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* bidirectional modes, either 8 or-16 bits wide. In the unidirectional modes, an as:

SECTION 1
INTRODUCTION

el interfaces
unidirectional or
iciated data direc-
directional modes the
amically by the state of four

The MC88230 parallel interface/ timer (PI/T) provides versatile double buffere
and a system oriented timer for MB68000 systems. The parallel interfaces op

tion register determines whether each port pin is an input or output.-In
data direction registers are ignored and the direction is determined
handshake pins. These programmable handshake pins provide an i face flexible enough for con-
nection to a wide variety of low, medium, or high speed periphera ‘other computer systems. The
PI/T ports allow use of vectored or autovectored interrupts, a 3lso provide a DMA request pin for
connection to the MC68450 direct memory access controlier (DMAC) or a similar circuit. The PI/T
timer contains a 24-bit wide counter and a 5-bit prescaler e timer may be clocked by the system
clock (PI/T CLK pin) or by an external clock (TIN nd a 5-bit prescaler can be used. It can
generate periodic interrupts, a square wave, or a single interrupt after a programmed time period. It
can also be used for elapsed time measuremen s\ a dev:ce watchdog.

Features of the PI/T include:
@ M68000 Bus Compatnble -

@ Port Modes Include:
Bit 170
Unidirectional 8 Bit an
Bidirectional 8 Bit 4

® Programmable Haridshaking Options

® 24-Bit Prog e Timer Modes
® Five Separate Interrupt Vectors
® Separa + and Timer Interrupt Service Requests

Read/Write and Directly Addressable
s are Addressed for MOVEP (Move Peripheral) and DMAC Compatibility

consists of two logically independent sectlons the ports and the timer. The port section
ists of port A (PAO-PA7), port B (PBO-PB7), four handshake pins (H1, H2, H3, and H4}, two
ral input/output (1/0) pins, and six dual-function pins. The dual-function pins can individually

‘operate as a third port (port C) or an alternate function related to either.port A, port B, or the timer.

The four programmable handshake pins, depending on the mode, can control data transfer to and
from the ports, or can be used as interrupt generating inputs or I/O pins. Refer to Figure 1-1.

Thev timer consists of a 24-bit counter, optionally clocked by a 5-bit prescaler. Three pins provide

complete timer 1/0: PC2/TIN, PC3/TOUT, and PC7/TIACK. Only the ones needed for the given
configuration perform the timer function, while the others remain port C I/0.
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L4l 42 43__ 44 45 46 47 48 1 3
Vgg RESET CLK €S~ DTACK éw ¢ %1 ¢ 33 34 D¢5 Deﬁ ¢

" Data Bus Interface and
g Interrupt Vector Registers

: ! Port < 7 lnternzﬁ

‘ “interrupt/ ’

) nD&u: . . U vDat\a_ Bus
! ] - Contro! =

Logic .
> ‘N
1 Handshake ‘
Controllers -~ |
~ and
Mode Logic
Timer
A

tion Multiplexer v )

R

PC4/ PC3/TOUT PC2/TIN PC1 - PCO RS1 RS2 “RS3 RS4 RSB
DMAREQ 3 32 3 30 2 28 27 26 25
34

Port.C and

PC7/
TTACK

- Figure 1-1. Block Diagram

the data bus(DO-D7) Data transfer acknowledge(DTACK) register selects (RS1-RS5), timer
upt acknowledge (TIACK), read/write line (R/W), chip select (CS), or port interrupt
knowledge (PTACK) control data transfer between the PI/T and an M88000.

1.1 PORT MODE DESCRIPTION

The primary focus of most appllcatlons will be on port A, port B, the handshake pins, the port inter-
rupt pins, and the DMA request pin. They are controlled in the following way: the port general con-
 trol register contains a 2-bit field that specifies one of four operation modes. These govern the

v
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overall operation of the ports and determine their interrelationships. Some modes require additional
information from each port's control register to further define its operation. In each port control
register, there is a 2-bit submode field that serves this purpose. Each port mode/submode combina-
tion specifies a set of programmable characteristics that fully define the behavior of that port and
two of the handshake pins. This structure is summarized in Table 1-1 and Figure 1-2.

Table 1-1. Port Mode Control Summary

Mode 0 {Unidirectional 8-Bit Mode)
Port A :
Submode 00 — Pin-Definable DoubI&Buffered Input or Single-Buffered Output
H1-— Latches input data
H2 — Status/interrupt generating input, general-purpose output. or operation
pulsed handshake protocols
Submode 01 — Pin-Definable Double-Buffered Output or Non-Latched Input
H1 — Indicates data received by peripheral
H2 — Status/interrupt generating input, general-purpose output; or gf
pulsed handshake protocaols
Submode 1X — Pin-Definable Single-Buffered Output or Non-Latch:
H1 — Status/interrupt generating. input
H2 — Status/ interrupt generating input or general-purpose

the interlocked or

ion with H1 in the interlocked or

Port B
H3 and H4 — Identital to port A, H1 and H2

.-Mode 1 {Unidirectional 16-Bit Mode)

Port' A — Most-Significant Data Byte or Non- Latched
Submode XX — {not used} :

A H1 ~ Status/interrupt generating i

H2 — Status/interrupt generatin

. Port B — Least-Significant Data Byte

Submode X0 — Pin-Definable

H3 — Latches input dat

H4 — Status/i interrupt,

Single-Buffered Cutput

r general—purpdse output
fiered Input or Single-Buffered Output'

ng input, general-purpose output or gperation with H3'in the |nterlocked or

ubmode XX — (not used)
H1 — -Indicates output data received by the penpheral and controls output drivers
H2 — Operation with H1 in the mterlocked or pulsed output handshake protocols
H3 — Latches input data

H4 — Operation with H3 in the interlocked or pulsed input handshake protocols

Mode 3 (Bidirectional 16-Bit Mode)
Port A’ — Double-Buffered Bidirectional Data (Most-Significant Data Byte)
Submode XX — {not used}
Port B — Double-Buffered Bidirectional Data (Least-Significant Data Bytel
Submode XX — (not used)
H1 — Indicates output data received by peripheral and controls output drivers
H2 — Operation with H1 in the interiocked or pulsed output handshake protocols
H3 — Latches input data
H4 — Operation with H3 in the interlocked ar pulsed input handshake protocols

1-3



LEGEND:

. Pin-Definable Double-Buffered
:. or Non-Latched Input

i <: b Double Buffered

MODE 0

SUBMODE 00

Pin-Definable Double-Buffered Input
or Single-Buffered Output

MODE 0 -

SUBMODE 01 - :

in-Definable Single-Buffered

Butput or Non-Latched Input

MODE 1 PORT B
SUBMODE X0
Pin-Definable Double-Buffered Input

or Single-Buffered Output

} Single Buffered

«¢— — — — Non-Latched

MC68230.
€«———— H1(H3)
le—— H2(H4)
« — — —eop Aga)
MC68230
- — H1(H3)
b3 H2{H4)
l———— 11
e H2
MCB8230 '
Aand B
"""""‘", (16}
e H3
l———» H4

Figure 1-2. Port Mode Layout {Sheet 1 of 2)
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fe—————— H1

MCB8230 H2

MODE 1 PORT B o

SUBMODE X1 : E__>
' Pin-Definable Double-Buffered Output 1

or Non-Latched Input

MC68230
MODE 2
Port A — Bit I/0
Port B — Doubie-Buffered Bidirectional
Data
input Transfers
AandB
(16)
MODE 3 MC88230 '

‘ :1 “§ Output Transf
_______g__) utput Transfers
. H3 - : .
H4 Input Transfers -
- \

. Bidirectional 16-Bit -

1 Bidirectional Data Bus (D0-D7)

The data bus pins, DO-D7, form an 8-bit bidirectional data bus to/from an M68000 bus master.
These pins are active high.

1.2.2 Register Selects (RS1-RS5)

The register select pins, RS1-RS5, are active high high-impedance inputs that determine which of
the 23 internal registers is being selected. They are provided by the M68000 bus master or other bus
— master. ,



Table 1-2. Signal Summary

. " Signal Name - Input/Output - Active State Edge/ Level Sensitive Output States
| CLK : Input i S Falling and Rising Edge|
LE8 _Input Low Level ‘
DO-D7 ) " Input/Output High=1, Low=0 Level . High, Low, High Impedanci
[ DMAREQ E ‘ Output Low : _ High, Low
“{ DTACK - _ Output Low - . |High, Low, High Impegd;
H1(H3)* * * i Input ) Low or High Asserted Edge

H2(H4)* * ) : input-or Output - . Low or High Asserted Edge
PAD-PA7**, PBO-PB7**, | Input/Output; | High=1,Low=0" Level
PCO-PC7 Input or Qutput )
PIACK o Input Low Level
[ FiRG SRR | Output -~ Low, '
RS1-RS5 e - Input High=1, Low=0 Level
R/W : Input ‘1High Read, Low Write Level
RESET Input Low
1 TTACK ‘ ‘ Input Low
] TIN {Externa! Clock]} : . Input
TIN {Run/Halt) Input High
TOUT (Square Wave) , . Output Low High, Low
TOUT (TIRQ) ‘ Output Low Low, High Impedance*

~ " *Pullup resistors required.
-**Note these pins have internal pullup resistors.
+ ®**®H1.is level sensitive for output buffer control in mades 2 and 3

e—»-PAO-PAT
be—3-PB0-PB7 -

h—H 1
pt—p-H2
e——H3
j—p-H4

—>PC7/TIACK *
{>pPCo/PIACK*
3P C5/PIRO*
H->pC4/DMAREQ*

: ba—»PC3/TOUT*
Vee—>  jaPC2/TIN*

*|ndividually Programmable Dual-Function Pin

Figure 1-3. Logicai Pin Assignment

Read/WHrite (R/W)

/Wisa high-impedance read/write input signal from the M68000 bus master, indicating whether
~ the current bus cycle is a read (high) or write {low) cycle.

1.2.4 Chip Select {CS)

CSisa high—impedance input that selects the PI/T registers for the current bus cycle. Address

- strobe and the data strobe {upper or lower) of the bus master, along with the appropriate address

" bits, must be included in the chip-select equation. A low level corresponds to an asserted chip
select. :
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 1.2.5 Data Transfer Acknowledge (DTACK)

DTACK is an active low W output that signals the completion of the bus cycle. During read or interrupt
acknowledge cycles, DTACK is asserted after data has been provided on the data bus; during wri e
cycles it is asserted after data has been accepted at the data bus. Data transfer acknowledge is
patible with the MCB8000 and with other M68000 bus masters such as the MC68450 direct m
access controller (DMAC). A pullup resrstor is requrred to marntam DTACK high b
cycles.

1 2 6 Reset (RESET)

RES ET is a high-impedance mput used toinitialize all P1/T functions. All con:
regrsters are cleared and most internal operations are disabled by the ass

1.2.7 Clock (CLK)

The clock pin is a high-impedance TTL-compatible signal
MC88000. The PI/T contains dynamic logic throughout, and his clock must not be gated off
at any time. It is not necessary that this clock maintain ai articular phase relationship with the
M68000 system clock. It may be connected to an independent frequency source (faster or slower)
as long as all bus specifications are met. ' '

same specifications as the

1.2.8 Port A and Port B (PAO-PA7 and PBO—

- Ports A and B are 8-b|t ports that may beitonc tenated to form a 16-b|t port in certain modes. The
ports may be controlled in.conjun ith the handshake pins H1-H4. For stabilization during
system power up, ports A and B hg al pullup resistors to V. All port pins are active high.

1.2.9 Handshake Pins ( H1

Handshake pins H1-H4 a
vide an ‘interlocke
transfers), or simpl

#iti-purpose pins that (depending on the operational mode) may pro-
hake, a pulsed handshake, an interrupt input (independent of data
pins. For stabilization during system power up, H2 and H4 have internal

ort C {PCO-PC7/Alternate Function}

ort can be used as eight general purpose 1/0 pins (PC0-PC7) or any combination of six special
tion pins and two general purpose 1/0 pins {PCO-PC1). Each dual-function pin can be a stand-
d 1/0 or a special function independent of the other port C pins. When used as a port C pin, these
pins are active high. They may be individually programmed as inputs or outputs by the port C data
direction register. The dual-function pins are defined in the following paragraphs.

The alternate functions TIN, TOUT, and TIACK are timer 1/0 pins. TIN may be used as a rising-edge
triggered external clock input or an external run/halt control pin (the timer is in the run state if
run/halt is high and in the halt state if run/halt is low). TOUT may provide an active low timer inter-
rupt request output or-a general-purpose square-wave output, initially high. TIACK is an active low
high-impedance input used for timer interrupt acknowledge.
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" Port Aand B functlons have an mdependent paur of active low lnterrupt request (PIRO) and inter-
rupt acknowledge (PIACK) pins.

:The DMAREQ (_di‘rect memory-acbess request) pin provides an active low direct memory access
controller request pulse for three clock cycles, completely compatible with the MC68450 DMAC.

1.3 REGISTER MODEL
A register model that includes the corresponding register selects is shown in Table 1-

-Table 1-3. Register Model (Sheet 1 of 2)

Register

Select
Bits ) .
54321 7 6 5
00000 Port Mode H34 00 Port General
' " Control. Enable Conto! Register
000 01 * SVCRQ 00 Port Service
S ) . Select - Request Register
00010 Bit Bit - Bit’ 00 Port A Data
_ . .7 B 5 Direction Register
=00 0.0 11 .Bit | . Bit | - Bit 0.0 . PortB Data
v Lo 7 6 5 . _Direction Register
7040 10 0 Bit :Bit, Bit - .00  PortCData
R 7 6 5 Direction Register ,
0°0°1.0:1] " ' ' ' L. % |“0F Portinterrupt
o o . Vector Register
00110 Port A H2 H1 H1 00  Port A Control
; Submode Int.  [SVCRO.| Stat | . Register
Enable | Enable | Ctrl ’
00111 Port B : - H4- H3 - H3 00 Port B Control
H4 Control Int - |SVCRQ | Stat - Register
. : .| Enable | Enable | Ctr
Bit Bit Bit ~ Bit Bit «% . .Port A Data
4 3 2 1 0 Register
Bit Bit - Bit Bit Bit «»_ . Port B Data
4 3 2 1 0 Register
Bit . { - Bit Bit ; Bit .| .Bit" =#»  Port A Alternate
4 3 2 1 0 Register
Bit Bit Bit Bit . | Bit «x«  Port B Alternate
4 3 2 1 g Register
Bit Bit Bit Bit Bit #x++ Port C Data
4 .| -3 2 1 0 Register
H1v H4S | H3S H2S .| H1S | #=#x Port Status
Level Register
. * » % - 00 (Null)
011 11 * * * -k * * . * * 00 (Null)

*Unused, read as zero
* *Value before RESET
* % % Current value on pins
* % % *ndetermined value '



Table 1-3. Register Model (Sheet 2 of 2)

Register
Value
Register After
Select RESET
Bits " {Hex
5 4 321 7 - 6 5 4 3 2 1 0 Value)
100600 TOUT/TIACK zD * Clock Timer
Control Ctrl " Control Enable
10001 Bit Bit Bit Bit Bit Bit Bit

ed, read as zero

NOTE
Table 1-3 has been duplicated on
foldout pages 1 and 2 at the end of
this document for your convenience.
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Timer Control

* Register

Timer Interrupt

“Vector-Register

{Null)

Counter Preload
Register (High)
Counter-Preload -
Register (Mid}

.Counter Preload

Register (Low)
{Null)

Count Register
(High}

Count. Register
{Mid)

Count Register
{Low}

Timer Status
Register
(Null)

{Nulb)

{Nutl)

(Nuil)

{Nulf)



 TRICAL SPECIFICATIONS for further informatioi
o (shortened) bus cycles generated by an address err

1.4 BUS INTERFACE OPERATION

The PI/T has an asynchronous bus interface, primarily designed for use with an . M68000
~microprocessor. With care, however, it can be connected to synchronous microprocessor buses.’
This section completely describes the PI/T's bus interface, and is intended for the asynchronous
 bus designer unless otherwise mentioned.

