode Yes 
~~ 

Processor extension not available exception 7 ESC or WAIT Yes 

r ProC8SsOrextensioierror interrupt 1 16 I ESCorWAlT I I 
I Intel reserved-do not use I 17-31 I I I 

User defined ~ 1 32-255 I I I 
~~ ~ ~~ 

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

A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. In- 
terrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. For each interrupt. an 
8-bit vector must be supplied to the 80286 which 
identifies the appropriate table entry. Exceptions 
supply the interrupt vector internally. INT instructions 
contain or imply the vector and allow access to all 
256 interrupts. Maskable hardware initiated inter- 
rupts supply the &bit vector to the CPU during an 
intempt acknowledge bus sequence. Non-maska- 
ble hardware Interrupts use a predefined internally 
supplied vector. 

MASKABLE INTERRUPT (INTR) 

The 80286 provides a maskable hardware interrupt 
r9ouest pin, INTR. Software enables this input by 

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

Further maskable interrupts are drsabled while serv- 
icing an interrupt by resetting the IF but as part of 
the response to an interrupt or exception The saved 
flag word will reflect the enable status of the proces- 
sor prior to the interrupt. Until the flag word is re- 
stored to the flag register, the interrupt flag will be 
zero unless specifically set The interrupt return in- 
struction includes restoring the flag word, thereby 
restoring the original status of IF 

NON-MASKABLE INTERRUPT REQUEST (NMI) 

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

While executing the NMI servicing procedure, the 
80286 will service neither further NMI requests, 
INTR requests, nor the processor extension seg- 
ment overrun interrupt until an interrupt return (IRET) 
instruction is executed or the CPU is reset. If NMI 
occurs while currently servicing an NMI, its presence 
will be saved for servicing after executing the first 
IRET instruction. IF is cleared at the beginning of an 
NMI interrupt to inhiblt INTR interrupts. 
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Poaltlon 
0 

1 

- - _. 
2 

3 

SINGLE STEP INTERRUPT 

The 80286 has an internal interrupt that allows pro- 
grams to execute one instruction at a time It is 
called the single step interrupt and is controlled by 
the single step flag bit (TF) in the flag word Once 
this bit is set, an internal single step interrupt will 
occur after the next 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 

Functlon 

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

MP Monitor processor extension allows 
WAIT instructions to cause a processor 
extension not present exception 
(number 7) 

Emulate processor extension causes a 
processor extension not present 
exception (number 7) on E X  
instrucbons to allow emulating a 
processor extension 
Task switched indicates the next 
instrucbon using a processor extension 
will cause exception 7, allowing software 
to test whether the current processor 
extension context belongs to the current 
task 

EM 

TS 

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

Table 5. Interrupt Procerrlng Order 

4 1 Processor extension segment overrun 
5 1 INTR 
6 1 INT instrucbon ] 

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

Table 6. 80286 lnitlal Register State after RESET 

Machine Status Word 
Instruction pointer FFFO(H) 
Code segment FOOO(H) 
Data segmen! OOOO(H) 
Extra segment OOOO(H) 
Sfack seatnent 

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

Table 8. Recommended MSW Encodlngr For Processor Extendon Control 
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Halt 
The HLT instruction stops program execution and 
prevents the CPU from using the local bus until re- 
started. Either NMI, INTA with IF = 1, or RESET will 
force the 80286 out of halt. If interrupted, the saved 
CS:IP will point to the next instruction after the HLT. 

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

Memory Size 
Physical memory is a contiguous array of up to 
1,048,576 bytes (onEegabyte) addressed by pins 
A,J through A19 and BHE. A20 through A23 should be 
ignored. 

Memory Addressing 
In real address mode physical memory is a contigu- 
ous array of up to 1,048,576 bytes (one me abyte) 
addressed by pins A0 through A19 and d. Ad- 
dress bits A20-A23 may not always be zero in real 
mode. A20-A23 should not be used by the system 
while the 80286 is operating in Real Mode. 

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

All segments in real address mode are 64K bytes in 
size and may be read, written, or executed. An ex- 
ception or interrupt can occur if data operands or 
instructions attempt to wrap around the end of a 
segment (8.g. a word with its low order byte at offset 
FFFF(H) andits high order byte at offset OOOO(H). If, 
in real address mode, the information contained in a 
segment does not use the full 64K bytes, the unused 
end of the segment may be overlayed by another 
segment to reduce physical memory requirements. 

Reserved Memory Locations 
The 80286 reserves two fixed areas of memoty in 
real address mode (see Figure 9); system initializa- 

tion area and interrupt table area. Locations from 
addresses FFFFO(H) through FFFFF(H) are re- 
served for system initialization. Initial execution be- 
gins at location FFFFO(H). Locations OOOOO(H) 
through OOSFF(H) are reserved for interrupt vectors. 

C '  I 

pi bi SEGMENT 
SELECTOR ADDRESS 

I \ ADDER 

T 
19 0 

20-BIT PHYSICAL 
MEMORY ADDRESS 

210253-8 

Figure 8.8086 Real Address Mode 
Address Calculatlon 

FFFFFH 

INTERRUPT POINTER 

RnIM u):P ULUE IS FWFFFO. 
21 0253 -9 

Flgure 9.8086 Real Address Mode Inltlally 
Rererved Memory Locations 
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Interrupt Related 
Number Instructlons Function 

InterruDt table limit too small exceDtion 8 INT vector is not within table limit 

Return Address 
Before Instruction? 

Yes 

I No I ESC with memory operand extend- 1 9 1  inq beyond offset FFFF(H) 
E t & G n s i O " s e g i e n t  overrun 

~ ~~ ~ 

Segment overrun exception 13 Word memory reference with offset Yes 
= FFFF(H) or an attempt to exe- 
cute past the end of a segment 

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

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

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

Exceptions 8 or 13 happen and the IDT limit does 
not include the interrupt vector. 
A CALL INT or PUSH instruction attempts to wrap 
around the stack segment when SP is not even. 

An NMI input can bring the CPU out of shutdown if 
the IDT limit is at least 000F(H) and SP is greater 
than 0005(H), otherwise shutdown can only be exit- 
ed via the RESET input. 

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

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

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

Memory Slze 
The protected mode 80286 provides a 1 gigabyte 
virtual address space per task mapped into a 16 
megabyte physical address s ace defined by the ad- 
dress pin A23-b and d The virtual address 
space may be larger than the physical address 
space since any use of an address that does not 
map to a physical memory location will cause a re- 
startable exception. 

Memory Addressing 
As in real address mode, protected mode uses 32- 
bit pointers, consisting of 16-bit selector and offset 
components. The selector, however, spectfies an in- 
dex into a memory resident table rather than the up- 
per 16-bits of a real memory address. The 24-bit 
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base address of the desired segment is obtained 
from the tables in memory. The 16-bit offset is add- 
ed to the segment base address to form the physical 
address as shown in Figure 10. The tables are auto- 
matically referenced by the CPU whenever a seg- 
ment register is loaded with a selector. All 80286 
instructions which load a segment register will refer- 
ence the memory based tables without additional 
software. The memory based tables contain 8 byte 
values called descriptors. 

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

CCU 

r a m n  w1 

i" 
210253- 10 

:igure 10. Protected Mods Memory Addressing 

Type 
Field 
Deflnltlon 

Blt 
Porltlon 
7 

6-5 

4 

3 
2 

1 

0 

Name 

Accessed (A) 

r 

CODE AND DATA SEGMENT DESCRIPTORS 

Besides segment base addresses, code and data 
descriptors contain other segment attributes includ- 
ing segment size (1 to 64K bytes), access rights 
(read only, readlwrite, execute only, and execute/ 
read), and presence in memory (for virtual memory 
systems) (See Figure 11) Any segment usage vio- 
lating a segment attribute indicated by the segment 
descriptor will prevent the memory cycle and cause 
an exception or interrupt 

Code or Data Seament Descriptor 

(S = 1) 

1 LIYITICO 
1 

s 1 7  0 

210253- 1 1 I 'Must be set lo 0 for compatibility mth 80386 

Access Riahts Byte Definition 

Present (P) 

Descriptor Pnvilege 
Level (DPL) 
Segment Descrip- 
tor (S) 
Executable (E) 
Expanslon Direc- 
tion (ED) 
Wnteable (w) 

Executable (E) 
Conforming (C) 

Readable (R) 

- -  
I 

Functlon 

P = 1 
P = 0 

Segment is mapped into physical memory 
No mapping to physical memory exits. base and limit are 

Segment privilege attribute used in privilege tests 

Code or Data (includes stacks) segment descriptor 
System Segment Descnptoc or Gate Descriptor 
Data segment descriptor type is 
Expand up segment, offsets must be < limit 

not used 

S = 1 
S = 0 
E = 0 
ED = 0 
ED = 1 Expand down segment. offsets must be > limit I k m e n t  
W = 0 
W = 1 

E = 1 
C = 1 

Data segment may not be written into (S = 1. 
E = 0) Data segment may be wnnen into 

Code Segment Descriptor type IS 
Code segment may only be executed 
when CPL L DPL and CPL 
remains unchanged 
Code segment may not be read 
Code segment may be read 
Segment has not been acceswd 
Segment selector has been loaded into segment register 
or used by selector test instrucbons 

(S = 1. 
E = 1)  

R = 0 
R = 1 

A = 0 
A = 1 

Figure 11. Code and Data Segment Descrlptor Formats 
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Name Value 
TYPE 1 

2 
3 

Code and data (including stack data) are stored in 
two types of segments: code segments and data 
segments. Both types are identified and defined by 
segment descriptors (S = 1). Code segments are 
identified by the executable (E) bit set to 1 in the 
descriptor access rights byte. The access rights byte 
of both code and data segment descriptor types 
have three fields in common: present (P) bit, De- 
scriptor Privilege Level (DPL), and accessed (A) bit. 
If P = 0, any attempted use of this segment will 
cause a not-present exception. DPL specifies the 
privilege level of the segment descriptor. DPL con- 
trols when the descriptor may be used by a task 
(refer to privilege discussion below). The A bit shows 
whether the segment has been previously accessed 
for usage profiling, a necessity for virtual memory 
systems. The CPU will always set this bit when ac- 
cessing the descriptor. 

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

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

SYSTEM SEGMENT DESCRIPTORS (S = 0, 

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

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

TYPE = 1-3) 

Dercrlptlon 
Available Task State Segment (TSS) 
Local Descriptor Table 
Busv Task State Seament CTSS) 

tor may be used (see Privilege). Since the Local De- 
scriptor Table descriptor may only be used by a spe-' 
cia1 privileged instruction, the DPL field is not used. 
Bit 4 of the access byte is 0 to indicate that it is a 
system control descriptor. The type field specifies 
the descriptor type as indicated in Figure 12. 

System Segment Descrlptor 
1 

IWTU ncstmm. 

1 UYn,CO 
1 

I I .  

210253- 12 
'Must be set to 0 lor compatibility wtlh 80386 

Descriptor contents are not valid I ? I Descrioto: contentsarevalid I 

number 

Figure 12. Syrtem Segment De8crlptor Format 

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

Gates are used to control access to entry points 
within the target code segment The gate descrip- 
tors are call gates, task gates, interrupt gates and 
trap gates Gates provide a level of indirection be- 
tween the source and destination of the control 
transfer This indirection allows the CPU to automati- 
cally perform protection checks and control entry 
point of the destination Call gates are used to 
change privilege levels (see Privilege). task gates 
are used to perform a task switch. and interrupt and 
trap gates are used to specify interrupt service rou- 
tines The interrupt gate disables interruDts (resets 
IF) while the trap gate does not 

Gate Deacrlptor 
I 

I oLaIwTD* W F ~ 1 , S O  0 
1 * I ?  D 

21 0253- I3 
'Mual be eel to 0 IN cornpalibility mlh 80386 (X IS don 1 care) 
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Gate Descriptor Fields 
I Name I Value 
I 1 4  

COUNT 

Deacrlotlon 
-Call Gate 
-Task Gate 
-Interrupt Gate 
-Trap Gate 
-Descriptor Contents are no 
valid 
-Descriptor Contents are 
valid 
Descriptor Privilege Level 
Number of words to copy 
from callers stack to called 
procedures stack Only used 
with call gate. 
Selector to the target code 
segment (Call, Interrupt or 
Trap Gate) 
Selector to the target task 
state segment (Task Gate) 
Entry point within the target 
code seament 

Flgure 13. Gate Descriptor Format 

Figure 13 shows the format of the gate descriptors. 
The descriptor contains a destination pointer that 
points to the descriptor of the target segment and 
the entry point offset. The destination selector in an 
interrupt gate, trap gate, and call gate must refer to a 
code segment descriptor. These gate descriptors 
contain the entry point to prevent a program from 
constructing and using an illegal entry point. Task 
gates may only refer to a task state segment. Since 
task gates invoke a task switch, the destination off- 
set is not used in the task gate. 

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

The access byte format is the same for all gate de- 
scriptors. P = l indicates that the gate contents are 
valid. P = 0 indicates the contents are not valid and 
awes exception 11 if referenced. DPL is the de- 

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

SEGMENT DESCRIPTOR CACHE REGISTERS 
A segment descriptor cache register is assigned to 
each of the four segment registers (CS, SS. DS, ES). 
Segment descriptors are automatically loaded 
(cached) into a segment descriptor cache register 
(Figure 14) whenever the associated segment regis- 
ter is loaded with a selector. Only segment descrip- 
tors may be loaded into segment descriptor cache 
registers. Once loaded, all references to that seg- 
ment of memory use the cached descriptor informa- 
tion instead of reaccessing the descriptor. The de- 
scriptor cache registers are not visible to programs. 
No instructions exist to store their contents. They 
only change when a segment register is loaded. 

SELECTOR FIELDS 
A protected mode selector has three fields: descrip- 
tor entry index, local or global descriptor table indi- 
cator (TI), and selector privilege (RPL) as shown in 
Figure 15. These fields select one of two memory 
based tables of descriptors, select the appropriate 
table entry and allow highspeed testing of the selec- 
tor’s privilege attribute (refer to privilege discussion 
below). 

Figure 14. Descriptor Cache Reglrterr 
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LOCAL AND GLOBAL DESCRIPTOR TABLES 
Two tables of descriptors, called descriptor tables, 
contain all descriptors accessible by a task at any 
given time. A descriptor table is a linear array of up 
to 8192 descriptors. The upper 13 bits of the selec- 
tor value are an index into a descriptor table. Each 
table has a 24-bit base register to locate the descrip- 
tor table in physical memory and a 16-bit limit regis- 
ter that coilline descriptor access to the defined lim- 
its of the table as shown in Figure 16. A restartable 
exception (13) will occur if  an attempt is made to 
reference a descriptor outside the table limits. 

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

210253-1 6 

Flgum 16. Local and Global 
Descriptor Table Deflnltlon 

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

base address and limit for an LDT, as shown in Fig- 
ure 12. 

+ -1 + 4  

+3 r 2  

+ l  L M I M  

I 'Must be set to 0 for compatibility wth 80386 

I l o  
1s 0 7  

210253- 17 

Flgure 17. Global Descriptor Table and Interrupt 
Descriptor Table Data Type 

INTERRUPT DESCRIPTOR TABLE 
The protected mode 80286 has a third descriptor 
table, called the Interrupt Descriptor Table (IDT) 
(see Figure le), used to define up to 256 interrupts. 
It may contain only task gates, interrupt gates and 
trap gates. The IDT (Interrupt Descriptor Table) has 
a 24-bit physical base and 16-bit limit register in the 
CPU. The privileged LlDT instruction loads these 
registers with a six byte value of identical form to 
that of the LGDT instruction (see Figure 17 and Pro- 
tected Mode Initialization). 
I 1 

Flgure 18. Interrupt Descriptor Table Definition 

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

Privilege 
The 80286 has a four-level hierarchical privilege sys- 
tem which controls the use of privileged instructions 
and access to descriptors (and their associated seg- 
ments) within a task. Four-level privilege, as shown 
in Figure 19. is an extension of the userlsupervisor 
mode commonly found in minicomputers. The privi- 
lege levels are numbered 0 through 3. Level 0 is the 
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most privileged level Privilege levels provide protec 
tion within a task (Tasks are isolated by providing 
private LDT's for each task ) Operating system rou- 
tines. interrupt handlers, and other system software 
can be included and protected within the virtual ad- 
dress space of each task using the four levels of 
pnvilege Each task in the system has a separate 
stack for each of its prMlege levels 

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

TASK PRIVILEGE 
A task always executes at one of the four privilege 
levels The task privilege level at any specific instant 
is called the Current Privilege Level (CPL) and is de- 
fined by the lower two bits of the CS register CPL 
cannot change dunng execubon in a single code 
segment A task's CPL may only be changed by con- 
trol transfers through gate descriptors to a new code 
segment (See Control Transfer) Tasks begin exe- 
cuting at the CPL value specified by the code seg- 
ment selector within TSS when the task is initiated 
via a task swttch operation (See Figure 20) A task 
executing at Level 0 can access all data segments 
defined in the GDT and the task's LDT and is con- 
sldered the most trusted level A task executing a 
Level 3 has the most restricted access to data and is 
considered the least trusted level 

DESCRIPTOR PRIVILEGE 
Descriptor privilege is specified by the Descriptor 
Pnvilege Level (DPL) field of the descriptor access 
byte DPL specifies the least trusted task privilege 
level (CPL) at which a task may access the descrip- 

tor. Descriptors with DPL = 0 are the most protect- 
ed. Only tasks executing at privilege level 0 
(CPL = 0) may access them. Descriptors with DPL 
= 3 are the least protected (ie. have the least re- 
stricted access) since tasks can access them when 
CPL = 0, 1 ,  2, or 3. This rule applies to all descrip- 
tors, except LDT descriptors. 

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

Descriptor Access and Privilege 
Validation 
Determining the ability of a task to access a seg- 
ment involves the type of segment to be accessed, 
the instruction used, the type of descriptor used and 
CPL. RPL. and DPL The two basic types of segment 
accesses are control transfer (selectors loaded into 
CS) and data (selectors loaded into DS. ES or SS) 

DATA SEGMENT ACCESS 
Instructions that load selectors into DS and ES must 
refer to a data segment descnptor or readable code 
segment descriptor The CPL of the task and the 
RPL of the selector must be the same as or more 
privileged (numencally equal to or lower than) than 
the descriptor DPL In general, a task can only ac- 
cess data segments at the same or less privileged 
levels than the CPL or RPL (whichever is numerically 
higher) to prevent a program from accessing data it 
cannot be trusted to use 

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

If the privilege checks fail (e g DPL is numencally 
less than the maximum of CPL and RPL) or an incor- 
rect type of descriptor is referenced (e g gate de- 
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lntersegment within the same pnvilege level 
Intersegment to the same or higher pnvilege level Interrupt 
mthin task may change CPL 

_ _ _ _ ~  
Intersegment to a lower pnvllege level (changes task CPL) 

Task Swttch 

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

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

JMP. CALL, RET, IRET' Code Segment GDTlLDT 
CALL Call Gate GDTlLDT 
Interrupt Instruction. Trap or IDT 
Exception. External Interrupt 
Interrupt Gate 
RET, IRET' Code Segment GDTlLDT 
CALL, JMP Taskstate GDT 

CALL, JMP Task Gate GDTlLDT 
IRET" 

Segment 

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

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

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

When a JMP or CALL references a Task State Seg- 
ment descriptor, the descriptor DPL must be the 
same or less privileged than the task's CPL Refer- 

Interrupt Instruction. 
Exceptlon. External 
Interrupt 

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

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

The privilege rules on control transfer require 

Task IDT 

JMP or CALL direct to a code segment (code 
segment descriptor) can only be to a conforming 
segment with DPL of equal or greater privilege 
than CPL or a non-conforming segment at the 
same privilege level 
interrupts within the task or calls that may 
change privilege levels, can only transfer control 
through a gate at the same or a less privileged 
level than CPL to a code segment at the same or 
more pnvileged level than CPL 
return instructions that don't switch tasks can 
only return control to a code segment at the 
same or less privileged level 
task switch can be performed by a call, jump or 
interrupt which references either a task gate or 
task state segment at the same or less privileged 
level 

Interrupt Instruction. 
Exceptlon. External 
Interrupt 

Task IDT 
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INS, IN, OUTS, OUT, STI. CLI, 
LOCK 

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

When returning to the original privilege level, its 
stack is restored as part of the RET or IRET instruc- 
tion operation. For subroutine calls that pass param- 
eters on the stack and cross privilege levels, a fixed 
number of words, as specified in the gate, are cop- 
ied from the previous stack to the current stack. The 
inter-segment RET instruction with a stack adjust- 
ment value will correctly restore the previous stack 
pointer upon return. 

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

Restricted usage of segments (8.g. no write al- 
lowed to read-only data segments). The only seg- 
ments available for use are defined by descrip- 
tors in the Local Descriptor Table (LDT) and 
Global Descriptor Table (GDT). 
Restricted access to segments via the rules of 
privilege and descriptor usage. 
Privileged instructions or operations that may 
only be executed at certain privilege levels as de- 
termined by the CPL and I/O Privilege Level 
(IOPL). The IOPL is defined by bits 14 and 13 of 
the flag word. 

These checks are performed for all instructions and 
can be split into three categories: segment load 
checks (Table 1 l), operand reference checks (Table 
12), and privileged instruction checks (Table 13). 
Any violation of the rules shown will result in an ex- 
ception. A not-present exception related to the stack 
segment causes exception 12. 

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

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

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

CPL > 0. 

Table 11 
Segment Register Load Checks 

Exceptlon 

Invalid descriptorlsegment type seg- 
ment register load: 

-Read only data segment load to 

-Special Control descriptor load to 

-Execute only segment load to 

-Data segment load to CS 
-Read/Execute code segment 

1 DS, ss ES, SS 1 13 

DS, ES, SS 

load to SS 

Table 12. Operand Reference Checks 

I Exceptlon 
Number Error Description 

Write into code segment 
Read from execute-only code 
segment 
Write to read-only data segment 
Segment limit exceeded' 12or 13 

NOTE 
Carry out in offset calculations is ignored. 

Table 13. Privileged Instruction Checks 

ErrLDescrlptlon I Exception Number 
CPL # 0 when executing the following I instructions: I 4 "  

I *  LIDT, LLDT, LGDT, LTR, LMSW, 
CTS, HLT 

CPL > IOPL when executing the fol- 

EXCEPTIONS 
The 80286 detects several types of exceptions and 
interrupts, in protected mode (see Table 14). Most 
are restartable after the exceptional condition is re- 
moved. Interrupt handlers for most exceptions can 
read an error code, pushed on the stack after the 
return address, that identifies the selector involved 
(0 if none). The return address normally points to the 
failing instruction, including all leading prefixes. For a 
processor extension segment overrun exception, 
the return address will not point at the ESC instruc- 
tion that caused the exception; however, the proces- 
sor extension registers may contain the address of 
the failing instruction. 
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2::; 
Functlon At Fallhg 

Instructlon? 

Intmrrupt 
VWtW 

8 Double exception detected Yes 
S Processor extension segment overrun No 

10 Invalid task state segment Yes 
11 Segment not present Yes 
12 Stack segment overrun or stack segment not present Yes 
13 General protection Yes 

Always Error 

R:::r oAt:k7 
N02 Yes 
N02 No 
Yes Yes 
Yes Yes 
Yes1 Yes 
N02 Yes 

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

All these checks are performed for all instructions 
and can be split into three categories: segment load 
checks (Table 1 l),  operand reference checks (Table 
12), and privileged instruction checks (Table 13). 
Any violation of the rules shown will result in an ex- 
ception. A not-present exception causes exception 
11 or 12 and is restartable. 

Special Operations 

TASK SWITCH OPERATION 

The 80286 provides a built-in task switch operation 
which saves the entire 80286 execution state (regis- 
ters, address space, and a link to the previous task), 
loads a new execution state, and commences exe- 
cution in the new task. Like gates, the task switch 
operation is invoked by executing an inter-segment 
JMP or CALL instruction which refers to a Task 
State Segment (TSS) or task gate descriptor in the 
GOT or LOT. An INT n instruction, exception, or ex- 
ternal interrupt may also invoke the task switch op- 
eration by selecting a task gate descriptor in the as- 
sociated IDT descriptor entry. 

The TSS descriptor points at a segment (see Figure 
20) containing the entire 80286 execution state 
while a task gate descriptor contains a TSS selector. 
The limit field of the descriptor must be >002B(H). 

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

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

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

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

PROCESSOR EXTENSION CONTEXT 
SWITCHING 
The context of a processor extension (such as the 
80287 numerics processor) is not changed by the 
task switch operation. A processor extension con- 
text need only be changed when a different task at- 
tempts to use the processor extension (which still 
contains the context of a previous task). The 80286 
detects the first use of a processor extension after a 
task switch by causing the processor extension not 
present exception (7). The interrupt handler may 
then decide whether a context change is necessary. 

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

The 80286 provides several instructions to speed 
pointer testing and consistency checks for maintain- 
ing system integrity (see Table 15). These instruc- 

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

- STATE 
SEoWNT 

TASK ItLOISTER 

r - - - - - - - - -  
~ A M I w y I s l 8 L E  

I =  
L - - -  

Figure 20. Task State Segment and TSS Reglsters 
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Table 15.80286 Polnter Test Instructions 
Instruction 
ARPL 

VERR 

VERW 

LSL 

I A R  

Operanda 
Selector, 
Register 

Selector 

Selector 

Register, 
Selector 

Register, 
Selector 

Functlon 
Adjust Requested Privilege 
Level: adjusts the RPL 01 
the selector to the numeric 
maximum of current selec. 
tor RPL value and the RPL 
value in the register. Sel 
zero flag if selector RPL 
was changed by ARPL. 
VERify for Read: sets the 
zero flag if the segment re- 
ferred to by the selector 
can be read. 
VERify for Write: sets the 
zero flag if the segment re- 
ferred to by the selector 
can be written. 
Load Segment Limit: reads 
the segment limit into the 
register if privilege rules 
and descriptor type allow. 
Set zero flag if successful. 
Load Access Rights: reads 
the descriptor access 
rights byte into the register 
if privilege rules allow. Set 
zero flag if successful. 

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

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

Protected mode operation requires several registers 
to be initialized. The GDT and IDT base registers 
must refer to a valid GDT and IDT. After executing 
the LMSW instruction to set PE, the 80286 must im- 

mediately execute an intra-segment JMP instruction 
to clear the instruction queue of instructions decod- 
ed in real address mode. 

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

SYSTEM INTERFACE 
The 80286 system interface appears in two forms: a 
local bus and a system bus. The local bus consists 
of address, data, status, and control signals at the 
pins of the CPU. A system bus is any buffered ver- 
sion of the local bus. A system bus may also differ 
from the local bus in terms of coding of status and 
control lines and/or timing and loading of signals. 
The 80286 family includes several devices to gener- 
ate standard system buses such as the IEEE 796 
standard MULTIBUS. 

Bus Interface Signals and Timing 
The 80286 microsystem local bus interfaces the 
80286 to local memory and I10 components. The 
interface has 24 address lines, 16 data lines, and 8 
status and control signals. 

The 80286 CPU, 82284 clock generator, 82288 bus 
controller, 82289 bus arbiter, tranceivers, and latch- 
es provide a buffered and decoded system bus inter- 
face. The 82284 generates the system clock and 
synchronizes READY and RESET. The 82288 con- 
verts bus operation status encoded by the 80286 
into command and bus control signals. The 82289 
bus arbiter generates Multibus bus arbitration sig- 
nals. These components can provide the timing and 
electrical power drive levels required for most sys- 
tem bus interfaces including the Multibus. 

Physical Memory and I/O Interface 
A maximum of 16 megabytes of physical memory 
can be addressed in protected mode. One mega- 
byte can be addressed in real address mode. Memo- 
ry is accessible as bytes or words. Words consist of 
any two consecutive bytes addressed with the least 
significant byte stored in the lowest address. 

Byte transfers occur on either half of the 16-bit local 
data bus. Even bytes are accessed over D7-0 while 
odd bytes are transferred over 015-8. Even-ad- 
dressed words are transferred over D15-0 in one 
bus cycle, while odd-addressed word require two 
bus operations. The first transfers data on Dl5-8, 
and the second transfers data on D7-0. Both byte 
data transfers occur automatically, transparent to 
software. 
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Two bus signals, A0 and m, control transfers over 
the lower and upper halves of the data bus. Even 
address byte transfers are indicated by A0 LOW and 
BHE HIGH. Odd address byte transfers are indicat- 
ed by HIGH and LOW. Both A0 and are 
LOW for even address word transfers. 

The I10 address space contains 64K addresses in 
both modes. The I/O space is accessible as either 
bytes or words, as is memory. Byte wide peripheral 
devices may be attached to either the upper or lower 
byte of the data bus. Byte-wide I/O devices attached 
to the upper data byte (D15-8) are accessed with 
odd I/O addresses. Devices on the lower data byte 
are accessed with even I10 addresses. An interrupt 
controller such as Intel's 8259A must be connected 
to the lower data byte (D7-0) for proper return of the 
interrupt vector. 

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

\ 
210253-21 
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CLKCYCLE -4 

~~ 

Figure 21. System and Processor 
Clock Relatlonshlps 

Six types of bus operations are supported; memory 
read, memory write, I10 read, I10 write, interrupt ac- 
knowledge, and haWshutdown. Data can be trans- 
ferred at a maximum rate of one word per two proc- 
essor clock cycles. 
The 80286 bus has three basic states: idle (T,), send 
status (Td, and perform command (Tc). The 80286 
CPU also has a fourth local bus state called hold 
(Th). Th indicates that the 80286 has surrendered 
control of the local bus to another bus master in 
response to a HOLD request. 

Each bus state is one processor clock long. Figure 
22 shows the four 80286 local bus states and al- 
lowed transitions. 

m- m CVCLl 
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Flgure 22.80286 Bus States 

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

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

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

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

The timing of the address outputs is pipelined such 
that the address of the next bus operation becomes 
available during the current bus operation. Or in oth- 
er words, the first clock of the next bus operation is 
overlapped with the last clock of the current bus o p  
eration. Therefore, address decode and routing logic 
can operate in advance of the next bus operation. 
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External address latches may hold the address sta- 
ble for the entire bus operation, and provide addi- 
tional AC and DC buffering. 

Flgure 23. Bask Bus Cycle 

Command Timing Controls 

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

Bus Control Signals 
The 82288 bus controller provides control signals; 
address latch enable (ALE), R_ead/Write commands, 
data transmithceive (DT/R), and data enable 
(DEN) that control the address latches, data trans- 
ceivers, write enable, and output enable for memory 
and 110 systems. 

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

The data bus transceivers are controtled by 82288 
outputs Data Enable (DEN) and Data TransmWRe- 
ceive (DTIR). DEN enables the data transceivers; 
while_ DT/R controls tranceiver direction. DEN and 
DT/R are timed to prevent bus contention between 
the bus master, data bus transceivers, and system 
data bus transceivers. 

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

Command extension allows additional time for exter- 
nal devices to respond to a command and is analo- 
gous to inserting wait states on the 8086. External 
logic can control the duration of any bus operation 
such that the operation is only as long as necessary. 
The READY input signal can extend any bus opera- 
tion for as long as necessary. 

Command delay allows an increase of address or 
write data setup time to system bus command active 
for any bus operation by delaying when the system 
bus command becomes active. Command delay is 
controlled by the 82288 CMDLY input. After Ts, the 
bus controller samples CMDLY at each failing edge 
of CLK. If CMDLY is HIGH, the 82288 will not acti- 
vate the command signal. When CMDLY is LOW, 
the 82288 will activate the command signal. After 
the command becomes active, the CMDLY input is 
not sampled. 

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

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

Bus Cycle Termination 
At maximum transfer rates, the 80286 bus alternates 
between t:a status and command states. The bus 
status signals become inactive after T, so that they 
may correctly signal the start of the next bus opera- 
tion after the completion of the current cycle. No 
external indication of T, exists on the 80286 local 
bus. The bus master and bus controller enter T, di- 
rectly after T, and continue executing T, cycles until 
terminated by m. 
READY Operation 
The current bus master and 82288 bus controller 
terminate each bus operation simultaneously to 
achieve maximum bus operation bandwidth. Both 
are informed in advance by READY active (open- 
collector output from 82284) which identifies the last 
TC cycle of the current bus operation. The bus mas- 
ter and bus controller must see the same sense of 

the READY signal, thereby requiring READY be syn- 
chronous to the system clock. 

Synchronous Ready 
The 82284 clock generator provides READY syn- 
chronization from both synchronous and asynchro- 
nous sources see Figure 25). The synchronous 
ready input (&V of the clock generator is sam- 
pled with the falling edge of CLK at the end of phase 
1 of each To The state of SRDY is then broadcast to 
the bus master and bus controller via the READY 
output line. 

Asynchronous Ready 
Many systems have devices or subsystems that are 
asynchronous to the system clock. As a result, their 
ready out uts cannot be guaranteed to meet the 
82284 & setup and hold time requirements. But 
the 82284 asynchronous ready input(ARtlY) is de- 
signed to accept such signals. The ARDY input is 
sampled at the beginning of each Tc cycle by 82284 
synchronization logic. This provides one system CLK 
cycle time to resolve its value before broadcasting it 
to the bus master and bus controller. 
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NOTES: 
I. SRDYEN is active low. 
2. If 
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Figure 25. Synchronous and Asynchronous Ready 

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

Each ready input of the 82284 has an enable pin (m and m) to select whether the cur- 
rent bus operation will be terminated by the synchro- 
nous or asynchronous ready. Either of the ready in- 
puts may terminate a bus operation. These enable 
inputs are active low and have the same timing as 
their respective ready inputs. Address decode logic 
usually selects whether the current bus operation 
should be terminated by A m  or m. 

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

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

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

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

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

The CMDLY signal and ARDY ready are used to 
start and sto the write bus command, respectively. 
Note that & must be inactive or disabled by 
SRDYEN to guarantee ARDY will terminate the cy- 
cle. 

HOLD must not be active during the time from the 
leading edge of RESET until 34 CLKs following the 
trailing edge of RESET unless the 80286 is in the 
Halt condition. To insure that the 80286 remains in 
the Halt condition until the processor Reset opera- 
tion is complete, no interrupts should occur after the 
execution of HLT until 34 CLKs after the trailing 
edge of the RESET pulse. 

Lock 
The CPU asserts an active lock signal during Inter- 
rupt-Acknowledge cycles, the XCHG instruction, and 
during some descriptor accgsses. Lock is also as- 
serted when the LOCK prefix is used. The LOCK 

prefix may be used with the following ASM-286 as- 
sembly instructions; MOVS, INS, and OUTS. For bus 
cycles other than Interrupt-Acknowledge cycles, 
Lock will be active for the first and subsequent cy- 
cles of a series of cycles to be locked. Lock will not 
be shown active during the last cycle to be locked. 
For the next-to-last cycle, Lock will become inactive 
at the end of the first T, regardless of the number of 
wait-states inserted. For Interrupt-Acknowledge cy- 
cles, Lock will be active for each cycle, and will be- 
come inactive at the end of the first T, for each cy- 
cle regardless of the number of wait-states inserted. 

Instruction Fetching 
The 80286 Bus Unit (BU) will fetch instructions 
ahead of the current instruction being executed. This 
activity is called prefetching. It occurs when the local 
bus would otherwise be idle and obeys the following 
rules: 

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

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

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

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

In real address mode, the prefetcher may fetch up to 
6 bytes beyond the last control transfer or HLT in- 
struction in a code segment. 
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NOTES 
1. Status lines are not driven b 80286, yet remain high due to pullup resistors in 82288 and 82289 during HOLD state. 
2. Address. M / n  and C O D / d k  may start floating during any TC depending on when internal 80286 bus arbiter de- 

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

If the last byte of a code segment appears on an 
even physical memory address, the prefetcher will 
read the next physical byte of memory (perform a 
word code fetch). The value of this byte is ignored 
and any attempt to execute it causes exception 13. 
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Processor Extension Transfers 
The processor extension interface uses I10 port ad- 
dresses 00F8(H), OOFA(H), and OOFC(H) which are 
part of the I/O port address range reserved by Intel. 
An ESC instruction with Machine Status Word bits 
EM = 0 and TS = 0 will perform I/O bus operations 
to one or more of these I/O port addresses indepen- 
dent of the value of IOPL and CPL. 

ESC instructions with memory references enable the 
CPU to accept PEREQ inputs for processor exten- 
sion operand transfers. The CPU will determine the 
operand starting address and readlwrite status of 
the instruction. For each operand transfer, two or 
three bus operations are performed, one word trans- 
fer with I/O port address OOFA(H) and one or two 
bus operations with memory. Three bus operations 
are required for each word operand aligned on an 
odd byte address. 

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

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

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

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

Any transfers which assert either 
explicitly (via the LOCK instruction prefix) 
or implicitly (i.e. some segment descriptor 
accesses, interrupt acknowledge se- 
quence, or an XCHG with memory). 
The second of the two byte bus opera- 
tions required for an odd aligned word op- 
erand. 
The second or third cycle of a processor 
extension data transfer. 
Local bus request via HOLD input. 
Processor extension data operand trans- 
fer via PEREQ input. 
Data transfer performed by EU as part of 
an instruction. 
An instruction prefetch request from BU. 
The EU will inhibit prefetching two proc- 
essor clocks in advance of any data 
transfers to minimize waiting by EU for a 
prefetch to finish. 

Halt or Shutdown Cycles 
The 80286 externally indicates halt or shutdown 
conditions as a bus operation. These conditions oc- 
cur due to a HLT instruction or multiple protection 
exceptions while attempting to execute one instruc- 
tion. A halt or shutdown bus operation is signalled 
when fi, 3 and C O D / m  are LOW and M / E  is 
HIGH. AI HIGH indicates halt, and AI LOW indi- 
cates shutdown. The 82288 bus controller does not 
issue ALE, nor is READY required to terminate a halt 
or shutdown bus operation. 

During halt or shutdown, the 80286 may service 
PEREQ or HOLD requests. A processor extension 
segment overrun exception during shutdown will in- 
hibit further service of PEREQ. Either NMI or RESET 
will force the 80286 out of either halt or shutdown. 
An INTR, if interrupts are enabled, or a processor 
extension segment overrun exception will also force 
the 80286 out of halt. 
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1. Data is ignored, upper data bus, D8-D15, should not change state during this time. 
2. First INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width. 
3. Second INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width. 
4. 
master system. 
5. A23-Ao exits 3-state OFF during 412 of the second TC in the INTA cycle. 
6. Upper data bus should not change state during this time. 

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

Flgure 30. Interrupt Acknowledge Sequence 
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Figure 31. Basic 80286 System Configuration 

SYSTEM CONFIGURATIONS 
The versatile bus structure of the 80286 microsys- 
tem, with a full complement of support chips, allows 
flexible configuration of a wide range of systems. 
The basic configuration, shown in Figure 31, is simi- 
lar to an 8086 maximum mode system. It includes 
the CPU plus an 8259A interrupt controller, 82284 
clock generator, and the 82288 Bus Controller. 

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

The 80287 has all the instructions and data types of 
an 8087. The 80287 NPX can perform numeric cal- 
culations and data transfers concurrently with CPU 
program execution. Numerics code and data have 
the same integrity as all other information protected 
by the 80286 protection mechanism. 

The 80286 can overlap chip select decoding and ad- 
dress propagation during the data transfer for the 
previous bus operation. This information is latched 
by ALE during the middle of a T, cycle. The latched 
chip select and address information remains stable 
during the bus operation while the next cycle's ad- 
dress is being decoded and propagated into the sys- 
tem. Decode logic can be implemented with a high 
speed bipolar PROM. 

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

performance degradation caused by address propa- 
gation and decode delays. In addition to selecting 
memory and I/O, the advanced selects may be used 
with configurations supporting local and system bus- 
es to enable the app@ate bus interface for each 
bus cycle. The CODANTA and M/m signals are ap- 
plied to the decode logic to distinguish between in- 
terrupt, 110, code and data bus cycles. 

By adding the 82289 bus arbiter chip, the 80286 pro- 
vides a MULTIBUS system bus interface as shown 
in Figure 32. The ALE output of the 82288 for the 

MULTIBUS bus is connected to its CMDLY input to 
delay the start of commands one system CLK as 
required to meet MULTIBUS address and write data 
setup times. This arrangement will add at least one 
extra Tc state to each bus operation which uses the 
MULTIBUS. 

A second 82288 bus controller and additional latch- 
es and transceivers could be added to the local bus 
of Figure 32. This configuration allows the 80286 to 
support an on-board bus for local memory and pe- 
ripherals, and the MULTIBUS for system bus inter- 
facing. 
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Flgure 33.80286 System Configuration with Dual-Ported Memory 

Figure 33 shows the addition of dual ported dynamic 
memory between the MULTIBUS system bus and 
the 80286 local bus. The dual port interface is pro- 
vided by the 8207 Dual Port DRAM Controller. The 
8207 runs synchronously with the CPU to maximize 
throughput for local memory references. It also arbi- 
trates between requests from the local and system 
buses and performs functions such as refresh, 

initialization of RAM, and read/modify/write cycles. 
The 8207 combined with the 8206 Error Checking 
and Correction memory controller provide for single 
bit error correction. The dual-ported memory can be 
combined with a standard MULTIBUS system bus 
interface to maximize performance and protection in 
multiprocessor system configurations. 

functional differences between the 80286 and ISICE 
system 80286 probe. The PICE data sheet (I21CE 
Integrated Instrumentation and In-Circuit Emulation 
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Mln Max Unlt Symbol Parameter 
VIL Input LOW Voltage - .5 8 V 

VIH Input HIGH Voltage 2.0 vcc + .5 V 

VlLC CLK Input LOW Voltage - .5 6 V 

VlHC CLK Input HIGH Voltage 3.8 vcc + .5 V 

*Notice: Stresses above those listed under ‘Abso- 
lute Maximum Ratings’’ may cause permanent dam- 
age to the device. This is a stress rating on& and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tionalsections of this specification is not implied Ex- 

extended periods may affect device reliability. 

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

Respect to Ground. . . . . . . . . . . . . . - 1 .ov to + 7v 
Power Dissipation. . . . . . . . . . . . . , . . . . . . . . . . . .3.3w posure to absolute mmimum rating conditions for 

Test Condltlon 

D.C. CHARACTERISTICS (Vcc = 5V f 5%, TCASE = 0°C to + 85°C) 
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A.C. CHARACTERISTICS (Vcc = 5V * 5%, TCASE = 0°C to +85"C)* 
AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless 
otherwise noted. 

'TA is guaranteed as long as TCA~E is not exceeded. 

NOTES 
1. Asynchronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and m. This specification is given only for testing 
purposes, to assure recognition at a specific CLK edge. 
2. Delay from 1.OV on the CLK. to 0.8V or 2.0V or float on the output as appropriate for valid or floating condition. 
3. Output load: CL = 100 pF. 
4. Float condition occurs when output current is less than ILO in magnitude. 
5. Delay measured from address either reaching 0.8V or 2.0V (valid) to status going active reaching 2.0V or status going 
inactive reaching 0.8V. 
6. For load capacitance of 10 pF on STATUSI- lines, subtract typically 7 ns for 8 MHz spec, and maximum 7 ns for 
10 MHz spec. 
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A.C. CHARACTERISTICS (Continued) 

I 

- - 
210253-37 

NOTE 7: 
AC Test Loading on Outputs 

&OV '-y ,,ov ,,ov3y-\ 
CLK INPUT 

0.4W 210253-38 

1 !'%:e and Measurement Points-CLK Input 

DEVICE 
OUTWT 

21025349 

NOTE 9 
AC Setup, Hold and Delay Time Measurem_ent-General 
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A.C. CHARACTERISTICS (Continued) 

82284 liming Requirements 

NOTE 1: 
These times are given for testing purposes to assure a predetermined action. 

82288 Timing Requirements 

Test Conditions 

~~ 

CL = 300 pF max 
loL = 32 mA rnax 
IOH = -5 mA max 

CL = 150 pF 
loL = 16mAmax 
IOH = - 1 mA max 
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WAVEFORMS 

MAJOR CYCLE TIMING 

RfAD 
(TI OR 7s) 

WRITE CYCLE 
ILLUSTRATED WITH ONE 
WAIT STATE 

READ CYCLE 

WAIT STATES 
ILLUSTRATED w i m  m o  

I 

SRDY+SRDYEN 1- 
PCLK 

ALE 

CUDLY 

- 
UWC 

- 
URCC 

0 6  

DEN 

21 0253-40 

NOTE 
1. The modified timing is due to the CMDLY signal being active. 
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ilAVEFORMS (Continued) 

80286 ASYNCHRONOUS 
INPUT SIGNAL TIMING 

210253-41 

NOTES 
1. PCLK indicates which prgcessor cycle phase will occur 
on the next CLK. PCLK may not indicate the correct phase 
until the first bus cycle is performed. 
2. These inputs are asynchronous. The setup and hold 
times shown assure recognition for testing purposes. 

