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SECTION |

INTRODUCTION AND DESCRIPTION

1-1.  INTRODUCTION.

1-2. Interface Kit 12539A generates real time in-
tervals in decade steps from 100 microseconds to 1000
seconds (16. 67 minutes) derived from a crystal oscil-
lator. This card can be used as a source of timed
interrupt for software clock. The kit consists of the
following:

a. Interface Kit 12539A Time Base Generator
Card, HP Part No. 02116-6119.

b. Time Base Generator Test.

1-3. Sections II through IV provide installation and
programming, theory of operation and replaceable
parts information for the Time Base Generator Card.
Section V contains troubleshooting information. A
supplement to this manual contains a description of

the diagnostic program contained on the Time Base
Generator Test- Binary Tape and the diagnostic listing.

1-4. DESCRIPTION.

1-5. The Time Base Generator Card contains com-
mand and interrupt logic, a 100 kHz oscillator, and
eight decade frequency dividers. This card plugs into
any of the interface card I/O slots of the Computer
and assumes the lower Select Code of the slot.

1-6. SPECIFICATIONS.

Stability: 2 parts in 108 per week.

Temperature Effects: 20 parts in 108 over the
temperature range of 15 to 35 C.

Total Stability: 1/2 second per 24-hour day.

SECTION 1l

INSTALLATION AND PROGRAMMING

2-1. INSTALLATION.

2-2.  Open the Computer for access to the I/O cards
and insert the Time Base Generator card in the de-
sired I/O slot of the Computer. The slot connector
transfers all signals to and from the Computer; no
additional cabling is required. Close the Computer.

2-3. PROGRAMMING.

2-4,  Table 2-1provides a typical program example.
This example is a subroutine which provides an exe-
cution delay of 8 milliseconds using the Time Base
Generator. The 'flag-test"” (SFS) method is used,
rather than interrupt.

Table 2-1. Program Example

DELAY NOP
LDA .8 GET 8 FOR COUNTER
CMA, INA MAKE NEGATIVE
STA COUNT INITIALIZE COUNTER
LDA .1 GET CONTROL WORD FOR
OTA TBG 1 MILLISEC FLAGS & OUTPUT
LOOP STC TBG,C START TIME BASE GEN.
SFS TBG HAS PERIOD ELAPSED
JMP *.1 NO — CONTINUE TO WAIT
ISZ COUNT 1 PERIOD HAS ELAPSED
JMP LOOP NOT THE LAST ONE, START ANOTHER
JMP DELAY,I TOTAL DELAY HAS ELAPSED, RETURN
*
TBG EQU nn /O ADDRESS OF TIME BASE GEN.
COUNT NOP LOCATION OF FLAG COUNTER
.8 DEC 8 FOR 8 FLAGS
.1 ocT 1 CONTROL WORD FOR 1 MILLISEC
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SECTION 1l

THEORY OF OPERATION

3-1. GENERAL THEORY OF OPERATION.

3-2.  An Output from A (OTA) or an Output from B
(OTB) instruction applies a 3-bit binary number to
the Time Base Selection flip-flops, Bit 0, Bit 1, and
Bit 2. This 3-bit number (IOBO0, IOBO1, and I0BO2)
determines the time interval between interrupt (or
SKF) signals to the Computer and are the three least
significant bits of the A- or B-Register. When a dif-
ferent time interval is desired, the 3-bit number is
changed (with another OTA/B instruction). For non-
decade time intervals (e.g., 3 milliseconds), the
nearest decade interrupt must be counted in software
to form the desired interval. Table 3-1 lists the Com-
puter outputs and the respective time intervals avail-
able from the card. Note that interrupt (or SKF)
signals canbe programmed to occur every 10n-1 mil-
liseconds, where n is the 3-bit binary number from
the A- or B-Register.

Table 3-1. Time Intervals

1/O BUS OUTPUT (I0BO)

Bit2 | Bit 1 Bito | [IME INTERVAL
0 0 0 0.1 Millisecond
0 0 1 1 Millisecond
0 1 0] 10 Milliseconds
0 1 1 0.1 Second
1 0 0 1 Second
1 0 1 10 Seconds
1 1 0 100 Seconds
1 1 1 1000 Seconds

3-3.  As a result of the OTA/B instruction, the 100
signal causes the Time Base Selection flip-flops and
the eight decade dividers to be reset at time T3 to
establish proper initial conditions. The IOBO signals
cause the Time Base Selection flip-flops to set or re-
main reset, as applicable, and the flip-flop outpuis
provide enabling signals to the ""and'’ gates onthe out-
puts of the decade dividers. At this time, the output
of the 100 kHz Oscillator is not enabled to the decade
dividers since the Control flip-flop is still in a reset
state.

3-4. A Set Control, Clear Flag (STC,CLF) instruc-
tion to the Time Base Generator Card initiates the
time interval programmed by the OTA/B instruction.
The STC portion of the instruction sets the Control
flip-flop, which enables the Oscillator output to the
decade dividers and resets the Error flip-flop. The
Error flip-flop is set if the interrupt signal at the end
of the programmed time intervalis not acknowledged.
The CLF portion of the instruction resets the Flag
flip-flop so that it canbe set to indicate the end of the
selected time interval using the SFS instruction.

3-3. DETAILED THEORY OF OPERATION.

3-6. Figure 3-1 depicts the logic diagram for the
Time Base Generator Card and Figure 3-2 depicts the
location of parts on the board. Logic diagram ref-
erence designations preceded by MC are identified by
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part number in Section IV and the logic diagram for
each Microcircuit package is shown in Figure 3-3.

3-7. TIME BASE SELECTION.

3-8.  The outputs of the decade dividers are "anded"
with the outputs of the Time Base Selection flip-flops.
The oufput of the particular enabled "'and" gate is
combined with the true outputof the Control flip-flops,
and the true reset output of the Flag flip-flop to pro-
vide a true output from "and' gate MC87C. The out-
put of MC87C is applied to the Flag Buffer flip-flop.
The Flag Buffer flip-flop will not set until its input
signal drops. This occurs when the applicable decade
divider square-wave output drops, causing the output
of gate MC87C to become false, After the Flag Buffer
flip-flop is set, the Flag flip-flop sets on the arrival
of the ENF signal at time T2 of the machine cycle.
The interrupt or SKF signal (as applicable) is then
initiated to the Computer, indicating the end of the
selected time interval. (If the SKF method is to be
used, a Skip on Flag Set (SFS) or a Skip on Flag Clear
(SFC) instruction must be issued to test the condition
of the Flag flip-flop.)

3-9. Assume a 3-bit (IOBO) input to the Time Base
Selection flip-flops of 000. The true reset outputs of
the flip-flops are applied to "and" gate MC45B. All
other "and" gates contain at leastone false input from
the Time Base Selection flip-flops. When a STC in-
struction is issued, the Oscillator output is enabled
to decade divider MC93. The square-wave output of
MC93 becomes true and then returnsto a false condi-
tion 0.1 millisecond after the STC instruction is issued.
During the 0.1 millisecond interval, a true signal is
applied to the Flag Buffer flip-flop. At the end of the
interval, the Flag Buffer flip-flop sets and the inter-
rupt and SKF circuits are initiated.

3-10. ERROR DETECTION.

3-11. The output of the particular enabled '"and"
gate on the output of the decade divider is combined
with the set output of the Flag flip-flop at "and" gate
MC123A. Therefore, the Error flip-flop is set if the
Flag flip-flop is set. The Flag flip-flop will be set
during the present time interval only when the pre-
vious time interval was not acknowledged by the Com-
puter. (A Clear Flag (CLF)instruction must be issued
after each time interval to permit recognition of the
following time interval.) The condition of the Error
flip-flop can be tested by a Load Into A (LIA) or a
Load Into B (LIB) instruction. The IOIsignal resulting
from the LIA or LIB instruction enables "and" gate
MCI107A to provide a true IOBI4 signal to the A- or
B-Register of the Computer. Therefore, if bit 4 of
the applicable Register is true, at least one time in-
terval was missed. The Error flip-flop is reset again
by a CLF,STC instruction.

3-12. At completion of the use of the Time Base
Generator card, a Clear Control (CLC) instruction
should be programmed to reset the Control flip-flop
and all decade dividers.
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SECTION IV
REPLACEABLE PARTS

4-1. INTRODUCTION.

4-2, This section containg informationfor ordering
replacement parts for the Time Base Generator Card.
Refer to Table 4-1 for a list of replaceable parts in
alpha-numerical order of their reference designations,
with a description and HP part number for each part.
4-3. ORDERING INFORMATION.

