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SECTION 1
INTRODUCTION

The MC68901 multi-function peripheral (MFP) is a member of the M68000 Family of periph
The MFP directly interfaces with the MC68000 microprocessor via the asynchronous bus stri

number generation for each of its 16 interrupt sources. Additionally, handshake lines ovided
to-facilitate DMAC interfacing. Refer to Figure 1-1 for a block diagram of the MC689

The MC68901 performs many of the functions common to most micropro
The resources available to the user include:
® Eight Individually Programmable I/0 Pins with Interrupt Capabilit
® 16-Source Interrupt Controller with Individual Source Enable an
¢ Four Timers, Two of which are Multi-Mode Timers
® Single-Channel Full-Duplex Universal Synchronous/As
{USART) that Supports Asynchronous and with the Addi
that Supports Byte Synchronous Formats

CLK  RESET

TIMERS  }——— TCO
C&D L. % TDO

fe e XTALI
DATA P E— A

8) 3

REGISTER TIMERs  |e——— TAl

A&B [—> TBO

[

[ty
|

CPU
BUS
10 ]

USART
INTERRUPT

GENERAL PURPOSE 10-17
1/0—INTERRUPTS
CONTROL

111

[H] [0 1ACK

Figure 1-1. MFP Block Diagram
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By incorporating multiple functions within the MFP, the system designer retains flexibility while
minimizing device count.

From a‘programmer’s point of view, the versatility of the MFP may be attributed to its register
set. The registers are well organized and allow the MFP to be easily tailored to a variety of
applications. All of the 24 registers are also directly addressable which simplifies programming.
The register map is shown in Table 1-1. '

Table 1-1. MFP Register Map

Address .
Hex Bin'ary Abbreviation
RS5 . RS4 RS3 RS2 RS1
01 0 0 0 0 0 GPDR
03 0 0 0 0 1 AER
05 0 0 0 1 0 DDR
07 0 0 0 1 1 IERA terrupt Enable Register A
09 0 0 1 0 errupt Enable Register B
0B 0 0 1 0 Interrupt Pending Register A
1]y] 0 0 1 1 Interrupt Pending Register B
OF 0 0 1 1 Interrupt In-Service Register A
11 0 1 0 Interrupt In-Service Register B
13 0 1 0 Interrupt Mask Register A
15 0 1 0 Interrupt Mask Register B
17 0 0 Vector Register
19 Q 1 Timer A Control Register
18 0 1 Timer B Control Register
D 0 1 Timers C and D Control Register
1F 0 TADR Timer A Data Register
0 TBDR Timer B Data Register
0 TCDR Tirmer C Data Register
1 TDDR Timer D Data Register
1 1 SCR Synchronous Character Register
0 0 UCR USART Control Register
0 1 RSR Receiver Status Register
1 0 TSR Transmitter Status Register
1 1 UDR USART Data Register

flex addresses assume that RS1 connects with A1, RS2 connects with A2, etc. and that DS is connected to LDS on the MC68000
or DS is connected to DS on the MC68008.

| .
|
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SECTION 2

SIGNAL AND BUS OPERATION DESCRIPTION

This ‘section contains a brief description of the input and output
operation during the various operations is also presented.

NOTE

The terms assertion and negation will be used extensively. This is done
fusion when dealing with a mixture -of "active low” and "active high” sjg;
“assert” or "assertion” is used to indicate that a signal is active or tr
whether that level is represented by a high or low voltage. The term

is used to indicate that a signal is inactive or false.

2.1 SIGNAL DESCRIPTION

The following paragraphs provide a brief descriptio
to other sections that contain.more detall about it

ASYRCHRONOUS

MFP

— Si
RESET ——> ——» S0
[ S— e RC
] e T(
INTERRUPT } TACK ———™
CONTROL T — _
T ‘ ———— TR
> ';ﬁ

Figure 2-1. Input and Output Signals

MC68901

signals. A discussion o

tdependent of
2" or "negation”

The input and output signals can be functionally orgar "zéd‘ nto groups as shown-in Figure 2-1.
e signal and a reference (if applicable)

| TIMER
CONTROL

SERIAL I/0
CONTROL

DIRECT MEMORY
ACCESS
CONTROL

il
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2.1.1 Vg and GND

These inputs supply power to the MFP. The Ve is powered at +5 volts, and GND is the ground
connection.

2.1.2 Clock (CLK)

The clock input is a single-phase TTL-compatible signal used for internal timing. This inpu
not be gated off at any time and must conform to minimum and maximum pulse
The clock is not necessarily the system clock in frequency or phase.

2.1.3 Data Bus (DO through D7)

m the MFP’s internal
n interrupt acknowledge
r. The MFP must be located
or MC68010 and on data lines

0 be used. .

This three-state bidirectional bus is used to transmit data to or receive
registers during a processor read or write cycle, respectively. D
cycle, the data bus is used to pass a vector number to the prog
on data bus lines DO-D7 when used with an MC68000, MC6
D24-D31 when used with an MC68020, if vectored interru

2.1.4 Asynchronous Bus Control

Asynchronous data transfers are controlled by chip select, data strobe, read/write, and data transfer
acknowledge. The register select lines, R 81, select an internal MFP register for a read or write
operation. The reset line initializes the gisters and the internal control signals.

2.1.4.1 CHIP SELECT (CS). This.

e low input activates the MFP for internal register access. CS
and IACK must not be '

d"at the same time.

2.1.4.2 DATA STROBE (DS). This active low input is part of the internal chip select and interrupt
acknowledge, functions. ‘ '

2.1 EAD/WRITE (R/W). This input defines the current bus cycle as a read (high) or a write
le. .

2.1.4.4 DATA TRANSFER ACKNOWLEDGE (DTACK).. This active low, three-state output signals

the completion of the 6peration phase of a bus cycle to the processor. If the bus cycle is a processor

read, the MFP asserts DTACK to indicate that the information on the data bus is valid. If the bus

cycle is a processor write to the MFP, DTACK acknowledges the acceptance of the data by the .
MFP. DTACK will be asserted only by an MFP that has CS or TACK (and IE) asserted.

MOTOROLA ‘ v MC68501
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.Refer to SECTION 3 INTERRUPT STRUCTURE for f

2.1.5 Register Select Bus (RS1 through RS5)

The register select bus selects an internal MFP register during a read or write operation.

2.1.6 Reset (RESET)

This active low input will initialize the MFP during powerup or in response to a total system
Refer to 2.2.3 Reset Operation for further information.

2.1.7 Interrupt Control

The interrupt request and interrupt acknowledge signals are handshake line
terrupt scheme. Interrupt enable in and interrupt enable out implement a d;
structure.

2.1.7.1 INTERRUPT REQUEST (IRQ). This active low, open-dr
that an interrupt is pending from the MFP. There are 16 inter
interrupt request. Clearing the interrupt pending register (I$§i
mask registers {IMRA and IMRB) will cause the IRQ
the result of an interrupt acknowledge cycle, unless

annels that can generate an
IPRB) or clearing the interrupt

h@ information.

2.1.7.2 INTERRUPT ACKNOWLEDGE (IACK)
an interrupt acknowledge cycle when
vector number to the processor wh
service. In a daisy-chained inter
Refer to 2.2.2 Interrupt Acknow
additional information. CS an

f both IRQ and IEl are asserted, the MFP will begin
.and DS are asserted. The MFP will supply a unique
esponds to the particular channel requesting interrupt
icture, all devices in the chain must have a common [ACK.
Operation and 3.1.2 Interrupt Vector Number Format for
\CK must not be asserted at the same time.

LE IN (IEI). This active low input, together with the IEO signal, provides
structure for a vectored interrupt scheme. IEl indicates that no higher

to pass a vector number to the processor untll its 1EI £l pin is asserted. When the
ption is not implemented, all MFPs should have their IEl pin tied low. Refer to 3.2
INING MFPs for additional information.

2.1.7.4INTERRUPT ENABLE OUT (IEO). This active low output, together with the IEl signal, provides
a daisy-chained interrupt structure for a vectored interrupt scheme. The IEQ of a particular MFP
signals lower priority devices that neither it nor any other higher priority device is requesting
interrupt service. When a daisy-chain is implemented, IEQ is tied to the next lower priority MFP's
[El input. The lowest priority MFP’s IEO is not connected. When the daisy-chain option is not
implemented, [EO is not connected. Refer to 3.2 DAISY-CHAINING MFPs for additional information.

mcessor .. N S MOTOROLA
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2.1.8 General Purpose /O Interrupt Lines (10 through 17)

These lines constitute an 8-bit pin-programmable /O port with interrupt capability, The data
direction register (DDR) individually defines each line as either a high-impedance input or a TTL-
compatible output. As an input, each line can generate an interrupt on the user selected transition
of the input signal. Refer to SECTION 4 GENERAL PURPOSE INPUT/OUTPUT PORT for further
information. .

2.1.9 Timer Control

These lines provide internal timing and auxiliary timer control inputs required for ce
modes. Additionally, the timer outputs are included in this group.

2.1.9.1 TIMER INPUTS (TAI AND TBI). These inputs are control signal
pulse width measurement mode and the event count mode. These

the same priority level as the general purpose I/0 interrupt lines 14 and
the pulse width measurement mode, While 14 and I3 do not
timers are operated in this mode, they may still be used for
Operation and 5.1.3 Event Count Mode Operation for furtl

ers A and B in the
$ generate interrupts at
13, respectively, when in
interrupt capability when the
fer to 5.1.2 Pulse Width Mode
‘information.