‘Inan asynchronous system the PI/T clock may operate at a significantly different frequenc
- higher or lower, than the bus master and other system components, as long as all bus speci
are met. The MC68230 CLK pin has the same specifications as the MC68000 CLK pin, a
be gated off at any time.

ot

) select), R/W
ata bus), and
s, PC6/PIACK or
combination of the

":?-The following signals generate normal read and write cycles to the PI/T: TS {
(read/write), RS1-RSb (five. register select bits), DO-D7 (the 8-bit bidirecti
DTACK (data transfer acknowledge). To generate’ interrupt acknowled
PC7/TIACK is used instead of TS, and the register select pins are lgno
following pin functions may be asserted simultaneously: CS, PIAQ

1.4.1 Read Cycles

‘This category includes all regiSter reads, except port or ti
CS is asserted, the register select and R/W inputs
- setup and hold time requirements with respect to the

interrupt acknowledge cycles. When
ed internally. They must meet small
ed edge of CS. (Refer to 6.6 AC ELEC-
'he PI/T is not protected against aborted
or bus error exceptlon in which it is addressed.

T write) bus cycles are not complete within the time
risfers to/from the double-buffered latches that occur
ter's clock is significantly faster than the PI/T's the
s cycle, CS can be negated then re-asserted before comple-
is situation the PI/ T does not recognize the re-assertion of CS
e. Only at that time does it it begin the internal sequencing
ted CS. Since CS also controls the DTACK response, this “bus cycle
d to the clock edge on which DTACK ‘is asserted for that cycle. The
subsequent assertion of CS three clock periods after: the clock edge on
pr“e\nously asserted.

Certain operatlons tnggered by normal
allotted to the bus cycle. One examp
as a result of the bus cycle. If th
possmlhty exists that, following th
tion of these internal operatt
until these operations are
-necessary to reactto t
recovery time’’ can
PI/T will recogmz
which DTACK wa

et and R/W mputs pass through an mternal latch that is transparent when the PI/T
‘anew CS pulse (see above paragraph). Since the internal data bus of the PI/T is con-
gaged for read transfers, the read access time (to the data bus buffers) begins when the
selects are stabilized internally. Also, when the PI/T is ready to begin a new bus cycle, the
ion of CS enables the data bus buffers  within a short propagation delay. This does not con-
e to the overall read access time unless CS is asserted significantly after the register select and
/ W inputs are stabilized (as may occur with synchronous bus microprocessors).

In addition to the chip select's previously mentioned duties, it controls the assertion of DTACK and
latching of read data at the data bus interface. Except for r controlling input latches and enabling the
data bus buffers, all of these functions occur only after CS has been recognized internally and syn-
chronized with the internal clock. Chip select is recognized on the falling edge of the clock if the
setup time is met; DTACK is asserted {low) on the next falhng edge of the clock. Read data is
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e

latched at the PI/T's data bus interface at the same time DTACK is asserted. It is stable as long as
chip select remains asserted independent of other external conditions.

From the above discussion it is clear that if the chip select setup time prior to the falling edge
clock is met, the PI/T can consistently respond to a new read or write bus cycle every fous
cycles, This f fact is especially useful in designing the PI/T’s clock in synchronous bus sys
using DTACK. (An extra clock period is required in mterrupt acknowledge cycles, s
rupt Acknowledge Cycles.)

In asynchronous bus systems in which the PI/T's clock differs from. th t bus master
generally there is no way to guarantee that the chip select setup time with to the PI/T clock
is met. Thus, the only way to determine that the PI/T recognized the a of CS is to wait for
the assertion of DTACK. In this situation, all latched bus inputs to the st be held stable until
DTACK is asserted. These include register select, R/W, and write puts {see below}.
System specifications impose a maximum delay from the negated) edge of CS to the
negated edge of DTACK. As system speeds increase t i omes more difficult to meet with a
simple pullup resistor tied to the DTACK line. Thereforev I/T provides an internal active pullup
device to reduce the rise time, and a level-sensitive circuit that later turns this device off. DTACK is
negated asynchronously as fast as possible following the rising edge of chip select, then three-
stated to avoid interference with the next bus -

,The system designer must take care that.DTACK is negated and three-stated quickly enough after
each bus cycle to avoid interference w. e next one. With an M68000 this necessitates a relatively
fast external path from the data str egation to CS bus master negation.

Special internal operati
tor register or the timer,v tor register are implicitly addressed by the assernon of PC6/PIACK or

The signals are first synchronized with the falling edge of the clock. One

many ways, write cycles are srmrlar to normal read cycles. On write cycles, data at the DO0-D7 pins
must meet the same setup specifications as the register select and R/ W lines. Like these signals,
write data is latched on the asserted edge of CS, and must meet small setup and hold time re-
quirements with respect to that edge. The same bus cycle recovery conditions exnst as for normal
read cycles. No other differences exist.

1-11



NOTE :
For mask sets GG7 and KD1 if the RS lines are selecting the port interrupt vector register -
(PIVR) or timer interrupt vector register (TIVR) during an interrupt acknowledge bus cycle
then those reglsters may be changed Four cases exist for this situation, they are:

1.. Case: " RS lines are addressing’ PIVR during a port interrupt acknowledge

' cycle (PIACK asserted). -
Results: Incorrect IACK vector on data lines, bits 0 and 1 are zero, PIVR and
TIVR remain the same and are not changed.

2. Case: RS lines are addressing TIVR during a port interrupt acknowl
cycle (PIACK asserted). :
- Results:  Incorrect IACK vector on data lines, PIVR and TIVR are ch

- 3. Case: RS lines are addressing PIVR dyrlng a timer lnterrupt
cycle {TIACK asserted).
Results: Incorrect IACK vector on data lines, PIVR and TIVF
4. Case: RS lines are addressing TIVR during a timer in
cycle {TIACK asserted). _
Results:  -Correct [ACK vector on data lines, PIVR R remain the same
and are not changed. ’ :
For MC68000 and MC68010 systems that use A or RS lines RS1-RS5 the above
+... . cases will never occur. A5 and A4 will remain h ing interrupt acknowledge cycles
*.".and thus PIVR and TIVR will not be selected as.shown below.

'RS4 - RS3 RS2 RS

oo
o

. MCB80h0 IACK Cycle

1. . " —Encoded Level—
MC68230 PIVR Addre O 0 1 0 1
MC68230 TIVR Addre: 1 0 -0 o 1

112 v
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SECTION 2
PORT GENERAL lNFORMATION AND CONVENTION

pendent of the
s are mentioned;
ode, the statement

ThIS section introduces concepts that are generally apphcable to the PI/T por
chosen mode and submode. For this reason, no particular port or hand
the notation H1(H3) indicates that, depending on the chosen mode an
given may be true for elther the H1 or H3 handshake pin.

2.1 UNIDIRECTIONAL VS BIDIRECTIONAL

Figure 1-2 shows the configuration of ports A and B and+ the handshake pins in each port
mode and submode. In modes 0 and 1, a data direction:egister is associated with each of the ports.
These registers contain one bit for each port pin to de ine whether that pin is an input or an out-
put. Modes 0 and 1 are, thus, called unidirectio odes because each pin assumes a constant
- direction, changeable only by a reset conditidtor a programming change. These modes allow
double-buffered data transfers in one direction. This direction, determined by the mode and sub-
mode definition, is known as the primary:direction. Data transfers in the primary direction are con-
trolled by the handshake pins. Data tr s not in the primary direction are generally unrelated,
and single or unbuffered data paths

pt of primary direction as in modes 0 and 1. Except for port A in
n registers have no effect. These modes are bidirectional, in that
ays 8 or 16 bits, double buffered) is determined dynamically by the
Thus, for example, data may be transferred out of the ports, followed
' into the same port pins. Transfers to and from the ports are independent
sequence. Since the instantaneous direction is always determined by the

In modes 2 and 3 thereis n
mode 2.{bit |/0), the data ¢
the direction of each tran®
state of the handsh
very shortly by a
and may occur

S brderly transfers by using the handshake pins in any of several programmable protocols.
When bit /O is used, double buffering is not available and the handshake pins are used as outputs
r status/interrupt inputs.)

Use of double buffering is most beneficial in situations where a peripheral device and the computer
system are capable of transferring data at roughly the same speed. Double buffering allows the
fetch operation of the data transmitter to be overlapped. with the store operation of the data
receiver. Thus, throughput measured in bytes or words-per-second may be greatly enhanced. If
there is a large mismatch in transfer capability between the computer and the peripheral, little or no
benefit is obtained. In these cases there is no penalty in using double buffering.



. 2.1.2 Double-Buffered input Transfers B

In all modes, the PI/T supports double-buffered input transfers Data that meets the port setup and
hold times is latched on the asserted edge of H1(H3). H1{H3) i is edge sensitive, and may assume any
duty cycle as long.as both high and low minimum times are observed. The PI/T contains a port
status register whose H1S(H3S) status bit is set anytime any input data that has not been read by
the bus master is present in the double-buffered latches. The action of H2(H4) is programmable;
. may indicate whether there is room for more data in the PI/T latches or it may serve other purp
The following options are available, depending on the mode.

1. H2(H4) may be an edge-sensitive input that is independent of H1{H3) and the
port data. On the asserted edge of H2(H4), the H2S(H4S) status bit is set. It is
direct method (refer to 2.3 DIRECT METHOD OF RESETTING STATUS), the R

... asserted, or when the H12 enable (H34 enable) bit of the port general con

2. H2(H4) may be a general purpose output pin that is always negated. Th
is always zero.

3. H2(H4) may be a general purpose output pin that is always asserted
is always zero.

4. H2(H4) may be an output pin in the interlocked rnput handshak
the port input latches are ready to accept new data. It is n
asserted edge of the H1(H3) input. As soon as the mput
asserted. When both double-buffered latches are fu
removed by a read of port A {port B) data re
asserted, new input data may be entered by :

. H1(H3) are ignored. The H28(H4S) status bit i
. Zero, H2(H4) is held negated

~I:I4S) status bit
H2S(H48S) status bit

protocol. It is asserted when
synchronously following the
s become ready, H2(H4) is again

Thus, anytime the H2(H4) output is
H1(H3). At other times transitions of
always zero. When H12 enable (H34 enable) is

d input handshake protocol. It is asserted exactly as
ever remains asserted longer than four clock cycies.
~generated. But in the case that a subsequent H1(H3)
rmination of the pulse, H2(H4) is negated asynchronously.
] edge of the H2{H4) pulse, new data may be entered in the PI/T
s. The H2S(H4S) status bit is always zero. When H12 enable (H34
eld negated.

B, H2(H4) may be an output pin in
in the interlocked input protocg
- Typically, a four clock cycl
asserted edge occurs bef
Thus, anytime after the,
double-buffered inpus
enable) is zero, H2

A sample timing diagr:
- _protocols are sk
--sense bits a

shown in-Figure 2-1. The H2{H4) interlocked and pu!se input handshake
The. DMAREO pin is also shown assuming it is.enabled. All handshake pin
umed. to be zero. (refer.to 4.1 PORT GENERAL CONTROL REGISTER (PGCR));
re in the low state when asserted. Due to the: great similarity between modes, this
is applicable to all double-buffered input transfers.

uble—Buffered Output Transfers

he PI/T supports double-buffered output transfers in aII modes. Data, written by the bus master to
the PI/ T, is stored in the port's output latch. The peripheral accepts the data by asserting H1(H3),

‘which causes the next data to be moved to the port’s output latch as soon as it is available. The
function of H2(H4) i is programmable; it may indicate whether new data has been moved to the out-
put latch or it may serve other purposes. The H1S(H3S) status bit may be programmed for two in-
terpretations. First, the status bit is a one when there is at least one latch in the double-buffered
data path that can accept new data. After writing one byte/word of data to the ports, an interrupt

2(H4) remains negated until data is



P

~ latches. Second, when the bus master is finished, iti

Data Register Data Register
Read . Read

Port Data Valid X : Valid
HUHS) . '
H2(H4} c
Iinterlocked .

- 'H2(H4) \ ‘ /
- Pulse ’
DMAREQ _\___/

Figure 2-1. Double-Buffered Input Transfers Timi

service routine could check this bit to determine if it could g nother byte/word, thus filling both
ten useful to be able to check whether all of
H38S) status bit is set when both output

H4) pin are given below, depending on the

the data has been transferred to the peripheral. The:k

latches are empty. The programmable options of 1

mode. '

1 H2(H4) may be an edge-sensmve mput pi independent of H1(H3) and the transfer of port

- data. On the asserted edge of H2(H4}, the H2S(H4S) status bit is set. It is cleared by the direct

method (refer to 2.3 DIRECT N D OF RESETTING STATUS), the RESET pin being

= asserted, or when the H12 ena enable) bit of the port general control register is zero.

- 2. H2(H4) may be a general-p output pin that is always negated The H2S(H4S) status bit
is always zero.

3. H2(H4) may bea g

is-always zero.

4. H2(H4) may

jurpose output pin that is always asserted. The H2S(H4S) status bit

tput pin in the interlocked output handshake protocol. H2(H4) is asserted
two clock ¢ er data is transferred to the double-buffered output latches. The data re-
mains stable H2(H4) remains asserted until the next asserted edge of the H1(H3) input. At
that t H2(H4) is asynchronously negated. As soon as the next data is available, it is
to the-output latches and H2(k4) is asserted. When H2(H4) is negated, asserted
s'on H1(H3) have no effect on the data paths. As is explained later, however, in
: es 2 and 3 H1 does control the three-state output buffers of the bidirectional port(s). The
2S(H4S) status bit is-always zero. When H12 enable (H34 enable) is zero, H2(H4) is held
negated.

. H2(H4) may be an output pin in the pulsed output handshake protocol. ltis asserted exactly as
in the interlocked output protocol above, but never remains asserted longer than four clock
cycles. Typically, a four clock pulse is generated. But in the case that a subsequent H1(H3)
asserted edge occurs before termination of the pulse, H2(H4) is negated asynchronously, thus
shortening the pulse. The H2S(H4S) status bit is always zero. When H12 enable (H34 enable)
is zero, H2(H4) is held negated. :




-, may poll the port status register.: It contain

A sample timing dlagram is shown in Flgure 2-2. The H2(H4) interlocked and pulsed output hand-
shake protocols are shown. The DMAREQ pin is also shown assuming it is enabled. All handshake
pin sense bits are assumed to be zero; thus, the pins are in the low state when asserted. Due to the
great similarity. between modes thls tlmlng dlagram is applicable to all double-buffered output
transfers

Data Register . Data Register
" 'Write Write

Port Data X
. H2(H4) q
_ Interlocked g
U HaiHa) T~ - /
. Pulse : - .
H1(H3}

DMAREQ \ : /

Figure 2-2. Double-Buffered Output Tra iming Diagram

2.2 REQUESTING BUS MASTER SERVICE

' ‘The PI/T has several means of indicating a need» rvice by a bus master. First, the processor
‘status bit for each handshake pin, plus a level bit that

handshake pin. A 'sta'tu,s bit is one when the PI/T

“always reflects the instantaneous state 0
~needs servicing (i.e., generally when:
““when a handshake pin used as a si

‘ ) us input has been asserted. The mterpretatlon of these
bits.is dependent on the chosen g

d submode

the processor’s interrupt structure. As mentioned previously,
3 control registers that configure the handshake pins. Other bits in
terrupt associated with each handshake pin. This.interrupt is made
PIRQ pin, if the PIRQ function is selected. Three additional conditions
be asserted: 1) the handshake pin status bit is set, 2) the corresponding in-

Second, the PI/T may be pi
. the PI/T contains port
these registers enable
‘available through thg
are required for PIRQ

d method of requesting service is via the PC4/DMAREQ pin. This pin can be associated
double-buffered transfers in each mode. If it is used as a DMA controller request, it can initiate
equests to keep the PI/T’s input/output double-buffering empty/full as much as possible. It will
not overrun the- DMA controller. The pin is compatible with the MC68450 direct memory. access
controller (DMAC). - :

2-4
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2.2.1 Vectored, Prioritized Port Interrupts

Use of MC68000-compatible vectored interrupts with the PI/T requires the PIRQ and PIACK pins.
When PTACK is asserted while PIRQ is asserted, the PI/T places an 8-bit vector on the data pins
DO0-D7. Under normal conditions, this vector corresponds to the highest priority enabled active po
interrupt source with which the DMAREQ pin is not currently associated. The most-significa
bits are provided by the port interrupt vector register (PIVR), with the lower two bits s
prioritization logic according to conditions present when PIACK is asserted. It is import
that the only effect on the PI/T caused by interrupt acknowledge cycles is that the ve
on the data bus. Specifically, no reglsters data, status, or other internal states
fected by the cycle.