4-4, To order a replacement part, address the
order or inquiry to your local Hewlett-Packard field

office. See thelist at the back of this manual for field
office addresses.

4-5. Specify the following informationfor each part
when ordering:

a. Hewlett-Packard part number
b. Circuit reference designation
c. Description

4-6. To order a part not listed in Table 4-1, give a
complete description of the part and include its func-
tion and location,

Table 4-1. Replaceable Parts for Time Base Generator Card
REFERENCE HP PART | MFR MFR
DESIGNATION DESCRIPTION NO. CODE PART NO.

C1,2,3,11,19,20,21 | Capacitor, fixed, Tant, 1.0 uf +10% 0180-0291 | 56289 |150D105X9035A2
C8 Capacitor, variable, 9 to 35 pf 0121-0046 | 72982 |538-011-E2P0O-94R
C9 Factory Capacitor, fixed, mica, 27 pf +5% 0160-2101 | 72136 | RDM15E270G3C
C9 adjusted Capacitor, fixed, mica, 24 pf +5% 0160-0196 | 04062 | RDM15C240J38
C9o value Capacitor, fixed, mica, 20 pf +5% 0140-0204 | 72136 |RDM15C200J3C
C10 Capacitor, fixed, mica, 470 pf +5% 0140-0149 | 72136 |DMI15F471J
C12 Capacitor, fixed, Mylar, 0.001 uf +10% 0160-0153 } 56289 |192P10292-PTS
C13 Capacitor, fixed, mica, 220 pf +5% 0160-0134 | 72136 |DM15F221J (300V)
CR1 Diode 1910-0022 | 28480 -
MC15, 25, 35, 45, 97 Integrated Circuit 1820-0954 | 28480 -
MC17,107 Integrated Circuit 1820-0956 | 28480 -
MC23, 33,43, 53, 63, Integrated Circuit 1820-0055 | 28480 -

73, 83,93
MC27,57,65,75, 85, Integrated Circuit 1820-0952 | 28480 -

95,115,127
MC37,47,55,177, 817, Integrated Circuit 1820-0953 | 28480 -

105,117,123,125
MC67 Integrated Circuit 1820-0957 | 28480 -
Q1 Transistor, Silicon, NPN (S6515) 1854-0019 | 28480 -
Q2 thru Q5 Transistor, Silicon, NPN (2N3646) 1854-0094 | 28480 -
Q6 Transistor, Silicon, PNP (2N3906) 1853-0036 | 28480 -
R9 Resistor, fixed, 68K +5%, 1/4W 0683-6835 | 01121 | CB 6835
R10, 20 Resistor, fixed, 10K +5%, 1/4W 0683-1035 | 01121 |CB 1035
R11 Resistor, fixed, 47 ohms +5%, 1/4W 0683-4705 | 01121 | CB 4705
R12 Resistor, fixed, 8.2K +5%, 1/4W 0683-8225 | 01121 | CB 8225
R13 Resistor, fixed, 2.2K +5%, 1/4W 0683-2225 | 01121 | CB 2225
R14 Resistor, fixed, 33K +5%, 1/4W 0683-3335 | 01121 | CB 3335
R15 Resistor, fixed, 3.9K +5%, 1/4W 0683-3925 | 01121 | CB 3925
R16 Resistor, fixed, 2,7K +5%, 1/4W 0683-2725 | 01121 | CB 2725
R17 Resistor, fixed, 150 ohms +5%, 1/4W 0683-1515| 01121 | CB 1515
R18 Resistor, fixed, 1.8K 5%, 1/4W 0683-1825| 01121 | CB 1825
R19,21 Resistor, fixed, 6.8K +5%, 1/4W 0683-6825 | 01121 | CB 6825
R22 Resistor, fixed, 4.7K £5%, 1/4W 0683-4725| 01121 | CB 4725
R23, 25, 26 Resistor, fixed, 470 ohms +5%, 1/4W 0683-4715| 01121 | CB 4715
R24, 27 Resistor, fixed, 1K +5%, 1/4W 0683-1025| 01121 | CB 1025
T1 Transformer 5212A-9A | 28480 -
Y1 Crystal Oscillator, 100 kHz 0410-0021 | 28480 -




SECTION V

TROUBLESHOOTING

3-1. DIAGNOSTIC TEST.

5-2., To confirm proper operation of the Time Base
Generator option, use the Diagnostic Test tape fur-
nished with the Interface Kit. The operating procedure
and all pertinent information, including the program
listing, is supplied in the Time Base Generator Diag-
nostic Test supplement (2 supplement to this manual).

5-3. If the Diagnostic indicates afailure of the Time
Base Generator, the following procedures may be used
to check the basic timing signals.

5-4. OSCILLATOR TEST.

5-5.  Testing of the 100 kHz Oscillator on the Time
Base Generator Card is accomplished with the card
plugged into a single connector extender which is
plugged into the Computer. Turn Computer power on.
The output of the oscillator is checked at test point
TP1, Figure 3-1. If the oscillator is operating pro-
perly, a100kHz non-symmetrical square-wave should
be observed. The same square-wave should be ob-
served at test point TP2 after the Control flip-flop is
set by an STC instruction.

5-6. Replacement of crystal Y1, capacitors C8 or
C9 may require selection of C9 to give proper circuit
operation. Adjustment of C8 should allow tuning

100 kHz +0.5 Hz. The value of C9 should be as large
as possible while tuning this range. If the value of
C9 is small and the value of C8 is large, the temper-
ature stability is poorer.

5-7. The negative portion of the waveshape (between
R13 and C12) should be flattened. This indicates suf-
ficient loop gain to saturate while rotating C8 through
its entire range. This ensures enough loop gain to
oscillate at low temperature. A frequency standard
of adequate accuracy should be used for selecting C9
(accuracy 1/107, readout 7 significant digits).

5-8. DECADE DIVIDER TEST.

5-9. Tofacilitate testing of the eight decade dividers
(MC23, MC33, MC43, MC53, MC63, MC73, MC83, and
MC93), the Time Base Generator Card is designed to
accept a jumper (W2) between the output of MC93 and
the input to MC53. With this jumper installed use an
oscilloscope for testing. Before testing the decade
dividers, the W2 jumper may be installed to cause
reduction of the time interval for the last group of four
decade dividers to one second. To enable the 100 kHz
Oscillator output to the dividers, the Control flip-flop
must be set by an STC instruction. At completion of
testing, the W2 jumper must be removed if the card is
to function properly.
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12539B

Section I

SECTION |

GENERAL INFORMATION

1-1. INTRODUCTION.

1-2, This manual provides general information, instal-
lation and programming instructions, theory of operation,
maintenance instructions, and replaceable parts information
for the Hewlett-Packard 12539B Time Base Generator
Interface Kit (figure 1-1).

1-3. DESCRIPTION.
1-4. GENERAL.

1-5. The 12539B Time Base Generator measures real-
time intervals in decade steps from 0.1 millisecond to 1000
seconds (16.67 minutes). A 3-bit control word transferred
to the time base generator by programmed instruction
selects the time interval to be measured. The 100-kHz
crystal-controlled oscillator used as the frequency standard
for the time base generator allows generation of timing
signals accurate to within 1/2 second per 24-hour day.

1-6. KIT CONTENTS.

1-7. The time base generator interface kit consists of a
time base generator printed-circuit card (part no. 12539-
60001) and the operating and service manual (part no.
12539-90002).

1-8. IDENTIFICATION.

1-9. This operating and service manual is identified on
the title page by interface kit designation and nomencla-

Figure 1-1, HP 12539B Time Base Generator
Interface Kit

ture, card assembly part number and revision code, manual
part number, and publication date. Refer to the informa-
tion presented in the following paragraphs and ensure that
this manual applies to the equipment being serviced.

1-.10.  Hewlett-Packard uses five digits and a letter
(00000A) for standard interface kit designation. If the
designation of your kit does not agree with that on the title
page of this manual, there are differences between your kit
and the kit described in this manual. The appropriate
manual or manual supplement is avilable at the nearest HP
Sales and Service Office listed at the back of this manual.

1-11.  Printed-circuit cards used as plug-in card assem-
blies or fixed wired assemblies are identified by a letter, a
revision code, and a division code stamped on the card (e.g.,
A-1028-22). The letter identifies the version of the etched
trace pattern on the unloaded card. The revision code (four
middle digits) refers to the electrical characteristics of the
loaded card. The division code (last two digits) identifies
the Hewlett-Packard division which manufactured the card.
If the revision code on the printed-circuit card does not
agree with the revision code shown on the title page of this
manual, there are differences between your card and the
card described in this manual. These differences are
described in manual supplements available at the nearest HP
Sales and Service Office.

