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Cl0 COUNTER/TIMER AND PARALLEL I/O UNIT

. TWO INDEPENDENT 8-BIT, DOUBLE-BUFFE-
RED, BIDIRECTIONAL I/O PORTS PLUS A 4-
BIT SPECIAL-PURPOSE I/O PORTS. I/O
PORTS FEATURE PROGRAMMABLE POLA-
RITY, PROGRAMMABLE DIRECTION (Bit
m o d e ) , “PULSE CATCHERS”, AND PRO-
GRAMMABLE OPEN-DRAIN OUTPUTS

. FOUR HANDSHAKE MODES, INCLUDING 3-
WIRE (like the IEEE-488)

. REQUEST/WAIT SIGNAL FOR HIGH-SPEED
DATA TRANSFER

. FLEXIBLE PATTERN-RECOGNITION LOGIC,
PROGRAMMABLE AS A 16-VECTOR  INTER-
RUPT CONTROLLER

. THREE INDEPENDENT 16-BIT COUNTER/
TIMERS WITH UP TO FOUR EXTERNAL
ACCESS LINES PER COUNTER/TIMER (count
input, output, gate, and trigger), AND THREE
O U T P U T  D U T Y  C Y C L E S  ( p u l s e d ,  o n e - s h o t ,  a n d
square-wave), PROGRAMMABLE AS RETRIG-
GERABLE OR NONRETRIGGERABLE

. EASY TO USE SINCE ALL REGISTERS ARE
READ/WRITE

DESCRIPTION
The 28536 Cl0  Counter/Timer and Parallel I/O
element is a general-purpose peripheral circuit,
s a t i s f y i n g  m o s t  c o u n t e r / t i m e r  a n d  p a r a l l e l  I / O  n e e d s
encountered in system designs. This versatile
device contains three I/O ports and three counter/
t i m e r s .  M a n y  p r o g r a m m a b l e  o p t i o n s  t a i l o r  i t s  c o n f i -
g u r a t i o n  t o  s p e c i f i c  a p p l i c a t i o n s .  T h e  u s e  o f  t h e  d e -
vice is simplified by making all internal registers
( c o m m a n d ,  s t a t u s ,  a n d  d a t a )  r e a d a b l e  a n d  ( e x c e p t
f o r  s t a t u s  b i t s )  w r i t a b l e .  I n  a d d i t i o n ,  e a c h  r e g i s t e r  i s
given its own unique internal address, so that any
register can be accessed in two operations. All
data registers can be directly accessed in a single
o p e r a t i o n .  T h e  Cl0  i s  e a s i l y  i n t e r f a c e d  t o  a l l  p o p u -
lar microprocessors.

PDIP40 CDIP40

PLCC44

(Ordering lnformatlon at the end of the datasheet)

Figure 1  :  L o g i c  F u n c t i o n s .
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Figure 2a  :  D I P ,  P i n  C o n n e c t i o n s . Figure 2b :  C h i p  C a r r i e r ,  P i n  C o n n e c t i o n s .

PIN DESCRIPTION
Ao-AI. Address Lines (input). These two lines are
u s e d  t o  s e l e c t  t h e  r e g i s t e r  i n v o l v e d  i n  t h e  C P U  t r a n s -
action : Port A’s Data register, Port B’s Data regis-
ter, Port C’s Data register, or a control register.

CE Chip  E n a b l e  ( i n p u t ,  a c t i v e  L o w ) .  A  L o w  l e v e l  o n
t h i s  i n p u t  e n a b l e s  t h e  Cl0  t o  b e  r e a d  f r o m  o r  w r i t t e n
t o .

D0-D7 D a t a  B u s  ( b i d i r e c t i o n a l  3 - s t a t e ) .  T h e s e  e i g h t
data lines are used for transfers between the CPU
a n d  t h e  C I O .

IEI.  interrupt  Enable In (input, active High). IEI  is
u s e d  w i t h  I E O  t o  f o r m  a n  i n t e r r u p t  d a i s y  c h a i n  w h e n
there is more than one interrupt-driven device. A
H i g h  IEI  i n d i c a t e s  t h a t  n o  o t h e r  h i g h e r  p r i o r i t y  d e v i c e
h a s  a n  i n t e r r u p t  u n d e r  s e r v i c e  o r  i s  r e q u e s t i n g  a n  i n -
t e r r u p t .

IEO. lnterrupt E n a b l e  O u t  ( o u t p u t ,  a c t i v e  H i g h ) .  I E O
is High only if IEI  is High and the CPU is not servi-
cing  an interrupt from the requesting Cl0  or is not
requesting an interrupt (Interrupt Acknowledge cy-
c l e  o n l y ) .  I E O  i s  c o n n e c t e d  t o  t h e  n e x t  l o w e r  p r i o r i -
t y  d e v i c e ’ s  IEI  i n p u t  a n d  t h u s  i n h i b i t s  i n t e r r u p t s  f r o m
l o w e r  p r i o r i t y  d e v i c e s .-
INT. Interrupt Request (output, open-drain, active
Low). This signal is pulled Low when the Cl0  re-
q u e s t s  a n  i n t e r r u p t .

INTACK.  InterruptAcknowledge ( i n p u t ,  a c t i v e  L o w ) .
This input indicates to the Cl0  that an Interrupt
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A c k n o w l e d g e  c y c l e  i s  i n  p r o g r e s s .  INTACK  m u s t  b e
s y n c h r o n i z e d  t o  P C L K ,  a n d  i t  m u s t  b e  s t a b l e  t h r o u -
g h o u t  t h e  I n t e r r u p t  A c k n o w l e d g e  c y c l e .
PA0-PA7  Port A I/O lines (bidirectional, 3-state, or
o p e n - d r a i n ) .  T h e s e  e i g h t  I/O  l i n e s  t r a n s f e r  i n f o r m a -
t i o n  b e t w e e n  t h e  ClO’s P o r t  A  a n d  e x t e r n a l  d e v i c e s .
PBo-PB7 .  P o r t  B  I/O  l i n e s  ( b i d i r e c t i o n a l ,  3-state, o r
o p e n - d r a i n ) .  T h e s e  e i g h t  I/O  l i n e s  t r a n s f e r  i n f o r m a -
t i o n  b e t w e e n  t h e  ClO’s P o r t  B a n d  e x t e r n a l  d e v i c e s .
May also be used to provide external access to
Counter/Timers 1  a n d  2 .
PCo-PC3 .  Port  C  I/O  l i n e s  ( b i d i r e c t i o n a l ,  3 - s t a t e ,  o r
open-drain). These I/O  lines are used to pro-
vide handshake, WAIT, and REQUEST lines for
P o r t s  A  a n d  B  o r  t o  p r o v i d e  e x t e r n a l  a c c e s s  t o  C o u n -
ter/Timer 3 or access to the CIO's  Port C.
PCLK. Peripheral Clock (input, TTL-compatible).
This is the clock used by the internal control logic
and the counter/timers in timer mode. It does not
h a v e  t o  b e  t h e  C P U  c l o c k .
RD* Read(input,  a c t i v e  L o w ) .  T h i s  s i g n a l  i n d i c a t e s
that a CPU is reading from the CIO. During an In-
t e r r u p t  A c k n o w l e d g e  c y c l e ,  t h i s  s i g n a l  g a t e s  t h e  i n -
t e r r u p t  v e c t o r  o n t o  t h e  d a t a  b u s  i f  t h e  Cl0  i s  t h e  h i -
g h e s t  p r i o r i t y  d e v i c e  r e q u e s t i n g  a n  i n t e r r u p t .

WR*. W r i t e  ( i n p u t ,  a c t i v e  L o w ) .  T h i s  s i g n a l  i n d i c a t e s
a  CPU write  to the  CIO.

When RD and WR are detected low at the same time (normally an
illegal condition), the Cl0 is reset.
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ARCHITECTURE

T h e  Cl0  C o u n t e r / T i m e r  a n d  P a r a l l e l  I/O  e l e m e n t  ( f i -
gure 3) consists of a CPU interface, three I/O  ports
(two general-purpose 8-bit ports and one special-
purpose 4-bit port), three 16-bit counter/timers, an
i n t e r r u p t - c o n t r o l  l o g i c  b l o c k ,  a n d  t h e  i n t e r n a l - c o n t r o l
l o g i c  b l o c k .  A n  e x t e n s i v e  n u m b e r  o f  p r o g r a m m a b l e
o p t i o n s  a l l o w  t h e  u s e r  t o  t a i l o r  t h e  c o n f i g u r a t i o n  t o
b e s t  s u i t  t h e  s p e c i f i c  a p p l i c a t i o n .

