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PREFACE

This manual provides the systems programmer or operator with a
description of the Universal Clock Module and its operation. The
user should be familiar with the 16-bit and 32-bit proces-11
sors. Chapter 1 is a general introduction. Chapter 2 describes
in detail the principles and operation of the precision interval
clock (PIC). Chapter 3 also contains a detailed description of
the principles and operation of the line frequency clock (LFC).
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CHAPTER 1
INTRODUCTION

1.1 GENERAL OVERVIEW OF THE UNIVERSAL CLOCK MODULE

The universal clock module is a versatile timer consisting of two
independent clock devices:

- line frequency clock (LFC)
- precision interval clock (PIC)

Both clocks provide timer controlled processor interrupts, but
have different timing mechanisms. The LFC is derived directly
from the AC power line and has a fixed clock rate equal to twice
the line frequency. The user has no control over the LFC other
than to disable, enable, or disarm interrupts. The PIC, although
derived from an 8-megahertz crystal oscillator, is dynamically
variable through program control. The user can select an incre-
ment of time (resolution rate) and a count (interval count)
where:

resolution rate x 1interval count = interval

1.1.1 Device Addresses

Both the PIC and LFC have a specified 10-bit device address. The
preferred address for the PIC is a 6C (hexadecimal) and for the
LFC is 6D (hexadecimal). However, if another address is as-
signed, it must be an even numbered address for the PIC and
an odd numbered address for the LFC. The address for the
LFC is always the address of the PIC plus one. The first two
most-significant bits of both 10~bit addresses are always
set to zero. The possible device addresses are in the range
of 1 to 127 (28-1).

PiC’s 00 0110 1100 BINARY
ADDRESS 0 6 Cc HEX
LFC’s 00 0110 1101 BINARY
ADDRESS 0 6 D HEX

29-531 ROl 9/78 1-1/1-2



CHAPTER 2
OPERATION OF THE PRECISION INTERVAL CLOCK (PIC)

2.1 GENERAL PRINCIPLES

The precision interval clock (PIC) produces or gueues a processor
interrupt. A specified time interval determines the point at
which the interrupt occurs. An interval is defined as the time
between events or states. An interval starts when the previous
interval expires and ends when .its allotted time period expires.
The duration of the interval is measured in increments of time as
selected by the user. These increments of time are the resolu-
tion rates. Four resolution rates are derived from a master time
base. The master time base is supplied by an 8-megahertz internal
crystal oscillator that produces a l-megahertz signal. This
oscillator, however, can be disabled to allow the user to sub-
stitute his own external master time base oscillator. In addi-
tion, the number of times a specified resolution rate is to occur
in an interval is called the interval count and is also specified
by the user.

A basic structure of the PIC as shown in Figure 2-1 is explained
in the following paragraphs.
2.1.1 Resolution Rate and Initial Interval Count

The four resolution rates derived from the crystal oscillator
are:

1 microsecond (1 us)
10 microseconds (10 us)
100 microsecconds (100 us)
1l millisecond (1 ms)

RESOLUTION RATES

1 1100} 10 | 1

ms us us us

29-531 ROO 2/78 2-1



MULTIPLEXOR BUS TO

5 PROCESSOR
l | l
RESOLUTION SELECT INTERVAL COUNT
INPUT BUFFER INPUT BUFFER
(BITS 0-3 OF RIC) (BITS 4-15 OF RIC)
RESOLUTION SELECT
REGISTER
4
8 MHZ INTERVAL CURRENT INTERVAL
CLOCK
CRYSTAL OIVIDER - COUNTER —> COUNTER
OSCILLATOR (OUTPUT BUFFER)

Figure 2-1 Precision Interval Clock (PIC)

If the bit that represents the desired resolution rate is set,
the appropriate resolution rate 1is produced. If more than one
bit is specified, the shortest resolution rate is used. If no
bits are specified, the interval does not take place.

Once the resolution rate is selected, the desired number of times
that resolution is to occur must also be specified through the
interval counter. The value in the interval counter, the
initial interval count, determines how many times the selected
resolution rate occurs in an interval. This count must be a
hexadecimal number with a decimal value in the range of 0 to
4,095 (212), The initial interval count should be specified
as the desired number. If zero is specified as the
count, it is ignored and a value of one is assumed. If no value
is specified as the count, the initial interval count specified
in the previous interval is used. Each time a cycle occurs, the
value in the interval counter is decremented by one until a
value of zero is reached. A value of zero generates or queues an
interrupt.

The resolution rate and the initial interval count (RIC) deter-
mine the allotted time period for an interval. The resolution
rate and the initial interval count form a halfword that initial-
izes or changes the resolution select register and interval
counter in the PIC. During an interval, the initial interval
count in the PIC remains unchanged.

2-2 29-531 RO2 11/79



RESOLUTION RATE AND INITIAL INTERVAL COUNTER (RIC)

1
ms

100
us

10
us

1
us

INITIAL INTERVAL COUNT

0

1

2

3

4

15

Associated with each resolution rate is a range of interval

periods that particular resolution 1is able to produce. These
intervals are listed in Table 2-1.
NOTE
The minimum interval, with a resolution of
1 us, is dependent on the model processor
being used.
TABLE 2-1 POSSIBLE INTERVAL PERIODS
RESOLUTION INTERVAL INTERVALS
RATE COUNT (DECIMAL) PRODUCED
1 MICROSECOND 1 1 us
(1 us) 2 2 us
3 3 us
4,096 4,096 us
10 MICROSECONDS 1 10 us
(10 us) 2 20 us
3 30 us
4,096 40,960 us
100 MICROSECONDS 1 100 us
(100 us) 2 200 us
3 300 us
4,096 409,600 us
1 MILLISECOND 1 1 ms
(1 ms) 2 2 ms
3 3 ms
4,096 4,096 ms
29-531 RO1 9/78 2-3



2.1.2 Current Interval Counter

The result of the initial interval count being_decrementeq is
called the current interval count (C;C) and‘1§ gtor?d in a
separate halfword in the PIC. Each time the initial interval
count is decremented, the current interval count is replaced with
a value that is one less than its previous value. Effectively,
the current interval count always contains the current number of
cycles remaining to be executed in an interval. The value in thg
CIC can be in the range of 4,095 to zero. Any time during the
interval, the processor can interrogate the CIC w1thogt affect}ng
the decrementing of the clock by issuing a read instruction
(RD,RDR,RH,RHR) .

CURRENT INTERVAL COUNTER

0 0 0 0 CURRENT INTERVAL COUNT
0 1 2 3 4 15
where:
Bits 0-3 Bits 0 through 3 are unused and

always set to =zero.

Bits 4-15 Bits 4 through 15 contain the
decrementing interval count.

2.1.3 Command Byte

Since the PIC produces interrupts at the conclusion of each
interval, three options are available to the user to determine
whether or not an interrupt is to occur at the conclusion of the
interval or not at all. A fourth option allows the user to stop
the clock at any point, establish a new interval, and restart the
clock. These options are:

- disable interrupts

- enable interrupts

- disarm interrupts

- start clock

All four options are derived from the three most-significant bits
in a byte which is called the command byte. If the bit that
represents the desired interrupt mode is set, the appropriate

action takes place at the conclusion of the interval. If no bits
are set, the disarm mode is the default.

2-4 29-531 RO2 11/79



COMMAND BYTE

DISARM
— e . ~
DISABLE | ENABLE START 0 0 0 0 l 0
0 1 2 3 4 5 6 7
where:

DISABLE If bit 0 is set and the end of the
interval occurs, the PIC is unable
to interrupt the processor but
allows the interrupts to be queued.