1-12.  SPECIFICATIONS.
1-13. Table 1-1 lists the specifications for the HP

12539B Time Base Generator Interface Kit.

Table 1-1. Time Base Generator Specifications

CHARACTERISTICS SPECIFICATIONS

0.1 mitlisecond
1 millisecond
10 milliseconds
100 mitliseconds
1 second
10 seconds
100 seconds
1000 seconds

Time Base Intervals:

Time Base Accuracy: 1/2 second per 24-hour day

Current Requirements from
Computer Power Supply:

+12V 0.01A
-12Vv not used
-2V 0.42A
+4.5V 1.10A

1-1/1-2
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Section II

SECTION I

INSTALLATION AND PROGRAMMING

2-1. INTRODUCTION.

2-2. This section ' provides information for unpacking
and inspection, reshipment, installation, and programming
the HP 12539B Time Base Generator Interface Kit.

2:3. UNPACKING AND INSPECTION.

24, If the shipping carton is damaged upon receipt,
request that the carrier’s agent be present when the card is
unpacked. Inspect the card for damage (cracks, broken
components, etc.). If the card is damaged and fails to meet
specifications, notify the carrier and the nearest HP Sales
and Service Office immediately. (Sales and Service Offices
are listed at the back of this manual.) Retain the shipping
container and the packing material for the carrier’s inspec-
tion. The HP Sales and Service Office will arrange for repair
or replacement of the damaged card without waiting for
claims against the carrier to be settled.

2-5, RESHIPMENT.

2-6. If an item of the kit is to be shipped to Hewlett-
Packard for service or repair, attach a tag to the item
identifying the owner and indicating the service or repair to
be accomplished. Include the model number of the kit.

2-7, Pack the item in the original factory packing
material if available, If the original material is not available,
standard factory packing material can be obtained from the
nearest Hewlett-Packard Sales and Service Office.

2-8. If standard packing material is not used, wrap the
item in Air Cap TH-240 cushioning (manufactured by
Sealed Air Corporation, Hawthorn, N.J.) or equivalent and
place in a corrugated carton (200 pound test material). Seal
the shipping carton securely and mark it “FRAGILE” to
ensure careful handling.

Note

In any correspondence, identify the kit
by number. Refer any questions to the
nearest Hewlett-Packard Sales and Service
Office.

2:9. INSTALLATION.

2-10. The time base generator card obtains its operating
currents from the computer power supply. Before installing
the card, determine the current requirements of this card in
combination with all other interface or accessory Kits

already installed in the computer. The computer sys-
tem documentation defines the currents available from
the computer and describes the procedures for calcu-
lating the total power supply current requirements. If the
total current requirements exceed the limitations of the
computer power supply, a Hewlett-Packard power supply
extender unit or input/output extender unit must be used.
See table 1-1 for the current requirements of the time base
generator card.

2-11.  After ensuring sufficient power, install the time
base generator card as follows:

a.  Turn power off at the computer.

b. Insert the time base generator card in the com-
puter 1/0 slot corresponding to the desired select code.

Fo0//
¢. Turn on power and perform the diagnostic test
procedure, part no. 12539- , in the Manual of Diag-

nostics to verify proper operation of the time base
generator card.

2-12. PROGRAMMING.
2-13. CONTROL WORD.

2-14.  The desired time interval to be measured by the
time base generator is selected by transferring a 3-bit con-
trol word from the computer A- or B-register to the time
base generator. Table 2-1 lists the possible control word bit
combinations and the time interval selected by each. Note
that the time intervals are selected in increments equal to
10"-! milliseconds where n is the decimal equivalent of the
3-bit control word. For non-decade time intervals (three
milliseconds for example) a decade interval (in this case 1
millisecond) must be counted by software to form the
desired interval.

Table 2-1. ,Control Word Combinations and
Time Intervals

CONTROL WORD
Bit 2 Bit 1 Bit0 SELECTED TIME INTERVAL
0 0 0 0.1 millisecond
0 0 1 1  millisecond
0 1 0 10 milliseconds
0 1 1 100 milliseconds
1 0 0 1 second
1 0 1 10 seconds
1 1 o 100 seconds
1 1 1 1000 seconds
NOTE: Bits 3 through 15 not used,

2.1



Section II

2-15. ERROR CHECK.

2-16. When more than one decade time interval is
required for any given timing operation, the time base
generator provides a means of ensuring that all selected
intervals have been acknowledged by the computer. A
status word, transferred from the time base generator to the
computer A- or B-register by an LIA or LIB instruction,
contains a single significant bit (bit 4). If this bit is a logic
one, at least one time interval has been lost. This status
word should be checked by software after each decade time
interval,

2-17.  SAMPLE PROGRAM.

2-2

12539B

2-18.  Table 2-2 is a sample program demonstrating the
operation of the time base generator. Under control of this
program, the time base generator will provide a measured
time interval of five seconds. This is done by counting five
one second intervals with a software counter. After each
one second interval, the error status bit is checked to ensure
that all of the one second intervals are acknowledged by the °
computer.

2-19.  The sample program is an actual program listing
prepared on an HP computer system using the HP assembler
software package.
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Table 2-2. Sample Program

Q001 ASMBsAsReL T

VAD7*

w2an3%  THIS IS A SAMPLE PROGRAM T0O DEMONSTRATE THE OPERATION OF THF
NAavar  TIME RASE GENERATOR. UNDER CONTROL OF THIS PROGRAMs THE TIME
A2BS5% BASE GFNFRATOR WILL PROVINDE A MEASURED INTERVAL OF FIVE SECNNDS.
P06 THIS RFQUIRES THAT FIVE NECADE INTERVALS OF ONE SECOND EACH
dA67* QE MEASURED AND COUNTED BY SOFTWARE. AFTER FEACH DECADF INTERVAL
V@vR’% IS MEASUREDs THE ERROR STATUS IS CHECKED AND IF AN ERROR IS
@@p9* DETECTEDs THE COMPUTER HALTS WITH A T-REGISTER DISPLAY OF

@310% 102466 OCTAL.

vall#

AQ12  8A199 ORG 1008

D0213%

214 4HA100 AABAPD START NOP

0215 20141 060121 LDA .5 INITIALIZE COUNTER TO COUNT
216 WA102 J70122 STA COUNT FIVE DECADE INTERVALS.

BA1T*

0218% THIS PART OF THE PROGRAM OPERATES THE TIME BASE GENERATOR.
B3R16%

0020 VA1B3 V60123 LDA Cw GET CONTROL WORD AND TRANSFER
0221 @0134 1082615 OTA TBG TO TIME BASE GENERATOR.

8222 00145 1082715 STC TRG START TIME BASE GENERATOR
2823 273146 103115 GO CLF TBG ENABLE FLAG LOGIC.

Q224 90197 102315 SFS 7RG HAS DECADE INTERVAL ELAPSED?
wez2s wellp e24107 JMP #=] NO. WAIT.

0026 24111 024112 JMP STAT YES. CHECK ERROR STATUS.
AR27%

@0@28% THIS PART OF THE PROGRAM CHECKS ERROR STATUS AND INCREMENTS
9229% THE DECADE INTERVAL COUNTER.

Qa3p%

2931 #2112 102515 STAT LIA TRG GET STATUS WORD FROM TIME BASE
2A32% GENERATOR

¥A33 70113 B52124 CPA ERR DOES STATUS WORD INDICATE AN ERROR?
034 0PAl14 102066 HLT 668 YES. HALT COMPUTER.

B935S @A11S 334122 ISZ COUNT NO. INCREMENT COUNTER. IS TIME
VWO36% INTERVAL COMPLETE?

PA37 VB116 B24186 JMP GO NO+. START ANOTHER DECADE INTERVAL.
AR38 #2117 106715 CLC TRG YES. STOP DECADE COUNTERS.

2239 Anl20 102077 HLT 778 HALT COMPUTER.

B24pH

P241* CONSTANT AND STORAGE INFORMATION.

20424

VA43  vA121 177773 .S DEC -5
Boa4s 22122 090A0¥ COUNT BSS 1

2045 A2123 200224 CwW OCT 4
8246  AV124 HBOA2H  ERR 0CT 29
AR47  AAA15 T8G EQU 15B
A48

049 END START

##  NO ERRORSH

2-3/2-4
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Section III

SECTION 11

THEORY OF OPERATION

31. INTRODUCTION.

3-2. This section provides functional and detailed
theory of operation for the 12539B Time Base Generator
Interface Kit.

