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| Chapter 1
General Description

1.1 INTRODUCTION

The 28036 Z-CI0 and 28536 CI0 Counter/Timer and
Parallel 1/0 devices are general-purpose peri-
pheral circuits that satisfy most counter/timer
and parallel 1/0 needs encountered in system
design, and are therefore helpful in real-time
situastions and for interrupt control. " The 2803
2-CI0 is designed for systems using the Z-BUS or
any other multiplexed Address/Data bus. The 28536
CI0 is designed for CPUs using a nonmultiplexed
bus, like that of the Z80 CPU. The differences
between the two devices are found in the CPU
interface, pin-outs, and timing.

NaTE

All material in this manual referring to
"the CIO" applies to both the 78036 and
the 18536, unless specifically dee;‘ig-
nated by reference to either 28036 or
28536. All references to the Z.CIO
refer only to the Z28036.

1.2 FEATURES

The Z-CI0 and CIO devices satisfy a wide range of

applications because of their extensive list of.

features:

e Two independent B8-bit,. double-buffered, bidi-
rectional 1/0 ports, plus a 4-bit special-pur-
pose I/0 port. The I/0 ports feature program-
mable polarity, programmable direction (Bit
mode), 1's catchers, and programmable open-
drain outputs. '

e Four handshake modes, including 3-Wire (like
the IEEE-488).

e REQUEST/WAIT signal for high-speed data trans-
fer. :

s flexible pattern-recognition logic, program-

mable as a 16-vector interrupt controller.

e Three independent 16-bit counter/timers, each
with three output duty cycles (pulsed, one-
shot, and square-wave) and up to four external
access lines (count input, output, gate, and
trigger). The counter/timers are programmable
as retriggerable or non-retriggerable.

e All registers are read/write. In the Z8036;
the registers are directly addressable; in the
78536, the registers are accessed in two steps.

1.3 OVERVIEW

The CI0 (Figure 1-1) consists of a CPU interface,
three I/0 ports (two general-purpose B8-bit ports
and one spécial—purpose 4-bit port), three 16-bit
counter/timers, an interrupt control logic block,
and an internal control logic block. A large num-
ber of programmable options allow users to tailor
the configuration to suit specific spplications.

1.3.1 1/0 Ports

There are three I/0 ports: two general-purpose
8-bit ports (which are linkable into one 16-bit
port), and one special-purpose 4-bit port.

1.3.1.1 Ports A and B }

The two general-purpose 8-bit I/0 ports, Ports A
and B (Figure 1-2), are identical, except that
Port B8 can be progrémmed to provide external
access to Counter/Timers 1 and 2. FEither port can
be programmed to be either a handshake-driven, .
single- or double-buffered port (input, output, or
bidirectional), or a control port with the direc-
tion of each bit individually programmable.

1-1
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Both ports  include pattern-recognition logic,
which allows interrupt generation when a specific
pattern is detected. The pattern-recognition

logic can be programmed to make the port function
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Each port has 12 control and status registers,
which control these capabilities. The data path
of each port is composed of three internal regis-
ters: the Input Data register, the Output Data
register, and the Buffer register. The Input Data
register is accessed by writing the Port Data reg-
ister; similarly, the Output Data register is
accessed by reading the Port Data register. Two
registers, the Mode Specification register and the

f#+ sHandshake Specification register, are wused to

define the mode of the port and to specify which
type of handshake, if any, is to be used. The
reference pattern for the pattern-recognition
logic is specified by the contents of three regis-
ters: the Pattern Polarity register, Pattern
Transition register, and Pattern Mask register.
The detailed characteristics of each bit path (for
example, the direction of data flow or whether a
path is inverting or non-inverting) are programmed
using the Data Path Polarity register, Data Direc-
tion register, and Special I/0 Control register.

For each port, the primary control and status bits
are grouped in a single register, the Command and
Status register. After the port is configured,
this is the only register that needs to be
accessed frequently. To facilitate initializa-
tion, the port logic is designed so that registers
associated with an unrequired capability are
ignored and do not have to be programmed.

1.3.1.2 fort C

The function of the special-purpose 4-bit port,
Port C (Figure 1-3), depends upon the roles of
Ports A and B. Port C provides the handshake
lines when required by the other two ports. A
REQUEST/WATT line can also be provided by Port C
so that transfers by Ports A and B can be
synchronized with DMAs or CPUs. Any bits of Port
C not used as handshake lines can be used as I1/0
lines or as external access to Counter/Timer 3.

Since Port C's function is defined primarily by
Ports A and B (besides the internal Input Data and
Output Data registers, which are accessed as in
Ports A and B), only the three bit path registers
are needed: the Data Path Polarity register, the
Data Direction register, and the Special 1/0
Control register.

1.3.2 Counter/Timers

The three counter/timers.(Figure 1-4) are all
identical. Each is composed 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 8-bit reg-
isters for control and status (the Mode Specifica-
tion and the C/T Command and Status registers).

TO PORT TO PORT TO COUNTER!
A B

|

INTERNAL
BUS

OuTPUT
DATA
REGISTER

INPUT
DATA
REGISTER

HANDSHAKE
AND
REQUEST/WATT
LOGIC

DATA
MULTIPLEXER

INTERNAL PORT
CONTROL LINES

TIMER 3

INPUT
BUFFER/
INVERTERS :
AND
1s
CATCHER

ouTPUT
BUFFER/
INVERTERS

Figure 1-3. Port C Block Diagram
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INTERNAL
BUS

TIME
CONSTANT
REGISTER
(MSB’s)

TIME
CONSTANT
REGISTER
(LSB's)

16-8IT

DOWN
COUNTER

CURRENT
COUNT
REGISTER
(MSB’s)

CURRENT
COUNT
REGISTER
{LSB's)

COUNTER/

Figure 1-4. Counter/Timer Block Diagram

Up to four port pins (counter input, gate input,
trigger input, and counter/timer output) can be
used as dedicated external access lines for each
counter/timer. Three different counter/timer out-
put duty cycles are available: pulse, one-shot,
The operation of the counter/
timers can be programmed as either retriggerable
or non-retriggerable,

and square-wave.

1.3.3 Interrupt Control Logic

The 78036 and 28536 interrupt control logic pro-
vides the basis for standard Z-BUS and non-Z-BUS

interrupt handling capabilities. (See Z-BUS Com-
ponent Interconnect Summary, Zilog Data Book.)
There are five registers (the Master Interrupt
Control register; the Current Vector register, and
the three Interrupt Vector registers) associated
In addition, each Port
and Counter/Timer Command and Status register in-
cludes three bits associated with the interrupt
logic:  Interrupt Pending (IP), Interrupt Under
Service (IUS), and Interrupt Enable (IE).

with the interrupt logic.
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Chapter 2
Register Description

2.1 INTRODUCTION

This" chapter provides brief descriptions of the
command, status and data registers contained in
the CI0. Each description includes the register
address, the operation of the individual bits, and
the state of the register after a reset (hardware
or software).

For simplicity, the descriptions assume that the
data path polarity of each bit is programmed to be
non-inverting. Table 2-1 is a summary of the 48
CI0 registers arranged in functional and numerical

order. The binary internal addresses are the

6 bits written to an internal Pointer register as
the addresses Ag-As. The details of the address-
ing schemes are described in Section 2.2 for the
78036 and Section 2,3 for the Z8536.

For more complete discussions of the features and
modes of operation of the CIO specified by these
bits, refer to the appropriate chapters:

Chapter 3 Port Operation

Chapter 4 Counter/Timer Operat ion
Interrupt Operation

Chapter 5

Chapter 6 Initialization

Table 2-1. 78036/78536 Z-CI0/CIO Register Summary
Internal
Address Read/Write Register Name
(Binary)
As..Ag Main Control Registers
000000 R/W Master Interrupt Control
000001 R/W Master Configuration Control
000010 R/W Port A Interrupt Vector
000011 © "R/W Port B Interrupt Vector
000100 R/W Counter/Timer Interrupt Vector
- 000101 R/W Port C Data Path Polarity
000110 R/W Port C Data Direction
000111 R/W Port C Special 1/0 Control
Most Often Accessed Registers
001000 * Port A Command and Status
001001 * Port B Command and Status .
001010 - * Counter/Timer 1 Command and Status
001011 * Counter/Timer 2 Command and ‘Status
001100 * Counter/Timer 3 Command and Status
001101 R/W Port A Data** '
001110 R/W Port' B Data**
001111 R/W , Port C Data%*¥*
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Table 2-1. 78036/78536 Z-CIO/CIO Register Summar y--Cont inued

Internal
Address Read/Mrite Register Name
(Binary) )

Counter/Timer Related Registers
010000 R Counter/Timer 1 Current Count MS Byte
010001 R Counter/Timer 1 Current Count LS Byte
010010 R Counter/Timer 2 Current Count MS Byte
010011 R Counter/Timer 2 Current Count LS Byte
010100 R Counter/Timer 3 Current Count MS Byte
010101 R Counter/Timer 3 Current Count LS Byte
010110 R/W Counter/Timer 1 Time Constant MS Byte
01011 R/W Counter/Timer 1 Time Constant LS Byte
011000 R/W Counter/Timer 2 Time Constant MS Byte
611001 R/W Counter/Timer 2 Time Constant LS Byte
011010 R/W Counter/Timer 3 Time Constant MS Byte
011011 R/W Counter/Timer 3 Time Constant LS Byte
011100 R/W Counter/Timer 1 Mode Specification
011101 R/W Counter/Timer 2 Mode Specification
011110 R/W Counter/Timer 3 Mode Specification
011111 R Current Vector

Port A Specification Registers
100000 R/W Port A Mode Specification
100001 R/W Port A Handshake Specification
100010 R/W Port A Data Path Polarity
100011 R/W ' Port A Data Direction
100100 R/W Port A Special 1/0 Control
100101 R/W Port A Pattern Polarity
100110 R/W Port A Pattern Transition
100111 R/W Port A Pattern Mask

Port B Specification Registers
101000 R/W Port B Mode Specification
101001 R/W Port B Handshake Specification
101010 R/W Port B Data Path Polarity
101011 R/W Port B Data Direction
101100 R/W Port B Special I/0 Control
101101 R/W Port B Pattern Polarity _
101110 R/W Port B Pattern Transition
101111 R/W Port B Pattern Mask

All bits can be read and some bits can be written.
Also directly addressable in 28536 using pins Ag and A1,
(See Table 2-2 and Figures 8-1 and 8-2.)

2-2
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2.2 REGISTER ADORESSING FOR THE 78036 (Z-CIO)

Register addressing in the Z8036 is accomplished
through the use of an internal Pointer register.
The 78036 takes the contents of the multiplexed
Address/Data bus and gates a subset of them into
the internal Pointer register when AS is Low. The
internal Pointer register identifies which regis-
ter will be accessed during the subsequent part of
this cycle.

The 78036 provides two schemes for selecting the
desired six of the eight address bits. The scheme
to be used is determined by the Right Justify
Address (RJA) bit in the Master Interrupt Control
register. When RJA = 0, Address bus bits 0 and 7
are ignored, and bits 1 through 6 are decoded for
the register address (AD derives from ADg, Ag
derives from AD6). When RJA = 1, address bits O
through S are decoded for the register address (Ag
derives from ADO, Ag derives from ADS). In the
following register descriptions, only six bits are
shown for addressing--they represe.nt Address/Data
bus bits 5 through 0 or 6 through 1, depending on
the state of the RJA bit.

2.3 REGISTER ADDRESSING FOR THE 78536 (CIO)

The registers in the 28536 are accessed in a two-
step sequence with pins Ap and A = 1. In the
first step, a 6-bit address (the least-significant
6 bits of the Data bus) is written to an internal
Pointer register. In the second step, the regis-
ter identified by the Pointer register is read
from or written to.

The data regiéters for the 28536 Ports A, B, and C
can be accessed by this sequence. The data regis-
ters can also be directly addressed by use of
device pins Ag and Aq, as shown in Table 2-2.

Table 2-2. Port Deta Register Addressing

for the CIO
Data Address Line
Register Ay Ay
Port C 0 0
Port B 0 1
Port A 1 0
Control 1 1

The 18536 contains a state machine which deter-
mines if accesses with Ay and Aq = 1 (see

Table 2-2) are to the Pointer register or to an
irternal control register. (Refer to Figure 2-1
for the following discussion.) Reads in State 0
leave the state machine in State 0. MWrites to the
78536 in State 0 update the Pointer register and
put the state machine into State 1. Accesses in
State 1 are to the register addressed by the
Pointer register, and cause the state machine to
revert to State 0. State changes occur only when
pin Ag = pin Ay = 1. Direct sccesses of the data
registers have no effect on state machine
operat ion.

After any control read operation (prin,Ag = pin A4
= 1), the state machine is in State 0 (the next
control access is to the Pointer register). This
can be used to force the state machine into a
known state. Control reads in State 0 return the
contents of the 1last register pointed to.
Therefore, a register can be read cont inuously
without writing to the pointer. While the Z8536
is in State 1 (next control access is to the
register pointed to), many internal operations are
suspended, Interrupt Pending (IP) cannct be set,
and internal status is frozen. Therefore, to
minimize interrupt latency and to allow cont inuous
status updates, the 78536 should not be left in
State 1.

_.  RDORWR
RD (DATA)

WA
(POINTER
REGISTER)

__RDOR
WR (BITO = 1)

HARDWARE ; ’\ — } )‘
OR Reser }__WR STATE
SOFTWARE STATE [Emo-o \ ©
RESET
WR TO REG.0

@BITo=1)

Figure 2-1. 78536 State Machine Operation

2.4 MASTER CONTROL REGISTERS

The Master Control registers consist of the Master
Interrupt Control register and’ Master
Configuration Control register. These registers
provide primary cortrols for the interrupt logic,
port end counter/timer ensble bits, t  end
counter/timer link bits and the RESET bit.

2.4.1 Master Interrupt Contral Register

The Master Interrupt Control register cortains the
primary control bits for the interrupt cortrol
logic. When the device is reset all bits in all
device registers are forced to O except RESET,
which is set to 1. The RJA bit (D1) is only

2091-003
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applicable to the 28036 Z-CIO. All bits in the
Master Interrupt Control register are Read/Write.

Address: (000000
(Read/Write) -

[or {2 [oe [0 Jou0a [0, ou |
MASTER INTERRUPT —J L—nsszr
ENABLE (NS RIGHT JUSTIFIED ADDRESSES
DISABLE LOWER CHAIN (DLC)

0=SHIFT LEFT (i\ from AD,)
NO VECTOR (NV)

1= RIGHT JUSTIFY (Ag from Al
PORT A VECTOR INCLUDES

STATUS (PA VIS)

COUNTERITIMERS VECTOR
INCLUDES STATUS (CT VIS)

PORT B VECTOR INCLUDES
STATUS (PB VIS)

Figure 2-2. Master Interrupt Control Register.

Master Interrupt Enable--MIE (Dy). Clearing this
bit to 0 inhibits the device from requesting an
interrupt or responding to an Interrupt Acknow-
‘ledge. Its effect is the same as pulling the
Interrupt Enable In (IEI) input Low, except that
the daisy-chain is left intact. A 1 in this bit
allows the interrupt logic to operate normally.

The MIE bit also affects whether or not status is
included when reading interrupt vectors. If MIE =
0, interrupt vector reads do not include status.
If MIE = 1, vector reads always include status,
independent of the state of the corresponding Vec-
tor Includes Status (VIS) bit.

Disable Lower Chain--DLC (Dg). If DLC is set to
1, the Interrupt Enable Out (IED) outpu: of the
device is forced Low, disabling interrupts from
all lower-priority devices on the daisy-chain.
When OLC is 0, IEQ operates normally.

No Vector--NV (D5). When NV is set to 1, the
device is inhibited from outputting an interrupt
vector during an Interrupt Acknowledge cycle.
This allows the vector to be provided by external
hardware. It has no effect on the setting of the
Interrupt Under Service (IUS) bit. If NV is writ-
ten with 0, the interrupt vector is output as
usual.,

Port A Vector Includes Status--PA VIS (Dg). If
this bit is 0 when a Port A interrupt is acknow-
ledged, the interrupt vector that is output is the

ADg)
NOT USED IN 28538 (READ RETURNS 1)

Port A base vector is modified to include status,

which indicates the cause of the interrupt.
Vector modification is described in Sect ion
5.3.4. The state of this bit has no effect on the

value returned when the Port A Interrupt Vector
register is read. When reading the vector, the
MIE bit determines if status is included in the
vector, (that is, no status is® included if MIE =
0).

Port B Vector Includes Status—-PB VIS (D3). This
bit controls whether or not the Port B interrupt
vector includes status. It operates the same way

that the PA VIS bit controls the Port A interrupt
vector.

Couter/Timer Vector Includes Status--CT VIS
(D). This bit controls whether or not the base
interrupt vector shared by the three counter/
timers includes status. It operates the same way
that the other two VIS bits (PA VIS and PB VIS)

- operate.

Right Justified Address--RJA (D1). (Z80% only).
When this bit is 0, the register address is
shifted left one bit (see Section 2.2). Address
bit Ay is derived from Address/Data bus bit ADy.
When set to 1, the address is right justified,
(for example, Ag = ADg).

The 78536 does not use RJA--this bit is always set
to 1, which causes the address to always be right-
justified.

RESET--(Dy). Seiting the RESET bit to 1 by a
software write resets the device. The bit can

also be set by a hardware reset on the 2803% by -

forcing Address Strobe (AS) and Data Strobe (D3)
Low simultaneously; or on the: 78536 by forcing
Read (RD) and Write (WR) Low simultaneously.
While RESET is 1, reads of all other registers
will be 0 and writes to other registers are
ignored. This bit is cleared only by writing a 0
to the RESET bit (see Sections 6.2 and 6.3).

2.4.2 Master Configuration Control Register

The Master Configuration Control register contains
the control bits used to enable different sect ions
of the device after they are initially configured,
as well as the bits uwsed to link the ports
together and the timers together. All bits are

unmodified conternt of the Port A Interrupt Vector cleared to 0 by resetting the device. The regis-
register. If this bit is written with a 1, the ter is read/write.
2-4 2014-009
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. Address:

0000

(Read/Write)

(719 [0s Jou o [ea o1 [0 |

PORT B -—]
ENABLE (PBE)
COUNTER/TIMER 1

ENABLE (CT1E)

COUNTERITIMER 2
ENABLE (CT26)

_E COUNTER/TIMER LINK

CONTROLS (LC) A

Le1 LCo
0 0 COUNTER/TIMERS INDEPENDENT
0 1 C/T1s OUTPUT GATES CIT 2
1 0 CT 1's GUTPUT TRIGGERS C/T 2
1 C/T 18 BUTPUT IS Crt 28
COUNT INPUT

PORT C AND COUNTER! —
TIMER 3 ENABLE
(PCE AND CT3E)

Figure 2-3.

PORT A ENABLE (PAE)

PORT LINK CONTROL {PLC)
0=PORTS A AND B OPERATE INDEPENDENTLY
1=PORTS A AND B ARE LINKED

Master Configuration Control

Register

Port B Enasble--PBE (Dy). This bit, when set to 1,
allows Port B to operate normally. When cleared
to 0, it inhibits the Port B logic from issuing an
interrupt request (its IP cannot be set); hawever,
if IP was already set, clearing PBE does not clear
IP. While cleared to 0, PBE inhibits READY/WATIT
assertion, holds all 1's catchers in a transparent
condition, and forces the Port B I/0 lines into a
high-impedance state. The purpose of this bit is
to allow Port B to be configured initially without
setting its IP erroneously or having its 1/0 lines
go low-impedance until it is safe to do so.

Counter/Timer 1 Enable--CT1E (Dg). When cleared
to 0, Counter/Timer 1 is put into an initialized
state: its IP cannot be set (however, if IP was
already set, clearing CT1E does not clear IP), the
Count In Progress (CIP) flag is cleared, Read
Counter Control (RCC) is forced to 0, and all
trigger inputs’ are ignored. Setting CT1E to 1
allows the counter/timer to function normally.

Counter/Timer 2 Enable--CT2E (Ds5). The CTZE bit
performs the same function for Counter/Timer 2
that CT1E performs for Counter/Timer 1.

Port C and Counter/Timer 3 Enable--PCE and CT3E
(D4). This bit enables both Port C and Counter/
Timer 3. The function is the same as Dy (PBE) and
Dg (CTM1E) for Port B and Counter/Timer 1, respec-

tively. In addition, while this bit is cleared to
0, the handshake logic for Ports A and B is forced
into an idle state and the internal Acknowledge
Input (ACKIN) signal is forced High.
the start-up of handshake
precisely controlled.

This allows
operations to be

Port Link Comtrol--PLC (D3). When PLC is set to
1, Ports A and B are linked to form a 16-bit
port. In this mode, only the Port A Handshake
Specification and Command and Status registers are
used. Port B must be specified as a bit port and
its pattern match capability must be disabled.
Also, when linked, the Port B data register must
be read or written before the Port A data
A 0 in the PLC bit allaws the ports to
operate independently. If the ports sare to be
linked, this bit must be set before the ports are
enabled.

register.

Port A Ensble--PAE (Dy). The Port A Enable bit
performs the same function for Port A that the
Port B Enable bit (D7) performs for Port B.

Counter/Timer Link Controls-4C; & LCy (D4 &
Dﬂ)' These two bits specify if and how Counter/
Timers 1 and 2 are linked. The Counter/Timers
must be linked before they are ensbled. The vari-
ous configurations are shown in Table 2-3.

Teble 2-3. Counter/Timer Link Contrals

LCq LGy Configuration

0 0 Counter/Timers are independent

0 1 Counter/Timer 1's output (inverted) gates Counter/Timer 2

1 0 Counter/Timer 1's output (inverted) triggers Counter/Timer 2

1 1 Counter/Timer 1's output (inverted) is Counter/Timer 2's count input

(Counter/Timer 2's External Count Enable* bit must be cleared to 0)

* (See Section 2.9.1 for description of External Count Ensble bit.)

2014-09
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2.5 PORT SPECIFICATION REGISTERS

Each of these registers define the port operating
mode, specify the type of handshake (if one is
used), and contain the command and status bits
used to affect data transfers of its port. There

is a set of Port Specification registers for both
Port A and Port B.

2.5.1 Port Mode Specification Registers

Each Port Mode Specification register contains the
bits that define the operating mode of its port
and specify the operation of pattern match logic
of the port. A reset forces all bits to be
cleared to 0. All bits are read/write.

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

{or[oe [0, Jou Jos [o; [0 0o

PORT TYPE —] L LATCH ON PATTERN MATCH (LPW)
SELECTS (P19) (DBE“;:EOWD%ER ENABLE (DTE)
PTS1 PTSO (HANDSHAKE MODES)
0 ¢ BIT PORT
0 1 INPUT PORT PATTERN MODE SPECIFICATION
1t 0 OUTPUTPORT BITS (PMS)
1 1 BIDIRECTIONAL PMS1 PMSO
0 0 DISABLE PATTERN MATCH
INTERRUPT ON TWO [ 1 “AND"MODE
BYTES (ITB) 1 0 “OR” WMODE
1 1 “OR-PAIORITY ENCODED
SINGLE BUFFERED VECTOR™ MODE
MODE (SB), INTERRUPT ON MATCH ONLY (IMO)
Figure 2-4. Port Mode Specification Registers

Port Type Selects—-PTS; & PISy (Dy & Dg).  The
port type is specified by these two bits, as shawn
in Table 2-4, '

Table 2-4. Port Type Selects
PTSy PTSy Port Type
0 0 Bit port (no handshake)
0 1 Input port with one of four handshakes*
1 0 Output port with one of four handshakes*
1 1 Bidirectional port with one of two hand-

shakes**

* The four handshakes are:
Strobed, or 3-wire,
** The two handshakes are: Interlocked or Strobed.

Interlocked, Pulsed,

Interrupt on Two Bytes--ITB (Ds). For a port prg-
grammed with handshake, this bit indicates when an
interrupt should be requested. 1f ITB is set to 1,
IP is set when two bytes of data can be read or
written. For an input port, IF is set when both
the Input Data register and Buffer register are
full. For an output port, IP is set when both the
Output Data and Buffer register are empty. When
ITB is cleared to 0, IP is set whenever a single
byte of data is available to be moved (the Input
Data register is full or the Output Data register
is empty). This bit must always be cleared to O
for ports specified either as bit ports, single-
buffered ports (SB = 1), or bidirectional ports.

1TB also affects the operation of the Request
line. When ITB = 0, the Request line will go
active as soon the device is ready for a data
transfer. For input ports, the Request line will
go High when the Input Data register is full. If
ITB = 1, both the Buffer register and Input Data
register must be full for Request to go active.
For output ports with ITB = 0, the Request line
will go High when the Output Data register is emp-
ty. If ITB = 1, the Reguest line will go High
when both the Buffer register and Output Data reg-
isters are empty. In either case, the Request line
will stay active as long as a byte is available to
be read or written.