ENABLE If bit 1 is set and the end of the
interval occurs, the PIC immediately
interrupts the processor.

DISARM If both bits 0 and 1 are set and the
end of the interval occurs, the PIC is
unable to interrupt the processor and
does not allow interrupts to be
queued. In effect, all interrupts are
ignored.

START If bit 2 is set at the beginning,
during, or end of an interval, the
clock immediately stops. The resolu-
tion select register and interval
counter are loaded with new data from
the input buffers and the clock
restarts.

BITS 3-7 Bits 3 through 7 are unused and are
always set to zero.

2.1.4 Status Byte

The status byte indicates whether or not the resolution rate and
initial interval count from the input buffers have been success-
fully loaded into the resolution select register and interval
counter. The RIC is loaded a byte at a time when a write half-
word (WH,WHR) instruction is executed. 1If a processor interrupt
occurs in the system before the second byte is loaded, the
overflow bit is set. At this point, the PIC contains the four
resolution bits and the four most-significant bits (bits 4-7 of
byte 1) of the initial interval count. When the overflow bit is
set, it should be reset by one of the following before the next
interval takes place:

-~ execution of a sense status (SS,SSR) instruction (32-bit)

- execution of an acknowledge interrupt (AI,AIR) instruction
(16-bit)

- initialization (32- and 16-bit)

29-531 ROO 2/78 2-5



Then execution of an output command (OC,OCR) sends the command
byte to the PIC with the start bit set. This transfer causes the
remaining value in the RIC (bits 8-15) to be loaded into the
least-significant byte of the interval counter. When the second
byte is loaded, the PIC starts decrementing the value currently
in the interval counter.

If the overflow bit is not reset, the status byte will not be
accurate for the next interval; and as a result, does not indic-
ate whether or not the resolution select register and interval
counter were successfully loaded.

2.2 BASIC PIC OPERATION

The command byte and the RIC should be defined before a write
instruction ‘is issued. First, the interrupt bit in the command
byte should be set and sent to the PIC by execution of an output
command . The desired interval count and one of the resolution
rate bits in the RIC should then be set. A write data (WD) or
write halfword (WH) instruction is then executed to load the
resolution rate and initial interval count, a byte at a time,
into their input buffers. They remain in the input buffers until
either new data is loaded or an output command (OC,OCR) is
executed. The input buffers can be loaded with new data anytime
during an interval. The start bit in the command byte should
then be set and sent to the PIC by execution of another output
command. This process causes the clock to start decrementing.
If no interrupt bits are set in the command byte, the clock
starts and the interval counter begins decrementing at the
selected resolution rate. Then, either bit 0 or 1 in the command
byte should be set to acknowlege interrupts. Anytime during this
interval, the processor can monitor the decrementing interval
count by issuing a read instruction. However, the contents of
the current interval counter does not change during the reading
process. Also, anytime during this interval, new data can be
sent to the input buffers either to immediately change the
resolution rate and interval count or to wait until the current
interval count terminates to start a new interval. When the

Jcurrent interval counter finally has a value of zero, the resolu-
tion select register and interval counter are loaded with data
from the input buffers and another interval takes place. Figure
2-2 shows the flow of data at the beginning of the interval from
the RIC to the CIC at the end of the interval. If it is neces-
sary to stop the PIC during an interval, set the RIC to all zeros
and issue a start command.

2-6 29-531 RO2 11/79



(0] 34 78 1112 15

MEMORY 0100 0001 0110 1111 BINARY
LOCATION 4 1 6 F HEX

1 A
RIC 0[3 4178 15

RES. RATE = 100 us 0100 | INTERVAL CNT | 0001 0110 1111 BINARY
INT.CNT. = 274 4 INPUT BUFFER 1 6 F HEX
(273+1) ‘ \ >

0 3 4 15
INITIAL
RESOLUTION SELECT - 0100 INTERVAL 0001 0110 1111 BINARY
REGISTER 4 COUNTER 1 6 F HEX

(BEGINNING OF INTERVAL)

0 3 CURRENT 4 15
INTERVAL
RESOLUTION SELECT 0100 | ~ounTER AT |11 1111 | 1111 BINARY
REGISTER 4 CONCLUSION E E F HEX

OF INTERVAL
(END OF INTERVAL)

Figure 2-2 Flow of Data to PIC

2.3 INITIALIZATION

Initialization occurs when the machine is powered up or when the
initialize button is pressed. It affects the PIC by setting the
following locations to zeros:

resolution select register

initial interval counter

resolution rate and initial interval count (RIC)
current interval counter (CIC)

status byte

Initialization can also occur when bits 0 and 1 are set in the
command byte and an output command is issued which puts the PIC
in the disarm mode.
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CHAPTER 3
OPERATION OF THE LINE FREQUENCY CLOCK (LFC)

3.1 GENERAL PRINCIPLES

The line frequency clock (LFC) generates or queues a processor
interrupt. The point at which the interrupt occurs is determined
by a fixed clock rate that is derived from the freguency of the
AC power line. The power line frequency is either 60 or 50 hertz
and the clock rate is always twice the line frequency. The
duration of the interval for each power line frequency is shown
in Table 3-1.

TABLE 3-1 DURATION OF INTERVAL IN RELATION TO LINE FREQUENCY

POWER LINE FREQUENCY DURATION OF INTERVAL
60 Hz 8.33 ms
50 Hz 10.00 ms

An example of the structure of the LFC is shown in Figure 3-1.

TO

MULTIPLEXOR BUS
PROCESSOR

l 4

LCOMMAND BYTE

:
12 VAC \

POWER SUPPLY / cLOCK

Figure 3-1 Flow of Data to LFC

29-531 ROO 2/78 3-1



- 3.1.1 Command Byte

Since the LFC produces interrupts at twice the line frequency,
three options are available to the user to determine whether or
not that interrupt is to occur at the conclusion of the interval
or not at all. These options are:

- disable interrupts

- enable interrupts

- disarm interrupts

All three options are derived from the first two most-significant
bits in a byte called the command byte. If the bit that repre-
sents the desired interrupt mode is set, the appropriate action

takes place at the end of one half the period of the 1line
frequency.

COMMAND BYTE

DISARM
Ie e N
DISABLE ENABLE 0 0 0 0 0
0 1 2 3 4 5 6 7
where:
DISABLE If bit 0 is set and twice the line

frequency occurs, the LFC is unable to
interrupt the processor but allows the
interrupts to be queued.

ENABLE If bit 1 is set and twice the 1line
frequency occurs, the LFC immediately
interrupts the processor.

DISARM If both bits 0 and 1 are set and twice
the line frequency occurs, the LFC
is unable to interrupt the processor
and does not allow interrupts to
be queued. In effect, all interrupts
are ignored.

BITS 2-7 Are unused and always set to =zero.

3-2 29-531 RO1 9/78



‘When the LFC generates an interrupt, it should be serviced with
one of the following:

- acknowledge interrupt instruction (l16-bit)
- immediate interrupt, auto driver channel (32-bit)
- an appropriate channel command block (16~ and 32-bit)

If the sense status or acknowledge interrupt instruction is
executed, a status of all zeros is returned.