33. FUNCTIONAL THEORY OF OPERATION.

3-4. Figure 3-1 is a block diagram of the time base
generator card and a flow chart showing the functional
operation of the time base generator card. The program
instructions shown in the flow chart are the same as those
used in the sample program in table 2-2 in section II of this
manual.

3-5. Operation of the time base generator begins with
the transfer of a 3-bit control word from the computer A-
or B-register to the Time Base Selection Register with an
OTA or OTB instruction. The next instruction (STC,C) sets
the Control FF and clears the Flag and Flag Buffer FFs.
The set-side output of the Control FF gates the shaped
100-kHz signal to the decade divider circuits. This marks
the beginning of the time interval. The set-side output of
the Control FF and the clear-side output of the Flag FF
enable the Time Flag Gate. An output from the Time Flag
Gate signifies the end of the time interval as described in
the following paragraphs.

3-6. The SFS instruction tests the state of the Flag FF.
The Flag FF at the present time is in the clear state so the
JMP *-1 instruction will be executed followed by the SFS
instruction again. This wait-for-flag loop continues until the
Flag FF is set.

3-7. At the end of the selected time interval, an output
from the Time Flag Gate sets the Flag Buffer FF. The
output of the Flag Buffer FF is gated with an ENF signal at
the next computer time T2 which sets the Flag FF. The
time base generator card then supplies an SKF signal which
causes the computer to skip the JMP *-1 instruction and
proceed with the program. The time spent in the wait-for-
flag loop is that time selected by the control word that was
initially transferred to the time base generator.

38. DETAILED THEORY OF QPERATION.
3-9. GENERAL.
3-10.  Refer to the time base generator logic diagram,

figure 4-2, in section IV of this manual while reading the
detailed theory of operation discussion.

3-11.  For an index of signals on the 86-pin edge of the
time base generator card, refer to the computer system
documentation,

3-12.  All logic levels on the time base generator card are
positive-true. The term “true” refers to a level of approxi-
mately +3.5V and “false” refers to approximately ground
level. These signal levels vary somewhat depending on the
integrated circuit package involved. Detailed signal level
information for the various integrated circuit packages used
on time base generator card is provided in figure 4-1 in
section IV of this manual.

3-13. POWER-ON LOGIC.

3-14. When power is initially applied to the computer or
the computer PRESET switch is pressed, the computer
supplies a POPIO and a CRS signal to the time base genera-
tor card. The POPIO signal sets the Flag Buffer FF and the
CRS signal clears the Control FF. An ENF signal at the
next computer time T2 is gated with the set-side output of
the Flag Buffer FF to set the Flag FF. The true clear-side
output of the Control FF is applied to the clear input of
the decade dividers ensuring that they are all initially in the
clear state. The false set-side output of the Control FF
inhibits “and” gate MC125A to prevent the 100-kHz signal
from clocking the decade dividers.

3-15. TIME STANDARD LOGIC.

3-16. The time standard logic consists of a 100-kHz
crystal oscillator, a pulse shaping network, and eight decade
dividers.

3-17.  Transistor Q1 and associated components make up
the 100-kHz oscillator. Crystal Y1 provides the frequency
standard and capacitor C8 allows fine adjustment of the
oscillator output frequency. Refer to section IV for oscil-
lator adjustment procedures.

3-18.  Transistors Q2 and Q3 form a Schmitt trigger
circuit that shapes the output of the oscillator to a nonsym-
metrical square wave for use by the integrated circuit
decade dividers. Transistors Q4 and Q5 ensure that the level
of the 100-kHz signal meets the input requirements of the
decade dividers. “And” gate MC125A allows the control
logic to control the application of the 100-kHz signal to the
decade dividers as described in paragraph 3-27.

3-19.  The shaped and gated 100-kHz signal is applied to
the first of the eight decade dividers. The decade dividers
are wired externally to operate as binary coded decimal
counters with a count added each time the input signal (pin
14) swings negative. The output signal (pin 11) swings
positive on the eighth count and negative on the tenth

3-1



Section III

count. The negative swing adds one count to the next
divider stage. The output signals from each of the decade
dividers are applied to their respective Time Base Selection
Gates.

3-20.  TIME BASE SELECTION LOGIC.

3-21,  The time base selection logic consists of three
Time Base Selection FFs and eight Time Base Selection
Gates.

3-22.  The desired time interval to be measured by the
time base generator card is encoded into a 3-bit control
word. This control word is transferred from the computer
A- or B-register to the Time Base Selection FFs by an OTA
or OTB instruction with the select code of the time base
generator. Either of these instructions supply true SCM,
SCL, IOG, and IOO signals and the 3-bit control word
(I0OBO 0, IOBO 1, and IOBO 2) to the time base generator.

3-23.  The IOO signal is true during time T3T4. A T3
signal from the computer is gated by the 100 signal to clear
the Time Base Selection FFs. When the T3 signal goes
false, the 3-bit control word is loaded into the Time Base
Selection FFs. The 100 signal also clears the eight decade
dividers at time T3T4.

3-24.  The output of the Time Base Selection FFs are
connected to the eight Time Base Selection Gates so that
only one of the gates will receive three true inputs from the
FFs for any given control word. The fourth input to these
gates is the output of the respective decade divider. In this
manner, the time period specified by the 3-bit control word
is selected by the time base selection logic.

3-25.  CONTROL LOGIC,

3-26.  After the control word has been loaded into the
Time Base Selection FFs, the time base generator is ready
to begin measuring the time period. An STC,C instruction
with the select code of the time base generator marks the
beginning of the time period. As a result of this instruction,
the time base generator card receives true I0G, SCM, SCL,
STC, and CLF signals from the computer.

3-27. The STC signal sets the Control FF. The true
set-side output of the Control FF enables the 100-kHz
signal to the decade dividers and provides one of the
enabling signals to the Time Flag Gate (MC87C).

3-28.  The CLF signal clears the Flag Buffer and Flag
FFs. The true clearside output of the Flag FF provides
another enabling signal to the Time Flag Gate. The decade
dividers are now counting the 100-kHz signal and continue
to count until the selected time interval has elapsed.

3-29. FLAG LOGIC.

3-30.  The flag logic monitors the output of the time
Flag Gate for a signal indicating the end of the desired time
period. The Time Flag Gate has two true inputs as
described in paragraphs 3-27 and 3-28. The third input is
taken from the Time Base Selection Gates.

3-2
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3-31.  For discussion purposes, assume that the Time
Base Selection Gate MC25B has been enabled by the Time
Base Selection FFs. When the decade dividers have counted
for 0.8 second, the output of divider MC53 goes positive
(paragraph 3-19). This positive signal is gated through
MC25B and the Time Flag Gate to the clock input of the
Flag Buffer FF. At the count of one second, the output of
divider MC53 goes negative and sets the Flag Buffer FF. At
the next computer time T2, an ENF signal is gated with the
true set-side output of the Flag Buffer FF to set the Flag
FF.

3-32. When the Flag FF is in the set state, the time base
generator card generates an SRQ signal and, if programmed
to do so, generates FLG and IRQ signals or an SKF signal.
These signals indicate to the computer that the requested
time interval has ended. The following paragraphs describe
how these signals are generated and how they are used by
the computer.

3-33.  SKIP-ON-FLAG SIGNAL. If the computer is pro-
grammed to wait for the Flag FF to be set (SFS instruction
followed by a JMP *-1 instruction for example), the
resulting SF'S signal gated with the set side of the Flag FF
generates an SKF signal. This causes the computer to skip
the next programmed instruction (JMP *.1) and proceed
with the program. Figure 3-2 illustrates the generation of an
SKF signal by the time base generator card. Notice that an
SKF signal can also be generated when the Flag FF is in the
clear state by programming a SFC instruction. Either way,
the state of the Flag FF is being tested and the computer
must be programmed to respond accordingly.

3-34. INTERRUPT SIGNALS. If the computer interrupt
system has been enabled by an STF 00 instruction, the time
base generator can be used to generate timed interrupts.
Figure 3-3 illustrates the functions involved in an interrupt
operation. To interrupt the main program at the end of a
measured time interval, the following conditions must be
met at the time base generator card:

a Control FF set (paragraph 3-27).

b.  Flag Buffer FF set (paragraph 3-31),

Flag FF set (paragraph 3.-31).

IEN signal true (interrupt system enabled).

e e

e.  PRH signal true (no higher priority interrupts).

3-35.  When all of these conditions are established, an
SIR signal at time T5 sets the IRQ FF which generates
true FLG and IRQ signals. These signals are used by the
computer I/O control and addressing circuits to generate
an interrupt signal.

