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ClO COUNTER/TIMER AND PARALLEL I/O UNIT

a TWO INDEPENDENT 8-BIT, DOUBLE-BUFFE-
RED, BIDIRECTIONAL I/0 PORTS PLUS A 4-
BIT SPECIAL-PURPOSE IO PORTS. I/O
PORTS FEATURE PROGRAMMABLE POLA-
RITY, PROGRAMMABLE DIRECTION (Bit
mode), "PULSE CATCHERS", AND PRO-
GRAMMABLE OPEN-DRAIN QUTPUTS

= FOUR HANDSHAKE MODES, INCLUDING 3-

WIRE (like the IEEE-488)

REQUEST/WAIT SIGNAL FOR HIGH-SPEED PDIP40 CDIP40

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

OUTPUT DUTY CYCLES (pulsed, one-shot, and PLCCA44

square-wave), PROGRAMMABLE AS RETRIG-

GERABLE OR NONRETRIGGERABLE (Ordering Information at the end of the datasheet)
s EASY TO USE SINCE ALL REGISTERS ARE

READ/WRITE

Figure 1 : Logic Functions.
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for status bits) writable. In addition, each register is rey
given its own unique internal address, so that any

register can be accessed in two operations. All T T ?
data registers can be directly accessed in a single PCLK +5V 6ND

operation. The CIO is easily interfaced to all popu-
lar microprocessors.
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Figure 2a : DIP, Pin Connections.

Figure 2b : Chip Carrier, Pin Connections.

[ 1 i 40 [0y
os[] 2 s [1o;
ps[] 3 38 [10
0, + a7 [Joo
o] s 38 [J€E
wia[] s 35 []4,
eno(] 7 34 [Jao
peo(] 8 23 []eae
ee e 3z []ra:
pe.[ ] 10 Z8536 3 Ipa;
cio
res[] 11 20 [Jras
re ] 12 28 []Pas
eBs} 13 28 [ ] Pas
pBs ] 18 a7 [ ras
re, (] 15 26 [Jrar
ecLx (] 18 25 [ ] INTACK
e} 24 [] WY
o] 18 23] +sv
ree[ 19 22 [Jrcy
rei] 20 21 []rc,

F R ot o 0% 0" 07 O OF P ¥

/6 5 4 3 2 1 44 43 42 41 40\
WR |7 39 | Ay
ne s 28 | A
GnND |3 a7 f Pag
e8y | 10 36 | Pa,
PB, |11 s | ra,
PB; |12 z“:fg‘ 34 | Pa,
PBa |13 33 | pa,
PB, |14 32 [ pas
PB; {15 31 | pa,
rag | 16 ao | Pa;
PBy 17 20 [ nc

\18 19 20 21 22 23 24 25 26 27 28 /
& CELELLIEFE

3

2

PIN DESCRIPTION

Ao-A1. Address Lines (input). These two lines are
used to select the registerinvolved inthe CPU trans-
action : Port A’s Data register, Port B’s Data regis-
ter, Port C’s Data register, or a control register.

CE. Chip Enable (input, active Low). A Low level on
this input enables the CIO to be read from or written
to.

Do-D7. Data Bus (bidirectional 3-state). These eight
data lines are used for transfers between the CPU
and the CIO.

IEL. Interrupt Enable In (input, active High). IEl is
used with IEQ to form an interrupt daisy chain when
there is more than one interrupt-driven device. A
High |El indicates that no other higher priority device
has an interrupt under service oris requesting an in-
terrupt.

IEQ. Interrupt Enable Out (output, active High). IEO
is High only if IEl is High and the CPU is not servi-
cing an interrupt from the requesting CIO or is not
requesting an interrupt (Interrupt Acknowledge cy-
cle only). IEQ is connected to the next lower priori-
ty device's |El input and thus inhibits interrupts from
lower priority devices.

INT. Interrupt Request (output, open-drain, active
Low). This signal is pulled Low when the CIO re-
quests an interrupt.

INTACK. Interrupt Acknowledge (input, active Low).
This input indicates to the CIO that an Interrupt

2/29
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Acknowledge cycle is in progress. iINTACK must be
synchronized to PCLK, and it must be stable throu-
ghout the Interrupt Acknowledge cycle.

PAg-PA7. Port A I/O lines (bidirectional, 3-state, or
open-drain). These eight I/O lines transfer informa-
tion between the ClO’s Port A and external devices.
PBo-PBy7. Port B I/0O lines (bidirectional, 3-state, or
open-drain). These eight I/O lines transfer informa-
tion between the CIO’s Port B and external devices.
May also be used to provide external access to
Counter/Timers 1 and 2.

PCo-PCs. Port C I/O lines (bidirecticnal, 3-state, or
open-drain). These four I/O lines are used to pro-
vide handshake, WAIT, and REQUEST lines for
Ports A angl B orto provide external access to Coun-
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
have to be the CPU clock.

RD*. Read (input, active Low). This signal indicates
that a CPU is reading from the CIO. During an in-
terrupt Acknowledge cycle, this signal gates the in-
terrupt vector onto the data bus if the CIO is the hi-
ghest priority device requesting an interrupt.

WR*. Write (input, active Low). This signal indicates
a CPU write to the CIO.
* When RD and WR are delected low at the same time (normally an
illegal condition), the CIO is reset.

MICROELECTROMICS
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ARCHITECTURE

The CIO Counter/Timer and Parallel I/O element (fi-
gure 3) consists of a CPU interface, three 1/O ports
(two general-purpose 8-bit ports and one special-
purpose 4-bit port), three 16-bit counter/timers, an
interrupt-control logic block, and the internal-control
logic block. An extensive number of programmable
options allow the user to tailor the configuration to
best suit the specific application.

The two general-purpose 8-bit /O ports (figure 4)
are identical, except that Port B can be specified to
provide external access to Counter/Timers 1 and 2.
Either port can be programmed to be a handshake-
driven, double-buffered port (input, output, or bidi-
rectional) or a control-type port with the direction of
each bit individually programmabie. Each port in-
cludes pattern-recognition logic, allowing interrupt
generation when a specific pattern is detected. The
pattern-recognition logic can be programmed so the
port functions like a priority-interrupt controller. Ports
A and B can also be linked to form a 16-bit I/O port.

To control these capabilities, both ports contain 12
registers. Three of these registers, the Input, Out-

Figure 3 : CIO Block Diagram.

put, and Buffer registers, comprise the data path re-
gisters. Two registers, the Mode Specification and
Handshake Specification registers, are used to de-
fine the mode of the port and to specify which hands-
hake, if any, is to be used. The reference pattern for
the pattern-recognition logic is defined via three re-
gisters : the Pattern Polarity, Pattern Transition, and
Pattern Mask registers. The detailed characteristics
of each bit path (for example, the direction of data
flow or whether a path is inverting or noninverting)
are programmed using the Data Path Polarity, Da-
ta Direction, and Special I/O Control registers.

The primary control and status bits are grouped in
a single register, the Command and Status register,
so that after the port is initially configured, only this
register must be accessed frequently. To facilitate
initialization, the port logic is designed so that regis-
ters associated with an unrequired capability are
ignored and do not have to be programmed.
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Figure 4 : Ports A and B Block Diagram.
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The function of the special-purpose 4-bit port, Port
C (figure 5), depends upon the roles of' Ports A and
B. Port C provides the required handshake lines.
Any bits of Port C not used as handshake lines can
be used as /O lines or to provide external access
for the third counter/timer.

Since Port C’s function is defined primarily by Ports
A and B, only three registers (besides the Data In-
put and QOutput registers) are needed. These regis-
ters specify the details of each bit path : the Data
Path Polarity, Data Direction, and Special I/O
Control registers.

The three counter/timers (figure 6) are all identical.
Each is comprised of a 16-bit down-counter, a 16-
bit Time Constant register (which hoids the value
loaded into the down-counter), a 16-bit Current
Count register (used to read the contents of the
down-counter), and two 8-bit registers for control
and status (the Mode Specification and the Com-
mand and Status registers).