80286 RESET INPUT TIMING AND 
SUBSEQUENTPROCESSOR CYCLE PHASE 

210253-42 

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

EXITING AND ENTERING HOLD 

s[ --- 21 0253-43 

NOTES 
1. These signals may not be driven by the 80286 during the time shown. The worst case in terms of latest float time is 
shown. 
2. The data bus will be driven as shown if the last cycle before TI in the diagram was a write Tc. 
3. The 80286 floats its status pins during TH. External 20 Kf l  resistors keep these signals high (see Table 16). 
4 For HOLD re uest set up to HLDA, refer to Figure 29. 
5: 
6. The data bus will remain in 3-state OFF if a read cycle is performed. 

and & are driven at this time but will not become valid until Ts. 
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80286 P E R E Q / m  TIMING FOR ONE TRANSFER ONLY 
BUS CVCLETVPE 

T; 7 %  

CL* 

V C i  I O  READ IF PROC EXT TO MEMORY MEMORY WRlTE IF PROC r X T  TO MEMORY 

SI . 50 7 
MEMORY LODRESS F pncc EIT TO MEMORY TRANSPER 
I O  PORI A D C R E S S 0 0 F U W I  L MEMORY TO 'ROC E X T  T R I N S F E R  

a21 l o  -- 
M 10 x x x  

I O  PORT ADDRESS GOFWH 
MEYeql  IDDI1ESS F U E U O R I ' O P R T  E X I  T R A N S F I R  

F *ROC EXT 10 MEMORY 1 l A l l S F E R  - ~~ ~ 

COD lNlL -9- 
4 -  

PEACK , [SEENOTE t I 

PEREO 

ASSUMING WORPALIGNEO MEMORY OPERAND IF ODD ALIGNED 80285 TRANSFERS TOIFROW MEMORV BYTE &T A nME WITH TWO MEMORY CYCLES 

210253-44 _ ~ _ _ _ _ _ ~ ~  
NOTES 
1 PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence The 
first bus operation will be either a memory read a! operana address or I/O read at port address OOFA(H) 
2 To prevent a second processor extenslon data operald +:a-srer the um time (Shown above) IS 3 1 a 

A IS the number of extra TC states added to either the first or secord nu5 roCeSSOr extension data operand 
transfer sequence 

0-12am,, - Omln The actual, configuration dependerlt maxirnuir :me Om,, - A s 2  0 

INITIAL 80286 PIN STATE DURING RESET 

DATA 

I 5- 
M.DA UUNOWN 

21 0253-45 

NOTES: 
1 Setup time for RESET ? may be violated with the consideration that $11 of the processor clock may begin one system 
CLK period later. 
2. Setup and hold times for RESET 1 must be met for proper operation, but RESET 1 may occur during 41 or 4 2  
3. The data bus is only guaranteed to be in 3-state OFF at the time shown 
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' B LONG OPCODE FORMAT EXAYPLE 

210253-46 

80286 INSTRUCTION SET SUMMARY 

Figure 35.80286 Instruction Format Examples 

instruction Set Summary Notes 

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

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

Instruction Clock Count Assumptions 
1 The instruction has been prefetched, decoded, 

and is ready for execution Control transfer in- 
struction clock counts include all time required to 
fetch, decode, and prepare the next instruction for 
execution 

2 Bus cycles do not require wait states 
3 There are no processor extension data transfer or 

local bus HOLD requests 
4 No exceptions occur during instruction execution 

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

Above/below refers to unsigned value 
Greater refers to positive signed value 
Less refers to less positive (more negative) signed 
values 
if d = 1 then to register; if d = 0 then from register 
if w = 1 then word instruction; if w = 0 then byte 

instruction 
if s = 0 then 16-bit immediate data form the oper- 

and 
if s = 1 then an immediate data byte is sign-ex- 

tended to form the 16-bit operand 
x don't care 
z used for string primitives for comparison with 

ZF FLAG 

If two clock counts are given, the smaller refers to a 
register operand and the larger refers to a memory 
operand 
* =  add one clock if offset calculation requires 

summing 3 elements 
n = number of times repeated 
m = number of bytes of code in next instruction 
Level (L)-Lexical nesting level of the procedure 
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The following comments describe possible excep- 
tions, side effects, and allowed usage for instruc- 
tions in both operating modes of the 80286. 

REAL ADDRESS MODE ONLY 
1. This is a protected mode instruction. Attempted 

execution in real address mode will result in an 
undefined opcode exception (6). 

2. A segment overrun exception (13) will occur if a 
word operand reference at offset FFFF(H) is at- 
tempted. 

3. This instruction may be executed in real address 
mode to initialize the CPU for protected mode. 

4. The IOPL and NT fields will remain 0. 
5. Processor extension segment overrun interrupt 

(9) will occur if the operand exceeds the seg- 
ment limit. 

EITHER MODE 
6. An exception may occur, depending on the value 

of the operand. 
7. is automatically asserted regardless of the 

presence or absence of the LOCK instruction 
prefix. 

does not remain active between all oper- 
and transfers. 

8. 

PROTECTED' VIRTUAL ADDRESS MODE ONLY 
9. A general protection exception (13) will occur if 

the memory operand cannot be used due to ei- 
ther a segment limit or access rights violation. If 
a stack segment limit is violated, a stack seg- 
ment overrun exception (1 2) occurs. 

10. For segment load operations, the CPL, RPL, and 
DPL must agree with privilege rules to avoid an 
exception. The segment must be present to 
avoid a not-present exception (1 1). If the SS reg- 
ister is the destination, and a segment not-pres- 
ent violation occurs, a stack exception (12) oc- 
curs. 

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

12. JMP, CALL, INT, RET, IRET instructions refer- 
ring to another code segment will cause a gener- 
al protection exception (1 3) if any privilege rule is 
violated. 

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

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

15. The IF field of the flag word is not updated if CPL 
> IOPL. The IOPL field is updated only if 
CPL = 0. 

16. Any violation of privilege rules as applied to the 
selector operand do not cause a protection ex- 
ception; rather, the instruction does not return a 
result and the zero flag is cleared. 

17. If the starting address of the memory operand 
violates a segment limit, or an invalid access is 
attempted, a general protection exception (1 3) 
will occur before the ESC instruction is execut- 
ed. A stack segment overrun exception (12) will 
occur if the stack limit is violated by the oper- 
and's starting address. If a segment limit is vio- 
lated during an attempted data transfer then a 
processor extension segment overrun exception 
(9) occurs. 

18. The destination of an INT, JMP, CALL, RET or 
IRET instruction must be in the defined limit of a 
code segment or a general protection exception 
(1 3) will occur. 
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80286 INSTRUCTION SET SUMMARY 

FUNCTION FORMAT 

DATA TRANSFER 
YOV = Move: 
Register lo Regater/Memory 1 0 0 0 1 0 0 ~  modreg r/m 

Regisler/memory to register 1 0 0 0 1 0 1 ~  modreg r/m 

Immediate to regisler/memory 11  0 0 0 1  1 w mod000 r/m data datalfw - 1 

mmediate lo register 1 0 1 1 w  reg data dalarfw=l 

Memory to accumulalor 1 0 1 0 0 0 0 w addr-low addr-hlgh 

Accumulator lo memory 1 0 1 0 0 0 1 w addr-low addr-high 

Regisler/memory lo segment register 

Segment register to register/memory 

1 0 0 0 1 1 1 0 

1 0 0 0 1 1 0 0 

mod 0 reg r/m 

mod 0 reg r/m 

sterlmemory wth register 

ster wllh accumulator 

1 1 1 0 0 1 1 w port 

Shaded areas indicate instrucbons not available In 8086. 88 microsystems. 

CLOC 

R u l  
4ddrm 
Mod. 

- 

- 

2,3* 

2.5' 

2.3. 

2 

5 

3 

23'  

2.3. 

5. 

3 

3 

5' 

5 

3,5* 

3 

5 

5 

3 

3 

5 

3' 

7' 

7. 
- 

XIUNT 

'rotact3 
Vlrturl 

Modo 

2.3' 

2,5* 

2.3. 

2 

5 

3 

17,19* 

2.3. 

5' 

3 

3 

5' 

5 

3,5' 

3 

5 

5 

3 

3 

5 

3. 

21 

21 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

iNTa 

v0t.Ct.l 
Vlrtull 
wdrou 
Mode 

- 

- 

e 

e 

e 

e 

9 

e.10.11 

e 

9 

9 

9 

e 

e 

7.9 

14 

14 

14 

14 

9 

9,tO.ll 

9.10,ll 

All mnemonics copyright Intel Corporation 1987. 
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/WNCTION FORMAT 

1 0 0 0 0 0 s ~  

t 

mod000 r lm data dataifsw = 01 

A TRANSFER (Continued) 

F Load AH with flags 

AHF= Store AH into flags 

USHF=Push flags 

eglmemory with register to either 

diate to registerlmemory 

diate to accumulator 

emory with register to either 

ate to regsterlmemory 

diate to accumulator 

emory and register to either 

mediate from registerlmemory 

mediate from accumulator 

=Subtract wlth borrow: 

memory and register lo either 

mediate from registerlmemory 

mediate from accumulalor 

late wth registerlmemory 

lata wlth accumulator 

=ASCII adlust for add 

= Denmal adjust for add 

OOOOOlOw data data i fw=l  

OOOlOOdw 

1 0 0 0 0 0 s w  

0 0 0 1 0 1 0 ~  

modreg r lm 

modO1Orlrn data d a t a i f s w Z 0 1  

data data i fw=l  

1 1  1 1  1 1  1 w mod000 r l m  

O O O l l O d w  modreg r lm 

O O l O l O d w  

tOOOOOsw 

0 0 1 0 1 1 0 ~  

modreg r l m  

mod101 r lm data data i fSw=01 

data data i fw=l  

lOOOOOsw 

0 0 0 1  1 l o w  

L o 1 0 0 1  reg I 

mod01 1 r lm data dataifsw=Ol 

data data i fw=l  

I l l l l l l w  mod001 r lm 

0 0 1 0 0 1 1 1  
I 

O O l l l O l w  

CLOI 

Real 
9ddres 
Mode 

- 

- 

2 

2 

3 

5 

2.7' 

3.7' 

3 

2,7* 

3.7' 

3 

2.7' 

2 

2.7' 

3.7' 

3 

2,7' 

3,7' 

3 

2.7' 

2 

2,6' 

2,7' 

3,6* 

3 

2 

3 

3 

modreg rlrn 

Protecte 
Virtual 

Addreu 
Mode - 

2 

2 

3 

5 

2.7' 

3.7' 

3 

2.7' 

3.7. 

3 

2.7' 

2 

2.7' 

3.7' 

3 

2,7' 

3.7' 

3 

2,7' 

2 

2.6' 

2.7' 

3.6' 

3 

7' 

3 

3 

lOOOOOsw mod1 1 1  r/m 

0 0 1 1 1 1 0 ~  data 

1 l t l o l t w  mod011 r/m 

co 

Real 
Iddrei 
Mode 

- 

data dataifsw=Ol 

dataHw=l 

2 

2.4 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

Protect1 
virtue 

Addrec 
Mode - 

9 

9,15 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

A l l  mnemonics copyright Intel Corporation 1987. 
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80286 INSTRUCTION SET SUMMARY (Continued) 
I 

FUNCTION FORMAT 

ARITHMETIC (Continued) 

AAS=ASCII adjust for subtract l z 1  
DAS= Decimal adjust for subtract -1 
MUL= Multiply (unsigned) I l l l O l l w  mod100 rlm 

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

MUL= Integer multiply (signed) 

Register-Byte 
Register-Word 
Memory-Byte 

1 1 1 1 0 1 1 w mod 1 0 1 r/m 

V= Integer divide (signed) 

M = ASCII adlust for mUltiplY 

D = ASCII adjust for divide 

BW = Convert byte to word 

Convert word to double word 

otate Initructlon~: 

egisterlMernory by 1 

1 1 1 1 0 1 1 ~  r n c d l l l  rlrn 

1 1 0 1 0 1 0 0  0 0 0 0 1 0 1 0  

1 1 0 1 0 1 0 1  0 0 0 0 1 0 1 0  

1-1 
-1 

rn lnitructlon 
0 0 0  ROL 
0 0 1  ROR 
0 1 0  RCL 
0 1 1  RCR 
1 0 0  SHLlSAL 
1 0 1  SHR 
3 1 1  SAW I . . .  

Shaded areas indicate instructions not available In 8086. 88 rnicrosysterns. 

CLOcl 

Re81 
Addreu 

Mod0 

3 

3 

13 
21 
16' 
24' 

13 
21 
16. 
24' 

14 
22 
17. 
25' 

17 
25 
20' 
28' 

16 

14 

2 

2 

2.7' 

)+  n.6+ n 

DUNT 

'rotacted 
virtual 

Addreu 
Mod. 

3 

3 

13 
21 
16' 
24' 

13 
21 
16. 
24' 

14 
22 
17' 
25. 

17 
25 
20' 
28' 

16 

14 

2 

2 

2,7' 

,+n,8+n 

con - 
Real 

,ddreu 
Mod. 

2 
2 

2 
2 

6 
6 

2.6 
2.6 

6 
6 

2.6 
2,6 

2 

2 

:NTS 

rotoctW 
virtual 
iddm88 
Mod. 

- 

9 
9 

9 
9 

6 
6 

6.9 
6.9 

6 
6 

6,9 
6,9 

9 

9 

A l l  mnemonics copyright Intel Corporation 1987. 
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80286 INSTRUCTION SET SUMMARY (Continued) 

UNCTION FORMAT t 
RITHMETIC (Continued) 

ND = And: 

eglmemory and register 10 either 0 0 1 0 0 0 d w 

1 0 0 0 0 0 0 ~  mod100 rlm data dataifw=l 

0 0  1 0 0  1 0 w data data ifw= 1 

mod reg rlm 

Registerlmemory and register 

mmediate data and regislerlmemory 

mmediale data and accumulator 

OR=& 

Reg/memory and register lo elher 

mmediale lo regislerlmemory 

mmediale lo accumulator 

XOR = ExcluJve 01: 

Reglmemory and register lo either 

mmediale lo regislerlmemory 

mmediale lo accumulator 

NOT= invert registerlmemory 

WRING MANIPUUTION: 

MOVS= Move bytelword 

CMPS= Compare bytelword 

sCAS=Scan bytelword 

.ODs= Load byte/wd lo ALlAX 

a O S =  Slor byielwd from ALIA 

lOOOOlOw modreg rlm 

11  11  0 1  1 w mod000 rlm data dalatfw=l 

1 0 1 0 1 0 0 w data data ifw= 1 

OOOOlOdw modreg r/m 

lOOOOOOw mod001 rlm dale dalaifw=l 

0 0 0 0 1  l o w  data dalaifw=l 

0 0 1  lOOdw modreg rlm 

lOOOOOOw mod110rlm data da la i fw= l  

0 0  1 1 0 1 Ow data dalaifw = 1 

1 1  11  0 1  1 w mod010 r/m 

I l O I 0 l O I W  I 

pealed by counl in CX 

1 1 1 1 0 0 1 1  l o l o o l o w  

1 1 1 1 0 0 1 2  l O l 0 O I l W  

Shaded areas indicate instructtons not available In 8086, 88 microsystems 

CLO( 

Real 
Addreu 

Mode 

- 

2.7' 

3.7' 

3 

2.6' 

3.6' 

3 

2.7' 

3.7' 

3 

2.7' 

3.7' 

3 

2.7' 

5 

8 

7 

5 

3 

5+4n 

5+9n 

5+8n 

5+4n 

- OUNT 

Protecte 
Virtual 

Addreu - Mode 

2.7' 

3.7. 

3 

2.6' 

3.6' 

3 

2,7' 

3.7' 

3 

2.7' 

3.7' 

3 

2.7' 

5 

8 

7 

5 

3 

5+4n 

5+9n 

5+8n 

5+4n 

- co 

Real 
Addrea 

Mode - 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2.8 

2.8 

2 8  

Protecte 
virtual 

Addreo - Mode 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

8,9 

8.9 

8$ 

All mnemonics copyright Intel Corporation 1987. 
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___ 

Register/memory 1 1 1 1 1 1 1 1  

80286 INSTRUCTION SET SUMMARY (Continued) 

FUNCTION FORMAT i 
I 

mod010 r,mi 

1 segnient selector I Protected Mode Only (Direct intersegment!: 
Via call gate io saine pr)vblege leve, 
Via call gate to diftereit privilege level. no parameters 
Vla call gate to different privilege iev?I. x parameters 
Via TSS 
Via task gate 

Indirect intersegment r z x  F - G O G J  (mod , 1 1 I 

Protected Mode Only (Indirect Intersegment): 
Via call gate to same privilege level 
Vta call gate to different privilege level, no parameters 
Via call gate to diflerent privilege leve!. x parameters 
via :SS 
Via task gate 

JMP-- Unconditional jump: 

Short/long 1 1 1 0 1 0 1 1 diSO-lOW J 

Direct within segment bl 10 1 00 1 oisp-low 1 disp-high I 
Registerlmemory indirect within segment 

Direct intersegment j1:10:010 segment ' T s T -  
Protected Mode Only (Direct intersegment): [ segment selector 

1 
mod 1 0 0 r/Td 1 : 1 1 1 1 1 1 

I-- 

Via call gate to same privilege level 
Via TSS 
Via task gate 

1 
Indirect intersegment 1 1 1 1 1 ? 1 1  /mod131 r l n j  (mod-111 

Protected Mode Only (Indirect intersegment): 
Via call gate to same privilege level 
Via TSS 
Via task gate 

RET = Return from CALL 

Within segment [11OOOO11I 

lntersegment -17 
Within seg adding immed to SP -0 data-low j data-high ] 

Intersegment adding immediate to SP 1 1 0 0 1 0 1 0 data-low data-high 

Protected Mode Only (RET): 
To different privilege level 

IDirect intersegment 

CLOC _~ 
Real 

Address 
Mode 

7 t m  

+m.ll+m 

13+m 

$ 6 4  m 

7 -  m 

7 4  m 

tm.11 t m '  

11 r m  

15 t m '  

1 1  t m  

1 1  t m  

15+m 

15+m 

OUNT 

Protected 
Virtual 

Address 
Mode 

7 + m  

7 i m  tl+m 

26tm 

41tm 
82+m 

86 t4x km 

177 r m 

182 - m 

29 Lm' 

44-m' 
33 t m '  

30 f 4x i m* 
180 f m* 
1857 m. 

7 + m  

? +  m 

7 -  m, 1 1  T m' 

23+m 

38 t m  
1 7 5 t m  

180 I m 

26+ in' 

4lLm* 
178+m* 
183+m' 

1 1  t m  

ll*m 

25 i-m 

5 5 i m  

COR - 
Real 

hddress 
Mode 

2 

2 8  

2 

2 

2 

2 

2 

2 

2 

ENTS 

Protected 
Virtual 

Address 
Mode 

18 

8,9.18 

11,12.18 

8.1 1 ,I 2.18 
8.1 1,12,18 
8.7 1,12, I8 
8.1 1.12.18 
8 11.12.18 

,9,11.12,18 

.9.11,12,18 

.9.11.12.18 

.9.11,12.18 

.9.11,12.18 
,9,11.12.18 

18 

18 

9.18 

1 1,12,18 

9,l 1,12,18 
9.1 1.12.18 
3,11.12.18 

.9.11.12,18 

.9.11.12,18 

.9.11,12.18 

.9.11,12.18 

8,9.18 

8.9,18 

.9.11.12.18 

8.9,11.12,18 A 9,11.12.18 

All mnemonics copyright Intel Corporation 1987. 

3-50 



iw 80286 

CONTROL TRANSFER (Continued) 

JE/JZ= Jump on equal zero 0 1 1 1 0 1 0 0  disp 

JUJNOE = Jump on les8lnot greater or equal disp 

JLE/JNO=Jump on less cf equallnot greater disp 

JWJNAE = Jump on belowlnot above cf equal disp 

JBE/JNA = Jump on below or equalhot above disp 

JP/JPE= Jump on paritylparity even 0 1 1 1 1 0 1 0  disp 

JO= Jump on wetflow 0 1 1 1 0 0 0 0  disp 

0 1 1 1 1 1 0 0 

0 1 1 1 1 1 1 0 

0 1 1 1 0 0 1 0 

0 1 1 1 0 1 1 0 

JS = Jump on sign 0 1 1 1 1 0 0 0  disp 

JNE/JNZ= Jump on not equallnot zero 0 1 1 1 0 1 0 1  disp 

JNUJQE= Jump on not lesslgreater or equal disp 

JNLE/JO= Jump on not le58 or equailgrealer disp 

JNB/JAE= Jump on not beiowlabove or equal disp 

JNBE/JA= Jump on not below or equallabove disp 

JNP/JPO= Jump on not parlpar odd 0 1 1 1 1 0 1 1  disp 

JNO = Jump on not overflow 0 1 1 1 0 0 0 1  disp 

JNS= Jump on not sign 0 1 1 1 1 0 0 1  disp 

LOOP = Loop CX times 1 1 1 0 0 0 1 0  disp 

LOOPULOOPE= Loop while zerolequal disp 

LOOPNULOOPNE = Loop while not zero/equai disp 

0 1 1 1 1 1 0 1 

0 1 1 1 1 1 1 1 

0 1 1 1 0 0 1 1 

0 1 1 1 0 1 1 1 

1 1 1 0 0 0 0 1 

1 1 1 0 0 0 0 0 

80286 INSTRUCTION SET SUMMARY (Continued) 

FUNCTION FORMAT 

INT = Interrupt 

Type specified 

Type 3 

INTO = Interrupt on werflow 

1 1 0 0 1 1 0 1  type 

-1 
(11oo111oj 

I 
Shaded areas indicate instructions not available in 8086, 88 rnlcrosysterns. 

CLO( 

R u l  
Addrau 

Mod. 

7 + m c f 3  

7+mor3 

7+mor3 

7+mcf3  

7+mor3 

7+mor3 

7 + m o r 3  

7+ mor3  

7+mor3 

7+mor3 

7+mor3 

7+mOr3 

7+mor3 

7+mor3 

7+mOr3 

7 +mor3 

8 +mor4 

8+mOr4 

8+mor4 

B +mor4 

23+m 

23+m 

4 +mor3 
(3 if no 

interrupt) 

OUNT 

Protoetad 
Wrtrvll 

A 4 r . u  
yod. 

7+mor3 

7 + m c f 3  

7 + m o r 3  

7 + m w 3  

7+mOr3 

7 + m w 3  

7 t m c f 3  

7+mor3 

7+mor3 

7+mOr3 

7+mor3 

7+mOr3 

7+mOr3 

7 tmOr3  

7+mor3 

7+mor3 

8+mor4 

8+mor4 

8+mor4 

8+mOr4 

(3 if no 
interrupt) 

IENTS 

Protwtn 
WrtWl 

A d d m  

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

All mnemonics copyright Intel Corporation 1987. 
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80286 INSTRUCTION SET SUMMARY (Continued) 

FUNCTION FORMAT 

CONTROL TRANSFER (Continued) 

Protected Mod. Only: 
Via interrupt or trap gate to same pnvilege level 
Via interrupt or trap gate lo 111 different privilege level ' 
Via Task Gate 

AET- Interrupt return [110011111 
Protected Mode Only: 

To different pnvilege level 
Todifferentlnsk(NT-1) 

01100010 mcdrq) rim 

PROCESSOR CONTROL 

CLC - Clear carrq 

CMC = Complement carry 

STC = Set carry 

CLD = Clear direction 

STD - Set direction 

CLI = Clear mtsrrupt 

~ ~ h D k ~ ~ h S d W  

=Processor Extension Escape 

j 1 1 1 1 1 0 0 0  j 
I l l l l o l o I J  
[-I 
(111111001 
/111(1101J 
-1 
1 1 1 1 1 1 0 1 1 1  

1111101oO) 
[1o01101T1 
I1111OOOO-j 

30001111 OO00011,0 ~ 

I l O l l T T T  modLLL rlm 

LLL are opcode to processor extension) 

Shaded areas indicate instructions not available in 8086. 68 microsystems 

CLC - 
Real 

tddresi 
Mod. 

~ 

17+m 

2 

2 

2 

2 

2 

3 

2 

2 

3 

0 

2 

9-20. 

C COUNT 

Protected 
Virtual 

Addreu 
Mode 

40+ m 
78* m 
t67+m 

31+ m 

55+m 
169+m 

13' 
UWMtfckek 

CarrlP 
-8 

2 

2 

2 

2 

2 

3 

2 

2 

3 

0 

0' 

C - 
Real 

i d d n u  
Mod. 

2.4 

28 

3 

5.8 

IMENTS 

Protected 
Vlrtual 

A d d n u  
Mode 

7.8.11 12.18 
7.8 11.12.18 
7.8,11,12.18 

~,9,11.12.15.18 

l,9,11.12.15,18 

14 

14 

13 

14 

All mnemonics copyright Intel Corporation 1987. 
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CLOCK COUNT COMMENTS 

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

A l l  mnemonics copyright Intel Corporation 1987. 
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Footnotes 
The Effective Address (EA) of the memory operand 
is computed according to the mod and r/m fields: 

if mod = 11 then r/m is treated as a REG field 
if mod = 00 then DlSP = O', disp-low and disp-high 
are absent 
if mod = 01 then DlSP = disp-low sign-extended to 
16 bits, disp-high is absent 
if mod = 10 then DlSP = disp-high: disp-low 

if r/m = 000 then EA = (BX) + (SI) + DlSP 
if r/m = 001 then EA = (BX) + (DI) + DlSP 
if r/m = 010 then EA = (BP) + (SI) + DlSP 
if r/m = 011 then EA = (BP) + (DI) + DlSP 
if r/m = 100 then EA = (SI) + DlSP 
if r/m = 101 then EA = (DI) + DlSP 
if r/m = 110 then EA = (BP) + DISP' 
if r/m = 111 then EA = (BX) + DlSP 

DlSP follows 2nd byte of instruction (before data if 
required) 
'except if mod = 00 and rlm = 110 then EO = disp-high displow. 

SEGMENT OVERRIDE PREFIX 

1-1 
reg is assigned according to the following: 

Segment 
reg Register 
00 ES 
01 cs 
10 ss 
11 DC 

REG is assigned according to the following table: 
16-Blt (W = 1) 8-Blt (W = 0) 

000 AX 000 AL 
001 cx 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
101 SI 110 DH 
111 DI 111 BH 

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

All mnemonics copyright Intel Corporation 1987. 
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80-BIT HMOs 

NUMERIC PROCESSOR EXTENSION 
(80287-3,80287-6,80287-8,80287-10) 

High Performance 80-Bit Internal 

rn Implements Proposed IEEE Floatlng 

rn Protected Mode Operation Completely 
Architecture 

Point Standard 754 Mechanisms 

Conforms to the 80286 Memory 
Management and Protection 

rn Expands 80286 Data types to Include 
32-, 64-, 80-Bit Floatlng Point, 32-, 64- 
Blt Integers and 18-DigIt BCD Operands 

Dlrectly Extends 80286 lnStrUCtIOn Set 
to Trigonometric, Logarlthmlc, 
Exponential and Arithmetic lnstructlons 
for All Data types 
Operates with 80386 CPU without 
Software Modlflcatlon 

m Object Code Compatible with 8087 
m Built-In Exception Handllng 
rn Operates in Both Real and Protected 

8x80-Bit, Individually Addressable, 

The Intel 80287 is a high performance numerics processor extension that extends the 80286 architecture with 
floating point, extended integer and BCD data types. The 80286/80287 computing system fully conforms to 
the proposed IEEE Floating Point Standard. Using a numerics oriented architecture, the 80287 adds over fifty 
mnemonics to the 80286/80287 instruction set, making the 80286/80287 a complete solution for high per- 
formance numeric processing. The 80287 is implemented in N-channel, depletion load, silicon gate technology 
(HMOs) and packaged in a 40-pin cerdip package. The 80286/80287 is object code compatible with the 
8086/8087 and 8088/8087. 

rn Available In EXPRESMtandard 

rn Available In 40 pin-CERDIP package 
Mode 80286 Systems Temperature Range 

Numeric Register Stack (see Packaging Spec: Order +231369) 

A A 1 _ -  _ - _  WS INlERRCE UNIT NUMERIC EXECUTION UNIT 
- . -. - ._ .. - 

L X w w e N r  rmmow 
BUS BUS 

210920-1 
Figure 1.80287 Block Diagram 

21 0920-2 
NOTE: 
NIC Pins should not be connected 

Figure 2. 
80287 Pin Configuration 
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w a0287 

D15-DO 1 I10 

PEREQ 

NPSl, NPS2 1 
I ’  CMDI, CMDO 

Table 1.80287 Pin Descriptlon 

Name and Functon 
~ 

CLOCK INPUT: this clock provides the basic timing for internal 80287 
operations. Special MOS level inputs are required. The 82284 or 8284A 
CLK outputs are compatible to this input. 

CLOCK MODE SIGNAL: indicates whether CLK input is to be divided by 
3 or used directly. A HIGH input will cause CLK to be used directly. This 
input must be connected to Vcc or Vss as appropriate. This input must 
be either HIGH or LOW 20 CLK cycles before RESET goes LOW. 

SYSTEM RESET: causes the 80287 to immediately terminate its 
present activity and enter a dormant state. RESET is required to be 
HIGH for more than 4 80287 CLK cycles. For proper initialization the 
HIGH-LOW transition must occur no sooner than 50 p s  after Vcc and 
CLK meet their D.C. and A.C. specifications. 

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

BUSY STATUS asserted by the 80287 to indicate that it is currently 
executing a command. 

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

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

- 

PROCESSOR EXTENSION DATA CHANNEL OPERAND tRANSFER 
ACKNOWLEDGE: acknowledges that the request signal (PEREQ) has 
been recognized. Will cause the request (PEREQ) to be withdrawn in 
case there are no more transfers required. PEACK may be 
asynchronous to the 80287 clock. 

NUMERIC PROCESSOR READ: Enables transfer of data from the 
80287. This input may be asynchronous to the 80287 clock. 

