
Order this document

MOTOROLA by MC68901/D

~ SEMICONDUCTOR
TECHNICAL DATA

Advance Information
MC68901

OMOTOROLA INC., 1988 AD1984RI



I
Molorola reserves lne rlgnl to make changes without furthel

not assume any Iial

patent ris’ “

f .
r notice to any products herein to improve reliability, function or design. Motorola does

bility ariSing out Of the application or use of any product or circuit described herein: neither does it conveya”y license under itS ,

—

gnls nor [ne rights of ethers. Motorola and M are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Employment Oppotiunityl

I Attlrmative Action Emolover. w



TABLE OF CONTENTS

Paragraph Page
Number Title

2.1
2.1.1
2.1.2
2.1.3

e

2.1.4
2.1.4,1
2.1.4,2
2.1.4.3
2,1.4.4
2.1.5
2,1.6
2.1.7
2.1.7.1
2.1.7.2
2.1.7.3
2.1.7.4
2.1.8
2.1.9
2.1,9.1
2.1,9.2
2.1.9.3
2.1,10
2.1,10.1
2.1.10,2
2.1.10.3 ‘*-:Ja’” Receiver Clock (RC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5
2.1,10.4 ;? ~ Transmitter Clock (TC) . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5
2.1.1 k$:,~$~’” Direct Memory Access Control .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5
2.1 ,:?,{;%,. Receiver Ready RR)...: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5
2.1 .’*fy Transminer Ready (TR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5
2.1.12 Signal Summary . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5
2.2 Bus Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5
2.2.1 Data Transfer Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5
2.2.1,1 Read Cycle .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . z-6

@

2,2.1,2 Write Cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-6
2.2.2 Interrupt Acknowledge Operation . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-7
2.2.3 Reset Operation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-g

MC68901 MOTOROLA
...
Ill



TABLE OF CONTENTS (Continued)

Paragraph Page
Number Title Number

Section 3
Interrupt Strudure

3.1 Interrupt Processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..c . . . . . . ~:1
3.1.1 Interrupt Channel Prioritization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....**

y:~:$

3.1.2 Interrupt Vector Number + ‘$:5-1
3.1.3

.. . . . . . . . . . . . . . . . . . . . . ...’...” . .”.”.’.”. . . ...”.”.. “...”*?\*..\*.;!,.;t.J.t.J
Vector Register (VR) . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..#~..?+.. 3-2

3.2 Daisy-Chaining MFPs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..%eY..$.~$. . . . 3-2
3.3 Interrupt Control Registers

.:&y
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*..9**.X..W,*,+,*’:. . . . . . 3-3

3.3.1 Interrupt Enable Registers (IERA, IERB) ‘+> ,J.i\~’. . . . . . . . . . . . . . . . . . . . . . . . .. Mt><,i;?.,... . . . . . . 3-3
3.3.2 Interrupt Pending Registers (lPRA, lPRB)

:*:, \
. . . . . . . . . . . . .......,,i:%.,~,~qk. . . . . . . . . . . . . . . . . 3-4

3.3.3 Interrupt Mask Registers (IMRA, IMRB)
,l$,.>i:*F.

. . . . . . . . . . . . . . . ..~.s.uv~. ... . . . . . . . . . . . . . . . 3-4
3.3.4 interrupt in-Service Registers (lSRA, lSRB) . .. . . . . . ..$~..@.. . .. . . . . . . . . . . . . . . . . 3-5
3.4 Nesting MFP Interrupts ,$,!.,,. :2.

,..,......*.*....,...*. . . . . . . . . . . . . ..4x.%4b>........................ 3-5
3.4.1 Selecting The End-Of-Interrupt Mode ~J!:,. . . . . ..c...$}’+t~.,..~... . . . . . . . . . . . . . . . . . . . . . . . . . . 3-6
3.4.2 Automatic End-Of-Interrupt Mode

!!h\k<,+,\:\.s.. . . . . . . . (.+$&$...*hi.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-6
3.4.3 Software End-Of-Interrupt Mode ~,$~ ‘~. . . . . ...4!...... . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-6\~,>..\,...

~~>a,$..
‘O.<“.,.,. . a

~,r~,.
~$~

Sect@%~ ~
General Purpos~f@tiOutput Port

. . .. .. ’y$\+ ‘.........-. ......#... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4,1 M6800 Interrupt Controller ++,~
4.2 GPIP Control Registers

..
. ., .,:$. . ....&... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4.2.1 General Purpose l/O@~~a Register (GPDR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4.2.2 Active Edge RegiQ&~A~R) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4.2,3 Data Direction ~~g~%ir (DDR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

,,,,’,..i$i~.4L.,SW
i~.{.,,~..~@*<,. l:,,i,,,,.*,:>..,~\./,,

Timers

5.1 Ope$#?$~"*:Modes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5.1.1 J D-&2y Mode Operation .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5.1.2 ?~~~$~ulse Width Measurement Operation . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5.1.3 ~.t~ ‘ Event Count Mode Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5.2 N&,>~~~%mer Registers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
5.2wh >,t ~ Timer Data Registers (TxDR) . . . . . . . . . . . . . . . . . . .. . . ..". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

$&&..? Timer Control Registers (TxCR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
,,.?...:~,,.*

4-1
4-1
4-1
4-2
4-2

5-1
5-1
5-2
5-3
5-4
5-4
5-4

~$

Sestion 6
Universal Synchronous/Asynchronous Receiver-Transmitter

6.1 Character Protocols . .. . . . . . . . ..'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1
6.1.1 Asynchronous Format . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1
6.?.2 Synchronous Format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-2

.6.1.3 USART Control Register (UCR) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-2 a

MOTOROLA MC68901
iv



Paragraph
Number

6.2
6.2.1
6.2.2
6.2.3
6.3
6.3.1
6.3.2
6.4

7.1
7.2
7.3

m 7.4
7.5
7.6
7.7
7.8

8.1
8.2
8.3

TABLE OF CONTENTS

fitle

(Concluded)

Page
Number

MC68901 MOTOROLA
v



MOTOROLA MC68901
vi



Figure
Number

1-1

2-1
2-2
2-3
2-4

3-1
3-2

5-1

7-1
7-2

B
7-3
7-4
7-5
7-6
7-7
7-8
7-9
7-1o
7-11
7-12

Table
Number

1-1

LIST OF ILLUSTRATIONS

Page
Ttle Number

MFP Block Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1

lnputand Output Signals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1 3,
Read Cycle Tming . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-~’$q9
Write Cycle ~ming . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..d . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...2?

lACK Cycle Timing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Daisy-Chained Interrupt Structure
,t.}:..$..~,.~\

Conceptual Circuit of an Interrupt Channel
.y’.k$,.’.\J~.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*.*. ..x ,. 3-5
~\ .?.~**:”

*.>.‘“A,
Conceptual Circuit of Timers A and B in Pulse Width

~$;,.+~,f
.,Ji}..k::~:+~-’

Measurement Mode
.,..* ,,!: ~:. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J.,...,... .......... [.’$.:;,?.,):+,.o......... 5-2

“*b~*h?. Y,‘ ‘~’
Clock Input Timing Diagram

‘:+,l~<i$
*:. . . &b. . . . . . . . . . . . . . . . . . 7-2‘.’.”.’.’.’. . . ’ ...’.”.’. ‘ ..”..’...’,.,.!,..

MFP External Oscillator Components ~\ ,t.~,.. . . . . . . . . . . . . . . . . . . . ... ~a.:..,,,+.. .,.!.,... . . . . . . . . . . 7-3
Read Cycle Timing

,~...:l~t~:$?,,,,
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .!. .<%... *.$. . . . . . . . . . . . . . . . . . . . . . . . , Foldout 1

Write Cycle Timing
,>, ?:’~...,.~e.,!. . . . . . . . . . . . . . . . . . . . . . . . , ., .,.,.,.,. ,. .$’:.,..”,.”,.. . . . . . . . . . . . . . . . . . . . . . . . ., Foldout 1

Interrupt Acknowledge Cycle (~ Low)
...N:,.{*,.,,. . . . . . . . ...?.. . . . .. . . . . . . , ., .,.,.,.,. . . . . . . . . . . . . . Foldout 1

Interrupt Acknowledge Cycle (~ High) . . . . . . ‘:;:k’,$!$~,:.w$$. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Foldout 2
Interrupt Timing ~,i.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .&.\..<.’.\.. .* ...,...,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Foldout 2
Port Timing

*,Y~s~.k..~
, ., .,.,.,.,. , ., .,.,.,.,. . . . . . . . . . ..\r&~....\...i.a.\.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Foldout 2

Reset Timing -<i... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Foldout 2
Receiver Timing .,,.,,. . . . . . . . . . . . . . . . . . . . . . ..... . . . ... . . . . . . . . . . ., .,.,.!.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Foldout 2
Transmitter Timing

*),<>.,.\,,.
. . . ’ . ’ .’.’.’.”. “~\\,.”%’’.”””.’ . ’ . ’ . ’ .”.”...’. ‘ ...’.’.’.’.”.” . “.” . ..’..’... Foldout 3

Timer Timing i*‘,,\.‘f... . . . . . . . . . . . . . . . . . .. ..*...%}*..*. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Foldout 3.,, -.,

.>.

OF TABLES

Page
Title Number

. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. .. . 1-2

. .. .. .. .. .. .. .. .. .. .. .. .. .. . ... . .. .. ... . .. .. .. .. .. .. ... 2-6

MC68901 MOTOROM
vii



MOTOROLA MC68901...
Vlll



t

SECTION 1
INTRODUCTION

,,
The MC68901 multi-function peripheral (MFP) is a member of the M68000 Family of periphRf%&.t

The MFP directly interfaces with the MC68000 microprocessor via the asynchronous bus str~c~~e,

Both vectored and polled interrupt schemes are supported with the MFP providing uniq~~t~ector

number generation for each of its 16 interrupt sources, Additionally, handshake line~~r~~fovided
to facilitate DMAC interfacing. Refer to Figure 1-1 for a block diagram of the M$,q$~~”

,’,4\.,,\,$J
The MC68901 performs many of the functions common to most microproc$~,~-based systems.

T,,

The resources available to the user include: ‘J.“%},,,*” ~>. ... .
. Eight Individually Programmable 1/0 Pins with Interrupt Capabilit~:{~~.J:”

..,%,.,.*, &
. 16-Source Interrupt Controller with Individual Source Enable an&$~~kking
. Four Timers, Two of which are Multi-Mode Timers ,.~.~’‘.,.~$.$:la~,y.,
. Single-Channel Full-Duplex Universal Synch ronous/As@WkWnous Receiver-Transmitter

(USART) that Suppotis Asynchronous and with the Addi~~~$*&! Polynomial Generator Checker
that Supports Byte Synchronous Formats ‘&,,$...

.)~>J,~~..?,.,.,,*?\ .,,
~?,

l—
Pm

* SI

USART
* RC

* so
* TC

*m

GENERALPURPOSE
l/O–interrupts

10-17

w
m m m IACK

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, Ail of the 24 registers are also directly addressable which simplifies programming.
The register map is shown in Table 1-1.

,,”
\>~.. ‘I.$.:, ,, ,!,,

Table 1-1. MFP Register Map
,,.)‘>*“““
~,x.$:,+”.,,. S:$.:i..,. ~.~.

Address
.... ,.%.
.,.,, ,..!.

