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

logic can be programmed to make the port function

pattern-recognition

INTERRUPT
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T ze0m
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DATA BUS
28536
DATA BUS
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INTERFACE
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CcPy
INTERFACE
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Figure 1-1.
INTERNAL

like a priority interrupt controller.
B can also be linked to form a 16-bit

with handshake,
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v+ *Handshake Specification

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
register, are used to
define the mode of the port and to specify which
type of handshake, is to be used. The
reference pattern the pattern-recognition

if any,
for
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.

TO PORT TO PORT
A B

|

INTERNAL
BUS

OuTPUT
DATA
REGISTER

INPUT
DATA
REGISTER

Figure 1-3.

AN

HANDSHAKE
[
REQUEST/WATT
LOGIC

DATA
MULTIPLEXER

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 COUNTER!
TIMER 3

INPUT
BUFFER/
INVERTERS :
AND
1s
CATCHER

ouTPUT
BUFFER/
INVERTERS

INTERNAL PORT

CONTROL LINES

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
{LSB's)

- COUNTER
CONTROL
COUNTER/ LINES
TIMER

TO PORT

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
Three different counter/timer out-
' pulse, one-shot,

counter/timer.
put duty cycles are available:
and square-wave. The operation of the counter/
timers can be programmed as either retriggerable

or non-retriggerable,

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

with the interrupt logic.
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).

PS011201-0601


Gayle Gamble


Gayle Gamble
PS011201-0601


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
Chapter 5 Interrupt Operation
Chapter 6 Initialization

Table 2-1. 78036/718536 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.)

N
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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
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.

register.

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
operat ion.

effect on state machine

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

0000

(Read/Write)

DBRDRDBHE

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

ENABLE (CT1E)

COUNTERITIMER 2
ENABLE (CT26)

PORT C AND COUNTER! —

_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

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.)
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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 j— L LATCH ON PATTERN MATCH (LPW)
SELECTS (PTS) (BIT MODE)
DESKEW TIMER ENABLE (DTE)
(HANDSHAKE MODES)

“=ool

PTS1 PTSO
0 BIT PORT
1 INPUT PORT PATTERN MODE SPECIFICATION
0 OUTPUT PORT BITS (PMS)
1 BIDIRECTIONAL PMS1 PMSO
1] 0 DISABLE PATTERN MATCH
INTERRUPT ON TWO o 1 “AND"MODE
BYTES (ITB) 1 0 “OR” WMODE
1 1 “OR-PRIORITY 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: Interlocked, Pulsed,

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

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

PHS,  PMSg Pattern Mode

o] 1] 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)

(oo ]osouos [e. o, Too]

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, a8 is shown in Table
2-7.

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.

PS011201-0601
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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 The pattern specified by the Pattern Definitisn
registers is a logical (not a physical) specifica-
These registers collectively specify the  match tion--this concept is important in understanding
pattern for the port. As the registers must be the interaction between the pattern match logic
taken together to define the pattefn, they are and the invert/non-invert logic. An example which
described differently than the previous registers. 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

Addresses: 100101 Port A specification. Similarly, an output written with
101101 Port B a 1 matches a 1 specification even if it is pro-
(Read/Write) grammed inverting and the output pin is at a Low.

RAPDDRDDOE voltage level,

If the port is programmed as a port with hand-
shake, or if the pattern match mode is OR-Priority
Figure 2-10. Pattern Polarity Registers 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

Addresses: 100110 Port A should be specified to detect transitions.
101110 Port B
"(Read/Write)

2.8 PORT DATA REGISTERS

(o-]oeJos]o. o, To. T2 o]

. 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.

Figure 2-11. Pattern Transition Registers

Addresses: 100111 Port A Reading the data register returns the contents of
) 101111 Port B the Input Data register. The Buffer register is
(Read/Write) used to buffer the input and output data if the

port is configured a port with handshake., [f
[2:[0s Jos [o.To, To; [0, [os] 80 enabled, it is used by the bit port to latch
data when a pattern match is detected.

Fiq:re 2-12, Pattern Mask Registers Addresses: OO 101 Port A
001110 Port B
(Read/Write)

A reset forces all of these registers to 0. All -
are read/write. {o-]o.Je, ou o, [0, 0. Too]

The pattern specification for each bit is defined ’
as shown in Teble 2-8. 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 (@
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)

2-11
PS011201-0601


Gayle Gamble


Gayle Gamble
PS011201-0601


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)

ERBRDDRR

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)

[2:[2[o.To, o, o, o, o ]
CONTINUOUS SIN- —, —[ OUTPUT DUTY CYCLE
GLE CYCLE (C/SC)
EXTERNAL OUTPUT

SELECTS (DCS)-
DCS1 DCSO
0 0 PULSE OUTPUT
ENABLE (£05) 0 1 ONESHOT OUTPUT
EXTERNAL COUNT : l'l %U':g.rzsv’v)lgg guwu‘r

ENABLE (ECE)

EXTERNAL TRIGGER RETFIGGER ENABLE BIT (REB)

ENABLE (ET!
€8 EXTERNAL GATE ENABLE (EGE)

Figure 2-15. Counter/Timer Made
Specification Registers

Cont inuous/Single Cycle--C/SC (D;). If C/ST 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 sequence is
terminated.
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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.)
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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

s |a]ajulofjofjo|e

wfw]ofe|=|ale]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. ‘ -

Addresses: 000010 Part A
000011 Part B

000100 Counter/Timers
(Read/Write)

{o:[2Jos [o.]ouoa [oi oo ]
I——— INTERRUPT VECTOR

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