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SECTION 1
INTRODUCTION

The MC88230 parallel interface/timer (PI/T) provides versatile double buffered parallel interfaces
and a systemn oriented timer for MB8000 systems. The parallel interfaces operate In unidirectional or
bidirectional modes, either 8 or 16 bits wide. |n the unidirectional modes, an associated data direc-
tion register determines whether each port pin is an input or output. In the bidirectional modes the
data direction registers are ignored and the direction is determined dynamically by the state of four
handshake pins. These programmable handshake pins provide an interface flexible enough for con-
nection to a wide variety of low, medium, or high speed peripherals or other computer systems. The
P1/T ports allow use of vectored or autovectored interrupts, and also provide a DMA request pin for
connection to the MCB8460 direct memory access controtler (DMAC} or a similar circuit. The PI/T
timer contains a 24-bit wide counter and a 5-bit prescaler. The timer may be clocked by the system
clock (PI/T CLK pin) or by an external clock (TIN pin}, and a B-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 measurement or as a device watchdog.

Features of the PI/T include:
& M68000 Bus Compatible
® Port Modes Include:
Bit I/0
Unidirectional 8 Bit and 16 Bit
Bidirectional 8 Bit and 16 Bit
® Programmable Handshaking Options
® 24-Bit Programmable Timer Modes
® Five Separate interrupt Vectors
® Separate Port and Timer interrupt Service Reguests
® Registers are Read/Write and Directly Addressable
® Registers are Addressed for MOVEP (Move Peripheral) and DMAC Compatibility

The PV/T consists of two logically independent sections: the ports and the timer. The port section
consists of port A {PA0-PA7), port B {PBO-PB7), four handshake pins (H1, HZ2, H3, and H4}, two
general input/output (l/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 controi data transfer to and
from the ports, or can be used as interrupt generating inputs or 1/Q pins. Refer to Figure 1-1.

The 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 /0.

1-1
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Figure 1-1. Block Diagram

The system bus interface provides for asynchronous transfer of data from the PI/T to a bus master
over the data bus (D0O-D7). Data transfer acknowledge (DTACK), register setects (RS1-RSb), timer
interrupt acknowledge (TTACK), read/write line (R/W), chip select (CS), or port interrupt
acknowledge (PIACK) control data transfer between the PI/T and an M6800CO0.

1.1 PORT MODE DESCRIPTION

The primary focus of most applications will be on port A, port B, the handshake pins, the portinter-
rupt pins, and the DMA request pin. They are contrelled 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

1-2
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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, thereis a 2_hit 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 Tabie 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 Double-Buffered Input or Single-Buffered Output
Hi — Latches input data
H? — Status/interrupt generating input, general-
pulsed handshake protocols
submode 01 — Pin-Definable Double- Buffered Cutput or Non-Latched Input
1 — Indicates data received by peripheral
HZ — Status/interrupt generating input, general-purpose outpu
pulsed handshake protocols
Submode 1% — Pin-Definable Single-Buffered Output or Non-Latched Input
H1 - Status/interrupt generating input
HZ? — Status/interrupt generating input of general-purpose output

purpose output, or operaucn with H1 in the interlacked or

t, or operation with H1in the interlocked or

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

Mode 1 {Unidirectional 16-Bit Mode)
Port A — Most-Significant Data Byte or Non-Latehed Input or Single-Buffered Qutput
Submode XX — inot used)
H1 — Status/interrupt generaung input
H2 — Status/interrupl generating input or general-purpose output
Port B — Least-Significant Data Byte
Submode X0 — Pin-Definable Double-Buffered Input or Single-Buffered Qutput
H3 - Latches input data
H4 — Status/interrupt generaung
pulsed handshake protocols
Submode X1 — Pin-Definable Doupte-Buffered Output ar Non-Latched Input
H3 — Indicates gata received by peripheral
H4 — Status/interrupt generating input, general-purpos
puised handshake protocols

input, general-purpose output, or operation with H3 in the interlocked or

e output, or operation with H3 in the interlocked or

Mode 2 (Bidirectional 8-Bit Mode}
Port A — Bit 170
Submode XX — (not used}
Port B — Double-Buffered Bidirectional Data
Submode XX — (not used)
H1 — Indicates output data received by the peripheral and controls output drivers
H2 — QOperation with H1in the nterlocked or pulsed output handshake protocols

H3 - Latches input data
H4 — Operation with H3 in the interlocked or pulsed mput handshake protocols

Mode 3 {Bidirectional 16-Bit Mode)
Port A — Double-Buffered Bidirectional Data {Most-Significant Data Bytel
Submode XX — (not used!
fort B — Double-Buffered 8idirectional Data {Least-Significam Dats 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 cutput handshake protocols

H3 — Latches input data

b

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

1-3
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Figure 1-2. Port Mode Layout {Sheet 2 of 2}

1.2 SIGNAL DESCRIPTION

Throughout this data sheet, signals are presented using
and negated independent or whether the signal is active in the high-voltage state or low-voltage
state. {The active state of each logic pin is given below.} Active low signals are denoted by a
superscript bar. R/W indicates a write is active low and a read active high. Table 1-2 further
describes each pin and the logical pin assignments are given in Figure 1-3.

1.2.1 Bidirectional Data Bus (D0-D7)

the terms active and inactive or asserted

The data bus pins, D0-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-RSb, are active
the 23 internal registers is being selected. The

master.

1-5
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Table 1-2. Signal Summary

Signal Name tnput/ Output Active State Edge/Level Sensitive Qutput States
CLK Input Falling and Rising Edge
Cs Input Low Level
DO-D7 Input/ Qutput High=1, Low=0 Level High, Low, High Impedance
[ DMAREG Output Low High, Low
DTACK Output Low High, Low, High Impedance*
HI{H3)* ** Input Low or High Asserted Edge
H2{H4) * * Input or Cutput Low or High Asserted Edge High, Low, High !mpedance
PAC-PA7** PBO-PB7**, Input/ Qutput, High=1, Low=0 Levei High, Low, High Impedance
PCO-PC7 Input or Cutput
PIACK Input Low Level .
PIRQ Output Low Low, High impedance*
RS1-RSH Input High=1, Low=10 Level
R/W Input High Read, Low Write Level
FESET input Low Level
TTACTK input Low Level
TIN (External Clock) input Rising Edge
TIN {Run/Halt) input High Level
TOUT (Sguare Wave! Cutput Low High, Low
TOUT (TIRQ} Cutput Low Low, High Impedance®
* Bullup resistors required.
** Note these pins have internal pullup resistors.
* = %1 15 level sensitive for output buffer control in modes 2 and 3.
D0-07 it bat—e P AC-PA7
RS1-RS5—p pot—-P B0-PB7
R W — ht—H 1
s ot —pe-H 2
CS— 13
DTACK -t— MCB8230 hat—3pe H4
RESET —am Pt hat—-PC7/ TIACK *
3P C6/ PIACK *
t—PC5/PIRQ*
CLK s 3 C4/DMAREQ™
at—iP C3/ TOUT*
Yeo— —=PC2/ TIN*
Vss— DA

1.2.3 Read/Write (R/W)
R/W is a high-impedance read/write input signal from the M88000 bus master, indicating whether

* Individually Programmable Dual-Function Pin

Figure 1-3. Logical Pin Assignment

the current bus cycle is a read (high) or write (low) cycle.

1.2.4 Chip Select (CS)

CS is a 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.

1-8
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1.2.5 Data Transfer Acknowledge (DTACK)

DTACK is an active low 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 write
cycles it is asserted after data has been accepted at the data bus. Data transfer acknowledge is com-
patible with the MC68000 and with other M68000 bus masters such as the MC684b0 direct memory
access controller {(DMAC). A pullup resistor is required to maintain DTACK high between bus

cycles.

1.2.6 Reset (RESET)

RESET is a high-impedance input used to initialize all PI/T functions. All control and data direction
registers are cleared and most internal operations are disabled by the assertion of RESET {lowl.

1.2.7 Clock (CLK}

The clock pin is a high-impedance TTL-compatible signal with the same specifications as the
MC68000. The PI/T contains dynamic logic throughout, and hence this clock must not be gated off
at any time. |t is not necessary that this clock maintain any particular phase relationship with the
MB8000 system clock. It may be connected to an independent frequency source (faster or slower)
as long as all bus specifications are met.

1.2.8 Port A and Port B (PAO-PA7 and PBO-PB7)

Ports A and B are 8-bit ports that may be concatenated to form a 16-bit port in certain modes. The
ports may be controlled in conjunction with the handshake pins H1-H4. For stabilization during
system power up, ports A and B have internal pullup resistors to VCC. All port pins are active high.

1.2.9 Handshake Pins {H1-H4)

Handshake pins H1-H4 are multi-purpose pins that (depending on the operational mode} may pro-
vide an interlocked handshake, a pulsed handshake, an interrupt input (independent of data
transfers), or simple 1/O pins. For stabilization during system power up, H2 and H4 have internal
pullup resistors to V. The sense of H1-H4 (active high or low} may be programmed in the port
general control register bits 3-0. Independent of the maode, the instantaneous level of the handshake
pins can be read from the port status register.

1.2.10 Port C (PCO-PC7/Alternate Function)

This port can be used as eight general purpose 1/ O pins (PC0-PC7) or any combination of six special
function pins and two general purpose 1/ O pins (PCO-PC1). Each dual-function pin can be a stand-
ard 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 I/ O 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/hait is low). TOUT may provide an active low timer inter-
rupt reguest output or a general-purpose square-wave output, initially high. TIACK is an active low
high-impedance input used for timer interrupt acknowledge.

1-7
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Port A and B functions have an independent pair of active low interrupt request {(PIRQ) and inter-
rupt acknowledge (PIACK) pins.

The DMAREQ (direct memory access request} pin provides an active low direct memory access
controller request pulse for three clock cycles, completely compatible with the MCB8450 DMAC.

1.3 REGISTER MODEL

A register model that includes the corresponding register selects is shown in Table 1-3.

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

Register
Value
Register After
Select RESET
Bits (Hex
5 4 3 2 1 7 6 5 4 3 2 1 0 Value)
0 ¢C 0 00 Port Mode H34 H12 H4 H3 H2 H1 (¢l
Control Enable Enable Sense Sense Sense Sense
o 0 0 01 * SVCRQ IPF Port Interrupt 00
Select Select Priority Control
00 Q0 10 Bit Bit Bit Bit Bit Bit Bit Bit 00
7 6 5 4 3 2 1 0
o0 0 1 Bit B Bit Bit Bit 8it Bit Bit 00
7 5] 5 4 3 2 1 0
C 01 0O Bit Bit Bit Bit Bit Bit Bit Bit 00
7 6 5 4 3 2 1 0
001 01 Interrupt Vector » » 0F
Number
00110 Port A H2 H1 1 00
Submode H2 Control Int SVCRQ Stat
Enable Enable Ctrt
g0 1 11 Port 8 H4 H3 H3 00
Submode H4 Control Int SVCRQ Stat
Enable | Enable Ctrl
g 1 000 Bit Bit Bit Bit Bit Bit Bit Bit . w
7 6 5 4 3 2 1 0
01 0 01 Bit Bit Bit Bit Bit Bit Bit Bit » %
7 6 5 4 3 2 1 0
c 1010 Bit Bi Bit Bit Bit Bit Bit Bit LR
7 6 5 4 3 2 1 0
o1 0 1t Bit Bit Bit Bit Bit Bit Bit Bit -
7 6 5 4 3 2 1 8]
a1 1 00 Bit Bit Bit Bit Bit Bit Bit Bit "
7 6 5 4 3 2 1 0
o1 1 0 H4 H3 H2 H1 H4S H3S H2S H18 Py
Level Leve! Level Level
1 110 » - " » * » - * a0
01 1 1 1 * - » - * » * * 0Q

*Unused, read as zero
* *Value pefore RESET

* ** Current value on pins
** * * Undetermined value

1-8

Port General
Contol Register
Port Service
Request Register
Port A Data
Direction Register
Port B Data
Direction Register
Port C Data
Direction Register
Port Interrupt
Vector Register
Fart A Control
Register

Port B Centrol
Register

Port A Data
Register

Port 8 Data
Register

Port A Alternate
Register

Port B Alternate
Register

Port C Data
Register

Port Status
Register

(Null

{Nult
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Table 1-3. Register Model {Sheet 2 of 2)

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

1-9

Registar
Value
Register After
Sealect RESET
Bits {Hex
5 4 3 2 1 7 6 5 4 3 2 1 0 Value)
1 0 000 TOQUT/TIACK zZ0D » Clock Timer 00
Control Ctrl Control Enable
1 00 0 Bit Bit Bit Bit Bit Bit Bit Bit Q°F
7 6 5 4 3 2 1 0
10010 » * * * - * » - g0
100 11 Bit Bit Bit Bit Bit Bit Bit Bit »
23 22 21 20 19 18 17 16
101 00 Bit Bit Bit Bit Bit Bit Bit Bit -
15 14 13 12 11 10 9 8
o 1 0 Bit Bit Bit Bit Bit Bit Bit Bit -
7 6 5 4 3 2 1 ¢
1T 01 1 0 * * »* - * - - » [V ¢
o 3 11 Bit Bit Bit Bit Bit Bit Bit Bit '
23 22 21 20 19 18 17 16
i1 0 00 Bit Bit Bit Bit Bit Bit Bit Bit -n
15 14 13 12 11 10 9 8
11 0 01 Bit Bit Bit Bit Bit Bit Bit Bit .
7 6 5 4 3 2 1 0
110 10 * » * * » * » ZDS 00
11 0 11 » » * - » » - - 00
1 1 0 0 . * » » * * * M 00
v o110}« . . - . » - * 00
11 1 0 » * * » * * * - 00
1 1 1 1 » » * » M » » » 00
* Unused, read as zero
* *\alue before RESE
NOTE

Timer Contral
Register

Timer Interrupt
Vector Register

[Nuli}

Counter Preload
Register (High)
Counter Preload
Register (Mid)

Counter Preload
Register (Low)

(Nult}

Count Register
{High)

Count Register
(Mid}

Count Register
(Low!