2.1.9.2 TIMER OUTPUTS (TAO, TBO, TCO, AND ]
toggles when its main counter counts through

mode is selected. When in the delay mod
equal to two timer cycles. This output
chronous receiver-transmitter (USAR

ach timer has an associated output which
exadecimal) regardless of which operational
the'timer output will be a square wave with a period
e used to supply the universal synchronous/asyn-
rate clocks.

2.1.9.3 TIMER CLOCK (XT
timers. A crystal can be ¢

can be driven with a
eters are suggested

XTAL2). This input provides the timing signal for the four
d between the timer clock inputs, XTAL1 and XTAL2, or XTAL1
vél clock while XTAL2 is not connected. The following crystal param-

undamental mode AT-cut, HC6 or HC33 holder
ce measured with 18 picofarads load (0.1% accuracy) — drive level 10

dcitance equals 7 picofarads
istance:

< 2.7 MHz; Rs < 300 ohms
< f <.4.0 MHz; Rs < 150 ohms

2.1.10 Serial 1/O

The full duplex serial channel is implemenied by a serial input line. The independent receive and

transmit sections may be clocked by separate timing signals on the receive clock input and the
transmitter clock input. ;

MOTOROLA R R : MC68901
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.the minimum and maximum cycle times.
2.1.11 Direct Memory Access Control

-and transmitter ready status lines.

2.1.10.1 SERIAL INPUT (SI). This input line is the USART receiver data input. This input is not
used in the USART loopback mode. Refer to 6.3.2 Transmitter Status Register for additional
information.

2.1.10.2 SERIAL OUTPUT (SO). This output line is the USART transmitter data output. This output
is in a high-impedance state after a device reset.

2.1.10.3 RECEIVER CLOCK (RC}. This input controls the serial bit rate of the receive
may be supplied by the timer output lines or by an external TTL-level clock whi
minimum and maximum cycle times. This clock is not used in the USART loopba:
to 6.3.2 Transmitter Status Register for additional information.

e transmitter. This

2.1.10.4 TRANSMITTER CLOCK (TC). This input controls the serial bit r ,
vel clock which meets

signal may be supplied by the timer output lines or by an externa

The USART section of the MFP supports direct memao transfers through its receiver ready

2.1.11.1 RECEIVER READY (RR). This acti
7 in the Receiver Status Register) for D

> low output reflects the receiver buffer full status (bit
perations.

2.1.11.2 TRANSMITTER READY {

his active low output reflects the transmitter buffer empty
{bit.7 in the Transmitter Statu

ster) for DMA operations,

2.1.12 Signal Summa

Table 2-1is a mary of all the signals discussed in the previous paragraphs.
ATION

\wing paragraphs explain the control signals and bus operation during data transfer
ions and reset.

2.2.1 Data Transfer Operations

Transfer of data between devices involves the following plns
Register Select Bus — RS1 through RS5
Data Bus — DO through D7
Control Signals

MC68901 ' MOTOROLA
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“Table 2-1. Signal Summary

Signal Name . Mnemonic B A0 . ) Active State
Power Input ' Vee Input High
Ground ) GND Input Low
Clock B CLK Input N/A
Chip Select s Input Low
Data Strobe DS Input Low
Read/Write RIW Input Read — High, Write - Lo
Data Transfer Acknowledge . DTACK » Oﬁtpﬁt ‘ Low
Register Select Bus ) RS1-RS5 : " Inpuit N/A
Data Bus , : - D0:D7 /0
Reset g - RESET Input
Interrupt Request 1RO ) Output
Interrupt Acknowledge Lo TACK - Input ow
Interrupt Enable in 1El : Input ) Low
Interrupt Enable Out 1 R . Output Low
General Purpose 1/O ' 1017 o N/A
Timer Clock | xTAL1, XTAL2 i N/A
Timer Inputs , ! TAI, TBI N/A
Timer Outputs ' TAO, TBO, TCO, TDO N/A
Serial Input v v nput N/A
Serial Qutput’ Output ] N/A
Receiver Clock’ Input N/A
Transmitter Clock Input N/A
Receiver Ready Qutput Low
Transmitter Ready * Qutput Low

parallel buses used to transfer data using an asynchron-
s master assumes responsibility for deskewing all signals
of a cycle. Additionally, the bus master is responsible for
d data signals from the peripheral devices.

The address and data buses are se
ous bus structure. In all cases, tt

it issues at both the start an
deskewing the acknowledgt

2.2.1.1 READ CYCLE ad an MFP. r’egivst‘ei’, & and DS must be asserted, and RW must be
high. The MFP will plage the contents of the register which is selected by the register select bus

{RS1 through R85} on the data bus (DO through D7) and then assert DTACK. The register addresses
are shown in 1-1. v

cessor has latched. the data, it negates DS. The negation of either CS or DS will
e read operation. The MFP will drive DTACK high and place it and the data bus in
impedance state. The timing for a read cycle is shown in Figure 2-2. Refer to 7.7 AC
'RICAL CHARACTERISTICS for actual timing numbers.

2.2.1.2 WRITE CYCLE. To write a register, CS and DS must be asserted, and RW must be low.
The MFP will decode the address bus to determine which register is selected. Then the register
will be loaded with the contents of the data bus, and DTACK will be asserted. When the processor
recognizes DTACK, it will negate DS. The write cycle is terminated when either CS or DS is negated.
The MFP will- drive DTACK high-and place it in the high-impedance state. The timing for a write
cycle is shown in Figure 2-3. Refer to 7.7 AC ELECTRICAL CHARACTERISTICS for actual numbers.

MOTOROLA
2-6
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RS1-RSE —(

Do-D7 { >

DTACK

RS1-RSS —-Q

D0-D7

" Figure 2-3. Write Cycle Timing

2.2.2 Interrup; inowledge Operation

The MFP: 6 interrupt sources: eight internal and eight external. When an interrupt request
is pend e MFP will assert IRQ. In a vectored interrupt scheme, the processor will acknowledge
the pt request by performing an interrupt acknowledge cycle. IACK and DS will be asserted.

responds to the TACK ‘signal by placing a vector number on the data bus. This vector
er corresponds to the particular interrupt channél requesting service. The format of this
vector number is given in Figure 3-1.

When the MFP asserts DTACK to indicate that valid data is on the bus, the processor will latch
the data and terminate the bus cycle by negating DS. When either DS or TACK is negated, the
MFP will terminate the interrupt acknowledge operation by driving DTACK high and placing it in
the high-impedance state. IRQ will be negated as a result of the TACK cycle unless additional
interrupts are pending. :

2-7



The MFP can be part of a daisy-chain interrupt structure which allows multiple MFPs to be placed
at the same interrupt level by sharing a common TACK signal. A daisy-chain prlorlty scheme is
implemented with signals IEl and TEO. [El indicates that no higher priority device is requesting
mterrupt service. IEQ S|gnals lower priority devices that neither this device nor any higher priority
MFP is requestmg service. To daisy-chain MFPs, the highest priority MFP has its IEl tied low and
successive MFPs have their IEl connected to the next higher priority MFP’'s IEOQ. Note that when
the daisy-chain intefrupt structure is not implemented, the TEls of all MFPs must be tied low and
the IEQs left unconnected. Refer to 3.2 DAISY-CHAINING MFPs for additional information.

When the processor initiates an mterrupt acknowledge cycle by drlvmg JACK and DS
whose [El is low, may respond with a vector number if an interrupt is pending. If this
not have a pendmg interrupt, IEO is asserted which allows the next lower priority devi
1o the mterrupt acknowledge. When an MFP propagates [EQ, it will not drive the:éafa bus nor
DTACK during the interrupt acknowledde cycle. The timing for an TACK cycle i

2-4. Refer to 7.7 AC ELECTRICAL CHARACTERISTICS and Figures 7-7 an

mation. ,

7-8 for further infor-

2.2.3 Reset Operation

The reset operation will initiateé the MFP to a known _state. t operation requires that the
RESET input be asserted for a minimum of two microse uring a device reset condition,
all internal MFP registers are cleared except for the timer data registers (TADR, TBDR, TCDR, and
TDDR), the USART data register {UDR), and the tra er status register (TSR). All timers are
stopped, the USART receiver and transmitter are di . and the serial output (SO) line is placed
in high impedance. The interrupt channels a diSabIed and any pending interrupts are
cleared. In addition, the general purpose interrup lines are placed in the high-impedance input
mode, and the timer outputs are driven low. External MFP signals are negated. Since the vector
register (VR) is initialized to a $00, an un, lized MFP may not respond to an interrupt acknowl-

edge cycle with the uninitialized inte ctor, $0F. See 3.1.2 Interrupt Vector Number Format
for more information. :

Figure 2-4. IACK Cycle Timing
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will be prioritized by their position in the chain.

SECTION 3
INTERRUPT STRUCTURE

In an M68000 system, the MFP will be assigned to one of the seven possible interrupt |
interrupt service requests from the MFP’s 16 interrupt channels will be presented at this,
an interrupt controller, the MFP will internally prioritize its 16 interrupt sources. Additio
sources may be placed at the same interrupt level by daisy-chaining multiple ‘ he MFPs

3.1 INTERRUPT PROCESSING

Each MFP provides individual interrupt capability for its vario
received on one of the external interrupt channels.or from
MFP will request interrupt service. The 16 interrupt channg
multiple pending interrupts are serviced according tosthe
can internally generate 16 vector numbers, the uni
highest priority channel that has a pending int ptiis presented to the processor during an
interrupt acknowledge cycle. This unique vectg er allows the processor to immediately
begin execution of the interrupt handler for the interrupting source, decreasing interrupt latency.

actions. When an interrupt is
Fthe eight internal sources, the
e assigned a fixed priority so that
wrelative importance. Since the MFP
ctor number which corresponds to the

3.1.1 Interrupt Channel Prioritiza

The 16 interrupt channels fitized from highest to lowest, with General Purpose Interrupt
7 (I7) being the highest and 10.the lowest. The priority of the interrupt is determined by the least-
significant four bits in t rupt vector number which are internally generated by the MC68901.
Pending interrupts presented to the processor in order of priority unless they have been
masked. By selectivaly. masking interrupts, the channels are in effect re-prioritized.

t Vector Number

n interrupt acknowledge cycle, a unique 8-bit interrupt vector number is presented to the
m which corresponds to the specific-interrupt source that is requesting service.

