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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-1H
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).

PIC's 00 0110 1100 BINARY
ADDRESS 0 6 C HEX
LFC’s 00 0110 1101 BINARY
ADDRESS 0 6 D HEX

29-531 RO1 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 Oor 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 microseconds (100 us)
1 millisecond : (1 ms)

RESOLUTION RATES

1 ]100]|10 | 1
ms | us | us | us

29-531 ROO 2/78 2-1



MULTIPLEXOR BUS

TO
PROCESSOR

.

I

RESOLUTION SELECT
INPUT BUFFER
(B1TS 0-3 OF RIC)

INTERVAL COUNT
INPUT BUFFER
(BITS 4-156 OF RIC)

l

RESOLUTION SELECT
REGISTER

v

8 MHZ CLOCK INTERVAL CURRENT INTERVAL
CRYSTAL COUNTER —P COUNTER

DIVIDER
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 is 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 cuant 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 gqueues 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 |100} 10 | 1

ms us us us

INITIAL INTERVAL COUNT

0 1 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 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 1l ms
(1 ms) 2 2 ms
3 3 ms
4,096 4,096 ms
29-~531 ROl 9/78 " 2-3



2.1.2 Current Interval Counter

The result of the initial interval count being decremented is
called the current interval count (CIC) and.ig gtorgd in a
separate halfword in the PIC. Each time the %nltlal'lnteryal
count is decremented, the current interval count is replaceq 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. Thg value'ln the
CIC can be in the range of 4,095 to zero. Any time during @he
interval, the processor can interrogate the CIC w1thoqt affect}ng
the decrementing of the clock by issuing a read instruction
(RD,RDR,RH,RHR) .

CURRENT INTERVAL COUNTER

o|o|o]o 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.
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COMMAND BYTE

DISARM
- ~
DISABLE ENABLE START 0 0 l 0 l 0 0
0 1 2 3 5 6 7
where:

DISABLE If bit 0 is set and the end of the
interval occurs, the PIC 1s 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
gueued. 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,0OCR) 1is
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 R02 11/79



0 34 78 1112 15

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

RIC Ol 3 4l78 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 | countER AT |M1T_[ 1111 ] 1 BINARY
REGISTER 4 CONCLUSION F F 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:
- resolutién 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 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.

TO
PROCESSOR

MULTIPLEXOR BUS

l

COMMAND BYTE

:
12 VAC \

POWER SUPPLY / CLOCK

Figure 3-1 Flow of Data to LFC
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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 theé 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.

COMMAND BYTE

DISARM
4 et )
DISABLE | ENABLE 0 0 0 0 0 0
0 1 2 3 4 5 6 7
where:
DISABLE If bit 0 is set and twice the 1line

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

ENABLE If bit 1 is set and twice the line
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.
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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 bits 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.
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“LFCINT"
DISABLE DISARM
PROCESSOR LFC
INTERRUPTS
A
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
cc\JNuRnltIETo INTERRUPT| DISPLAY
DISPLAY OCCURRED COUNTER
SO VECTOR |
TO "PICINT”
PIC | LOAD THE OLD
INTERRUPT PSW AND RETURN|
OCCURRED TO POINT OF
SO VECTOR INTERRUPT
TO "PICINT”

I

“PICINT"

CLEAR RIC
AND STOP
PIC

PIC STOP?

START
LFC

- LOAD THE OLD

PEW AND RETURN
TO POINT OF
INTERRUPT

Universal Clock Module 16-Bit Interrupt Programming Example
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Universal Clock Module 32-Bit Interrupt Programming Example

29-531 RO1 9/78

“KiLLUCM”

DISARM
LFC

CLEAR RIC
AND STOP
PiC

DID
THE PIC
STOP?

YES

RETURN
ON
CALLING
REGISTER
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DISABLE
PROCESSOR
INTERRUPTS

WRITE
COUNT
TO DISPLAY

“CALLPIC"

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

“CALLPIC”

GET PIC
ADCRESS

START
PIC

DIO THE
PIC START
ON TIME?,

NO

MONITOR
CURRENT
INTERVAL
COUNTER

.ST0P
CLOCK

"DID THE
PIC STOP?

RESTORE AND
RETURN
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