The two general-purpose 8-bit I/O  ports (figure 4)
a r e  i d e n t i c a l ,  e x c e p t  t h a t  P o r t  B  c a n  b e  s p e c i f i e d  t o
p r o v i d e  e x t e r n a l  a c c e s s  t o  C o u n t e r / T i m e r s  1  a n d  2 .
E i t h e r  p o r t  c a n  b e  p r o g r a m m e d  t o  b e  a  handshake-
d r i v e n ,  d o u b l e - b u f f e r e d  p o r t  ( i n p u t ,  o u t p u t ,  o r  b i d i -
r e c t i o n a l )  o r  a  c o n t r o l - t y p e  p o r t  w i t h  t h e  d i r e c t i o n  o f
e a c h  b i t  i n d i v i d u a l l y  p r o g r a m m a b l e .  E a c h  p o r t  i n -
c l u d e s  p a t t e r n - r e c o g n i t i o n  l o g i c ,  a l l o w i n g  i n t e r r u p t
g e n e r a t i o n  w h e n  a  s p e c i f i c  p a t t e r n  i s  d e t e c t e d .  T h e
p a t t e r n - r e c o g n i t i o n  l o g i c  c a n  b e  p r o g r a m m e d  s o  t h e
oortfunctionslike aorioritv-interruotcontroller. Ports

p u t ,  a n d  B u f f e r  r e g i s t e r s ,  c o m p r i s e  t h e  d a t a  p a t h  r e -
gisters. Two registers, the Mode Specification and
Handshake Specification registers, are used to de-
f i n e  t h e  m o d e  o f  t h e  port  a n d  t o  s p e c i f y  w h i c h  h a n d s -
h a k e ,  i f  a n y ,  i s  t o  b e  u s e d .  T h e  r e f e r e n c e  p a t t e r n  f o r
t h e  p a t t e r n - r e c o g n i t i o n  l o g i c  i s  d e f i n e d  v i a  t h r e e  r e -
g i s t e r s  :  t h e  P a t t e r n  P o l a r i t y ,  P a t t e r n  T r a n s i t i o n ,  a n d
P a t t e r n  M a s k  r e g i s t e r s .  T h e  d e t a i l e d  c h a r a c t e r i s t i c s
o f  e a c h  b i t  p a t h  ( f o r  e x a m p l e ,  t h e  d i r e c t i o n  o f  d a t a
f l o w  o r  w h e t h e r  a  p a t h  i s  i n v e r t i n g  o r  n o n i n v e r t i n g )
a r e  p r o g r a m m e d  u s i n g  t h e  D a t a  P a t h  P o l a r i t y ,  D a -
t a  D i r e c t i o n ,  a n d  S p e c i a l  I/O  C o n t r o l  r e g i s t e r s .

The primary control and status bits are grouped in
a  s i n g l e  r e g i s t e r ,  t h e  C o m m a n d  a n d  S t a t u s  r e g i s t e r ,
s o  t h a t  a f t e r  t h e  p o r t  i s  i n i t i a l l y  c o n f i g u r e d ,  o n l y  t h i s
register must be accessed frequently. To facilitate
i n i t i a l i z a t i o n ,  t h e  p o r t  l o g i c  i s  d e s i g n e d  s o  t h a t  r e g i s -
ters associated with an unrequired capability are
i a n o r e d  a n d  d o  n o t  h a v e  t o  b e  o r o a r a m m e d .

A  a n d  B  c a n  a l s o  b e  l i n k e d  t o  f o r m  a  1 6 - b i t  I/O  p o r t .
I

T o  c o n t r o l  t h e s e  c a p a b i l i t i e s ,  b o t h  p o r t s  c o n t a i n  1 2
registers. Three of these registers, the Input, Out-

Figure 3 : Cl0  Block Diagram.



Figure 4  :  Ports A  a n d  B  B l o c k  D i a g r a m .
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T h e  f u n c t i o n  o f  t h e  s p e c i a l - p u r p o s e  4 - b i t  p o r t ,  P o r t
C  ( f i g u r e  5),  d e p e n d s  u p o n  t h e  r o l e s  o f ’  P o r t s  A  a n d
B. Port C provides the required handshake lines.
Any bits of Port  C not used as handshake lines can
be used as I/O lines or to provide external access
f o r  t h e  t h i r d  c o u n t e r / t i m e r .
S i n c e  P o r t  C ’ s  f u n c t i o n  i s  d e f i n e d  p r i m a r i l y  b y  P o r t s
A and B, only three registers (besides the Data In-
p u t  a n d  O u t p u t  r e g i s t e r s )  a r e  n e e d e d .  T h e s e  r e g i s -
ters specify the details of each bit path : the Data
Path Polarity, Data Direction, and Special I/O
Control registers.
T h e  t h r e e  c o u n t e r / t i m e r s  ( f i g u r e  6 )  a r e  a l l  i d e n t i c a l .
Each is comprised of a 16-bit  down-counter, a 16.
bit Time Constant register (which holds the value
loaded into the down-counter), a 16-bit  Current
Count register (used to read the contents of the
down-counter), and two &b i t  registers for control
and status (the Mode Specification and the Com-
mand and Status registers).

T h e  c a p a b i l i t i e s  o f  t h e  c o u n t e r / t i m e r  a r e  n u m e r o u s .
Up to four port I/O  lines can be dedicated as
external access lines for each counter/timer :
counter input, gate input, trigger input, and coun-
t e r / t i m e r  o u t p u t .  T h r e e  d i f f e r e n t  c o u n t e r / t i m e r  o u t p u t
duty cycles are available : pulse, one-shot, or
square-wave. The operation of the counter/timer
c a n  b e  p r o g r a m m e d  a s  e i t h e r  r e t r i g g e r a b l e  o r  non-
retriggerable. With these and other options, most
c o u n t e r / t i m e r  a p p l i c a t i o n s  a r e  c o v e r e d .

T h e r e  a r e  f i v e  r e g i s t e r s  ( M a s t e r  I n t e r r u p t  C o n t r o l  r e -
g i s t e r ,  t h r e e  I n t e r r u p t  V e c t o r  r e g i s t e r s ,  a n d  t h e  C u r -
rent Vector register) associated with the interrupt
logic. In addition, the ports’ Command and Status
registers and the counter/timers’ Command and
Status registers include bits associated with the in-
t e r r u p t  l o g i c .  E a c h  o f  t h e s e  r e g i s t e r s  c o n t a i n s  t h r e e
bits for interrupt control and status : Interrupt Pen-
ding (IP),  Interrupt Under Service (IUS), and Inter-
r u p t  E n a b l e  ( I E ) .

5 6 8
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Figure 5 : Port C Block Diagram.

FUNCTIONAL DESCRIPTION
The following describes the functions of the ports,
p a t t e r n - r e c o g n i t i o n  l o g i c ,  c o u n t e r / t i m e r s ,  a n d  i n t e r -
r u p t  l o g i c .
l/O  Port Operations. Of the CIO’s  three I/O  ports,
two (Ports A and B) are general-purpose, and the
t h i r d  ( P o r t  C )  i s  a  s p e c i a l - p u r p o s e  4-bit  p o r t .  P o r t s  A
a n d  b  c a n  b e  c o n f i g u r e d  a s  i n p u t ,  o u t p u t ,  o r  b i d i r e c -
tional ports with handshake. (Four different hand-
shakes are available). They can also be linked to
form a single 1 6-bit  port. If they are not used as ports
w i t h  h a n d s h a k e ,  t h e y  p r o v i d e  1 6  i n p u t  o r  o u t p u t  b i t s
w i t h  t h e  d a t a  d i r e c t i o n  p r o g r a m m a b l e  o n  a  b i t - b y - b i t
basis. Port B also provides access for Counter/Ti-
mers 1 and 2. In all configurations, Ports A and B
c a n  b e  p r o g r a m m e d  t o  r e c o g n i z e  s p e c i f i c  d a t a  p a t -
t e r n s  a n d  t o  g e n e r a t e  i n t e r r u p t s  w h e n  t h e  p a t t e r n  i s
e n c o u n t e r e d .
T h e  f o u r  b i t s  o f  P o t - l  C  p r o v i d e  t h e  h a n d s h a k e  l i n e s

for Ports A  and B when required. A RE-
Q U E S T / W A I T  l i n e  c a n  a l s o  b e  p r o v i d e d  s o  t h a t  Cl0
transfers can be synchronized with DMAs or CPUs.
Any Port C bits  not used for handshake or RE-
QUEST/WAIT can be used as input or output bits
( i n d i v i d u a l l y  d a t a - d i r e c t i o n  p r o g r a m m a b l e )  o r  e x t e r -
nal access lines for Counter/Timer 3. Port C does
not contain any pattern-recognition logic. It is, ho-
wever, capable of bit-addressable writes. With this
feature, any combination of bits can be set and/or
c l e a r e d  w h i l e  t h e  o t h e r  b i t s  r e m a i n  u n d i s t u r b e d  w i -
t h o u t  f i r s t  r e a d i n g  t h e  r e g i s t e r .

