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PREFACE

This manual describes the installation, use, operation, and maintenance of the Interval Timer
Module with Texas Instruments’ Models 960A- and 960B computers. Assembly language pro-
grammers, system designers and maintenance personnel will find the information in this manual
useful.

The Interval Timer Module interfaces with the 960 series of computers through the Communica-
tions Register Unit (CRU). A basic knowledge of this interface is assumed and can be reviewed
in the Model 960 Computer Communications Register Unit Manual (Manual Number
966313-9701) furnished with each system. Detailed descriptions of CRU input and output
instructions are found in the Model 960 Computer Assembly Language Programmer’s Reference
Manual (Manual Number 942779-9701). That manual also describes assembly language program-
ming and input/output techniques. Central Processing Unit (CPU) memory and bootstrap loader
initialization are described in the Model 960 Computer Installation Procedure (Manual Number
942767-9701).

Information about the Model 960A and Model 960B computers can be found in the following
manuals:

Manual Number Title
2267509707 Model 9604 Compuier Maintenance Manual: Parts List
. and Assembly Drawings, Volume VII

2267509708 Model 9604 Computer Maintenance Manual: Electrical
Drawings, Volume VIl

9427739704 Model 960B Computer Maintenance Manual: Parts List
and Assembly Drawings :

942773-9705 Model 960B Computer Maintenance Manual: Electrical
Drawings

958953-9701 Central Processing Unit Performance Assurance Tests

for the Model 960 Computer

942779-9701 Model 960 Computer Assembly Language Programmer’s
Reference Manual

jii/iv Digital Systems Division
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SECTION I

GENERAL DESCRIPTION AND INSTALLATION

1.1 GENERAL DESCRIPTION
The Interval Timer Module (figure 1-1) supplies real-time information to the operating system

software. A 1, 2, 4, or 8 millisecond (ms) time base can be selected by the user. The module
contains a 14-bit program-loadable counter (16,384 maximum counts) that decrements at a rate
specified by the time base. An interrupt is issued when the counter reaches zero; however, the

counter continues to decrement past zero to prevent the loss of counts.

132092 (960—1274—6—4)

Figure 1-1. Interval Timer Module

1-1 Digital Systems Division
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There are four configurations of the module available and their differences (the time base) are
shown in table 1-1.

Normally, one interval timer per system is adequate. However, additional Interval Timer Modules
can be added if additional time bases are required. The modules can be inserted in any CRU
port.

The count-down logic of the base module clock supplies free-running clock signals to the
top-edge connector of the module. The basic interval timer has a 4.096 MHz clock that is
divided down to provide the user selected time base. The top-edge connector clock signals
represent the binary multiples of 8 ms divided by 8192 (0.997 microseconds). For example, the
limits and several signals from the range of outputs are:

8/8192, 8/4096, 8/2048,..., 1, 2, 4, and 8 ms (upper limit)

These clock outputs are available for module test; however, they can also be used by other
elements of the system.

The module characteristics are summarized in table 1-2.

1.2 INSTALLATION

Installation of the Interval Timer Module involves time base selection, slot selection, and,
possibly, attaching a cable between the top-edge connector of the module and a system
component. The following paragraphs provide the detailed information for time base and slot
selection. Table 4-1 describes the pin assignments for the top-edge connector and should be
referenced when specifying the cable connections for routing the interval timer clock output to
an external system device. These considerations are summarized in the installation procedure.

1.2.1 TIME BASE SELECTION. Time base increments of 1, 2, 4, and 8 ms are available. These
time increments are selectable by jumpers as listed in table 1-3.

Jumpers are connected between staked terminals using a 20- to 30-watt soldering iron and 22 to
26 gauge, single conductor, insulated wire. Figure 1-2 shows an Interval Timer Module jumpered
for a 1 ms time base. The PAM and PAM/D monitors usually use a timer jumpered for a 1
millisecond time base.

1.2.2 SLOT LOCATION. The Interval Timer Module can be installed in any CRU location.
These locations are:

e Standard Internal Ports (computer chassis locations EF0O, EF1, EF2 and EF3)

® Internal Expansion Ports (computer chassis locations EF4 through EFF)

® External Expansion Ports (expansion chassis locations)
Figure 1-3 illustrates the connections required to generate the module in any of these locations.
The location of the module within the computer chassis or within an expansion chassis
determines the CRU base address that the module recognizes. Therefore, before selecting a
chassis location for the module, determine the address that the software handling routine expects

the module to recognize. PAM and PAM/D systems generally expect the Interval Timer Module
to be located in slot marked EF3 on the escutcheon (usually referred to as slot ‘OF30°).

1-2 Digital Systems Division
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Table 1-1. Interval Timer Module Configurations

Part Number Description

214114-0001 Interval timer 1 ms time base
214114-0002 Interval timer 2 ms time base
214114-0003 Interval timer 4 ms time base
214114-0004 Interval timer 8 ms time base

Table 1-2. Interval Timer Module Specifications

Characteristic Specification
Resolution: 1, 2, 4, or 8 milliseconds (selected by wire jumper)
Maximum Count: 16,384 time increments
Interrupt: ' At count = 0 timer causes interrupt, but continues

to count negative to prevent any loss of real-time
due to interrupt servicing by the computer.

Maximum Time Interval Measured: Unlimited. Software can load the timer at periodic
intervals to keep time indefinitely.
Power Requirements: +5.0 Vdc @ 0.5A

Table 1-3. Time Interval Jumper Configurations

Time Jumper*

1ms E3-E5
2ms E4-E5
4 ms E2-ES
8 ms El-ES
*E1, E2, E3, E4, and

ES are terminals
staked to the module.

1-3 Digital Systems Division
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132093 (960-1274-6-4)

Figure 1-2. Time Base Interval Adjustments

1.2.3 INSTALLATION PROCEDURE. After determining the modules location and installing the
proper jumper for the selected time base, perform the following steps for installation:

1.

Set the ON/OF (CPU power) switch, on the power supply, to the OFF position.

2. Plug the module into the selected chassis location with the component side of the
board facing the front of the computer chassis or facing the buffer board in an
expansion chassis.

NOTE
Custom cables can be assembled for special application by ordering
cable connector and cover (TI part no. 217081-0001) for cables
l 9.5 mm (3/8-inch) or less; for cables 12.7 mm (1/2-inch) or less,
TI part no. 217081-0002 is available. These connectors mate with
the 72-pin edge connector on the top edge of the module.

3. If required, connect the custom cable between the interval timer and the system
component to receive free-running clocks.

4. Set the ON/OFF (CPU power) switch, on the power supply, to the ON position.

5. Perform the Performance Demonstration Test (PDT) for the Interval Timer Module
(described in Section VIII).

6. Installation is complete after successful completion of the PDT. Refer to the main-
tenance section if the test fails to execute properly.

Change 1 14 Digital Systems Division
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SECTION II

OPERATING INSTRUCTIONS

2.1 GENERAL

Operation of the Interval Timer Module consists entirely of the programming required to
initialize, control, and read the timer counter. The CRU instructions such as SETB, BBNE,
XBNE, TSBX, LDCR, and STCR are used to implement software routines to handle the Interval
Timer Module. CRU instruction formats are included in Section IV.

The interface between the computer and the Interval Timer Module consists of 16 input lines
and 16 output lines. Individual bits (lines) or fields of 2 to 16 bits are addressed using CRU
instructions. The significance of each input and output line is summarized in table 2-1.

2.2 PROGRAMMING CONSIDERATIONS

The Interval Timer Module is loaded with a count through program control. This count is
decremented at a rate determined by the time base (selected by jumpers on the module). When
the count reaches zero, an interrupt request is issued. For example, if an interrupt is needed
every 100 milliseconds (ms) and the time base decrements the counter every 1 ms, the counter is
initially loaded with a count of 100. This interrupt, that occurs every 100 ms, could be used to
increment a memory location specifying time in milliseconds. Then other instructions could test
this location for updating second, hour; day, month, and year information.

Table 2-1. CRU Bit Functions for the Interval Timer

CRU Output . CRU Input .
Bit Address* Function Bit Address*® Function
0 0=Clear Interrupt 0 Timer Interrupt Status: 1=Interrupt
1=Set Interrupt
156
1 1
‘ 14-Bit Counter Initialization .
. Value from CPU — Bit 1 is . 14-Bit Dynamic Count — Bit 1 is LSB .
. wB ° .
14 14mst
15 1/0 Start/Stop Control 15 Not Used — Always=0

*Add the CRU port address for actual program address.

2-1 Digital Systems Division
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The programming considerations for loading and reading the Interval Timer counter are described
and illustrated in the following paragraphs. The programming examples require the assembler
directive statements shown in figure 2-1.

2.2.1 POWER-UP CONSIDERATIONS. For the undefined condition of the Interval Timer
counter following a power-up sequence, the timer should be stopped and reset to a non-zero
value N. The number N multiplied by the selected timer interval is the interval to be measured.
Clear the Interval Timer interrupt request because an interrupt may be pending due to power
transients during power up. The counter must be non-zero before resetting the timer interrupt
request, or otherwise, the interrupt request will not be reset. Start the Interval Timer to measure
the specified interval. The sequence of instructions to accomplish this initialization function is
shown in figure 2-2.

2.2.2 INTERRUPT SERVICING. Timer servicing is required when the counter has been decre-
mented to (or past) zero and has issued an interrupt request. In this case the timer generally is
not stopped. The dynamic value in the counter is read until two consecutive values are identical.
This is necessary because the timer counter and the CPU have asynchronous clocks. The value N,
that defines the specified interval, is added to the present counter value; the sum S is then tested
to confirm a positive value (not zero or negative). If the value is not positive, then an interval
longer than the interval being measured has elapsed since the interval timer interrupt request
occurred. A long interval can result, for example, because of CRU interrupt requests being
masked for an extended period of time. N is added to the sum S, consecutively, until the value
is finally positive. If a memory location is being used to record the number of N duration
intervals, then the program would increment this location each time the value N was added to
the sum. The final positive sum S (0< sum <N) is now loaded into the Interval Timer counter.
The Interval Timer interrupt request is then cleared and CRU interrupt requests are enabled. The
coding of a typical Interrupt Timer read and update routine is shown in figure 2-3.

An error is possible using this technique. One basic timing interval (jumper selected) is lost if the
counter changes between the read of the counter and the program load of a new timer count.
Thus, if the timer is jumpered for a basic interval of 1 ms and the program selects an interval of
100 ms, the worst case error is 1 percent. This is a low probability event, since the timer handler
routine usually requires less than 100 microseconds to execute.

Table 2-2 indicates the relationship between elapsed time and counter values. Note in particular
the problem caused by a long-term duration between the interrupt and the read of the counter
(last column in the table). In this latter case the counter has decremented more than 2063,
counts. When the basic program count of 64,, is added, the result is positive and consequently
only 100 (decimal) is added to the millisecond counter. The actual elapsed time was 8.393
seconds. :

2-2 Digital Systems Division
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Table 2-2. Relationships Beiween Real Time and ihe Counier Vaiues
IMMEDIATE READ AFTER DELAYED DELAYED
READ ONE READ-DELAY READ-
FOLLOWING ADDITIONAL INTERVAL ERROR
INTERRUPT COUNT GREATER THAN CONDITION
MEASURED

INTERVAL TIME COUNTER
VALUE (HEX) WHEN READ

INTERVAL

VALUE STORED IN MEMORY
BY CPU (HEX)

CPU VALUE (SUM S) AFTER
ADDING 1001 (6441¢)
UNTIL POSITIVE

INTERVAL TIMER COUNTER
(HEX)

AMOUNT PROGRAM ADDS 100 100 200 100
TO ELAPSED MILLISECOND

COUNT (DECIMAL)

AMOUNT RETURNED TO 0064 0063 0004 1FAB

2-6
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SECTION III
UNIT SPECIFICATION

This section is not applicable to this manual.
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4.1 GENERAL

SECTION IV
INTERFACE AND MODULE SPECIFICATION

This section discusses the computer and Interval Timer Module interfaces, the signatures, and pin
assignments for these signals, and the functioning of the signal generation circuitry. It also
describes control of data transfer and presents the formats of software instructions used for CRU
bit and field manipulation. The electrical and physical characteristics of the data module are
specified. The jumper schedules for the various options are shown in table 1-1. Figure 4-1 is a

block diagram of the Interval Timer.

~

4.2 CPU INTERFACE

The following paragraphs discuss the interface between the Interval Timer Module and the CPU.
They include discussions of connector pin assignments, addressing of individual modules, control
signals and data transfer, and CRU input and output instruction formats.

STORECLOCK

CRU BIT

r< I
o] INTERRUPT INTERRUPT
81T 0 SELECT LATCH

" MULTIPLEXER

COUNTER BITS 1—-14

BIT 1-14 SELECT TIMER

ADDRESS
(CRU 12—15)

81T <o
®1 oecooer (RIPPﬂTgPﬁ) e
BIT 15 SELECT

CONTROLLED
TIME BASE

CRU DATA OUT

(A)132097

START/STOP l
CONTROL

Figure 4-1. Interval Timer Block Diagram
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4.2.1 CONNECTOR PIN ASSIGNMENTS. The Interval Timer Module interfaces with the CPU
through the Communications Register Unit (CRU). This interface is completed through the
bottom-edge, 80-pin connector of the module. Table 4-1 lists the interface signal signatures, pin
numbers, and descriptions of signals. The logic voltage levels of these signals are TTL-compatible.
Signals that are true when the voltage level is low (zero) have signatures that end with a hyphen
(-). An example of such a signal signature is CRUSELO-. This table includes all inputs, outputs,
and grounds. All grounds are common and are connected to the CPU digital ground bus. Connec-
tion to the module is normally made with 72-pin connector (TI part no. 217081-0001).