. These conditions
s no interrupt function
ACK (DTACK will not be
T will output the contents of
R has not been initialized, $OF
in Table 2-1.

”Several conditions may be present when the PIACK input is asserted to
affect the PI/T's response and the termination of the bus-cycle. If the
'~ selected, or is not asserting PIRQ, the PI/T will make no response
asserted). If the P/ T is asserting PIRQ when PIACK is received,
the port interrupt vector register and the prioritization bits. If 1k
will be read from this register. These conditions are sum

rupt Acknowledge
Conditions PIRQ asserted
PiVR has not been initialized PI/T provides $0F, the
since RESET ., Uninitialized Vector*
PIVR has been initialized PI/T provides PIVR contents
since. RESET with prioritization bits. -

7+ *The uninitialized vector i i¢returned from an interrupt vector register before it has been initialized.

The vector table entrie he PI/T appear as a contiguous block of four vector numbers whose
common upper Six bi ogrammed in the PIVR. The following table pairs each interrupt source
with the 2-bit value'provided by the prioritization logic when interrupt acknowledge is asserted (see
REQUEST REGISTER (PSRR)).

H1 source — 00 H3 source — 10
"H2 source — 01 RIS H4 source — 11

Autovectored Port Interrupts

ovectored interrupts use only the PIRQ pin. The operation of the PI/T with vectored and
utovectored interrupts is identical except that no vectors are supphed and the PC6/PIACK pin can

~ be used as a port C pin.



2.2.3 DMA Request Operatlon

The direct memory access request (DMAR EO) pulse (when enabled) is associated with outputorin-
“put transfers to keep the initial and final output latches full or initial and final input latches empty,
respectively. Figures 2-3 and 2-4 show all the possible paths in generating DMA requests. See 4.2
PORT SERVICE REQUEST REGISTER (PSRR) for programming the operation of the DMA reques
bit. -

DMAREQ is generated on the bus side of the M06823g_t_J_y the synchronized* chip select. If
ditions of Figures 2-3 or 2-4 are met, an assertion of CS will cause DMAREQ to be assefted
PI/T clocks (plus the delay time from the clock edge) after CS is synchronized. DMA: mains
‘asserted three clock cycles (plus the delay time from the clock edge) and is then:ne

DMAREQ pu!ses are associated wnth peripheral transfers or are generated
H1(H3) input. If the conditions of Figures 2-3 or 2-4 are met, an assertio
cause DMAREQ to be asserted 2.5 PI/T clock cycles (plus the delay tifr
'H1{H3) is synchronized. DMAREQ remains asserted three clock cycles
clock edge) and is then negated.

synchronized*
H1(H3) input will

e delay time from the

Data in Output Latches

/\

BusWrite < ’ - L No DMA Request

Data in Input Latches

/\

eral Provides Data - No DMA Request

. DMA Request. - i Peripheral Acoept  DMA Request. _ " BusRead

Bus Write ' - Peripheral Provides Data DMA Request
No DMA Requeét ral Accepts Data No DMA Q' /Bus Read
\REQ Associated Figure 2-4. DMAREQ Associated

Jutput Transfers - with Input Transfers

2.3 DIRECT METHOD OF RESETTING STATUS

ain modes one or more handshake pins can be used as edge-sensitive inputs for the sole pur-
setting bits in the port status register. These bits consist of simple flip-flops. They are set (to
y the occurrence of the asserted edge of the handshake pin input. Resetting a handshake

status bit can be done by writing an 8-bit mask to the port status register. This is called the direct
- method of resetting. To reset a status bit that is resettable by the direct method, the mask must

* Synchronized means that the appropriate.input signal (H1, H3, or CS) has been’ sampled by the PI/T on the appropriate edge of the
clock (rising edge for HH(H3) and falling edge for CS). Refer to 1.4 BUS INTERFACE OPERATION for the exception concerning CS. i
a bus access (assertion of C3) and a port access {assertion of H1{H3)) occur at the same time, CS will be recognized without any delay.
H1(H3} will be recognized one clock cycle later.

26

rom clock edge) after



contain a one in the bit position of the port status register corresponding to the desired status bit.
For status bits that are not resettable by the direct method in the chosen mode, the data written to
the port status register has no effect. For status bits that are resettable by the direct method in the
chosen mode, a zero in the mask has no effect.

2.4 HANDSHAKE PIN SENSE CONTROL

The PI/T contains exclusive-OR gates to control the sense of each of the handshake pi
used as inputs or outputs. Four bits in the port general control register may b
~determine whether the pins are asserted in the low- or high-voltage state. As w
registers, these bits are reset to zero when the RESET pm is asserted, defaultin
: to be Iow

asserted level

2.5 ENABLING PORTS A AND B

Certain functions involved with double-buffered data transfers, t indshake pins, and the status
bits may be disabled by the external system or by the prog | r during initialization. The port
general control register contains two bits, H12 enable and’H34-enable, which control these func-
- tions. These bits are cleared to the zero state when the RESET pin is asserted, and the functions are
- disabled. The functions ‘are the following: ‘
1. Independent of other actions by the bus master or peripheral (via the handshake pins), the
PI/T's disabled handshake controller is held:to the ““empty’’ state; i.e., no data is present in the
double-buffered data path. .~ , ;
2. When any handshake pin is used toget a simple status flip-flop, unrelated to double-buffered
~transfers, these flip-flops are h sét to zero (see Table 1-1).
3. When. H2(H4) is used in an j ked or pulsed handshake with H1(H3}, H2(H4) is held
"' negated, regardless of th mode, submode, and primary direction. Thus, for double-
buffered input transfers, rogrammer may signal a peripheral when the PI/T is ready to
begin transfers by sett associated handshake enable bit to one.

NATE REGISTERS
and B data regnsters the PI/T contains port A and B alternate registers.

2.6 PORT A AND
In addition to

2-7/2-8




SECTION 3
PORT MODES

bmodes. General
L INFORMATION
and port B control
description, the pro-

This section contains information that distinguishes the various port modes
characteristics common to all modes are defined in SECTION 2 PORT G|
AND CONVENTIONS. A description of the port A control register

register (PBCR) is given before each-mode description. After each st
grammable options are listed for that submode.

)

3.1 PORT A CONTROL REGISTER
~ Port A Control Regi

CR)

2 1 0

H2 H1 H1

Interrupt| SVCRQ | Status
Enable | Enable | Controt

PortA
Submode

controls the operation of port Aand t
tains five fields: bits 7 and 6 specif
H2 handshake pin'and the H2S
when the H2S status bit go

s'bit; bit 2 determines whether an interrupt will be generated
e;-and bit 1 determines whether a service request (interrupt re-

B CONTROL REGISTER o
Port B Control Register (PBCR)

7 6 5 4 3 2 1 0
H4 H3 H3
Port B Interrupt}"SVCRQ | Status
Submode H4 Control Enable | Enable | Control

The port B control register specifies the operation of port B and the handshake pins H3 and H4. The
port B control register contains five fields: bits 7 and 6 specify the port B submode; bits 5, 4, and 3
control the operation of the H4 handshake pin and H4S status bit; bit 2 determines whether an inter-
rupt will be generated when the H4S status bit-goes to a one; bit 1 determines whether a service re-
quest (interrupt request or DMA request) will occur; and bit O controls the operation of the H3S
status bit. The PBCR is always readable and writable: There is never a consequence to reading the
register.
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All bits are cleared to zero when the RESET pin is asserted. When the port B submode field is rele-
“vant in a mode/submode definition, it must not be altered unless the H34 enable bit in the port
f’general control reglster is c!ear (see Table 1-3 located on foldout pages 1 and 2 at the end of this
document).

33 MODE 0 - UNIDlRECTIONAL 8-BIT MODE

In mode 0, ports A and B operate independently. Each may be configured in any of its three po
submodes:

Submode 00 — Pin-Definable Double-Buffered Input or Single-Buffered Output
Submode 01 — Pin-Definable Double-Buffered Output or Non-Latched Input <
Submode X - Bnt 170 (Pm—DefmabIe Smgle—Buffered Output or Non-La

"'“Handshake pins H1 and H2‘are" assocnated with port A and configured by ming the port A
‘control register. (The H12 enable bit of the port general control registe
Handshake pins H3 and H4 are associated with port B and configur
control register. (The H34 enable bit of the port general contro
The port A and B data direction registers operate in all three su s. Along with the submode,
they affect the data read and write at the associated data regi cordlng to Table 3-1. They also

“enable the output buffer associated with each port pin. The DMAREQ pin may be associated with

- gither {not both). port A or port B, but does not functio bit I/0 submode (submode 1X) is pro-

- grammed for the chosen port. .

enables port B transfers.)

Table 31. Mode0 Port Data Paths

A/B Wirite Port A/B

Mode ister __Dsta Register
; DDR=1 ~ DDR=X
0 Submode 00 FOL Note 3 'FOL, S.B. Note 1

. FOL Note 3 {OL/FOL, D.B. -Note2
FOL Note 3 FOL, 8.B. Note 1

‘$.B. — Single Buffered
: D.B. — Double Buffered .
nal Input Latch DDR = Data Direction Register

: Data is latched in the output data registers (final output latch) and will be-
single butfered at the pin if the DDR is 1. The output buffers will be turned
. .oftif the. DDR is 0.

. Data is latched in the double-buffered output data registers. The data in the
final output latch will appear on the port pin if the DDRisa 1.
. The output drivers that connect the final output latch to the pins are turned
on.

1 Submode 00 — Pin-Definable Double—Buffered Input or Single-Buffered Output

In mode 0, double-buffered input transfers of up to eight bits are available by programming sub-
mode 00 in the desired port's control register. Data that meets the port setup and hold times is

latched on the asserted edge of H1(H3) and is placed in the initial or final input latch. H1(H3) is edge
sensitive and may assume any duty cycle as long as both high and low minimum times are
observed. The PI/T contains a port status register whose H1S(H3S) status bit is set anytime any in-
_put data that has not been read by the bus master is present in the double-buffered latches. The ac-
tion of H2(H4) is programmable. The following options are available:

P
. N
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" 1. H2{H4) may be an edge-sensitive status input that is independent of H1{H3) and the transfer of

_portdata. On the asserted edge of H2(H4), the H2S(H4S) status bit is set. It is cleared by either

the RESET pin being asserted, writing a one to the particular status bit in the port status

register (PSR), or when the H12 enable (H34 enable) bit of the port general register is ¢

2. H2(H4) may be a general- purpose output pin that is always negated. In thrs case the H2S

status bit is always clear.

3. H2(H4) may be a general-purpose output pin that is always asserted. In this case
status bit is always clear. ,

4. H2(H4) may be an output pin in the interlocked input handshake protocol. It

;- the port input latches are ready to accept new data. Itis negated asynchrorou

asserted edge of the H1(H3) input. As soon as the input latches becom

asserted. When the input double-buffered latches are full, H2(H4) re

removed. Thus, anytime the H2(H4) output is asserted, new in

asserting H1(H3). At other times, transitions on H1(H3) are i

is always clear. When H12 enable (H34 enable) in the por

H2(H4) is held negated. ,

5. H2(H4) may be an output pin in the pulsed input handst rotocol. It is asserted exactly as

in the interlocked input protocol above, but never remains asserted longer than four clock

cycles. Typically, a four clock cycle pulse is ge But in the case of a subsequent H1(H3)

- asserted edge occurring before termination of Ise, H2(H4) is negated asynchronously.

- Thus, anytime after the leading edge of t 'H4) pulse, new data may be entered in the

double-buffered input latches. The H2S(H4 tus bit is always clear. When H12 enable (H34

enable) is clear, H2(H4) is held ne ‘ ' :

serted when
ollowing the
H2(H4) is again
gated until data is

may be entered by
he H2S(H4S) status bit
ral control register is clear,

consists of a single latch driving the output buffer. Data
not affect the operation of any handshake pin or status bit.
of the input transfers. However, read bus cycles to the data
rt. Therefore, care should be taken to avoid processor instruc-
cycles

For-pins used as outputs the data:
written to the port’s data regist
Output pins may be used indep
register do remove data fr
tions that perform unw

rammable Options Mode 0 — Port A Submode 00
.and Port B Submode 00 (Sheet 1 of 2)

Port'A"Submode ‘ .
bmode 00 ‘ .

3 H2 Control

X Input pin — edge-sensitive status input, H2S is set on an asserted edge.
0 Output pin — negated, H2S is always clear.

1 Output.pin — asserted, H2S is always clear.

0 Output pin ~ interlocked input handshake protocol, H2S is always clear.
1 Output pin — pulsed input handshake protocol, H2S is always clear.

" H2 Interrupt Enable

The H2 interrupt is disabled.
The H2 interrupt is enabled.



Programmable Options Mode 0 — Port A Submode 00
* -and Port B Submode 00 {Sheet 2 of 2)

1 H1 SVCR Enable

0 . The H1l interrupt and DMA request are dxsabled
1 The H1 interrupt and DMA request are enabled.

0 | B  H1 Status Cbntrol »
X~ The H1S status bit is set anytime input data is present in the double-buffered inpu

76 - Port B Submode N
00 SubmodeOO ' v

543 H4 Control

X X input pin — edge-sensitive status input, H4S is set on an
0 0 Output pin — negated, H4S is always cleared.

0 1 OQutput pin — asserted, H4S is always cleared.
10 Output pin — interlocked input handshake protocol, always cleared.
11 Output pin — pulsed input handshake protocol, H48, i

‘ . H4 lntérrupt Enable
. The H4 interrupt is disdbled.
‘The H4 interrupt is enabled. :

‘

H3 SVCRQ Enable

The -H3 interrupt and D
1 The H3 interrupt and

t are disabled.
guest-are enabled.

esired port's control registér. The operation of H2 and R4 may be selected by pro-
 port A and B control registers, respectively. Data, written by the bus master to the

auses the next data to be moved to the port's output latch as soon as it is available.

e H1S(H3S) status bit may be programmed for two inter_pre’tat‘ions:

1. The H1S(H3S) status bit is set when either the port initial or final output latch can accept
new data. It is cleared when both latches are full and- ‘cannot accept new data.

2. The H1S(H3S) status bit is set when both of the port output latches are empty. It is cleared
when at least one latch is full.

~The programmable options of the H2(H4) pin are:

1. H2(H4) may be an edge-sensitive input pin independent of H1{H3) and the transfer of port
data. On the asserted edge of H2(H4), the H2S(HA4S) status bit is set. It is cleared by either the
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RESET pin being asserted, writing a one to the particular status bit in the port status register
(PSR}, or when the H1(H2) enable (H3{H4) enable) bit of the port general control register is
clear.

2. H2(H4) may be a general-purpose output pin that is always negated. The H2S(H4S) sta
is always clear.

3. H2(H4) may be a general-purpose output pin that is always asserted. The H28(H4S
is always clear.

4. H2(H4) may be an output pin in the interlocked output handshake p
asserted two clock cycles after data is transferred to the double-buffered o
data remains stable at the port pins and H2(H4) remains asserted until th
of the H1(H3) input. At that time, H2(H4) is asynchronously negate
is available, it is transferred to the output latches. When H2(H4) i
tions of H1{H3) have no affect on data paths. The H2S(H4S) st
H12 enable (H34 enable) is clear, H2(H4) is held negated.