Binary

~~~,,,?.F’:\* ~ ~.,

Hex
Abbreviation Regf&;?#ame

RS5 RS4 R53 RS2 RSI
i,,“.. :.

‘.1.*$,..$
v

01 0 0 0 0 0 GPDR General:F$f* l/O Data Register

03 0 0 0 0 1 AER Activ~#ti~@%egister

05 0 0 0 1 0 DDR
J>$*’JJ.~+*;$

Dat&~~,rectron Register

07 0 0 0 1 1 IERA ‘< )fiWrupt Enable Register A‘s;”

09 0 0 1 0 0 IERB $! :.@‘“\f ‘~~terrupt Enable RegisterB

OB ‘ o 0 1 0 1 IPRA ,:’ ‘a?’* Interrupt Pending Register A

OD o 0 1 1 0 {t:JPRa ‘“” Interrupt Pending Register B

OF o 0 1 1 1 $“”+> I*A Interrupt In-Service Register A,.:

11 0 1 0 0
. v.

o ,. ~~,.,,‘*:J ISRB Interrupt In-Service Register B

13
.,-.>’\,,,..).s

o 1 0 0 1 ‘s$. IMRA Interrupt Mask Register A

15 0 1 0 1 ,,~*. 0. ~~ IMRB Interrupt Mask Register B
,$..i},l

17 0 1 0 1 ‘t?x.. q,. 1 VR Vector Register
J,,:.,~~,~,: \\

19 0 1 1 “,@ ‘:\ ““ o TACR Tmer A Control Register

lB o 1 1 .,:;!?<.,* 1 TBCR Timer B Control Register

ID o 1 ,,,*’ $i,:t~”1; :, 0 TCDCR Tmers C and D Control Register

IF o 1 ~.$2%,:$ ‘> 1 1 TADR Timer A Data Register

21 1 0 :, Gj o 0 TBDR Timer B Data Register

23 1 0/ ‘:? ‘o o 1 TCDR Timer C Data Register

25 1 ,$p,~ :’ 0
1 0 TDDR Timer D Data Register

27 1
‘*Lf.

,,.$’ ~: o 1 1 SCR Synchronous Character Register

29 j \~ ‘ &.;. o 1 0 0 UCR USART Control Register

2B ,“:.’t;p. o 1 0 1 RSR Raceiver Statua Register

2D .’ ,,:$’’’”Q*” o 1 1 0 TSR Transmitter Status Register
.,,,.;

2F; ~; 1 0 1 1 1.,..,s, UDR USART Data Register
,,J ..,,..,.

N~%V’Wex addresses assume that RS1 connects with Al, RS2 connects with A2, etc. and that ~ is connected to LDS on the MC68000
!?iV;S~ or= is connected to ~ on the MC68008.
$,+:,1* ~
~~;:
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SECTION 2
SIGNAL AND BUS OPERATION

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

NOTE

DESCRIPTION

fusion when dealing with a ‘mixture of “active low” and “active high” sj$qal~??he term
“assert” or “assenion” is used to indicate that a signal is active or tr$~~:[~ependent of
whether that level is represented by a high or low voltage. The term,,’:~~~,qW or “negation”
is used to indicate that a signal is inactive or false. :>~..,-.::.,.:?,*,.\\\.!>.,\ ,.

7

E
TAI

TBI

TAO

TBO

TCO

TOO
vTAl ,

TIMER
CONTROL

J

h L I !,, ! , ““,.,!.”.

m
Figure 2-1. Input and Output Signals

;;!;
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2.1.1 VCC and GND

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

2.1.2 Clock (CLK) .~’$i\\.,.. ~>...
‘fs’!’$:~’~~~~.,.

The clock input is a single-phase TTL-compatible signal used for internal timing, This inpu~;@hld
not be gated off at any time and must conform to minimum and maximum pulse ~iw~?fhes.
The clock is not necessarily the system clock in frequency or phase. t$kt..i,$.’:.,‘x,,*,.$ ,, ,\\.+i)’

2.1.3 Data Bus (DOthrough D7)

This three-state bidirectional bus is used to transmit data to or receiv~ &ii$Rrom the MFP’s internal
registers during a processor read or write cycle, respectively. Duri#&~%n interrupt acknowledge
cycle, the data bus is used to pass a vector number to the proq~{~r. The MFP must be located
on data bus lines DO-D7 when used with an MC68QO0, MC6*For MC68010 and on data lines
D24-D31 when used with an MC68020, if vectored interru~$s”iW.& to be used.

,.~::.\.>.,,, ,.,. a

2.1,4 Asynchronous Bus Control

Asynchronous data transfers are control ledpy ~hip’select, data strobe, read/write, and data transfer
acknowledge. The register select lines, R,~6$QSl, select an internal MFP register for a read or write
operation, The reset line initializes th$,~~~ fegisters and the internal control signals,

2.1.4.4 DATA TRANSFER ACKNOWLEDGE (DTACK), This active low, three-state output signals
the completion of the operation 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 IACK (and ~) asserted, a

MOTOROLA
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2.1.5 Register Select Bus (RSI 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 resq$
Refer to 2.2.3 Reset Operation for further information.

.l>y,~.,,t;,:,~
,,,.>.* .::~,,,,’$,.x~ ‘~-,~,s, ~-.’,’.’..,,,.,>,,::..,\.. } ‘>*,,“

\$\;\,T\%-..,?!
2.1.7 Interrupt Control

,.**’Wi .I.i....:+,,$~ ,,
,,.r%$j-:.*\\;b’..$,>,

The interrupt request and interrupt acknowledge signals are handshake line~fofi,$ vectored in-
terrupt scheme. Interrupt enable in and interrupt enable out implement aj,~{~&@hained interrupt
structure. ~.,,$,it,-,+,*$

~.t,<~s:;,,~>,.:~.<\,>\,.\:~’
.$*<:,;:4,.....\.~

,*R,‘“:i. “’
2.1.7.1 INTERRUPT REQUEST (IRQ). This active low, open-draj~$l~~~~ut signals to the processor

m

that an interrupt is pending from the MFP. There are 16 int~,r~p~channels that can generate an
interrupt request, Clearing the interrupt pending registers, (l~~~d IPRB) or clearing the interrupt
mask registers (IMRA and IMRB) will cause the IRQ t~.~e npgated, IRQ will also be negated as
the result of an interrupt acknowledge cycle, unless q~jttanal interrupts are pending in the MFP.
Refer to SECTION 3 INTERRUPT STRUCTURE for,~~~k~<~l information,

...~:,,i..N...:},.,,,.,,
..$..>,L... .

2.1.7.2 INTERRUPT ACKNOWLEDGE (w~$~ both IRQ and IEI are asserted, the MFP will begin
an interrupt acknowledge cycle when$tw.and DS are asserted. The MFP will supply a unique
vector number to the processor whi@t&~jtesponds to the particular channel requesting interrupt
service. In a daisy-chained interry~~@~~&cture, all devices in the chain must have a common IACK.
Refer to 2.2,2 Interrupt Acknoww@ Operation and 3.1.2 Interrupt Vector Number Format for
additional information. CS ~Q~.~~ must not be asserted at the same time.

!.:. ~i.:,,,..,...... ......\\<:,,......$
i+>k>,;,/>.,$>y~ttx\,4,,,+

2.1.7.3 INTERRUPT ~.@LE IN (lEl). This active low input, together with the IEO signal, provides
a daisy-chained .~<~erru~ptstructure for a vectored interrupt scheme. ~ indicates that no higher
priority device k,s’h~uesting interrupt service. So, the highest priority MFP in the chain should
have its ~.p}$<%d low. During an interrupt acknowledge cycle, an MFP with a pending interrupt
is not all~~~~.’fo pass a vector number to the processor until its IEI pin is asserted. When the
daisy-~ al~”%ption is not implemented, all MFPs should have their ~ pin tied low. Refer to 3.2

DAl~~&~WAINING MFPs for additional information.
.,:,.(,!>;J::it.:,\*,,,,,:*...$~,.,.$J

2.1.7.4 INTERRUPT ENABLE OUT (IEO). This active low output, together with the IEI signal, provides
a daisy-chained interrupt structure for a vectored interrupt scheme, The IEO of a particular MFP
signals lower priority devices that neither it nor any other higher priority device is requesting

m

interrupt service. When a daisy-chain is implemented, IEO is tied to the next lower priority MFP’s
~ input. The lowest priority MFP’s IEO is not connected, When the daisy-chain option is not
implemented, IEO is not connected. Refer to 3.2 DAISY-CHAINING MFPs for additional information,
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2.1.8 General Purpose 1/0 Interrupt Lines (10 through 17)

These lines constitute an 8-bit pin-programmable 1/0 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 lNPUT/OUTPUT PORT for further
information,

.:<*
,,.. ~:..u
~’,+$<‘. ,,.\\:>

2.1.9 Timer Control
,,.;.,,~,. T,lk.
,:\\..\*,. :-4 6**:,P*‘!:?%,,,...,’

These lines provide internal timing and auxiliary timer control inputs required for c:{$~~fl~~erating
modes, Additionally, the timer outputs are included in this group. \.’t.> ~~.,$<:,!.,.%,,.!r,m“

Y.:tb,$
?~> i!<

,!.?,. t.{.
.,. ’31.Hy

2.1,9.1 TIMER INPUTS (TAI AND TBI), These inputs are control signala$~~fltiers A and B in the
pulse width measurement mode and the event count mode. These ~~~~~generate interrupts at
the same priority level as the general purpose l/O interrupt linesJ4 ~Rd’~3, respectively, when in
the pulse width measurement mode, While 14 and 13 do not h~~~iaterrupt capability when the
timers are operated in this mode, they may still be used for lf,p’~,~efer to 5,1.2 Pulse Width Mode
Operation and 5.1,3 Event Count Mode Operation for furq~w”<’k~ormati on.

,:,
,,$.~:: ~J’> a
k’‘,,:<:?$*

,,<$5:.:.%,,$,, ‘ii:

2.1,9,2 TIMER OUTPUTS (TAO, TBO, TCO, AND ~@~~ach timer has an associated output which
toggles when its main counter counts through O%{hexadecimal) regardless of which operational
mode is selected, When in the delay mod~th&)timer output will be a square wave with a period
equal to two timer cycles. This output ~’~~%,be used to supply the universal synchronous/asyn-
chronous receiver-transmitter (,USART+I*d rate clocks.‘!>>*,

..$~‘J:..
~~.,~(,.~i;, ~“ }~.,,z,ki,.. ‘tl,~tt.,~-~ii~.$!!.ih:~* .. t

2.1.9.3 TIMER CLOCK (XT~%~,&$D XTAL2). This input provides the timing signal for the four
timers, A crystal can be c~n~led between the timer clock inputs, XTALI and XTAL2, or XTALI
can be driven with a ~Q~~~] clock while XTAL2 is not connected. The following crystal param-
eters are suggested; .*,~+.~~<.,,$:,

a) Parallel resopan@~ fundamental mode AT-cut, HC6 or HC33 holder
b) Frequenc&~p$e~ance measured with 18 picofarads load (0,1 Yo accuracy) — drive level 10

m icro~,~~~ ‘*.P

c) ShunQ$~~~$titance equals 7 picofarads
d) Se{l~,$~%sistance:

,$,,~:O,J#f <2.7 MHz; RS <300 ohms

ij:t,t,~ja< f <4.0 MHz; Rs s 150 ohms
..J.*,.)$,?t p.,.,~,,:

l:!.

2,1.10 Serial 1/0

The full duplex serial chan~el is implemented 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. o

MOTOROLA MC68901
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2.1.10.1 SERIAL INPUT (S1). This input line is the USART receiver data input. This input is not
used in the USART Ioopback 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.

~:t.,,,,
.;~.,h:$~+,,
‘+.J$,. ,.\,

,i$ ~’:.~.
*, ~+~.’*’

2.1.10.3 RECEIVER CLOCK (RC). This input controls the serial bit rate of the receiver:,f,~~$sf~ nal
may “be supplied by the timer output lines or by an external TTL-levei clock whit~,!~~.%ts the
minimum and maximum cycle times, This clock is not used in the USART loopb~$~~ti’’de. Refer
to 6.3.2 Transmitter Status Register for additional information. ..~~:.~’‘3~?./m’\~’-.i~

~r.i,, ,#:
,... .,,$

., ~~~f,,

..:$} , ,,,..
, -.,+}

2.1.10.4 TRANSMITTER CLOCK (TC). This input controls the serial bit r~f~o~:the transmitter, This
,,~’.$~.:~’+,

signal may be supplied by the timer output lines or by an external,k~.~WVel clock which meets
the minimum and maximum cycle times. .....\.t..t:i!..,,>,<tLi:

‘$$,i,i’**J
~}s~l~<;,...$:.

2.1.11 Direct Memorv Access Control
+. .;;

.,,,!”.;,.,,,,,,.
*ti..:+”....> ~.>,t

The USART section of the MFP supports direct memo~$s~cess transfers through its receiver ready
and transmitter ready status lines, ~:~~’:11,.

.. .../.+ .$~‘l$,*+&lJ,$.
.$$}y$++,

.>

2.1.11.1 RECEIVER READY (RR). This activs Io# output reflects the receiver buffer full status (bit
7 in the Receiver Status Register) for D@qperations.

,& ki$,~;+
;* S$>

~J*l:.,, Jt:3\>,~&$,.
2.1.11.2 TRANSMITTER READY ~w$.~his active low output reflects the transmitter buffer empty
(bit 7 in the Transmitter Stat{s+~,~~ster) for DMA operations,

.+a>~,~,,>:t),i:.!+>tt<,$;.,!..,\.&t,t,~,..:!
2.1.12 Signal Sumrn@*%.,#

.,f<#..,,

Table 2-1 is a swfirnary of all the signals discussed in the previous paragraphs.
.%~f .,-
~.. .J.y.i

.,~-~j$

2.2 BUeS,Q/tiATION
,} ~,,:,?

Th.~~~~\&%ing paragraphs explain the control signals and bus operation during data transfer
~~$~t~ons and reset.

. ~:Q;

2.2.1 Data Transfer Operations

Transfer of data between devices involves the following pins:
Register Select Bus — RSI through RS5