4/29
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The capabilities of the counter/timer are numerous.
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-
ter/timer output. Three different counter/timer output
duty cycles are available : pulse, one-shot, or
square-wave. The operation of the counter/timer
can be programmed as either retriggerable or non-
retriggerable. With these and other options, most
counter/timer applications are covered.

There are five registers (Master Interrupt Controi re-
gister, three Interrupt Vector registers, and the Cur-
rent Vector register) associated with the interrupt
logic. In addition, the ports’ Command and Status
registers and the countertimers’ Command and
Status registers include bits associated with the in-
terrupt logic. Each of these registers contains three
bits for interrupt control and status : Interrupt Pen-
ding (IP), Interrupt Under Service (IUS), and Inter-
rupt Enable (IE).

MICROELECTROMICS
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Figure 5 : Port C Block Diagram.
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FUNCTIONAL DESCRIPTION

The following describes the functions of the ports,
pattern-recognition logic, counter/timers, and inter-
rupt logic.

1/0 Port Operations. Of the CIO’s three I/O ports,
two (Ports A and B) are general-purpose, and the
third (Port C) is a special-purpose 4-bit port. Ports A
and b can be configured as input, output, or bidirec-
tional ports with handshake. (Four different hand-
shakes are available). They can also be linked to
form a single 16-bit port. If they are not used as ports
with handshake, they provide 16 input or output bits
with the data direction programmable on a bit-by-bit
basis. Port B also provides access for Counter/Ti-
mers 1 and 2. In all configurations, Ports A and B
can be programmed to recognize specific data pat-
terns and to generate interrupts when the pattern is
encountered.

The four bits of Port C provide the handshake lines

for Ports_A and B when required. A RE-
QUEST/WAIT line can also be provided so that CIO
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
(individually data-direction programmabile) or exter-
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
cleared while the other bits remain undisturbed wi-
thout first reading the register.

Bit Port Operations. In bit port operations, the port's
Data Direction register specifies the direction of da-
ta flow for each bit. A 1 specifies an input bit, and 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
output, as required.

Ly $5S-THOMSON o/29
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Figure 6 : Counter/Timer Block Diagram.
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The Data Path Polarity register provides the capa-
bility of inverting the data path. A 1 specifies inver-
ting, and a 0 specifies noninverting. All discussions
of the port operations assume that the path is non-
inverting.

The value returned when reading an input bit re-
flects the state of the input just prior to the read. A
1’s catcher can be inserted into the input data path
by programming a 1 to the corresponding bit posi-
tion of the port's Special I/O Control register. When
a 1 is detected at the 1's catcher input, its output is
setto 1 until it is cleared. The 1’s catcher is cleared
by writing a 0 to the bit. In all other cases, attemp-
ted writes to input bits are ignored.

When Ports A and B include output bits, reading the
Data register returns the value being output. Reads
of Port C return the state of the pin. Outputs can be
specified as open-drain by writing a 1 to the corres-
ponding bit of the port’s Special I/O Control register.
Port C has the additional feature of bit-addressable

6/29
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writes. When writing to Port C, the four most signi-
ficant bits are used as a write protect mask for the
least significant bits (0-4, 1-5, 2-6, and 3-7). If the
write protect bit is written with a 1, the state of the
corresponding output bit is not changed.

Ports with Handshake Operation. Ports A and B can
be specified as 8-bit input, output, or bidirectional
ports with handshake. The CIO provides four diffe-
rent handshakes for its ports : Interlocked, Strobed,
Pulsed, and 3-Wire. When specified as a port with
handshake, the transfer of data into and out of the
port and interrupt generation is under control of the
handshake logic. Port C provides the handshake
lines as shown in table 1. Any Port C lines not used
for handshake can be used as simple /O lines or as
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
time. A second byte can be input to or output from

MICROELECTROWICS
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FUNCTIONAL DESCRIPTION (cont'd)

the port before the interrupt for the first byte is ser-
viced. Normally, the Interrupt Pending (IP) bit is set
and an interrupt is generated when data is shifted
into the Input register (input port) or out of the Out-
put register (output port). For input and output ports,
the IP is automatically cleared when the data is read
or written. In bidirectional ports, IP is cleared only by
command. When the Interrupt on Two Bytes (ITB)
control bit is set to 1, interrupts are generated only
when two bytes of data are availabie to be read or
written. This allows a minimum of 16 bits of informa-
tion to be transferred on each interrupt. With ITB set,
the IP is not automatically cleared until the second
byte of data is read or written.

When the Single Buffer (SB) bit is set to 1, the port
acts as if it is only single-buffered. This is useful if
the handshake line must be stopped on a byte-by-
byte basis.

Ports A and B can be linked to form a 16-bit port by
programming a 1 in the Port Link Control (PLC) bit.
In this mode, only Port A’s Handshake Specification
and Command and Status registers are used. Port
B must be specified as a bit port. When linked, on-
ly Port A has pattern-match capability. Port B’s pat-
tern-match capability must be disabled. Also, when
the ports are linked. Port B’'s Data register must be
read or written before Port A’s.

When a port is specified as a port with handshake,
the type of port it is (input, output, or bidirectional)
determines the direction of data flow. The data di-
rection for the bidirectional port is determined by a
bit in Port C (table 1). In all cases, the contents of
the Data Direction register are ignored. The
contents of the Special I/O Control register apply on-
ly to output bits (3-state or open-drain). Inputs may
not have 1's catchers ; therefore, those bits in the
Special I/O Control register are ignored. Port C lines
used for handshake should be programmed as in-
puts. The handshake specification overrides Port
C’s Data Direction register for bits that must be out-
puts. The contents of Port C’s Data Path Polarity re-
gister still apply.

Interlocked Handshake. In the Interlocked Hand-
shake mode, the action of the ClIO must be acknow-
ledged by the external device before the next action
cantake place. Figure 7 shows timing for Interlocked
Handshake. An output port does not indicate that
new data is available until the external device indi-
cates it is ready for the data. Similarly, an input port
does not indicate that it is ready for new data until
the data source indicates that the previous byte of
the data is no longer available, thereby acknow-
ledging the input port's acceptance of the last byte.
This allows the CIO to interface directly to the port

of a Z8 microcomputer, a UPC, an FIO, an FIFO, or
to another CIO port with no external logic.

A 4-bit deskew timer can be inserted in the Data
Available (DAV) output for output ports. As data is
transterred 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,
DAV is allowed to go Low. The deskew timer there-
fore guarantees that the output data is valid for a
specified minimum amount of time before DAV goes
Low. Deskew timers are available for output ports
independent of the type of handshake employed.

Strobed Handshake. In the Strobed Handshake
mode, data is "strobed" into or out of the port by the
external logic. The falling edge of the Acknowledge
Input (ACKIN) strobes data into or out of the port.
Figure 7 shows timing for the Strobed Handshake.
In contrast to the Interfocked handshake, the signal
indicating the port is ready for another data transfer
operates independently of the ACKIN input. Itis up
to the external logic to ensure that data overflows or
underflows do not occur.

3-Wire Handshake. The 3-Wire Handshake is de-
signed for the situation in which one output port is
communicating with many input 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
has accepted the present data. In the 3-Wire Hand-
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
bussed together with open-drain drivers ; the output
port knows when all the ports have accepted the da-
ta and are ready. This is the same handshake as is
used on the IEEE-488 bus. Because this handshake
reqguires three lines, only one port (either A or B) can
be a 3-Wire Handshake port at a time. The 3-Wire
Handshake is not available in the bidirectional
mode. Because the port's direction can be changed
under software control, however, bidirectional IEEE-
488-type transfers can be performed.