5. H2(H4) may be an output pin in the pulsed output hand (e:protocol. It is asserted exactly as
in the interlocked protocol above, but never remains asserted longer than four clock cycles.
Typically, a four clock puise is generated. But in the ¢ that a subsequent H1{H3) asserted
edge occurs before termination of the pulse, H2 gated asynchronously shortening the
pulse. The H3S(H4S) status bit is always clea n H12 enable (H34 enable) is clear H2(H4)
is held negated.

xt asserted edge
as the next data
ed, asserted transi-
is always clear. When

7
Nran”

For pins used as inputs, data written to the associated data register is double-buffered and passed
to the mmal or fmal output Iatch ‘but, thé output buffer is disabled.

ons Mode 0 — Port A Submode 01
ort B Submode 01 {Sheet 1 of 2)

PACR
76 P
01 Submode
PACR
543 ,
0X X n - edge—sensmve status input, H2S is set on an asserted edge. .
100 tput pin — negated, H2S is always cléar.
1Q tput pin — asserted, H2S is always clear.

utput pm — interlocked input handshake protocol, H2S is always clear.
Output pin — pulsed input handshake protocol, H2S is always clear.

H2 Interrupt Enable

2
0 The H2 interrupt is disabled.
1 The H2 interrupt is enabled.

1 H1 SVCRQ Enable
0 The H1 interrupt and DMA request are disabled.
1 The H1 interrupt and DMA request are enabled.



Programmable Options Mode 0 — Port A Submode 01
and Port B Submode 01 (Sheet 2 of 2)

PACR

H1 Status Control

0 The H1S status bit is set when either the port A initial or final output latch can accept new data. It
is clear when both latches are full and cannot accept new data.

1 The H1S status bit is one when both of the port A output latches are empty. It is clear wh
‘least one latch is full.

o

PBCR ‘ " '
76 Port B Submode
01 Submode 01 ' N
PBCR : \
543 H4 Control
0 X X Input pin — edge-sensitive status input, H4S is set on an asserted
100 Output pm — negated, H4S is always cleared.
101 -Output pln — asserted, H4S is always cleared.
1 10 Output pin — interlocked input handshake protocol, H4S isa :
1 1.1 -Output pin — pulsed input handshake protocol H4S leared

H4 Interrupt Enable

2
0  The H4 interrupt is disabled.
1. The H4 interrupt is enabled.

" 1. H3SVCRQ Enable
< 0. . The H3 interrupt and DMA requ
“ .1 The H3 interrupt and DMA

PBCR
-0 H3 Status C
0 The H3S status bits hen either the port B initial or final output latch can accept new data. It

is clear when t hes are full and cannot accept new data.

r monitored. Data written to the associated (input/output) register is single buffered. If
direction register bit for that pin is a one {output), the output buffer is enabled. If it is a zero
ut), data written is still latched, but is not available at the pin. Data read from the data register is
& instantaneous value of the pin or what was written to the data register, depending on the con-
‘tents of the data direction register. H1(H3) is an edge-sensitive status input pin only and it controls

" no data related function. The H1S(H3S) status bit is set following the asserted edge of the input.

waveform. It is cleared by either the RESET pin being asserted, writing a one to the associated

status bit in the port status register (PSR), or when the H12 enable {H34 enable) bit of the port
general control register is clear. H2 may be programmed as:

1. H2(H4) may be an edge-sensitive status input that is independent of H1(H3) and the transfer of

port data. On the asserted edge of H2(H4), the H2S({H4S) status bit is set. It is cleared by either

the RESET pin being asserted, writing a one to the particular status bit in the port status

L
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register (PSR, or when the H12 enable ( H34 enable) bit of the port genéral control register is
clear.
2. H2(H4) may be a general purpose output pin that is always negated. In this case the HZS(H4S)
status bit is always clear.
3. H2(H4) may be a general-purpose output pin that.is always asserted. In this case the H2S(
status bit is. always clear.

Programmable Option Mode 0 — Port A Submode 1X
and Port B Submode 1X (Sheet 1 of 2)

PACR
76 Port A Submode

1 X - Submode 1X

PACR ,

43 H2 Control
X Input pin — edge-sensitive status input, H2S is set on
0 Output pin ~ negated, H2S is always cleared.

1- - Qutput pin — asserted, H2S is always cleared

_a..aOm
> X X

H2 Interrupt Enable

-The HZ interrupt is disabled.
- The H2 interrupt is enabled.

1 "~ H1 SVCRQ Ena
0 .The H1 interrupt is dis
1 The H1 interruptis e

: H4 Control d

Input pin —~ edge-sensitive status input, H4S is set on an asserted edge.
Output pin — negated, H4S is always cleared.

Qutput pin — asserted, H4S is always cleared.

H4 Ihterrupt Enable

2
0 The H4 interrupt is disabled.
1 The H4 interrupt is enabled.

1 H3 SVCRQ Enable
0  The H3 interrupt is disabled.
1 The H3 interrupt is enabled.



Programmable 'Optioﬁs Mode 0 — Port A Submode 1X
and Port B Submode 1X (Sheet 2 of 2}

PBCR |
0 H3 Status Control
X H3 is an edg&sensmve status input, H3S is set by an asserted edge of H3

3.4 MODE 1 — UNIDIRECTIONAL 16-BIT MODE

In mode 1, ports A and B are concatenated to form a single 16-bit port. The port B subm
_controls the conﬁguratlon of both ports. The possible submodes are:

Port B Submode X0 — Pin-Definable Double-Buffered Input or Smgle—Buffer
Port B Submode X1 — Pin-Definable Double-Buffered Output or Non-Latche

™~
*

jister, are associated
by setting the H34
nd H2 may be used as
e an output. Enabling of the
port general control register.
. Along with the submode, they
ing to Table 3-2. The data direction
port pin. The DMAREQ pin may be

Handshake pins H3 and H4, configured by programming the port B contre
with the 16-bit double-buffered transfer. These 16-bit transfers are en
enable bit in the port general control register (PGCR). Handshake pi
simple status inputs not related to the 16-bit data transfer or H2
H1 and H2 handshake pins is done by setting the H12 enable
The port A and B data direction registers operate‘in-each su
affect the data read and written at the data register acco
“register also enables the output buffer associated wz
‘associated only with H3.

Table 3-2. Méde 1 Port Data Paths

’

d Port A/B Write Port A/B

Mode Register Register
C DDR=1 DDR=0 DDR=1
1, Port B FOL FOL. S.B. FOL, S.B.
Submode X . Note 3 Note 2 Note 2
Pin FOL IOL/FOL, IOL/FOL,
Note 3 D.B., D.B.,
Note 1 Note 1~

written to Port A goes to a:temporary latch. When the Port B data~-*
register is later written, Port A data is transferred to I0L/FOL.
Data is latched in the output data registers (final output latch) and will be
single buffered at the piniif the DDR is 1. The output buffers will be turned
“off if the DDRis.0:
Note:3: The output drivers that:connect the final outputiatch to the pins are turned
on.

Abbreviations:

10L —:initial Output Latch S.8. — Single Buffered

FOL — Final Output Latch D.B. = Double Buffered

FIL — Final tnput Latch DDR — Data Direction Register

" Mode 1 can provide convenient high-speed 16-bit transfers. The port A and port B data registers are
addressed for compatibility with the MC68000 move peripheral (MOVEP) instruction and with the
"MC68450 direct memory access controller (DMAC). To take advantage of this, port A should con-
tain the most-significant byte of data and always be read or written by the bus master first. The
interlocked and pulsed handshake protocols, status bits, and DMAREQ are keyed to the access of
~ port B data register in‘mode 1. Transfers proceed properly with mterlocked or pulsed handshakes

“~when the port B data register is accessed last.
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'the H2S status bit goes to one; bit 1 determines whether a service requ
* DMA request) will occur; and bit 0 controls the operation of the H1S stat

‘whether a service r

~vantin

3.4.1 Port A Control Register
Port A Control Register (PACR)

7 6 5 4 3 2 1 0
H2 H1 H1
Port A Interrupt{ SVCRQ | Status
Submode H2 Control Enable | Enable | Control

The port A control register, in conjunction with the programmed mode and the port
controls the operation of port A and the handshake pins H1 and H2. The port A cont
tains five fields: bits 7 and 6 specify the port A submode; bits 5, 4, and 3 control t
H2 handshake pin and H2S status bit; bit 2 determines whether an interrupt will erated when
rrupt request or
he PACR is always

readable and writable. There is never a consequence to reading the

e port A submode field is rele-
the H12 enable bit in the port
pages 1 and 2 at the end of this
the H12 enable bit in the PGCR is

All bits are cleared to zero when the RESET pin is asserted. Wh
vant in a mode/submode definition, it must not be altered ur
general control register is clear (see Table 1-3-located on
document). Altering these bits may give unpredictable r
set.

3.4.2 Port B Control Register

Port B Control Register (PBCR)
7 6 43 2 1 .0
. : H4 H3 H3
- PortB. - : : : Interrupt} SVCRQ | Status
Submode H4 Control Enable | Enable | Control

the operation of port B and the handshake pins H3 and H4. The
ive fields: bits 7 and 6 specify the port B submode; bits 5, 4, and 3
:H4 handshake pin and H4S status bit goes to a one; bit 1 determines
interrupt request or DMA request) will occur; and bit 0 controls the
itus bit. The PBCR is always readable and writable.

The port B control register spe
port B control register contai
control the operation of

operation of the

to zero when the RESET pin is asserted. When the port B submode field is rele-
submode definition, it must not be altered unless the H34 enable bit in the port
rol register is clear (see Table 1-3 located on foldout pages 1 and 2 at the end of this
). Altering these bits may give unpredictable results if the H12 enable bit in the PGCR'is

All bits are

.4.3 Submode X0 — Pin-Definable Double-Buffered Input or Single-Buffered Qutput

In mode 1 submode X0, double-buffered input transfers of up to 16 bits may be obtained. The level
of each pin is asynchronously latched with the asserted edge of H3 and placed in the initial input
latch or the final input latch. The processor may check the H3S status bit to determine if new data
is present. The DMAREQ pin may be used to signal a DMA controller to empty the input buffers.
Regardless of the bus master, port A data should be read first and port B data should be read last.

- The operation of the internal handshake controller, the H3S bit, and the DMAREQ are keyed to the

reading of the port B data register. (The MC68450 DMAC can be programmed to perform the exact
transfers needed for compatibility with the PI/T.) H4 may be programmed as:
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1. H4 may be an: edge—sensmve status input that is mdependent of H3 and the transfer of port

- data. On the asserted edge of H4, the H4S status bit is set. It is cleared by either the RESET pin

being asserted, writing a one to the particular status bit in the port status register (PSR), or
when the H34 enable bit of the port general control register is clear.

2. ,H4 may be a general purpose output pin that is always negated. In this case the H4S status bit

is always clear.

3. H4 may be a general- purpose output pin that is always asserted. In this case the H4S statuy
is always clear.

4. H4 may be an output pin in the mterlocked input handshake protocol Itis asserted

removed Thus, anytlme the H4 output is asserted, new. mput data may:
ing H3. At other times transitions on H3 are |gnored The H4S status
H34 enable in the port general control register is clear, H4 is held

5. H4 may be an output pin in the pulsed input handshake protocol A
interlocked input protocol above, but never remains assert Tk

- Typically, a four clock cycle pulse is generated. Butin t
edge occurs before termination of the pulse, H4 is ne

. after the leading edge of the H4 pulse, new data may
latches. The H4S status bit is always clear. Whe ’

asserted exactly as in the
nger than four clock cycles.
at a subsequent H3 asserted
ed asynchronously. Thus, anytime
entered in the double-buffered input
nable is clear, H4 is held negated.

* For pins used as outputs the data path consists ingle latch driving the output buffer. Data
- written to the port’s data register does not affect the operatlon of any handshake pin, status bit, or
? any other aspect of__ the PI/T. Thus, ‘outp may be used independently of the input transfer.

~The programmable options of the H
1. H2 may be an edge-sensitiv
asserted edge of H2, the F
asserted, writing a one

in independent of H1 and the transfer of port data. On the
tatus bit is set. It is cleared by either the RESET pin being
e particular status bit in the port status register (PSR), or when the

H12 enable bit of t} general control register is clear.
2. H2 may be a yurpose output pin that is always negated. The H2S status bit is always
clear. _

ral-purpose output pin thatis always asserted. The H2S status bit is always
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Programmable Options Mode 1 — Port A Submode XX
and Port B Submode X0

PACR
76 Port A Submode
00 Submode XX

PACR - :

543 H2 Control

0 X X Input pin — edge-sensitive status input, H2S is set on an assérted edge.
A X0 . Qutput pin — negated, H2S is always cleared.
1 X 1 QOutput pin — asserted, H2S is-always cleared.

PACR _
2 ' H2 Interrupt Enable
0 The H2 interrupt is disabled.
1 The H2 interrupt is enabled.
PACR
- 1 . H1 SVCRQ Enable
Y 0 The H1 interrupt is disabled.
. / 1 The H1 interrupt is enabled.
PACR
o v H1 Status Control

i X H1 is an edge-sensitive status input. H1§ isset by an asserted edge of H1. -

76 ‘ Port B Smeodei
00 Submode X0 -

543 . .
0 X X Inputpin — ed msitive status input, H4S is set on an asserted edge.
100 Outputpin d, H4S is always cleared.

101 OQutput pin rted, H4S is always cleared.

110 terlocked input handshake protocol.

111 pulsed:input handshake protocol.

H2 Interrupt Enable

H4 interrupt is disabled.
_ The H4 interrupt is enabled. \

H3 SVCRQ Enable

The H3 interrupt and DMA request are disabled.
1 The H3 interrupt and DMA request are enab‘led.

AN

0 H3 Status Control , _
X The H3S status bit is set anytime input data is present in the double-buffered input path.

31



3.4.4 Submode X1 — Pin-Definable Double-Buffered Output or Non-Latched Input

In mode 1 submode X1, double-buffered output transfers of up to 16 bits may be obtained. Data is
written by the bus master (processor or DMA controller} in two bytes. The first byte (most signifi-
cant) is written to the port A data register. It is stored in a temporary latch until the next byte is writ-
ten to the port B data register. Then all 16 bits are transferred to one of the output latches of ports A

and B. The DMAREQ pin may be used to signal a DMA controller to transfer another word to the;

port

needed for compatibility with the PI/T.) H4 may be programmed as:

1.

. Typically, a four clock pulse is gerier
" occurs before termination of the pi

The

.'H4 may be a general-purpose output pin that as always negated. In this cas
. H4 may be a general- purpose output pin thatis always asserted. In t

. H4 may be an output pin in the lnterlocked output hand

. H4 may be an output pin in the pulsed outpu

. The H3S status bit is sef

. The H3S status b

. H2 ma

output latches. (The MC68450 DMAC can be programmed to petform the exact tran

H4 may be an edge-sensitive status input that is independent of H3 and the transfe
data. On the asserted edge of H4, the H4S status bit is set. Itis cleared by either t
being asserted, writing a one to the particular status bit in the port status regi
when the H34 enable bit of the port general control register is clear.

R) or

HA4S status bit
is always clear. '

e the H4S status bit
is always clear.

rotocol. H4 is asserted two
ut latches. The data remains
asserted edge of the H3 input. At
next data is available, it is transferred
nsitions of H3 have no affect on data
4 enable is clear; H4 is held negated.
nidshake protocol. It is asserted exactly as in
the interlocked protocol above, but never remains asserted longer than four clock cycles.
But in the case that a subsequent H3 asserted edge
H4 is negated asynchronously shortening the pulse.
hen H34 enable is clear, H4 is held negated.

clock cycles after data is transferred to the double-buffe
stable at the port pins and H4.remains asserted until the
that time, H4 is asynchronously negated. As soon
to the output latches. When H4 is negated, asse
paths. The H4S status bit is always clear. Wh

The H4S status bit is always clea

d for two mterpretatlons

either the port initial or final output latch can accept new data.
s are full and cannot accept new data.

is et when both of the port output latches are empty. It is clear when at

H3S status bit may be prog
It is'clear when b
least one latc

program
n edge-sensitive input pin independent of H1 and the transfer of port data. On the
"edge of H2, the H2S status bit is set. It is cleared by either the RESET. pin being
ted, writing a one to theparticular status bit in the port status register (PSR), or when the
enable bit of the port general control register is clear.

may be a general-purpose output pin that is always negated. The H2S status bit is always
clear.

. H2 may be a general-purpose output pin that is always asserted The H2S status bit is always

clear.
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For pins used as lnputs data written to either data register is double buffered and passed to the
initial or final output latch, as usual, but the output buffer is disabled (refer to 3.3.2 Submode 01 —
Pin-Definable Double-Buffered Output or Non-l._a_tched Input).