B i t  Port O p e r a t i o n s .  I n  b i t  p o r t  o p e r a t i o n s ,  t h e  p o r t ’ s
D a t a  D i r e c t i o n  r e g i s t e r  s p e c i f i e s  t h e  d i r e c t i o n  o f  d a -
t a  f l o w  f o r  e a c h  b i t .  A  1  s p e c i f i e s  a n  i n p u t  b i t ,  a n d  a
0 specifies an output bit. If bits are used as I/O  bits
for a counter/timer, they should be set as input or
o u t p u t ,  a s  r e q u i r e d .

5/29
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Figure 6 : Counter/Timer  Block Diagram.

T h e  D a t a  P a t h  P o l a r i t y  r e g i s t e r  p r o v i d e s  t h e  c a p a -
b i l i t y  o f  i n v e r t i n g  t h e  d a t a  p a t h .  A  1  s p e c i f i e s  i n v e r -
t i n g ,  a n d  a  0  s p e c i f i e s  n o n i n v e r t i n g .  A l l  d i s c u s s i o n s
of the port operations assume that the path is non-
i n v e r t i n g .

The value returned when reading an input bit re-
f l e c t s  t h e  s t a t e  o f  t h e  i n p u t  j u s t  p r i o r  t o  t h e  r e a d .  A
l ’ s  c a t c h e r  c a n  b e  i n s e r t e d  i n t o  t h e  i n p u t  d a t a  p a t h
b y  p r o g r a m m i n g  a  1  t o  t h e  c o r r e s p o n d i n g  b i t  p o s i -
t i o n  o f  t h e  p o r t s  S p e c i a l  I/O  C o n t r o l  r e g i s t e r .  W h e n
a  1  i s  d e t e c t e d  a t  t h e  l ’ s  c a t c h e r  i n p u t ,  i t s  o u t p u t  i s
set to 1 until it is cleared. The l’s catcher is cleared
b y  w r i t i n g  a  0  t o  t h e  b i t .  I n  a l l  o t h e r  c a s e s ,  a t t e m p -
t e d  w r i t e s  t o  i n p u t  b i t s  a r e  i g n o r e d .

W h e n  P o r t s  A  a n d  B  i n c l u d e  o u t p u t  b i t s ,  r e a d i n g  t h e
D a t a  r e g i s t e r  r e t u r n s  t h e  v a l u e  b e i n g  o u t p u t .  R e a d s
o f  P o r t  C  r e t u r n  t h e  s t a t e  o f  t h e  p i n .  O u t p u t s  c a n  b e
s p e c i f i e d  a s  o p e n - d r a i n  b y  w r i t i n g  a  1  t o  t h e  c o r r e s -
p o n d i n g  b i t  o f  t h e  p o r t ’ s  S p e c i a l  I/O  C o n t r o l  r e g i s t e r .
Port  C  h a s  t h e  a d d i t i o n a l  f e a t u r e  o f  b i t - a d d r e s s a b l e

writes. When writing to Port C, the four most signi-
ficant bits are used as a write protect mask for the
least significant bits (O-4, 1-5, 2-6, and 3-7). If the
write protect bit is written with a 1, the state of the
c o r r e s p o n d i n g  o u t p u t  b i t  i s  n o t  c h a n g e d .

P o r t s  with  H a n d s h a k e  O p e r a t i o n .  P o r t s  A  a n d  B  c a n
be specified as 8-bit input, output, or bidirectional
ports with handshake. The Cl0  provides four diffe-
r e n t  h a n d s h a k e s  f o r  i t s  p o r t s  :  I n t e r l o c k e d ,  S t r o b e d ,
Pulsed, and 3-Wire. When specified as a port with
handshake, the transfer of data into and out of the
p o r t  a n d  i n t e r r u p t  g e n e r a t i o n  i s  u n d e r  c o n t r o l  o f  t h e
handshake logic. Port C provides the handshake
l i n e s  a s  s h o w n  i n  t a b l e  1 .  A n y  P o r t  C  l i n e s  n o t  u s e d
f o r  h a n d s h a k e  c a n  b e  u s e d  a s  s i m p l e  I/O  l i n e s  o r  a s
access lines for Counter/Timer  3;

When Ports A and B are configured as ports with
handshake, they are double-buffered. This allows
for more relaxed interrupt service routine response
t i m e .  A  s e c o n d  b y t e  c a n  b e  i n p u t  t o  o r  o u t p u t  f r o m
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FUNCTIONAL DESCRIPTION (cont’d)
the port before the interrupt for the first byte is ser-
v i c e d .  Normally  t h e  I n t e r r u p t  P e n d i n a  (IP)  b i t  i s  s e t
and an interrupt is generated when data is shifted
i n t o  t h e  I n p u t  r e g i s t e r  ( i n p u t  p o r t )  o r  o u t  o f  t h e  O u t -
p u t  r e g i s t e r  ( o u t p u t  p o r t ) .  F o r  i n p u t  a n d  o u t p u t  p o r t s ,
t h e  IP  i s  a u t o m a t i c a l l y  c l e a r e d  w h e n  t h e  d a t a  i s  r e a d
o r  w r i t t e n .  I n  b i d i r e c t i o n a l  p o r t s ,  I P  i s  c l e a r e d  o n l y  b y
command. When the Interrupt on Two Bytes (ITB)
control bit is set to 1,  interrupts are generated only
w h e n  t w o  b y t e s  o f  d a t a  a r e  a v a i l a b l e  t o  b e  r e a d  o r
w r i t t e n .  T h i s  a l l o w s  a  m i n i m u m  o f  1 6  b i t s  o f  i n f o r m a -
t i o n  t o  b e  t r a n s f e r r e d  o n  e a c h  i n t e r r u p t .  W i t h  I T B  s e t ,
t h e  I P  i s  n o t  a u t o m a t i c a l l y  c l e a r e d  u n t i l  t h e  s e c o n d
b y t e  o f  d a t a  i s  r e a d  o r  w r i t t e n .

W h e n  t h e  S i n g l e  B u f f e r  ( S B )  b i t  i s  s e t  t o  1 ,  t h e  p o r t
acts as if it is only single-buffered. This is useful if
the handshake line must be stopped on a byte-by-
by te  bas i s .

P o r t s  A  a n d  B  c a n  b e  l i n k e d  t o  f o r m  a  16-bit  p o r t  b y
p r o g r a m m i n g  a  1  i n  t h e  P o r t  L i n k  C o n t r o l  ( P L C )  b i t .
I n  t h i s  m o d e ,  o n l y  P o r t  A ’ s  H a n d s h a k e  S p e c i f i c a t i o n
and Command and Status registers are used. Port
B  m u s t  b e  s p e c i f i e d  a s  a  b i t  p o r t .  W h e n  l i n k e d ,  o n -
l y  P o r t  A  h a s  p a t t e r n - m a t c h  c a p a b i l i t y .  P o r t  B ’ s  p a t -
t e r n - m a t c h  c a p a b i l i t y  m u s t  b e  d i s a b l e d .  A l s o ,  w h e n
the ports are linked. Port B’s Data register must be
read or written before Port As.