V7-V4 — Copied from the vector register.

[V3-IVO — Determine highest priority channel requesting interrupt.

MC68901 ' MOTOROLA
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vz " w2 | vt Wo " [ ° . Description

1 AR I TR B Genéral Purpose Interrupt'7 (i7)

’ 1 1 1 ] General Purpose Interrupt.ﬁ (16) .

1 1 0 1 |Timera.

1 1 0 .0 |Receiver Buffer Full

1 0 1.. 1 Receive Error

1 0 1 0  Transmit Buffer Empty

1 o 0 1 | Transmit Error ‘

1 0 "0 0 |TimerB’

0 1 1 1 General Purpose Interrupt 5 (I5)
0 1 1 0 General Purpose Interrupt 4 (14)
0 1 0 1 Timer C

0 1 0 0 Timer D |

0 0 1 General Purpose Interrupt 3 (I3)
0 0 1 4] General Purpose Interrupt 2 (

0 0 o 1 General Purpose Interrupti

0. 0 0 0 General Purpose Int;

3.1.3 Vector Register (VR)

This 8-bit register determines the four most-sig 1t bits in the interrupt vector format and
which end-of-interrupt mode is used in a vectored. interrupt scheme. The vector register should
be written to before writing to the interrupt:mask or enable registers to ensure that the MC68901
responds to an interrupt acknowledge cygléuwith a vector number not in the range of allowable
user vectors. For information refer to 3 electing the End-Of-Interrupt Mode.

o 3 2 1 0
s | v | vl ow | s IR | - R
Reéet: 0 0 0 u u u

user to set the most-significant four bits of the interru pt.vector number.

Software end-of-interrupt mode and in-service register bits enabled.
. 0=Automatic end-of-interrupt mode and in-service register bits forced low.
‘Not Used '

SY-CHAINING MFPs .

As an interrupt controller, the MC68901 MFP will support eight external interrupt sources in
addition to its eight internal interrupt sources. When a system requires maore than eight external
interrupt sources to be placed at the same interrupt level, sources may be added to the prioritized
structure by daisy-chaining MFPs. Interrupt sources are prioritized internally within each MFP,
and the MFPs are prioritized by their position in the chain. Unique vector numbers are provided
for each interrupt source. . : ' ‘

MOTOROLA
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The IEl and TEQ sngnals implement the daisy-chained structure. The TEI of the highest priority MFP
is tied low and the TEO output of this device is tied to the next hxghest priority MFP’s 1EI. The IEI
and IEO signals are daisy-chained in this manner for all the MFPs. in the chain with the lowest
priority MFP's IEQ left unconnected. Figure 3-1 shows a diagram of the interrupt daisy-chain.

Daisy-chaining requires that all parts in the chain have a common TACK. When the common TACK
is asserted during an interrupt acknowledge cycle, all parts will prioritize interrupts in parallel.
When the IEI signal to an MFP is asserted, the part may respond to the TACK cycle if it requires
interrupt service. Otherwise, the part will assert IEO to the next lower priority device. Thus, ity
is passed down the chain via IEl and IEO until a part-which has a pending interrupt is
The part with the pending interrupt passes a vector number to the processor and
propagate IEO.

HIGHEST LOWEST
PRIORITY PRIDRITY
MCE8301 ) MC68901 MC68901

el T —IEl E0[—-——-

|

1ACK 1ACK

TACK

Figure 3-1. Daisy-Chained/interrupt Structure

3.3 INTERRUPT CONTROL REGISTERS

e enable registers A and B, interrupt pending registers
and B. These registers allow the programmer to enable
, mask individual interrupt channels, and access pending
ice registers A and B allow interrupts to be nested as described
TS. The. interrupt control registers are shown in the following

MFP interrupt processing is manag
A and B, and interrupt mask regist
or dlsable individual interrupt ché
mterrupt status information.
in 3.4 NESTING MFP INT F
paragraphs

3.3.1 Interrupt E egisters (IREA, IERB)
The interrupt,
to the app
these

Is are‘ihdividually enabled or disabled by writing a one or a zero, respectively,
idte bit of interrupt enable register A or B (IERA or IERB). The processor may read
s at any time.

channel is enabled, interrupts received on the channel will be recognized by the MFP,
IRQ will be asserted to the processor indicating that interrupt service is required. On the other
, a disabled channel is completely inactive; interrupts received on the channel are ignored

by the MFP.

Writing a zero to a bit of interrupt enable register A or B will cause the corresponding bit of the
interrupt pending register to be cleared. This will terminate all interrupt service requests for the
channel and also negate IRQ unless interrupts are pending from other sources. Disabling a channel,
however, does not affect the corresponding bit in interrupt in-service registers A or B. So, if the
MFP is in the software end-of-interrupt mode (see 3.4.3 Software End-Of-Interrupt) and an interrupt

MC68901 ' MOTOROLA
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is'in service when a channel is dlsabled the in- serwce blt of that channel quI remain set until

cleared by. software.

: RCV CXMIT ,
$07 GPIP? | GPIPG Timer Buffer RCY Buffer. | XMIT | Timer
A Error Error- | B
£ Full Empty
7 6 5 4 3 2 1 0
s09 | GPIPs | GPIpa | o | TS | gpipg | gpipz | gPie1 | GPIPD
Reset: 0 0 0 0 0 0 0 0

3.3.2 Interrupt Pending Registefs {IPRA, IPRB)

When an interrupt is received on an enabled channel, the correspondlng i
set in interrupt pending register A or B (IPRA or IPRB). In a vectored i
will be cleared when the processor acknowledges the interrupting cha
with a vector number. In a polled interrupt system, the interrupt en\&
to determine the interrupting channel, and then the interrupt pen
handling routine without.performing an interrupt acknowled

$0B | GPIP7 | GPIFG Ti’g”
7 6 0

$0D | GPIPS | GPIP4 PP
Reset: 0 0 0

3.3.3 interrupt Mask Registers i

Interrupts are maske
or B (IMRA or IMRB

subsequent |nterrupv

requesting inter
cleared. If a chan
or IMRB is ‘QL“

d fo

6

4

3

2

1

0

- . ROV XMIT s
$13 | crp7 | opips | M | gurer | ACY | guprer | XMIT | Timer
A Error Error B
: Full Empty
7 § 5 4 3 2 1 0
$15 | GPIps | Gpipg . T'rge’ ~Ter | Geips | GPIP2 | GRIPT | GPiPD

Reset:

MOTOROLA:
3-4

IERA

IPRA

IPRB

IMRA

IMRB

nel by clearing the appropriate bit in interrupt mask register A
hough an enabled channel is masked, the channel will recognize
set its interrupt pending bit. However, the channel is prevented from
setvice (IRQ to the processor) as-long as the mask bit for that channel is
is requesting interrupt service at the time that its corresponding bit in IMRA
the request will cease, and IRQ will be negated unless another channel is
rupt service. Later, when the mask bit is set, any pending interrupt on the channel
essed according to the channel’s assigned priority. IMRA and IMRB may be read at
gure 3-2 shows a conceptual circuit of an MC68901 interrupt channel.
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EDGE : ENABLE ‘
REGISTER REGISTER MASK REGISTER S-BIT

l— 1 ) s
INTERRUPT
e ]S INTERRUPT  Q / - IN-SERVICE

PENDING
‘R

INTERRUPT
REQUEST

Y

Figure 3-2. Conceptual Circuits of an Interrupt Ch

3.3.4 Interrupt In-Service Registers (ISRA, ISRB)

These registers indicate whether interrupt processing is i
is set whenever an interrupt vector number is passed for a'
and the S bit of the vector register is a one. The bj
complete for an associated interrupt channel, the
processor writes a zero to the bit.

ress for a certain channel. A bit
errupt channel during an IACK cycle
cleared whenever interrupt service is
hit 'of the vector register is cleared, or the

~~rupt.stfucture will prohibit nesting the interrupts at the same"interrupt level. However, ad-
ditional-interrupt requests from the MFP can be recognized before a previous channel’s interrupt

service routine is finished by lowering the processor's interrupt mask to the next lower interrupt
level within the interrupt handler.

When nesting MFP interrupts, it may be desirable to permit interrupts on any MFP channel
regardless of its priority, to preempt or delay interrupt processing of an earlier channel’s interrupt
service request. Or, it may be desirable to only allow subsequent higher priority channel interrupt

MC68901 _ ' MOTOROLA
3-5



requests to supercede previously recognized lower priority interrupt requests. The MFP interrupt
structure provides the flexibility by offering two end-of-interrupt options for vectored interrupt
schemes. Note that the end-of-interrupt modes are not active in a polled interrupt scheme.