Single Buffer--SB (D,).
with handshake,

For a port programmed
this bit specifies if the port

should be single- or double-buffered. When SB is
cleared to 0, the port is double-buffered. When
B is set to 1 (ITB must be 0), the port is

single-buffered: an input byte is loaded into both
the Buffer and Input Data registers, or an output
byte is loaded into both the Output Data and
Buffer registers. This bit must always be cleared
to 0 for bit ports.

Interrupt on Match Only--IMD (D3)'. For ports with
handshake (when this bit is set to 1) an interrupt
will be generated only when the data moved into
the Input Data register or out of the Output Data
register matches the pattern specification. When
cleared to 0, the port operates nommally, The
purpose of this bit is to allow the generation of

CPU interrupts only on bytes which match the pat-_

tern specification. It is useful, for example,
when the data is being moved under Direct Memory
Access (DMA) control. IMO must be O if either SB
or ITB are set to 1 or if the port is a bit port.

2-6
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Pattern Mode Specification Bits--PMS, & L) (DZ
& Dq). These two bits define the mode of opera-
tion of the pattern match logic, as is shown in
Table 2-5.

Table 2-5. Pattern Mode Specification Bits

PNS;  PMSg  Pattern Mode
o] i} Disable Pattern Match
0 1 AND Mode
1 0 OR Mode
1 1

OR-Pridrity Encoded Vector mode

The OR-Priority Encoded Vector mode must not be
specified for ports configured as bit ports with
the Latch on Pattern Match (LPM) bit set to 1 or
for ports with handshake.

Latch On Pattern Match-—{PM, or Deskew Timer
Enable-DTE (Dg). The LPM/DIE bit is a dual-
function bit. The LPM function is active when the
port is specified in bit mode; the DTE function is
active when the port is specified as an output
port with handshake.

The LPM bit, when set to 1, causes the port to
latch the input data present at the port when a
pattern match is detected. If LPM is 0, pattern
matches are still detected, but the data read back
from the port follows the port pins,

The DFE bit, when set to 1, activates the deskew
timer to perform delay functions as set in the
Port Handshake Specification register. When

cleared to 0, no delay is activated (see Section
3.4.3.2).

LPM/DTE must be cleared to O for input ports with
handshske or for bit ports whose pattern match
logic is in the OR-Priority Encoded Vector mode.

2.5.2 Port Handshake Specification Registers

Each of the Port Handshake Specification regis-
ters contain the bits that specify the type of
handshake, the utilization of the REQUEST/WAIT
line, and the Deskew Timer Time Constant for ports
programmed with handshake. These bits are ignored
if the port is a bit port. A RESET forces all
bits to 0. All bits are read/write.

Addresses: 100001 Port A
101001 Port B
(Read/Write)

RDRRDRR]

HANDSHAKE TYPE SPECIFICATION j_ —E DESKEW TIME SPECIFICATION

BITS (HTS)
HTS1 HTS0 ’
0. 0 INTERLOCKED HANDSHAKE
0 1 STROBED HANDSHAKE
1 0 PULSED HANDSHAKE
11 3.WIRE HANDSHAKE

REQUEST/WAIT SPECIFICATION BITS

- (AWS)
RWS2 AWS1 RWSO0 *FUNCTION
REQUEST/WAIT DISABLED
OUTPUT WAIT
INPUT WAIT
SPECIAL REQUEST
OUTPUT REQUEST
INPUT REQUEST

“usoc00
“oco-co
[Py,

BITS (DTS)

SPECIFIES THE MSB’s OF
DESKEW TIMER TIME CONSTANT.
LS8 IS FORCED 1.

MIN DESKEW TIME
DTE* OTS3; DTS, DTS, (IN PCLK CYCLE)

o X X X 0
1 0 [] 0 2
1 0 ] 1 4
1 0 1 [ 6
1 ] 1 1 8
1 1 0 ] 10
1 .1 o .1 12
1 1 1 0 14
. 1 1 1 1 16

*IN MODE SPECIFICATION REGISTER (SECTION 2.5.1) -

Figure 2-5. Port Handshake Specificaf:inn
’ . Registers’
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Handshake Type Spacification Bits--HTS; & HIsy
®; & Dg). These two bits specify the handshake
type that a port with handshake will use, as is
shown in Table 2-6.

Table 2-6. Handshake Type Specification Bits

HTS;  HIs,

Handshake Type

Interlocked Handshake
Strobed Handshake
Pulsed Handshake

0
0
1
1 3-Wire Handshake

-0 ap

The Pulsed Handshake and the 3-Wire Handshake must’

not be specified for bidirect ional ports. Only
one port at a time can use the Pulsed Handshake
configuration. If one port uses the 3-Wire Hand-
shake, the other port must be a bit port.

REQUEST WATT Specificat ion Bita—
(D5-D3). These three bits specify the ut ilizat ion

of the REQUEST/WAIT line,
2-7.

a8 is shown in Table

Table 2-7. REQUEST/WAIT Specificat ion Bits

RWS; RSy Ry

Funct ion

REQUEST/WATT Disebled
Output WATT

Input WAIT

Special REQUEST
Output REQUEST

0
0
1}
1
1
1 Input REQUEST

- 00 ->00
= 20 a2 a0

1US, IE, AND [P ARE WRITTEN USING

If ‘& port uses the REQUEST/WATT capability, the
other port must be programmed as a bit port,
because three pins of Port C are required. (See
Table 3-1,)

Deskew Time Specificat ion Bits—DTS; Through DTS4
(Dz—Dn). These three bits are the most signifi-
cant bits of the Deskew Timer Time Constant . They
specify the minimum amount of deskew time to be
provided for output data. They define the minimum
number of Peripheral Clock (PCLK) cycles of delay,
0 to 16, between the output of a new byte of data
and the handshake logic indicating that new data
is available (DAV falling). This logic is part ic-
ularly useful in systems where large amounts of
skew can exist between the data and the handshake
signals or where the receiver of the data has a

large set-up time. requirement. The amount of des-
kew provided is shown in Figure 2-5,

NOTE

0 PCLK cycles deskew time is obtained
by not enabling the deskew timer (DTE =
0 in the Port Mode Specification regis-
ter).

/
2.5.3 Port Command and Status Registers

Each of these registers contain the primary com-
mand and status bits for its port. Other than the
data bits themselves, these are the bits most
often accessed in normal port operation. A reget
forces ORE to 1 and all other bits to 0. All bits
are readable and four are writeable,

Addresses; 001000 Port A
001001 Port B
(Read/Part ia]l Write)

[lEEEERR]
INTERRUPT UNDER —]
SERVICE (lUS) :
INTERRUPT ENABLE (15)

T —— PATTERN MATCH FLAG (PMF)
1o (READ ONLY)

l [— INTERRUPT ON ERROR {10g)

INTERRUPT PENDING (IP)

~— INPUT REGISTER FuLL (IRF}
(READ ONLY)

THE FOLLOWING CODE:

— OUTPUT REGISTER EMPTY (ORE)
(READ ONLY}

NULL CODE
CLEARIP & IUS
SET IUs
CLEAR lUs
SET IP

CLEAR 1P

SET IE

CLEAR tE

s |afajolole]|o

slalofolalx]a]o

E

wlolalelafol«To

INTERRUPT ERROR (ERR)
(READ ONLY)

Figure 2-6, Port Comsand and
Status Registers

Interrupt Under Service—IUS (D). This statys
bit’ is aut’omatically set to 1 if its corresponding
IP is the highest—priority interrupt request pend-
ing when an Interrupt Acknowledge sequence takes
place. It can also be get directly by CPU com- -
mand. While the IUS is set, the same and lower
priority sources of interrupt are prohibited from
request ing interrupts via the internal and exter-
nal daisy-chains, The IUS can be cleared to 0
only by CPU command. This bit is read/write. It
is changed by writing to the Command and Status
register of the port wing the code shown in
Figure 2-6. )
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Interrupt Enable--IE (Dg). This bit enables or
disables the port's interrupt logic. While IE is
cleared. to 0, the port is unsble to request an
interrupt or to respond to an Interrupt Acknowl-
edge. The normal operation of IP or IUS is not
affected--the IP is simply masked off from the
rest of the device. A 1 in IUS still affects the
interrupt daie;y-chai}\. If IE is progremmed't,o be
1, the interrupt logic operates normally. This
bit is read/write. It is changed by writing to

- the Command and Status register of the port using

the code shown in Figure 2-6.

Interrupt Pending--IP (Dg). IP is a status bit
which, when set to 1, indicates that the port
requires servicing due to a pattern match, a hand-
shake, or an error. It is set to 1 by the port
logic (or by the CPU command). If IE is also 1
and no higher-priority interrupts are under
service, then the INT line is pulled Low to
request an interrupt. It is cleared to 0O either
automatically or by a CPU command, depending on
port configuration. It is changed by writing to
the Port Command and Status register using the
code shown in Figure 2-6.

Interrupt Error--ERR (D,). This status bit is
automat ically set to 1 along with IP wher, for a
bit port with pattern. match enabled, a second
match occurs before a previous match is acknowl-
edged (IP is still set). If the port Interrupt On
Error (IOE) bit is O, errors are ignored and this
bit is held at 0, This bit can be cleared only by
clearing the corresponding IP. This bit is a
read-only bit; writes to it are ignored.

Output Data Register Empty--ORE (D3). ORE is a
status bit used in conjunction with ports, speci-
fied either as output or bidirectional ports, to
indicate whether or not the Output Data register
is full. It is set to 1 when a byte of data is
moved out of the Output Data register as part of
an output handshake. The bit can only be cleared
by writing to the data register.  As a bit port,
ORE is forced to 1 unless OR-PEV patfern match
mode is specified--in which case, ORE is forced to
0. This bit is a read-only bit; writes to it are
ignored. RESET empbties the Output Data register,
so after a RESET the ORE is set.

Input Data Register Full--IRF (D). IRF is a
status bit used in conjunction with ports, speci-

fied either as input or bidirectional ports, to .

indicate whether or not the Input Data register is
full. It is automatically set to 1 when a new
byte of data is available to be read as the result
of an input handshake. The bit can only be
cleared by reading the port data register, thus

cleared by reading the port data register, thus
"emptying" the Input Data register and forcing the
bit to 0. If the port is an output port or & bit
port, this bit is always forced to O. IRF is a
read-only bit; writes to it are ignored.

Pattern Match Flag--PW (Dy). The PMF is a status
bit set to 1 when a pattern match is detected. If
the port is a bit port, PMF is not latched. It
reflects the state of the pattern match logic just
before it is read. Ffor the Z8036, it is updated
each A5, For the 78536, it is updated every sec-
ond PCLK cycle while the CIO is in State 0 (See
Section 2.3). For ports with handshake, the state
of the PMF is updated each time a byte of data is
moved into the Input Data register or out of the
Output Data register. If the port pattern match
logic is not enabled (PMSq = PMSp. = 0), the P is

forced to 0. This is a read-only bit. Writes to
it are ignored.
Interrupt on Error—I0E (Dg). While IODE is

cleared to 0, error conditions in bit ports using
pattern-recognition logic (a second match before a
previous match is acknowledged) are ignored. How-
ever, if I0E is 1, such errors will cause IP to be
set and will halt normal operation of the port un-
til the error condition is dealt with. This bit
has no meaning for ports with handshake and must
be cleared to O.

2.6 BIT PATH DEF INITION REGISTERS

The Bit Path Definition registers are used to
specify the details of each bit path of each
port. They define:

e vhether a bit path is inverting or non-invert-
ing .

e if an output is normal or open-drain

e if a bit port input has a 1's catcher inserted
in its path )

s which direction the data is flowing for each
bit of a bit port ‘

Each port has a set of these registers. The four
most-significant bits of each register do not

exist in the registers associated with Port C.

(writes are ignored, reads return 18).

2.6.1 Dsta Path Polarity Registers

The Data Path Polarity registers each define
whether the bits in its port are inverting or non-
inverting on a bit-by-bit basis.
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Addresses: 100010 Port A
101010 Port 8
000101 Port C - ’
(4 LSBs only)
(Read/Write)

{0r [0 [0s 0. Jos 0, [0, o]

[

DATA PATH POLARITY (DPP)
0=NON-INVERTING
1=INVERTING

Figure 2-7. Data Path Polarity Registers

A 0 in a particular bit position of this register
specifies the corresponding bit path of the port
as non-inverting (that is, a High level at the
port pin is 1). If a bit in this register is
written with 1, the data path is programmed
inverting (that is, a Low level at the pin is 1).
A reset clears all bits to 0 (the port is non-
inverting). The bits are read/write.

2.6.2 Data Direction Registers

Each of the Data Direction registers define the
direction of data flow for the individual bits of
its port if configured as a bit port. The state
of this register is ignored for ports with hand-
shake. -

Addresses: 100011 Port A
101011 Port B
000110 Port C
(4 LSBs only)
(Read/Write)

[or[o0 fos Jou Jos oo, Jou}
l—— DATA DIRECTION (OD)

0="0UTPUT BIT
1=INPUT BIT

Figure 2-8. Data Direction Registers

A 0 in a bit position of this register specifies
the corresponding bit of the port as an output
bit, while a 1’ specifies it as an input. The
value programmed in this register for Ports A and
B is overridden if the port is one with handshake.

An input bit specification is overridden for bits
in Port C used as outputs for handshake signals or
a REQUEST/WAIT line. Bits used as handshake
inputs must be specified as inputs.

A reset forces all bits in these registers to 0.
All bits are read/write.

2.6.3 Special 1/0 Control Registers

Each of the Special I/0 Control registers is a
dual-function register which specifies special
characteristics abouwt its port's data path.  Its
exact function depends on the direction of data
flow defined for the path.

Addresses: 100100 Port A
101100 Port B
000111 Port C
(4 LSBs only)
(ReadMrite)

[o:ToeJos Tou[o o B0 o]

; SPECIAL INPUT/OUTPUT (SI0)

0=NORMAL INPUT OR OUTPUT /
1=0UTPUT WITH OPEN DRAIN OR
INPUT WITH 1's CATCHER

Figure 2-9., Special 1/0 Control Registers

If a bit is an input bit, a 1 in this register's
corresponding bit position invokes a 1's catcher.
A 1's catcher functions by automatically latching
a 1 if its input goes to 1. It is cleared only by
writing a 0 to the Input Data register. A 1's
catcher is inserted into the input path after the.
bit's invert/non-invert logic. If the bit is
programmed 0, it is a normal input bit. The 1's
catcher is available only for input bit port bits.

If a bit is an output bit, a 0 in the correspond-
ing bit position of this register specifies the
output as a normal output with both a pull-up
and a pull-down transistor. A 1 in this register
defines the output as open-drain; no pull-up tran-
sistor is provided. The value programmed in this
register applies to all output modes, independent
of utilization.

A reset forces all bits to 0. All bits are read/
write. ’
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2.7 PATTERN DEFINITION REGISTERS

These registers collectively specify the  match
pattern for the port. As the registers must be
taken together to define the pattern, they are
described differently than the previous registers.

Addresses: 100101 Port A
101101 Port B
(Read/Write)

DRBRNNADE

Figure 2-10. Pattern Polarity Registers

100110 Port A
101110 Port B
"(Read/Write)

{o:]oe]ou o, [o, o, oo

Addresses:

Figure 2-11. Pattern Transition Registers

Addresses: 100111 Port A
101111 Port B
(Read/Write)

[2:[0Jos [o.]o, o, Tou Tor}

figure 2-12. Pattern Mask Registers

A reset forces all of these registers to 0. All

are read/write.

The pattern specification for each bit is defined

a3 shown in Table 2-8.

The pattern specified by the Pattern Definitisn
registers is a logical (not a physical) specifica-
tion--this concept is important in understanding
the interaction between the pattern match logic
and the invert/non-invert logic. An example which
shows the logical (as opposed to physical) nature
of the specification is: a High level (Vee) on
an input pin programmed as invert ing matches a 0
specification. Similarly, an output written with
a2 1 matches a 1 specification even if it is pro-
grammed inverting and the output pin is at a Low.
voltage level,

If the port is programmed as a port with hand-

shake, or if the pattern match mode is OR-Priority
Encoded Vector, the transition detect ion patterrg
should not be specified (PTn should be set to 0).
If the AND mode is specified, no more than one bit
should be specified to detect transitions.

2.8 PORT DATA REGISTERS

Ports A and B each have a data path that is com-
posed of three registers: an Input Data register,
an QOutput Data register, and a Buffer register
(See Figure 1-2). Output data written to the data
register is stored in the Output Data'register.
Reading the data register returns the contents of
the Input Data register. The Buffer register is
used to buffer the input and output data if the
port is configured a port with handshake., [f
80 enabled, it is used by the bit port to latch
data when a pattern match is detected.

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

[o:TouTo.TouTo: [0 [ 0. 50]

Figure 2-13. Port A and B Data Registers

Table 2-8. Pattern Specification Definition

Pattern Pattern Pattern .
Mask Transition Polarity Pattern
Register,, Register,, Register,, Specificat ion
0 8] 0 Bit Masked Off (X)
0 1 0 Any Transition (m
1 0 0 Zero (0)
1 Y] 1 One (1)
1 1 ] One to Zero Transition (N )
1 1 1 Zero to One Transition ( A)

2014-013
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The individual bits &F the port data registers map
directly onto the port 1/0 pins (bit O of the Port
A Data register corresponds to the PAg pin, etc.).

The Port C Data register congists of two regis-
ters: an Input Data register and an Output Data
register (see Figure 1-3). Output data written to
the data register is stored in the Output Data
register. Reading the data register returns the
contents of the Input Data register. Because Port
€ is only four bitg wide, the four least-signifi-
cant bits of an 8-bit register are used for the
Port C Data register. The four most-significant
bits are used as a write protect mask for the four
least-significant bits (bit Dy is the write pro-
tect mask for bit D3, etc.), as shpwn in Figure
2-14, Writing a 0 to the write protect mesk bit
enables writing to the corresponding bit in Port
C. Writing a 1 irhibits writing the corresgonding
bit in Pert C. Reading Port C always returns 1's
in the upper four bits.

Address: 001111
(Read/Write)

DDA

P

4 MSBs
0= WRITING OF CORRESPONDING LS8 ENABLED
1=WRITING OF CORRESPONDING LS8 INHIBITED

(READ RETURNS 1)

Figure 2-14. Port C Data Register

Details of the operation of these registers in the
various configurations are given in Chapter 3.
The data registers in the 28536 can alsa be
directly accessed by pin Ag and pin A; (see
Table 2-2). ' : ‘

NOTE

A reset does not effect the contents of
the data registers..

2.9 COUNTER/TIMER DONTROL REGISTERS

Each counter/timer has a set of Counter/Timer
Control registers, which perform several funct ions
for the counter/timers:

specify the mode of operat ion

monitor the status

provide control -

al low access to the down-counter so that it can
be preset and read

2.9.1 Counter/Timer Mode Specification Registers

Each Counter/Timer Mode Specification register
contains the bits that define its counter/timer's
mode of operation and specify the external control
and status lines to provide for it, A reset
forces all bits to 0. ALl bits are read/write.

Addresses: 011100 Counter/Timer 1
011101 Counter/Timer 2
011110 Counter/Timer 3
(Read/Write)

[e:[2]0sTo,To, o, To, T, ]
CONTINUOUS SIN- —, _[ OUTPUT DUTY CYCLE
GLE CYCLE (C/SC)
EXTERNAL OUTPUT DCS1 DCSo

SELECTS (DCS)-
ENABLE (EOE) 0 0 PULSE QUTPUT

L] 1 ONE-SHOT OUTPUT

1 0 SQUARE-WAVE OUTPUT
EXTERNAL COUNT
ENABLE (ECE) 1 1 DO NOT SPECIFY
EXTERNAL TRIGGER RETRIGGER ENABLE BIT (REB)
ENABLE (ETE)

EXTERNAL GATE ENABLE (EGE)
Figure 2-15. Counter/Timer Mode

Specification Registers

Cont inuous/Single Cycle--C/SC (Dy).  If C/SC is
set to 1, then each time the down-counter reaches
the count of 1, the time constant value is
reloaded (on the next count) and the countdown
sequence is repeated. If C/5C is Q when the count
of 1 is encountered (and, for square-wave outputs,
if the output is a 1), the counter is allowed to
count down to 0 and the countdown
terminated.

sequence is
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External Output Enable--EDE- (Dg). 3y programming
this bit to be 1, the output of the counter/timer
is provided on the I/0 line of the port associated
with that particylar counter/timer (see Table
4-1). This bit should not be set to 1 unless the
corresponding bit is available, (it is not being
used as part of an input, output, or bidirect ional
port, or it is not being used as a handshake or
REQUEST/WATT line). The bit must be programmed to
be an output bit in the Data Direction register of
its port.

External Count Enable--FCE (DS)' When ECE is set
to 1, the counter/timer is put into the counter
mode. The I/0 line of the port associated with
the counter/timer (Table 4-1) is used as an exter-
nal counter input. On each rising edge of the
count input (when the data path is specified non-
inverting), the down-counter is decremented, The
bit must be available and it must be specified to
be an input. . (Even if the port bit is programmed
as an output bit, the port pin [if enabled] is
used as the counter/timer input, allowing the CPU
to write this input directly.)

External Trigger Enable--ETE (D4). When ETE is
set to 1, the I/0 line of the port associated with
the counter/timer (see Table 4-1) is used a3 a
trigger input to the counter/timer. A rising edge
(when the data path is specified non-inverting) on
this line will cause the down-counter to be
loaded. To guarantee that the’ counter/timer will
be triggered on a particular rising edge of the
clocking signal (PCLK/2 or counter input), the
trigger rising edge must satisfy a setup time to
the preceding falling edge of the clocking
signal. As in the external count input, the bit

of the port must be available for use by the

counter/timef, and must be programmed ‘as an input
bit. (Even if the port bit is programmed as an
output bit, the port pin is used as the counter/
timer imput [if engbled], allowing the CPU to
write this input directly, )

External Gate Enab le--EGF (D}). By setting EGE
to 1, the I/0 line of the port’ associated with the
counter/timer (see Table 4-1) is used as an exter-

’

nal gate input to the counter /t imer., If the
external gate input is a 0 (sssuming the data path
is  programmed non-inverting), the count down
sequence is suspended; forcing it to a 1 ensbles
the countdown sequence to continue. To gquarantee
the enabling or disabling of the counter/timer for
a particular rising edge of the clocking signal
(PCLK/2 or counter input), the gate input must
satisfy a setup time to the preceeding falling
edge of the clocking signal. Like external trig-
ger input, the bit must be available and it must
be programmed to be an input. (Even if the port
bit is programmed as an output bit, the port pin
is used as the counter/t imer input if enabled.
This allows the CPY to write this input directly.)

Retrigger Enable Bit--REB (D). If REB is set to
0, triggers (internal or external) which ocecur
during a countdown sequence are ignored. If REB
i8 1, each trigger causes the time constant value
to be reloaded and a new countdown sequence to be
initisted. When a counter/timer is programmed in
Square-wave mode, a retrigger will cause the Time
Constant value to be reloaded and the new count-
down will start on the first half of the
square-wave cycle.

Output Duty Cycle Selects-—[lS, & DCSg (D1 & Dg).
These two bits select the output duty cycle
according to the information indicated in Table
2-9.

Table 2-9. Output Duty Cycle Selects

DCSy DCSg Output Duty Cycle
0 0 Pulse Qutput

0 1 One-Shot Output

1 0 Square Wave Output
1 1 - DO NOT USE -

(See Section 4.2.5 for g description of each
output duty cycle type.)




Addresses:

001010 Counter/Timer 1

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

{or[0sJos [04T0a 0. [0, 0] -

INTERRUPT UNDER SERVICE (IUS) -——I
INYERRUPT ENABLE (IE)

INTERRUPT PENDING (P)

L COUNT IN PROGRESS (&)
{READ ON|
TRIGGER COMMAND BIT (TCB)

(WRITE ONLY - READ RETURNS 0)

1US, IE, AND IP ARE WRITTEN USING
THE FOLLOWING CODE:

NULL CODE

CLEARIP & lUS

SET US

CLEAR WS

SET P

CLEAR IP

SEY 1E

wfw]ofe|=|ale]e

s |a]ajulofjofjo|e

CLEAR IE

alolalojulolale

INTERRUPT ERROR (ERR)
(READ ONLY)

Figure 2-16.

GATE COMMAND BIT (GCB)

READ COUNTER CONTROL (RCC)
(READ/SET ONL'
CLEARED BY READING CCR L5B)

Counter/Timer Command

and Status Registers

2.9.2 Counter/Timer Command and Status Registers

Each Counter/Timer Command and Status register
contains the primary command and status bits for
its counter/timer and (in most cases) will be the
register most often accessed. A reset forces all
bits to 0. The detailed bit descriptions will
discuss whether or not a bit can be read or writ-
ten.

Interrupt Under Service--IUS (Dy).
is the same as the port IUS bit.