-

3.2 BASIC LFC OPERATION

The command byte should be defined to indicate the desired
interrupt mode. Then, an output command (OC,OCR) is issued.
Execution of an output command transfers the command byte to the
clock. If interrupts are enabled, the next possible interrupt
and all following interrupts are generated. If interrupts are
disabled, the next possible interrupt and all following inter-
rupts are queued. If interrupts are disarmed, all interrupts are
ignored.

3.3 INITIALIZATION
Initialization occurs when the machine is powered up or when the
initialize button is pressed. After initialization, the LFC is
left in disarm mode.
Initialization can also occur when bits 0 and 1 are set in the

command byte and an output command is issued which puts the LFC
in disarm mode.

29-531 ROO 2/78 3-3/3-4



APPENDIX A
PROGRAMMING EXAMPLES FOR
16-BIT AND 32-BIT PROCESSORS

The following flowcharts and printbuts are programming examples
for the LFC and the PIC.

29-531 ROO 2/78 A-1



"“LFCINT"”
DISABLE DISARM
PROCESSOR LFC
INTERRUPTS
1
SET UP SEND
INTERRUPT RESOLUTION
SERVICE AND COUNT TO
POINTERS PIC
ENABLE CLEAR OLD
PROCESSOR PIC INTERRUPTS
INTERRUPTS AND START
THE PIC
START
LINE
FREQUENCY
CLOCK (LFC)
LFC INCREMENT
C(\)NURI\:'TIEI'O INTERRUPT DISPLAY
DISPLAY OCCURRED COUNTER
SO VECTOR
TO “PICINT”
A7
,//’,,
///7 PIC LOAD THE OLD
L INTERRUPT PSW AND RETURN
OCCURRED TO POINT OF
SO VECTOR INTERRUPT
TO "PICINT”

L

"PICINT”

CLEAR RIC
AND STOP
PIC

PIC STOP?

START
LFC

LOAD THE OLD
PSW AND RETURN
TO POINT OF
INTERRUPT

Universal Clock Module 16-Bit Interrupt Programming Example

29-
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8L/ 004 T€S-62

UNIVERSAL CLOCK MODULE 32 BIT INTERRUPI

PROG= *NONEx*

Uuuuuaog
0000041
vuuooel
0000081
000uoCl
00000E1
0000121
0000141

ouoo
0voo
0000
0uuo

gouuo
Gouo
00uo
0000
oouo
vouo
ouuo

ceal
958
2490
41Fg
2401
LELo

08r9

UFF

ASSEMBLED BY CAL 03-066RUS5=U0

(]
0001
0002
0002

oou3
0008
0009
0004A
guoB
000D
Q00F

3uVu

801A

80AD

=0000261

=0000821

VENOWMFUNLP

OO R R RN o bt s b s
CUFUNRNRCEDNPUF OGNS

27

PROGRAM EXAMPLE PAGE 1 10:48:05 09/28/78

(32-81IT)

CROSS
WIDTH
TARGT
PRO6

NORX3

120
32
UNIVERSAL CLOCK MODULE 32 BIT INTERRUPT PROGRAM EXAMPLE

EARRREEERKE KRR KRERRE RN EEEEE R KKK E R AR KRR KRR KRR RS

*
*
*
*
*
*
*
*
*
*
*
*
%*
*
*
*
*
*
*
*
*

R10
NEXTDEV
STATUS
LINK

DISABLE

WRITE2

THIS IS A 32-8BIT PROGRAMMING EXAMPLE FOR THE LINE FREQUENCY
CLOCK AND THE PRECISION INTERVAL CLOCK, THE EXAMPLE USES INTER~
RUPIS TO RECOGNIZE THE END OF THE INIERVALS,

THERE ARE FOUR MODULES:
1IVCALLUCM" THIS MOOULE INITIALIZES THE INTERRUPT

EQu
£Qu
EQU
£Qu

EQu
(2*1V]
EQU
EQuU
EQu
EQU
EQU

2)MLFCINT® TH1S MODULE SERVICES THE INTERRUPT THAT

4)"KILLUCM® THIS MODULES DISARMS LFC g PIC INTER~-

HANDLER AND STARTS THE LINE FREQUENCY CLOCK.

OCCURS AFTER THE LINE FREQUENCY CLOCK HAS WAITED
ONE=-HALF CYCLE OF THE AC LINE FREQUENCY,

=833 MILLISECONDS @ 60 HZ OR 10 MILLISECONDS a50HZ
THEN IT STARTS THE PRECISION INTERVAL CLOCK.
J"PICINT" THIS MODULE SERVICES THE PRECISION INT=-
ERVAL CLOCK INTERRUPT THAT OCCURS AFTER A PROGRAM
CONTROLLED INTERVAL OF 150 MICROSECONOS. IT THEN
RESTARTS THE LINE FREQUENCY CLOCK, THIS MEANS THAT
THt PROGRAM WILL CONTINUE TO SERVICE "LFCINT™ AND
"PICINT® UNTIL THE FOURTH MODULE IS CALLED.

RUPTS AND STOPS THE PIC,

I'E R IEENEN I I B 35 B B B I I K SR I J

ER R R e eI s e I s P eI 2222322 232 22322 223 23

()

1

2

2 MICROCODE PUTS INTERRUPTING ADDRESS I
REGISTER 2 OF REGISTER SET 0

3

8

9

10

11

13

15

R104X* 3000 GET DISABLE PSW MASK

R84K1D NOW UISABLE INTERRUPTS

R9+0 CLEAR R9(THE DISPLAYED COUNT REGISTR)

LINK CALLUCM

STaTUS,1 LOAD STATUS WITH DISPLAY ADDRESS

STATUS s INCRMT PUT DISPLAY IN INCREMENTAL MODE

LINKR9 LOAD CONTENTS OF R9 INTU LINK AND

LINK3LINK WRITE VALUE ON DISPLAY PANEL

CPE20010
CPE20020
CPE20030
CPE20040
CPE20050
CPE20060
CPE20070
CPE20080
CPE2Y090
CPE20100
CPE20110
CPE2V120
CPE2U130
CPE2U140
CPE20150
CPE20160
CPE2U170
CPE2V180
CPE2V130
CPE20200
CPE20210
CPE20220
CPE20230
CPE20240
CPE20250
CPE20260
CPE20270

CPE20290
CPE20300
CPE2Y310
CPE20320
CPE20330
CPE20340
CPE20350
CPE20360
CPE20370
CPE20380
CPE20390
CPE20400

CPE2Y420
CPE2V430
CPE2V440
CPE20450
CPE20460
CPE2V470
CPE20480
CPE20490
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UNIVERSAL CLOCK MOUULE 16 BIT INTERRUPT PROGRAM EXAMPLE PAGE

016K
0ul8Kr
001Cr

0020K
VU24K
0U28r
QU2AK
QU2ER

0032K
ub36R

VU3aR
003EK
ousoR
U04uR
VU4 8K
Ud4cR

VO4YER
UUS5UR
UusSer
0054R
0U358K
uu5CK
0ve0R
Q064K
ouesr
ooeCx
U070R
J072KR
00741
0078R
007aR

JOTER
UUBUR
Uug2zr
GUBYR
0083r
ouacr
V09U
0oyn

J8UF
LEVO QUDSK
4300 0U00CR

0lB0 UUUCR
c8a0 3vuu

958A

CBAQ0 UOD4ER
4UAQ UlAA

C8AD UUTEK
HUAD UlAB

C8AU yBUU
95bA
4800 (UuCER
VEBQ uuDyuR
ulsl UUOCK
U3ug

OUUD UU4ER
uuuo
vuuy
30u0
OuUuD 0UDBCkK
4820 Q0CER
48b0 00CCK
DE2U 0VD1K
u8B0 ouDeK
Oebp ooD2r
b0 O0UL3K
908D
2u87
0100 QUDCR
2691
C2U0 OO04ER