When a port is specified as a port with handshake,
t h e  t y p e  o f  port  i t  i s  ( i n p u t ,  o u t p u t ,  o r  b i d i r e c t i o n a l )
d e t e r m i n e s  t h e  d i r e c t i o n  o f  d a t a  f l o w .  T h e  d a t a  d i -
r e c t i o n  f o r  t h e  b i d i r e c t i o n a l  p o r t  i s  d e t e r m i n e d  b y  a
bit in Port C (table 1). In all cases, the contents of
the Data Direction register are ignored. The
c o n t e n t s  o f  t h e  S p e c i a l  I / O  C o n t r o l  r e g i s t e r  a p p l y  o n -
l y  t o  o u t p u t  b i t s  (3-state o r  o p e n - d r a i n ) .  I n p u t s  m a y
not have l’s catchers ; therefore, those bits in the
S p e c i a l  I / O  C o n t r o l  r e g i s t e r  a r e  i g n o r e d .  P o r t  C  l i n e s
used for handshake should be programmed as in-
puts. The handshake specification overrides Port
C ’ s  D a t a  D i r e c t i o n  r e g i s t e r  f o r  b i t s  t h a t  m u s t  b e  o u t -
p u t s .  T h e  c o n t e n t s  o f  P o r t  C ’ s  D a t a  P a t h  P o l a r i t y  r e -
g i s t e r  s t i l l  a p p l y .

Interlocked Handshake. In the Interlocked Hand-
s h a k e  m o d e ,  t h e  a c t i o n  o f  t h e  Cl0  m u s t  b e  a c k n o w -
l e d g e d  b y  t h e  e x t e r n a l  d e v i c e  b e f o r e  t h e  n e x t  a c t i o n
c a n  t a k e  p l a c e .  F i g u r e  7 s h o w s  t i m i n g  f o r  I n t e r l o c k e d
Handshake. An output port does not indicate that
n e w  d a t a  i s  a v a i l a b l e  u n t i l  t h e  e x t e r n a l  d e v i c e  i n d i -
c a t e s  i t  i s  r e a d y  f o r  t h e  d a t a .  S i m i l a r l y ,  a n  i n p u t  p o r t
d o e s  n o t  i n d i c a t e  t h a t  i t  i s  r e a d y  f o r  n e w  d a t a  u n t i l
the data source indicates that the previous byte of
the data is no longer available, thereby acknow-
l e d g i n g  t h e  i n p u t  p o r t s  a c c e p t a n c e  o f  t h e  l a s t  b y t e .
This allows the Cl0  to interface directly to the port

o f  a  Z8  m i c r o c o m p u t e r ,  a  U P C ,  a n  F I O ,  a n  F I F O ,  o r
t o  a n o t h e r  Cl0  p o r t  w i t h  n o  e x t e r n a l  l o g i c .
A 4-bit deskew  timer can be inserted in the Data
Available (DAV) output for output ports. As data is
transferred to the Buffer register, the deskew timer
is triggered. After the number of PCLK cycles spe-
cified by the deskew timer time constant plus one,
D A V  i s  a l l o w e d  t o  g o  L o w .  T h e  d e s k e w  t i m e r  t h e r e -
fore guarantees that the output data is valid  for a
s p e c i f i e d  m i n i m u m  a m o u n t  o f  t i m e  b e f o r e  DAVgoes
Low. Deskew timers are available for output ports
i n d e p e n d e n t  o f  t h e  t y p e  o f  h a n d s h a k e  e m p l o y e d .

Strobed Handshake. In the Strobed Handshake
m o d e ,  d a t a  i s  “ s t r o b e d ”  i n t o  o r  o u t  o f  t h e  p o r t  b y  t h e
e x t e r n a l  l o g i c .  T h e  f a l l i n g  e d g e  o f  t h e  A c k n o w l e d g e
Input (ACKIN) strobes data into or out of the port.
Figure 7 shows timing for the Strobed Handshake.
I n  c o n t r a s t  t o  t h e  I n t e r l o c k e d  h a n d s h a k e ,  t h e  s i g n a l
i n d i c a t i n g  t h e  p o r t  i s  r e a d y  f o r  a n o t h e r  d a t a  t r a n s f e r
o p e r a t e s  i n d e p e n d e n t l y  o f  t h e  A C K I N  i n p u t .  I t  i s  u p
t o  t h e  e x t e r n a l  l o g i c  t o  e n s u r e  t h a t  d a t a  o v e r f l o w s  o r
u n d e r f l o w s  d o  n o t  o c c u r .

3-Wire Handshake. The 3-Wire  Handshake is de-
signed for the situation in which one output port is
c o m m u n i c a t i n g w i t h  m a n y  i n p u t  ports simultaneous-
ly.  It is essentially the same as the Interlocked
Handshake, except that two signals are used to in-
dicate if an input port is ready for new data or if it
h a s  a c c e p t e d  t h e  p r e s e n t  d a t a .  I n  t h e  3 - W i r e  H a n d -
shake (figure 8) the rising edge of one status line
indicates that the port is ready for data, and the ri-
sing edge of another status line indicates that the
data has been accepted. With the 3-Wire Hands-
hake, the output lines of many input ports can be
b u s s e d  t o g e t h e r  w i t h  o p e n - d r a i n  d r i v e r s  ;  t h e  o u t p u t
p o r t  k n o w s  w h e n  a l l  t h e  p o r t s  h a v e  a c c e p t e d  t h e  d a -
ta and are ready. This is the same handshake as is
u s e d  o n  t h e  I E E E - 4 8 8  b u s .  B e c a u s e  t h i s  h a n d s h a k e
r e q u i r e s  t h r e e  l i n e s ,  o n l y  o n e  p o r t  ( e i t h e r  A  o r  B )  c a n
be a 3-Wire Handshake port at a time. The 3-Wire
Handshake is not available in the bidirectional
m o d e .  B e c a u s e  t h e  p o r t ’ s  d i r e c t i o n  c a n  b e  c h a n g e d
u n d e r  s o f t w a r e  c o n t r o l ,  h o w e v e r ,  b i d i r e c t i o n a l  IEEE-
488.type  transfers can be performed.

Pulsed Handshake. The Pulsed Handshake (fi-
g u r e  9 )  i s  d e s i g n e d  t o  i n t e r f a c e  t o  m e c h a n i c a l - t y p e
d e v i c e s  t h a t  r e q u i r e  d a t a  t o  b e  h e l d  f o r  l o n g  p e r i o d s
o f  t i m e  a n d  n e e d  r e l a t i v e l y  w i d e  p u l s e s  t o  g a t e  t h e
d a t a  i n t o  o r  o u t  o f  t h e  d e v i c e .  T h e  l o g i c  i s  t h e  s a m e
a s  t h e  I n t e r l o c k e d  H a n d s h a k e  m o d e ,  e x c e p t  t h a t  a n
i n t e r n a l  c o u n t e r / t i m e r  i s  l i n k e d  t o  t h e  h a n d s h a k e  l o -
g i c  I f  t h e  p o r t  i s  s p e c i f i e d  i n  t h e  i n p u t  m o d e ,  t h e  t i -
mer is inserted in the ACKIN path. The external
A C K I N  i n p u t  t r i g g e r s  t h e  t i m e r  a n d  i t s  o u t p u t  i s  u s e d
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as the Interlocked Handshake’s normal acknow-
l e d g e  i n p u t .  I f  t h e  p o r t  i s  a n  output p o r t ,  t h e  t i m e r  i s
p l a c e d  i n  t h e  D a t a  A v a i l a b l e  ( D A V )  o u t p u t  p a t h .  T h e
timer is triggered  when the normal Interlocked
H a n d s h a k e  DAV output g o e s  L o w  a n d  t h e  timer out-
p u t  i s  u s e d  a s  t h e  a c t u a l  D A V  o u t p u t .  T h e  counter/ti-
mer maintains all of its normal capabilities. This
h a n d s h a k e  i s  n o t  a v a i l a b l e  t o  b i d i r e c t i o n a l  p o r t s .
REQUEST/WAlT Line Operation.  Port C can be pro-
g r a m m e d  t o  p r o v i d e  a  s t a t u s  s i g n a l  o u t p u t  i n  a d d i -
tion to tht normal handshake lines for either Port A
or B when used as a port with handshake. The  ad-
d i t i o n a l  s i g n a l  i s  e i t h e r  a  R E Q U E S T  o r  W A I T  s i g n a l .
T h e  R E Q U E S T  s i g n a l  i n d i c a t e s  w h e n  a  p o r t  i s  r e a -
d y  t o  p e r f o r m  a  d a t a  t r a n s f e r  v i a  t h e  C P U  i n t e r f a c e .
It is intended  for use with a DMA-type device. The
WAIT signal provides synchronization for transfers
w i t h  a  C P U .  T h r e e  b i t s  i n  t h e  P o r t  H a n d s h a k e  Spe-
cification register  provide controls for the RE-
Q U E S T / W A I T  l o g i c .  B e c a u s e  t h e  e x t r a  P o r t  C  l i n e
i s  u s e d ,  o n l y  o n e  p o r t  c a n  b e  s p e c i f i e d  a s  a  p o r t  w i t h
a  h a n d s h a k e  a n d  a  R E Q U E S T / W A I T  l i n e .  T h e  o t h e r
p o r t  m u s t  b e  a  b i t  p o r t .
O p e r a t i o n  o f  t h e  R E Q U E S T  l i n e  i s  m o d i f i e d  b y  t h e
state of the port’s Interrupt on Two Bytes (ITB)
c o n t r o l  b i t .  W h e n  I T B  i s  0 ,  t h e  R E Q U E S T  l i n e  g o e s

Table 1 : Port C Bit Utilization.

active as soon as the Cl0  is ready for a data trans-
fer. If ITB is 1, REQUEST does not go active until
two bytes can be transferred. REQUEST stays ac-
t i v e  a s  l o n g  a s  a  b y t e  i s  a v a i l a b l e  t o  b e  r e a d  o r  w r i t -
t e n .