Pulsed Handshake. The Pulsed Handshake (fi-
gure 9) is designed to interface to mechanical-type
devices that require data to be held for long periods
of time and need relatively wide pulses to gate the
data into or out of the device. The logic is the same
as the Iinterlocked Handshake mode, except thatan
internal counter/timer is linked to the handshake lo-
gic. If the port is specified in the input mode, the ti-
mer _is inserted in the ACKIN path. The external
ACKIN input triggers the timer and its output is used

L37 SGS-THOMSON 7129
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FUNCTIONAL DESCRIPTION (cont'd)

as the Interlocked Handshake's normal acknow-
ledge input. If the port is an output port, the timer is
placed in the Data Available (DAV) output path. The
timer is triggered when the normal Interlocked
Handshake DAV output goes Low and the timer out-
putis used as the actual DAV output. The counter/ti-
mer maintains all of its normal capabilities. This
handshake is not available to bidirectional ports.

REQUEST/WAIT Line Operation. Port C can be pro-
grammed to provide a status signal output in addi-
tion to the normal handshake lines for either Port A
or B when used as a port with handshake. The ad-
ditional signai is either a REQUEST or WAIT signal.
The REQU._ST signal indicates when a port is rea-
dy to perform a data transfer via the CPU interface.
It is intended for use with a DMA-type device. The
WAIT signal provides synchronization for transfers
with a CPU. Three bits in the Port Handshake Spe-
cification_register provide controls for the RE-
QUEST/WAIT logic. Because the extra Port C line
is used, only one port can be specified as a port with
a handshake and a REQUEST/WAIT line. The other
port must be a bit port.

Operation of the REQUEST line is modified by the
state of the port's Interrupt on Two Bytes (ITB)
control bit. When ITB is 0, the REQUEST line goes

Table 1 : Port C Bit Utilization.

active as soon as the CIO 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-
tive as long as a byte is available to be read or writ-
ten.

The SPECIAL REQUEST function is reserved for
use with bidirectional ports only. In this case, the RE-
QUEST line indicates the status of the register not
being used in the data path at that time. If the
IN/OUT line is High, the REQUEST line is High when
the Output register is empty. If INJOUT is Low, the
REQUEST line is High when the Input register s full.

Pattern-Recognition Logic Operation. Both Ports A
and B can be programmed to generate interrupts
when a specific pattern is recognized at the port.
The pattern-recognition logic is independent of the
port application, thereby allowing the port to reco-
gnize patterns in all of its configurations. The pat-
tern can be independently specified for each bit as
1, 0, rising edge, falling edge, or any transition. In-
dividual bits may be masked off. A pattern-match is
defined as the simultaneous satisfaction of all non-
masked bit specifications in the AND mode or the
satisfaction of any non-masked bit specifications in
either of the OR or OR-Priority Encoded Vector
modes.

Port A/B Configuration PC3 PC2 PC, PCo
Ports A and B : Bits Ports Bit 1/O Bit 110 Bit 1’0 Bit 1/O

Port A : Input or Output Port RFD or DAV ACKIN REQUEST/WAIT | Bit IO
(interlocked, strobed, or pulsed or Bit I/O

handshake) *

Port B : Input or Output Port REQUEST/WAIT | Bit I/0O RFD or DAV ACKIN
(interlocked, strobed, or puised or Bit 1/O

handshake) *

Port A or B : Input Port RFD (output) DAV (input) REQUEST/WAIT | DAC (output)
(3-wire handshake) or Bit I/10

Port A or B : Output Port DAV (output) DAC (input) REQUEST/WAIT | RFD (input)
(3-wire handshake) or Bit VO

Port A or B : Bidirectional Port RFD or DAV ACKIN REQUEST/WAIT [ INJOUT
(interlocked or strobed handshake) or Bit 1/0

* Both Ports A and B can be specified input or output with interlocked, Strobed, or Pulsed Handshake at the same time if neither uses

REQUEST/WAIT.
8/29 L3 SGS-THOMSON
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Figure 7 : Interlocked and Strobed Handshakes.
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Figure 9 : Pulsed Handshake.
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The pattern specified in the Pattern Definition regis-
ter assumes that the data path is programmed to be
noninverting. If an input bit in the data path is pro-
grammed to be inverting, the pattern detected is the
opposite of the one specified. Output bits used in
the pattern-match logic are internally sampled be-
fore the invert/noninvert logic.

Bit Port Pattern-Recognition Operations. During bit
port operations, pattern-recognition may be perfor-
med on all bits, including those used as /O for the
counter/timers. The input to the pattern-recognition
logic follows the value at the pins (through the in-
vert/naninvert logic) in all cases except for simple in-
puts with 1’s catchers. In this case, the output of the
1’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.

9/29
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FUNCTIONAL DESCRIPTION (cont'd)
Since a match condition only lasts a short time when
edges are specified, care must be taken to avoid io-
sing a match condition. Bit ports specified in the OR-
Priority Encoded Vector mode generate interrupts
as long as any match state exists. A transition from
a no-match to a match state is not required.

The pattern-recognition logic of bit ports operates in
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
specified pattern has occurred, but a read of the Da-
ta register does not necessarily indicate the state of
the port at the time the interrupt was generated. In
the Latched mode (LPM = 1), the state of all the port
inputs at the time the interrupt was generated is lat-
ched in the input register and held until IP is clea-
red. In all cases, the PMF indicates the state of the
port at the time it is read.

If a match occurs while IP is already set, an error
condition exists. If the Interrupt On Error bit (IOE) is
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
when the corresponding IP is cleared.

When a pattern-match is present in the OR-Priority
Encoded Vector mode, IP is set to 1. The IP cannot
be cleared untit a match is no longer present. If the
interrupt vector is allowed to include status, the vec-
tor returned during Interrupt Acknowledge indicates
the highest priority bit matching its specification at
the time of the Acknowledge cycle. Bit 7 is the hi-
ghest priority and bit 0 is the lowest. The bit initially
causing the interrupt may not be the one indicated
by the vector if a higher priority bit matches before
the Acknowledge. One the Acknowledge cycle is ini-
tiated, the vector is frozen until the corresponding IP
is cleared. Where inputs that cause interrupt is ser-
viced, the 1’s catcher can be used to hold the value.
Because a no-match to match transition is not re-
quired, the source of the interrupt must be cleared
before IP is cleared or else a second interrupt is ge-
nerated. No error detection is performed in this
mode, and the Interrupt On Error bit should be set
to 0.

Ports with Handshake Pattern-Recognition Ope-
ration. In this mode, the handshake logic normally
controls the setting of IP and, therefore, the gene-
ration of interrupt requests. The pattern-match logic
controls the Pattern-Match Flag (PMF). The data is
compared with the match pattern when it is shifted

10729 L§7 SGs-THOMSON

from the Buffer register (input port) or when itis shif-
ted from the Qutput register to the Buffer register
(output port). The pattern match logic can override
the handshake logic in certain situations. If the port
is programmed to interrupt when two bytes of data
are available to be read or written, but the first byte
matches the specified pattern, the pattern-recogni-
tion logic sets IP and generates an interrupt. While
PMF is set, IP cannot be cleared by reading or wri-
ting the data registers. IP must be cleared by com-
mand. The input register is not emptied while IP is
set, nor is the output register filled until iP is cleared.

If the Interrupt on Match Only (IMO) bit is set, IP is
set only when the data matches the pattern. This is
useful in DMA-type application when interrupts are
required oniy after a block of data is transferred.

Counter/Timer Operation. The three independent
16-bit counter/timers consist of a presettable 16-bit
down counter, a 16-bit Time Constant register, a 16-
bit Current Counter register, an 8-bit Mode Specifi-
cation register, an 8-bit Command and Status regis-
ter, and the associated control logic that links these
registers.

Table 2 : Counter/Timer External Access.