3.4.1 Selecting The End-Of-Interrupt Mode

In a vectored interrupt scheme, the MFP may be programmed to operate in either the automatic
end-of-interrupt mode or the software end-of-interrupt mode. The mode is selected by writing
the S bit-of the vector register. When'the S bit is programmed to-a one, the MFP is placed.j
software end-of-interrupt mode; and when the S bit is a zero, all'channels operate in the aut
end-of-interrupt mode. Lo R Ci ‘

3.4.2 Automatic End-Of-Interrupt Mode

When an interrupt vector is passed to the processor during an interrupt
corresponding channel’s interrupt pending bit is cleared. In the automat
no further history of the interrupt remains in the MFP. The in-service bi
registers (ISRA and ISRB) are forced low. Subsequent interrupts,
channel will generate an interrupt request to the processor even
routine has not been completed, - =~ = ¢

ledge cycle, the
-of-interrupt mode,
e interrupt in-service
sare received on any MFP
e current interrupt’s service

" 3.4.3 Software End-Of-Interrupt Mode -

In the software end-of-interrupt- mode, the chan
In-addition, the channel’s in-service bit of in-serv
is passed to the processor during the inte
subsequently request interrupt service a
service bit is set, no lower priority chan,
an interrupt acknowledge sequence,

associated interrupt pending bit is cleared.
register A or B is set when its vector number
pt acknowledge cycle. A higher priority channel may

e acknowledged, but as fong as the channel’s in-
ay request interrupt service nor pass its vector during

. May request interrupt service, any channel ‘can receive an
g bit. Even the channel with its in-service bit is set can receive
interrupt service requestis made until its in-service bit is cleared.

While only higher priority chane
interrupt and set its interruptpel
a second interrupt. Howey,

The in-service bit for cular channel can be cleared by writing a zero to its corresponding
bit in ISRA or ISRB anté¥ones to all other bit positions. Since bits in the in-service registers can
only be cleared ware and not set, writing ones to the registers does not alter their contents.
ISRA and IS _be read at any time,

MOTOROLA ' o v , MC68301 -
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SECTION 4
GENERAL PURPOSE INPUT/OUTPUT PORT

The general purpose input/output (I/0) port (GPIP) provides eight I/0 lines (10 through 17) th
be operated as either inputs. or outputs under- software control. In addition, these i
optionally generate an-interrupt on either a positive transition or a negative transition @
signal. The flexibility of the GPIP allows:it to be configured as an 8-bit I/0 port or f
interrupts are enabled on a bit-by-bit basis, a subset of the GPIP could be progr,
shake lines or the port could be connected to as many as eight external int
would be prioritized by the MFP interrupt controller for the interrupt servi

ources, which

4.1 M6800 INTERRUPT CONTROLLER

has many M6800-type devices.
autovector which corresponds
e“a vector number in response to an
ghdler. must then poll all M6800 devices
sting service. However, by tying the IRQ

The MFP interrupt controller is particularly useful in a syste
. Typically, in a vectored M68000 system, M6800 peripherals
to their assigned interrupt level since they can not prg
interrupt-acknowledge cycle. The autovector inter
at that interrupt level to determine which device is,
output from.-an M6800 peripheral to the gener yrpose 1/0O port (GPIP) of an MFP, a unique
vector. number will be provided. to-the procesgsor‘during an interrupt acknowledge cycle. This
interrupt structure will significantly reduceghterrupt latency for M6800 devices and other periph-
erals which do not support vectored int

4.2 GPIP CONTROL REGISTER

three control registers. These registers control the data direction,
rt, and specify the active edge for each bit of the GPIP which wili
se registers are described in detail in the following paragraphs.

The GPIP is programm
provide user access to
produce an interru

pose |/O Data Register {(GPDR)

purpose I/O data register is used to input data from or output datato the port. When
ritten to the GPDR, those pins which are defined as inputs will remain .in the high-
ance state. Pins which are defined as outputs will assume the state (high or low) of their
tresponding bit in the data register. When the GPDR is read, data will be passed directly from
the bits of the data register for pins which are defined as outputs. Data from pins defined as
inputs will come from the input buffers.

7 6 5 4 3 2 1 0
. $01 | GPIP7 | GPIP6 l GPIPS | GPiP4 | GPIP3 | GPIP2 | GPIP1 ' GPIPO I GPDR
Reset: 0 0 i} 0 0 0 0 0

MC689071 MOTOROLA
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4.2.2 Active Edge Register (AER)

The active edge register (AER) allows each of the GPIP lines to produce an-interrupt on either a
one-to-zero or a zero-to-one transition. Writing a zero to the appropriate edge bit of the active
edge register will cause the associated input to generate an interrupt on the one-to-zero transition.
Writing a one to the edge bit will produce an interrupt on the zero-to-one transition of the cor-
responding line. When the processor sets a bit, interrupts will be generated on the rising edge

of the associated input signal. When the processor clears a bit, interrupts will be generated on
the falling edge of the associated:input signal.

‘ 7.6 5 43 2 1 0
s03 | GPIP7 | GPIP | GPIPs | GPIP4 | GPIPS | GPIP2 | GPIPI | GPIPO | AER
Reset: 0 0 0 0 0 0 0 0

NOTE

The inputs to the exclusive-OR of the transition detector are the ed
buffer. As a result, writing the AER may cause an interrupt-prod
pending upon the state of the input. So, the AER should be confi
“interrupts via the interrupt enable registers (IERA and IERB
bit while interrupts are enabled may cause an interrupt on

ind the input
ransition, de-
before enabling
, changing the edge
gorresponding channel.

4.2.3 Data Direction Register (DDR) -

The data direction register (DDR) allows the progr
outputs by writing the corresponding bit. When a. the data direction register is written as a
zero, the corresponding interrupt 1/0 pin will be a high-impedance input. Writing a one to any bit

of the data direction register will cause the coftesponding pin to be configured as a push-pull
output. :

er to define I0 through 17 as inputs or

7 6 B 4 3 2 1 0
$05 | GPIP? l GPIPI GPIP4 ‘ GPIP3 | GPIP2 l GPIP1 | GPIP(]T DDR
Reset; 0 0 0 0 0 0

MOTOROLA . ‘ . - | R : MC68901
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D

. cessor systems. The timers can supply the baud rate clocks for the on-chip serial /0 ¢

SECTION 5
TIMERS

The MFP contains four 8-bit timers which provide many functions typically required in mic -

generate periodic interrupts, measure elapsed time, and count signal transitions. In ad
timers have waveform generation capability.

Alltimers are prescaler/counter timers with a common independent clock input (X°
and are not required to be operated from the system clock. Each timer's o

when the timer's main counter times out. Additionally, timers A and B’
signals which are used in two of the operation modes. An interrupt ch
timer, and when the auxiliary control signals are used in the pulse w
separate interrupt channel will respond to transitions on these inp!

signal toggles
ve auxiliary control
1 is assigned to each
easurement mode, a

5.1 OPERATION MODES

Timers A and B are full function tlmers which, in adq in to the delay mode, operate in the pulse
width measurements mode and the event coun . Timers C and D are delay timers only. A
brief discussion of each of the timer modes folig!

5.1.1 Delay Mode Operation

Alltimers may operate in the delay;
specifies the number of timer
the main counter.-A count p
has decremented down tQ:61
be reloaded from the
pulse is coupled to th

. Inthis mode, the prescaler is always active. The prescaler
cles which must elapse before a count pulse is applied to
uses the main counter to decrement by one. When the timer
xadecimal), the next count pulse will cause the main counter to
ta register and a time out pulse will be produced. This time out
er's interrupt channel and, if the channel is enabled, an interrupt will
se also causes the timer output pin to toggle. The output will remain in
this new state it next time out pulse occurs.

‘delay mode with a divide-by-10 prescaler is selected and the timer data register
00 (decimal), the main counter will decrement once every 10 timer clock cycles.

\i‘tput line will complete one full perlod every 2000 cycles of the timer clock.

he prescaler value is changed while the timer is enabled, the first time out pulse will occur at
an indeterminate time no less than one nor more than 200 timer clock cycles. Subsequent time
out pulses will then occur at the correct interval.

If the main counter is loaded with 01 (hexadecimal), a time out pulse will occur every time the
prescaler presents a count pulse to the main counter. If the main counter is loaded with 00, a
time out pulse will occur every 256 count pulses.

MC68901 K ) » - MOTOROLA
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5.1.2 Pulse Width Measurement Operatiqn

Besides the delay mode, timers A and B may be programmed to operate in the pulse width
measurement mode. In this mode; an auxiliary control input is required; timers A and B auxiliary
input lines are TAl and TBI. Also, in.the pulse width measurement mode, interrupt channels
normally associated with 14 and 13 will instead respond to transitions on TAl and TBI, respectively.
General purpose lines 13 and 14 may still be used for I/0, but may not be used as interrupt generating
inputs. A conceptual circuit of the selection of the interrupt source is shown in Figure 5-1.

TIMER A
-PULSE WIDTH
MODE
) {0110}
14
I3
INTERRUPT
TIMER B CHANNEL
PULSE WIDTH {0011}
MODE
Figure 5-1. C¢ tual Circuit of Interrupt Source Selection

The pulse width measurement mode functions similarly to the delay mode, with the auxiliary
as an enable to the timer. When the control signal is active, the prescaler
re allowed to operate. When the control signal is negated, the timer is stopped.

active pulse on TAl or TBI is measured by the number of timer counts which
occur w & timer is allowed to operate.. : :

ive state of the auxiliary input line is defined by the associated interrupt channel’s edge
he active edge register (AER). GPIP4 of the AER is the edge bit associated with TAIl, and
GPIP3 is associated with TBI. When the édge bit is a one, the auxiliary input will be active high,
enabling the timer while the input signal is at a high level. If the edge bit is zero, the auxiliary
input will be active low and the timer will operate while the input signal is at a low level.