The Interval Timer module supplies free-running clock signals to the top-edge connector. Pin
assignments for the top-edge connector are specified in table 4-2. The correlation between pin
labels and physical position is illustrated in figure 4-2. The free-running clocks are supplied
primarily for test purposes; however, external system components can use the clock outputs.
Ground pins are adjacent to clock signal pins to facilitate use of twisted-pair wire for signal lines.

4.2.2 MODULE AND LINE ADDRESSING. Module selection is accomplished in the CRU
interface or Expansion Module by decoding the CRU address rack and module fields (bits 4
through 11) of the CRU base address register. The CRU base address register contains the
effective CRU base address. The effective CRU address is calculated by adding the register file

Table 4-1. CPU Interface Signals

Signature Pin Number . Description
GROUND 1,2,79, 80 System ground
CPUDATAOUT 16 Serial data from CPU to module
STORECLOCK- 22 CPU output data strobe
CRUBIT15 34 CRU bit address select line
CRUBIT14 38 CRU bit address select line
CRUBIT13 40 CRU bit address select line
CRUBIT12 42 CRU bit address select line
CRUSELO- 48 Module select line from CRU rack and slot decode
CRUDATAIN 60 Serial data from module to CPU
CRUMR- 76 Power up/reset
VCC 77, 78 Power, +5 Vdc
CRUINT- 66 ' Interrupt to CRU

Note: pins 66 and 76 are inputs to CRU all others are output.

4-2 Digital Systems Division
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Table 4-2. Interval Timer Module Connector Pin Assignments

Pin Signature/Description Pin Signature/Description
1 A
2 B
3 GND C ~ GND
4 ZERO- D T/64
S INCR E
6 F
7 GND H GND
8 T/8192 J T/32
9 INCR K
10 L
11 GND M GND
12 T/4096 N T/16
13 INCR P
14 R
15 GND S GND
16 T/2048 T 1 ms
17 INCR U
18 A"/
19 GND w GND
20 T/1024 X 2ms
21 Y
22 Z
23 GND a GND
24 T/512 b 4ms
25 c
26 d
27 GND e GND
28 T/256 f 8ms
29 h
30 i
31 GND . k
32 T/128 1
33 m
34 n
35 p
36 r
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3435 43332313029282724252423[2221 20|918ll71615|41312‘|1 10]9| 8] 7] 6] 5|4|3]|2]|1

MODULE SOLDER SIDE

rR{P|IN|M|L|k|T|H|F|E|D|c|B|A]l z|y|x|w|v]u|T|s|r|P|N|M|L]|k|s |H]F[e|o|c]|BlA
CABLE END MODULE COMPONENT SIDE
(A)132098

Figure 4-2. Module Connector Pin Arrangement

CRU base address (supervisor mode location 87,, or worker mode location 8F,4 ) and the CRU
address field of the instruction being executed. The fields of this address are:

o 3 4. 7 8 11 12 15
CRU BASE
ADDRESS
REGISTER
\ A A A
NOT USED RACK MODULE CRU LINE
(A)132099 SELECT SELECT ADDRESS

Within the specified chassis (rack) the module select field is decoded to one of sixteen slots. The
slot receiving the active select signal, CRUSELO-, is enabled. The Interval Timer Module is
selected by CRUSELO-. The CRU line address field (bits 12 through 15) determines the specific
line or bit to be input or output.

4.2.3 CONTROL AND TRANSFER OF DATA. Data is transferred serially between the Interval
Timer Module and the CPU by direct program control. CRU instruction execution selects the
module in the port addressed by the effective CRU base address register (contents of memory
location 87,4 or 8F,;s plus the CRU base register modifier). The port of the Interval Timer
Module is selected when the CRUSELO- signal goes true causing the input to be enabled.

4.2.4 CRU INPUT/OUTPUT INSTRUCTION FORMAT. Each instruction is identified by a
unique operation code. In these instructions, the operation code is specified in bit positions 0
through 5 in the instruction word. Other fields included in the formats of the instructions are:

® M and N address fields

® VI field - immediate value bit, used to specify one of two possible actions or to
perform a bit comparison

® AM field - bit that specifies whether alternate mode registers are used; base registers
for the inactive mode can be used when the other mode is the execution mode.

Base register relative addressing and alternate mode registers are explained in the Model 960
Computer Assembly Language Programmer’s Reference Manual.

4.2.5 CRU INPUT TRANSFER OF DATA AND INSTRUCTIONS. When the input is enabled,
the module decodes the CRU line address and outputs the data (as the serial signal DATAIN) to
the CPU. The data is not latched except for the instantaneous value written into memory during
an STCR instruction. The four CRU input instructions are described and illustrated in the
following paragraphs. Only one of these instructions, the STCR, transfers bits or fields from the
Interval Timer module. The other three instructions branch conditionally on the value of a
sensed bit.

4-4 Digital Systems Division
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4.2.5.1 STCR Instruction. The format for the Store Communications Register (STCR) instruk-

tion is:
o 5 6 15 16 19 2021 22 31
7 A
0010 1 1 M B /M N
\ v - \ I 4
4 7
DATA BASE REGISTER
(A)132100 CRU BASE REGISTER MODIFIER BASE REG

The address fields, M and N, contain the CRU base address modifier and the data base register
address modifier. Sequential CRU input lines are read and stored as a right-justified bit field in
the memory location specified by N plus the contents of the data base register. The CRU input
line specified by the contents of the CRU-base register plus M is stored as the least significant
bit of the field. The B field contains the number of bits to be read and stored in memory. In
this field, O indicates 16 bits. The bit in the AM field is O, if execution mode base registers are
used and a 1, if alternate mode base registers are used.

4.2.5.2 BBNE Instruction. The format for the Branch on Bit Not Equal (BBNE) instruction is:

0 5 6 15 16 19 20 21 22 ’ 31
A
601 100 M W A )
Y g \ 4
N A A
CRU BASE REGISTER MODIFIER PROCEDURE BASE REGISTER
(A)132101 MODIFIER

The M field is the CRU base register address modifier, and the N field is the procedure base
register address modifier. The addressed CRU input line, specified by the modifier in the M field
plus the CRU base register, is compared to the bit in the V1 field. If the comparison fails, the
Program Counter (PC) or Event Counter (EC) is loaded with the memory address specified by
the modifier in the N field plus the contents of the procedure base register.

If the AM bit is 0, the execution mode base registers are used. If the AM bit is 1, the alternate
mode CRU base register is used to calculate the CRU address. The branch address is calculated
using the active mode procedure base register and the modifier in the N field.

4.2.5.3 TSBX Instruction. The format for the Test Input Bit and Switch Mode or Set Qutput '
Bit (TSBX) instruction is:

0 S 6 15 16 18 192032122 31
/) olvla
00 1 1 1 1 M /B 1lm N
f, .
\ ) [N\ ﬁ )
v
CRU BASE REGISTER CRU BASE REGISTER
(A)132102 MODIFIER (INPUT) MODIFIER (OQUTPUT)

The addressed CRU input line, specified by the address modifier in the M field plus the contents
of the CRU base register, is compared to the bit in the V1 field. If the test fails, the mode is
changed. If the test is successful, the value of the OB bit is output to the CRU output line
specified by the address modifier in the N field plus the contents of the CRU base register.

If the AM bit is 0, the execution mode CRU base register is used. If the AM bit is a 1, the
alternat¢ mode CRU base register is used and mode switching is inhibited.
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R S . S, ~ PR, o - ~ - ~ - M -~ PP v ? PP R
4.2.5.4 XBNE Insiruction. The format for the Switch Mode On Bit Not Equal {XBNE) instruc-
tion is:

(o] 5 6 . 15 16 1920 21 22 31

N V)

CRU BASE REGISTER MODIFIER

(A)132103

The addresse CRU input line, specified by the address modifier in the M field plus the contents
of the CRu base register, is compared to the bit in the V1 field. If the test fails, the mode is
changed.

If the AM bit is a O, the exeuction mode CRU base register is used. If the AM bit is a 1, the
alternate mode CRU base register is used.

4.2.6 CRU OUTPUT TRANSFER OF DATA AND INSTRUCTIONS. Data is transferred serially
between the CPU and the Interval Timer Module on the CPUDATAOUT signal line. The
STORECLOCK- control signal indicates that the CPU output data, CPCUDATAOUT, is active and
stable. The data is latched by the module at the CRU bit location specified by the line address,
CRUBIT12-15, on the trailing edge (low-to-high transition) of STORECLOCK-. The formats for
the CRU output instructions are described and illustrated in the following paragraphs. These
instructions transfer bits or fields to the Interval Timer module.

4.2.6.1 LDCR Instruction. The format for the Load Communications Register (LDCR) instruc-
tion is:

o S 6 15 16 19 2021 22 31

7
000010 M 8 y/ﬁ N

\ J A v
A4 A
DATA BASE REGISTER
(A)132104 CRU BASE REGISTER MODIFIER BASE REG

The address fields, M and N, contain the CRU base register address modifier and the data base
register address modifier. The B field contains the number of bits to be read from memory and
output to the interface. In this field, a O indicates 16 bits. The bit in the AM field is a 0 if
execution mode base registers are being used, and a 1 if alternate mode base registers are being
used. The values in the modifier fields are added to the contents of the corresponding base
registers to determine the effective address.

4.2.6.2 SETB Instruction. The format for the Set CRU Output Bit (SETB) instruction is:

o) 56 15 19 2021 22 :

XXREX IR ////// A

\

N
CRU BASE REGISTER MODIFIER
(A)132105
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The M field is the CRU base register modifier or displacement. The bit in the V1 field is used to
set the addressed CRU output bit. The V1 bit is a O if the addressed bit is false, and a 1 if the
addressed bit is true. The bit in the AM field is a O if the execution mode base register is used,
and a 1 if the alternate mode base register is used. The value in the modifier field is added to
the contents of the corresponding base register to determine the effective address.

4.2.6.3 TSBX Instruction. The description of this instruction appears in paragraph 4.2.5.3.

4.3 THEORY OF OPERATION

The following discussion references the Interval Timer Module schematic (TI1 drawing no.
214115) and assumes that the reader has a basic knoweldge of the Communications Register
Unit (CRU) presented in the CRU manual provided with each system (TI part no. 966313-9701).

4.3.1 ADDRESSING. The CRU line address (CA12-15) is labelled CRUBIT12-15 on the sche-
matic and is a True address. The select signal, CRUSELOQ-, is at a low level (True) when the slot
in which the module is located is specified by the rack and module fields of the CRU Base
Address register (CA04-11). The CRU line address bits CRUBIT12-15 are routed to the input
multiplexer Z23 and address decoder Z5 along with the signal CRUSELO-, which acts as an
enable line. As long as CRUSELO- remains False (high), the module ignores the line address, and
the decoder and multiplexer outputs remain high. When CRUSELO- is True, Z23 selects one of
the 16 signals to be CRUDATAIN. Input O is the interrupt line and is high when the interrupt
flip-flop is set. Inputs 1 through 14 are the contents of the counter. Input 15 is always False (0
when read into memory).

The CRU line address decoder outputs are ADRO- through ADRI15-. Only one of these signals is
True (low) at any given time. Output ADRO-, used to address the interrupt storage flip-flop, is
illustrated in figure 4-3. It is inverted and ANDed with STORECLOCK to provide a single clock
edge for the interrupt storage flip-flop. On that edge, DO (buffered CPCUDATAOUT) is gated to
the output. Therefore, an instruction can either set or clear (ONE or ZERO) an interrupt.
However, if the contents of the counter are zero, then the signal ZEROPRE forces the interrupt
storage flip-flop to the high level and prevents a reset of the latch. To reset the interrupt, the
counter must be nonzero. ADRI1- through ADR14- are used to load the counter flip-flop as
illustrated in figure 44. CLOCK- is gated with the address lines to sequentially load each
flip-flop through the preset and clear inputs from CPUDATAOUT. The D-inputs and clocks are
used to form a 14-bit ripple down-counter. The ADR15- signal is inverted and used to clock the
COUNT flip-flop (Z34). If DO is high, COUNT becomes True to enable signals ZEROPRE,
TIMECLOCK-, and COUNTPULSE-. (See figure 4-4.)

4.3.2 INTERRUPTS. The state of the ZERO flip-flop determines whether or not a CRUINT is
True (low). As illustrated in figure 4-2, this is a D-type flip-flop that is preset by ZEROPRE,
which is True (low) when the counter contains all zeroes, the COUNT is true, and the 4096 kHz
clock is high. Therefore, an interrupt can be cleared only if COUNT is False or the counter is
non-zero.