Function C/Ty CiTs CiTs
Counter/Timer Output PB 4 PB O PC 0
Counter Input PB 5 PB 1 PC 1
Trigger Input PB 6 PB 2 PC 2
Gate Input PB 7 PB 3 PC 3

The flexibility of the counter/timers is enhanced by
the provision of up to four lines per counter/timer
(counter input, gate input, trigger input, and
counter/timer output) for direct external control and
status. Counter/Timer 1's external /O lines are
provided by the four most significant bits of Port B.
Counter/Timer 2's are provided by the four signifi-
cant bits of Port B. Counter/Timer 3's external /O
lines are provided by the four bits of Port C. The uti-
lization of these lines (table 2) is programmable on
a bit-by-bit basis via the Counter/Timer Mode Spe-
cification registers.

When external counter/timer /O lines are to be
used, the associated port lines must be vacant and
programmed in the proper data direction. Lines
used for counter/timer /O have the same characte-
ristics as simple input lines. They can be specified
as inverting or noninverting ; they can be read and
used with the pattern-recognition logic. They can al-
so include the 1’s catcher input.
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Counter/Timers 1 and 2 can be linked internally in
three different ways. Counter/Timer 1’s output {in-
verted) can be used as Counter/Timer 2's trigger,
gate, or counter input. When linked, the counter/ ti-
mers have the same capabilities as when used
separately. The only restriction is that when Coun-
ter/Timer 1 drives Counter/Timer 2’s count input,
Counter/Timer 2 must be programmed with its
external count input disabled.

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-
put goes High for one clock cycle, beginning when
the down-counter leaves the count of 1. In the 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
output duty cycle is specified, the counter/timer goes
through two full sequences for each cycle. The ini-
tial trigger causes the down-counter to be loaded
and the normal count-down sequence to begin. If a
1 count is detected on the down-counter’s clocking
edge, the output goes High and the time constant
value is reloaded. On the clocking edge, when both
the down-counter and the output are 1’s, the output
is pulled back Low.

Figure 10 : Counter/Timer Waveforms.

The Continuous/Single Cycle (C/SC) bitin the Mode
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
countdown sequence stops. If the C/SC bitis 1 each
time the count-down counter reaches 1, the next cy-
cle causes the time constant value to be reloaded.
The time constant value may be changed by the
CPU, and on reload, the new time constant value is
loaded.

Counter/timer operations require loading the time
constant value in the Time Constant register and ini-
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-
gisters. The registers are readable as well as writa-
ble, and the access order is irrelevant. A 0 in the
Time Constant register specifies a time constant of
65.536. The down-counter is loaded in one of three
ways : by writing a 1 to the Trigger Command Bit
(TCB) of the Command and Status register, on the
rising edge of the external trigger input, or, for Coun-
ter/Timer 2 only, on the rising edge of Counter/Ti-
mer 1's internal outpout if the counters are linked via
the trigger input. The TCB is write-only, and read al-
ways returns 0.
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Once the down-counter is loaded, the count-down
sequence continues toward terminal count as long
as all the counter/timer's hardware and software
gate inputs are High. If any of the gate inputs goes
Low (0), the countdown halts. it resumes when all
gate inputs are 1 again.

The reaction to triggers occurring during a count-
down sequence is determined by the state of the
Retrigger Enable Bit (REB) in the Mode Specifica-
tion register. If REB is O, retriggers are ignored and
the countdown continues normally. if REB is 1, each
trigger causes the down-counter to be reloaded and
the count-down sequence starts over again. If the
output is programmed in the Square-Wave mode,
retrigger causes the sequence to start over from the
initial load of the time constant.

The rate at which the down-counter counts is deter-
mined by the mode of the counter/timer. In the Ti-
mer mode (the External Count Enable [ECE] bit is
0), the down-counter is clocked internally by a signal
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
counter/timer’s counter input.

Each time the counter reaches terminal count, its In-
terrupt Pending (IP) bit is set to 1, and if interrupts
are enabled (IE = 1), an interrupt is generated. If a
terminal count occurs while IP is already set, an in-
ternal error flag is set. As soon as IP is cleared, it is
forced to 1 along with the Interrupt Error (ERR) flag.
Errors that occur after the internal flag is set are
ignored.

The state of the down-counter can be determined in
two ways : by reading the contents of the down-
counter via the Current Count register or by testing
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 16-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-
nous to the counter’'s counting, and the value retur-
ned is valid only if the counter is stopped. The down-
counter can be reliably read "on the fly" by the first
writing of a 1 to the Read Counter Control (RCC) bit
in the counter/timer's Command and Status regis-
ter. This freezes the value in the Current Count re-
gister until a read of the least significant byte is per-
formed.

Interrupt Logic Operation. The CIO has five po-
tential sources of interrupts : the three counter/ti-
mers and Ports A and B. The priorities of these
sources are fixed in the following order : Counter/Ti-
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mer 3, Port A, Counter/Timer 2, Port B, and Coun-
ter/Timer 1. Since the counter/timers all have equal
capabilities and Ports A and B have equal capabili-
ties, there is no adverse impact from the relative
priorities.

The CIO interrupt priority, relative to other compo-
nents within the system, is determined by an inter-
rupt daisy chain. Two pins, Interrupt Enable In (IEl)
and Interrupt Enable Out (IEO), provide the input
and output necessary to implement the daisy chain.
When IEl is pulted Low by a higher priority device,
the CIO cannot request an interrupt of the CPU. The
following discussion assumes that the IEl line is
High.

Each source of interrupt in the CIO contains three
bits for the control and status of the interrupt logic :
an Interrupt Pending (IP) status bit, an Interrupt Un-
der Service (IUS) status bit, and an Interrupt Enable
(IE) control bit. IP is set when an event requiring
CPU intervention occurs. The setting of IP results in
forcing the Interrupt (INT) output Low, if the asso-
ciated IE is 1.

The IUS status bit is set as a result of the Interrupt
Acknowledge cycle by the CPU and is set only if its
IP is of highest priority at the time the Interrupt
Acknowledge commences. It can also be set direct-
ly by the CPU. Its primary function is to control the
interrupt daisy chain. When set, it disables lower
priority sources in the daisy chain, so that lower prio-
rity interrupt sources do not request servicing while
higher priority devices are being serviced.

The IE bit provides the CPU with a means of ma-
sking off individual sources of interrupts. When IE is
set to 1, interrupt is generated normally. When IE is
set to O, the IP bit is set when an event occurs that
would normally require service ; however, the INT
output is not forced Low.

The Master Interrupt Enable (MIE) bit allows all
sources of interrupts within the CIO to be disabled
without having to individually set each |E to 0. If MIE
is set to 0, all IPs are masked off and no interrupt
can be requested or acknowledged. The Disable Lo-
wer Chain {DLC) bit is included to allow the CPU to
modify the system daisy chain. When the DLLC bit is
set to 1, the CIO’s IEO is forced Low, independent
of the state of the CIO or its IEl input, and all lower
priority device’s interrupts are disabled.

As part of the Interrupt Acknowledge cycle, the CIO
is capable of responding with an 8-bit interrupt vec-
tor that specifies the source of the interrupt. The CIO
contains three vector registers : one for Port A, one
for Port B, and one shared by the three counter/ti-
mers. The vector output is inhibited by setting the
No Vector (NV) control bit to 1.
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The vector output can be modified to include status
information to pinpoint more precisely the cause of
interrupt. Whether the vector includes status or not
is controlled by a Vector Includes Status (VIS)
control bit. Each base vector has its own VIS bit and
is controlled independently. When MIE = 1, reading
the base vector register always includes status, in-
dependent of the state of the VIS bit. In this way, all
the information obtained by the vector, including sta-
tus, can be obtained with one additional instruction
when VIS is setto 0. When MIE = 0, reading the vec-
tor register returns the unmodified base vector so
that it can be verified. Another register, the Current
Vector register, allows use of the ClO in a polled en-
vironment. When read, the data returned is the
same as the interrupt vector that would be output in
an acknowledge, based on the highest priority IP
set. If no unmasked IPs are set, the value FFn is re-
turned. The Current Vector register is read-only.