0UUD O07ER
uuuo
vuuo
3uuU
DULG 0UDCR
4820 0QUCCR
48b0 UVUCEK
D820 JOUBK
DE20 QUD2k

50
51
52

WAILT

CALLUCHM

WHR
ocC
8

STmM
LHI
EPSR
LHI
STH

REEEEEERRRE KKK
[ 222232 2222334

LHI
STH

(2333232323333
L 32222232223 2 ¢

LFCST1

LHI
EPSR

22222 2223 3 %

LFCINT

OLUPSWA
oLDLoCA
NEWPSWA

PICST1

PICINT

OLOPSWB
oLDLOCH
NEWPSWB

PICSTOP

EQU
DC
ncC
DC
STM
LH
LH
WwH
0oC

STATUS LINK
STATUS «NORM
WRITE2

RB+RSAVE
R10eX'30U00"
K8 +¢K10
R10+LFCINT

"R10+X°D0O*+X*DA"
NOTE

R10«PICINT
R10+X*00'+x*D8"*

NOTE

R10+¢X*48U0"
R8+K10
NEXTDEv,LFC
NEXTDEV,LFCSTCMD
R8vyKSAVE

LINK

*«
1]

1]

X*3000°

RO +RSAVE
INTUEVLFC
NEXTOEV,.PIC
INTDEV,DISARM
NEXTOEV, INTRVL
NEXTOEV,DISARMST
NEXTDEVENABLE
NEXTOEV.STATUS
8,PICST]
RO+RSAVE

R9+1

OLDPSkA

t 3

0

1]

X13000°

RO +RSAVE
INTUEV.PIC
NEXTDEV,.LFC
INTDEV, 2ERO
INTUEV,DISARMST

2 10347303 09s28/78

PUT UISPLAY IN NORMAL MODE
OISPLAY COUNT UNTIL CLOCK INTERRUPTS

SAVE CURRENT USER'S REGLISTERS

SET DISABLE INT PSW REGASTER

DISABLE INTERRUPTS AT PROCESSOR

GET ADDRESS OF LFC INTRPT HANDLER
STORE IT IN INTRPT SERVICE POINTER
DA=2*6D HEX'60D* IS THE PREFFERRED
ADDRESS OF THE LINE FREWUENCY CLOCK
GET ADDRESS OF THE PIC INTRPT HANDLR
STORE IT IN THE INTRPT SERVICE POINT
D8=2x6C HEX'6C* IS THE PREFFERRED
ADDRESS OF THE PRECISION CLOCK

SET INTRPT PSW IN REGISIER

ENABLE INTERRUPTS AT pRUCESSOR

GET LFC ADDRESS

STAR! LFC

RESTORE REGISTERS

RETURN TO CALLING PROGRAM & WAIT FOR
INTERRUPT

LFCINTERRUPT HANDLER
LOCATION TO SAVE THE OLU PSHW
LOCATION TO SAVE THE oLU LOC

NEw PSw FOR INTERRUPT HANDLER
SAVE USER'S REGISTERS

GET LFC ADDRESS

GET PIC ADDRESS

STOP & DISARM LFC

SET RESOLUTION

CLEAR PIC INTERRUPTS & START PIC
ENABLE PIC INTERRUPTS

DID THE PIC START ON TIME?

NO, START IT AGAIN

RESTORE USER'S REGISTERS
INCREMENT COUNT REGISTER

AND RETURN

PIC INTERRUPT HANDLER
LOCATION TO SAVE THE OLU PSW

LOCATION TO SAVE THE oLO L0C

NEW PSW FOR INTERRUPT HANDLER
SAVE USER'S REGISTERS

GET PIC ADDRESS

GET LFC ADDRESS

YES: CLEAR RIC,

AND STOP PIC

CPEV0500
CPEUO0510
CPEOUS20

CPEUUS40
CPEVUSS50
CPEUUSE0
CPEUOSTV
CPEUU580
CPEUVUOS90
CPEU060U
CPEUUS10
CPEUV0620
CPEOUK30
CPEVORYO
CPEVVESV
CPEU0660
CPEVO6GT0
CPEUO0680
CPEDDg90
CPEVUTO00
CPEUDT710

CPEUO730
CPEVUT4U
CPEVUTSU
CPEVUT60
CPEUO770
CPEUVTRO
CPEOUT90
CPEUUBOO
CPEUO8LG
CPEVO820
cCPEVOQ30
CPEVVBULO
CPEUV0BS0
CPE0O086D
CPEU0870
CPEUV0S8O

CPE00900
CPEVU910
CPEVU92V
CPELU93L
CPEUVO0940
CPEDO9SO
CPEUV0960
CPEV09T0
CPEUU980



8L/ 009 T€S—-62

UNIVERSAL CLOCK MODULE 32 BIT INTERRUPT PROGRAM EXAMPLE PAGE

0000881
oovuscl
0u00901
0000941
0000981
00009CL
0000401
0000421
0000A41
0000A81

0000AAL
U000ACI
0000AEL
0000aF1
0000BU1
0000811
0000821
06000831
0000841
goousel
coooBsl
0000881
0000F81

poso
4850
4820
DEBO
LY
pt20
Jvep
2085
Liso
03UuF

vuec
guen
490
co
EUV
40
40y
89
1096
oo0uvo

802C
801C
8016
8017
801A
8010

8010

=0000881
=0000ACI
=0000AAI
=0000AFI
=0000861
=0000801

=0000B8I1

97

98

99
100
101
102
103
1oy
105
106

108
109
110
111
112
113
114
115
116
117
118
119
120
i21
122

KILLUCM STM

LH

LH

ocC
PICKILL wWH

oc

SSR

BTBS

LM

BR
KEERRRERR KR KR
EREERRXEXRKR KK
pIC BC
LFC bnC
LFCSTCMU DB
DISARM DB
DISARMST pB
ENABLE b]:]
INCRMT [s]:]
NORM s1-]
INTRVL DC
2ERO [s]o8

ALIGN
RSAVE DS

END

R8+RSAVE
NEXVUEV.LFC
INTDEV,pPIC
NEXTOEV,DISARM
INTUEV,ZERO
INTUEV+DISARMST
INTOEVSTATUS
8.PICKILL
R8RSAVE

LINK

3 10:48305 09/28/78

SAVE REGISTERS

GET LFC ADDRESS

GET PIC ADDRESS

STOP LFC & CLEAR INTERRUPTS
CLEAR PIC RESOLUTION COUNTER
STOP PIC & CLEAR INTERRUPTS
DID THE PIC STOP?