3-36. At time T2 following the interrupt an ENF sig-
nal clears the IRQ FF. An SIR signal again sets the IRQ
FF if the PRH signal is still true at time T5. The FLG
and IRQ signals this time are used by the computer I/O
control and addressing circuits to encode the interrupt
address.
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LDA CW
INSTRUCTION
CONTROL WORD TIME
OTA TBG SELECTION FFs || LOADED INTO [ | SELECTION
INSTRUCTION CLEARED SEI'E'V(':EH%?\,SEF GATE (1 OF 8)
(T3) Al s ENABLED
DECADE
DIVIDERS
CLEARED
(100)
100 kHz TIME
sTC.C CONTROL SIGNAL GATED INTERVAL
INSTRUCTION FF SETS T{g\?'%‘ﬁgﬁ COMP7LETE
} YES
l— TIME FLAG
FLAG FF GATE ENABLED | | FLAG BUFFER FLAG FF
CLEARS (THREE INPUTS FF SETS SETS
REQUIRED) (ENF T2)
ERROR FF
CLEARS
—>
SKIP-ON-
SFS TBG JES N e
INSTRUCTION GENERATED
WAIT FOR FLAG
LOOP NO
| JMP*-1
INSTRUCTION
CONTROL 100 kHZ
CLC TBG FF SIGNAL TO DECADE
INSTRUCTION CLEARS DIVIDERS DISABLED
DECADE
DIVIDERS
END CLEARED

Figure 3-1. Time Base Generator Simplified Logic Diagram
and Functional Operation Flow Chart
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Figure 3-2. Skip-On-Flag Signal Generation Flow Chart
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Figure 3-3. Interrupt Operation Flow Chart
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3-37.  The next machine cycle will be under control of
the instruction located at the interrupt address in memory.
During this machine cycle, an IAK signal at time T1 clears
the Flag Buffer FF and an ENF signal at time T2 clears the
IRQ FF. The Flag FF remains set to inhibit lower priority
interrupts by providing a false PRL signal.

3-38. At this point, the computer normally enters an
interrupt subroutine. A CLC instruction is required at the
beginning of the subroutine to disable the decade dividers
and prevent the Error FF (paragraph 3-42) from being set.
Also, just before leaving the subroutine, a CLF instruction
is required to enable lower priority interrupts.

3-39.  SERVICE REQUEST SIGNAL. If the computer is
equipped with the Direct Memory Access (DMA) accessory,
and the DMA circuits have been initialized, the operation of
the time base generator can be controlled by DMA. When
the Flag FF is set, indicating the end of a measured time
period, the time base generator supplies a true SRQ signal
which enables the DMA circuits. The DMA circuits then
suspend the computer program for one machine cycle,

3-6
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transfer a new 3-bit control word to the time base genera-
tor, and restart the time base generator,

3-40.  Refer to the applicable DMA accessory operating
and service manual for detailed information on DMA con-
trolled operations.

3-41. ERROR CHECK LOGIC.

3-42.  The Error FF monitors the set-side output of the
Flag FF and the output of the Time Base Selection Gates.
If the Flag FF is set, and the selected decade divider output
is allowed to go positive a second time, the Error FF is set.
This can occur during interrupt operations, for example, if
an interrupt request is ignored by the computer, A set Error
FF then indicates that at least one time period has been
missed.

3-43.  The state (set or cleared) of the Error FF is read
onto the I0BI 4 line and loaded into the computer A- or
B-register by an LIA or LIB instruction addressed to the
time base generator. Bit 4 of the A- or B-register can then
be checked by software for a possible error condition.
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SECTION IV

MAINTENANCE

41. INTRODUCTION.

4.2, This section provides maintenance information for
the HP 12539B Time Base Generator Interface Kit.
Included are preventive maintenance instructions, trouble-
shooting instructions, and maintenance data consisting of
integrated circuit pin connections and characteristics (figure
4-1), a time base generator printed-circuit card replaceable
parts list (table 4-1), and a time base generator card parts
location and logic diagram (figure 4-2).

43. PREVENTIVE MAINTENANCE.

4-4, Incorporate preventive maintenance for the time
base generator with the preventive maintenance routines for
the computer system. Inspect the time base generator card
for cracked, broken, or burned components, insulation, and
connections.

4-5. Check the oscillator output frequency at test point
TP1 using a Hewlett-Packard 5244L Electronic Counter or
equivalent. The frequency should be 100-kHz +0.5 Hz. If
the frequency is not within tolerance, adjust the frequency
according to the oscillator adjustment procedures given in
paragraph 4-10.

4-6. TROUBLESHOOTING.

4-7. Most malfunctions on the time base generator card
can be traced by performing the diagnostic program proce-

dure (part no. 12539-@!?
F60/|

- = N " in
the Manual of Diagnostics and analyzing error halts as they
occur, Use the maintenance data contained in this section to
isolate malfunctions to the component level.

4-8. To facilitate testing the decade dividers, jumper
W1 may be moved to position B. This reduces the time
interval required to operate the last four divider circuits.
With W1 in position B, decade dividers MC63, MC73,
MC83, and MC93 will operate normally; however, decade
divider outputs from MC23, MC33, MC43, and MC53 will
occur at 1 second, 0.1 second, 10 millisecond, and 1 milli-
second intervals respectively.

4.9, OSCILLATOR ADJUSTMENT.

4-10. Using a Hewlett-Packard 52441 Electronic
Counter or equivalent frequency measuring device, observe
the oscillator output frequency at test point TP1. Adjust
capacitor C8 to obtain an output frequency of 100-kHz
10.5 Hz.

Note

It may be necessary to replace capacitor
C9 with a different value to achieve the
correct output frequency. For maximum
temperature stability, ensure that the
replacement value for C9 be as large as
possible while maintaining the required
oscillator frequency.

4-1
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+
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43c
L +41s 8

4 BIT COUNTER
CHARACTERISTIC 39

CHARACTERISTIC 44

CHARACTERISTIC 16

CHARACTERISTIC 1§

] CHAHACTERISUC 70 ’ (TOF VIEW)
MAXIMUM
INPUT LEVEL OUTPUT LEVEL PROPAGATION
OPEN DELAY
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LOGIC 1 LOGIC 0 LOGIC 1 LOGIC 0 ACTS AS: TO 1 TOo 0
(VOLTS, MIN) | (VOLTS, MAX) | (VOLTS, MIN)} |(VOLTS, MAX) (NANOSEC) | (NANOSEC)
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16 1.8 0.0 1.5 0.22 0 4.5 4
17 1.25 0.5 2.25 -0.36 0 18 18
18 — 0.5 2.35 -0.36 0 15 25
39 2.0 0.8 2.4 0.4 — 100 100
44 1.8 1.1 2.5 04 1 15 15

4-2

Figure 4-1. Integrated Circuit Pin Connections and Characteristics
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Table 4-1. Time Base Generator Card Replaceable Parts List

HP MFR

REFERENCE DESIGNATION PART NO. DESCRIPTION CODE MFR PART NO.
C1,2,3,11,19,20,21 0180-0291 Capacitor, Fxd, Tant, 1.0 uF,10% 56289 150D105X9035A2
c8 0121-0046 Capacitor, Variable, 9 to 35 pF 72982 538-011-E2P0O-94R
co* 0160-2101 Capacitor, Fxd, Mica, 27 pF, 5% 72136 RDOM15E270G3C
co* 0160-0356 Capacitor, Fxd, Mica, 18 pF, 5% 28480 0160-0356
C9* 0160-2197 Capacitor, Fxd, Mica, 10 pF, 5% 72136 RDM15C100J3C
Cc10 0140-0149 Capacitor, Fxd, Mica, 470 pF, 5% 72136 DM15F471J
Cc12 0160-0153 Capacitor, Fxd, Mylar, 0.001 uF, 10% 56289 192P10292-PTS
C13 0160-0134 Capacitor, Fxd, Mica, 220 pF, 5% 72136 DM165F 2214 (300V)
CR1* 1901-0040 Diode, Silicon, 30 mA, 30V 07263 FDG1088
MC15,25,35,45,97 1820-0954 Integrated Circuit, CTL 07263 SL3457
MC17,107 1820-0956 Integrated Circuit, CTL 07263 SL3459
MC23,33,43,53,63,73,83,93 1820-0055 Integrated Circuit, TTL 01295 SN4356
MC27,57,65,75,85,95,115,127 1820-0952 Integrated Circuit, CTL 07263 SL3455
MC37,47,55,77,87,105,117,