The operation

This status bit is automatically set to 1 if its
corresponding IP is the highest-priority interrupt
request pending when an Interrupt Acknowledge
sequence takes place. It can also be set directly
by CPU command. As long as it is set, the same
and lower-priority sources of interrupt are inhib-
ited from requesting interrupts via the inter-
nal and external daisy-chains, It can be cleared
only by CPU command. . This bit is read/write., It
is changed by writing to the Counter/Timer Command
and Status reqister of the port using the code
shown in Figure 2-16.

Interrupt Enable—-IE (Dg).
same as the port 'IE bit.

The operation is the

This bit enables or disables the counter/timer's
interrupt logic. When IE is cleared to 0, the
counter/timer is unable to request an interrupt or
to respond to an Interrupt Acknowledge. It does
not affect the normal operation of IP or IUS, but
simply masks IP off from the rest of the device.

the

A 1 in IUS still affects interrupt
daisy-chain., If IE is programmed to be 1, the
interrupt logic operates normally. This bit is

read/write. It is changed by writing to the
Counter/Timer Command and Status register of the
port using the code shown in Figure 2-16.

Interrupt Pending--IP (D).
ilar to the port IP bit.

The operation is sim-

IP is a status bit which, when set to 1, indicates
that the counter/timer requires servicing. It is
automat ically set to 1 each time the counter/timer
reaches its terminal count (or by the CPU com-
mand). If IE is also 1 and no higher-priority
interrupts are under service, then the INT line is
pulled Low to request an interrupt. This bit is
read/write. It is changed by writing to the
Counter/Timer Command and Status register using
the code shown in Figure 2-16.

Interrupt Error--ERR (D4). This status bit is set
along with IP to indicatke that an error has oc-
curred. An error occurs for a counter/timer when-
ever terminal count is reached and IP is still set
from a previous terminal count. ERR can be
cleared only by having “software clear the IP it
corresponds to. ERR is a read-only bit.

Read Counter Control--RCL (D3). RCC is a command
bit that enables the counter/timer to be read
reliably while it is in a countdown sequence.
Writing a 1 to RCC causes the contents of the
Counter/Timer Current Count register (CCR), which
normally follows the down-counter, to be frozen
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until the least-significant byte of the CCR is
read. Reading the RCC bit indicates when the CCR
is frozen. RCC can only be set directly and
cannot be set unless the Counter/Timer is enabled
in the Master Configuration Control register
(CT1E, CT2E, or CT3E). RCC can be cleared
automatically by reading the least-significant
byte of the CCR or by disabling the counter/timer
via the corresponding enable bit.

Gate Command Bit--GCB (Dy). GCB is a command bit
that can be used to halt a countdown sequence. By
writing GCB with a 0, the countdown sequence is
halted. Returning GCB to 1 allows the sequence to
resume where it left off. The state of the GCB
bit does not affect the operation of the trigger
inputs. GCB is a read/write bit,

Trigger Command Bit--TCB (Dq). Writing a 1 to the
TCB triggers the counter/timer. It causes the
down-counter to be loaded with the time constant
value and a countdown sequence to be initiated.
It can also retrigger the counter/timer -if the
Retrigger Enable bit (REB) is set to 1. TCB is a
write-only bit. When read, it always returns 0.
In this way, erroneous trigger comands zre not
issued when bit set or clear operations are per-
formed on the other bits in this register.

Count In Progress--CIP (Dg). CIP is a status bit
that indicates if a countdown sequence 1is in pro-
gress. It is automatically set to 1 when the
counter/timer is triggered and the down-counter is
loaded with the time constant value. It is auto-
matically reset to 0 when the down-counter reaches
a count of O. The state of the gate inputs
(internal and external) has no effect on this

bit. CIP is read-only. \

2.9.3 Counter/Timer Time Constant Registers

Each of the Time Constant registers is 16-bits and
holds the value loaded into the down-counter of
its counter/timer when a trigger is detected. It
is accessed by the CPU as two consecutive 8-bit
registers (bit 7 of the most-significant byte is
bit 15 of the Time Constant register). These reg-
isters can be read and written at any time.
However, care must be taken when writing them so
that a trigger does not occur while the time

constant value is changing. A reset does not
effect the Time Comstant register.

Addresses: 010110 Counter/Timer 1's MSB

010111 Counter/Timer 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/Mrite)

MElJDsIDAJD:Il’:JmIDo]D1|DcID;]D4ID,ID,Il)‘ ]DO]
*] L— LEAST

SIGNIFICANT
BYTE

MOST
SIGNIFICANT
BYTE

Figure 2-17. Counter/Vimer Time
Constant Registers

2.9.4 Counter/Timer Currert Court Registers

Each of the Counter/Timer Current Count registers
(CCR) is a 16-bit register used to read the
contents of its counter/timer down-counter. The
CCR follows the down-counter until the RCC bit in
the Counter/Timer Command and  Status register is
written with a 1. The value present when the
write occurs is held until the least-significant
byte is read. Then, the CCR follows the down-
counter again.  The countdown sequence is not
affected. The CCR is accessed as two consecutive
8-bit registers (bit 7 of the most-significant
byte is bit 15 of the Time Constant register).

They can be read at anytime, whether or not the.

Addresses: 010000 Counter/Timer 1's MS8
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)

BB ERRBDDRE

o

[——-—— LEASY

MOST
SIGNIFICANT SIGNIFICANT
BYTE BYTE

Figure 2-18. Counter/Timer Curresrt Count
Registers
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value is frozen. Writes to the CCR are ignored.
A reset forces the CCR to follow the down-counter
(neither are forced to a specific value).

2.10 INTERRUPT RELATED REGISTERS

These registers contain the interrupt vectors out-
put during Interrupt Acknowledge sequences. Three
vector registers are provided: one for Port A,
one for Port B, and one shared by the three
counter/timers. Another register is provided,
which facilitates using this device in a polled
environment.

2.10.1 Interrupt Vector Registers

Each of the Interrupt Vector registers holds the
interrupt vector returned when the source of
interrupt associated with its port is acknow-
ledged. The interrupt vector value is user-

defined by writing the desired B-bit identifica-

tion code to this register when initializing the
CI0. A modified version of the value written to
the Interrupt Vector register can be returned if
the vector is programmed to include status. This
does not affect the value written to the Interrupt
Vector register. ‘

000010 Part A

000011 Part B

000100 Counter/Timers
(Read/Write)

BERDDRR0]
l——— INTERRUPT VECTOR

Addresgses:

Figure 2-19. Interrupt Vector Register

The Interrupt Vector register is a read/write reg-

ister. When read, the value returned always

includes the status if MIE = 1 (whether or not the
associated Vector Includes Status bit is 1). If
MIE = 0, the unmodified vector is returned inde-
pendent of the state of the VIS bit. A reset does
not affect the Interrupt Vector register. The
status bit outputs are as shown in Table 2-10.

Table 2-10. Interrupt Vector Register

Status Bits

Port Vector Status

OR-Priority Encoded Vector Mode:

Number of highest-
priority bit with

a match
All Other Modes:
by D Dy
ORE IRF PMF Normal
Error

Counter/Timer Status

D2 Dy

1] 0 Counter/Timer 3
0 1 Counter/Timer 2
1 o Counter/Timer 1
1 1 Error*

*The error status indicates that the highest-
priority counter/timer with an interrupt pending
also has its ERR flag set. The CPU must poll the
Command and Status registers to determine which
counter/timer has its ERR flag set.
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2.10.2 Currert Vector Register

When the Current Vector register is read, it
returns the interrupt vector that would have been
output by the device during an Interrupt Acknow-
ledge cycle if its IE] input had been High. The
vector returned corresponds to the highest prior-
ity IP independent of the IUS. The order of
priority (highest to lowest) is: Count.er/Timer 3,
Port A, Counter/Timer 2, Port B, Counter/Timer 1.
If no enabled interrupts are pending, a pattern of
all 1s is output, This is useful in a polled
environment or when CPU does not read vectors.

This register is a read-only register. Since a

reset disables all interrupts, reading the Current
Vector register after a reset will return all 1s,

Address: 011111
(Read Only)

EEEkab]

L—m— INTERRUPT VECTOR BASED
ON HIGHEST PRIORITY
UNMASKED IP,
IF NO INTERRUPT PENDING
ALL 1's OUTPUT.

Figure 2-20. Currert Vector Register

2014-013




\"A;.‘§

Pores 4

.{parallel B8-bit or 16-bit) basis.

Chapter 3
1/0 Port Operation

3.1 OVERVIEW

There are three 1/0 ports provided by the CIO
device. Ports A and B8 are B8-bit general-purpose
ports; Port C is a 4-bit special-purpose port.
There are two port configurations: bit. port and
port with handshake. All three ports can be pro-
grammed as bit ports; only Ports A and B can func-
tion as handshake ports.

In general, bit ports are. used to provide status
input lines and control output lines. When the
I/0 ports are configured as bit ports, data can be
moved in either direction on an individual,
pin-by-pin basis. There are up to twenty pins
available for this kind of data handling by the
three ports.

By configuring Ports A and B as ports with hand-
shake (input, output, or bidirectionsal), the data
can be moved in either direction on a byte-by-byte
four different
handshakes are available: Interlocked, Strobed,

Pulsed, or 3-Wire.

Port C is a 4-bit wide, special-purpose port that
provides the handshake control lines fcr Ports A
and B, when required. A REQUEST/WAIT line can
also be provided to synchronize Port A and B data
transfers with DMAs or CPUs. Any Port C bits not
used as handshake lines can be used as I/0 lines.

. Another I1/0 Port function is to provide external

access for the control of three independent coun-
ter/timers and distribution of their outputs.
Port B provides access for Counter/Timers 1 and
2. Port C provides access to Counter/Timer 3.

-Pattern-recognition capability is provided = in

Ports A and B. In general, it is possible to test
data for specified patterns and to generate inter-
rupt requests based on the match obtained.

3.2 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 epplication, thereby
allowing the port to recognize patterns in all of
its configurations. The pattern can be indepen-
dently specified for each bit as: 1, 0, O-to-1
transition, 1-to-0 tramsition, or any tramsition.
Individual bits can be masked off. Three modes of
pattern-recognition operation are supported: AND,
OR, and OR-Priority Encoded Vector (OR-PEV). A
pattern match is defined a3 the simultaneous
satisfaction of all nonmasked bit specifications
in the . AND mode or the satisfaction of any non-
masked bit specificatioms in either the OR or
OR-PEV modes.

The pattern specified in the Pattern Definition
register assumes that the data path is programmed
to be non-inverting. If an input bit in the data
path is programmed to be inverting, the pattern
detected is the opposite of the one specified.
Output bits used in the pattern match logic are
internally sampled before the invert/non-invert
logic.

The operation of the pattern-recognition logic in
the various port modes will be described in detail
in the following sections.

3.3 BIT PORT OPERATION

Bit ports are used to provide the CPU with input
lines to monitor status, and with output lines to
provide control. There are up to twenty bits
available for this type of data handling provided
by the three ports of the CIO: eight each by
Ports A and B and four by Port C.

3-1




N

Writing the data register of a bit port updates
the value being output by all output bits in the
port. Reading the data register of the bit port
returns the state of all bits, outputs as well as
inputs.

3.3.1 Bit Port Simple Operation

The port's Data Direction register specifies the
direction of data flow for each bit of a bit
port. A 1 specifies an input bit; a 0 specifies
an output bit.

The Data Path Polarity register provides the capa-
bility of inverting the data path. A 1 specifies
inverting, and a 0 'specifies non-inverting. All
discussions of the port operations assume that the
path is programmed 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 intc the
input data path by programming a 1 to the corre-
sponding bit position of the port's Special 1/0
Control register. When a 1 is detected at the t's
catcher input, its output is automatically set to
1 until it 1is cleared by software. The 1's
catcher is cleared by writing a 0O to the corre-
sponding bit in the data register. In all other
cases, attempted writes to input bits are
ignored. The 1's catcher is level-sensitive. If
the input 1is still a 1 when it is cleared, the
output will again be set to a 1. Also, the input
to the 1's catcher follows the invert/non-invert
logie. If the bit is programmed inverting, a low
voltage level at the pin will cause the 1's
catcher output to go to a 1.

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 pins.
Outputs can be specified as open-drain by writing
a 1 to the corresponding bit of the port's Special
1/0 Control register. Port C has the additional
feature of bit-addressable writes. When writing
to Port C, the four most-significant bits are used
as a write protect mask for the least-significant
bits (0-4, 1-5, 2-6, and 3-7). With this feature,
any combination of bits can be set or cleared
(while other bits remain undisturbed), without
first reading the register.

3.3.2 Bit Port Pattern-Recognition Operation '

Ports A and B contain pattern-recognition logic,
which enables the ‘port to detect a user-specified

pattern and to generate an interrupt request when
the pattern is detected. Pattern-recognition may
be performed on all bits, including those used as
1/0 for the counter/timers. For input bits, the
input to the pattern-recognition logic reflects
the value on the pins (through the invert/non-
invert logic) in all cases except, for inputs with
1's catchers. In this case, the output of the 1's
catcher 1is used. For output bits, this is the
value being output before the invert/non-invert
logic is used. When operating in the AND or OR
mode, the transition from a no-match to .a match
state causes the interrupt. In the OR mode, if a
second match occurs before the first match goes
away, it does not cause a second interrupt. Bit
ports specified in the OR-PEV mode generate
interrupts as long as a match state exists. A
transition from a no-match to a match state is not
required. Since a match condition only lasts a
short time when transition patterns are specified,
care must be taken--no more than one bit should be
programmed with a transition match specification
in a port operating in the AND mode.

The pattern-recognition logic of bit ports oper-
ates in two- basic modes: Transparent and
Latched. When the Latch on Pattern Match (LPM)
bit is set to O (Transparent mode), the interrupt
indicates that a specified pattern has occurred,

but a read of the data register does not necessar-

i1ly 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 match was detected is latched in the Buffer
register and held until IP is cleared. In all
cases, the Pattern Match Flag (PMF) in the port's
Command and Status register indicates the state of
the port at the time the PMF is read. Only Trans-
parent mode (LPM = 0) is supported when OR-PEV is
specified. In all modes, the port's IP bit is set
and an interrupt generated (if enabled) when the
pattern match is detected. The IP can only be
cleared by a command to 'the Port Command and
Status register.

If a second match occurs while IP is already set,
an error condition exists, If the Interrupt On
Error bit (IDE) is 0O, the match is ignored.
However, if IOE is 1 after the first IP is
cleared, the IP is automatically set to 1 along
with the Interrupt Error (ERR) flag.,  Matches
occurring while ERR is set are ignored. ERR is
automatically cleared when the corresponding IP is
cleared by software.

When a pattern-match is present in the OR-Priority
Encoded Vector mode, IP is set to 1. The IP can-
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not be cleared until a match is no longer presert.
If the interrupt vector is allowed to include
status, the vector returned -during Interrupt
Acknowledge indicates the highest-priority bit
matching its specification at the time of the
Acknowledge cycle. Bit 7 is the highest-priority
bit and bit 0 is the lowest-priority bit. The bit
initially causing the interrupt may not be the one
indicated by the vector if a higher-priority bit
matches before the Acknowledge. Once the Inter-
rupt Acknawledge cycle is initisted, the vector is
frozen until the corresponding Interrupt Under
Service (IUS) is cleasred. If an input that causes
interrupts changes before the interrupt is ser-
viced, the 1's catcher can be used to hold the
value. Bits should not be specified with transi-
tion detection, because the match will no longer
be valid at the time of the Interrupt Acknowl-
edge. If no match is presert at the time of the
Acknowledge, the vector will indicate ths lowest-
priority bit (Bit 0).

Because a no-match-to-match transition i3 not
required, the source of the interrupt must be
cleared before IP is cleared or else a second
interrupt is generated. No programmer error
detection is performed in this mode and the Inter-
rupt on Error bit should be 0.

One application of the OR-PEV pattern match made
is to use the CIO as a Programmable Interrupt Con-
troller (PIC). This facilitates using non-Z-BUS
peripherals with a Z-BUS CPU., (See Chap:er S for
further discussion.)

3.4 HANDSHAKE PORT OPERATION

Ports A and B can be specified as 8-bit input,
output, of bidirectional ports with handshake.
The CIO provides four different handshakes for its
ports: Interlocked, Strobed, Pulsed, and 3-Wire.
When specified as a port with handshake, the
transfer of data into or out of the port and
interrupt generation is under the control of the
handshake logic. Port C provides the handshake
lines, a3 shown in Table 3-1.

¥hen Ports A and B are configured as pcrts with
handshake, they sare single- or double-buffered
according to the sgetting of the Single Buffered
Mode (SB) bit of their respective Port Made Speci-~
fication registers.

The double-buffered mode (SB = 0) allows for more
relaxed interrupt service routine response time.
A second byte can be input to or output from the

port before the interrupt for the first byte is
serviced. The Single-Buffered mode (SB = 1) is
useful if the handshake line must be stopped on 8
byte-by-byte basis.

Normally, the Interrupt Pending (IP) bit is set
and an interrupt is generated when data is moved
into the Imput Data register (input port) or out
of the Output Data register (output port). For
input and output ports, the IP is normally cleared
automatically when the data is read or written.
In bidirectional ports, IP i3 cleared only by
software command to the port Command and Status
register. When the Interrupt on Two Bytes (ITB)
control bit is set to 1, interrupts are generated
only when two bytes of data are available to be
read or written. This allows 16 bits (two bytes)
of information to be transferred on _ each
interrupt. With IT8 set, the IP is not
automatically cleared until the second byte of
data is read or written.

Pattern recognition logic is also available for
use with the port with handshake. Each time a
byte is moved into the Input Data register or out
of the Output Data register, the pattern match
flag indicates whether a match has occurred.

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

When a port is specified as a port with handshake,
its mode (input, output, or bidirectional) deter-
mines the direction of data flow. The data direc-
tion for the bidirectional port is determined by a
bit in Port C (See Table 3-1). In all cases, the
contents of the port's Data Direction register are
ignored. The contents of the Special 1/0 Control
register apply only to output bits (normal or
open-drain). Input ports with handshake do not
have ‘1's catchers; therefore, those bits in the
Special I/0 Control register are ignored. Port C
lines used for handshake can all be programmed
inputs because the handshake specification over-
rides the Port C Data Direction register for bits
that must be outputs. All other Port C options
are available (polarity, 1's catcher, open-drain
outputs, etc.).
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Table 3-1.

Port C Pin Utilization

Port C Bits

Port A/B Configuration . Pin C3 Pin C,p Pin Cq Pin Cg
Ports A & B = Bit Ports Bit 1/0 Bit I/0 Bit 1/0 Bit 1/0
Port A = Input or Output RFD or DAV | ACKIN REQUEST/WAIT| Bit 1/0
port (Interlocked, Strobed, or Bit I/0
or Pulsed Handshake)*
Port 8 = Input or Output REQUEST/WATT| Bit 1/0 RFD or DAV | ACKIN
port (Interlocked, Strobed, or Bit 1/0
or Pulsed Handshake)*
Port A or B = Input port RFD (Output)| DAV (Input)| REQUEST/WAIT| DAC (Output)
(3-Wire Handshake) . or Bit I/0
Port A or B = Output port DAV (Output)| DAC (Input)| REQUEST/WATT| RFD (Input)
(3-Wire Handshake) or Bit 1/0
Port A or B = Bidirectional |[RFD or DAV - | ACKIN REQUEST/WATT{ IN/DUT
port (Interlocked or Strobed or Bit 1/0
Handshake)

* Both Ports A & B can be specified input or output with Interlocked, Strobed, or

Pulsed Handshake at the same time if neither uses REQUEST/WAIT.

However, only

one port can use the Pulsed Handshake at a time.

3.4.1 Four Handshake Modes

There are four bhandshake modes:
Strobed, Pulsed, and 3-Wire.

Interlocked,

3.4.1.1 Interlocked Handshake

In the Interlocked Handshake mode, the actit;n of
the CI0O must be acknowledged by the external
device before the next action can take place. An
output port does not indicate that new data is
available until the external device indicates 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 data is no longer available, thereby
acknowledging the input port's acceptance of the
last byte.: This handshake allows the CIO to
interface directly to the port of a ZB microcom-
puter, a UPC, an FI0, an FIFO, or to another CIO
port, etc., with no external logic.

3.4.1.2 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. In contrast
to the Interlocked Handshake, the signal indicat-
ing that the port is ready for another data trans-
fer operates independently of the ATKIN input.
The external logic must ensure that data does not
transfer at too fast or too slow a rate.

3.4.1.3 Pulsed Handshake

The Pulsed Handshake mode is designed to interface
to mechanical-type devices which require data to
be held for long periods of time and need rela-
tively wide pulses to gate the data into or out of
the device. The logic is the same as the Inter-
locked Handshake mode, except that an internal
counter/timer (Counter/Timer 3) is linked to the

3-4

i




K

Lofet A

handshake logic. If the port is specified in the
input mode, the timer is inserted in the ACKIN
path, The external ACKIN input triggers the
timer, and its output (an internal delayed ACKIN)
is used as the Interlock Handshake's normal
Acknowledge 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 nor-
mal Interlocked Handshake DAV output goes Low and
the timer output is used as the actual DAV out-
put. The counter/timer maintains all of its nor-
mal capabilities, This handshake is not available
to bidirectional ports,

3.4.1.4 3-Wire Handshake

The 3-Wire Handshake mode is designed for situa-
tions in which one output port is communicating
with many input ports simultaneously. It is
essentially the same as the Interlocked Handshake,
except that two signals are used to indicate if an
input port is ready for new data or if it has
accepted the present data. In the 3-Wire Hand-
shake, the rising edge of one status line indi-
cates that the port is ready for data (RFD), and
the rising edge of another status line indicates
that the data has been accepted (DAC). With the
3-Wire Handshake, the output lines on many input
ports can be bused together (wire-AND) with open-
drain drivers; the output port knows when all the
ports have accepted the data and are ready, This
is the same handshake used on the IEFE-488 bus.
Because this handshake requires 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. However,
because the direction of the port can be changed
under software control, bidirectional IEEE-488-
type transfers can be performed.

3.4.2 Inpuat Port With Handshake

An input port handles data movement from the
CI0 port pins to the CPU. This allows B-bit data
{or 16-bit if the Ports A and B are linked) to be
read from external devices. (See Figure 3-1.)

Only one of the three Bit Path Definition regis-
ters affects input port operations: the data path
is modified as specified by the Data Path Polarity
register (Section 2.5.1), Both the Data Direction
and Special 1/0 registers are ignored.

Since the port mode of operation is independent of
the handshakes, the port operation modes will be

examined first, independert of the handshake
types. This will then be followed by an examina-
tion of the four handshake types (Interlocked,
Strobed, Pulsed, and 3-Wire) in the input port
context.,

3.4.2.1 Basic Modes of Operation

There are three independent modes of operation
that, taken together, characterize a particular
inpyt port configuration. These modes of opera-
tion are: ‘

e double- or single-buffered
e. interrupted on one or two bytes
¢ pattern match logic used or not used

Double-Buffered (SB = 0).

When the input porf is specified as double-
buffered (SB = 0) in the Port Mode Specification
register, input data is latched in the Buffer reg-
ister by the handshake logic. The falling edge of
Acknowledge Input (ACKIN) latches the incoming
data and the Ready For Data (RFD) output signal
goes Low, indicating'that the Buffer register is
full. When the Input Data register is empty (IRF
= 0), the data is moved out of the Buffer regis-
ter (RFD may now go High depending on the particu-
lar handshake) and into the Input Data register
causing it to be "filled" (IRF = 1).

The Interrupt on Two Bytes (ITB) command bit of
the Port Mode Specification register determines
when IP is set and when an interrupt request is
generated. When programmed to interrupt on every
byte (ITB = 0), Interrupt Pending (IP) of the Port
Command and Status register is set (along with
Input Data register Full (IRF) of the Port Command
and Status register) when the data is shifted into
the Input Data register. Reading the Port Data
register "empties" the Input Data register and
automatically clears the IP, hence, IRF = 0 and IP
= 0. While IP can be cleared (IP = 0) by software

.command (by writing bits D4-Dg of the Port Command

and Status register), the Input Data register is
not "emptied" (cleared) until the data is read.

When programmed to* interrupt on two bytes (ITB =
1), IP 'is not set until both the Input Data and
Buffer registers are full (the Buffer register
becomes full while the Input Data register is
full). 1P is automatically cleared (IP = 0) when
the second byte of data is read by the CPU as

=
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follows: the first data read empties the Inpuf
Data register, allowing the Buffer register. data
to be moved into the Input Data register. The
second read empties the Input Data register again
and automatically clears the IP (1P = 0).

