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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-1 
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 interval 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). 

Pl C's 

ADDRESS 

LFC's 

ADDRESS 

29-531 ROI 9/78 

00 

0 

00 
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0110 
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0110 
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1100 

c 

1101 
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BINARY 
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BINARY 
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CHAPTER 2 
OPERATION OF THE PRECISION INTERVAL CLOCK (PIC) 

2.1 GENERAL PRINCIPLES 

The precision interval clock (PIC) produces or queues 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 1-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 

10 microseconds 

100 microseccnds 

1 millisecond 

0 2 3 4 

29-531 ROO 2/78 

( 1 us) 

( 10 us) 

(100 us) 

( 1 ms) 

RESOLUTION RATES 

15 
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MULTIPLEXOR BUS ~ TO 
'--~~~~~~~~~~~~~--.-~~~ ·~~~~~--~~~~ PROCESSOR 

RESOLUTION SELECT 

INPUT BUFFER 

(BITS 0-3 OF RIC) 

RESOLUTION SELECT 

REGISTER 

8 MHZ 

CRYSTAL 

OSCILLATOR 

, 

ERVAL COUNT 

NPUT BUFFER 

TS 4-15 OF RIC) 

INTERVAL 

COUNTER 

CURRENT INTERVAL 

COUNTER 

(OUTPUT BUFFER) 

Figure 2-1 Precision Interval Clock (PIC) 

If the bit that represents the des ired resolution rate is set, 
the appropriate resolution rate is produced. If more than one 
b i t is spec i f i e d , the sh or test res o 1 u t ion rate i s used . I f 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 

I 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 

I 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 R02 11/79 



RESOLUTION RATE AND INITIAL INTERVAL COUNTER (RIC) 

1 100 10 1 INITIAL INTERVAL COUNT 
ms us us us 

0 2 3 4 15 

Associated with each resolution rate is a range of interval 
periods that particular resolution is able to produce. These 
intervals are listed in Table 2-1. 

NOTE 

The m1n1mum 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 
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2.1.2 Current Interval Counter 

The result of the initial interval count being decremented is 
called the current interval count (CIC) and is stored 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 the 

I CIC can be in the range o~ 4,095 to zero. Any.time during ~h~ 
interval, the processor can interrogate the CIC without affecting 
the decrementing of the clock by issuing a read instruction 
(RD , RDR , RH , RHR) • 

CURRENT INTERVAL COUNTER 

0 2 3 4 

where: 
Bits 0-3 

Bits 4-15 

2.1.3 Command Byte 

CURRENT INTERVAL COUNT 

15 

Bi ts 0 through 3 are unused and 
always set to zero. 

Bits 4 through 15 contain the 
decrementing interval count. 

Since the PIC produces interrupts at the conclusion of each 
interval, three options an~ 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. 
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DISARM 

f--D-IS_A_B_L_E_,,.....__E_N_A_B_L_E_l ST A RT 

0 2 

where: 

DISABLE 

ENABLE 

DISARM 

START 

BITS 3-7 

2.1.4 Status Byte 

COMMAND BYTE 

0 0 0 0 .o 
3 4 5 6 7 

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. 

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

If both bi ts 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. 

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 through 7 are unused and are 
always set to zero. 

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 i3 loaded a byte at a time when a write half­
word (WH,WHR} instruction is executed. If 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 

lcurrent 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 R02 11/79 



MEMORY 

LOCATION 

RIC 

RES. RATE = 100 us 

INT.CNT. = 274 
(273+1) 

RESOLUTION SELECT 

REGISTER 

(BEGINNING OF INTERVAL) 

RESOLUTION SELECT 

REGISTER 

(END OF INTERVAL) 

0 34 

0100 

4 

I 
0 3 

0100 

4 

0 ~, 3 

·. 0100 

4 

0 • 3 

~ 

78 1112 15 

0001 0110 1111 

1 6 F 
~ J 

4 l 1 8 

INTERVAL CNT ~ 0110 

INPUT BUFFER 1 6 
( 

-.....r 

4 ~, 

INITIAL 
INTERVAL 0001 0110 

COUNTER 1 6 
.....,, 

CURRENT 4 ~, 

INTERVAL 
COUNTER AT 

1111 1111 

CONCLUSION F F 
OF INTERVAL 

Figure 2-2 Flow of Data to PIC 

2.3 INITIALIZATION 

BINARY 

HEX 

1111 

F 

15 

1111 

F 

""' 

15 

1111 

F 

15 

BINARY 

HEX 

BINARY 

HEX 

BINARY 

HEX 

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 O 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 frequency 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. 

12 VAC 

POWER SUPPLY 

29-531 ROO 2/78 

MULTIPLEXOR BUS 

COMMAND BYTE 

CLOCK 

Figure 3-1 Flow of Data to LFC 

TO 

PROCESSOR 
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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 line 
frequency. 

DISARM 

DISABLE ENABLE 0 

0 2 

where: 

DISABLE 

ENABLE 

DISARM 

BITS 2-7 

3-2 

COMMAND BYTE 

0 0 0 0 0 

3 4 5 6 7 

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. 

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

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. 

Are unused and always set to zero. 
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When the LFC generates an interrupt, it should be serviced with 
one of the following: 

- acknowledge interrupt instruction (16-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 bi ts 0 and 1 are set in the 
command byte and an output command is issued which puts the LFC 
in disarm mode. 
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APPENDIX A 
PROGRAMMING EXAMPLES FOR 

16-BIT AND 32-BIT PROCESSORS 

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

29-531 ROO 2/78 A-1 
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DISABLE 
PROCESSOR 

INTERRUPTS 

SET UP 
INTERRUPT 

SERVICE 
POINTERS 

ENABLE 
PROCESSOR 

INTERRUPTS 

START 
LINE 

FREQUENCY 
CLOCK (LFC) 

WRITE 
COUNT TO 
DISPLAY 

,. 

Ill 

"LFCI NT" 

LFC 
INTERRUPT 
OCCURRED 
SO VECTOR 

TO "PICINT" 

PIC 
INTERRUPT 
OCCURRED 
SO VECTOR 

TO "PICINT" 

DISARM 
LFC 

SEND 
RESOLUTION 

AND COUNT TO 
PIC 

CLEAR OLD 
PIC INTERRUPTS 

AND START 
THE PIC 

INCREMENT 
DISPLAY 

COUNTER 

LOAD THE OLD 
PSW AND RETURN 

TO POINT OF 
INTERRUPT 

"PICINT" __ __... 