123,125 1820-0953 Integrated Circuit, CTL 07263 SL3456
MC67 1820-0967 integrated Circuit 28480 1820-0967
MC113 1820-0205 Integrated Circuit 28480 1820-0205
Q1 1854-0019 Transistor, Silicon, NPN (S6515) 28480 1854-0019
Q2 thru Q5 1854-0094 Transistor, Silicon, NPN {2N3646) 07263 2N3646
R9 0683-6835 Resistor, Fxd, 68k, 5%, 1/4W 01121 CB6835
R10,20 0683-1035 Resistor, Fxd, 10k, 5%, 1/4W 01121 CB1035
R11 0683-4705 Resistor, Fxd, 47 ohms, 5%, 1/4W o221 CB4705
R12 0683-8225 Resistor, Fxd, 8.2k, 5%, 1/4W 01121 CcB8225
R13 0683-2225 Resistor, Fxd, 2.2k, 5%, 1/4W 01121 CB2225
R14 0683-3335 Resistor, Fxd, 33k, 5%, 1/4W 01121 CB3335
R15 0683-3925 Resistor, Fxd, 3.9k, 5%, 1/4W 01121 CB3925
R16 0683-2725 Resistor, Fxd, 2.7k, 5%, 1/4W o121 CB2725
R17 0683-1515 Resistor, Fxd, 150 ohms, 5%, 1/4W 01121 CB1515
R18 0683-1825 Resistor, Fxd, 1.8k, 5%, 1/4W o1i21 CcB1825
R19,21 0683-6825 Resistor, Fxd, 6.8k, 5%, 1/4W 01121 CB6825
R22 0683-4725 Resistor, Fxd, 4.7k, 5%, 1/4W 01121 CB4725
R23,25,26,28 0683-4715 Resistor, Fxd, 470 ohms, 5%, 1/4W 01121 CB4715
R24,27,29,30 0683-1025 Resistor, Fxd, 1k, 5%, 1/4W 01121 CB1025
T 5212A-9A Transformer 28480 5212A-9A
w1 8159-0005 Jumper Wire 28480 8159-0005
Y1 0410-0021 Crystal, Quartz, 100 kHz 28480 0410-0021

*First used on card rev, 1147,
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= 9 bl R12 3. JUMPER W1 POSITION B, IS USED ONLY DURING TESTING.
" 1.0UF 4
8.2K2 100 KHz : 4. % C9 FACTORY SELECTED NOMINAL VALUE SHOWN.
= OSCILLATOR 5. ALL LOGIC POSITIVE-TRUE.
I 6. ALL RESISTANCE VALUES ARE EXPRESSED IN OHMS.
DWG REV B - - 7. CR1 FIRST USED ON CARD REV. 1147,

Figure 4-2. Time Base Generator Card Parts Location

and Logic Diagram
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Section V

SECTION V

REPLACEABLE PARTS

51. INTRODUCTION.

5-2, This section provides information for ordering
replacement parts for the 12539B Time Base Generator
Interface Kit. Table 5-1 is a numerical listing of all replace-
able parts in the interface kit.

5-3. A time base generator card replaceable parts list
(table 4-1) and a parts location diagram (figure 4-2) are
provided in section IV of this manual.

5-4. Tables 4-1 and 5-1 list the following information
for each replaceable part:

a.  Reference designation of the part (table 4-1 only).
(Refer to table 5-3 for an explanation of the abbreviations
used in the REFERENCE DESIGNATION column.)

b.  Hewlett-Packard part number.
¢.  Description of the part. (Refer to table 5-3 for an

explanation of the abbreviations used in the DESCRIP-
TION column.)

d. A five digit code that corresponds to the manu-
facturer of the part. (Refer to table 5-2 for the code list of
manufacturers.)

e.  Manufacturers part number.

f.  Total quantity (TQ) of each part used in the kit or
assembly (table 5-1 only).

5-5, ORDERING INFORMATION.

5-6. To order replacement parts, address the order or
inquiry to the nearest Hewlett-Packard Sales and Service
Office. Refer to the list at the back of this manual for
addresses. Specify the following information for each part
ordered:

a.  Identification of the instrument, kit, or assembly
containing the part (refer to paragraphs 1-8 through 1-10).

b.  Hewlett-Packard part number for each part.
c¢.  Description of each part.

d.  Circuit reference designation for each part (if
applicable).

5-1



Section V 12539B
Table 5-1. Numerical List of Replaceable Parts
MFR
HP PART NO. DESCRIPTION CODE MFR PART NO. TQ
0121-0046 Capacitor, Variable, 9 to 35 pF 72982 538-011-E2P0O-%4R 1
0140-0149 Capacitor, Fxd, Mica, 470 pF, 5% 72136 DM15F471J 1
0160-0134 Capacitor, Fxd, Mica, 220 pF, 5% 72136 DM15F221J (300V) 1
0160-0153 Capacitor, Fxd, Mylar, 0.001 uF, 10% 56289 192P10292-PTS 1
0160-0356 Capacitor, Fxd, Mica, 18 pF, 5% 28480 0160-0356 *
0160-2101 Capacitor, Fxd, Mica, 27 pF, 5% 72136 RDM15E270G3C *
0160-2197 Capacitor, Fxd, Mica, 10 pF, 5% 72136 RDM15C100J3C *
0180-0291 Capacitor, Fxd, Tant, 1.0 uF, 10% 56289 150D 105X9035A2 7
0410-0021 Crystal, Quartz, 100 kHz ' 28480 0410-0021 1
0683-1025 Resistor, Fxd, 1k, 5%, 1/4W 01121 CB1025 4
0683-1035 Resistor, Fxd, 10k, 5%, 1/4W 01121 CB1035 2
0683-1515 Resistor, Fxd, 150 ohms, 5%, 1/4W 01121 CB1515 1
0683-1825 Resistor, Fxd, 1.8k, 5%, 1/4W 01121 CB1825 1
0683-2225 Resistor, Fxd, 2.2k, 5%, 1/4W 01121 CB2225 1
0683-2725 Resistor, Fxd, 2.7k, 5%, 1/4W 01121 CB2725 1
0683-3335 Resistor, Fxd, 33k, 5%, 1/4W 01121 CB3335 1
0683-3925 Resistor, Fxd, 3.9k, 5%, 1/4W o1121 CB3925 1
0683-4705 Resistor, Fxd, 47 ohms, 5%, 1/4W 01121 CB4705 1
0683-4715 Resistor, Fxd, 470 ohms, 5%, 1/4W 01121 CB4715 4
0683-4725 Resistor, Fxd, 4.7k, 5%, 1/4W 01121 CB4725 1
0683-6825 Resistor, Fxd, 6.8k, 5%, 1/4W 01121 CB6825 2
0683-6835 Resistor, Fxd, 68k, 5%, 1/4W 01121 CB6835 1
0683-8225 Resistor, Fxd, 8.2k, 5%, 1/4W 01121 CB8225 1
1200-0199 Socket, Crystal 91506 8000-AG8
1820-0055 Integrated Circuit, TTL 01295 SN4356 8
1820-0205 Integrated Circuit, TTL 28480 1820-0205 1
1820-0952 Integrated Circuit, CTL 07263 SL3455 8
1820-0953 Integrated Circuit, CTL 07263 SL3456 9
1820-0954 Integrated Circuit, CTL 07263 SL3457 5
1820-0956 integrated Circuit, CTL 07263 SL3459 2
1820-0967 Integrated Circuit, CTL 28480 1820-0967 1
1854-0019 Transistor, Silicon, NPN {S6515) 28480 1854-0019 1
1854-0094 Transistor, Silicon, NPN {2N3646) 07263 2N3646 4
1901-0040 Diode, Silicon, 30 mA, 30V {Note 2) 07263 FDG1088 1
8159-0005 Jumper Wire 28480 8159-0005 1
5212-9A Transformer 28480 5212-9A 1
12539-60001 Time Base Generator interface Card 28480 12539-60001 1
12539-90002 Operating and Service Manual 28480 12539-90002 1
NOTES: 1. Only one of the items marked with asterisk in TQ column is supplied with kit. Determined during factory testing.
2. First used on card rev. 1147,
Table 5-2. Code List of Manufacturers
The following code numbers are from the Federal Supply Code for Manufacturers
Cataloging Handbooks H4-1 and H4-2, and their latest supplements.
Code Code
No. Manufacturer Address No. Manufacturer Address
01121 Allen Bradley,Co. . . . . ... . ... Milwaukee, Wis. 28480 Hewlett-Packard Co. . . . . . . .. .. Palo Alto, Cal.
01295 Texas Instruments, Inc., Transistor 56289 Sprague ElectricCo. . . . . . . .. North Adams, Mass.
Products Div. . . . . . ... ... ... Daltas, Texas 72136 Electro Motive Mfg. Co., Inc. . . Willimantic, Conn.
07263 Fairchild Camera & Inst. Corp., 72982 Erie Technological Products, tnc. . . . . . .. Erie, Pa.
Semiconductor Div. . . . . ... Mountain View, Cal. 91506 Augat, Inc. . ... ... Attleboro, Mass.
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CHANGE DESCRIPTION

1 Title page. Change the printed-circuit assembly series number to ““1315"".
2 Page 4-3. Delete the entries for R1 and R4,5.
3 Page 4-5. Change the parts location diagram as foilows:

a. Change card rev. to "“A-13156-22".
b. At upper-center, delete “R1".
c. Atright center, delete R4’ and ““R5"".