The ZERO- signal is available at the top edge of the module.
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8IT1—
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D> —

SN7440

_ CPUDATAOUT
T P1-16
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STORECLOCK-

P1—22

SA7402

DO

_ADR15- %

(A)132107

SN7474
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COUNT \l |__
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CLOCK SIGNAL SN7401

ERJ
po —p PRE P1-66

ADRO ‘ z26 CRUINT~

e | -
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MULTIPLEXER
Figure 4-3. Interrupt Storage Flip-Flop Logic
~}
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_—
) | BIT1-
SN7440
»TO CLK OF
BIT 2 F.F.
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Do 5 Q COUNTPULSE—

C
CRUMR-

PULSES FROM
JUM PER OUTPULSE
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Figure 4-4. Interval Timer Register Loading Logic
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43.3 TIME INTERVAL GENERATION. The basic clock is a 4096 kHz square wave that is
produced by sections of Z35 and Z27 in a crystalstablized multi-vibrator. The clock signal is
enabled by COUNT in a section of Z35, inverted to become TIMCLOCK, and divided by 4 in
Z33. This signal is further divided by Z30, Z32, and Z34 so that the last four signals that are
generated have periods of 1, 2, 4, and 8 ms. One of these clocks is normally routed by a jumper
to ES, the input to inverter Z25 which in turn is the clock of flip-flop Z26. The output of Z26
is OUTPULSE. This signal is forced to be a short pulse (16 microseconds) by using an output of
Z31 to clear the OUTPULSE every 16 microseconds.

4-9/4-10 Digital Systems Division



[e]
{@ 966374-9701

SECTION V

MAINTENANCE

5.1 GENERAL

This section references software tests that check the operation of the Interval Timer Module
interface. The tests provide an outline for fault isolation during troubleshooting. Preventive
maintenance is not required other than ensuring that cooling air is not impeded by excessive dust
and dirt.

5.2 PERFORMANCE DEMONSTRATION-TESTS

The Performance Demonstration Test (PDT) certifies proper installation and equipment integrity;
as well as providing a systematic approach to fault isolation. The PDT for the Interval Timer
Module is described in Section VIII of this manual including the listing, and an operating pro-
cedure.

5.3 FAULT ISOLATION
The following paragraphs give the module level and component level fault isolation procedures.

5.3.1 FAULT ISOLATION, MODULE LEVEL.It is generally necessary to locate computer
system faults to the module level. A defective module can be located using methodical trouble-
shooting techniques and replacing a known good module for a suspected bad one. The repaired
system is then tested to verify satisfactory operation and the defective module is returned to the
manufacturer for repair.

The Central Processor Unit (CPU) and the Communications Register Unit (CRU) must function
properly before the Interval Timer Module can be tested. Perform the Arithmetic Unit (AU)
Performance Assurance Tests (PAT’s). Correct performance of the PAT’s confirms the integrity
of the CPU and capability to input and output information through the Communications
Register Unit (CRU) interface.

Perform the Interval Timer Module PDT to confirm satisfactory operation in the selected CRU
port. If the PDT fails to complete properly, the probable causes are defective Interval Timer
Module or Communications Register Unit modules. When substituting known good modules, -

. mark the various modules so that the ones used as standards and the suspected defective modules
do not get mixed. When testing the Interval Timer Module all other interrupt generating CRU
devices must be disabled to prevent unexpected interrupts.

5.3.2 FAULT ISOLATION, COMPONENT LEVEL. Isolation of a failure to the defective com-
ponent requires the electrical drawings (supplied in Section VI), the test equipment listed in
table 5-1, and the PDT listing (supplied in Section VIII). The approach described for the module
level fault isolation is used to determine a defective module. The procedure that follows permits
the defective component on a module to be identified.

The following procedure can be used to isolate defective components using the Interval Timer
Module PDT as a troubleshooting tool.

5-1 Digital Systems Division
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Table 5-1. Required Test Equipment
Test Equipment Manufacturer and Type
Multimeter VOM
Oscilloscope Tektronix Model 453 or equivalent
Module extender board Tl part no. 2268510001

Place the defective module in an extender board and the combination in slot EF3. Remove all
other modules that might generate interrupts from the CRU.

NOTE

Follow the considerations mentioned in the installation instructions
concerning module installation and removal.

Execute the PDT. The PDT is structured as five independent tests to fabricate program looping
on an error. When an error occurs, the program will halt (the program counter will not be
changing). If an error has occurred, the program will be executing a branch to the present
program counter address. Inspection of the instruction register B (IB) will indicate the relative
program address of the Halt instruction. This Halt instruction should be located in the listing.
This instruction may be altered to cause a branch to the first instruction of the failing section.
Program execution can be restarted and the program will continue to loop the failing routine to
permit the use of an oscilloscope. This presumes the failure is not intermittent. The description
of the failed test in the listing will indicate the area in the logic needing investigation.

Use the logic diagram to locate suspected defective signals. The labels on a logic gate symbol
designate the position of a network or connector pin. The components and networks can then be
located using the assembly drawing, The labelling of the top-edge connector is described in the
theory of operation section.

A
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SECTION VI
DRAWINGS
6.1 GENERAL
The electrical drawings, assembly drawings, and parts lists that are required to properly service

and maintain the Interval Timer Module are included in this section.

Parts lists, assembly drawings, and electrical drawings for the computers are contained in the
following manuals:

Title TI Manual Number

Model 960A Maintenance Manual Parts List
and Assembly Drawings 2267509707

Model 9604 -Maintenance Manual Electrical
Drawings 2267509708

Model 960B Maintenance Manual Parts List
and Assembly Drawings 9427739704

Model 960B Maintenance Manual Electrical
Drawings 9427739705

An index of drawings and parts lists appears below. This index lists the electrical drawing,
assembly drawing, and parts list (LM).

Description Drawing Page
Schematic 214115 6-3
Assembly and Parts List (LM) 214114 6-5
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D f >PZ-7 WPI—ZO ”>P2‘C ‘ 2-A 2 P2 arv meoo | TLIST OF MATERIALS D
= ﬁPZ-!Q _’— | '—%P'Z—S — UNLESS OTHERWISE SPECIFIED PROCESSES T W Taze o/}/’ sy Texas |NS‘I’RUMENTS
= = \ = - 010 NONE 6o DlZi4ni4 : @ mousrS ot brmon
4096 KC vz——% P2-16 75;—}9& 32 - :—'ﬁ P2-W CONCENTRICITY MACHINED DIAMETERS 004 TIR 8/00 O 2/¢4//4 . MOUSTON. TEXAS
c48 N Ve = ALL DIMENSIONS TO BE MET BEFORE PLATING : " 0GIC DIAGRAM DETAIL
; p2o15 Pl \_> pa-N REMOVE ALL BURES AND SwAR EOGES 1502 214114 wgX_5/00/7° TRV AL TIMER
— = N p2-28 L ALL DIMENSIONS IN INCHES ol o A
A G AN el e R L T 5e6 CoREUTER
= P2 o = ono %S 170 20 - Unws [None] D[214 115 [~
s S 1 2 T 3 dﬂ -[ 4 l‘:" v'm
6-3/6-4 Digital Systems Division

Change 1



966374-9701

1 ~ J > v VHVIZ’J‘-G_L__ i a

Rt VISIONS
\wﬁ 1237 _La{lalN] I OATE APPD
367126 (C) 8-1-70 ol LU/ )
L/M, ITEM 20 WAS 217166-9901, TEST
PROCEEDURE
C‘\ VUG,

37Zi07(€) 3-3-TL Xawmardila :,51“- o
VLN MARK PER [B 57t T 155

ADD:IT 22;DELETED IT 21 FROM BD § DELETED |09

PROCESS 2 0
NOTE 2 A

TO BD w’:r T AT Tie c“s""

A i ADDED REV LEVEL 3ok A

iancay 3-21- -
CHG- ITEM 21 WAS PN 236525 ~000
e $ ‘\.._4/’3 v ADDED" 5-000%) D004,-00085 To amuran
£3, Bk SCHED(NOTE. 3y —6401,-8002
- = ® 24 CHG *REV LEVEL BLOCK- SEHEM 0. RS BT

D Iavasee(e) 9lzchz:L.L_._. l/u-u 7 lf'v%/,;“.,

1) ADDED ITEMS 23 § 24  2) ADDED PROCESS 2

3) AODED TO NEXT ASSY 8100 |al22¢100

czo | E | 280982 (1) fomwiBrsn 3373 [

7 CHALDLEL 1M - 0960 A PART MO SCHED ULE
@ AR DATPEL TO NOTE 2 > ( SUMPER 10 BE - - - —

AR F] 380923 ) At clobns [ [otok)
SEE NOTE 1 1) PIN

N PIN SCHCDULE WAS
214960

390015@)1}?&:: /14 [ideds 7
MILL/IM-1,-2 -4£-8 ITEM 5 QTY WAS 2,
ITEM 5A DE_LETED C22(2)2CG4ADDED
. NOTES 4£5(3)2Z A 2 DELETED C22
cp! OUTLINEY REF DES ABOVE CINAREVISER
EEV LLVEL BLOCK
ot H | 388339€) /2 B trsiyin -560; crem 2ems [ 11114 [l | g
H /9B - 000,/ FFO S TMCKR, CRU = oo 123 AOESD /TEM :
Tt (3) POATE Y LLY BX
J [(H403095 (BIRB Zo N)ITENT 5 1108
QTY WAS [ (C)ADDED C22 TO (TEN) SA; (3
ITEM 3 QTY WAS I8, (4)ITEM 38 WAS €3-C2)
(5)ITEM & QTY WAS 1, (6IAPOED C1D TO ITEM
GA; (NABDED 22 TO F/o A2
K [N 392202 10)SDedaen (1) NOTE 3| /i/
WAS JUMPER..  (JUMPEES.., INSTELLED AFTER ...
(2) UPDATED K€V Ve B(K
L (N393089(C)& Da r NOTE 3 |ZVi /| Aoty i
WAS (... PRIOR TO SYSTEM TESTI(2)ADOED
PROCESS 3,(3)UPRATED REV LEVEL BLOCK
741 18774910) * == () YPORTED i) W
”7— REY Lotee Bedck /5/75
N | IISLRS (ke (N M -B60 /27
'V’“ TED ITEM 24 201 PNATEDKFY LFVZL BLOCK |

g

B " 219 z20

7

MARK APPROPRIAT E

REV LETTER APPRON
WHERE 5//0;./// (FARS/DE)
PROCESS

L4

cit
Z18

o

B AT T - SNy
IV 10 FOR TEMID N 0208 € -2008 | ) | Fidly,,
PG o075 10500 17EM 5 o - 2008 L 3
N ) GPUATED N6V  EFEL BLock
NOTES: CONTINVED (N HTISO (E) 1 e louIPOITEO 1%
4. MAXIMUM COMPONENT HEIGHT FROM NOTES: LR |#cy cey wen s nboeo 7esT Age |17 v Pt

© 2UMPCNINT SIDE OF CARD 15 .30 JPUTPLASTIC SLEEVING (ITEM 22) OVER CRYSTAL AND

kot 5 MAXIMUM LEAD LENGTH FROM & USING HOT MU T 174 La///wmgff PPOCE SS.

7 CONDUCTOR 8iDE OF CARD 15,075 ==° - = .

J JUMPER SCHEDULE {uumvms T0.BE - ANSTRWED PRIOK 109 yni7 | TEST
LEAVING ONE END LOOSE. LOOSE END WIlL BE SOLDERED
AFTER UNIT TEST) :
214114-0001 CONNECT ONLY E3 TC ES IMS
214114-0002 CONNECT ONLY E4 T0 ES  ¢MS
214114-0004 CONNECT ONLY E2 TO E5 4m-
214114-0008 CONNECT ONLY EI T0 ES 8MS5

T gt -
CARD ASSY INTERYALTIMER mMODULe - DocuME_uTAT\ON ﬁ4|l4 -0960
a -BMS 214114 -0008B

80 —— —— o — -

~ams 214118 -oc04
R . -zms [Z1411 4 -oo0z |
: r AR = A L U CARD ASSY, INTERVAL TIMER MODULE- ES TOES 214114 -000!