Programmable Options Mode 1 — Port A Submode XX
and Port B Submode X1 (Sheet 1 of 2)

78 Port A Submode
- 00  Submode XX

543 H2 Control

X Input pin — edge-sensitive status input, H2S is set on an asser
0 Output pin — negated, H2S is always cleared.

1 Output pin — asserted, H2S is always cleared.

The H2 interrupt is disabled.

Cc .
2 H2 interrupt Enable
0

1 The H2 interrupt is enabled.

1 H1 SVCRQ Enable

.0 The H1 interrupt is disabled.
1. . The H1 interrupt is enabled.

o " " H1 Status Co

X H1 is an edge-sensitj us mput.' H1S is set by an asserted edge of H1.

PBCR
76 Port
00 Submode

PBCR
H4 Control

— edge-sensitive status input, H4S is set on an asserted edge.
{put pm — negated, H4S is always cleared.

Output pin — asserted, H4S is always cleared.

Output pin — interlocked input handshake protocol.

Output pin — pulsed input handshake protocol.

* H4 Interrupt Enable

The H4 interrupt is disabled.
The H4 interrupt is enabled.
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7 tended for applications in which several'i
" written to the port A data register is sing

' not available at the pin. Data rea

' ‘ Programmable Options Mode 1 — Port A Submode XX
and Port B Submode X1 (Sheet 2 of 2)

H3 SVCRQ Enable ' _ -

0 The H3' interrupt and DMA request are disabled.
1 The H3 interrupt and DMA request are enabled.

0 H3 Status Control :
0 The H3S status bit is set when either the lnmal or fmal output latch of ports A an
" accept new data. It is clear when both latches are full and cannot accept new d

1 The H3S status bit is set when both the initial and final output latches of ports A
‘ The H3S status blt |s tlear when &t least one set of output latches is full. ‘

re empty.

"3.5 MODE 2 — BlDIRECTIONAL 8-BIT MODE *

in mode 2, port A is used for bit I/0 with no associated handshake pin
tional 8-bit double-buffered transfers. H1 and H2, enabled by the H:
control register, control output transfers, while H3 and H4, end by the port general control
register bit H34 enable, control input transfers. The instantan ection of the data is determin-
ed by the H1 handshake pin. The port B data direction registet,is not used. The port A and port B
- submode fields do not affect PI/T operation in mode ‘

rt B is used for bidirec-
enable bit in the port general

3.5.1 Port A Bit 1/0 (Pin- Definablel Single-Buffe

: ‘Mode 2, port A performs simple bit 1/0 with no associated handshake pins. This configuration is in-
dent devices must-be controlled or monitored. Data
ffered. |f the port A data direction register bit for that
fabled. If it is zero (input), data written is still latched but
the data register is either the instantaneous value of the pin
'DTACK asserted, data on these pins will be guaranteed valid in
ten to the data register, depending on the contents of the port A
isisummarized in Table 3-3. '

tput or Non- Latched Input)

* pin is set (output), the output buffe
(if data is stable from CS asserte

the data register) or what
data direction register.. Th

Table 3-3. Mode 2 Port A Data Paths

.-Read Port A Write Port A
" Data Register Data Register
DDR=0 DDR=1 DDR=0 DDR=1
2 Pin FOL FOL- - FOL, S.B:

Abbreviations: )

S.B. — Single Buffered

FOL — Final Output Latch
DDR — Data Direction Register

3.5.2 Port B — Double-Buffered Bidirectional Data

~ The output buffers of port B are controlled by the level of H1. When H1 is negated, the port B out-
put buffers (all eight) are enabled and the pins drive the bidirectional bus. Generally, H1 is negated
by the peripheral in response to an asserted H2, which indicates that new output data is present in
the double-buffered latches. Following acceptance of the data, the peripheral asserts H1, disabling

the port B output buffers. Other than controlling the output buffers, H1 is edge—sensntlve asinother -

modes.
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3.5.2.1 DOUBLE-BUFFERED INPUT TRANSFERS. Port B input data that meets the port setup and
hold times is latched on the asserted edge of H3 and placed in the initial input latch or the final input
latch. H3 is edge-sensitive, and may assume any duty-cycle as long as both high and low minimum
times are observed. The Pl/T contains a port status register whose H3S status bit is set anytime any
input data that has not been read by the bus master is present in the double-buffered latches. The
action of H4 is programmable and can be programmed as: ‘

1. H4 may be an output pin in the interlocked input handshake protocol. It.is asserted
port input latches are ready to accept new data. It'is negated asynchronously fol
asserted edge of the H3 input. As soon as the input latches become read!
asserted. When the input double-buffered latches are full, H4 remains ne
removed. Thus, anytime the H4 output is asserted, new input data may !
ing H3. At other times transitions on H3 are ignored. The H4S status bi
H34 enable in the port general control register is clear, H4 is held

2. H4 may be an output pin in the pulsed input handshake protocol. rted exactly as in the
interlocked input protocol above, but never remains asserte leniger than four clock cycles.
Typically, a four clock cycle pulse is generated. But in the ¢ase that a subsequent H3 asserted
edge occurs before termination of the pulse, H4 is negate ynchronously. Thus, anytime
after the leading edge of the H4 pulse, new data ma entered in the double-buffered input
latches. The H4S status bit is always clear. When enable is clear, H4 is held negated.

ed by assert-
Iways clear. When

3.5.2.2 DOUBLE-BUFFERED OUTPUT TRANSF
is stored in the port's output latch. The perip cepts the data by asserting H1, which causes
the next data to be moved to the port's output latch as soon as it is available. The H1S status bit, in -
the port status register, may be program d for two interpretations. Normally the status bitis a one
when there is at least one latch in th ble-buffered data path that can accept new data. After
writing one byte of data to the port errupt service routine could check this bit to determine if
it could store another byte; thus both latches. When the bus master is finished, it is often
useful to be able to check whe' | of the data has been transferred to the peripheral. The H1S
status control bit of the ontrol register provides this flexibility. The H1S status bit is set
when both output latc empty. The programmable options for H2 are:

ta, written by the bus master to the PI/T,

pin in the interlocked output handshake protocol. It is asserted when the
5 are ready to transfer new data. It is negated asynchronously followmg the

1. H2 may be an
port outputda

g H1. At other times transitions on H1 are ignored. The H2S status bit is always clear.
2en H12 enable in the port general control register is clear, H2 is held negated.
2 may be an output pin in the pulsed output handshake protocol. Itis asserted exactly as in
the interlocked input protocol above, but never remains asserted longer than four clock cycles.

Typically, a four clock cycle pulse is generated. Butin the case that a subsequent H1 asserted
edge occurs before termination of the pulse, H2 is negated asynchronously Thus, anytime
after the leading edge of the H2 pulse, new data may be transferred to the double-buffered
output latches. The H2S status bit is always clear. When H12 enable is clear, H2 is held
negated. :

The DMAREQ pin may be associated with either input transfers (H3) or output transfers (H1), but
not both. Refer to Table 3-4 for a summary of the port B data register responses in mode 2.
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Table 3-4 Mode 2 Port B Data Paths

M ode Read Port B Write Port B
. Data Rogister Data Register
co2 FiL, D.B. IOL/FOL, D.B.
Abbreviations: . :
10L = Initial Qutput Latch .
FOL ~ Final Output Latch D.B. = Doubie Buffered
FIL = Final Input Latch :

Programmable Options Mode 2 — Port A Submode XX
~and Port B Submode XX (Sheet 1 of 2)

Y

PACR - .
76 : Port A Submode ’ .
X X 'Submode XX

PACR ,

543 -H2 Control

X X 0 Output pin — interlocked output handshake protocol, H2S i
X X1 Output pin — pulsed output handshake protocol, H2S i

2 'H2 Interrupt Enable

-0 The H2 interrupt is disabled. .
1. The H2 interrupt is enabled. "

1 ‘H1SVCRQEnable
0 .. The H1 interrupt and DMA req

S isabled.
m 1 The H1 interrupt and DMA req

k enabled. _

0 . H1 Status Cor

0 The H1 status bit is 5&
clear when both

1 TheH1S status bit i
one latch is

either the port B initial or final output latch can accept new data. Itis
re full and cannot accept new data.
et when both of the port B output latches are empty. It is_.plear when at least

t B.Submode -

H4 Control -

- Output pin — interlocked input handshake protocol, H4S is always cleared.
Output pin — pulsed input handshake protocol, H4S is always cleared:

~ H4 Interrupt Enable

The H4 interrupt is disabled.
The H4 interrupt is enabled.
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Programmable Options Mode 2 — Port A Submode XX
and Port B Submode XX (Sheet 2 of 2)

PBCR
1 H3 SVCRQ Enable

0 The H3 interrupt and DMA request are disabled.
1 The H3 interrupt and DMA request are enabled:

PBCR .
0 H3 Status Control

X The H3S status bit is set anytime input data is present in the double-buffe

3.6 MODE 3 — BIDIRECTIONAL 16-BIT MODE

In mode 3, ports A and B are used for bidirectional 16-bit double-buffer
trol output transfers, while H3 and H4 control input transfers. H1 @
enable bit while H3 and H4 are enabled by the H34 enable bit
The instantaneous direction of data is determined by the H1 har
registers are not used and have no affect. The port A and port
operation in mode 3. Port A and port B output buffers are
negated, the output buffers (all 16) are enabled and t
Generally a peripheral will negate H1 in response t :
data is present in the double-buffered latches
asserts H1, disabling the output buffers. Ot
sensitive as in other modes. The port A and pe

isfers. H1 and H2 con-
re enabled by the H12
ort general control register.
ke pin, thus, the data direction
ubmode fields do not affect PI/T
led by the level of H1. When H1is
pins drive the bidirectional port bus.
erted H2, which indicates that new output
g acceptance of the data, the peripheral
\dn controlling the output buffers, H1 is edge-
t B data direction registers are not used.

3.6.1 Doublé—Buffered Input Trahsf |

- Port A and B input data that
H3 and placed in the initial in
any duty-cycle as long as b
status register whose
latches that has not b
grammed as:

port setup and hold times is latched on the asserted edge of

or the final input latch. H3 is edge-sensitive, and may assume
and low minimum times are observed. The PI/ T contains a port
s bit is set anytime any input data is present in the double-buffered
by the bus master. The action of H4 is programmable and can be pro-

dge of the H3 input. As soon as the input latches become ready, H4 is again
d. When'the input double-bufferéd latches are full, H4 remains negated until data is
ved. Thus, anytime the H4 output is asserted, new input data-may be entered by assert-
H3. At other times transitions on H3 are ignored. The H4S status bit is always clear. When
H34 enable in the port general control register is clear, H4 is held negated.

. H4 may be an output pin in the pulsed input handshake protocol. Itis asserted exactly as in the
interlocked input protocol above, but never remains asserted longer than four clock cycles.
Typically, a four clock cycle pulse is generated. But in the case that a subsequent H3 asserted
edge occurs before termination of the pulse, H4 is negated asynchronously. Thus, anytime
after the leading edge of the H4 pulse, new data may be entered in the double-buffered input
latches. The H4 status bit is always clear. When H34 enable is clear, H4 is held negated.
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3 6 .2 Double—Buffered Output Transfers

Data, written by the bus master to the PI/T, is stored in the port’s output latch. The peripheral ac-
cepts the data by asserting H1, which causes the next data to be moved to the port's output latch as
soon as it is available. The H1S status bit, in the port status register, may be programmed for two
interpretations. Normally the status bit is a one when there is at least one latch in the double-
buffered data path that can accept new data. After writing one byte of data to the ports, an inte
rupt service routine could check this bit to determine if it could store another byte; thus filing b
latches. When the bus master.is finished, it is often useful to be able to check whether all of t
has been transferred to the peripheral. The H1S status control bit of the port A control regis
vides this flexibility: The H1S status bit is set when both output latches are- empty. T
mable options for H2 are:

1. H2 may be an cutput pin m the mterlocked output handshake protocol. it is
.. port output latches are ready to transfer new data. It is negated asynchro
“asserted edge of ‘the H1 input. As soon as the output latches bec
asserted. When the output double-buffered latches are full, H2 remai
removed. Thus, anytime the H2 output is asserted, new outpu
asserting H1. At other times transitions on H1 are ignored. Th
When H12 enable in the port general control register is c
-+ 2. H2 may be an output pin in.the pulsed. output handshak

the interlocked output protocol above, but never remiai
cycles. Typically, a four clock pulse is generate

- asserted edge occurs before termination of the pu
~ing the pulse. The H2S status bit is always zero

dy, H2 is again
sserted until data is
a may be transferred by
tatus bit is always clear.
is held negated.
col. It is asserted exactly as in
‘asserted longer than four clock
dutiin the case that a subsequent H1
2 is negated asynchronously shorten-
n H12 enable is zero, H2 is held negated.

.~ Mode 3 can provide’ convenient high-speed 1

dressed for. compatibility with the MC68000!
MC68450 DMAC. To take advantage
always be read or written by the bus
status bits, and DMAREQ are key
_ last, the 16-bit double-buffere

it transfers. The port A and B data registers are ad-
riove peripheral (MOVEP) instruction and with the
port A should contain the most significant data and
first. The interlocked and pulsed handshake protocols,
he access of port B data register in mode 3. lf it is accessed
r proceeds smoothly

ated with either input transfers (H3) or output transfers (H1), but
-b for a summary of the port A and B data paths in mode 3.

The DMAREQ pin may be.
.not buth. Refer to Table

 Table 3-5. Mode 3 Port A and B Data Paths

Mode Read Port A and B8 Write Port A and B
Dats Register - Data Register
3 . FiL, D.B. IOL/FOL, D.B., Note 1

Note 1. Data written to Port A goes to a temporary Iatch. When the Port B data
register is later written, Port A data'is transferred to IOL/FOL.

Abbreviations:
I0L — Initial OQutput Latch S.B. — Single Buffered
" FOL — Final Output Laich 0.8. — Double Buffered

FIL — Finat input: Latch
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Programmable Options Mode 3 — Port A Submode XX
and Port B Submode XX

PACR
76 _ Port A Submode
X' X Submode XX
. PACR :
‘543 H2 Control

.X X 0 Output pin — interlocked output handshake protocol, H2S status always cle
‘X X 1 .Output pin — pulsed output handshake protocol, H2S status always cleared.

2 H2 Interrupt Enable

-0 The H2 interrupt is disabled.
1 The H2 interrupt is enabled.

1 H1 SVCRQ Enable

0 The H1 interrupt and DMA request are dlsabled
1 The H1 interrupt and DMA request are enabled

0 H1 Status Control

-0 .. The H1 status bit is set when either the pert:B:initial or final output latch can accept new data. Itis
clear when both latches are full and cannot accept new data.

1 The H1S status bit is set when both of ﬁ'\e port B output latches are empty. It is clear when at least

. one latch is full, - .

76  Port B Subma
X X . Submode XX

H4 Interrupt Enable

e H4 interrupt is disabled.
he H4-interrupt is enabled.

H3 SVCRQ Enable

The H3 interrupt and DMA request are disabled.
The H3 interrupt and DMA request are enabled.

0 H3 Status Control
X The H3S status bit is set anytime input data is present in the double-buffered input path.
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- This section describes the internal accessible register organization as represente

SECTION 4
PROGRAMMER’'S MODEL

in Table 1-3
located on foldout pages 1 and 2 at the end of this document and in Table 4-1 dress space within

the address map is reserved for future expansion.