NO 60 STOP IT

RESTORE REGISTERS AND

RETURN TO CALLING PROGRAM

COMMANDS FOR THE PRECISION INTERVAL CLOCK
AND THE LINE FREQUENCY CLOCK

x'6C*
X060
X'40°
xlco'
X*EO0"
X14u°
Xr4Q
x*g0°
X'1096*
X?0000°
4 .
16*ADC

STANDARD pPIC ADDRESS

STANDARD LFC ADDRESS

LFCSTART COMMAND ENABLES INTERRUPTS
LFC DISARMS COMMANDO CLEAR INTERRUPTS
PIC pDISARM AND START COMMAND

PIC ENASBLE INTERRUPTS COMMAND ;
OISPLAY COMMAND - INCREMENTAL MODE
DISPLAY COMMAND = NORMaL MODE

150 MICROSECONDS 3 1 MS RESOLUTION
ZEROES TO CLEAR RIC

ALIGN RSAVE AREA ON FULLNWORD BOUNDARY
REGISTER SAVE AREA FOR 16 USER REGIST

CPE2VY970
CPE20980
CPE20990
CPE21000
CPE21010
CPE21020
CPE21030
CPE21040
CPE21050
CPE21060

CPE21080
CPE21090
CPE21100
CPE21110
CPE21120
CPE21130
CPE21140
CPE21150
CPE21160
CPE21170
cPE21180
CPE21190
CPE21200
CPE21210
CPE21220



8L/Z 009 TES-6C

UNIVERSAL CLOCK MODULE 16 BIT INTERRUPT PROGRAM EXAMPLE

ASSEMBLED BY CAL 03-066RU02=-00

START UPTIUNS:

NO CAL ERRORS

SCR+TA=16

NO CAL WAKNINGS

2 PASSES
ABSTUP ouuo
AUC ouul
CALLUCH 0uou
VISABLE 0000
JISARM 0004
DISARMST 000U
ENABLE 0000
IMPTOP ouoo
INCRAT ouou
INTORV ovoo
INTRVL oouo
KILLUCM ooou
LADC ouou
LFC ouoo
LFCINT ouov
LFCSTL ovuo
LFCcs12 00uo
LFCSICMD  0CGO
LINK 000U
NEWPSWA ouoo0
MEWPSWS oouv
NEXTUEV DY)
NORM 0000
uLoLuCa 0U00
oLopLocs [\ VIY)
oLDPSwA 000U
OLOPSwB 00uo0
PIC 0000
PICINT Ouul
PICKILL 0000
PICS11 00o0u
PICSTOP 0000
PURETUP 0000
KO 0000
R1 00uu
10 IRV
R2 000V
3 00voL
8 0000
R9 0000
RSAVE 0009
STATUS 0000
WALIT 0000
WRITEZ2 000U
ZERO 0000

ooou
ooo2
UU20R
0000R
ULD1R
QuUD2R
Qupdr
OUFCR
OUl4R
ovo2
OUD6K
00AAR
ou01l
OuCER
QOU4ER
0040R
Uu9Ck
0UDOR
OUOF
0US2R
UuaeRr
ouoB
00DSK
0050R
0u8UK
UVO4ER
0O07ER
00CCR
QUTER
UUBAR
0JUB4R
UU90R
0UOUK
oveo
Quol
QUO0A
0002
0uvo3
ovo8
0009
0UOCR
ouvoD
D01CH
OUOCR
0uDB8R

13y
42x
8u
82

47
32«

106x

ol

e/
101l=%

4Ux
lTox
95%
S8x
51
To%
92x
Tux
Gl
79
6l
11u»
8lx
9%

29%
3ux
37x%
3l
S4x
35«
36x
54

39%
Sex
46x%
97

(52=-81IT)

S4x
109
124%
125

78
127x

78
73x%

101
45

126x
a8
104

U*
113

100
77

42

122x*
111

80

96

121=%
48

68

108

86
43
S4
48

77
47

128%

123%

95

49

79

119x

94

55

56
87
86
50

97

120

49

81

lo2

56

66
103
94
51

PAGE

98

30

82

57

69

102
84

10247303

99

70

83

58

loe

106
99

108

115

84

61

114

114
112

09/28/78

110

96

62

13us

12 112
101 107
6> 66

109



Universal Clock Module 32-Bit Interrupt Programming Example

29-531 RO1 9/78

“KILLUCM”

DISARM
LFC

CLEAR RIC
AND STOP
PIC

DID
THEPIC
STOP?

YES

RETURN
ON
CALLING
REGISTER




8L/ 009 TE€S-6C

UNIVERSAL CLOCK MODULE 16 BIT INTERRUPT PROGRAM EXAMPLE PAGE 1 10:47303 09/28/78

PROG= *NUNE*

VUUOR
0004r
UU06R
vooaRr
Quocr
000EK
0012R
U0l4r

00uo
ouug
guuo
guuo

0uvo
guug
0Uvol
0uuo
ouuo
o000
ovuo

C8nu
9584
2490
41F0
24U1
0ELO
uak9
SUFF

ASSEMELED BY CAL 03-066RUS=U0 (32-81T)

oudo
0001
0002
v0o0e

ouo3
0008
guoL9
UO0UA
oouB
0oupD
UOUF

3uuy

0020K

0UD4R

WOENPO FOHN -

NN N RN NN D s b b b e b b
PN EFUNFHFOODENONDEWNNKO

27

42
43
4y

ke
47
48
49

CROSS
WIDTH 120
TARGT 16
PROG UNIVERSAL CLOCK MODULE 16 BIT INTERRUPT PROGRAM EXAMPLE
NORX3

EREEKEEF R KRR T AR E KR AR R R KRRk kR ARk Rk K kKRR KR

* IHIS IS A 16=BIT PROGRAMMING EXAMPLE FOR THE LINE FREQUENCY

# CLOCK ANO THE PRECISION INTERVAL CLUCK, THE EXAMPLE USES INTER~

* RUPTS TO RECOGNIZE THE END OF THE INTERVALS,

+ THEKE ARE FOUR MODULES:

* L)"CALLUC#M" THIS MOOULE ANITIALIZES THE INTERRUPT

* HANOLER ANDO STARTS THE LINE FREQUENCY CLOCKe.

* 2)"LFCINT" THIS MODULE SERVICES THE INTERRUPT THAT

* OCCURS AFTER THE LINE FREQUENCY CLOCK HAS WAITED

* ONE-HALF CYCLE OF THE AC LINE FREQUENCY,

* =8¢53 MILLISECONDS @ 60 HZ OR 10 MILLISECONDS aS0HZ

* THEN IT STARTS THE PRECLISION INTERVAL CLOCK.

* S5)"PLICINT™ THIS MODOULE SERVICES THE PRECISLION INT-

* ERVAL CLOCK INTERRUPT THAT OCCURS AFTER A PROGRAM

* CONTROLLED INTERVAL OF 150 MICROSECONDS. IT THEN

* RESTARTS THE LINE FREQUENCY CLOCK. THIS MEANS THAT

. Trit PROGRAM WILL CONVINUE 7O SERVICE “LFCINTY anND

* "PICINY" UNTIL THE FOURTH MODULE IS CALLED.