NUMERIC PROCESSOR READ Enables transfer of data from the 
80287. This input mav be asvnchronous to the 80287 clock. 

~~~~ 

NUMERIC PROCESSOR SELECTS indicate the CPU is p e r f o r m s n  
ESCAPE instruction. Concurrent assertion of these signals (Le., NPSl is 
LOW and NPS2 is HIGH) enables the 80287 to perform floating point 
instrucctions. No data transfers involving the 80287 will occur unless the 
device is selected via these lines. These inputs may be asynchronous to 
the 80287 clock. 

COMMAND LINES: These, along with select inputs, allow the CPU to 
direct the operation of the 80287. 
These inDuts mav be asvnchronous to the 80287 clock. 
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Symbols 

vss 
vcc 

Tabk 1.80187 Pin Description (Continued) 

Type Name and Functlon 

I System ground, both pins must be connected to ground. 

I + 5v supply 

tively extends the register and instruction set of an 
80286 system for existing 80286 data types and 

FUNCTIONAL DESCRIPTION 
The 80287 Numeric Processor Extension (NPX) pro- adds several new data types as well. Figure 3 pres- 
vides arithmetic instructions for a variety of numeric ents the program visible register model of the 
data types in 80286/80287 systems. It also 8x8- 80286/80287. Essentially, the 80287 can be treated 
cutes numerous built-in transcendental functions as an additional resource or an extension to the 
(e.g., tangent and log functions). The 80287 8x8- 80286 that can be used as a single unified system, 
cutes instructions in parallel with an 80286. It effec- the 80286180287. 

AX 

ex 
CX 
DX 
SI 
DI 

DP 
OP 

802M 

15 FILE: 0 

M2@7 
STACK: 

78 78 64 63 0 
SIGN EXPONENT SIGNIFICAND 

CS 
DS 
ES 
ss 

INSTRUCTION POINTER 4 

TAG FIELD 

1 
F DATAPOINTER 4 

21 0920-3 

Figure 3.80286/80287 Architecture 

The 80287 has two operating modes similar to the Once in protected mode, all references to memory 
two modes of the 80286. When reset, 80287 is in for numerics data or status information, obey the 
the real address mode. It can be placed in the pro- 80286 memory management and protection rules 
tected virtual address mode by executing the giving a fully protected extension of the 80286 CPU. 
SETPM ESC instruction. The 80287 cannot be In the protected mode, 80286/80287 numerics soft- 
switched back to the real address mode except by ware is also completely compatible with 8086/8087 
reset. In the real address mode, the 80286/80287 is and 8088/8087. 
completely software compatible with 8086/8087 and 
8088/8087. 
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287Speed 

SYSTEM CONFIGURATION 
WITH 80286 

CLK Spesd 

CKM=O 1 CKM= 1 
. 

12 MHz 

20 MHz 
10 MHz 25 MHz 10 MHz 

16 MHZ 

SYSTEM CONFIGURATION 
WITH 80386 

The 80287 can also be connected as a processor 
extension to the 80386 CPU as shown in Figure 4b. 
All software written for 808618087 and 802861 
80287 is object code compatible with 80386180287 
and can benefit from the increased speed of the 
80386 CPU. 

Note that the input pin is pulled high. This is 
because the 80287 is not required to keep track of 
the number of words transferred during an operand 
transfer when it is connected to the 80386 CPU. Un- 
like the 80286 CPU, the 80386 CPU knows the exact 
length of the operand being transferred to1from the 
80287. After an ESC instruction has been sent to the 
80287, the 80386 processor extension data channel 
will initiate the data transfer as soon as it receives 
the PEREQ signal from the 80287. The transfer is 
automatically terminated by the 80386 CPU as soon 
as all the words of the operand have been trans- 
ferred. 

Because of the very high speed local local bus of 
the 80386 CPU, the 80287 cannot reside directly on 
the CPU local bus. A local bus controller logic is 
used to generate the necessary read and write cycle 
timings as well as the chip select timings for the 
80287. The 80386 CPU uses I10 addresses 
800000F8 through 8OOOOOFF to communicate with 
the 80287. This is beyond the normal I10 address 
space of the CPU and makes it easier to enerate 
the chip select signals using A31 and A. It may 
also be noted that the 80386 CPU automatically 
generates 16-bit bus cycles whenever it communi- 
cates with the 80287. 

HARDWARE INTERFACE 
Communication of instructions and data operands 
between the 80286 and 80287 is handled by the 
CMDO, CMD1, m, NPS2, m, and NPWR sig- 
nals. I/O port addresses 00F8H, OOFAH, and OOFCH 
are used by the 80286 for this communication. 
When any of these addresses are used, the 
in ut must be LOW and NPS2 input HIGH. The 
7f-T I R and outputs of the 82288 identify I10 
space transfers (see Figure 4A). CMDO should be 
connected to latched 80286 A1 and CMDl should 
be connected to latched 80286 A2. 

I10 ports OOFBH to OOFFH are resewed for the 
80286180287 interface. To guarantee correct opera- 
tion of the 80287, programs must not perform any 
I10 operations to these ports. 

The PEREQ, m, m, and ERROR signals of 
the 80287 are connected to the same-named 80286 
input. The data pins of the 80287 should be directly 
connected to the 80286 data bus. Note that all bus 
drivers connected to the 80286 local bus must be 
inhibited when the 80286 reads from the 80287. The 
use of M I D  in the decoder prevents INTA bus cy- 
cles from disabling the data transceivers. 

PROGRAMMING INTERFACE 
Table 2 lists the seven data types the 80287 sup- 
ports and presents the format for each type. These 
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values are stored in memory with the least signifi- 
cant digits at the lowest memory address. Programs 
retrieve these values by generating the lowest ad- 
dress. All values should start at even addresses for 
maximum system performance. 

Internally the 80287 holds all numbers in the tempo- 
rary real format. Load instructions automatically con- 
vert operands represented in memory as 16-, 32-, or 
64-bit integers, 32- or 64-bit floating point number or 

1 &digit packed BCD numbers into temporary real 
format. Store instructions perform the reverse type 
conversion. 

80287 computations use the processor's register 
stack. These eight 80-bit registers provide the equiv- 
alent capacity of 40 16-bit registers. The 80287 
register set can be accessed as a stack, with in- 
structions operating on the top one or two stack ele- 
ments, or as a fixed register set, with instructions 
operating on explicitly designated registers. 

"cc 

NPRd NPO2 -Vcc - 
.NPWR NP81 

--ERROR CMD1 

30 M k  TANK 
osciumn 

210920-4 

Figure 4A. 80286/80287 System Configuration 
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- PEREO 
- PEREO 4 

* NPSl 

w 3 7 3  , + NPSZ 
LATCH 

OE 

M I 5  --- 
c b CMW 

CUD1 
eo287 

NUMERIC 
COPROCEER 

D 1 H  PEACK 

A3l 

- A 2 -  

- 
c NPRD - 

NPWR 

- vco 
20K 

3-60 



80287 

Data 
Formats 

Word Integer 

Table 2.80287 Data Type Representation In Memory 
Most Slgnlficant Byto HIGHEST ADDRESSED BYTE 

Rango Proclrlon 
r 0 7  0 7  Q I  0 7  Q 

[TWO s 
I O 4  16 Bits COMPLEMENT) 

Short Integer 

Long Integer (TWO'S COMPLEMENT) 

0 

Packed BCD t Short Real 

1 ole 

Long Real 

Temporary Real 1$4932 64 Bits SI E f ~ $ ~ ~ \ T  h SIGNIFICAND I 
M 63 '  0 

I I I I I 

210920-6 NOTES 
1. S = Sign bit (0 = positive, 1 = negative) 
2. dn = Decimal digit (two per byte) 
3. X = Bits have no significance: 8087 ignores when loading, zeros when storing. 
4. A = Position of implicit binary point 
5. I = Integer bit of significant; stored in temporary real, implicit in short and long real. 
6. Exponent Bias (normalized values): 

Short Real: 127 (7FH) 
Long Real: 1023 (3FFH) 
Temporary Real: 16383 (3FFFH) 

7. Packed BCD (- 1)s (D17. . . DO) 
8. Real: (- 1)s (2E-BIAS)(FoFl. . .) 

Table 6 lists the 80287's instructions by class. No 
special programming tools are necessary to use the 
80287 since all new instructions and data types are 
directly supported by the 80286 assembler and 

appropriate high level languages. All 8086/8088 de- 
velopment tools which support the 8087 can also be 
used to develop software for the 80286/80287 in 
real address mode. 
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SOFTWARE INTERFACE 
The 80286/80287 is programmed as a single proc- 
essor. All communication between the 80286 and 
the 80287 is transparent to software. The CPU auto- 
matically controls the 80287 whenever a numeric in- 
struction is executed. All memory addressing 
modes, physical memory, and virtual memory of the 
CPU are available for use by the NPX. 

Since the NPX operates in parallel with the CPU, any 
errors detected by the NPX may be reported after 
the CPU has executed the ESCAPE instruction 
which caused it. To allow identification of the failing 
numeric instruction, the NPX contains two pointer 
registers which identify the address of the failing nu- 
meric instruction and the numeric memory operand if 
appropriate for the instruction encountering this er- 
ror. 

INTERRUPT DESCRIPTION 
Several interrupts of the 80286 are used to report 
exceptional conditions while executing numeric pro- 
grams in either real or protected mode. The inter- 
rupts and their functions are shown in Table 3. 

PROCESSOR ARCHITECTURE 
As shown in Figure 1, the NPX is internally divided 
into two processing elements, the bus interface unit 
(BIU) and the numeric execution unit (NEU). The 
NEU executes all numeric instructions, while the BIU 
receives and decodes instructions, requests oper- 
and transfers to and from memory and executes 
processor control instructions. The two units are 
able to operate independently of one another allow- 
ing the BIU to maintain asynchronous communica- 
tion with the CPU while the NEU is busy processing 
a numeric instruction. 

BUS INTERFACE UNIT 
The BIU decodes the ESC instruction executed by 
the CPU. If the ESC code defines a math instruction, 
the BIU transmits the formatted instruction to the 
NEU. If the ESC code defines an administrative in- 
struction, the BIU executes it independently of the 
NEU. The parallel operation of the NPX with the 
CPU is normall transparent to the user. The BIU 
generates the h and signals for 80826/ 
80287 processor synchronization and error notifica- 
tion, respectively. 

The 80287 executes a single numeric instruction at 
a time. When executing most ESC instructions, the 
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Interrupt Number 
7 

9 

Table 3.80286 Interrupt Vectors Reserved for NPX 

An ESC instruction was encountered when EM or TS of the 80286 MSW was 
set. EM = 1 indicates that software emulation of the instruction is required. 
When TS is set, either an ESC or WAIT instruction will cause interrupt 7. This 
indicates that the current NPX context may not belong to the current task. 
The second or subsequent words of a numeric operand in memory exceeded a 
segment‘s limit. This interrupt occurs after executing an ESC instruction. The 
saved return address will not point at the numeric instruction causing this 
interrupt. After processing the addressing error, the 80286 program can be 
restarted at the return address with IRET. The address of the failing numeric 
instruction and numeric operand and saved in the 80287. An interrupt handler 
for this interrupt must execute FNlNlT before any other ESC or WAIT 
instruction. 
The starting address of a numeric operand is not in the segment’s limit. The 
return address will point at the ESC instruction, including prefixes, causing this 
error. The 80287 has not executed this instruction. The instruction and data 
address is 80287 refer to a previous, correctly executed, instruction. 
The previous numeric instruction caused an unmasked numeric error. The 
address of the faulty numeric instruction or numeric data operand is stored in 
the 80287. Only ESC or WAIT instructions can cause this interrupt. The 80286 
return address will point at a WAIT or ESC instruction, including prefixes, which 
may be restarted after clearing the error condltion in the NPX. 

Interrupt Functlon 

80286 tests the BUSY pin and waits untll the 80287 
indicates that it is not busy before initiating the com- 
mand. Once initiated, the 80286 continues program 
execution while the 80287 executes the ESC in- 
struction. In 8086/8087 systems, this synchroniza- 
tion is achieved by placing a WAIT instruction before 
an ESC instruction. For most ESC instructions, the 
80287 does not require a WAIT instruction before 
the ESC opcode. However, the 80287 will operate 
correctly with these WAIT instruction. In all cases, a 
WAIT or ESC instruction should be inserted after 
any 80287 store to memory (except FSTSW and 
FSTCW) or load from memory (except FLDENV or 
FRSTOR) before the 80286 reads or changes the 
value to be sure the numeric value has already been 
wrtten or read by the NPX. 

Data transfers between memory and the 80287, 
when needed, are controlled by the PEREQ m, 
F)pRD, m, m, NPS2 signals. The 80286 
does the actual data transfer with memory through 
its processor extension data channel. Numeric data 
transfers with memory performed by the 80286 use 
the same timing as any other bus cycle. Control s ig  
nal for the 80287 are generated by the 80826 as 

shown in Figure 4a, and meet the timing require- 
ments shown in the AC requirements section. 

NUMERIC EXECUTION UNIT 
The NEU executes all instructions that involve the 
register stack; these include arithmetic, logical, tran- 
scendental, constant and data transfer instructions. 
The data path in the NEU is 84 bits wide (68 signifi- 
cand bits, 15 exponent bits and a sign bit) which 
allows internal operand transfers to be performed at 
very high speeds. 

When the NEU be ins executing an instruction, it 
activated the BIU & signal. This signal is used in 
conjunction with the CPU WAIT instruction or auto- 
matically with most of the ESC instructions to syn- 
chronize both processors. 

REGISTER SET 
The 80287 register set is shown in Figure 5. Each of 
the eight data registers in the 8087’s register stack 
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DATA FIELD TAG FIELD 
79 78 6463 

15 0 
CONTROL REGISTER 
STATUS REGISTER 

INSTRUCTION POINTER 

i DATAPOINTER 

Figure 5.80287 Reglrter Set 

is 80 bits wide and is divided into ‘‘fields” corre- 
sponding to the NPX’s temporary real data type. 

At a given point in time the TOP field in the atatus 
word identifies the current top-of-stack register. A 
“push” operation decrements TOP by 1 and loads a 
value into the new top register. A “pop” operation 
stores the value from the current top register and 
then increments TOP by 1. Like 80286 stacks in 
memory, the 80287 register stack grows “down” 
toward lower-addressed registers. 

Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instruc- 
tions implicitly address the register pointed by the 
TOP. Other instructions allow the programmer to ex- 
plicitly specify the register which is to be used. This 
explicit register addressing is also “top-relative.” 

STATUS WORD 
The 16-bit status word (in the status register) shown 
in Figure 6 reflects the overall state of the 80287. It 
may be read and inspected by CPU code. The busy 
bit (bit 15) indicates whether the NEU is executing 
an instruction (B = 1) or is idle (B = 0). 

The inshuctions FSTSW, FSTSW AX, FSTENV, and 
FSAVE which store the status word are executed 
exclusively by the BIU and do not set the busy bit 
themselves or require the Busy bit be cleared in or- 
der to be executed. 

The four numeric condition code bits (C0-Q) are 
similar to the flags in a CPU: instructions that per- 
form arithmetic operations update these bits to re- 
flect the outcome of NPX operations. The effect of 
these instructions on the condition code is summa- 
rized in Tables 4a and 4b. 

Bits 14-12 of the status word point to the 80287 
register that is the current top-of-stack (TOP) as de- 
scribed above. Figure 6 shows the six error flags in 
bits 5-0 of the status word. Bits 5-0 are set to indi- 
cate that the NEU has detected an exception while 
executing an instruction. The section on exception 
handling explains how they are set and used. 

GI 7 is the error summary status bit. This bit is set if 
any unmasked exception bit is set and cleared oth- 
erwise. If this bit is set, the ERROR signal is assert- 
ed. 
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15 0 

B G T O P  C, C, G, ES X PE UE OE ZE DE IE 

EXCEPTION FLAQS (1 EXCEPTION MAS OCCURRED) 

INVALID OPERATION' 
DENORMALIZED OPERAND' 
ZERO DIVIDE' 

(RESERVED) 

CONDITION CODE"' 

NEU BUSY 

ERROR summm STATUS"' 

TOP OF STACK  POINTER'^' 

21 0920-7 

NOTES: 
1. ES is set if any unmasked exception bit is set, cleared otherwise. 
2. See Table 5 for condition code interpretation. 
3. Top Values 

000 -5 Register 0 is Top of Stack 
001 = Register 1 is Top of Stack 

11 1 = Register 7 is Top of Stack. 

'For definitions, see the section on exception handling 

Figure 6.80287 Status Word 

TAG WORD 
The tag word marks the content of each register as 
shown in Figure 7. The principal function of the tag 
word is to optimize the NPX's performance. The 
eight two-bit tags in the tag word can be used, how- 
ever, to interpret the contents of 80287 registers. 

INSTRUCTION AND DATA POINTERS 
The instruction and data pointers (See Figures 8a 
and 8b) are provided for user-written error handlers. 
Whenever the 80287 executes a new instruction, the 
BIU saves the instruction address, the operand ad- 
dress (if present) and the instruction opcode. 80287 
instructions can store this data into memory. 

The instruction and data pointers appear in one of 
two formats depending on the operating mode of the 
80287. In real mode, these values are the 20-bit 
physical address and 11 -bit opcode formatted like 
the 8087. In protection mode, these values are the 

32-bit virtual address used by the program which ex- 
ecuted an ESC instruction. The same FLDENV/ 
FSTENV/FSAVE/FRSTOR instructions as those of 
the 8087 are used to transfer these values between 
the 80287 registers and memory. 

The saved instruction address in the 80287 will point 
at any prefixes which preceded the instruction. This 
is different than in the 8087 which only pointed at 
the ESCAPE instruction opcode. 

CONTROL WORD 
The NPX provides several processing options which 
are selected by loading a word from memory into the 
control word. Figure 9 shows the format and encod- 
ing of fields in the control word. 

The low order byte of this control word configures 
the 80287 error and exception masking. Bits 5-0 of 
the control word contain individual masks for each of 
the six exceptions that the 80287 recognizes. The 
high order byte of the control word configures the 

3-65 



80287 

Table 4a. Condltlon Code Interpretation 

lnrtructlon 
Type 

Compare, Test 

Remainder 

Examine 

c3 c2 C1 CO 

0 0 X 0 
0 0 X 1 
1 0 X 0 
1 1 X 1 

Q1 0 QO Q2 

U 1 U U 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 

0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 

0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 

0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 

1 1 0 1 
1 1 1 0 
1 1 1 1 

NOTES: 
1. ST = Top of Stack 
2. X = value is not affected by instruction 
3. U = value is undefined following instruction 
4. Qn = Quotient bit n 

Table 4b. Condltlon Code Interpretation after 
FPREM (See Note 1) InstructJon as a Function of 

Dlvldend Value 

Dlvldend Range 

Dividend < 4 Modu1,us QO 

NOTE 
I. Previous value of indicated bit, not affected by FPREM 
instruction execution. 

lnterpretatlon 

ST > Source or 0 (FTST) 
ST < Source or 0 (FTST) 
ST = Source or 0 (FTST) 
ST is not comparable 

Complete reduction with 
three low bits of quotient 
(See Table 5b) 
Incomplete Reduction 

Valid, positive unnormalized 
Invalid, positive, exponent = 0 
Valid, negative, unnormalized 
Invalid, negative, exponent = 0 
Valid, positive, normalized 
Infinity, positive 
Valid, negative, normalized 
Infinity, negative 
Zero, positive 
Empty 
Zero, Negative 
Empty 
Invalid, positive, exponent = 0 
Empty 
Invalid, negative, exponent = 0 
Empty 

80287 operating mode including precision, rounding, 
and infinity control. The precision control bits (bits 
9-8) can be used to set the 80287 internal operating 
precision at less than the default of temporary real 
(80-bit) precision. This can be useful in providing 
compatibility with the early generation arithmetic 
processors of smaller precision than the 80287. The 
rounding control bits (bits 1 1 - 10) provide for direct- 
ed rounding and true chop as well as the unbiased 
round to nearest even mode specified in the iEEE 
standard. Control over closure of the number space 
at infinity is also provided (either affine closure: f 
00, or projective closure: 00,  is treated as unsigned, 
may be specified). 
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TAG (7) TAG (6) TAG (5) TAG (4) TAG (3) TAG (2) TAG (1) TAG (0) 

NOTE 
The index i of tag(i) is not top-relative. A program 
typically uses the “top” field of Status Word to deter- 
mine which tag(i) field refers to logical top of stack. 

TAG VALUES 
00 = VALID 
01 = ZERO 
10 = INVALID or INFINITY 
11 = EMPTY 

Figure 7.80287 Tag Word 

MEMORY OFFSET 

+O 
+ 2  

+ 4  

+6 
+ 8  

+ 10 

+12 

Figure Ea. Protected Mode 80287 lnstructlon and Data Polnter image in Memory 

EXCEPTION HANDLING 
The 80287 detects six different exception conditions 
that can occur during instruction execution. Any or 
all exceptions will cause the assertion of external 
ERROR signal and ES bit of the Status Word if the 
appropriate exception masks are not set. 

The exceptions that the 80287 detects and the ‘de- 
fault’ procedures that will be carried out if the excep- 
tion is masked, are as follows: 

lnvalld Operation: Stack overflow, stack underflow, 
indeterminate form ( O / O ,  00, - 00, etc) or the use of 
a Non-Number (NAN) as an operand. An exponent 
value of all ones and non-zero significand is re- 
served to identify NANs. If this exception is masked, 
the 80287 default response is to generate a specific 

NAN called INDEFINITE, or to propogate already ex- 
isting NANs as the calculation result. 

Overflow: The result is too large in magnitude to fit 
the specified format. The 80287 will generate an en- 
coding for infinity if this exception is masked. 

Zero Dlvlsor: The divisor is zero while the dividend 
is a non-infinite, non-zero number. Again, the 80287 
will generate an encoding for infinity if this exception 
is masked. 

Underflow: The result in non-zero but too small in 
magnitude to fit in the specified format. If this excep- 
tion is masked the 80287 will denormalize (shift 
right) the fraction until the exponent is in range. The 
process is called gradual underflow. 
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CONTROL WORD 

STATUS WORD 

TAG WORD 

INSTRUCTION POINTER (15-0) 

INSTRUCTION INSTRUCTION 
POINTER (19-16) OPCODE (10-0) 

DATA POINTER (15-0) 

0 DATA POINTER 
(1 9 - 1 6) 

+ O  

+2 
+ 4  

+ 6  

+* 
+IO 

+ 12 

Figure 8b. Real Mode 80287 Instruction and Data Pointer Image in Memory 

L L L 

EXCEPTION MASKS (1 EXCEPTION IS MASKED) 

INVALID OPERATION 
DENORMALIZED OPERAND 
ZERO DIVIDE 
OVERFLOW 1 I ::::K;r 

(RESERVED) 
(RESERVED) 
PRECISION CONTROL "' 
ROUNDING CONTROL"' 
INFINITY CONTROL (0 
(RESERVED) 

PROJECTIVE, 1 = AFFINE) 

210920-8 
(1) PRECISION CONTROL (2) ROUNDING CONTROL 

00 = 24 BITS (SHORT REAL) 

10 = 53 BITS (LONG REAL) 
11 = 84 BITS (TEMP REAL) 

00 = ROUND TO NEAREST OR EVEN 

10 = ROUNDUP(T0WARD +x) 
11 = CHOP (TRUNCATE TOWARD ZERO) 

01 = RESERVED 01 = ROUND DOWN (TOWARD -* 

Flgure 9.80287 Control Word 
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Denormallzed Operand At least one of the oper- 
ands is denormalized; it has the smallest exponent 
but a non-zero significand. Normal processing con- 
tinues if this exception is masked off, 

Inexact Result: The true result is not exactly repre- 
sentable in the specified format, the result is round- 
ed according to the rounding mode, and this flag is 
set. If this exception is masked, processing will sim- 
ply continue. 

If the error is not masked, the corresponding error 
bit and the error status bit (ES) in the control word 
will be set, and the ERROR output signal will be as- 
serted. If the CPU attempts to execute another ESC 
or WAIT instruction, exception 7 will occur. 

The error condition must be resolved via an interrupt 
service routine. The 80287 saves the address of the 
floating point instruction causing the error as well as 
the address of the lowest memory location of any 
memory operand required by that instruction. 

8086/8087 COMPATIBILITY: 

The 80286/80287 supports portability of 8086/8087 
programs when it is in the real address mode. How- 
ever, because of differences in the numeric error 
handling techniques, error handling routines may 
need to be changed. The differences between an 
80286180287 and 808618087 are: 
1. The NPX error signal does not pass through an 

interrupt controller (8087 IN1 signal does). 

Therefore, any interrupt controller oriented in- 
structions for the 8086/8087 may have to be de- 
leted. 

2. Interrupt vector 16 must point at the numeric error 
handler routine. 

3. The saved floating point instruction address in the 
80287 includes any leading prefixes before the 
ESCAPE opcode. The corresponding saved ad- 
dress of the 8087 does not include leading prefix- 
es. 

4. In protected mode, the format of the saved in- 
struction and operand pointers is different than for 
the 8087. The instruction opcode is not saved-it 
must be read from memory if needed. 

5. Interrupt 7 will occur when executing ESC instruc- 
tions with either TS or EM or MSW = 1. If TS of 
MSW = 1 then WAIT will also cause interrupt 7. 
An interrupt handler should be added to handle 
this situation. 

6. Interrupt 9 will occur if the second or subsequent 
words of a floating point operand fall outside a 
segment’s size. Interrupt 13 will occur if the start- 
ing address of a numeric operand falls outside a 
segment’s size. An interrupt handler should be 
added to report these programming errors. 

In the protected mode, 808618087 application code 
can be directly ported via recompilation if the 80286 
memory protection rules are not violated. 

3-69 



80287 

I CCLK I CLK Capacitance 

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

ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias . . . . . . 0°C to 70°C 
Storage Temperature . . . , . . , , . . - 6 5 0 ~  to + 1 5 0 0 ~  
Case Temperature . . . . . . . . , . . . . . . . . . . O"c 85"c 
Voltage on any Pin with 

Power Dissipation. . . . . . . . . . . . . . . . . . . . . . .3.0 Watt 
ReSpeCd t0 Ground . . . . . . . . . . . . . . . - ? .o t0 -k 7v eMend&pe"ods may affect device re/,abi/,& 

0 12 pF F c =  1 MHz 

D.C. CHARACTERISTICS TA = 0°C to 70"C, TC = 0°C to 85"C, Vcc = 5V *5% 

ALL SPEEDS SELECTIONS 
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80287-3 80287-6 80287-8 8 ~ ~ ~ ~ ~ o  
Symbol Parameter MHz MHz MHz Prdlmlnary 

Min Max Min Max Mln Max Mln Max 
TCLCL CLK Period 

CKM = 1: 200 500 166 500 125 500 100 500 
CKM = 0: 62.5 250 62.5 166 50 166 40 166 

1 CKM = 1: I 118 I 100 343 68 343 62 343 
I TCLCH CLK LOW Time 

A.C. CHARACTERISTICS TA = 0°C to 70°C. TCASE = 0% to 85% V a  = 5V *5% 

Tart 
Un't, Condltlono 

ns 
ns 

ns AtO.8V 

TIMING REQUIREMENTS 

A.C. timings are referenced to 0.8V and 2.0V points on signals unless otherwise noted. 

CKM = 1: 
CKM = 0 

TDWH Data Setup to 75 
NPWR Inactive I TWHDX 1 Data Hold from 1 11 1 
NPWR Inactive 

TWLWH NPWR NPRD 
TRLRH Active Time 

3-71 



80287 

TRHOH 

A.C. CHARACTERISTICS TA = 0°C to 70% TCASE = 0°C to 85% Vcc = 5V k 5 %  (Continued) 

Wtjte-to-Write 95 95 95 75 ns At 2.0V 
Read-to-Read 250 95 95 75 ns At 2.0V 
Write-to-Read 105 95 95 75 ns At2.OV 
Read-to-Write 95 95 95 75 ns At 2.0V 

DataHoldfrom 5 3 3 3 ns (Note7) 
NPRD Inactive 

TIMING REQUIREMENTS (Continued) 

A.C. timings are referenced to 0.8V and 2.0V points on signals unless otherwise noted. 

NOTES 
1. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at a specific CLK 
edge. 
2. Float condition occurs when output current is less than 1~0 on DO-D15. 

4. 
5. 
6. On last data transfer on numeric instruction. 
7. DO-D15 loading: CL = 100 pF. 

3. DO-D15 IoSINF!~: XL = 100 pF. 
loading: CL = 100 pF. 
loading: CL = 100 pF. 
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WAVEFORMS 

DATA TRANSFER TIMING (Initiated by 80286) 

VALID 
C M W  CMDl 
m . N P S 2  

DATA 
TRANSFER 
FROM 
80287 

DATA 
TRANSFER 
TO 
80287 

21 0820- 12 

DATA CHANNEL TIMING (Initiated by 80287) 

I 
VALID 

+ TAVWL TAVRL 

~-TKLKH--I 
21 0920-13 

3-73 



80287 iw 

cIIIK)II 

WAVEFORMS (Continued) 

c 

ERROR OUTPUT TIMING 
r 

CLK, RESET TIMING (CKM = 1) 
1 

RESET 

21 0920- 1 5 

NO= 
Reset, m, 
to assure recognition at a specific CLK edge. 

are inputs asynchronous to CLK. Timing requirements on this page are given for testing purposes only, 
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WAVEFORMS (Continued) 

CLK, m, TIMING (CKM = 1) 
1 

/ 

NPR!, \\\\\SA 
21 0920- 16 

NWR 

CLK, RESET TIMING (CKM = 0) 

210920-1 7 

NOTE 
Reset must meet timing shown to guarantee known phase of internal + 3 circuit. 

CLK, m, TIMING (CKM = 0) 
I 

21 0920-18 
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Opllonal 
6-16 81) 

Dlaplacemenl 

MF 

Table 6.80287 Extensions to the 80286 Instruction Set 

Clock Count Rang. 
32 Bll 32 1111 UBII 16 Bll 
Roal Integor Real Integer 

00 01 10 11 

Data Transfor 

ESCAPE 0 0 1 

FLD = LOAD 

Inleger/Real Memory lo ST(0) 

Long Integer Memory lo ST(0) 

1 1 0 0 1 ST(i) 

Temporary Real Memory 10 

SVO) 

BCD Memory l o  ST(0) 

E S C A P E 1  1 0  1 1  0 1 1 0 0 1  

- - - - - - _  
DlSP : - - - - - - - ESCAPE 1 1 1 MOD I 0 0 RIM 

E S C A P E 0 0 1  

ST(i) lo ST(0) 

1 1  1 0 0 1 0 0  

[ESCAPE 0 0 1 1 1 1 0 0 0 ST(t)I 

FST STORE 

ST(0) lo InlegerlReal Memory 

ST(0) lo ST(i) 

FSTP = STORE AND POP 

ST(0) l o  InlegeriReal Memory 

ST(0) 10 Long Integer Memory 

ST(0) to Temporary Real 
Memory 

ST(0) l o  BCD Memory 

ST(0) l o  ST(i) 

FXCH = Exchange ST(i) and 
ST(0) 

Comparison 
FCOM = Compare 

Inleger/Real Memory l o  ST(0) 

ST(i) 10 ST (0) 

FCOMP = Compare and Pop 

Inleger/Rerl Memory 10 ST(0) 

ST(i) lo ST(0) 

FCOMPP - Compare ST(1) lo 
ST(0) and Pop Twice 

FIST - Teal ST(0) 

- - - - -  
ESCAPE M F  0 MOD 0 1 1 WM - - DISP- -1 
ESCAPE 0 0 0 I 1 1 0 1 1 ST(i) 

FXAM = Examine ST(0) E S C A P E 0 0 1  1 1  1 0 0 1 0 1  

38-56 52-60 40-60 

60-68 

53-85 

290-310 

17-22 

64-90 82-92 96-104 

15-22 

86-92 84-94 98-106 

94- 105 

52-58 

520-540 

17-24 

10-15 

60-70 78-91 65-75 

40-50 

63-73 80-93 67-77 

45-52 

45-55 

38-46 

12-23 

46-54 

80-90 

82-92 

72-86 

74-88 

210920- 19 

All mnemonics copyright Intel Corporation 1987. 
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CKY = 0 

2.0V CKY = 1 

210920-9 

AC Drive and Measurement Points-CLK input 

4.0V CKY=O 
2.4V CKY.1 3.W CKM = O  

Z.0V CKY = 1 

1.W W M = O  1.OV CKY.0 
0.W CKY.1 0 .W CKM.1 

Cu( 
INPUT 

0.UV CKY.0 
0 .QV CKY.1 

24V 

mwn 
DEVICE 
I W  

0.m uyr *" I I r v v v w v v v y  
I I 

210920-1 0 
~~~~~~~ ~ ~ ~ ~ ~ 

AC Setup, Hold and Delay Tlme Mersurement-General 

- - 
21 0920- 1 1 

AC Test Loading on Outputs 
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Intoger/Rul MomorywilhST(0) 

ST(I) and ST(0) 

Table 6.80287 Extenrionr to the 80286 Inrtructlon Set (Continued) 

- - - - -  
DlsP ; _ - - - -  ESCAPE MF 0 MOD 0 0 I WM 

ESCAPE d P 0 1 1 0 0 1 WM 

Conrtantr 

IntagarlRoal MomorywilhST(0) ESCAPE MF 0 MOD 1 1 R WM 

ST(I) and ST(0) ESCAPE d P 0 1 1 1 1 R WM 

run- LOAD+O.OI~~~ST(O) ESCAPE o o 1 [ 1 1 1 o 1 I 1 o 

DlSP - - - - - -  

FLDPI-LOADV~~~~ST(O) ESCAPE o o 1 I I 1 1 o 1 o 1 1 

F L D L f T = L O A D l ~ l O i n t o  ESCAPE 0 0 1 1 1 1 0 1 0 0 1 
WO) 

R D U L = L O A D I o ~ e i n t o  ESCAPE 0 0 1 1 1 1 0 1 0 1 0 
ST@) 

FLDLQ2 - LOAD lopro 2 into 
WO) E S C A P E 0 0 1  1 1  1 0 1 1 0 0  

FLDLN2=LOAD10ge2inlo ESCAPE 0 0 1 1 1 1 0 1 1 0 1 
ST(0) 

Arlthmotk 

- - - - -  FAD0 = Addition 

Inloger/R..lMemorywith ST(0) ESCAPE MF 0 MOD 0 0 0 WM 

ST(i) and ST(0) I ESCAPE d P 0 I 1 1 0 0 0 ST(i) I 
Dl_SP- - -  

fSUB - Sublnclion 

Int.0.r/RealMemorywithST(O) ESCAPE MF 0 [ MOD 1 0 R WM 

ST(i) end ST(0) ESCAPE d P 0 1 1 1 0 R WM 

C.QRl-SauanRoololSTlOl 1 ESCAPE 0 0 1 I 1 1 1 1 1 0 1 0 I 

~ L L - S c e l r S T ( O ) b y S T ( l )  ESCAPE 0 0 1 I 1 1 1 1 1 1 0 1 

CMIY-ParllalRofnalnderol ESCAPE 0 0 1 [ 1 1 1 1 1 0 0 0 
ST(0) +ST(l) 

FRNMl l t -  RoundST(0)lo ESCAPE 0 0 1 1 1 1 t 1 1 0 0 
Intogor 

11-17 

15-21 

16-22 

16-22 

15-21 

18-24 

17-23 

90-120 108-143 95-125 102-137 

70-100 (Note 1) 

90-120 106143 95-125 102-137 

70-100 (Note 1) 

110-125 130-144 112-181) 124-138 

90-145 (Note 1) 

215-22s 230-243 220-230 224-230 

103-203 (Note 1) 

180-188 

32-36 

15-190 

16-50 

210920-20 

NOlE 
1 .  If P = 1 then add 5 clocks. 

A l l  mnemonics copyright Intel Corporation 1987. 

3-78 



80287 

FADS = AbroluteValuaof ESCAPE 0 0 1 

Table 6.80287 Extonsions to the 80286 Instructlon Set (Continued) 

1 1 1 0 0 0 0 1 

E S C A P E 0 0 1  

C W  Counl Rang. 

1 1  1 1 0 1 1 1  

27-55 

10-17 

10-17 

lkmnacondontat 

FPTAN = Partiel Tangent of 
S W )  

FPATAM = Parlial Arctangent 
01 ST(0) -ST(1) 