NOTE

When ITB = 1, the Input Data register
should not be read unless IP = 1 even
if IRF = 1. Otherwise, the data may--
at that instant--be read Just as a byte
is being latched in the Buffer register
and IP is being set. Then an interrupt
may be gererated, but only one byte can
be read, because the first byte has al-
ready been read,

NOTE

The IP can be cleared on command. This

suggests the following possible
sequence for providing byte-by-byte
control of the RFD output: reading

This allows
an interrupt on the next byte that is
moved into the Buffer register,

data and then clearing IP,

INTERNAL
PORT CONTROL

OUTPUT
BUFFER/
INVERTERS

< |

HANDSHAKE CONTROL

TO PORT C

f

Input Port Data Path

Single-Buffered (SB = 1)

When the input port is specified as single-
buffered (SB = 1), inpit data is latched in the
Buffer register as in double-buffered mode. How-
ever, when the data is moved from the Buffer reg-
ister to the Input Data register, the Buffer reg-
ister is not emptied; consequently, RFD stays
Low. Reading the Port Data register empties both
the Input Data and Buffer registers. As in dou-
ble-buffered mode, IP is set (IP = 1) .when the
data is moved into the Input Data register and the
IP is automatically cleared when the data is read,

NOTE

ITB = 1 does not make sense in single-
buffered operation. Thus, when SB = 1,

ITB must = 0.
With Pattern Match Added (PMSy, PMSy £ 0)

The port's built-in pattern match logic can be
used to test the incoming data as it is moved into
or through the Input Data register. The available
pattern match modes operate independently of hand-
shake type and are specified by the Pattern Mode

2091-001
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Specification bits, (PMS, and PMS;). In the input
port operation, the AND and the OR modes of
Pattern Match operation are available for use, but
the OR-PEV is not. This pattern availability for
AND and OR logic is a consequence of the data
pattern being tested as the data is moved into the
Input Dats register, eliminating access to the
transition informestion. Because of this, tran-
sition patterns cannot be used.

- The Pattern Match Flag (PMF) of the Port Command

and Status register is automstically set to 1 or
cleared to 0O as the data is moved from the Buffer
register to the Input Data register. When a byte
of data is moved from the Buffer register to the
Input Data register, IRF is set to 1, indicating
that another byte is available to be read. If the
data matches the specified pattern, the PMF is set
along with IRF; otherwise, PMF is cleared. If the
interrupt vector includes status, it indicates
that a match has been detected. Each time data is
transferred to the Input Data register, the PMF
is updated.

When ITB = 0, IP is set normally when data is

moved into the Input Data register. However, if
P = 1, reading the Input Data register does not
sutomatically clear the IP; the IP can only be
cleared by writing to the Port Command and Status
register. Also, reading the Input Data register
does not "empty" it; the Input

Data register can be "emptied" (and IRF cleared to
0) only if it is resd and the IP is cleared (in
any order).,

When ITB = 1, the pattern mstch logic can override

-the ITB logic. If the byte moved into the Imput

Data register matches the specified pattern, the
IP will be set immediately. IP is cleared and the
Input Data registers are "emptied" in the same
manner as when ITB = O,

In this mode of operation (ITB = 1 and Pattern
Match is enabled) care: must be taken, because an
IP can mean that either one or two bytes are
available to be read (depending upon whether the
match occurred on the first or secord irput
byte). There is also the possibility that, after
a data register read and a clear IP, a second byte
matches . There are three conditions which can
cause an interrupt:

Condition 1: Two bytes have been received--
neither match the pattern

Condition 2: Two bytes have been received--the
second byte matches the pattern

Condition 3: One byte has been received--it
matches the pattern

Given the above information, the following set of
operations will determine the cause of the
interrupt and properly process it.

Poll PMF

If P is set (a match occurred)

o Read data
. Clear IP
e Return

If PMF is not set

o Read data (reads the first byte)
e Poll PMF (to test the second byte)

If PM is set (a match occured)

o Read data
e Clear IP
o ' Return

If PMF not set
e Read data
e Return

The cause is condition 3

The cause is cordition 2

The cause is condition 1
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In summary, then, careful interrupt testing and
handling is required if ITB = 1 and the pattern
match logic is enabled.

Interrupt on Match Only (IMD = 1) épecified i

When the Interrupt on Match Only (IMO) bit of the
Port Mode Specificat ion register is set to 1, an
interrupt will be generated only when the data
moved into the Input Data register matches the
pattern specification. For input’ports, the IMO
capability is especially useful when data transfer
is under the control of an external device (for
example, a DMA controller). In this way the bulk
of data transfers can be accomplished without
interrupts (that is, without involvement of the
CPU), by having an intérrupt generated only when
the match pattern in encountered.

NOTE

IMO must be 0 if either INB or SB = 1,
or if the port is a bit port.

3.4.2.2 Hendshake Types

The operation of the Port A and B input handshakes
is explained in this section by deseribing in .
detail the sequence of operations performed by an
input port programmed with the Interlocked Hand-
shake. Any differences encountered when using the
other handshakes will then be described. Table
3-1 identifies the handshake lines furnished by
Port C bits for Ports A and 8.

Interlocked Input Hendshake

As noted in Section 3.3, the Interlocked Input
Handshake requires the input port to not indicate
that it is ready for data until the data source
indicates that the previous byte of data is

no longer available, thereby acknowledging that
the input port has accepted the previous byte.

A primary benefit of Interlocked Handshake port
configuration is that it allows the CIG to
communicate directly with a variety of other
devices without the need for intervening external
logic. Devices such as another Z-CIO/CIO, an F1o,
an FIFO, a Z8 Port, etc., can be directly

connected and serviced. Figure 3-2 shows two
interconnected CIQs: output port's Woutput
connects to input port's ACKIN input and input
port's RFD output connects to output port's ACKIN
input. )

ouT N
DAV ACKIN
ACKIN RFD

Figure 3-2. Two Interconnected CI0s Using
Interlocked Handshake

In Interlocked Handshake mode (Figure 3-3), on the
falling edge of the Acknowledge Input (ATKIN), the
data on the port input lines is latched in the
Buffer register. This fills the Buf fer register
and the Ready for Data (RFD) output is pulled

Low. If the Input Data register is empty, the
data is moved to it ("emptying" the Buffer regis-
ter) and the Input Data register Full (IRF) flag
is automatically set to 1. When the Buffer
register becomes empty (and if ACKIN is High), the
RFD line will return High only if the ACKIN input
is High. This achieves the interlock.

The following example provides a step-by-step
analysis of a double-buffered input port

using Interlocked Handshake. (This description
uses Figure 3-3 as reference).

To Ty Tz T Ta Ts Te a To
ACKIN /
RFD \ 4’

DATA —DL vauD
T

Interlocked Input Handshake
Timing Diagram

Figure 3-3,
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Tg. ACKIN and RFD are both High.

The following example provides a step-by-step
ACKIN High indicates that the

analysis of an input port configured as double-

Yoot 4 .

data is not valid; RFD High
indicates that the Buffer
register is empty and ready for
data. '

ACKIN input "strobes" the data into the port.

buffered and using Strobed Handshake.

(This des-

cription uses Figure 3-4 as reference.)

To Ty T, T Te Ts o To
Ty :,):';:d_ on port pins becomes R N\ ]
— L ) RFD \ 14
Tg. ACKIN goes Low, indicating that
the data is valid, and causing
it to be lstched into the S GRTTED &
Buffer register. [ I
T3. RFD goes Low, indicating that Figure 3-4. Strobed Input Handsheke
the Buffer register is full and Timing Diagram
the port is not ready for more
data.
Tpe ACKIN and RFD are’ both High.
Ty The data is transferred into ACKIN High indicates that the
the Input Dasta register, the data is not valid; RFD High
Input Data register Full (IRF) indicates that the Buffer
flag goes High and the Buffer register is empty and ready for
register is emptied. The port data.
is now ready for the next byte
of data. FRFD could go High if Tqe Data on port pins becomes
ACKIN is High; but because - valid.
ACKIN is Low, RFD stays Low.
o T2. ACKIN goes Low, indicating that
Ts. ACKIN goes High. the data is valid, and causing
it to be 1latched in the Buffer
Tg becomes Tq. RFD goes High, concluding the register.
handshake process; the cycle is :
ready to repeat. T3. RFD goes Low, indicati\ng that
the Buffer register is full and
the port is not ready for more
Strobed Input- Handshake data.

The Strobed Handshake (Figure 3-4) operates in the T4 The data is moved into the
. same way as the Interlocked Handshake, except that Input Data register, the Input
the rising edge of the RFD output is - independent Data register Full (IRF) flag
of ACKIN going High. As soon &s the Buffer regis- ‘ qoes High, the Buffer register
ter is emptied, RFD goes High, even if ACKIN is is emptied, and RFD goes High.

still Low, In all other respects, the two hand- . .
shakes are the same. The falling edge of the Tg becames Tg. ACKIN is "High; the cycle is

ready to repeat.
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INPUT PORT

ACKIN ACKIN
(EXTERNAL) (NTERNAL)
. ren
TRIGGER  TIMER
INPUT - OQUTPUT >°_"l_ -
[

Figure 3-5. Pulsed Input Handshake
Counter/Timer Insertion

\
Pulsed Input Handsheke

The Pulsed Handshake operates exactly like the
Interlocked Handshake with Counter/Timer 3 insert-
ed in the ACKIN input path (see Figure 3-5). The
counter/timer is triggered on the falling edge of
ACKIN. The output of the timer is inverted and
used as the Acknowledge input for the handshake.
The falling edge of the internal ACKIN latches the
‘_’ajt and RFD cannot go High until the internal
ACKIN goes High. Because all of the progyrammable
capabilities of Counter/Timer 3 are available,
many different operations are possible. However,
since only Counter/Timer 3 is used, only one port
can have Pulsed Handshake at a time.

If the counter/timer output duty cycle is pro-
grammed in the pulse mode, TC cycles (where TC is
the value programmed in the counter/timer Time
Constant register) after the ACKIN falling edge is
detected, the Internal Acknowledge falls, latching
the data in the Buffer register; the internal
ACKIN rises a cycle later. If the counter is pro-
grammed with the one-shot duty cycle, then as soon
as the external falling edge on the ACKIN input is
detected, the Internal Acknowledge falls; it rises
TC cycles later. When the counter/timer duty
cycle is selected to be square-wave, the [nternal
Acknowledge goes Low TC clock cycles after ACKIN
falls and stays Low for TC'cycl&B. See Figure 3-6
for timing diagrams of the three different duty
cycles (pulsed, one-shot, and square-wave) avail-
able with Counter/Timer 3. )

Because the handshake is interlocked with the
internal ACKIN (not the ACKIN port pin), the RFD
output is held Low long as the Internal Acknow-
ledge is Low. This can be used to guarantee a
minimum RFD Low time without CPU intervent ion.
Many simple interfaces can be made with the Pylsed
Handshake by connecting the RFD output (inverted)
to the ACKIN input.

\ TC TC

DATA x VALD
xtiman LU
PULSED ﬁ\_/

ONTERNAL) ) oNESHOT \. ) 4

SQUAREWAVE| Oy 4

Figqure 3-6. Pulsed Input Handshake
Counter/Timer Duty Cycles

3-Wire Input Handshake

The 3-Wire Handshake (Figure 3-7) is the same as
the Interlocked Handshake, except that the role of
the Ready for Data (RFD) output is replaced by two
signals: FRFD and Data Accepted (DAC). The name
of the ACKIN input is changed to Data Availsble
(DRV) to be consistent with the IEEE-488 specifi-
cation, but its function is the same. The RFD
output goes High when the Buffer register is empty
and the DAV input is High. When DAY falls, the
irput data is latched, RFD goes Low (the Buffer
register is full), and DAC goes High, indicating
that the data was received. When the DAV input
goes High, DAC is forced Low, When the Buffer
register is emptied, RFD goes High, indicating
that the port is ready for the next byte. Like
the Interlocked Handshake, RFD will not go High
until the DAV input goes High. The operation of
the interrupt logic is the same as for the Inter-
locked Handshake.

One Talker--Many Listeners

The 3-Wire Handshake is useful in the situation in
which there is one source of data (the "Talker")
and many receivers ("Listeners") faor the data,

Each Listener has one inp'lx line called Data
Available (DAV) and two output lines called Ready
For Data (RFD) and Data Accepted (DAC). The RFD
and DAC lines of all Listeners are connected
together in a wire-AND.

' - v,
wired-, requires a 1nputs istener's sig-
(A wired-AND requi 11 inputs [List ig t

nals] to go High before the output [signal to the
Talker] goes High.) The RFD signal to the Talker

3-10
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tells the Talker when the last Listener is ready
to receive data (Ffinal Listener's RFD goes High).
The Talker then tells the Listeners trat data is
now available by bringing DAV Low.

Each Listener, working st its individual pace,
signals when data reception is done by letting its
DAC line go High. The wired-AND DAC signal will
tell the Talker when the last Listener has
accepted the current data (the last Listener's DAC
finally goes High).

The Talker then tells the Listeners that the data
is no longer valid (DAV goes High). Each Listen-
er puts DAC Low and, when ready for new data, puts
RFD high.

The wired-AND RFD and the Low DAC tells the Talker
that all Listeners are ready for new data, and the
cycle is ready to begin again.

T T Tz T T Ts Te % To
DAV _J_—\ JF
RFD \ J/_
DAC J/— 'ﬂ\___
DATA :) VALID Jf
f

Figure 3-7. 3-Wire Input Handsheke
Timing Diagram

This procedure is in agreement with the IEEE-488
3-Wire Handshake.

The following example provides a step-by-step
analysis of an input port configured as double-
buffered and using the 3-Wire Handshake. (This
description uses Figure 3-7 as reference).

T4 DAV goes low, indicating that
the data is ready to be read
and that the input ports are
ready for data (the interlock
requires RFD to be High before
the output port can lower DAV.
The data is latched into the
input port Buffer register.

To. RFD goes Low, indicating that
the Buffer register is full and
the port is not ready for more

- data.

T3 . The individual input ports
.allow DAC to go High. The
wire~-ANDed DAC goes High, indi-
cating that the data  was
received by all input ports.

Ts- DAV goes High as the start of
the completion of data handling
handshake, acknowledging that

" the data was received.

Tse DAC goes Llow & the data
transfer is completed.

Tg becomes Tg. When their Buffer registers are
empty, the individul input
ports allow RFD to go High.
The wire-ANDed RFD goes High,
indicating that the port is
ready for the next byte; the
cycle is ready to repeat.

3.4.3 Output Port With Handshake

Output ports handle data movement from the CPU to
the CI0 port pins. This sallows the writing of
8-bit (or 16-bit if Ports A and B are linked) data
to external devices. {(See Figure 3-8.)

There are two Bit Path Definition registers that
can affect output port operation: The data path

Tg- DAV and RFD are both High. DAV
High indicates that the data is
not valid.

2091-008
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is modified as specified by the Data Path Polar.ty
register (see Section 2.6.1); and the Special /0
Control register allows selection of either normal
or open-drain outputs (see Section 2.6.3).

When a port is programmed in the output mode, its
Input-Data Register Full (IRF) flag of the Port
Command and Status register is automatically held
at 0.

Because the port operation is‘independent of the
handshake, the port operation modes will be exam-
ined in this section independent of handshake
types. This will be followed by an examination of
the four handshake types (Interlocked, Strobed,
Pulsed, and 3-Wire) in the output port context.

s

3.4.3.1 Basic Modes of Operation

There are three independent modes of operation
that, taken together, characterize a particular
output port configuration.
tion are:

These modes of opera-

¢ double- or single-buffered
e interrupt on one or two bytes
® using or not using pattern match logic

Output Port Data Path

Double-Buffered (SB = 0)

The CPU writes data to the Output Data register.
The data is moved to the Buffer register if it is
empty. When- the output port is specified as
double-buffered (SB = 0) in the Port Mode Specifi-
cation register, the data move to the Buffer reg-
ister "empties" the Output Data register, setting
the Output Data Register Empty (ORE) flag; the CPU
can then write another byte into the Output Data
register. The falling edge of ACKIN indicates
that the data has been taken, and empties the
Buffer register, Reading the Input Data register
will return the current value in the Buffer regis-
ter.

The DAV output tells receivers thst the output

- port data is available and valid when this signal

is Low,

The Interrupt on Two Bytes (ITB) control bit of
the Port Mode Specification register determines
when IP is set and when an interrupt should be
requested.

While programmed to
(118 = 0),

interrupt on every byte
Interrupt Pending (IP) of the Port

2014-003
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Command and Status register is automatically set
to 1 along with Output Data Register Empty (ORE)
of the Port Command and Status register when the
data is moved out of the Output Data register and
into the Buffer register. Writing to the port
data register "fills" the Output Data register and
automatically clears the IP (hence, ORE = 0 and
1P = 0). IP can be cleared (IP = 0) by software
command; that is, by writing bits Dy-Ds of the
Port Command and Status register. However, the
Output Data register is not "filled" until the
data is written. Since IP is set only when data
is moved out of the Output Data register, then if
the port is enabled (PAE or PBE is set to 1)
without writing any data, IP will not be set even
though the Output Data register is empty.

While programmed to interrupt on two bytes (ITB =
1), IP is not automatically set to 1 until both
the Output Data and Buffer registers are empty;
that is, the Buffer register becomes empty while
the Output Data register is empty. IP is automat-
ically cleared (IP = 0) when the second byte of
data is written by the CPU to the data register.
The first data write fills the Output Data regis-
ter and allows the data to be moved into the Buf-
fer register. The second data write fills the now
empty Output Data register and autcmatically
clears the IP. As when ITB = 0, when the port is
initially enabled, the IP will not be set nor will
an interrupt request be generated until a byte of
data is written to it. Data can be written to it
after it is initially configured and before it is
enabled.

When ITB = 1, the Output Data register should not
be written unless IP = 1, even if ORE = 1. Other-
wise, the data may be written just as the Buffer
register is going empty and as IP is being set.
In this case, an interrupt may be requested
for a two-byte write, when only one byte is
needed, because the first byte has already been
written but not output.

NOTE

The IP can be cleared on command. This
suggests the following possible
sequence for providing byte-by-tyte
control of the DAV output: writing one
byte of data and then clearing IP by
command allows an interrupt when the
Buffer register is "emptied" by the
handshake logic. '

‘

Single-Buffered (SB = 1)

When the output port is specified as single-
buffered (5B = 1), output data is moved from the
Output Data register to the Buffer register as in
the double-buffered case. However, when the data
is moved into the Buffer register, the Output Data
register is not emptied. A copy of the data is
maintained there. In this mode, the handshake
when ACKIN falls,
the Output Data and Buffer registers are emptied,
and both ORE and IP are automatically set to 1.
Writing the port data register fills the Output
Data register and clears IP (ORE = IP = 0).

logic "empties" both registers:

NOTE

Unlike the double-buffered operation,
ITB = 1 does not make sense in single-
buf fered operation. Thus, when SB = 1,
ITB must = O,

With Pattern Match Added (PM5; = PM5g # 0)

The port's built-in pattern match logic can be
used to test the data as it is coming into or
through the data register. The available pattern
match modes operate independertly of handshake
type and are specified by the Pattern Mode
Specification bits (PMSq and PMSg). In the output
port operation, the AND and the OR modes are
available for use, but the OR-PEV is not. This
pattern availability for AND and OR logic is a
consequence of the pattern being tested as the
data is moved into the Input Data registe;',
eliminating access to the transition information.
Because of this, transition pattermns cannot be
used.

The Pattern Match Flag (PMF) of the Port Command
and Status register is set to 1 or is cleared to 0
as the data is moved from the Output Data register
to the Buffgr register.

When ITB = 0, IP is set when data is moved out of
the Output Data register. If PMF = 1, writing the
data register does not automatically clear the
IP--the IP can only be cleared by writing to the
Port Command and Status Register. Also, writing
the Output Data register does not "fill" it; the
Output Data register can be "filled" (and ORE
cleared to 0) only if it is written and the -IP is
cleared, (in any order). Data that is written

3-13
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before IP is cleared, <however, is latched in the
Output Data register.

While ITB = 1, the pattern match logic can over-
ride the ITB. logic. If the byte moved into the
Buffer register matches the specified pattern, the
IP goes to 1 immediately. IP is cleared and the
Output Data register is filled in the same manner
as when ITB = 0.

In the Pattern Match mode of operation, whers ITB
= 1 and Pattern Match is enabled, care must be
taken, because an IP = 1 can mean that either one
or twe bytes may be written (depending upon
whether a match occurred and if the match occured
on the first or second output byte). There is
also the possibility that, if IP is cleared by
writing to Port Command and Status register after
a single data register write, no further inter-
rupts will be generated if the byte matched,

A normal assumption when ITB = 1 is that both the
Output Data and Buffer registers are empty whean an
interrupt occurs, and two consecutive writes will
fill both registers and clear IP. However, if the
first byte written.matches the pattern, the second

write will not "fill" the Output Data register or
clear IP because PMF was set to 1 when the first
byte was moved into the Buffer register, If the
second byte matches, IP and PMF will be set when
it is moved into the Buffer register and an
interrupt request will be generated--however, only
one byte can be written since only the Output Data
register is empty. :

When ITB = 1 and both PMSy and PMSy are not O,
there are three conditions which can cause an
interrupt:

2 bytes were written--neither
match the pattern

Condition 1:

2 bytes were written--the second
byte matches the pattern

Condition 2:

Condition 3: 1 byte was written--it matches the

pattern

Given the above information, the following set of
operations will determine the cause of the inter-
rupt and properly process it.

Poll PMF (this could be Status In Vector)

If PMF = O (both registers are empty)

s Write 1st byte
e Poll PMF

The cause is condition 1

If PMF = 0 (1st byte doesn't match)

e Write 2nd byte (IP automatically cleared)

® Return

If PMF = 1 (1st byte matches)

e C(lear IP
e Write 2nd byte (i any)
® Return

If PMF = 1 (2nd byte matchés)

e Clear IP
e Write a byte (if any)
o Return

The cause is condition 3

v

The cause is condition 2

|

!

= r 2‘7(
In summary, careful interrupt handling is required !

if both the ITB and pattern match logic are
enabled. '
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Interrupt on Match Only (IMD = 1) Specified

When the Interrupt on Match. Only bit of the Port
Mode Specification register is set to 1, an inter-
rupt request will be generated only when the data
moved out of the Output Data register into the
Buffer register matches the pattern specifica-
tion. For output ports, the IMO capability is
especially useful when data transfer is under the
control of an external device (for example, a DMA
controller). In this way the bulk of the data
transfers can be accomplished without interrupts
(that is, without involvement of the CPU) by hav-
ing an interrupt generated only when the match
pattern is encountered. The CIO, through the IMO,
allows a long string of bytes to be output without
interrupts. This is accomplished by simply wait-
ing on a pattern which is inserted at the end of a
string to signal the end of the transmission by
way of a single CPU interrupt request.. This way,
many bytes can be moved with only one interrupt
request being generated.

NOTE

IMO must be 0 if either ITB or SB = 1,
or if the port is a bit port.

~

3.4.3.2 Hendshake Types

The operation of Port A and B output handshakes
will be explained by describing in detail the
sequence of operations performed by an output port
programmed with Interlocked Handshake. Any dif-
ferences encountered when using the other hand-
shakes will then be described. See Table 3-1 for
identification of the handshake lines furnished by
Port C bits for Ports A and B.

Deskew Timer Description

Because external devices may require that the data
be valid for a certain minimum amount of time
prior to the DAV signal being pulled Low (to indi-
cate data available), the CIO provides a separate
deskew timer for each port. As data is trans-
ferred to the Buffer register, the deskew timer is
triggered (if the timer is enabled (DTE = 1),
After the number of PCLK cycles (up to 16) speci-
fied by the deskew timer Time Constant (sée Figure
2-5), DAV is allowed to go Low (the interlock may
keep DAV High). The deskew timer does not extend
the time from ACKIN rising to DAV falling. The
deskew timer therefore 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 inde-
pendent of the type of handshake employed. Each
port has a separate 4-bit deskew timer. Thus, the
CI0 can provide the proper timing to interface to
those external devices that require a large data
valid to DAV falling setup time. For example, the
IEEE-488 specification requires data to be valid
for 2 microseconds before DAV can go Low.

Interlocked Output Handsheke

The Interlocked Output Handshake requires that the
output port does not indicate that it has data
available (DAV goes Low) until the receiving
port indicates that the previcus byte of data has
been accepted (indicated by ACKIN being High).

Interlocked Handshake port configuration allows
the CIO to communicate directly with a variety of
other devices without the need for external
logic. Devices such as ancther CIO, FIO, FIFO, Z8
Port, etc., can be interfaced directly. Figure
3-2 shows two interconnected CIOs: the output
port's DAV outpat connects to the imput port's
ACKIN input and the input port's RFD output
connects to the output port's ACKIN input .