Timer Status
Register
(Nuln

{Null}

(Null)

(Nulb

{Nuh)
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1.4 BUS INTERFACE OPERATION

The PI/T has an asynchronous bus interface, primarily designed for use with an MB68000
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.

In an asynchronous system the PI/T clock may operate at a significantly different frequency, either
higher or lower, than the bus master and other system components, as long as all bus specifications
are met. The MCB8230 CLK pin has the same specifications as the MCB68000 CLK pin, and must not
be gated off at any time.

The following signals generate normal read and write cycles to the PI/T: CS (chip select}, R/W
(read/write), RS1-RS5 (five register seiect bits), DO-D7 {the 8-bit bidirectional data bus), and
OTACK {(data transfer acknowledge!. To generate interrupt acknowledge cycles, PC6/PIACK or
PC7/TIACK is used instead of CS, and the register select pins are ignored. No combination of the
following pin functions may be asserted simultaneously: CS, PIACK, or TIACK.

1.4.1 Read Cycles

This category includes all register reads, except port or timer interrupt acknowledge cycles. When
CS is asserted, the register select and R/W inputs are latched internally. They must meet small
setup and hold time requirements with respect to the asserted edge of CS. (Refer to 6.6 AC ELEC-
TRICAL SPECIFICATIONS for further information.) The PI/T is not protected against aborted
(shortened) bus cycles generated by an address error or bus error exception in which it is addressed.

Certain operations triggered by narmal read (or write) bus cycles are not complete within the time
allotted to the bus cycle. One example is transfers to/ from the double-buffered latches that occur
as a result of the bus cycle. If the bus master's clock is significantly faster than the PI/T’s the
possibility exists that, following the bus cycle, CS can be negated then re-asserted before comple-
tion of these internal operations. In this situation the PI/T does not recognize the re-assertion of CS
until these operations are complete. Only at that time does it begin the internal sequencing
necessary to react to the asserted CS. Since CS also controls the DTACK response, this '‘bus cycle
recovery time’’ can be related to the clock edge o_n_which DTACK is asserted for that cycle. The
PI/T will recognize the subsequent assertion of CS three clock periods after the clock edge on
which DTACK was previously asserted.

The register select and R/W inputs pass through an internal latch that is transparent when the PI/T
can recognize a new CS pulse (see above paragraph). Since the internal data bus of the PI/T is con-
tinuously engaged for read transfers, the read access time (to the data bus buffers) begins when the
register selects are stabilized internally. Also, when the PI/T is ready to begin a new bus cycle, the
assertion of C8 enables the data bus buffers within a short propagation delay. This does not con-
tribute to the overall read access time unless CS is asserted significantly after the register select and
R/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 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 falling edge of the clock. Read data is
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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 of the
clock is met, the PI/T can consistently respond to a new read or write bus cycle every four clock
cycles. This fact is especially useful in designing the P1/T's clock in synchronous bus systems not
using DTACK. (An extra clock period is required in interrupt acknowledge cycles, see 1.4.2 Inter-
rupt Acknowiedge Cycles.)

In asynchronous bus systems in which the PI/T's clock differs from that of the bus master,
generally there is no way to guarantee that the chip select setup time with respect to the PI/T clock
is met. Thus, the only way to determine that the Pl/ T recognized the assertion of CS is to wait for
the assertion of DTACK. In this situation, all latched bus inputs to the PI/ T must be held stable until
DTACK is asserted. These include register select, R/W, and write data inputs (see below).

System specifications impose a maximurmn delay from the trailing {negated) edge of CS to the
negated edge of DTACK. As system speeds increase this becomes more difficult to meet with a
simple pullup resistor tied to the DTACK line. Therefore, the PI/ T provides an internal active pullup
device to reduce the rise time, and a level-sensitive circuit that 1ater 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 cycle.

The system designer must take care that DTACK is negated and three-stated quickly enough after
each bus cycle to avoid interference with the next one. With an MB8000 this necessitates a relatively
fast external path from the data strobe negation to CS bus master negation.

1.4.2 Interrupt Acknowledge Cycles

Special internal operations take place on PI/T interrupt acknowledge cycles. The portinterrupt vec-
tor register or the timer vector register are implicitly addressed by the assertion of PC6/PIACK or
PC7/TIACK, respectively. The signals are first synchronized with the falling edge of the clock. One
clock period after they are recognized, the data bus buffers are enabled and the vector is driven
onto the bus. DTACK is asserted after another clock period to allow the vector some setup time
prior to DTACK. DTACK is negated, then three-stated, as with normal read or write cycles, when
PIACK or TIACK is negated.

1.4.3 Write Cycles

In many ways, write cycles are similar to normal read cycles. On write cycles, data at the DO-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 exist as for normal
read cycles. No other differences exist.
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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 registers 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 O 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 acknowledge
cycle (PIACK asserted).
Results: incorrect IACK vector on data lines, PIVR and TIVR are changed.
3. Case: RS lines are addressing PIVR during a timer interrupt acknowledge
cycle (TIACK asserted}.
Results: Incorrect IACK vector on data lines, PIVR and TIVR are changed.
4, Case: RS lines are addressing TIVR during a timer interrupt acknowledge

cycle (TIACK asserted).
Results: Correct |ACK vector on data lines, PIVR and TIVR remain the same
and are not changed.

For MC68000 and MCB8010 systems that use A1-AB for RS lines RS1-RS5H the above
cases will never occur. A5 and A4 will remain high during interrupt acknowledge cycles
and thus PIVR and TIVR will not be selected as shown below.

RSH RS4 RS3 RS2 RS1

MCB8000 1ACK Cycle 1 1 —Encoded Level—
MCB8230 PIVR Address 0 0 1 0 1
MC68230 TIVR Address 1 0 0 0 1




SECTION 2
PORT GENERAL INFORMATION AND CONVENTIONS

This section introduces concepts that are generally applicable to the PI/T ports independent of the
chosen mode and submode. For this reason, no particular port or handshake pins are mentioned;
the notation H1(H3) indicates that, depending on the chosen mode and submode, the statement
given may be true for either the H1 or H3 handshake pin.

2.1 UNIDIRECTIONAL VS BIDIRECTIONAL

Figure 1-2 shows the configuration of ports A and B and each of the handshake pins in each port
mode and submode. In modes 0 and 1, a data direction register is associated with each of the ports.
These registers contain one bit for each port pin to determine whether that pinis an input or an out-
put. Modes 0 and 1 are, thus, called unidirectional modes because each pin assumes a constant
direction, changeable only by a reset condition or 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 transfers not in the primary direction are generally unrelated,
and single or unbuffered data paths exist.

In modes 2 and 3 there is no concept of primary direction as in modes 0 and 1. Except for port A in
mode 2 (bit 1/0}, the data direction registers have no effect. These modes are bidirectional, in that
the direction of each transfer {always 8 or 16 bits, double buffered) is determined dynamically by the
state of the handshake pins. Thus, for example, data may be transferred out of the ports, followed
very shortly by a transfer into the same port pins. Transfers to and from the ports are independent
and may occur in any seguence. Since the instantaneous direction is always determined by the
external system, a small amount of arbitration logic may be required.

2.1.1 Control of Double-Buffered Data Ports

Generally speaking, the PI/T is a double-buffered device. In the primary direction, double buffering
allows orderly transfers by using the handshake pins in any of several programmable protocols.
(When bit |/0 is used, double buffering is not available and the handshake pins are used as outputs
or 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 he 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

in all modes, the PI/T supports double-buffered input transfers. Data that meets the port setup and
hotd times is latched on the asserted edge of H1(H3). H1(H3) is edge sensitive, and may assume any
duty cycle as long as both high and tow 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; it
may indicate whether there is room for more data in the PI/T latches or it may serve other purposes.
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 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 t0 2.3 DIRECT METHOD OF RESETTING STATUS), the RESET pin beirg
asserted, or when the H12 enable (H34 enable) bit of the port general control register is zero.

2. H2(H4} may be a general purpose output pin that is always negated. The H2S{H4S} status bit
is always zero.

3. H2(H4) may be a general purpose output pin that is always asserted. The H2S({H4S) status bit
is always zero.

4. H2(H4) may be an output pin in the interlocked input handshake protocol. It is asserted when
the port input latches are ready to accept new data. it is negated asynchronously following the
asserted edge of the H1(H3) input. As soon as the input latches become ready, H2{H4) is again
asserted. When both double-buffered latches are full, H2(H4) remains negated until data is
removed by a read of port A {port B) data register. Thus, anytime the H2{H4) output is
asserted, new input data may be entered by asserting H1{H3). At other times transitions of
H1(H3} are ignored. The H2S(H4S5) status bit is always zero. When H12 enable {(H34 enablel is
zero, H2(H4) is held negated.

5. H2{H4) may be an output pin in the pulsed input handshake protocol. It is asserted exactly as
in the interlocked input protocol, but never remains asserted longer than four clock cycles.
Typically, a four clock cycle 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, anytime after the leading edge of the H2{H4) pulse, new data may be entered in the PI/ T
double-buffered input latches. The H2S(HAS) status bit is always zero. When H12 enable (H34
enable} is zero, H2{H4} is held negated.

A sample timing diagram is shown in Figure 2-1. The H2{H4} interlocked and pulse input handshake
protocols are shown. The DMAREQ pin is also shown assuming it is enabled. All handshake pin
sense bits are assumed to be zero (refer 10 4.1 PORT GENERAL CONTROL REGISTER (PGCR};
thus, the pins are in the low state when asserted. Due to the great similarity between modes, this
timing diagram is applicable 10 all double-buffered input transfers.

2.1.3 Double-Buffered Output Transfers

The PI/ T supports double-buffered output transfers in all 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) 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
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Data Register Data Register
Read Read

Port Data

WKXX

H1{H31
HZ{H4}
Interlocked FLI

H2{H4)
Pulse

DMAREQ ——\__/

Figure 2-1. Double-Buffered Input Transfers Timing Diagram

service routine could check this bit to determine if it could store another byte/word, thus filling both
latches. Second, when the bus master is finished, it is often useful to be able to check whether all of
the data has been transferred to the peripheral. The H1S(H3S) status bit is set when both output
latches are empty. The programmable options of the H2(H4} pin are given below, depending on the
mode.

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 H25(H4S) status bit is set. Itis cleared by the direct
method (refer to 2.3 DIRECT METHOD OF RESETTING STATUS), the RESET pin being
asserted, or when the H12 enable (H34 enable! bit of the port general control register is zero.

2. H2(H4) may he a general-purpose output pin that is always negated. The H2S(H45) status bit
is always zero.

3. H2(H4) may be a general-purpose output pin that is always asserted. The H2S5(H45) status bit
is always zero.

4. H2(H4) may be an output pin in the interlocked output handshake protocol. H2(H4) is asserted
two clock cycles after data is transferred to the double-buffered output latches. The data re-
mains stable and H2(H4) remains asserted untii the next asserted edge of the H1{H3) input. At
that time, H2(H4) is asynchronously negated. As soon as the next data is available, it is
transferred to the output latches and H2(H4) is asserted. When H2(H4) is negated, asserted
transitions on H1{H3} have no effect on the data paths. As is explained later, however, in
modes 2 and 3 H1 does control the three-state output buffers of the bidirectional port(s). The
H2S(H4S) status bit is always zero. When H12 enable (H34 enable) is zero, H2(H4) is held
negated.

5. H2{H4) may be an output pin in the pulsed output handshake protocol. Itis asserted exactly as
in the interiocked 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 zerp, HZ2{H4) is held negated.

2-3



A sample timing diagram is shown in Figure 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, this timing diagram is applicable to all double-buffered output
transfers.

Data Register Data Register
Write Write

Port Data l
H2iH4} C
Interiocked

B S
H2{H4) — > : /
Pulse
G
H1iH3)
SVARTG —u \ /

Figure 2-2. Double-Buffered Output Transfers Timing Diagram

2.2 REQUESTING BUS MASTER SERVICE

The PI/T has several means of indicating a need for service by a bus master. First, the processor
may poll the port status register. It contains a status bit for each handshake pin, plus a level bit that
always reflects the instantaneous state of that handshake pin. A status bit is one when the PI/T
needs servicing (i.e., generally when the bus master needs to read or write data to the ports) or
when a handshake pin used as a simple status input has been asserted. The interpretation of these
bits is dependent on the chosen mode and submode.

Second, the PI/T may be placed in the processor's interrupt structure. As mentioned previousl?,
the PI/T contains port A and B control registers that configure the handshake pins. Other bits in
these registers enable an interrupt associated with each handshake pin. This interrupt is made
available through the PC5/PIRQ pin, if the BIRA function is selected. Three additional conditions
are required for PIRQ to be asserted: 1) the handshake pin status bit is set, 2) the corresponding in-
terrupt (service request) enable bit is set, and 3) DMA requests are not associated with that data
transfer (H1 and H3 only). The conditions from each of the four handshake status bits and cor-
responding status bits are ORed to determine PIRQ. To clear the interrupt, the proper status bit
must be cleared {see 2.3 DIRECT METHOD OF RESETTING STATUS).