* $IMKILLUCH"  THIS MODULES DISARMS LFC & PIC INTER=-

* RUPTS AND STOPS THE PIC,

*®

*

IR SR IR B BE I B K BE SR K R BE B NE X BE BR B

LR S R R e R e s et s s T I e I222 3232222223322 123

RO EQU 0

R1 E@U 1

R2 EQU 2

INTOEV EQU 2 MICROCOOE PUTS INTERRUPTING ADORESS
*k IN REGISTER 2 OF IN REGISTER SET o
R3 EQu 3

R8 EQU 8

R9 EQu 9

R10 EQU 10

NEXTDEV EQU 11
STATUS E@u 13
LINK eQu 15

DISABLE LHI R10eX* 30UV GET DISABLE PSW MASK
EPSR RB+R10 NOW DISABLE INTERRUPTS
Lis K9« 0 CLEAR R9(THE DISPLAYED COUNT REGISTR)
BAL LINKJsCALLUCH

WRITE2 LIS STATUS 1 LOAD STATUS WITH DISPLAY ADDRESS
ocC STATUS+INCRMT PUT DISPLAY IN INCREMENTAL MODE
LHR LINK«R9 LOAD CONTENTS OF R9 INTU LINK AND
EXBR LINKeLINK WRITE VALUE ON DISPLAY PANEL

CPEVL0010
CPEV0020
CPED0030
CPEUOO4O
CPELO00O50
CPEVUO0GO
CPEOLOT70
CPEOUQBO
CPEOUQ90
CPEUU100
CPEUO0110
CPEUV120
CPEUO0130
CPEUO0140
CPEU0150
CPEVUO3160
CPEU0170
CPEU018U
CPEVO0190
CPE00200
CPEVO210
CPE00220
CPE00230
CPEVO240
CPEV0250
CPE00260
CPE00270

CPEUO290
CPEVO300
CPEVO310
CPEVU320
CPE0O0330
CPEVO340
CPEVO0350
CPE00360
CPEULU3TO
CPEUU380
CPEDO390
CPEVO400

CPEYY42U
CPEUU430
CPEVV440
CPEOU450
CPEVU4B0
CPEOU470
CPEUV4B0
CPEOU490



8L/Z.OOH TEG-62

UNIVERSAL CLOCK MODULE 32 BIT

0000164
00ouisl
00001A¢L
uoouicl
009V1EL
0000221

000026l
uluu2pl
00002€1L
0000301
0000341

ooou3sil
00003cl

uuuu4Ll
000U441
0000461
00004Al
00004E1L
00v0S521

0000544
0000581
voooscl
0000601
0000641
0000681
00006AL
00006CI
0000gE I

0000701
000074!
0006781
00007CI
000071l
0000801
0000841
vooosel

Y8UF
34FF
94FF
EUF
DEVO
43V0

LuBO
C8A0
9584
C8AQ
SUAQ

C8AQ
4YUAQ

c8al
958A
4880
DEBOQ
uls0
V3UF

guuo
4880
DE2C
U8Bg
DEBQ
DEBO
908D
2087
2691
18V0

gooo
4880
D820
DEZQ
02D
2085
Dtso
2691
18V0

8091 =000083L
FFEe zlOULUCI

8UBE =0000881
3uUU
o0uS4I
UlAA

00701
UlAS8

Juuu

8u62 =000UACI
8060 =00UO0OQAEI
8066 =0000881

00541

8052 =0000AAl
8053 =00UVUAFI
8054 =0000B4I
804C =u0ouBol
8049 =0000811

0u701

8038 =U000ACI
803E =0000B6I
8034 =0000B0I

802a =0000AEI

50
51
52
53
54
55

57
58
59
60
61
62
63
64

66
67
68
69
70
71
72
73
T4

76
77
78
79
80
8l
82
e3

8%

87
88
89
90
91
92
93
94
95

INTERRUPT PROGRAM EXAMPLE

WHR
EXHR
EXBR
WHR
ocC
WAILT B

CaLLuUCM STM
LHI
EPSR
LHI
STH
PRI T RS ST
KRR EEERKE KKK
LHI
STH
ERREXRERRKE KKK
ERRERERERRERRK
LHI
EPSR
LFCST1 LH
oc
LM
8R
REREERRERRER KR

LFCINT EQU

PICST1 WH

PICINT EQU
LH

PICSTOP WH
[+]o
SSR
BTBS

LFCST2 oC
Als
LPSHWR

PAGE

STATUS s LINK
LINKeLINK
LINKeLINK
STATUS «LINK
STATUS y NORM
WRITE2

R8+RSAVE
R10e¢X'3000"
R8¢R10
R10+LFCINT
R10+X*DO*+X1DA"

NOTE

R10¢PICINT
R10ex'D0O*+X*D8"

NOTE

R10eX*7000
R8+R10

NEXTOEy ,LFC
NEXTOEV,LFCSTCMD
R8+RSAVE

LINK

*
NEXTDEV.PIC
INTUEY «DISARM
NEXTODEV, INTRVL
NEXTOEV,DISARMST
NEXTDEV+ENABLE
NEXTOEV,STATUS
8,PICST)

R9,1

RO

*
NEXTDEV,.LFC
INTDEV . 2ERO
INTUEV,DISARMST
INTDEV,STATUS
8.PICSTOP
NEXTOEV,.LFCSTCMD
R9,1

RO

2 10348:05 09/28/78

PUT DISPLAY IN NORMAL MODE
DISPLAY COUNT UNTIL CLOCK INTERRUPTS

SAVE CURRENT USER'S REGISTERS

SET DISABLE INT PSW REGLSTER

DISABLE INTERRUPTS AT PRUCESSOR

GET ADDRESS OF LFC INTRPT HANDLER
STORE IT IN INTRPT SERVICE POINTER
DA=2%6D HEX?60' 1S THE PREFFERRED
ADDRESS OF THE LINE FREQUENCY CLOCK
GET ADDRESS OF THE PIC INTRPT HANDLR
STORE IT IN THE INTRPT SERVICE POINT
D8z2x6C HEX'6C* IS THE PREFFERRED
ADDRESS OF THE PRECISION CLOCK

SET INTRPT PSW IN REGISIER

ENABLE INTERRUPTS AT PRUCESSOR

GET LFC ADDRESS

START LFC

RESIORE REGISTERS

RETUNN TO CALLING PROGRAM & WAIT FOR
INTERRUPT

LFCINTERRUPT HANDLER
GET PIC ADDRESS

STOP & DISARM LFC

SET RESOLUTION

CLEAR P1C INTERRUPTS & START PIC
ENABLE PIC INTERRUPTS

DID THE PIC START ON TIME?

NO, START IT AGAIN

AND RETURN

PIC INTERRUPT HANDLER
GET LFC ADODRESS

YESs CLEAR RIC,

AND STOP PIC

DID THE PIC STOP?
NO+60 BACK AND SToOP IT
NOW START THE LFC

AND RETURN

CPE20500
CPEQVY510
CPE2V520
CPE20530
CPE20540
CPE2U550

CPE2VsS70
CPE2V580
CPE20590
CPE20s600
CPE2UB10
CPE20g20
CPE20630
CPE20640
CPE20650
CPE20660
CPE20670
cPg2vesU
CPE20690
CPE20700
CPE20710
cPE20720
CPE20730
CPE2V74C

CPE20760
CPE20770
CPE20780 -
CPE20790
CPE20800
CPE2Vg10
CPER20820
CPE20830
CPE20840
CPE2U8S0

CPE20870
CPE20880
CPE20890
CPE20900
CPE2U910
CPE20920
CPER20930
CPE2V940
CPE2U950
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8L/ 0049 TEG-6C