The state of the active edge bit also specifies whether a zero-to-one transition or a one-to-zero
transition of the auxiliary input pin will produce an interrupt when the interrupt channel is enabled.
In normal operation, programming the active edge bit to a one will produce an interrupt on the

MOTOROLA MC68901
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zero-to-one transition of the associated input signal. Alternately, programming the edge bit to a-
zero will produce an interrupt on the one-to-zero transition of the input signal. However, in the
pulse width measurement mode, the interrupt generated by a transition on TAIl or TBI will occur
on the opposite transition as that normally defined by the edge bit.

For-example, in the pulse width measurement mode, if the edge bit is a one, the timer will be
allowedto run while the auxiliary input is high. When the input transitions from high to low, the
timer will stop-and, if the interrupt ‘channel is enabléed, an interrupt will occur. By having.the
interrupt occur on the one-to-zero transition instead of the zero-to- -one transition, the pro

pulse from the timer is available.

After reading the contents of the timer, the processor must reinitialize the main
to the timer data register to allow consecutive pulses to be measured. If the dat
after the auxiliary input signal becomes active, the timer will count from
of the timer data register until it counts through 01 (hexadecimal). At th
is loaded with the new value from the timer data register, a time o
will toggle the timer output, and an interrupt may be optionally gen:
channel. Note that the pulse width measured includes counts fr
reloaded. If the timer data register is written. while the pulse
an indeterminate value may be written into the main coun

. the main counter
se is generated which
on the timer interrupt
béfore the main counter was
sitioning to the active state,

Once the timer is reprogrammed for another mode, intg
by the edge bit. Note that an interrupt may be ge
the pulse width measurement mode or by reprog
interrupt may be generated by changing the st
urement mode.

pts will again occur as normally defined
as the result of placing the timer into
ming the timer for another mode. Also, an
the edge bit while in the pulse width meas-

5.1.3 Event Count Mode Operation

In addition to the delay modg
programmed to operate i
event count mode requ
can be used for /O

the pulse width - measurement mode, timers A and B may be
theevent count mode. Like the pulse width measurement mode, the
auxiliary input signal, TAl or TBI. General purpose lines I3 and 14
terrupt producing inputs.

de, the prescaler is disabled allowing each active transition on TAl and TBI
€ pulse. The count pulse causes the main counter to decrement by one. When
through 01 (hexadecimal), a time out pulse is' generated which will cause the
toggle and may optionally produce an interrupt via the associated timer interrupt
e timer’s main counter is also reloaded from the timer data register. To count tran-
liably, the input signal may only transition once every four timer clock periods. For this
he input signal must have a maximum frequency. of one-fourth that of the timer clock.

The active edge of the auxiliary input signal is defined-by the associated channel’s edge bit. GPIP4
of the AER specifies the active edge for TAl, and GPIP3 defines the active edge for TBI. When the
edge bit is programmed to a one, a count pulse will be generated on the zero-te-one transition
of the auxiliary input signal. When the edge bit is programmed to a zero, a count pulse will be
generated on the one-to-zero transition. Also, note that changing the state of the edge bit while
the timer is in the event count mode may produce a count pulse.

MCce8201 o B ’ MOTOROLA
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5.2 TIMER REGISTERS -

The four timers are programmed via three control registers and four data registers. The following
paragraphs describe the different registers.

5.2.1 Timer Data Registers {TxDR)

The four timer data registers (TDRs) are designed as Timer A data register (TADR), Timer B (TBDR},
Timer C (TCDR), and Timer D (TDDRY). Each timer’s main counter is an 8-bit binary down ¢
The timer data registérs contain the value of their respective main counter. This value was ca
on the last low-to-high transition of the data strobe pin.

The main counter is initialized by writing to the TDR. If the timer is stopped
simultaneously into both the TDR and main counter. If the TDR is written t
enabled, the value is not loaded into the timer until the timer counts throug
If a write is performed while the timer is counting through 01, then an i
be loaded into the timer’s main counter.,

Typical Timer Data Régister

7 6 5 4 3 2
S$IFso,$%5 | D7 | D6 | D5 | D4 | b3 | D2

DO TADR, TBDR, TCDR, TDDR .

Timer control register A (TACR) and timer control register B (TBCR) are associated with timers A
and B, respectivey. Timers C and D are programmed using one control register—the timer C and
D control register (TCDCR). The bits in antrol register select the operation mode, prescaler
value, and disable the timers. Both registers have bits which -allow the programmer to
reset output lines TAO and TBO.

5.2.2 Timer Control Registers (TxCR)

3 2 1 0
AC3. AC2 ACt ACO TACR
3 2 1 0
BC3 BC2 BC1 BCO TBCR
0 0 0 0 1 0 0

d TBO may be forced low at any time by writing a one to the reset location in TACR
d TBCR. Output is held low during the write operation, and at the end of the bus cycle the
output is allowed to toggle in response to a time-out pulse. When resetting TAO and TBO,
the other bits in the TCR must_be written with their previous value to avoid altering the
operating mode.

AC3-AC0, BC3-BCO - Select Timer A and B Operation Mode.

When the timer is stopped, counting is inhibited. The contents of the timer's main counter
is not affected, although any residual count in the prescaler.

MOTOROLA o . ' , MC68901
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ggg Qgg gg:‘l ggg Operation Mode
0 0 0 0 * |Timer Stopped
0 0 0 1 Delay Mode, /4 Prescaler
0 0 1 0 Delay Mode, /10 Prescaler
0 0 1 1 Delay Mode, /16 Prescaler
Q 1 0 [t} Delay Mode, /50 Prescaler
0 1 0 1 Delay Mode, /64 Prescaler
0 1 1 0 | Delay Mode, /100 Prescaler
0 1 1 1 Delay Mode, /200 Prescaier
1 (] 0 0 |Event Count Mode
1 0 0 1 Pulse Width Mode, /4 Prescaler
1 0 1 0 | Pulse Width Mode, /10 Prescaler
1 .0 1 1 Pulse Width Mode, /16 Prescaler
1 1 0 0 Pulse Width Mode, /50 Prescale
1 1 ] 1 Pulse Width Mode, /64 Presca
1 1 1 0 Pulse Width Mode, /100
1 1 1 1 Pulse Width Mode, /2 aler

®
7 6 5 0
so [+ o2 | co | coo [ ocz [ per | obco | TeoeR
Reset: 0 0 ! 0 0 0

*Unused bits read as zer

CC2-CCO, DC3-DCO — Select Timer,
When the timer is stopped
is not affected, although

d D Operation Mode.
ting is inhibited. The contents of the timer's main counter
idual count in the prescaler is lost.

cco
DCo Operation Mode

0 | Timer Stopped

1 Delay Mode, /4 Prescaler

Q Delay Mode, /10 Prescaler

Delay Mode, /16 Prescaler

0 Delay Mode, /50 Prescaler
1 Delay Mode, /64 Prescaler
0 Delay Mode, /100 Prescaler
1 Delay Mode, /200 Prescaler
MC68901 MOTOROLA
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SECTION 6
UNIVERSAL SYNCHRONOUS/ASYNCHRONOUS
RECEIVER-TRANSMITTER

The universal synchronous asynchronous receiver-transmitter (USART) is a single, fulidu
serial channel with a double-buffered receiver and transmitter. There are separate
transmit clocks and, also, separate receive and transmit status and data bytes. Th
transmit sections are also assigned separate interrupt channels. Each section hag
channels: one for normal conditions and the other for error conditions. All interge

edge-triggered. Generally, it is the output of a flag bit or bits which is couple
channel. Thus, if an interrupt-producing event occurs while the associat
disabled, no interrupt-would be produced, even if the channel was sub
a transition did not occur while the channel was enabled. That part
occur again, generating another edge, before an interrupt wou!
channels may be disabled and instead, a DMA device can b
control signals receiver ready (RR) and transmitter ready (TR
information.

channels are
) the interrupt
terrupt channel is
tly enabled because
vent would have to

generated. The interrupt
0 transfer the data via the
DMA OPERATION for more

6.1 CHARACTER PROTOCOLS

The MFP USART supports asynchronous and,
byte synchronous character formats. The
one and divide-by-18 clock modes. It is
but still use start and stop bits. After
will be checked to determine prog
features apply.

the help of a polynomial generator checker,
» fopmats are selected independently of the divide-by-
ssible to clock data synchronously into the MC68901
bit is detected, data will be shifted in and a stop bit
ming. In this mode, all normal asynchronous format

When the divide-by-one cl
The receiver will sample ¢
clock mode, the data i

e is selected, synchronization must be accomplished externally.
ata on the rising edge of the receiver clock. In the divide-by-18
bled at mid-bit time to increase transient noise rejection.

v-18 clock mode is selected, the USART resynchronization logic is enabled.
the channels clock skew tolerance. Refer to 6.1.1 Asynchronous Format for
n the resynchronization logic.

1able character length and start/stop bit configurations are available under software control
r asynchronous operation. The user can choose a character length from five to-eight bits and
a stop bit length of one, one -and one-half, or two bits. The user can also select odd, even, or no
parity.