4 Page 4-5. Change the logic diagram as follows: -
a. At upper left, change card rev. to “1315"".
b. At upper left, change R4 to “R6A’’. Change the value to “1.5K"".

c. At left center, change R5 to “R6B"". Change the value to **1.5K"".
d. At right center, delete resistor R1.
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1-1. INTRODUCTION.

1-2. This manual provides general information, installa-
tion and programming instructions, theory of operation,
maintenance instructions, and replaceable parts information
for the Hewlett-Packard 12539C Time Base Generator
Interface Kit (figure 1-1).

1-3. DESCRIPTION.

1-4. The HP 12539C Time Base Generator measures
real-time intervals in decade steps from 0.1 millisecond to
1000 seconds (16.67 minutes). A three-bit control word
transferred to the time base generator by programmed
instruction selects the time interval to be measured. The
1-MHz crystal-controlled oscillator used as the frequency
standard for the time base generator allows generation of
timing signals accurate to within 2 seconds per 24-hour day.

1-5. KIT CONTENTS.

1-6. The time base generator interface kit consists of a
time base generator printed-circuit assembly, part no.
12539-60003, and the operating and service manual, part
no. 12539-60008.

1-7. IDENTIFICATION,

1-8. This operating and service manual is identified on
the ftitle page by interface kit designation and nomen-
clature, printed-circuit assembly part number and series
code, manual part number, and publication date. Refer to

2238-1

Figure 1-1. HP 12539C Time Base Generator Interface Kit

GENERAL INFORMATION

the information presented in the following paragraphs and
ensure that this manual applies to the equipment being
serviced.,

1-9. Hewlett-Packard uses five digits and a letter
(00000A) for standard interface kit designation. If the
designation of your kit does not agree with that on the title
page of this manual, there are differences between your kit
and the kit described in this manual. The appropriate
manual or manual supplement is available at the nearest HP
Sales and Service Office listed at the back of this manual.

1-10.  Printed-circuit assembly (PCA) revisions are identi-
fied by a letter, a series code, and a division code stamped
on the board (e.g., A-1232-22). The letter code identifies
the version of the etched trace pattern on the unloaded
board. The series code (four middle digits) refers to the
electrical characteristics of the loaded assembly and the
positions of the components. The division code (last two
digits) identifies the Hewlett-Packard division which manu-
factured the PCA. If the series code stamped on the PCA
does not agree with the series code shown on the title page
of this manual, there are differences between your PCA and
the PCA described in this manual. These -differences are
described in change sheets and manual supplements
available at the nearest HP Sales and Service Office.

1-11.  SPECIFICATIONS.

1-12.  Table 1-1 lists the specifications for the HP
12539C Time Base Generator Interface PCA.

Table 1-1. Time Base Generator Specifications

CHARACTERISTICS SPECIFICATIONS

0.1 millisecond
1 millisecond
10 milliseconds
100 milliseconds
1 second
10 seconds
100 seconds
1000 seconds

Time Base Intervals:

Time Base Accuracy: 2 seconds per 24-hour day

Current Requirements from

Computer Power Supply:
-2V 0.016A
+4.85V 0.75A

Logic Levels
Logic 1 {high):
Logic O (low):

+2.4 or greater
+0.4V or less

1-1/1-2
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SECTION

INSTALLATION AND PROGRAMMING R

2-1. INTRODUCTION.

2-2. This section provides information for unpacking
and inspection, reshipment, installation, and programming
the HP 12539C Time Base Generator Interface Kit.

2-3. UNPACKING AND INSPECTION.

2-4. If the shipping carton is damaged upon receipt,
request that the carrier’s agent be present when the card is
unpacked. Inspect the PCA for damage (cracks, broken
components, etc.). If the PCA is damaged and fails to meet
specifications, notify the carrier and the nearest HP Sales
and Service Office immediately. (Sales and Service Offices
are listed at the back of this manual.) Retain the shipping
container and the packing material for the carrier’s inspec-
tion. The HP Sales and Service Office will arrange for repair
or replacement of the damaged PCA without waiting for
claims against the carrier to be settled.

2-5. RESHIPMENT.

2-6. If an item of the kit is to be shipped to Hewlett-
Packard for service or repair, attach a tag to the item
identifying the owner and indicating the service or repair to
be accomplished. Include the model number of the kit.

2-7. Pack the item in the original factory packing
material if available. If the original material is not available,
standard factory packing material can be obtained from the
nearest Hewlett-Packard Sales and Service Office.

2-8. If standard packing material is not used, wrap the
item in Air Cap TH-240 cushioning (manufactured by
Sealed Air Corporation, Hawthorn, N.J.) or equivalent and
place in a corrugated carton (200 pound test material). Seal
the shipping carton securely and mark it “FRAGILE” to
ensure careful handling.

Note: In any correspondence, identify the kit
by number. Refer any questions to the
nearest Hewlett-Packard Sales and Service
Office.

2-9. INSTALLATION.

2-10.  The time base generator PCA obtains its operating
currents from the computer power supply. Before installing
the PCA, determine the current requirements of this PCA in
combination with all other interface or accessory kits al-
ready installed in the computer. The computer system
documentation defines the currents available from the com-

puter and describes the procedures for calculating the total
power supply current requirements. If the total current
requirements exceed the limitations of the computer power
supply, a Hewlett-Packard power supply extender unit or
input/output extender unit must be used. See table 1-1 for
the current requirements of the time base generator PCA.

2-11.  After ensuring sufficient power, install the time
base generator PCA as follows:

a. Turn power off at the computer.

b. Insert the time base generator PCA in the computer I/O
slot corresponding to the desired select code.

c¢. Turn on power and perform the diagnostic program
procedure (part no. 12539-90005 for 2100A Computers
or part no. 12539-90003 for 2114, 2115, and 2116
Computers) contained in the Manual of Diagnostics to
verify proper operation of the time base generator PCA.

d. Check the oscillator output frequency at test point E4
using a Hewlett-Packard 5244L Electronic Counter or
equivalent. The frequency should be 1-MHz * 0.5 Hz. If
the frequency is not within tolerance, adjust the
frequency according to the oscillator adjustment
procedures given in paragraph 4-10.

2-12. PROGRAMMING.
2-13. CONTROL WORD.

2-14. The desired time interval to be measured by the
time base generator is selected by transferring a three-bit
control word from the computer A- or B-register to the
time base generator, Table 2-1 lists the possible control
word bit combinations and the time interval selected by
each. Note that the time intervals are selected in increments
equal to 10™! milliseconds where n is the decimal equiva-
lent of the three-bit control word. For non-decade time
intervals a decade interval must be counted by software to
form the desired interval. For example, if a time interval of
three milliseconds is desired, a one millisecond interval
must be counted by software three times, to obtain the
desired interval.

2-15, ERROR CHECK.

2-16. When more than one decade time interval is re-
quired for any given timing operation, the time base gener-
ator provides a means of ensuring that all selected intervals
have been acknowledged by the computer. A status word,
transferred from the time base generator to the computer
A- or B-register by an LIA or LIB instruction, contains a
single significant bit (bit 4). If this bit is a logic 1, at least

2-1
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one time interval has been lost. This status word should be
checked by software after each decade time interval.

2-17.  Jumper W1 on the PCA can be placed in position
B to make bit 5 significant also. In this way, bit 5 can be
checked by software to determine if a time interval has
been lost.

2-18. SAMPLE PROGRAM.

2-19.  Table 2-2 is a sample program demonstrating the
operation of the time base generator. Under control of this
program, the time base generator will provide a measured
time interval of 5 seconds. This is done by counting five
l-second intervals with a software counter. After each
1-second interval, the error status bit is checked to ensure
that all of the l-second intervals are acknowledged by the
computer.

12539C

Table 2-1. Control Word Combinations and Time Intervals

CONTROL WORD
SELECTED TIME INTERVAL
BIT2;BIT1|BITO

0 0 0 0.1 millisecond
0 0 1 1 millisecond
0 1 0 10 milliseconds
0 1 1 100 milliseconds
1 0 0 1 second

1 0 1 10 seconds

1 1 0 100 seconds

1 1 1 1000 seconds

NOTE: Bits 3 through 15 not used.