The third method of requesting service is via the PC4/DMAREQ pin. This pin can be associated
with double-buffered transfers in each mode. If itis used as a DMA controller request, it can initiate
requests to keep the Pl/T's input/ output double-buffering empty/ full as much as possible. It will
not overrun the DMA controiler. The pin is compatible with the MC684h0 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
DO-D7. Under normal conditions, this vector corresponds to the highest priority enabled active port
interrupt source with which the DMAREQ pin is not currently associated. The most-significant six
bits are provided by the port interrupt vector register (PIVR}, with the lower two bits supplied by
prioritization fogic according to conditions present when PIACK is asserted. it is important to note
that the only effect on the P1/T caused by interrupt acknowledge cycles is that the vector is placed
on the data bus. Specifically, no registers, data, status, or other internal states of the PI/T are af-

fected by the cycle.

Several conditions may be present when the PIACK input is asserted to the PI/T: These conditions
affect the P1/T's response and the termination of the bus cycle. If the PI/T has no interrupt function
selected, or is not asserting PIRQ, the PI/T will make no response to PIACK (DTACK will not be
asserted). If the PI/ T is asserting PIRQ when PIACK is received, the PI/T will output the contents of
the port interrupt vector register and the prioritization bits. If the PIVR has not been initialized, $OF
will be read from this register. These conditions are summarized in Table 2-1.

Table 2-1. Response to Port Interrupt Acknowledge

PIRQ negated OR interrupt
Conditions request function not selected PIRQ asserted
PIVR has not been imtahzed No response from PI/T. PI/T provides $OF, the
since RESET No DTACK Uninitialized Vector®
PIVR has been imitalized No response from PV/T. PI/T provides PIVR contents
since RESET Ng DTACK. with prioritization bits.

* The uninitialized vector is the value returned from an interrupt vector register before it has been initialized.

The vector table entries for the P!/ T appear as a contiguous block of four vector numbers whose
common upper six bits are programmed 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
4.2. PORT SERVICE REQUEST REGISTER (PSRR)}.

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

2.2.2 Autovectored Port Interrupts

Autovectored interrupts use only the PIRQ pin. The operation of the PI/T with vectored and
autovectored interrupts is identical except that no vectors are supplied and the pPC6/PIACK pin can

be used as a port C pin.
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2.2.3 DMA Request Operation

The direct memory access request (DMAREQ) pulse (when enabled) is associated with output or in-
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 request
bit.

DMAREQ is generated on the bus side of the MCB8230 by the synchronized® chip select. If the con-
ditions of Figures 2-3 or 2-4 are met, an assertion of CS will cause DMAREQ to be asserted three
P/ T clocks (pius the delay time from the clock edge) after CS is synchronized. DMAREQ remains

asserted three clock cycles (plus the delay time from the clock edge) and is then negated.

DMAREQ pulses are associated with peripheral transfers or are generated by the synchronized®
H1(H3) input. If the conditions of Figures 2.3 or 2-4 are met, an assertion of the H1{H3) input will
cause DMAREQ to be asserted 2.5 PI/T clock cycles {plus the delay time from clock edge} after
H1(H3} is synchronized. DMAREQ remains asserted three clock cycles (plus the delay time from the
clock edge} and is then negated.

Data 1n Qutput Latches Data n Input Latches
Bus Wnite No DMA Reguest Peripheral Provides Data No DMA Reguest
DMA Request Fg.&ccepts Data DMA Reguest <8us Read
Bus Write DMA Reguest Peripheral Provides Data DMA Request
No DMA Request P@Accepts Data No DMA Request /Bus Read
Figure 2-3. DMAREQ Associated Figure 2-4. DMAREQ Associated
with Output Transfers with tnput Transfers

2.3 DIRECT METHOD OF RESETTING STATUS

in certain modes one or More handshake pins can be used as edge-sensitive inputs for the sole pur-
pose of setting bits in the port status register. These bits consist of simple flip-flops. They are set (10
one) by the occurrence of the asserted edge of the handshake pin input. Resetting a handshake
status bit can be done by writing an 8-hit 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 TS} has peen sampled by the PI/T on the appropriate edge of the
clock trising edge far H1{H3} and falling edge for TS). Refer to 1.4 BUS INTERFACE OPERATION for the excepticn concerning TS, if
a bus access {assertion of TS and a port access (assertion of H1tH3)! oocur at the same time, TS will be recognized without any delay.
H1(H3) will be recogmzed one ciock cycle later
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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 pins, whether
used as inputs or cutputs. Four bits in the port general control register may be programmed to
determine whether the pins are asserted in the low- or high-voltage state. As with other control
registers, these bits are reset to zero when the RESET pin is asserted, defaulting the asserted level

to be low.

2.5 ENABLING PORTS A AND B

Certain functions involved with double-buffered data transfers, the handshake pins, and the status
bits may be disabled by the external system or by the programmer 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 to set a simpie status flip-flop, unrelated to double-buffered
transfers, these flip-flops are held reset to zero {see Table 1-1).

3. When H2({H4) is used in an interlocked or pulsed handshake with H1{H3}, H2(H4) is held
negated, regardless of the chosen mode, submode, and primary direction. Thus, for double-
buffered input transfers, the programmer may signal a peripheral when the PI/T is ready to
begin transfers by setting the associated handshake enable bit to one.

2.6 PORT A AND B ALTERNATE REGISTERS

In addition to the port A and B data registers, the PI/T contains port A and B alternate registers.
These registers are read only, and simply provide the instantaneous (non-latched) level of each port
pin. They have no effect on the operation of the handshake pins, double-buffered transfers, status
bits, or any other aspect of the PI/T, and they are moede/submode independent. Refer to 4.7 PORT

ALTERNATE REGISTERS for further information.

2-7/2-8
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SECTION 3
PORT MODES

This section contains information that distinguishes the various port modes and submodes. General
characteristics common to all modes are defined in SECTION 2 PORT GENERAL INFORMATION
AND CONVENTIONS. A description of the port A control register (PACR} and port B control
register (PBCR) is given before each mode description. After each submode description, the pro-
grammable options are listed for that submode.

3.1 PORT A CONTROL REGISTER
Port A Control Register (PACR)

7 [¢] 5 4 3 2 1 aQ
HZ2 H1 H1
Port A Interrupt| SVCRQ | Status
Submode HZ Control Enable | Enable | Control

The port A control register, in conjunction with the programmed mode and the port B submode,
controls the operation of port A and the handshake pins H1 and H2. The port A control register con-
tains five fields: bits 7 and 6 specify the port A submode; bits 5, 4, and 3 control the operation of the
H2 handshake pin and the H2S status bit; bit 2 determines whether an interrupt wiil be generated
when the H2S status bit goes to one; and bit 1 determines whether a service request (interrupt re-
quest or DMA request) will occur; bit O controls the operation of the H1S status bit. The PACR is
always readable and writable.

All bits are cleared to zero when the RESET pin is asserted. When the port A submode field is rele-
vant in a mode/submode definition, it must not be altered unless the H12 enable bit in the port
general control register is clear (see Table 1-3 located on foldout pages 1 and 2 at the end of this
document). Altering these bits will give unpredictable results.

3.2 PORT B CONTROL REGISTER
Port B Control Register {PBCR)

7 6 5 4 3 2 1 ¢
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-
guest (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
general contral register is clear (see Table 1-3 located on foldout pages 1 and 2 at the end of this
document).

3.3 MODE 0 — UNIDIRECTIONAL 8-BIT MODE

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

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

Submode 01 — Pin-Definahle Double-Buffered Output or Non-Latched Input

Submode 1X — Bit 1/0 (Pin-Definabie Single-Buffered Output or Non-Latched Input)

Handshake pins H1 and H2 are associated with port A and configured by programming the port A
control register. {The H12 enable bit of the port general control register enables port A transfers.)
Handshake pins H3 and H4 are associated with port B and configured by programming the port B
control register. {The H34 enable bit of the port general control register enables port B transfers.)
The port A and B data direction registers operate in all three submodes. Along with the submode,
they affect the data read and write at the associated data register according to Table 3-1. They also
enable the output buffer associated with each port pin. The DMAREQ pin may be associated with
either (not both) port A or port B, but does not function if the bit I/O submode {submode 1X) is pro-
grammed for the chosen port.

Table 3-1. Mode 0 Port Data Paths

Read Port A/B Write Port A/B
Mode Data Register Data Register
DOR=0 DDR =1 DDR=X
0 Submode 00 FIL, D.B. FOL Note 3 FOL, S.B Note 1
0 Submede 01 Pin FOL Note 3 ICL/FOL, D.B. Note 2
0 Submode 1X Pin FOL Note 3 FOL, S.8. Note 1
Abbreviations.
QL — Initiat Quiput Latch S B. — Single Butffered
FOL — Final Output Latch 0.B. — Double Buffered
FIL — Finaf Input Latch DDR — Data Direction Hegister

Note 1 Data s latched in the output data registers (final output latch! and will be
single buftered at the pinif the DDR is 1. The output butfers will be turned
otf if the DCR s O

Note 2- Datas latched in the double-buffered output data registers. The data in the
final output latch wib appear an the port pin it the DDR s a 1

Mote 3. The output drivers that connect the final output latch te the pins are turned
on

3.3.1 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 ptaced in the initial or final input latch. H1{H3} is edge
sensitive and may assume any duty cycle as long as both high and Jlow minimum times are
observed. The P!/ 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:

3-2
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. 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 H25{H4S) status bitis set. itis 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 clear.

. H2{H4) may be a general-purpose output pin that is aiways negated. In this case the HZ25(H4S)

status bit is always clear.

. H2{H4) may be a general-purpose output pin that is always asserted. In this case the H25(H4S)

status bit is always clear.

. H2{H4} may be an output pin in the interlocked input handshake protocol. It is asserted when

the port input latches are ready to accept new data. It is negated asynchronously following the
asserted edge of the H1(H3) input. As soon as the input latches become ready, H2{H4) is again
asserted. When the input double-buffered latches are fulf, H2{H4} remains negated until data is
removed. Thus, anytime the H2(H4) output is asserted, new input data may be entered by
asserting H1{H3). At other times, transitions on H1(H3} are ignored. The H25(H4S) status bit
is always ctear. When H12 enable (H34 enable} in the port general control register is clear,
H2(H4) is held negated.

. H2{H4) may be an output pin in the pulsed input handshake protocol. 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 generated. But in the case of a subseguent H1(H3}
asserted edge occurring before termination of the pulse, H2(H4} is negated asynchronously.
Thus, anytime after the leading edge of the H2(H4) pulse, new data may be entered in the
double-buffered input latches. The H2S(H4S) status bit is always clear. When H12 enable (H34
enable) is clear, H2(H4) is held negated.

For pins used as outputs, the data path consists of a single latch driving the output buffer. Data
written to the port's data register does not affect the operation of any handshake pin or status bit.
Output pins may be used independently of the input transfers. However, read bus cycles to the data
register do remove data from the port. Therefore, care should be taken to avoid processor instruc-
tions that perform unwanted read cycles.

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

PACR
76 Port A Submode
00 Submode 00

PACR

6543 H2Z Control

s a O

Input pin — edge-sensitive status input, H25 is set on an asserted edge.
QOutput pin — negated, H2ZS is always clear.

Qutput pin — asserted, H2S is always clear.

Qutput pin — interlocked input handshake protocol, H2S is always clear.
Qutput pin — pulsed input handshake protocol, H2S is always clear.

- 200X
-0 =0C x

PACR

2 H2 interrupt Enable

0] The H2 interrupt is disabled.
1 The H2 interrupt is enabled.
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Programmable Options Mode 0 — Port A Submode 00
and Port B Submode 00 (Sheet 2 of 2)

1 H1 SVCR Enable
o The H1 interrupt and DMA request are disabled.
1 The H1 interrupt and DMA request are enabled.

0 H1 Status Control
X The H1S status bit is set anytime input data is present in the double-buffered input path.

PBCR

76 Port B Submode

00 Submade 00
PBCR
543 H4 Control
0 X X Input pin — edge-sensitive status input, H4S is set on an asserted edge.
100 Output pin — negated, H4S is always cleared.
101 Output pin — asserted, H4S is always cleared.
110 Output pin — interlocked input handshake protocoi, H4S is always cleared.
11 1 Output pin — pulsed input handshake protocol, H4S is always cleared.
PBCR

2 H4 Interrupt Enable

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

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-buffered input path.

3.3.2 Submode 01 — Pin-Definable Double-Buffered Output or Non-Latched Input

in mode 0, double-buffered output transfers of up to eight bits are available by programming sub-
mode 01 in the desired port's control register. The operation of H2 and H4 may be selected by pro-
gramming the port A and B control registers, respectively. Data, written by the bus master to the
PI/T, is stored in the port's output latches. 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 avaiiable.

The H1S{H3S) status bit may be programmed for two interpretations:
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. Itis 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(H4S5) 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 H25(H4S) status bit
is always clear.

3. H2(H4) may be a general-purpose output pin that is always asserted. The H25(H4S) status bit
is always clear.

4. H2({H4) may be an output pin in the interlocked output handshake protocol. H2{H4} is
asserted two clock cycles after data is transferred to the double-buffered output latches. The
data remains stable at the port pins and H2({H4) remains asserted until the next asserted edge
of the H1{H3) input. At that time, H2{H4) is asynchronously negated. As soon as the next data
is available, it is transferred to the output latches. When H2(H4) is negated, asserted transi-
tions of H1(H3) have no affect on data paths. The H2S{H4S) status bit is always clear. When
H12 enable (H34 enable) is clear, H2({H4) is held negated.

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

For pins used as inputs, data written to the associated data register is double-buffered and passed
to the initial or final output latch, but, the output buffer is disabled.

Programmable Options Mode 0 — Port A Submode o1
and Port B Submode 01 {Sheet 1 of 2)

PACR

76 Port A Submode

01 Submode 01
PACR
543 H2 Control
0 X X Input pin — edge-sensitive status input, H2S is set on an asserted edge.
100 Output pin — negated, H2S is always clear.