In the asynchronous format, start bit detection is always enabled. New data is not shifted into
the receive shift register until a zero bit is received. When the divide-by-18 clock mode is selected,
the false start bit logic is also active. Any transition must be stable for three positive receive clock

MC68901 ‘ MOTOROLA
) 6-1



edges to be considered valid. For a start bit to be good, a valid zero-to-one transition must not
occur for eight positive receiver clock transitions after the initial one-to-zero transition. After a
valid start bit has been detected, the data is checked continuously for valid transitions. When a
valid transition is detected, an internal counter is forced to state zero, and no further transition
checking is initiated until state four. At state eight, the “previous state” of the transition checking
logic is clocked into the receiver. As a result of this resynchronization logic, it is possible to run
with asynchronous clocks without start and stop bits if there are sufficient valid transitions in the
data streams.

6.1.2 Synchronous Format

When the synchronous character format is selected, the 8-bit synchronous charact
the synchronous character register (SCR) is compared to received serial data
found. Once synchronization is established, incoming data is clocked into the
chronous word will be continuously transmitted during an underrun condi
characters can be optionally stripped from the receive buffer (i.e. tak
and thrown away) by clearing the appropriate bit in the receive stat

7 6 5 4 3
$7 | o7 | o6 | b5 | o4 | b3 |
Reset: 0 0 © 0 0 1}

aracter length is selected, since unused
. When parity is enabled, synchronous
will compute and append the parity bit
ngth of eight is selected. However, if the char-
rmine the synchronous word parity and write
ang with the synchronous character. The parity bit
| then transmit the extra bit in the synchronous word

The synchronous character should be written after th
bits in the synchronous character register are zer
word length is the character length plus one. Ttk
for the synchronous character when a character
acter length is less than eight, the user must
it into the synchronous character register alt
must be the most-significant bit. The
as a parity bit.

6.1.3 USART Control Regi

This register selects tf ¢ mode and the character format for the receive and transmit sections.

6 5 4 3 2 i 0
Lo [ oo [ su [ s | pE | 60 | * | u
0 0 0 0 0 0 u

*Unused bits read as zero.

= Data clocked into and out of receiver and transmitter at one sixteenth the frequency of
their respective clocks.

0=Data clocked into and out of receiver and transmitter at the frequency of their respective
clocks.

CL1,CLO — Character Length .
These bits specify the length of the character exclusive of start bits, and parity.
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CL1 CcLo Character Length
0 0 8 Bits
0 1 7 Bits
1 -0 6 Bits
1 1 5 Bits

ST0-ST1 — Start/Stop Bit and Format Control
These bits select the number of start and stop bits and specify the character format.

ST1 ST0 Start Bits Stop Bits Format
0 0 0 1 Synchronous
0 1 1 1 Asynchronous
1 (] . 1 1-172 Asynchronous®
1 1 1 2 Asynchronous

" *Used with Dlwde -by-16 mode only.

PE — Panty Enable :
Parity is not automatically appended to the synchronous ¢
less than eight bits. Therefore, parity should be written,
chronous character.

1 = Parity checked by receiver and parity calculated
0=No parity check-and no parity bit comput

acter for character lengths of
e SCR along with the syn-

nserted during data transmission.
ansmission.

E/Q — Even/Odd Parity
1=Even parity is selected.
-0=0dd parity is selected.

Bit 0 — Not used

6.2 RECEIVER

As data is received on the
until the specified num
to the receive buffer
will set the buffer fu
to the processor;“asst

fal input line (Sl), it is clocked into an internal 8-bit shift register
ta bits have been assembled. The character will then be transferred
ng that the last word in the receive buffer has been read. This transfer
in the Receiver Status Register (RSR) and produce a buffer full interrupt
ing this interrupt has been enabled.

ve buffer satisfies the buffer full condition and allows a new data word to be
e receive buffer when it is assembied. The receive buffer is accessed by reading
ata register (UDR). The UDR is simply an 8-bit data register used when transferring
een the MFP and the CPU.

time a word is transferred to the receive buffer, its status information is latched into the
receiver status register (RSR). The RSR is not updated again until the data word in the receive
buffer has been read. When a buffer full.condition exists, the RSR should always be read before
the receive buffer (UDR) to maintain the correct correspondence between data and flags. Oth-
erwise, it is possible that after reading the UDR and prior to reading the RSR, a new word could
be received and transferred to the receive buffer. Its associated flags would be latched into the
RSR, writing over the flags for the previous data word. Thus, when the RSR was read to access
the status information for the first data word, the flags for the new word would be retrieved.

MC68901 _ : MOTOROLA
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6.2.1 Receiver Interrupt Channels

The USART receiver section is assigned two interrupt channels. One indicates the buffer full
condition while the other channel indicates an error condition. Error conditions include overrun,
parity error, frame error, synchronous found, and break. Thesé interrupting conditions correspond
to the O, PE, FE, and F/S or B bits of the receiver status register. These-flags will function as
described in 6.2.2 Receiver Status Register whether the receiver interrupt channels are enabled
or disabled. i C

While only one interrupt is generated per character received, two dedicated interrupt
allow separate vector numbers to be assigned for normal and abnormal receiver conditi
a received word has an error associated with it and the error interrupt channel i

interrupt will be generated on the error. channel only. However, if the error.ch s disabled,
an interrupt for an error condition will be generated on the buffer full interrupt channel along
with interrupts produced by the buffer full condition. The receiver status regi st always be
read to determine which error condition produced the interrupt.

6.2.2 Receiver Status Register (RSR)

The RSR contains the receiver buffer full flag, the synchrai trip enable, the various status

information- associated with the data word in the receive buffer. The RSR is.latched each time a

data word is transferred to the receive buffer. RSR f
word has been read. However, the M/CIP bit is allg

7 N 2 1 0
S
$2B BF or B M/CiP SS RE RSR
Reset: 0 0 0 0 0

BF — Buffer Full
Receiver word is transfé
Receiver buffer is r

1o the receive buffer.
by'accessing the USART data register.

OE — Overrun Er|
Overrun er
buffer is fu

eccurs when a received word is to be transferred to the receive buffer, but the
ither the receiver buffer nor the RSR is overwritten.

eiver buffer full, ‘ o ‘ -

by RSR or MFP reset. '

PE rity Error - .
= Parity error detected on character transfer to receiver buffer.

0=No parity error detected on character transfer to receiver buffer.

FE — Frame Error g
A frame error exists when a non-zero data character is not followed by a stop bit in the
asynchronous character format. T :
1="Frame error detected on character transfer to receiver buffer.
0=No frame error detected on character transfer to receiver buffer, .

MOTOROLA ' MC68901
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[
o SS — Synchronous Strip Enable

F/S or B — Found/Search or Break Detect
The F/S bit is used in the synchronous character format. When set to zero, the USART receiver
is placed in.the search mode. F/S is cleared when the incoming character does not match
the synchronous character.

1=Match found. Character length-counter enabled.
0=Incoming data compared to SCR. Character length counter disabled.
. The B bit is used in the asynchronous character format. This flag indicates a break condition
which continues until a non-zero data bit is received.
1 =Character transferred to the receive buffer is a break condition.
- 0=Non-zero data bit received -and break condition was acknowledged by readisn
RSR at least once.

M or CIP — Match/Character in Progress
The M bit'is used in the synchronous character format and indicates a synch
~ has been received.

1=Character transferred to the receive buffer matches the synch; s character.

0=Character transferred to the receive buffer does not match thg hronous character.
The CIP bit is used in the asynchronous character format and in s that a character is
being assembled. :

1=Start bit is detected:

0=Final stop bit has been received.

character

will-not be loaded into the receiver
ed.
will be transferred to the receive buffer

1=Characters that match the synchronous ch
buffer and no buffer full condition will be p
0=_Characters that match the syrnichronous ch
and a buffer full condition will be produc

RE — Receiver Enable .
This bit should not be set until t

in auto-turnaround mode this b

1=Receiver operation |s

0=Receiver is disable

iver ciock is active. When the transmitter is disabled

Certain receive
further explan
1) Abreaki

s relating to the overrun error flag and the break detect flag require
onsider the following examples:

ed while the receive buffer is full. This does not produce an overrun condition.
ag will be set after the receiver buffer is read.

rd is received, and the receive buffer is full. A break is received before the receive
read.

he B and OE flags will be set when the buffer full condition is satisfied.

6.3 TRANSMITTER

The transmit buffer is loaded by writing to the USART data registerv(vUDR). The data character
will be transferred to an internal 8-bit shift register when the last character-in the shift register
has been transmitted. This transfer will produce a buffer empty condition. If the transmitter
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completes the transmission of the character in the shift register before a new character is written
to the transmit buffer, an underrun error will occur. In the asynchronous character format, the
transmitter will send a mark until the transmit buffer is written. In the synchronous character

format, the transmitter will continuously send the synchronous character until the transmit buffer
is written. - : o co e ; v :

The transmit buffer can be loaded prior to enabling the transmitter. After the transmitter is enabled,
there is a delay before the first bit is output. The serial output line (SO) should be programmed
to be high, low, or high impedance (by setting the appropriate bits in the Transmitter S
Register (TSR}) before the transmitter is enabled forcing the output line to the desired st
the first bit of the first character is shifted out. The state of the H and L bits in the TSR deter
the state of the first transmitted bit after the transmitter is enabled. If the high imp
is selected prior to the transmitter being enabled, the first bit transmitted is inde
that the SO line will always be driven high for one bit time prior to the charact
shift register being transmitted when the transmitter is first enabled.

When the transmitter is disabled, any character currently being transmi
pletion. However, any character in the transmit buffer will not be tr
the buffer. Thus, no buffer empty condition will occur. If the buffer
is disabled, the buffer empty condition will remain, but no und
when the character in transmission is completed. If no char
transmitter is disabled, the transmitter will stop at the nex

continue to com-
ed and will remain in
ty when the transmitter
ndition wil| be generated
being transmitted when the
edge of the internal shift clock.