F2XM1 = 2sT(o'- 1 

FVLZX - ST(1). L o a  
I ST(0)l 

FYLZXPl = ST(1)- L o a  
IST(0) + I  I 

Procosror Control 

FINIT = Initialize NPX 

FSBLTPM = Enter Protected 
Mode 

FSTILW AX .. Store Control 
Wore 

FLDCW - Load Control Word 

FWCW = Store Control Word 

FSTSW - Store Status Word 

/ESCAPE 0 0 1 1  1 1  1 1  0 0 1 0  I 30-540 

/ESCAPE 0 0 1 1  1 1  1 1  0 0 1 1  I 

(ESCAPE 0 0 1 1 1  1 1 1  0 0 0 0 1 

IESCAPE o o 1 I 1  1 i 1 o o o 1 I 
~~~~ ~ ~ 

ESCAPE 0 0 1 1 1  1 1 1  1 0  0 1 

E S C A P E 0 1 1  1 1  1 0 0 0 1 1  

E S C A P E 0 1 1  1 1  1 0 0 1 0 0  

IESCAPE 1 1  1 1 1  1 1 0  0 0 0 0 1 

F C U X  = Clear Exceptions IESCAPE 0 1 1  1 1  1 1 0  0 0 1 0  I 

M N V  - Store Environment 

FLDENV = Load Environmenl I ESCAPE 0 0 1 I MOD 1 0 0 WM I DlSP j 

_ _ _ - _ - -  ESCAPE 1 0 1 MOD 1 1 0 WM 

FRSTOR = Restore Scale I DlSP ; - - - - - - - ESCAPE 1 0 1 I MOD 1 0 0 RJM 

FINCSW = Incramenl Slack 
Pointer 

FDCCSlP = Docramen1 Stack 
Polnter 

250-800 

310-630 

900-1100 

700-1000 

2-6 

2-6 

10-16 

7-14 

12-16 

12-18 

2-6 

40-50 

35-45 

205-215 

205-21 5 

6-12 

6-12 

210920-21 

All mnemonics copyri.ght Intel Corporation 1987. 
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Table 6.80287 Extendom to the 80286 lnatruction Sa (Continued) 
1 

ClO&uunCRM#O 

fFRLL = fm ST(I) ESCAPE 1 0 1 1 1 0 0 0 ST(i) e 1 0  

FWOP - No Operation E S C A P E O O l I l  1 0 1  0 0 0 0  10-16 

210920-22 

NOTES 
1. if mod = 00 then DISP = O', disp-low and disphigh are absent 

if mod = 01 then DISP = displow sign-extended to 16-bits, disphigh is absent 
if mod = 10 then DlSP = disp-high; disp-low 
if mod = 11 then r/m is treated as an ST(i) field 

2. if r/m = 000 then EA = (BX) + (SI) +DlSP 
if r/m = 001 then EA = (BX) + (DI) +DlSP 
if r/m = 010 then EA = (BP) + (SI) +DlSP 
if r/m = 011 then EA = (BP) + (DI) +DlSP 
if r/m = 100 then EA = (SI) + DlSP 
if r/m = 101 then EA = (DI) + DISP 
if r/m = 110 then EA = (BP) + DlSP 
if r/m = 111 then EA = (BX) + DlSP 
*except if mod = 000 and r/m = 110 then EA = disp-high; displow. 

3. MF = Memory Format 
00-32-bit Real 
01-32-bit Integer 
1 --bit Real 
11-16-bit Integer 

4. ST(0) = Current stack top 

5. d = Destination 
ST(i) = ith register below stack top 

O-Destination is ST(0) 
1-Destination is ST(i) 

6. P = Pop 
&No pop 

7. R = Reverse: When d = 1 reverse the sense of R 
O-Destination (op) Source 
1Cource (op) Destination 

l-POp ST(0) 

8. For FSQRT: 
For FSCALE 
For FPXM1: 
For FYL2X: 

For FYLPXPl: 

For FPTAN: 
For FPATAN 

-0 i ST(0) i + Q) 

-215 i ST(1) < +215 and ST(1) integer 
0 < ST(0) I; 2-1 
0 < ST(0) < 00 

--OD < ST(1) < + m  
0 < IST(0)I < (2 - d2)/2 
-00 < ST(1) < 00 

0 i ST(0) < 7r/4 
0 i ST(0) < ST(1) < + m 

9. ESCAPE bit pattern is 1101 1. 

A l l  mnemonics copyright Intel Corporation 1987. 
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National Ea Semiconductor 
NS16450/INS8250A/NSI 6C450/INS82C50A 
Asynchronous Communications Element 
General Description 
The NS16450 is an improved specification version of the 
INS8250A Asynchronous Communications Element (ACE) 
The improved specifications ensure compatibility with the 
NS32016 and other state-of-the-art CPUs Functionally, the 
NS16450 is equivalent to the INS8250A The INS8250A is 
available in both 5V f 5% and 5V f 10% operating ranges 
See ordering instructions on the last page The ACE is fabri- 
cated using National Semiconductor's advanced scaled 
N-channel silicon-gate MOS process, XMOS 
The NS16C450 and INS82C50A are functionally equivalent 
to their XMOS counterparts, except that they are CMOS 
parts (The CMOS parts will be available after June 1985 ) It 
functions as a serial data input/output interface in a micro- 
computer system The functional configuration of the ACE is 
programmed by the system software via a TRI-STATE" 
8-bit bidirectional data bus, this includes the on-board baud 
rate generator 
The ACE performs serial-to-parallel conversion on data 
characters received from a peripheral device or a MODEM. 
and parallel-to-serial conversion on data characters re- 
ceived from the CPU The CPU can read the complete 
status of the ACE at any time during the functional opera- 
tion Status information reported includes the type and con- 
dition of the transfer operations being performed by the 
ACE, as well as any error conditions (parity. overrun, fram- 
ing. or break interrupt) 
The ACE includes a programmable baud generator that is 
capable of dividing the timing reference clock input by divi- 
sors of 1 to (216 - 1). and producing a 16 X clock for driving 
the internal transmitter logic Provisions are also included to 
use this 16 X clock to drivQ the receiver logic Also included 
in the ACE is a complete MODEM-control capability, and a 
processor-interrupt system that may be software tailored to 
the user's requirements to minimize the computing required 
to handle the communications link 

February 1985 

Features 
Easily interfaces to most popular microprocessors. 

D Adds or deletes standard asynchronous communication 
bits (start, stop, and parity) to or from serial data 
stream. 

D Full double buffering eliminates need for precise 
synchronization. 
Independently controlled transmit, receive, line status, 
and data set interrupts. 
Programmable baud generator allows division of any in- 
put clock by 1 to (216 - 1) and generates the internal 
16 X clock. 
Independent receiver clock input. 
MODEM control functions (CTS, RTS. DSR. DTR, RI, 

Fully programmable serial-interface characteristics: 
and DCD). 

- 5-. 6-. 7-. or &bit characters 
- Even, odd, or no-parity bit generation and datection 
- 1 -, 1 x-, or 2-stop bit generation 
- Baud generation (DC to 56k baud). 

D False start bit detection. 
Complete status reporting capabilities. 
TRI-STATE TTL drive capabilities for bidirectional data 

Line break generation and detection. 
D Internal diagnostic capabilities: 

bus and control bus. 

- Loopback controls for communications link fault 

- Break, parity, overrun, framing error simulation. 
isolation 

Full prioritized interrupt system Controls. 

~~ 

Basic Configuration 

Id TLICI8401-1 



Icc(AV) 

IIL 

ICL 

102 

V~LMR 

VIHMR 
' Does not 

Current (VCC) No Loads on output 
SIN, DSR, RLSD, 
CTS, RI = 2.OV 120 95 mA 
All other inputs = 0.8V 

Vcc  = 5.25V, TA = 25'C 
No Loads on output 
SIN, DSR, RLSD, 
CTS, RI = 2.OV 10 10 mA 
All other inputs = 0.8V 
Baud Rate Generator 
is 4 MHz 
Baud Rate is 56k 

All other pins floating. 

Avg. Power Supply 

CMOS Parts Only 
Current (Vcc) 

Input Leakge Vcc = 5.25V. Vss = OV f 10 f10 pA 

f10 f10 pA Clock Leakage 

TRI-STATE Leakage 

VIN = OV. 5.25V 

Vcc  = 5.25V. Vss = OV 
VOUT = OV. 5.25V 
1) Chip deselected k 20 f 2 0  pA 
2) WRITE mode, 

chip selected 

MR Schmitl VIL 0.8 0.8 V 

MR Schmitl VIH 2.0 2.0 V 
apply to XTALZ 

Symbol Parameter Condltions Min Typ 

C X T A L ~  Clock Input Capacitance 15 

C~TAL,  Clock Output Capacitance 1, = 1 MHz 20 

COUT Output Capacitance 10 

CIN Input Capacitance Unmeasured pins 6 
returned to Vss 

Max Unlts 

20 PF 

30 PF 

20 PF 

10 PF 



V Baud Divisor 1 216-1 1 

t g L ~  Baud Output Negative Edge Delay 100 pF Load 125 

BHD Baud Output Positive Edge Delay 100 pF Load 125 

216-1 

250 ns 

250 ns 

L~ 

3 

Baud Output Down Time I f x  = 2 MHz.-2,100 pF Load1 425 I 1 425 I ns 

HW 1Baud Output Up Time fx = 3 MHz. - 3,100 pF Load 330 330 ns 

SCD 

S~NT 

R ~ N T  

Delay from RCLK to Sample Time 2 2 PS 

Delay from Stop to Set Interrupt 1 1 1 1 RCLK" 

(RD RBRIRDLSR) 100 pF Load 1 1 PS 

Cycles 

Delay from m / D I S T R  

to Reset Interrupt 



Symbol Parameter 
NS16450 INS8250A.AWN 

Condftlons NS16C450 (Note 1 )  tNS8XsOA (Note 1) UniM 

Min I Max Mln I Max 

Timing Waveforms (All timings are referenced to valid 0 and valid I )  

External Clock Input (3.1 MHt Max.) AC Test Points 

XT111 

TLICl8401-2 

tMDO Delay from m / D O S T R  (WR MCR) to 100 pF Load 

tSlM 100 pF Load 

tRlM Delay to Reset Interrupt from m / D I S T R  100 pF Load 

output 

Delay to Set Interrupt from MODEM Input 

(RD MSR) 

TLICI8401-3 

200 1000 ns 

1000 ns 

250 1000 ns 

BAUDOUT Tlmlng 

A 





Timing Waveforms (Continued) 



Block Diagram 

Note: App(icable pnout numbers are included mthin parenthews 

Functional Pin Description 
The following descnbes the funcbon of all NS16450, 
NS16C450 and INS8250A, INS82C50A input and output 
pins Some of these descnptions reference internal circuits 
Not.: In the follomng descnptrons. a low represents a low 0 (OV nonnnal) 
and a hlgh represents a loge 1 ( + 2 4V nominal) 

INPUT SIGNALS 
Chip Select (CSO, CS1, m), Plns 12-14 When CSO and 
CS1 are high and is low, the chip is selected Chip 
selection is complete when the decoded chip select signal 
is latched with an active (low) Address Strobe (ADS) input 
This enables communication between the ACE and the 
CPU 
Data Input Strobe (DISTR, m), P h  22 and 21: When 
DlSTR is high or is low while the chip is selected, it 
allows the CPU to read status information or data from a 
selected register of the ACE 
Note: Only an actwe DISTR or inplt IS requred to sansler data from 
the ACE dunng a read operatmn Therefore. tm *mer the DISTR input per 
manently low M the bisfFi input permanently hgh If not used 

Data Output Strobe (DOSTR, m). Plns 19 and 18: 
When DOSTR is high or is low while the chip is 
selected, allows the CPU to write data or control words into 
a selected register of the ACE 
Notr Only an actwe DOSTR or WSfA input is required to transfer data to 
the ACE dunng a mte operatmn Therelore tle mther the DOSTR input 
permanently low or the input permanently hlgh 11 not used 

Addmaa Strobe (ADS), Pln 2 5  When low, provides latch- 
ing for the Register Select (AO. At. A2) and Chip Select 
(Cm. cs1, W) signals 
Note An actwe input is required when the Reg~ster Select (AO. A I  A2) 
sgnais are not staMe lor the duratmn 01 e read M mte qmratmn If not 
required tle the A m  input permanently low 

Register Shct  (AO, Al, A2), Plns 26-20: These three 
inputs are used dunng a read or wnte operation to select an 
ACE register to read from or wnte into as indicated in the 
table below Note that the state of the Divisor Latch Access 
Bit (DLAB), which is the most signihcant bit of the Line Con- 
trol Register, affects the selection of certain INS8250A reg- 
isters The DLAB must be set high by the system software 
to access the Baud Generator Divisor Latches 
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Functional Pin Description (Continued) 
- 
D U B  

0 
- 

0 
X 

X 
X 
X 
X 
X 
1 

1 

- 
A2 - 
0 

0 
0 

0 
1 
1 
1 
1 
0 

0 

- 

- 
A1 - 
0 

0 
1 

1 
0 
0 
1 
1 
0 

0 

- 

- 
- 4 
0 

1 
0 

1 
0 
1 
0 
1 
0 

1 

- 

Reglater 

Receiver Buffer (read), 
Transmitter Holding 
Register (write) 
Interrupt Enable 
Interrupt Identification 
(read only) 
Line Control 
MODEM Control 
Line Status 
MODEM Status 
Scratch 
Divisor Latch 
(least significant byte) 
Divisor Latch 
(most significant byte) 

Master Reaet (MR), Pln 3 5  This input is buffered with a 
TTL-compatible Schmitt Tngger wtth 0 5V typical hysteresis 
When high. it clears all the registers (except the Receiver 
Buffer, Transmitter Holding. and Divisor Latches), and the 
control logic of the ACE Also. the state of various output 
signals (SOUT. INTRPT. du7i, OUT2, Rfs, bfR) are 
affected by an active MR input (Refer to Table I ) 
Receiver Clock (RCLK), Pln 9 This input is the 16 X baud 
rate clock for the receiver section of the chip 
Serial input (SIN), Pin 10: Serial data input from the com- 
muncations link (peripheral device. MODEM, or data set) 
Clear to Send (m), Pin 38: The signal is a MODEM 
control function input whose condittons can be tested by the 
CPU by reading bit 4 (CTS) of the MODEM Status Register 
Bit 0 (DCTS) of the MODEM Status Register indicates 
whether the input has changed state since the previ- 
ous reading of the MODEM Status Register Ffs has no 
effect on the Transmitter 
Note Whenever the CTS bt of the MODEM Status Register c h a w  slate 
an interrupt IS generated 11 the MODEM Status Interrupt is enabled 
Data Set Ready (m), Pin 37: When low, this indicates 
that the MODEM or data set is ready to estahjish the com- 
munications link and transfer data with the ACE The 6sR 
signal is a MODEM-control function input whose condition 
can be tested by the CPU by reading bit 5 (DSR) of the 
MODEM Status Register Bit 1 (DDSR) of the MODEM 
Status Register indicates whether the 6sR input has 
changed state since the previous reading of the MODEM 
Status Register 
Note Whenever the DSR bit 01 the MODEM Status Register changes state 
an mlerrupt IS generaled d the MODEM Status Interrupt IS enabled 
Data Carrier Detect (m), Pin 38: When low. indicates 
that the date carrier has been detected by the MODEM or 
data set T h e m  signal is a MODEM-control function input 
whose condition can be tested by the CPU by reading bit 7 
(DCD) of the MODEM Status Register Bit 3 (DDCD) of the 
MODEM Status Register indicates whether the input 
has changed state since the previous reading of the 
MODEM Status Register E D  has no effect on the receiv- 
er 
Note Whenever the DCD bit 01 the MODEM Status Register changes state 
an interrupt IS generated 11 the MODEM Status Interrupt 16 enabled 

Ring Indicator (m), Pin 3 9  When low, indicates that a tele- 
phone ringing signal has been received by the MODEM or 
data set. The signal is a MODEM-control function input 
whose condition can be tested by the CPU by reading bit 6 
(RI) of the MODEM Status Register. Bit 2 (TERI) of the 
MODEM Status Register indicates whether the input has 
changed from a low to a high state since the previous read- 
ing of the MODEM Status Register. 
Note: Whenever the RI bit of the MODEM Slatus Re~stef  changes lrom a 
hgh to a b w  state. an intermpt is generaled 11 the MODEM Status Register 
IS eflded. 
VCC, Pln 4 0  + 5V supply. 
V s ,  Pin 20: Ground ( O w  reference. 

OUTPUT SIGNALS 
Data Terminal Ready (m), Pln 3 3  When low. informs 
the MODEM or data set that the ACE is ready to communi- 
cate. The bfR output signal can be set to an active low by 
programming bit 0 (DTR) of the MODEM Control Register to 
a high level. The bfA signal is set high upon a Master Re- 
set operation. The m signal is forced to its inactive state 
(high) during loop mode operation. 
Request to Send (m), Pln 3 2  When low, informs the 
MODEM or data set that the ACE is ready to transmit data. 
The Rfs output signal can be set to an active low by pro- 
gramming bit 1 (RTS) of the MODEM Control Register. The 
Kfs signal is set high upon a Master Reset operation. The 

signal is forced to its inactive state (high) during loop 
mode operation. 
Output 1 (m), Pin 3 4  User-designated output that can 
be set to an active low by programming bit 2 (OUT 1) of the 
MODEM Control Register to a high level. The buTT signal 
is set high upon a Master Reset Operation, The s ig  
nal is forced to its inactive state (high) during loop mode 
operation. 
Output 2 (m), Pln 31: User-designated output that can 
be set to an active low by programming bit 3 (OUT 2) of the 
MODEM Control Register to a high level. The OUf2 signal 
is set high upon a Master Reset Operation. The s ig  
nal is forced to its inactive state (high) during loop mode 
operation. 
Chlp Sekct Out (CSOUl), Pin 24: When high, indicates 
that the chip has been selected by active, CSO. CSI. and 

inputs. No data transfer can be initiated until the 
CSOUT signal is a logic 1. CSOUT goes low when chip is 
deselected. 
Drlver Dieable (DDIS), Pln 23 Goes low whenever the 
CPU is reading data from the ACE. A high-level DDIS output 
can be used to disable an eYternal transceiver (if used be- 
tween the CPU and ACE on the D7-DO Data Bus) at all 
times, except when the CPU is reading data. 
Baud Out (BAUDOUT). Pin 1 5  16 x clock signal for the 
transmitter section of the ACE. The clock rate is equal to the 
main reference oscillator frequency divided by the specified 
divisor in the Baud Generator Divisor Latches. The 
BAUDOUf may also be used for the receiver section by 
tying this output to the RCLK input of the chip. 
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01- 
01- 
O J -  
04- 

05- 
06- 
01- 

RCL*-  

S I N - 1 0  

soul- 
cso- 
(SI- 
CTl- 

O z O m -  
x i n i l -  
X T A L Z -  

oozm-  
O O s r R -  

vss- 

INPUT/OUTPUT SIGNALS 
Data (D7-Do) Bus. Plns 1-8: This bus comprises eight 
TRI-STATE inputfoutput lines The bus provides bidirection- 
al communications between the ACE and the CPU Data, 
control words, and status information are transferred via the 
D7-Do Data Bus 
External Clock InputIOutput (XTAL 1, XTAL 2) Plns 16 
and 17: These two pins connect the main timing reference 
(crystal or signal clock) to the ACE 

I9 - R I  

I8 -0- 

I6 - t T S  
15 -HR 

I1 --bfa 

2 

I 1  - 0 3  
J ' 
5 

11 -Qui3 

11 -m 
8 
3 

I 1  IN- 10 -1NTRPT 

I1 29 -NC 
28 - A 0  
2 1  - A I  

I1 
I4 

I 5  16 - A L  
16 2 5  - A 0 5  
1 1  24 - C S O U I  
I8  21 -0015 

22 - 0 I S I A  
21 O I S T R  

I9  

M S I U Q  1 1 - w  

20 

"C 

I*Tt"""" 

"C 
M 
I> 
1 2  

MS 

Ti 

RegIsterlSlgnal 

Interrupt Enable Register 

Interrupt Identification Register 

Line Control Register 

MODEM Control Register 

Line Status Register 

MODEM Status Register 

SOUT 

INTRPT (RCVR Errs) 

INTRPT (RCVR Data Ready) 

INTRPT (THRE) 

INTRPT (Modem Status Changes) 

OUT2 
m 
DTR 

m 
- 

18401-18 

TABLE 1. ACE Reaet Functlons 

Reaet Control Reset State 

Master Reset 

Master Reset 

Master Reset All Bits Low 

Master Reset All Bits Low 

Master Reset All B ts Low, 
Except Bits 5 and 6 are High 

Bits 4-7-Input Signal 

All Bits Low (0-3 forced and 
4-7 permanent) 

Bit 0 IS High. Bits 1 and 2 Low 
Bits 3-7 are Permanently Low 

Master Reset Bits 0-3 LOW 

Master Reset High 

Read LSRlMR Low 

Read RBRfMR Low 

Read IIRfWrite THRfMR Low 

Read MSRiMR Low 

Master Reset High 

Master Reset High 

Master Reset High 

Master Reset High 
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1 

2 

3 

4 

Accessible Registers 
The system programmer may access or control any of the 
ACE registers summarized in Table II via the CPU These 
registers are used to control ACE operations and to transmit 
and receive data 

LINE CONTROL REGISTER 
The system programmer specifies the format of the asyn- 
chronous data communications exchange via the Line Con- 
trol Register In addition to controlling the format, the pro- 
grammer may retreive the contents of the Line Control Reg- 
ister for inspection This feature simplifies system program- 
ming and eliminates the need for separate storage in sys- 
tem memory of the line characteristics The contents of the 
Line Control Register are indicated in Table I 1  and are de- 
scribed below 

Table II. Summary of AcceMlbie Registers 

I Register Addl 

Interrupt 

Only) 

Data 
Available 
Interrupt 
(ERBFI) 

Data Bit 1 DataBit 1 Enable 
Transmitt 

Holding 
Register 
Empty 

Interrupt 
(ETBEI) 

Data Bit 2 DataBit 2 Enable 
Receiver 

Line Statu 
Interrupt 
(ELSI) 

Data Bit 3 DataBit 3 Enable 
MODEM 
Status 

Interrupt 
(EDSSI) 

Data Bit4 DataBit4 0 

5 Data Bit 5 Data Bit 5 lr?" 

Pending 

Interrupt 
ID 

Bit (0) 

Interrupt 
ID 

Bit(1) 

0 

0 

0 

Select Ready 
BitO (DTR) 

ONLSO) 

Word Reques 
Length tosend 
Select (RTS) 

(WLS1) 
Bit 1 

Number of Out 1 
Stop Bits 

(STB) 

Parity Out2 
Enable 
(PEN) 

Even Loop 
Parity 
Select 
(EPS) 
Stick 0 
Parity 

Break 

Overrun 
Error 
(OE) 

Bits 0 and 1: These two bits specify the number of bits in 
each transmitted or received serial character. The encoding 
of bits 0 and 1 is as follows: 

Delta Bit 1 Bit 1 Bit9 
Data 
Set 

5 Bits 
6 Bits 
7 Bits 
8 Bits 

Framing 
Error 
(FE) 

Break 
Interrupt 

(El) 

rransmitter 
Holding 
Register 
(THRE) 

rransmitter 
Empty 
(TEMT) 

0 

Bit 2: This bit specifies the number of Stop bits in each 
transmitted character. If bit 2 is a logic 0, one Stop bit is 
generated in the transmitted data. If bit 2 is a logic 1 when a 
5-bit word length is selected via bits 0 and 1. one and a 

Delta Bit 3 Bit 3 Bit 11 
Data 

Carrier 
Detect 
(DDCD) 
Clear Bit 4 Bit 4 Bit 12 

to 
Send 

Data Bit 5 Bit 5 Bit 13 
Set 

Ready 
(DSR) 
Ring Bit6 Bit6 Bit 14 

Indicator 
(AI) 
Data Bit 7 Bit 7 Bit 15 

Carrier 
Detect 
(DCD) 

(CTS) 

Latch 
Access 

1 (DLAB) I 

'M 

5 I 6 I 7 10DLAB=lIlDLAB=l 
I I I I 

to Send 

I (DCTS) I I I 

(TERI) 

I I I 1 
~~ 

'Et1 0 8s the leas1 signilicanl bit It 16 the first bit 5 Ily transmined or recelved 
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Accessible Registers (Continued) 
half Stop bits are generated. If bit 2 is a logic 1 when either 
a 6-, 7-, or &bit word length is selected, two Stop bits are 
generated. The Receiver checks the first Stop-bit only, re- 
gardless of the number of Stop bits selected. 
Bit 3 This bit is the Parity Enable bit. When bit 3 IS a logic 1. 
a Parity bit is generated (transmit data) or checked (receive 
data) between the last data word bit and Stop bit of the 
serial data. (The Parity bit is used to produce an even or odd 
number of Is when the data word bits and the Parity bit are 
summed.) 
Bit 4: This bit is the Even Parity Select bit. When bit 3 is a 
logic 1 and bit 4 is a logic 0, an odd number of logic 1s is 
transmitted or checked in the data word bits and P a r i  bit. 
When bit 3 is a logic 1 and bit 4 is a logic 1, an even number 
of logic 1 s is transmitted or checked. 
Bit 5: This bit is the Stick Parity bit. When bits 3, 4 and 5 are 
logic 1 the Parity bit is transmitted and checked by the re- 
ceiver as a logic 0. If bits 3 and 5 are 1 and bit 4 is a logic 0 
then the Parity bit is transmitted as a 0. 
Bit 6 This bit is the Break Control bit. When it is set to a 
logic 1, the serial output (SOUT) is forced to the Spacing 
(logic 0) state. The break is disabled by setting bit 6 to a 
logic 0. The Break Control bit acts only on SOUT and has no 
effect on the transmitter logic. 
Note: Thls feature enables the CPU to alert a terminal in a computer com- 
munications system If the foliomng sequence is followed. no enonwus or 
extraneous characters will be transmitted because 01 the break. 
1. Load an all Os, pad character. in response to THRE 

2. Set break alter the next THRE 

3. Wait lor the transmitter to be idle. (TEMT= 1). and clear break when 

During the break. the Transmitter can be used as a character timer lo accu- 
rately establish the break duration. 

Bit 7: This bit is the Divisor Latch Access Bit (DLAB). It must 
be set high (logic 1) to access the Divisor Latches of the 
Baud Generator during a Read or Write operation. It must 
be set low (logic 0) to access the Receiver Buffer, the 
Transmitter Holding Register, or the Interrupt Enable Regis- 
ter 

normal transmission has to be restored. 

CRYSTAL 

Table 111. 

Rp Rx2 C1 I c2 

Desired 
Baud Rate 

50 
75 
110 

134.5 
150 
300 
600 
1200 
1800 
2000 
2400 
3600 
4800 
7200 
9600 
19200 
38400 
56000 

aud Rates Uslni 

Divisor Used 
to Generate 
16 x Clock 

2304 
1536 
1047 
857 
768 

192 
96 
64 
58 
48 
32 
24 
16 
12 
6 
3 

384 

L 

1.8432 MHz Crvstal 

Percent Error 
Dlfference Between 
Desired and Actual 

Typical Clock Circuits 

TLlCl8401-12 

TLIC18401-13 

I 1.8MHz I 1MR I 1.5k I 10-3OpF I 40-6OpF 1 
Table IV 

Desired 
Baud Rate 

50 
75 
110 

134.5 
150 
300 
600 
1200 
1800 
2000 
2400 
3600 
4800 
7200 
9600 
19200 
38400 

laud Rates Usir 

Divisor Used 
to Generate 
16 x Clock 

3840 
2560 
1745 
1428 
1280 
640 
320 
160 
107 
96 
80 
53 
40 
27 
20 
10 
5 

3.072 MHz Crystal 

Percent Error 
Dlfference Between 
Desired and Actual 

- 
- 

0.026 
0.034 
- 
- 
- 
- 

0.312 
- 
- 

0.628 

1.23 
- 

- 
- 
- 
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Accessible Registers (Continued) 

PROGRAMMABLE BAUD GENERATOR 
The ACE contains a programmable Baud Generator that is 
capable of taking any clock input (DC to 3 1 MHz) and divid- 
ing it by any divisor from 1 to 216- 1) The output frequency 
of the Baud Generator is 16 x the Baud [divisor # = (fre- 
quency input) - (baud rate X IS)] Two &bit latches store 
the divisor in a 16-bit binary format These Diviscr Latches 
must be loaded during initialization in order to ensure de- 
sired operation of the Baud Generator Upon loading either 
of the Divisor Latches, a 16 bit Baud counter IS immediately 
loaded This prevents long counts on initial load 
Tables Ill and IV illustrate the use of the Baud Generator 
with crystal frequencies of 1 8432 MHz and 3 072 MHz re- 
spectively For baud rates of 38400 and below, the error 
obtained is minimal The accuracy of the desired baud rate 
is dependent on the crystal frequency chosen 
Note The maximum operating frequency of the Baud Generator is 3 1 MHz 
However when using divisors 01 3 and below the maximum frequency IS 

equal lo the divisor in MHz For example 11 the dtvisor is 1 then the maxi 
mum frequency is 1 MHz In no case should the date rate be greater than 
56k Baud 

LINE STATUS REGISTER 
This &bit register provides status information to the CPU 
concerning the data transfer The contents of the Line 
Status Register are indicated in Table 2 and are described 
below 
Bit 0 This bit is the receiver Data Ready (DR) indicator Bit 
0 is set to a logic 1 whenever a complete incoming charac- 
ter has been received and transferred into the Receiver 
Buffer Register Bit 0 is reset to a logic 0 by reading the data 
in the Receiver Buffer Register 
Bit 1: This bit is the Overrun Error (OE) indicator Bit 1 indi- 
cates that data in the Receiver Buffer Register was not read 
by the CPU before the next character was transferred into 
the Receiver Buffer Register, thereby destroying the previ- 
ous character The OE indicator is reset whenever the CPU 
reads the contents of the Line Status Register 

Bit 2: This bit is the Parity Error (PE) indicator Bit 2 indi- 
cates that the received data character does not have the 
correct even or odd parity, as selected by the even-parity- 
select bit The PE bit is set to a logic 1 upon detection of a 
parity error and is reset to a logic 0 whenever the CPU reads 
the contents of the Line Status Register 
Bit 3: This bit is the Framing Error (FE) indicator Bit 3 indi- 
cates that the received character did not have a valid Stop 
bit Bit 3 is set to a logic 1 whenever the Stop bit following 
the last data bit or parity bit is detected as a zero bit (Spac- 
ing level) The FE indicator IS reset whenever the CPU reads 
the contents of the Line Status indicator 
Blt 4: This bit is the Break Interrupt (51) indicator Bit 4 is set 
to a logic 1 whenever the received data input is held in the 
Spacing (logic 0) state for longer than a full word transmis- 
sion time (that is, the total time of Start bit + data bits + 
Parity + Stop bits) The BI indicator is reset whenever the 
CPU reads the contents of the Line Status indicator 
Note Bits. 1 through 4 are the error conditions that produce a Recewer Line 
Status interrupt whenever any of the corresponding Conditions are detected 

811 5 The bit is the Transmitter Holding Register Empty 
(THRE) indicator Bit 5 indicates that the ACE is ready to 
accept a new character for transmission In addition. this bit 
causes the ACE to issue an interrupt to the CPU when the 
Transmit Holding Register Empty Interrupt enable is set 
high The THRE bit is set to a logic 1 when a character is 
transferred from the Transmitter Holding Register into the 
Transmitter Shift Register The bit is reset to logic 0 concur- 
rently with the loading of the Transmitter Holding Register 
by the CPU 
Blt 6 This bit is the Transmitter Empty (TEMT) indicator Bit 
6 is set to a logic 1 whenever the Transmitter Holding Regis- 
ter (THR) and the Transmitter Shift Register (TSR) are both 
empty It is reset to a logic 0 whenever either the THR or 
TSR contains a data character 
Bit 7 This bit is permanently set to logic 0 
Note The Line Status Register IS intended for read operattons only Wnting 
to this register is not recommended as this operaton is used lor factory 
testing 

TABLE V. Interrupt Control Functions 

Data Set Ready or 
Ring Indicator or Data 
Carrier Detect 
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Accessible Registers (Continued) 

INTERRUPT IDENTIFICATION REGISTER 
The ACE has an on-chip interrupt capability that allows for 
flexibility in interfacing popular microprocessors presently 
available. In order to provide minimum software overhead 
during data character transfers, the ACE prioritizes inter- 
rupts into four levels. The four levels of interrupt conditions 
are as follows: Receiver Line Status (priority 1); Received 
Data Ready (priority 2); Transmitter Holding Register Empty 
(priority 3); and MODEM Status (priority 4). 
Information indicating that a prioritized interrupt is pending 
and the type of that interrupt are stored in the Interrupt Iden- 
tification Register (IIR). When addressed during chip-select 
time, the IIR freezes the highest priority interrupt pending 
and no other interrupts are acknowledged until the particu- 
lar interrupt is serviced by the CPU. The contents of the IIR 
are indicated in Table I1 and are described below. 
Bit 0 This bit can be used in either a hardwired prioritized or 
polled environment to indicate whether an interrupt is pend- 
ing. When bit 0 is a logic 0. an interrupt is pending and the 
IIR contents may be used as a pointer to the appropriate 
interrupt service routine. When bit 0 is a logic 1, no interrupt 
is pending and polling (if used) continues. 
Blts 1 and 2 These two bits of the IIR are used to identify 
the highest priority interrupt pending as indicated in Table V. 
Blts 3 through 7 These five bits of the IIR are always logic 
0. 

iNTERRUPT ENABLE REGISTER 
This &bit register enables the four types of interrupts of the 
ACE to separately activate the chip interrupt (INTRPT) out- 
put signal. It is possible to totally disable the interrupt sys- 
tem by resetting bits 0 through 3 of the Interrupt Enable 
Register. Similarly, by setting the appropriate bits of this reg- 
ister to a logic 1. selected interrupts can be enabled. Dis- 
abling the interrupt system inhibits the Interrupt Identifica- 
tion Register and the active (high) INTRPT output from the 
chip. All other system functions operate in their normal man- 
ner, including the setting of the Line Status and MODEM 
Status Registers. The contents of the Interrupt Enable Reg- 
ister are indicated in Table II and are described below. 
Bit 0 This bit enables the Received Data Available Interrupt 
when set to logic 1. 

Blt 1: This bit enables the Transmitter Holding Register 
Empty Interrupt when set to logic 1. 
Bit 2 This bit enables the Receiver Line Status Interrupt 
when set to logic 1. 

Bit 3 This bit enables the MODEM Status Interrupt when 
set to logic 1. 
Bits 4 through 7 These four bits are always logic 0. 

MODEM CONTROL REGISTER 
This &bit register controls the interface with the MODEM or 
data set (or a peripheral device emulating a MODEM). The 
contents of the MODEM Control Register are indicated in 
Table II and are described below. 
Bit 0: This bit controls the Data Terminal Ready (bf) out- 
put. When bit 0 is set to a logic 1. the output is forced 
to a logic 0. When bit 0 is reset to a logic 0, the output 
is forced to a logic 1. 
Note: The output of the ACE may be app(led lo an EIA ~nverting Iuw 
dnver (wch as the DS1488) lo obtmn lhn proper polenty ~nput at the WE- 
ceeding MODEM M data set. 

Bit 1: This bit controls the Request to Send m) output. Bit 
1 affects the Rfs output in a manner identical to that de- 
scribed above for bit 0. 
Blt 2 This bit controls the Output 1 (bufT) signal. which is 
an auxiliary user-designated output. Bit 2 affects the oufl 
output in a manner identical to that described above for bit 
0. 
Blt 3 This bit controls the Output 2 ( m 2 )  signal. which is 
an auxiliary user-designated output. Bit 3 affects the 
output in a manner identical to that described above for bit 
0. 
Blt 4: This bit provides a local loopback feature for diagnos- 
tic testing of the ACE. When bit 4 is set to logic 1, the follow- 
ing occur: the transmitter Serial Output (SOUT) is set to the 
Marking (logic 1) state; the receiver Serial Input (SIN) is dis- 
connected; the output of the Transmitter Shift Register is 
"looped back" into the Receiver Shift Register input; the 
four MODEM Control inputs (m. m, m, and Ai) are 
disconnected; and the four MODEM Control outputs (m. m, OUT, and -2) are internally connected to the 
four MODEM Control inputs, and the MODEM Control out- 
put pins are forced to their inactive state (high). In the diag- 
nostic mode, data that is transmitted is immediately re- 
ceived. This feature allows the processor to verify the trans- 
mit-and received-data paths of the ACE. 
In the diagnostic mode, the receiver and transmitter inter- 
rupts are fully operational. The MODEM Control Interrupts 
are also operational, but the interrupts' sources are now the 
lower four bits of the MODEM Control Register instead of 
the four MODEM Control inputs. The interrupts are still con- 
trolled by the Interrupt Enable Register. 
Bits 5 through 7 These bits are permanently set to logic 0. 

MODEM STATUS REGISTER 
This &bit register provides the current state of the control 
lines from the MODEM (or peripheral device) to the CPU. In 
addition to this current-state information, four bits of the 
MODEM Status Register provide change information. These 
bits are set to a logic 1 whenever a control input from the 
MODEM changes state. They are reset to logic 0 whenever 
the CPU reads the MODEM Status Register. 
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Accessible Registers (Continued) 
The contents of the MODEM Status Register are indicated 
in Table I1 and are described below 
Bit 0 This bit IS the Delta Clear to Send (DCTS) indcator. 
Bit 0 indicates that the isi's input to the chip has changed 
state since the last time it was read by the CPU. 
Bit 1: This bit is the Delta Data Set Ready (DDSR) indwtor. 
Bit 1 indicates that the input to the chip has changed 
state since the last time it was read by the CPU 
811 2: This bit is the Trailing Edge of Ring Indicator VERI) 
detector Bit 2 indicates that the input to the chip has 
changed from a low to a high state 
Bit 3: This bit is the Delta Data Carner Detect (DDCD) indi- 
cator Bit 3 indicates that the input to the chip has 
changed state 
Nolo Whenever bit 0 1 2 or 3 IS set to logic 1 a MODEM Status Intemrpt 
IS generated 

Typical Applications 

111-11: 

*u100 C N  

m 

Blt 4 This bit is the complement of the Clear to Send (m) 
input. If bit 4 (loop) of.the MCR is set to a 1, this Mt is 
equivalent to RTS in the MCR. 
811 5: This bit is the complement of the Data Set Ready (m) input. If bit 4 of the MCR is set to a 1, this bit is 
equivalent of DTR in the MCR. 
Blt 6 This bit is the complement of the Ring Indicator (m) 
input. If bit 4 of the MCR is set to a 1, this bit is equivalent to 
OUT 1 in the MCR. 
Blt 7 This bit is the complement of the Data Canier Detect 
(m) input. If bit 4 of the MCR is set to a 1. this bu is 
equivalent to OUT 2 of the MCR. 

SCRATCHPAD REGISTER 
This 8-bit Read/Write Register does not control the ACE in 
any way. It is intended as a scratchpad register to be used 
by the programmer to hold data temporarily. 

Thls shows the baalc conrmtlona of an NS16450 to an 1832018 CPU 
ALTtlNNf nu cwinoi 
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Typical Applications (Continued) 

This shows the basic connections of an INSO25OA to an 8088 CPU 
M I ' U ~ I  .TU t l l l l  

r.. . . . . . . . . . . 

Typlal Interface for a 
Hl#hG.p.clty Data Bus 

- niciivim - D'SA'l' 
D O S l l  111 - 

AMBIENT TEMPERATURE I'C1 TLICIMOl- 16 

Ordering Information 

TLICI(UO1-15 

TLICI(UO1-17 

Typical Supply Cumnt VI. 
Temperature, Nomulked 

Order Number D..crlptlon 

Plastic Dip Package 
NS16450N 
or 
NS-16450N 
INS8250AN 
INS8250AWN 
NS16C450N' CMOS high speed part 
I NS8XBOAN ' 

NS16450V 
or 

high speed part 

vcc = 5 v  f 5 %  
Vcc = 5V f 1 0 %  

CMOSVCC = 5V f 5% 

I 

} 
Plastic Chip Carrier Package 

high speed part 

vcc = 5 v  f 5% 
CMOS high speed part 

NS-16450V 
INS8250A 
NS16C450V' 
INS82C50AV' CMOS Vcc = 5V f 5% 

rhe CMOS pms WII be avadabk aner 6/85. 

15 
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Physical Dimensions inches (millimeters) 

PIaetlc Dual-In-Uno Package (N) 
Order Number NS16450N, NS-l6450N, INS8250AN, 

INS82WAWN, NS16C450N, or INS82C50AN 
NS Package Numkr NlOA 
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Physical Dimensions inches (millimeters) (Continued) 

kik+ (0 127-0 301) 

M U  

44-Lead Plastlc Chlp Carder (V) 
Order Number NS16450V, NS-l6450V, INS8250A. 

NS16C45OV or INSBXSOAV 
NS Package Number V44A 

LIFE SUPPORT POLICY 

NATIONAL‘S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRllTEN APPROVAL OF THE PRESIDENT OF NATIONAL 
SEMICONDUCTOR CORPORATION As used herein 

1 Life support devices or systems are devices or 2 A cntical component is any component of a life 
support device or system whose failure to perfom can 
be reasonably expected to cause the failure of the life 
support device or system. or to affect its safety or 
effectiveness 

systems which, (a) are intended for surgical implant 
into the body, or (b) support or sustain life, and whose 
failure to perform, when properly used in accordance 
with instructions for use provided in the labeling, can 
be reasonably expected to result in a significant injury 
to the user 

-#on**rr wolrlMoa.ldor 
(rur) m. LY 

NWbW- #tloll.lLncondror MSJ*KX W K U d  

2 1 0  Hpn S M  
4-403I- s . E L w I * Y ) u w r  bk lw.  

T* im) m 2131 ~nrn~u - Ta ( 5 5 ~  218 yxa ~d (mi 7296311 
FAX otrdi %m rm 

* u k i 0 * r * 4 m ~ l o o r  o m  
QIllbn 

D d o o o U V r m 2 1  ToLw171 Jg.n Z i l U s m A -  01452s.OpIlD SP BR* m a  VMrv3153 
w..l ornun). 
~d nso, 5 60 124 

a F r T m m  F1..-uuNr5 T o h n u l u  

T.*I 301 1131031 NSBR BR T.*I A M B O 8  
sru au. u 9sM2dooo 
T a  irw) 721 5oa) 
TWX 1910) 339 9240 Td %7231l*l %7243645 

c . b * N s s w K T G  
111 52maNSSEAHX 
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SECTION 1 

GENERAL DESCRIPTION 

The NCR 8496 is an NMOS digital sound generator capable of 
providing applications with a low cost solution for noise 
and sound generation. 

FEATURES 

- Functionally and Pin compatible with the SNR76496 
- Programmable white or periodic noise generator 
- Three programmable tone generators 
- Programmable attenuation values 
- Simultaneous multiple sound generation 
- TTL compatible 
- 4 MHz maximum clock input 
- External audio input added to Internal Generators 

NCR 8496 
FUNCTIONAL PIN OUT 

NCR 8496 
FUNCTIONAL PIN GROUPING 

POWER 
INTERFACE 

APPLICATION 
INTERFACE 
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SECTION 2 

Address Bits 

R o -  R1 R2 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

FUNCTIONAL DESCRIPTIONS 

Register Destination 

Description 

Tone 1: Frequency 
Tone 1: Attenuation 
Tone 2: Frequency 
Tone 2:  Attenuation 
Tone 3: Frequency 
Tone 3 :  Attenuation 
Noise : Control 
Noise : Attenuation 

Note: RO is the most significant address bit 

2.2 Tone Generation 

The NCR 8496 sound generator has three ( 3 )  programmable tone 