Data Bus — DO through D7
Control Signals

MC68901 MOTOROLA
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Table 2-1, Signal Summarv

Signal Name Mnemonic 1/0 Activa State

Power Input Vcc Input High

Ground GND Input Low

Clock CLK Input N/A

Chip Select E Input Low

Data Strobe E Input Low ,,

ReadNtite R~ Input Read - High, Write - Low . kq;$”~

Data Transfer Acknowledge
_ ,:\*
DTACK output Low i,!. ~.i

*,7 ‘ :$

Register Select Bus
:.,,,,,

RSI-RS5 Input NIA
-’!,.,,,,

.a$~t“~.:.,

Data Bus DO-D7 1/0 NIA&’ ;:b;;~a

Reset RESET Input

Interrupt Request m output
.,:%. ~

,: Lww$

IACK Input ‘!Pis,Low

lterrupt Enable In m Input ~$.l~:: i’”:, “Low

Interrupt Acknowledge

In

Interrupt Enable Out H
,..,.

output :?\;!’*,,@ Low

General Purpose l/O
..%,,:.;.r.’,.~

IW17 1/0 ‘?; ‘ NIA

Timer Clock XTAL1 , XTAL2 lnp@+$,. NIA

~mer Inputs TAI, TBI
~Rp@$

NIA

Wmer Outputs TAO, TBO, TCO, TDO ,“,8’ ~ti~t NIA
,.,,,,.

Serial Input St ,,,.> ‘$\{.input N/A

Serial Output’ ‘so ,du,:?”$~$ output N/A

Receiver Clock Rc , ,, ‘i$@s. Input NIA

Transmitter Clock
w. .,,>:

TC +jfs;~:. Input N/A

Receivar Ready m.. “t> output Low

Transmitter Readv’ .@:L.m’ output Low
>* ,*

‘~. .,.’.::.>\.,!:.,> ,..,,,,:>.
ek \ ,\.

.*. ,,,! !*,

The address and data buses are se@~&t@parallel buses used to transfer data using an asynchron-
ous bus structure. In all cases,.~~~$tis master assumes responsibility for deskewing all signals
it issues at both the start and’+’’~:ti of a cycle. Additionally, the bus master is responsible for
deskewing the acknowledg~”~#W’data signals from the peripheral devices,

and = must be asserted, and R/~ must be

.. ~~:.~. \,
2.2.1.1 READ CYCLE~?~~?ead an M FP register, CS
high, The MFP wC:wphV8 the contents of the register which is selected by the’ register select bus
(RSI through R@%fqwthe data bus (DO through D7) and then assert DTACK. The register addresses
are shown ,i~$~~$l$ 1-1,

~:,~..,*:..>
After t~:~~beessor has latched. the data, it negates DS. The’ negation of either CS or DS will
termin$jej~~e read operation. The MFP will drive DTACK high and place it and the data bus in
th@~~&~-J~mpedance state. The timing for a read cycle is shown in Figure 2-2. Refer to 7.7 AC

%~@RICAL CHARACTERISTICS for actual timing numbers,
j+
t<

2.2.1.2 WRITE CYCLE. To write a register, CS and DS must be asserted, and R/~ must be low.
The MFP will decode the address bus t~ 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-impedancerstate. The timing for a write
cycle is shown in Figure 2-3. Refer to 7,7 AC ELECTRICAL CHARACTERISTICS for actual numbers.

MOTOROLA
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The MFP@$T6 interrupt sources: eight internal and eight external, When an interrupt request
is pendJhqJWe MFP will assefl IRQ. In a vectored interrupt scheme, the processor will acknowledge
the~####pt request by performing an interrupt acknowledge cycle. IACK and DS will be asserted,
~~eq~ responds to the IACK signal by placing a vector number on the data bus. This vector
n$@ber corresponds to the particular interrupt channel requesting service. The format of this
ve~tor number is given in Figure 3-1.

When the MFP asserts DTACK to indicate that valid datp is on the bus, the processor will latch
the data and terminate the bus cycle by negating DS. When either DS or IACK 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 IACK cycle unless additional
interrupts are pending.

MC68901 MOTOROLA
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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 IACK signal. A daisy-chain priority scheme is
implemented with signals ~ and IEO. ~ indicates that no higher priority device is requesting
interrupt service, ~ signals lower priority devices that neither this device nor any higher priority
MFP is requesting service, To daisy-chain MFPs, the highest priority MFP has its ~ tied low and
successive MFPs have their ~ connected to the next higher priority MFP’s IEO. Note that when
the daisy-chain interrupt structure is not implemented, the ~s 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 interrupt acknowledge cycle by driving IACK and DS,t~.@FP,
whose ~ is low, may respond with a vector number if an interrupt is pending. If this ~,ev~qsdoes
not have a pending interrupt, ~ is asserted which allows the next lower priority devi.~t’@r&spond
to the interru~t acknowledge. When an MFP propagates IEO, it will not drive t,~t~~fa bus nor

dDTACK during the interrupt acknowled e cycle, The timing for an IACK cycle t$%s~dwn in Figure
2-4, Refer to 7,7 AC ELECTRICAL CHARACTERISTICS and Figu res 7-7 and ~i8 ‘%1 further infor-
mation. $?:::l~.t,,.:+....“.,.*..!.:{;\j&;~

..’~:.,.~,,.’,“ J
‘ “’t.!,+!“~.’,$~.,,,,$,,,~,:\?.

2.2.3 Reset Operation +.,:/$.’~:,,.,i...
. .+X.:, ~

:~’,,*! “1;.,>,

The reset operation will initiate the MFP to a known, state. T&&<&et operation requires that the
_ input be asserted for a minimum of two microsecs~~%,+~uring a device reset condition,
all internal MFP registers are cleared except for the tim@r’&~a registers (TADR, TBDR, TCDR, and a
TDDR), the USART data register (UDR), and the tran#~~ter status register (TSR). All timers are
stopped, the USART receiver and transmitter are di~~l~~, and the serial output (SO) line is placed
in high impedance. The interrupt channels ar~,,;~{w”disabled and any pending interrupts are
cleared, In addition, the generalpurpose interrup%~[~ lines are placed in the high-impedance input
mode, and the timer outputs are driven Io,w. b~ternal MFP signals are negated. Since the vector
register (VR) is initialized to a $00, an u~j,$~g~lized MFP may not respond to an interrupt acknowl-
edge cycle with the uninitialized interr%f~~ector, $OF, See 3.1.2 Interrupt Vector Number Format
for more information.

*.$,>+<.8,.~*1<~:,w,\,.,.,i:\, ~i.?ii,,~.,,,.!*%...~.
‘$:..*,~\~~*\\si~~.\>\\.~~,,

~“$,,‘“$.
,*.,* .::,$.:

figure 2-4, IACK Cvcle fiming
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SECTION 3
INTERRUPT STRUCTURE

In an M68000 system, the MFP will be assigned to one of the seven

~:t.,,,,

possible interrupt le~e%~~fl
interrupt service requests from the MFP’s 16 interrupt channels will be presented at thi~%&~#. As
an interrupt controller, the MFP will internally prioritize its 16 interrupt sources. Additi~@~l~E~errupt
sources may be placed at the same interrupt level by daisy-chaining multiple ~~~~~ffie MFPs
will be prioritized by their position in the chain. .8..?: i;,.**!*.., ~.

...*..~’;..~,,,, ;\\ >i
.$>.,?.,\f:$, .....

,.:i.~,.\,*\.

3.1 INTERRUPT PROCESSING ~>;$;;pa
‘k,<,,.,,$:}....t’..a,.,

.::,,

Each MFP provides individual interrupt capability for its vari,oi::$t:tictlons, When an interrupt is
.:<.; “.

received on one of the external interrupt channels or from ~e:~~the eight internal sources, the
MFP will request interrupt service. The 16 interrupt chan~$~s %$8 assigned a fixed priority so that
multiple pending interrupts are serviced according tojth~i, relative im~ortance. Since the MFP
can internally generate 16 vector numbers, the un~q:~$~~ctor number which corresponds to the
highest priority channel that has a pending int$r,~:zp~{ IS presented to the processor during an
interrupt acknowledge cycle. This unique vect~~~,~~ber allows the processor to immediately
begin execution of the interrupt handler for the l~errupting source, decreasing interrupt latency.

~:i,,+,,
,s.~~$,

::%,~>),.,
..$y:?,$;*t*., ~.T,t,

3.1.1 Interrupt Channel Prioritizad~:F!<:$;.a~..+*.*$ * ..$* ,,,.,3*<... <
highest to lowest, with General Purpose InterruptThe 16 interrupt channels a,r~~~~~~tized from

7 (17) being the highest a~f~~~~~e lowest. The prkrity of the interrupt is determined by the least-
significant four bits in th%$~~!rupt vector number which are internally generated by the MC68901.
Pending interrupts ~~#~@sented to the processor in order of priority unless they have been
masked, By selecti#~&$hasking interrupts, the channels are in effect re-prioritized.

7 6 5 4 3 2 1 0

V7 V6 V5 V4 IV3 IV2 Ivl Ivo

V7-V4 — Copied from the vector register.

IV3-IVO — Determine highest priority channel requesting interrupt.

MC68901 MOTOROLA
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IV3 IV2 ‘IV1 Ivo Description . .

1’ 1 1 1 General Purpose Interrupt 7 (17)

1 ,1 1’ 0 General Purpose Interrupt 6 (16)

1 .1 0, 1 ~mer A.

1 1 0 ,0 Receiver Buffer Full
,’

1 0 1 1 Receive Error

‘1 o 1 0, Transmit Buffer EmptV .:<*
,,..

1
~:..u

o 0 1 Transmit Error “’ ~’,+$<‘. ,,.\\:>
m.,..,... ~,,>i

1 ‘o o ‘0
\..

Trner B
$,. ,.;+$,

.~,,‘ii, 2\\,..,~t>.l.,1

0 1 1 1 General Purpose Interrupt 5 (15)
?.\tt .+::,

o
?.>,,<,,,,t{~<,J..,.,

1 1 0 General Purpose Interrupt 4 (14)
-.’’.,gi .>:,.?,

$$$3Y’

0 1 0 1 Timer C
~%,J...)jvi).’

..:> 1>‘:$

o 1 0
~’f:,,,...

0 ~mer D t$.. .P,!
.. * .

0 0 1 1
~,*,>.,:.r.,

General Purpose Interrupt 3 (13),;’:.t,;+e ‘‘

o 0 ,1 0 General Purpose Interrupt 2Jl~~S,j *’

o 0 0 1 General Purpose lnterrup%i~~~~~’+
v

o 0 0 0 General Purpose lnt~~t O’hO)
++..}:>,..$

,,*.~’’$~*..‘* ,~!.,\$
$~>~ .:,,$:.

~.iS-*?:~:i;,.>:.
$...~~ ?’

s,I.3 Vector Register (VR) ,V~*,:

+$. )\<

This 8-bit register determines the four most-si~~~~y~t bits in the interrupt vector format and
which end-of-interrupt mode is used in a vectoreqinterrupt 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 cy#~&:.~ith a vector number not in the range of allowable
user vectors. For information refer to,$~#)%Selecting the End-Of-Interrupt Mode.

,:,{:~>k“JJ
‘1 6 ., *$:$%? 4 3 2 1 0

$17 V7 &?:’3’v5 ~ V4 s
● ● * VR

Resst: o ~’~’’:$t.~f o ‘ o 1 0 u u u
*. .$,[.i~ii..,:i,;,:. h*~

,.,,$,,2~k?.

V7-V4 — Writt@@ by user to set the most-significant four bits of the interrupt vector number.
s — In,fServkeRegister Enable

~~’$~~> SOftWare end-of-interrupt mode and in-service registerbitsenabled.
,:.~~$t’>...,~:l},..... 0=4utomatic end-of-interrupt mode and in-service register bits forced low.

2–O ~ ‘J~Not Used
.lk+,,.f~”} ~,.
$>?:{,, ‘

*,?.<,::,.,i,$(t,+$.’
>\:i:,,,>$;:,,:,,,
~“’;s..

3:$j~1SY-CHAINING MFps
>

As an interrupt controller, the MC68901 MFP will support eight external interrupt sources in
addition to its eight internal interrupts ources. When a system requires more 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 po~tion in the chain, Unique vector numbers are provided

efor each interrupt source, ,, ,
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The ~ and IEO signals implement the daisy-chained structure. The ~ of the highest priority MFP
is tied low and the IEO output of this device is tied to the next highest priority MFP’s ~. The ~
and IEO signals are daisy-chained in this manner for all the MFPs in the chain with the lowest
priority MFP’s ~ 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 IACK. When the common IACK
is asserted during an interrupt acknowledge cycle, all parts will prioritize interrupts in parallel.
When the ~ signal to an MFP is asserted, the part may respond to the IACK cycle if it requires
interrupt service. Otherwise, the part will assert IEO to the next lower priority device, Thus, prid$ity
is passed down the chain via ~ and, IEO until a part which has a pending interrupt is r:W8&&~.
The part with the pending interrupt passes a vector number to the processor and$$~$’not
propagate IEO, ,::,‘.” ‘~.N\..,.**$$:{.::,,,,..?

,+ .,..:Ap’
“f$,**’,*>.**y\.t*+,,,

HIGHEST
,$, . .

LOWEST
:...?

PRIORIW PRIORIN

~“ - g ~l:E~6’:’

,* ,:$y

#<.,:*”

,::, ~
} !i

~i+t