CLEAR RIC 
AND STOP 

PIC 

START 
LFC 

LOAD THE OLD 
PSW AND RETURN 

TO POINT OF 
INTERRUPT 

Universal Clock Module 16-Bit Interrupt Programming Example 

A-2 29-531 ROl 9/78 



::x:oi 
I 

w 

UNlVEHSAL CLOCK MODULE 32 ~IT INTERRUPI PROGRAM EXA"PLE PAGE 1 10:~8:05 09128178 

1-'ROG= *''WNE* ASSEHBLlD ~y CAL 03-06&RU5-UO l 32-BIT l 

UUUUUOI 
OOOOOi.+l 
UUU006l 
0000081 
OOOuOCl 
00000(1 
0000121 
000014-l 

OUOO uOOO 
0000 0001 
0000 0002 
ouuo 0002 

0000 0003 
oouo 0008 
OOUO OOU9 
OOUO OOOA 
OOUO OUOB 
oouo ouoo 
OllUO OOOF 

CtsAlJ 3~uu 
95i;;A 
2'+':10 
~lFQ 801A =0000261 
2'+Ul 
UlUO 80A0 :0000821 
08t-9 
9'+FF 

1 CROSS 
2 WIDTH 120 
3 TARGT 32 
~ PROG UNIVERSAL CLOCK MODULE 32 BIT INTERRUPT PROGRAM EXAMPLE 
5 NOHX3 
6 ******************************************************************** 
7 * THIS IS A 32-~IT PROGRAMMING EXAMPLE FOR THE LINE FR~QUENCY * 
8 * CLOCK AND THE PKECISION INTERVAL CLOCK. THE EXAMPLE USES INTER• * 
9 * RUPIS TO RECOGNIZE THE ENO OF THE INIERVALS. * 

10 * THEH~ AHE FOUR HOUULES: * 
11 * ll"CALLUCM" THIS ~OOULE INITIALIZES THE INT~RRUPT * 
12 * HANDLER ANO STARTS THE LINE FREQUENCY CLOCK• * 
13 * 2)"LfCINT" THlS MODULE SER~ICES THE INTERRUPT THAT * 
H * OCCURS AFTER THE LINE FREQUENCY CLOCK HAS WAITED * 
15 * ONE•HALF CYCLE OF THE AC LINE FREQUENCY. * 
16 * •8•33 MILLISECONDS i 60 HZ OR 10 MILLISECONDS i50HZ* 
17 * TH~N IT STARTS THE PRECISION INTERVAL CLOCK• * 
18 * 3l"PlCINT" THIS MODULE ~ERVICES THE PRECIS10N INT• * 
19 * ERVAL CLOCK INTERRUPT THAT OCCURS AFTER A PROGRAM * 
2G * CONTROLLED INTERVAL OF 150 MICROSECONDS. IT THEN * 
21 * RESTARTS THE LINE FREQUENCY CLOCK. THIS MEANS THAT * 
22 * TH~ PROGRA" WILL CONTINUE TO SERVICE "LFCINT" ANO * 
23 * "PICINT" UNTIL THE FOURTH MODULE IS CALLEO• * 
2'+ * 4l"KlLLUC~" THIS MODULES DISARMS LFC & PIC lNTER• * 
25 * RUPTS AND STOPS THE PIC • * 
26 * • 
27 ******************************************************************** 

29 RO EQU 
30 Rl EQU 
31 R2 Ef.IU 

CPE20010 
CPE20020 
CPE20030 
CPE200~0 
CPE20050 
CPE200&0 
CPE20070 
CPE20080 
CPE2U090 
CPE20100 
CPE20U0 
CPE2U120 
CPE2U130 
CPE2uno 
CPE20150 
CPE20160 
CPE2U170 
CPE2U180 
CPE2U190 
CPE20200 
CPE20210 
CPE20220 
CPE20230 
CPE202~0 
CPE20250 
CPE20260 
CPE20270 

CPE20290 
CPE20300 
CP[2U310 

32 INTDEV EQu 
33 ** 
3~ R3 EQU 
35 R8 EQU 
36 R9 EQU 
37 RlO EQU 
38 NEXTOEV EQU 
39 STATUS EQU 
40 LINK EQU 

0 
1 
2 
2 

3 
8 
9 
10 
11 
13 
15 

"ICROCOOE PUTS INTERRUPlING ADDRESS I CPE20320 
REGISTER 2 OF REGISTER SET 0 CPE2U330 

CPEit031+0 
CPE20350 
CPE20360 
CPE20370 
CPE20380 
CPE20390 
CPE20~00 

42 
43 
4~ 

45 
~6 

47 
48 
'+9 

DISABLL 

WRITE2 

LHI 
El'SR 
LIS 
BAL 
LIS 
oc 
LR 
EXBR 

RlOtX•3UUU• 
r<8tt<10 
R9t0 
LINKtCALLUCM 
STATUS,1 
STATUS t INCR'1T 
LINK•R9 
L.INK •LINK 

GET DISABLE PSW MASK 
NOW UISABLE INTERRUPTS 
CLEAR R9lTHE DISPLAYED COUNT REGISTRJ 

LOAD STATUS WITH OISPLAI ADDRESS 
PUT DISPLAY IN INCREMENTAL MOOE 
LOAD CONTENTS OF R9 INTU LINK ANO 
WRITE VALUE ON DISPLAY PANEL 

CPE2"!~2U 
CPE2U~30 
CPE2U~tt0 
CPE20'+50 
CPE20~60 
CPE2U1+70 
CPE201+80 
CPE20tt90 



~ Ul\ll VEIH:iAL CLOCK MOUULE 16 ti IT INTEHRUPT PROGRAM EXAMPLE PAGE 2 10:~7:03 09/28/78 
I 

.t:i. 0016K ':idUF ~o WHR ST A 1 US• LINK CPEU0500 
0Ul8K UEUO OUD!:ik 51 oc STATUStNORM PUT UISPLAY IN NOR"AL MOUE CPE00510 
OOlCK '+3UO OUOCH 52 WAIT B WRJTE2 DISPLAY COUNT UNTIL CLOCK INTERRUPTS CPEOU520 

U020k uObO uuucH. 51.+ CALLUCP1 ST1"I K8tKSAVE SAVE CURRENT USER•S REGlSTERS CPEOU5~0 
UU2i+t< Cd AU 3uuu 55 LHl rUO•X'3UOO• SET DISABLE INT PSW REGlSTlR CPEUU55U 
OU2d" 95i;A 56 EPSR t<8tK10 DISABLE INTERRUPJS AT PHOCESSOR CPEUU560 
OU2Af< CCIAO UU'+E.K 57 LHl RlOtLFCINT GET ADDRESS OF LFC INTR~T HANDLER CPEU0570 
OU2EK ~UAQ UlAA 58 STH ·R10.x•oo•+X•DA' STORE IT IN INTRPT SERVlCE POINTER CPEUU580 

59 ************** NOTE DA=2*6D HEX'6U' IS THE PREFFERRED CPEU059U 
60 ************** AODR~SS OF THE Ll~E FREWUENCY CLOCK CPEU0600 