R DESCRIPTION EETY

-

(BEVISIONS COMNT'D 54. 2 /

T O T e [ vt it
Dl

.« I tr st (O3 M ATERIALS " D
N A bt e IR L3l NEXT ASSY
h ' ' ) RUBEER STArP A D !
' o A e
n . PiR FIoo, HEIGHT e:ﬁ,o ‘ zz/z 6;% \
o | we, cocoR Biacx

s ThxAs IS \MNrs
\& imcomroRAaTE
i e S T LS

CARD ASSY- INTERVAL]
TIMER MODULE

TEST PROC 217178 CoTT - l
1

. PWDB 2i14i113~I| | *‘6
[BIAGRAM, LOGIE, 214118
“ASSY

) e TS e 226700

4 (,- oA e ea 2) HOT STAMP FIOO, 22 z

)k . J e ‘/ HEIGUT .12 , COLOR
- -1 A b va BLACK

2la)

7

X [ %
2 E3ES

""" CRU
- - 3) 0LDER PER F-i27 COMPUTER
" . OR F-124

e Arvietn s 2/ O] 214114 T
2 3 3 3z T a M 7orz ¥’

REEEE

=
|

o] X| %
%
*
L3
b 3R
< 6
>
~.xl0
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2=
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9663749701
8 T [ 7 L I 1
REVISIONS
ZonE[LTR DESCRIFTION [ oate [areroveo

A AT A ) L Tadble (1) ADDED i
U7 (L) UFLATEL EEV LEVEL 5

T\ Bk 02 vo7e 1 was .. AND A |
TIE ZEYSTAM 7O BOAPL W/ITH
LACING CoRD TTEM 18 B
INAZ oA 78 (0)C) Berve (1)1 W, =2001,

U | 0002 00044 -0008 ALDLED ITEM 25 D

2 ITEAM CALLOUT 7 AL SHT 4 1
(Z)UPDATED KEV LEVEL BLOCK et
C
<
B
A
oy éﬁﬂ'gz 2 L RRWRG NG 37
T D|96214 214114 U
| e s Py scace 4/ ] rsuazr 4
l 2 [ .
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1 a8uey)

69

uoysinig swelsAg 1eyb1a

° [
7 L AT 09/23777 LIST or MATERIAL PAGE y  of ﬁ-Ml?ltlAl":r::;nl T:]
' e e e PART NUMBER DESCRIPTION VENDOR PART NUMBER |
n201 0300000 | FA N216113-0001 [PRINTFN WIRING BN, INTFRVAL TIMFR
0002 00092.000 | £a 0972946-00ST7 |RES FIX 470 OHM S T .25 W CARAON FILM | ROH - 3-7§
0nnoA R1,R2
71013 00017000 | EA 053434A-0001 |CAP FIX CERAMIZ .10 YF 23/80 T 10V | CRL - JCID-104
n003A C3 VHRU C18,C20
0904 00001.000 | €A 0230841-0001 |CAP 50.00 MF 16V SPR -TE-1189
000644 1
2705 onnn2.000 | FA 0977926-0015 [CAP FIX MICA SO0V 33.0 PF 5 % 9PL  -CWIVE3Z304ND
00nsa C21,C22
2206 00072.000 | FA 0%32736-0002 [CAP FIX CFRAMIC .02 MF 20/83% 25 VOLT . | ZRL - 2))469F2032A(
N006A €C2,C19
0007 00004,000 | FA 0222222-7402 [NETWORK SNT402V TI-  -SNTeI2N
0noTA 20e79,210,214
0008 00010.000 | FA 0222222-7400 [NETWORK SNT40ON ~SNT42IN
0008A 12 23 24 16 I7 18 120 2177
00088 229 135
1109 000n1.000 | FA 0222222-T156 |[NETWNARK SNT41S4N ~SNTH156N
00094 15
2010 n0010.000 | FaA 0222222-7674 [NETUNRK SNT4TAN ~SNT4T6N
m‘%" oA OATE | CKD_DRAFTSMAN CATE owaul“ oale %-“7.1’|
e ] .ﬁéfmﬁu%. 9‘2?’7“7m_m&° __|_CARD ASSY-INTERVAL TIMEY WINULF,E3 ¥0 €S
L 590 LMy21arte-101 | v
" e 7

10L6VLE996



1 aSuey)

01-9

uoysia|g sweysAs 1eybig

|45 TEXAS INSTRUMENTS
\_\.(B INCORPORA ED

DATE 09723777

LIST oF MATERIAL ot ;o

PART NUMBER 3]

ﬁ‘M\’I#Il‘-))Ol U

QUANTITY

A/

@'& por. 2 | PART NUMBER DESCRIPTION VENDOR PART NUMBER

nn108 - 126,233,23%

nott n00NY. 00N €A 07222222-7401 |NFYWNRK SNT401N

0nt1A 118

2012 00001.000 €A 0222222-7150 [NETWNRK  SNT4150N

0012 223

n013 00002.000 EA 0222222-7404 |NETWORK SNT4O0&N

00134 725,136

2014 00003.000 FA 0227222-7493 |NETHORK-SNT493N

00144 ‘ 130,231,232

0o1S 00007.000 FA 0222227-7440 |NETMORK SNT440N -SNT440N

0015A 719,228

0016 00002.000 EA 0222227-7430 [NETWORK SNT430N -SNTAION

0016A 122,224

017 03701.000 EA 0231642-3025 |[CRYSTAL 4096.KC ¢ DR - 0.205% W/JIRE LNY WIL  -C54/)-HC1B/U

0017A Vi

no18 AR RL 0231579-0000 [CORD LACE .090X.0125-500V -418 BLK,

0019 REF FA 07216115-9901 |LNGIC DIAGRAM DETAILED, INTERVAL TIMER

0020 RFF FA 0217118-9901 |VYEST PROCEDURE- INTERVAL TIMER

no21 AR (3] 0538347-3999 |WIRE HOOKUP B-22 ANG 19 STR  WHIVE JUD - 41ts
DRAFISMAN —-‘L‘“_wt CKD DRAFISMAN nzamlf‘%n%n&}“u&‘}m /8. Cm‘t} %u‘x!l PLASTIC

‘ i , CARD ASSY-INVERVAL TINFR MODULE,EY TD ES

APPO -MFG. DATE | APPD PRONCT ENGINEER DATE | BELEASED OATE | PROMCY NO PART NUMBER [ 1]
L LMo21s114-2001 | u |

128

10L6°¥L€996



1 98uey)

11-9

uoISIAIg swelsAs 1eybig

g Texas dnsTRONENTS UST or MATERIAL o
IN os
\,) PATE 09723777 PAGE 3 of ﬁ-Mozulu-:mm v
(. o S5 | e | paRT NuMser DESCRIPTION VENDOR PART NUMBER |
0023 00001.000 | FA 0533887-0001 |EJECTOR,PCANON-LOCKING, WHITE SCA  -§-232 WHITE
2124 0n001.000 | €A 0533887-0009 [EJECTNR,PCB,NON-LNCKING, GREEN SCA  -S-2)2 GREEN
0025 00005.000 | FA 0083694-0003 |VERMINAL TURREY TYPE USE - 23108
00254 El €2 F3 E4 ES
ORAFTSMAN DATE | CKD DRAFISMAN DATE | DESIGN ENGINEER DATE | Yime
CARD ASSY-INTERVAL TIMFR MODULE,E3 ¥O ES
APPO_MFG DATE | APPD_PROIECT ENGINEER OATE | RELIASED DATE [ MORCT NO. ] PART NOMBER "V
. LMo214t1e-0001| v |

T4 13040

10L6-¥L€996



1 a8uey)

1%

%5 TeEXAS INSTRUMENTS
INCORPORATED

\\_( OATE 09/23/77 LIST of MATERIAL PAGE ¢ of ﬁ-Mo 21 uut":-“.‘:'; 02 .S
r“s:g:: :’ﬁ;‘ ;ﬁ; PART NUMBER DESCRIPTION VENDOR PART NUMBER

noot 02901.000 Fa 0214113-0001 |PRINTED WIRING 8D, INTFRVAL TIMER

0002 00002,000 FA 0972946-0057 |RES FIX 470 DHM 5 ¥ .25 W CARBON FILM | ROH - R-2§

00024 RY R2

7003 00017.000 FA 0534348-0001 [CAP FIX CFRAMIC .10 MF 20780 X 10V CRL - JC1)-104

00034 C3 THRU C1A,C20

0004 00001.000 FA 0230841-0001 |CAP $0.00 MF 16V SPR -VE-1160

0004A c

0005 00002.000 EA 0972926-0015 [CAP FIX MICA 500V 33,0 PF S % QPL  -CMI$F330J0D

00054 c21,c22

306 00002.000 EA 0532736-0002 [CAP FIX CERAMIC .D2 MF 20/80% 25 VOLT CRL - 2))J80E203ZAQ

0006A c2,C19

0007 00004.000 EA 0222222-7402 |NETHORK SNT402N - -SNT&I2N

00074 I 19 110 114

0008 00010.000 EA 0222222-7400 |NETMORK SNT400N -SHT4I0N

00084 T2 23 14 16 17 18 120 127

0008A 179 135

0009 00001.000 FA 0222222-T154 [NETHORK SNT4154N -SNTOL54N

00094 13

010 | N0010.000 EA 0222222-7474 |NFTHORK SNTAT4N -SNTSTON
_noroa | B ool 212 213 215 216 217 221

] CARD ASSY, INTERVAL TIMER MNNULE-~2Y4S

APPD -MFG. DATE | APPD. PROJECT ENGINEER DATE | RELEASED DATE | PRORCT NO. PART NUMBER [ 3]
L LMy214114-2202 | u

uossing swejsAs 8161

1113049

10L6+L£996



1 28uey)

€19

\r\'if' TE)“ﬁg C!':&':,y%l{h"s BTS LIST or MATERIAL PART Numace v
‘\) DA 09723777 PAGE 3 of ﬁ-Mazulu-aooz n
ih N B [ owe ] part Numeer DESCRIPTION VENDOR PART NUMBER |
00108 126 233 134
ool 00001.000 EA 0222272-7401 [NETHNRK SNT401IN
noLtA 118
0012 00001.000 EA 07222222-T150 |[NETMORK  SNT4150%
no124 123
0013 00002.000 EA 0222222-7404 [NETMORK SN7404%
00134 125,236
0014 00003.000 FA 0222222-749% |NETWORK-SNT493N
00144 130 231 23>
001s 00002.000 FA 0222222-7440 [NETWORK SNT440N ~SNTH40ON
0015A 19 128
0016 00002.000 Fa 0222222-7430 |[NETWORK SNT43O0N ~SNTVION
0016A 122 124
2017 03001.000 FA 0731642-3025 [CRYSTAL 4096.KZ ¢ DR - 0.0058 W/WIRE LDY MIL  -CAS4/J-HC18/Y
0017A vi
0018 AR RL 0231579-0000 [CNRD LACE .090X.0125-500V -#19 ALK,
0019 REF €A 0214115-9901 |LOGIC DIAGRAM DETAILFD, INTERVAL VIMER
0020 REF FA 0217118-9901 |TEST PROCEDURE-INTERVAL TVIMER
0021 AR FT 0538347-3999 [WIRE HONKUP B-22 AWG 19 STR  WHITE M - 40115
o-msm’u’ AR DATE | CXD. DRAFTSMAN 023 o-m DESIGN M‘n’% BLASTIC
N CARD ASSY, INTERVAL TIMER MODULE-24S
APFD MFG. DATE | APPD. PROJECT ENGINEER DATE | BELEASED DATE | PRORCT NO. FART NUMBER v
. LMo214114-0002 | U |

uoIsIAg swejsAg |eybig

T4 13049

10L6-YL€996



1 a8uey)

v1-9

uorsialg swejsAs jenbiqg

| gp) Texas IngTRUMENTS LIST of MATERIAL il
"N A OF
OATE 09/23/77 PAGE 3 of LMo214114-2002 | o ]
(e o S e PART NUMBER DESCRIPTION VENDOR PART NUMBER |
nn23 o0nnt.00n | € 0533887-0001 [EJFCTOR,PCB,NON-LNCKING,WHTTE SCA -§-232 WHITE
0024 00001.000 | Fa 0531887-0009 [EJECTOR,PCB,NON-LOCKING,GRFFN SEA  -S-272 GRFEN
0025 00005.000 | Fa NNA31694-0003 |TERMINAL TURRET TYPE USE - 27103
00254 El F2 F3 E4 ES
DRAFTSMAN DAVE | CKD. DRAFTSMAN OATE | DESIGN ENGINEER DATE | TilLE
i 1 CARD ASSY, INTFRVAL TIMER MNDULE-24S
APPD.-MFG DATE | APPD. PROJECT ENGINEER DATE | BELEASRD DATE | PRONCT NO. PART NUMBER REV
- LMr21stns-0002 |

T 13849

10L6+LE996



1 dBuey)

S1-9

uoIsiAIg swelsAs [eibig

Jgpy Texas IngTRumenTs LIST or MATERIAL e
\'\( ATt 09723777 o PAGE y of ﬁ-MGZNIIQ-JMM 'Jj
(e ot A PART NUMBER DESCRIPTION VENDOR PART NUMBER |
0oot 00001.000 | FA 02164113-0001 |[PRINVED WIRING BD, INTERVAL VIMER
0002 00002.000 | EA 09729¢6-0057 [RFS FIX 470 DHM 5 % .25 W CARBON FILM | ROM - R-?5
0n02a Rl R2
7003 00017.000 | Fa 0534348-0001 [CAP FIX CFRAMIC .10 MF 20/8) X 10V | CRL - JC1)-104
N003A €3 THRU C18,C20
nnos 00001.000 | EA 0237841-0001 [CAP 50.00 WF 16V SPR  -TE-1150
0004A c1
000s 00002.000 | €A 0972926-0015 |CAP FIX MICA 500V 33.0 PF 5 % IPL  -CMI$E330400
000SA ‘ c21 c22
0006 03002.000 | €A 0532736-0002 |CAP FIX CERAMIZ .02 MF 20/83% 25 VOLY | CRL - 2)))50F20324(
0006A c2 c19 '
0007 00004.000 | EA 0722222-7402 |[NFTMORK SN7402V TI-  -SNT422N
0007A Il 19 Z10 14
0008 00010.000 | EA 0222222-7400 |[NFYWNRK SNT400N -SNT4IIN
000AA T2 T3 24 26 27 18 220 227
00088 229 235
0009 00001.000 | FA 0222722-7154 |NETWORK SNTALS&N -SNTALISAN
0009A 1]
0010 00010.000 | FEA 0222222-7474 |NFTUDRK SNTATAN ~SNT4T4N
Tn%}u DATE | CKD DRAFTSMAN DATE MM 'ltﬁ"il 1y 121
. . | CARD ASSY, INTERVAL TIMER MODULF-64S
APPD.-MEG OATE | APPD. PROJECT ENGINEER DATE | BELEASED DATE | PROMCT NO. PART NUMBER 17
L LMozest1s-2004 | v |
Wi