generators, each with separate frequency synthesis and 
attenuation sections. The frequency synthesis section 
requires ten (10) bits of data (FO to F9) to define half the 
period of the desired frequency. This data is entered into 
a ten (10) stage tone counter, which is decremented at a 
rate of N/16 where N is the clock input frequency. A signal 
is produced when this tone counter decrements to one, which 
toggles a divide by two counter and reloads the tone 
counter. Therefore, the period of the desired frequency is 
twice the value of the tone generator. 
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The frequency of each tone generation is calculated using 
the equation: 

Data 

&I = A 3  

1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

f=N/32n 

Value 

a 
-16 
-18 
-20 
-22 
-24 
-26 
-28 
OFF 

N = the clock input frequency 
n = a 10 bit binary number [2 < n < 10231 

The divide by two counter is directly connected to a four 
stage attenuator whose values and bit position in the data 
word are shown in the following table: 

ATTENUATION CONTROL 

Data I Value 
- A0 &? 

0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 

A3 

0 
1 
0 
1 
0 
1 
0 
1 

0 
-2 
- 4  
-6 
-8 
-10 
-12 
-14 

Note: A0 is the most significant bit of data 

2.3 Noise Generation 

The NCR Sound Generator has two (2) noise sources (periodic 
and white), which share a common attenuator. These noise 
sources are shift registers with an exclusive NOR feedback 
network. One (1) of four ( 4 )  noise generator shift rates, 
each rate being derived from the input clock, will be 
controlled by the two (2) NF bits, as is shown in the 
following table: 
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NOISE GENERATOR FREQUENCY CONTROL 

FB 

0 
1 

NF BITS I FREQUENCY CONTROL 
I I 

CONFIGURATION 

Periodic Noise 
White Noise 

SHIFT RATE 

N/512 
N/1024 
N/2048 

1 Tone Generator 
#3 output 

Note: NFO is the most significant bit 

The choice of either periodic or white noise is controlled 
by the noise feedback control bit FB, as is shown in the 
following table: 

NOISE FEEDBACK CONTROL 

2 .4  Data Transfer 

The NCR 8496 Sound Generator is enabled by the CPU by 
asserting a low logic level to m. WE strobes the contents 
of the data bus to the appropriate control register. Data 
bus contents must bevalid at this time. Data transfers 
cannot occur unless CE is true. 

Thirty two (32) clock cycles are required by the NCR 8496 to 
load data into the control register. The READY output used 
as a handshake signal to synchronize the CPU, is asserted to 
a-low logic level immediately following the leading edge of 
CE. READY assumes a true state via an external pull up 
register once the data transfer has been completed. 
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Formats for Data Transfer are as follows: 

DATA 
F9 F8 F7 F6 

FREQUENCY UPDATE ( D o u b l e  B y t e  T r a n s f e r )  

BIT 0 
REGISTER 
ADDRESS 
R2 R1 RO 1 F5 F4 F3 F2 F1 FO X 

DATA REGISTER ADDRESS BIT 0 
A3 A2 A1 A0 R2 R1 RO 1 

NOISE SOURCE UPDATE ( S i n g l e  B y t e  T r a n s f e r )  

ATTENUATOR UPDATE ( S i n g l e  B y t e  T r a n s f e r )  

2 . 5  CPU INTERFACE 

Eight ( 8 )  data lines (DO-D7) and three ( 3 )  control lines 
(m, m ,  READY) interface the NCR 8496 Sound Generator to 
the CPU. As indicated in Section 2.2, Tone Generation, ten 
(10) bits of data are required by each tone generator in 
selecting frequency values. Frequency updates require 
double byte data transfers. An additional four (4) bits of 
data are required to select the attenuation values. 
Attenuation updates require only single byte data transfers. 
(See Section 2.4: Data Transfer). 

Tone generators can be quickly updated by initially sending 
both bytes of frequency and register data, followed by only 
the second byte of data for succeeding values only if no 
other control registers are accessed at the time of 
generator updating. This action is accomplished by latching 
the register address and permitting the continued transfer 
of data into the same register. This updating feature 
permits the expedited modification of the six (6) most 
significant bits of data needed for frequency sweeps. 
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2.6 OUTPUT CIRCUITRY 

The NCR 8 4 9 6  Sound Generator output circuitry, emulating a 
conventional op amp summing circuit, sums the three ( 3 )  tone 
and one (1) noise generator outputs, and will source/sink 
current to 2 mA. The 0 dB output signal per generator is 
nominally a 450 mV square in the negative direction from a 
2V quiescent level. The output should be OR coupled into 
the application audio circuit via a filtering network 
similar to the following: 

Application 
VI A;vRA !iRri c~ ~ 

Vo Audio Amplifier 
Sound 

Generator 
Output Coupling 

Filtering 

The upper and lower frequency pdles for the application are 
determined from the following equations: 

Lower Pole upper Pole 

Attenuation of the output signal is: 

Typically RB 
while achieving desired filtering at the same time. 

A 10 RA so that the attenuation can be small 

2.7 AUDIO INPUT CIRCUIT 

This input node can be biased on with a current to give an 
approximate transfer function at the output of : 

vo = RAmpIin where RAmp is on the order of 1K Ohms 
-r 

Typical input application: 

Audio 
VIN b i g  4 C L Input 

provides the bias current to put the amplifier in the RB linear range. 

Rsig controls the input current causing the signal swing. 
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SECTION 3 

INTERFACE DEFINITION 

3.1 MICROPROCESSOR INTERFACE 

Signal Pin Description 

READY 4 

- 
WE 

CE 

- 
RST 

D7 
D6 
D 5  
D4 
D3 
D2 
D 1  
DO 

CLK 

5 

1 0  
11 
1 2  
1 3  
1 5  
1 
2 
3 

1 4  

OUTPUT: Open collector, READY 
indicates that data has been read 
when true (high). The CPU must be 
placed in a wait state until 
READY is true. 

INPUT: Write Enable indicates 
that data is available to the NCR 
8 4 9 6  when true (low). 

INPUT: Chip Enable CE indicates 
that data may be transferred to 
the NCR 8 4 9 6 .  

INPUT: Master Reset RST is used 
for testing purposes only. This 
pin is a no connect on the 
SN 7 6 4 8 9 A  and is internally 
pulled high. 

Inputs: DO-D7 is the data bust 
through which data is 
transferred. DO is the most 
significant data bit. D7 is the 
least significant data bit. 

I npu t Clock 
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3.2 AUDIO APPLICATION INTERFACE 

signal Pin Description 

Audio 7 

Audio In 9 

3.3 POWER INTERFACE 

Signal Pin 

vcc 16 

GND 8 

OUTPUT: Audio signal to 
application. Refer to section 
2.6. Output Circuitry for 
recommended output connections. 

INPUT: Audio input signal from 
application. Refer to section 
2.7. 

Description 

Supply Voltage 

Ground Reference 
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SECTION 4 

ELECTRICAL CHARACTERISTICS 

4.1 OPERATING CONDITIONS 

Parameter 

Supply 
Voltage 

Supply 
Current 

Operating 
Temperature 

Storage 
Temperature 

Absolute 
Maximum 

Symbol I Conditions 

vcc 

Icc Outputs Open 

TO 

TS 

',ax To Any Pin 

4.2 INPUT CHARACTERISTICS 

Parameter 

Input 
Voltage Low 

Input 
Voltage High 

Input 
Cur 1: en t 

Input 
Capacitance 

Symbol 

vIL 

VIH 

I1 

CI 

Conditions 

DO-D7, WE, 
CE, CLK 

z-D7, WE, 
CE, CLK 

Vin-GND+Vcc 

-- 
Mi n 

4.5 

0 

-65 

M i  n 

2.0 

-10 

Max 

5.5 

40  

+7 0 

+150 

7 .O 

Max 

0.8 

+10 

15 

Units 

V 

mA 

OC 

OC 

V 

Units 

V 

V 

UA 

Pf 
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Parameter Symbol Conditions Min Max 

IOUT=-2mA (READY) 0.4 output voL Voltage Low 

4.4 AUDIO CHARACTERISTICS 

Units 

V 

I Parameter 
Audio Input 
Current 

Source 
Current 

Sink 
Current 

Quiescent 
output 

Maximum 
output 

Signal 
Swing 

capacitance 
Loading * 

Audio Input 
Bias Voltage 

Symbol 

Is0 

Is0 

voQ 

'OM 

"SW 

coL 

Conditions 

Causing half 
scale output 
swing 

Over Output 
Voltage Swing 

Over Output 
Voltage Swing 

Generators 
at OdB 

Generators 
at OdB 

From Pin 7 
to Ground for 
Stability 

R=4.7k ohms 

TYP 

2.1 

0.5 

450 

1 .ov 

Max 

2 .o 

- 3  

2 

200 

1.2v 

Units 

mA 

mA 

mA 

V 

V 

mV 

Pf 

* Does not apply to coupling capacitors which are connected 
to loads >SO0 ohms. It is recommended that capacitors to 
ground be isolated by a series resistance of 500 ohms for 
stability. 
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SECTION 5 

Min Max 

150 

.05 4 

0 

0 

TIMING REQUIREMENTS 

Units 

nS 

MH Z 

nS 

nS 

Parameter 

CE READY 
-- 

I 

Frequency 
Input 

Set up Time 

Hold Time 

Symbol I Conditions 

tCER 

CLOCK 

CL=225pf 
RL=2K to VCC 

Transition 
Time 

E t a  ?WE 
CE +WE 

Data +READY 

DATA TRANSFER TIMING 

CE 

;ui tsu2 I 

WD7 FIRST BYTE SECONDBYTE 

FIGURE 4 
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@ MOTOROLA 

DUAL 4-CHANNEL ANALOG DATA SELECTOR 

The MC14529B analog data selector i s  a dual 4-channel or single 
8-channel device depending on the input coding. The device i s  suit- 
able for digital as well as analog application, including various one- 
of-four and one-of-eight data selector functions. Since the device has 
bidirectional analog characteristics i t  can also be used as a dual 
binary to 1-of-4 or a binary to 1-of-8 decoder. 

Data Paths Are Bidirectional 
Quiescent Current = 1.0 nA/package typical @ 5.0 Vdc 

IO-MHz Operation (typical) 

3-State Outputs 
Linear "On" Resistance 
"On" Resistance 1200hms typical @ 15 V 

Low Noise - 12 n V / m ,  f > 1 k H r  typical 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
Capable of  Driving Two Low.power TTL  Loads, One Low.power 
Schottky T T L  Load or Two H T L  Loads Over the Rated Temper. 
ature Range 

AAXlMUM RATINGS (Voltages referenced to  V s s )  

Symbol Value Rattng 

Input Volragc. All Inputs 

DC Current Drain per Pin 
Operating Temperature Range - A L  Device T A  -5510 t125 

Storage Temperature Range Tstg -65 to  t 150 

-0 5 1 0  VDD + 0 5 

mAdc 

CLICP Dewce -40  to +E5 

- 
STY - 

1 
1 
1 
1 

0 
0 
0 
0 
1 
1 
1 
1 

0 

- 

- 

- 

- 
' = 00"'l care 

T R U T H T A B L E  

Dual 4 Channel Mode 
2 0 " l P Y I I  

Y O  
Y1 
Y2 
Y 3  

Slngle 8 Channel Mode 
1 O"lP"1 

( 2  and W twd togerhsrl 

Thls device contains c i r c ~ i t r ~  to protect the m n t r o l  inputs against damage due to 
hlgh static voltageror electric fields. however. 11 #sadvised that normal precautions 
be taken to avoid application o f  any voltage higher than max imum rated voltages 
to this high impedance circuit A destructive high current mode may occur 11 V,, 
or VOut IS not constrained to the range Vss < V,, or VOut d VDD 

nlc 14529 B 

CMOS SSI 
ILOW POWER COMPLEMENTARY MOSl 

DUAL 4-CHANNEL ANALOG 
DATA SELECTOR 

OR 

DATA SELECTOR 
%CHANNEL ANALOG 

16 

P SUFFIX L SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 648 

ORDERING INFORMATION 

L Ceramic PaCkaQO 
P Plastic Package 
A Extondad Operating 

Temperature Range 
C Limired Operatlnp 

Temperature Range 

BLOCK D I A G R A M  

3 State O u t p ~ t  Enable 

Strobe X 1 

11 Y 3  

Strobe Y 15 

VDD - Pin 16 
vss- P," 8 

7-457 



MC14529B 

.ECTRICAL CHARACTERISTICS 

Ch.rr?aristk 

lu tput  Voltage " O *  Level 
Vin * VDD or 0 

"1" Levi 

Vin - 0 or VDD 

( V o  = 4.5 or 0.5 Vdc) 
(Vo-9.0or  1.OVdc) 
IVo - 13.6 or 1.5 Vdc) 
( V g  - 0.5 or 4.5 Vdc) 

( V o  - 1.5 or 13.5 Vdc) 

nput Voltego # "0" Levi 

"1 '' Levi 
( v g  1.0 or 9.0 Vdc) 

nput Current ( A L  Device) Control 
nput Current (CLlCP Device) Control 
nput Capacitance (Vin = 0) 

Control 
Switch Input 
Switch Output 
Feed Through 

(Per Packwe) 
luiewent Current ( A L  Devise) 

hiescent Current ICLlCP Device) 
(Per Package) 

'ON" Resistance ( A L  Device) 
(VC=VDD.RL'  10 k R )  

lVin = +5.0 Vdc) 
(Vi,, - -5.0 Vdc) 
(Vin - 50.25 Vdc) 
(Vi,, = +7.5 Vdc) 
(Vi,, = -7.5 Vdcl 
(Vi,, = t0.25 Vdc) 
(Vi,, = +10 Vdc) 
(.Vin - M.25 Vdc) 
(Vi,, - +5.6 Vdcl 
(Vi,, - +15 Vdc) 
(Vin - +0.25 Vdc) 
(Vin = +9.3 Vdcl 

'ON" Resistance (CLICP Device) 
( V c  = VDD, R L  = 10 kR) 

(Vin = +5.0 Vdcl 
(Vi,, = -5.0 Vdc) 
(Vin - +0.25 Vdc) 
(Vi, = +7.5 Vdcl 
(Vin = -7.5 Vdcl 
(Vi,, - t0.25 Vdc) 
(Vi,, - +10 Vdc) 
(Vin - M.25 Vdc) 
(Vi, - +5.6 Vdcl 
(Vin = +15 Vdc) 
(Vi,, = +0.25 Vdc) 
(Vin = +9.3 Vdc) 

"ON" Resistance 
Eatween any 2 circuits i n  a common peckage 

(Vin - t5.0 Vdc) 
lVin = t7.5 Vdc) 

Tiow - -55OC lor A L  Device. -4OOC for CLlCP Device 
ThiBh = +125OC for A L  Device, +85OC for CLlCP Device. 
'Noise immunitv smcifiad for worst-case inout combination 

IDD 

- 
vss 
Vdc 

0.0 
- 

0.0 

- 
0.0 

0.0 

- 
0.0 
0.0 
0.0 

- 
- 

- 

- 

-5.0 

-7.5 

0 

0 

- 

-5.0 

-7.5 

0 

0 

-5.0 
-7.5 - 

- 
'DI 
Vdi 

5 s  
10 
15 
5.c 
10 
15 

- 

- 
5.0 
10 
15 

10 
15 
15 
15 

5.0 

- 
- 
- 

- 
5.c 
10 
15 

5.c 
10 
15 

- 

- 

5 s  

7.5 

10 

15 

- 

5.0 

7.5 

10 

15 

5.0 
7.5 - 

Tlow. 
- 
M S X  

0.05 
0.05 
0.05 

- 

- 
1.5 
3 .O 
4.0 

- 
'0.1 

'0 3 
- 
- 

- 
1 0  
1 .o 
2.0 
5.0 
5.0 
10 

- 

- 

400 
400 
400 
240 
240 
240 
400 
400 
400 
250 
250 
250 - 

410 
410 
410 
250 
250 
250 
410 
410 
410 
250 
250 
250 - 

- 

25OC 

TYP 
0 
0 
0 

5.0 
10 
15 

__ 

2.25 
4.50 
6.75 
2.75 
5.50 
8.25 

O.OOO( 

0.000c 

5 0  
8 0  
20 
0.3 

0.001 
0.002 
0.003 
0.001 
0.002 
0.003 

~ 

__ 
__ 

.~ 

~ 

__ 

200 
200 
190 
160 
160 
120 
180 
180 
220 
180 
160 
21 5 - 

200 
200 
190 
160 
160 
120 
180 
180 
220 
180 
180 
215 

~ 

15 
10 

- 
Max 

0.05 
3.05 
3.05 

- 

- 
- 
- 
1.5 
3 .O 
4.0 

- 
t o  1 

t0.3 

7.5 

- 
- 

- 
1 .o 
1 .o 
2.0 
5.0 
5.0 
10 

- 

- 

480 
480 
480 
270 
270 
270 
480 
480 
480 
270 
270 
270 

480 
480 
480 
270 
270 
270 
480 
480 
480 
270 
2 70 
270 - 

- 

Thigh* - 
Max 

0.05 
0.05 
0.05 

- 

- 
1.5 
3 .O 
4.0 

- 
'1.0 

t 1 .o 
- 
- 

- 
60 
60 
120 
70 
70 
140 

- 

- 

640 
640 
640 
400 
400 
400 
640 
640 
640 
400 
400 
400 - 

560 
560 
560 
350 
350 
350 
560 
560 
560 
350 
350 
3 50 - 

- 

- 

Unit 

Vdc 
- 

Vdc 

- 
Vdc 

Vdc 

- 
vAdc 

uAdc 
- 
- 
PF 

- 
uAdc 

- 
uAdc 

- 
3hmr 

- 
3hmr 

- 
Ihms 

- 

Noise Margin for both "1" and "0" level = 1.0 Vdc min @ VDD = 5.0 Vdc 
2.0 Vdc min @ VDD = 10 Vdc 
2.5 Vdc min 8 VDD = 15 Vdc 

7 - 4 8  



M C 1 4529 B 

iL Dwico 

40 
20 
15 

400 
160 
120 

SWITCHING CHARACTERISTICS ( T n  - 25OC) 
Maximum 

CL/CP Dovisa 

60 
30 
25 

600 
240 
180 

Charanwinis 

v,, to VOut Propagation Delay Timt 
( C ~ = 5 0 p F . R ~ = l . O k i l l  

Propagation Delay Time. Control 10 
Output, Vin = VDD or Vss 

(Vin < 10 Vdc. CL = 50 PF, 
RL = 1 .O kR I 

( C ~ = 5 0 p F , R ~ = 1 . 0 k R )  
Rout = 10 kR) 

Pulse Frequency 
(CL= 50pF. RL = 1.0 kR 1 

( f = 100 HA 

Crosstalk, Control to Output 

Maximum Control Input 

Noise Voltage 

i125 
t125 
i250 
i250 

( f = 100 kHz1 

i l l 6  
t125 
e250 
t250 

Sine Wave IDistotlion) 
(V,,, = 1 77 Vdc RMS 
Centered @ 0 0 Vdc. 
R L  = 10 kfl, f = 1 0  kHzI 

InputIOutput Leakage Currenl 

(Vi,, = +5.0 Vdc, Vout = -5.0 Vdc 
(Vin = -5.0 Vdc, Vo,t = +5.0 Vdc 
(Vi,, = +7.5 Vdc. Vout = -7.5 Vdc 
(Vin = -7.5 Vdc. Vout = +7.5 Vdc 

I"Ser1,On LOSS 

(V,,,= 1.77Vdc 
RMS centered @ 0.0 Vdc. 
f = 1 0 MHz. 

l loss= 20 Log10 '..t 
v,, 

( R L  = 1.0 kR) 
( R L  = 10 kR) 
( R L  = 100 k<l l  
(RL  = 1 0 MRI 

Bandwidth (-3 d8I 
( V,, = 1 77 Vdc 
RMS centered C 0.0 Vdcl 

( R L  = 1.0 kR) 
( R L  = 10 kR) 
( R I  = 100 kR) 
(A; = 1 0 MRI 

Feedthrough and Crosstalk 
(ZOLoglo V!!=-50d8) 

V," 

(RL  = 1.0 kR1 
IRL  = 10 kR) 
I R L  = 100 kR) 
I R L  = 1.0 MR) 

Symbol 

P L H ~ ~ P H L  

IPHL.'PLH 

BW 

- 

00 

- 
0.0 

00 

- 
0.0 

- 
00 

-5.0 

-5.0 
-5.0 

-7.5 
-7.5 - 
-5.0 

- 
-5.0 

- 
-5.0 

- 

VDD 
5 0  
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5 0  
10 
15 

5 0  
10 
15 

5.0 
10 
15 

5.0 

5.0 
5.0 
7.5 
7.5 

Typiu l  
All Typn 

20 
10 
8.0 
m 
80 
50 

5.0 
5.0 
5.0 
5.0 
10 
12 

24 
25 
30 
12 
12 
15 

0.36 

fO.OO1 
fO.OO1 
t0.0015 
i 0.001 5 

2.0 
0.8 
0.25 
0.01 

35 
28 
27 
26 

850 
100 
12 
1.5 

% 

- 
nA 

d8 

MHz 

kHz 

7-459 



MC 14529B 

FIGURE 1 .  OUTPUT VOLTAGE 
TEST CIRCUIT 

FIGURE 3 - QUIESCENT POWER DISSIPATION 
TEST CIRCUIT 

FIGURE 2 - NOISE IMMUNITY 
TEST CIRCUIT 

Y 3  w vNulk V N L  vss = V N  when Is = 1 0 c A  

VNH = V o o  -VN when Is = 10  PA 
Pins 2.3.4.12.13and l 4 a r e  left  Open 

FIGURE 4 - RON CHARACTERISTICS 
TEST CIRCUIT 

6 
Vi" 

TYPICAL RON versus INPUT VOLTAGE 

FIGURE 5 FIGURE 6 

250 

1 200 
0 

Y 
- 
5 150 

: 100 
0 

0 
50 

15 20 25 
V,". INPUT VOLTAGE I V d d  

O -10 -5  
Vln. INPUT VOLTAGE IVdcl 
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MC 14529B 

FIGURE 7 -PROPAGATION DELAY TEST CIRCUIT 
AND WAVEFORMS 

2 0 n r +  4 + 2 0 " %  

FIGURE 8 - TURN.ON DELAY TIME TEST CIRCUIT 
AND WAVEFORMS 

FIGURE 9 - CROSSTALK TEST CIRCUIT FIGURE 10 - FREOUENCY RESPONSE TEST CIRCUIT 

A Conrroi 
LOQ1C 

- -  
v,n 

I" 
FIGURE 11 - NOISE VOLTAGE TEST CIRCUIT FIGURE 12 -TYPICAL NOISE CHARACTERISTICS 

15 

30 

1: 25 

? 20 

2 I5 

> 
; 10 

5 0  

n 
10 IO0 I O k  10 k 100 k 

I FREOUENCY I H z I  
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MC14529B 

FIGURE 13 - TYPICAL INSERTION LOSSIEANDWIDTH 
CHARACTERISTICS 

7-462 



QUAD LINE DRIVER 

The MC1488 IS a monolithic quad line driver designed to inter 
face data terminal equipment with data communications equipment 
in conformance with the specificationsof EIA Standard No RS-232C 

Features 

Current Limited Output 

Power Off Source Impedance 

Simple Slew Rate Control with External Capacitor 

Flexible Operating Supply Range 

Compatible with Al l  Motorola MDTL and MTTL Logic Families 

+ l o  mA typ 

300 Ohms min 

QUAD MDTL LINE DRIVER 
RS-232C 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 632 CASE 646 
TO 116 

PIN CONNECTIONS 

VEE vcc 

input A Input D l  

OutPuf A I~PYI 0 2  

OutPuI D Input 81 

Input E2 input c1 

Output E input c2 

Gnd 0"tP"t c 

CIRCUIT SCHEMATIC 
/1/4 OF CIRCUIT SHOWN1 

MDTL, MHTL, MRTL, MmL are trademarks of Motorola inc 0 MOTOROLA INC 1981 DS9162R 



' M A X I M U M  RATINGS ITA = 125% unless otherwise noted I 

Rating 

Power Supply Volt- 

Input Voltage Range 

Output  Signal Voltage 

Power Derating (Package Limitat ion Ceramicand Plastic Dual In  Line Package) 

Derate above T A  - +25OC 

Operating Ambient Temperature Range 

Storage Temperature Range 

Symbol Valu. Unit 

vcc +15 Vdc 
V E E  -15 

VIR - 1 5 s V l ~ C - 7 0  Vdc 

VO t 1 5  Vdc 

PD 1000 mW 
~ I R ~ J A  6 7  m W P C  

T A  0 to +75 OC 

Tstg -65 to t 1 7 5  OC 

ELECTRICAL CHARACTERISTICS (VCC t 9  O 2 1 %  Vdc, V F E  - 9  o t 1 ' "  ~ d c  

Input Current ~ Low Logic State ~ V I L  = 0 )  

Input Current 

3utput  Voltage High Logic State 

High Logic State ( V l H  = 5 0 VI 

IVIL = 0 8  Vdc R L  = 3 0 kl! V c c  = + 9  0 Vdc. V E E  - -9 0 Vdc) 

( V l ~ = 0 8 V d c  R ~ = 3 O k S ! , V c c = + 1 3 2 V d c  VEE = - 1 3 2 V d c l  

3utput Voltage Low Logic State 
(VIH = 1 9 Vdc, R L  = 3 0 k J > ,  V c c  = + 9  0 Vdc, VEE = -9 0 Vdcl 

l V l H  = 1 9  Vdc, R L =  3 0 k l i ,  V c c  = +13 2 Vdc. V E ~  = -13 2 Vdcl 

Positive Output Short-Circuit  Current (1)  

Characteristic 1 Fiaure 1 Svmbol 

1 I I L  

I IH 

2 VOH 

2 VOL 

3 lOS+ 

7 0  

-10 5 

+ l o  
-10 Neaative Outout Short Circuit Current I 1  I I 3 I I nc  

Vdc 

+ I 2  m A  

-12 m A  

Output Resistance ( V c c  = VEE - 0. 1 V o  1 
Positive Supply Current IR  I 

?2 0 V I  

ml 
l V l H  = 1 9  Vdc. V c c  = +9 0 Vdcl 

( V i i  = 0 8  Vdc. V c c  = +9 0 Vdc) 

( V I H  = 1 9  Vdc. V c c  = +12 Vdcl 

( V I L  = 0 8  Vdc. V c c  = +12 Vdcl 

( V , H  = 1 9  Vdc. V c c  = t 1 5  Vdc) 

( V I L  = 0 8  Vdc. V c c  = 115 Vdcl 

Negative Supply Current I R L  = 4 
( V I H  = 1 9 Vdc. VEE = -9 0 Vdcl 

(VIL = 0 8  Vdc. VEE = -9 0 Vdcl 

l V l H  = 1 9  Vdc. VEE = -12 Vdcl 

rPropagation Delay Time (21 = 3 0 k and 15 pF I 

I q  = 3 0 k and 15 p F I  

(21 = 3 0 k and 15 p F I  

l z l  = 3 0 k and 15 p F )  

Fal l  Time 

Propagation Delay Time 

Rise Time 

6 

6 

5 

'PLH - 275 350 ns 

~ T H L  - 45 75 ns 

f P H L  ~ 110 175 ns 

IT, H 55 100 ns 

( V ~ L  = 0 8  Vdc. VEE = -12 Vdc) 

(VIH = 1 9  Vdc VEE = -15 Vdc) 

( V c c  = 9 0 Vdc. VEE = -9 0 Vdcl  

0 to 175OC unless otherwise noted I 

Mm 

16 0 

19 0 

-6 0 

-9 0 

+6 0 

-6 0 

300 

VdC 

1 1 0 5  
1 7 0  1 I 

' 2 0  

+6 0 

+25 

+ 7  0 

134 

t 1 2  

- 500 

-34 

mW 
333 
576 

@ MOTOROLA Semiconductor Products Inc. 



CHARACTERISTIC DEFINITIONS 

2 

4 

e 
t h~ 

1 2  

5 
4 

IO 
-1 

-1 13 

FIGURE 2 -OUTPUT VOLTAGE 

+9 v -9 v 

FIGURE 4 -OUTPUT RESISTANCE (POWER-OFF) FIGURE 3 -OUTPUT SHORT-CIRCUIT CURRENT 

V c c  V E E  
? ?  

FIGURE 5 - POWER-SUPPLY CURRENTS 

vcc 
t 

FIGURE 6 -SWITCHING RESPONSE 

@ MOTOROLA Semiconductor Products Inc. I 



TYPICAL CHARACTERISTICS 
(TA = t25OC unlessotherwise noted.) 

FIGURE 7 -TRANSFER CHARACTERISTICS 

versus POWER-SUPPLY VOLTAGE 

VIn INPUT VOLTAGE ( V O l T S l  

IGURE 9 -OUTPUT SLEW RATE versus LOAD CAPACITANCE 

CL. CAPACITANCE IpFI  

FIGURE 8 - SHORT-CIRCUIT OUTPUT CURRENT 
versus TEMPERATURE 

- +12 

190 

+ 6 0  

c 130 

z 

3 Y 

2 0  
2 -30 

- 6 0  
u 

0 =. -9 0 
Y m 

-12 

T TEMPERATURE l 0 C l  

FIGURE 10 -OUTPUT VOLTAGE 

AND CURRENT-LIMITING CHARACTERISTICS 

+20 
+16 

+12 
U 

+ 
E + 8 0  

5 + 4 0  

3 0  

3 -4 0 

2 - 8 0  

9 -12 

-16 

-20 
-16 12 - 8 0  - 4 0  0 t 4 0  + E 0  112 +1E 

Vo,OUTPUT VOLTAGE (VOLTS1 

FIGURE 11 - MAXIMUM OPERATING TEMPERATURE 

verwsPOWER-SUPPLY VOLTAGE 

16 

& 14 

- 
m + 

> 
z 12 

z 10 

4 

2 8 0  
x 
LL 6 0  

4 0  
s 
Y 5 2 0  
u > 

+75  1125 -55 0 +25  

T TEMPERATURE I O C I  
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APPLICATIONS INFORMATION 

The Electronic Industries Association IEIA) RS232C specification 
detail the requirements for the interface between data processing 
equipment and data communications equipment. This standard 
specifies not only the number and type of interface leads, but also the 
voltage levels to be used. The MC1488 quad driver and its companion 
circuit. the MC1489 quad receiver, provide a complete interface system 
between DTL or TTL logic levels and the RS232C defined levels The 
RS232C requirements as applied to drivers are discussed herein. 

The required driver Yoltages are defined as between 5 and 15- 
volts in magnitude and are positive for a logic "0" and negative for 
a logic "1" These voltages are so defined when the drivers are 
terminated wi th  a 3000 to 7000 ohm resistor The MC1488 meets 
this voltage requirement by converting a DTL/TTL logic level into 
RS232C levels with one stage of inversion 

The RS232C specification further requires that during trans1 
tions. the driver output slew rate must not exceed 30 volts per 
microsecond The inherent slew rate of the MC1488 i s  much too 

FIGURE 12 - SLEW RATE versus CAPACITANCE 

FOR Isc = 10 m A  

1000 

2 100 

1 

E 10 

I O  
1 0  IO IO0 

C CAPACITANCE l p F I  

last for this requirement The current limited output of the device 
:an be used to confrol rhts slew rate by connecting a capacitor to 
'ach driver output The required capacitor can be easily determined 
by usingtherelatii,nship C - 10s x AT/AV f rom whlch Ftgute 12 1s 
lerived Accordingly a 330pF capacttor on each output will 
parantee a worst case slew rate of  30 volts per microsecond 

The interface driver is also required to withstand an accidental 
,hart to any other conductor in an interconnecting cable The worst 
>ossible signal on any conductor would be another driver using a 
>Ius or minus 15 volt 500 mA source The MC1488 I S  designed to 
ndefinitely withstand such a short to all four outputs on a package 

IS long as the power supply voltages are greater than 9 0 volts 1 1  e 
V c c > 9  0 V V E E < - ~  0 V I  In some power supply designs a loss 
lf system power causes a low impedance on the power supply out 
l U t S  When this occurs a low impedance to ground would e x s t  at 
he power inputs to the MC1488 effectively shorting the 300 ohm 
IUtPut resistors t o  ground I f  all four outputs were then shorted 
0 plus or minus 15 volts the power dissipation in  these resistors 

would be excessive Therefore if the systeni I S  deslgned 10 perrnit 
low iinpedanes to ground at the power supplies of  the drlvers a 
diode should be placed in each power sudply lead to prevent Over 
heating ~n this fault condition These two diodes as shown In 
Figure 13 could be used to deLouple all the driver packages 8n a 
system (These same diodes will allow the MC1488 to wtthstand 
momentary shorts to the I 25 volt l lmiis speclfled tn the earlier 
Standard RS2326 I The addition of the diodes also ! ierm~i> the 
MC1488 to withstdnd faults with power suPpl8es of  less than the 
9 0 volts stated above 

The maximum short circuit current allowable under fault Lon 
ditions IS more than guaranteed by the prevlobsly mentioned 
10 mA o ~ t p i i t  current l imiting 

Other Applications 

The MC1488 IS an extremely versatile line driver wi th  d Inyridd 
of possible appI~Lations Several features of thr  drivers enhame 
this versatility 

1 Output Current Liinit ing thls enables the Lire w t  der gner 
to define the output voltage levels independent o f  power SupplteS 
and can be accomplished by diode clamping o f  the oiit l iul pins 
Figure 14 shows the MC1488 used as a D T L  to MOS tran%lator 
where the hlgh level voltage output I S  damped one dlodc abow 
ground The resistor divider shown IS used to reduce the outl iut 
voltage below the 300 ~ I V  above ground MOS Input I W L I  Ilmil 

as can be seen from the %hematic 
drawing of the drivers the positive and nrgattve driving eleiiients 
of the device are essentially independent and do not require rmatch 
ing power supplies In  fact the positive s u ~ p l y  can vary from a 
minimum seven volts (required for drlving the negative nulldown 
section) to the maximum specifled 15 volts The negative sup111v 
can vary from approximately -2 5 volts to the minimum specified 
-15 volts The MC1488 wil l drive the Output 10 within 2 volts of 
the positive or negatwe supplles as long as tbe current ou11)ut limit5 
are not exceeded The combination 0' the Lurrent hrmlkng and 
supply voltage features allow a wide combination o f  possible out 
puts within the same quad package Thus i f  only a portion o f  the 
four drivers are used for driving RS232C lines the remainder could 
beused for D T L  toMOSor even D T L  to DTL translation Figure 15 
shows one such combination 

2 Power Supply Range 

@ MOTOROLA Semiconductor Products Inc. 



FIGURE 14 - MDTL/MTTL-TO-MOSTRANSLATOR 
FIGURE 15 - LOGIC TRANSLATOR APPLICATIONS 

MRTL OUTPUT 
0 1 V I 0  + 3  1 v MOTL 

INPUT 

MOTL OUTPUT 
o l v l o + s l v  

MDTL 
MOS OUTPUT NAND 
IWlTH Vss GNOI  GAT^ 

INPUT 

MDTL 
MHTL 
INPUT 

MHTL OUTPUT 
0 1 v IO 1 o v  

1 2  v 12 v 

MDTL MOS OUTPUT 
MMOS 
INPUT 

l O V l 0 O V  

1 2 v  + 1 2 v  

THERMAL IN FORMATION 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature can 
be found from the equation 

the sum of the products of the supplv voltages and supply 
currents at the worst case operating condition 

T J ( ~ ~ ~ )  = Maximum Operating Junction Temperature 

TA = Maximum Desired Operating Ambient 

ROJA(Typ) = Typical Thermal Resistance Junction to 

TJ(max) -TA as listed in the Maximum Ratings Section 
PD(TAI = 

Temperature 
Where PD(TA) = Power Dissipation allowable at a given 
operating ambient temperature This must be greater than Ambient 

OUTLINE DIMENSIONS 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632-02 
T O - 1  16 

NOTE 
1 DIMENSION " L " T 0  CENTER OF LEADS 

WHEN FORMED PARALLEL 
NOTES 

1. LEADSWlTHlN0.13mm 
10.0051 RAOIUS O F  TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION " L " T 0  
CENTER OF LEADS 
WHEN FORME0 
PARALLEL. 

3. DIMENSION "8"OOES NOT 
INCLUDE MOLD FLASH. 

4. ROUNDEO CORNERS OPTIONAL. 

- @ MOTOROLA Semiconductor Products Inc. 
BOX 20912 PHOENIX, ARIZONA 85036 0 A SUBSIDIARY OF MOTOROLA INC 
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MC1489 
MC1489A 

A 

QUAD LINE RECEIVERS 

The MC1489 monolithic quad line receivers are designed to inter 
face data terminal equipment wi th data communications equlpment 
in conformance with thespecifications of  E I A  Standard No R S  232C 

Input Resistance ~ 3 0 k to 7 0 kilohms 

0 Input Signal Range - i 30 Volts 

Input Threshold Hysteresic Built In 

Response Control 
a )  Logic Threshold Shift ing 
b) Input Noise Filtering 

TYPICAL APPLICATION 

LINE D R I V E R  L I N E  R E C E l V f R  

I N T E R C O N N E C T I N I ;  M C I 4 8 Y  
C A B l f  

M C l 4 8 8  <--\o-p*-:;p -l- -' 

I I 

MI311 L O G I C  INPUT & r E R ~ ~ ~ ~ ~ c T ' N %  MOTL 1 O G I C  O U T P U T  

I I 

Q U A D  M D T L  
LINE RECEIVERS 

RS-232C 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX PSUFFIX 
C E R A M I C  P A C K A G E  PLASTIC  P A C K A G E  

CASE 632 CASE 646 
TO 116 

MOTOROLA INC 1981 DS9193R2 MDTL and MTTL are trademarks of Motorola Inc 



Symbol Value Rating 

10 

+30 

20 

vcc 

IL 

PD 

TA 

Power Supply Voltage 

Input Voltage Range 

Output Load Current 

Power D w p a t i o n  (Package Limltatlon Ceramlc andPlastlc Dual In Lane 

R 

1000 
l / O j ~  6 7  

Package) 

Derate above T A  = +25OC 
0 10 t75 Operating Ambient Temperature Range 

Storage Temperature Range T5tg -65 to t 175 

@ MOT'OROLA Semiconductor Products Inc. 

Unit 

Vdc 

Vdc 

mA 

mW 

mW/OC 
OC 

uc 



TEST CIRCUITS 

FIGURE 1 - INPUT CURRENT 

FIGURE 3 - OUTPUT SHORTCIRCUIT CURRENT 

v c c  

V l H L  FIGURE 2 - OUTPUT VOLTAGE 
and INPUT THRESHOLD VOLTAGE I V I L H  

Vint 

0 OPEN 

_ -  - -  

FIGURE 4 - POWER-SUPPLY CURREN? 

FIGURE 5 -SWITCHING RESPONSE FIGURE 6 - RESPONSE CONTROL NODE 

RESPONSF N O D E  

v o  
MC1489A 

VI,, 

CT  15 pF lo la l  parasitic capacilance which includes 
probe and wiring capacitances 

@ MOTOROLA Semiconductor Products Inc. 



TYPICAL CHARACTERISTICS 
lVcc = 5 0 Vdc. TA = +25OC unless oiherwlre noted) 

0 2  
0 

FIGURE 7 - INPUT CURRENT 

I I I ' I : ' '  

+IO 
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+ 6 0  
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-25 20 15 -10 5 0  0 t50 +10 + I 5  + 2 0  + 2 5  
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- 

FIGURE 8 - MC1489 INPUT THRESHOLD 
VOLTAGE ADJUSTMENT 

3 0  2 0  1 0  0 * I O  * ? O  * 3 0  

V,n INPUT VOLTAGE l V 0 L T S l  V I  INPUT V O L T A G E  I V d c l  

FIGURE 9 - MC1489A INPUT THRESHOLD 
VOLTAGE ADJUSTMENT 
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FIGURE 11 - INPUT THRESHOLD versus 
POWER SUPPLY VOLTAGE 
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APPLICATIONS INFORMATION 

General Information 

TheElectroniclndustr ler Associat ion IE I A )  hasreleasedtheRS 232C 
specif8cation detai l tng the requNrements lor  the interlace between 
data processing equipment and data communica t~ons  equipment 
This standard specifies not only the number and type o f  interface 
leads, b u t  also the  voltage levels to be ured The MC1488 quad 
driver arid i t s  cornpanton circuft.  the MC1489 quad receiver, 
provtde a complPte interface system between D T L  or T T L  logic 
levels and the R S  232C def ined levels The RS 232C requirements 
as applied to receivers are discussed h e w n  

The required input  impedance I S  defined as between 3000 ohms 
and 7000 ohms lor  input  v o l t q e s  between 3 0  and 25 vo l t s  In 
magnitude and any voltage on the recelver inp i i t  In an open circuit  
cond i t ion  must be less than 2 0 volts In magnitude The MC1489 
circuits meet these requirements w i t h  a m a r l m u m  open circuit  volt  
age 01 one V ~ E  iRe1 Sect 2 41 

ThP recewer shall detect a voltage between -3 0 and -25 volts 
as a logic ' I  
(Ref  Sect 2 31 On some interchange leads, an open c i r cu i t  or 
power "OFF" cond i t ion  (300 ohms or more  to ground1 shall be 
decoded as an " O F F '  cond i t ion  or loglc " 1 '  iRe1 5 ~ c l  2 51 For  
this reason, the input  hysteresis thresholds o f  the MC1489 circuits 
are all above ground Thus an open or grounded input  w i l l  cause 
!he same outpu t  as a negative or logic ' I '  i npu t  

Device Characteristics 
The MC1489 interface recwvers have lnternal feedback f r o m  the 
second stage to the i n p u l  stage providing ~ n p u l  hysteresis f o r  noise 

and inputs between + 3  0 and +25 volts as a log\c "0 

reject ion The MC1489 input  has typlcal t u r n  o n  voltage o f  1 25 
volts and turn 0 1 1  01 1 0 v o l t  lor  a typdcal hysteresls o f  250 m V  
The MC1489A has typical t u r n a n  o f  1 95 w l f s  and t u r n q f l  of  
0 8 volt  lo r  typ ica l l y  1 15 vo l t s  0 1  hysteresis 

Each receiver section has an external response cont ro l  node 1 1 1  

add8tion to the input  and o u t p u t  plns thereby a l low lng  the deslgn 
er to vary the input  threshold voltage levels A resistor can be 
connected between this node and an external power  supply F l g  
ures 6 8 and 9 tllustrate the  Input threshold voltage shl l t  posslble 
through this technlque 

This response node can also be used fo r  the f t l te r tng  o f  hlgh 
frequency h igh  energy nois? pulses Flgures 12 and 13 show 
typ8cal noise pulse relect ion lor external capacjtors o f  various stzes 

These t w o  operations on the response node can be comblned 
or used individual ly f o r  many combinations 0 1  interfaclng appll  
cations The MC1489 circuits are part8cularly useful lor  mterfaclng 
between MOS circuits and M D T L i M T T L  log8c systems I n  thls 
appl icat ion the input  threshold voltages are adjusted i w i t h  the 
appropriate supply and resistor values1 10 fa l l  In the center o f  the 
MOS voltage logic levels (See Figure 141 

The response node may also be ured  as the receiver 8nput as 
long as the designer realizes that he may r 1 0 1  drwe this node with 
a l o w  impedance source to a voltage greater lhan  one d lode above 
ground or less than one d iode be low ground This feature I S  

demonstrated ~n Flgure 15 where t w o  rPcelvers are slaved to the 
same lrne that mu51 s t i l l  mePt the RS 232C Impedance requrremcnt 

FIGURE 12 - TURN-ON THRESHOLD versus CAPACITANCE 
FROM RESPONSE CONTROL PIN T O  G N D  

FIGURE 13 - TURN-ON THRESHOLD versus CAPACITANCE 
FROM RESPONSE CONTROL PIN T O  G N D  

6 

5 

> 
: 4  

3 3 

; 3  
c 

2 

I 
10 IO0 IO00 100 1000 1o.ow 

Fw INPUT PULSE WIDTH Ins) FW INPUT PULSE WIDTH ins) 

FIGURE 14 - TYPICAL TRANSLATOR APPLICATION - 
MOS TO DTL OR TTL 

+ 5  VdC 

r - -, 
---i , 

OTL U I  TTL 

r - - ,  

MC1489 
LOGIC 
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-_ 
APPLICATIONS INFORMATION (continued) 

FIGURE 15 - TYPICAL PARALLELING O F  TWO MC1489.A RECEIVERS TO MEET RS 232C 

vcc  p 

Motorola reservesthe rlghtto make changes 13 any products herein to improve reliabilcty function or deslgn Motorola does not assumeanyI~ab~lltyar19tng 
out of the application or use of any product or circuit described herein neither does 11 convey any llcense under tts patent rlghts nor the rtghts of others 

- @ MOTOROLA Semiconductor Products Inc. 
B O X  2 0 9 1 2 .  P H O E N I X  A R I Z O N A  85036 A S U B S I D I A R Y  OF MOTOROLA INC - 
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I OUTPUl  
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I 
I 
I 
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1 
I 

THERMAL IN FORMATION 
1 

The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature can 
be found from the equation 

the sum of the products of the supplv voltages and supplv 
currents at the worst case operatlng condition 

T j l m a x )  = Maximum Operating Junction Temperature 

TA = Maximum Desired Operating Ambient 

ROJA(Typ) = Typical Thermal Resistance Junction to 

TJ(rnax1 - T A  
PD(TA) = R0JAo as listed in the Maximum Ratings Section 

Temperature 
Where PD(TA) = Power Dissipation allowable at a given 
operating ambient temperature This must be greater than Ambient 

OUTLINE DIMENSIONS 

L SUFFIX 

~ ~ ~ ~ 6 3 2 . 0 5  
TO-116 

CERAMIC PACKAGE NOTE 
1 DIMENSION L TO CENTER O F  LEADS 

WHEN FORMED PARALLEL 

PLANE 

VOTES 1 LEADS WITHIN 0 13 mm 
(0 0051 RADIUS OF TRUE 
PllSlTlON AT SEATING 

P SUFFIX 
PLASTIC PACKAGE 

C A S E  646-05 
PLANEAT MAXIMUM 
MATERIAL CONOITION. 

2. DIMENSION "L"TD 
CENTER O F  LEADS 
WHEN FORMED 
PARALLEL. 

3 DIMENSION "8"DOES N O T  
INCLUDE MOLD FLASH 

4 ROUNDED CORNERS OPTIONAL. 



TANDY COMPUTER PRODUCTS 

1/0 Address Decode Chip (U19) 



Partno 8075173 ; 
Name iflrfi ; 
Date 06/05/87 ; 
Rev 01 ; 
Designer 
Company Tandy ; 
Assembly 
Location u19 ; 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
/* */ 
/* DMA Page Registers, and Mode Register on Project 840. */ 

Modified version for RFI to disable Xbus */ 
/ *  Allowable Target Device Types: PLS173 */ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

/* This device performs 1/0 address decode of the FDC, Printer, */ 

;:* * ** ** ** * * * ** * ** *** ** ** ** * * * * * ** * * * * ** ** ** * * * * * ** ** * * * * * ** * * *** * */ 

/** Inputs **/ 
PIN [l. 
PIN 7 
PIN 8 
PIN 9 
PIN 10 
PIN 11 
PIN 13 
PIN 14 
PIN 15 
PIN 16 
PIN 17 
PIN 23 

.61 = [SA4..91 
= ! MEMIOS 
= ! ROMCS 
= !INTA 
= ! CPUHLDA 
= ! FDCDACK 
= !MEMR 
= !IOR 
= ! FDCEN 
= ! SPSEL 
= !SPEN 
= SA3 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

/* Perpherial Address Lines 5-9 
/* Memory/IO Select 
/* Bios Rom Chip Selct 
/* Interrupt Acknowledge 
/* CPU Hold Acknowledge 
/* FDC DMA Acknowledge 
/ *  Memory Read Signal 
/* 1/0 Read Signal 
/* FDC Port Enable 
/* Serial Port Select 
/* Serial Port Enable 
/* Perpherial Address Line 3 

/** outputs **/ 
PIN 18 = !IRQ3EN ; /* Interrupt Request 3 Enable 
PIN 19 = !IRQ4EN ; /* Interrupt Request 4 Enable 
PIN 20 = !XBUFEN ; /* Perpherial Bus Enable 
PIN 21 = !XBUFDIR ; /* Perpherial Bus Direction 
PIN 22 = !SPCS I /* Serial Port Chip Select 
/** Declarations and Intermediate Variable Definitions **/ 

*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 
*/ 

*/ 
*/ 
*/ 
*/ 
*/ 

FIELD PORT = [SA9..3] : 



/** L o g i c  E q u a t i o n s  **/ 
S P C S  = 

# 

XBUFDIR = 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 
# 

XBUFEN = 
# 
# 
# 
# 
# 
# 
# 
# 

IRQ4EN = 

IRQ3EN = 

PORT: [2F8. . 2 F F ]  & !CPUHLDA & S P E N  & !SPSEL 
P O R T : [ 3 F 8 . . 3 F F ]  & !CPUHLDA & SPEN & S P S E L  ; 

PORT: [ O O O .  .OOF] 
PORT: [ 0 2 0 .  .027]  
PORT: [ 0 4 0 .  . 0 4 7 ]  
PORT: [060.. 06Fl  
PORT: [OAO. .OA71 
PORT: [OCO. .OC7] 
PORT: [ 2 0 0 .  . 2 0 7 ]  
PORT: [ 2 F 8 .  . 2 F F ]  
PORT: [378. .37Fl 
PORT: [3DO. . 3 D F ]  
PORT: [ 3 F O .  .3F71 
PORT: [ 3 F 8 .  . 3 F F ]  
MEMIOS & MEMR & 
!MEMR & ! I O R  & 
FDCDACK & I O R  & 
I N T A  ; 

& I O R  & 
& I O R  & 
& I O R  & 
& I O R  & 
& I O R  & 
& I O R  & 
& I O R  & 
& I O R  & 
& I O R  & 
& I O R  & 
& I O R  & 
& I O R  & 
! ROMCS 

CPUHLDA 
CPUHLDA 

! CPUHLDA 
! CPUHLDA 
! CPUHLDA 
! CPUHLDA 
! CPUHLDA 
! CPUHLDA 
! CPUHLDA 
!CPUHLDA & SPEN & ! S P S E L  
! CPUHLDA 
! CPUHLDA 
!CPUHLDA & FDCEN 
!CPUHLDA & SPEN & S P S E L  

& FDCEN 

PORT: [ O O O .  .OOF] & !CPUHLDA 
PORT: [ 0 2 0 .  . 0 2 7 ]  & !CPUHLDA 
PORT: [060.  .06Fl & !CPUHLDA 
PORT: [080.  .08F] & !CPUHLDA 