PROGRAMMING

The data registers within the CIO are directly acces-
sed by address lines Ag and A+ (table 3). All other
internal registers are accessed by the following two-
step sequence, with the address lines specifying a
control operation. First, write the address of the tar-
get register to an internal 6-bit Pointer Register ;
then read from or write to the target register. The
Data registers can also be accessed by this method.
An internal state machine determines if accesses
with Ao and A1 equalling 1 are to the Pointer Regis-
ter or to an internal control register (figure 11). Fol-
lowing any control read operation, the state machine
is in State 0 (the next control access is to the Poin-
ter Register). This can be used to force the state ma-
chine into a known state. Control reads in State 0
return the contents of the last register pointed to.

Therefore, a register can be read continuously wi-
thout writing to the Pointer. While the CIO is in State
1 (next control access is to the register pointed to),
many internal operations are suspensed - no IPs are
set and internal status is frozen. Therefore, to mini-
mize interrupt latency and to allow continuous sta-
tus updates, the CIO should not be left in State 1.
The CIO is reset by forcing RD and WR Low simul-
taneously (normally an illegal condition) or by writ-
ting a 1 to the Reset bit. Reset disables all functions
except a read from or write to the Reset bit ; writes
to alt other bits are ignored, and all reads return 01H.
In this state, all control bits are forced to 0 and may
be programmed only after clearing the Reset bit (by
writing a 0 to it).

Table 3 : Register Selection.

Ay Ag Register

0 0 Port C's Data Register

0 1 Port B's Data Register

1 [} Port A's Data Register
L1 1 Contro!l Registers

Figure 11 : State Machine Operation.

_  ADORWR

HARDWARE

{POINTER @
REGISTER)

OR
SOFYWARE
RESET

WR TO REG.0
|iTo =1

Note : State changes occur only when A0 = A1 = 1. No other
accesses have effect.
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REGISTERS

Figure 12 ; Master Control Registers.

Master Interrupt Control Register
Address: 000000
(Read/W rite)

MASTER INTERRUPT

nssr
ENABLE mﬂ
RIGHT JUSTIFIED ADDAESSES
DISABLE LOWER CHAIN (DLC) 0=SHIFT LEFT (Ag from ADy)
1=RIGHT JUSTIFY (As trom ADo)
NO YECTOR (NV)
COUNTER/TIMERS VECTOR
PORT A VECTOR INCLUDES INCLUDES STATUS (CT Wi5)
STATUS [PA VI5)

PORT & VECTOR INCLUDES
STATUS (PR Vi)

Master Configuration Control Register
Address: 000001
(Read/Write)

ISR |

2

COUNTERITIMER LINK
ROLS (LG}

ENABLE B (] conTl

(X1} .CO
OW"TE'W"E" 1 "6 0 COUNYEATIMERS INDEPENDENT
a 1 v 1‘-Wﬂlmcl72
1 0 orTe TRIGGERS /T 2
COUNTERTIMER 2 — 11 T ve SUTPUYIS CIT 2
IT INPUT
PORT c":'nn COUNTERS PORT A ENABLE (PAF)

'3 ENABLE
D CTIR) PORT LINK CONTROL (PLC)

0= PORTS A AND B OPERATE INDEPENDENTLY

1=PORTS A AND 8 ARE LINKED

Figure 13 : Port Specifications Registers.

Port Mode Specification Registers
Addresses: 100000 Port A
101000 Port B
(Read/Write)

CODRBOB0
vostreee —1 L

LATGH OM PATTERN MATCH (LPM}

SELECTS PTS) (847 woDE)
DESKEW TIMER ENABLE (DTE)
£151 Prse. (HANDSHAKE MODES}
L] 0 BIY PORT
o 1 INPUT PORT PATTERN MODE SPECIFIGATION
t 0 OUTPUT PORT T3 PMS)
11 BIDIRECTIONAL Pus1 PuSO
roar 0 O DIBABLE PATTERN MATCH
INTERRUPT ON TWO 0 1 -AND"MODE
wYTES (T8 1 0 -OR"MODE
1 1 “OR-PRIORITY ENCODED
VECTOR” MODE

SINGLE BUFFERED
Mape =5 INTERRUPT ON MATCH ONLY {IND)

Addresses:

INTERRUPT UNDER
BERVICE WS)

LL_

INTERRUPT ENABLE (6}

Port Handshake Specification Regi
Addresses: 100001 Port A
101001 Port B

{Read/Write)

D, B, Uy

HANDSHAKE TYPE SPECIFICATION j t DESKEW TIME SPECIFICATION
BITS (HTS) 8BS

HYS1 HTSO
0 O INTERLOCKED HANDSHAKE
0 1 STROBED HANDSHAKE
19 HANDBHAKE
11 THREE-WIRE HANDSHAKE

SPECIFIES THE M3D's OF
DESKEW YIMER TIME CONSTANT.
LS8 IS FORCED 1.

BITS
RWS)

aws? FUNCTION
REQUEST/WAIT DISABLED
umur WATT

S'EOIAL REQUEST
OQUYPUT REGUEST

RwE1 RWSO
L3
o
H
[
o
1 INPUT REQUEST

WSO
o
1
1
[}
1
1

Port Command and Status Registers

001000 Port A
001001 Port B

(Read/Partial Write)

[o. Jou 55 Jou [0y Joa [ Ty ]

L INTEARUPT ON ERROR (10E}
PATTERN MATCH FLAG (PMF)

i
[ {READ ONLY)
INTERAUPT PENDING (IP)
INPUT NEGIS"EI FULL (IRF)
1US, IE. AND IP ARE WRITTEN LSING READ
THE FOLLOWING CODE:
OUTPUT REGISTER EMPTY (ORE)
NutLcooe [ofo]e {READ ONLY)
cleanps s [ofa]s
seTiws (of1]o
ceeariws folaj1
sevwe [1]ole
crearip [1]o]1
seTie [1]1]®
cieamie [ 1f1]1
ERROR (EAR)
{READ ONLY)
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REGISTERS (cont'd)
Figure 14 : Bit Path Definition Registers.

Data Path Polarity Registers
Addresses: 100010 Port A
101010 Port B
000101 Port C (4 LSBs only)

Data Direction Registers
Addresses: 100011 Port A
101011 Port B
000110 Port C (4 LSBs only)

(Read/Write) (Read/Write)
6,70, {0, [0, 70, [, [0, oy | [©: 70470, [0, [, 0, 0, 70y ]

T DATA PATH POLARITY (DPP)

0=NON-INVERTING
1=INVERTING

[ DATA

0= 0UT!
1=INPUT BIT

(oD

Special 170 Control Registers
Addresses: 100100 Port A
101100 Port B
000111 Port C (4 LSBs cnly)
(Read/Write)

QDB
T SPECIAL INPUT/OUTPUT (SIO)

0 =NORMAL INPUT OR O
1=0UTPUT WITH OPEN DRAIN OR
INPUT WITH 1°c CATCHER

Figure 15 : Port Data Registers.

Port Data Registers
Addresses: 001101 Port A*
001110 Port B*
(Read/Write)

BODDDDE0

*These registers can be
addressed directly.

Port C Data Register
Address: 001111*
(Read/Write)
[: 0 0o, 0, [0, [0, [0, ]

I i

4 msBs

0=WRITING OF CORRESPONDING LS8 ENABLED

1=WRITING OF CORRESPONDING L3B INHIBITED
(READ RETURNS 1)

<77
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REGISTERS (cont'd)

Figure 16 : Pattern Definition Registers.