In the asynchronous character format, the transmitters
break will be transmitted once the word currently
register is empty, the break command will be
will be generated at every normal character boufidary to aid in timing the break transmission.
The contents of the TSR are not affected, however. The break will continue until the break bit is
cleared. The underrun error {UE) must be cléared from the TSR. Also, the interrupt pending register
must be cleared of pending transmitt s at the beginning of the break transmission, or no
interrupts will be generated at the ¢ r boundary time. The break (B) bit cannot be set until
the transmitter has been enable 'has had sufficient time (one transmitter clock cycle) to
perform internal reset and initi n functions.

be programmed to send a break. The
e shift register has been sent. If the shift
ive immediately. A transmit error interrupt

Any character in the tran
terminated, assuming

er at the start of a break will be transmitted when the break is
ansmitter is still enabled. If the transmit buffer is empty at the start
at any time during the break. If the buffer is still empty at the end

smitter during a break condition causes the transmitter to cease transmission
acter at the end of the current character. No end-of-break stop bit will be trans-

Jf the transmit buffer is empty, no buffer empty condition will occur nor will an
ndition occur. Also, any word in the transmit buffer will remain. ‘

mitted.
under

.1 Transmitter Interrupt Channels

The USART transmit section is assigned two interrupt channels. The normal channel indicates a
buffer empty condition, -and the error channel indicates an underrun or end condition. These
interrupting conditions correspond to-the BE, UE, and END flags in the TSR. The flag bits will
function as described in 6.3.2 Transmitter Status Register whether their associated interrupt
channel is enabled or disabled.

MOTOROLA ' - MC68901
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6.3.2 Transmitter Status Regi'ster

The TSR contains various transmitter error flags and transmitter control bits for selecting auto-
turnaround and loopback mode.

7 § 5 4 3 2 i 0
s [ BE | ue | ar [ ew [ B | W | L | T
Reset: - 0 0 0 0 0 0 0 0

BE — Buffer Empty
* 1 =Character in the transmit buffer transferred to TSR.
0=Transmit buffer reloaded by writing to the USR,

U-— Underrun Error
One full transmitter clock cycle-is required after UE bit is set before i
bit does not require clearing before writing to the UDR.
1=Character in the TSR was transmltted before a new word w

buffer.
0=Transmitter disabled or read performed on TSR.

AT — Auto-Turnaround
When set, the receiver will be enabled automatically

* and the last character being transmitted is compl

ed into the transmit

he transmitter has been disabled

END — End of Transmission
if the transmitter is disabled whlle a chara being transmitted, this bit is set after trans-
mission is complete. If no character was being transmitted, then this bit is set immediately.
Reenabling the transmitter clears this

B — Break
This bit only functions in th
consists of all zeros with
internal reset and-initialjz
1=Break transmitted
0=Break cedses

hronous format. When B is set, BE cannot be set. A break
p ‘bit. This bit cannot be set until transmitter is enabled and
en is complete.

ansmission stops.

mal transmission resumes.

'H, L — High and
These bit
these bits

igure the transmitter output (SO) when the transmitter is disabled. Changing
the transmitter is enabled will alter the output state until END is cleared.

H L Output State
0 Q High Impedance

0 1 Low

1 0 |High

1 1

Loopback Mode

TE — Transmitter Enable
The serial output will be driven according to H and L bits until transmission begins. A one
bit is transmitted before character transmission in the TSR begins.
‘ 1=Transmitter ehabled.
0=Transmitter disabled. UE bit cleared and END bit set.

MC68901 ' MOTOROLA
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6.4 DMA OPERATION

USART error conditions are valid only for each character boundary. When the USART performs
block data transfers by using the DMA handshake lines receiver ready (RR) and transmitter ready
(TR), errors must be saved and checked at the end of a block. This is accomplished by enabling
the error channel for the receiver or transmitter and by masking interrupts for this channel. Once
the transfer is complete, interrupt pending register A is read. Any pending receiver or transmitter
error indicates an error in the data transfer.

RR is asserted when the buffer full bit is set in the RSR unless a parity error or fram
detected by the receiver. TR is asserted when the buffer empty bit is set in the TSR un|
is currently being transmitted. '

MOTOROLA MC68901
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~ SECTION7
ELECTRICAL CHARACTERISTICS

This sectlon contains the electrical spemflcatlons and associated timing information for the M

multl-function perlpheral

7.1 MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vee -0.3107.0 \
Input Voltage . Vin ~0.3t07.0 - \
Operating Temperature Range TA 0to0 70 °C
Storage Temperature Range Tstg —65 to 150 °C
Power Dissipation Pp 15 W

7.2 THERMAL CHARACTERISTICS

Characteristic Symbol | Value | Symbole | Valu

Thermal Resistance 6JA 8¢
Ceramic 40 a5+
Plastic 40 20*

*Estimated

7.3 POWER CONSIDERATIONS *

The average chip-junction rature, Ty, in °C can be obtained from:

Tj=TA+(PD*0JA

where : ;
TA =Amb perature, °C
0JA = e Thermal Resistance, Junction-to-Ambient, °C/W
PD = 110
PINT Vge, Watts — Chip Internal Power
Pi/O er Dissipation on Input and Output Pins, Watts — User Determined

applications P|yQ<PINT and can be neglected.

An appropriate relationship between Pp and TJ (if P)/0 is neglected) is:
Pp=K=(TJ+273°C}

Solving equations (1) and (2) for K gives:
K=Pp *(TA+273°C)+6A * PD2

uitry to protect the
ge due to high static volt-
s; however, it is advised
autions be taken to avoid
ny voltage higher than max-
voltages to this high-impedance
gircuit. Reliability of operation is enhanced if
ised inputs are tied to an'appropriate logic
itage level (e.g., either Vg or GND).

(1

(2)

(3)

where K is a constant pertaining to the particular part. K can be determined from equation (3) by
measuring Pp (at equilibrium) for a known TA. Using this value of K, the values of Pp and Tj can

be obtained by solving equations (1) and (2) iteratively for any value of TA.

MC68901
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The total thermal resistance of a package (6JA) can be separated into two components, 8¢
and 8CA, representing the barrier to heat flow from the semiconductor junction to the package
{case) surface (6JC) and from the case to the outside ambient (6CA). These terms are related by
the equation:

6JA=6JC+OCA

6JC is device related and cannot be influenced by the user. However, OCA is user dependent
and can be minimized by such thermal management techniques as heat sinks, ambient air cooling
and thermal convection. Thus, good thermal management on the part of the user can significantly

reduce 6CA so that 64 approximately equals 8JC. Substitution of 8¢ for 8JA in equation (1

result in a lower semiconductor junction temperature.

Values for thermal resistance presented in this document, unless estimated, were d
the procedure described in Motorola Reliability Report 7843, “Thermal Resistance
Method for MCB8XX Microcomponent Devices,” and are provided for design
Thermal measurements are complex and dependent on procedure and setup. U

for thermal resistance may differ.

7.4 DC ELECTRICAL CHARACTERISTICS (T5=0°C to 70°C, Voo = =5 V5%

Characteristic Min Max Unit
Input High Voltage 2.0 Vee+0.3
Input Low Voltage -0.3 0.8 v
Output High Voltage, Except DTACK (IgH = — 120 pA) 24 — %
Output Low Voltage, Except DTACK (Ig=2.0 mA) — 0.5 v
Power Supply Current (Outputs Open) - 180 mA
Input Leakage Current (Vin=0 to Vcc) — 10 pA
Hi-Z Output Leakage Current in Float (Voyut=2.4 to V¢ — 10 pA
Hi-Z Qutput Leakage Current in Float (Vo t=0.5 V) - — —-10 pA
DTACK Output Source Current (Vout=2.4 V) — ~400 pA
DTACK Output Sink Current (Voui=0.5 V) —_ 5.3 mA
7.5 CAPACITANCE (TA MHz, unmeasured pins returned to ground)
Symbol Min Max Unit
Input Capacitance Cin — 10 pF
Hi-Z Output Capac Cout — 10 pF
IRQ, DTACK c — 100 pF
All Other Outputs —_ 130
MOTOROLA MC68901
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7.6 CLOCK TIMING  {(see Figure 7-1)

Characteristic Symbol Min Max Unit
Frequency of Operation f 1.0 4.0 MHz
Cycle Time teye 250 1000 ns
Clock Pulse Width tCL tcH 110 250 ns
Rise and Fall Times ter tof — 15 ns

i)

tCR—>|

MCB8201

MC68301

Crystal Parameters
Parallel resonance fundarne~
Rg=160 & (f=2.8~-4.0 MHz
Rg=300 9 {f=2.0-2.7 MFz
Cp=18 pF, C\y=0.02 pF, Cj

f {typical) = 2.4576 MHz

Figure 7-2. MFP External Oscillator Components

MOTOROLA
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7.7 AC ELECTRICAL CHARACTERlSTlCS (Vcc 5.0-Vde = 5%, GND=0°C to 70°C unless otherwise noted; see Figures
7-3 through 7-12.