OU32K ccrno UU7EK 61 LH.l KlO•PICil\JT GET ADDRESS OF THE PIC lNTRPT HANOLR CPEUU610 
UU36K 4UAQ UlA8 62 STH RlO•X'DO•+x•os• STORE IT IN THE INTRPT ~ERVICE POINT CPEU0620 

63 ************** NOTE D8=2•6C HEX•6C• IS THE P~EFFERREO CPE00630 
61t ************** ADDRESS OF THE PKECISION CLOCK CPE00640 

UU3AI'< C8AU i.+8UU 65 LHl Rl0•X'48UO• SET INTRPT PSW I~ REGISIER CPE'°!U&5U 
003[K 9!:ibt\ 66 EPSR R8,k10 ENABLE INTERRUPTS AT PRUCESSOR CPEU0660 
OU'+OK '+ti DO OUCEH 67 LFCSTl LH NExTDEv.LFC GET LFC ADDRESS CPE00670 
tJO'+~K lJEbO uuOoK 6.8 OC NlXTUlV,LFCSTCMO STARI LFC CPEU0680 
UUi.+BK ulCIU UUOCH 69 Ll"I K8,HSAVE RESTORE REGISTERS CPE00690 
oui+cl"( U3UF 70 dR LlN~ RETURN TO CALLINb PROGRAM & WAIT FOR CPEUU700 

71 ************** INTERRUPT CPEU0710 

(JUUO UU1+Ef< 73 LFC I l\IT EQU * LFCINTERRUPT HANDLER CPEU0730 
U04EK uuuo 1'+ OLUPSWA DC 0 LOCATION TO SAVE THE OLU PSW CPEUU74U 
UU5UK uuuu 75 OLDLOCA DC u LOCATION TO SAVE THE OLU LOC CPE~u75U 
OU52t< 30UO 76 NEWPSWA DC X'3000• NEW PSw FOR INTERRUPT HA NOL ER CPEUU760 
005i.+t< ouuo OUOCk 77 STM ftQ,HSAVE SAVE USER•S REGISTERS CPEU0770 
OU:)dt< '+t)"Q Oi.ICEK 78 LH .CNTUlVtLFC GET LFC ADDRESS CPEUU750 
U05CK '+8b0 OUCCK 79 Ll"I NEXltJt.V,PIC GET PIC ADDRESS CPE00790 
UuE.Or< OE°'U OUUlK 80 oc INTDEVtOISARM STOP & DISARM LFC CPEOU800 
OOE.t+K U8tiO OUDok 81 PICSTl WH NEXTOEV,INTRVL SET RESOLUTION CPE0081U 
O ue.cir< (jl:.bQ OOD2K 82 oc NEXTUlV,OISARflllST CLEAR PIC INTERRUPTS & START PIC CPEU0820 
006CI"( ut.oo OIJi.;3k 83 oc NEXTOlVtENABLE ENABLE PIC INTER~UPTS CPE00830 
U070K 9Dt>O 8'+ SSR NEXTOEV,STATUS DID THE PIC START ON Til"IE? CPEUU840 
J072H ~u87 85 BTCS 8,PlCSTl NO, START IT AGAIN CPEU0850 
0071.tK 0100 OUDCR 86 LM HQ,HSAVE RESTORE USER•S R£GISTERS CPE00860 

N 0078K 26'71 87 AIS H9tl INCREMENT COUNT HEGISTEK CPEU0870 

"° 007AK c~uo OO'+EK 88 LPSW OLOPSWA ANO RETURN CPE00880 
I 

U1 
w 
........ ouuo 007EH 90 PIClf'JT ECilU * PIC INTERRUPT HANDLER CPE00900 
~ l)07EK IJUUO 91 OLDPSWl:i DC 0 LOCATION TO SAVE THE OLU PSW CP[UU~lO 
0 UU8UH uuuu 92 OLDLOCt:l DC 0 LOCATION TO SAVE THE OLIJ LOC CPE'°!U92U 
0 UU82K 3UUU 93 NEWPSWt:; DC X•.3000• NEW PSW FOR INTERRUPT HANDLER CPEUU93U 

ou8'f.K L)UIJO OUOCH 9'+ STM RO,l<SAVE SAVE US£R'S REGISTERS CPEU09c+O 
N 008dK '+b~O DUCCI< c;,s LH INTUEV•PIC GET PIC ADDRESS CPE00950 ......... 
.......i 01J8CI'< a+8bO UUCEK 9E. LH 11'EXTOEV, LFC GET LFC ADDRESS CPE00960 
00 l.lil9U!< 08°'0 JOU81< 97 PICSTOP WH INTOEV,zERO YESt CLEAR RIC. CPEU0970 

U09i.+t< U£~o OUD2k 98 oc INTUEV,OISARMST ANO STOP PIC CPEU0980 
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UNIVEHSAL CLOCK MODULE 32 BIT 

0000881 UOHO 802C :0000B8I 97 
OOuU8Cl 4-Ht;O 801C :OOOUACI 98 
OU0090l i+H20 8016 :OOOOAAI 99 
000094-l orno 8017 =OOOOAFI ioo 
OOOU98I U8lO 801A :OOOOt:H:il lOl 
00009Cl UE20 801'0 :OOOOBOI 102 
0000A01 '3U2D 103 
OOOOA2l 2085 104-
OOOOA~l 0180 8010 =0000881 105 
OOO\JA81 U3UF 106 

108 
109 

OOOOAAl UU&C 110 
UOOOACI OUbO lll 
OOOOAEl '+O 112 
0000AFl co 113 
0000801 E.0 11~ 

0000811 '+U 115 
0000021 4-U 116 
0000831 au 117 
000084-1 10'::16 118 
OOOUB&l oouo 119 
0000881 120 
0000881 121 
OOOOF8l 122 

INTERRUPT PROGRA"1 EXAMPLE PAGE 3 10:1+e:os 09/28/78 

KILL.UCM STM R8tl<SAVE SAVE REGISTERS CPE2Ucno 
LH NEXTUEV,L.FC GET L.FC ADDRESS CPE20980 
LH lNTDEV,pIC GET l"'IC ADDRESS CPE20990 
oc NEXTOEV,OISARM STOP LFC & CLEAR INTERRUPTS CPE21000 

PICKIL.L WH INTUEV,ZERO CLEAR PIC RESOLUTION COUNTER CPE21010 
QC lNTDEVtOISARHST STOP PIC & CLEAR INTERRUPTS CPE21020 
SSK INTOEVtSTATUS DID THE PIC STOP? CPE21030 
BTBS a,pICKILL NO GO STOP IT CPE210'+0 
L" R8,RSAVE RESTORE REGISTERS ANO CPE2l050 
BR LINK RETURN TO CALLING PRO GR A" CPE21060 