3.3 INTERRUPT LONTROL REGISTERS , +“ ~,.:t~
5 %,,,

~,1}\ .*. ,

MFP interrupt processing is managed %$%e enable registers A and B, interrupt pending registers
A and B, and interrupt mask regist~$,$and B, These registers allow the programmer to enable
or disable individual interrupt c~$~&fs, mask individual interrupt channels, and access pending
interrupt status information, lm$$~@ce registers A and B allow interrupts to be nested as described
in 3.4 NESTING MFP lNT~R~~~S. The interrupt control registers are shown in the following
paragraphs,

.**,:.
~:)’’.>ty.y,,,\

The interru~~~~kkels are individually enabled or disabled by writing a one or a zero, respectively,
to the ap~~~~dte bit of interrupt enable register A or B (IERA or IERB), The processor may read
these ,$e’k~t~rs at any time.

.,.~)., .:*
W&$&channel is enabled, interrupts received on the channel will be recognized by the MFP,

?~*8Q will be asserted to the processor indicating that interrupt service is required. On the other
~~nd, 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

m

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
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,, .,
is in service when a channel is disabled; the in-service bit of that channel will remain set until
cleared by. software.

1 6 5 4 3 2 1 0

7imer
RCV

Rcv
XMIT

$07
XMIT

IERA

GPIP7 GPIP6 * Buff er Buff er
fimer

Full
Error

. Emp~
Error B

When an interrupt is received on an enabled channel, the corresponding i~,~;kpt pending bit is
set in interrupt pending register A or B (IPRA or IPRB). In a vectored i&t@ft@pt scheme, this bit
will be cleared when the processor acknowledges the interrupting cha~~,@:.#hd the MFP responds

~.s<.,<:,,.~,,

with a vector number. In a polled interrupt system, the interrupt pen~;~~ registers must be read
to determine the interrupting channel, and then the interrupt pendJ@,~lt is cleared by the interrupt
handling routine without performing an interrupt acknowled~’~@quence.

\* ,.:}, f.
? 6 5 4 3 k::,?s ““q o

.tt\.;
Timer

RCV

$OB GPIP7 GPIP6 * Buffer
:$”’ ?$r ::: ‘;er ‘PRA

Full ;$ Empty
i,,.,,,.+,. .;’

‘,~yt,,,~:+?<~:.?,

3.3.3 Interrupt Mask Registerq,{w, IMRB)
... .!5YX:3.

Interrupts are masked fo,~,,~~~%nnel by clearing the appropriate bit in interrupt mask register A
or B (IMRA or IMRB)., E~,e#though an enabled channel is masked, the channel will recognize
subsequent interrupx’”%flset its interrupt pending bit, However, the channel is prevented from‘..?.)$.,,~,.
requesting interrupt sa~lce (~ to the processor) as long as the mask bit for that channel is
cleared. If a ch~~~~],.is requesting interrupt service at the time that its corresponding bit in IMRA
or IMRB is ~,~adhd~ the request will cease, and IRQ will be negated unless another channel is:?$/.,~.~~s
requesting ~$~~rrupt service. Later, when the mask bit is set, any pending interrupt on the channel
will be ,~$~ti$?sed according to the channel’s assigned priority. IMRA and IMRB may be read at
any ,Jj@~4,~gure 3-2 shows a conceptual circuit of an MC68901 interrupt channel.

::.,..*\.\i
13,>* “’+i, 7 6 5 4 3 2 1 0

%:..:+,\ ..
‘y$<*..*\

Tmer
RCV

$13
RCV

XMIT
GPIP7

XMIT
IMRA

GPIP6 ~, Buffer Buffer
Wmer

Full
Error

Emp~
Error B

7 6 5 4 3 2 1 0

$15 GPIP5
Timer

GPIP4 ~
Tmer

D
GPIP3 GPIP2 GPIP1 GPIPO

IMRB

Reset: o 0 0 0 0 0 0 0
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T’ L .: G,&
EDGE ENABLE

REGISTER REGISTER MASK REGISTER S-BIT

s
INTERRUPT

.— INTERRUPT Q IN-SERVICE

PENDING

I ,7 l—) U--F ‘: ~:t.,,,,
INTERRUPT ‘.,:),‘$$’,ili\..~*J>,.l\$&,:,.

3.3.4 Interrupt In-Service Registers (ISRA, ISRB) ,.?, Is>.
.,~:“ ,.)~,~j:f:“-’t.~,,F.s..y.~,.

These registers indicate whether interrupt processing is i,@&iQ,~ress for a certain channel. A bit
is set whenever an interrupt vector number is passed for ~~~}errupt channel during an IACK cycle
and the S bit of the vector register is a one. The b.k?~s cleared whenever interrupt service is
complete for an associated interrupt channel, the ~~t$bf the vector register is cleared, or the
processor writes a zero to the bit. s ?:>.$:*.,+?,<,,~.~,>,

.*’::.:t.m>\:$$,,,.,..

ISRA

ISRB

In an M~~&vectored interrupt system, the MFP is assigned to one of seven possible interrupt
levels5W~Qn’ an interrupt is received from the MFP, an interrupt acknowledge for that level is
init!@A@+,~nce an interrupt is, recognized at a particular level, interrupts at the same level or below
qr~~%sked by the processor. As long as the processor’s interrupt mask is unchanged, the M68000
~~$%r?upt structure will prohibit nesting the interrupts at the same interrupt level. However, ad-
d~tional 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
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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-InterruptMode :
,, ,,

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 writin~
the S bit of the vector’ register. When the S bit is ‘programmed to a one, the MFP is placedJi$~~
software end-of-interrupt mode, and when the S bit is a zero, all ‘channels operate in the a~k$,,flttic
end-of-interrupt mode. ~.).>+,,*,.,.

.. .,,,,.,l.s~;+“:>.,.v,.>,,.,,,.
:,

~.>~’,,~.t~::’
s..:.t+,+,*:

3.4.2 Automatic End-Of-Interrupt Mode
,.* ~./,,...,
‘.:\:>,~:~

~~..,.,<s,~.: \\,

When an interrupt vector is passed to the processor during an interrupt,s”~~~tiiedge cycle, the
I;+?%.’:&

corresponding channel’s interrupt pending bit is cleared. In the automa~t&,@@-of-i nterrupt mode,
no further history of the interrupt remains in the MFP. The in-service &$2~~k~e interrupt in-service
registers (ISRA and ISRB) are forced low, Subsequent interrupts, ~$ic~~are received on any MFP
channel will generate an interrupt request to the processor even’$~$he current interrupt’s service
routine has not been completed.

>1~’’-,,,,...,,$. +$. ,,.,> .*..:*’ ,:*.4,,.~~
~#,!?>’
Y*:3.<:! 9

‘ 3.4.3 Software End-Of-Interrupt Mode
,:t.’~’i.{,

~13Rt$
.!,’~’..\,t

,, %.. :::
In the software end-of-interrupt mode, the chan~’~~~$ssociated interrupt pending bit is cleared.
In addition, the channel’s in-service bit of in-servlcaregister A or’B is set when its vector number
is passed to the processor during the interr~~t &knowledge cycle. A higher priority channel may
subsequently request interrupt service a~&:?@ acknowledged, but as long as the channel’s in--....!..\
service bit is set, no lower priority chagn’~~;may request interrupt, service nor pass its vector during
an interrupt acknowledge sequencers>:.~:,.~”-

,>*, !.,:~.~,-,.~,..$,,t~.}:.
While only higher priority chqn@f#%ay request interrupt service, any channel can receive an
interrupt and set its interrupt,@’8~&ng bit. Even the channel with its in-service bit is set can receive
a second interrupt. Howevgfi.~,@ interrupt service request is made until its in-service bit is cleared.,,,,/.,:, .......-,\

J!..:&.$
The in-service bit for~~’’’?~cularar channel can be cleared by writing a zero to its corresponding
bit in ISRA or lS~8 an~’ones to all other bit positions. Since bits in the in-service registers can
only be cleared $fi~$~~ware and not set, writing ones to the registers does not alter their contents.
ISRA and lS@.~g~ be read at any time,

““k ~%$~,+:,,~~:~t,t,\
~s’ ...>>.
i}. ..:“!eJ,\,,.,. ~,,f(:-~’ ....

i.$%p*’J<i\,
,. .::: :?+,,,~:
.?:,.;~ ,.
!.,.
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SECTION 4
GENERAL PURPOSE lNPUT/OUTPUT PORT

~.t~:,,,

The general purpose input/output (1/0) port (GPIP) provides eight 1/0 lines (10through 17)th~’’~~~$
be operated as either inputs or outputs under sofiware control. In addition, these li&,d$~,@aY
optionally generate an interrupt on either a positive transition or a negative transition ,~$,~~~Input
signal, The flexibility of the GPIP allows it to be configured as an 8-bit 1/0 port or f~w@t.~&. Since
interrupts are enabled on a bit-by-bit basis, a subset of the GPIP could be progr:a~~qti as hand-
shake lines or the poti could be connected to as many as eight external inter~u’~,$~urces, which
would be prioritized by the MFP interrupt controller for the interrupt serviqjj: -

.. i......~
~~).~’..>,:.,\,\:,,t.J~>::?

.,,.:::~<.,t:
,.,,,.F’~..:.:1:

‘“,},,1.,,,,.
., :*].,!$J(,.>,:?.

4.1 M6800 INTERRUPT CONTROLLER
..&?,

***:.$ ‘+,
*..t$,f:. .,>.+

~ ..:1>.,

The MFP interrupt controller is particularly useful in a systern.~~lc$ has many M6800-type devices.
~. .\\*<,+

Typically, in a vectored M68000 system, M6800 peripheral~’~~e the autovector which corresponds
to their assigned interrupt level since they can not pr~jide”a vector number in response to an
interrupt acknowledge cycle, The autovector interru~t%$%dler must then poll all M6800 devices
at that interrupt level to determine which device i~t[~~$esting service. However, by tying the IRQ
output from an M6800 peripheral to the gener~j~~rpose 1/0 port (GPIP) of an MFP, a unique
vector number will be provided to the proces,~o~during an interrupt acknowledge cycle. This
interrupt structure will significantly reduc~$pterrupt latency for M6800 devices and other periph-
erals which do not support vectored int@~u@s.

.\:+,,‘“~rk\; .~-’
,~~,>!

,$$.,’T1$\:e

4.2 GPIP CONTROL REGISTE~~~?~:$
\k:“*$,),,,,,,>w~.,,.

The GPIP is programrne~,l,$q..:$hree control registers. These registers control the data direction,
provide user access to ~e~poti, and specify the active edge for each bit of the GPIP which will
produce an interrupt~~~ese registers are described in detail in the following paragraphs.\,+A,,,y.,

,,>~ ~.’\:f.“,,,1.
?~-.$;,,3**’~\\ *,,w

~’* 7$ “

4.2.1 Gene@~;rpose 1/0 Data Register (GPDR)..*.......;.>.
,:,,<~.:,’,,, +

The g$.er$’l’purpose [/0 data register is used to input data from or output data to the port. When
dat~$~#~written to the GPDR, those pins which are defined as inputs will remain in the high-
i~w;$ance state. Pins which are defined as outputs will assume the state (high or low) of their
c~gresponding 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 1 GPIP7 GPIP6 GPIP5 GPIP4 GPIP3 GPIP2 GPIP1 GPIPO GPDR

Reset: o 0 0 0 0 0 0 0
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4.2.2 Active Edge Register (AER)

I

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,

~:t.,,,,,,. ..t~>,<
‘,i$yh{:<{:<+

1 6
\\ .~,.\

5 4 3 2 1 0
,’:t~.’“’,.}i,,~,?
,$ \.~$

$03 GPIP7 GPIP6 GPIP5 GPIP4
~’+i.:i:~’.>,it.h..~

GPIP3 GPIP2 GPIP1 GPIPO AER

Resek o 0

,:,).\;-.,.>.

0
..:,.,?,t?:s+’~,y,

o 0 0 0
,L,:l-”~\.\,!

o .,...
‘4:,~ ,+.,*$.,’:..\..{...~,.,<:,

.~:(

NOTE
?L ~~

*.,t “$$s

The inputs to the exclusive-OR of the transition detector are the edg.q$~~$nd the input
buffer. As a result, writing the AER may cause an interrupt-prodq~@~lransition, de-
pending upon the state of the input. So, the AER should be con~#~{@ before enabling
interrupts via the interrupt enable registers (IERA and lERB),X.:~l#q, changing the edge
bit while interrupts are enabled may cause an interrupt on$~$aorresponding channel.

~,,~,,.$
.1: * ‘>,>~‘.?:$.,,::f

.\\$y.,,+<.‘.
4.2.3 Data Direction Register (DDR) ... .+~..>t

*,A<b.>+~..

The data direction register (DDR) allows the progr~rn~er to define 10 through 17 as inputs or
outputs by writing the corresponding bit. When ~:~~~~the data direction register is written as a
zero; the corresponding interrupt l/O pin will be a ‘k$gh-impedance input. Writing a one to any bit
of the data direction register will cause th~ co$~esponding pin to be configured .as a push-pull
output,

+’:%,,~. ....N*i\..<l,.~i
~~~::$*\*,