The SPECIAL REQUEST function is reserved for
u s e  w i t h  b i d i r e c t i o n a l  p o r t s  o n l y .  I n  t h i s  c a s e ,  t h e  R E -
QUEST line indicates the status of the register not
being used  in the data path at that time. If the
I N / O U T  l i n e  i s  H i g h ,  t h e  REQUEST line is  H i g h  w h e n
the Output register is empty. If IN/OUT is Low, the
R E Q U E S T  l i n e  i s  H i g h  w h e n  t h e  I n p u t  r e g i s t e r  i s  f u l l .

P a t t e r n - R e c o g n i t i o n  L o g i c  O p e r a t i o n .  B o t h  P o r t s  A
and B can be programmed to generate interrupts
when a specific pattern is recognized at the port.
T h e  p a t t e r n - r e c o g n i t i o n  l o g i c  i s  i n d e p e n d e n t  o f  t h e
p o r t  a p p l i c a t i o n ,  t h e r e b y  a l l o w i n g  t h e  p o r t  t o  r e c o -
gnize patterns in all of its configurations. The pat-
t e r n  c a n  b e  i n d e p e n d e n t l y  s p e c i f i e d  f o r  e a c h  b i t  a s
1,  0 ,  r i s i n g  e d g e ,  f a l l i n g  e d g e ,  o r  a n y  t r a n s i t i o n .  I n -
d i v i d u a l  b i t s  m a y  b e  m a s k e d  o f f .  A  p a t t e r n - m a t c h  i s
d e f i n e d  a s  t h e  s i m u l t a n e o u s  s a t i s f a c t i o n  o f  a l l  non-
masked bit specifications in the AND mode or the
s a t i s f a c t i o n  o f  a n y  n o n - m a s k e d  b i t  s p e c i f i c a t i o n s  i n
either of the OR or OR-Priority Encoded Vector
m o d e s .

l Both Potts A and B can be specified input or output with interlocked, Strobed, or Pulsed Handshake at the same time if neither uses
REQUEST/WAIT.



Figure 7 :  I n t e r l o c k e d  a n d  S t r o b e d  H a n d s h a k e s .

Figure 8  :  3 - w i r e  H a n d s h a k e .

Figure 9  :  P u l s e d  H a n d s h a k e . T h e  p a t t e r n  s p e c i f i e d  i n  t h e  P a t t e r n  D e f i n i t i o n  r e g i s -
t e r  a s s u m e s  t h a t  t h e  d a t a  p a t h  i s  p r o g r a m m e d  t o  b e
n o n i n v e r t i n g .  I f  a n  i n p u t  b i t  i n  t h e  d a t a  p a t h  i s  p r o -
g r a m m e d  t o  b e  i n v e r t i n g ,  t h e  p a t t e r n  d e t e c t e d  i s  t h e
opposite of the one specified. Output bits used in
t h e  p a t t e r n - m a t c h  l o g i c  a r e  i n t e r n a l l y  s a m p l e d  b e -
f o r e  t h e  invert/noninvert  l o g i c .

B i t  P o r t  P a t t e r n - R e c o g n i t i o n  O p e r a t i o n s .  D u r i n g  b i t
p o r t  o p e r a t i o n s ,  p a t t e r n - r e c o g n i t i o n  m a y  b e  p e r f o r -
med on all bits, including those used as I/O  for the
c o u n t e r / t i m e r s .  T h e  i n p u t  t o  t h e  p a t t e r n - r e c o g n i t i o n
logic follows the value at the pins (through the in-
vert/noninvert  l o g i c )  i n  a l l  c a s e s  e x c e p t f o r s i m p l e  i n -
p u t s  w i t h  l ’ s  c a t c h e r s .  I n  t h i s  c a s e ,  t h e  o u t p u t  o f  t h e
l’s catcher is used. When operating in the AND or
OR mode, it is the transition from a no-match to a
match state that causes the interrupt. In the “OR”
mode, if a second match occurs before the first
match goes away, it does not cause an interrupt.
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S i n c e  a  m a t c h  c o n d i t i o n  o n l y  l a s t s  a  s h o r t  t i m e  w h e n
e d g e s  a r e  s p e c i f i e d ,  c a r e  m u s t  b e  t a k e n  t o  a v o i d  l o -
s i n g  a  m a t c h  c o n d i t i o n .  B i t  p o r t s  s p e c i f i e d  i n  t h e  OR-
Priority Encoded Vector mode generate interrupts
a s  l o n g  a s  a n y  m a t c h  s t a t e  e x i s t s .  A  t r a n s i t i o n  f r o m
a  n o - m a t c h  t o  a  m a t c h  s t a t e  i s  n o t  r e q u i r e d .
T h e  p a t t e r n - r e c o g n i t i o n  l o g i c  o f  b i t  p o r t s  o p e r a t e s  i n
two basic modes : transparent and latched. When
the Latch on Pattern Match (LPM) bit is set to 0
(Transparent mode), the interrupt indicates that a
s p e c i f i e d  p a t t e r n  h a s  o c c u r r e d ,  b u t  a  r e a d  o f  t h e  D a -
t a  r e g i s t e r  d o e s  n o t  n e c e s s a r i l y  i n d i c a t e  t h e  s t a t e  o f
t h e  p o r t  a t  t h e  t i m e  t h e  i n t e r r u p t  w a s  g e n e r a t e d .  I n
t h e  L a t c h e d  m o d e  ( L P M  =  I ) ,  t h e  s t a t e  o f  a l l  t h e  p o r t
i n p u t s  a t  t h e  t i m e  t h e  i n t e r r u p t  w a s  g e n e r a t e d  i s  l a t -
c h e d  i n  t h e  i n p u t  r e g i s t e r  a n d  h e l d  u n t i l  I P  i s  c l e a -
r e d .  I n  a l l  c a s e s ,  t h e  P M F  i n d i c a t e s  t h e  s t a t e  o f  t h e
p o r t  a t  t h e  t i m e  i t  i s  r e a d .
If a match occurs while IP is already set, an error
c o n d i t i o n  e x i s t s .  I f  t h e  I n t e r r u p t  O n  E r r o r  b i t  ( I O E )  i s
0, the match is ignored. However, if IOE is 1 after
the first IP is cleared, it is automatically set to 1 along
with the Interrupt Error (ERR) flag. Matches occur-
ring while ERR is set are ignored. ERR is cleared
w h e n  t h e  c o r r e s p o n d i n g  I P  i s  c l e a r e d .
W h e n  a  p a t t e r n - m a t c h  i s  p r e s e n t  i n  t h e  O R - P r i o r i t y
E n c o d e d  V e c t o r  m o d e ,  IP  i s  s e t  t o  1 .  T h e  I P  c a n n o t
b e  c l e a r e d  u n t i l  a  m a t c h  i s  n o  l o n g e r  p r e s e n t .  I f  t h e
i n t e r r u p t  v e c t o r  i s  a l l o w e d  t o  i n c l u d e  s t a t u s ,  t h e  v e c -
t o r  r e t u r n e d  d u r i n g  I n t e r r u p t  A c k n o w l e d g e  i n d i c a t e s
t h e  h i g h e s t  p r i o r i t y  b i t  m a t c h i n g  i t s  s p e c i f i c a t i o n  a t
the time of the Acknowledge cycle. Bit 7 is the hi-
g h e s t  p r i o r i t y  a n d  b i t  0  i s  t h e  l o w e s t .  T h e  b i t  i n i t i a l l y
c a u s i n g  t h e  i n t e r r u p t  m a y  n o t  b e  t h e  o n e  i n d i c a t e d
b y  t h e  v e c t o r  i f  a  h i g h e r  p r i o r i t y  b i t  m a t c h e s  b e f o r e
t h e  A c k n o w l e d g e .  O n e  t h e  A c k n o w l e d g e  c y c l e  i s  i n i -
t i a t e d ,  t h e  v e c t o r  i s  f r o z e n  u n t i l  t h e  c o r r e s p o n d i n g  I P
i s  c l e a r e d .  W h e r e  i n p u t s  t h a t  c a u s e  i n t e r r u p t  i s  s e r -
v i c e d ,  t h e  l ’ s  c a t c h e r  c a n  b e  u s e d  t o  h o l d  t h e  v a l u e .
Because a no-match to match transition is not re-
quired, the source of the interrupt must be cleared
b e f o r e  I P  i s  c l e a r e d  o r  e l s e  a  s e c o n d  i n t e r r u p t  i s  g e -
nerated. No error detection is performed in this
mode, and the Interrupt On Error bit should be set
t o  0 .
Ports with Handshake Pattern-Recognition Ope-
rat ion.  I n  t h i s  m o d e ,  t h e  h a n d s h a k e  l o g i c  n o r m a l l y
controls the setting of IP and, therefore, the gene-
r a t i o n  o f  i n t e r r u p t  r e q u e s t s .  T h e  p a t t e r n - m a t c h  l o g i c
c o n t r o l s  t h e  P a t t e r n - M a t c h  F l a g  ( P M F ) .  T h e  d a t a  i s
c o m p a r e d  w i t h  t h e  m a t c h  p a t t e r n  w h e n  i t  i s  s h i f t e d