************** COP'IMANOS FOR THE PRECISION INTERVAL CLOCK CPE21080 
************** ANO THE LINE FREQUENCY CLOCK CPE21090 
pIC DC x•6C' STANDARD PIC ADDRESS CPE21100 
LFC DC X•6U• STANDARD LFC ADDRESS CPE21110 
LFCSTCMU DB X9 4-0' LFCSTART COMMAND ENABLES INTERRUPTS CPE2i120 
DISARM DB x•co' LFC DISAR"S CO"MAND CLEAR lNTERMUPTS CPE2l130 
QISARMST oB X'E0' PIC QISAR" ANO START COAMANO CPE211 .. 0 
ENA~LE DB X'l+U' PIC ENAdLE INTERRUPTS COMMAND CPE21150 
INCRMT DB X•t+U' DISPLAY COMMAND • INCREAENTAL "ODE CPE21160 
NORM OB x•ao• DISPLAY CO .. MAND • NORMAL MODE CPE2U70 
INTRVL DC X'1096• 150 MICROSECONDS a 1 MS RESOLUTION CPE21180 
ZERO DC x•oooo• ZERO~S TO CLEAR RIC CPE21190 

ALIGN ... ALIGN RSAVE AREA ON FULLWORD BOUNDARY CPE21200 
RSA VE OS 16•ADC REGISTER SAVE AREA FOR l& USER REGIST CPE21210 

ENO CPE21220 



~ 
01~1 VE.HS AL CLOCK "10UULI:. 16 ~IT Il\ITERRUPf PROGRAM EXAMPLE PAGE If. 10:1n:o3 OCJ/28/78 

I 
O"I ASSEMt:jLEU IH CAL 03-0obRU:>-OO (.~2-BIT > 

START LlPTlUNS: SCR•TA:l6 

l\JO C/'\L t.RRORS 
i\10 CAL WAH1\IINGS 

2 PASSt:.S 

l\dSTLll-' ouuo ooou 
AUC ouuu 0002 15u 
CALLUC1"1 0000 UU20fl 4-'0 5'+-• 
~ISAt:jLE Q(JQ(J OOOOR '+-2• 
J!SAH1"1 0 0 0 (J u~OlH BU 10'::1 122• 
u!SAt<;1ST ouoo OUD2R di:! 98 J.11 123• 
Ef~A8L[ 0001.) 0UU3K 8j 12'+-* 
IMP TOP ouoo OUFCR 
INCRl"IT ouou OuU'f.R '+1 12'0• 
INTUl:.V ouoo 0002 .32• 78 80 95 97 '::18 99 108 110 111 112 
ltHl{VL oouo 00u6k 81 127• 
KlLLUCM ooou OUAAH lOb• 
LAOC uuou UuOl 
LFC Ou OU OuCEH bl 78 96 107 120• 
LFC 11\IT ouou OO'f.Ek ::>7 73• 
LFCSll ouuo 0040K bl• 
LFCS12 0000 UlJ9Ck 101* 
LFCSJCMU OGGO OtlDOf< bd 101 121* 
LINK 0000 OUOF ltO• '+~ '+8 '+9 49 '00 70 115 
1\l~wt>SwA ouoo UU52R 7b• 
i'JEWPSi.JB oouo UUdcH '::lj• 
111£X TUE.V 0000 OtJOB 3f>• 67 68 79 81 82 83 8'+ CJ& 101 107 109 
•\IORl'1 0000 OUU5k 'jl 12&• 
uLDLUCA ouoo 00501-t 7'0• 
OLULOCB Ouliu Ou80H CJl• 
OLDPSlllA oouu UU'+EH 7'+• 68 
OLDPSwiJ 0000 OU 7EH '::1.1* 10'+ 
PIC 0000 OOCCR 79 95 108 119• 
PICINT OuuO ou7ER bl 90• 
PICKlLL 0000 OU BAH uu .. 113 
1-'lCSl 1 0000 OJ6'+R 81• 85 
PICSTOP 0000 OU9UH ':I'* 100 
PURElUP ouoo OOOOH 

N 
kO 0000 ouoo 2'1• 71 86 CJ'+ 102 

"' 
Hl oouu OUOl 30• 

I KlO OUUl.l OUOA 37,.. '+2 '+3 55 56 b7 58 61 &2 6~ &6 
U1 R2 0000 0002 31• 
w ~3 oouo OU03 5'+. 
I-' 118 ouou 0008 3~. i+3 5'+ 56 66 &9 106 lllf. 

~ 
R9 0000 0009 5b• i+'+ '+8 87 103 

0 RSAVI:. ooou OU OCR 5'+ 6'1 77 86 CJ'+ 102 106 11'+ 13U* 
0 STATUS 0000 ouoo 3'j• i+b 47 !:>O 51 8'+ 9CJ 112 

wAIT 0000 OOlCH '02• 
N wHIT£2 ooou OU OCH '+b• 52 

" lE.RO 0000 OU08R 91 110 128• 
.....J 
CX) 



"Kl LLUCM" 

DISARM 
LFC 

CLEAR RIC 
AND STOP 

PIC 

RETURN 
YES ON >-----... CALLING 

REGISTER 

Universal Clock Module 32-Bit Interrupt Programming Example 

29-531 ROl 9/78 
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\JIHVE.KSAL CLUCK MODUL[ 16 BIT INTEl{RUPT PROGRAM EXA~PLE PAGE 1 10:41:03 09/28/78 

UUUOK 
OOOi+K 
uuO&K 
uoost-< 
OUOCK 
OUOEk 
OU12K 
lJ 0 HK 

ASS[M8LEU BY CAL 03-066Ru5-uo ( 32•BIT J 

oouo ouoo 
ouuo 0001 
Ol.IUO UOU2 
OUIJO UOOd 

uuuo 0003 
OIJIJO 00u8 
OUuO 0Uu9 
OUUO UOUA 
UUIJO OOUB 
OUOO OOU(J 
QuUO UOUF 

CtH~U 3~UU 

95t;;A 
21+';0 
'+lf-O OU20k 
2'+Ul 
OE(JO OUOi+K 
IJ8f-9 
9i+fF 

1 
2 
3 
'+ 
5 
6 
7 
ij 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

CROSS 
WlDTH 
TAR GT 
PROG 
NOHX3 

120 
16 
UNIVERSAL CLOCK MODULE 16 BIT INTERRUPT PRO~RAM EXA"PLE 

******************************************************************** * IHIS IS A 16-HIT PROGRAMMING EXAMPLE FOR THE LINE FR~QUENCY * 
* CLOCK AND THE PRECISION INTERVAL CLUCK. THE EXAMPLE USES INTER• * 
• RUPlS TO RECOGNilE THE END OF THE INTERVALS. * 
* THEKl A~[ FOUR HOOULES: * 
* l>"CALLUC~" THIS MODULE 1NITIALIZES THE INTlRRUPT * 
* HANULtR ANO STARTS THE LINE FREQUENCY CLOCK• * 
* 2J"LfClNT" THIS MODULE SER~ICES THE INTERRUPT THAT * 
* OCCURS AFTEH THE LINE FREQUENCY CLOCK HAS WAITED * 
* ONl-HALF CYCLE OF THE AC LINE FREQUENCY. * 
* -8•33 MILLISECONDS i 60 HZ OR 10 MlLLISlCONOS i50HZ* 
* THlN IT STARTS THE PRECISION INTERVAL CLOCK• * 
* 3>"PICINT" THlS MODULE SER~ICES THE PRECIS10N INT• * 
* ERVAL CLOCK INTERRUPT THAT OCCURS AFTER A ~ROGRAH * 
* CONTROLLED INTERVAL OF 150 P1ICR0SEC0NOS. If THEN * 
* RESTARTS THE LINE FREQUENCY CLOCK. THIS P1EANS THAT * 
• 
• 
* 
* 
* 