7 6 g,, ,,‘3 4 3 2 1 0

$05 GPIP7 GPIP6.1‘~w GPIP4 GPIP3 GPIP2 GPIP1 GPIPO DDR

Reset: o ~,”$’iyoo’o’o’o’o
,“.... .~,a$.’,~,:

ii .J.
, ,+,},h~w.~,,.~ri”

,s.” ,$.
~:<>, :,,

.,,.is}py..b.
,:,,,,y. ;F,,,.,”?...

,,..:’” ..
. “{.>.}F? ?~., .,,.,.\i>.,,..,, , ;{

.*+:i\*,,~1\
~+}}>,k~,...

~:,:,, .,~.
,*N.~>.~..., .-
,*, ~\~{>;, ~,>

$., ,.$ .-
*,~~,,~$,}~~;,.$

,*
~‘<~?:“. ::&

\,*>,:s.”J*.*y\,
“,$j,$\ ~+~’

>.

I
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SECTION 5
TIMERS

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

cessor systems. The timers can supply the baud rate clocks for the on-chip serial 1/0 gti@’hel,

generate periodic interrupts, measure elapsed time, and count signal transitions, In add~!a~’ two
timers have waveform generation capability.

.. \.t<>:\.\.*.*J,,x**,.?~. . ,;:
~,if’ ,..~.*.~“‘.tt* ,+,,

All timers are prescaler/counter timers with a common independent clock input (&$~*7 and XTAL2)
and are not required to be operated from the system clock. Each timer’s q$tptit signal toggles
when the timer’s main counter times out, Additionally, timers A and,,,~:,~~e auxiliary control
signals which are used in two of the operation modes. An interrupt c~~pfi~$ is assigned to each
timer, and when the auxiliary control signals are used in the pulse, @.*fieasurement mode, a
separate interrupt channel will respond to transitions on these inp~~]::}

.+*-4 ‘
%~1$:$iT:.

,>~~‘!:..,+,.’~,\\

5.1 OPERATION MODES
..:,is,~.:$

/i.:>,.‘>’~~’~
*.,~$*,.M:;

Timers A and B are full function timers which, in adtit~b~,to’the delay mode, operate in the pulse
width measurements mode and the event count~~’~$. %mers C and D are delay timers only. A
brief discussion of each of the timer modes fol~~~.

All timers may operate inthedelay.N~~lnt his mode, the prescaleris always active, The prescaler
specifies the number of timer ~~~~’ycles which must elapse before a count pulse is applied to
the main counter. A count p~~~:~~uses the main counter to decrement by one. When the timer
has decremented down t~~l~:+~xadecimal), the next count pulse will cause the main counter to
be reloaded from the ~im@K,,data register and a time out pulse will be produced. This time out
pulse is coupled to t~$$~i~~er’s interrupt channel and, if the channel is enabled, an interrupt will
occur. The time ou%;~~~se also causes the timer output pin to toggle. The output will remain in
this new state ~KQl t~ next time out pulse occurs.~~,,>,}?

i ‘ .......*t\;’

For examp~:~$~’clay mode with a divide-by-10 prescaler is selected and the timer data register
is loade,~ ~j~ 100 (decimal), the main counter will decrement once every 10 timer clock cycles.
After<$@d~+.timer clocks, a time out pulse will be produced. This time out pulse will generate an
int~r~~if the channel is enabled (IERA, IERB), and in addition, the timer’s output line will toggle.
,T~~}btput line will complete one full period every 2000 cycles of the timer clock.
“.h”,~~:$!l,.

~~the 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.
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5.1,2 Pulse Wdth Measurement Operation
,,

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 TAI and TBI. Also, in the pulse width measurement mode, interrupt channels
normally associated ,with 14aod 13will instead respond to transitions on TAI and TBI, respectively.
General purpose lines 13and 14may still be used for 1/0, 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

TIMER B
PULSE WIDTH

MODE 1 ‘1

\,\,\..},.’;s
The pulse width wea~?ement mode functions similarly to the delay mode, with the auxiliary
control signal a~t”~~...as an enable’to the timer. When the control signal is active, the prescaler
and main.co~{~$~~~?& allowed to operate, When the control signal is negated, the timer is stopped.
So, the wid~~{.the active pulse, on TAI or TBI is measured by the number of timer counts which
occur w,@~&$~& timer is allowed to operate.

{i ,.‘,~.
..,, ,,.

The?$~$~?$’ktate of the auxiliary input line is defined by the associated interrupt channel’s edge
b&~~j$he active edge register (AER). GPIP4 of the AER is the edge bit associated with TAI, and
G%~3 is associated with TBI. When the edge 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
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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 TAI 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
allowed to 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 enabled, an interrupt will occur. By having,{he
interrupt occur on the one-to-zero transition instead of the zero-to-one transition, the pro~@W
will be interrupted when the pulse being measured has been terminated and the widt@ @$%e
~ulse from the timer is available, “,~“:\}>. ,.>.“.,,,,,,$*’

,,,! .l.).
i .,.$V,:,.

,: \ -,,!

- ., ,.+,+!$

After reading the contents of the timer, the processor must reinitialize the main q@%%,@?by writing
~,.:’,..<.

to the timer data register to allow consecutive pulses to be measured, If the dat~y~~ister is written
after the auxiliary input signal becomes active, the timer will count from {~$,previous contents
of the timer data register until it counts through 01 (hexadecimal). At th@Ft4~&, the main counter
is loaded with the new value from the timer data register, a time oq~~]~e is generated which
will toggle the timer output, and an interrupt may be optionally ge~$~$ti on the timer interrupt
channel. Note that the pulse width measured includes counts fr~~ b’&ore the main counter was
reloaded. If the timer data register is written while the pulsepi$;~b~sitio ning to the active state,

m

an indeterminate value may be written into the main coun$~<:,~j’”
i>,>~,.i.:“,+.,4

\**l:.\
Once the timer is reprogrammed for another mode, inw~guptswill again occur as normally defined
by the edge bit. Note that an interrupt may be ge~~Jed as the result of placing the timer into
the pulse width measurement mode or by reprogK#-@~ing the timer for another mode, Also, an
interrupt may be generated by changing the staf$~~f the edge bit while in the pulse width meas-
urement mode.

h
.,

\w “

:a*ts.’$,--$’

In addition to the delay modg, ~&~the pulse width measurement mode, timers A and B may be

programmed to operate in~h~ie$ent count mode. Like the pulse width measurement mode, the
event count mode requ}K~~~& auxiliary input signal, TAI or TBI, General purpose lines 13 and 14
can be used for 1/0 OK,,% ~Rterrupt producing inputs.,Jt?,~}\\,i?,,.

*, ‘
..:f,i,L ,.r

In the event cou~~”qode, the prescaler is disabled allowing each’ active transition on TAI and TBI
to produce q,~~~~~’”pulse. The count pulse causes the main counter to decrement by one. When
the timer qf~~ through 01 (hexadecimal),, a time out pulse is generated which will cause the
output s~~,@%$#otoggle and may optionally produce an interrupt via the associated timer interrupt
channs~ ~Re timer’s main counter is also reloaded from the timer data register. To count tran-
sit~~~~~?~flabiy, the input signal may only transition once every four timer clock periods. For this
~$~~njthe 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 TAI, 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-to-one transition

e

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.
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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 (TBD,~~yk
Timer C (TCDR), and Timer D (TDDR). Each timer’s main counter is an 8-bit binary down co.~,,${,”
The timer data registers contain the value of their respective main counter. This value was ~$~~~d
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@-@fs loaded
simultaneously into both the TDR and main counter, If the TDR is written to~$@~l,$ the timer is
enabled, the value is not loaded into the timer until the timer counts throuq~,Ql thexadecimai).
If a write is performed while the timer is counting through 01, then an [,~a~thinate value will
be loaded into the timer’s main counter. Jt\\*+!\.s;$... .:>,$+?.,,~~..~,.~.?..,

Typical Timer Data Register .f,:<&“i’””
-\):,~$~.x,

<..,:~i,.
5,2.2 Timer Control Registers (TxCR) ..1.+*>.,“, :4,.:+,,.. \.+,’t,

:<~bv:b.
Timer control register A (TACR) and timer contrql ~gister B (TBCR) are associated with timers A
and B, respective, Timers C and D are pro~am’’rned using one control register—the timer C and
D control register (TCDCR). The bits in tb$, cbntrol register select the operation mode, prescaler
value, and disable the timers. Both c,@~$~~registers have bits which allow the programmer to
reset output lines TAO and TBO.

.,*?.} ‘~.\K*. ,{.i} .::,>P.,f,,.,. !,,*w\,,W<*{.l
7 6 ,.$~?>:{,,~ 4 3 2 T o

,,&J.++t(,,.$ 6 5 4 3 2 1 0
r.+\- ..3,

$lB,.& “?:,’+ * ●

Reset
TBO

BC3 BC2 BC1 BCO TBCR
.\>**..*,:\.: .,4

,.~gsx$,’$:~’o o 0 0 0 0 0 0
~.~,.,:~,?,,,>j,‘..,\,, *Unused bits read as zero.

.!.,.k~t,
,?,>,,$*Js.

,+,..~“!’~:, r

Reset:~&O~~bO — Reset Timer A and B Output Lines,

$lm~nd TBO may be forced low at any time by writing a one to the reset location in TACR
$*;,~hd 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-ACO, 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, a
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$1D

AC3 AC2 AC1 ACO
BC3 BC2 BC1 BCO

Operation Mode

o 0 0 0 ~mer Stopped

o 0 0 1 Delay Mode, /4 Prescaler

o 0 1 0 Delay Mode, /10 Prescaler

o 0 1 1 Delay Mode, /16 Prescaler

o 1 0 0 Delay Mode, /50 Prescaler

o 1 0 1 Delay Mode, /64 Prescaler
‘.’ !.

>*~,:.-.,,.,,.‘;.::>>.
\!M\,

o 1 1 0 Delay Mode, /100 Prescaler . ,*:$*f’. . ..:.,
! ,$,..,.,:..

0 1 1 1 Delay Mode, /200 Prescaler
&. ‘~$..,,,,<<+”

,,i,,.. ,f~,.,~. ‘.
....,‘~..

1 0 0 0 Event Count Mode *’,: ::;?

1 0 0 1 *i.&?
Pulse Width Mode, /4 Prescaler

,,.>
,,.i\::s\j:~t\?,....

.*<
1 0 1 0 Pulse Width Mode, /10 Prescaler *, $*>+.$

..

1

~Y$~
.0 1 1 Pulse Wdth Mode, /16 Prescaler ‘ -~$:~:$‘?*P.,k

* ,>, ‘\,\\ .**

1 1 0 0 Pulse Width Mode, /50 Prescale~,’)”. ‘~*!