Table 4-1. PI/T Register Addressing A

Affected | Affected
by by Read
Register- 514 2| 1| Accessible | Reset Cycle

Port General Control Register 0jojojo0|0 RW Yes No
Port Service Request Register 0jojofoln RwW Yes No
Port A Data Direction Register ojojof 110 RW Yes No
Port B Data Direction Register (PBDDR)|OJO}O} 111 RwW Yes No
Port C Data Direction Register {PCDDR} |00} 1] 010 RW Yes No
Port Interrupt Vector Register . (PIVRI[O}O}110]1 RW Yes No
Port A Control Register (PACRI|O|O{1}1]0 RW Yes No
Port B Control Register (PBCRI OOl 1|1 RW Yes No
Port A Data Register {PADRI[C[1]0]0}0 RW No -
Port B Data Register (PBDRI {01110} 0} 1 RW No %
Port A Alternate Register (PAAR) |0 }1]0]1]0 R Nao No
Port B Alternate Register (PBARIIO 110 1|1 R No No
Port C Data Register (PCDRI jO|1[1]0]0 RwW No No
Port Status Register (PSR} JOJ1{1]0}1 R W* Yes No
Timer Control Regist (TCRI |1 10|0| 00 R W Yes No
Timer Interrupt Vector Register (TIVR) 1110|0101 1 RW Yes No
Counter Prel gister High - (CPRH) {190 0] 1}1 Rw No No
Counter P ] Register Middle ' (CPRM) 110 ]1]0}0 RW No No
ad Register Low - {CPRLIJ1{0|1] 0} Rw No No
(CNTRH) {1 {O 1] 1] R No No
. (CNTRM) 11111010} 0 R No No
Cotint Register Low (CNTRL) |1 [1]|0] 0} R No No
mer Status Register ' i (Tsay y111joj1ijo0 Rw* Yes No

* A write-to this register may perform a special status resetting operation. R=Read

* *Mode dependent. W=Write

Throughout this section the following conventions are maintained:

1. A read from a reserved location in the map results in a read from the “null register.” The null
register returns all zeros for data and results in a normal bus cycle. A write to one of these loca-
tions results in @ normal bus cycle, but written data is ignored.

2. Unused bits of a defined reglster are denoted by ""*" and are read as zeros; written data is
ignored.
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3. Bits that are unused in the chosen mode/submode but are used in others are denoted by "X",
~and are readable and writable. Their’ content, however, is ignored in the chosen mode/ sub-
mode.

4. All registers are’ addressable as 8—b|t quantities. To facilitate opera‘non with the MOVEP
‘instruction and the DMAC, addresses are ordered such that certain sets of reglsters may also
‘be accessed as words (two bytes) or long words (four bytes).

4.1 PORT GENERAL CONTROL REGISTER (PGCR)

Port General Control Register (PGCR) v
7 6 5 4 .3 2 1 0

_Port Mode - | H34 H12 |- H4 | H3 H2 H1
Control Enable . | -Enable Sense Sense Sense | Sense

The port general control register controls many of the functions that are ;
operation of the ports. The PGCR is composed of three major fields: bits
tional mode of ports A and B and affect operation of the handshake p|
allow a software-controlled disabling of particular hardware associ
.each port; and bits 3-0 define the sense of the handshake pins
writable.

n to the overall
define the opera-
tatus bits; bitsband4
ith the handshake pins of
CR is-always readable and

All bits are reset to zero when the RESET pin is assertec

f the H12 enable and H34 enable bits are

The port mode control field should be altered on ~
J, the port general control register should be

- zero..Except when mode zero is desired {submod

7 written once to establish the mode with the H12'and H34 bits clear. Any other necessary control

- “registers can then be programmed,-after \

'H12 or H34 is set. In order to enable the respective
hould be written again.

operatlon(s) the: port general control r

PGCR
76 ~ Port Mode C
0 0 - Mode 0 (Unidirection Mode)
01 - Mode 1 (Unidirectidh -Bit Mode)
10 -Bit Mode)
11 nal 16-Bit Mode)

H12 Enable

Disabled
Enabled
PGCR
3-0 “-Handshake Pin Sense

0. The associated pin is at the high-voltage level when negated and at the Iow-voltage level when
asserted.

1 The associated pin is at the low-voltage level when negated and at the high-voltage level when
asserted.
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4.2 PORT SERVICE REQUEST REGISTER (PSRR)

Port Service Request Register (PSRR)

7 6 5 4 3 .2 1 0
SVCRQ Operation Port interrupt
Select Select ] Priority Control

to the ports. It is composed of four major fields: bit7 is unused and is always read as zero,
5 define whether interrupt or DMA requests are generated from activity on the H1
shake pins; bits 4 and 3 determine whether two dual-function pins operate as po

ey be changed
ive. The PSRR is

sources. Since bits 2, 1, and 0 affect interrupt operation, it is recommended
_only when the affected interrupt(s) is (are) disabled or known to rema
‘always readable and wntable

- All bits are reset to zero when the RESET pin is asserted.

PSRR ‘
65 SVCRQ Select

0 X . The PC4/DMAREQ pin carries the PC4 functio

. is not used.

PSRR SVCRQ Select .
1 0- The PC4/DMAREQ pin carries the DMA| function and is associated with double-buffered
transfers controlled by H1. H1 is removed the P!/ T's interrupt structure, and thus, does not
.. cause interrupt requests to be generatea o} obtam DMAREQ pulses, port A control register bit 1

. (H1 SVCRQ enable) must be a orie.
11 The PCc4/DMAREQ pin carries
. " . transfers controlled by H3
cause interrupt request
- (H3-SVCRQ enable)

MAREQ functlon and is. associated with double-buffered
moved from the PI/T's interrupt structure, and thus, does not
&nerated. To obtain DMAREQ pulses, port B control register bit 1

PSRR
43 » ‘ i Function Select

00 The PC5/PIRCG arries the PCB function, no in_terrupt support.

01 ThePCh in carries the PIRQ functlon supports autovectored interrupts.
' ” C6 PIACK pin carries the PC6 function, supports autovectored interrupts.
¢5/PIRQ pm carries the PC5 function.
PC6/PIACK pin carries the PIACK functlon
The PC5/ PIRQ PIRQ pin carries the PIRQ functlon supports vectored interrupts.
The PC6/PIACK pin carries the PIACK function, supports vectored interrupts.

10

. 1, and 0 determine port interrupt priority. The priority as shown in Table 4-2 is in descending
r left to right.

Table 4-2. PSRR Port Interrupt Priority Control

210 | Highest..........ovvvuans Lowest 210 | Highest..............:....Lowest
000 H1S H2S H3S H4S 100 H3S H4S H1S H2S
001 H2S H1S H3S H4S 101 H3S H4S H2S H1S
010 H1S H2S H4S H3S 110 HAS H3S H18 H2S
011 H2S H1S H4S H3S 111 H4S H3S H2S H1S




4.3 PORT DATA DIR_ECTION REGISTERS v
The following paragraphs describe the port data direction registers.

~4.3.1 Port A Data Direction Register (PADDR)

The port A data direction register determines the direction and buffering characteristics of each.
the port A pins. One bit in the PADDR is assigned to each pin. A zero indicates that the pin i
as a input, while a one indicates it is used as an output. The PADDR is always reads
writable. This register is ignored in mode 3. ,

~ All bits are reset to the zero (input) state when the RESET pin is asserted.

4.3.2 Port B Data Direction Register (PBDDR)

The PBDDR s identical to the PADDR for the port B pins and the port
this register is ignored in modes 2 and 3.

egister, except that -

4.3.3 Port C Data Direction Register (PCDDR)

unction pin that is chosen for port C
DR, along with bits that determine the
0 be accessed at the port C data register
4 details). The PCDDR is an 8-bit register
- that is readable and writable at all times.vltsoperkaﬂ@n is independent of the chosen PI/T mode.

‘These bits are cleared to zero when'the RESET pin is asserted.

(PIVR)

rupt Vector Register (PIVR)

5 4 3 2 1 0o
Interrupt Vector Number . l . ‘ . ‘l

4.4 PORT INTERRUPT VECTOR R

ister contains the upper order six bits of the four port interrupt vectors.

may be read two ways: by an ordinary read cycle, or by a port interrupt

, le. The exact data read depends on how the cycle was initiated and other fac-
tors. Behaviordufing a port interrupt acknowledge cycle is summarized in Table 2-1.

ead‘cyclé,- there is never a cohsequence to reading this register. Following negation
" pin, but prior to writing to the PIVR, a $OF will be read. After writing to the register,
x bits may be read and the lower two bits are forced to zero. No prioritization computa-

4.5 PORT CONTROL REGISTERS (PACR, PBCR).'

The port A and B control registers (PACR and PBCR) are described in SECTION 3 PORT MODES.
The description is organized such that for each mode/ submode all programmable options of each
pin and status bit are given. - '
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4.6 PORT DATA REGISTERS

The following paragraphs describe the port data registers.

4.6.1 Port A Data Register (PADR)

The port A data register is a holding register for moving data to and from the port A pins. Th
data direction register determines whether each pin is an input (zero) or an output {(one):
in configuring the actual data paths. The data paths are described in SECTION 3 PQ!

~ This register is readable and writable at all times. Depending on the chose
reading or writing may affect the double-buffered handshake mechanism. T data register
is not affected by the assertion of the RES ET pin.

4.6.2 Port B Data Register (PBDR)

The port B data reglster is a holding register for moving data
data direction register determines whether each pin is an inp!
in configuring the actual data paths. The data paths ar

\d.from port B pins. The port B
) or an output (one), and is used
¢ribed in SECTION 3 PORT MODES.

spending on the chosen mode/submode,
shake mechanism. The port B data register

This register is readable and writable at all time
reading or writing may affect the double-buffered
is.not affected by the assertion of the RESET

4.6.3 Port C Data Reglster (PCDR)

The port C data register is a holdm‘
C/alternate-function pins. The
{read or write) and individual g
is used for the port C or alt
dicates the input or out
non-latched for inp

ister for moving data to and from each of the eight port
HKardware accessed is determined by the type of bus cycle:
s affecting each pin. These conditions are: 1) whether the pin
te function, and 2) whether the port C data direction register in--
tion. The port C data register is single buffered for output pins and
hese conditions are summarized in Table 4-3.

Table 4-3. PCDR Hardware Accesses

, Port C Function Alternate Function
" Operation PCDDR=0| PCODR=1| PCDODR=0| PCDDR=1
Read Port C Data Register Pin Output Pin Output
) : v Register Register
Write Port.C Data Register Qutput Output Qutput Output
Register, Register, Register Register
- Buffer Buffer
Disabled Enabled

Note that two additional useful benefits result from this structure. First, itis possible to directly read
the state of a dual-function pin while used for the non-port C function. Second, it is' possible to
generate program controlled transitions on alternate-function pins by switching back to the port C
function and writing to the PCDR.

This register is readable and writable at all times and operation is independent of the chosen PI/T
mode. The port C data register is not affected by the assertion of the RESET pin.
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. this document. Their interpretation

4.7 PORT ALTERNATE REGISTERS
The following' paragfaphs describe the port alternate registers.

4.7.1 Port A Alternate Register (PAAR)

The port A alternate register is an alternate register for reading the port A pins. It is a rea
dress and no other PI/T condition is affected. In all modes, the instantaneous pin level
no input latching is performed except at the data bus interface. Writes to this address:
- with DTACK, but the data is ignored. ' “

4.7.2 Port B Alternate Register (PBAR)

The port B alternate register is an alternate register for reading the po
~dress and no other PI/T condition is affeéted.. In all modes, the instar

no input latching is performed except at the data bus interface. W

with DTACK, but the data is ignored. ;

. Itis a read-only ad-
us pin level is read and
his address are answered

4.8 PORT STATUS REGISTER (PSR) y

- Port Status Register (PSR)
7 6 . 5 4
[H4 LevelTH3 Level [H2 Level] H1 Le

2 1 0
| H3s T Has T wis | -

The port status register contains information ‘about handshake pin activity. Bits 7-4 show the in-

.Stantaneous level of the respective handshake pin, and are independent of the handshake pin sense
- bits in the port general control register: Bits 3-0 are the respective status bits referred to throughout
ds on the programmed mode/submode of the PI/T. For
state..

~ bits 3-0 a one is the active o

4.8 TIMER CONTROL REGISTER (TCR)

Timer Control Register (TCR)
6 5 4 3 2 1 (]
TOUT/TIACK Z.D. - Clock Timer
Control Control Control Enable

The timer, rol register (TCR) determines all operations of the timer. Bits 7-5 configure the
PC3/T d PC7/TIACK pins for port C, Square wave, vectored interrupt, or autovectored inter-
rupt on; bit4 specifies whether the counter receives data from the counter preload register or

counting when zero detect is reached; bit 3 is unused and is read as zero; bits 2 and 1
ure the path.from the CLK and TIN pins to the counter controller; and bit 0 enables the timer.
register is readable and writable at all times. All bits are cleared to zero when the RESE] pin is
serted. ' : ' '

TCR. ‘

766 . TOUT/TIACK Control '

00 X - The dual-function pins PC3/TOUT and PC7/TTACK carry the port C function.

0 1. X The dualfunction pin PC3/TOUT carries the TOUT function. In the run state it is used as a

Square-wave output and is toggled on zero detect. The TOUT pin is high while in the halt state.
The dual-function pin PC7/TIACK carries the PC7 function.
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100

101

110

111

TCR

TCR

21

00

01

10

.Unused and is always read as zero.

The PC2/TIN input pin ¢
_ prescaler is. decremen
" decremented, rolls

The dual-function pin PC3/TOUT carries the TOUT function. In the run or halt state it is used as a

timer interrupt request output. The timer interrupt is disabled; thus, the pin is always three stated.
The dual-function pin PC7/TIACK carries the T TACK function; however, since interrupt request is
negated, the PI/T produces no response (i.e:, no data or DTACK) to an asserted TIACK. Refer to
5.1.3 Timer Interrupt Acknowledge Cycles for details. -

The dual-function pin PC3/TOUT carries the TOUT function and is used as a timer interru
quest output. The timer interrupt is enabled; thus, the pin is low when the timer ZDS st
one. The dual-function pin PC7/TIACK carries the TIACK function and is used as a timei
acknowledge input. Refer to the 5.1.3 Timer Interrupt Acknowledge Cycles for deta
bination supports vectored timer interrupts. '

The dual-function pin PC3/TOUT carries the TOUT function. In the run or halts:
timer interrupt request output. The timer interrupt is disabled; thus, the pin i
The dual-function pin PC7/TIACK carries the PC7 function..

The dual-function pin PC3/TOUT carries the TOUT function and is u
quest output. The timer interrupt is enabled; thus, the pin is low
one. The dual-function pin PC7/TIACK carries the PC7 functio
supported.

usedasa
hree-stated.

“a timer interrupt re-
“timer ZDS status bit is
ovectored interrupts are

Zero Detect Control

The counter is loaded from the counter preloéd re:
after zero detect, then resumes counting. )

The counter rolls over on zero detect, then

ron the first clock to the 24-bit counter

ues counting. -

Clock -Control S ,
port C function, and the CLK pin and prescaler are used. The -
he falling transition of the CLK pin; the 24-bit counter is
is loaded from the counter preload registers when the prescaler rolls

over from $00 to $7: imer enable bit determines whether the timer is in the run or halt state.

The PC2/TIN as a timer input, and the CLK pin and prescaler are used. The prescaler is
decremented @n the falling transition of the CLK pin; the 24-bit counter is decremented, rolls over,
or is loaded e counter preload registers when the prescaler rolis over from $00 to $1F. The

he run state when the timer enable bit is one and the TIN pin is high; otherwise, the
he halt-state: , ’

IN pin serves as a timer input and the prescaler is used. The prescaler is decremented
ing the rising transition of the TIN pin after being synchronized with the internal clock. The
bit counter.is decremented, rolls over, or is loaded from the counter preload registers when the
scaler rolls over from $00 to $1F. The timer enable bit determines whether the timer is in the run

r -halt state. .

The PC2/TIN pin serves as a timer input and the prescaler is not used. The 24-bit counter is
decremented, rolis over, or is loaded from the counter preload registers following the rising edge
of the TIN pin after being synchronized with the internal clock. The timer enable bit determines
whether the timer is in the run or halt state.

Timer Enable

'Disabled

Enabled



4.10 TIMER INTERRUPT VECTOR REGISTER (TIVR)

The timer interrupt vector register contains the 8-bit vector supplied when the timer interrupt
~.acknowledge pin TIACK is asserted: The register is readable and writable at all times, and the same
value is always obtained from a normal read cycle or a timer interrupt acknowledge bus cycle
(TIACK). When the RESE] pin is asserted the value of $OF is loaded into the register. Refer 10'5,1.3
Timer Interrupt Acknowledge Cycles for more details. '

4.11 COUNTER PRELOAD REGISTER H. M, L (CPRH-L)

Counter Preload Register H, M, L (CPRH-L) ]

7 6 5 4 3 2 1 0.
Bit23 | Bit22 | Bit21 | Bit20 | Biti9 | Birig
Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | it 10
Bit7 | Bité | Bits5 | Bit4 | Bit3 | Bit2

The counter preload registers are a group of three 8-bit registers use

red to the counter. Each of the registers is individually addressa le, or the group may be accesséd
with the MOVEP.L or the MOVEP.W instructions. The address $12 (one less than the address of

read cycle proceeds independently of any

nultaneously. To insure proper operation of the

n the counter preload registers for use with the
contents of these registers.