THL PROGRAM w:LL CONTINUE TO SERVICE "LFCINT" ANO * 
"PICINT" UNTIL THE FOURTH HOOULE IS CALLEO• * 

~>"KlLLUC~" T~Is ~OOULES DISARMS LFC & Pic INTER- * 
RUPTS ANO STOPS THE PIC. * 

* ***************************•**************************************** 

29 RO 
30 Rl 
31 R2 

EfilU 
EWU 
EQU 
El.IU 

0 
1 
2 
~ 32 HHOEV 

33 ** 
.34 R3 
35 R8 
36 R9 
37 RlO 
38 NEXTOEV 
39 STATUS 
'+0 LINK 

'+2 OISABLt.. 
43 
'+4 
'+5 
'+D WRl TE2 
'+7 
'+8 
'+9 

EQU 
EQU 
EQU 
EQU 
EQU 
EWIJ 
EQU 

LHI 
EPSR 
LIS 
BAL 
LIS 
oc 
LHR 
EXBR 

3 
8 
9 
10 
11 
13 
15 

1uu.x•3uuu• 
R8,tHO 
K9,0 
LINKtCALLUC.., 
STATUS,1 
STA1UStINCRP1T 
LINK•R9 
LlNK•LINK 

HICROCOOE PUTS INTERRUPTING ADDRESS 
IN REGISTER 2 OF IN REGlSTt..R SET O 

GET DISABLE PSW MASK 
NOW DISABLE INTEKRUPTS 
CLEAR R9(THE DISPLAYED COUNT REGISTR) 

LOAD STATUS WITH DISPLAT ADDRESS 
PUT DISPLAY IN INCREMENTAL HOOE 
LOAD CONTENTS OF R9 INTU LINK ANO 
WRITE VALUE ON DISPLAY ~ANEL 

CPEUOOlO 
CPEU0020 
CPE00Q30 
CPEU0040 
CPECI0050 
CPEU0060 
CPE0U070 
CPEDU080 
CPEOU090 
CPEUUlOO 
CPEIJOUO 
CPEUU120 
CPEU0130 
CPEUOlc+O 
CPEU0150 
CPE00160 
CPEU0170 
CPEU018U 
CPEU0190 
CPEU0200 
CPEU0210 
CPE00220 
cPE00230 
CPEU0240 
CPEU0250 
CPE00260 
CPE00270 

CPE00290 
CPEU0300 
CPEU0310 
CP£1JU320 
CPE00330 
CPEU0340 
CPED0350 
CPE00360 
CPEUU370 
CPEUU380 
CPE00390 
CPEU0400 

CPE~Uc+2U 
CPEUUc+30 
CPEU~4c+u 
CPEUUc+50 
CPEUUc+&O 
CPEOU470 
CP£UUt+80 
CPEUUc+90 



N 
LJNI VEr<~AL CLOCK MODULE 32 t:HT INTERRUPT PROGRAM EXAMPLE PAGE 2 10:,.8:os 09/28/78 

u:> UOOOlEi.l ':18UF 50 WHR STATUStLINK CPE20SOO I 
U1 OOOl.118.l 34+F 51 EXHR LINKtLlr\JK CPE2US10 
w OOuOlA.l 94H 52 EXBR LINKtLINK CPE2U520 
1--' l.lOOUlCl 98LlF 53 WHR STATUS •LINK CPE20530 

OOQtJlEl uc.uo dU91 =0000831 5 .. oc STATUS,NORM PUT DISPLAY IN NORMAL MOUE CPE205 .. 0 
~ 0000221 4jUQ FFEo :OOUUUCI 55 WAIT B WRITE2 DISPLAY COUNT UNTIL CLOCK INTERRUPTS CPE2U550 0 
0 

N 

" OOU02c,l UlJt;O 8U8E :0000B8l 57 CALLUCM STM RStRSAVE SAVE CURRENT USE~•S REGISTERS CPE2u570 
-i UUul.i2Al C8A0 3uuu 58 LHl R10•X'3UOO• SET DISABLE INT PSw REG.lSTER CPE2U580 
(X) 00002(! 9t>l:)A 59 EPSR R8tkl0 DISABLE INTERRUPTS AT P~UCESSOR CPE20590 

0000301 CBAO 00541 60 LHI RlOtLFCINT GET ADDRESS OF LFC INTR~T HANDLER CPE20&00 
00003'+.l '+UAO UlAA 61 STH R10.x•oo•+X•DA' STORE IT IN INTRPT SERV.lCE POINTER CPE2U610 

62 ************** NOTE 0A:2*6D HEX'60' lS THE PREFFERREO CPE~0620 
63 ************** AODR~SS OF THE LINE FRE~UENCY CLOCK CPE20630 

000038.l C8AO 00701 61+ LHI RlO•PICINT GET ADDRESS OF THE PIC .lNTRPT HANDLR CPE2061+0 
00003Cl '+UAO UlA8 65 STH Rlll•X'UO•+x•D8' STORE IT IN THE INTRPT SERVICE POINT CPE20650 

66 ************** NOTE D8:2*6C HEX•6C• IS THE PRlFFERRlO CPE20Ei60 
67 ************** ADDRESS OF TH~ PRECISION CLOCK CPE:20670 

UUUU401 C8AU 7~uu 68 LHI IUOtX•7UUU• SET INTRPT PSw IN REGISfER CPE2U68U 
OOOUl+l+l 95HA Ei' El"SR R8tR10 ENABLE INTERRUPTS AT PRUCESSQR CPEc0&90 
0000461 41:)!:iO 8U62 =ooooACI 70 LFCSTl LH ~ExTDEv,LFC GET LFC ADDRESS CPEc0700 
ooooi+Al orno 8060 =OUOOAEI 71 oc NEXTOEV,LFCSTCMD START LFC CPE20710 
OOOOi+El UlbO ti066 :ll00088I 72 LM R8tHSAVE RES~ORE REGISTERS CPE20720 
oouo521 03UF 73 BH LINK RETU~N TO CALLlNb PROGRAM & WAIT FOR CPE20730 