10L6-¥L€996



[ d3uey)

I’%‘? TEXAS INSTRUMENTS
INCORPORATED
\‘\_9 DATE 09723777

LIST or MATERIAL

PART NUMBER

(anHl 16-7004

uossing sweisAg jeybig

PAGE ? of T}
Tien o B [ owe PART NUMBER D T
ew sl e 2t ESCRIPTION VENDOR PART NUMBER
0N10R 126 133 134
0ot 00001.000 FA 0222227-7401 |[NETWNRK SNT740EN
0011A 118
any2 noNOL.000 FA N222222-T7150 [NFTWNRK ‘SN761508
0012A 123
no13 00002.000 EA 0222222-7404 |NETUORK SNT7406N
nol13a 125 136
nnls& 00001, 000 FA 0222222-7493 [NETWUNRK-SNT493N
N014A 230 I3 132
o013 noon2, 000 FA 0222272~T440 |[NETHORK SNT440N ~-SNTGAN
NN15A I19 128
[11¢] ¥ 00002.000 FQ 0222222-76430 |[NETWORK SNT43)N ~-SN7430V
D016A 127 124
j017 03301.000 FA 0231642-3025 [CRYSTAL &4096.KC ¢ OR - 0.005% W/WIRE LNY MIL ~LA3%79-HCLIRZY
001L7A Yl
nol18 AR RL 0231579-0000 |CORN LACF .090X.0125-500Y -818 SLK.
oat9 RFF EA 0214115-9901 |[LOGIC DIAGRAM DFTAILFD, INTERVAL TIMER
0020 RFF FA 0217118-9901 |[TEST PRNCENURF-INTERVAL YIMFR
no2l AR FT 0538347-3999 |[WIRE HONKUP BR-22 AWG 19 STR WHITE JUD -.442115
| 0022 AR Y 0236277-9000 [YURING = 3/8 CLFAR PLASYIC
DRAFISMAN DATE [ CKD DRAFTSMAN DATE | DESIGN ENGINEER DATE | TLE
CARN ASSY, INTFRVAL TIVFR uMONULE-44S
APPO -MFG DATE | APPD. PROJECT ENGINEER DATE | RELEASED OATE | PROXCT NO. PART NUMBER Y
L LMo21st1e-2704| v

Vi 138e0

10L6-YL€996
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L1-9

uoysinIg sweysAs 1eubig

INC LIST or MATERIAL PART Nuwae e
ONE 09/23/77 PAGE 3 of LMo21ern1e-2006 | U
QUANNITY U ~<
(e . ._:‘3‘; owa PART NUMBER DESCRIPTION VENDOR PART NUMBER
7023 00001.000 FA 0533887-0001 |EJECTOR(PCH,NON-LOCKING,WHITE SCA  ~$-232 WHIVE
nre 00001.000 EA 0533887-0009 |EJECTNR,PCBNON-LNCKING, GREEN SCA  -5-232 GRFEN
0025 00005.000 Fa 0083694-0003 |TERMINAL TURREY YYPE USE - 20108
N02SA €1 €2 €3 €4 ES
DRAFISMAN DATE | CKD. DRAFTSMAN DATE | DESIGN ENGINEER DATE | TIRE
CARD ASSY,INTERVAL TIMER MODULE-4MS
APPD MFG DATE | APPO. FROJECT ENGINEER DATE | RELEASED R OATE | MOXCT NO. PART NUMBER [3]
LMy214114-2004 'y

A 13860

10L6¥LE996
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81-9

uoIsIAIg swelsAs reubig

Jgpy Texas IngTRyMENTS s

\\_(' o g9sp7s77  LIST OF MATERIAL PAGE |  of (lMo?ll.nh-oooa uj
f__ﬁ'i‘sl'»};! N ES PART NUMBER DESCRIPTION VENDOR PART NUMBER )

0001 00001.000 | EA 0214113-0001 [PRINTED WIRING RD, INTERVAL TIMER

0002 00002.000 | FA 0972946-0057 |RES FIX 470 OHM 5 % .25 W CARBON FILM | ROH - R-3S

00024 Rl R2

0003 00017.000 | EA 0534348-0001 [CAP FIX CERAMIC .10 MF 20780 % 10V | CRL - J<ID-104

0003A C3 THRU C18,C20

0004 00001.000 | €A 0230841-0001 |CAP 50.00 MF 16V SPR  -TF-1160

0004A c1

000% 00002.000 | €A 0972926-0015 |[CAP FIX MICA SO0V 33.0 PF 5 X IPL -CMDGE3I040N

0N0SA c21,C22

0006 00002.000 | €A 0532736-0002 [CAP FIX CERAMIC .02 MF 20/80% 25 VOLY | CRL - 237 )60E2032A(

00064 €2,C19

0007 00004.000 | FA 0222222-7402 |[NETWDRK SNT402N Ti-  -SNT7&22N

0007A z1 29 210 214

0008 00010.000 | €A 0222222-7400 |NETWORK SNT400N -SNT420N

0008A 12 T3 14 16 17 18 120 127

00088 229 235

0009 00001.000 | EA 0222222-7156 |NETWORK SNT4154N ~SNT&154N

0009A s

0010 00010.000 | €A 0222222-7474 |NETHORK SNTATAN ~SNTAT4N
D.A"SMAINQA DATE | CXD DRAFTSMAN DATE m"lb%l lll 1" llzulﬂ:t l“’ zz‘

CARD ASSY, INTERVAL TIMER MODULE-89S

APPD MFG DATE | APPO. PROIECT ENGINEER OATE | #iEASEO DATE | PRONCT NO. PART NUMBER [
_ LMo214114-0008| U )

T4 13040

10L6+LE996



I a8uey)
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uossIA|g swelsAs [eybiq

LIST or MATERIAL

PART NUMBER

10L6VL€996

OATE 09/27/77 PAGE 2 of LMo214114-0008| u

(——N‘},"'g»‘.{. ‘:ﬁ: ?&; ow. PART NUMBER DESCRIPTION VENDOR PART NUMBER

00108 126 233 134

o011t 00001.000 FA 0222222-7401 |NETMORK SNT4OIN

0011A z18

0012 00001.000 FA 0222222-7150 |NETHORK  SNT4150N

00124 223

00113 00002.000 EA 0222222-7404 |NETWORK SNT&O&N

00134 125 136

0014 00003.000 €A 0222222-7493 |NETWORK-SNT493N

0014A 230 231 232

0015 00002.000 €A 0222222-7440 |[NETHORK SNT&AON ~SNT&4ON

0015A 719 128

0016 00002.000 €A 0222222-7430 |NETWORK SNT&430N ~SNT4I0N

00164 122 124

0017 00001.000 €A 0231642-3025 |CRYSTAL 4096.XC + DR - 0.005% W/WIRE LDY MIL -CR64/J-HC18/U

0017A Y1

o018 AR RL 0231579-0000 {CORD LACE .090X.0125-500Y -#18 9LK.

0019 RFF EA 02164115-9901 [LOGIC DIAGRAM NETATLFD, INTFRVAL TIMER

0020 REF FA 0217118-9901 |TEST PRNCEDURE-INTERVAL TIMER

0021 AR FT 0538347-3999 |WIRE HONKUP B-22 AWG 19 STR  WHITE JUD - HHILLS
0022 am |1 | 0236277-0000_|TURING 3/8 CLEAR PLASTIC
B . ' | CARD ASSY,INTERVAL TI4YER MNDULE-AYS
APPD -MFG DATE | APPD. PROJCT ENGINEER DATE | RELEASED DATE | PROXCY NO PART NUMBER REY
L LMoz14114-2008| U
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INCORP ATED or Nuwmse
’\{) OATE 09727777 PAGE 3 of ﬁlﬂ02|£ll~-1ooa v |
(. o & | owe PART NUMBER DESCRIPTION VENDOR PART NUMBER |
0023 00001.000 €A 0533887-0001 [EJECTOR,PCA,NON-LOCKING, WHITE SCA  -$-272 WHITE |
0024 00001.000 EA 0533887-0009 [EJECTOR,PCB,NNIN-LOCKING,GREEN SCA  -5-232 GRFEN
002% 0000%.000 €A 0083694-0003 |VERMINAL TURRETV TYPE USE - 20108
0025A El E2 €3 E4 €5
[ DRAFTSMAN DATE | CkD_ ORAFTSMAN DATE | DESIGN ENGINEER OATE | TmE ]
CARD ASSY, INTERVAL TIMFR MNDULE-RYS
[4Pr0 MFG OATE | APPO. FRGIECT ENGINEER DATE | RILEASED DATE | #8GXCT NO. PART NUMSER CY
L LMo214114-0008| 1
J

13840
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PART NUMBER

J' 1o
19) LIST or MATERIAL
L OATE 09773/77 PAGE | of LMo214114-2960 | 0
i S o | e PART NUMBER DESCRIPTION VENDOR PART NUMBER
onol 02001.000 £A 0966374-9701 |MANUAL,CRU INTERVAL TIMER MODULF 960A
0003 00001.000 EA 0942715-9901 [PD,1TM960, INTFRVAL TIMFR-PNT960
nnos 00001.000 ) 0942715-9902 [AL,,1TH960, INTERVAL TIMER-POT960
DRATTSMAN DATE [ CKD DRAFTSMAN DATE | GEUIGN SNORNIEE DATE | TineE
__CARD ASSY, INTERVAL TIVER WODULE-IO0Z
APPO.-MEG. DATE | APPD. PROJECT ENGINEER DATE | BELEASED DATE | PRONCT NO. ) PART NUMBER [3]
LMo214tts-0960 | ©
15 13040

10L6¥LE996
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SECTION VII

LOGIC IMPLEMENTATION LIST

This section is not applicable to this manual.
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SECTION VIII
PERFORMANCE DEMONSTRATION TEST

8.1 GENERAL

The Performance Demonstration Test (PDT) tests the Interval Timer Module to determine if all
functions are working properly. Table 8-1 lists the equipment required to run the PDT for the
Interval Timer Module. There are two forms for the object program of the PDT. One, the PTO
(TI part no. 942715-1101) is for the paper-tape reader and the other, CDO (TI part no.
942715-1201) is for the card reader.

8.2 PDT DESCRIPTION
The following paragraphs contain a description of the PDT for the Interval Timer Module.

8.2.1 INTRODUCTION. The Interval Timer Module PDT is called ITM960 and is contained at
the end of this section. This test is used to verify the accuracy of the decrementing clock
counter and valid occurrence of an interrupt using the appropriate counter from the module
when properly installed in the CRU.

8.2.2 EQUIPMENT CONFIGURATION. The CRU Interval Timer Module is installed in the
CRU at location EF3,,. No other interrupt producing CRU modules should be installed while
this test is in progress. 4K of memory and a loading device such as a paper tape reader, card reader
or an ASR733 terminal are required. '

8.2.3 DATA STRUCTURE. Data blocks are an integral part of the loaded program and do not
require reinitialization during execution. Repeated executions from initial loading can also be
accomplished without further action on data blocks.

8.2.4 PROGRAM STRUCTURE. The ITM960 program logic is shown in the flowchart and the
assembly language listing. ITM960 consists of a single procedure segment. Normal execution
accomplishes the following functions:

1. INITIALIZATION. Loading followed by execution results in initial status register load
for pre-indexing, supervisor mode execution, masking of all interrupts (X‘01CQ’), and.
transfer to label START. Base registers 4-5-6-7 are loaded. The CRU interrupt location
(memory addresses X‘0094° and X‘0095’) is loaded with -a store status and branch
instruction (SSB) to trap at the label TRAP. TRAP consists of a nine-word data block
to process and save information from the CRU interrupts. Any illegal interrupt causes
a program stop at label HALT (X‘72D2’,HALT) and the program relative halt address
is displayable in INSTRUCTION REGISTER B. The module CRU lines are zeroed and
a check is made to ensure that the module is plugged into the proper CRU slot. The
interrupt line is cleared and the status register is reset to enable CRU interrupts.

8-1 Digital Systems Division



o
{@ 966374-9701

2. ZERQ INPUT INTERRIUPT. The interrupt altered to vermit

< NDV H nnuri. ane interrupt trap O pcriii
control by this function. The counter is loaded with a value of zero and a check is
made for an interrupt. The interrupt is reset and the interrupt trap is set to the label
TWOI12 address. The counter is stopped and a check is made for no interrupt. A third
alter interrupt trap base is used with a loop to continue the count until the value
becomes - 1. A check for no interrupt is also made to end test two.

basc address is altere

3. DECREMENT CHECK. The interrupt trap base address is altered to permit control by
this function. The counter is loaded with a value of two and a loop is used to permit
the counter to decrement one count. A check is made for no interrupt and then
another loop for one count decrement. A check is made for an interrupt on this zero
count. One more delay loop is used to check for no interrupt and negative count
value.

4. CLOCK CALIBRATION. The interrupt trap base address is altered to permit control
by this function. A one-count calibration uses the counter loaded with a value of one
and the counter is started. A software execution loop using the 4 MHz instruction
clock is used for the appropriate time delay. Then a check is made for an interrupt
and the counter is stopped. The interrupt is cleared and the interrupt trap base address
is reset for full counter calibration. For the counter to go from full value (X‘3FFF’) to
zero using the 8 ms increment requires 131 seconds for an accuracy of 2.5 percent.
The method used for one-count calibration is used here. Successful completion of the
test is indicated by a delay visible on the console as an incrementing INSTRUCTION
REGISTER B value.