f r o m  t h e  B u f f e r  r e g i s t e r  ( i n p u t  p o r t )  o r  w h e n  i t  i s  s h i f -
ted from the Output register to the Buffer register
( o u t p u t  p o r t ) .  T h e  p a t t e r n  m a t c h  l o g i c  c a n  o v e r r i d e
t h e  h a n d s h a k e  l o g i c  i n  c e r t a i n  s i t u a t i o n s .  I f  t h e  p o r t
is programmed to interrupt when two bytes of data
a r e  a v a i l a b l e  t o  b e  r e a d  o r  w r i t t e n ,  b u t  t h e  f i r s t  b y t e
m a t c h e s  t h e  s p e c i f i e d  p a t t e r n ,  t h e  p a t t e r n - r e c o g n i -
t i o n  l o g i c  s e t s  I P  a n d  g e n e r a t e s  a n  i n t e r r u p t .  W h i l e
P M F  i s  s e t ,  I P  c a n n o t  b e  c l e a r e d  b y  r e a d i n g  o r  w r i -
t i n g  t h e  d a t a  r e g i s t e r s .  I P  m u s t  b e  c l e a r e d  b y  c o m -
m a n d .  T h e  i n p u t  r e g i s t e r  i s  n o t  e m p t i e d  w h i l e  I P  i s
set, nor is the output register filled until IP is cleared.

If the Interrupt on Match Only (IMO) bit is set, IP is
s e t  o n l y  w h e n  t h e  d a t a  m a t c h e s  t h e  p a t t e r n .  T h i s  i s
u s e f u l  i n  D M A - t y p e  a p p l i c a t i o n  w h e n  i n t e r r u p t s  a r e
r e q u i r e d  o n l y  a f t e r  a  b l o c k  o f  d a t a  i s  t r a n s f e r r e d .

Counter/Timer Operation. The three independent
16-bit  counter/timers consist of a presettable 16.bit
d o w n  c o u n t e r ,  a  16-bit  T i m e  C o n s t a n t  r e g i s t e r ,  a  16-
b i t  C u r r e n t  C o u n t e r  r e g i s t e r ,  a n  8-bit  M o d e  S p e c i f i -
c a t i o n  r e g i s t e r ,  a n  8-bit C o m m a n d  a n d  S t a t u s  r e g i s -
t e r ,  a n d  t h e  a s s o c i a t e d  c o n t r o l  l o g i c  t h a t  l i n k s  t h e s e
registers.

Table 2 : Counter/Timer  External Access.

~1

T h e  f l e x i b i l i t y  o f  t h e  c o u n t e r / t i m e r s  i s  e n h a n c e d  b y
the provision of up to four lines per counter/timer
(counter input, gate input, trigger input, and
c o u n t e r / t i m e r  o u t p u t )  f o r  d i r e c t  e x t e r n a l  c o n t r o l  a n d
status. Counter/Timer i’s external I/O lines are
p r o v i d e d  b y  t h e  f o u r  m o s t  s i g n i f i c a n t  b i t s  o f  P o r t  B .
Counter/Timer 2’s are provided by the four signifi-
cant bits of Port B. Counter/Timer 3’s external I/O
l i n e s  a r e  p r o v i d e d  b y  t h e  f o u r  b i t s  o f  P o r t  C .  T h e  u t i -
l i z a t i o n  o f  t h e s e  l i n e s  ( t a b l e  2 )  i s  p r o g r a m m a b l e  o n
a  b i t - b y - b i t  b a s i s  v i a  t h e  C o u n t e r / T i m e r  M o d e  S p e -
c i f i c a t i o n  r e g i s t e r s .

When external counter/timer I/O lines are to be
u s e d ,  t h e  a s s o c i a t e d  p o r t  l i n e s  m u s t  b e  v a c a n t  a n d
programmed in the proper data direction. Lines
u s e d  f o r  c o u n t e r / t i m e r  I / O  h a v e  t h e  s a m e  c h a r a c t e -
ristics as simple input lines. They can be specified
as inverting or noninverting ; they can be read and
u s e d  w i t h  t h e  p a t t e r n - r e c o g n i t i o n  l o g i c .  T h e y  c a n  a l -
s o  i n c l u d e  t h e  l ’ s  c a t c h e r  i n p u t .
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C o u n t e r / T i m e r s  1  a n d  2  c a n  b e  l i n k e d  i n t e r n a l l y  i n
three different ways. Counter/Timer l’s output (in-
verted) can be used as Counter/Timer  2’s trigger,
g a t e ,  o r  c o u n t e r  i n p u t .  W h e n  l i n k e d ,  t h e  c o u n t e r /  t i -
mers have the same capabilitiesas when used
s e p a r a t e l y .  T h e  o n l y  r e s t r i c t i o n  i s  t h a t  w h e n  C o u n -
ter/Timer 1 drives Counter/Timer 2’s count input,
Counter/Timer 2 must be programmed with its
e x t e r n a l  c o u n t  i n p u t  d i s a b l e d .

There are three duty cycles available for the ti-
mer/counter output : pulse, one-shot, and square-
wave. Figure 10 shows the counter/timer wave-
forms When the Pulse mode is specified, the out-
p u t  g o e s  H i g h  f o r  o n e  c l o c k  c y c l e ,  b e g i n n i n g  w h e n
t h e  d o w n - c o u n t e r  l e a v e s  t h e  c o u n t  o f  1 .  I n  t h e  One-
Shot mode, the output goes High when the
counter/timer is triggered and goes Low when the
down-counter reaches 0. When the square-wave
o u t p u t  d u t y  c y c l e  i s  s p e c i f i e d ,  thecounter/timer goes
t h r o u g h  t w o  f u l l  s e q u e n c e s  f o r  e a c h  c y c l e .  T h e  i n i -
tial trigger causes the down-counter to be loaded
a n d  t h e  n o r m a l  c o u n t - d o w n  s e q u e n c e  t o  b e g i n .  I f  a
1  c o u n t  i s  d e t e c t e d  o n  t h e  d o w n - c o u n t e r ’ s  c l o c k i n g
edge, the output goes High and the time constant
v a l u e  i s  r e l o a d e d .  O n  t h e  c l o c k i n g  e d g e ,  w h e n  b o t h
t h e  d o w n - c o u n t e r  a n d  t h e  o u t p u t  a r e  l ’ s ,  t h e  o u t p u t
i s  p u l l e d  b a c k  L o w .

Figure 10 : Counter/Timer  Waveforms.

T h e  C o n t i n u o u s / S i n g l e  C y c l e  (C/SC)  b i t  i n  t h e  M o d e
Specification register controls operation of the
down-counter when it reaches terminal count. If
C/SC is 0 when a terminal count is reached, the
c o u n t d o w n  s e q u e n c e  s t o p s .  I f  t h e  C/SC  b i t  i s  1  e a c h
t i m e  t h e  c o u n t - d o w n  c o u n t e r  r e a c h e s  1 ,  t h e  n e x t  c y -
c l e  c a u s e s  t h e  t i m e  c o n s t a n t  v a l u e  t o  b e  r e l o a d e d .
The time constant value may be changed by the
C P U ,  a n d  o n  r e l o a d ,  t h e  n e w  t i m e  c o n s t a n t  v a l u e  i s
l o a d e d .