In Interlocked Output Handshake mode (Figure 3-9),
the CPU writes data into the Output Data regis-
ter. If the Buffer register is empty, the data is
moved to it and on to the port outpwt pins ("emp-
tying" the Output Data register). The Output Dats
register Empty (ORE) bit in the port Command and
Status register is then set to 1 and Data Avail-
sble (DAV) handshake line goes Low (if ACKIN is
High). The CPU can now write ancther byte into
the Output Data register, setting ORE to 0. When

T T T T T Ts TeaTo
ACKIN \ /
(RFD) A\ £
Wy d
—— rid i \
DAV \
cé
DATA VALID )C VALID
L
24
016
— DESKEW
PCLK TIME

Figure 3-9. Interlocked Output Handshake
Timing Diagram
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the receiving port has accepted the data it lowers
m; the Buffer register is "emptied" and DAV
goes High, indicating that data is no longer
available., The data in the Output Data register
is moved to the Buffer register and oul: of the
port. At this time the next byte of data is
available. However, the DAV signal cannot go Low
until the ACKIN input is High, indicating that the
receiving port is ready to accept - another byte of
data. This achieves the interlock.

The following example is a step-by-step analysis
of a double-buffered output port using Interlocked
Handshake. (This description uses Figure 3-9 as
reference). »

Tg- The Buffer register is full,
: data is valid on the pins, DAV
is Low, and ACKIN is High.

Ty ACKIN goes lLow, indicating that
the receiver has taken the data
and is not ready for more
data. This empties the Buffer
register.

Ty DAV goes High, indicating that
the Buffer register is empty
and the data is no longer
valid.

Ts. The next byte to be output is
moved into the Buffer register
from the Output Data register.
Data is valid &t the port
pins. The Deskew Timer is
triggered if enabled.

Ta- The Deskew Timer times out,__lE
DAV remains High because ACKIN
is still Llow (this is the
Interlock).

Ts. ACKIN goes High, indicating
that the input port is ready
for data,

Tg becomes Tg. DAY goes Llow, indicating that

the data is valid and has been

valid for Deskew time pro-
grammed; the cycle is ready to
repeat.

Strobed Output Handshake

The Strobed Handshake (Figure 3-10) operates in
the same way as the Interlocked Handshake, except

that DAV goes Low independent of ATKIN. That is,
the output port can indicate that new data ig

available by DAV going Low (independent of
ACKIN). In all other respects, the two handshakes

are the same. The falling edge 'of the DAV output
indicates that the data is ready to be read (just
like in Interlocked Handshake). The deskew timers
can be used as described in output port with
Interlocked Handshake above.

To Ty Tz T Ta TsaTy
ACKIN N\ - y—
(RFD) - A,
DAV /' #f\
DATA vaup |- 7( jc VALID
018
— PCLK [— Dﬁ:gw

Figure 3-10. Strobed Dutput Handshake
Timing Diagram

The following example is a step-by-step analysis
of a double-buffered output port using Strobed
Handshake. (This description uses Figure 3-10 as
reference).

Tg- : The Buffer register is full,
data is valid on the pins, DAV
is Low, and ACKIN is High.

Tq. ACKIN goes Low, indicating that
the receiver has taken the data
and is not ready for more
data. This empties the Buffer
register. '

T3. DAV goes High, indicating that

the Buffer register is empty -

and the data
valid.

is no longer

T3. The next byte to be output is
moved into the Buffer register
from the Output Data register.
Data is valid at the port
pins. The deskew timer is
triggered if enabled.

Ta. . T_E deskew timer times out, and
DAV qoes Low, independent of
ACKIN (there is no ACKIN Inter-
lock).
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Ts becomes Tg. ATKIN goes High, indicating
that the input pont is ready
for data; the cycle is ready to

repeat.

Pulsed Output Handshake

The Pulsed Handshake operates exactly like the
Interlocked Handshake with Counter/Timer 3
inserted internally in the DAV outpu: psth (see
Figure 3-11). The timer is triggered on the
falling edge of an internal DAV signal. The
output of the timer is inverted and used as the
Data Available output for the handshake. The
interlock is between the ACKIN input snd the
internal DAV gignal (the internal DAY cannct go
Low until ACKIN is High). .Because all the
capabilities of Counter/Timer 3 are available for
use, many operations are possible depending on how
the timer is programmed. However, since only
Counter/Timer 3 is used, only one port can have
Pulsed Handshake at a time. The deskew timers can
be used to delay the internal DAV signal as
described before.

OUTPUT PORT
DAV DAV
(INTERNAL) (EXTERNAL)
HE TRIGGER  TIMER |
' Do INPUT OuTPUT
= crTa

Figure 3-11. Pulsed Output Hanishake
Counter/Timer Insertion

If Counter/Timer 3's output duty cycle is pro-
grammed in the pulse mode, then TC cycles (where
TC is the.value programmed in the counter/timer
Time Constant register) after the internal DAV
falling edge is detected, the DAV output falls and
the external DAV rises a cycle later.

If the counter is programmed with the one-shot
duty cycle, then the DAV output falls as soon as
the external falling edge on the internal DAV sig-
nal is detected; it rises TC cycles later. When
the counter duty cycle is selected tc be square-
wave, the DAV output goes Low TC cycles after
internal DAV falls and it stays Low for TC cy-
cles. The duty cycle selected for Counter/Timer 3
determines which DAV outputs are available (see
the timing diagrams in Fiqure 3-12).

TC TC
DATA
DAV
(INTERNAL) DESKEW I

TIME

PULSED N /
DAV
(EXTERNAL) ) * oNg-SHOT \

SQUARE-WAVE A

Figure 3-12. Pulsed Output Handshake
Couter/Timer Duty Cycles

Many simple interfaces can be made with the Pulsed
Handshake by linking the DAV output to the ACKIN
input. For example, if the duty cycle selected
for Counter/Timer 3 is square-wave, the port will
provide valid data with a setup of TC clock cycles
to the external DAV falling edge (even longer if
the deskew timer is enabled). Also the DAV's Low
time will be TC clock cycles. This could be used
for interfacing to a device which requires a large
data setup time to a strobe and a minimum time
between characters.

3-Wire Output Handsheke

The 3-Wire Handshake (Figure 3-13) is the same as
the Interlocked Handshake, except that the role of
the ACKIN input is replaced by two signals: Ready
for Data (RFD) and Data Accepted (DAC). This
nomenclature is consistent with the IEEE-488 spec-
ification.

When the output port Buffer register is full, its
data is available to send. However, the 3-Wire
Interlock requires that the receiver(s) first sig-
nal that it is ready for data by having DAC Low
and raising RFD High (the interlock).

If the deskew timer is ensbled, the deskew count-
down starts with data moved into the Buffer regis-
ter. On deskew timeout, the DAV signal goes Low;
the data has been valid for the whole Deskew
count. If the deskew timer is not ensbled, the
output port then immediately lowers DAV, signaling
that the data is available.

2091-010,011, 2014-007
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The input port puts RFD Low and, after accept ing
the data, DAC goes High. The rising edge of DAC
"empties" the Buffer register (like ACKIN falling
in the Interlocked and Strobed Handshakes). The
output port then raises DAV High which causes the
input port's DAC to return Low. New data can now
move into the Buffer register in preparation for a
new cycle. The new cycle begins when the input
port(s) signals that it.is ready for data by RFD
going High (the interlock).

An output port using 3-Wire can be used as the
source of data in a communication network that has
one source (Talker) and many receivers (Listen-
ers). The following is a description of the oper-
ation of such a network from the Talker point of
view,

In the 3-Wire Handshake (Figure 3-13), separate
signals are used to indicate when the Listeners
are ready to receive new data (RFD), and when.the
data has been accepted (DAC). (In the Interlocked
Handshake, the ACKIN input indicates both‘[High =
Ready for Data, Low = Data Accepted]). Since iwo
signals are used, many Listeners can be connected
simultaneously to a single Talker by wire-ANDing
their RFD and DAC outputs. In this way RFD will
rise only when all Listeners are ready, and DAC
will rise only after all Listeners have received
the data.

To T1 T2 T3 Ta Ts TewTo
- J’ '
DAV f\L y
— e :
RFD B ‘\ /
DAC ~ / \
o
DATA }C’ VALID X
&4 .
o18 DESKEW
I LT e

Figure 3-13. 3-Wire Output Handshake
Timing Diagram

When DAV falls, the Listeners can receive the data
at their own individual pace, indicating that they
have received the data by bringing RFD Low, &nd
letting their own DAC go High. Since DAC is a
wired-AND, the DAC signal to the Talker will indi-
cate when the last Listener has accepted the
current data.

The Talker then tells the Listeners that Lhe data
is no longer valid (DAV goes High). The Listeners
then respond by pulling DAC Low and, when they are
ready, letting RFD go High. When the last
Listener's RFD goes High, the wired-AND tells the
Talker that all Listeners are again ready for new
data, and the cycle is ready to begin again.

This procedure is in agreement with the IEEE-488
3-Wire Handshake. See the 3-Wire Handshake timing
example (Section 3.4.2.2) for a step-by-step anal-
ysis of a port configured as double-buffered which
uses 3-Wire Handshake.

3.4.4 Bidirectional Port Operation

The bidirectional port is both an input and an
output port. That is, it handles data movemert in
either direction between the CPU and the CIO
pins. The direction of data flow is control led by
a single line, the IN/OUT 1line, provided by
Port C (see Table 3-1). If the line of Port C
used as the direction control is programmed to be
an input bit, the port is a "slave" bidirectional
port. The direction of data flow is controlled by
an external "master," and the IN/OUT input con-
trols the port. (If the bit is programmed to be
an output bit, the port is a "master" bidirec-
tional port.) In this configuration, the CPU con-
trols the direction of data flow and the IN/OUT
line is a status line that indicates the direction
of data flow. The operation of data transfer is
the same for both "master" and "slave" ports--only
the mechanism of changing direction is different.

The details of the differences will be described .

in the following paragraphs.

The bidirectional port uses two lines in addition
to the IN/OUT line for handshaking. One line, the
RFD/DAV line, has multiple functions depending on
the data direction. When acting as an input port,
this line is the Ready For Data (RFD) output, like
the simple input port. In the output mode, this
line }s the Data Available (DAV) output, like the
simple output port. The other line is the
Acknowledge Input (ACKIN). Since three of Port
C's four lines are required for handshake and
direction control 1lines, only one port may be
bidirectional at any one time.

In the bidirectional mode, a port's Inpwt register
and Output register are both operational and inde-
pendent. Even when the IN/OUT line is Low (output
mode), reading the Port's data register gives the
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contents of Input Dsta register, not the value
being output at the time (like a simple output
port gives). Reading the port's data register
empties the Input register; writing the data reg-
ister fills the Output register, regardless of the
direction of the port at the time of the read or
write.

Both double- and single-buffered operations func-
tion in the bidirectional mode like simple input

and output ports, depending on the direction of
data flow.

Since the direction of data flow can be changed at
almost any time and because a single Buffer regis-
ter is multiplexed between the input and output
path, any data in the Buffer register is somewhat
vulnerable. The user must take precautions that
data is not lost.

Only two handshakes are supported by a port in the
bidirectional mode: the Interlocked Handshake and
the Strobed Handshake. The Pulsed Handshake and
the 3-Wire Handshake must not be specified. Like
the simple input and output ports, the only dif-
ference between the Interlocked and the Strobed
handshakes is whether or not the ACKIN input
influences the operation of the RFD output (input
mode) or DAV output (output mode). The operation
of the bidirectional port will be explained by
describing in detail the input operation, input -
to-output transition, output operation, and
output-to-input transition for a port using the
Interlocked Handshake. Dif ferences encountered
using the Strobed Handshake will be described as
they occur.

NOTE

When in the bidirectional operation condi-
tion, the Interrupt on Two Bytes (118) bit
of the Port Mode Specification register must
be set go 0 (zero).

3.4.8.1 Input Operation

The Bidirectional port operating in the imput
direction operates like a simple input port,
except for how IP is cleared and how the Input
register is emptied.

On the falling edge of the Acknowledge Input
(ACKIN) the input data is latched in the Buffer
register and RFD/DAV output is pulled Low, indica-

ting that the data has been accepted. If the
Input Data register is empty, the data is trans-
ferred to the Input Data register, the Input Reg-
ister Full (IRF) flag is set to 1, the Buffer reg-
ister is emptied (if not single-buffered), and IP
is set to 1. When the Buffer register becomes
empty, the RFD/DAV returns High, if ACKIN is
High. If the Strobed Handshake is specified, it
goes High independent of ACKIN's state.

In bidirectional input operation, the IP cannot be
cleared automatically. It must be cleared by
writing to the Port Command and Status Register.
Also, the Input register (and Buffer register, if
single-buffered) will remain "full" wuntil the
Input Data register is read and IP is cleared (in
any order).

3.4.4.2 Input to Output Direction Change

The direction can safely be changed at any time
except for the period between the falling edge of
ACKIN and the time that RFD/DAV falls, indicating
the reception of input data. As long as any input
data is. in the Buffer register or any inmput inter-
rupts are pending, the port remains in the input
mode internally.” As the data is shifted into the
Input Data register, IP is set; the port remains
an input port until that IP is cleared. While the
internal state of the port differs from the IN/DOT
Mine, the RFD/DAV line is forced High, indicating
that no output data is available. If the INOUT
line is returned High during this time, RFD/DAV
may go Low to indicate that the port is not ready
for input data and that a false RFD/DAV falling
edge may be generated. This problem can be alle-
viated if the input-to-output transition is not
made while the RFD/DAV line is Low. When all
input interrupts have been recognized, (IP's
cleared), the port becomes an output port and
operates normally. Until this time, all port- data
lines remain input (the output drivers will not go

_active).

If the port becomes an output port and the Output
Data register is empty, IP is automatically set
just as if the Output register had become empty as '
a result of an output handshake. -

3.4.4.3 Output Operations

A bidirectional por't, operating in the output
direction, functions like a simple output port
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except for the wdy in which IP is cleared and the
Output register is "filled".

The output operation starts by writing a byte to
the port's data register. If IP = 0, this fills
the Output Data register and clears the Output
Register Empty (ORE) flag to 0. If -he Buffer
register is empty, the data is moved to the Buf fer
register (and, therefore, to output on the port
pins), and, if specified, the optional deskew
timer is triggered. If the port is diuble-buf-
fered (SB = 0), the Output Data register is "emp-
tied" and both ORE and IP are set to 1. If the
port is single-buffered (SB = 1), the Output Data
register'is not "emptied" when the datz is moved
into the Buffer register. If ACKIN is High, the
RFD/DAV output is pulled Low either immediately,
or after the deskew timer -times out. If the
Strobed Handshake is specified, RFD/DAV goes Low
independent of the state of ACKIN. When ACKIN
goes Low, indicating that the data has been
received, the Buffer register is empt iec, and the
RFD/DAV line is forced High. If the port is
single-buffered, this also "empt ies" the Output
Data register and causes both IP and ORE to be set
to 1.

In bidirectional output operation, IP cannot be
cleared automatically. It can only be cleared by
writing to the Port's Command and Stat.s regis-
ter. Also, the Output Data register remzins "emp-
ty" until both the Output Data register is written
and IP is cleared (in any order).

3.4.4.4 Output to Input Direction Change

The change in direction from output to input can
safely take place at any time, y except for the time
between the falling edge of ACKIN and the rising
edge of RFD/DAV (which indicates that the receipt
of the data is recognized). As soon.as the direc-
tion change to input is recognized, the port
becomes an input port. The output drivers are
forced to high impedence and the Buffer register
is emptied (if full) to prepare it for an input
data byte. Any data that is in the Buffer regis-
ter is lost. If the direction change could occur
at any time (and possibly destroy Buffer register
data), the port should be specified to be single-
buffered. In this case, a copy of the data to be
output is contained in the Output Data register,
and the data is not lost. When the Buffer regis-
ter is cleared, the port is ready to receive new
data immediately and RFD/DAV is output High.
Although the port is ready to receive data in the
Buffer register, it will not be moved to Lhe Input

Data register until IP is cleared. This guaran-
tees that no interrupts are missed on direct ion
change.

It is recommended that a "master" bidirect ional
port only change directions to input when the
RFD/DAV output is High. This can be done by pro-
gramming the port to be single-buffered and then
changing directions in response to an output hand-
shake interrupt. At this time; the previous out-
put’ handshake is completed and RFD/DAV is High.

If the Input Data register is full when the trang-
ition to an input port takes place, an interrupt
sequence is initiated just as if the register had
become full as a result of an input handshake.
(This is delayed until any output IP is cleared by
software.)

3.4.4.5 Pattern Match

The operation of the pattern match logic (if ena-
bled) in the bidirectional mode is essentially the
same as combining the input and output modes.
Each time IP is set, the PMF is updated, based on
whether or not the byte transferred into the Irput
Data redgister or out of the Output Data register
matches the pattern. IP is set and cleared like a
normal bidirectional port.

NOTE

The ITB bit must be 0 during bidirec-
tional operation. If the port is pro-
grammed to be single-buffered (SB - 1),
the Interrupt on Match Only (IMO) bit
must not be 1.

3.4.5 REQUEST/WAIT Line Operation

When used as a port with handshake, Port C can be
programmed to provide a status signal output in
addition to the normal handshake lines for either
Port A or B. The additional signal is either a
REQUEST or WAIT signal. The REQUEST signal indi-
cates when a port is ready to perform a data
transfer via the Z-BUS. It is intended for use by
a DMA-type device. The WAIT signal provides syn-
chronization for transfers with a CPU., Three bits
in the Port Handshake Specification register pro-
vide controls for the REQUEST/WAIT logic. Because
an extra Port C line is used, only one port can be
specified to be a port with a handshake and a
REQUEST/WAIT line. The other port must be-a bit
port.
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3.4.5.1 REQUEST Line Operation

Operation of the REQUEST line is dependent on the
state of the port's Interrupt on Two Bytes (IT8)
control bit. When ITB = 0, the REQUEST line goes
active as soon as the CI0 is ready for a data
tranafer. If the port is used for the input, the
REQUEST 1line qoes High when the Input Data
register is full. If the port is used for output,
the REQUEST 1line goes High when the (Qutput Data
register is empty. If ITB = 1, REQUEST goes
active only if two bytes can be moved. For input,
both Input Data and Buffer registers are full, and
for output, both Buffer and Output Data registers
are empty. REQUEST stays active as long as a byte
is available to be read or written. However, if
the port is single-buffered or if the Pattern
Match Flag is set, REQUEST goes Low whzn the data
is read or written.

In the bidirectional mode, ITB must be 0. There-
fore, the REQUEST line reflects the state of the
Input or Output Data register, depending on the

type of REQUEST line specified.

The DMA-type transfer is facilitated by the use of
the Interrupt on Match Only (IMO) control bit in
the Port Mode Specification register. In most DMA
transfers, the peripheral does not cenerate an
interrupt request. However, the Interrupt on
Match Only (IMO) capability of the CI0 allows it
to interrupt the CPU when there is a specified
byte match, such as an end of transfer flag, etc.
Except for the specified pattern match, the CPU is
not involved in the transfer; the data movement is
tonsequently accomplished much faster. This
REQUEST 1ine/IMO pattern match operation can func-
tion in all port operating modes.

The SPECIAL REQUEST function is reserved for use
with bidirectional ports only.
REQUEST line indicates the status of the register
not being used in the data path at thal time. If
the IN/OUT line is High (input port), the REQUEST
line is High when the Output Data l-egister is
empty. If IN/OUT is Low (output port), the
REQUEST line goes High when the Input'Data regis-
ter is full. In this mode, both the Input and the
Output Data registers can be monitcred. = The
RFD/DAV indicates the state of the register in the
data path, and the REQUEST line monitors the reg-
ister not in the data path.

This line can be used to indicate when to change
the CIO direction. For example, if the CIO is a

In this case, the

"slave" bidirectional port in the input direction

(INBOT = High), then when the SPECIAL REQUEST

line goes Low (indicating that the Output Data
register has a byte to be transferred), the master
port can use this as the signal to turn the port
around so that the byte can be output.

3.4.5.2 WAIT Line Operation

The REQUEST/WAIT line configured in the WATT mode
is useful to synchronize CPU-to-CIO transactions.
For example, when the CPU wants the data transfer
to be performed rapidly as possible, it does
not want to wait for an interrupt service routine
to tell it that the CIO is ready to receive or
supply a byie of data. Rather, the CPU attempts a
read or write to the CI0. If WAIT is enabled, and
the CI0 is not ready for a read or write to it,
WAIT is pulled Low and the CPU is forced to wait
until the CIO is ready (the Input register becomes
full or the Output register becomes empty), signi-
fied by the WAIT line going High. The CPU is now
released from the WAIT pause and can complete the
data transaction.

For an input port, WAIT is pulled Low when an
attempt is mede to read the Input Data register
and the port is empty. For an output port, WAIT
is pulled Low when an attempt is made to write to
the Output Data register that is still full; the
data integrity is maintained in the case of the
output port--the data is not overwritten. Action
is merely suspended until the write can take
place.

In the 8036, WAIT falling is caused by DS fall-
ing. In the 128536, WAIT is gynchronized with
either RD or WD falling. WATT, however, may be
required to be valid at the CPU prior to this. A
practical way to use WAIT with the CI0 is to have
external logic generate a WAIT cycle automatic-
ally, which can then be extended as needed by the
CIO. :

The relesse of WALT in both the 28036 and the
78536 is synchronized with the PCLK input. Thus
for the 28036 REQUEST/WAIT function, a PCLK input
is required. Also, while the 78036 is asserting
\'«Tﬁ, internal status is updated _x_:sing PCLK (not

AS as it normally does), because AS stops as long
as the CPU is WAITed.
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3.4.6 Linked Port” Operat ion

Ports A and B can be linked to form a 16-bit port
by programming a 1 in the Port Link Control (PLC)
bit of the Master Configuration Control register.,
In this mode, only Port A's Handshake Specifica-
tion and Status registers are used. Port. B must

be specified as a bit port. When linked, only
Port A has pattern-match capability, Port B's

" pattern-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., The PLC
bit must be set to 1 before the ports are enabled.
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Chapter 4
Counter/Timer Operation

4.1 COUNTER/TIMER ARCHITECTURE The utilization of these lines (Table 4-1) is
programmable on a bit-by-bit basis via the

The three independent 16-bit counter/timers each
consist of a presettable 16-bit down-counter, a
16-bit Time Constant register, a 16-bit Current
Counter register, an 8-bit Mode Specificat ion reg-
ister, an 8-bit Command and Status register, and

.the associated control logic that links these reg-

isters.

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 con-
trol and status. Counter/Timer 1's external I/0
lines are provided -by the four most-significant
bits of Port B. Counter/Timer 2's external 1/0
lines are provided by the four least-significant
bits of Port B. Counter/Timer 3's external I/0
lines are provided by the four bits of Port C.

INTERNAL
BUS

Counter/Timer Mode Specification registers.

When external counter/timer 1/0 lines are to be
used, the associated port lines must be vacant and
programmed in the proper data direction., Lines
used for counter/timer 1/0 have the same charac-
teristics as simple input lines. They can be
specified as inverting or non-inverting, and can
be read and used with the pattern-recognition
logic. They can also include the 1's catcher
input.

4.2 COUNTER/TIMER SEQUENCE OF EVINTS

The following discussion assumes that the imputs
and outputs are programmed non-invert ing.

TIME
CONSTANT
REGISTER
{MSB's)

18-BIT
DOWN

COUNTER

COUNTER/

Figure 4-1.

Counter/Timer Block Diagram
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Table 4-1. Counter/Timer External Access
Counter/ Counter/ Counter/
Function Timer 1 Tgmer 2 Timer 3
Counter/Timer Output Port B 4 Port BO Port CO
Counter Input Port B 5 Port B 1 Port C 1.
Trigger Input Port B 6 Port B2 Port C 2
Gate Input Port B 7 Port 8 3 Port C 3

4.2.1 Initializing the Counter/Timer

Before starting a counter/timer sequence:

First, the Counter/Timer Mode Specification regis-
ter and the Counter/Timer Command and Status reg-
ister of the desired counter/timer must be ini-
tialized. Initialization requires several things
to be specified, for example, the external lines
~to be used, the output duty cycle, and whether the
cycle is continuous or single-cycle.

Second, the Time Constant must be specified by
writing the desired value to the Time Constant
register. The Time Constant register is accessed
as two B-bit registers. The registers are read-
able as well as writeable, and can be accessed in
any order. A 0O in the Time Constanl register
specifies a Time Constant of 65,536.

Third, if external access is going to be provided,
the port to be used must be programmecd as a bit
port and the necessary bits must be programmed in
the proper direction (see Section 3.3).

Finally, the Counter/Timer Enable bit in the Mas-
ter Configuration Control register is set. This
initialization sequence can best be understood by
examining the function of the various enable
bits., This bit, while cleared to 0, prevents
spurious counter/timer operation:

e IPs can not be set.
Counter/Timers can not be triggered.
The Read Current Count bit that freezes the
value in the Current Count register will be
held cleared to 0.

e The Counter/Timer output is forced to 0.

Clearing an enable bit will not clear an existing
IP that is set--it will only inhibit the IP from

being set again.