101 Output pin — asserted, H2S is always clear.

11 0 Output pin — interlocked input handshake protocol, H2S is always clear.
111 Qutput pin — pulsed input handshake protocol, H2S is always clear.
PACR

2 H2 Interrupt Enable

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

1 H1 SVCRQ Enabie
0 The H1 interrupt and DMA request are disabled.
1 The H1 interrupt and DMA reguest are enabled.
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Programmable Options Mode 0 — Port A Submode 01
and Port B Submode 01 (Sheet 2 of 2)

PACR
0 H1 Status Control
0 The H1S status bit is set when either the port A initial or final cutput 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 cutput latches are empty. It is clear when at
least one latch is full.
PBCR
76 Port B Submode

01 Submode 01

PBCR
543 H4 Control
0 X X Input pin — edge-sensitive status input, H4S is set on an asserted edge.
1 0 0 Output pin — negated, H4S is always cleared.
1 0 1 Output pin — asserted, H4S is always cleared.
110 Output pin — interlocked input handshake protocol, H4S is always cleared.
11 1 Output pin — pulsed input handshake protocol, H4S is always cleared.
PBCR
2 H4 Interrupt Enable

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

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
0 The H3S status bit is set when either the port B initial or final output latch can accept new data. [t
is clear when both latches are full and cannot accept new data.
1 The H3S status bit is one when both of the port B output latches are empty. It is clear when at

least one latch is full.

3.3.3 Submode 1X — Bit 1/0 (Pin-Definable Single-Buffered Output or Non-Latched Input)

In mode O, simple bit I/0 is available by programming submode 1X in the desired port's control
register. This submode is intended for applications in which several independent devices must be
controlled or monitored. Data written to the associated {input/output) register is single buffered. If
the data direction register bit for that pin is a one {output), the output buffer is enabled. If itis a zero
{input), data written is still latched, but is not available at the pin. Data read from the data register is
the 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 bitis set. Itis cleared by either
the RESET pin being asserted, writing a one to the particular status bit in the port status
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register (PSR}, or when the H12 enable {H34 enable) bit of the port general controf register is
clear.
2. H2(H4) may be a general-purpose output pin that is always negated. In this case the H25(H4S)
status bit is always clear.

3. H2{H4) may be a general-purpose output pin that is alway

status bit is always clear.

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

Port A Submode
Submode 1X

H2 Control
nput pin — edge-sensitive status input, H2S is set on an asserted edge.
Qutput pin — negated, H2S is always cleared.
Output pin — asserted, H2S is always cleared.

H2 Interrupt Enable

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

H1 SVCRQ Enable
The H1 interrupt is disabled.
The H1 interrupt is enabled.

H1 Status Control

H1 is an edge-sensitive status input, H1S is set by an asserted edge of H1.

Port B Submode
Submode 1X

H4 Control
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 Interrupt Enable

The H4 interrupt is disabled.
The H4 interrupt is enabled.

H3 SVCRQ Enable
The H3 interrupt is disabled.
The H3 interrupt is enabled.
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Programmable Options Mode 0 — Port A Submode X
and Port B Submode 1X (Sheet 2 of 2)

PBCR
0 H3 Status Control

X H3 is an edge-sensitive 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 submode field
controls the configuration of both ports. The possible submodes are:

Port B Submode X0 — Pin-Definable Double-Buffered Input or Single-Buffered Output

Port B Submode X1 — Pin-Definable Double-Buffered Qutput or Non-Latched Input

Handshake pins H3 and H4, configured by programming the port B control register, are associated
with the 16-bit double-buffered transfer. These 16-bit transters are enabled by setting the H34
enable bit in the port general control register (PGCR). Handshake pins H1 and H2 may be used as
simple status inputs not related to the 16-bit data transfer or H2 may be an output. Enabling of the
H1 and H2 handshake pins is done by setting the H12 enable bit of the port general control register.
The port A and B data direction registers operate in each submode. Along with the submode, they
affect the data read and written at the data register according to Table 3-2. The data direction
register also enabies the output buffer associated with each port pin. The DMAREQ pin may be
associated only with H3.

Table 3-2. Mode 1 Port Data Paths

Read Port A/B ‘Write Port A/B
Maode Register Reagister

DDR=0 DOR=1 DOR=0 DDR=1
i, Port B fIL, D.B. FOL FOL, §.B. FOL, S.8.
Submode X0 Note 3 Note 2 Note 2
1, Por1 8 Pin FOL IOL/FOL, JOL/FOL,

Submode X1 Note 3 D.B., D.B.,

Noe 1 Note 1

Note 1: Data written to Port A goes to a temporary latch. When the Port B data
register i1s later written, Port A data is transterred to ICL/FOL.

Note 2. Data is 'atched in the output data registers (final output iatch) and will be
single buffered at the pin if the DDR is 1. The output buffers will be turned
off if the DDR is 0.

Note 3: The output drivers that connect the final output laich to the pins are turned
on.

Abbreviations:

10L — Initiai Output Latch S.B. — Single Buffered
FOL — Final Quiput Latch D.B. — Double Butfered
FIL — Final Input Laich DDR — Data Direcuon 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 MCB8000 mave 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 interlocked or pulsed handshakes
when the port B data register is accessed fast.

3-8
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3.4.1 Port A Control Register
Port A Control Register {(PACR)

7 B 5 4 3 2 1 0
H2 H1 H1
Port A interrupt{ SYCRQ | Status
Submode H2 Control Enable Enable | Control

The port A control register, in conjunction with the programmed mode and the port B submode,
controls the operation of port A and the handshake pins H1 and H2. The port A control register con-
tains five fields: bits 7 and 6 specify the port A submode; bits 5, 4, and 3 control the operation of the
H2 handshake pin and H2S status bit; bit 2 determines whether an interrupt will be generated when
the HZS status bit goes to one; bit 1 determines whether a service request (interrupt request or
DMA request) will occur; and bit O controls the operation of the H1S status bit. The PACR is always
readable and writable. There is never a consequence to reading the register.

All bits are cleared to zero when the RESET pin is asserted. When the port A submode field is rele-

vant in a mode/submode definition, it must not be altered unless the H12 enable bit in the port

general control register is clear (see Table 1-3 located on foldout pages 1 and 2 at the end of this

document}. Altering these bits may give unpredictable results if the H12 enable bit in the PGCR is
} set.

3.4.2 Port B Control Register
Port B Control Register (PBCR)

7 6 5 4 3 2 1 0
H4 H3 H3
Port B Interrupt|] SYCRQ | Status
Submode H4 Control Enable Enable | Control

The port B controf 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 goes to a one; bit 1 determines
whether a service request (interrupt request or DMA reguest) will occur; and bit Q@ controls the
operation of the H3S status bit. The PBCR is always readable and writable.

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 enabie bit in the port
general control register is clear (see Table 1-3 located on foldout pages 1 and 2 at the end of this
document]. Altering these bits may give unpredictable results if the H12 enable bitin the PGCR is

set.

3.4.3 Submode X0 — Pin-Definable Double-Buffered Input or Single-Buffered Output

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 shouid 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-sensitive status input that is independent of H3 and the transfer of port
data. On the asserted edge of H4, the H4S status bitis 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 HA4S status bit
is aiways clear.

4. H4 may be an output pin in the interlocked input handshake protocol. Itis asserted when the
port input iatches are ready to accept new data. It is negated asynchronously following the
asserted edge of the H3 input. As soon as the input latches become ready, H4 is again
asserted. When the input double-buffered latches are full, H4 remains negated until data is
removed. Thus, anytime the H4 output is asserted, new input data may be entered by assert-
ing 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.

5. H4 may be an output pin in the pulsed input handshake protocol. 1t is asserted exactly as in the
interlocked input protocol above, but never remains asserted longer than four clock cycles.
Typically, a four clock cycle puise 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 H4S status bit is always clear. When H34 enable is clear, H4 is held negated.

For pins used as outputs, the data path consists of a single latch driving the output buffer. Data
written to the port’s data register does not affect the operation of any handshake pin, status bit, or
any other aspect of the PI/T. Thus, output pins may be used independently of the input transfer.

The programmable options of the H2 pin are:

1. H2 may be an edge-sensitive input pin independent of H1 and the transfer of port data. On the
asserted edge of H2, the H2S 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
H172 enable bit of the port general controt register is clear.

2. H2 may be a general-purpose output pin that is always negated. The H2S status bitis always
clear.

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



Programmable Options Mode 1 — Port A Submode XX
and Port B Submode X0

Port A Submode
Submode XX

H2 Control
Input pin — edge-sensitive status input, H2S is set on an asserted edge.
Output pin — negated, H2S is always cleared,
Output pin — asserted, H2S is always clearad.

H2 Interrupt Enable

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

H1 SVCRQ Enable

The H1 interrupt is disabled.
The H1 interrupt is enabled.

H1 Status Control
HT is an edge-sensitive status input. H1S s set by an asserted edge of H1.

Port B Submode
Submode X0

H4 Control
Inptt pin — edge-sensitive status input, H4S is set on an asserted edge.
Output pin — negated, H4S is always cleared.
Output pin — asserted, H45 is always cleared.
Qutput pin — interlockad input handshake protocol.
Output pin - puised input handshake protocal.

H2 Interrupt Enable

The H4 interrupt is disabled.
The H4 interrupt is enabled.

H3 SVCRQ Enable

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

H3 Status Control
The H3S status bit is set anytime input data is present in the double-buffered input path.
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3.4.4 Submode X1 — Pin-Definable Double-Buffered Qutput 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 ail 16 bits are transferred to one of the output latches of ports A
and B. The OMAREQ pin may be used to signal a DMA controlter to transfer another word to the
port output latches. (The MC68450 DMAC can be programmed to perform the exact transfers
needed for compatibility with the PI/T.) H4 may be programmed as:

1.

The

The

H4 may be an edge-sensitive status input that is independent of H3 and the transfer of port
data. On the asserted edge of H4, the H4S status bit is set. |t is cleared by either the RESET pin

being asserted, writing a one to the particular status bit in the port status register (P5R), or

when the H34 enable bit of the port general control register is clear.

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

is always clear.

. H4 may be a general-purpose output pin that is aiways asserted. In this case the H4S status bit

is always ciear.

. H4 may be an output pin in the interlocked output handshake protocol. H4 is asserted two

clock cycles after data is transferred to the double-buffered output latches. The data remains
stable at the port pins and H4 remains asserted until the next asserted edge of the H3 input. At
that time, H4 is asynchronously negated. As soon as the next data is available, it is transferred
to the output latches. When H4 is negated, asserted transitions of H3 have no affect on data
paths. The H4S status bit is always clear. When H34 enable is clear, H4 is held negated.

. H4 may be an output pin in the puised output handshake protocol. It is asserted exactly as in

the interlocked 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 H3 asserted edge
occurs before termination of the puise, H4 is negated asynchronously shortening the pulse.
The H4S status bit is always cleared. When H34 enable is clear, H4 is held negated.

H3S status bit may be programmed for two interpretations:

. The H3S status bit is set when etther the port initial or final output latch can accept new data.

It is clear when both latches are full and cannot accept new data.

. The H3S status bit is set when both of the port output latches are empty. It is clear when at

least one latch is full.

programmable options of the H2Z pin are:

. H2 may be an edge-sensitive input pin independent of H1 and the transfer of port data. On the

asserted edge of H2, the H2S 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 bhit of the port general control register is clear.

H2 may be a general-purpose output pin that is always negated. The H2S status bitis always
clear.

. H2 may be a general-purpose output pin that is always asserted. The H2ZS status bit is always

clear.
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For pins used as inputs, 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 Qutput or Non-Latched Input).

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

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 asserted edge.
1 X 0 Qutput pin — negated, H2S is always cleared.
1 X 1 QOutput pin — asserted, H2S is always cleared.
PACR
2 H2 Interrupt Enable
[t Q The H2 interrupt is disabled.
1 The H2 interrupt is enabled.
PACR
1 H1 SVCRQ Enable
0 The H1 interrupt is disabied.
1 The H1 interrupt is enabled.
PACR
0 H1 Status Control

X H1 is an edge-sensitive status input. H1S is set by an asserted edge of H1.

PBCR
786 Port B Submode
00 Submode X1
PBCR
543 H4 Control
0 X X Input pin — edge-sensitive status input, H4S is set on an asserted edge.
100 Output pin — negated, H4S is always cleared.
101 Output pin — asserted, H4S is always cleared.
110 Output pin — interlocked input handshake protocol.
11 1 Qutput pin — pulsed input handshake protocol.
PBCR
2 H4 Interrupt Enabie
0 The H4 interrupt is disabled.
1 The H4 interrupt 1s enabled.

3-13
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Programmable Options Mode 1 — Port A Submode XX
and Port B Submode X1 {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 enabied.
PBCR
0 H3 Status Control )
0 The H3S status bit is set when either the initial or final output latch of ports A and B can
accept new data. It is clear when both latches are fuil and cannot accept new data.
1 The H3S status bit is set when both the initial and final output latches of ports A and B are empty

The H3S status bit is clear when at least one set of output latches is full.

3.5 MODE 2 — BIDIRECTIONAL 8-BIT MODE

In mode 2, port A is used for bit I/Q with no associated handshake pins. Port B is used for bidirec-
tional 8-bit double-buffered transfers. H1 and H2, enabled by the H12 enable bit in the port general
control register, control output transfers, while H3 and H4, enabled by the port general control
register bit H34 enable, control input transfers. The instantaneous direction of the data is determin-

ed by the H1 handshake pin. The port B data direction register is not used. The port A and port B ‘
submode fields do not affect PI/T operation in mode 2.