Pattern Polarity Registers (PP)
Addresses: 100101 Port A DDA EICIDS
101101 Port B
(Read/Write) l—

Pattern Transition Registers (PT)

Addresses: 100110 Port A [o:]oc o, [o.Tos o, [o, [or | PATTERN SPECIFICATION
101110 Port B ANY TRANSITION
ZEROQ

(Read/Write)

|

--oe;
“ano-oll
~o-oxx3

ONE TO ZERO TRANSITION ()
ZERQ-TO-ONE TRANSITION {9

Patitern Mask Registers (PM)

Addresses: 100111 Port A [o:]0e]os[paJoa[oa [0 e ]
101111 Port B
(Read/Write) ;
16/29
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Figure 17 : Counter/Timer Registers.

C

/Timer C.

INTERRUPT UNDER SERVICE nus;

INTERAUPT ENABLE ua

d and Status Registers

Addresses: 001010 Counter/Timer 1

001011 Counter/Timer 2
001100 Counter/Timer 3
{Read/Partial Write)

i

COUNT IN PROGRESS (CIP)
(READ ONLY)

TRIGAEA COMMAND BIT (TCB)
(WRITE ONLY - READ AETURNS 0

CONTIUOUS m
GLE CYGLE (C/5C)

EXTERNAL OUTPUT
ENABLE (E08)

EXTERNAL COUNT
ENASLE (ECE)

EXTERNAL TRIGOER
ENASLE (ETE)

Addresses:

PENDING (1) i aaTe 17 (Gcm
WS, |E, AND IP ARE WRITTEN USING READ m“.“l COIYIOL (ACC)
THE FOLLOWING CODE: (REA
NULL CODE o o o CLEARED IV READ'NG CCR L58)
CLEARIPA WS |00
SET WS LI RN L]
GLEAR IUS ol1}1
sere [0l
CLEAR 1P 1]o0}1
SETIE t]1}0
CLEAR IE 11q1
INTEARUPT ERROR (ERAR)
(READ ONLY

Counter/Timer Mode Specification Registers
Addresses: 011100 Counter/Timer 1

011101 Counter/Timer 2
011110 Counter/Timer 3

(Read/Write)
[Ie oo [m e 0]
OUTPUT DUTY CYCLE
SELECTS (OCS)
ocst pcse

© PULSE QUTPUT
0 1 ONESHOT OUTPUT

1 0 SQUAREWAVE OUTPUT
1 1 OO NOT SPECIFY

RETRIGGER ENABLE BIT (REB)

L

EXTEANAL GATE ENABLE (EGE)

Counter/Timer Current Count Registers

010000 Counter/Timer 1's MSB

010001 Counter/Timer 1's LSB

010010 Counter/Timer 2's MSB

010011 Counter/Timer 2's LSB

010100 Counter/Timer 3's MSB

010101 Counter/Timer 3's LSB
(Read Only)

[e:{me]ou o,

[0: [0y [0, o Jor [oa 05 70, [0 T55 0, 156 ]

MosT
BIGNIFICANT
»YTE

Addresses:

1

L

LEAST
SIGNIFICANT
BYTE

Counter/Timer Time Constant Registers

010110 Counter/Timer 1's MSB

010111 Counter/Ttmer 1's LSB

011000 Counter/Timer 2's MSB

011001 Counter/Timer 2's LSB

011010 Counter/Timer 3's MSB

011011 Counter/Timer 3's LSB
{Read/Write)

[0 Jo, o]

D,[0. [0, oy [0, [0u [0 [0, By [0, [0 or

worr ———|

SGNIFICANT
AYTE

I

LEAST
SIGNIFICANT
BYTE
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Figure 18 : Interrupt Vector Registers.

Interrupt Vector Register Current Vector Register

Addresses: 000010 Port A Address: 011111
000011 Port B (Read only)
000100 Counter/Timers

e D D,.D,i{D,{D, D,

{Read/Write)

O; Dy Ds D, Dy D,1D, Dy —: INTERRUPT YECTOR BASED

ON HIGHEST PRIORITY

UNMASKED iP.
INTERAUPT VECTOR IF NO INTERRUPT PENDING

ALL 1's OUTPUT.
PORT VECTOR STATUS
PRIORITY ENCODED VECTOR MODE:
D; 0 Dy

x x x NUMBER OF HIGHEST PRIORITY BIT
WITH A MATCH

ALL OTHER MODES:

D3 Dz Dy
ORE IRF PMF NORMAL
o 0 ERROR

COUNTER/TIMER STATUS

D; Dy

[ crs
ot cr2
10 cm

L | ERROR

REGISTER ADDRESS SUMMARY

Main Control Registers Port A Specification RHegisters

Address Register Name Address Register Name
000000 Master Interrupt Control 100000 Port A’s Mode Specification
000001 Master Configuration Control 100001 Port A’s Handshake Specification
000010 Port A’s Interrupt Vector 100010 Port A’s Data Path Polarity
000011 Port B's Interrupt Vector 100011 Port A’s Data Direction
000100 Counter/Timer’s Interrupt Vector 100100 Port A's Special 170 Control
000101 Port C’s Data Path Polarity 100101 Port A's Pattern Polarity
000110 Port C's Data Direction 100110 Port A’s Pattern Transition
000111 Port C's Special I/O Control 100111 Port A’s Pattern Mask

Most Often Accessed Ragisters Port B Specification Registers
Address Register Name Address Register Name
[t ol ey Port A’s Command and Status 101000 Port B's Mode Specification
001001 Port B's Command and Status 101001 Port B's Handshake Specification
001010 Counter/Timer 1's Command and Status 101010 Port B's Data Path Polarity
001011 Counter/Timer 2's Command and Status 101011 Port B's Data Direction
001100 Counter/Timer 3's Command and Status 101100 Port B's Special /O Control
001101 Port A’s Data (can be accessed directly) 101101 Port B's Pattern Polarity
001110 Port B's Data (can be accessed directly) 101110 Port B's Pattern Transition
001111 Port C’s Data (can be accessed directly) 1o Port B's Pattern Mask

G /Timer Related R
Address Register Namo
Q10000 Counter/Timer 1’s Current Count-MSBs
010001 Counter/Timer 1's Current Count-LSBs
010010 Counter/Timer 2's Current Count-MSBs
010011 Counter/Timer 2's Current Count-LSBs
010100 Counter/Timer 3's Current Count- MSBs
010101 Counter/Timer 3's Current Count-LSBs
Q10110 Counter/Timer 1's Time Constant-MSBs
010111 Counter/Timer 1's Time Constant-LSBs
011000 Counter/Timer 2's Time Constant-MSBs
01100) Counter/Timer 2's Time Constant-LSBs
011010 Counter/Timer 3's Time Constant-MSBs
011011 Counter/Timer 3's Time Constant-LSBs
011100 Counter/Timer 1's Mode Specification
011101 Counter/Timer 2's Mode Specification
011110 Counter/Timer 3's Mode Specification
01111} Current Vector
18729 (N7 SGS-THOMSON
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TIMING
Read cycle. At the beginning of a read cycle, the Figure 19 : Read Cycle Timing.
CPU places an address on the address bus. Bits Ag
and A1 specify a CIO register ; the remaining ad-
dress bits and status information are combined and
decoded to generate a Chip Enable (CE) signal that

selects the CIO. When Read (RD) goes Low, data Ao-Ay X ADORESS YAUD )<
from the specified register is gated onto the data
bus. = \ /

A1 specify a CIO register ; the remaining address
bis and status information are combined and deco-
ded to generate a Chip Enable (CE) signal that se-
lects the C1O. When WR goes Low, data placed on
the bus by the CPU is strobed into the specified CIO
register.