Clearing the enable bit will
clear the Read Counter Control bit, causing the
Current Count register to follow the
counter.

down-

4.2.2 Starting the Counter/Timer

The countdown sequence is initiated when the coun-
ter/timer is triggered and the . down-counter is
loaded with the contents of the Time Constant reg-
ister. The down-caunter is normally loaded on the
rising edge of the external trigger imput, or by
writing a 1 to the Trigger Command Bit (7CB) of
the Command and Status register. But, for
Counter/Timer 2 only, triggering can occur on the
falling edge of Counter/Timer 1's internal output
if the counters are linked via the trigger input.
Also, Counter/Timer 3 can be triggered by the
handshake logic when it is used with the Pulsed
Handshake (see Section 3.4.1.3).

The trigger functions as the logical OR of all the
potent ial triggers (see Figure 4-2). Since the
trigger function is an OR function, and since it
is rising-edge sensitive, any input remaining in
its active state will mask off other trigger
sources as it stays High.

NOTE

In order to ensure the loading of a Trig-
ger Constant on a particular rising edge
of the clocking signal, sufficient setup
time must be allowed--the trigger must
occur prior to the immediately preceding
falling edge of the clocking signal.
(The clocking signal equals the count
input if in Counter mode or PCLK/2 if in
Timer mode.) )
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TRIGGER INPUT
TRIGGER COMMAND BIT :
HANDSHAKE TRIGGER (GIT 3 ONLY)
r—————==77= 1

| CiT 1 OUTPUY |

| | (€T 2 ONLY)
| LINKED VIA TRIGGER

TRIGGER
FUNCTION

*ETE = EXTERNAL TRIGGER ENABLE BIT

fFigure 4-2. Trigger OR-Function Diagram

4.2.3 Countdown Sequence

The rate at which the down-counter counts is
determined by the mode of the counter/timer. In
the Timer 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.

Once the down-counter is loaded, the countdown
sequence continues toward terminal count as long
as all of the counter/timers' hardware ard soft-
ware gate inputs are High. The gate inputs are:
the Gate Command bit of the Counter/Timer Command
and Status register, and the external gate input
if enabled in the External Gate Enable bit of the
counter/timer Mode Specification register. Also,
for Counter/Timer 2 use only, the counter/timer
output (inverted) can be used as a gate if linked
via the gate in the Counter/Timer Link Controls
bits of the Master Configuration Control regis-
ter, If an.y of the gate inputs go Low (0), the
It resumes when all gate inputs
are 1 again. The gate function does not affect
the trigger function.

L
The gate functions as the logical AND of all the
potential gates (see Figure 4-3).

NOTE -

In order to ensure the enabling or dis-
abling of the counter/timer on a particu-
lar rising edge of the clocking signal,
sufficient setup time must be allowed.
The gate signal must be valid prior to
the immediately preceding falling edge of
the clocking signal.

EGE*
GATE INPUT

GATE COMMAND BIT GATE FUNCTION

1

CIT 1 OUTPUT

LINKED VIA

| (©/T 2ONLY
TRIGGER

*EGE = EXTERNAL GATE ENABLE BIT

Figure 4-3. Gate AND-Function Diagram

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 0, retriggers are ig-
nored and the countdown continues normally. If
REB is 1, each trigger causes the down-counter to
be reloaded and the countdown sequence starts over
again. If the output is programmed in the Square-
Wave mode, a retrigger causes the sequence to
start over from the initial load of the time
constant.

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 test-
ing the Count In Progress (CIP) status bit in the
Command 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 Cur-
rent Count register is a 16-bit register, access-
ible as two B-bit .registers, which mirrors the
contents of the down-counter. This register can
be read anytime. However, reading the register is
asynchronous to the counter's counting, and the

‘value returned can be guaranteed as valid only if

the counter is stopped. The down-counter can be
read relisbly while it is counting by first writ-
ing a 1 to the Read Counter Control (RCC) bit in
the counter/timer's Command and Status register.
This freezes the value in the Currert Count regis-
ter until a read of the least-significant byte is
performed. A read of RCC indicates if the CQR is
holding a value, or if it is following the down-
counter. ' :

4.2.4 Ending Condition

The Continuous/Single Cycle (C/SC) bit in the Mode
Specification .register controls operation of the
down-counter when it reaches terminal count (the
count following the count of 1). If C/SC is O
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when a terminal count is reached, the countdown
sequence stops. If the C/5T bit is 1 each time
the count-down counter reaches 1, the next cycle
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. This must be done with care.

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

sponding IP is cleared.
L]

4.2.5 Counter/Timer Output

There are three duty cycles available for the
timer/counter output: one-shot:,  and
square-wave. figure 4-4 shows the counter/timer
timing diagrams. When the Pulse mode is speci-
fied,. the output goes High for one cycle, begin-
ning when the down-counter leaves the counl of 1.
In the One-Shot mode, the output goes High when
the counter/timer is triggered and qoes Low when

pulse,

PCLK/2 OR
COUNTER INPUT

 begin,

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 initial trigger causes the down-counter to be
loaded and the normal count-down sequence to
When 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 forced Low.

4.2.6 Llinked Sequence

Counter/Timers 1 and 2 can be linked internally in
three differert ways. Counter/Timer 1's output
(inverted) can be used as Counter/Timer 2's trig-
ger, gate, or counter input. When linked, the
counter/timers have the same capabilities as when
used separately. - However, when they are linked,
they .should be linked before they are enabled.
The only restriction is that when Counter/Timer 1
drives Counter/Timers 2's count input, Counter/
Timer 2 must be programmed with its external count
input disabled (ECE = 0).

The initialization procedure, then, is the same as

for individual counter/timers, except that the
linking bits need to be agppropriately set.
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Chapter 5
Interrupt Operation

5.1 OVERVIEW

Interrupts are generated whenever CPU intervention
is required by a peripheral device. Three exam-
ples of interrupt request sources in the CI) are:
a pattern match occurring in a bit port; another
byte becoming available in an input port with
handshake; and a counter/timer reaching its ter-
minal count.

The operation of the 78036 is compatible with the
Z-BUS specification (see Zilog Data Book) and all
members of the 78000 family. The operation of the
28536 is similar to the Z-BUS specification,
which, with a minimum amount of external logic,
can be interfaced to a 780 and its family of
peripherals.

Interrupt operation is affected by three things:
the external device pins, internal register bit
settings, and Interrupt Acknowledge transaction
including vector response.

5.2 PRIORITY HANDLING AND THE, CIO

The CI0 is designed to provide interrupt priority
resolution in situations where there may be com-
peting interrupt requestors.

Interrupt priority resolution can be accompl ished
by using either a separate interrupt controller
The interrupt controller
device handles priority resolution and interrupt
request generation for all the peripherals in a
system, In contrast, the daisy-chain structure
uses serial daisy-chain pin connections to estab-
lish the priority of the interrupt devices, thus
distributing the decision-making among these
peripheral devices. The ihterrupt priority of a
device is determined by its position in the daisy-
chain. i

device or a daisy-chain.

One of the features of the CI0 is that it allows
both of the above interrupt schemes to be uszd in
the same CPU enviromment. The CIO contains all

R

the logic necessary for it to be used in both the
Z-BUS and the ZB0 BUS daisy-chain interrupt struc-
tures. This logic generates interrupts, resolves
interrupt priority, inhibits preempt ion by lower-
priority interrupts, and identifies the source of
interrupt . The OR-PEV mode .pattern recognition
logic of the ports (see Section 3.2) allows the
CI0 to act as an interrupt controller, facilitat-
ing the use of devices which do not have the
necessary interrupt logic. (See Figure 5-1.)

FROM OTHER Z-BUS
PERIPHERAL

1€l

cio

—— iNT -
INTACK
{EO

)

TO OTHER ZBUS
PERIPHERAL ETC.

NON
2-BUS
PERIPHERAL

iNT

i

NON
Z-BUS
PERIPHERAL

iNT
REQ

-

figure 5-1. The CIO as an Interrupt Controller

The CIO has five potential sources of interrupts:
the three counter/timers and Ports A and B. The
priorities of these sources are fixed in the fol-
lowing order (highest to lowest): Counter/Timer
3, Port A, Counter/Timer 2, Port B, and Counter/
Timer 1. Since the counter/timers all have equal
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capabilities and Ports A and B have equal capabil-
ities, there is no adverse impact from the fixed
priorities. . !

The €I0 interrupt priority, relative o other
components within the system, is determinéd by the
interrupt daisy-chain. Two pins, Interrupt Enable
In (1EI) and Interrupt Enable Out (IEO),. provide
the input and output necessary to implement the
daisy-chain. When IEI is pulled Low by a higher-
priority device, the CIO cannot request an inter-
rupt of the CPU. The IEQ output is connected the
IEI input of the next lower—priority device on the
daisy-chain. IEO0 is forced Low to inhibit inter-
rupts from all lower-priority-devices. The fol-
lowing discussion assumes that the IEI input is
High.

5.3 THE FOOR INTERRUPT LOGIC FUNCTIONS

The CI0 has the logic necessary to: generate
interrupts, resolve priority when there is more
than one interrupt requestor, inhibit preemptive
interrupts by the lower-priority requestors, and
clearly identify the exact source of interrupt.

5.3.1 Generating the Interrupt Request

Each source interrupt in the CIO contains three
bits for the control and status of the interrupt
logic: an Interrupt Pending (IP) bit, an Inter-
rupt Under Service (IUS) bit, and an Interrupt
Enable (IE) bit. IP is automatically set when an
.event requiring CPU intervention occurs. (Chap-
ters 3 and 4 describe in detail how a particular
IP is normally set and cleared.) The setting of
IP results in an Interrupt Request (INT) output
pulled Low if all other conditions are met. (IP
can also be set by a command. This is useful when
debugging interrupt handler software.)

The IE bit provides the CPU with a means of mask-
ing off individual sources of interrupts. When IE
is set to 1, an interrupt request is generated
normally. When If is set to O the IP is masked
off. The IP bit is still set when an eveni occurs
that would normally require service; however, the
INT output is not pulled Low.

The IUS status bit is set by the CPU as & result
of the Interrupt Acknowledge cycle if, at the time
of the Interrupt Acknowledge cycle, the corre-
sponding IP is the highest-priority unmasked IP.
(The details of setting and clearing [US are
described in Section 5.3.3.) When IUS is 1, it

indicates that the corresponding IP has been
recognized by the CPU and is being serviced. As
long as IUS is set the corresponding IP is masked
off and the IED output is forced Low.

The Master Interrupt Enable (MIE) bit allows all
sources of interrupts within the CIO to be dis-
aled without having to individually clear each IE
to 8. If MIE is set to O, all IPs are masked off
and no interrupt can be requested or acknowledged.

The IEI input is also involved in the control of
interrupt generation. If IEI is Low, it indicates
that a higher-priority interrupt is being serviced
(that is, a higher-priority IUS is set to 1). An
interrupt request can be made only when IfI is
High. ‘

In summary, for a device with one source of inter-
rupt, INT is pulled Low and an interrupt request
is generated only when IP and.IE are 1 and IUS is
0, MIE is 1, and IEI input is 1. For a device
with many sources of interrupt (for example, the
CI0), there is an internal IEI-IED daisy-chain
that determines the internal interrupt priority.,
The internal IEI for the particular interrupt
source must also be a 1.

5.3.2 Priority Resolution

The CPU responds to an interrupt request by gener-
ating an Interrupt Acknowledge cycle to determine
the source of the interrupt. The first part of
the cycle (from Interrupt Acknowledge [INTACK]
falling, until Data Strobe [DS] [in the 280367 or

Read [RD] [in the 785361 goes Low) is used to

determine which requestor has the highest prior-
ity. More than one device may have all the condi-
tions satisfied for pulling INT Low. As soon as
the Interrupt Acknowledge begins, all devices that
have an unmasked (IE = MIE = 1, IUS = 0) IP set
will pull their IEQ Low. The Low will ripple down

the daisy-chain, disabling all lower devices by’

forcing their IEIs Low. When the daisy-chain
settles, only one source of interrupt will have an
unmasked IP with its IEI High--this is the inter-
rupt source being acknowledged.

During the Interrupt Acknowledge cycle, IPs cannot
be set, so the daisy-chain has an opportunity to
stabilize. To satisfy this restriction in the
18036, IPs are set only when Address Strobe (AS)
goes Low. In the 78536, IPs are set by PCLK
during State 0. (This is why the ACKIN input must
be synchronous with PCLK in the 78536.)

L]
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5.3.3
Sources

Inhibiting Preemption by Lower-Priority

When DS (7803¢) or RD (78536) falls during an
Interrupt Acknowledge cycle, the IUS corresponding
to the highest unmasked IP is automat ically set to
1. As long as IUS is set, IED is held Low, pro-
hibiting interrupt requests from lower-priority
interrupt sources. This gquarantees that an inter-
rupt service routine will not be interrupted to
IUS can be
reset to O only by writing to the corresponding
Counter/Timer or Port Command and Status reg-
It is not cleared automatically. IUS can
be cleared before interrupt servicing is complete
if lower-priority interrupts wish to be recog-

service a lower-priority interrupt.
ister.

nized. However, IP must be cleared or a second
interrupt request will be generated.

The Disable Lower Chain (DLC) bit is included to
allow the CPU to modify the system daisy-chain.
When the DLC bit is set to 1, the CIO's IEQ is
forced 'Low (independent of the state of the CIO or
its IEI input) and interrupts from all lower-
priority devices are disabled.

Daisy-chain operation is handled differently
between the 78000 peripherals and the Z80 periph-
erals--however, they are compatible. (Refer to
Interfacing 8500 Peripherals to the 780, Micro-
computer Applications Reference Book, document
#00-2145-01). The CIO forces 1EO Low when IEI is
Low, or when an IUS is 1 (except during an Inter-
rupt Acknowledge cycle with an unmasked IP = 1
when IE0 is also forced Low).

The 280 peripherals (CTC, P10, DMA, and SIOD) nor-
mally force IED Low if IEI is Low, or if either IP
or IUS is set. However, they use the Z80 Return
from Interrupt Instruction (RETI Dy - 4Dy) to
automatically clear the highest IUS5 set. To
impiement this when an ED is decoded as the first
byte of an instruction fetch, 780 peripherals
inhibit IP from affecting the daisy-chain.

Although the daisy-chains are different,' during
critical times (during an Interrupt Acknowledge or
when a RETI instruction is executed), they are the
same and are therefore compatible.

5.3.4 Identification of the Highest-Priority
Interrupt Request; The Use of Vectors.

As part of the Interrupt Acknowledge cycle, the
CI0 is capable of responding with an 8-bit
interrupt vector that specifies the highest-
priority interrupt requestor (see Table 5-1). The

Table 5-1. Interrupt Vector Encoding if

VYector Includes Status

Port Vector Status

OR-Priority Encoded Vector Mode:
Dy Dz Dy

Number of highest-
priority bit with

a match
All Other Modes:
Ds Dy D4
ORE IRF PWF Normal
0 0 0 fError

Counter/Timer Status

0 0 Counter/Timer 3
0 1 Counter/Timer 2
1 0 Counter/Timer 1
1 1 Error

vector is output when DS (Z803) or RD (Z8536)
goes tow and IUS is set. The
vector is a key item of the Z8000 Family interrupt
handling logic. It speeds the information passing
and can, if desired, include
information identifying the cause of the interrupt
as well as the source identification.

identificat ion

additional status

The CIO contains three vector registers: one for
Port A, one for Port B, and one shared by the
three counter/timers. Unique idertification
information can be placed by the user in the
Interrupt Vector register for each interrupt
source needed during initialization. The vector
output can be modified to include status informa-
tion to pinpoint the cause of interrupt. A Vector

* Includes Status (VIS) control bit controls whether

or not the vector includes status.

Each base vector has its own VIS bit and is con-
trolled independently. When MIE = 1, reading the
base vector register always includes status, inde-
pendent of the state of the VIS bit. All the
information obtained by the including
status, can thus be obtained with one additional
instruction when VIS is set to 0. When MIE = O,

vector,




reading the vector register returns the unmodlfled
base vector so that it can be veri fied.

Another register, the Current Vector register,
facilitates the use of the CIO in & polled
environment. When read, the data returned is the
same as the 1nterrupt vector that is output in an
Interrupt Acknowledge, based on the highest-
priority IP set. If no unmasked IPs are set, the
value FFy is returned. The Currernt Vector reg-
ister provides a simple way to poll all IPs in a
single read.

The No Vector (NV) control bit of the Master
Interrupt Control register, when set to. 1, inhib-
its the outputtmg of an interrupt vector during
an INTACK cycle. The NV bit does not affect the
setting of the IUS operation. The only thing that
the NV does is prevent the vector from being

5.4 Z-BUS INTERRUPT OPERATION

Figure 7-5 dlsplays Interrupt Acknowledge timing.
The 78036 generates an interrupt by
lowering the INT 11ne only if:

request

® Such interrupt requests are enabled (IE is 1,
MEI is 1). .
It has an interrupt pending (IP = 1),
It does not have  an interrupt under service
(IUS is 0).

8 No higher-priority 1nterrupt is being serviced
(IEI is 1).

Figure 5-2 shows a
arbitration setting.

typical Z-BUS interrupt

IEO is not pulled down by the 78036 at this time; -

IEQ continues to follow IEI until an Interrupt

output on the bus. ‘Acknowledge transact ion occurs.
INTERRUPT INTERRUPT g
VECTOR VECTOR MIE
] [¥is)
* & o
— | =}
J 1 ya ]
< ADy-AD iy
- 2/
HIGHEST PAIORITY LOWEST PRIORITY
INTERRUPT SOURCE INTERRUPT SOURCE
e [E] [ms) 0E] @3
—| 53 ® o o
——{ INTAZR. e WY o B INT €0
T,
,I;
181 iNT 1EQ
~ 3
HIGHEST \ / LOWEST
PRIORITY N PRIORITY
z-8Us z-BUS z-8US
PERIPHERAL PERIPHERAL PERIPHERAL
IEf ADo-ADy K3 b‘s m‘r NT‘CR IEO 1E) ADg-AD; A8 B3 INT INTACK 1EO IE| ADo-ADz A B3 INT INTACK IEO
=] L — L] —
ﬁ’ /L +5V
ADg-ADy s
l l L
A3 — /
zBus )| ! e
cru (e
m ﬁ’IL
WAIT [———
o] [0 S — —
ADg-ADs C: FROM 18.81T PERIPHERALS
Figure 5-2. Z-BUS Interrupt Arbitration
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Some time after INT has been pulled Low, the CPU
initiates an Interrupt Acknowledge transaction.
Between the rising edge of AS and the falling edge
of DS, the IEI/IEQ daisy-chain settles. Any Z-BUS
peripheral with one of its interrupts pending (IP
is 1) or one of its interrupts under service (IUS
is 1) holds its IEQ line Low; all others make IEQ
follow IE].

When DS falls, only the highest-priority interrupt
Bource with' a pending interrupt (IP is 1) has its
IEI input High, its IE bit set to 1, and its IUS
bit set to 0. This is the interrupt source being
acknowledged, and at this time it sets its IUS bit
to 1. If its NV bit is 0, the 78036 identifies
itself by placing its interrupt vector from the
corresponding interrupt vector register onto
address/data lines ADg-ADy. If NV is 1, the 78036
ADg-AD; lines remain floating, allowing external
logic t6 supply a vector. (All Z-BUS interrupts
require a vector to ident ify the request ing
device.) :

If the corresponding 78036 VIS is 1, the vector
also contains status information, (see Table 5-1)
which further identifies the source of the
interrupt within the 78036. IF VIS is 0, the
vector held in the interrupt vector register is

output without status included (base vector).

5.5 NON-Z-8US INTERRUPT OPERATION

Figure 8-5 shows the non-Z-8US Interrupt Acknowl-
edge cycle timing. Figure 5-3 displays a 780 sys-
tem using 28500 and Z80 devices. (Section 8.5
describes generation of INTACK from Z80 signals.)
Figure 5-4 shows the external logic required for
interfacing 80 to 78500 peripherals.,

For the 28536, the IP bit is not set while the
device is in State 1 (Refer to Section 2.3 for a
description of state conditions.) Therefore, to
minimize interrupt latency, the 78536 should not
be left in State 1.

The 78536 generates an interrupt request by lower-
ing the INT line only if:

® Such interrupt requests are enabled (IE is 1,
MIE is 1).

® It has an interrupt pending (IP = 1).

o It does not have an interrupt under service
(IUS is D).

e No higher-priority interrupt is being serviced
(IEI is 1).

IEQ is not pulled down by the Z853¢ at this time;
IEO0 continues to follow IEI until an Interrupt
Acknowledge transact jon occurs.

+5V
1Et 13 oo [G] 139 gl eop—Em
85XxX 280-XXX 280-XXX Z80-XXX
x —_ JR— —
g M I0RQ IORQ —{ I0RQ
Do-Dr RDWR|Z iNT Do-Dy RD M1 INT Do-D; RD M1 INT Do-D7 RD M1 INT
L ” ”
it |—— l o l o = A5V
Do-D7 ,9
z80
cPU
__M WAIT & —
MREQ NTACK l0RQ
ORQ GENERATION
WAIT LOGIC
- {
WR
J—— RESET
RESET .
K CIRCUIT
osc CLK
Figure 5-3. Non Z-Bus Interrupt Arbitration
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Some time after INT has been pulled Low, the CPU
initiates an Interrupt Acknowledge transaction.
Between the falling edge of INTACK and the falling
edge of RD, the IEI/IEQ daisy-chain settles. Any
peripheral with one of its interrupts pending (IP
is 1) or one of its interrupts under service (IUS
is 1) holds its IED line lLow; all other conditions
make IEO follow IEI.

When RD falls, only the highest-priority interrupt
source with a pending interrupt (IP is 1) has its
IEI input High, its IE bit set to 1, and its IUS
bit set to 0. This is the interrupt source being
acknowledged, and at this point it sets its IUS

bit to 1. If its NV bit is 0, the 28536 ident i-
fies itself by placing its interrupt vector “from
the corresponding interrupt vector register on
data lines Dp-D7. If NV is 1, the 28536's Dg-Dy
lines remain floating, allowing external logic to
supply a vector.

If the 28536 VIS is 1, the vector also contains

status information (see Table 5-1) which further'

identifies the source of the interrupt within the
28536, If VIS is 0, the vector held in the inter-
rupt vector is output without status | included
(base vector). The bit codes are in Section
2.9.1,

WR j )o—%ﬁn—z‘
RESET s
RD READ
LS11 TO 8500
I0RQ ioRQ PERIPHERALS
MREG—-L504 , LS164 Coos — .
3 R
- a % S>o—INTACK
T 2 e
Qsp—o LS04
ac2—o s LS00
apft—o LS04
a2 o
Qr .—1.1_0\
12 >~ ~
Gli—o o
CLK LY S R Om 113 o LS04
|
WAIT LS00 WAIT*

LSt1

Figure 5-4. WAIT and INTACK Generation Logic
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Chapter 6
Z-CI10/CIO Initialization

6.1 INTRODUCTION

This chapter discusses reset, initialization, and
programming for both the Z8036 Z-CIO and the 28536
CI10.

The normal sequence for initializing this device
is simple and straightforward:

1. Reset the device
2. Clear RESET

. 3. Program the various functions
4. Set the appropriate fnable bits

NOTE

Reset operations are substantially
different in the 78036 and the 78536
and are therefore discussed separately.

6.2 78036 (Z-CID) RESET

The 28036 is reset by forcing AS and D5 low
simultaneously (normally an illegal operation), or
by writing a 1 to the Reset bit (Dg) in the Master
Interrupt Control register. After the 78036. is
reset, a Read or Write to the Reset bit is the
only responsive command available--writes to all
other bits (in all other registers) are ignored
and all reads return Os. In this state, all
control bits are forced to O (see Chapter 2 for
details), all port I/0 lines are high-impedance,
the interrupt pin is not asserted, and the
Interrupt Enable Out (IEQ) pin follows the
Interrupt Enable In (IEI) pin. Only after
clearing the Reset bit (by writing a 0 to it) can
the other command bits be programmed. ’

6.3 178536 (CID) RESET

The 178536 is reset by forcing RD and WR Low
simultaneously (normally an illegal condition), or

by writing a 1 to the Reset bit (Dg) in the Master
Interrupt Control register. RESET disables all
functions except a read or write to the Reset
bit. In the reset state, the pointer always
points to the Master Interrupt Control register
(see the state diagram shown ir Figure 6-1).
Writes to all other bits are ignored, and all
reads return O01y. In this state, all control
bits are forced to 0 (see Chapter 2 for details),
all port 1/0 high-impedance, the
interrupt pin is not asserted, ard the IEO pin
follows the IEI pin. The other command bits can
be programmed only after clearing the Reset bit by
writing a 0 to it,

lines are

Even if the state of the 78536 is not known, the
following sequence will reset it and put it in
State 0.