3.5.1 Port A Bit I/0 (Pin-Definable Single-Buffered Output or Non-Latched Input)

Mode 2, port A performs simpic bit I/ O with no associated handshake pins. This configuration is in-
tended for applications in which several independent devices must be controlled or monitored. Data
written to the port A data register is single buffered. If the port A data direction register bit for that
pin is set {output), the output bufferis enabled. If it is zero {input), data written is still latched but
not available at the pin. Data read from the data register is either the instantaneous value of the pin
(if data is stable from CS asserted to DTACK asserted, data on these pins will be guaranteed valid in
the data register] or what was written to the data register, depending on the contents of the port A
data direction register. This is summarized in Table 3-3.

Table 3-3. Mode 2 Port A Data Paths

Read Port A Write Port A

Mode Data Register Data Register
DDR=0 DDR=1 DDR=0 DDR=1
2 Pin FOL FOL FOL, .8

Abbreviations.

S.B. - Single Buffered

FOL — Final Quiput Latch
DODR - Data Direction Register

3.5.2 Port B — Double-Buffered Bidirectional Data

The output buffers of port B are controlied 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 controiling the output buffers, H1 is edge-sensitive as in other
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 PI/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 when the
port input latches are ready to accept new data. It is negated asynchronously following the
asserted edge of the H3 input. As soon as the input latches become ready, H4 is again
asserted. When the input double-buffered latches are full, H4 remains negated until data is
removed. Thus, anytime the H4 output is asserted, new input data may be entered by assert-
tng 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.

2. H4 may be an output pin in the pulsed input handshake protocol. It is asserted exactly as in the
interlocked input protocol above, but never remains asserted fonger than four clock cycles.
Typically, a four clock cycie 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 H4S status bit is always clear. When H34 enable is clear, H4 is held negated.

3.5.2.2 DOUBLE-BUFFERED OUTPUT TRANSFERS. Data, written by the bus master to the PI/T,
is stored in the port’s output latch. The peripheral accepts 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 bitis 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 interrupt service routine could check this bit to determine if
it could store another byte; thus filling both latches. When the bus master is finished, it is often
useful to be able to check whether all of the data has been transferred to the peripheral. The H15
status control bit of the port A control register provides this flexibilily, The M18 status bit Is set
when both output latches are empty. The programmable options for HZ are:

1. HZ may be an output pin in the interlocked output handshake protocol. It is asserted when the
port output latches are ready to transfer new data. It is negated asynchronously following the
asserted edge of the H1 input. As soon as the output latches become ready, H2 is again
asserted. When the output double-buffered latches are full, H2 remains asserted until data is
removed. Thus, anytime the H2 output is asserted, new output data may be transferred by
asserting H1. At other times transitions on H1 are ignored. The H2S status bit is always clear.
When H12 enable in the port general control register is clear, H2 is held negated.

2. H2 may be an output pin in the pulsed output handshake protocol. 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 generated. But in 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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76
X X

PBCR
543

X X0
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PBCR

Table 3-4. Mode 2 Port B Data Paths

Mode Read Port B Write Port B
Data Register Data Register
2 FIiL, D.B. IOL/FOL, D.B.

Abbreviations.

ICL — Initial Qutput Latch

FCL - Final Qutput Latch D.B. — Double Buffereg
FIL — Final input Latch

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

Port A Submode
Submode XX

H2 Control
Qutput pin — interlocked output handshake protocol, H2S is always cleared.
Output pin — pulsed output handshake protocol, H2S is always cleared.

H2 Interrupt Enable

The H2 interrupt is disabled.
The HZ2 interrupt is enabled.

H1 SVCRQ Enabie

The H1 interrupt and DMA request are disabled.
The H1 interrupt and DMA reguest are enabted.

H1 Status Control
The H1 status bit is set when either the port B inttial or final output latch can accept new data. It is
clear when both latches are full and cannot accept new data.
The H1S status bit s set when both of the port B output latches are empty. Itis clear when at least

one latch is full.

Port B Submode
Submode XX

H4 Control
Qutput pin — interlocked input handshake protocol, H4S is always cleared.
Output pin — pulsed input handshake protocol, H4S is always cieared.

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 reguest 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-buffered input path.

3.6 MODE 3 — BIDIRECTIONAL 16-BIT MODE

In mode 3, ports A and B are used for hidirectional 16-bit double-buffered transfers. H1 and H2 con-
trot output transfers, while H3 and H4 control input transfers. H1 and M2 are enabled by the H12
enable bit while H3 and H4 are enabled by the H34 enable bit of the port general controf register.
The instantaneous direction of data is determined by the H1 handshake pin, thus, the data direction
registers are not used and have ne affect. The port A and port B submode fields do not affect PI/ T
operation in mode 3. Port A and port B output buffers are controlled by the tevel of H1. When H1 is
negated, the output buffers (ali 16) are enabled and the pins drive the bidirectional port bus.
Generally a peripheral will negate H1 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, disabliing the output buffers. Other than controlling the output buffers, H1 is edge-
sensitive as in other modes. The port A and port B data direction registers are not used.

3.6.1 Double-Buffered Input Transfers

Port A and B input data that meets the port setup and held times is latched on the asserted edge of
H3 and placed in the initial input fatch or the final input latch. H3 is edge-sensitive, and may assume
any duty-cycle as long as both high and low minimurm times are observed. The PI/T contains a port
status register whose H3S status bit is set anytime any input data is present in the double-buffered
latches that has not been read by the bus master. The action of H4 is programmable and can be pro-
grammed as:

1. H4 may be an cutput pin in the intertocked nput handshake protocol. It is asserted when the
port input latches are ready to accept new data. [t is negated asynchronously following the
asserted edge of the H3 input. As soon as the input latches become ready, H4 is again
asserted. When the input double-buffered latches are fuill, H4 remains negated until data is
removed. Thus, anytime the H4 output is asserted, new input data may be entered by assert-
ing H3. At other times transitions on H3 are tgnored. The H4S status bit is always clear. When
H34 enabie in the port general control register is clear, H4 is heid negated.

2. H4 may be an output pin in the pulsed input handshake protocol. It is asserted exactly as in the
interiocked input protocol above, but never remains asserted longer than four clock cycles.
Typically, a four ctock cycle pulse is generated. But in the case that a subseguent 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 1o the port's output latch as
soon as it s 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 inter-
rupt service routine could check this bit to determine if it could store another byte; thus filling both
latches. When the bus master is finished, it is often useful to be able to check whether all of the data
has been transferred to the peripheral. The H1S status control bit of the port A control register pro-
vides this flexibility. The H1S status bit is set when both output latches are empty. The program-
mable optiocns for H2 are:

1. HZ may be an output pin in the interlocked output handshake protocol. It is asserted when the
port output latches are ready to transfer new data. It is negated asynchronously following the
asserted edge of the H1 input. As soon as the output latches become ready, H2 is again
asserted. When the output double-buffered latches are full, H2 remains asserted until data is
removed. Thus, anytime the H2 output is asserted, new output data may be transferred by
asserting H1. At other times transitions on H1 are ignored. The H2S status bit is always clear.
When H12 enable in the port general control register is clear, H2 is held negated.

2. HZ2 may be an output pin in the puised output handshake protocol. It is 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
asserted edge occurs before termination of the pulse, H2 is negated asynchronously shorten-
ing the pulse. The H2S status bit is aiways zero. When H12 enable is zero, H2 is held negated.

Mode 3 can provide convenient high-speed 16-bit transfers. The port A and B data registers are ad-
dressed for compatibility with the MCB8000's move peripheral (MOVEP) instruction and with the
MC68450 DMAC. To take advantage of this, port A should contain the most significant data and
always be read or written by the bus master first. The interfocked and puised handshake protocols,
status bits, and DMAREQ are keyed to the access of port B data register in mode 3. If it is accessed
last, the 16-bit double-buffered transfer proceeds smoothly.

The DMAREQ pin may be associated with either input transfers (H3) or output transfers {H1}, but
not both. Refer to Table 3-6 for a summary of the port A and B data paths in mode 3.

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

Mad Read Port A and B Write Port A and B
ade Data Register Data Register
3 FIL, D.B. IOL/FOL, D B., Note 1

Note 1. Data written 10 Port A goes 10 a temporary latch. When the Port 8 data
register !s (ater written, Port A data 1s transferred 10 IOL/FOL.

Abbreviations

0L — Jniwal Quiput Latch S.B — Single Buffered

FOL — Final Qutput Latch D.B. — Double Buffered

FIL — Final Input Latch
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Programmable Options Mode 3 — Port A Submode XX
and Port B Submode XX

Port A Submode
Submode XX

H2 Control
Output pin — interlocked output handshake protocol, H2S status always cleared.
Output pin — pulsed output handshake protocol, HZS status always cleared.

H2 Interrupt Enable

The HZ2 interrupt is disabled.
The HZ interrupt is enabled.

H1 SVCRQ Enable

The HT interrupt and DMA reguest are disabled.
The H1 interrupt and DMA request are enabled.

H1 Status Control
The H1 status bit is set when either the port B initial or final output latch can accept new data. {tis
clear when both latches are full and cannot accept new data.
The H1S status bit is set when both of the port B output latches are empty. It is clear when at least

one latch is fulk,

Port B Submode
Submode XX

H4 Control
Qutput pin — interlocked input handshake protocol, H4S is always clear.
Qutput pin — pulsed input handshake, H4S is always clear.

H4 Interrupt Enable

The H4 interrupt is disabled.
The R4 interrupt is enabled.

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

H3 Status Control
The H3S status bit is set anytime input data is present in the double-buffered input path.
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SECTION 4
PROGRAMMER’'S MODEL

This section describes the internal accessible register organization as represented in Table 1-3
located on foldout pages 1 and 2 at the end of this document and in Table 4-1. Address space within
the address map is reserved for future expansion.

Table 4-1. PI/T Register Addressing Assignments

Register Affected | Affected
Select Bits by by Read
(. Register 5|4|3] 2] 1| Accessible Reset Cycle

Port General Controt Register (PGCRIYOJO10O|0lO R wW Yes No
Port Service Request Register (PSRRI |OfO| 071 Of 1 R w Yes No
Port A Data Direction Register {PADDRY|O|O|O| 1|0 R w Yes No
Port B Data Direction Register (PBODR) | QOO 1|1 R W Yes No
Port C Data Direction Register (PCDDR) [0 O 1] 010 R W Yes No
Port Interrupt Vector Register (PIVRY[CQ]CQy 1] 011 R W Yes No
Port A Control Register (PACR}[CfOJ11 1] 0 R W Yes No
Port B Control Register IPBCR} [O10] ] 1] R W Yes No
Port A Data Register (PADR) | 0] 110 0] 0 R W No **
Port B Data Register (PBDR) (Ol 13001 R W No * *
Port A Alternate Register (PAARIJOfT1{O[T1]0O R No No
Port B Alternate Register PBAR) JOFT1 O] 1| R No No
Port C Data Register ' {PCORYjOf11|0O]0O R W No No
Port Status Register {PSRYJO|1]1{0(1 R wW* Yes No
Timer Control Regrster (TCRY |1 | OOl Of0C R W Yes No
Timer Interrupt Vector Register (TiVRY |11 Cl o) R W Yes No
Counter Preload Register High (CPRH}Y 1O QL 1] R W No No
Counter Preload Register Middle (CPRM) |1 |C |1} 0[O0 RwW No No
Counter Preload Register Low (CPRLI |1 |0 1F0]1 R W No No
Count Register High (CNTRH) | [O V11 R No No
Count Register Middle {CNTRM) {1 ] T |0O| 0|0 R No No
Count Register Low (CNTRLO {1 (1 ]Oo] O] R No No
Timer Status Register I(TSRY[1{1]0]1]0O 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 8 normal bus cycle. A write to one of these loca-

o tions results in a normal bus cycle, but written data is ignored.
2. Unused bits of a defined register are denoted by "'*"" and are read as zeros; written data is
ignored.



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-bit guantities. To facilitate operation with the MOVEP
instruction and the DMAC, addresses are ordered such that certain sets of registers may aiso
be accessed as words {two bytes) or long words (four bytes).

4.1 PORT GENERAL CONTROL REGISTER {PGCR)
Port General Control Register (PGCR)

7 [¢] 5 4 3 2 1 o]
Port Mode H34 H12 H4 H3 HZ2 H1
Control Enable Enable Sense Sense Sense Sense

The port general control register controls many of the functions that are common to the overall
operation of the ports. The PGCR is composed of three major fields: bits 7 and 6 define the cpera-
tional mode of ports A and B and affect operation of the handshake pins and status bits; bits 5 and 4
allow a software-controlled disabling of particular hardware associated with the handshake pins of
each port; and bits 3-0 define the sense of the handshake pins. The PGCR is always readabie and

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

The port mode control field shouid be altered only when the H12 enable and H34 enable bits are
zero. Except when mode zero is desired (submode 1X), the port general control register should be
written once to establish the mode with the H12 and H34 bits clear. Any other necessary control
registers can then be programmed, after which H12 or H34 is set. In order to enable the respective
operation(s), the port general control register should be written again.

PGCR
76 Port Mode Controt
Q0 Mode 0 (Unidirectional 8-Bit Mode)
01 Mode 1 (Unidirectional 16-Bit Mode)
10 Mode 2 (Bidirectional 8-Bit Mode)
11 Mode 3 (Bidirectional 18-Bit Mode}
PGCR
5 H34 Enable
0 Disabled
i Enagcled
PGCR
4 H12 Enable
0 Disabled
1 Enabled
PGCR
3-0 Handshake Pin Sense
0 The associated pin is at the high-voltage level when negated and at the low-voltage ievel when
asserted.
1 The associated pin is at the low-voltage level when negated and at the high-voltage level when
asserted.