P O R T : [ 2 F 8 . . 2 F F ]  & !CPUHLDA & SPEN & !SPSEL 
P O R T : [ 3 F 8 . . 3 F F ]  & !CPUHLDA & SPEN & S P S E L  
MEMIOS & !ROMCS 
CPUHLDA 
I N T A  ; 

SPEN & S P S E L  ; 

SPEN & !SPSEL ; 







RCIM/DRAM D e c o d e  L a t c h  and C o n t r o l  signal 









4. Block Diagram 

E 

rl 

5 

I 

I 



tab 

5. PIN CONFIGURATION 

1 IVS 
7 LVS 
; LVS 
3 IVS 
! LV 
I l V  
5 1V 
3 zv 
L zv 
!ZV 
szv 

zax 
cax 
pax 
sax 
9ax 
Lax 

* z w a  
* c w a  

*UM33a3d 
V a l H  
f V  

113tld 

sv 
*HS3W?tI 

6 



6. INP\JT/OVTPUT PINS FUNCTION AND DESCRIPTION 

DESCRIPTION 
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DESCRIPTION 
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9. ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAX RATINGS CNON-OPERATING, VSS=O.  O V j  

MIN 

OPEHATING ELECTRICAL SPECIFICATIONS: 



INPUT CAPAC I TANCE 

OCtTFiUT CAPAC 1 TANCE 
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TANDY COMPUTER PRODUCTS 

Floppy Disk  S u p p o r t  Log ic  
Tandy P a r t  # 8xxxxxx 
J a n  29 ,  1987 
P r e l i m i n a r y  

1 . 0  GENERAL DESECRIPTION 

1.1 The Tandy P a r t  # 8xxxxxx - Floppy Disk  S u p p o r t  l o g i c :  

- G e n e r a t e s  t h e  c l o c k  t o  t h e  765 F loppy  Disk  C o n t r o l l e r .  
- G e n e r a t e s  t h e  w r i t e  c l o c k  t o  t h e  F loppy Disk  C o n t r o l l e r .  
- G e n e r a t e r s  s t ep  p u l s e s ,  t r a c k  0 i n d i c a t o r ,  DMA r e q u e s t ,  

- G e n e r a t e s  t h e  Read Data and Read Data Window s i g n a l s .  
- G e n e r a t e s  t h e  W r i t e  Data t o  t h e  F loppy Disk .  

and  FDC i n t e r r u p t  s i g n a l s .  

1 -- 
2 -- 
3 -- 
4 -- 
5 -- 
6 -- 
7 -- 
8 -- 
9 -- 

l o - -  
11-- 
12-- 

CLK16M +5v 
WC K SWITCH 
FDCCLK INT+ 

RDD DRQ 
R D W  FDCINT 
FRES/S FDCDMRQ* 
RW*/SEEK PS 0 
TRK 0 * p51 
F/TRKO WRD 
STEP* WRE 
GND WRDATA* 

RDDATA* DMA/INTE 

FIGURE 1. P i n  Ass ignment  

--24 
--23 
--22 
--21 
--20 
--19 
--18 
--17 
--16 
--15 
--14 
--13 

1 



TANDY COMPUTER PRODUCTS 

1.2 DESCRIPTION 

PIN # PIN NAME ____- -------- 
1 

2 

3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

24  

CLK16M 

WCK 

FDCCLK 

RDDATA 
RDD 
RDW 
FRES/S 
RW*/SEEK 
TRKO* 
F/TRKO 
STEP* 
GND 
WRDATA* 
WRE 
WRD 
PS1 
PSO 
FDCDMRQ* 
FDCINT 
DRQ 

I NT+ 
SWITCH 

DMA/INTE 

+5v 

OF PINS: 

TYPE 

INPUT 

OUTPUT 

----_- 

OUTPUT 

INPUT 
OUTPUT 
OUTPUT 
INPUT 
INPUT 
INPUT 
OUTPUT 
OUTPUT 

OUTPUT 
INPUT 
INPUT 
INPUT 
INPUT 
OUTPUT 
OUTPUT 
INPUT 
INPUT 
INPUT 
INPUT 

DESCRIPTION 

Frequency = 16.0000 Tolerance = loopm 

If SWITCH = 0, period = 2 us, 250 ns pulse 
If SWITCH = 1, period = 1 us, 250 ns pulse 

If SWITCH = 0, then CLK16M/4 
If SWITCH = 1, then CLK16M/2 

Serial data from FDD 
Serial data from FDC 
Read Data Window 
Step pulses to move head to another cylinder 
Specifies seek mode when high 
From FDD, indicating head is on track 0 
To FDC, indicating head is on track 0 
Moves head of FDD 
Ground 
Serial Data to FDD 
Write Enable 
Serial Data from FDC 
Write precompensation status 
Write precompensation status 
DRQ delayed by 1 .O usec. 
Interrupt request 
FDC DMA Request 
DMA request and FDC interrupt enable 
Interrupt request generated by FDC 
0 = low density drive 
1 = high density drive 

+ 5  Volts 

2 



TANDY COMPUTER PRODUCTS 

I 

CLK 16M FDCCLK 
C u  I T r H  CLOCKS 11 I: r, 

EDD 

RDIJ 
R@@ATR @HTH 

SEPRRRTOR 

FCC I I.iT 

FDCDI'IRI * CONTROL 
L O G I C  

I BLOCK D I HGRRI"I 

3 



TANDY COMPUTER PRODUCTS 

2.0 ENVIROMENTAL SPECIFICATIONS 

2.1 Storage temperature: -65°C min., +150"C max. 
2.2 Operating temperature: 0°C min., +25"C typ, +7OoC max. 

3.0 DC ELECTRICAL SPECIFICATIONS 

3.1 Absolute Maximum Rating: 
voltage on any pin 
w. r . t . Ground : -0.5 min., 7.0 max. volts 

3.2 Operating Electrical Specifications: 
Min. Typ. Max. Units -__- ---- ---- ----- 

3.2.1 Operating Ambient: 
Air Temperatue Range 0 25 70 "C 

3.2.2 Power Supplies: 
vcc 
vss 
ICC 

Total Power 

3.2.3 Leakage Current, All Inputs: 
vin = 0.0 v 

4.5 5.0 5.5 
0 0 0 

-10 

vin = 5.0 v +10 

volts 
volts 
milli- 
amps 
milli- 
watts 

micro- 
amp s 
micro- 
amps 

3.2.4 Input voltages: 

3.2.4.1 Except RDDATA", TRK* 
Logic I' 0 .8 volts 
Logic "1" 2 .o volts 

Positive going threshold 1.8 volts 
Negative going threshold 1.2 volts 

3.2.4.2 RDDATA* , TRK* 

Hysteresis voltage 220 milli- 
volts 

3.2.5 Output Voltages: 

3.2.5.1 Except WRDATA*, STEP* 
Logic ''0" @ 4.0 mA load .4 volts 
Logic "1" @ 4.0 mA load 2.4 volts 

3.2.5.2 WRDATA" , STEP* 
Logic "0" @ 48 mA .5 volts 

3.2.6 Input Capacitance (0.0 < Vin < 5.0) 
~ l l  inputs 10 pf 

3.2.7 Output Capacitance 
All loads 50 pf 

5 



TANDY COMPUTER PRODUCTS 

4.0 AC CHARACTERISTICS 

4.1 FDCCLK T i m i n g  

4.2 WCK T i m i n g  

t 

t 
t:: I tF 

t:Y 

4.3 WRDATA* T i m i n g  

WCK -WEH 
W C K ~ - W E ~  
PSDL 
WDD 

KP 
WDD'-WRD e a r l y  
W D D ~ - W R D ~  n o m i n a l  
WDD:-WRD~ l a t e  

4.4 DMA/INTERRUPT T i m i n g  

I -FI 
IH-FIH 
D!? -FfL 
W C ~ , - D R Q ~  
WCKL-DRQ 
DRQ -FDR8H 
DRQ,-FD RQL 
DI ~ F D R Q  
F C ~ ~ - F D R I ] ' ~  

Min. ~ y p .  Max. U n i t s  

90 120 130 n S e c  
5 10 n S e c  

100 120 1 6 0  n S e c  
245 250 255 n S e c  

__-_ _--- ---- ----- 

20 
20 
20 100 
20 10 0 

WCKH-50 
115 125 135 
150 250 
275 375 
400 500 

30 
30 
30 

0 
-20 

750 1050 
30 
30 
30 

n S e c  
n S e c  
n S e c  
n S e c  
n S e c  
n S e c  
n S e c  
n S e c  
n S e c  

n S e c  
n S e c  
n S e c  
n S e c  
n S e c  
n S e c  
n S e c  
n S e c  
n S e c  

6 



TANDY COMPUTER PRODUCTS 

4.5 CONTROL Timing  

4.6 DATA SEPARATOR T i m i n g  

RDAW 
RDA -RDDH 
R D D ~  

RDWBND wc 
RDD -RDW 

I' A" 

RDAS 
RDWc-~DDH 

11 B 11 

RDAS 
RDWC -RDDH 

Min. ---- 

200 
188 
24 0 
850 

3062 
15 

4812 

5062 
15 

T y p .  Max. -__- ---- 
30 
30 
30 
30 
30 
30 

U n i t s  

nSec  
n S e c  
n S e c  
n S e c  
n S e c  
n S e c  

----- 

350 550 n S e c  
313 n S e c  

250 260 n S e c  
875 900 n S e c  
2.0 p S e c  

nSec  
nSec  

1938 
nSec  
nSec  

nSec  
nSec  

7 



TANDV COMPUTER PRODUCTS 

FIG. 1 

FDSL AC TIMING 

FIG. 2 WCK 

4 ~ W C K H - W E H  

WRDL( EARLY) 

FIG. 3 WRITE DATA TIMING. 

9 



TANDY COMPUTER PRODUCTS 

FIG. 4 DMAlINTERRUPT TIMING. 

- FDRQL 

10 



TANDV COMPUTER PRODUCTS 

\ STEP+ 

FIG. 5 CONTROL LOGIC TIMING. 
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TANDY COMPUTER PRODUCTS 

4 F R D A L - R D D H  
"A" 

RDD 
I 

I 
I I f '+ RDWc-RDDH RDDH-RDWC+ , k- 

1 I"" ~ R D W ( N D ) W + ~  

1 I RDW K I 
I 
I I 

i+ RDW~-- , ,~  
RDDH 

RDAs 

3 
x 

R D W c - R D D H ~  

FIG. 6 DATA SEPARATOR TIMING. 

12 
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PRINTER INTERFACE SPECIFICATION 
TANDY PART # 8075068 

APRIL 309 1986 

DACKB 
DMATC 
FDCTC - I  

1. GENERAL DESCRIPTION 

1.1 T h e  T a n d y  part# 8075068 - P r i n t e r  I n t e r f a c e  1 . C  p r o v i d e s  
t h e  interface b e t w e e n  t h e  s y s t e m  1/0 b u s  and t h e  p r i n t e r .  
F i g u r e  1 s h o w s  B l o c k  d i a g r a m  o f  P r i n t e r  I n t e r f a c e  c h i p .  
F i g u r e  2 s h o w s  p i n  c o n f i g u r a t i o n s  of P r i n t e r  T n t e r f a c e  

- 
TC a! 

Z SELB 

INlT 

AFB STROBEE 

SWITCH 

INT 

FAULTB ACKB 

SLCTINE 

F i g u r e  1 

F i g u r e  2. 
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1.2 DESCRIPTION OF 

P i n#  ---- 
1 
2 

3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
40  

P i n  Name 

I NT 
SWITCH 

-------- 

A0 1 
A00 
OUT0 
OUT 1 
OUT2 
OUT3 
OUT7 
OUT6 
OUTS 
OUT4 
STROBEB 
AFB 
I N I T B  
SEL 
FAULT6 
PE 
BUSY 
vss 
ACKB 
FDCTC 
FDCDACKB 
DMATC 
TC 
SLCT I NE3 
NC 
RSTB 
I ORB 
IOWB 
CSB 
Db 
04 
0 2  
DO 
D 1  
03 
D5 
07 
VDD 

EACH P I N S :  

T y p e  

o u t p u t  
i n p u t  

---- 

i n p u t  
i n p u t  
i n p u t / o u t p u t  
i n p u t / o u t p u t  
i n p u t / o u t p u t  
i n p u t / o u t p u t  
i n p u t / o u t p u t  
i n p u t / o u t p u t  
i n p u t / o u t p u t  
i n P u t / o u t p u t  
o u t p u t  
o u t p u t  
o u t p u t  
o u t p u t  
i n p u t  
i n p u t  
i n p u t  
g r o u n d  
i n p u t  
i npu t  
i n p u t  
i n p u t  
o u t p u t  
i n p u t  

i n p u t  
i n p u t  
i n p u t  
i n p u t  
I n p u t / o u t p u t  
I n p u t / o u t p u t  
I n p u t / o u t p u t  
I n p u t / o u t p u t  
I n p u t / o u t p u t  
I n p u t / o u t p u t  
I n p u t / o u t p u t  
I n p u t / o u t p u t  
p o w e r  

-- 

D e s c r i p t i o n  

I n t e r r u p t  s i g n a l  
S w i t c h  f o r  t o t e m  p o l e  o u t p u t  
o r  o p e n  c o l l e c t o r  o u t p u t  o n  

CPU a d d r e s s  l i n e  
CPU a d d r e s s  l i n e  
D a t a  1/0 l i n e  
D a t a  110 l i n e  
D a t a  1/0 l i n e  
D a t a  1/0 l i n e  
D a t a  1/0 l i n e  
D a t a  1 /0  l i n e  
D a t a  1/0 l i n e  
D a t a  1/0 l i n e  
P r i n t e r  S t r o b e  s i g n a l  
P r i n t e r  A u t o f e e d  s i g n a l  
P r i n t e r  I n i t i a l i z e  s i g n a l  
P r i n t e r  S e l e c t  s i g n a l  
P r i n t e r  F a u l t  s i g n a l  
P r i n t e r  P a p e r  e m p t y  s i g n a l  
P r i n t e r  B u s y  s i g n a l  
G r o u n d  
P r i n t e r  A c k n o w l e d s e  s i g n a l  
FDC T e r m i n a l  C o u n t  
FDC-DMA A c k n o w l e d q e  s i g n a l  
DMA T e r m i n a l  C o u n t  
FDC T e r m i n a l  C o u n t  s i g n a l  
P r i n t e r  S e l e c t  i n p u t  
N o t  u s e d  
S y s t e m  R e s e t  
CPU 1/0 Read  s t r o b e  
CPU 1/0 W r i t e  s t r o b e  
C h i p  s e l e c t  s i g n a l  
CPU D a t a  1/0 
CPU D a t a  110 
CPU D a t a  1/0 
CPU D a t a  1/0 
CPU D a t a  1/0 
CPU D a t a  1/0 
CPU D a t a  1/0 
CPU D a t a  1/0 
t 5  V o l t  Power  S u p p l y  

----------- 

I N I T B ,  AF, STROBEB. 
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2. ENVIRONMENTAL SPECIFICATIONS 

2 . 1  S t o r a g e  T e m p e r a t u r e  -65 C t o  150 C 
2 . 2  O p e r a t i n g  T e m p e r a t u r e  0 C t o  70 C 

3. ELECTRICAL SPECIFICATIONS 

3 . 1  A b s o l u t e  Maximum R a t i n g  

V o l t a g e )  a n y  p i n  - 1 . 0  7 . 0  
Power D i s s i p a t i o n  0 . 5  

3 . 2  D.C.  E l e c t r i c a l  C h a r a c t e r i s t i c s  

Symb. P a r a m e t e r  
----- -------- 

VDD S u p p l y  V o l t a g e  4 . 5  5 . 0  5 . 5  

I c c ( q )  Q u i e s c e n t  c u r r e n t  
Icc(o) O p e r a t i n g  C u r r e n t  

SO 
40 

V i 1  I n p u t  Low V o l t a g e  0.6 
V i h  I n p u t  H i g h  V o l t a g e  2 . 0  

10 I i n  I n p u t  L e a k a s e  -10 

C i n  I n p u t  C a p a c i t a n c e  7 

V o l  O u t p u t  Low V o l t a g e  0 . 4  
Voh O u t p u t  H i g h  V o l t a g e  2 . 4  

I o z  H i g h  I m p e d a n c e  L e a k  -10  10 

V o l t s  W.R.T g r o u n d  
W a t t s  

v o  I t s  

uA 
mA 

V o l t s  TTL i n p u t s  
V o l t s  T T L  i n p u t s  

uA 

PF 

V o l t s  @ 4  m A  
V o l t s  @-2 m A  

uA 
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3 .3  A . C  E l e c t r i c a l  C h a r a c t e r i s t i c s  

3 . 3 . 1  W r i t e  C y c l e  

AOX X x 

CSB f----- 3 ) * - - - T a s u  

IOWB -7 / 
I 1. - - T W P W - - -  w 

DATA x x -  
T d s u - - - J  L - - -  

Tdh-’l t+ - 

S y m b .  P a r a m e t e r  

T a s u  A d d r e s s  S e t u p  
Twpw W r i t e  Pulse W i d t h  
T d s u  D a t a  S e t u p  
T d h  D a t a  Hold 

_ _ _ _  _----_- - 
M i n .  T y p .  M a r .  U n i t s  Cond .  _ _ _ _  _ _ _ _  -___ _ _ _ _ -  _-_--_----_-- 

15 nS 
69 nS 
29 nS 

b nS 

4 O F  5 



3 . 3 . 2  Read C y c l e  

AOX X x 

D A T A  x 7 -  

Symb. P a r a m e t e r  _ _ _ _  ---__- -- 
6 9  nS Tcspw C h i p  S e l e c t  W i d t h  
69 nS T r p w  Read  P u l s e  W i d t h  

Tda  D a t a  A c c e s s  6 9  nS 
T d z  Bu5 H o l d / r e l e a s e  6 25 n 

5 O F  5 
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KEYBOARD INTERFACE SPECIF ICATION 
TANDY PART # 8075069 

MAY 0 5 ,  1986 

1. GENERAL DESCRIPTION 

1.1 The  T a n d y  p a r t #  8075069 - K e y b o a r d  I n t e r f a c e  1 .C  p r o v i d e s  
t w o  f u n c t i o n s :  
a .  I n t e r f a c e  b e t w e e n  t h e  s y s t e m  1/0 b u s  a n d  k e y b o a r d .  
b .  FDC s u p p o r t  l o g i c  t h a t  g e n e r a t e s  D R I V E  SELECT SIGNAL7 

MOTOR ON SIGNAL,  FDC TERMINAL COUNT, FDC RESET and 
DMA/I . 

F i q u r e  1. shows b l a c k  d i a g r a m  o f  K e y b o a r d  I n t e r f a c e  c h i p  
F i g u r e  2.  s h o w s  p i n  c o n f i g u r a t i o n  o f  K e y b o a r d  I n t e r f a c e  
c h i p .  

F i q u r e  1 

VDD - 4 0  
M U L T I C L K  -39  
M U L T I D A T  -38 

F A S T  - 3 7  
T C H 2 G  -36 

P P l T l M  -35 
DSD -34 
OS1 -33  

F O C R S T  -32 
O M A l I  -31 
M T R O N  -30 
F D C T C  -29 

S N D C N T L Z  -28 
S N D C N T L O  -27 
S N D C N T L I  -26 

TMROUTZ -25 
P C 4  -24 

SYSRSTB - 2 3  
KBDRSTB -22 I D O R C L K  -21  

F i g u r e  2 .  
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1.2 DESCRIPTION O F  EACH P I N S :  

P i n #  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
1 4  
15 
16 
17 
18 
19 
20 
21 
22 
2 3  
24 
25 
26 
27 
28 
29 
30 
31 

32 
33 
3 4  
35 
36 
37 

38 
39 
40  

---- 
P i n  Name 

KBDCLK 
KBDDATA 
KBDBUSYB 
KBD I NT 
RSIZO 
RSIZl 
DO 
D 1  
D2 
D3 
0 4  
05 
D 6  
07 
P I OCSR 
BAOO 
BAO 1 
B I O R B  
BIOWB 
vss 
DORCLK 
KBDRSTB 
SYSRSTB 
PC4 
TMROUTZ 
SNDCNTI-1 
SNDCNTL 0 
SNDCNTLZ 
FDCTC 
MTRON 
DMA/ I 

-_----- - 

FDCRSTB 
DS 1 
DSO 
P P I T I M  
TCHZG 
FAST 

MULT I DAT 
MULT I CLK 
VDD 

T y p e  ---- 
i n p u t  
i n p u t  
o u t p u t  
o u t p u t  
i n p u t  
i n p u t  
i n p u t / o u t p u t  
i n p u t / o u t p u t  
i n p u t / o u t p u t  
i n p u t / o u t p u t  
i n p u t / o u t ~ u t  
i n p u t / o u t p u t  
i n p u t / o u t p u t  
i n p u t / o u t p u t  
i n p u t  
i n p u t  
i n p u t  
i n p u t  
i n p u  t 
g r o u n d  
i n p u t  
o u t p u t  
i n p u t  
i n p u t  
i n p u t  
o u t p u t  
o u t p u t  
o u t p u t  
o u t p u t  
o u t p u t  
o u t p u t  

o u t p u t  
o u t p u t  
o u t p u t  
o u t p u t  
o u t p u t  
i n p u t  

U U t D U t  

o u t p u t  
p o w e r  

D e s c r i p t i o n  

K e y b o a r d  clock 
K e y b o a r d  d a t a  
K e y b o a r d  b u s y  s i g n a l  
K e y b o a r d  i n t e r r u p t  s i g n a l  
M o n o c h r o m e / c o l o r  m o n i t o r  mode 
R e s e r v e d  
D a t a  1/0 l i n e  
D a t a  1/0 l i n e  
D a t a  1/0 l i n e  
D a t a  1/0 l i n e  
D a t a  1/0 l i n e  
D a t a  1 /0  l i n e  
D a t a  1 /0  l i n e  
D a t a  1/0 l i n e  
C h i p  s e l e c t  s t r o b e  
CPU a d d r e s s  l i n e  
CPU a d d r e s s  l i n e  
CPU 1/0 r e a d  s t r o b e  
CPU 1/0 w r i t e  s t r o b e  
G r o u n d  
Decode  l a t c h  clock 
K e y b o a r d  r e s e t  s i g n a l  
S y s t e m  r e s e t  s i g n a l  
V i d e o  memory s i z e  mode 
T i m e r  c o u n t e r  f r o m  8253 o u t 2  
Sound  c o n t r o l  1 
S o u n d  c o n t r o l  0 
Sound  c o n t r o l  2 
FDC t e r m i n a l  c o u n t  
M o t o r  ON s i g n a l  t o  d i s k  d r i v e  
DMA R e q u e s t  Fi FDC I n t e r r u p t  
e n a b  I e 
FDC r e s e t  s i g n a l  
D r i v e  s e l e c t  1 signal 
D r i v e  s e l e c t  0 s i g n a l  
T i m e r  V i d e o  s i g n a l  
T i m e r  c h a n n e l  2 g a t e  
4.77Mhz o r  7.16Mhz mode 
s e  I e c t  
M u l t i - d a t a  
M u l t i - c l o c k  
t5 V o l t  P o w z r  S u p p l y  

----------- 
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2 .  ENVIRONMENTAL SPECIFICATIONS 

2 . 1  S t o r a g e  T e m p e r a t u r e  - 6 5  C t o  1 5 0  C 
2 . 2  O p e r a t i n g  T e m p e r a t u r e  0 C t o  70 C 

3 .  ELECTRICAL SPECIFICATIONS 

3 . 1  A b s o l u t e  Maximum R a t i n g  

V o l t a g e ,  a n y  p i n  - 1 . 0  7 . 0  
Power  D i s s i p a t i o n  0 . 5  

3 . 2  D . C .  E l e c t r i c a l  C h a r a c t e r i s t i c s  

VDD S u p p l y  V o l t a g e  4 . 5  5 . 0  5 . 5  

I c c ( q )  Q u i e s c e n t  c u r r e n t  
I c c ( o )  O p e r a t i n g  C u r r e n t  

5 0  
40  

V i 1  I n p u t  Low V o l t a g e  0 . 8  
V i h  I n p u t  H i g h  V o l t a g e  2 . 0  

I i n  I n p u t  L e a k a y e  -10  10  

C i n  I n p u t  C a p a c i t a n c e  7 

V o l  O u t p u t  Low V o l t a g e  0 . 4  
Voh O u t p u t  H i g h  V o l t a g e  2 . 4  

Ioz H i g h  I m p e d a n c e  L e a k  -10  10 

V o l t s  W.R.T g r o u n d  
W a t t s  

U n i t s  Cond .  __--- ----------- 

V o l t s  

u A  
m A  

V o l t s  TTL i n p u t s  
V o l t s  TTL i n p u t s  

u A  

PF 

V o l t s  3 4  m A  
V o l t s  (5-2 m A  

u A  
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3.3 A . C  Electrical C h a r a c t e r i s t i c s  

3.3.1 Wr i t e  C y c l e  

BAOX x x 

Symb. P a r a m e t e r  

T a s u  A d d r e s s  S e t u p  
T W P W  W r i t e  P u l s e  W i d t h  
T d s u  D a t a  S e t u p  
T d h  D a t a  Hold 

- - - - - - - - - - - - M i n .  T y p .  M a x .  
_ _ - _  ---- ---- 

1s 
69 
29 

4 

I- 
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3 . 3 . 2  Read C y c l e  

BAOX x 

T c s p w  C h i p  S e l e c t  W i d t h  6 9  n S  
T r p w  R e a d  P u l s e  W i d t h  69 nS 
Tda D a t a  Access  6 9  nS 
Tdz Bus Hold/release 6 25 ns 
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CPU Control C h i p  
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Con t e n t s  

Block Diagram .................................................. 3 

F u n c t i o n a l  D e s c r i p t i o n  ......................................... 4 

Bus C o n t r o l  Logic ......................................... 6 
Data Conversion Logic  ..................................... 7 
Wait S t a t e  C o n t r o l  Logic .................................. 8 
DMA A r b i t r a t i o n  Logic  ..................................... 8 
Numerical Co-processor C o n t r o l  Logic ...................... 9 
A20Gate and CPU Rese t  Logic  .............................. 1 0  

Clock Genera t ion .  Ready. and Rese t  C o n t r o l  Logic  .......... 4 

P i n  C o n f i g u r a t i o n  ............................................. 1 2  

P i n  and S i g n a l  D e s c r i p t i o n s  .................................... 13 

E l e c t r i c a l  S p e c i f i c a t i o n s  ..................................... 1 9  

Timing S p e c i f i c a t i o n s  ......................................... 2 1  

Timing Diagrams ............................................... 25 
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Block Diagram 
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Functional Description 

The Tandy lOOOTX CPU C o n t r o l  I C  c o n s i s t s  o f  t h e  f o l l o w i n g  
f u n c t i o n  b l o c k s :  

. - Clock  G e n e r a t i o n ,  Ready and Reset C o n t r o l  L o g i c  . - B u s  C o n t r o l  L o g i c  . - D a t a  C o n v e r s i o n  L o g i c  . - Wait S t a t e  C o n t r o l  L o g i c  . - DMA A r b i t r a t i o n  L o g i c  . - N u m e r i c a l  C o - p r o c e s s o r  C o n t r o l  L o g i c  . - A2OGate and CPU Reset L o g i c  

Clock Generation, Ready and Reset Control Logic 

The c l o c k  g e n e r a t i o n  l o g i c  i n c l u d e s  t h e  c l o c k  i n p u t s  u s e d  t o  
d e r i v e  a l l  of t h e  s y s t e m  c locks .  The 16 MHz clock i n p u t  is u s e d  
t o  g e n e r a t e  t h e  CPU c l o c k  (PRCLK), and  is  twice t h e  CPU o p e r a t i o n  
f r e q u e n c y  o f  8 MHz.  The 28.6 MHz c l o c k  i n p u t  is u s e d  t o  g e n e r a t e  
t h e  14.31818 MHz c l o c k  (OSC) and  o t h e r  c locks  r e q u i r e d  by t h e  
s y s  t e m .  

T h r e e  c l o c k s  a r e  g e n e r a t e d  f r o m  t h e  28.6 MHz c l o c k  i n p u t .  T h e s e  
a r e  OSC, 3.58 MHz, a n d  t h e  1 . 1 9  MHz clock o u t p u t s .  The 28.6 MHz 
s i g n a l  i n p u t  i s  d i v i d e d  by 2 t o  g e n e r a t e  t h e  OSC o u t p u t  which  is  
14.31818 MHz. The 28.6 MHz c l o c k  i s  d i v i d e d  by 8 t o  g e n e r a t e  t h e  
3.58 M H z  clock which  is u s e d  by t h e  sound g e n e r a t o r  c i r c u i t .  The 
28.6 M H z  c l o c k  i s  a l s o  d i v i d e d  by 24 t o  g e n e r a t e  t h e  1 . 1 9  MHz 
clock t h a t  is  used  by t h e  I n t e r v a l  Timer  8254. 

A l l  o t h e r  s y s t e m  c l o c k s  a r e  g e n e r a t e d  f rom t h e  16 MHz c l o c k  
i n p u t .  PRCLK is  u s e d  t o  d r i v e  t h e  CPU, t h e  C o - p r o c e s s o r ,  a n d  t h e  
DRAM/DMA C o n t r o l  I C .  PRCLK is o u t p u t  a s  16 MHz i n  t h e  8 MHz 
(FAST) mode and is  d i v i d e d  by 2 t o  8 MHz i n  t h e  4 MHz (SLOW) 
mode. PRCLK o u t p u t  b u f f e r  h a s  s u f f i c i e n t  d r i v e  c a p a b i l i t y  t o  
meet t h e  3.8 v o l t  minimum V i h  r e q u i r e m e n t  of t h e  80286/80287 
c l o c k  i n p u t s .  

SCLK and DMACLK a r e  s y s t e m  c l o c k s  g e n e r a t e d  f r o m  1 6  MHz. SCLK is  
g e n e r a t e d  by  d i v i d i n g  PRCLK by 2 and DMACLK i s  g e n e r a t e d  by 
d i v i d i n g  PRCLK by 4 .  Both  SCLK and DMACLK a r e  h e l d  i n  a LOW 
s t a t e  i m m e d i a t e l y  f o l l o w i n g  a r e se t  a n d  w i l l  n o t  s t a r t  o p e r a t i o n  
u n t i l  t h e  CPU issues t h e  f i r s t  b u s  c y c l e  by a s s e r t i n g  S1* LOW. 
I m m e d i a t e l y  f o l l o w i n g  S1* a s s e r t e d  LOW, SCLK a n d  DMACLK w i l l  make 
t h e i r  f i r s t  LOW t o  H I G H  t r a n s i t i o n  a t  t h e  f a l l i n g  e d g e  o f  PRCLK 
d u r i n g  t h e  s t a r t  o f  Tc. T h i s  w i l l  s y n c h r o n i z e  SCLK and DMACLK 
w i t h  PRCLK. R e f e r  t o  t i m i n g  d i a g r a m s  f o r  an  i l l u s t r a t i o n  o f  t h e  
s t a r t u p  o f  SCLK a n d  DMACLK. 
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A r eady  s i g n a l  (READY*) i s  g e n e r a t e d  by t h e  CPU C o n t r o l  I C  t o  
a l l o w  t h e  CPU t o  o p e r a t e d  w i t h  s lower  d e v i c e s  such a s  p e r i p h e r a l s  
and s low memory. READY* i s  synchron ized  w i t h  PRCLK i n  t h i s  
c o n t r o l  b lock  by t h e  c o n t r o l  l o g i c  of  READY* l o c a t e d  i n  t h e  Wait  
S t a t e  C o n t r o l  Logic .  

Two reset  o u t p u t  s i g n a l s  a r e  g e n e r a t e d  by t h e  CPU C o n t r o l  I C  t o  
p r o v i d e  a r e se t  t o  t h e  main sys t em and a s e p a r a t e  r e se t  t o  t h e  
CPU. RESET which is a c t i v e  H I G H  is  a synchron ized  r e se t  and is 
used f o r  r e s e t i n g  t h e  main system. RESCPU is d e d i c a t e d  t o  t h e  
CPU f o r  p r o p e r  r e s e t i n g  o f  t h e  80286. Both RESET and RESCPU a r e  
g e n e r a t e d  when RES* i n p u t  is a s s e r t e d  LOW t o  i n d i c a t e  a power-on 
reset  o r  when RES* i s  a s s e r t e d  LOW by a reset  s w i t c h .  RESCPU is  
a l s o  g e n e r a t e d  when a Shutdown c o n d i t i o n  of  t h e  CPU is d e t e c t e d .  
When a Shutdown c o n d i t i o n  is  d e t e c t e d ,  RESCPU is  a s s e r t e d  H I G H  
f o r  1 6  PRCLK c y c l e s  and t h e n  nega ted  t o  assure p r o p e r  CPU 
o p e r a t i o n .  RESCPU can  a l s o  be g e n e r a t e d  by d o i n g  an 1/0 w r i t e  t o  
P o r t  068 w i t h  b i t  2 = 0. T h i s  w i l l  g e n e r a t e d  RESCPU t o  r e s e t  t h e  
CPU and can  be used t o  jump from p r o t e c t e d  mode t o  r e a l  time mode 
of t h e  CPU. 

The RES* i n p u t  is b u f f e r e d  i n t e r n a l  t o  t h e  CPU C o n t r o l  I C  w i t h  a 
S c h m i t t  t r i g g e r  i n p u t  b u f f e r .  T h i s  s i g n a l  s h o u l d  be h e l d  i n  a 
LOW s t a t e  d u r i n g  power-up f o r  a t  l e a s t  10 msec or  u n t i l  a l l  
o p e r a t i n g  v o l t a g e s  have r eached  t h e i r  s p e c i f i e d  r ange  of  
o p e r a t i o n .  

5 



BUS cont ro l  Log ic  

The BUS C o n t r o l  Log ic  of  t h e  CPU C o n t r o l  I C  g e n e r a t e s  s e v e r a l  
Memory and 1/0 command and c o n t r o l  s i g n a l s  t h a t  a r e  i s s u e d  by t h e  
80286.  The re  a r e  t w o  t y p e s  of  c o n t r o l  s i g n a l s  t h a t  a r e  g e n e r a t e d  
as  o u t p u t  s i g n a l s .  The command o u t p u t s  a r e  t h e  f i r s t  t y p e  o f  
c o n t r o l  s i g n a l s  g e n e r a t e d  which a re  decoded from t h e  CPU s t a t u s  
i n p u t s  MI/O*, S1*, SO*. The g e n e r a t e d  o u t p u t  command s i g n a l s  a r e  
MEMR*, MEMW*, I O R * ,  IOW*, I N T A *  which d e t e r m i n e  which t y p e  of 
c y c l e  i s  t o  be  performed.  The second t y p e  of  s i g n a l s  a r e  t h e  
c o n t r o l  s i g n a l s  which is  ALE,  DT/R*, DSDENOC, DSDENl*, and 
MEMCYC. These s i g n a l s  l a t c h  t h e  a d d r e s s  from t h e  CPU, c o n t r o l  
t h e  d i r e c t i o n  and e n a b l i n g  of t h e  d a t a  bus b u f f e r s ,  and d e t e r m i n e  
t h e  s t a r t  of an  on board memory c y c l e .  Tab le  1. c o n t a i n s  a l i s t  
o f  t h e  command o u t p u t  s i g n a l s  t h a t  a r e  g e n e r a t e d  from t h e  CPU 
s t a t u s  l i n e  i n p u t s .  

HI/O* S1' SO' 

0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

Type of Cyc le  

I n t e r r u p t  Acknowledge 
1/0 Read 
I / O  Write 
None; I d l e  
H a l t  o r  Shutdown 
Memory Read 
Memory Write 
None: I d l e  

T a b l e  1. CPU C o n t r o l  S i g n a l  G e n e r a t i o n  

The s t a t e  machine t h a t  c o n t r o l s  t h e  o u t p u t  t i m i n g  of  t h e  command 
and c o n t r o l  s i g n a l s  h a s  t h r e e  bus  s t a t e s ,  which a r e  t h e  I d l e  
s t a t e  ( T i ) ,  t h e  S t a t u s  s t a t e  ( T s ) ,  and t h e  command s t a t e  ( T c ) .  
The I d l e  s t a t e  ( T i )  i s  g e n e r a t e d  when t h e  CPU is  n o t  a c t i v e l y  
i s s u i n g  a bus c y c l e .  During an  I d l e  s t a t e ,  a l l  command and 
c o n t r o l  o u t p u t  s i g n a l s  a r e  i n  an i n a c t i v e  c o n d i t i o n .  The 
beg inn ing  o f  a bus c y c l e  is d e t e c t e d  when t h e  CPU a s s e r t s  S1* o r  
SO*. The s t a t e  machine w i l l  s t a r t  a S t a t u s  s t a t e  ( T s )  and w i l l  
a s se r t  ALE t o  an  a c t i v e  H I G H  s t a t e  u n t i l  t h e  end of T s .  A t  t h e  
end of t h e  S t a t u s  s t a t e ,  t h e  s t a t e  machine e n t e r s  t h e  command 
s t a t e  ( T c )  and w i l l  a s s e r t  t h e  decoded command i s s u e d  by t h e  CPU 
The command s i g n a l  may be d e l a y e d  by one h a l f  bus  c y c l e  o r  one 
PRCLK c l o c k  c y c l e ,  i f  t h e  c o n d i t i o n s  e x i s t  t o  produce a command 
d e l a y .  A Command d e l a y  w i l l  be g e n e r a t e d  on a l l  1/0 c y c l e s ,  a l l  
Memory c y c l e s  i n  which b o t h  AF16* and MEMCS16* a r e  nega ted  a r e  
i n a c t i v e  H I G H ,  and o n  a l l  INTA* c y c l e s .  
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For t h e  c o n t r o l  of t h e  d a t a  bus b u f f e r ,  t h r e e  c o n t r o l  s i g n a l s  a r e  
g e n e r a t e d  which a r e  DT/R*,  DSDENO*, and D S D E N ~ * .  DT/R* i s  used 
t o  c o n t r o l  t h e  d i r e c t i o n  of  t h e  d a t a  bus t o  and from t h e  CPU. 
DSDENO* and DSDEN1* a r e  e n a b l e  s i g n a l s  f o r  t h e  d a t a  bus b u f f e r s .  
DSDENO* is q u a l i f i e d  w i t h  A0 t o  c o n t r o l  t h e  lower 8 b i t s  of  t h e  
d a t a  bus (DO-D7). DSDENl* i s  q u a l i f i e d  w i t h  BHE* t o  c o n t r o l  t h e  
upper  8 d a t a  b i t s  (D8-Dl5). C o n t r o l  of  t h e  upper  and lower d a t a  
b i t s  i n d e p e n d e n t l y  i s  r e q u i r e d  i n  t h e  AT t y p e  a r c h i t e c t u r e  t o  
c o n t r o l  t h e  8 t o  16 b i t  d a t a  c o n v e r s i o n s .  

ALE i s  a c o n t r o l  s i g n a l  used t o  l a t c h  t h e  a d d r e s s  l i n e  from t h e  
CPU so t h a t  t h e  a d d r e s s  w i l l  remain s t a b l e  th roughou t  t h e  
complete  command c y c l e .  ALE as  g e n e r a t e d  when e i t h e r  SO* or  S1* 
is a s s e r t e d  from t h e  CPU t o  s t a r t  a bus c y c l e .  T h i s  a l l o w s  t h e  
a d d r e s s  l a t c h e s  t o  be e n a b l e d  as  e a r l y  a s  p o s s i b l e  t o  p r o v i d e  
s u f f i c i e n t  a d d r e s s  s e t u p  t i m e  t o  t h e  on board memory a r r a y .  ALE 
is nega ted  a t  t h e  s t a r t  of t h e  command s t a t e  ( T c )  t o  l a t c h  t h e  
a d d r e s s  w h i l e  t hey  a r e  g u a r a n t e e d  from t h e  CPU. 

The l a s t  c o n t r o l  s i g n a l  g e n e r a t e d  is MEMCYC which is used t o  
c o n t r o l  t h e  s t a r t  of a memory a c c e s s  t o  t h e  on board memory 
a r r a y .  MEMCYC is a s s e r t e d  H I G H  a t  t h e  middle  of  t h e  S t a t u s  s t a t e  
( T s )  and is  h e l d  a c t i v e  d u r i n g  t h e  comple t e  bus  c y c l e .  MEMCYC is 
nega ted  a t  t h e  end of a bus c y c l e  or  t h e  end of t h e  command s t a t e  
( T c ) .  

Bus Conver s ion  Logic  

T h i s  block of  t h e  CPU C o n t r o l  I C  p r o v i d e s  t h e  l o g i c  t o  c o n t r o l  
t h e  16 b i t  t r a n s f e r s  t o  and from an  8 b i t  d e v i c e  or memory. The 
c o n v e r s i o n  l o g i c  d e t e c t s  when a c o n v e r s i o n  is  r e q u i r e d ,  a s s e r t s  a 
w a i t  t o  t h e  CPU by a s s e r t i n g  t h e  READY* l i n e  t o  a H I G H  o r  
i n a c t i v e  s t a t e ,  and t h e n  g e n e r a t e s  t h e  r e q u i r e d  c o n t r o l  s i g n a l s  
t o  t h e  d a t a  b u f f e r s  t o  perform t h e  c o n v e r s i o n .  A c o n v e r s i o n  i s  
r e q u i r e d  d u r i n g  a l l  16 b i t  t r a n s f e r s  t o  a l l  1/0 d e v i c e s ,  t h e  
I n t e r r u p t  C o n t r o l l e r ,  and 8 b i t  memory. An 8 b i t  memory c y c l e  is 
d e t e c t e d  by sampling t h e  s t a t e  of  AF16* and/or MEMCS16* a t  t h e  
beg inn ing  of  a memory c y c l e .  I f  bo th  a r e  i n a c t i v e  H I G H  t h e n  t h e  
c o n v e r s i o n  l o g i c  acknowledges i t  a s  an  8 b i t  memory c y c l e .  The 
c o n t r o l  s i g n a l s  t h a t  a r e  g e n e r a t e d  a r e  D I R H L B  ( D i r e c t i o n  High Low 
B y t e ) ,  ENHLB (Enab le  High Low B y t e ) ,  and CNTLOFF ( C o n t r o l  O f f ) .  
ENHLB e n a b l e s  t h e  c o n v e r s i o n  b u f f e r  d u r i n g  t h e  c o n v e r s i o n  c y c l e  
and DIRHLR d e t e r m i n e s  t h e  d i r e c t i o n  of t h e  b u f f e r .  CNTLOFF is  
used t o  l a t c h  t h e  lower 8 b i t s  (DO-D7) d u r i n g  a 16 b i t  r e a d  from 
an  8 b i t  d e v i c e .  S A 0  i s  a l s o  c o n t r o l l e d  and g e n e r a t e d  by t h e  
c o n v e r s i o n  l o g i c  so  t h e  even b y t e  i s  read  f i r s t  t h e n  SA0 i s  
togg led  t o  a H I G H  s t a t e  so  t h e  odd b y t e  w i l l  be r ead .  
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wait S t a t e  Control Logic 

The Wait S t a t e  C o n t r o l  Logic  is used t o  a l l o w  slow memory and 
p e r i p h e r a l  d e v i c e s  t o  be used w i t h  a f a s t e r  CPU. Wait s ta tes  a r e  
c o n t r o l l e d  by t h e  CPU C o n t r o l  I C  by n e g a t i n g  t h e  READY* l i n e  t o  
t h e  CPU t o  i n a c t i v e  s t a t e .  The CPU w i l l  n o t  end t h e  c y c l e  i n  
p r o g r e s s  u n t i l  t h e  READY* l i n e  is  r e a s s e r t e d  t o  a n  a c t i v e  LOW 
s ta te .  The READY* l i n e  is nega ted  a t  t h e  middle  o f  t h e  S t a t u s  
s t a t e  ( T s )  t o  a n  i n a c t i v e  H I G H  t o  g u a r a n t e e  r e c o g n i t i o n  of  a w a i t  
s t a t e  by t h e  CPU. The READY* l i n e  i s  r e a s s e r t e d  a t  t h e  middle  o f  
t h e  Command s t a t e  o r  Wait  S t a t e  t o  end t h e  e x i s t i n g  c y c l e .  

There a r e  s e v e r a l  d e f a u l t  wai t  s t a t e  c y c l e s  t h a t  a r e  g e n e r a t e d  by 
t h e  CPU C o n t r o l  I C  f o r  c o n t r o l  of  a l l  bus  c y c l e s .  During a 16 
b i t  memory c y c l e  which is de te rmined  by t h e  a s s e r t i o n  o f  AF16* o r  
MEMCS16*, a d e f a u l t  of one w a i t  s t a t e  is  a u t o m a t i c a l l y  i n s e r t e d .  
During a 8 b i t  memory c y c l e  which is  de te rmined  when b o t h  AF16* 
and MEMCS16* a r e  n e g a t e d ,  a d e f a u l t  of f o u r  w a i t  s ta tes  a re  
a u t o m a t i c a l l y  i n s e r t e d .  A l l  1/0 c y c l e s  have a d e f a u l t  o f  f o u r  
w a i t  s t a t e s  i n s e r t e d  t o  g u a r a n t e e  t iming  c o m p a t i b i l i t y  w i t h  
e x i s t i n g  1/0 channe l  add i n  boa rds .  A l l  of  t h e  d e f a u l t  w a i t  
s t a t e  a re  t h e  same i n  t h e  8 MHz (FAST) mode and t h e  4 MHz (SLOW) 
mode e x c e p t  f o r  t h e  1/0 bus c y c l e s .  During an  1/0 c y c l e s  i n  t h e  
4 MHz (SLOW) mode, a d e f a u l t  of o n l y  two w a i t  s t a tes  a re  
i n s e r t e d .  T h i s  a l l o w s  o n l y  t h e  memory c y c l e s  t o  be e f f e c t e d  t o  
s low down t h e  program speed  w i t h o u t  d e g r a d i n g  t h e  performance of  
I / O  accesses. 

A l l  bus  c y c l e s  can  be ex tended  above t h e  d e f a u l t  number o f  wai t  
s t a t e s  by n e g a t i n g  t h e  IOCHRDY ( I / O  Channel Ready) t o  i n a c t i v e  
LOW. The CPU C o n t r o l  I C  w i l l  c o n t i n u e  t o  i n s e r t  w a i t  s t a t e s  t o  
t h e  CPU u n t i l  IOCHRDY i s  r e l e a s e d  a l l o w i n g  it t o  be a s s e r t e d .  
IOCHRDY s h o u l d  n o t  be  h e l d  LOW f o r  more t h a t  1 5  usec. because  
Ref re sh  t o  t h e  DRAMS w i l l  be i n h i b i t e d .  

DHA A r b i t r a t i o n  Log ic  

The DMA A r b i t r a t i o n  Logic  i n  t h e  CPU C o n t r o l  I C  c o n t r o l  t h e  
a r b i t r a t i o n  of t h e  bus between t h e  CPU and t h e  DMA C o n t r o l l e r .  
The a r b i t r a t i o n  l o g i c  d e t e c t s  when t h e  DMA is  r e q u e s t i n g  t h e  bus  
when HRQ (Hold Reques t )  i s  a s s e r t e d  H I G H .  A f t e r  HRQ is 
r e c o g n i z e d ,  t h e  a r b i t r a t i o n  l o g i c  w i l l  a s s e r t  CPUHRQ t o  t h e  C P U  
t o  r e q u e s t  r e l e a s e  of t h e  bus.  The CPU w i l l  respond t o  CPUHRQ 
a f t e r  f i n i s h i n g  t h e  c y c l e  i n  p r o g r e s s  by suspend ing  o p e r a t i o n  and 
a s s e r t i n g  CPUHLDA t o  t h e  CPU C o n t r o l  I C .  The a r b i t r a t i o n  Logic  
w i l l  t hen  t r i - s t a t e  t h e  o u t p u t  command s i g n a l s  and g e n e r a t e  HLDA 
t o  t h e  DMA, a l l o w i n g  i t  t o  t a k e  c o n t r o l  ove r  t h e  bus.  
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A l l  DMA c y c l e s  have a d e f a u l t  o f  one wait s t a t e  a u t o m a t i c a l l y  
i n s e r t e d  t o  m a i n t a i n  c o m p a t i b i l i t y  w i t h  e x i s t i n g  1/0 c h a n n e l  
b o a r d s  and p e r i p h e r a l  d e v i c e s .  The DMA c y c l e  can be  ex tended  by 
and 1/0 d e v i c e  by a p p l y i n g  a LOW s t a t e  t o  t h e  IOCHRDY s i g n a l .  
The DMA C o n t r o l l e r  w i l l  be h e l d  i n  a wai t  s t a t e  u n t i l  IOCHRDY i s  
r e t u r n e d  t o  a H I G H  s t a t e .  Re fe r  t o  Timing Diagrams f o r  Timing 
s p e c i f i c a t i o n s  of  a DMA cyc le  and DMA A r b i t r a t i o n  o p e r a t i o n .  

The CPU C o n t r o l  I C  a l s o  c o n t r o l s  two f u n c t i o n s  r e q u i r e d  i n  t h e  
80286 a r c h i t e c t u r e  d u r i n g  a DMA c y c l e .  I n  o r d e r  t o  g u a r a n t e e  t h e  
i n t e g r i t y  o f  an I n t e r r u p t  Acknowledge ( I N T A )  c y c l e ,  which 
r e q u i r e s  two bus c y c l e s  t o  comple t e ,  a DMA a r b i t r a t i o n  i n h i b i t  is 
i n c l u d e d  i n  t h e  a r b i t r a t i o n  l o g i c .  A f t e r  an  I N T A  c y c l e  h a s  
s t a r t e d ,  a DMA c y c l e  w i l l  be i n h i b i t e d  u n t i l  t h e  CPU pe r fo rms  a 
memory wr i t e  c y c l e .  The memory w r i t e  c y c l e  w i l l  no rma l ly  be  
execu ted  a f t e r  t h e  I N T A  c y c l e  due t h e  s t a c k  o p e r a t i o n  o f  t h e  CPU 
r e q u i r e d  t o  s e r v i c e  an  i n t e r r u p t  r o u t i n e .  The i n h i b i t  w i l l  
g u a r a n t e e  t h e  a DMA c y c l e  can n o t  be al lowed u n t i l  bo th  bus 
c y c l e s  of  an INTA c y c l e  is  complete .  

Numer ica l  Co-processor Cont ro l  Log ic  

The Numerical  Co-processor  C o n t r o l  Logic  p r o v i d e s  an  i n t e r f a c e  
for t h e  80286 CPU t o  c o n t r o l  an 80287 Co-processor .  T h i s  l o g i c  
c o n t r o l s  t h e  decod ing  r e q u i r e d  t o  select  and r e s e t  t h e  80287, 
c o n t r o l  of t h e  BUSY* and ERROR* s i g n a l s  from t h e  80287 t o  t h e  
CPU, and g e n e r a t i n g  t h e  i n t e r r u p t  s i g n a l  d u r i n g  an  e r r o r  
c o n d i t i o n .  

The i n p u t  s i g n a l  287CS* i s  an 1/0 decode a t  OFO-OFFh 1/0 a d d r e s s .  
287CS* i s  used by t h e  CPU C o n t r o l  I C  t o  g e n e r a t e  t h e  N u m e r i c a l  
Co-processor  Chip S e l e c t  (NPCS*), and t h e  reset  s i g n a l  (RES287*) 
t o  t h e  80287. Re fe r  t o  t h e  1/0 decode t a b l e  f o r  d e t a i l s  abou t  
t h e  f u r t h e r  i n t e r n a l  decode done by t h e  CPU C o n t r o l  I C .  

When t h e  80287 r e c e i v e s  a command t o  perform a t a s k ,  it w i l l  
o u t p u t  t h e  BUSY* s i g n a l  which is i n p u t  t o  t h e  CPU C o n t r o l  I C .  
The CPU C o n t r o l  I C  w i l l  t h e n  a s s e r t  BUSY287* t o  t h e  CPU. During 
normal o p e r a t i o n  of t h e  80287, when i t  f i n i s h e s  t h e  t a s k ,  i t  w i l l  
n e g a t e  BUSY* which w i l l  i n  t u r n  n e g a t e  BUSY287* t o  t h e  CPU. I f  
t h e  ERROR i n p u t  from t h e  80287 is a s s e r t e d  d u r i n g  t h i s  busy t i m e ,  
which i n d i c a t e s  a 80287 e r r o r ,  BUSY287* o u t p u t  is  l a t c h e d  and 
INT287* i s  a s s e r t e d  LOW t o  g e n e r a t e  an  i n t e r r u p t  t o  t h e  CPU. 
Both BUSY287* and INT287* w i l l  remain l a t c h e d  i n  an  a c t i v e  LOW 
s t a t e  u n t i l  t hey  a r e  c l e a r e d  by w r i t i n g  t o  t h e  1/0 a d d r e s s  OFOh 
o r  OFlh. These s i g n a l s  a r e  c l e a r e d  a f t e r  a sys t em r e se t .  

RES287* is  g e n e r a t e d  t o  reset  t h e  80287. I t  is g e n e r a t e d  by 
w r i t i n g  t o  1/0 a d d r e s s  OFlh or  when a system reset  is  i s s u e d .  
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A20 and CPU Reset Control  Logic 