UNIVERSAL CLOCK MODULE 16 BIT

Q096K
Uugan
009CK
0UADR
UOA4KR
00aeR

0daar
00AER
guB2K
ouBeRr
N0BAR
00RER
00Cc2K
00CHK
00Cek
0UCAR

OUCCK
UUCER
UODOR
0001R
00p2K
00D3r
J0D4R
yoDSR
u0DeR
00pan
JOLCR
000Cr
UuFCR

Yozl
2U85
LEBO
v1luo
2691
ceuo

puso
48p0
4820
DEBo
Lsey
DEZO
902D
2085
D1l&g
USUF

Juet
uueD
4u
co
EO
40
40
80
1u%e
vuug

00DOK
QULCR

007ER

00pCR
00CEK
QuCCK
0001R
ounaRr
00U2R

00DCKR

99
100
101
1g2
103
104

106
107
108
109
11y
111
112
113
114
115

117
118
119
12v
121
122
123
124
125
126
127
128
129
130
131

INTERRUPT PROGRAM EXAMPLE PAGE

SSR
BIsS
LFCST2 o€
LM
AlS
LPSwW
KILLUCM STM
LH
LH
oc
PICKILL WH
o]
SSR
BTBS
LM
aRr
AKX XK XK Kk
KRERFRETE RN KK
PIC DC
LFC oC
LFCSTCML DB
DISARHM o]-]
DISARMST pd
ENABLE [8]-]
INCRMT D8
NQRM oB
INTRVL oc
ZERO DC
ALIGN
RSAVE 0s
END

INTUEVSTATUS
8.PICSTOP
NEXVDEV,_FCSTCMD
RO 4RSAVE

R3,1

oLDPSWB

R8«KSAVE
NEXTUEV.LFC
INTUEV.PIC
NEXTUEV,DISARM
INTULVZERO
INTUEV+DISARMST
INTOEV+STATUS
8+PICKILL
R8,RSAVE

LINK

3 10347303 o09/28/78

DI0 THE PIC STOP?

NO+GO BACK ANU STOP IT

NOW START THE LFC

RESTORE USER*S REGISTERS
INCREMENT DISPLAY REGISIER
AND RETURN

SAVE REGISTERS

GET LFC ADDRESS

GET PIC ADDRESS

STOP LFC 3 CLEAR INTERRUPTS
CLEAR PIC RESOLUTION COUNTER
STOP PIC & CLEAR INTERRUPTS
DID THE PIC STOP?

NO S10p THE PIC

RESTORE REGISTERS AND

RETURN TO CALLING PROGRAM

COMMANDS FOR THE PRECISION INTERVAL cLOCK
ANU THE LINE FREQUENCY CLOCK

XteC®
xiel?
PRI
X+CO*
X'EQ?
X140
xruue
x*80
X11096°
X'0000°
4
16%ADC

STANDARD PIC ADDRESS

STANDARD LFC ADDRESS

LFCSTART COMMAND ENABLES INTERRUPTS
LFC DISARMS COMMAND CLEAR INTERRUPTS
PIC DISARM AND START COMMAND

PIC ENASBLE INTERRUPTS COMMAND

OISPLAY COMMAND - INCREMENTAL MODg
OISPLAY COMMAND - NORMaL MODE

150 MICROSECONDS @ 1 MS RESOLUTION
ZEROES TO CLEAR RIC

ALIGN RSAVE AREA ON FULLWORD BOUNDARY
REGISTER SAVE AREA FOR 16 USER REGIST

CPEDC990
CPEV1000
CPEU1010
CPEV1020
CPEU1030
CPE01040

CPEV1060
CPEV1Q70
CPEUl080
CPEU1090
CPEU1100
CPEO1110
cPEV1120
CPEVU1130
CPEvL140
CPEU1150

CPEU1170
CPEU1180
CPECOL190
CPEV1200C
CPEV1210
CPE01220
CPEUL1230
CPEU1240
CPEU1250
CPEUl1260
CPEO1270
CPEV1280
CPEU1290
CPEVU1300
CPEUV1310



8L/2 009 TE€S-6C
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UNIVERSAL CLOCK MODULE 32 BIT INTERRUPT PROGRAM EXAMPLE

ASSEMHBLED BY CAL 03-066R05-00

START OPTIUNS:

NG CAL ERKORS

SCR:TA=32

NO CAL WARWNINGS

2 PASSES
ABSTUP 0000
ADC oovo
CALLUCM 0000
DISABLE ouov
DISARM 0000
DISARMST 0000
ENABLE 0000
IMPTOP 0600
INCRMT 0voo
INTORV 0000
INTRVL 000u
KILLUCHY 0000
LAOC Ouvu
LFC o0uo
LFCINT 0000
LFCST1 0ooo
LFCST2 0000
LFCSTCMD 0000
LINK 0000
NEXTOEV 0000
NORM 00uU0
PIC 0000
PICINT 0000
PICKILL 000U
PICST1 0000
PICSTOP 0000
PURETOP 0000
RO 0000
Rl 0630
R10 0ouv
R2 0000
R3 0000
R8 0000
R9 0000
RSAVE 0000
STATUS 0000
WAIT ouoo
WRITEZ2 0000
ZERO 0000

ouvou
0004
Quze]
U0l
0GAF1
00BOI
00811
00F81
00B21
uuo2
00841
00881
vuo2
00ACI
00541
ouue]
o080l
00AET
000F
gooB
00831
00AA]
00701
ou981
0uUsCl
00741
guoop
ovoo
guol
000A
vuoe
0003
ouos
0u09
voBs1
0VU0D
gu221
ovocCI
ooBel

(32-BIT)

57%
100
115%

116
78
118%

88
76%

93
45
70
117x
99
87x*x
104

92
85
42
43
44
72
46

55
101

113«
102

89

98

112%
48
71

110=*

95
43
57
48

97
47

119%

114%

90

111x

49
77

58

59
84
105
50

91

49
79

59

69
94
121x
53

PAGE

99

S0
80

60

72

54

4

10248205
101 102
51 51
81 82
61 64
97 105
82 91

09/28/78

103

52
88

103

52
95

68

53
98

69

73
100

106



DISABLE
PROCESSOR
INTERRUPTS

WRITE
COUNT
TO DISPLAY

"CALLPIC”

Universal Clock Module 16-Bit and 32-Bit PIC Status
Programming Example .

“CALLPIC"”

GET PIC
ADDRESS

START
PIC

NO

DID THE
PIC START
ON TIME?,

MONITOR
CURRENT
INTERVAL
COUNTER

NO

ISIT
FINISHED?

NO

STOP
CLOCK

DID THE
PIC STOP?

RESTORE AND
RETURN

29-531 ROO 2/78
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PRECISION CLOCK 1& ANU 32 BIT STATUS PROGRAM EXAMPLE PAGE 1 10346322 09/28/78

PRUG= *NUNE ¥

0000R
0004r
0006K
Uy08K
UUO0AR
u0oCR
0U10R
0012nr
U014R
0016eR
UO1AR
001lER
0020K

0024R
0028R
gu2cr
0630R
Qu34R
0038K
0u3CK
0V 3ER
oouzn
0044K
UJdgen

ogug
yuuo
VLl
Juuo
ouuo
ouGo
quug
uuuo
yuuo

Cs810
911y
95u1
2490
24k1
DELO
U8r9
94FF
9BLF
DEEQ
44k 0
2691
4300

VUAQ
48g0
48C0
Cc4Cg
usBo
Utbo
YUBE
4280
3980
uSCo
2163

ASSEMBLED BY CAL 03-066RUS-UO

ouLo
ouul
0009
OUUVA
00us
000cC
quop
Q0VE
OUOF

030F

0065HR

ouseeR
ou24x

00UAR

0068k
0USER
006UK
OFFF

0UbUR
OUbur

0034R

L NOUFE OGN

(32«81T)