Counter/timer operations require loading the time
c o n s t a n t  v a l u e  i n  t h e  T i m e  C o n s t a n t  r e g i s t e r  a n d  i n i -
tiating the countdown sequence by loading the
down-counter with the time constant value. The
Time Constant register is accessed as two 8-bit re-
g i s t e r s .  T h e  r e g i s t e r s  a r e  r e a d a b l e  a s  w e l l  a s  writa-
ble, and the access order is irrelevant. A 0 in the
T i m e  C o n s t a n t  r e g i s t e r  s p e c i f i e s  a  t i m e  c o n s t a n t  o f
6 5 . 5 3 6 .  T h e  d o w n - c o u n t e r  i s  l o a d e d  i n  o n e  o f  t h r e e
ways : by writing a 1 to the Trigger Command Bit
( T C B )  o f  t h e  C o m m a n d  a n d  S t a t u s  r e g i s t e r ,  o n  t h e
rising edge of the external trigger input, or, for Coun-
ter/Timer  2 only, on the rising edge of Counter/Ti-
m e r  l ’ s  i n t e r n a l  ou tpu t  i f  t h e  c o u n t e r s  a r e  l i n k e d  v i a
t h e  t r i g g e r  i n p u t .  T h e  T C B  i s  w r i t e - o n l y ,  a n d  r e a d  a l -
ways returns 0.

- - - - -
SQUARE  W A V E

O U T P U T
SECOND  HALF



Once the down-counter is loaded, the count-down
s e q u e n c e  c o n t i n u e s  t o w a r d  t e r m i n a l  c o u n t  a s  l o n g
as all the counter/timer’s hardware and software
g a t e  i n p u t s  a r e  H i g h .  I f  a n y  o f  t h e  g a t e  i n p u t s  g o e s
Low (0), the countdown halts. It resumes when all
g a t e  i n p u t s  a r e  1  a g a i n .

The reaction to triggers occurring during a count-
down sequence is determined by the state of the
R e t r i g g e r  E n a b l e  B i t  ( R E B )  i n  t h e  M o d e  S p e c i f i c a -
t i o n  r e g i s t e r .  I f  R E B  i s  0 ,  r e t r i g g e r s  a r e  i g n o r e d  a n d
t h e  c o u n t d o w n  c o n t i n u e s  n o r m a l l y .  I f  R E B  i s  1 ,  e a c h
t r i g g e r  c a u s e s  t h e  d o w n - c o u n t e r  t o  b e  r e l o a d e d  a n d
the count-down sequence starts over again. If the
output  is programmed in the Square-Wave mode,
r e t r i g g e r  c a u s e s  t h e  s e q u e n c e  t o  s t a r t  o v e r  f r o m  t h e
i n i t i a l  l o a d  o f  t h e  t i m e  c o n s t a n t .

T h e  r a t e  a t  w h i c h  t h e  d o w n - c o u n t e r  c o u n t s  i s  d e t e r -
m i n e d  b y  t h e  m o d e  o f  t h e  c o u n t e r / t i m e r .  I n  t h e  T i -
m e r  m o d e  ( t h e  E x t e r n a l  C o u n t  E n a b l e  [ E C E ]  b i t  i s
0 ) ,  t h e  d o w n - c o u n t e r  i s  c l o c k e d  i n t e r n a l l y  b y  a  s i g n a l
that is half the frequency of the PCLK input to the
chip. In the Counter mode (ECE is 1), the down-
counter is decremented on the rising edge of the
c o u n t e r / t i m e r ’ s  c o u n t e r  i n p u t .

E a c h  t i m e  t h e  c o u n t e r  r e a c h e s  t e r m i n a l  c o u n t ,  i t s  I n -
terrupt Pending (IP)  bit is set to 1,  and if interrupts
are enabled (IE = I), an interrupt is generated. If a
t e r m i n a l  c o u n t  o c c u r s  w h i l e  I P  i s  a l r e a d y  s e t ,  a n  i n -
t e r n a l  e r r o r  f l a g  i s  s e t .  A s  s o o n  a s  I P  i s  c l e a r e d ,  i t  i s
f o r c e d  t o  1  a l o n g  w i t h  t h e  I n t e r r u p t  E r r o r  ( E R R )  f l a g .
Errors that occur after the internal flag is set are
i g n o r e d .
T h e  s t a t e  o f  t h e  d o w n - c o u n t e r  c a n  b e  d e t e r m i n e d  i n
two ways : by reading the contents of the down-
c o u n t e r  v i a  t h e  C u r r e n t  C o u n t  r e g i s t e r  o r  b y  t e s t i n g
the Count In Progress (CIP) status bit in the Com-
mand and Status register. The CIP status bit is set
when the down-counter is loaded ; it is reset when
the down-counter reaches 0. The Current Count
register is a 1 B-bit register, accessible as two 8-bit
registers, which mirrors the contents of the
down-counter. This register can be read any-
time. However, reading the register is asynchro-
n o u s  t o  t h e  c o u n t e r s  c o u n t i n g ,  a n d  t h e  v a l u e  r e t u r -
n e d  i s  v a l i d  o n l y  i f  t h e  c o u n t e r  i s  s t o p p e d .  T h e  down-
c o u n t e r  c a n  b e  r e l i a b l y  r e a d  “ o n  t h e  f l y ”  b y  t h e  f i r s t
w r i t i n g  o f  a  1  t o  t h e  R e a d  C o u n t e r  C o n t r o l  ( R C C )  b i t
in the counter/timer’s Command and Status regis-
t e r .  T h i s  f r e e z e s  t h e  v a l u e  i n  t h e  C u r r e n t  C o u n t  r e -
g i s t e r  u n t i l  a  r e a d  o f  t h e  l e a s t  s i g n i f i c a n t  b y t e  i s  p e r -
f o r m e d .
Interrupt Logic Operation. The Cl0  has five po-
tential sources of interrupts : the three counter/ti-
mers and Ports A and B. The oriorities  of these
s o u r c e s  a r e  f i x e d  i n  t h e  f o l l o w i n g  o r d e r  :  Counter/Ti-

mer 3, Port A, Counter/Timer  2, Port B, and Coun-
t e r / T i m e r  1 .  S i n c e  t h e  c o u n t e r / t i m e r s  a l l  h a v e  e q u a l
c a p a b i l i t i e s  a n d  P o r t s  A  a n d  B  h a v e  e q u a l  c a p a b i l i -
ties, there is no adverse impact from the relative
p r i o r i t i e s .
T h e  Cl0  i n t e r r u p t  p r i o r i t y ,  r e l a t i v e  t o  o t h e r  c o m p o -
n e n t s  w i t h i n  t h e  s y s t e m ,  i s  d e t e r m i n e d  b y  a n  i n t e r -
r u p t  d a i s y  c h a i n .  T w o  p i n s ,  I n t e r r u p t  E n a b l e  I n  (IEI)
and Interrupt Enable Out (IEO), provide the input
a n d  o u t p u t  n e c e s s a r y  t o  i m p l e m e n t  t h e  d a i s y  c h a i n .
W h e n  IEI  i s  p u l l e d  L o w  b y  a  h i g h e r  p r i o r i t y  d e v i c e ,
t h e  Cl0  c a n n o t  r e q u e s t  a n  i n t e r r u p t  o f  t h e  C P U .  T h e
following discussion assumes that the IEI  line is
H i g h .

Each source of interrupt in the Cl0  contains three
b i t s  f o r  t h e  c o n t r o l  a n d  s t a t u s  o f  t h e  i n t e r r u p t  l o g i c  :
a n  I n t e r r u p t  P e n d i n g  (IP)  s t a t u s  b i t ,  a n  I n t e r r u p t  U n -
d e r  S e r v i c e  (IUS) s t a t u s  b i t ,  a n d  a n  I n t e r r u p t  E n a b l e
(IE) control bit. IP is set when an event requiring
C P U  i n t e r v e n t i o n  occurs. The  s e t t i n g  o f  I P  r e s u l t s  i n
forcing the Interrupt (INT) output Low, if the asso-
c i a t e d  I E  i s  1 .