The CPU C o n t r o l  I C  i n c o r p o r a t e s  t h e  l o g i c  r e q u i r e d  t o  c o n t r o l  t h e  
Addres s  l i n e  A 2 0  and t o  reset  t h e  CPU. I n  t h e  PC a r c h i t e c t u r e ,  
A20 m u s t  be h e l d  i n  a LOW s t a t e  so t h e  some programs t h a t  do 
wrapping w i l l  f u n c t i o n  c o r r e c t l y .  A f t e r  a reset ,  t h e  o u t p u t  
s i g n a l  GA20 i s  h e l p  i n  a LOW s t a t e .  I f  a program needs  t o  
a d d r e s s  above t h e  1 MEG l i m i t ,  OUT t o  1/0 a d d r e s s  068h wi th  d a t a  
b i t  1 t o  a H I G H  o r  "1" s t a t e  w i l l  a l l o w  A20 t o  be  muxed t o  GA2O. 

The CPU can r e s e t  i t s e l f  by do ing  a n  I / O  w t r i e  t o  a d d r e s s  068h 
w i t h  b i t  2 a t  a LOW or '0' s ta te .  A f t e r  a r e s e t  h a s  o c c u r r e d ,  by 
Reading 1/0 a d d r e s s  0 6 8 ,  i t  can be de t e rmined  it was a power up 
r e se t  O r  i f  t h e  CPU r e s e t  i t s e l f .  Refer t o  t h e  1/0 a d d r e s s  map 
f o r  f u r t h e r  d e t a i l s .  
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1/0 Address Map 

Address D e s c r i p t i o n  

0 6 2  P o r t  C (Write Only) 

B i t  
7 6 5 4 3 2 1 0  
w w w w I l l  v ll 
11 11 w w 11 11 (I +--- 

tl tl 11 11 11 +------- 
q (I (I (I +--------- 
c t w r  
11 w 11 11 
q q (I + ----------- 

11 n w 11 11 11 +----- 
Reserved 
Reserved 
R e s  e r ved 
0 = 4 MHz (SLOW) Mode 
1 = 8 MHz (FAST) Mode 

Reserved 
ReSe rved 
Reserved 
Reserved 

Defaul t  a f t e r  Reset 

068 P o r t  I (Read and Wri te )  

Not Used 
0 = GA2O always 0 

1 = A20 Muxed t o  GA20 
Write  Mode 0 = Reset  CPU 

1 = No E f f e c t  
Read Mode 0 = Power On Reset  

1 = CPU Reset  
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 

Clear  Numerical Co-prOceSsor B u s y  
Reset Numerical Co-processor 
Numerical Co-processor Chip S e l e c t  

Defaul t  a f t e r  Reset 

11 



Pin configuration 
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F u n c t i o n a l  P i n  D e s c r i p t i o n  

P in#  

62 

63 

64 

65 

60 

59 

58 

57 

18 

17 

16 

1 9  

68 

P i n  N a m e  

16MHZ 

PRCLK 

SCLK 

DMACLK 

28.6MHZ 

osc 
3.58MHZ 

1.19MHZ 

MI/O 

S1* 

SO* 

READY* 

CPUHRQ 

4 CPUHLDA 

33 MEMR* 

TY Pe 

I 

0 

0 

0 

I 

0 

0 

0 

I 

I 

I 

0 

0 

I 

0 

D e s c r i p t i o n  

16 M H Z  Clock I n p u t  

80286 P r o c e s s o r  Clock - 16:8 MHZ 

System Clock - 8:4 MHZ 

DMA C o n t r o l l e r  Clock - 4:2 M H Z  

28.63636 M H Z  Clock I n p u t  

14.31818 MHZ Clock 

3.5795 M H Z  Clock f o r  sound c h i p  

1.19 M H Z  Clock f o r  I n t e r v a l  T i m e r  
c h i p  8254. 

Memory Inpu t /Ou tpu t  from t h e  CPU. 
I n d i c a t e s  a memory a c c e s s  when H I G H  
and a 1/0 a c c e s s  when LOW. Used t o  
g e n e r a t e  t h e  memory and 1/0 command 
s i g n a l s  f o r  t h e  system. 

S t a t u s  L ine  1 from t h e  CPU 

S t a t u s  L ine  0 from t h e  CPU 

Ready s i g n a l  t o  t h e  80286 P r o c e s s o r  
I n d i c a t e s  t h e  c u r r e n t  bus be 
completed when LOW. 

CPU ho ld  r e q u e s t  s i g n a l  f o r  t h e  
CPU. I n d i c a t e s  DMA t r a n s f e r s  by t h e  
DMA c o n t r o l l e r  when H I G H .  I t  is 
a l s o  a c t i v e  d u r i n g  r e f r e s h  c y c l e s .  

Hold Acknowledge s i g n a l  from CPU. 
I n d i c a t e s  t h e  CPU g r a n t i n g  a DMA 
c y c l e  t o  t h e  DMA c o n t r o l l e r  when 
H I G H .  And c a u s e s  a l l  command 
s i g n a l s  t o  be t r i - s t a t e d  p rov ided  
t h e  CNTLOFF o u t p u t  is LOW 

Memory Read Command o u t p u t  s i g n a l  
i n s t r u c t s  a memory d e v i c e  t o  p l a c e  
d a t a  on t h e  bus when LOW. I t  is 
a l s o  a c t i v e  d u r i n g  r e f r e s h .  
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32 MEMW* 

22 IOR* 

21  IOW* 

20 INTA* 0 

5 5  ALE 0 

56 MEMCYC 0 

36 RES* I 

37 RESET 0 

3 4  RESCPU 0 

4 7  XBHE* ( S B H E * )  1/0 

4 5  SA0 

8 A0 

0 

I 

Memory Write Command Inpu t /Ou tpu t  
s i g n a l .  I n s t r u c t s  a memory d e v i c e  
t o  r ead  t h e  d a t a  on  t h e  bus  when 
LOW. 

Input /Output  Read s i g n a l .  I n d i c a t e s  
a Read c y c l e  is performed w i t h  an 
1/0 d e v i c e  o r  port  when LOW. 

Inpu t /Ou tpu t  Write s i g n a l .  
I n d i c a t e s  a Read c y c l e  is performed 
w i t h  an  1/0 d e v i c e  or p o r t  when 
LOW * 

I n t e r r u p t  Acknowledge for t h e  
I n t e r r u p t  C o n t r o l l e r .  I t  is  used by 
t h e  I n t e r r u p t  c o n t r o l l e r  t o  o u t p u t  
t h e  i n t e r r u p t  v e c t o r  on to  t h e  d a t a  
bus when LOW. 

Address  La tch  Enable .  I t  is  used t o  
ho ld  t h e  a d d r e s s  d u r i n g  bus c y c l e  
when H I G H .  

Memory c y c l e  s i g n a l .  I t  is used t o  
g e n e r a t e  memory c o n t r o l  s i g n a l ,  
RAS, MUX and CAS when H I G H .  

Reset s i g n a l .  I t  is connected t o  
t h e  power good and used t o  reset  
t h e  system when LOW. 

Reset o u t p u t  s i g n a l .  I t  is a 
synchron ized  reset  s i g n a l  f o r  
g e n e r a l  sys t em reset  when H I G H .  

CPU R e s e t  o u t p u t  s i g n a l .  I t  is  used 
t o  r e se t  CPU when H I G H .  

Bus High Enable  Inpu t /Ou tpu t  
s i g n a l .  I t  is used t o  e n a b l e  t h e  
h igh  b y t e  d a t a  bus s i g n a l s  when LOW 

System Address  0 .  

Address  0 i n p u t  s i g n a l  from CPU. 
I t  is used t o  g e n e r a t e  t h e  e n a b l e  
s i g n a l  for t h e  d a t a  bus.  
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9 A 1  

10  SA3 

11 SA4 

1 2  A20 

46  GA20 

7 PPICS* 

6 287CS* 

5 HRQ 

67 HLDA 

3 DMAAEN 

I 

0 

I 

Address  1 i n p u t  s i g n a l  from CPU. 
I t  is used  t o  d e t e c t  t h e  SHUT DOWN 
c o n d i t i o n  of t h e  CPU. 

System Address  3 i n p u t  s i g n a l .  I t  
is used  t o  g e n e r a t e  t h e  c h i p  s e l ec t  
and r e se t  s i g n a l  f o r  80287. 

Sys tem Address  4 i n p u t  s i g n a l .  I t  
is used  t o  g e n e r a t e  t h e  c h i p  
s e l ec t .  

Address  2 0  from t h e  CPU. I t  is used  
t o  g e n e r a t e  GA20 s i g n a l  when 
CPUHLDA LOW. 

Gated  Addres s  20. Address  20 is 
b e i n g  n e g a t e d  by X D 1  and PORT1 
( i n t e r n a l ) .  When X D 1  i s  LOW, Gated  
A20 on  t h e  CPU a d d r e s s  bus  is 
f o r c e d  LOW. When X D 1  is H I G H ,  GA20 
i s  t r a n s m i t e d  as  Address  20. 

Programable  P e r i p h e r a l  I n t e r f a c e  
Ch ip  S e l e c t  i n p u t  s i g n a l .  I t  i s  
used  t o  g e n e r a t e  Ch ip  S e l e c t  S i g n a l  
s i g n a l  f o r  t h e  p e r i p h e r a l  i n t e r f a c e  
d e v i c e  when is  LOW. 

287 Ch ip  S e l e c t  i n p u t  s i g n a l .  I t  i s  
used  f o r  g e n e r a t i n g  t h e  Numer ica l  
P r o c e s s o r  S e l e c t  NPCS f o r  80287 
when i s  H I G H .  

Hold Reques t  i n p u t  s i g n a l  f rom DMA 
c o n t r o l l e r .  I t  is used t o  g e n e r a t e  
t h e  CPU Hold Reques t  S i g n a l  when i s  
H I G H .  

Hold Acknowledge o u t p u t  s i g n a l  f o r  
DMA C o n t r o l l e r .  I t  is used t o  
p r o v i d e  Hold Acknowledge f o r  DMA 
c o n t r o l l e r  when i s  H I G H .  

DMA Address  Enab le  i n p u t  S i g n a l  
from DMA C o n t r o l l e r .  I t  is  used t o  
p r o v i d e  e n a b l e  s i g n a l  f o r  any  1/0 
d e v i c e  d u r i n g  DMA Access  t o  t h e  
sys t em memory when i s  H I G H .  



2 DMAMR' 

66 DMARDY 

52 BUSY* 

53 ERROR* 

5 1  BUSY287* 

5 0  INT287* 

49 RES287 

4 8  NPCS* 

38 DT/R* 

39 DSDENO* 

40 DSDENl* 

0 

DMA Memory Read s i g n a l  from DMA 
c o n t r o l l e r .  I t  is  used t o  g e n e r a t e  
Memory Read - MEMR* s i g n a l  when i s  

LOW. 

DMA Ready o u t p u t  s i g n a l  f o r  DMA 
C o n t r o l l e r .  I t  is used t o  ex tend  
memory Read and Write c y c l e s  from 
t h e  DMA C o n t r o l l e r  f o r  s lower  
memory o r  1/0 d e v i c e  when i s  H I G H .  

Busy i n p u t  s i g n a l  from 80287. I t  
i n d i c a t e s  t h a t  80287 i s  c u r r e n t l y  
e x e c u t i n g  a command when is LOW. 

E r r o r  i n p u t  s i g n a l  from 80287. I t  
i n d i c a t e s  an  unmasked e r r o r  
c o n d i t i o n  e x i s t s .  

Busy 80287 o u t p u t  s i g n a l  f o r  t h e  
CPU. I t  i n d i c a t e s  t o  t h e  p r o c e s s o r  
t h e  o p e r a t i n g  c o n d i t i o n  of  t h e  
80287 when is LOW. 

I n t e r r u p t  80287 o u t p u t  s i g n a l  f o r  
t h e  I n t e r r u p t  c o n t r o l l e r .  I t  is t h e  
i n t e r r u p t  r e q u e s t  from 80287 

Reset 80287 o u t p u t  s i g n a l  f o r  t h e  
80287. I t  is used t o  r e s e t  t o  t h e  
80287 when is H I G H .  

Numerical  P r o c e s s o r  Chip S e l e c t  
o u t p u t  s i g n a l  f o r  t h e  80287. I t  i s  
used t o  s e l ec t  t h e  80287 d e v i c e  
when i s  LOW. 

Data  Transmit /Received o u t p u t  
s i g n a l .  I t  i s  used t o  de t e rmine  t h e  
d a t a  d i r e c t i o n  t o  and from l o c a l  
d a t a  bus.  I t  is d w r i t e  bus c y c l e  
when is  H I G H  and r ead  bus  c y c l e  
when i s  LOW. 

Data S t r o b e  Data Enable  0 o u t p u t .  
I t  i s  used t o  e n a b l e  t h e  d a t a  
t r a n s c e i v e r s  connec ted  t o  t h e  low 
b y t e  (DO-D7) when i s  LOW. 

Data S t r o b e  Data  Enable 1 o u t p u t  
s i g n a l .  I t  is  used t o  e n a b l e  t h e  
d a t a  t r a n s c e i v e r s  connected t o  t h e  
h i g h  b y t e  (D8-Dl5) d a t a  bus when is 
LOW. 
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4 1  ENHLB* 

42 CNTLOFF 

43 DIRHLD 

1 3  AF16* 

0 

14  MEMCS16* I 

54 IOCHRDY I 

1 5  VIDWAIT* I 

3 1  DO 

30 D 1  

29 D 2  

2a ~3 

26 D4 

Enable  High To Low b y t e  o u t p u t  
s i g n a l .  I t  i s  used t o  perform t h e  
h igh  t o  low c o n v e r s i o n  when is LOW. 

C o n t r o l  Off o u t p u t  s i g n a l .  I t  is 
used t o  e n a b l e  t h e  low d a t a  bus 
l a t c h  d u r i n g  b y t e  a c c e s s e s  when is 
LOW. 

D i r e c t i o n  High t o  Low b y t e  o u t p u t  
s i g n a l .  I t  is used t o  pe r fo rm h igh  
t o  l o w  b y t e  c o n v e r s i o n  when is 
H I G H .  

AF16* o u t p u t  s i g n a l .  I t  is used t o  
c o n t r o l  t h e  16 b i t  memory a c c e s s e s  
and t o  i n h i b i t  t h e  command d e l a y s  
f o r  memory accesses by 1/0 d e v i c e  
when is LOW. 

Memory Chip S e l e c t  i n p u t  s i g n a l .  I t  
i s  used t o  i n h i b i t  command d e l a y s  
when 16 b i t  memory a c c e s s e s  are  
made when is LOW. 

1/0 Channel Ready i n p u t  s i g n a l  from 
I/O d e v i c e .  I t  i s  used g e n e r a t e  
w a i t  s t a t e s  i n  I / O  or memory 
accesses by I / O  d e v i c e  when i s  
H I G H .  

Video Wait i n p u t  s i g n a l  from v i d e o  
c o n t r o l l e r .  I t  is  used t o  g e n e r a t e  
Video d e l a y  r eady  s i g n a l  when i s  
H I G H .  

I / O  Data  B u s  B i t  0 of t h e  p e r i p h e r a l  
d a t a  bus.  

1 /o Data BUS B i t  1 of t h e  p e r i p h e r a l  
d a t a  bus.  

1 /o Data B u s  B i t  2 of t h e  p e r i p h e r a l  
d a t a  b u s .  

I/O Data B u s  B i t  3 of  t h e  p e r i p h e r a l  
d a t a  b u s .  

I/O Data B u s  B i t  4 of  t h e  p e r i p h e r a l  
d a t a  b u s .  

17 



25 D5 

2 4  D6 

2 3  D7 

1 , 3 5  VCC 

27 ,44  VSS 
61 

I / O  Data Bus B i t  5 of the per iphera l  
data  bus. 

I/O Data Bus B i t  6 of the  per iphera l  

I / O  Data Bus B i t  7 of t h e  per iphera l  

data  bus. 

data  bus. 

PWR Power Supply. 

GND Ground. 
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ELECTRICAL SPECIFICATIONS 

ELECTRICAL PARAMETERS 

ABSOLUTE MAX RATINGS (NON-OPERATING, VSS=o.OV) 

MIN MAX UNITS 

STORAGE TEMPERATURE -65 +150 Degrees C. 

VOLTGAE ON ANY PIN -0.5 
W.R.T GROUND 

7 . 0  Volts 

OPERATING ELECTRICAL SPECIFICATIONS: 

OPERATING AMBIENT MIN TYP MAX UNITS 

AIR TEMP. RANGE 0 2 5  70 Degrees C 

POWER SUPPLIES 
vc c 
VSS 

LEAKAGE CURRENT 
Vin = 0.0 v 
Vin = 5.0 v 

4 . 5  5.0 5.5 Volts 
0 0 0 Volts 

MIN TYP MAX W I T S  

2 0  Microamps 
-2 0 Microamps 

DC ELECTRICAL CHARACTERISTICS 

INPUT VOLTAGES AND CURRENTS 
MIN TYP MAX UNITS 

LOGIC " 0 "  (Vil) @ 8ma 0.8 Volts 

LOGIC "1" (Vih) @ 8ma 2 . 0  Volts 

INPUT CURRENT +10 Microamps 

All inputs 0.0 4 Vin 4 5.0 10 Picofarads 

OUTPUT VOLTAGES CURRENT LOADING 
MIN TYP MAX UNITS 

LOGIC "0" (Vol) @ 8ma 0 . 4 5  Volts 

LOGIC "1" (Voh) @ 8ma 2 . 4  Volts 
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CURRENT LOADING AND CAPACITANCE OF EACH OUTPUT 
At Vol = 0.45 Volts, Voh f 2.4 volts 
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! 3 !PRCLK High Time ! 25 ! 125 !ns ! ! 
I ! !  ! !  ! 

! !  ! !  ! 

! !  ! !  1 I 

! !  ! !  ! I 

! !  ! !  ! 1 
!7A !OSC delay from 28.6 MHZ ! ! 30 !ns ! 1 
! !  ! !  ! ! 1 

! !  ! !  ! ! 1 
!8A 13.85 MHZ delay from OSC ! ! 15 Ins ! 1 
! !  ! ! ! 

! !  I !  ! ! ! 
!9A 11.19 MHZ delay from OSC ! ! 15 !ns ! ! 
! !  ! !  ! ! 

! !  ! ! 1 

! !  1 -  ! ! 
112 !DT/ii active delay from PRCLKj i 5 I 50 !ns :Read ! 
! !  ! !  ! ! 
!13 !DT/x inactive delay from PRCLK 1 ! 10 ! 40 !ns !Read i 
! !  ! !  ! ! 
!14 !DSDENO,l active delay from PRCLKl ! 10 ! 50 tns !Read ! 
! !  _ .  I !  ! 
115 !DSDENO,l inactive delay from DT/R ! 3 ! !ns !Read ! 
I !  
116 !DSDENO,1 inactive delay from PRCLA 8 f 50 ins :Read 
! !  ! !  
117 !DT/R inactive delay from DSDEN0,l ! 3 ! !ns !Read ! 

118 !DSDENO,l active delay from PRCLKl I 8 I 60 !nS :Write t 
I ! ! !  

119 !DSDENO,l inactive delay from PRCLK! 8 ! 5 0  !ns !Write ! 

1 

1 4 !ii,Si,~/Io Setup time to PRCLK~ 1 20 Ins ! ! 

! 5 !G,Z,M/Z Hold time to PRCLKI ! 1 ! !ns ! 1 

! 6 !ALE active from %,‘si 4 ! 5 ! 25 Ins ! 1 

1 7 !ALE inactive from P R c ~  ! 5 ! 25 Ins ! L 

i 8 IMEMCYC active from PRCLKl ! 5 ! 25 !ns ! ! 

! 9 IMEMCYC inactive delay from PRCLK li 8 ! 35 !ns ! 1 

!ll !Command inactive delay from PRCLKlf 5 ! 45 ins ! ! 

I I 

I 

I 

I 

I 

I 

!10 !Command active delay from PRCLK 1 1  5 ! 45 Ins ! ! 

!--. 1 .  ! 

1 ! !  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -- ! 

................................................................. 

. I  I .  1 1 ! 

. I  1 .  I I ! 1 121 !AF16 ,MEMCS16  ho ld  t i m e  from ALEJ ! 1 ! !ns  ! I 
! !  ! !  ! I ! 
!22  IPRCLK de lay  f r o m  l 6 M H Z  ! ! 5 0  !ns ! 1 
I 1  . I  1 .  I ! I 

i 2 3  ;- hold time f r o m  P R C L K J  ! 1 0  ! I n s  ! I 

1 1- 
124 !RSET s e t u p  t i m e  t o  P R C L K ~  ! 25  ! Ins ! 1 

1 '  ! !  ! I 1 

125 ; R E S E T  A / I  de lay  f r o m  P R C L K l  ! 5 ! 3 5  ! n s  ! 1 

! !  ! !  ! ! I 
! 26  ISCLK d e l a y  f r o m  PRCLK ! ! 25  ! n s  ! ! 
! !  ! !  I ! ! 

! !  ! !  1 

! !  ! !  ! ! 
129 !RESCPU a c t i v e  de lay  f r o m  S C L K t  ! 5 ! 2 0  !nS ! I 
! !  ! !  ! ! ! 
! 3 0  !HRQ s e t u p  t o  DMACLKl ! 1 5  ! ! n s  ! 1 ! 
1 1  ! !  ! I ! 
I 3 1  iHRQ h o l d t i m e  f r o m  DMACLKf ! l !  !ns ! 1 ! 
! !  1 .  I I I 

! 32  ICPUHRQ A / I  d e l a y  f r o m  CPUHLDA? i 1 30  i n s  I 
! !  ! !  I ! I 

133 !HLDA a c t i v e  de lay  f r o m  SCLK ! ! 25  !ns  ! I 

! !  ! !  I 1 1 

!34 !HLDA A / I  de lay  from CPUHLDA ! ! 30  Ins ! ! 
! !  I !  I I 

! !  ! !  ! ! I 

1 1- 

!SYM! D E S C R I P T I O N  !MIN !MAX ! U N I T S  !NOTES ! 

!-- 
!20  !AF16 ,MEMCS16  s e t u p  time t o  A L E 1  ! 35 ! ! n s  ! ! 

. I  1 .  I ! I 

! 2 7  !DMACLK de lay  from SCLK ! ! 15 ! n s  ! I 

128 IRESCPU i n a c t i v e  d e l a y  f r o m  P R C L K l  ! 5 ! 5 0  ins i ! 

I 

!35 lHLDA i n a c t i v e  d e l a y  f r o m  DMACLK? I ! 30 I n s  I 
!36 !DMAMR se tup  t o  DMACLKI ! 15 ! !ns ! I 

! !  ! ! 
! 3 7  !CMD t r i s t a t e  e l a y  f r o m  CPUHLDA ! ! 30  ! n s  ! 2 ! 

I !  I I I 

! i 3 8  !MEMR a c t i v e  d e l a y  f r o m  DMACLK? I ! 25  i n s  I 

! 3 9  !MEMR i n a c t i v e  d e l a y  from D Z f  I I 25 ins ! 
! !  

1 

I 

I 

!- 

! ! ( D u e  to DMAMR) ! !  I I I 

! !- 1 .  ! 

! 4 0  !MEMR t r i - U t e  d e l a y  from DMACLKl ! ! 25 !ns ! ! 
! ! (Due t o  DMAMR) ! !  1 1 I 

! !  ! !  ! ! ! 
! 4 1  !E a c t i v e  d e l a y  f r o m  CPUHLDA ! ! 30  ! n s  ! 1 

! !  ! !  I ! I 

! 4 2  IDMARDY inacti-ye d e l a y  ! ! 30 !ns ! I 
! ! f r o m  DMAMR,IOR ! !  I I I 

! !  1 .  ! ! ! 
! 4 3  !DMARDY a c t i v e  d e l a y  f r o m  DMACLKl I I 30  !ns  ! I 

2 2  

1 

1 

I !  I I 4 -  
I - 



! !  I I ! ! !  
144 IMEMCYC a c t i v e  d e l a y  from MEMW,MEMR! ! 30 !ns  ! ! 
! !  ! !  ! ! I 

!45 !MEMCYC i n a c t i v e  d e l a y  from ! ! 30 !ns ! 
! !from MEMW,MEMR ! !  1 I I 

! !  ! !  I I I 

146 !A0 s e t u p  t i m e  t o  PRCLKJ ! O !  I n s  I I 
. I  1 .  I ! ! ! !  

! 4 7  !A0 h o l d  t i m e  from PRCLKJ ! 5 !  !ns ! 
! !  ! !  ! 1 I 

!49 !XBHE s e t u p  time t o   ALE^ ! O !  I n s  ! 1 

! !  I 1 1 ! !  
!50 !READY i n a c t i v e  d e l a y  from PRCLKC ! ! 25 i n s  I 
! ! ( m i d d l e  of T s  c y c l e )  ! !  ! ! 1 

! !  I I I ! !  
!51 !READY a c t i v e  d e l a y  from P R C L K ~  24 i n s  i I 
! !  ! !  ! ! I 
152 !CNTLOFF A / I  d e l a y  from PRCLK ! ! 30 !ns  ! ! 
! !-- ! !  ! I 1 

! !from IOR,IOW ! !  I 1 1 

!54 !DIRHLB i n a c t =  d e l a y  ! ! 50 !ns  ! ! 
! !from PRCLK ( I O W )  ! !  1 I I 

! !- ! !  I ! I 

155 !EN&B a c t i v e  d e l a y  from PRCLK ! ! 50 !ns  ! 1 

! ! ( I O W  c y c l e )  ! !  I 1 I 

! !  ! !  I I I 

!56 !=B i n a c t i v e  d e l a y  from 5 ! ! 50 !ns  ! I 

1 1- - ! !  I I I 

!57 !ERROR h o l d t i m e  from BUSY a c t i v e  ! 0 ! I n s  ! I 

! !- ! !  1 I I 

!58 !BUSY a c t i v e  p u l s e  w i d t h  ! 1 5  ! I n s  ! I 

! !  ! !  I 1 I 

!59 !ERROR s e t u p  t o  BUSY ! 10 ! !ns  ! I 

! !  ! !  I I 

160 !BUSY287 A / I  d e l a y  from A / I  ! ! 30 !nS ! 
! !- ! !  ! ! ! 
!61 !ERROR a c t i v e  p u l s e  w i d t h  ! 10 ! !ns  ! I 

! !  ! !  I I I 

!62 !INT287 a c t i v e  d e l a y  from ! ! 30 !ns  ! 
! !BUSY, ERROR ! !  I I I 

! !  - 
!63 !INT287 i n a c t i v e  d e l a y  from ERROR ! ! 30 !ns ! 
! !  ! !  I I I 

!64 !Busy287 i n a c t i v e  d e l a y  from 5 ! ! 4 0  I n s  ! 

-- 
I 

1 

148 !SA0 d e l a y  from PRCLK 4 ! ! 50 I n s  ! ! 
1 !- ! !  I I I 

- 
- 

!53 !DIRHLB,ENHLB a c t i v e  d e l a y  from ! ! 50 !nS ! 1 

1 1  ! !  1 I 1 - -- 

I 
I 

I 

! !  I ! I 

I 

I 

23 



. .  
! !  I I I 

! 
I !  -- 165 !SMIO,SAO,SA3,287CSIINTA setup time! 10 ! !ns ! 
! !to 1ow ! !  1 I I 

! !  I I 1 I !  -- 166 !SMIO,g,SA3,287CS,INTA hold time ! 1 ! !ns ! I 
! !from IOW ! !  ! I I 
! !  ! !  I ! I 

!67 !RES287 active delay from I s  ! ! 40 Ins ! I 
! !  ! !  I I I 
!68 !RES387 inactive delay from 1% ! ! 40 !ns ! ! 
! !- I !  I I I 

! !287CS, INTA ! !  I ! I 

! !  ! !  ! ! ! 

! ! 287CS, INTA ! !  I I I 

! !  I I I 
171 !Data Setup to ! 30 ! !ns ! ! 
I !  ! !  ! I ! 

I !  ! !  ! I ! 
!73 !Data float from Z t  ! ! 50 !ns ! 1 

! !  I I I 

i74 :U46 Q Outputs from Iowf ! ! 80 !ns ! I 

! !  ! !  ! I 1 

!75 !U46 Q outputs clear from RESET1 ! ! 80 !nS ! I 
! !  ! !  I t ! 
!76 !A20 GATE delay from G f  ! ! 80 !ns ! ! 
! !  ! !  1 ! 1 

! !  ! !  I 1 ! 

! !  ! !  I I I 

169 !NPCS active delay from SMIO,SA3, ! ! 35 !ns ! I 

170 !NPCS inactive delay from SMIO,SA3,! ! 35 !ns ! I 

! !  

!72 !Data Output from C R l  ! ! 80 !ns ! ! 

!77 !A20 GATE delay from RESET1 ! ! 80 !ns ! I 

!78 !GA20 delay from AZO GATE ! 5 ! 50 !ns ! 1 

!79 !GA20 delay from A20 ! 5 ! 50 !ns ! I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1. Setup and Hold times are required to guarantee 
recognition of signa' at clock edge. 

2 .  CMD = MEMR,MEMW,IOR and IOW. 
A/I = Active and Inactive 

2 4  
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OPERATING CHARACTERISTICS 

Operating Voltage Range 

Line frequency 

Output Voltages 

Vol 
v02 

vo3 

output  Loads 

Io1 
I02 

103 

Over Current Pro tec t ion  

Current Limit I C L l  

ICL2 

I C L ~  

Over Voltage Protec t ion  
Crowbar 

Output Noise 
Vol 
v02 

vo3 

Eff ic iency 

Holdup Time 
FU1 Load a t  Nominal Line 

Insu la t ion  Resis tance 
Input t o  Output 

Input t o  Ground 

I s o l a t i o n  
Input t o  Ground 

M I N I M U M  

90 

47 

4.85 
11.40 
-13 20 

1.25 
0.15 

0 

- 
- 
- 

5.8 

- 
- 
- 

63 

1 6  

7 
7 

1 . 7  

TYPICAL 

120 

50/60 

5 .oo 
12.00 
-12.00 

- 
- 
- 

- 
- 
- 

- 

- 
- 
- 

65 

1000 

1000 

- 

M A X I M U M  

135 

63 

5 .I5 
12.60 
-10.80 

7.0 
2.4 
0.25 

14.0 
4.8 
1.0 

6.8 

50 
100 

150 

- 

- 

- 
- 

- 

UNITS 

VAC 

Hz 

V 
V 
V 

A 

A 

A 

A 

A 

A 

V 

mV P-P 
mV P-P 
mV P-P 

% 

mSec. 

M ohms 
M ohms 

KVDC 

1 



5V Output Voltage Detecting Circuit 

The c i r c u i t  d e t e c t s  t h e  c h a n g e  of o u t p u t  l o a d  c u r r e n t  compared 
w i t h  t h e  o u t p u t  v o l t a g e  and  AC l i n e  i n p u t  v o l t a g e ,  which  f e e d s  
b a c k  t o  t h e  c o n t r o l  c i r c u i t  t h r o u g h  a p h o t o  c o u p l e r  PHCl t o  k e e p  
t h e  o u t p u t  v o l t a g e  s t a b l e .  The P h o t o  c o u p l e r  i solates  t h e  
p r i m a r y  and  s e c o n d a r y  c i r c u i t s .  

Over-Voltage Protection 

When t h e  +5 o u t p u t  v o l t a g e  rises, be tween 5.8V t o  6.8V, a c o n t r o l  
s i g n a l  t u r n s  on t h e  p h o t o  c o u p l e r  PHCZ ( P h o t o  T h y r i s t o r )  w i t h  t h e  
c u r r e n t  of z e n e r  d i o d e  ( D l 1 1  a n d  stops o s c i l l a t i o n  by t u r n i n g  on  
Q3, which  t u r n s  off Q1 i n  t h e  s w i t c h i n g  c i r c u i t .  

I n  t h e  case of s t o p p e d  o s c i l l a t i o n ,  correct t h e  c a u s e  of t h e  
f a i l u r e ,  and  r e i n p u t  t h e  power .  The o v e r v o l t a g e  p r o t e c t i o n  
c i r c u i t  w i l l  reset a u t o m a t i c a l l y  u n d e r  good c o n d i t i o n s .  

The P h o t o  T h y r i s t o r  i solates  t h e  p r i m a r y  and  s e c o n d a r y  c i r c u i t s .  

4 
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OPERATING CHARACTERISTICS 

Operating Voltage Range 

Line Frequency 

Output Voltages 
Vol 
v02 
vo3 

Output Loads 
Io1 ' 

I02 
Io3 

Over Current Protection 
Current Limit ICLl 

ICL2 
ICL~ 

Over Voltage Protection 
Crowbar 

Output Noise 
Vol 
vo2 
VO3 

Efficiency 

Holdup Time 
Full Load at Nominal Line 

Insulation Resistance 
Input to Output 
Input to Ground 

Isolation 
Input to Ground 

Input t o  Output 

MINIMUM 

90 
198 

47 

4.85 
11.40 
-13.20 

1.25 
0.15 
0 

- 

- 

5-8 

- 
- 
- 

63 

16 

7 
7 

1.25 

3.75 

TYPICAL 

120 
240 

50/& 

5.00 
12.00 
-12.00 

- 
- 
- 

- 
- 
- 

- 

- 
- 
- 
65 

- 

1000 
1000 

- 
- 

MAXIMUM 

135 
264 

63 

5.15 
12.60 
-10.80 

7.0 
2.4 
0.25 

14.0 
4. a 
1.0 

6.8 

50 
100 

150 

- 

- 

- 
- 

- 

UNITS 

VAC 

He 

V 
V 
V 

A 
A 
A 

A 
A 
A 

V 

mV P-P 

mV P-P 
mV P-P 

% 

mSec . 

M ohms 
M ohms 

KVAC 
KVAC 

1 



Power Supply Block Diagram 

2 



Theory of Operation 

AC Input Circuit 

This circuit is composed of an AC Power Switch, a fuse, a line 
filter, and an inrush current limiting circuit and rectifying 
smoothing circuit. The inrush current limiting circuit controls 
the charging current to electrolytic capacitors when power is ON. 
The line filter reduces noise that leaks from the power source to 
the AC line or that returns from the unit to the power souce; it 
satisfies the specifications of noise regulations. 

control Circuit & Power Converter Circuit 

This circuit is a self oscillation switching system, generally 
called an R.C.C. (Ringing Choke Converter). The R.C.C. circuit 
does not fix the oscillating frequency. Whenever input voltage 
is high or the load becomes light, the oscillating frequency will 
be high. 

The current through R4 and R 5  supplies transistor Ql's base, then 
Ql turns ON. When transistor Ql is On, the Q1 current excites 
the transformer T1 and voltage rises in the bias coil of Tl(2-3) 
which leads transistor Q1 positive bias, then transistor Q1 turns 
ON. 

When transistor Q1 turns ON, collector current charges the energy 
to primary inductance of transformer T1 (4-6). Increasing the 
collector current of transistor Q1 to the point of: 

I > I .hfe 
C =  B 

Then, transistor Q1 immediately turns OFF. In a moment, 
transformer T1 will have negative voltage which will be supplied 
to the secondary circuit through a rectifier. A Short Circuit 
Protector is provided to protect transistor Q1 from excess 
amounts of current when the secondary circuit becomes shorted. 
When transistor Q2 detects the voltage drop at R13, the collector 
of 42 shorts the base and emitter of Q1. Then Q1 stops working 
so that the circuit protects Q1 from over current. 

The over current protector in the -12V line is provided by the 
three terminal positive voltage regulators IC2, IC3 (built-in 
current fold back protection 1,  which protects Ql against 
excessive current from the -12V line. 

3 



5V Output Voltage Detecting Circuit 

The c i r c u i t  detects t h e  c h a n g e  o€ o u t p u t  l o a d  c u r r e n t  compared 
w i t h  t h e  o u t p u t  v o l t a g e  and  AC l i n e  i n p u t  v o l t a g e ,  which  f e e d s  
back  t o  t h e  c o n t r o l  c i r c u i t  t h r o u g h  a p h o t o  c o u p l e r  PHCl t o  k e e p  
t h e  o u t p u t  v o l t a g e  s t a b l e .  The P h o t o  c o u p l e r  i solates  t h e  
p r i m a r y  a n d  s e c o n d a r y  c i r c u i t s .  

Over-Voltage Protection 

When t h e  +5 o u t p u t  v o l t a g e  rises, b e t w e e n  5.8V t o  6.8V, a c o n t r o l  
s i g n a l  t u r n s  on t h e  p h o t o  c o u p l e r  PHC2 ( P h o t o  T h y r i s t o r )  w i t h  t h e  
c u r r e n t  of z e n e r  d i o d e  (D11) a n d  stops o s c i l l a t i o n  by t u r n i n g  on 
Q3, which  t u r n s  off Q 1  i n  t h e  s w i t c h i n g  c i r c u i t .  

I n  t h e  case of s t o p p e d  o s c i l l a t i o n ,  correct t h e  c a u s e  of t h e  
f a i l u r e ,  a n d  r e i n p u t  t h e  power. The o v e r v o l t a g e  p r o t e c t i o n  
c i r c u i t  w i l l  reset a u t o m a t i c a l l y  u n d e r  good c o n d i t i o n s .  

The P h o t o  T h y r i s t o r  i solates  t h e  p r i m a r y  and  s e c o n d a r y  c i r c u i t s .  

4 
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KEYBOARD ASSEMBLY 

C 2,4,5,6 == CI 
.033@F 4.7pF 

The Tandy 1000 has a 90-key keyboard that includes 12 function keys, a 
numeric keypad, and special purpose keys for paging. The keyboard is con- 
nected to the Main Unit by a coiled cable and operated at a maximum distance 
of 4 feet from the main unit. Figure 1 shows the interconnecting cable con- 
nector to the keyboard assembly. The cable assembly can be disconnected 
from the keyboard assembly during repair. 

== 

+ 5  I 

vcc 

GND 

Keyboard Assembly Connector 

Figure 1 

Keyboard Specifications 

The keyboard is fully encoded with microprocessor control, and requires + 5 
VDC supplied from the Main Unit. 

1 .  Key Type - all keys generate “make” and “break” codes. See the Key 
Code Chart. Break codes are formed by adding 80H to the make code. 
Keys 49 and 71 have alternate action that “makes” on one actuation of 
the key and “breaks” on succeeding actuation. No code is generated for 
these two keys when the key is released. 

2. Number of Keys - 90 

3. Repeat Strobe - there is a repeat strobe of 66 to 11 1 mSec when any key 
is depressed for more than 1 second, with the exception of SHIFT, CTRL, 
CAPS, ENTER, and NUMBER LOCK. 

1 



Keyboard Timing 
Figure 2 is the timing chart for the Tandy loo0 Keyboard Assembly. 

END OF DATA 

PULSE 7 

Keyboard Assembly Timing C h a r t  

Figure 2 

2 



Key Code Chart 

Key Number Legend Scan Code 

4 F4 3E 
5 F5 3F 
6 F6 40 

10 F10 44 
11 F11 59 
12 F12 5A 

16 ESC 01 
17 l !  02 

22 6 "  07 
23 7 &  08 
24 09 

28 = +  OD 
29 BACKSPACE OE 
30 ALT 38 

34 9 PG UP 49 
35 TAB OF 
36 Q 10 

40 T 14 
41 Y 15 
42 U 16 
43 I 17 
45 P 19 

3 



Key Number Legend Scan Code 

50 4 :  4B 

56 D 20 
21 

62 L 26 

68 1 END 4F 

73 Z 
74 X 2D 

2E 

80 33 

4A 
86 4E 

91 thru 95 - reserve 

4 



Keyboard Layout 
Shown below is the keyboard layout and number designation of the keys on 
the Tandy 1000 keyboard. They should be used with the Key Code Chart for 
determining data value transmitted by the keyboard. 

FI F 2  F3 F4 F5 F 6  F7  F 8  F9 FIO F I I  F12 

I * I ( I I - I I ! e x $  % A B 
ESC I 2  3 4 5 6 7 8 9 0 - 

T A B ~ ~ ~ W ( E / R ( T I Y I U I I ~ O ~ P ~ ( ~ : ~  

: 9 )  ; , ENTER 

< I ’ I I S H I F T I +  

CTRL A S D F G H J K L  

0 

 CAP^ SHIFT z x c v e N M , , 

INSERT DELETE BREAK 

‘ ry PG UP 
f -  

ALT PRINT 7 e g 

H O L D N U M ,  LOCK 4 I 5 6 

‘ PG ON 
2 3  

0 

4 HOME 

f c 0 - ENTER 

Figure 3 Keyboard Identification 

1 2 3 1  5 C P 7 5  9 f0  t 1  12 

( 6  17 18 19 20 21 2 2  23 2 4  25  2 6  27 28 2 9  

35 3 6  3 1  38 39 4 0  4f t t  4 3  44  45 4 6  4 7  

13 14 15 

30 31 32 33 34 

4 8  4 9  60 5f 52 

NOTE.  KEYS 91 THRU 95 N O T  USED O N  U S VERSION,  USED ON 
INTERNATIONAL VERSION ONLY 

53 54 55 56 5 1  5B 59 60 G I  62 63  64 6 5  66 67 68 

71 72 73 74 75 7 6  77 78 79 80 81 a 2  8 3  8 4  65 a6 67 

Figure 4 Key Number Identification 

5 

69 70 

8% 89 

91 9 2  90 93 94 95  
I I  



Figure 5 
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1. D e s c r i p t i o n  

T h i s  document d e s c r i b e s  t h e  s p e c i f i c a t i o n s  f o r  t h e  MP-F63W-72D of 
which t h e  r e c o r d i n g  c a p a c i t y  is l M B ,  t h e  maximum t r ack -Eo- t r ack  a c c e s s  t i m e  
i s  3 msec and a TTL c o m p a t i b l e  s i g n a l  i n t e r f a c e .  
The main f e a t u r e s  of t h e  MP-F63W-72D a r e  low power consumption,  low 
he ig i l t ,  and n i g h  r e l i a b i l i t y  w i t h  a s i m p l e  mechanism and e l e c t r i c  
c i r c u i t .  

NB: The s p e c i f i c a t i o n s  c l s f ined  i n  t h i s  b o o k l e t  a r e  v a l i d  o n l y  i f  t h e  
d r i v e  i s  used w i t h  Sony media or any o t h e r  ANSI s p e c i f i c a t i o n  media 
a g r e e d  upon by Sony and t h e  d r i v e  cus tomer .  

2. S p e c i f i c a t i o n s  

2.1 C o n f i g u r a t i o n  

The d r i v e  c o n s i s t s  of Read/Wri te  h e a d s ,  head p o s i t i o n i n g  
mechanism, d i s k  moto r ,  i n t e r f a c e  l o g i c  c i r c u i t  and Read/Wri te  
c i r c u i t .  

2 .2  P n y s i c a l  Dimensions 

Tne d e t a i l e d  p n y s i c a l  d i m e n s i o n s  a r e  shown i n  F i g u r e  2 . 1 .  
The main d i m e n s i o n s  a r e :  

1) Heigh t  : 30 mm 
2 )  Width : 101.6  mm 
3 )  Deptn : 150 r.m 
4 )  Weight : 480 g max. 

2.3 Pe r fo rmance  

2.3.1 Recording C a p a c i t y  

Unformated c a p a c i t y  : 1 .0  ! lbyte/disk f o r  MFM 
0.5 blbyte/surf  ace f o r  14FM 
6.25 K b y t e / t r a c k  f o r  I4FM 

2.3.2 T r a n s f e r  Rate 

B u r s t  t r a n s f e r  r a t e  : 250 K b i t s / , , c c  f o r  MFM 
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MP- F63W-70D 

DIMENSION UNIT mm (inch) 

Figure 2-1. PHYSICAL DIMENSIONS 
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2 . 3 . 3  Access Time 

a. T r a c k  t o  T r a c k  S l e w  Rate : 3 msec max. 

b. Head S e t t l i n g  Time : 1 5  msec max. 

c. Motor S t a r t  Time : 500 msec max. 
( 7 0 0  msec max.*) 

Motor s t a r t  time i s  d e f i n e d  a s  t h e  time p e r i o d  n e c e s s a r y  t o  
s t a b i l i s e  t h e  Motor  R o t a t i o n a l  S p e e d  v a r i a n c e  t o  l e s s  t h a n  
+/-1.5% a f t e r  t u r n i n g  t h e  MOTOR ON s i g n a l  on .  

NB. When a d i s k  is i n s e r t e d  i n  t h e  d r i v e ,  t h e  Motor S t a r t  
Time w i l l  b e  7 0 0  msec a t  maximum, b u t ,  a f t e r  t h a t  i t  w i l l  b e  
500  msec max. a s  t h e  d i s k  i s  k e p t  i n s e r t e d .  

2 . 3 . 4  F u n c t i o n a l  

a. R o t a t i o n  S p e e d  : 300 rpm 
The  c o n t i n u o u s  s p e e d  v a r i a t i o n  i s  w i t h i n  + / -1 .5%.  
The  i n s t a n t a n u o u s  s p e e d  v a r i a t i o n  i s  w i t h i n  + / -1 .0%.  

b. R e c o r d i n g  D e n s i t y  : 8717 BPI ( S i d e  1, T r a c k  7 9 )  i n  a 1MB mode 

c. T r a c k  D e n s i t y  : 1 3 5  TPI 

d .  C y l i n d e r s  : 80 

e. T r a c k s  : 1 6 0  

f .  WW Heads  : 2  

2 . 3 . 5  R e l i a b i l i t y  

a. Mean Time Between F a i l u r e s  (MTBF) : 1 0 , 0 0 0  POH 

b. Mean Time t o  R e p a i r  (MTTR) : 30 m i n u t e s  

c. P r e v e n t i v e  M a i n t e n a n c e  (PM) : Not R e q u i r e d  

d .  Components  l i f e  : 5 y e a r s  o r  1 5 0 0 0  POH 

e. E r r o r  R a t e  : 

1. S o f t  Read  E r r o r  : L e s s  t h a n  1 per l o 9  b i t s  r e a d  

2.  Hard Read  E r r o r  : L e s s  t h a n  1 per 1 0 l 2  b i t s  r e a d  

3 .  S e e k  E r r o r  : L e s s  t h a n  1 per l o 6  seeks 
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2.4 Input Power Requirements 

2.4.1 Power Consumption 

Stand by 

Operation (read/write mode) 

2.4.2 Supply Voltages 

voltage Max. Ripple 

+12.0v +/-5% 0. lVpp 

+5.0V +/-5% 0. lVpp 

2.5 Environmental Limits 

2.5.1 Temperature Range 

TTL Interface 

2 5 0  mW 

2 . 0  w 

Cur rent 

Standby 0.3 mA 
Average 130 mA 
(Read) 
Peak 500 mA 
(Motor Start) 
Peak 4 5 0  mA 
(stepping during Motor On) 
Standby 50 mA 
Operating 240 mA 

Ope r at i ng 

Transportation : -4OOC to 6OoC (-40°F to 140°F) 

: 5OC to 5OoC ambient (40°F to 122'F) 

Storage 

2.5.2 Humidity Range 

: -2OOC to 6OoC (-20°F to 140°F) 

Ope r at ing : 8% to 80% relative humidity with a wet bulb 
temperature of 29OC (85F) and no 
condensation. 

Transportation 
and Storage : 5% to 95% relative humidity and no 

condensation 

2.5.3 Vibration 

Ope r a t i ng : The unit can perform Read/Write operations 
without errors at continuous vibration 
from 10 to 500 Hz at a maximum of 0.5G 
along each of the three mutually 
per pend i cul ar axe s . 

Transportation 
and Storage : The unit can withstand continuous vibration 

from 10 to 300 Hz with a maximum level 
of 2.OG along each of the three mutually 
perpendicular axes without any degradation 
of any characteristics below the 
performance specifications. 
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2.5.4 Shock 

Operating : The unit can withstand a shock of 5.OG 
shock for 11 msec with a 1/2 sine 
wave shape in each of the three mutually 
perpendicular axis while performing normal 
read/write functions without damage or any 
loss of data. 

Transportation 
and Storage : The unit when unpacked can withstand an 

11 msec with a 1/2 sine wave shock of 60G on 
any of the three mutually perpendicular 
axes. 

2.5.5 Orientation 

The drive does not necessarily need to be horizontally 
positioned. In fact, as seen in figure 2-3, there are many 
other possible orientations. 

3. Signal Interface 

3.1 Connector and Pin Assignments 

3.1.1 Signal connector 

Receptacle : 3M 3414-65OOxx or Equivalent 

Cable : 3M 3365/34 or Equivalent 

Figure 3-1. PIN ASSIGNMENT (REAR VIEW OF DRIVE) 

~ 

I I ' I ' ' 1 EXAMPLE, FOR D R I V E  SELECT 0 

Figure 3-2. DRIVE SELECT SWITCH 
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F 

Figure 2-3. ORIENTATIONS 
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3.1.2 S i g n a l  Connector P i n  A s s i g n m e n t  

29 

3 1  

33  

1 2 v  30 READ DATA 

1 2 v  3 2  HEAD SELECT 

1 2 v  34 DISK CHANGE 

Pags 1 0  



3.1.3 Power  S u p p l y  C o i m e c t o r  

R e c e p t a c l e  : AMP 1 7 1 8 2 2 - 4  o r  E q u i v a l e n t  

C o n t a c t  : AMP 1 7 0 2 6 2 - 1  or E q u i v a l e n t  

Wire : AWG 2 0  

3 . 1 . 4  Power  S u p p l y  C o n n e c t o r  P i n  A s s i g n m e n t  

SIGNAL DESCRIPTION 

GND (+5V R e t u r n )  

3 . 2  DC C h a r a c t e r i s t i c s  of I n t e r f a c e  S i g n a l s  

3 . 2 . 1  O u t p u t  S i g n a l  from D r i v e  

O u t p u t  C u r r e n t  O u t p u t  V o l t a g e  
I O H  (mA) I O L  (mA) VOH ( V )  VOL ( V )  - -- N a m e  

TTL i n t e r f a c e  0 . 2 5  40 
A l l  o u t p u t s  

0 .7  

3 . 2 . 2  I n p u t  S i g n a l  t o  D r i v e  

I n p u t  C u r r e n t  I n p u t  V o l t a g e  T h r e s h o l d  
VIN=O .4V 

VIH ( v )  VIL ( V I  N a m e  I I L  ( m A )  - 
TTL i n t e r f a c e  -5.0 

A l l  i n p u t s  ( a t  + O  .4V) 
2.2 0.8 
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3.2.3 Recommended Circuit for Signal Interface 

HOST DRIVE 
INPUT CIRCUIT 

7406 

WRITE GATE 

i STEP 
MOTOR ON 
(DISK CHANGE RESET) 
( IN USE1 

DI R ECTlON 
DRIVE SELECT 
WRITE DATA 

I 

7430 7406 1 Fk 1:;' 
CX.20185 
A 2.1v I 

HEAD SELECT 

INDEX, TRKOO I OUTPUT CIRCUIT 
WRITE PROTECT I 
(READY), READ DATA,  

DISK CHANGE , t -t+5v 

The Interface signals in parethesis are only for MP-F63W-72D 
The line from the drive to the controller should be pulled 
up by a resistor of 1K ohm. 

The cable length must be less than 1.5m. (4.92ft.l 

Recommended driver IC : 7406, 7438 
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3.3 S i g n a l  D e f i n i t i o n s  

3.3.1 D R I V E  SELECT O , 1 , 2 1 3  

The s e l ec t  l i n e s  a r e  used t o  e n a b l e  o r  d i s a b l e  a l l  o t h e r  
i n t e r f a c e  l i n e s  e x c e p t  a MOTOR ON l i n e .  When t h e  SELECT l i n e  
i s  t r u e  ( l o w ) ,  t h e  d r i v e  is  e n a b l e d  and i s  c o n s i d e r e d  a c t i v e .  
When t h e  SELECT l i n e  i s  f a l s e  ( h i g h ) ,  a l l  c o n t r o l l e r  i n p u t s  
e x c e p t  t h e  MOTOR ON l i n e  a r e  i g n o r e d  and a l l  o u t p u t  l i n e s  a r e  
d i s a b l e d .  

NB. I N  USE (LED) lamp: 
When a d r i v e  is  s e l e c t e d ,  t h e  I N  USE lamp on t h e  s e l e c t e d  
d r i v e  i s  t u r n e d  on ,  and when a d r i v e  i s  n o t  s e l e c t e d ,  it i s  
t u r n e d  o f f .  

3.3.2 MOTOR ON 

When t h i s  i n p u t  i s  t r u e  ( low)  and a d i s k  i s  i n s e r t e d ,  t h e  
s p i n d l e  motor  w i l l  s t a r t  t o  run.  When t h i s  l i n e  is made 
f a l s e  ( h i g h )  0 5  a d i s k  i s  e j e c t e d ,  t h e  s p i n d l e  motor w i l l  
d e c e l e r a t e  and s t o p .  

However, i f  t h e  MOTOR ON s i g n a l  becomes f a l s e  ( h i g h )  d u r i n g  
e i t h e r  a wr i t e  o r  erase o p e r a t i o n ,  t h e  d i s k  motor  w i l l  n o t  
s t o p  r o t a t i n g  u n t i l  b o t h  t h e  ERASE GATE s i g n a l  and t h e  WRITE 
GATE s i g n a l  become f a l s e  ( h i g h ) .  

3.3.3 STEP 

When a d r i v e  is  s e l e c t e d ,  a t r u e  ( low)  p u l s e  on t h i s  l i n e  
w i l l  c a u s e  t h e  Read/Wri te  head t o  move t o  t h e  a d j a c e n t  
t r a c k .  The d i r e c t i o n  of  t h e  head movement is  d e t e r m i n e d  by 
t h e  DIRECTION i n p u t  a t  t h e  t r a i l i n g  edge of t h e  p u l s e .  