5. 'RETURN TO LOADER. Normal test completion.

8.2.5 SUPPORT PROGRAMS. The Bootstrap Loader is required to load the object program.
Refer to the CPU PAT’s manual for loader program description and loading procedure.

8.2.6 INPUT.The ITM960 object program is entered by the loader if the program does not
reside in memory. Further input is not necessary to begin execution if the module is plugged
into the CRU at address EF3 (X‘OF30’). Otherwise the program location specifying the CRU
base address must be changed.

8.2.7 OUTPUT. Test output is in the form of visual displays from the console only. An error
halt is indicated by execution of a branch relative instruction with 72D2,¢ displayable in
INSTRUCTION REGISTER A and the program relative halt address displayable in INSTRUCTION
REGISTER B. Normal test execution results in continued repeat of step 4 in paragraph 8.2.4,
Clock Calibration. -

8.2.8 RESTRICTIONS. The following restrictions must be observed.
® CRU location of the Interval Timer Module is assumed to be EF3,s in the CRU. A
different CRU base address requires the value at label CRULOC to be altered after

loading and before execution.

® Al time delay loops assume that one memory cycle of 750 nanoseconds is used every
30 microseconds to refresh semiconductor memory.
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8.2.9 LOADING PROCEDURES. The following procedures should be followed in order to load
ITM960 into the CPU.

1. Set the PC to the ITM960 first word address (assembly listing).

2. Select the appropriate option switch for the interval timer being tested. The options
are as follows:

Switch 12 8 ms board
Switch 13 4 ms board
Switch 14 2 ms board
Switch 15 1 ms board

If no switch is set, the program assumes a 1 ms board.

3. Select RUN and START. Execution begins immediately. Successful checkout results in
a return to the loader.

4. SIE MODE permits observation of individual instruction executions and easy access to
status and register contents as well as PC alterning. Note that part of the counter
check function tests are based on clock times and execution under control of this
mode may generate invalid results.

5. Any function test may be repeated or the program may be halted by altering the
branch unconditional instruction (B $+2) at the end of each function. The complete
program may be repeated or put into a continuous execution loop by altering the
branch unconditional instruction (END4 B $+2) to return to the program first instruc-
tion.

6. A test failure is indicated by a program halt from execution of a branch relative halt
(B @$,5) with the program relative half address displayable in INSTRUCTION REGIS-
TER B. The failure location can Be determined by comparison of this address with the
location counter (LC) in the assembly listing.

8.2.10 CONTROL FEATURES. The following are control features of the ITM960 PDT.

1. NORMAL STOP. Upon completion of the test, control is returned to the loader. If an
error occurs, a “B @$,5” is executed.

2. ERROR STOP. Any error halt results in a branch relative instruction (B @$,5)
displayable in INSTRUCTION REGISTER A and the program relative halt address
displayable in INSTRUCTION REGISTER B. Location of the error can be found by
locating the halt address in the assembly listing.

3. RECOVERY PROCEDURE. The program may be stopped and restarted from any
function execution or error by a CPU HALT and resetting the PC to the value of any
one of the five function label addresses (labelled ONE through FIVE). Each function is
independent.
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WR3A113F SEPTRL, 1078

anes
062
aees
LY
anes
anee
ang?
anun
arne
angoe
ant
any2
amiy
an14
[ L.I}]
anie
ort?
[ LRE
anyo
an2e
2021
ar22
gean
on2s
an2s
on2s
ane’
anan
CLEL]
"L 1Y
a3t
2032
aod3
2834
AN
anIA
an3?
LLEL
ando
ande
and1
and2
andd
andae
anas
anas
1LY
anen

andg

aada

L0 B 2 BN 2R B ¥ B BN 2N BE BE I NN BN BE N BF BN NF BN BE B BN 2N BN BE BE B R BN SRR NN Y WP SR S GG G G S G Gy

TITL ITMO6R, TNTPFRVAL TIMER MONULE TEST « PNTOBEA
TITLFuITMOAR o INTERVAL TIMER MONULE TEST « PDYOSQPA
REVISINNEFrN#3®7Q89 MAY, §074

® REVYSF ALL 'ATTelA' CRU ARTT INSTRUCTIONS
* CHANGE TTIME NELAY LONPS TO ACCOUNTY FOR A REFRESH
* CYCLE OF 750 NANNSECOMNS EVERY 30 MICROSECONNS,
» INCLIDE AHITCH.OPYIONS TN NETERMINE THE COUNTING
* INCREMENT STY7E,
COMPIITFRRQAMA, SAL
ABSTRAFLTSTHTIS PRNAGRAM T8 AN INNEPENDENT, STANO=ALONE
* RFLNCATARLE 9B@A PRAGRAM NESIGNEDN TN VERIFY TKE
ACCURACY NF THE OFCREMENTING CLOCK COUNTER AND THE
VALID OFCIURRENCFE NF AN INTERR!IPT FROM THE 0684 CR!
INTFRVAL TIMER MORULE INSTALLED IN THE CRYU EXPANDER
RACK, THE FORAMAT OF THTS SOFTWARE RQUTINE 18
STMILAR TN NTHER PATOARG PROGRAMS NNW IN USE,
THE CRU LNCATTION NF THE INTFRVAL TIMER MODULE IS
ASSUIMED TN RE X'1@P300, A NDIFFERPNT CR!) BASE ANDRESS
RFQUIRES THF VALUF AT LAREL 'CRULOE! YO BF ALTEREN
AFTER LNANIKG AND BEPORE ERXECUTION,
¢THF COUNTING IMCREMENT STIZ2F TS DETERAMINED AY THE OPTION
*SWITCHES, (''PY PNSTTTION MAUISES THE OFSCRIAED TTME)

L 20 2N BN 3% BN BE BN AN J

*8 MILLTSFCNNRS SWITCH 12
*4 MTLLYSFCONNS SUITCH 13
 #2 MILLTSECONPS  SWITCH 14
®1 MILLISFCONP SWITCH 18
*IF NO SWITCH IS RET, THE PROGRAM WTLL DEFAULY TO ONE
eMILLISFCAND,

eNOTE:  ALL DFELAY LNOPS ASSHUME THAT ONE MEMORY CYPLE OF
*787 MAMOSECOMNDS TS USEN FVERY 3@ MICROSECONDS TO
*REFRFSH SEMICONDNCTOR MEMORY,

*NQ EYTERMAL CONNECTINNS ARE 1SPD,

¢ RFFERFENCE SPFCIFICATION INTERVAL TIMER MODULE »

* 217331,

* FUNCTINNS?

® 1, TNTTIALIZATION @ LOANING FALLOWED BY EXECUTION
RESULTS IN INITIAL STATUS RERGISTER LOAD POR PRFe
TNDEXING, SUPERVISOR MNADE EXFCUTYON, MASKING OF
ALL INTERRUPTS (X'@1CR') AND TRANSFER TO LABEL
TSTART', BASE PEGISTERS 4eS=fe? ARE | 0ADED, X'94)
AND X187 ARF | OANED WITH 4 STARE STATUS AND BRANCH
INSTRUCTTON (SSBY TO TRAP AT LABEL 'TRAP!, TRAP
FONSISTS OF A QaWORD NATA RLACK TQ PROCESS AND SAVE
INFORMATION FRNM THE CRU INTFRRUPTS, ANY ILLEGAL
INTERPRUPT CANSFS A PROGRAM STOP AT LAREL 'HALTY
(X172027,0HALTY AND THE PRNGRAM RELATIVE NALY
ADNRESS NTISPILAYER IN INSTRUCTINN REGISTER A, THE
MONULE CRU LINFS ARE IFROED AND A CHECK 1S MADE YO
TNSURE THE MNDULE 18 PLUGGED INTO THE PROPFR CRU
SLOT, THF INTERRUPT LINE IS CLEAREN AND THE STATYS

L 2R BN BN BN BN BN 2N B BN BN BN BN N )
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SAL9SN  ValL? ITMage, INTERVAL TIMER mONULE TEST « PNTORRA PAGE a2aS
WRE4183% SEPTRZ, 1978

'T.LY . PEGISTER I8 RESET TN ENARLE CRIJ TNTERRUPTS,

2082 * ¢ 2, 7ERN TNPHT INTERRUPT « THWE TNTFRRUPY TRAP BASE

053 " . ADNRFS]S TS ALTFRED TP PEPMTIT CONYRNL AY THIS

A054 " . FUNEYINN, THF COUNTER TS LNADED WITKH A VALUE QF
3055 . . TERD AND A CHEFK IS MANE FNAR AN INTERRUPT, THE

(T L] » * INTERRIUPT TS RFESFT AND INTERRUPT TRAP SET Y0 LABFEL
and7 . L 1TWO12' ADNRESS, THE CNUNTER IS STAPPED AND A

anda * * FHECK TS MADF FOR MO INTERRUPT, A THIRND ALTER

gaso * * INTERRUPT TRAP RASF T8 USEN WITH A LODOP TO

gaée . * COMTINUE THE CNUNT UNTTL THE VALUE BECNMES -l. A
3061 - * rHECK FOR NO INTEFRRUPY 18 ALSD MADE YO END TEST 2,
0062 » % 3, PECREMENT CHFCKk = THF INTERRUPY TRAP BASE ADNRFSS
206) » * 1S ALTERFD TN PERMTIT CNANTROL BRY THTS FHNCTtON THE
(T1Y] " * CONNTER TS LNANEN WITH A VALUF OF TWO ANDM A LOOP IS
an6s - * HSEDN TO PEAMYT THE CNAUNTER TN NECREMENT ONE COUNT
gnoe « » A CHFCK TS MADF FOR NO INTERRUPY AND THEN ANOTHER
ané? * * 1.ONP FYR ONE CNUNT DECREMENT, } CHECK IS MANE FOR
anem . * AN INTFRRUPT ON THTS 2FRO COIINT, ONF MORE DFELAY
2060 v * {ONP 19 HSFD TN CHFCK FOR NO INTERRUPY AND A

Ty L) . NEGATIVE COUNT VALUE,

YA » * 4, CLPCN Al JRRATION = THF TNTERRUPY TRAP BASE ADDRESS
an?22 * . TS ALTFRFD TN PERMIT CNNTROL BY THTS FUNCYION, A
073 » . ANE COUNT CALIARATYION 1ISFS THWE CNUNTER LOANEND WITH
9074 » v A VALMHE PF ONE AND SYARY CNUMNTER, A SOFTWARE

an7s » * EXECHTTON | O0P USING THE 4 MEGAWZ INSTRUCTION CLOCK
Aa76 * * 1S USEN FOR THF APPRAPRIATE MILLFSECOND DELAY,

an77? . » THEN A CHERK I8 MADE FNR AN INTERRUPTY AND THP

' 1YA. . * FOUNTER TS STOPPEN, THE INTFRRUPT 1S CLEARED AND
aazo . e THFE INTERR'PT TRAP BASF ADNREFSS RESET FOR FULL

8?7 * . FOUNTER FALTRRATINN, FOR THE COUNTER TO GO FRNM
a081 . . FULL VALI'E (X'SFFF') TN 7ERN USTING THE 8 MSER

ans? " * TNCRFMFNT REQUTYRFS 131 SFCNNRS FOR ACCURACY OF

LR . . 2.% PERCENT, METHAN USEN FOR ANF COHNT CALIRRATION
anda . * TS USEN WERE, SHCCESFIIL CNMPLETTION OF TEST 18

[ LI} * . TNPTCATED AY A DFLAY VISTBLE ON THE CONSOLE AS AN

F LY . N INCREMENTING IMSTRUCTINN REGTSTER R VALUE,

LLLY . ¢ S5, RETURN TP LOAOFR o NNAMAL TESY COMPLETION AND A
AN8A . » RETUPN TP LOADFR CANTRNL

anso PARE
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a9t aArun TTMCHK FQRIY  ITMOAWL
092  pape REF RTTYCH TTMCHK RETIRN POINTY
2093 * .
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AIBR  ArpA TBB2 [X.1:) NATA X1798921 ,TRAP CRU INTERRUPT I LOEN INSTRUCTINN
NAPR POAMR
A109 »
2110 A0pC raen TRAP MATA 9,3,TRAPSS CRlII INTERRUPY TRAP o (SS8 TRAP
ATHN Cnown
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12 raty
2113 ary} rump SSTAT TIatTa 0, YRAP 88 STNRAGF
AP14 ey
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YES, PNINT TO APPRAPRIATE TAALF

1MSEC FALG SPT

PICK UP FIRSY VALUE IN TABLE
PUT TIY IN TWE CODE

PIrK UP SEC VALUE IN TABLE
PUY TT IN THE CODE
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221
2212
9213
2214
02183
9216
n247
a218
3210
avar
9221
4222
azen
2224
022%
2226
8227
n22r
3229
2230
2231
2232
72233
9234
n239%
C 22348
28237
2238
2239
9249
@241
8242
3243
2244
224"
a246
3247
a24r
8249
2250
22581
29252
2253