The IUS  status bit is set as a result of the Interrupt
A c k n o w l e d g e  c y c l e  b y  t h e  C P U  a n d  i s  s e t  o n l y  i f  i t s
IP  is of highest priority at the time the Interrupt
A c k n o w l e d g e  c o m m e n c e s .  I t  c a n  a l s o  b e  s e t  d i r e c t -
l y  b y  t h e  C P U .  I t s  p r i m a r y  f u n c t i o n  i s  t o  c o n t r o l  t h e
interrupt daisy chain. When set, it disables lower
p r i o r i t y  s o u r c e s  i n  t h e  d a i s y  c h a i n ,  s o  t h a t  l o w e r  p r i o -
r i t y  i n t e r r u p t  s o u r c e s  d o  n o t  r e q u e s t  s e r v i c i n g  w h i l e
h i g h e r  p r i o r i t y  d e v i c e s  a r e  b e i n g  s e r v i c e d .

The IE bit provides the CPU with a means of ma-
s k i n g  o f f  i n d i v i d u a l  s o u r c e s  o f  i n t e r r u p t s .  W h e n  I E  i s
s e t  t o  1 ,  i n t e r r u p t  i s  g e n e r a t e d  n o r m a l l y .  W h e n  I E  i s
set to 0, the IP bit is set when an event occurs that
would normally require service ; however, the INT
o u t p u t  i s  n o t  f o r c e d  L o w .

The Master Interrupt Enable (MIE) bit allows all
sources of interrupts within the Cl0  to be disabled
w i t h o u t  h a v i n g  t o  i n d i v i d u a l l y  s e t  e a c h  I E  t o  0 .  I f  M I E
is set to 0, all IPs  are masked off and no interrupt
c a n  b e  r e q u e s t e d  o r  a c k n o w l e d g e d .  T h e  D i s a b l e  L o -
w e r  C h a i n  (DLC) b i t  i s  i n c l u d e d  t o  a l l o w  t h e  C P U  t o
m o d i f y  t h e  system  d a i s y  c h a i n .  W h e n  t h e  D L C  b i t  i s
set to 1, the ClO’s IEO is forced Low, independent
o f  t h e  s t a t e  o f  t h e  Cl0  o r  i t s  IEI  i n p u t ,  a n d  a l l  l o w e r
p r i o r i t y  d e v i c e ’ s  i n t e r r u p t s  a r e  d i s a b l e d .

A s  p a r t  o f  t h e  I n t e r r u p t  A c k n o w l e d g e  c y c l e ,  t h e  Cl0
i s  c a p a b l e  o f  r e s p o n d i n g  w i t h  a n  8-bit  i n t e r r u p t  v e c -
t o r  t h a t  s p e c i f i e s  t h e  s o u r c e  o f  t h e  i n t e r r u p t .  T h e  Cl0
c o n t a i n s  t h r e e  v e c t o r  r e g i s t e r s  :  o n e  f o r  P o r t  A ,  o n e
for Port B, and one shared by the three counter/ti-
mers.  The vector output is inhibited by setting the
N o  V e c t o r  ( N V )  c o n t r o l  b i t  t o  1.



T h e  v e c t o r  o u t p u t  c a n  b e  m o d i f i e d  t o  i n c l u d e  s t a t u s
i n f o r m a t i o n  t o  p i n p o i n t  m o r e  p r e c i s e l y  t h e  c a u s e  o f
i n t e r r u p t .  W h e t h e r  t h e  v e c t o r  i n c l u d e s  s t a t u s  o r  n o t
is controlled by a Vector Includes Status (VIS)
c o n t r o l  b i t .  E a c h  b a s e  v e c t o r  h a s  i t s  o w n  V I S  b i t  a n d
i s  c o n t r o l l e d  i n d e p e n d e n t l y .  W h e n  M I E  =  1 ,  r e a d i n g
the base vector register always includes status, in-
d e p e n d e n t  o f  t h e  s t a t e  o f  t h e  V I S  b i t .  I n  t h i s  w a y ,  a l l
t h e  i n f o r m a t i o n  o b t a i n e d  b y t h e v e c t o r ,  i n c l u d i n g  s t a -
t u s ,  c a n  b e  o b t a i n e d  w i t h  o n e  a d d i t i o n a l  i n s t r u c t i o n
w h e n  V I S  i s  s e t  t o  0 .  W h e n  M I E  =  0 ,  r e a d i n g  t h e  v e c -
tor register returns the unmodified base vector so
t h a t  i t  c a n  b e  v e r i f i e d .  A n o t h e r  r e g i s t e r ,  t h e  C u r r e n t
V e c t o r  r e g i s t e r ,  a l l o w s  u s e  o f  t h e  Cl0  i n  a  p o l l e d  e n -
vironment. When read, the data returned is the
s a m e  a s  t h e  i n t e r r u p t  v e c t o r  t h a t  w o u l d  b e  o u t p u t  i n
an acknowledge, based on the highest priority IP
s e t .  I f  n o  u n m a s k e d  IPs a r e  s e t ,  t h e  v a l u e  FFH  i s  r e -
t u r n e d .  T h e  C u r r e n t  V e c t o r  r e g i s t e r  i s  r e a d - o n l y .

PROGRAMMING
T h e  d a t a  r e g i s t e r s  w i t h i n  t h e  Cl0  a r e  d i r e c t l y  a c c e s -
sed by address lines AO and AI (table 3). All other
i n t e r n a l  r e g i s t e r s  a r e  a c c e s s e d  b y  t h e  f o l l o w i n g  two-
step sequence, with the address lines specifying a
c o n t r o l  o p e r a t i o n .  F i r s t ,  w r i t e  t h e  a d d r e s s  o f  t h e  t a r -
get register to an internal B-bit Pointer Register ;
then read from or write to the target register. The
D a t a  r e g i s t e r s  c a n  a l s o  b e  a c c e s s e d  b y  t h i s  m e t h o d .
An internal state machine determines if accesses
w i t h  A0 a n d  A I  e q u a l l i n g  1  a r e  t o  t h e  P o i n t e r  R e g i s -
t e r  o r  t o  a n  i n t e r n a l  c o n t r o l  r e g i s t e r  ( f i g u r e  1 1 ) .  F o l -
l o w i n g  a n y  c o n t r o l  r e a d  o p e r a t i o n ,  t h e  s t a t e  m a c h i n e
i s  i n  S t a t e  0  ( t h e  n e x t  c o n t r o l  a c c e s s  i s  t o  t h e  P o i n -
t e r  R e g i s t e r ) .  T h i s  c a n  b e  u s e d  t o  f o r c e  t h e  s t a t e  m a -
chine into a known state. Control reads in State 0
r e t u r n  t h e  c o n t e n t s  o f  t h e  f a s t  r e g i s t e r  p o i n t e d  t o .

Therefore, a register can be read continuously wi-
thout writing to the Pointer. While the Cl0  is in State
1  ( n e x t  c o n t r o l  a c c e s s  i s  t o  t h e  r e g i s t e r  p o i n t e d  t o ) ,
m a n y  i n t e r n a l  o p e r a t i o n s  a r e  s u s p e n s e d  - n o  IPs  a r e
s e t  a n d  i n t e r n a l  s t a t u s  i s  f r o z e n .  T h e r e f o r e ,  t o  m i n i -
m i z e  i n t e r r u p t  l a t e n c y  a n d  t o  a l l o w  c o n t i n u o u s  s t a -
t u s  u p d a t e s ,  t h e  Cl0  s h o u l d  n o t  b e  l e f t  i n  S t a t e  1 .
The Cl0  is reset by forcing RD and WR Low simul-
t a n e o u s l y  ( n o r m a l l y  a n  i l l e g a l  c o n d i t i o n )  o r  b y  writ-
t i n g  a  1  t o  t h e  R e s e t  b i t .  R e s e t  d i s a b l e s  a l l  f u n c t i o n s
except a read from or write to the Reset bit ; writes
to all other bits are ignored, and all reads return 01 H
I n  t h i s  s t a t e ,  a l l  c o n t r o l  b i t s  a r e  f o r c e d  t o  0  a n d  m a y
b e  p r o g r a m m e d  o n l y  a f t e r  c l e a r i n g  t h e  R e s e t  b i t  ( b y
writing a 0 to it).

Table  3  :  R e g i s t e r  S e l e c t i o n .

~

Figure  11  :  S t a t e  M a c h i n e  O p e r a t i o n .

Note:State changes occur only when AO=Al  =l.No other
accesses have effect.