Interrupt acknowledge. The CIO pulls its Interrupt
Request (INT) line Low, requesting interrupt service
from the CPU, if an Interrupt Pending (IP) bit is set

Write cycle. At the beginning of a write cycle, the - —-—\__/——
CPU places an address on the data bus. Bits Ag and

Oo-D7 READ DATA

Figure 20 ; Write Cycle Timing.

and interrupts are enabled. The CPU responds with no-a1 X “ADDRESS VALID t
an Interrupt Acknowledge cycle. When Interrupt
Acknowledge (INTACK) goes true and the IP is set, & \ /

the CIO forces Interrupt Enable Out (IEQ) Low,

disabling all lower priority devices in the interrupt wh \ /

daisy chain. If the CIO is the highest priority device
requesting service (IElis High), it places its interrupt Bo-07
vector on the data bus and sets the Interrupt Under
Service (IUS) bit when Read (RD) goes Low.

Figure 21 : Interrupt Acknowledge Timing.

oo s —
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28536

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vi Voltages on all Pins with Respect to GND -03to+7 \
Ta Operating Ambient Temperature Oto+ 70 °C

— 4010 + 85
- 55to + 125
Tsig Storage Temperature — 651to + 150 °C

Stresses greater than those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only ;
operation of the device at any codition above those indicated in the operational sections of these specifications is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

STANDARD TEST CONDITIONS

The DC characteristics and capacitance sections
below apply for the following standard test con-
ditions, unless otherwise noted. All voltages
are referenced to GND. Positive current flows
into the referenced pin.

Standard conditions are as foliows :

s +4.75V < Ve €+ 5.25V

= GND =0V

s Ta as specified in Ordering information

Figure 22 : Standard Test Load.

The Ordering Information section lists temperature
ranges and product numbers. Package drawings
are in the Package Information section in this book.
Refer to the Literature List for additional documen-
tation.

All ac parameters assume a load capacitance of
50pf max.

Figure 23 : Open-drain Test Load.

+5V +5v
22%
FROM OUTPUT 22%
UMDER TEST
FROMN OVTPUT
s0p1 1’? UNOER TEST
| 1
DC CHARACTERISTICS
Symbol Parameter Test Conditions Min. Max. Unit
Vin input High Voltage 2 Vce + A
0.3
Vi Input Low Voltage - 03 0.8 \'
VoH Output High Voltage lon = — 250pA 2.4 "
VoL Output Low Voltage loL =+ 2mA 0.4 \
foL =+ 3.2mA 0.5 \
lie Input Leakage 04<VnN €+24V + 10 HA
loL QOutput Leakage 0.4 < Voyur € + 2.4V +10 HA
lcc Vce Supply Current B 200 mA

VCC = 5V + 5% unless otherwise specified, over specified temperature range.
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28536

CAPACITANCE

Symbol Parameter Test Conditions Min. Max. Unit
Cin Input Capacitance 10 pf
Cout | Output Capacitance 15 pf
Cuo Bidirectional Capacitance 20 pf

f = 1MHz, over specified temperature range.
Unmeasured pins retumed to ground.

CPU INTERFACE TIMING

A =

>

R N o - s N X
~—o— <D
@ ®—=
R 4—@—»
= \ 7
5 k / L\
—] '
@ — ®
21 | T

Pu-p1 DATA VALID

db
|

!

.
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INTERRUPT TIMING

"m“:‘u"f.". x | PATTERN MATCHES
BIT PORT
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INTERRUPT ACKNOWLEDGE TIMING
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Z8536

N° Symbol Parameter - 4 MHz 6 MHz Notes*t
Min. Max. Min. Max.

1 TcPC PCLK Cycle Time 250 4000 165 4000

2 TwPCh PCLK Width (high) 105 2000 70 2000

3 TwPClI PCLK Width (low) 105 2000 70 2000

4 TrPC PCLK Rise Time 20 10

5 TIPC PCLK Fall Time 20 15

6 TsIA(PC) INTACK to PCLK T Setup Time 100 100

7 ThIA(PC) INTACK to PCLK T Hold Time 0 0

8 TsIA(RD) INTACK to RD | Setup Time 200 200

9 ThIA(RD) INTACK to RD T Hold Time 0 0

10 | TsIA(WR) INTACK to WR | Setup Time 200 200

11 | ThIA(WR) INTACK to WR T Hold Time 0 0

12 TsA(RD) Address to RD | Setup Time 80 80

13 ThA(RD) Address to RD T Hold Time 0 0

14 TsA(WR) Address to WR | Setup Time 80 80

15 |  ThA(WR) Address to WR T Hold Time 0 0

16 | TSCEI(RD) | CE Low to RD | Setup Time 0 0 1

17 | TsCEh(RD) | CE High to RD { Setup Time 100 70 1

18 | ThCE(RD)} | CEto RD T Hold Time 0 0 1

19 | TsCEI(WR) | CE Low to WR | Setup Time 0 0

20 | TsCEh(WR | CE High to WR . Setup Time 10 70

21 | ThCE(WR) | CE to WR T Hold Time 0 0

22 TwWRDI RD Low Width 390 250 1

23 | TdRD(DRA) | RD ! to Read Data Active Delay 0 0

24 | TdRD{(DR) RD | To Read Data Valid Delay 255 180

25 | TdRDr(DR) | RD T to Read Data not Valid Delay 0 0

26 | TdRD(DRz) | RD 1 to Read Data Float Delay 70 45 2

27 TwWRI WR Low Width 390 250

28 | TsDW(WR) | Write Data to WR | Setup Time 0 0

29 | ThDW(WR) Write Data to WR T Hold Time 0 o]

30 Tre Valid Accesss Recovery Time 1000 * 650 3

31 | TAPM(INT) | Pattern Match to INT Delay (bit port) 2 + 800 2 6

32 | TAACK(INT) | ACKIN to INT Delay (port with handshake) 10 + 600 10 4,6

33 TdCI(INT) Counter Input to INT Delay (counter mode) 2 + 700

34 TdPC(INT) PCLK to INT Delay (timer mode) 3 + 700 3

35 | TsIA(RDA) | INTACK to RD WR (acknowledge) Setup Time| 350 250 5

36 TwRDA RD (acknowledge)Width 350 250

Notes : Parameter does not apply to Interrupt Acknowledge transactions

1.

2. Float delay is measured to the time when the output has changed 0.5V with minimum ac load and maximum dc load. 3.

3. Trcis the specified number or 3 TcPC, whichever is (onger.

4. The delay is from DAV for 3-Wire Input Handshake. The delay is from DAC 7 for 3-Wire Ouput Handshake.

5. The parameters for the devices in any particular daisy chain must meet the following constraint : The delay from INTACK to RD
must be greater than the sum of TdIA(IEO) for the highest priority peripheral, TSIEI(RDA) for the lowest priority peripheral, and
TdIEI(IEQ) for each peripheral separating them in the chain.

6. Units are equal to TcPC plus ns.

* Timing are prefiminary and subject to change. All timing references assume 2.0V for a logic "1" and 0.8V for a logic "0".

T Units in nanoseconds (ns), except as noted.
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28536

N° Symbol Parameter 4 MHz 6 MHz Notes™* 1
Min. Max. Min. Max

37 | TARDA(IEO) RD . (acknowledge) to Read Data Valid Delay 250 180

38 | TdIA(IEO) | INTACK { to IEO | Delay 350 250 5

39 | TdIEI(IEOQ) IEl to IEO Delay 150 100 5

40 | TsIEI(RDA) IEI to RD | (acknowledge) Setup Time 100 70 5

41 ThIEI(RDA) IElto RD T (acknowledge) Hold Time 100 70

42 | TdRDA(INT) | RD | (acknowledge) to INT T Delay 600 600 M

STROBED HANDSHAKE

INPUT

CUTPUT

DATA DATA VALID

le——(D)—w

ACKIN

N

’—@j\_};—

D TN
O

INTERLOCKED HANDSHAKE

INSUYT {

ouTPuUT {

DATA DATA VALID

A5

——=

e \

DATA DATA VALID

o

ACKIN

O
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3-WIRE HANDSHAKE
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28536