Register H, M, L (CNTRH-L)

4 3 2 1 0
Bit20 | Bit19 | Bit18 | Bit17 | Bit 16 | CNTRH
Bit12 .| Bit 11 Bit10 | Bit9 Bit8 | CNTRM
Bit4 Bit3 Bit 2 Bit 1 Bit0 | CNTRL

'@ group of three 8-bit addresses at which the counter can be read. The con-
re not latched during a read bus cycle; thus, the data read at these addresses

the timer is in the run state. Write operations to these addresses result in a nor-
but the data is ignored.

is not guarante
mal bus ¢

e registers is individually addressable, or the group may be accessed with the MOVEP.L
OVEP.W instructions. The address, one less than the address CNTR H, is the null register
reserved so that zeros are read in the upper eight bits of the destination data register when a
VEP.L is used. Data written to this address is ignored.

4.13 TIMER STATUS REGISTER (TSR)

Timer Status Register (TSR)
7 6 5 4 3 2 1




The timer status register contains one bit from which the zero detect status can be determined. The
ZDS status bit (bit 0) is an edge-sensitive flip-flop that is set to one when the 24-bit counter
decrements from $000001 to $000000. The ZDS status bit is cleared to zero following the direct reset
operation or when the timer is halted. Note that when the RESET pin is asserted the timer is dis:
abled, and thus enters the halt state.

This register is always readable without consequence. A write access performs a direct res
tion if bit 0 in the written data is one. Following that, the ZDS bit is zero.

- This register is constructed with a reset dominant S-R flip-flop so that all clearing‘conditions prevail

‘over the possible zero. detect condition.

Bits 7-1 are unused and are read as zero.

4.14 REGISTER VALUE AFTER RESET

Table 1-3, located on foldout pages 1 and 2 at the end of thi
main or are changed after a reset. Note that interrupt ve
port interrupt vector register, the only time that bits

ent, shows the values that re-
( ters are initialized to $0F. For the
nd % are set is after reset.
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| SECTION 5
TIMER OPERATION AND APPLICATIONS SUMMARY

ictions, that apply
amples given.

~ This section describes the programmable options available, capabilities, an
_ to the timer. Programming of the timer control register is outlined with se:

5.1 TIMER OPERATION

The MC68230 timer can provide several facilities needed b
generate periodic interrupts, a square wave, or a single int
Also, it can be used for elapsed time measurement. or as &

00 operating systems. It can
pt after a programmed time period.
ice watchdog.

The PI/T timer contains a 24-bit synchronous down r that is loaded from three 8-bit counter
preload registers. The 24-bit counter may be by the output of a 5-bit (divide-by-32)
prescaler or by an external timer input (TIN). fithe prescaler is used, it may be clocked by the
system clock (CLK pin) or by the TIN external input. . The counter signals the occurrence of an event
primarily through zero detection. (A zero: when the counter of the 24-bit timer is equal to zero.)
This sets the zero detect status (ZDS) b he timer status register. It may be checked by the pro-
cessor or may be used to generate interrupt. The ZDS bit can be reset by writing a one to the
timer status register in that bit p¢ ndependent of timer operation.

it Is flexible and easily programmable. The timer is fully configured
g the 8-bit timer control register {refer to 4.9 TIMER CONTROL
ional information). It controls: 1) the choice between the port C opera-
of three timer pins, 2) whether the counter is loaded from the counter
olls over when zero detect is reached, 3) the clock input, 4} whether the

The general operation of th
and controlled by progrél
REGISTER (TCR) f ‘
tion and the timer
preload register

rent state is determined by programming the timer control register. When in the halt state, all of
ollowing occur:

1. The prior content of the counter is not altered and is reliably readable via the count registers.
2. The prescaler is forced to $1F whether or not it is used.

3. The ZDS status bit is forced to zero, regardless of the possible zero contents of the 24-bit
counter.

The run state is characterized by: :
1. The counter is clocked by the source programmed in the timer control register.
2. The counter is not reliably readable.
3. The prescaler is allowed to decrement if programmed for use.
4. The ZDS status bit is set when the 24-bit counter transitions from $000001 to $000000.
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5.1.2 Timer Rules v
‘The following is & set of rules that allow easy application of the timer.
1. Refer to 5.1.1 Run/Halt Definition. e
2. When the RESET pin is asserted, all bits of the timer control register are cleared, configuring
. the dual function pins as port C inputs. . ' ' _

3. The contents of the counter preload registers and counter are not affected by the RES

4. The count registers provide a direct read data path from each portion of the 24-bit
data written to their addresses is ignored. (This results in a normal bus cycle.)

. are readable at any time, but their contents are never latched. Unreliable

~when the timer is in the run state.

5. The counter preload registers are readable and writable at any ti
dependently of any timer operation. No protection mechanisms a
writes. - : T ,

6. The input frequency to the 24-bit counter from the TIN
between zero and the input frequency at the CLK pin divid
figuration chosen. '

7. For configurations in which the prescaler is used (
the contents of the counter preload register (CPR.
that the prescaler passes from $00 to $1F (rolls:ov
the counter decrements, rolls over, or is loa \
prescaler rolls over. : . _

8. For configurations in which the presc not used, the contents of the counter preload
registers are transferred to the counter on‘the first asserted edge of the TIN input after entering

" the run state. On subsequent asserted’ edges the counter decrements, rolls over, or is loaded
from the counter preload regis: SRR

9. The smallest value allowed

nd this occurs in-
ided against ill-timed

prescaler output must be
ght, regardless of the con-

CLK pin or TIN pin as an input),
nsferred to the counter the first time
- after entering the run state. Thereafter,
rom the counter preload register each time the

/ E

‘eounter preloéd register for use with the counter is $000001.

5.1.3 Timer Interrupt Ackn

Several conditions may:
These conditions

e sent when the timervinterrupt acknowledge pin (TIACK) is asserted.
he Pl/T's response and the termination of the bus cycle (see Table 5-1).

Table 5-1. Response to Timer Interrupt Acknowledge

PC3/TOUT Function Response to Asserted TIACK
{ PC3 = Port C'Pin No Response
, _ No DTACK
TOUT — Square Wave No Response
No DTACK
TOUT — Negated Timer No Response
Interrupt Request No DTACK -
TOUT - Asserted Timer Timer.Interrupt Vector Contents
Interrupt Request DTACK Asserted

5.2 TIMER APPLICATIONS SUMMARY

The following paragraphs outline programming of the timer control register for several typical
examples. ‘
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5.2.1 Periodic Interrupt Generator Example

Periodic Interrupt Generator Example

7 6 5 4 3 2 1 0
TOUT/TIACK 'Z.D. . Clock Timer
Control Control Control Enable
1 X 10 7 0 00 or 1X Changed

in this configuration the timer generates a periodic interrupt. The TOUT pin is conn
system’s interrupt request circuitry and the TIACK pin may be used as an interrupt ac
- put to the timer. The TIN pin may be used as a clock input.

(TCR), and then
ZDS status bit is
hie 24-bit counter, it is
normal operation, the
est (see Figure b-1).

The processor loads the counter preioad registers (CPR) and timer control re
enables the timer. When the 24-bit counter passes from $000001 to $000Q0
set and the TOUT (interrupt request) pin is asserted. At the next clo
again loaded with the contents of the CPRs and thereafter decreme
processor must direct clear the status bit to negate the interrupt,

Lar.
J— Run

Timer
Enable __]

$FFFFFF ——

24-Bit
Counter*

5000000

00

DS

A
U

* Analog representation of counter value.

-Figure 5-1. Periodic Interrupt Generator Example

'

e Wave Generator

Square Wave Generator

7 6 ‘5 4 3 2 1 0
TOUT/TIACK Z.D. . Clock Timer .
Control - | Control Control Enable
¢] 1 X 0 0 00 or 1X Changed

In this configuration the timer produces a square wave at the TOUT pin. The TOUT pin is connected
to the user’s circuitry and the TIACK pin is not used. The TIN pin-may be used as a clock input.

The processor loads the counter preload registers and timer control registér, and then enables the
timer. When the 24-bit counter passes from $000001 to $000000 the ZDS status bit is set and the



TOUT (square wave output) pin is toggled. At the next clock to the 24-bit counter it is again loaded
with the contents of the CPRs, and thereafter decrements. In this application there is no need for
~ the processor to direct clear the ZDS status bit; however, it is possible for the processor to sync
 itself with the square wave by clearing the ZDS status bit, then polling it. The processor may also
- read the TOUT level at.the port C address. ’

Note that the PC3/TOUT pin functions as PC3 'following the negation of RESET. If used i
square wave configuration, a pullup resistor may be required to keep a known level prior
~gramming. Prior to enabling the timer, TOUT is high (see Figure 5-2).

[ - Run

Timer
Enable __ |
$FFFFFF wa

24-Bit
Counter® -

$000000 —3 .

TOUT

Ki

rrupt After Timeout

4 3 2 1 0
Z. D. . Clock Timer
I Control Control Enable
X 11 0 00 or 1X Changed

mer generates an interrupt after a programmed time‘period has expired.
ted to the system's interrupt request circuitry and the TIACK pin may be an

The TOUT pin IS con
)wledge input to the timer. The.TIN pin may be used as a clock input.

“interrupt ackn:

on is similar to the periodic interrupt generator except that the zero detect control
s forces the counter to roll over after zero detect is reached, rather than reloading from
3s. When the processor takes the interrupt it can halt the timer, read the counter and
e the time from the interrupt request to entering the service routine. Accurate knowledge of
nterrupt latency may be useful in some applications {see Figure 5-3).

P



| Run »|

Timer
Enable __|

SFFFFFF =
24-Bit

Counter* \
$000000 —

ZDSs

* Analog representation of counter value.

Figure 5-3. Single Interrupt After Time

5.2.4 Elapsed Time Measurement Examples

Elapsed time measurement takes several forms;
paragraphs. :

forms are described in the following

5.2.4.1 SYSTEM CLOCK EXAMPLE. This
ware. The TIN pin may be used as a

figuration allows time interval méasurement by soft-
| timer enable if desired.

ystem Clock Example

4 3 2 1 4]
Z.D. . Ciock Timer
Contro! | Controt Enable
1 0 0 0 Changed

ounter preload registers (generally with all ones), loads the timer control
ables the timer. The counter is allowed to decrement until the ending event
it is desired to read the time interval, the processor must halt the timer and then
If TIN is used as an enable, the start and stop counter functions are controlled

The processor loag
register, and then
takes place. W

read the
externally

lications in which the interval may exceed the programmed time interval, zero detection can
ounted by polling the status register or through interrupts to simulate additional timer bits. Note
the ZDS bit is latched and should be cleared after each detection of zero. At the end, the timer
can be halted and read (see Figure 5-4).



je ‘Run >

" Timer
Enable -} ]
SFFFFFF mepamim — — — — — — — — — r———-
: Elapsed
24-Bit Time
Counter*
$000000 =

* Analog representation of counter value.

Figure 5-4. Elapsed Time Measurement Example

5.2.4.2 EXTERNAL’CLOCK. This configuration allows measurement

input pulses occurring in an interval in which the counter is enabled.
input pulses. Generally the TOUT and TIACK pins are not used.

g} of the number of
N input pin provides the

External Clock

7 - 6 5 4 3 1 0
TOUT/TIACK Z.D. Clock Timer
Control Control Control Enable
0 0 X 1 1 X Changed

This configuration is similar to the elapsed ti surement/system clock configuration except
that the TIN pinis used to provide the inpu quency. It can be connected to a simple oscillator
and the same methods could be used. Alterna ely, it could be gated off and on externally and the
- number of cycles occurring while in thé run state can be counted. However, minimum pulse width
- high and low specifications must ' o : .

5.2.5 Device Watchdog -
Device Watchdog Example

8 - 5 4 3 2 1 0
OUT/TIACK Z.D. . * Clock Timer
Control Control Control Enable

X 1 T 0 0 1 Changed

vation. provides the watchdog function needed in many systems. The TIN pin is the
whose period at the high (one) level is to be checked. Once allowed by the processor,
Input pin controls the run/halt mode. The TOUT pin is connected to external circuitry re-
notification when the TIN pin has been asserted longer than the programmed time. The
CK pin (timer interrupt acknowledge) is only needed if the TOUT pin is connected to the inter-
Ipt circuitry. ‘

This
tim

The processor loads the counter preload register and timer control register, and then enables the
timer. When the TIN input is asserted (one, high) the timer transfers the contents of the counter
preload register to the counter and begins counting..If the TIN input is negated before zero detect is
reached, the TOUT ‘output and the ZDS status bit remain negated. If zero detect is reached while
the TIN input is still asserted, the ZDS status bit is set and the TOUT output is asserted. (The
counter rolls over and keeps counting.)

——



In either case, when the TIN input is negated the ZDS status bit is zero, the TOUT output is
negated, the counting stops, and the prescaler is forced to all ones (see Figure 5-5).

erave _|
|€Run»| = je—rRuR—} Je

™/ Y \__/_
R

$FFFFFF e

24-Bit
Counter*

$000000 ===
ZDSs

TOUT

* Analog representation of counter val

Figure 5-5. Device Watchd g'Example
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SECTION 6 -
ELECTRICAL SPECIFICATIONS

This section contains electrical specifications and associated timing information for the MC88230.

6.1 MAXIMUM RATINGS

Characteristics Symbol Value Unit Thi ‘contains circuitry ta protect the

v 03w +701 v i géinst damage due to high static

Supply Voltage cc St tages or electric fields; however, it is ad-
input Voltage Vin ~03t0+7.0 | V éd that normal precuations be taken to
Operating Temperature Range TA 01070 °C oid application of any voltage higher than
Storage Temperature Tsig | —56t0 +180 | °C aximum-rated voltages to this high-
- impedance circuit. Reliability of operation is

enhanced if uriused inputs are tied to an ap-
propriate logic voltage level {e.g., either Vgg

’ : or Vgel.
6.2 THERMAL CHARACTERISTICS

Characteristics Symbol
Thermat Resistance ' ~ %
Ceramic ‘ AT °C/W
Plastic :

6.3 POWER CONSIDERATION

The average chip-junction t é\:&rature, T4, in °C can be obtained from:

(1
nt Temperature, °C
Package Thermal Resistance, Junction-to-Ambient, °C/W
T+P1/0 A
lccx Ve, Watts — Chip Internal Power
P170= Power Dissipation on Input and Output Pins —User Determined
For applications Pj;Q < PINT and can be neglected.
proximate relationship between Pp and Ty (if Pj/Q is neglected) is:
Pp=K~+(Ty+273°C) (2)
* Solving equations 1 and 2 for K gives:

K=Ppe(TA+273°C)+6JA°PD2 (3)

Where K is a constant pertaining-to the particular part. K can be determined from equation 3 by
measuring PD (at equilibrium) for a known TA. Using this value of K the values of Pp and T can be
. obtained by solving equations (1) and (2) iteratively for any value of TA.
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- 6.4 DC ELECTRICAL CHARACTERISTICS IVCC 5.0 Vdc 5%, TA=0 to 70°C,

unless otherwise noted)

IR Characteristics Symbol Min Max Unit
Input High Voltage Alllnputs | Vjy Vss+2.0 vece v
Input Low Voltage All inputs ViL Vss-03 | Vss+0.8 Vv
Input Leakage Current (Viq=0105.25V) H1, H3, R/W HESET, CLK, RS51-RS5, CS kin - 10.1 A
Hi-Z (Off Statel Input Current (Vin=0.4 t0 2.4) BTACK K, PCO-PC7, DO-D7 | i - pA

' : H2, H4, PAG:PA7, PBO-PB7 | TSI ~0.1 mA
Output High Voltage

L oad= —400 kA, Vi = min) DTACTK, DO-D7 Vi

I pad = = 150 xA, Ve =min) SR H2 H4, PBO-PB7, PAO-PA7 | YOH v

(ILoag= —1004A, Ve = min) PCO-PC7
Output Low Voltage .