71+ ************** !NTERRUPT CPE2UHO 

ouuo 00541 76 LFCINT EQU * LFCINTERRUPT HANDLER CPE20760 
000051+1 48d0 d052 :0000AA1 77 LH 1\tEXTOEV, PIC GET PIC ADDRESS CPE20770 
0000581 UE.~o 8053 :OOOUAFI 78 oC lNTUEV,OISARM STOP & DISARM LFC CPE20780 
U0005Cl LlHdO 8051+ :OOOOdi+I 79 PICSTl WH NEXTDEV,INTRVL SET RESOLUTION CPE20790 
0000601 OEbO aoi+c =uoooi:,01 BO oc NEXlUEV,DISAR~ST CLEAR PlC INTERRUPTS & ~TART PIC CPE20800 
0000641 DE!:iO 8049 :0000811 81 oc NEXTOEVtENABLE ENABLE PIC INTERRUPTS CPE2U&10 
0000681 90d0 82 SSR NEXTDEVtSTATUS DIO THE PIC START ON TI~E? CPE20820 
00006A1 2087 83 BTCS 8,PICSTl NO, START IT AGAIN CPE20830 
00006Cl 26~1 81+ AIS R9tl CPE2081+0 
00006E1 lBUO 85 LPSWR RO AND RETURN . CPE2Ueso 

oouo 00701 87 PICINT EQU * PIC INTERRUPT HANDLER CPE20870 
0000701 48dO 8038 =0000AC1 88 LH "'EXTOEVeLFC GET LFC ADDRESS CPE20880 
OOOOHI 0820 803( =0000861 89 PICSTOP WH INTUEv,zERO rEs. CLEAR RIC. CPE20890 
OOOG78l OE~O B03i+ =OuOOBOI 90 oc INTUEV,OISARMST AND STOP PIC CPEjtU900 
00007Cl 90lO 91 SSR INTDEV,STATUS DID THE PIC STOP? CPE2U910 
00007E.l 20cs5 s2 BTl3S 8tPlCSTQP N0,60 BACK AND STOP IT CPE20920 
0000801 Ot.ciO 802A :OOOOAEI 93 LFCST2 OC NEXTOEV,LFCSTCMD NOW START THE LFC CPE20930 
ooouai+l 26~1 9c+ AlS R9,l CPE2U91+0 
0000861 18UO 95 LPSwR RO AND RETURN CPE2U950 

~ 
I 

u:> 
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f-" 
0 

!:l:1 
0 
0 

rv 
......... 
.....j 

00 

LJ1~ I VlH~Al 

ll09oK ~Ll~O 
UU9.,\K 2Ub5 
009CK UEl::iO 
OOAOK LJlUO 
ll0A41"< ~b~l 

00A6K c~uo 

llUAAI"< UUbO 
OOAEK 48tsO 
OUH2K 482G 
OUBbK Df-l::iO 
no BAK 1..Jb~U 

DOAEt'< Ul~O 

ooc2r< 9U~D 

uOC4K 2U85 
OOCbl'< UlbQ 
OJCAK UjUF 

DUCCI< uUbC 
OOCEt-< UUbO 
lJOiJQR *U 
OJDll"< CO 
0002H EO 
0 003r< *U 
JOD4rt '+O 
LIOD51-t 8U 
U0061-t lll~b 
oooer< uuuo 
LlOuCK 
OOOCr< 
uuFCK 

CLUCK l"IOOULE 16 ~IT 

99 
lUO 

OOOOK lUl 
OiJlJCK 1(12 

10.3 
007lK 10~ 

OOucK 106 
OOCEk 107 
OUCCK 108 
OOUlK 109 
UOIJ8K llu 
00U2k lll 

112 
113 

OOOCK lH 
.115 

J.17 
118 
119 
120 
121 
122 
123 
121+ 
125 
12& 
127 
128 
129 
130 
l31 

INTERRUPT PROGRAM EXAMPLE PAGE 3 10:1+7:03 0'3/28178 

SSf< INTUEV,STATUS DID THE PIC STOP? CPEOOCJCJO 
BfoS 8tPlCSTOP NO,GO BACK ANU SJOP IT CPEUlOOO 

LFCST2 oc NEXIOEV,LFCSTCHD NOW START THE LFC CPEUl010 
LH Ro,t<SAVE HESTORE USER•S REGISTER~ CPEU1020 
AlS R9,l INCREMEHT DISPLAY REGISIER CPEUl030 
LPSW OLDl'SWB AND RETURN CPEOlOc+O 

KILLUCM STM RStl<SAVE SAVE REGISTERS CPEU1060 
LH NEXTUEV,LFC GET LFC ADDRESS CPEU1070 
LH lNTUE.VtPIC GET PIC ADDRESS CPEU1080 
oc NEXTUEV,OISARl'1 STOP LFC & CLEAR INTERRUPTS CPEU1Q90 

PICKILL WH INTUl:.V,ZERO CLEAR PIC RESOLUTION COUNTER CPEUllOO 
QC INTUEV,QISARMST STOP PIC & CLEAR INTERRUPTS CPE01U0 
SSH lNTOE.VtSTATUS UIO THE PIC STOP? CPEUl120 
BIBS 8tPICKILL NO SIOp THE PIC CPEU1130 
LP1 RS,HSAVE RESTORE REGISTERS ANO CPEu.Lll+O 
aK Lil\ll'(. KETURN TO CALLING PROGRA,. CPEU1150 

************** COl'IP'iANOS FOR THE PRECISION INTERVAL CLOCK CPEU1170 
******"'******* ANU THE LI1'JE FREQUENCY CLOCK CPEU1180 
PIC DC x•eic• STANDARD PIC ADDRESS CPEU~190 
LFC DC l(i6lJ' STANDARD LFC ADDRESS CPEU1200 
LFCSTCMU 08 X 'l+U' LFCSTART COMMAND ENABLES INTERRUPTS CPEU1210 
DISARM 08 x•cu• LFC DISARMS COMMAND CLEAR INTERRUPTS CPEUl220 
DISARHST Dd X'EU' Pic DISARM AND START cOMMANO CPEOi230 
ENAiKE D~ X 'i+U' PIC lNAdLE INTERRUPTS COMMAND CPEUl2i+O 
I NCR MT 01:3 X '"'U' DISPLAY COMMAND • INCREMENTAL MODE CPEU125U 
NOi-tM 08 x•su• DISPLAY COMMAND - NORMAL HOOE CPEU1260 
INTRVL DC X•10'36• 150 ,.ICROSECONOS ~ 1 MS RESOLUTION CPE01270 
ZEKO DC x•oooo• ZEROlS TO CLEAR RIC CPEU12eo 