Num - Characteristic o - Min Max Unif
14 |CS, DS Width High - - D ' 50 — ns
RAW, RS1-RS5 Valid to Falling T5 Setup Time o o 0 — ns
3 | Data Valid Prior to Falling CLK Setup Time {Write Cycle Only) R — ns
4! |CS, 1ACK Valid to Falling CLK Setup Time 50 — ns

5 CLK Low to DTACK Low ‘ —
6 CS or DS or IACK High to DTACK High - : —
7 TS or DS or TACK Highto DTACK High Impedance —
8
9

1 DTACK Low to Data Invalid Hold Time (Write) 0
CS or DS or IACK High'to Data High Impedance {Read) —_

10 | CS or DS High to RS1-RS5, RW Invalid Hold Time
115 | Data Valid from CS Low {Read)

12 Data Valid to DTACK Low Setup Time {Read)

13 | DTACK Low to DS or CS or IACK High Hold Time
14 {TEi Low to Falling CLK Setup Time

15" | TEO Valid from' CLK Low Delay Time

16 Data Valid from CLK Low Delay Time

17 1EQ Invalid from JACK High Delay Time

18 | DTACK Low fram CLK High Delay Time

19 |TEO Valid from TEI Low Delay Time

20 Data Valid from 1El Low Delay Time

21 CLK Cycle Time

22 CLK Width Low 110 — ns
23 CLK Width High ] -110 — . s
2424 | TS, TACK Inactive to Rising CLK Set . 100 — ns
25 | I/ Minimum Active Pulse Widt 100 — ns
26 |iACK width High ‘ 2 — teye
27 I/0 Data Valid from Ris| #DS (Write) — 450 ns
28 Receiver Ready (RR om Rising RC — 600 ns
29 — 600 ns
30 — 450 ns
313 — 2 telk +300 ns
32 110 — ns
33 ock {tgjk) High Time 110 — ns
34 er Clock (tglk) Cycle Time 250 1000 ns
; RESET Low Time 2 — us
Delay to Falling IRQ from Ix Active Transition — 380 ns
Transmitter Interrupt Delay from Falling Edge of TC . 550 — ns

38 Receiver Interrupt Delay from Rising Edge of RC (Buffer Full) 800 — ns
39 Receiver Interrupt Delay from Falling Edge of RC (Error) 800 —_ ns

MOTOROLA MC68901
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7.7 AC ELECTRICAL CHARACTERISTICS (Continued)

Num - Characteristic Min Max Unit
40 | Setup Time from Rising Edge of RC (Divide by 1 Only) 80 — ns
41 S! Hold Time from Rising Edge of RC-(Divide by 1 Only) 350 — ns

42 SO Data Valid from Falling Edge of TC (Divide by 1 Only} — 440 ns
43 TC Low Time 500 - ns

44 TC High Time

45 TC Cycle Time

46. - |RC Low Time

47 RC High Time

48 RC Cycle Time

493 - |CS, IACK, DS Width Low

NOTES:
1. If the setup time is not met, CS will not be recognized until the next falling clock.
2

3.

‘ 4'

. Although__@ and DTACK are synchronized with the clock, the data

50 SO-Data Valid from Falling Edge of TC (Divide by 16 Only)

hold-off time will be two clock cycles.
teyc refers to the clock signal applied to the MFP CLK input pin. tgjk refers to
signal comes from the XTAL1/XTAL2 crystal clock inputs or the TAl or TBi ti
CS is latched internally, therefore if specifications 1 and 24 are met, the
initiate a bus cycle.

'be negated before the falling clock and still

ing a read cycle is asynchronous to the clock, relying
only-on CS for timing.

{Figures 7-3 through 7-12)
foldout pages 1 through 3 at
s document.
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7.8 TIMER AC CHARACTERISTICS

Definitions:
Error=Indicated time value — actual time value
tpsc=1CLK X Prescale Value

Internal Timer Mode:
Single Interval Error (Free Running) (See Note 2)........ccvuvvriiiviiiiniiiiinirreiennnn, + 100 ns
Cumulative Internal Error. ...

Error Between Two Timer Reads .......co.oiviviiviiiiinic e = (tpsc —
Start Timer to Stop Timer Error............cooovevei.
Start Timer to Read Timer Error

Pulse Width Measurement Mode:
Measurement Accuracy (See Note 1)
Minimum Pulse Width

Event Counter Mode:
Minimum Active Time of TAl and TBI
Minimum Inactive Time of Al and TBI

NOTES:
1. Error may be cumulative if repetitively performed.
2. Error with respect to tgyt or TRQ if note 3 is true.
3. Assuming it is possible for the timer to make an interrupt reque:

MOTOROLA MC68901
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SECTION 8

MECHANICAL DATA AND ORDERING INFORMATION

This sectlon contains the pin asmgnments package dimensions, and ordering information for the

MC68901.

8.1 PIN ASSIGNMENTS

rRWIHQ1 @
RS1[}2
RS2 [}3
RS3 4
RS4 [}5
RSE[]6
Tch7
sofs
sifio
rRc 10
Vee
NC 12
TAO [}13
T80 [J14
Tco 15
TDo 16
XTALT 17
XTALZ ] 18
TAL[Q 10
81 20
RESET [ 21
i0 0 22
o3
12 g 2

MC68301:

52-Lead Quad MC689
(Top View)

O 82

[ b7
&P D6

XTAL1
XTAL2

Iniaisieielainin
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|14

g

S5 S N O N O N Uy
(2]
=
=}

ve

£E

|50 I O N U T I T G J 0 J S J G Jy

o
=4

Tppe-ooznen

= (e
o
==

=2 o M s e ~Q
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8.2 PACKAGE DIMENSIONS

L SUFFIX
CERAMIC PACKAGE
CASE 740-02

MILLIMETERS|  INCHES
|oim | MmN
A_|60.35
B [ 1463
C | 3.05] 4.
200381} -0.
F | 0762 1.
2.64 BSC
0.203] 0.330] 0.008 | 0.073
254 | 4.19 |0.100'] 0,166
1499 115,65 | 0.580 | 0.616
W[ 0o {100 | G0 | 100
N[ 1.676]_1.524] 0.040 | 0.060

5

i
]

NOTES:
1. DIMENSION[A] IS DATUM.

3. IS SEATING PL.
4. DIMENSION “L"T L

ER OF LEADS
WHEN FORM L

OLERANCING PER

P SUFFIX
PLASTIC PACKAGE
CASE 767-01

U e

6167 | 61.77 | 2428 | 2432
1392 | 14.02 | 0548 | 0552
4.83 | 5.06 | 0190 | 0,200
38 [ 0.50 | 0.015 | 0.020
22 134 | 0.048 [ 0.053

2.54 BSC 160 BSC
025 030 [ 6.0 [ 0.g12
323 33710427 10433

L] 1624 BSC 600 BSC

M| a0 [ 100 | 00 [ 100

N| 0854 ] 088 0.0% | 0.035

Ul 1798BSC |. 0.070BSC

_

MOTOROLA
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1. (RIS END OF PACKAGE
DATUM PLANE.
[T-)1S BOTH A DATUM AND
SEATING PLANE.

2. POSITIONAL TOLERANCE
FOR LEADS 24 & 25:

[#]0.35 (0.074) [TT B AR ]
POSITIONAL TOLERANCE
FOR LEAD PATTERN:

[#10.25 (0.010 [T B G)

. DIM B DDES NOT INCLUDE
MOLD FLASH.

. DIM L 1S TO CENTER OF
LEADS WHEN FORMED
PARALLEL,

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

& w

o
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FN SUFFIX
CASE 778-02
PIN GRID ARRAY

e

=
—
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- ey
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+ DUE TO SPACE LIMITATION, CASE 778-02 SHALL

BE REPRESENTED BY A GENERAL {SMALLER}
CASE OUTLINE DRAWING RATHER THAN
SHOWING ALL 52 LEADS.

DATUMS -L-, -M-, -N-, AND -P- DETERMINED
WHERE TOP OF LEAD SHOULDER EXIT PLASTIC
BODY AT MOLD PARTING LINE.

DIM G1; TRUE POSITION TO BE MEASURED AT
DATUM -T-, SEATING PLANE.

DIM R AND U DO NOT INCLUDE MOLD
PROTRUSION. ALLOWABLE MOLD PROTRUSION
15 0.25 (0.010} PER SIDE.

DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

. CONTROLLING DIMENSION: INCH.
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8.3 ORDERING INFORMATION

Maximum Clock Temperaturve

Package Type ~ Frequency - Range Order Number
Ceramic '

L Suffix 4.0 MHz 0°C to 70°C MC68901L
Plastic

P Suffix 4.0 MHz 0°C to 70°C MC68301P
Quad Pack '

FN Suffix 4.0 MHz 0°Cto 70°C MC68901FN

MOTOROLA : M0689.01
84 -




MC68901

Figure 7-4. Write Cycle Timing
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NOTE 1: 1E0 only goes low if no acknowledgable interrupt is pending. If TEO goes low, DTACK and the data bus remain in the high-impendance state.

Figure 7-5. Write Cycle Timing
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Figure 7-8. Port Timing
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Figure 7-9. Reset Timing
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1. IEO only goes low if no acki terrupt is pending. If IEO goss low, DTACK and the data bus remain in the high-impedance @
state.

2. DTACK will go low a cification number is met. Otherwise, DTACK will go low at.

Figure 7-6. Interrupt Acknowledge Cycle (IEl High) v -

: {BUFFER FULL TRQ
CONDITION)
(> 38 <
e
&
P
(),

e % : | -

IRQ \
(ERROR CONDITION)
— ® N
— Y -« »
IRQ
‘ sl e ~
(DIVIDE-BY-ONE
NOTE: Active Edge is assumed to be the rising edge. MODE ONLY) . : =

Figure 7-7. Interrupt Timing Figure 7-10. Receiver Timing
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Figure 7-11. Transmitter Timing
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NOTE 1: Specification number 30 applies to timer outputs TAO and TBO only.

Figure 7-12. Timer Timing
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