1 1 0
1.,.:,t$t

1 Pulse Width Mode, /64 Pres$a~~~ ‘h.,?

“+*,”“ ‘ *
1 1 1 0 Pulse Width Mode, /100,,~res@&r

1 1 1
... ‘1?

1 Pulse Wdth Mode, /2N3*aler
,$ ‘“?., .$?
..,, ,~

>, ~,\?..,ri$.?.”
~~,,,..,..-

TCOCR

.,..~,~::..y,..::~<y,
CC2-CCO, DC3-DCO — Select Timer$~,~h~ b Operation Mode.

When the timer is stopped, @Q~#ng is inhibited. The Contents of the timer’s main Counter
is not affected, although qf~;&41dual Count in the PresCaler is lost.

o 1 0 Delay Mode, /10 Prescaler

o 1 1 DelaV Mode, /16 Prescaler

1 0 0 Delav Mode. /50 Prescaler

1 0 1 DelaV Mode, /64 Prescaler

1 1 0 DelaV Mode, /100 Prescaler

1 1 1 DelaV Mode, /200 Prescaler
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SECTION 6
UNIVERSAL SYNCHRONOUS/ASYNCHRONOUS

RECEIVER-TRANSMITTER
“’$:.\,+

The universal synchronous asynchronous receiver-transmitter (USART) is a single, full~~$$
serial channel with a double-buffered receiver and transmitter. There are separate re~~~~$and

transmit clocks and, also, separate receive and transmit status and data bytes. The~q@ve and
transmit sections are also assigned separate interrupt channels. Each section h+~’$~~;~nterrupt
channels: one for normal conditions and the other for error conditions. All inteFm~~iyRannels are
edge-triggered. Generally, it is the output of a flag bit or bits which is couple~,@ the interrupt
channel. Thus, if an interrupt-producing event occurs while the associat%$terrupt channel is
disabled, no interrupt would be produced, even if the channel was subs~+~&@t]y enabled because
a transition did not occur while the channel was enabled. That par~~~~~!~~event would have to
occur again, generating another edge, before an interrupt would g$~k~enerated. The interrupt
channels may be disabled and instead, a DMA device can be,,~~~d tb transfer the data via the
control signals receiver ready (RR) and transmitter ready (TR~+&~@3~4 DMA OpERATION for more
information, ~.~1.;:>,~ ,$

~ , \\$*.:*’>:J~,.i....
T**

,.:{’ ‘“,*~>,.>
6.1 CHARACTER PROTOCOLS .,:**,,. ‘p{I; t.>

.$\i,.~,,,,,,:,3“,“
The MFP USART supports asynchronous and, w~fithe help of a polynomial generator checker,

.. ‘*+,,,

byte synchronous character formats. Thes~ fo~mats are selected independently of the divide-by-
one and divide-by-18 clock modes. [t is~~~~:ible to clock data synchronously into the MC68901
but still use start and stop bits. After~t*,fl’bit is detected, data will be shified in and a stoP bit
will be checked to determine pro@j$~dming. In this mode, all normal asynchronous format
features apply. . ,$,?>.+..?:.!,<<..,,>),.,l}:~?,17:.X,*,,,~,,:.?$,:J?,~... \
When the divide-by-one clo,$.~~~~e is selected, synchronization must be accomplished externally.
The receiver will sample,$~ri$~data on the rising edge of the receiver clock, In the divide-by-18
clock mode, the data 1$’s%~’~led at mid-bit time to increase transient noise rejection.

.y+;+,,,ii~

Also, when the diui$&,$y-18 clock mode is selected, the USART resynchronization lo9ic is enabled.
This logic inc~~~&+$ the channels clock skew tolerance. Refer to 6.1.1 Asynchronous Format for
more infor~q~$,~on the resynchronization logic.

+>,<+..~~
‘~,iu,“:$...?l\\.*’~i..]

,,>** :~&,,

6.1~$i,#~@chronous Format
,’:,:!~.:,.;.

‘~&]~ble character length and startlstop bit configurations are available under sofiware control
fhr 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 characr~~:~,$~ded into
the synchronous character register (SCR) is compared to received serial data$~~{>’a match is
found. Once synchronization is established, incoming data is clocked into th~,re~fver, The syn-
chronous word will be continuously transmitted during an underrun con4L~~~ All synchronous,, ‘,1}.3~:$
characters can be optionally stripped from the receive buffer (i.e. take,~’’~ut+bf the data stream
and thrown away) by clearing the appropriate bit in the receive stat~~~~’~~~ter (RSR).,:~~k>.;,!~,

The synchronous character should be written after th~:c~~racter length is selected, since unused
bits in the synchronous character register are zer~.~obt. When parity is enabled, synchronous
word length is the character length plus one. T~~~~3 will compute and append the parity bit
for the synchronous character when a character le~th of eight is selected. However, if the char-
acter length is less than eight, the user m$~t d$termine the synchronous word parity and write
it into the synchronous character registe~,a~ng with the synchronous character. The parity bit
must be the most-significant bit. The ~W<~{l then transmit the extra bit in the synchronous word
as a parity bit.

This register selects tQ~~&&{ mode and the character format for the receive and transmit sections.
?kkas~

.>
.lJ;’,$ ~ 7 6 5 4 3 2

*, ~%:i~’
1 0

sh~y>, ‘ CLK CL1 CLO ST1 STO PE E/O * UCR
.Y,y->,,, ..,.

.}k,;@jBset: O 0 0 0 0 0 0 u
.. “<!;.><., *Unused bits read as zero.$.t.,.. {,

‘.:, ::,ik /\*,.,<,~~. ,4
..,.,;:..t ?.

C4K3~Clock Mode
‘~~l = Data clocked into and out of receiver and transmitter at one sixteenth the frequency of

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

clocks.

I CLI,CLO — Character Length
These bits specify the length of the character exclusive of start bits, and parity.

MOTOROLA
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CLI CLO Character Length

o 0 8 Bits

o 1 7 Bits

1 0 6 Bits

1 1 5 Bits

STO-STI — StatiStop Bit and Format Control
These bits select the number of start and stop bits and specify the character format. .:~$~~~

*$
STI STO Start fits Stop Bits Format

o 0 0 0 Synchronous

o 1
.,,*

1 1 Asynchronous
,“:<,,.

1 0 .1 1-1/2

1 1 1 2

*Used with Divide-bV-16 mode onlv.

PE — Parity Enable

less than eight bits. Therefore, parity should be writteu,4,~\~the SCR along with the syn-
chronous character,

\..j- t.,.{>’*J,>..}>:=,&
I = parity checked by receiver and parity calculate~{~tid Inserted during data transmission.

O= No parity check and no parity bit comput~fo~kransmission.
‘:?)..,,.f!.f.<k,.......

E/O — Even/Odd Parity
*,$ .’?-%.-.+,+:,,+

1 = Even parity is selected.
‘$,:..,.,?’?,:;:.,:,,,,

O= Odd parity is selected.
‘*;F

~)~
>?~:

Bit O— Not used
J’ ,,:$,.4,,

-“,., ,..%S*:*N.,S,S$,.,: \,$,,l,,.j~>a..,
,::X‘:+*Z?
?*.,..~:$$

6.2 RECEIVER ,:. $.:,.)::~J-.\.\.~,<:;,3$.?*,.*e.
‘2,,.’”*%y:. ~~;$,

As data is received on thq’%e~~~! Input line (Sl), it is clocked into an internal 8-bit shift register
until the specified num@w:,~~ata bits have been assembled. The character will then be transferred
to the receive buffer,,,@&q$@]ng that the last word in the receive buffer has been read. This transfer
will set the buffer fti~~ ~~ in the Receiver Status Register (RSR) and produce a buffer full interru Pt
to the processo~~:~ss~fiing this interrupt has been enabled.

‘.4.‘“}:)*,\).,?*’

Reading th,~~@&ive buffer satisfies the buffer full condition and allows a new data word to be
transferr~~.~:’the receive buffer when it is assembled. The receive buffer is accessed by reading
the U~M~~data register (UDR). The UDR is simply an 8-bit data register used when transferring
da~’&&%#een the MFP and the CPU.

.,.>\i>1.,.>
“f:~t,i

g~yh’’time a word is transferred to the receive buffer, its status information is latched into the
r~ceiver 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.
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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. These interrupting conditions correspond
to the OE, PE, FE, and F/S or B bits of the receiver status register, Theseflags will function as
described in 6.2.2 Receiver Status Register whether the receiver interrupt channels are enabled
or disabled. ..

.,..$:.\!+,
‘f*’:$;! ~~~.,.

While only one interrupt is generated per character received, two dedicated interrupt c~~h+]s
allow separate vector numbers to be assigned for normal and abnormal receiver condit~~$~~~hen
a received word has an error associated with it and the error interrupt channel i~$~&Wled, an
interrupt will be generated on the error channel only, However, if the error.cha~~$f~~s disabled,
an interrupt for an error condition will be generated on the buffer full interrufi~ ~~nnel along
with interrupts produced by the buffer full condition. The receiver status re~{~~r “#ust always be
read to determine which error condition produced the interrupt. .,,.y,,,;*..%.$.,+$,s.~,<,!,,i ,,~. ~....‘!/$..$..’::. ,#J‘.!$,,.,........

,.,,~w.+,,+,ri.~y.1.sb,,\.,\\

6.2,2 Receiver Status Register (RSR)
~>;,,>> ~~m
r!!~*\.,!\3,f,.,

,*.$i’~’!~:\~i\~, .
The RSR contains the receiver buffer full flag, the synchr~~~~~strip enable, the various status

‘( t:\, +J

information associated with the data word in the redei~.@ bu’%er. The RSR is latched each time a o

data word is transferred to the recQive buffer. RSR fl,@~~&nnot change again until the new data
word has been read. However, the M/CIP bit is allq&~,{jto change.‘,.3,,..

t~$++,,,:$.%,

1 6 5 4 ,’”%’ 2 1 0

$2B BF OE PE ,:.$$;.
F/S

MICIP Ss
or B RE RSR

‘~...‘..,

Reset: o 0
,$r’y{:o

o 0 0 0
,,,.s.,.’”>
~.~..,,‘~\\:..J$,
“’>~v.,},<*,:~~\.-*

. .%.,.\&).
BF — Buffer Full

.*.,,.$<,:.
:.\:.+I?,*,

Receiver word is transf&Fr#&~o the receive buffer,
Receiver buffer is r~~~~k~%ccessing the USART data register.

:.+,.,,..~,.+.,,:..*.*.,.1,,~~..
OE — Overrun Error”’$.++~

Overrun err$~~sc,curs when a received word is to be ‘transferred to the receive buffer, but the
buffer is fu~{wther the receiver buffer nor the RSR is overwritten,

1 =ti%$~%er buffer full,
O%wd by RSR or MFP reset.,r,,.,?~..-.\~.~,...~,, .,\tl,, ...

PE +’~~fify Error
@y~~&Parity error detected on character transfer to receiver buffer.
1{$0= No parity error detected on character transfer to receiver buffer,

FE — Frame Error
A frame error exists when a non-zero data character is not followed by a stop bit in the
asynchronous character format.

1 = Frame error detected on character transfer to receiver buffer.
O= No frame error detected on character transfer to receiver buffer. @
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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.
O= Incoming data compared to SCR. Character length counter disabled.

The B bit is us,ed 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.
,.~A;,,,

O= Non-zero data bit received and break condition was acknowledged by readid~,@~
;Jj+:.p,s,:$%

RSR at least once. ,.\.;i$)$,*,:
,:<4~-*,\x...\.*~.i,$:\\+..,\

M or CIP — Match/Character in Progress
,:,,.., ..:,. ,.3,,,.,.

.,$:,.$~~$

The M bit is used in the synchronous character format and indicates a synch~~@W character
has been received. ?Ji$i~\,*~

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

O= Character transferred to the receive buffer does not match th.e’+$~h~hronous character.
The CIP bit is used in the asynchronous character format and i~&.@s that a character is
being assembled,

<+,i$.;$j$i}‘‘$:..~

1 = Start bit is detected.
.*? $,.,:.

~~$.,:’!*..
O= Final stop bit has been received. .al~iki?}$,.

m

> $:,!? ‘$,~+:,,,<.
SS — Synchronous Strip Enable

\f\,\,J%
“.~:?i}

1 = Characters that match the synchronous char~{gr will not be loaded into the receiver
buffer and no buffer full condition will be p~h$c~d.

O= Characters that match the synchronous c~~{+r will be transferred to the receive buffer
and a buffer full condition will be produC~’

,,.)