ALIGN I+ ALIGN RSAVE AREA ON FULLWOHD BOUNDARY CP£Ul290 
RSAllE OS Ht•ADC REGISTER SAVE AREA FOR 16 USER KEGIST CPEU1300 

ENO CPEU1310 



N 

"" 
UNIVERSAL CLOCK MODULE 32 tj!T INTERRUPT PROGRAM EXAMPLE PAGE '+ 10:48:05 09/28/78 

I ASSEMdLEU ~y CAL U3-06&R05-00 < .32-BIT l U1 
w 
1--' START OPTIUNS: SCR•TA=.32 

~ NO CAL t.Rt<ORS 
a NO CAL WAR;\lll\IGS 
a 2 PASSt.S 
N ........._ ABSTUP 0000 ouou 
"" AOC oouo 000'+ 121 
co CALLUCM 0000 00261 '+~ 57• 

LJISAdLE ouou OUOOI '+2• 
Ul SAKr'1 0000 OCiAFI 7d 100 113• 
OISAl'(MST oouo 00B01 8U 90 102 11'+• 
ENABLE.. ooou OOfil I ~l 115• 
IMP TOP 0000 00F8I 
INCRMT CiUOO 00821 '+7 lH1• 
INTuE..V 0000 OU02 .6C!* 78 89 90 91 139 101 102 103 
r.HRVL ooou OOB'+l l'J 118* 
KlLLUC~ 0000 00881 97* 
LADC ooou 0002 
LFC oouo OOACl 70 88 98 llh 
LFCINT 0000 005'+1 bU 76• 
LFCSTl 0000 Ou'+61 70• 
LFCST2 0000 00801 ':*~• 

LFCSTCiVIO 0000 OOAEI 71 93 112• 
LINK 0000 OOOF '+U• '+5 48 '+9 '+9 so 51 51 52 52 53 73 106 
NEXTUEV Q(i0(i 0008 5d$ 70 71 71 79 80 81 82 88 9~ 98 100 
;°"ORM 0000 008.31 5'+ 117• 
PIC 0000 OOAAl 77 9'J 110* 
PICINT 0000 00701 6'+ 87• 
PICK ILL ooou 00981 lUl• 10'+ 
PlCSTl 0000 OU5Cl 1'-J• 83 
PICSTOP 0000 007'+1 8'J• 92 
t>URETJP 0000 OOOOP 
RO ouoo ouoo 2'J• as 95 
~l OGOO 0001 ~u* 
~10 0000 OUOA 37• 42 43 58 59 60 61 64 65 &ti 69 
k2 0000 0002 .31• 
R3 0000 0003 3i+• 
1<8 0000 0008 3~. '+3 57 59 69 72 97 105 
R9 0000 0009 3b* 44 1+8 84 94 
RSAVE. 0000 UOl:38I 57 72 97 105 121• 
STATUS 0000 ouoo 3':h 46 1+7 50 53 54 82 91 103 
wAIT ouoo OU221 55• 
WRITE.2 0000 OUOCl '+b• 55 
ZERO 0000 OOB61 6'1 101 119• 
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DISABLE 
PROCESSOR 

INTERRUPTS 

WRITE 
COUNT 

TO DISPLAY 

"CALLPIC" 

"CALLPIC" 

NO 

GET PIC 
ADDRESS 

START 
PIC 

MONITOR 
CURRENT 
INTERVAL 
COUNTER 

STOP 
CLOCK 

RETURN 

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

29-531 ROO 2/78 



N 

"" I 
U1 
w 
~ 

~ 
0 
0 

Pt<ECISlON CLOCK 16 ANU 32 ~IT STATUS Pt<QGRAM EXAMPLE PAGE 1 10:~6:22 09/28/78 

00001< 
l)004K 
0006t< 
U008k 
OOOAt< 
u00Ct< 
00101\ 
0012t< 
u 0 Ht< 
OU16t-< 
U01At< 
001£t< 
0020K 

OU24K 
0028t< 
OU2Cr< 
0030~ 
Ou34K 
00381-< 
uu3CK 
au3Et< 
u042K 
OO'+'+k 
UJ46K 

ASSEM~LED ~y CAL 03-0E,bt<U5-UO 132-BITI 

ouuo ouuo 
UUUO OIJUl 
(Jl.lUQ 0009 
l)IJUO OUUA 
OOUO OOU8 
OOvO OOOC 
llUUO llUOU 
uuuo OOOE 
UIJUO OUOF 

CdlO 030F 
9114 
95Ul 
2'+';;0 
2'+t..1 
OEt..O 0065H 
U8f-9 
':NFF 
9bt.F 
DH.a 0066R 
4~r0 UU24K 
2691 
'+300 OOOAR 

UUAO 00o8k 
4d~(l OIJ5[i\ 
4dCO OObU~ 

C4CC QFFF 
UddO (JUbUK 
OE..t:IO 00b4K 
':;1Ut:1E 
42~0 0034K 
9';;b[J 
us<.:o 
2lb3 

1 Ct<LlSS 
2 wlUTH 120 
3 TAKGT 16 
4 PKOG PRECISION CLOCK 16 AND 32 BIT STATUS PROGRA~ EXAMPLE 
5 ******************************************************************** 
6 * THlS PROGRAM 1S FOR THE PRECISION !NTERVAL CLOCK. IT UOES NOT * 
7 •USE INTERRUPTS. IT CAN 9E RUN ON EITHER 16 BIT OR 32 BIT MACHINES.• 
B •IT IS ~ALLEO AS A SUBROUTI~E TO ACTIVATE THE PIC FOR A PROGRAM * 
9 *CONTRULLEU lNT[RVAL OF 500 MILLISECONDS @ lMILLlSECOND RESOLUTION•* 

10 *THE PKUGRA~ StAYS IN THIS ROUTINE BY CONTINUOUSLY lNTERRObATING * 
11 *THE cUKRENT INTERVAL cOUNTER· As SOON AS THE COUNTER RESETS TO THl* 
12 •INITIAL INTERVAL VALUE TH~ PROGRAM RETUKNS TO THE CALLING PROGRAM * 
13 •ON TH~ REGISTER NAMED "LINK"• * 
14 ******************************************************************** 
15 RO EWU 0 
16 Rl E~U 1 
17 R9 EQU 9 
18 ~10 EQU 10 
19 PIC EQ~ 11 
ao OLD EWU 12 
21 NEW EQU 13 
22 STATUS EQU 14 
23 LINK [Qu 15 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

DISAbLt.. 

WRITE2 

DO COUNT 

LHI 
SLHLS 
El-'SI< 
LIS 
LIS 
oc 
LHH 
EXBR 
WHK 
oc 
BAL 
AlS 
B 

CALLPIC ST1'1 
LH 
LH 
NH! 

P!CSTAK T WH 
QC 
SS~ 

BTC 
TIMEOUT RHK 

CLAR 
BLS 

Rl,X'030F' 
Rl,'+ 
t<O,t<l 
1<9,U 
STATUS,1 
ST A TUS ti NCRr'IT 
LINK•R9 
LINK•LINK 
STATUS,LINK 
STATUS,1\lORM 
LINK•CALLPIC 
R9tl 
WRITE2 

RlOtl<SAVE 
PIC•PICADR 
OLD• INTRVL 
OLD•X•oFFF• 
PIC,lNTRVL 
PIC•OISARPllST 
PIC•STATUS 
8,plCSTART 
PICtNEW 
OLO•NE..111 
L.)Qi'~t.. 

