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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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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
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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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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
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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
.{parallel B-bit or 16-bit) basis. Four differert
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.

PS011201-0601
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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 L]
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

Figure 3-3. Interlocked Input Handshake

Timing Diagram

3-8
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T4

Tg becomes Tg-

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

Data
valid.

on port pins becomes

ACKIN goes Low, indicating that
the data is valid, and causing
it to be latched into the
Buffer register.

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

The data is transferred into
the Input Data register, the
Input Data register Full (IRF)
flag goes High and the Buffer
register is emptied. The port
is now ready for the next byte
of data. RFD could go High if
ACKIN is High; but because
ACKIN is Low, RFD stays Low.

ACKIN goes High.
RFD goes High, concluding the

handshake process; the cycle is
ready to repeat.

Strobed Input Handshake

The Strobed Handshake (Figure 3-4) operates in the
. same way as the Interlocked Handshake, except that
the rising edge of the RFD output is  independent

of ACKIN going High.

As soon ss the Buffer regis-

ter is emptied, RFD goes High, even .if ACKIN is

still Low.

In all other respects, the two hand- .
shakes are the same.

The falling edge of the

ACKIN input "strobes" the data into the port.

The following example provides

a step-by-step

analysis of an input port configured as double-

buffered and using Strobed Handshake.

(This des-

cription uses Figure 3-4 as reference.)

To Ty

Tz T Ta Ts e To

ACKIN

RFD

DATA ‘)‘ VALID
) n

Figure 3-4.

Strobed Input Handshake
Timing Diagram

ACKIN and RFD are’ both High.
ACKIN High indicates that the
data is not valid; RFD High
indicates that the Buffer
register is empty and ready for
data.
Data

on port pins becomes

- valid.

T5 becues Tg-

ACKIN goes Low, indicating that
the data is valid, and causing
it to be latched in the Buffer
register.

RFD goes Low, indicati\ng that
the Buffer register is full and
the port is not ready for more
data.

The data is moved into the
Input Data register, the Input
Data register Full (IRF) flag
qoes High, the Buffer register
is emptied, and RFD goes High.

ACKIN is "High; the cycle is
ready to repeat.
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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.)

Tg- DAV and RFD are both High. DAV
High indicates that the data is There are two Bit Path Definition registers that
not valid. can affect output port operation: The data path
- 3-11
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PORT
CONTROL
LoGic

O

INTERNAL

. PORT CONTROL I

INPUT
BUFFER/
INVERTERS
AND
1s
CATCHER

D\ PORT
o

HANDSHAKE CONTROL

TO PORT C

Figure 3-8. Output Port Data Path

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

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 interrupt on every byte
(ITB = 0), Interrupt Pending (IP) of the Port

PS011201-0601
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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 1c
DATA
DAV
(INTERNAL) DESKEW Nl
TiME
PULSED N /
DAV
(EXTERNAL) )  ONE.SHOT \ 4
SQUARE-WAVE \ 4

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.

PS011201-0601
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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.

3-22
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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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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.

4.2.5 Counter/Timer Output

There are three duty cycles available for the
timer/counter output: pulse, one-shol, 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

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.

5

moasn |

)
,
—f
GATE I l
TC
Irclrc-rlrc-1lrc-z * 00 1 lonl
0
PULSE OUTPUT I l
. r4
—y £
‘i
ONE SHOT 4
OUTPUT
SQUARK WAVE
OUTPUT
FIRST HALF e
‘ — D e f S
—y/
SQUARK WAVE
OuUTPUT
SECOND HALF

. Figure 4-4. Counter/Timer Timing Diagram
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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 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.

Port Command
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

3 X b3 Number of highest-
priority bit with
a match

All Other Modes:

Ds Dy D4

ORE  IRF PMF Normal

0 0 0 Error

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 identification
vector is a key item of the Z8000 Family interrupt
handling logic. It speeds the information passing
if desired, include
information identifying the cause of the interrupt
as well as the source identification.

and can, 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,

PS011201-0601
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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—%ﬁrr—z‘
RESET v oLsn
RD READ
P LS11 TO 8500
I0RQ ioRQ PERIPHERALS
MREG—-L504 , LS164 Coos — .
3 —
- a INTACK
i 2 A . %
Q—o LS04
acF—o P 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*
Ls11
Figure 5-4. WAIT and INTACK Generation Logic \
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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
X TimiNGg, { —>} A €10 oC, Ju—n
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 le—n
document #00-2021-A0. INTERRUPT { __ | g L L L
-«+——1 IEO PB; |w—»
e The state machine conventions relating to pro- ::’
1 -
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
must occur between two successive accesses of -
the 28536 (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
peo[] & 33 [ Jrao
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
Pco[] 19 22 [7] PCs
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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Registers
(Continued)'

boper &

Interrupt Vector Register
Addresses: 000010 Port A
000011 Port B
000100 Counter/Timers
(Read/Write)

[B:] o JosTou]Ps[0a ] 0 [ 0]

L——— INTERRUPT VECTOR

PORT VECTOR STATUS

PRIORITY ENCODED VECTOR MODE:
Dy 0; D

X x x NUMBER OF HIGHEST PRIORITY BIT

WITH A MATCH

ALL OTHER MODES:

0 0z Dy

ORE IRF PMF NORMAL
] 0 0 ERRAOR

COUNTER/TIMER STATUS

Dz Dy

o0 cT3
0 1 cm2
10 o1
11 ERROR

Current Vector Register
Address: 011111
(Read Only)

EhEEEERR] :

L— INTERRUPT VECTOR BASED

ON HIGHEST PRIORITY
UNMASKED IP.

1F NO INTERRUPT PENDING
ALL 1's OUTPUT.

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 1
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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