4-2
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4.2 PORT SERVICE REQUEST REGISTER {PSRR)

Fort Service Request Register (PSRRI

7 6 4] 4 3 2 1 0
SVCRQ Operation Port Interrupt
Select Select Priority Control

-

The port service request register controls other functions that are common to the overall operation
to the ports. It is composed of four major fields: bit 7 is unused and is always read as zero; bits 6 and
5 define whether interrupt or DMA requests are generated from activity on the H1 and H3 hand-
shake pins; bits 4 and 3 determine whether two dual-function pins operate as port C or port inter-
rupt request/acknowledge pins; and bits 2, 1, and 0 control the priority among all port interrupt
sources. Since bits 2, 1, and @ affect interrupt operation, it is recommended that they be changed
only when the affected interrupt(s) is (are) disabled or known to remain inactive. The PSRR is
always readable and writable.

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 function; DMA is not used.

PSRR SVCRQ Select

10 The PC4/DMAREQC pin carries the DMAREQ function and is associated with double-buffered
transfers controlled by H1. H1 is removed from the PI/T's interrupt structure, and thus, does not
cause interrupt requests to be generated. To obtain DMAREQ pulses, port A control register bit 1
{H1 SVCRQ enable) must be a one.

11 The PC4/DMAREQ pin carries the DMAREQ function and is associated with double-buffered
transfers controied by H3. H3 is removed from the PI/T's interrupt structure, and thus, does not
cause interrupt requests to be generated. To obtain DMAREQ pulses, port B control register bit 1
(H3 SVCRQ enable) must be one.

PSRR
43 Interrupt Pin Function Select
0 0 The PC5/PIRQ pin carries the PC5 function, no interrupt support.
The PC6/PIACK pin carries the PC6 function, no interrupt support.
01 The PC5/PIRQ pin carries the PIRQ function, supports autovectored interrupts.
The PC6/PIACK pin carries the PCG function, supports autovectored interrupts.
10 The PCH/PIRQ pin carries the PC5 function.
The PCB/PIACK pin carries the PIACK function.
11 The PC5/PIRQ pin carries the PIRQ function, supports vectored interrupts.
The PCB/PIACK pin carries the PIACK function, supports vectored interrupts.

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

Table 4-2. PSRR Port Interrupt Priority Control

210 Highest................... Lawest 210 Highest. . ................. Lowest
000 H1S H2S H3S H4S 100 H3S H4S H1S H28
007 H2S H1S H3S H48 101 H35 H4S H2S H18
010 H18 H2S H4S H3S 110 H4S H35 H15 H25
011 H2S H1S H45S H3S 111 H4S H3S H28 H1S

4-3



4.3 PORT DATA DIRECTION REGISTERS
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 of
the port A pins. One bit in the PADDR is assigned to each pin. A zero indicates that the pin is used
as a input, while a one indicates it is used as an output. The PADDR is always readable and
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 is identical to the PADDR for the port B pins and the port B data register, except that
this register is ignored in modes 2 and 3.

4.3.3 Port C Data Direction Register (PCDDR)

The port C data direction register specifies whether each duai-function pin that is chosen for port C
Operation is an input (zero} or an output (one) pin. The PCDDR, along with bits that determine the
respective pin’s function, also specify the exact hardware to be accessed at the port C data register
address (see 4.6.3 Port C Data Register {PCDR} for more details}. The PCDDR is an 8-bit register
that is readable and writable at all times. Its operation is independent of the chosen PI/T mode.

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

4.4 PORT INTERRUPT VECTOR REGISTER (PiVR)

Port Interrupt Vector Register (PIVR)
7 6 5 4 3 2 1 0

!_ Interrupt Vector Number I . I » _l

The port interrupt vector register contains the upper order six bits of the four port interrupt vectors.
The contents of this register may be read two ways: by an ordinary read cycle, or by a port interrupt
acknowfedge bus cycle. The exact data read depends on how the cycle was initiated and other fac-
tors. Behavior during a port interrupt acknowledge cycle is summarized in Table 2-1.

From a normal read cycle, there is never a consequence to reading this register. Foliowing negation
of the RESET pin, but prior to writing to the PIVR, a $0F wiil be read. After writing to the register,
the upper six bits may be read and the lower two bits are forced to zero. No prioritization computa-
tion is performed.

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.

4-4



10/25/97 20:10

From Motorola Mfax FPh: 602-244-6591 Fax: 602-244-6693 To Stefan Gudjohnsen

4.6 PCRT DATA REGISTERS
The following paragraphs describe the port data registers.

46.1 Port A Data Register (PADR])

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

This register is readable and writable at all times. Depending on the chosen mode/submode,
reading or writing may affect the double-buffered handshake mechanism. The port A data register
is not affected by the assertion of the RESET pin. :

4.6.2 Port B Data Register (PBDR)

The port B data register is a holding register for moving data to and from port B pins. The port B
data direction register determines whether each pin is an input (zero) or an output {one}, and is used
in configuring the actual data paths. The data paths are described in SECTION 3 PORT MODES.

This register is readabie and writable at all times. Depending on the chosen mode/submode,
reading or writing may affect the double-buffered handshake mechanism. The port B data register
is not affected by the assertion of the RESET pin.

4.6.3 Port C Data Register (PCDR)

The port C data register is a holding register for moving data to and from each of the eight port
C/alternate-function pins. The exact hardware accessed is determined by the type of bus cycle
{read or write) and individual conditions affecting each pin. These conditions are: 1) whether the pin
is used for the port C or alternate function, and 2} whether the port C data direction register in-
dicates the input or output direction. The port C data register is single buffered for output pins and
non-latched for input pins. These conditions are summarized in Table 4-3.

Table 4-32. PCDR Hardware Accesses

Port C Function Ahernate Function
Operation PCDDR=0[ PCDCOR=1| PCDDR=0| PCDDR=1
Read Port C Data Register Pin Cutput Pin Output
Register Register
Write Port C Data Register Cutput Output Qutput Output
Register, Register, Register Register
Buffer Buffer
Disabied Enabled

Note that two additional useful benefits resuit from this structure. First, it is 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 controlted 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 asserticn of the RESET pin.

4-5
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4.7 PORT ALTERNATE REGISTERS
The following paragraphs 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 read-only ad-
dress and no other PI/T condition is affected. In all modes, the instantaneous pin level is read and
no input latching is perfarmed except at the data bus interface. Writes to this address are answered
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 port B pins. It is a read-only ad-
dress and no other PI/T condition is affected. In all modes, the instantaneous pin level is read and
no input latching is performed except at the data bus interface. Writes to this address are answered
with DTACK, but the data is ignored.

4.8 PORT STATUS REGISTER (PSR)

Port Status Register (PSR)

7 6 5 4 3 2 1 0
[H4 Levei| H3 Level [H2 Levei[ H1 Level] Has | H3s [ H2s | HIS |

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
this document. Their interpretation depends on the programmed mode/submode of the PI/T. For
bits 3-0 a one is the active or asserted state.

4.9 TIMER CONTROL REGISTER (TCR}
Timer Control Register (TCR)

7 & 5 4 3 2 1 0
TOUT/TIACK Z. D. * Clock Timer
Control Control Control Enable

The timer control register (TCR) determines all operations of the timer. Bits 7-5 configure the
PC3/TOUT and PC7/TIACK pins for port C, square wave, vectored interrupt, or autovectored inter-
rupt operation; bit4 specifies whether the counter receives data from the counter preload register or
continues counting when zero detect is reached; bit 3 is unused and is read as zero; bits 2 and 1
configure the path from the CLK and TIN pins to the counter controller; and bit O enables the timer.
This register is readable and writable at all times. All bits are cleared to zero when the RESET pin is
asserted.

R

5 TOUT/TIACK Control

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

X The dual-function pin PC3/TOUT carries the TOUT function. In the run state it is used as a
square-wave output and s toggled on zero detect. The TQUT pin is high while in the halt state.
The dual-function pin PC7/TIACK carries the PC7 function,

QO g
—
- om0
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The dual-function pin PC3/ TOUT carries the TOUT function. In the run or halt state itis 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 TIACK 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 Cycies for details.

The duat-function pin PC3/TOUT carries the TOUT function and is used as a timer interrupt re-
guest output. The timer interrupt is enabled; thus, the pin is low when the timer ZDS status bit is
one. The dual-function pin PC7/TIACK carries the TTACK function and is used as a timer interrupt
acknowledge input. Refer to the 5.1.3 Timer Interrupt Acknowledge Cycles for details. This com-
bination supports vectored timer interrupts.

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 PC7 function.

The dual-function pin PC3/TOUT carries the TOUT function and is used as a timer interrupt re-
guest output. The timer interrupt is enabled; thus, the pin is low when the timer ZDS status bit is
one. The dual-function pin PC7/TIACK carries the PC7 function and autovectored interrupts are
supported.

Zero Detect Control
The counter is loaded from the counter preload register on the first clock to the 24-bit counter
after zero detect, then resumes counting.
The counter rolls over on zero detect, then continues counting.

Unused and is always read as zero.

Clock Control
The PC2/TIN input pin carries the port C function, and the CLK pin and prescaler are used. The
prescaler is decremented on the falling transition of the CLK pin; the 24-bit counter is
decremented, rolls over, or is ioaded from the counter preload registers when the prescaler rolls
over from $00 to $1F. The timer enable bit determines whether the timer is in the run or halt state.
The PC2/TIN pin serves as a timer input, and the CLK pin and prescaler are used. The prescaler is
decremented on the falling transition of the CLK pin; the 24-bit counter is decremented, rolls over,
or is loaded from the counter preload registers when the prescaler rolls over from $00 to $1F. The
timer is in the run state when the timer enable bit is one and the TIN pin is high; otherwise, the
timer is in the halt state.
The PC2/TIN pin serves as a timer input and the prescaler is used. The prescaler is decremented
following the rising transition of the TIN pin after being synchronized with the internal clock. The
24-bit counter is decremented, rolls over, or is loaded from the counter preload registers when the
prescaler rolls over from $00 to $1F. The timer enable bit determines whether the timer is in the run
or hait state.
The PC2/TIN pin serves as a timer input and the prescaler is not used. The 24-bit counter is
decremented, rolls over, or is [oaded 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
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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
(TTACK). When the RESET pin is asserted the value of $0F is loaded into the register. Refer to 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 5] 5 4 3 2 1 0
Bit 23 Bit 22 Bit 21 Bit 20 Bit 19 Bit 18 Bit 17 Bit 16 | CPRH
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8 CPRM
Bit 7 Bit & Bit & Bit 4 Bit 3 Bit 2 Bit 1 Bit O CPRL

The counter preload registers are a group of three 8-bit registers used for storing data to be transfer-
red to the counter. Each of the registers is individually addressable, or the group may be accessed
with the MOVEP.L or the MOVEP.W instructions. The address $12 (one less than the address of
CPRH) is the null register and is reserved so that zeros are read in the upper eight bits of the destina-
tion data register when a MOVEP.L is used. Data written to this address is ignored.

These registers are readable and writable at all times. A read cycle proceeds independently of any
transfer to the counter, which may be occurring simuftaneousty. To insure proper operation of the
PI/T timer, a value of 3000000 may not be stored in the counter preload registers for use with the
counter. The RESET pin does not affect the contents of these registers.

4.12 COUNT REGISTER H, M, L (CNTRH-L}
Count Register H, M, L (CNTRH-L)

7 6 5 4 3 2 1 0
Bit 23 Bit 22 Bit 21 Bit 2C Bit 19 Bit 18 Bit 17 Bit 16 | CNTRH
Bit 15 Bit 14 Bit 13 Bit 12 Bit 1 Bit 10 Bit g Bit 8 CNTRM
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 CNTRL

The count registers are a group of three 8-bit addresses at which the counter can be read. The con-
tents of the counter are not latched during a read bus cycle; thus, the data read at these addresses
is not guaranteed if the timer is in the run state. Write operations to these addresses result in a nor-
mal bus cycle but the data is ignored.

Each of the registers is individually addressable, or the group may be accessed with the MOVEP.L
or the MOVEP W instructions. The address, one less than the address CNTRH, is the null register
and is reserved so that zeros are read in the upper eight bits of the destination data register when &
MOVEP.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 C

- r-rt-1T-7T-1T-7"+]=]




The timer status register contains one bit from which the zero detect status can be determined. The
ZDS status bit (bit O) 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 reset opera-
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 possibie 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 this document, shows the values that re-
main or are changed after a reset. Note that interrupt vector registers are initialized to $0OF. For the
port interrupt vector register, the only time that bits O and 1 are set is after reset.
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SECTION 5
TIMER OPERATION AND APPLICATIONS SUMMARY

This section describes the programmable options available, capabilities, and restrictions that apply
to the timer. Programming of the timer control register is outlined with several examples given.

5.1 TIMER OPERATION

The MC68230 timer can provide several facilities needed by M68000 operating systems. |t can
generate periodic interrupts, a square wave, or a single interrupt after a programmed time period.
Also, it can be used for elapsed time measurement or as a device watchdog.

The PI/T timer contains a 24-bit synchronous down counter that is loaded from three 8-bit counter
preload registers. The 24-bit counter may be clocked by the output of a B-bit (divide-by-32)
prescaler or by an external timer input (TIN). If the 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 is when the counter of the 24-bit timer is equal 1o zero.)
This sets the zero detect status (ZDS) bit in the timer status register. It may be checked by the pro-
cessor or may be used to generate a timer interrupt. The ZDS bit can be reset by writing a one to the
timer status register in that bit position independent of timer operation.

The general operation of the timer is flexible and easily programmable. The timer is fully configured
and controlted by programming the 8-bit timer control register (refer to 4.9 TIMER CONTROL
REGISTER (TCR) for additional information). !t controls: 1) the choice between the port C opera-
tion and the timer operation of three timer pins, 2) whether the counter is loaded from the counter
preload register or rolls over when zero detect is reached, 3) the clock input, 4} whether the
prescaler is used, and B) whether the timer is enabled.