IN A, (CIOCTL)
LD A, O

UT  (CIOCTL), A ;WRITE POINTER OR CLFAR RESET
IN A, (CIOCTL) ;STATE D

; INSURES STATE O OR RESET STATE

LD A,0 $REG 0--MASTER INTERRUPT CONTROL
OUT (CIOCTL), A ;WRITE POINTER

LD A1

OUT (CIOCTL), A WRITE RESET

LD A,D

0UT (CIOCTL), A ;CLEAR RESET

6.4 [ENABLE BITS OPERATION

As the different functions of the device are being
initially programmed, it is possible for erroneous
interrupt requests to be generated, or for an
illegal combination of modes to be temporarily
specified. To alleviate this problem without
imposing severe restrictions on the sequence of
events required to initialize the device, five
internal enable control bits are provided: Port A
Enable, Port B Enable, Counter/Timer 1 Enable,
Counter/Timer 2 Enable, and one ensble shared by
Counter/Timer 3 and Port C. While these bits are




cleared to 0, the corresponding logic sections are
in an initialization mode. All of the registers
can be read and written, but the normal operat ion
of the sections is inhibited. The Port A and Port
B Enables, when cleared to 0, force their respec-
tive I/0 lines into a high-impedance state, hold
the 1's catchers in a reset condition, inhibit
REQUEST/WATT generation, and prevert the setting
of their Interrupt Pending (IP) bits (the states
of IP and Interrupt Under Service (IUS) are not
af fected)., Additionally, output data can be writ-
ten (the first data output is valid when the cut-
put drivers go active), but the data direction for
these bits must be properly specified before the
data is written, The Port C Enable operates "in
the same way, and, until set to 1, the handstake
logic for Ports A and B is forced into an idle
state. The Counter/Timer Enables, when set to o,
terminate any countdown sequence in progress,
irhibit the counter/timer from being triggered,
and force the counter output to 0. While the
enable is 0, the Read Counter Control (RCC) bit in
the Counter/Timer Command and Status register is
forced to 0. Independent enable bits are provided
for the different sections of the device so that
the individual sections can be reconfigured with-
out disturbing the status of the unchanged sec-
tions. By using these enable bits, the device can
be initialized in any sequence as long as the
desired configuration for a section is specified
before its enable bit is set to 1. When ports or
counter/timers are to be linked, the bits which
specify 1linking must be programmed before the
functions are enabled. In this case two writes
are required to the Master Configuration Control
register.

6.5 PROGRAMMING

Programming the CI0 entails loading control regis-
ters with bits to implement the desired opera-
tion. As discussed above, individual enable bits
are provided for the various major blocks so that
erroneous operations do not occur while the port
is being initialized. Before the ports are
enabled: IPs cannct be set, REQUEST and WAIT can-
not be asserted, and all outputs remain high-
impedance; the handshake lines are ignored until
Port C is enabled; and the counter/timers cannot
be triggered until their enable bits are set.

6.5.1

Programming the 78036

Programming the 178036 is simple, because every
register is directly addressable--a key advant age
of the multiplex Address/Data bus.

The 78036 allows two schemes for register
addressing. Both schemes use only six of the
eight bits of the Address/Data bus. The scheme

used is determined by the Right Justify Address
(RJA) bit in the Master Interrupt Control
register. When .RJA equals 0, Address bus bits 0
and 7 are ignored, and bits 1 through 6 are
decoded for the register address (Ag is derived
from ADy). When RJA equals 1, bits O through 5
are decoded for the register address (AO is
derived from ADg).

6.5.2 Programming the 78536
The Data Registers of Ports A, B, and C are di-

rectly addressed by pins Ag and A7, as shown in
Table 6-1.

Table 6-1. 78536 Data Register Addressing

Register

Mo A

Port C Data Register
Port B Data Register
Port A Data Register
Control Registers

- -0 0
-0 2o

ALl other internal registers are accessed by the

following two-step sequence (with pins Ag = Aq =
1). First write the address of the target regis-
ter to an internal 6-bit Pointer register, then
read from or write to the target register. The
Data registers can also be acessed by this
method.

In the 78536, an internal state machine determines
if access (with pins Ay = A; = 1) is to the
Pointer register or to an internal control regis-

ter (See Figure 6-1). Following any control read

"operation the state machine ie in State 0, and the

@
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next control access is to the Pointer register,
This can be used to force the state machine into a
known state, Control reads in State O return the
cantents of the last register pointed to.

Therefore, a register can be read cont inuously
without writing to the pointer.

While the 78536 is in State 1, the next control
access is to the register pointed to, which
returns the state machine to State 0. Note that
when in State 1, many internal operations are
suspended--no IPs are set and internsl status is

frozen. Therefore to minimize interrupt latency

and. to allow cont inuous status updates, the 78536
should NOT be left in State 1.

©  WR (srr o = 1) RD fI0 08 WR
HARDWARE e
OR RESET
— |
SOFTWARE STATE J(817 0 = o) (POINTER
RESET REGISTER)

WR TO REG.O0

(BITO = 1)

Figure 6-1. 7853 State Machine Operat ion

2091-003

6-3



| @ . Chapter 7

‘ 28036 (Z-C10) Interiacing

7.1 INTRODUCTION

This section provides information on pin functions AD
- 7 PA; |a—>
and assignments and functional timing diagrames for | ADs PAg |—s-
tves o the.Z8036 Z-CI0. | ADs Phs |-
ADDRESSIDATA | | 404 PACI= \ oonT A
BUS | «—»| AD; PA; |
-«—»| AD2 PA; a—n
7.2 FEATURES ~+—»-| ADy PA; |
«—p-§ ADo PAy |-a—»
. . us TimiNg /| —] AS PCy |-
The following features of the Z8036 are not cbvi- Bnmn:sz'r{._—» D5 28038 pc: - c
s AT
ous without reference to the ac timing diagrams in —>| AW ZC10 rc,|w— po
the 78036 Product  Specification,  document CONTROL § =] °% il DI
— gJ 37 |-
#00-2014-A0. -« Nt PBg |
——»| INTACK PBg |e—n
. ) INTERRUPT - ra
e The Address Strobe (AS) input functions as the ’ o . "™ ) PORTB
— -1 3 [
- clock of the Z8036. If the AS stops, then data P8, fe—n
’@ does not get clocked in or through the device, PBy [
S IPs are not set, etc. Care should be taken in Feo
the design of the system to ensure that S to T t T

the 28036 is not blocked. PCLK 45V GND
e The assertion of REQUEST is synchronous with

PCLK Figure 7-1. 78036 (Z-CI0) Pin Functions

e The release of WAIT is sychronous-with PCLK.

e PCLK is only used with the counter/timers (in

timer mode), the deskew timers, and the ‘°~E‘ wg:%
— AD, 39
REQUEST/WALT logic. If these functions are not ol s N
used, the PCLK input can be held Low. ap;[] 4 37 []any
65 s 36 [Jcso
RW[] s 3s[Jcs
eNo[] 7 s [JAs
7.3 PIN FUNCTIONS AND ASSIGNMENTS reo[] 8 33 [Jra
pey[] 9 32 []ray
Z8036
The 78036 is configured for Z-BUS interface con- - ::E :‘: z.clo :%::
trols and timing. The pin functions and assign- ’ ee, [ 12 20 {Jras
ments are shown in Figures 7-1 and 7-2. Section ’ res[] 13 2 [JPas
. Cas A ; . . pag[] 14 27 [ Pas
7.4 is a description of the pin functions for the N 2 ear
28036, ) ) . pcik[] e - - 25 [ iNTAck
CImEL A a[]iNT '
1e0[] 18 2] +sv
pCo(] 18 2[]rc,
7.4 PIN DESCRIPTIONS pei[] 20 2 [ec,
ADg-AD;.  Z-BUS Address/Data lines (bidirec- ' )
tional/3-state). These multiplexed Address/Data Figure 7-2.  7B036 (Z-CI0) Pin Assignments
2014-035,036




lines are used for transfers between the CPU and
Z-CIO.

AS*.  Address Strobe (input, active Low). Ad-
dresses, INTACK, and CSgp are sampled while AS is
Low. '

CSp and CSy. Chip Select O (input, active Low)
and Chip Select 1 (input, active High). TSy and
CSq must be Low and High, respectively, in order
to select a device. EO is latched by E.\

DS. Data Strobe (input, active Low). DS provides
timing for the transfer of data into or out of the
28036.

IEI.  Interrupt Enable In (input, active High).
IEI is used with IED to form an interrupt daisy
chain when there is more than one interrupt:-driven
A High IEI indicates that no other
higher-priority device has an interrupt under ser-

device.

vice or is requesting an interrupt.

1E0. Interrupt Enable Out (output, active
High). IED is High only if IEI is High and
either:

(1) the CPU is not servicing an interrupt “rom the
€10, or

(2) during an Interrupt Acknowledge Cycle, the €IO0
is not requesting an interrupt.

IEC is connected to the
device's IEl input and thus
from lower-priority devices.

next lower-priority
inhibits interrupts

Iﬁ. Interrupt Request
active Low).

(output, open-drain,
This signal is pulled Low when the
78036 requests an interrupt.

INTACK. Interrupt Acknowledge (input, active
Low). This signal indicates to the 28036 that an
Interrupt Acknowledge cycle is in progress.
INTACK is sampled while AS is Low.

PAg-PA7.  Port A 1/0 lines (bidirectional, 3-
state, or open-drain). These eight I/0 lines
transfer information between the 78036's Port A
and external devices.

Port B 1/0 lines (bidirectional, 3-
or open-drain). These eight I/0 lines
information between the Z8036's Port B

'

PBg-PBy.
state,
transfer

and external devices. They may also be used to
provide external access to Counter/Timers 1 and 2.

PCo-PC3.  Port C I/ Llines
3-state, or open-drain).

(bidirect ional ,
These four 1/0 lines are

"used to provide handshake, WAIT, and REQUEST lines

for Ports A and B; to provide external access to
Counter/Timer 3; or to access Port C of the Z803.

PCLK: (inpwt, TTL—compatible). This is a peri-
pheral clock that may be, but is not necessarily,
the CPU clock, It is used with timers and
REQUEST/WAIT logic.

R/M. PRead/Mrite (input). R/W indicates that
the CPU is reading from (High) or writing to (Low)

* the 78036.

* When AS and DS are detected Low at the same
time (normally an illegal condition), the Z-CIQ
is reset.

7.5 18036 (Z-CI0) READ CYCLE TIMING

The CPU places an address on the Address/Dat a
bus. The most-significant bits and status infor-
mation are combined and decoded by external logic
to provide two Chip Selects (C_SU and CSq). Six
bits of the least-significant byte of the address
are latched within the 28036 and used to specify a
18036 register. The data from the register gpeci-
fied is strobed onto the Address/Data bus when the
CPU issues a DS. If the register indicated by the
address does not exist, the Z803 remains high-
impedance.

1r

=TT\

Figure 7-3. 78036 (Z-CIO) Read Cycle Timing
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oA .

WRITE DATA

ADDRESS
ADo-AD7 VALID x

Figure 7-4. 78036 (Z-CI0) Write Cycle Timing

7.6 78036 (Z-CIO) WRITE CYCLE TIMING

The CPU places an address on the Address/Data
bus. The most-significant bits and status infor-
mat ion are combined and decoded by external logic
to provide two Chip Selects (CSy and CSq). Six
bits of the least-significant byte of the address
are latched within the Z8036 and used to specify a
7803 register. The CPU places the data on the
Address/Data bus and strobes it into the 78036
register by issuing a Ds.

7.7 28036 (Z-CI0) INTERRUPT ACKNOWLEDGE TIMING

When one of the IP bits in the Z8036 goes High and

interrupte are enabled, the 28036 pulls its Int
output line Low, requesting an interrupt. The CPU
responds with an Interrupt Acknowledge cycle.
when INTACK goes Low with IP set, the 28036 pulls
its IEOD Low, disabling all lower-priority devices
on the daisy-chain. The CPU reads the 128036
interrupt vector by iseuing a Low DS, thereby
strobing the interrupt wvector onto the Address/
Data bus. The IUS that corresponds to the IP is
also set, which causes IEO0 to remain Low.

i /S

:

wou-a0

+INTACK IS DECODED FROM 28000 STATUS

Figure 7-5. 1803 (Z-CI0) Interrupt Acknowlsdge
Timing

2014-017,018
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3 | Chapter 8
Z8536 (CIO) Interfacing

8.1 INTRODUCTION

| D7 PA; |-a—>
‘¥ This section provides information on pin functions b z’ ::‘
- 5 -
and assignments and functional timing diagrams for oata | <] 0 ij | oorTa
the 78536. BUS | <«—|Ds Pa; |
| D2 PA, et
] Dy PA, Jt—
-«—»-| Do PAy |
8.2 FEATURES —=]Wr ]
conTRoL, | T | RP z8s36 PO =" 4 4pp e
TimiNG, { —=|A €10 pCi e
The following features of the 78536 are not ANDRESET | _ |, PCy |-
obvious without reference to "the ac timing —={ CE PBy [
diagrams in the 78536 Product Specification, :;L\T( ::‘
i s |
document #00-2021-A0. INTERRUPT { ___ 1l o8, |
PORT B
-«+——1 IEO PB; |w—»
e The state machine conventions relating to pro- ::’
1 -
l\ gramming and register addresssing (see Section : PBy |—s
) 6.5.2) must be followed. : T T T
e PCLK can be asynchronous with respect to the PCLK +5V GND
CPU--it does not have to be the same as the
CPU. However, a minimum of three PCLK cycles Figure 8-1. 78536 (CI0) Pin Funct ions
k& must occur between two successive accesses of :
K
the 78536 (that is, between the end of the
first a:cgss and the beginning of the second ould] 1 w30,
access). os[] 2 39 [0,
D,E 3 38 :101
e The INTACK input is synchronous, that is, %E; Zgz_:
INTACK and PCLK have a relationship that must wR(J 6 35 [ Im
be maintained. ano{] 7 # 4
P 8 33 [ a0
eei[] o s2[]pa
e The assertion of REQUEST is synchronous with PB;E 0 z%z'sge 31]»; N
PCLK. ey ] 11 30 LJras
re (] 12 20 ]Pa
—_ PBs 13 28 [ ] PAs
e The release of WAIT is synchronous with PCLK.‘ mE 14 27 :j]m
ee; ] 15 2 []rar
pcek[] 16 25 [ ] INTACK
w3 17 24 [JINT
8.3 PIN FUNCTIONS AND ASSIGNMENTS mE 18 zs%ﬂv
rcol] 10 22 :]vc:
The 28536 is configured for general microcomputer reg 2 Hre

interface controls and timing. The pin functions

and assignments are shown in Figures 8-1 and 8-2.

Section 8.4 is a description of the pin functions Figure 8-2. 78536 (CIO) Pin Assignmerts
for the 28536 CI0. )
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8.4 PIN DESCRIPTIONS

Ag-Aq. Address Lines (input). These two lines
are used to select the register involved in the
CPU transaction: Port A's Data register, Port B's
Data register, Port C's Data register, or a con-
trol register.

CE. Chip Enable (input, active Low). A Low level
on this input enables the 78536 to be read from or
written to.

Dg-Dy. Deta Bus (bidirectional, 3-state). These
eight data lines are used for transfers between
the CPU and the CI0, ) .

IEI.  Interrupt Enable In (input, active High).
IEl is used with IED to form an interrupt daisy-
chain when there is more than one interrupt-driven
device. A High IEI indicates that no other
higher-priority device has an interrupt under
service or is requesting an interrupt.

IED. Interrupt Enable Out (output, active
High). IE0 1is High only if IEI is High and
either:

(1) the CPU is not serving ‘an interrupt from the
CIG, or

(2) during an Interrupt Acknowledge cycle, the CIO
18 not requesting an interrupt.

1IE0 is connected to the next lower-priority
device's IEl input and thus inhibits interrupts
from lower-priority devices.

INT. Interrupt Request (output, open-drain,
active low). This signal is pulled Low when the
18536 requests an interrupt.

INTACK. Interrupt Acknowledge (input, active
Low). This input indicates to the 18536 that an
Interrupt Acknowledge cycle is in progress.

INTACK must be synchronized to PCLK, and it must
be stable throughout the Interrupt Acknowledge
cycle.’

PAg-PA;. Port A I/0 lines (bidirectional, 3-
state, or open-drain). These eight I/0 lines
transfer information between the CIO0's Port A and
external devices.

PBg-PB;. Port B I/0 lines (bidirectional, 3-
state, or open-drain). These eight I/0 lines
transfer information between the 78536's Port B
and external devices. They may also be used to
provide external access to Counter/Timers 1 and 2.

PCy-PC3. Portt C 1/0 lines (bidirectional, 3-
state, or open-drain). These four I/0 lines are
used to provide handshake, WAIT, and REQUEST lines
for Ports A and B; external access to Counter/
Timer 3; or access Lo the Z8536's Port C.

PCLK. Peripheral Clock (input, TIL-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 1s reading from the CIO.
During an Interrupt Acknowledge cycle, this signal
gates the interrupt vector onto the Data bus if

the 78536 13 Lhe highest-priority device
requesting an interrupt.
WR®.  Write (inpuwt, active Low). This signal

indicates a CPU write to the 78536.

\
* When RD and WR are detected Low at the same
time (normally an illegal condition), the Z853¢
is reset,.

8.5 128536 (CID) READ CYCLE TIMING

At the beginning of a read cycle, the CPU places
an address on the Address bus. Bits Ag and Ay
specify a 78536 register; the remaining address
bits and status information are combined and
decoded to generate a Chip Enable (CE) signal that
selects the 78536. When Read (RD) qoes Low, data

from the specified register is gated onto the Data
bus.

Ag-Aq

X_

ADDRESS VALID

X

& T\

/

JE—

Figure 8-3.

“ READ DATA )——

78536 (CI0) Read Cycle Timing
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ADDRESS VALID

-

Do-D7

WRITE DATA

Figure 8-4.

8.6 128536 (C10) WRITE CYCLE TIMING

At the beginning of a write cycle, the CPU places
an address on the Data bus. Bits Ag and A4
specify a Z8536 register; the remaining address
bits and status information are combined and
decoded to generate a Chip Enable (TE) signal that
selects the 7Z8536. When WR goes Low, data placed
on the bus by the CPU is strobed into the
specified 78536 register.

8.7 178536 (CI0) INTERRUPT ACKNOWLEDGE TIMING

The 28536 pulls its Interrupt Request (IAT) line
Low, requesting interrupt service from the CPU, if

78536 (CIQ) Write Cycle Timing

an Interrupt Pending (IP) bit is set and inter-
rupts are enabled. The CPU responds with an
Interrupt Pending (IP) bit is set and interrupts
are enabled. The CPU responds with an Interrupt
Acknowledge cycle. When Interrupt Acknowledge
(INTACK) goes active and the IP is set, the 28536
forces Interrupt Enable Out (IEO) low, disabling
all lower priority devices in the interrupt
daisy-chain. ~ If the CIQ is the highest priority
device requesting service (IEI is High), it places
its interrupt vector on the Data bus and sets the
Interrupt Under Service (IUS) bit when Read (RD)
goes lLow.

/

e -
2/

INTACK \
—F
S g

('
P
1El

1E0 \1(,
(e

- —_— [~

Do-D7 —FF

Figure 8-5. 18536 (CI0) Interrupt Acknowledge
Timing
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Appendix A

c/5C

CIo

cIp

CTnE

CT3€ and PCE
CT VIS

DAC
DAV
DCS

DD

nLc

OMA

PP

0S
DTE
DIE/LPM

ECt
EGE
£0E
ERR
ETE

GCB
HTS

IE
I€1
IE0
IMO
INT
INTACK
1/0
1P
IRF
178
1us

Acknowledge Input
Address Strobe

Cont inuous/5ingle Cycle

Counter/Timer, Parallel Input/Output

Unit

Count In Progress

Counter/Timer n Enaeble
Counter/Timer 3 and Port C Ensble

Counter/Timer Vector Includes Status

Data Accepted

Data Available

Duty Cycle Selects

Data Direction register
Disable Lower Chain

Direct Memory Access

Data Path Polarity register
Data Strobe

Deskew Timer Enable

Deskew Timer Enable/Latch on Pattern

Match

External Count Enable
External Gate Enable
External Output Enable
Interrupt Error
External Trigger Enable

Gate Command Bit
Handshake Type Specification bits

Interrupt Ensble
Interrupt Enable In
Interrupt Enable Out
Interrupt on Match Only
Interrupt

Interrupt Acknowledge
Input/Output

Interrupt Pending

Input Register Full
Interrupt on Two Bytes
Interrupt Under Service

LC
LPM
LSB

MIE
MSB

NV

OR-PEY
ORE

PA

PA VIS
PAE

PB

PB VIS
PBE

PC

PCE
PCLK
PLK

PM

PM
PMS

pp

PT

PTS

RCC
REB
RFD
RIA
R/W
RWS

SB
SI0

TC8B
VIS

1's Catcher
3-¥Wire

Counter/Timer Link Controls
Latch on Pattern Match
least-significant bit

Master Interrupt Enable
most -significant bit

No Vector

OR-Priority Encoded Vector
Output Register Empty

Port A

Port A Vector Includes Status
Port. A Enable

Port B

Port B Vector Includes Status
Port B Enable

Port C

Port C Enable
Peripheral Clock

Port Link Control
Pattern Mask registers
Pattern Match Flag

Pattern Mode Specification bits

Pattern Polarity registers
Pattern Transition registers
Port Type Selects ‘

Read Counter Control
Retrigger Enasble Bit

Ready For Data

Right Justified Address
Read/Mrite

REQUEST/WAIT Specification bi

Single-Buf fered
Special Input/Output

Trigger Command Bit
Vector Includes Status

One's Catcher
3_Wire Handshake (IEEE-488)

ts

A-1



Appendix B

Registers

Master Interrupt Control Register
bty s . Address: 000000
(Read/Write)

o, n. u, D, o,[n,]n

xoo

STATUS (PA VIS)

RIGHT JUSTIFIED ADDF ESSES
1= RIGHT JUSTIFY (A trom ADg)

MASTER INTERRUPT RESET
ENABLE (MIE)
DISABLE LOWER CHAIN (DLC) — 0=SHIFT LEFT (Ag from ADy)
NO VECTOR (NV)
COUNTER/TIMERS VECOR
PORT A VECTOR INCLUDES INCLUDES STATUS (CT /IS)

PORT 8 VECTOR INCLUDES
STATUS (P8 VIS)

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

[e:] %[0, [o. JouJou o, ou]

PORT B J —[ COUNTER/TIMER LINK

ENABLE (PBE) CONTROLS (LC)
Le1 Leo
COUNTERTMER 1 0 0 COUNTERTIMERS INDEPENDENT
€TE) 0 1 CIT1's QUTPUT GATES CIT 2
1 0 CIT's QUTPUT TRIGGERS CIT 2

O MR 11 CIT 1's BUTPUT IS CIT 2's

. €126) COUNT INPUT

PORT C AND COUNTER/ FORT A ENABLE (PAE)
TIMER 3 ENABLE
(PCE AND CT3E) FORT LINK CONTROL (PLC)

0=PORTS A AND B OPERATE INDEPENDENTLY
1=PORTS A AND B ARE LINKED

Figure B-1. Master Control Registers

Port Mode Specification Registers

Addresses: 100000 Port A
101000 Port B
(Read/Write)
[o:]oc s [o. Jes o, [, [0 ]
PORY TYPE j L LATCH ON PATTERN MATCH (LPiW}
SELECTS (PTS) DEEKEW TIMER ENABLE ©18
PTS1 PTS0 (HANDSHAKE MODES)
] 0 BIT PORT
[1] INPUT PORT b PATTERN MODE SPECIFICATION

1
1 0 OUTPUT PORT
1 BIDIRECTIONAL
RT

INTERRUPT ON TWO
BYTES (ITB)

SINGLE BUFFERED
MODE (SB)

BITS (PMS)
PMS1 PMSO

DISABLE PATTERN (MATCH

“AND"MODE

“OR” MODE

“OR-PRIORITY ENCODED
VECTOR" MODE

INTERRUPT ON MATCH ONLY (IMD)

w00
..c..a

Port Handshake Specification Registers
Addresses: 100001 Port A
101C01 Port B
(Read/Write)

[or1ocJos Joujou [oa o o |

HANDSHAKE TYPE SPECIFICATION j— —: DESKEW TIME SPECIFICATION

BITS (HST) BITS
SPECIFIES THE MSB's OF
HST1 HSTO DESKEW TIMER TIME CONSTANT
0 0 INTERLOCKED HANDSHAKE LSB IS FORCED 1.