RE — Receiver Enable
,...,,s~.., ..-.>.:..,

This bit should not be set until ~h+$:~~i$er clock is active, When the transmitter is disabled
in auto-turnaround mode this b$g;$%et.

1 = Receiver operation is,*%!dd.
O=Receiver is disable~~$j~$~

+,, ‘‘~,k
‘,..‘“<:>i,$.::~y’ ,,,*

‘??>.*,,
6.2.3 Special Receive C@@tins

.,..,,,,.,.\.,:t,,.,.<,~\,,$>,,

Certain receive cq.n@~ns relating to the overrun error flag and the break detect flag require
further explana~iti~ ~onsider the following examples:

1) A breakj$ r$cb~ved while the receive buffer is full. This does not produce an overrun condition.
Only tQ$~flag will be set after the receiver buffer is read.

2) A n,@W’W6rd is received, and the receive buffer is full. A break is received before the receive
b~f~~!s read.

<.>,>“~,*:,...J<
,<,<.,*f.~$,

~~;%he B and OE flags will be set when the buffer full condition is satisfied.
1:1+:~
;!

6.3 TRANSMITTER

m The transmit buffer is loaded by writing to the USART data register (UDR). 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.

The transmit buffer can be loaded prior to enabling thetransmitter. Afterthetransmitter 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$$tWS
Register (TSR)) before the transmitter is enabled forcing the output line to the desired st~~~~~~l
the first bit of the first character is shifted out. The state of the H and L bits in the TSR ~%~.tiine
the state of the first transmitted bit after the transmitter is enabled. If the high impe~$$b mode
is selected prior to the transmitter being enabled, the first bit transmitted is indet~rm,$fitite. Note
that the SO line will always be driven high for one bit time prior to the characte~~$$fie transmit
shift register being transmitted when the transmitter is first enabled.

‘.:\Ft?$\,/::
.?,, ,~~$

:*!,L{>,,,,2.,V,,,,

When the transmitter is disabled, any character currently being transmi,J~’@~&ifi continue to com-
pletion, However, any character in the transmit buffer will not be tra~~.gtid and will remain in
the buffer. Thus, no buffer empty condition will occur, If the buffer i&i$~pty when the transmitter
is disabled, the buffer empty condition will remain, but no und~{~~,n condition will be generated
when the character in transmission is completed. If no char~+fiis being transmitted when the
transmitter is disabled, the transmitter will stop at the nex~v.~~~ edge of the internal shift clock.

,;*.,,:$,’.,>\:+e
In the asynchronous character format, the transmitter ~,n be programmed to send a break. The
break will be transmitted once the word currently ~~~$e’%hift register has been sent. If the shift
register is empty, the break command will be e~~v% immediately. A transmit error interrupt
will be generated at every normal character bo~,&bry to aid in timing the break transmission.
The contents of the TSR are not affected, ~ow~ver. The break will continue until the break bit is
cleared. The underrun error (UE) must be @&@redfrom the TSR. Also, the interrupt pending register
must be cleared of pending transmitt~t~$kroYs at the beginning of the break transmission, or no
interrupts will be generated at the ck~~~er boundary time. The break (B) bit cannot be set until
the transmitter has been enabled$~~wias had sufficient time (one transmitter clock cycle) to
perform internal reset and initiR&~$dn functions.

‘~~’~i.,:.f<i, ,

Any character in the trans@t ~B#er at the start of a break will be transmitted when the break is
terminated, assuming th~%~teflsmitter is still enabled, If the transmit buffer is empty at the start
of a break, it may b~+.~Nj$#n at any time during the break. If the buffer is still empty at the end
of the break, an un~,r~n condition will exist.,J,.

?’ .* .’
Disabling the tti;@itter during a break condition causes the transmitter to cease transmission~,. .8*
of the brea~.~hmacter at the end of the current character. No end-of-break stop bit will be trans-
mitted. bq,~y~~ the transmit buffer is empty, no buffer empty condition will occur nor will an
under~’h ~&ndition occur. Also, any word in the transmit buffer will remain.

,e)a,J \:!$w.<i.$~.?,,
+.....$-s,.,

.* . “%.s..,%..\,.+’,~~+,,,
6.$.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.
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6.3.2 Transmitter Status Register

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

7 6 5 4 3 2 1 0

$ZDIBEIUE IAT END B H L TE TSR

Reset O 0 0 0 0 0 0 0 .:<*
,,..
~’,+$<‘. ,’;?\:>,,.;.,,~,. T,lk.

BE — Buffer Empty
,:\\..,,o~{$<.J.’

‘~$,,,.,,.>..
1 = Character in the transmit buffer transferred to TSR.

.,/., .,,? ..!hi,“’~.,.<*!,,!$. ,
0 =Transmit buffer reloaded by writing to the USR. S$,::r,*y”

.’.’-’$:..~3\.:,.:-s~’ ~ ,
U — Underrun Error

~~:i,.!., ,:!.,>,

One full transmitter clock cycle is required after UE bit is set before, i~~~ be cleared. This
bit does not require clearing before writing to the UDR. ~:.’”:?,,.*,,.:.,,,...,.
I = Character in the TSR was transmitted before a new word w&K~&tied into the transmit

buffer.
sq<<;f?$!“

O= Transmitter disabled or read performed on TSR. $~$lw,’4
t !’$

,..i.*”\& .~t,Sk

@

AT — Auto-Turnaround
\f:$*:lR,:,,~+

When set, the receiver will be enabled automatically -$~:r the transmitter has been disabled
and the iast character being transmitted is compl~i

,,.,z$,:t~+$\~,.
END — End of Transmission

.,:,,’{+,,.~
:;,,,3;;$.\*~’”

If the transmitter is disabled while a charact~ts being transmitted, this bit is set after trans-
mission is complete. If no character wqs &in’g transmitted, then this bit is set immediately.
Reenabling the transmitter clears th@?Qjt.

‘.:’,~t,+,,.,
‘:$>;,?s..,>,,:.\

B — Break
;, *:,

,*,, *,,.~~,:,.

This bit only functions in the ~~&@hronous format. When B is set, BE cannot be set. A break
consists of all zeros with Q~~~~ bit. This bit cannot be set until transmitter is enabled and
internal reset and initi$.~%at?~nis complete.
1 = Break transmitted qnq’i?ransmission stops.
O= Break ceases a#8~t”mal transmission resumes.

>>,w~t.t)..~t.,<.,.,..$

H, L — High and~ohj~
These bitq~@~Jgure the transmitter output (SO) when the transmitter is disabled. Changing
these bi$$,~~~r the transmitter is enabled will alter the output state until END is cleared.

‘C$’p” E

*it,+~ :,,,,.,.*.-~,:~,~’
.,,>..~;},

TE — Transmitter Enable
The serial output will be driven according to H and L bits until transmission begins. A one

m

bit is transmitted before character transmission in the TSR begins.
1 =Transmitter enabled.
O= Transmitter disabled. UE bit cleared and END bit set.
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SECTION 7
ELECTRICAL CHARACTERISTICS

.:<*

This section contains the electrical specifications and associated timing information for the MG@*
multi-function peripheral.

~}-’”,~~,,.*
-<, .~,.\,\:‘i,.>.’‘:::,,,<:i~,1>.

~.f~t-..~~J~‘-::!~..... ~,
.:,3$$..

‘%.?’ .
7.1 MAXIMUM RATINGS ,2.*,\;.i\+:’.,s~:‘*L*-:

Rating Symbol Value Unit This device cont~jn$:~uitry to protect the

Supply Voltage Vcc –0.3 to 7.0 v
inputs against q~$ge due to high static vOlt-
ages or el~?R~~e’f&s; however, it is advised

Input Voltage ~n –0.3 to 7.0 v that,n::+~~p,~etautions be taken to avoid

Operating Temperature Range TA o to 70 “c
aPPll$:@~ti$#’any voltage higher than max-
imuk- voltages to this high-impedance

Storage Temperature Range Tstq –65to 150 ‘c ,$Wuit,’Reliatil itV of operation is enhanced if

Power Dissipation pD 1,5 w
<:j:j,:~~~ti~d inputs are tied to an appropriate logic

*, ..v&tage level (e.g., either VCC or GND)..$!:
$>’‘.’):.,,,,\i..

.%:?.$,.ibp
‘.+~:+b”.,tt

. .

7.2 THERMAL CHARACTERISTICS
‘~*)*’~t~i,,.,;s~,!., .,‘~.?,v‘:,

Characteristic Svmbol Value Symbo[e Valy&.~‘%kW+ing

Thermal Resistance OJA 8JC “?< “ “cm
Ceramic 40 {S* ‘.’
Plastic 40 ,’dt~~ 20*....

,<.r~ ‘,::>t,,.~.~”
The average chip-junction~e~ uerature, TJ, in ‘C can be obtained from:

~&/:}:&>..<.,... TJ=TA+(PDo OJA (1)* ,.
where: ;:,s~,,i,&,,.,,.,*

TA = AmbienE$~hperatu re, ‘C
OJA = Pac~$~e:,Tfiermal Resistance, Junction-to-Ambient, OC/W
pD = ~~,~~*P1/o
PINT s.~$RVCC, Watts — Chip Internal Power
PI/O ‘k~~:%tier Dissipation on Input and Output Pins, Watts — User Determined~::s..~:,,:,

F~~$]~f$applications PI/O<PINT and can be neglected...!.\. .*>+

~~appropriate relationship between PD and TJ (if PI/O is neglected) is:
PD = K: (TJ + 273°C) (2)

Solving equations (1) and (2) for K gives:
K= PD ● (TA+ 273°C) + 6JA ● PD2 (3)

where K is a constant pertaining to the particular part. K can be determined from equation (3) by
measuring PD (at equilibrium) for a known TA. Using this value of K, the values of PD and TJ can
be obtained by solving equations (1) and (2) iteratively for any value of TA.
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The total thermal resistance of a package (OJA) can be separated into two components, 6JC
and OCA, representing the barrier to heat flow from the semiconductor junction to the package
(case) surface (9Jc) and from the case to the outside ambient (6cA). These terms are related by
the equation:

6JA= 6JC+ 6CA

6JC is device related and cannot be influenced by the user. However, 6CA 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 8CA so that OJA approximately equals 6JC. Substitution of OJC for OJA in equation (l~i~~~l
result in a lower semiconductor junction temperature. ,.>,;,,\

Values for thermal resistance presented in this document, unless estimated, were der~y,~<~$~ing
. ;$ ‘ ‘“*

the procedure described in Motorola Reliability Report 7843, “Thermal Resistance ~,a~kement
Method for MC68XX Microcomponent Devices,” and are provided for design ~~f~~es only.
Thermal measurements are complex and dependent on procedure and setup. U,,&*~rlved values
for thermal resistance may differ, .8%y:i~y

.~il.,.:.~ ,.
~~j ,1,.y,p4$~

7.4 DC ELECTRICAL CHARACTERISTICS (TA= VC to 700C,VCC= -5 V* 5%, ~~$~ otherwisenoted)

Characteristic Sym~,,$? * Wn Max Unit

Input High Voltage
.qlH:\;\~+

2,0 Vcc + 0.3 v

Input Low Voltage :$:,#: ~p’” – 0.3 0,8 v

Output High Voltage, Except DTACK (IOH = – 120 wA)
.!

,>,.’$,., “’$~OH 2,4 — v
Output Low Voltage, Except DTACK (IoL=2.O mA) ,1,.’’t,\,\ ‘~i’..{. vOL —,,\ 0.5 v

Power SuppIV Current (Outputs Open)
.,.,

+.. ,3,:,:,Ri!,... ILL — 180 mA

Input Leakage Current (~n =0 to Vcc)
.!~$,i.f+;~

‘“+ lLI — 10 1A

Hi-Z Output Leakage Current in Float (Vout=2.4 to Vcc],+ S lLOH — 10 WA

Hi-Z Output Leakage Current in Float (Vout=0.5 V) ~ “>~:. lLOL — –lo WA

DTACK Output Source Current [Vout=2.4 V) ,.,.Y/:(:~l..:~:.
,.{ “,,, IOH — – 400 WA

~J.... t’, ,,
DTACK Output Sink Current (Vout= 0.5 V) ~;,,:~.’,>!,.,Jf:, IOL — 5.3 mA

,s ~!.bs~y.“:..,,.,:*
.’,:,!‘*7.‘:~J,l\:~...<>

,}, 4,...
\,:,+,- “?:ia:,&\”

~t

7.5 CAPACITANCE (TA=,@?~:$@~ MHz, unmeasured pins returned to ground)
“i

,$s ~~~tiacteristic Svmbol Unit

Input Capacitance ~..,,,~:).> \ ~,$.$?’ Cin pF

Hi-Z Output Capac@@e9 Cout 1 1,,; .,, pF

Load Capacita~~R~$:.