5.1.1 Run/Halt Definition
The overall operation of the timer is described in terms of the run or halt states. The control of the
current state is determined by programming the timer control register. When in the halt state, all of
the following occur:
1. The prior content of the counter is not aitered and is reliably readable via the count registers.
2. The prescaler is forced to $1F whether or not it is used.
3. The 7ZDS 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.

5-1
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B5.1.2 Timer Rules

The following is a set of rules that allow easy application of the timer.

1. Refer to 5.1.1 Run/Hait Definition.

2. When the RESET pin is asserted, all bits of the timer controf 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 RESET pin.

4. The count registers provide a direct read data path from each portion of the 24-bit counter, but
data written to their addresses is ignored. {This resuits in a normal bus cycle.) These registers
are readable at any time, but their contents are never latched. Unreliable data may be read
when the timer is in the run state.

5. The counter preload registers are readable and writable at any time and this occurs in-
dependently of any timer operation. No protection mechanisms are provided against ill-timed
writes.

6. The input frequency to the 24-bit counter from the TIN pin or prescaler output must be
between zero and the input frequency at the CLK pin divided by eight, regardless of the con-
figuration chosen.

7. For configurations in which the prescaler is used (with the CLK pin or TIN pin as an input,
the conterits of the counter preload register (CPR) is transferred to the counter the first ime ‘
that the prescaler passes from $00 to $1F {rolls over) after entering the run state. Thereafter,
the counter decrements, rolls over, or is loaded from the counter preload register each time the
prescaler rolls over.

8. For configurations in which the prescaler is 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 subseguent asserted edges the counter decrements, rolls over, or is loaded
from the counter preload registers.

9. The smallest value allowed in the counter preload register for use with the counter is $000001.

5.1.3 Timer Interrupt Acknowiedge Cycles

Several conditions may be present when the timer interrupt acknowiedge pin {TIACK) is asserted.
These conditions affect the PI/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 Assertad 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 Tirmer
Control Contro! Control Enable
1 X 1 Q 0 00 or 1X Changed

In this configuration the timer generates a_periodic interrupt. The TOUT pin is connected to the
system’s interrupt request circuitry and the TTACK pin may be used as an interrupt acknowledge in-
put to the timer. The TIN pin may be used as a clock input.

The processor loads the counter preload registers {CPR) and timer control register (TCR), and then
enables the timer. When the 24-bit counter passes from $000001 to 3000000, the ZDS status bit is
set and the TOUT f{interrupt request) pin is asserted. At the next clock to the 24-bit counter, it is
again loaded with the contents of the CPRs and thereafter decrements. In normal operation, the
processor must direct clear the status bit to negate the interrupt request (see Figure 5-1).

Last.
e Run

Timer
Enable __ |

SFFFFFF —

24-But

Z0S

rouT \_[ \__[ \_
TR T

* Analog representation of counter value.
g

Figure 5-1. Periodic Interrupt Generator Exampte

5.2.2 Square Wave Generator
Square Wave Generator

7 6 5 4 3 2 1 0
TOUT/TIACK Z. D. . Clock Timer
Control Control Control Enable
0 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 register, and then enables the
timer. When the 24-bit counter passes from $000001 to $000000 the ZDS status bit is set and the
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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 possibie for the processor to sync
itself with the square wave by clearing the ZDS status bit, then poliing 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 in the

square wave configuration, a pullup resistor may be required to keep a known level prior to pro-
gramming. Prior to enabling the timer, TOUT is high (see Figure 5-2).

[ Run

Timer
Enable

$FFFFFF =

24-Bi
Counter* W
$000000 -—

TOUT \ ’ \

j———— Square Wave ——_—

* Analog representation of counter value.

Figure 5-2. Square Wave Generator Example

5.2.3 Interrupt After Timeout
Interrupt After Timeout

7 & 5 4 3 2 1 Q
TOUT/TIACK Z.D. R Clock Timer
Control Control Control Enable
1 X 1 1 0 00 or 1X Changed

In this configuration the timer generates an interrupt after a programmed time period has expired.
The TOUT pin is connected to the system'’s interrupt request circuitry and the TIACK pin may be an
interrupt acknowledge input to the timer. The TIN pin may be used as a clock input.

This configuration is similar to the periodic interrupt generator except that the zero detect control
bit is set. This forces the counter to roll over after zero detect is reached, rather than reloading from
the CPRs. When the processor takes the interrupt it can halt the timer, read the counter and
calculate the time from the interrupt request to entering the service routine. Accurate knowledge of
the interrupt latency may be useful in some applications (see Figure 5-3).
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* Analog representation of counter value.

i

Figure 5-3. Single Interrupt After Timeout Example

Elapsed time measurement takes several forms; two forms are described in the following

paragraphs.

5.2.4.1 SYSTEM CLOCK EXAMPLE. This configuration allows time interval measurement by soft-
ware. The TiN pin may be used as an external timer enable if desired.

5.2.4 Elapsed Time Measurement Examples

System Clock Exampie

7 6 5 4 3 2 1 0
TOUT/TIACK Z.D. Clock Tirmer
Control Centrol * Control Enable
0 8 X i 0 0 0 Changed

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

externally.

For applications in which the interval may exceed the programmed time interval, zero detection can
be counted by polling the status register or through interrupts to simulate additional timer bits. Note
that the ZDS bit is latched and shouid be cleared after each detection of zero. At the end, the timer

can be halted and read (see Figure 5-4).
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SEFFFFF —pemm— — — — = — — — — — — —_——

Elapsed
24-Bn Time

Countar®

$000000 —

* Analog representation of counter value.

Figure 5-4. Elapsed Time Measurement Exampie

5.2.4.2 EXTERNAL CLOCK. This configuration allows measurement {counting) of the number of
input pulses occurring in an interval in which the counter is enabled. The TIN input pin provides the
input pulses. Generally the TOUT and TIACK pins are not used.

External Clock

7 5 5 4 3 2 1 0
TOUT/TIACK Z.D. . Clock Timer
Contro! Control Control Enable
0 o . X 1 0 1 X Changed

This configuration is similar to the elapsed time measurement/system clock configuration except
that the TIN pin is used to provide the input frequency. It can be connected to a simple oscillator
and the same methods could be used. Alternately, it could be gated off and on externally and the
number of cycles occurring while in the run state can be counted. However, minimum pulse width
high and low specifications must be met.

5.2.5 Device Watchdog
Device Watchdog Example

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

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

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.)

m
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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).

Timer
Enable

jeRuna|  |e———Run——m] f—

w__ Y S
$SFFFFFF
24-Bit H

Counter* \_l\

$000000
ZDS

TOUT \ ’

* Analog representation of counter value.

Figure 5-5. Device Watchdog Example
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SECTION 6

ELECTRICAL SPECIFICATIONS

This section contains electrical specifications and associated timing information for the MC68230.

6.1 MAXIMUM RATINGS

Characteristics Symbol Value Unit
Supply Voltage veeo -031t0 +7.0 A
Input Voltage Vi _031t0 +70 Y
Operating Temperature Range Ta 01070 °C
Storage Temperature Tsig -8510 +150 | °C
6.2 THERMAL CHARACTERISTICS
Characteristics Symbeoi Value Rating
Thermai Resistance
Ceramic 8a 50 °CIW
Plastic TBD

6.3 POWER CONSIDERATIONS

This device contains circuitry to protect the
inputs against damage due 0 high static
voltages or electnc fields; however, it is ad-
vised that normal precuations be taken to
avoid application of any voltage higher than
maximum-rated veoltages to this  high-
impedance circuit. Rehability of operation is
enhanced if urused inputs are tied to an ap-
propriate logic voltage level le.g., either Vgg
or Vech

The average chip-junction temperature, T3, in °C can be obtained from:

Ty=Ta+(PD*yA)
Where:

Ta=Ambient Temperature, °C
6 A =Package Thermal Resistance, Junction-to-Ambient, °C/W

PD=PINT+PI/O
PINT=IlCcCx Ve, Watts — Chip Internal Power

(n

Pi/0 = Power Dissipation on Input and Output Pins — User Determined
For most apptlications Py <P|NT and can be neglected.

An approximate relationship between Pp and T (if P/ is neglected) is:

PDo=K~+I(Ty+273°C)

Solving equations 1 and 2 for K gives:

K=Ppe®(TA+ 273°C} + 8 3A°PD2
Where K is a constant pertaining to the particular part. K can be determined from equation 3 by
measunng PD (at equilibrium} for a known T A, Using this value of K the values of PD and T J can be
obtained by solving equations (1} and (2) iteratively for any value of Ta.

6-1

{2)

(3}



10/25/97 20:18 From Motorela Mfax Ph: 602-244-6591 Fax: 602-244-6693

To Stetan Gudjohnsen

0416

6.4 DC ELECTRICAL CHARACTERISTICS (VcCc=5.0 Vdc +5%, TA=0 to 70°C,

unltess otherwise noted)

Characteristics Symbaol Min Max Unit
Input High Voltage All Inputs ViH Vgs+2.0 vee v
Input Low Voltage All inputs Vie Vg5-03 | vg5+08 \'
Input Leakage Current [V, =010 5.26 V) H1, H3, R/W RESET, CLK, RS1-RS5, (5 lin - 10.0 uh
Hi-Z {Off Statel Input Current (Vjn=0.4 t0 2.4) DTACK, PCO-PC?, DO-D7 | - 20 Py
H2, H4, PAD:PA7, PBO-PB7 | TS -0.1 -1.0 mA
Qutput High Voltage
= — = K -
Htggg’: -?ggﬁ', \C%:C e H2, Ha, PsoiTsﬁ,cpAgggg VOH | Vss+2.4 - v
I pag= -~ 100 pA, VCC=min) PCO-PC7
Output Low Voltage _
::Loadfs-s A, ""CCfm”") PC3/TOUT, PCS/PIRC VoL _ 05 v
Load=3.3mA, Ve =min) D0-D7, DTATK
L pad=2.4mA, Vcc=min) PAD-PA7, PBO-FB7, H2, H4, PCO-PC2, PC4, PCB, PC7
internai Power Dissipaton (Measured at Ta =0°C) PINT - 750 mw
Input Capacitance (Vin =0, Ta=25°C, =1 MH2 Cin - 16 pF
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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 Linit
Frequency of Operation f 2-0 8.0 2.0 10.0 4.0 12.0 MHz
Cycle Time toye 125 500 100 500 80 250 ns
Clock Pulse Width 1cL 55 250 45 250 35 125 ns
tCH 55 250 45 250 35 125
Clock Rise and Fall Times tCr - 10 - 10 - 5 ns
tCf - 10 - 10 - 5
- ‘cyc -
be——— 1CL ———gt ICH—]
20V \
P 08v 4/ - b | S
\. WCr—m»]  ja——— —  — (¢

Figure 6-1. Clock tnput Timing Diagram
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6.6 AC ELECTRICAL SPECIFICATIONS (Vcc=5.0 Vdc £5%, Vss=0 Vdc, 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 A/W, RS1-RS5 Valid to CS Low (Setup Timel 0 — 0 — 0 - ns
21100 | CS Low to R/W and RS1-RS5 Invalid (Hold Timey 100 — 65 — 60 — ns
3{1) | C5 Low to CLK Low (Setwp Time) 30 — 20 - 20 — ns
412} CS Low to Data Qut Valid - 75 — 60 - 55 ns
5 RS1-RS5 Vahd to Data Cut Valid - 140 — 100 - 80 ns
6 CLK Low to DTACK Low (Read/Write Cyclel 0 70 0 60 0 55 ns
7(31 | DTACK Low to CS High (Hold Time? 0 - 0 - 0 - ns
8 CS or PIACK or TIACK High to Data Out Invalid Q — 0 — 0 — ns
{Hold Time)
9 TS or PIACK or TIACK High to DO-D7 - - 45 — 45 ns
High Impedance
10 | ©5 or PTACK or TIACK High to DTACK High - 50 — 45 - 40 ns
" TS or PIACK or TIACK High to DTACK - 100 — 55 - 45 ns
High Impedance
12 Data In Valid 1o TS Low (Setup Timel 0 - e} — o} — ns
13 5 Low ta Data In Invalid {Hold Time! 100 - 65 - 60 - ns
14 Part Input Data Valid to H1(H3) Asserted 100 - 60 - 50 - ns
{Setup Time!
15 H1{H3! Asserted to Port Input Data invaiid 20 - 20 — 20 - ns
(Hold Timel
16 Handshake Input H11H4) Pulse Width Asserted 40 — 40 — 40 — ns
17 Handshake Input H1l{H4) Pulse Width Negated 40 - 40 — 40 — ns
18 H1(H3) Asserted to H2(H4} Negated (Delay Timel 160 - 120 - 100 ns
19 CLK Low to H2iH4) Asserted (Delay Time) 100 — 100 — 80 ns
2004 HZ2iH4) Asserted to H1(H3) Asserted O - 0 - 0 = ns
2115} CLK Low to H2(H4) Pulse Negated {Delay Time} - 125 — 125 - 100 ns
2219.111 | Synchronized H1{H3} to CLK Low on which 2.5 35 2.5 3.5 2.5 35 CLK Per,
DMAREQ is Asserted
23 CLK Low on which DMAREQ is Asserted to CLK | 25 3 25 3 2.5 3 CLK Per.
Low on which DMAREQ is Negated
24 CLK Low to Port Qutput Data Valid (Detay Time! - 190 — 120 - 100 ns
{Modes O and 1)
26(9,11) | Synchronized H11H3) to Port Output Data Invalid 1.5 2.5 15 2.5 15 25 CLK Per
tModes O and 1}
26 H1 Negated to Port Output Data Vaid - 70 - - Bo - 50 ns
{Maodes 2 and 3)
27 H1 Asserted to Port Output Data High Impedance; 4 70 0 70 0 70 ns
(Modes 2 and 3)
28 Read Data vahd to DTACK Low {Setup Time) o] - 0 - 0 - ns
29 CLK Low 1o Dara Output Vahd, Interrupt - 120 - 100 - 80 ns
Acknowledge Cycle
30{7} H1{H3} Asserted to CLK High (Setup Time!} 50 — 40 — 40 - ns
31 BIACK or TIACK Low to CLK Low (Setup Time} 50 - 40 — 30 - ns
32(11) | Synchromized CS to CLK Low on which 3 3 3 e! a 3 CLK Per.
DMAREQ is Asserted
33(8,11 { Synchronized H1(H3} to CLK Low on which 3.5 4.5 35 4.5 3.5 4.5 CLK Per,
HZ{H4} is Asserted
34 CLK Low to ODTACK Low Interrupt Acknowledge - 100 - 100 - 80 ns
Cycle (Delay Time)

5 CLK Low to OMAREQ Low (Delay Time) 0 120 ] 100 0 80 ns
36 CLK Low to DMAREQ High (Delay Time) 0 120 0 100 0 80 ns
37011 Sv_n_c_h_r_onlzed H11H3) to CLK Low on which 3 3 3 3 3 3 CLK Per.