(i oad=8.8mA, Ve = min) o -+ PC3/TOUT, PC5/PIRQ :

(I oad =5.3MA, VEC=min) : ' DO-D7, DTACK v

{iLpad=2.4mA, Vcc=min) PAO-PA7, PBO-PBY, H2, H4, PCO-PC2, PC4, PCB, PC7
Internal Power Dissipation (Measured at T4 =0°C) . - 750 mwW
Input Capacitance (Vin=0, To=26°C, f=1 MHz2) -~ 15 pF




6.5 AC ELECTRICAL SPECIFICATIONS — CLOCK TIMING (See Figure 6-1)

8 MHz . 10 MHz 12.5 MHz
Characteristic Symbol Min Max ‘Min Max Min Max Unit
Frequency of Operation f 2.0 8.0 20 10.0 4.0 12.0 MHz
Cycle Time . teye 125 599 120 500 80 250
Clock Pulse Width tcL 55 250 45 250 35 125
: tCH 55 250 - 45 250 35 125
Clock Rise and Fall Times " tCr - 10 - 10 -
. tct - 10 - 10 ~
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6.6 AC ELECTRICAL SPECIFICATIONS (VcCc=5.0 Vdc +5%, Vss 0 Vde, TA=0°C to 70°C,
unless otherwise noted)

8 MHz 10 MHz 12.5 MHz

Number ‘ . Characteristic Min Max Min Max Min Max Unit
1 R/W, R51-RS5 Valid to CS Low {Setup Time): 0 - ' '
2010) ] C5 Low to R/W and RS1-RS5 Invaiid (Hold Timel| 100 -
3(1). | CS Low to CLK' Low (Setup Timel : 130 -
4{2). | CS Low to Data Out Valid ‘ - 75

5 )} RS1-RS5 Valid to Data Qut Valid - 140
8 CLK Low to DTACK Low (Read/Write. Cycle) 0 70
7{3) | DTACK Low to CS High (Hold Time) 0 =
8 CS or PIACK or TIACK High to Data Out Invalid 0 -
(Hold Time}

9 CS or PTACK or TIACK High to DO-D7
High Impedance

10 CS or PIACK or TIACK High to DTACK High

11 ° | TS or PIACK or TIACK High to DTACK.
High Impedance

12 Data In Valid to CS Low (Setup Time)
13 CS Low to Data In Invalid (Hold Time}-

14 Port Input Data Valid to HIIHSI Asserted
' {Setup Time)

15 H1{H3) Asserted to-Port Input Data Invalid
(Hold Time)

16 - - | Handshake Input H1(H4) Pulse Width Asserted
17 Handshake Input H1(H4): Pulse Width Negated
18 H1(H3) Asserted to H2(H4) Negated (Delay Time)
19 - | CLK Low to H2{H4} Asserted (Delay Time)
20(4) | H2(H4) Asserted to H1(H3) Asserted
21{5). | CLK Low to H2{H4) Pulse Negated (D
22(9,11) Synchromzed H1{H3} to CLK Low :
DMAREQ is Asserted

23 | CLK Low on which DMAREQ ed to CLK| .- 2.5 3 25 3 25 3 CLK Per.
Low on which DMAREQ )

80 . ns

e 1256 - 126 - 100 ns
-25 35 - 2.5 35 25 3.5 CLK Per.

24 | CLK Low to Port Out - 150 - 120 - 100 ns
{Modes 0 and 1)
25(9,11} | Synchronized H1 ort Qutput Data Invalid 1.5 2.5 15 | 256 R 25 |CLK Per.
(Modes 0 . - . :
26 H1 Negated to Output Data Valid - 70 - -50 - 50 ns
27 ‘Hi. PortOutput Data High Impedance 0 70 -0 .70 0 70 ns
¢ and 3)
28 | Data Valid to DTACK Low ISetup Time) 0 - 0 — 0 — ns
K Low to Data Output Valid, Interrupt - 120° -1 100 - 80 ns

Acknowledge Cycle
H1(H3) Asserted to CLK High (Setup Time) 50 40 40 -~ ns
PIACK or TIACK Low to CLK Low (Setup Time) | 50 - 40 - 30 - ns
Synchronized CS to CLK Low on which 3 3 3

3 3 3 CLK Per.
DMAREQ is Asserted : . :
Synchronized H1{H3) to CLK Low on whxch 35 4.5 35 45 35 45 |CLK Per.
H2(H4).is Asserted
34 CLK Low to DTACK Low Interrupt Acknowledge - 100 C= ] 100 - 80 ns
Cycle (Delay Time) ‘
35 | CLK Low to DMAREQ Low (Delay Time) ] o0 120 0 100 0 80 ns i
36 CLK Low to DMAREQ High (Delay Time} 0 120 0 100 0 80 ns '
37011) | Synchronized H1(H3) to CLK Low on which 3 3 -3 3 3 3 CLK Per.
PIRQ is Asserted
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6.6 AC ELECTRICAL SPECIFICATIONS (Continued)

8 MHz
Number Characteristic Min Max Min
38(11). | Synchronized TS to CLK Low on which PIRQ 3 3 ‘3
is High Impedance
39 CLK Low to PIRQ Low or High impedance - 0 250 0
40(8) - | TIN Frequency (External Clock) — Prescaler Used 0] 1 0
41 TIN Frequency {External Clock) — Prescaler 0 1/8 0
Not Used
42 TIN Pulse Width High or Low (External Clock) 55 - 45
43 TIN Pulse Width Low (Run/Halt Controt} 1 - 1
44 CLK Low to TOUT High, Low, or High Impedance, 0 250 0
45 |CS, PIACK, or TIACK High to CS, PIACK, or 50 - 30
TIACK Low

NOTES:
1. This specification only applies if the P1/T had completed all operatlons initiated by
Following a normal read or write bus cycle, all operations are complete within the
which DTACK was asserted. If CS is asserted prior to completion of these 0 i
postponed. ;

s after the falling edge of the CLK pin on
e new bus cycle, and hence, DTACK is

If all operations of the previous bus.cycle were complete when Ts
DTACK is assenﬂd with respect to the falling edge of the CLK pi
the part: If the CS setup time is violated, DTACK may be assgrted as

own in the timing diagram, not to guarantee operation of
hown, or may be asserted one clock cycle later.

2. Assuming the RS1-RS5 to data valid time has also expired

3. This"'speciﬁcation imposes a lower bound on (%] ime, guaranteeing that TS will be low for at least 1 CLK period.

4. This specification assures recognition of th e ge of H1(H3).

5. This specification applies only when a andshake 6ption is chosen and the pulse is not shortened due to an early asserted’
edge of H1(H3).

6. CLK refers to the actual fre CLK pin, not the maximum allowable CLK frequency.

7. 1f the setup time on theurisi ige of the clock is not met, H1(H3) may not be recognized until the next rising of the clock.

Lo

ncy of the signal at TIN compared to the frequency of the CLK signal during each clock cycle. If any
t-TiN-is-smaller-than the period of the.CLK signal at that instant, then it is likely that the timer circuit will
e one cycle of the TIN signal.

8. This limit applies
period of the wa

ghals are derived from different sources they wnll have different instantaneous frequency variations. In this case the
applied to the TIN pin must be distinctly less than the frequency at the CLK pin to avoid lost cycles of the TiN signal.
2 derived from different crystal oscillators applied to the TIN and CLK pins with fast rise and fall times; the TIN fre-
y can approach 80 to 90% of the frequency of the CLK signal without a loss of a cycle of the TIN signal.

It these twa signals are derived from the same frequency source then the frequency of the signal applied to TIN can be 100% of the
frequency at the CLK pin. They may. be generated by different buffers from the same signal or one may be an inverted version of
the other. The TIN signal may be generated by an 'AND’ function of the clock and a control signal.

9. The maximum value is caused by a peripheral access {H1{H3) asserted} and bus access (CS asserted) occurring at the same time.

10. See 1.4 BUS INTERFACE OPERATION for ei(ception.

11. Synchronized means that the input signal has been seen by the PI/T on the appropriate edge of the clock (nsnng edge for H1{H3}
and falling edge for CS).. (Refer to the 1.4 BUS INTERFACE OPERATION for the exception concerning CS)

Timing diagrams (Figures 6-2, 6-3, 6-4, 6-5, and 6-6)
are located on foldout pages 3, 4, 5, and 6 at the
‘end of this document.
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SECTION7
MECHANICAL DATA AND ORDERING INFORMATION

This section contains the pin assignments and package dimensions of the MC8823@!" In addition,

detailed informationis provided to be used as a guide when ordering.

7.1 PIN ASSIGNMENT

PC7/TIACK
PC6/PIACK
PC5/PIRQ
pc4/DMAREQ
PC3/TOUT
PC2/TIN

PCt

RS3
RS4
RS5




7.2 ORDERING INFORMATION

o Frequency :
" Package Type {MHz) v ‘Temperature Order Number
Ceramic o 8.0 : 0°C to 70°C . MCe68230L8
L Suffix 10.0 v 0°C to 70°C - MC68230L10
12.5 0°C to 70°C MC68230L12
Plastic ' 8.0 ‘ 0°C to 70°C MC68230G8
G Suffix - 100 0°C to 70°C
' 12.5 0°C to 70°C

7.3 PACKAGE DIMENSIONS o

L SUFFIX
CERAMIC PACKAGE

10N IS DATUM.
CASE 740-02 IMENSION [-A] 1S DATU

: POSTIONAL TOLERANCE FOR LEADS:

[4[p 0.25 0.010@[T | A®)]

3.[T-] IS SEATING PLANE.

4. DIMENSION “L” TO CENTER OF
LEADS WHEN FORMED PARALLEL.

5. DIMENSIONING AND TOLERANCING
PER. ANSI Y14.5, 1973.

.

MILLIMETERS INCHES
| MIN | MAX | MIN | MAX
60.35 | 61,57 | 2.376 | 2.424
14.63 | 1534 | 0.576 | 0.604
3.05 | 432 |0.120 | 0.160
0.381] 0.533} 0.015 | 0.021
0.762] 1.397] 0.030 | 0.055
2.54 BSC 0.100 BSC
0.203] 0.330{ 0.008 | 0.013
2.54 | 4.19 10.100 ) 0.165
14.99 | 15.65 | 0.590 } 0.616
0o _§ 100 o 100
1.016] 1.524| 0.040 | 0.060

=
=

2iz|rlx|={o| " ojajm| >



G SUFFIX : -
PLASTIC PACKAGE ' NOTES:
CASE 767-01 . 1. [ER]1S END OF PACKAGE

DATUM PLANE.
[T-11IS BOTH A DATUM AND
SEATING PLANE.
2. POSITIONAL TOLERANCE
- FOR LEADS 24 & 25:

_QAAA(\hhhhhhhhnhh(\hhhhhh“__T | [GIU.35(D.U14)ITIB@
b " POSITIONAL TOLERAN

1

2
U?UUUUUUUUUQUVUUUUVUVUV

ANSI Y14.5, 1973.

MILLIMETERS INCHES
MIN [ MAX | MIN | MAX

61.67 | 61.77 | 2.428 | 2432
13.92 | 14.02 | 0.548 | 0.552
483 | 5.06 | 0.190 | 0.200
038 | 0.50 | 0.015 | 0.020
122 | 1.34 | 0.048 | 0.053
2.54 BSC 0.100 8SC
0.25 | 0.30 j 0.010 | 0.012
3231 3371} 0.127 | 0.133
15.24 BSC 0.600 BSC
0o 100 Qo 100
064 | 0881 0025 | 0.035
1.79 BSC 0.070 BSC

clz|Zjr|xi—|o|n|ojo|wis IS
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Table 1-3. Register Madel {(Sheet 1 of 2)

Register
Value
Ragister After
Salact RESET
Bits {Hex
5 4321 7 L] & 4 3 2 1 ] Value)
00000 Port Mods H34 H12 H4 H3 H2 H1 00  Port General
Control Enable | Enable | Sensa | Sense | Sense | Sense _ Contwl Register
00001 . SVCRQ IPF Port Interrupt g0 Port Sesvice
Salect Selact Priority Control Requsst Register
000 1 0} Bt Bit 8it Bit Bit Bit Bit Bit 00 . Port A Dats
7 & 5 4 3 2 1 0 Direction Aegis
00011 8it Bit 8it Bit 8it B | 8it - 8it 00  Pon B Data
7 6 [ 4 3 2 1 [\ Direction Register
001t 00} Bt Bit 8it Bit 8it Bit [:] it 00
7 6 5 4 3 2 1 [} .
001001 Interrupt Vector * » 0F
Number
001 10 Port A H2 H1 (HY
" Submode H2 Control int  }SVCRQ | Stat
Enable ] Enable
00111} Pon B H4 H3 Port B Control
Submode H4 Control int SVCRQ Register
Enable | Enable o
0100 0Of Bit Bit Bit Bit Bit Bit se  Port A Data
7 6 6 4 3 2 Register
01001 Bit Bit it Bit Bit “Bit se  Port B Data
7 6 ] 4 2 Register
01010 Bit Bit Bit Bit Bit == Port A Alternate
7 6 ] 4 ] Register
01 01 1] Bit Bit Bit Bit |- Bi Bit wee  Port B Alternate
7 6 ] 4 g Register
D1 1 0 0] Bit Bit Bit Bit Bit eewe Port CData
7 6 0 Aegister
01101 H4 H3S H2S HI1S axen  Port Status
Level Register
0y1 10 * - - . 00 {Null)
0ot1111 . » » - 00 ANuil}

*Unused, read as zeto

* *Value bafore RESET

* * % Current value on pi
* & ¢ #Undetermined

Foldout 1

Table 1-3. Register Model (Sheet 2 of 2)

Register
Value
After
RESET -
. {Hex
5 43201 7 [] ) 4 3 2 1 0 Value)
to000 TOUT/TIACR 20 3 Clock Timer 00 - Timer Control
Control Cul Control Enable Register
10001 Bit 8it Bit Bit Bit Bit Bit Bit O F  Timer Intersupt
7 6 13 4 3 2 1 .0 Vector Register
100110 - 3 - " » - - . 00 (Nuil)
10011 Bit Bit Bit Bit Bit Bit Bit Bit ««  Counter Preload
23 2 21 20 19. 18 17 16 Register (High}
10100 8it 8it Bit Bit Bit 8it Bit Bit «+ - Counter Preload
: 16 14 13 12 1 10 ] 8 Register (Mid)
101 017 B8it Bit ait Bit Bit Bit Bit Bit s Counter Preload
7 6 6 4 3 2 1 0 Register {Low)
101 10 - - . . . - . » G0 (Nul
10y Bit Bit 8it Bit Bit 8it Bit | Bit e Count Register
23 2 21 20 19 18 17 16 {High}
11000 Bit Bit Bit Bit Bit Bit Bit Bit aw Count Register
15 14 13 12 n 10 9 ] {Mid)
‘11001 Bit Bit Bit Bit 8it Bit Bit _Bit -n Count Register
7 ] 6 4 3 2 1 0 Low}
11010 . . . . . . . 208 00  Timer Siatus
110111 - . » - - . . - oo {Nuli)
11100 - . . . - . . . 00  iNul)
11101 - " L3 - - . . - 00  (Nul)
11110} B . N . . . . 00  (Nul}
111 v a - . - - » » - 00 {Null)
*Unused, read as zero
* #Valua before RESET
Foldout2
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Figure 6-2. Read Cycle Timing Diagram
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NOTE: Timing measurements are ref d from a low voltage of 0.8 volts and 8 h-igh voltaga of 2.0 volts, unless otherwise

noted. :
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Figure 6-6. Peripheral Output Timing Diagram

NQTES:
1. Timing diagram shows H1, H2, H3, and H4 asserted tow.
2. Timing measurements are referenced lo and from a low voltage of 0.B volts and a high voliage of 2.0 volts, unless otherwise noted.
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Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any liability arising
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.
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