.

~, DTACK c — 100
‘$>~>.\ I>*

pF
All Other Outputs — 130

\.
,.,tv’’~v;.‘>b,:,, , k>

MOTOROLA
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7.6 CLOCK TIMING (see Figure 7-1)

Characteristic Svmbol Min Max Unit

Frequency of Operation f 1.0 4.0 MHz

Cvcle Tme tcyc 250 1000 ns

Clock Pulse Wdth tCL, tCH 110 250 ns

Rise and Fall Trees tcr, tcf — 15 ns

I

figure 7-1. Clock Input Ti~ng$biagram

MC68901 MOTOROLA
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7.7 AC ELECTRICAL CHARACTERISTICS (VCC=5.0 Vdc+57~, GND=O°C to 7~c unless otherwise noted; see ~igures
7-3 through 7-12.

Num Characteristic Min Max Unit

14 =, ~ Width High 50 — ns

2 R~, RSI-RS5 Valid to Falling ~ Setup Time 0’ — ns

3 Data Valid Prior to Falling CLK Setup Tme (Writ~ P$,-10n-l,.!

41 ~, IACK Valid to Failina CLK SetIJn Time 1-– :0 I :1 ;: /

5 CLK

-, ,,0 ,

. —. ..- .-
Low to DTACK Low

.,

220
~~,,.— ns$-:.~~~

IACK Hi~h to DTACK High — 60
$:‘>::,

.*
~ Hi”h Impedance — 100 ,, i..’’~i:fi$’

=

DTACK Low to Data Invalid Hold Time (Write)

~ or ~ Hioh to RSI.RS5. R~ Invalid Hold TmP

-, .. .-,
I ,...- ,. .,,. -

!K Hioh tn natn Mi”h lqp~dan~e (R~ad)
..,,....

— ,..ss.<, .,*,, , ,“
.. ,.

- I 1 1
. ..- . . . . . . . -

. .. ., .-

,. . . .$!

-,, -- ---- !. !---, I $, .~.Y--, -
. . . , .,

“11~ Data Valid from CS I m.J IR-adl I_ 1$,s.$.$ q I n ns

12 Data Valid to DTACK Low Setup Time (Read) S*rs ,+ %!$ _ ns

13 DTACK Low to ~ or ~ or IACK High Hold Time
,>.,‘,*. <.

,;%.,::@$ay - ns

14 ~ Low to Falling CLK Setup Time .<:“.*: ‘*b – ns

15 ~ Valid from CLK Low Delay Time ~{$,ix$t,,
,.,;,\ *$, — 180 ns

16 Data Valid from CLK Low Delay ~me
,~ .’.:. !.

?nn “.

17 ~ Invalid from ~ Hiah Delav Time ~.~;.ts: l_l 150 I ns

18 DTACK Low from CI-K Hinh n~ls” fire.
,.

~*$i>.. l_l 1Rn I “<
.-. --- ----- ..-.
20 Data Valid from IEI Low Delay Time ....>,,,,,; ,.,

21 CLK Cycle Time ‘t&., ‘ 250 1000 ns

22 CLK Wdth LOW ..~\.~ “~‘ 110 — ns..-,, ,:>,
23 CLK Width High ,,..:%.., ‘“~’ 110 — ns

242,4
—— ., .ty: . .+
CS, IACK Inactive to Rising CLK Set~’’~i@ 100 — ns

25 1/0 Minimum Active Pulse wdt~ ‘[:5~~i<?;- 100 —
:’..,..,!.,$,~,,

ns

263 ~ Width High .:*,,‘ i.,>.:t~,.*, \\. 2 — tcyc

27 1/0 Data Valid from Risi.&~~%~b (Write) — 450 ns

28 Receiver Ready (~}:~#~#om Rising RC — 600 ns

29 Transmitter Re@y,~@$.~elay from Rising TC — 600 ns
s

30 TxO [A or q) L}~JAm Rising Edge of ~ or ~ (Reset Time) — 450 ns

313 Tmer ~~~~~JxO) Valid from Falling tclk that Causes Timeout — 2 tclk + 300 ns

32 ~M~~~~~k’ltclk) Low Time 110 —
:‘<. .*I

ns

33 ~~w Wock (tcik) High Tme 110 — ns
Y$~. ‘i. ,

34 \$f ‘ ~l~er Clock (tclk) Cycle Tima 250

,&@; :.+’ ‘- LOW Tme

1000 ns

2
~.’

—

,,,~

ys

$*V... . DelaV to Falling IRQ from lx Active Transition — 380

**’ 37

ns

Transmittal Interrupt DelaV from Falling Edge of TC 550 — ns

38 Receiver Interrupt Delav from Rising Edge of RC (Buffer Full) 800 — na

39 Receiver interrupt DelaV from Falling Edge of RC (Error) 800 — ns

MOTOROLA
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7.7 AC ELECTRICALCHARACTERISTICS (Continued)

Num Charatieriatic Min Max Unit

40 S1Setup Time from Rising Edge of RC [Uvide by 1 Only) 80 — ns

41 S1Hold 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 500 — ns,. t~,,

45 TC Cycle Time
?.,>;~:..,t

1.05 m ;’*$$ ‘~:?.

46 RC Low Time 500 ,}: ~:}1— .>>1;$

47 RC High ~me 500 — < +e$’:’ns,\, .y ..

48 RC Cycle Time 1.05 ps

4g3 ~, IACK, ~ Wdth LOW — tcyc

50 SO Data Valid from Falling Edge of TC (Divide by 16 Only) — $ ‘>’ 490,?~.+:tha ns
..:. .\~

*J ‘“~:.it.
NOTES:

,~} ,,,

1. If tha setup time is not met, ~ will not be recognized until the next falling clock.
.:M’$}C,,$,?”

$>t~>.~\\<p,’,!
2. If this setup time is met (for consecutive cycles), the minimum hold-off time of one clock,~jc~e will be obtained. If not met, the

hold-off time will be two clock cycles. ,!. X;* ‘

3. tcyc refers to the clock signal applied to the MFP CLK input pin. tclk refers to ~~~~~~clock si9nal, regardless of whether that
signal comes from the XTAL1/XTAL2 crystal clock inputs or the TAI or TBI ti~r i~uts

4. ~ is latched internally, therefore if specifications 1 and 24 are met, the~,$~ %@ be negated before the falling clock and still
initiate a bus cycle. ..+$

5, Although ~ and DTACK are synchronized with the clock, the data awkduririg a read cycie is asynchronous to the clock, ralVin9
onlv on B for timing. ‘:’.’.:,$.. ,$*.!*,>,. **

MC68901 MOTOROLA

7-5



7.8 TIMER AC CHARACTERISTICS

Definitions:
Error =lndicated time value — actual time value
tpsc=tCLK x Prescale Value

MOTOROLA
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SECTION 8
MECHANICAL DATA AND ORDERING INFORMATION

This section contains the pin assignments, package dimensions, and ordering information for the
MC68901.

8.1 PIN ASSIGNMENTS ...

XTALI :1 IImXTAU 02 b& m

MC68901 MOTOROLA
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8.2 PACWGE DIMENSIONS

...
48 26

1

L SUFFIX
CERAMIC PACKAGE

) B
CASE 7W2

,>

ii
,Y,s,v<!,.“,!.:,,.....-t., ,~:.....

H
L—

,,..

.,, . .!., . .. 4

I:’*

‘,*m m -=4i**$’’”,::
4L. 1.’,..,>.:.. .x,:,

*!., 40L F 7J ~ ALJ
y~ ‘i:,.$

,.,.’~~:’.$,i~.
..:,\\’tJ:*

,,, J,.. “ ~.,s.”

~ ‘ ‘
MILLIMETERS INCHES NOTES:

..\\i,:\, . DIM MIN MAX MIN MAX 1. ~lSEND OF PACKAGE
.,,*-.,,,.> *,, *Y A 61.67 61.77 2.428 2.432

DATUM PLANE.

,., S 13,92 14.02 0.548 0.552 ~;;N~T/A;ATUM ANO
,.$<$.: .-~,,,,>’ c 4,83 5.06 0.190 0.200

‘::...,...$..,~.$.. D 0.3B 0.50 0,015 0,020
2. POSITIONAL TOLERANCE

~.’.>~: FOR LEAOS 24 & 25:
..:~:\*:,$\>,\ ,, F 1.22 1.34 0.M8 0,053
.;:,$p,- .. G 2,54 GSC 0,100 BSC $10.35 [0.0141 ITI B @ IR

.,, J 0.25 0.30 0,010 0.Ol2 POSITIONAL TOLERANCE
K 3,23 3.37 0,127 0.133 FOR LEAO PATTERN:
L 15,24 BSC O.GOOBSC
M OD 100 00

0,25 10,010) ITI B @
100

N 0.64 0,88 0.025 0.03
3. OIM B DOES NOT INCLUOE

u 1.79 BSC 0,070 BSC
MOLO FLASH.

4. OIM L IS TO CENTER OF
LEAOSWHEN FORMEO
PARALLEL,

5, DIMENSIONING ANO
TO LERANCING PER
ANSI Y14.5, 1973.

MOTOROLA MC68901
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FN SUFFIX
CASE 778-02

PIN GRID ARRAY

r,B l+lo.1810,M7)@ /T IN@P@l L@M@

ru 1+10.1810.W7)@ I TIN@P@lL@M@

I /, c Illm

1+10.25 (0.OIO)@ ITI L@M@l N@P@l

NOTES:
1. OUE TO SPACE LIMITATION, CASE 77842 SHALL

BE REPRESENTED BY A GENERAL [SMALLER)
CASE OUTLINE DRAWING RATHER THAN
SHOWING ALL 52 LEADS,

2. OATOMS .L., .M., .N., ANO -P. OETERMINEO
WHERE TOP OF LEAD SHOULOER EXIT P~STIC
800Y AT MOLO PARTING LINE,

3. OIM Gl, TRUE POSITION TO BE MEASUREO AT
DATUM -T., SEATING PLANE,

4. OIM R ANO U 00 NOT INCLUDE MOLO
PROTRUSION. ALLOWA8LE MOLO PROTRUSION
IS 0,25 (0,010)PER SIDE,

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

6. CONTROLLING OIMENSION: INCH.

+10.18(0.007)@ ITI L@M@/N@P@

~10.18 (0.007)@ lT]N@P@l L@M@

MC66901 MOTOROLA
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8.3 ORDERING INFORMATION

Maximum Clock
Package Type Frequency
Ceramic

L Sufix 4,0 MHZ

Plastic
P Sutix 4.0 MHZ

Quad Pack
FN Sutix 4.0 MHz

Temperature
Range Order Number

rc to 70°c MC68901 L

●
,;

MOTOROLA MC68901
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NOTE 1

. . . . . . . . . . . .
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m
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o- yJF@-1- 7
6

-a

Figure 3.3. R&ad Cycle Timing,.{$,>.,\> \l l-l
DTACK

NOTE1: ~onlygoes lowifno acknowladgable interrupt impending. lf~goes low, DTACKand thedata busremain inthehigh-impendance state,

Figure 7-5. Write Cycle Timing

W
Figure 7-4. Write Cycle Timing
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B

D

CLK

1740

Figure 7-8. Port Timing

Figure 7-9. Reset Timing

4 @ +

RC
r 7

R
\ , .

(BUFFER FULL ~
CONDITION)

+ r

\

NOTE: Active Edge is assumed to be the rising edge.

“’--1~
(ERROR CONDITION)

(OIVIOE-BY-ONs/
MOOE ONLY)

Figure 7-7. Interrupt Timing Figure 7-10. Receiver Timing
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D

D

H3-

4 G-J >

XTALliXTA12
s , 1 ‘

7

I

INTERNAL TIMEOUT
~ NOTE 1

TAO/TBO/TCO/TDO

fl~

NOTE 1: Speclficadon number 30 applies to timer outputs TAO and TBO only.

Figure 7-12. Timer Timing

“’l:..,
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Literature Distribution Centers:

USA: Motorola Literature Distribution; P,O, Box 20912; Phoenix, Arizona 85036.

EUROPE: Motorola Ltd.; European Literature Center; 88 Tanners Drive, Blakelands Milton Kevnes, MK145BP, England,

ASIA PACIFIC: Motorola Semiconductors H.K. Ltd.; P,O. Box 80300; Cheung Sha Wan Post Otice; Kowloon Hong Kong
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