0 1 STROBED HANDSHAKE
1 0 PULSED HANDSHAKE
1 1 THREE-WIRE HANDSHAKE

REQUEST/WAIT SPECIFICATION BITS

(RWS)
RWS2 RWS1 RWSQO FUNCTION
REQUEST/WAIT DISABLED
OUTPUT WAIT
INPUT WAIT
SPECIAL REQUEST
OUTPUT REQUEST
INPUT REQUESY

waw000
s«oco-0co0
Ao aa0

Port Command and Status Registers
Addresses: 001000 Port A

001001 Port B

(Read/Partial Write)

[n,[o.[o,|n

[0 o) oo}

INTERRUPT UNDER —']
SERVICE (1US)

INTERRUPT ENABLE (IE) —

INTERRUPT PENDING (IP) —

1US, IE, AND IP ARE WRITTEN USING
THE FOLLOWING CODE:

NULL CODE 0f0
CLEAR IP & IUS 070
SET S o1
CLEAR WS ot

SET IP 1

L]
CLEAR IP 110

SET IE 111

CLEAR IE 11

INTERRUPT ERROR (ERR) —
(READ ONLY)

L INTERRUPT ON ERROR {I0E)
PATTERN MATCH FLAG (PMF)
(READ ONLY)

INPUT REGISTER FULL (IRF)
(READ ONLY)

OUTPUT REGISTER EMPTY (ORE)
(READ ONLY) |

Figure B-2. Port Specification Registers




Registers

Data Path Polarity Registers

Data Direction Registers

(Continued) Addresses: 100010 Port A Addresses: 100011 Port A
101010 Port B 101011 Port B
000101 Port C (4 LSBs only) 000110 Port C (4 LSBs only)
(Read/Write) : (Read/Write)
EEEEEERR] EEEEERER]
; DATA PATH POLAR TY (DPP) J* DATA DIRECTION (DD)
0= NON-INVERTINC 0=0UTPUT BIT
[ Ve 1=INVERTING 1 =INPUT BIT
Special I/0 Control Registers
Addresses: 100100 Port A
101100 Port B
0CO111 Port C (4 LSBs only)
(Read/Write)
[o:]®: To, o, [bs [o. [0 o,
l—— SPECIAL INPUTIOUTPUT (SIQ)
&= NORMAL INPUT OR QUTPUT
1=OUTPUT WITH OPEN DRAIN OR
INPUT WITH 1's CATCHER
Figure B-3. Bit Path Definition Registers
Port Data Registers Port C Data Register
Addresses: 001101 Port A Address: 001111
001110 Port B (Read/Write)
(Read/Write)
CICCACACACACNEY
BRRDBBRG 11
[
4 MSBs
0= WRITING OF CORRESPONDING LS8 ENABLED
1= WRITING OF CORRESPONDING LS8 INHIBITED
(READ RETURNS 1)
Figure B-4. Port Data Registers
Pattern Polarity Registers (PP)
Addresses: 100101 Port A [o:[2a[0s]oc]0:Tou o oy
101101 Port B :
(Read/Write) L* *
Pattern Transition Registers (PT)
Addresses: 100110 Port A [2: o [0so. Tos To. o, o | ®4 P PP PATTERN SPECIACATION
101110 Port B | 9 1 X ANYTRANSITION
(Read/Write) 1 0 1 ONE
1 1 0 ONE-TO-ZERO TRANSITION (\)
1t 1 1 ZERO-TO-ONE TRANSITION {7
Pattern Mask Registers (PM)
Addresses: 100111 Port A DI CALY |
101111 Port B I )
(Read/Write)
Figure B-5. Pattern Definition Registers
3-2
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Registers
(Continued)

D

bopet &

Counter/Timer Command and Status Registers
Addresses: 001010 Counter/Timer 1
001011 Counter/Timer 2
001100 Counter/Timer 3
(Read/Partial Write)

||>,[l>.|ns]u.}|),||:»2 D,{Dy

INTERRUPT UNDER SERVICE (US) iJ l— COUNT |N PROGRESS (cip)
i (READ O
INTERRUPT ENABLE (tE) ! TRIGGER COMMAND BIT (TCB)
[ (WRITE ONLY - READ RETURNS 0)
INTERRUPT PENIING (IP) —— GATE CO 8IT (GCB)
1S, IE, AND IP ARE WRITTEN USING l READ COUNTER CONTROL (RCC)
THE FOLLOWIN 3 CODE: (READ/SET ONLY —
NuiLcooe [oToTo CLEARED BY READING CCR LSB)
CLEARIP&IUS |0 o]
seTiws Jo|1]o
CLEARWS [o]+]1
SETIP | 1{0o]0
CLEARIP [ 1]o1
seTiE {1]1]o0
~CLearlE [ 1[1]

INTERRUPT ERROR (ERR)
{READ ONLY)

Counter/Timer Mode Specification Registers
Addresses: 011100 Counter/Timer 1
011101 Counter/Timer 2
011110 Counter/Timer 3
(Read/Write)

| ICICACACA DALY |
CONTINUOUS SIN- —! ’ _E OUTPUT DUTY CYCLE

GLE CYCLE (CISC) SELECTS (DCS)

DCS1 DCSo
EXTERNAL OUTPUT 0 PULSE OUTPUT

o
ENABLE (EOE) 0 1 ONESHOT OUTPUT
1 0 SQUAREWAVE OUTPUT
EXTERNAL COUNT
L eon 1 1.DO NOT SPECIFY
EXTERNAL TRIGGER RETRIGGER ENABLE BIT (REE)
ENABLE (ETE)

EXTERNAL GATE ENABLE (EGE)

Counter/Timer Current Count Registers
Addresses: 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)
EEEREEEEEREEEERR]
__] l——-— L

MOST EAST
SIGNIFICANT SIGNIFICANT
BYTE BYTE

Countor/Timer Time Constant Registers
Addresses: 010110 Counter/Timer 1's MSB
010111 Counter/Timer 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)
12 P« 5 [0 [Bs o, [0, oo [0, [ou [0 Tou [os [0 o1 04 ]

ST __] L— LEAST

MO
SIANIFICANT SIGNIFICANT
BYTE BYTE

Figure B-6. Counter/Timer Registers
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Registers Interrupt Vector Register Current Vector Register
{Continued)' Addresses: 000010 Port A Address: 011111
000011 Port B (Read Only)
000100 Counter/Timers i
(Read/Write) {or 0|05 [0 [ 04 |02}, 0o | e
[o:ToeJos o]0 [0, [0y [D6 | ]—— INTERRUPT VECTOR BASED "=
| e
i —— INTERRUPT VECTOR O M ERRUPT PENDING
PORT VECTOR STATUS
PRIORITY ENCODED VECTOR MODE:
0 0; Oy
X X %  NUMBER OF HIGHEST PRIORITY BIT
WITH A MATCH
ALL OTHER MODES:
Dy Dz Dy .
ORE IRF PMF NORMAL
0 0 0 ERROR
COUNTERITIMER STATUS
Dz Dy
° 0 o3
0 1 cr2
10 cm1
101 ERROR
Figure B-7. Interrupt Vector Registers
Register Main Control Registers Port A Specification Registers
Address Address Register Name Address Register Name
Summary 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 /O 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 Registers Port B Specification Registers
Address Register Name Address Register Name
001000 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 : 101101 Port B's Pattern Polarity
001110 Port B's Data 101110 Port B's Pattern Transition
001111 Port C's Data 101111 Port B's Pattern Mask
Counter/Timer Related Registers
Address Register Name
010000 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
010110 Counter/Timer 1's Time Constant-MSBs
0J0111 Counter/Timer 1's Time Constant-LSBs .
011000 Counter/Timer 2's Time Constant-MSBs
011001 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
011111 Current Vector
8-4
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ADDRESS/DATA
sUsS

BUS TIMING
AND RESET

CONTROL

INTERRUPT

N
{
{

Z-ClIO and CIO pin Functions and Assignments

a—-{ ADy PA; |a—»
«—a-| ADs PAy |--—>
«a—m| ADs PAg |a—»
~-—| ADy PA, |
«—»-| AD3 PA; |-—>
a—m| ADz PA; fa—>
w—an3 ADy PA; ft—>
—p] ADg PAg |-t
—_— As PCy |-
—| D5 28038 PC: |+
] RW  Z-CI0  pC; jt—>
— | €S PCq |—>
—»{ CS P87 {—>
«—/ INT PBg fa—
——a| INTACK PBs fa—a
—={ IE PBy }a—
- I[EQ PBy [

PB; ja—>

PBy |

PBy <—>'

T

il

PCLK +5V GND

Figure 1. Pin Functions

DATA
aus

CONTROL,
TIMING,
AND RESET

INTERRUPT

] 07 PA; fa—>
| Ds PAg [we—>
a—s-| 05 PA5 |--—a
P B PAy |
<t} D3 PA; [a—n
-y D2 PA; ft—>
=i Dy PA{ [—>
-—a-] Do PAy |a—n
—»] WR PCy >
—] RO 28836 PC o>
—— Ay clo PCy |
] Ao PCq [
——{ CE PB; [—>
-— INT P8y >
—] INTACK PBs |a—n
—{ €I PB, j—
-«+—1 |EQ » PBy fa—p

PB; f—»

PBy >
N PBy fa—>

Pt

PCLK +5V GND

Figure 1. Pin Functions

VAR 40 []AD,

aog[] 2 39 [J A0,

apg[] 3 3 [J a0,

PORT A ap;[] 4 37 [J Ao
os[] s 36 [1CS

aw (e s []cs

ano(C] 7 u[]4s

. pao[] 8 a[lra

re,[] ¢ 32 [Jpa

PORT C pe.[] 10 lzfgl’o‘ 3 [Jeae
p; [ 11 30 []PAs

e, (] 12 2 [ras

pBs[] 13 28 {JPAs

pey[] 14 27 [ Pas

pe; (] 15 2 [ ]Par

PORT B pcuk ] 16 25 [JINTACK

w17 a4 [Nt
€0 ] 8 2a[]+sv

pcog 10 2z{Jrcs

pci[] 20 21 [} PC:

Figure 2. Pin Assignments

o 1 40 oy
05[] 2 3 [0,
oe[] 38 [ ]y
PORT A o ¢ ar [Joo
s 36 [ JCE
wa[] s 35 [Jas
ano[] 7 4 [Ja
pe[l e 13 [Jrac
ZARE 32 []pas
PORT C p8,[J 10 Z8836 a3 {pa,
cio
e8] 11 30 [JPas
re, (] 12 2 {]Pas
ees[] 13 28 [JPAs
pes[] 4 27 [ PAs
o . pe; ] 15 .2 :]PA;
PORT 8 pck[] 18 26 [ JINTACK
w(] 7 u [JiNt
ieo ] 18 23[] +6v
rco] 19 2 [Jrc
e[ 20 Pl B )

Figure 2. Pin Assignments




Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Maxi-
Maximum with respecttoGND. ......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device.
Rmings . ) ) This is a stress rating only; operation of the device at any
Operating Ambient condition above those indicated in the operational sections
Temperature ................. As Specified in of these specifications is not implied. Exposure to absolute
Ordering Information maximum rating conditions for extended periods may aff
device reliability.
Storage Temperature. .. .. ... -65°Cto +150°C
Standgrd The characteristics below apply for the B +475V < Voo < +528V
Test following standard test conditions, unless BCGND =0V
Conditions otherwise noted. All voltages are-referenced to mT specified in Ordering Inf H
GND. Positive current flows into the refer- A as specilied In Lt erm(g niorma 101"1
enced pin. Standard conditions are as follows: All ac parameters assume a load capacitance
of 50 pF max. ' .
+5V YEV
22K
FROM OUTPUT 22¢
UNDER TEST
FROM OUTPUT
wor 250 UNDER TEST
I 1
Figure 21. Standard Test Load Figure 22. Open-Drain Test Load ‘
DC Symbol Parameter Min Max Unit Condition '
Charac-
teristics Vin Input High Voltage 2.0 Vee+0.3 A2 :
Vi Input Low Voltage -03 0.8 v ’
Vou Qutput High Voltage 2.4 \' Ioy= —250 pA
Voo Output Low Voltage 0.4 \ Iop= +2.0mA
. 0.5 A Iop= +3.2mA
I Input Leakage +10.0 pA 04 = V=< +24V
I Output Leakage +10.0 pA . 04 = Voyr = +24V
e Ve Supply Current 250 mA
VCC= 5V + 5% unless otherwise specilied, over specifiec| temperature range.
Capacitance Symbol :  Parameter Min Max Unit Test Condition
Ciy Input Capac1t§nce 10 . pF Unmeasured Pins
Cout Output Capacitance 15 pF Returned to Ground
Cro Bidirectional Capacitance 20 pF ’
f = 1 MHz, over specified tempe;atune range.
Ordering Product Package/ :
Information Number Temperature Speed Description
728536 CE, CM, CMB, CS,
DE, DS, PE, PS 4.0 MHz CIO (40-pin)
Z8536A CE, CM, CMB, CS,
DE, DS, PE, PS 6.0 MHz Same as above
28036 CE, CS, DE, DS, PE, PS 4.0 MHz Z-CIO (40-pin)
78036 - CM, CMB 6.0 MHz Same as abové
Z8036A CE, CM, CMB, CS,
DE, DS, PE, PS 6.0 MHz Same as above
NOTES: C = Ceramic, D = Cerdip, P = Plastic; E = -40°Cto +85°C, M = -55°C to + 125°C, MB = -55°C with MIL-STD-883 with Class
B processing, S = 0°C to +70°C.
B-6




Index

dopet %

-A-

ACKIN (see Acknowledge Input signal)

Acknowledge Input (ATKIN) signal,
12-13,15-20, 5:2

Address Strobe (AS) signal, 2:3, 3:21, 4:9, 5:%,
6:1-2, 7:1-2

AND mode

AS (see Address Strobe signal)

3:4-5,8-1C,

-B-

Bidirectional port operation, 3:18-21
Bit Path Definition registers, 2:9, 3:11
Bit port, 1:1,3, 2:5,7,9,11, 3:1-3,8,15,21-22,

5:1
@Buffer register, 1:3, 2:6,11, 3:5-21

O

-C- "'

¢/5C (see Continuous/Single Cycle bit)
IP (see Count in Progress bit)
Cont inuous/Single Cycle (C/SC) bit, 2:12, 4:3-4
Count in Progress (CIP) bit, 2:5,15, 4:3
Counter/Timer, 1:3, 2:2,16, 3:4,10,16-17,
4:1-4, 53:1,3, 6:1, 7:2
Command and Status registers, 1:4, 2:14-15, 4:2
6:2
Current Count registers, 1:3, 2:14-15, 4:2-3
Enable bit 1 (CT1E), 2:5,15
Enable bit 2 (CT2E), 2:5,15
Enable bit 3 (CT3E), 2:5,15
Link Control (LC) bits, 2:5, 3:3,21-22, 5:3
Mode Specification registers, 2:12, 4:1-3
Time Constant registers, 2:15
Vector Includes Status (CT VIS) bit, 2:4
CT VIS (see Counter/Timer Vector Includes Status
bit) .
Current Vector register, 1:4, 2:17, 5:4

-D-

Daisy-chain, 2:4,8-9,14, 5:1-3,5-6, 7:3, 8:3
Data Available (DAV) signal, 3:10-11,17-18
Data Direction registers, 1:3, 2:2,10,13, 3:2-3,
4:1, 6:2
Data register, 1:3, 2:1,3,5-6,9-12, 3:2, 6:2, 8:2
Data Path Polarity registers, 1:3, 2:1-2,9-10, 3:2
Data Strobe (DS) signal, 1:1,3, 2:4, 3:21, 5:3,5,
6:1, 7:2
DAV (see Data Available signal)
DSC (see Output Duty Cycle Select bits)
Deskew Time Specification (DTS) bits, 2:7-8
Deskew Timer, 2:7-8, 3:15-17,20, 7:1
Deskew Timer Enable (DTE) bit, 2:7-8
Direct Memory Access (DMA), 1:3, 3:1,8,15,20-21,
5:3
Disable Lower Chain (DLC) bit, 2:4, 5:3
DLC (see Disable Lower Chain bit)
DMA (see Direct Memory Access)
Down-counter, 1:3, 2:12-13,15-16, 4:1-4
Double-buffered port, 1:1, 2:6, 3:3,5,16,18-20
DS (see Data Strobe signal)
DTE (see Deskew Timer Enable bit)
DTS (see Deskew Time Specification bits)
Duty cycles, 1:1,4, 2:13
One-shot, 1:4, 2:13, 3:10,17, 4:4
Qutput, 1:1, 2:13, 3:10, 4:1-4, 6:2
Square-wave, 1:1,4, 2:12-13, 3:10,17, 4:4
Pulse, 1:1,4, 2:6,8,13, 4:2,4

fe

ECE (see External Count Enablé bit)

EGE (see External Gate Enable bit)

Enable bits (see Port Enable and Counter/Timer
Enable bits)

EOE (see External Output Enable bit)

ERR (see Interrupt Error bit)

ETE (see External Trigger Enable bit)




External
Count Enable (ECE) bit, 2:13, 4:3
Gate Enable (EGE) bit, 2:13,15, 4:3
Output Enable (EOE) bit, 2:13
Trigger Enable (ETE) bit,2:13

-G
Syt 3

Gate, 1:1,4, 2:3,13,15, 3:4, 4:1,3-4, 8:2

Gate Command (GCB) bit, 2:15

GCB (see Gate Command bit)

-H-

Handshake modes, 3:4-5

Interlocked, 3:4,8-9,15-16

Pulsed, 2:7, 3:1,4,10,16-17,19

Strobed, 2:7, 3:4,9,16,18,20

3-Wire, 2:7, 3:5,10-12,17-19
Handshake Port operation, 1:1, 2:7, 3:3-21
Handshake Type Specification (HTS) bits, 2:8
Handshake types, 3:8
Hardware reset, 2:4
HTS (see Handshake Type Specification bits)

-I-

1E (see Interrupt Enable bit)
IEI (see Interrupt Enable In signal)
IE0 (see Interrupt Enable Out signal)
IMO (see Interrupt on Match Only bit)
IN/OUT Line, Port C, 3:18-19,21
Input Data register, 1:3, 2:6,9-10,12, 3:3,19
Input Data Register Full (IRF) bit, 2:9,16, 3:5,9,
12,19, 4:3
Input port with handshake modes, 3:5
INT (see Interrupt Request signal)
Initialization, 6:1
INTACK (see Interrupt Acknowledge signal)
Interrupt, 5:1
Enable (If) bit, 2:8-9,14, 5:2,5-6
Enable In (IEI) signal, 2:4,17, 5:2, 6:1, 7:2,
8:2
Enable Out (IEQ) signal, 2:4, 5:2, 6:1, 7:2-3,
8:2-3 .
Error (ERR) bit, 2:9,14,16, 3:2, 4:4
On Error (IOE) bit, 2:9, 3:2
On Match Only (IMO) bit, 2:6-7, 3:8,15,20-21
On Two Bytes (ITB) bit, 2:6-7, 3:3,5,12-13,19
Pending (IP) bit, 2:5-6,8-9,14,16, 3:9, 4:4,
5:2, 6:2, 8:3
Under Service (IUS) bit, 2:4,8-9,14, 5:2, 7:3,
8:3
Vector registers, 1:4, 2:4,16-17, 5:3-6, 7:3,
8:2-3

Interrupt Acknowledge signal, 5:4-6, 7:2-3, 8:1-3

Interrupt control logic, 1:4, S5:1

Interrupt priority, 5:1

Interrupt Request (INT) signal, 2:9,14, 5:2,4,6,
7:3, 8:3

IDE (see Interrupt On Error bit)

17 (see Interrupt Pending bit)

IRF (see Input Data Register Full bit)

1TB (see Interrupt on Two Bytes bit)

IJS (see Interrupt Under Service bit)

L=

Latch on Pattern Match (LPM) bit, 2:7, 3:2
Latched mode, 3:2

LZ (see Counter/Timer Link Control bit)
Linked port operation, 3:22

L°M (see Latch on Pattern Match bit)

-M-

Master
Configuration Control register, 2:4-5,15, 3:3,21
Interrupt Control register, 2:3-4, 6:1
Interrupt Enable (MIE) bit, 2:4,16, 5:2,4-5

MIE (see Master Interrupt Enable bit)

-

No Vector (NV) bit, 2:4, 5:4,6
NV (see No Vector bit)

-0~

OR mode, 2:7,16, 3:2,13, 5:3
0R-PEV (see OR-Priority Encoded Vector mode)
OR-Priority Encoded Vector (OR-PEV) mode, 2:9,
3:1,7,13, 5:1
ORE (see Output Data Register Empty bit)
Output <
Data register, 1:3,
20,21, 6:2 :
Data Register Empty (ORE) bit, 1:1,3, 2:1,3,5,7,
13,16, 3:13,15,20, 5:3
buty Cycle Select (DCS) bits, 2:13, 3:10
Output port, 1:1, 2:6-9,11, 3:1-2,4,11, 6:2
With handshake modes, 3:12

2:6,9,11-12, 3:2-3,12,16,

~P-

PA VIS (see Port A Vector Includes Status)
PAE (see Port A Enable bit)




Pattern .
Definition registers, 2:11
Mask registers, 1:3, 2:2,11 -
Match Flag (PMF) bit, 2:9,16, 3:2,7,13-14,20,
1!!') 5:3
Mode Specification (PMS) bits, 2:7,9, 3:6,7,
13,14 .
lqﬁgolarity registers, 1:3, 2:2,11
Transition registers, 1:3, 2:2,11
Pattern Match mode, 2:11,3:3,6-8,13-14,20
Pattern recognition logic, 3:1
PB VIS (see Port B Vector Includes Status)
PBE (see Port B Enable bit)
PCE (see Port C Ensble bit)
PCLK (see Peripheral Clock)
Peripheral Clock (PCLK), 2:7,9,13, 3:15,21, 4:2-3,
5:2, 7:1-2, 8:1-2
PLC (see Port Link Control bit)
PMF (see Pattern Match Flag bit)
PMS (see Pattern Mode Specification bits)
Pointer register, 2:1,3, 6:2-3
Port, 1:1,3, 2:10,16, 3:1, 5:1,3, 7:2, 8:2
A Enable (PAE) bit, 2:3,5, 3:13, 6:1-2
A Vector Includes Status (PA VIS) bit, 2:4
B Enable (PBE) bit, 2:3,5, 3:13
B Vector Includes Status (PB VIS) bit, 234
C Enable (PCE) bit, 2:3,5
Command and Status registers, 2:8-9, 5:3
Data registers, 2:9,11, 3:3, 6:2, 8:2
Handshake Specification registers, 2:2,7, 3:8,20
Link Control (PLC) bit, 2:5, 3:3,21-22
" Mode Specification registers, 2:2,6,8, 3:8,1%,
19,21
Type Select (PTS) bits, 2:6
Port: Bidirectional, Input, or Output, 2:6-7,9,
3:3,11,15-16,18, 5:1
Priority handling, 5:1-2
PTS (see Port Type Select bits)
Preemption handling, 5:3
Programming the device, 6:2-3

-R-

RCC (see Read Counter Control bit)

Read Counter Control (RCC) bit, 2:5,15, 4:3, 6:2

Read Cycle timing, 7:2, 832

Ready For Data (RFD) signal, 3:9-11,15,17-19

REB (see Retrigger Enable bit)

REQUEST, 1:1,3, 2:4,10,13-14, 3:1-2,5,12,20-21,
4:4, 5:1, 6:1-2, 731, 821

REQUEST/WAIT Logic, 3:20-21

REQUEST/WAIT Specification (RWS) bits,
2:7-8,10,13, 3:1,20-21, 6:2, 7:1-2

RESET (see Reset bit)

1:1,3,

RESET bit, 2:1,3,7,16, 4:1,3, 5:3, 611, 732, 832

RETI (see Return from Interrupt Instruction)

Retrigger Enable (REB) bit, 2:13,15, 3:1,4,8, 4:3,
7:3

Return from Interrupt Instruction (RETI), 5:3

RFD (see Ready for Data signal)

Right Justify Address (RJA) bit, 2:3-4, 6:2

RIA (see Right Justify Address bit)

RWS (see REQUEST/WAIT Specification bits)

5=

SB (see Single Buffer bit)

Single Buffer (s8) bit, 2:6-7,10,15, 3:3,5-6,8,
12-13,15,19,20-21

Single-buffered port, 2:6, 3:13,19

Special 1/0 Control registers, 1:3, 2:2,10

-1-

TC (see Time Constant)

1CB (see Trigger Command bit)

Time Constant (TC), 1:3, 2:5, 3:10,15,17, 4:1-2,4,
5:2 ’

Trigger Command (1CB) bit, 2:10,13,15-16, 4:2,4

W=

WAIT, 1:1,3, 2:5,7,10,13, 3:1,15,20-21, 6:2,
7:1-2, 8:1-2

Write cycle timing, 7:3, 8:3

Write-protect mask, 2:12

-2-

7-BUS/Non-2-BUS interrupt operation, 5:4-5
78036, 1:1,4, 2:1-4,9-10, 3:2%, 5:1,3-5, 6:1-2,
7:1
Pin assignments, 7:1
Pin functions, 731

78536, 1:1,4, 2:1,9-10,12, 3:2%, 5:1,3,5-6, 6:1,
8:1
Pin assignments, 8:1,
Pin functions, 8:1

1's catcher, 1:1, 2:5,9-10, 3:2-3, 4:1, 6:2
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