The s tep o p e r a t i o n  can  be pe r fo rmed  even  i f  t h e r e  is  no d i s k  
i n s e r t e d  i n  t h e  d r i v e .  

3.3.4 DIRECTION 

When a d r i v e  i s  s e l e c t e d ,  a f a l s e  ( h i g h )  l e v e l  on t h i s  i n p u t  
w i l l  c a u s e  a STEP p u l s e  i n p u t  t o  move t h e  Read/Wri te  head 
away from t h e  d i s k  s p i n d l e .  A t r u e  ( low)  l e v e l  w i l l  c a u s e  a 
STEP i n p u t  t o  move t h e  Read/Wri te  head toward t h e  d r i v e  
s p i n d l e .  

3.3.5 HEAD SELECT 

When a d r i v e  i s  s e l e c t e d ,  a t r u e  ( low)  l e v e l  on t h i s  i n p u t  
w i l l  c a u s e  Head 1 ( u p p e r )  t o  be s e l e c t e d .  A f a l s e  ( h i g h )  
l e v e l  on t h i s  i n p u t  w i l l  c a u s e  Head 0 ( l o w e r )  t o  be s e l e c t e d .  

I f  t h e  HEAD SELECT s i g n a l  changes  d u r i n g  e i t h e r  w r i t e  o r  
erase o p e r a t i o n ,  t h e  head i s  n o t  be changed u n t i l  b o t h  
ERASE GATE and WRITE GATE s i g n a l  becomes h i g h  ( f a l s e ) .  

3 .3 .6  WRITE GATE 

When t h i s  l i n e  i s  made t r u e  ( low)  w h i l e  a d r i v e  i s  s e l e c t e d ,  
t h e  w r i t e  c u r r e n t  c i r c u i t s  a r e  e n a b l e d  and i n f o r m a t i o n  may be 
w r i t t e n  under  c o n t r o l  of t h e  WRITE DATA i n p u t .  
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3.3.7 WRITE DATA 

I f  t h e  WRITE GATE i s  t r u e  ( l o w ) ,  a t r u e  p u l s e  ( low)  on  t h e  
WRITE DATA l i n e  c a u s e s  a b i t  t o  be w r i t t e n  on t h e  d i s k .  
P u l s e s  on t h i s  l i n e  i s  n e g l e c t e d  when WRITE GATE s i g n a l  i s  
f a l s e  ( h i g h ) .  
No pre-compensat ion i s  r e q u i r e d .  

3.3.8 I N D E X  

When t h e  d r i v e  i s  s e l e c t e d ,  a t r u e  ( low)  p u l s e  i s  g e n e r a t e d  
on t h i s  l i n e  by each  r e v o l u t i o n  of  t h e  s p i n d l e .  

3.3.9 TRACK 00 

T h i s  l i n e  is t r u e  ( low) when t h e  d r i v e  i s  s e l e c t e d  and t h e  
Read/Write head i s  p o s i t i o n e d  on t r a c k  00. 

3.3.10 WRITE PROTECT 

I f  a w r i t e - p r o t e c t  d i s k  i s  i n s e r t e d  w h i l e  a d r i v e  i s  
s e l e c t e d ,  t h i s  l i n e  w i l l  be  t r u e  ( low)  and t h e  d r i v e  w i l l  n o t  
be a b l e  t o  w r i t e  d a t a .  A t  a l l  o t h e r  times, e x c e p t  when a 
d i s k  i s  e j e c t e d  w h i l e  t h e  d r i v e  i s  s e l e c t e d ,  t h i s  l i n e  w i l l  
be  f a l s e  ( h i g h ) .  

3.3.11 READ DATA 

When t h e  d r i v e  i s  s e l e c t e d ,  a t r u e  ( low)  p u l s e  i s  g e n e r a t e d  
on t h i s  l i n e  e v e r y  time a b i t  is d e t e c t e d .  

3.3.12 DISK CHANGE 

T h i s  l i n e  i s  t r u e  ( low)  whenever a d i s k  i s  removed from t h e  
d r i v e .  The l i n e  r ema ins  t r u e  ( low)  u n t i l  b o t h  t h e  
f o l l o w i n g  c o n d i t i o n s  have been m e t :  

1. A d i s k  i s  i n s e r t e d ,  
and 
2. A STEP p u l s e  h a s  been r e c e i v e d  when t h e  d r i v e  is  s e l e c t e d .  
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3.4  T i m i n g  R e q u i r e m e n t s  

3 .4 .1  Head Access 

DRIVE SELECT 

DIRECTION 

STEP 

T3 

T 1  

T2 

T3 

T4 

T5 

T6 

T7 

T6 

0 .5  u s  min .  

1 . 3  u s  min .  

3.0 m s  min .  

2.4 u s  min .  

0 .5  u s  min .  

1 8  m s  min .  

2.5 u s  min .  
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3.4.2 TRACK 00 Signal 

L L 

-- 
TRACK 0 

- -  
- c  

D I R E C T I O N  I 

, -  
\ &  

STEP 

T1 : 2.9 msec max. 

T2 : 2 . 9  msec max. 
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3 . 4 . 3  Write Data T i m i n g  

T3 - . . .  

T4 3-e 

T5 ~ . 

1 I 

r 

~ T10 

L I 

1 1 '  T8 

SELECT 

STEP 

MOTOR 
ON 

DISK I N  

HEAD 
SELECT 

WRITE 
GATE 

WRITE 
DATA 

T 1  T6 ' < 

I 
U L m  u u  

T9 

T1 : 0.5 us min. T6 : 0.5 us min. 

T2 : 1 8  m s  min .  ~7 : 1 0 2 0  us min. 

T3 : 500 m s  max.* T8 : 8.0 us min.  

T4 : 100 us min. ~9 : 150 n s  min . ,  2000 ns max. 

T5 : 8 us max. T10 : S e e  3.3.5 

*NE%. When a d i s k  i s  i n s e r t e d  i n  t h e  d r i v e ,  t h e  Motor S t a r t  Time 
i s  700 msec a t  maximum, b u t ,  a f t e r  t h a t , i t  i s  500 msec max. a s  
t h e  d i s k  i s  k e p t  i n s e r t e d .  

p a g e  17 



3.4.4 Read Data T iming  

- 

T1 

SELECT I 

MOTOR 
ON 
- 

T2 - 
D I S K  I N  

I 

STEP 

J 
o u t  

WRITE 
GAT E 

i n s e r t e d  

HEAD 
SELECT 

T4 - 
T3 

U 

I 
T5 

T6 

T1 : 0.5 u s  max. T4 : 1050 us max. 

T2 : 500 m s  max.* T5 : 1 0 0  u s  m a x .  

T3 : 1 8  m s  max. T6 : 550 n s  min . ,  1200  n s  max. 

NB. When a d i s k  is  i n s e r t e d  i n  t h e  d r i v e ,  t h e  T2 is 
7 0 0  msec a t  maximum, b u t ,  a f t e r  t h a t  it i s  500 msec 
max. as t h e  d i s k  is k e p t  i n s e r t e d .  
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3 . 4 . 5  I n d e x  P u l s e  

- 

T1 ?I 

I N D E X  

- 

T2 

STEP 

- 
DISK 

T1* : 1 9 7  m s  min.,  203 m s  max. 

T2 : 1.25 m s  min . ,  1.45 m s  max. 

*When t h e  d i s k  moto r  r o t a t i o n  i s  a t  t h e  s t a t i o n a r y  s t a t e .  

U _I 

+ T 2  
- 

3.4.6 D i s k  Change 

T1 : 0.5 u s  max. T2 : 1.6 u s  max. 

*DISK I N ,  t h e  d i s k - i n  s e n s o r  s i g n a l  i n s i d e  t h e  d r i v e ,  i s  
h i g h  when a d i s k  i s  i n s e r t e d  i n  t h e  d r i v e .  
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3.5 Power On and Power off Requirements 

3.5.1 Data Protection - 

Turning power on or off does not cause any damage to 
recorded data on the disk as the drive is not in the 
midst of writing when the power is shut off or supplied. 

3.5.2 Power Supply Sequencing 

No special supply sequencing is required by the disk drive 
as long as both the 5V and 12V power supplies have a 
monotonic rise time of less than 100msec. Then the power is 
turned off, although there are no sequencing or timing 
requirements, both power supplies must fall monotonically to 
ov. 

3.6 Disk motor rotation and Disk Insertion. 

Even if the MOTOR ON signal is true (low), the disk motor does 
not rotate un-til a disk is inserted. 

4. Safety 

MP-F63W-O0D will meet the following product safety regulations: 

U.L. 478 
C.S.A. C.22.2, No.154 
U.L. 94V-0 for Front Bezel 
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5. Power On I n i t i a l i z a t i o n  

I n  o r d e r  t o  r educe  t h e  peak c u r r e n t  r e q u i r e m e n t  when used i n  a d a i s y  
c h a i n ,  t h e  MP-F63W-72D h a s  been d i s i g n e d  n o t  t o  seek t r a c k  00 
a u t o m a t i c a l l y .  If a l l  t h e  d r i v e s  connec ted  i n  t h e  d a i s y  c h a i n  
sough t  t r a c k  00 s i m u l t a n e o u s l y ,  t h i s  would place a s i g n i f i c a n t  power 
d r a i n  on t h e  h o s t  system. Thus, t h e  h o s t  sys t em must pe r fo rm t h e  
f o l l o w i n g  r o u t i n e  j u s t  a f t e r  power on i n  o r d e r  t o  reset t h e  t r a c k  
c o u n t e r  i n s i d e  t h e  d r i v e .  

Power On I n i t i a l i z a t i o n  

Power on i n i t i a l i z a t i o n  

Power on I 
STEP outwards u n t i  1 TRPCK DO 

s i g n a l  becomes t rue .  I 
A End o f  r o u t i n e  
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BIOS Services 

Device I/O Services 
Introduction 
The BIOS (Basic Input/Output System) is the lowest-level inter- 
face between other software (application programs and the oper- 
ating system itself) and the hardware. The BIOS routines 
provide various device input/output services, as well as boot strap 
and print screen and other services. Some of the services that 
BIOS provides are not available through the operating system, 
such as the graphics routines. 

All calls to  the BIOS are made through software interrupts (that 
is, by means of assembly language “INT x” instructions). Each 
I/O device is provided with a software interrupt, which transfers 
execution to the routine. 

Entry parameters to BIOS routines are normally passed in CPU 
registers. Similarly, exit parameters are generally returned from 
these routines to  the caller in CPU registers. To insure BIOS 
compatibility with other machines, the register usage and con- 
ventions are, for the most part, identical. 

The following pages describe the entry and exit requirements for 
each BIOS rutine. To execute a BIOS call, load the registers as 
indicated under the “Entry Conditions.” (Register AH will con- 
tain the function number in cases where a single interrupt can 
perform more than one operation.) Then issue the interrupt 
given for the call. The example, the following can be used to read 
a character from the keyboard: 

MOV FIH,0 
INT 1 6 H  

Upon return, AL contains the ASCII character and AH the key- 
board scan code. 

Note: All registers except those used to return parameters to  
the caller are saved and restored by the BIOS routines. 
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Below is a quick reference list of software interrupts for all 
device I/O and system status services. 

Service Software Interrupts 

Keyboard 16 hex (22 dec) 

Video Display 10 hex (16 dec) 

Serial Communications 14 hex (20 dec) 

Line Printer 17 hex (23 dec) 

System Clock 1A hex (26 dec) 

Floppy Disk 13 hex (19 dec) 

Equipment 11 hex (17 dec) 

Memory Size 12 hex (18 dec) 
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Key board 
16 hex (22 dec) 

Function Summary: 
AH = 0: Read Keyboard (destructive with wail) 
AH = 1: Scan Keyboard (nondestructive, no wait) 
AH = 2: Get Current Shift Status 

Function Descriptions: 
Read Keyboard 
Read the next character typed at the keyboard. Return the 
ASCII value of the character and the keyboard scan code, remov- 
ing the entry from the keyboard buffer (destructive read). 

Entry Conditions: 

AH = 0 

Exit Conditions: 
AL = ASCII value of character 
AH = keyboardscancode 

Scan Keyboard 
Set up the zero flag (Z flag) to  indicate whether a character is 
available to be read from the keyboard or not. If a character is 
available, return the ASCII value of the character and the key- 
board scan code. The entry remains in the keyboard buffer (non- 
destructive read). 

Entry Conditions: 

AH = 1 

Exit Conditions: 
Z = no character is available 
NZ = a character is available, in which case: 

AL = ASCII value of character 
AH = keyboard scan code 
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Get Shift Status 
Return the current shift status. 

En try Conditions: 

AH = 2 

Exit Conditions: 

AL = current shift status (bit settings: set = true, reset = false) 
bit 0 = RIGHT SHIFT key depressed 
bit 1 = LEFT SHIFT key depressed 
bit 2 = CTRL (control) key depressed 
bit 3 = ALT (alternate mode) key depressed 
bit 4 = SCROLL state active 
bit 5 = NUMBER lock engaged 
bit 6 = CAPS lock engaged 
bit 7 = INSERT state active 
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Video Display 
These routines provide an interface to  the video display, which is 
the output half of the console (CON) device. MS-DOS considers 
the video display to  be the default standard output (STDOUT) 
device. 

Software Interrupts: 
10 hex (16 dec) 

Function Summary: 
Control Routines: 

AH = 0: Set CRT Mode 
AH = 1: Set Cursor Type 
AH = 2: Set Cursor Position 
AH = 3: Get Cursor Position 
AH = 4: Read Light Pen Position 
AH = 5: Select Active Page 
AH = 6: Scroll Active Page Up 
AH = 7: Scroll Active Page Down 

AH = 8: Read AttributeKharacter 
AH = 9: Write AttributeXharacter 
AH = 10: Write Character Only 

AH = 11: Set Color Palette 
AH = 12: Write Dot 
AH = 13: Read Dot 

Other Routines: 
AH = 14: Write TTY* to active page 
AH = 15: Get CRT Mode 
AH = 16: Set Palette Registers 

Text Routines: 

Graphics Routines: 

*Screen width is determined by the mode previously set. Some 
“control” characters (ASCII 00H-1FH) perform the usual spe- 
cial terminal function. These include (but are not limited to) 
BEL (07H), BS (08H), LF (BAH), and CR (0DH). 
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Function Descriptions: 

Set CRT Mode 

Entry Conditions: 

AH = 0 
AL = mode value, as follows: 

Alpha Modes 
AL = 0: 40x25 black and white 
AL = 1: 40x25 color 
AL = 2: 80x25 black and white 
AL = 3: 80x25 color 

AL = 4: 320x200 color graphics 
AL = 5: 320x200 black and white grapAcs with 4 

AL = 6: 640x200 black and white graphics with 2 

AL = 7: Reserved 

AL = 8: 160x200 color graphics with 16 colors 
AL = 9: 320x200 color graphics with 16 colors 
AH = A: 640x200 color graphics with 4 colors 

Note: If the high order bit of the AL register is 1 then 

Graphics Modes 

shades 

shades 

Additional Modes 

the video buffer is not cleared. 
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Set Cursor Type 
Set the cursor type and attribute. 

Entry Conditions: 

AH = 1 
CH = bit values: 

bits 5-6 = cause an  invisible or erratically blinking cursor 
bits 5-6 = 00 produces a visible, blinking cursor. 
bits 4-0 = start line for cursor within character cell 

bits 4-0 = end line for cursor within character cell 
CL = bit values: 

Set Cursor Position 
Write (set) cursor position. 

Entry Conditions: 

AH = 2 
BH = page number (must be 0 for graphics modes) 
DH = row (0 = top row) 
DL = column (0 = leftmost column) 

Get Cursor Position 
Read (get) cursor position. 

Entry Conditions: 

AH = 3 
BH = page number (must be 0 for graphics modes) 

Exit Conditions: 

DH = row of current cursor position (0 = top row) 
DL = column of current cursor position (0 = leftmost column) 
CX = cursor type currently set [ll: 
See Set Cursor Type (AH = 1) above. 

Read Light Pen Position 
&ads light pen position. 

Entry Conditions: 
A H . =  4 
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Exit Conditions: 
AH = 0: light pen switch not activated 
AH = 1: light pen values in registers 

DH = row of current light pen position 
DL = column of current light pen position 
CH = raster line (0-199) 
BX = pixel column (0-319 or 0-639) 

Select Active Page 
Select active display page (valid in alpha mode only). 

Entry Conditions: 

AH = 5 
AL = 0 through 7: new page value for modes 0 , l  
AL = 0 through 3: new page value for modes 2 , 3  
AL = 80H: read CRTICPU page registers 
AL = 81H: set CPU page register to value in BL 
AL = 82H: set CRT page register to value in BH 
AL = 83H: set both CRT and CPU page registers in BH and BL 

Exit Conditions: 
If bit 7 of AL = 1 upon entry, BH = contents of CRT page 

register 
BL = contents of CPU page register 

Scroll Up 
Scroll active page up. 

Entry Conditions: 

AH = 6 
AL = numbers of lines to scroll. The number of lines that will be 

left blank at the bottom of the window. (0 m a n s  blank 
entire window) 

CH = row of upper left corner of scroll window 
CL = column of upper left corner of scroll window 
DH = row of lower right corner of scroll window 
DL = column of lower right corner of scroll window 
BH = attribute (alpha modes) or color (graphics modes) to be 

used on blank line 
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Attributes: 

Color modes: 

foreground color: 

bit 0 = blue 
bit 1 = green 
bit 2 = red 

bit 3 = intensity 
All bits off = black 

background color: 

bit 4 = blue 
bit 5 = green 
bit 6 = red 

bit 7 = blink 
All bits off = white 

Scroll Down 
Scroll active page down. 

Entry Conditions: 
AH = 7 
AL = number of lines to scroll (0 means blank entire window) 
CH = row of upper le/? corner of scroll window 
CL = column of upper left corner of scroll window 
DH = row of lower right corner of scroll window 
DL = column of lower right corner of scroll window 
BH = attribute (alpha modes) or color (graphics modes) to be 

used on blank line. See Scroll Up (AH = 6) for attribute 
values and Set Color Palette (AH = 11) for color values. 

Read Attribute or C olor/C har ac ter 
h a d  a character and its attribute or color a t  the current cursor 
position. 

Entry Conditions: 

AH = 8 
BH = display page number (not used in graphics modes) 
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Exit Conditions: 

AL = character read 
AH = attribute of character (alpha modes only) 

Write Attribute or Color/Character 
Write a character and its attribute or color at the current cursor 
position. 

Entry Conditions: 

AH = 9 
BH = display page number (not used in graphics modes) 
CX = number of characters to write 
AL = character to write 
BL = attribute of character (for alpha modes) or color of character 

(for graphics modes; i f  bit 7 of BL is set, the color of the 
character is XOR’ed with the color value). See Scroll Up 
(AH = 6) for attribute values and Set Color Palette (AH = 
11) for color values. 

Write Character Only 
Write character only at current cursor position. 

Entry Conditions: 

AH = 10 
BH = display page number (Val& for alpha modes only 
CX = number of characters to write 
AL = character to write 
BL = color of character (graphics mode) 

Set Color Palette [31 
Select the color palette. 

Entry Conditions: 

AH = 11 
BH = 0 Set background color (0-15) to  color value in BL. 

BL = color value (0 = black I 1 = blue / 2 = green I 3 = 
cyan I 4 = red I 5 = magenta I 6 = yellow I 7 = gray I 8 
= dark gray I 9 = light blue I 10 = light green / 11 = 
light cyan 1 12 = light red 1 13 = light magenta I 14 = 
light yellow I 15 = white) 

or 
BH = 1 Set default palette to the number (0 or 1) in BL. 
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In black and white modes: 

BL = 0: 1 for white 
BL = 1: 1 for black 

In 4 color graphics modes: 

BL = 0 (1 = green12 = r e d /  3 = yellow) 
BL = 1(1 = cyan i 2 = magenta / 3 = white) 

In 16 color graphics modes: 

(1 = blue I 2 = green I 3 = cyan I 4 = red I 5 = magenta 
1 6  = yellow I 7 = light gray i 8 = dark gray i 9 = light 
blue I 10 = light green I 11 = light cyan / 12 = light red I 
13 = light magenta 114 = yellow 115 = white) 

Note: For alpha modes palette entry 0 indicates the border color. 
For graphics mode palette entry 0 indicates the border and the 
background color. 

Write Dot 
Write a pixel (dot). 

En try Conditions: 

AH = 12 
DX = row number 
CX = column number 
AL = color value (When bit 7 of A L  is set, the resultant color 

value of the dot is the exclusive OR of the current dot color 
value and the value in AL.) 

Read Dot 
Read a pixel (dot). 

Entry Conditions: 

AH = 13 
DX = row number 
CX = column number 

Exit Conditions: 

AL = color value of dot read 
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Write TTY 

Write a character in teletype fashion. (Control characters are 
interpreted in the normal manner.) 

Entry Conditions: 

AH = 14 
AL = character to write 
BL = foreground color (graphics mode) 

Get CRT Mode 
Get the current video mode. 

Entry Conditions: 

AH = 15 

Exit Conditions: 

AL = current video mode; see Set CRT Mode (AH = 0) above for 

AH = number of columns on screen 
BH = current active display page 

Set Palette Registers 

Sets palette registers. 

Entry Conditions: 

AH = 16 
AL = 0 Set Palette register 

values 

BL = number of the palette register (0-15) to set 
BH = color value to store 

BH = color value to store 

ES:DX :points to  a 17 byte list. 
bytes 0-15 = values for palette registers 0-15 
byte 16 = value for the border register 

AL = 1 Set border color register 

AL = 2 Set palette color value to  store and border registers 

Note: CS,SS,DS,ES,BX,CX,DX are preserved. 
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Transmit Character 

Transmit (output) the character in AL (which is preserved). 

En try Conditions: 

AH = 1 
AL = character to transmit 
DX = port number (0 or 1) 

Exit Conditions: 

AH = RS-232 status; see Get Current Comm Status (AH = 3) 
below (If bit 7 is set, the routine was unable to transmit 
the character because of a timeout error.) 

AL is preserved. 

Receive Character 

Receive (input) a character in AL (wait for a character, if neces- 
sary). On exit, AH will contain the RS-232 status, except that 
only the error bits (1,2,3,4,7) may be set; the timeout bit (71, if 
set, indicates that data set ready was not received and the bits 
in AH are not meaningful. Thus, AH is non-zero only when an 
error occurred. 

Entry Conditions: 

AH = 2 
DX = port number (0 or 1) 

E xi t Conditions: 

AL = character received 
AH = RS-232 status; see Get Current Comm Status (AH = 3) 

Get Current Comm Status 

Read the communication status into AX. 
Entry Conditions: 

AH = 3 
DX = port number (0 or 1) 

below 
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Exit Conditions: 

AH = RS-232 status, as follows (set = true): 
bit 0 = data ready 
bit 1 = overrun error 
bit 2 = parity error 
bit 3 = framing error 
bit 4 = break detect 
bit 5 = transmitter holding register empty 
bit 6 = transmitter shift register empty 
bit 7 = timeout occurred 

bit 0 = 
bit 1 = 
bit 2 = 
bit 3 = 
bit 4 = 
bit 5 = 
bit 6 = 
bit 7 = 

AL = modem status, as follows (set = true): 
delta clear to send 
delta data set ready 
trailing edge ring detector 
delta receive line signal detect 
clear to  send 
data set ready 
ring indicator 
receive line signal detect 
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Line Printer 
These routines provide an interface to the parallel line printer. 
This device is labeled “PRN’ in the device list maintained by the 
operating system. 

Software Interrupts: 
17 hex (23 dec) 

Function Summary: 
AH = 0: Print Character 
AH = 1: Reset Printer Port 
AH = 2: Get Current Printer Status 

Function Descriptions: 
Print Character 
Print a character. 

Entry Conditions: 

AH = 0 
AL = character to print 
DX = printer to be used 10-2) 

Exit Conditions: 

OAH = printer status; see Get Current Printer Status (AH = 2) 
below 
(If  bit 0 is set, the character could not be printed 
because of a timeout error.) 

Reset Printer Port 
Reset (or initialize) the printer port. 

Entry Conditions: 

AH = 1 
DX = printer to be used (0-2) 

Exit conditions: 

AH = printer status; see Get Current Printer Status (AH = 2) 
below 
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Get Current Printer Status 
Read the printer status into AH. 

Entry Conditions: 

AH = 2 

Exit Conditions: 

DX = printer to be used (0-2) 
AH = printer status, as follows (set = true): 

bit 0 = timeout occurred 
bit 1 = [unused] 
bit 2 = [unused] 
bit 3 = I/O error 
bit 4 = selected 
bit 5 = out of paper 
bit 6 = acknowledge 
bit 7 = not busy 

System Clock 
These routines provide methods of reading and setting the clock 
maintained by the system. This device is labeled CLOCK in the 
device list of the operating system. An interface for setting the 
multiplexer for audio source is also provided. 

Software Interrupts: 
1A hex (26 dec) 

Function Summary: 
AH = 0: Get Time of Day 
AH = 1: Set Time Of Day 
AH = 80H: Set Up Sound Multiplexer 

The clock runs at the rate of 1,193,180/65,536 per second (about 
18.2 times per second). 

Function Descriptions: 
Get Time Of Day 
Get (read) the time of day in binary format. 

Entry Conditions: 

AH = 0 
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E xi t Conditions: 

CX = high (most significant) portion of clock count 
DX = low (least significant) portion of clock count 
AL = 0 of the clock was read or written (via AH = 0,l) within 

Set Time Of Day 
Set (write) the time of day using binary format. 

Entry Conditions: 

AH = 1 
CX = high (most significant) portion of clock count 
DX = low (least significant) portion of clock count 

Sound Multiplexer 
Sets the multiplexer for audio source. 

Entry Conditions: 

AH = 80 
AL = source of sound 

the current 24-hour period; othrwise, AL > 0 

00 = 8253 channel 2 
02 = audio in 
03 = complex sound generator chip 
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Disk I/O Support for the Floppy Only 
System Configuration 
Software Interrupt: 
13 hex (19 dec) 

Function Summary: 
AH = 0: Reset Floppy Disk 
AH = 1: Return Status of Last Floppy Disk Operation 
AH = 2: Read Sectorb) from Floppy Disk 
AH = 3: Write Sectorb) to Floppy Disk 
AH = 4: Verify Sectorb) on Floppy Disk 
AH = 5: Format Track on Floppy Disk 

Function Descriptions: 
Reset Floppy Disk 
Reset the diskette system. Resets associated hardware and 
recalibrates all diskette drives. 

Entry Conditions: 

AH = 0 

Exit Conditions: 

See “Exits From All Calls” below. 

Return Status of Last Floppy Disk Operation 
Return the diskette status of the last operation in AH. 

Entry Conditions 

AH = 1 

Exit Conditions: 
AL = status of the last operation; see “Exits from All Calls” 

below for values 

Read Sectorb) from Floppy Disk 
Read the desired sector(s) from disk into RAM. 
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Entry Conditions: 
AH = 2 
DL = drive number (0-1) 
DH = head number (0-1) 
CH = track number (0-79) 
CL = sector number (1 to 9) 
AL = sector count (1 to 9) 

Exit Conditions: 

See “Exits From All Calls” below. 
AL = number of sectors read 

Write Sectorb) to Floppy Disk 
Write the desired sector(s) from RAM to disk. 

Entry Conditions: 

AH = 3 
DL = drive number (0-1) 
DH = head number (0-1) 
CH = track number (0-79) 
CL = sector number (1 to 9) 
AL = sector count (1 to 9) 
ES:BX = pointer to disk bu f f r  

Exit Conditions: 

See “Exits From All Calls” below. 
AL = number of sectors written 

Verify Sector(s) on Floppy Disk 
Verify the desired sector(s1. 

Entry Conditions: 

AH = 4 
DL = drive number (0-1) 
DH = head number (0-1) 
CH = track number (0-79) 
CL = sector number (1 to 9) 
AL = sector count (1 to 9) 

E xi t Conditions: 

See “Exits From All Calls” below. 
AL = number of sectors verified 

ES:BX = pointer to disk bu f f r  
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Format on Floppy Disk 
Format the desired track. 

Entry Conditions: 

AH = 5 
DL = drive number (0-1) 
DH = head number (0-1) 
CH = track number (0-79) 
CL = sector number (1 -9) 
ES:BX = pointer to a group of address fields for each track. Each 

address field is made up of 4 bytes. These are C, H, R, 
and N, where: 
C = track number 
H = head number 
R = sector number 
N = the number.of bytes per sector (00 = 128, 01 = 

There is one entry for every sector on a given track. 
256, 02 = 512, 03 = 1024) 

Exit Conditions: 

See “Exits From All Calls” below. 

Exits From All Calls: 
AH = Status of operation, where set = true: 

Error Code 
OIH 
02H 
03H 
04H 
08H 
09H 
1 OH 
20H 
40H 
80H 

Condition 
Illegal Function 
Address Mark Not Found 
Write Protect Error 
Sector Not Found 
DMA Overrun 
Attempt To DMA Across A 64K Boundary 
Bad CRC on Disk Read 
Controller Failure 
Seek Failure 
Device Timeout, Device Failed To Respond 

[NCI = operation successful (AH = 0) 
[Cl = operation failed (AH = error status) 
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Equipment 
This service returns the “equipment flag” (hardware configura- 
tion of the computer system) in the AX register. 

Software Interrupts: 
11 hex (17 dec) 

The “equipment flag” returned in the AX register has the mean- 
ings listed below for each bit: 

Reset = the indicated equipment is not in the system 
Set = the indicated equipment is in the system 

bit 0 diskette installed 
bit 1 math coprocessor 
bit 2,3 always = 11 
bit 4,5 initial video mode 

01 = 40x25 BW 
10 = 80x25 BW 
number of diskette drives (only if bit Q = 1) 
00 = 1 
01 = 2 
0 = dma present 
1 = no dma on system 

bit 6,7 

bit 8 

bit 9, 10, 11 number of RS 232 cards 
bit 12 game I/O attached 
bit 13 not used 
bit 14, 15 number of printers 

Memory Size 
This service returns the total number of kilobytes of RAM in the 
computer system (contiguous starting from address 0) in the AX 
register. The maximum value returned is 640. 

Software Interrupts: 
12 hex (18 dec) 

22 



EEROM (Tandy 1000 HX only) 

15 hex (21 dec) 

Function Summary 
AH = 70H, AL = 0: Read a 16 bit word from EEROM 
AH = 70H, AL = 1: Write a 16 bit word to EEROM 

Function Descriptions 
Read From EEROM 
Read the 16 bit value from the indicated EEROM word. 

Entry Conditions: 

AH = 70H 
AL = 0 
BL = word number to read (0 -15) 

Exit Conditions: 
DX = word value 
Carry Flag set indicates EEROM call not supported, system is 
not a lOOOHX 

Write To EEROh5 
Write a 16 bit value to the indicated EEROM word 

Entry Conditions: 

AH = 70H 
AL = 1 
BL = word number to write (0-15) 
DX = word value to write 

Exit Conditions: 

Carry Flag set indicates EEROM call not supported, system is 
not a 1000HX 
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KEYBOARD ASCII AND SCAN CODES 

The table in this appendix lists the keys on the Tandy 1000 key- 
board in scan code order, along with the ASCII codes they gener- 
ate. For each key, the following entries are given: 

Scan Code - A value in the range OIH-5AH which uniquely 
identifies the physical key on the keyboard that is pressed. 

Keyboard Legend - The physical marking(s1 on the key. If 
there is more than one marking, the upper one is listed first. 

ASCII Code - The ASCII codes associated with the key. The 
four modes are: 

Normal - The normal ASCII value (returned when only the 
indicated key is depressed). 

SHIFT - The shifted ASCII value (returned when SHIFT is 
also depressed). 

CTRL - The control ASCII value (returned when CTRL is 
also depressed). 

ALT - The alternate ASCII value (returned when ALT is 
also depressed). 

Remarks - Any remarks or special functions. 

The following special symbols appear in the table: 

ax Values preceded by “x” are extended ASCII codes (codes 
preceded by an ASCII NUL, 00). 

No ASCII code is generated. 

No ASCII code is generated, but the special function 
described in the Remarks column is performed. If no 
comment ‘is included, the key does not generate a code 
and no function is performed. 

Note: All numeric values in the table a re  expressed in 
hexadecimal. 

- 

* 
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QWERTY (USA) - MODEL 1000 

ASCII Codes As of Oet. 22 1984 
Scan Keyboard SHIFT CTRL 
Code Legend Normal ALT Remarks 

01 ESC 
02 1 ! 
03 2 @ 
04 3 # 
05 4 $ 
06 5 % 
07 5 
08 7 & 
09 8 
OA 9 ( 
OB 0 1 
0 c  - - 
OD = + 
BE BACKSPACE 
OF TAB 

* 

10 Q 
11 w 
12 E 
13 R 
14 T 
15 Y 
16 U 
17 I 
18 0 
19 P 
1A [ { 
1B 1 1 
1C ENTER 
1D CTRL 
1E A 
1F S 
20 D 
21 F 
22 G 
23 H 
24 J 
25 K 
26 L 
27 ; 
28 ’ 
29 UPARROW 
2A SHIFT 
2B LEFTARROW 
2 c  z 
2D X 
2E C 
2F V 

1B 
31 
32 
33 
34 
35 
36 
37 
38 
39 
30 
2D 
3D 
08 
09 
71 
77 
65 
72 
74 
79 
75 
69 
6F  
70 
5B 
5D 
0D 

61 
73 
64 
66 
67 
68 
6A 
6B 
6C 
3B 
27 

x48 

x4B 
7A 
78 
63 
76 

* 

* 

1B 
21 
40 
23 
24 
25 
5E 
26 
2A 
28 
29 
5F 
2B 
08 

x0F 
51 
57 
45 
52 
54 
59 
55 
49 
4F 
50 
7B 
7D 
0D 

41 
53 
44 
46 
47 
48 
4A 
4B 
4 c  
3A 
22 

x85 

x87 
5A 
58 
43 
56 

* 

* 

1B 
xE 1 
x03 
xE3 
xE4 
xE5 

1E 
xE7 
xE8 
xE9 
xE0 

1F 
xF5 

7F 
x8D 

11 
17 
05 
12 
14 
19 
15 
09 
0F 
10 
B 
1D 
OA 

01 
13 
04 
06 
07 
08 
0A 
OB 
0 c  

xF6 
xF7 
x90 

x73 
1A 
18 
03 
16 

* 

* 

x8B 
x78 
,x79 
x7A 
x7B 
x7c 
x7D 
x7E 
x7F 
x80 
x8 1 
x82 
x83 
x8C 
x8E 
x10 
x l l  
x12 
x13 
x14 
x15 
x16 
x17 
x18 
x19 
xEB 
xF0 
x8F Main Keyboard 

* Control Mode 
x l E  
x l F  
x20 
x2 1 
x22 
x23 
x24 
x25 
x26 
xF8 
xF1 
x91 

x92 
x2c 
X2D 
x2E 
x2F 

* Left SHIFT 



ASCII Code As of Oct. 22 1984 
Scan Keyboard SHIFT CTRL 
Code Legend Normal ALT Remarks 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
3A 
3B 
3 c  
3D 
3E 
3F  
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
4A 
4B 
4 c  
4D 
4E 
4F 
50 
51 
52 
53 
54 

55 
56 
57 
58 
59 
5A 

B 
N 
M 

< 
> 

I ? 
SHIFT 
PRINT 
ALT 

62 
6E 
6D 
2 c  
2E 
2F 

10 
* 
* 

space bar 20 
CAPS * 
F1 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
F9 
F1O 
NUM LOCK 
HOLD 
7 \ 
8 
9 PG UP 
DOWN ARROW 

5 
6 
RIGHT ARROW 
1 END 

4 I 

x3B 
x3c 
x3D 
x3E 
x3F 
x40 
x41 
x42 
x43 
x44 * 

* 
37 
38 
39 

x50 
34 
35 
36 

x4D 
31 

2 32 
3 PGDN 33 
0 30 

DELETE 2D 
BREAK xOO 

+ INSERT 2B 
2E 

ENTER OD 
HOME x47 
F11 x98 
F12 x99 

42 
4E 
4D 
3 c  
3E 
3F * 
* 
* 

20 

x54 
x55 
x56 
x57 
x58 
x59 
x5A 
x5B 
x5c  
x50 

* 

* 
* 

5 c  
7E 

x49 
x86 
7 c  

xF3 
xF4 
x88 
x4F 

60 
x51 
x9B 
x53 
xOO 

x52 
xAl 
0D 

x4A 
xA2 
xA3 

02 
OE 
OD 

xF9 
xFA 
xFB 

x72 

20 

x5E 
x5F 
x60 
x61 
x62 
x63 
x64 
x65 
x66 
x67 

* 
* 

* 

* 
* 

x93 
x94 
x84 
x96 
x95 
xFC 
xFD 
x74 
x75 
x9A 
x76 
x9c 
x9D * 

x9F 
xA4 

0A 
XI7 
xAC 
XAD 

x30 
x3 1 
x32 
x89 
X8A 
xF2 

x46 

20 

x68 
x69 
x6A 
x6B 
x6C 
x6D 
x6E 
x6F 
x70 
x7 1 

* 

* 

* 

* 
* 
* 
* 
* 

x97 
% 

* 
* 

xEA * 
* 
* 
* 

x9E * 

xA0 
xA5 
x8F 
xA6 
xB6 
xB7 

Right SHIFT 
SCR Print Toggle 
Alternate Mode 

Caps lock 

number lock 
Freeze display 

scroll lock bit 
toggle control 
brk routine 
(INT 1BH) 

Numeric keypad 
Numeric keypad 

26 



* Indicates special functions performed 
- means this key combination is suppressed in the keyboard 

driver 

values preceded by “X’ are extended ASCII codes (codes 
preceded by an ASCII NUL) 

The [ALT1 key provides a way to generate the ASCII codes of 
decimal numbers between 1 and 255. Hold down the 
key while you type on the numeric keypad any decimal 
number between 1 and 255. When you release ALT, the 
ASCII code of the number typed is generated and displayed. 

Note: When +he NUM LOCK light is off, the Normal and SHIFT 

X 

f 

columns for these keys should be reversed. 
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MS-DOS Memory Map 

HEXADECIMAL 
STARTING ADDRESS 
(SEGMENT:OFFSET) 

000:00 
000230 
0040:00l 
0050:00 
0070:00 
0190.002 
05B0:002 
X800:003 

B800:004 
F000:00 
FC00:00 

Notes: 

xc00:003 

DESCRIPTION 

BIOS Interrupt Vectors 
Available Interrupt Vectors 
ROM BIOS Data Area 
MSDOS and BASIC Data Area 
I/O.SYS Drivers 

Available to  user 
Video RAM in 32K video modes 
Video RAM in 16K video modes 
Video RAM Window (32K) 
Reserved for system ROM 
System BIOS ROM 

MS-DOS 

1. Detailed description in following pages. 
2. Approximate address; subject to change. 
3. “X” is defined as follows: 

Memory Size X Value 
128K 
256K 
384K 
512K 
640K 
768K 

4. Video memory accessed through the B800:0 window for all 
video modes. 
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ROM BIOS Data Area 
The following table gives the starting offset, and length of each 
BIOS device driver. This area is located at segment 40:00. 

Comm card addresses 0000 
Printer addresses 0008 
Devices installed 0010 
Not used 0012 
Memory size 0013 
I10 channel RAM size 0015 
KBD data area 0017 
Disk data area 0033 
Video data area 0049 
Not used 0067 
Clock data area 006C 
KBD Break & Reset flags0071 
Not used 0074 
Printer Timeout counter 0078 
Comm Timeout counter 007C 
KBD extra data area 0080 

8 (1 word per card) 
8 (1 word per printer) 
2 (16 bits) 
1 
2 (1 word) 
2 (1 word) 
39 
11 
30 
5 
5 
3 
4 
4 (1 byte per printer) 
4 (1 byte per card) 
4 (2 words) 

The structure and usage of the Video driver RAM data area is 
as follows: 

HEX Offset From 
Segment 0040:000 

49H 
4AH 
4CH 
4EH 

50H 

60H 

62H 
63H 

65H 

66H 

Length and 
Intended Use 

1 byte - current CRT mode (0-7) 
1 word - screen column width 
1 word - byte length of screen 
1 word - addressloffset of beginning 

8 words - rowlcol coordinates of the 
cursor for each of up to 8 
display pages 

of current display page 

1 word - current cursor type (See “set 
cursor type” for correct 
encoding) 

1 byte - current display page 
1 word - base address + 4 of the 

CRT controller card 
1 byte - copy of value written to the 

Mode Select Register 
1 byte - current color palette setting 
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3FH 

40H 

41H 

42H 

Value 
OIH 
02H 
03H 
04H 
08H 
09H 
10H 
20H 
40H 
80H 

The equipment check BIOS call (INT 11H) and memory size 
BIOS call (INT 12H) return information from the following data 
areas: 

HEX Offset From Length and 
Segment 0040:000 Intended Use 

10H Devices installed word 
13H Memory installed word 

The structure and usage of the floppy disk driver RAM data 
area is as follows: 
HEX Offset From Length and 
Segment 0040:0000 Intended Use 

3EH 1 byte - drive recalibration status - 
bit 3-0, if 0 then drive 3-0 
needs recal before next seek 
bit 7 indicates interrupt 
occurrence 

3-0 motor is onloff, bit 7 - 
current operation is write, 
requires delay 

1 byte - motor turn off time out 
counter (see Timer ISR) 

1 byte - disk status - codes defined 
below 

7 bytes - 7 bytes of status returned 

1 byte - motor status - bit 3-0 drive 

by the controller during 
result phase of operation 

Error Condition 
Illegal Function 
Address Mark Not Found 
Write Protect Error 
Sector Not Found 
DMA Overrun 
Attempt to DMA Across a 64K Boundary 
Bad CRC on Disk Read 
Controller Failure 
Seek Failure 
Device Timeout, Device Failed to Respond 
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18 

The structure and usage of the RS232 driver RAM data area is 
as follows: 

HEX Offset From Length and 
Segment 0040:00 Intended Use 

OOH 

7CH 

4 words - Base address of each one of 
4 possible comm cards 

4 words - 1 word timeout count for 
each of 4 possible comm 
cards 

The structure and usage of the Keyboard driver RAM data area 
is as follows: 

HEX Offset From Length and 
Segment 00400010 Intended Use 

17 1 byte -Keyboard shift state flag 
returned by function 02 

6 - CAPS LOCK odoff, 
5 - NUM LOCK ordoff, 
4 - SCROLL LOCK odoff, 
3 - ALT key depressed, 
2 - CTRL key depressed, 
1 - Left SHIFT key depressed, 
0 - Right SHIFT key depressed 

bits 7 -INSERT state active, 

1 byte 
bits INSERT key depressed, 

-Secondary shift state flag 

6 - CAPS LOCK depressed, 
5 - NUM LOCK depressed, 
4 - SCROLL LOCK NUM LOCK 

4 - SCROLL depressed, 
4 - SCROLL LOCK depressed, 
3 - Pause on/off, depressed, 
3 - Pause on/off, 
2,1,0 - not used 

19 1 byte -used to store ALT keypad 
entry 

1A 1 word -pointer to beginning of 
the keyboard buffer 

1c 1 word -pointer to end of the 
keyboard buffer 

1E 16 -keyboard buffer (enough 
for words) 

depressed, 

15 -typeahead entries 
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The s t ructure  and usage of the  clock service routine is  a s  
follows: 

HEX Offset From Length and 
Segment 0040:0000 Intended Use 

6CH 1 word -Least significant 16 bits 

6EH 1 word -Most significant 16 bits 

70H 1 byte - Twenty four hour rollover 

of clock count 

of clock count 

flag 
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ADDITIONAL DATA AREA 
HEX Offset From 
Segment 0040:000 

B0H 2 words international support 
B4H 1 byte 0=No monochrome monitor 

FFH = monochrome monitor 
B5H 1 byte Bit 0: 0=drive A is 5-114 

1 =drive A is 3-112 
Bit 1: 0 =drive B is 5-114 

1 =drive B is 3-112 
Bit 2: 0 = Tandy 1000 keyboard 

layout 
1 = IBM keyboard 
layout 

Bit 3: 0=Slow CPU speed mode 
1 = Fast CPU speed mode 

Bit 4: 0 =Internal color video 
support enabled 

1 = Internal color video 
support disabled, 
external color video 
enabled 

monochrome video 
installed 

1 = External monochrome 
video installed 

Bit 5: 0=No external 

B6H 1 byte Bit 0: 0=drive C is 5-114 
1 =drive C is 3-112 
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