PIRQ 15 Asserted
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6.6 AC ELECTRICAL SPECIFICATIONS {(Continued}

8 MHz 10 MHz 12.5 MHz
Number Characteristic Min Max Min Max Min Max Unit
38(11) | Synchronized TS to CLK Low on which PIRQ 3 a 3 3 3 3 CLK Per.
is High impedance
39 CLK Low to PIRQ Low or High Impedance 0 250 0 225 ¢ 200 ns
40(8) | TIN Frequency {External Clock) — Prescaler Used G 1 0 1 ¢ 1 folk {Hz)
{6}
41 TIN Frequency (External Clock) — Prescaler 0] 1/8 0 /8 Q 1/8 folk (Hz)
Not Used 6)
42 TiN Pulse Width High or Low (External Clock) 55 - 45 — 45 — ns
43 TIN Puise Width Low (Run/Halt Control} 1 — i - 1 = CLK Per.
44 CLK Low to TOUT High, Low, or High Impedanc: 0 250 0 225 . 0 200 ns
a5 C5, PIACK, or TIACK High to CS, PIACK, or 50 - 30 - 30 - ns
TIACK Low

NOTES:

1.

This specification only applies if the PI/T had completed all operations initiated by the previous bus cycle when TS was asserted.
Following a normal read or write bus cycte, all operations are complete within three clocks after the falling edge of the CLK pin on
which DTACK was asserted. If CS is asserted prior to completion of these operations, the new bus cycle, and hence, DTACK is
postponed.

If all operations of the previous bus ¢cycle were complete when TS was asserted, this specification is made only to insure that
DTACK is asserted with respect tg the falling edge of the CLK pin as shown in the timing diagram, not to guarantee operation of
the part. If the CS setup time is violated, DTACK may be asserted as shown, or may be asserted one clock cycle later.

. Assuming the RS1-RS5 to data valid trme has also expired.
. This specification imposes a lower bound on TS low time, guaranteeing that CS will be low for at teast 1 CLK period.
. Thrs specification assures recognition of the asserted edge of H1(H3).

. This specification applies only when a puised handshake option is chosen and the pulse is not shortened due to an early asserted

edge of H1(H3}

. CLK refers to the actual frequency of the CLK pin, not the maximum allowahle CLK frequency.
. If the setup time on the rising edge of the clock is not met, H1(H3) may not be recognized untii the next rising of the clock.

. This limit applies to the frequency of the signal at TIN compared to the frequency of the CLK signal during each clock cycle. If any

period of the waveform at TIN is smaller than the period of the CLK signal at that instant, then it is likely that the timer circuit will
completely ignore one cycle of the TIN signat.

If these two signals are derived from different sources they will have different instantaneous frequency variations. |n this case the
frequency apptied to the TIN pin must be distinctly less than the frequency at the CLK pin to avoid lost cycles of the TIN signal.
With signals derived from different crystal oscillators applied to the TIN and CLK pins with fast rise and fall times, the TIN fre-
quency can approach 80 to 90% of the frequency of the CLK signal without a loss of a cycle of the TIN signal

If these two 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 generateg 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.

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

. See 1.4 BUS INTERFACE OPERATION for exception.

. Synchronized means that the input signal has been seer by the PI/T on the appropriate edge of the clock {rising edge for H1{H3)

and falling edge for CS}. (Refer to the 1.4 BUS INTERFACE OPERATION for the exception concerning CG.)

Timing diagrams (Figures 6-2, 8-3, 6-4, 6-5, and 6-6)
are located on foldout pages 3, 4, b, and 6 at the
end of this document.
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SECTION 7
MECHANICAL DATA AND ORDERING INFORMATION

This section contains the pin assignments and package dimensions of the MC68230. In addition,
detailed information is provided to be used as a guide when crdering.

7.1 PIN ASSIGNMENT

D5 1 S 48[. o4
o DB [z 47[1 D3
'\. 07 I3 as5f1 o2

PAD M4 450 o1

PA1 O5 441 DO

Paz s 431 /W

PA3 07 4211 DTACK

FAd fIs 41 CS

PAS [9 400 cLK

Fag [J10 391 RESET
PAT I 38{] vss

vee 2 37 {1 PC7/TIATK
H1 Qi3 3611 PCE/PIACK
H2 14 351 PCs/PIRG
H3 []15 341 rcs/DMAREQ
Ha [16 33(] PC3/TOUT
PBC [J17 32 PC2/TIN
PB1 [J18 31 pect

PB2 [J19 30( Pco

PB3 Q20 291 RS

PB4 21 28 RS2

PB5 []22 27[] Rs3

rB6 []23 26 [1 rs4

PB7 []24 2511 rRs5

o



7.2 ORDERING INFORMATION

Frequency
Package Type {MHz)
Ceramic 8.C
L Suffix 10.0
12.5

Plastic 8.0
G Suffix 10.0
12.5

7.3 PACKAGE DIMENSIONS

L SUFFIX
CERAMIC PACKAGE
CASE 740-02

0°C to 70°C

Order Number
"MC68230L8
MCB8230L10
MCB8230L12

Temperature

0°C to 70°C
0°C to 70°C

0°C to 70°C
0°C to 70°C
0°C to 70°C

MC68230G8
MCE8230G1C
MCB8230G12

NOTES:
1. DIMENSION[-A ]IS DATUM.
2. POSTIONAL TOLERANCE FOR LEADS:

BP 025 0010@T AR
3.[-T-]1S SEATING PLANE.
4, DIMENSION “L" TO CENTER OF
LEADS WHEN FORMED PARALLEL.
5. DIMENSIONING ANO TOLERANCING
PER ANSI Y145 1973.

MILLIMETERS INCHES

2
=

MIN | MAX MIN | MAX

60.35 | 61.57 | 2.376 | 2424

1463 | 15.34 | 0.676 | 0.604

3.05 | 432 10120 | 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

0.100

0.165

14.99

15.65

0.590

0.616

0o

100

no

100

2| z2|rl=x|e|o|n|o|o|wm| =

1.016

1.524

0.040

0.060
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G SUFFIX
PLASTIC PACKAGE
CASE 767-01

—_ A

%{&ﬁﬁﬁﬂhﬁhﬁ!\’\ﬁhﬁ(\{\ﬁﬁﬁhhﬁg

iy

b

24
K‘JJR}K}U\JUUUUVU\)UUUUVVUUVVV

7-3/7-4

NOTES:

1. RIS £ND OF PACKAGE

DATUM PLANE.

IS BOTH A DATUM AND

SEATING PLANE.

2. POSITIONAL TOLERANCE
FOR LEADS 24 & 25:

(#[0.35 0014 [T[ 8 IR |

POSITIGNAL TOLERANCE
FOR LEAD PATTERN:

(#{0.25 00T @)

3. DIMB DOESNOT INCLUDE

MOLD FLASH.

4. DIML IS TO CENTER OF
LEADS WHEN FORMED

PARALLEL.

5. DIMENSIONING AND
TOLERANCING PER

ANSI Y145 1973,

MILLIMETERS|  INCHES

DIM! MIN [ MAX | MIN | MAX
A| 61.67 | §1.77 | 2.428 | 2.432
B | 1392 [ 13,02 | 0.548 | 0.552
C| 483 ] 506 0.190 | 0.200
D[ 038 0.50] 0.015 ] 0.020
F | 12271134 [ 0.048 ] 0.053
G| 254BsC 0.100 BSC
4 | 0.25] 030 0.010 ] 0012
K| 323 337 0.127 | 0.133
L | 15.24 BSC 0.600 BSC
M| 00 T g0 | 0o [ 100
N 064 0.88 | 0025 | 0.035
U]  t.798SC 0.070 BSC




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

Register
Value
Register After
Select RESET
Bits (Hex
5 4 3 2 1 7 6 5 4 3 2 1 0 Valug}
0 0 0 00 Port Mode H34 H12 H4 H3 H2 H1 o Paort General
Contrel Enabie | Enable Sense Sense Sense Sense Contol Register
00 ¢ 01 * SVCRQ IPF Port Interrupt g0 Port Service
Select Select Priority Control Request Register
000 110 Bit Bit Bit Bit Bit Bit 8it Bit o0 Port A Data
7 6 5 4 3 2 1 0 Direction Register
c o o0 11 Bit Bit 8it Bit Bit 8it Bit Bit 00 Port B Data
7 8 5 4 3 2 1 0 Direction Register
00100 Bit Bit Bit Bit Bit Bit 8it Bit Co Port C Data
7 6 5 4 3 2 1 0 Direction Register
o ¢ 1 01 Interrupt Vector * - OF Paort Interrupt
Number Vector Register
oo 1 10 Port A H2 H1 H1 o0 Port A Controf
Submode H2 Control Int SVCRC Stat Register
Enable | Enable Ctrl
0o c 1 11 Port B H4 H3 H3 00 Port B Control
Submaode H4 Control Int SVCRQ Stat Register
Enatzle | Enable Ctrl
¢ 10 00 Bit Bit Bit Bit Bit Bit Bit Bit - Port A Data
7 6 5 4 3 2 1 D Register
01 0 01 Bit Bit Bit Bit Bit Bit Bit Bit * % Port B Data
7 6 5 4 3 2 1 Q Register
g1 0190 Bit Bit Bit Bit Bit Bit Bit Bit P Port A Alternate
7 & 5 4 3 2 1 0 Register
01 0 11 Bit Bit Bit Bit Bit Bit Bit Bit PR Port B Alternate
7 6 5 4 3 2 1 0 Register
c 1100 Bit Bit 8it Bit Bit Bit Bit Bit =x+x  Port C Data
7 6 5 4 3 2 1 0 Register
01 1 01 H4 H3 H2 H1 H4S H3S H2S H1S8 »+ s Port Status
Lewvel Level Level Level Register
g 1 1 1 90 * » » » * * » » Q0 (Nuil}
g 1 1 17 »* » » * » * * * 00 iNull)

*Unused, read as zero
* *Value before RESET
***®Current value on pins
* # * * Undetermined value
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Table 1-3. Register Mode! (Sheet 2 of 2)

Register
Value
Register After
Salect RESET
Bits {Hex
5 4 3 2 7 6 5 4 3 2 1 0 Value)
1000 TOUT/TIACK ZD * Clock Timer 00
Control Ctrl Cantrol Enable
i 00 Q0 Bit Bit Bit Bit Bit Bit Bit Bit OF
7 6 5 4 3 2 1 0
10 01 * » » »* » - - * 00
10 01 Bit Bit Bit Bit Bit Bit Bit Bit = *
23 22 21 20 19 18 17 16
10 1 0 Bit Bit 8it Bit Bit Bit Bit Bit .
15 14 13 12 1Al 10 9 8
T 0t 0 Bit Bit Bit Bit Bit Bit 8it Bit * %
7 5] 5 4 3 2 1 0
1 0 1 1 * * - » * » - - 00
1o 1 Bit Bit Bit Bit Bit Bit Bit Bit -
23 22 21 20 19 18 17 18
1T 1 0 0 Bit Bit Bit Bit Bit Bit Bit Bit -
15 14 13 12 11 10 9 8
T1 0 Q0 Bit Bit Bit Bit Bit Bit Bit 8it * x
7 3] 5 4 3 2 1 0
T 0 1 » * » * * * * ZDS 00
1 1 0 1 » - - » » % % * 00
11 1 0 * - » » * » * * 00
Tt 10 » - * * - * * * 00
1T 1 1 1 * * » * * » * » Q0
T 1 1 1 » » * » » * » * a0

*Unused, read as zero
* *Value before RESET

Foldout 2

Timer Control
Register

Timer Interrupt
Vector Register

{Null

Counter Preload
Register {High!

Counter Preload
Register {Mid}

Counter Preload
Register (Low)

{Nul

Count Register
{High}

Count Register
(Mid)

Count Register
{Low!

Timer Status
Register
NI

(Nuli}

(Null}

(Null}

{Null)
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Figure 6-2. Read Cycle Timing Diagram
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Figure 6-3. Write Cycle Timing Diagram

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voitage of 2.0 volts, unless atherwise
noted.

Foldout 3



L NSNS\ S\

Do-D7

NOTE: Timing measurements are referanced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, untess otherwise
noted.

Figure 6-4. IACK Timing Diagram
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Figure 6-5. Peripheral Input Timing Diagram
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Figure 6-6. Peripheral Qutput Timing Diagram

H2(H4) ~
HNTLE _

NOTES.
1. Timing diagram shows H1, H2, H3, and H4 asserted low
2. Timing measurements are reterenced to and from & low vottage of 0.8 volts and a tugh voltage of 2.0 volts, unless otherwise noted.
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