4 MHz 6 MHz
N° Symbol Parameter Notes*
Min. Max. Min. Max.
1 TsDI(ACK) | Data Input to ACKIN | Setup Time 0 0
2 ThDI{ACK) Data Input to ACKIN | Hold Time 500
Strobed Handshake
3 | TAACKf(RFD) | ACKIN { to RFD | Delay 0 0
4 TwACKI ACKIN Low Width-Strobed Handshake 250
5 TwACKh ACKIN High Width-Strobed Handshake 250
6 | TdRFDr(ACK) | RFD T to ACKIN ! Delay 0 0
7 | TsDO(DAV) | Data Outto DAV | Setup Time 25 20 1
8 | TdDAV(ACK) | DAV | to ACKIN | Delay 0 o]
9 ThDO(ACK) | Data Out to ACKIN | Hold Time 2 2 2
10 | TAACK(DAV) | ACKIN | to DAV T Delay 2 2 2
11 THDI(RFD) Data Input to RFD | Hold Time-Interlocked
Handshake
12 | TdRFDHACK) | RFD { to ACKIN T Delay Interlocked 0 0
Handshake
13 | TAACKr(RFD) | ACKIN T (DAV T) to RFD T 0 0
Delay-Interlocked and 3-Wire Handshake
14 | TADAVHACK) | DAV T to ACKIN T (RFD T)-Interlocked and 0 0
3-Wire Handshglge
15 | TdACK(DAV) | ACKIN T (RFD T) to DAV | 0 0
Delay-Interlocked and 3-Wire Handshake
16 |TdDAVIf(DAC)| DAV T to DAC T Delay-Input 3-Wire 0 0
Handshake
17 | ThDI (DAC) | Data Input to DAC T Hold Time-3-Wire 0 0
Handshake
18 | TDACOr(DAV) | DAC T to DAV T Delay-Input 3-Wire 0 0
Handshake
19 |TdDAVIr(DAC)| DAV T to DAC | Delay-Input 3-Wire 0 o]
Handshake
20 | TdDAVOf(DAC) | DAV T to DAC | Delay-Output 3-Wire 0 0
Handshake
21 | ThDO(DAC) | Data Quput to DAC T Hold Time-3-Wire 2 2 2
Handshake
22 |TdDACIr(DAV)| DAC T to DAV T Deiay-Output 3-Wire 2 2 2
Handshake
23 | TdDAVOr(DAC) | DAV T to DAC | Delay-Output 3-Wire 0 0
Handshake
Notes : 1. This time can be extended through the use of deskew timers.
2. Units equal to TcPC.
* Timing are preliminary and subject to change. All timing references assume 2.0V tor a logic "1" and 0.8V for a logic "0".
T Units in nanoseconds (ns), except as noted.
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COUNTER/TIMER TIMING

A ®
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e /N /_T&W/w—\‘
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T\ / "_M\
= _159:
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aue X X _

counTER
ouTewY
4 MMz 8 MH2
N* Symbol Parameter - Notes*t
: Min. Max. Min. Max.
1 TcCl Counter Input Cycle Time 500 330
2 TClh Counter Input High Width 230 150
3 TWCIY Counter Input Low Width 230 150
4 TfCl Counter Input Fall Time 20 15
5 TrCl Counter [nput Rise Time 20 18
6 IsT{PC) Trigger Input to PCLK . Setup Time 150 1
(timer mode)
7 TsTKCI) Trigger Input to Counter Input + Setup 150 1
Time (counter mode)
8 TwTl Trigger Input Pulse Width 200
(high or ‘ow)
9 TsGI(PC) Cate Input to PCLK « Setup Time 100 1
(imer mode)
10 TsGHCI) Gate Input to Counter input « Setup Time 100 1
icounter mode)
11 ThGI(PC) Gate Input to PCLK ¢ Hold Time 100 1
(tmer mode)
12 ThGKCI) Gate Input to Counter Input & Hold Time 100 1
{counter mode)
13 TdPC(CO) PCLK to Counter Output Delay (timer mode) 475
14 TdCHCO) Counter Input to Counter Output Delay 475
(counter mode) )
Notes : 1. These parameters must be met to guararitee tugger or gale are valid for the next countertimer cycle.
Timing are preliminary and subject to change. All bming references assume 2.0V for a logic “ 1" and 0.8V for a logic "0”
1 Units in nanoseconds {rs!
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REQUEST/WAIT TIMING
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——
e Y /
4 MHz 6 MHz
N© Symbol Parameter - - Notes*
Min. Max. Min. Max.
1 | TdRD(REQ) | RD ¢ to REQ { Delay 500
2 | TARD(WAIT) | RD ! to WAIT . Deiay 500
3 | TAWR(REQ) | WR . to REQ . Delay 500
4 | TAWR(WAIT) | WR | to WAIT { Delay 500
5 TdPC(REQ) PCLK . to REQ T Delay 300
6 | TAPC(WAIT) | PCLK . to WAIT 7 Delay 300
7 | TdACK(REQ) | ACKIN | to REQ T Delay 8 + 1000 1.2
8 | TJACK(WAIT)| ACKIN | to WAIT T Delay 10 + 600 1.2
Notes : 1. The delays is from DAV T for 3-wire input handshake. The delay is from DAC T for 3-wire output handshake.
2. Units equai to TcPC + ns.
+ Timing are preliminary and subject to change. Ali timing references assume 2.0V for a logic "1 and 0.8V for a logic "0".
1 Units in nanoseconds {ns), except as noted.
4 MHZ 6 MHZ
N° Symbol Parameter Notes* t
Min. Max. Min. Max.
TARD(WR) | Delay From RD T to WR { for No Rest 50 50
2 TdWR(RD) Delay From WR T to RD & for No Reset 50 50
3 TWRES Minimun Width of RD and WR both Low For| 250 250
Reset

Notes: * Timing are preiiminary and subject to change. All timing references assume 2.0V for a logic "1" and 0.8V for a logic "0".

1 Units in nanoseconds (ns).
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Z8536

MISCELLANEOUS PORT TIMING

ANY INPUT }
1's CATCHER /] \
v
f—O—]
PaTTERN X rarvems warcnes
S 4——[‘———@—————?
DATA TO B4
LATCMED TO A
PATTERN BATCH

4 MHz 6 MHz
N° Symbol Parameter Notes" t
Min. Max. Min. Max.
1 Trl Any Input Rise Time 100 100
2 TH Any Input Fali Time 100 100
3 Twi's 1's Catcher High Width 250 170 1
4 TwPM Pattern Match Input Valid (Bit Port) 750 500
5 TsPMD Data laiched on pattern match setup time 0 0
(bit port)
6 ThPMD Data latched on pattern match hold time 1000 65
(bit port)
Notes : 1. tf the inputis programmed inverting. e low-going pulse of the same wh: : will be detected.
= Timing are prelminary and subject to change. All timing references assume 2.0V for a logic "1” and 0.8V tor a logic 0"
1 Units in nanoseconds (ns).
ORDERING INFORMATION
Sales Type Frequency Temp. Range Package
Z8536B1V AMHz 0 to 70°C DIL40-PLA
Z28536AB1V EMHz Cto70°C DIL40-PLA
Z28536B6V 4MH, - 4010 85°C DIL40-PLA
Z8536AB6V 6MH2 - 40 to 85°C DIL40-PLA
28536C1V 4MHz 0 to 70°C PLCC44
Z8536AC1V 8MHz 0 to 70°C PLCC44
28536C6V 4MHz — 40 to 85°C PLCC44
Z8536AC6V 6MHz — 40 to 85°C PLCC44
Z8536D1N 4MHz 0 to 70°C DIL40-CER
Z8536ADIN 6MHz 0 to 70°C DIL40-CER
Z8536D6N 4MHz — 40 to 85°C DIL40-CER
Z8536AD6N 6MHZ - 40 10 85°C DIL40-CER
Z8536D2N 4MHZz — 5510 125¢C DIL40-CER
Z8536AD2N 6MHz - 5510 125°C DIL40-CER
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