VaL? 1TMe6e, INTERVAL
13135 SPEPTWL, 1678
anKD JCARTACS Lne
*
AeuF 70827u21 ENDY R
1 ]
. 2, 7FPQO
*
anQt1 JgaFannp TWQ SETR
APQ93 J4nureanp SETH
- LAY LIV TX] LA
Argy 48810012 &7
ARQGO 44RNPPLY? L
ArSR ¢BA1FNBR LDCR
faeon J4nFrAang SETH
*
NCOF 72020nIF R
*
A0AY JprnoplS TWOl] RANE
ARAZ 72020043 R
L
NOAR J42p0ennn SETR
BV A7 44RLmpLD LA
APAQ 48810479 LY
ACAR YCANRPMTY Los
ACAN 44R1CRRF TW0Y LA
ACAF s88100812 <T
AR 3400 SETR
WOR3 2CALFMSD STrR
APRS 1Q981041H rM
A”RY 72Nn2PA%7 R
AARO 7R07RR"A NP
APRAR TPATRLNQ NPP
L]
ARHD JAppurAcy PRNE
APRF 72n2masF TWwOT2 R
*
A¢C1 ld4aa7n0Q RETB
WECA 4481 1PANS | A
APCS 48210012 ST
APCT7 JARFABD SETA
APCA 2CP1FP8Q LOOP2 8TER
A*CR 10820410 M
ance 72n2e@ecD R
ARCF 7208221C9 B
Ay 7aR7o9n0 NP
*
ARDI IAAQArY RANE
APNS 72n22an% TWOTY R
-
ABD7? 728200Nn0 END2 A

TIMER vONULE TFSY « PDYOARS

ENARLF
$42
IMPHT INTFRRUPTY

15,

7,0

1,0TWOT
1,HAL T

P, 2ZFRC
(1,14Y,Y'R0
18,1

s, %

P,R,%e4
es, %

r,0

1,701

1 ,EMARLF
ENARLE
t,0TuwNY?
1,HALTY

18,0

(1,14 ,XARY
(x?'=2a',4),00ES
08,8

B,1,%+4

e ,5

n,a

1,0TunNty

1 yHAL T

15,1
(1,14),x'RQ°"
(Y'Rp',4y,0VES
%,

LNORPY

w,1,EnD?
%, "

$+2

PAGE

FNABILE CRU INTERRUPTYS

TEST {, COMPLETE

STOP COUNTER

FLEAR INTERRUPY

ILOAD TRAP RRANCH ANDRESS
ALTER TRAP BRANCH ANNRESS
LOAD REGISTER WITH COUNT
7ERD 14 RYIYS COUNTER
STARY CONNTER

ERPOR o SHAULD CANTINUE AT
rHECK
FRROR

FOR INTERRUPY
= NO INTERRUPY

FLFAR INTERRIPT

10AD LNS TRANSFER ADNRESS
ALTER LDS TRANSFER ADDRESS
CLEAR STATUS RPGISTER

1 OAD TRAP BRANCH ANDRESS
ALTER TRAP RRANCH ADNRESS
STOP CAUNTER

RFTRIEVE COUNT VALUE
FHECK FOR NEGATIVE VALUE
FRAOR e TLLEGAL VALUE
VALUF MAY BE ZFRA
CONTINNE

CHECK FOR INTERRIPY
FRROR « INTERRUPY

FLEAR INTERRUPY
1LOAD TRAP BRANCH
ALTER TRAP BRANCH
STARY OIUNTER
RETRIEVE COUNT VaLUE

CHECK POR «f VALUE

FRROR o TLLEGAL ValLUE

1.OOP UNTIL CNUNTER CHANGES
FOMTINUE

ARORESS
ADNRESS

FHECK FOR TNTERRUPT
FRROR » INTERRUPY

TEST 2, COMPLETE

$+2
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TNSTRURTTION EXFCUTTIOM TIMES FOR TIME DELAY FNLLOW,
COUNT REGINS AFTPR EXFCUTION OF THE START COUNTER

EMENT rHFCX

18,0
2,0
1,PTHEEFT
1,HAL T
a,CO0UNT?
(1,14),X1RQ

15,1 .
(1,14),YXRQY
(X'R2pY,4),1
s, 8

LnOPyY

2,1,LN0P32

(1,14),x'R3!
(Y'RAY,4),2FRN
8,5

LNORP3?

s,

2,1, THRFET
3,.N0P3%
J,ENARLE
EMARLF

(1,14),%'80"
(X'5a0,4y),0MNES

0%,5
LOOP3Y

N,1,5+4
%,

18,7
n,Q

$+2

K CALYRRATYON

TEST

= PDT9AOS

STNP CAUNTER

CLEAR INTERRUPY

I 0AD TRAP RRANCH ANDRESS

ALTER TRAP RRANCH ADNRESS
LOAD REGTSTER WITW COUNT

LOAD COUNY VALUE « TWO

QTART COUNTER

RETRTEVE COUNT VaLUE

CHECK FOR VALUE OF ¢

FRROR = TLLEGAL vaALUE®

LONP UNTIL COUNTER CHANGES
CONTINUIE

PHECK FOR INTERRUPY
FRROR = TNTERRUPY

RETRIEVE COUNT VaLUE

CHECK FQOR Z2ERQ CNAUNT

ERROR « ILLEGAL VaALUE

LONP UNTTIL CNAUNTER CHANGFS
FRROR « SHOHLD INTERRUPT

CHECK FOR TINTERRUPT

CLEAR INTERRUPY

LOAD LNS TRANSFER ADDRESS
ALTER £.NY TRANSFER ADDRESS
CLFAR STATUS RPGISTER

RETRIEVE COAUNT VALUE

LHFCK FOR =i COAUNT

FRROR w TLLEGAL VALUE

LOOP UNTIL COUNTER CHANGFS
CONTINIUE

CHFCK FOR INTERRUPTY
FRROR « INTERRUPY

STNP COUNTER
CLFAR TINTERRUPY

TEST 3, COMPLETE

(SETRY INSTRUCTINN AND ENMDS ON ZERO COUNT.

SALSain VaiLg 1TW0@m, INTFRVAI
GRI41IDR  SEPTWL, 1Q7%
22354 " 3, NECR
n289 *
32595 QP09 J4AFCPAN] THRFE SFTH
9237 0B Igaapnngp SETA
#2588 APHIPN 248410 0FF LA
3299 WADF A8R1OV1Q T
3267 QAVEY 44000010 1
32061 APEY 2ROIFARAQ LDFR
2262 -
3203 APES NdAFag~Q SETH
2204 QPEY7 2COL1FRAG LNOP3IY STCR
3288 AVEQ {1CAnAN~Y rMy
2268 Q2FP 72Nn200Fp B
3267 QUHED 208200F7 B
A20R  ACFF 7¢a70e~p NNP
3269 »
@27 Q0FY JIpoQogrs RANE
2271 uw9F3 72n200r3 [
2272 *
2273  a2F% 2Ca1FeAm |.AORY2? STCR
8274 ACF7 14840417 (o]
3275 weF9 72n20nF9 B
A274 AGFR 20U82RQFS 8
3277 QCFD 720204FD 8
3278 »
2279 ACFF Xa2u¢RFF THRFEY RRME
328 A1p1 Janarpno SETH
2281 AIR3 248301009 | A
Q282 Q1S 48830078 ST
328N A1n7? 7Ccononcg LD
3284 .
2285 a1pQ 2CAIEABE LNOPII STCR
9288 A19R 1ARAQ41H cM
3287  wpien 7202e100 B
228R A1EF 70820470 R
A289 a141 7na7zang NRP
@290 »
3291 2113 3Jaaae9t? RBANE
8292 9115 72n2,1158 [
2293 .
8294 D117 J4aFmunp SETB
9298 0110 JMdaurenp SETR
A20K »
2287 QA11R 7082410 ENDY R
3288 *
9299 v 4, CLPC
a3ee *
CALA .
3e2 "
ajel »

LA

2,583 MICROSECONDS
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SALGS™  VaL? ITMA8e, INTFRVAL TIMER MONULE TFST « POTO8GA PAGE aoa1y
PRIAL3IF SEPTRHS, 197%

a3e4 » ST 3,383 MICROSECONDS

a3es " 8 3,117 MICROSECONNS

a3in . ARB 3,416 MICROSECONDS (NN SIGN CHANGES)
a3e? » ARR 3,187 MYCROSECONDS (IF SIGN CHANGES)Y
a30A . RANE 3.983 MICROSECONDS

a3é9 »

a3lo *AMSEL NNF CLOCK rA| TRRATION RENUTRES DELAY OF 8gog

231t ) ¢/v 200 MIFCROSECNANNS, INTFRRUPY WINDOW 1S 7800 YO
2312 » r22@d MICNSECONDS,

2313 *#AMSEC NNF CLNACK CALIRRATION RENUTIRES DELAY OF 400Q

2314 » */e (AV MICRNSFCONNS, INTERRUPY WINNOW IS 3080 TO
a31s " 2109 MICAONSECONDS,

2318 *2MSEC NNF CLNCK CALIRRATYIOMN RENUTIRES DELAY OF 2a00Q

as1? . +/m S8 MICROSECONDS, INTERRUPY WINNOW T8 108a Tp
ayie ) 20850 MYCROSECONDS,

2310 *iMSEC ONE CLOCK CALIRRATTON RENUTRFS DELAY OF {aA0@

a32e * ¢/ 25 MICROSECONDS, INTERRUPT WINNOW TS 975 Tn
7321 . 12295 MICROSECNNDS,

8322 .

2323  A11N JarFmanp FOUR SETR 15, STNP COUNTER

2324 A11F 34200890 RETR @, CLFAR INTERRUPY

2325 A121 44R10125 LA 1,8FNURTY LOAD TRAP RARANCH ANDRESS

3326 0123 4BR{An1) T 1, HAL T ALTER TRAP RRANCH ADDRESS
2327 a125% 44nq0p1 8 L ?,COUNTY LOAD REGTSTFR WITH CNUNT

AS2R 0127 CARLFRBD LPCR (1,147 ,x'R@" LCAD CNUNT VALUE e ONE

2320 .

2334 7A120 J4AFARTA SETH 15,1 START COUNTER

8331 A12R 4481wz SNGLP 1A 1,%=% RINGLE LPOP

2332 oat12n PCIFRI2D ARR =i ,%,9 RELAY

2333 R12F 442017R LA 2,8F01RT2 LOAD TRAP RRANECH ADDRESS 2,583
a334  A131 AARIPNLD &T 2,HAL T ALTER TRAP BRRANCH ADNDRESSJI, 583
0335 2133 70820137 ] FOruURy TNTERRUPY mMySY NAT OCCIR 3,117
2338 "

9337 @a13% 7202m138 FNURIY W as,s FRROP « INTFRRUPY

2933R . ’

8339 Q137 449200270 FNURYL | A 2,%=8 WINDNW

2347 7139 °PC2FPYITY ARP w1 ,%,2 NEILAY

A341 »

AX42 QA13P J@aAprai1F FAURI2 RBME 7,0,S+4 rFHECK FOR INTERRUPY

2343 A13r 72022130 H 0%, FRROR « NO INTFRRUPY

3344 . ;

A34% A13F JeonopeQ SETR 6,0 FLEAR INTERRUPY

B3I4F  A14Y) A4RINI14? 1A 3,FNURLF LOAD LNS TRANSFER AQDRESS
2347 (143 4883runs ST 3,ENARLE ALTER LDS TRANSFER ADDRESS
3348 214% JCoR0Urs LAY  EMAALE CLEAR STATUS INTERRUPY

2349 .

osgn R147 7uh20149 FOURIE R $+2 AME COUNTY CALIRRATION OK

2331 *

2352 . FULL CNUNT CALTBRATINN (16383 COUNTS)Y

a3sy *RMREr RENUTRFS DFLAY LNOP NF 1310684 +/e 32768 MILLISECONDS
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#1409
Al 4R
wien
A14F
w181
9183

RI155
a157
a18Q
B E-1.}
a1sn
a15F
A161
163
n16%
nigz?
ni160

pinRe

aten
A1 6F
2171
2173

at7%
w7?
ni79

a17A

2170
A17F
A181
a183
A188

X40Fan2n
J4AURATO
44n101°p
48A10112
'Y LI EWY
FBRLFNAQ

JAAF PR
A4ALPATQ
A4R27FFF
rc2Fe*1%n
CCIFmL%Q
4483290
PCIFmIBY
Agruoiny
44820175
48R20Q12
7820140

72n2wy1e8

44R30070
44820000
rCoFR17Y
aC3IFn1apr

larpe178
7Co02906
72020179

79822170

J42F 2070
ldracona
04R30 137
43R3INACS
7Conanrg

e 4MSEC
*
«2MSEC
*
e MSEC
L J

INTERRIIPT wINDAW I8
RERUTRFS NFLAY LnOP
INTERRUPT wINDNW I8
RENUTRFS OFLAY LOOP
INTERRIIPT WINDOW IS
RENUTRFS DFLAY LNOP
INTERRUPT WINONW IS

«©
n
n
>
A}
>
(1]
m
n
k1]
[
L]

127788 TN 134340 MILLISECONDS

nF 65332
63804 TO
nE 32786
31047 YO
rF 18383
15074 D

¢/= 1838 MILLISECOMDS
67170 MILLISECONDS
+/e A19 MILL ISECONDS
3J35A8 MTLLISECONDS
¢/e 409 VTILLISECONDS
1A702 MILLISECONDS.