CROSS

WwiuTH 120

TAKGT 16

PROG PRECISION CLOCK 1g AND 32 BIT STATUS PROGRAM EXAMPLE
FAEEE R AR RRER R KRR KRR R R TR SRR RN KRR KRR KRR KRR R R
* TH1S PROGRAM 1S FOR THE PRECISION INTERVAL CLOCK. IT UOES NOT =*
*USE INTERRUPTS, IT CAN 3E RUN ON EITHER 16 BIT OR 32 BIT MACHINES,*
*IT IS LALLED AS A SUBROUTINE TO ACTIVATE THE PIC FOR A PRUGRAM *
*CONTRULLED INTERVAL OF 500 MILLISECONDS a 1MILLISECOND RESOLUTION.*
*THE PHRUGRAM STAYS IN THIS ROUTINE BY CONTINUOUSLY INTERROGVATING *
*THE CUKRRENT INTERVAL COUNTERs AS SOON AS THE COUNTER RESETS TO THe*
*INITIAL INTERVAL VALUE THE PROGRAM RETURNS TO THE CALLING PRUGRAM =*

*ON THE REGISTER NAMED "LINK", x
AAEREEERKERREREEE R R ER R AR KRR R AR R KRR RA KRR R KRR RN
RO EQU 0
R1 Ewy 1
R9 EQu 9
R10 EQuU 10
PIC EQU 11
oLo EQU 12
NEW gau 13
STATUS Ewy 14
LINK EQu 15
DISABLE LHI R1e¢X'030F" GET DISABLE PSW MASK
SLHLS R1l.4% SHIFT MASK
EPSR  ROWK1 NOW DISABLE INTERRUPTS
LIS R340 CLEAR RI(THE DISPLAYED COUNT REGISTR)
WRITE2 LIS STATUS,,1 LOAD STATUS WITH DISPLAY ADDRESS
ocC STATUSINCRMT PUT DISPLAY IN INCREMENTAL MODE
LHK LINKeR9 LOAD CONTENTS OF R9 INTO LINK AND
EXBR LINKeLINK WRITE VALUE ON DISPLAY PANEL
WHR STATUS,,LINK
oC STATUS . NORM PUT DISPLAY IN NORMAL MUDE
DOCOUNT BAL LINKSCALLPIC START CLOCK SEQUENCE
AlS R9e1 INCREMENT DISPLAY COUNT REGISTER
8 WRITE2 GOTO DISPLAY THE COUNT REGISTER
CALLPIC STM R10+RSAVE SAVE REGISTERS
LH PIC+PICADR GET PIC ADDRESS
LH OLDYINTRVL GET RESOLUTION AND INTERVAL COUNT
NHI OLD«X*OFFF* MASK OFF RESOLUTION
PICSTART WH PICsINTRVL SET PIC INTERVAL
ocC PIC+DISARMST DISARM PIC & START IT
SSR PIC+STATUS DID IT START ON TIME?
BTC  84PICSTART NO,START IT AGAIN
TIMEOUT RHR PIC+NEW YES,NOW START MONITORING PIC COUNTER
CLAR OLDNEW IS 17T FINISHED?
BLS UONE YES+BECAUSE CIC = INTERVALUUSO0O

PICU0010
PICUV020
PICU0Q30
PICOVO40
PICOUOSD
PIC00060
PICU0OD70
PICuUUD80
PIC00090
PICU0100
PICU0110
PICUU120
PICUU130
PIC00140
PICUV150
PICUVU160
PICLU170
PICL0180
PICOU190
PICOV200
PICUV210
PICOV220
PICUV230

PICU0250
PICUV260
pPICUY270
PICUU280
PICUU290
PICO0300
PICYVU310
PICUY320
PIC00330
PICUO340
PIC00350
PICUU360
PICVO370

PIC00390
PICUV400
PIC0O0410
PICUU42D
PICU0430
PICOV440
PICUO450
PICUO4E0
PICUU4TO
PICULLSBD
P1CUU490
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8L/Z 0049 TES-6C

PREC1S10M CLULK 16 AND 32 BIT

vi4ax
0U4AR
Qul4cRr
NETL
00954K
0056R
0058k
00SCR

UUSENR
UG UR
UUB2K
oueu4R
DUgsK
QUB6R
J068K
0068R
0UTy4n

usLp
22uy
L8O
ukdgo
YUBE
2085
01A0
USUF

VUeC
8lr4
uuuo
EV
4U
6U

Jue2R
pueuRr

0068K

STATUS PROGRAM EXAMPLE PAGE
LDAR OLDYNEW
BS TIMEQUT
DONE WH PICZERO
ocC PIC+DISARMST
SSR PICYSTATUS
8T8S 8+DONE
LM R10+RSAVE
BR LINK

*xexx*xxxxxCOMMAND 3 STORAGE AREA

PICADR 3]0

INTRVL ocC
ZERO oC
DISARMST D8
INCRMT o]}
NORM bl-]
ALIGN
RSAVE DS
END

X'gC*
X181F4 "
x'ovoo*
X*EQ?
X'yl
X'80°*

4

ADCx=6

2 10346322 09/28/78

NO,SO OLD CIC=MOST RECENT CIC
NOW RETURN AND CHECK THE CIC
WRITL ZEROES TO CLEAR RIC

SToP PIC

0ID IT STOP?

NO STOP IT

YES FINISHED.RESTORE ANU RETURN
RETURN

PREFERRED PIC ADDRESS

500 MILLISECONDS @ 1 MStC RESOLUTION
ZEROES TO CLEAR RIC

DISABLE INTRPTS j START COMMAND
DISPLAY COMMAND = INCREMENTAL MODE
OISPLAY COMMAND =~ NORMAL MOOE

ALIGN RSAVE AREA ON FULLWORD BOUNDARY

PICUUS00
PICYU0510
PICUUS520
PICU0S30
PIC00S40
PICUOS550
PICUOS60
PICWUSTO

PIC00590
PICYUR00
PIcv0610
PICuve20
PICUUG30
PICUOGY0
PICUVES0
PICUVGE0
PIC00670
PICUY680



8L/2 004 TES—-6C

91-Y/ST1-¥Y

PRECISION CLOCK 16 AND 32 BIT STATUS PROGRAM EXAMPLE

ASSEMBLED BY CAL u3-066R05-00

START OPTIUNS:

NO CAL ERRORS

SCReTA=lo

NO CAL wWARNINGS

2 PASSES
ABSTOP 0000
ADC 000V
CALLPIC Quou
DISABLE 0000
DISARMST 0000
DOCQUNT oulo
RDUNE 0000
IMPTOP 0GuY
INCRMT 0000
INTRVL 0000
LADC 00600
LINK guoo
NEW ouvoo
NOR#M 00v0
oLD 0000
PIC 0000
PICAUR 0000
PICSTART 0000
PURETUP 0C00
RO 0000
R1 0000
R10 0000
K9 0000
RSAVE 00uVo
STATUS 0000
TIMEQUT 0000
WRITEZ2 000u
ZERO 0000

0000
0002
QU24R
OUOOR
GUuedk
OU1AR
004CR
Q074K
0UBSR
0U60R
0001
OUOF
uuoD
QU66R
000C
0008
OUSER
UU34R
0V00R
0000
0001
UOO0A
0009
0068R
0uVE
0042R
OUUAR
U062R

67

25x%
44
30x%
49

1Y
41

28x%x

21lx

EL
20x
19%

45

15x%
lox
18x
17x
39

22x%
47x%
29%
52

(32=-81T)

39%

63x

55

61%

32 32
48 S0
42 48
43 44
26 27
56

31 36
6T

30 33

33

50
45

34

PAGE

35

47

45

3

10346322
57
52 53
54

09/28/178

54
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