GET DISABLE PSW MASK 
SHIFT MASK 
NOW DISABLE INTERRUPTS 
CLEAR R9lTHE DISPLAYED COUNT REGISTR> 
LOAD STATUS WITH DISPLAY ADDRESS 
PUT DISPLAY IN INCREMENTAL MOOE 
LOAD CONTENTS OF R9 INTU LINK AND 
WRITE VALUE ON DISPLAY PANEL 

PUT DISPLAY IN NORMAL MUOE 
START CLOCK SEQUENCE 
INCREMENT DISPLAY COUNT REGISTER 
GOTO DISPLAY THE COUNT KEGISTER 

SAVE RE(i!STERS 
GET PIC ADDRESS 
GET RESOLUTION ANO INTEKVAL COUNT 
MASK OFF RESOLUTION 
SET PIC INTERVAL 
DISARM PIC & START IT 
DID IT START ON TIME? 
NO,START IT AGAIN 
YES,NOW START MONITORING PIC COUNTER 
IS lT FINISHED? 
YEStBECAUSE CIC : INTERVALUU500 

PICU0010 
PICUU020 
PICUU030 
PICUVOt+O 
PIC0U050 
PIC00060 
PICU0070 
PICUU080 
PIC00090 
PICU0100 
PlcUOUO 
Picuu120 
PICUU130 
PIC001~0 
PICUU150 
PICUU160 
PICUU170 
PICU0180 
PICUU1CJO 
PlCOU200 
PICOU210 
PICOU220 
PICUU230 

PIC00250 
PICUU2&0 
PICUU270 
PICVU28U 
PICUU290 
PIC00300 
P1cuu310 
PICUU320 
PIC00330 
PICU03~0 
PIC00350 
PICUU360 
PICU0370 

PIC00390 
PlCUO~OO 
PICOO'UO 
PICUOc+2P 
PICOOlf.30 
PICOU-.lf.0 
PICUOlf.50 
PlCUOc+60 
PICUU~70 
PICUU~80 
PlCUU~90 
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PKt.C l s1or.1 

U048K U8l.O 
Olli+ Ar< 22U4 
UU'+Ct'! U8jjQ 
lli.J5l)t< Ul:..t;Q 

005i+K 'JUtj[ 

0056H 2085 
0058r< UlAO 
005CK U6UF 

UU5[K UUt>C 
UU60K 8lt-'+ 
UU62K uuuo 
Ull6i+K £U 
UU65t< 4U 
0066K bll 
J068~ 

U068R 
Ull74K 

CLOCK 16 AND 32 l:j!T 

50 
51 

OU62R 52 
(JU64K 53 

5'+ 
55 

OObAk 56 
57 

59 
&0 
61 
62 
63 
64 
65 
6~ 
67 
&8 

STATUS PKQGHAM EXAMPL( PAGE 2 10:'+6:22 09/28/78 

LOAR OLD•NE.W NO,so OLD CIC="OST RECENT CIC PICU0500 
BS TIME.OUT NOW RETURN ANO CHECK TH~ ClC PICUD510 

DONE WH PICt.!ERO WRIT~ ZEROES TO CLEAR RlC PICUU520 
oc PICtDlSARMST STOP PIC PICU0530 
SSH PIC•STATUS OID IT STOP? PIC005i+O 
BT8S a,oONE NO STOP IT PICU0550 
Ll"I IUO •~SAVE TES FINISHED,HESTORE ANU RETURN PICU0560 
BH LINK RETURN PICUU570 

*********COMMAND & STORAGE ARE.A PIC00590 
PICAOR DC X'GC' PREFERRED PIC ADDRESS PICUUE,00 
INTRVL DC X'81F'+' 500 MILLISECONDS @ 1 MS~C RE.SOLUTION PitUD610 
ZERO DC x•oooo• LE~OES TO CLEAR RIC PlC~U620 
OISARMST OB X•Eo• DISABLE INTRPTS ~ START co""ANO PlCUU630 
INCRMT Q!j X t i+U' DISPLAY COMMAND • INCREMENTAL MODE PICUO&i+O 
NORM Djj x•ao• DISPLAY COMMAND • NORMAL MOOE PlCUU650 

ALIGN 4 ALIGN RSAVE AHEA ON FULLWOKO BOUNDARY PICUU6&0 
RSAVE OS ADC•& PIC00670 

El\IU PlCUU680 



N PKECIS!ON CLOCK 16 ANU 32 l:iIT STATUS Pt<OGRAH EXAHPLE PAGE 3 10:46:22 09/28178 

"° I ASSEMcLEU UY CAL U3-066ROS-00 < 32-BIT > 
tTl 
w START OPTIONS: SCR•TA:l.:1 ......... 

~ :-JO CAL t.RROKS 
0 flJO CAL WARNINGS 
0 2 PASSt.S 

N 
I\ HS TOP 0000 0000 ........... 

-...] AUC ooou 0002 67 
ex:> CALLPlC ouou OU2'+R 5~ 39* 

lJISAf:jLE 0000 OuOOR 2~* 
ulSAkMST OuOO Ou6'+-k '+-_'+ 53 63• 
OUCl)Ul\IT ouoo OUlAR 3::>• 
001\iE 0000 Ou'+CR lf.lj 52* 55 
IMP TOP oouo 007'+H. 
INCHMf 0000 OU65R 30 6'+* 
INTRVL ooou OU60R '+l c+3 61* 
LAOC 0000 Ol>Ol 
LlNI( ouoo OOOF 2.5* 31 32 :i2 33 35 57 
.11£w ouoo uuoo ;a* '+ 7 '+8 50 
NORM oouo Ollo&R 5'+ 6!:>* 
OLD 0000 oooc 20• 41 42 '+8 50 
PIC 0000 OOOB l~* 40 '+3 '+4 c+5 'H 52 53 5'+ 
PICAUR 0000 0U5ER '+U 60* 
PICSIART 0000 003'+R '+.5* c+6 
PUREluP 0000 OOOOR 
RO 0000 0000 l~• 27 
Rl 0000 0001 u~• 2!:> 26 27 
HlO 0000 UOOA 18• 39 56 
r<9 0000 0009 17• 28 31 36 
r:<SAVE oouo 0068R 3':1 56 67• 
STATUS 0000 QUO[ 22* 2'1 30 33 3'+ &f.5 5c+ 
TIMEOUT 0000 U0'+2R '+ ,. 51 
WKin:.2 ooou UUUAk ~':1• 37 
ZERO 0000 0062R 52 62* 
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