*NOTEL ALL NELAY 1 0NPS ASSUME THAT NNE MEMORY CYCLE OF 750
* NAMOSECONDS 18 USEN EVERY 30 MICROSERONNS TO REFRESH
v SEMICONMDUCTOR MEMORY, ,
*THE INTERVAL TTMFR 18 CHFCKEN TO AN ACCURACY OF 2.5 PERCENT
L
FOUR2 SETB 18,2 STOP CNUNTER
SETH A,e CLEAR INTERRUPY
LA 1,0FQ0IIRTY 1LOAD TRAP RRANCH ANDRESS
7 1,HALTe ALTER TRAP RRANCH ADNRRESS
L A FHLL LOAD REGYISTER WITW CNLUNT
LOFR (1,14),Y'R0" LOAD FuLL CAUNY VALUE « 16383
[ ]
SETH 18,1 START COUNTER
LA 1,8«8 NUTER LOOP
LOOPAY LA 2,X'7FFP? INNER LOOP » 32,787 TIMFS
ARR =1,%,2 INNFR LNOP
ARR  «1,.0NP4t,1 OUTER LNOP .
RMLP 1 A 3,8=8 REMAINNER LONP 2.583
ARR ."'03
KRNE #,0,8 ERROR TF BNARD IS REMAVEN
LA 2,FO0UIRT S LNAD TRAP BRANCW ADDRESS
ST Z,HALTe1 ALTER TRAP RRANCH ADDRESS
R FOURY
*
FAURIN R e, N
*
FOURY (LA 3,88 LCAD YOLFRANCE LNDOP
LA 2,88 INNER TOLFRANCF (| NDOP
ARR  wt,t,2 INNER LOOP '
ARP =1 ,%e4,3 OUTER LNOP
»
FOURT4 RRNE A,R,FRUR4 CHECK INTFRRUPY
' LDS WALTY
R o, 5 ERROR NO INTERRYUPY
»
FOURE R Se¢2 FULL CNUNY CALYBRATION DK
. .
SETR 18,2 SYNP COUNTER
SETB A, CLEAR TNTERRUPY
LA J,NELAYY LCAD LNS TRANSFER ADNRESS
T J,ENARLE ALTER LDS TRANSFER ADDRESS
LDS EMAALF CLEAR STATUS INTERRUPYT
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SAL9%  VAL? ITMAGe, INTFRVAL TIMER MONULE TFST « PDTGAGA PAGE @01}
UR3A183K SEPTNS, 1078

2404 . NELAY FOR POSSYBLE KHALT

2405 *

PARR  AIR7 4AB3IPIRA DELAYY ST 3, 5+3 STARF SRY IN LNWER NNP

BAR7 RIBO TUDTunnp NOP TEMPORARY REGISTER STORAGE

2408 Q18R nC3I10187 ARR  ¢1,NFLAYL,3 RELAY FOR POSSTBILE MALY

B4U0  AIBN ARRINITQR OELAYD ST 3,843 STNRE SRY IN LOWFR NOP

3430 A1RF Tup?ennn NOP TEVPNRARY REGISTER STORAGE

431 2191 ¢C31418D ARR  «¢1,NFLAY2,3 PELAY FOR POSSTIBLE MALY

Q412 A193 48R3 196 DELAYY ST 3,5+) STORF SRY TN LOWER NOP

2413 ni19% 7an7ennp NOP TEMPNRARY REGISTFR STORAGE

2414 0197 eC3L1M153 ARR  +1,PELAY3,] PEILAY FOR POSSTIBLE MWALT

A41% PIQQ 48BAJIA13C DELAYS ST 3,5+3 SYORF SRI N LOWER NOP

2418 B19R 7R2a7¢nap NOP TEMPNRARY REGISTER STORAGE

2417 3190 vCI1m1290 ARR  +1,NEILAY4,] NELAY FOR PNSSYBLE WALT

A41R PIOF 4BA3M122 DELAYS ST J,5+3 STNRE SRI IN LNWPR NOP

B4319 N1AY TuR7ranp ~aP TEMPNRARY RFRISTER STORAGE

0420 Q1AN #CI110F ARR 1 ,NELAYS,3 NELAY FOR PNSSTIBLE WALY

0421 *

D422 VI1AS ToR201L7 END4 ] $¢2 TEST 4, CONPLETE

nay -

0424 . 5, RETURN TN | QADER

YT 4] .

2426  A1A7 NARAPpop FIVE SETR 0,0 CLEAR INTERRUPY

3427 W1A0 7CAQRRULS LDS RETUPN LOAD STATUS TO MASK INTERRIUPTYS

p4agn »

N429 (R1AR 7002,@7Qa RITMCH ® LDOADER RETURN TN LDADPR CONTROL

W43n  A1an FNN  STATUS
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ALPHABETICAL INDEX

INTRODUCTION

The following index lists key words and concepts from the subject material of the manual
together with the area(s) in the manual that supply major coverage of the listed concept. The
numbers along the right side of the listing reference the following manual areas:

e  Sections - References to Sections of the manual appear as “Section x” with the symbol
X representing any numeric quantity.

e  Appendixes - References to Appendixes of the manual appear as “Appendix y”’ with the
symbol y representing any capital letter.

e  Paragraphs - References to paragraphs of the manual appear as a series of alphanumeric
or numeric characters punctuated with decimal points. Only the first character of the
string may be a letter; all subsequent characters are numbers. The first character refers
to the section or appendix of the manual in which the paragraph is found.

e Tables - References to tables in the manual are represented by the capital letter T
followed immediately by another alphanumeric character (representing the section or
appendix of the manual containing the table). The second character is followed by a
dash (-) and a number:

Tx-yy

o  Figures - References to figures in the manual are represented by the capital letter F
followed immediately by another alphanumeric -character (representing the section or
appendix of the manual containing the figure). The second character is followed by a
dash (-) and a number:

Fx-yy

e  Other entries in the Index - References to other entries in the index are preceded by -
the word “See” followed by the referenced entry.

Index-1 Digital Systems Division
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AAdAdrace: Data:

CRUInputBit . . . .. ... .. ... T2-1 Control and Transferof . . . . . . . . 423

CRUOutput Bit . . . . .. ... ... T2-1 Structure . . . . . . . . ... ... 8.23

Interrupt Trap Base . . . . . . . . .. 824 Decrement Check . . . . . . . . . . .. 824
Addressing . . . . . . . .. ... .. 43.1 Description and Installation,

Module and Line . . . . . ... ... 422 General . . . .. ... ...... Section I
Adjustments, Time Base Interval . . . . . . F1-2 Diagram, Interval Timer Block . . . . . . . F4-1
AMField . . ... .......... 424 Directives, Assembler . . . . . . . . . .. F2-1
Assembler Directives . . . . . . . . . . .. F2-1 Documents, Related . . . . . . . . . . Preface
Assembly Drawings . . . . . . ... ... 6.1 Drawings . . . . .. . ... ... Section VI
Assignments: Drawings and Parts Lists, Index of . . . . . 6.1

Connector Pin . . . . ... ... .. 42.1 Drawings:

Interval Timer Module Connector Pin . . .T4-2 Assembly. . . . . ... .. .. .... 6.1

Module Connector Pin . . . . . .. . .. F4-2 Electrical . . .. ... ........ 6.1
BBNE Instruction . . . . . .. . .. 21,4252 Electrical Drawings . . . . . . . . . . .. 6.1
Bit: Equipment Configuration . . . . . . .. 8222

Address: Event Counter . . . . . . . . ... .. 4252

CRUImput . . .. .. ....... T2-1 Expansion Ports:
CRUOutput . .. ... ... .... T2-1 External . . . ... ... .... .. 122

Functions, CRU . . . . .. ... ... T2-1 Intermal . . . . ... .. ...... 122
Block Diagram, Interval Timer . . . . . . . F4-1 External Expansion Ports . . . . . . .. 122
Cables, Custom . . . ... .. ..... 123 Fault Isolation . . . . . . . . ... ... 53
Calibration, Clock . . . . . ... .. .. 824 Component Level . . . . . .. .. .. 532
Check, Decrement . . . . . . . .. ... 824 Module Level . . . . . . . . ... .. 531
Clock: Features, Performance Demonstration

Calibration . . . .. ... ... ... 824 TestControl . . . ... .. ... .. 8.2.10

Interval Timer . . ... ... ..... 1.1 Field:

Signals . . . ... ... . ..., 1.1 AM ..o 424
Component Level, Fault Isolation . . . . . 532 MandN . . ... ... ...... 424
Configuration, Equipment . . . . . . . . 822 2 424
Configurations: Format, CRU Input/Qutput Instruction . . 424

CRU Mechanical . . . .. .. ... .. F1-3 Functions, CRUBit . . .. ... ... .. T2-1

Interval Timer Module . . . . . . . . .. T1-1

Time Interval Jumper . . . . . . . ... T1-3 General Description and Installation . .Section I
Connector Pin Assignments . . . . . . . . 42.1 Generation, Time Interval . . . . . . . . 433

Interval Timer Module . . . . . . . . .. T4-2

Module . .. ... ... ....... F4-2 Implementation,List, Logic . . . . . . Section VII
Considerations, Power-Up . . . . . . .. 22.1 Increments, Time Base . . . . . . .. .. 1.2.1 -
Control and Transferof Data . . . . . . . 423 Index of Drawings and Parts Lists . . . . . . 6.1
Control Features, Performance Initializatton . . . . . . . ... .. .. 824

Demonstration Test . . . . . . . . .. 8.2.10 Initialization Example, Timer . . . . . . . . F2-2
Counter: Input, Performance Demonstration Test . . 8.2.6

Event . . .. .. ... ... .... 4252 Input/Output Instruction Format, CRU . . 424

Program . . . .. ... ... .... 4252 Installation . . . . . ... .. ... ... 1.2
CPU Interface . . ... ... ...... 42 Procedure . . . .. ... ...... 123
CPU Interface Signals . . . . . . ... .. T4-1 Instruction:

CRUBit Functions . . .. .. ... ... T2-1 BBNE . ... ... ....... 21,4252

CRU Input Bit Address . . . . .. . . .. T2-1 IDCR . ... .. ... ..... 2.1,426.1

CRU Input Transfer of Data and Instruction Sequence, Sample . . . . . . . . F2-3
Instructions . . . . .. . ... ... 425 Instruction:

CRU: SETB .. ... ....... 2.1,4262
Input/Qutput Instruction Format . . . . 424 STCR . .. .. .. ....... 2.1,425.1
Mechanical Configurations . . . . . . . . F1-3 TSBX .. ... ... .2.1,4253,4263
Output Bit Address . . . . . . ... .. T2-1 XBNE . . ... ... ..., 21,4254
Output Transfer of Data and Instructions:

Instructions . . . . .. ... ... 426 CRU Output Transfer of Dataand . . . 42.6

Custom Cables . . . .. ... ..... 123 Operating . . ... ... .... Section III

Interface and Module Specification . . Section IV

Data and Instructions, CRU Input Interface, CPU . . . . . ... ... ... 4.2

Transferof . . . . . . . . . ... 425,426
Index-2 Digital Systems Division
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Internal:
Expansion Ports . . . . . . . .. .. 122
Ports, Standard . . . . . . . . . . .. 122
Interrupt:
Request . . . . . .. ... .. .... 22
Servicing . . . . . . . ... ... 222
Storage Flip-Flop Logic . . . . . . . .. F4-3
Interrupt Trap Base Address . . . . . . . 824
Interrupt, Zero Input . . . . . . . . .. 824
Interrupts . . . . . . ... ... ... 432
Interval Adjustments, Time Base . . . . . . F1-2
Interval Module Specifications . . . . . . . T1-2
Interval Timer:
Block Diagram . . . . . . . . ... .. F4-1
Clock . . .. ... ... 1.1
Module:
Configurations . . . . . . . .. . .. T1-1
Connector Pin Assignments . . . . . .T42
Operation . . . ... ... .. ... 2.1
Register Loading Logic . . . . . . . .. F44
Isolation, Fault . . . .. ... ... ... 53
ITM960 . . . . ... ... ...... 82.1
Jumper Configurations, Time Interval . . . .T1-3
LDCR Instruction . . . . . . .. .. 2.1,4.2.6.1
Level:
Fault Isolation:
Component . . . . ... ... .. 532
Module . . .. ... ....... 53.1
List, Logic Implementation . . . . . . Section VI
Lists:
Index of Drawings and Parts . . . . . . . 6.1
Parts . . .. .. ... 000 6.1

Loading Logic, Interval Timer Register . . . .F44
Loading Procedures, Performance

Demonstration Test . . . . . . . . .. 829
Location, Slot . . . . . . . ... ... 122
Logic Implementation List . . . . . . Section VII
Mand NField ... .. ........ 424
Maintenance . . . . . . . ... ... Section 5
Mechanical Configurations, CRU . . . . . . F1-3
Module and Line Addressing . . . . . . . 422
Module:

Configurations, Interval Timer . . . . . . T1-1

Connector Pin:

Assignments . . . . ... .. .. .. F4-2
Assignments, Interval Timer . . . . . . T4-2

Level, Fault Isolation . . . . .. . .. 53.1

Operation, Interval Timer . . . . . . . . 2.1
Operating Instructions . . . . . . . . Section III
Operation: :

Interval Timer Module . . . . . . . . .. 2.1

Theoryof . . ... ... ... .... 43
Output, Performance Demonstration Test . 82.7
PartsLists . . . . .. ... ....... 6.1
Performance Demonstration

Test . . . .. ... .... Section VIII, 5.2

Control Features . . . . . . ... .. 8.2.10
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