Table 2-2. Sample Program

0001 ASMB,AB,L T

0002*

0003* THIS IS A SAMPLE PROGRAM TO DEMONSTRATE THE OPERATION OF THE

0004*  TIME BASE GENERATOR. UNDER CONTROL OF THIS PROGRAM, THE TIME

0005* BASE GENERATOR WILL PROVIDE A MEASURED INTERVAL OF FIVE SECONDS.

0006* THIS REQUIRES THAT FIVE DECADE INTERVALS OF ONE SECOND EACH

0007~ BE MEASURED AND COUNTED BY SOFTWARE. AFTER EACH DECADE INTERVAL

0008* IS MEASURED, THE ERROR STATUS IS CHECKED AND IF AN ERROR IS

0009* DETECTED, THE COMPUTER HALTS WITH A T-REGISTER DISPLAY OF

0010* 102066 OCTAL.

0011*

0012 00100 ORG 1008

0013~

0014 00100 000000 START NOP

0015 00101 060121 LDA 5 INITIALIZE COUNTER TO COUNT
0016 00102 070122 STA COUNT FIVE DECADE INTERVALS.

0017~

0018~ THIS PART OF THE PROGRAM OPERATES THE TIME BASE GENERATOR.

0019*

0020 00103 060123 LDA CW GET CONTROL WORD AND TRANSFER
0021 00104 102615 OTA TBG TO TIME BASE GENERATOR.

0022 00105 102715 STC TBG START TIME BASE GENERATOR
0023 00106 103115 GO CLF TBG ENABLE FLAG LOGIC.

0024 00107 102315 SFS TBG HAS DECADE INTERVAL ELAPSED?
0025 00110 024107 JMP *-1 NO. WAIT.

0026 00111 024112 JMP STAT YES. CHECK ERROR STATUS.

0027*

0028* THIS PART OF THE PROGRAM CHECKS ERROR STATUS AND INCREMENTS

0029* THE DECADE INTERVAL COUNTER.

0030*

0031 00112 102515 STAT LIA TBG GET STATUS WORD FROM TIME BASE
0032* GENERATOR

0033 00113 050124 CPA ERR DOES STATUS WORD INDICATE AN ERROR?
0034 00114 102066 HLT 66B YES. HALT COMPUTER.

0035 00115 034122 152 COUNT NO. INCREMENT COUNTER. IS TIME
0036* INTERVAL COMPLETE?

0037 00116 024106 JMP GO NO. START ANOTHER DECADE INTERVAL.
0038 00117 106715 CLC TBG YES. STOP DECADE COUNTERS.
8039* 00120 102077 HLT 778 HALT COMPUTER.,

040

0041* CONSTANT AND STORAGE INFORMATION.

0042+

0043 00121 177773 .5 DEC -5

0044 00122 000000 COUNT BSS 1

0045 00123 000004 CwW OCT 4

0046 00124 000020 ERR OCT 20

0047 00015 TBG EQU 158

0048*

0049 END START

* NO ERRORS*

2-2
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SECTION

THEORY OF OPERATION p88

31 INTRODUCTION.

3-2. This section provides functional and detailed
theory of operation for the HP 12539C Time Base
Generator Interface Kit.

3-3. FUNCTIONAL THEORY OF OPERATION.

3-4. Figure 3-1 is a block diagram of the time base
generator PCA and a flowchart showing the functional
operation of the time base generator PCA. The program
instructions shown in the flowchart are the same as those
used in the sample program in table 2-2 in section II of this
manual.

3-5. Operation of the time base generator begins with
the transfer of a three-bit control word from the computer
A- or B-register to the time base selection register with an
OTA or OTB instruction. The next instruction (STC,C)
causes a shaped 100-kHz signal to be gated to the decade
divider circuits. This marks the beginning of the time
interval.

3-6. An SFS instruction is used to determine if the
selected time interval has elapsed. Before the time interval
has elapsed, a JMP *-1 instruction is executed followed by
the SFS instruction again. This wait loop continues until
the selected time interval has elapsed.

3-1. At the end of the selected time interval, the time
base generator supplies an SKF signal. The SKF signal
causes the computer to skip the JMP *-1 instruction and
proceed with the program. The time spent in the wait loop
is the time selected by the control word that was initially
transferred to the time base generator.

38. DETAILED THEORY OF OPERATION.

3-9. Refer to the time base generator logic diagram,
figure 4-2, in section IV of this manual while reading the
detailed theory of operation discussion.

3-10.  For an index of signals on the 86-pin edge of the
time base generator PCA, refer to the computer system
documentation.

3-11. Al logic levels on the time base generator PCA are
positive-true. The term “‘high” refers to a level of approxi-
mately +2.4V and “low” refers to approximately +0.4V.
These signal levels vary somewhat depending on the inte-
grated circuit package involved.

3-12.  POWER-ON LOGIC.

3-13.  When power is initially applied to the computer or
the computer PRESET switch is pressed, the computer
supplies a POPIO and a CRS signal to the time base gener-
ator PCA. The POPIO signal sets the Flag Buffer FF and the
CRS signal clears the Control FF. An ENF signal at the
next computer time T2 is gated with the set-side output of
the Flag Buffer FF to set the Flag FF. The low set-side
output of the Control FF is applied through U34D to the
clear inputs of the decade dividers ensuring that they are
initially in the clear state. The low set-side output of the
Control FF also inhibits “and” gate U24D to prevent the
100-kHz signal from clocking the decade dividers. Also, the
first ENF signal clears the IRQ FF. Because the output of
the eight-to-one multiplexer circuit is low, the Time Flag
FF clears when the first SIR signal is received at computer
time T5.

3-14. TIME STANDARD LOGIC.

3-15.  The basic component of the time standard logic is
a 1-MHz crystal oscillator accurate to 20 ppm (parts per
million). The 1-MHz signal is applied to decade divider U75
to obtain a 100-kHz signal. “And” gate U24D allows the
control logic to control the application of this 100-kHz
signal to the decade dividers as described in paragraph 3-24,

3-16.  The gated 100-kHz signal is applied to the first of
the eight decade dividers. The decade dividers are wired
externally to operate as binary coded decimal counters with
a count added each time the input signal (pin 14) swings
low. The output signal (pin 11) swings high on the eighth
count then low on the tenth count. The low swing adds one

-count to the next divider stage. The output signals from

each of the decade dividers are applied to the time base
selection logic.

3-17.  TIME BASE SELECTION LOGIC.

3-18.  The time base selection logic consists of three
Time Base Selection FF’s (BIT 0-3 FF’s) and an eight-to-one
multiplexer circuit.

3-19.  The desired time interval to be measured by the
time base generator PCA is encoded into a three-bit control
word. This control word is transferred from the computer
A- or B-register to the Time Base Selection FF’s by an OTA
or OTB instruction with the select code of the time base
generator. Either of these instructions supply high SCM,
SCL, IOG, and IOO signals and the three-bit control word
(IOBO 0, I0BO 1, and IOBO 2) to the time base generator.

3-1



Theory of Operation

3-20. When the 10O signal goes high at computer time
T3, the three-bit control word is stored in the Time Base
Selection FF’s. The 100 signal also clears all nine decade
dividers and the Control FF at this time.

3-21. The outputs of the Time Base Selection FF’s
control the eight-to-one multiplexer circuit. This circuit
decodes the control word so that one of the eight decade
dividers is selected as the time base (for time interval).

3-22. CONTROL LOGIC.

3-23. = After the control word has been loaded into the
Time Base Selection FF’s, the time base generator is ready
to begin measuring the time period. An STC,C instruction
with the select code of the time base generator marks the
beginning of the time period. As a result of this instruction,
the time base generator PCA receives high I0G, SCM, SCL,
STC, and CLF signals from the computer.

3-24. The STC signal sets the Control FF. The high
set-side output of the Control FF gates the 100-kHz signal
to the decade dividers and provides one of the enabling
signals to the time flag gate (U36C).

3-25. The CLF signal clears the Flag Buffer and Flag
FI’s. The high clear-side output of the Flag FF provides
another enabling signal to the time flag gate. (Because the
clear-side output of the Time Flag FF is also high, the
output of the time flag gate goes high at this time. How-
ever, this has no effect since the CLF signal provides an
overriding clear signal to the Flag Buffer FF.) The decade
dividers are now counting the 100-kHz signal and continue
to count until the selected time interval has elapsed.

3-26. FLAG LOGIC.

3-27.  The flag logic monitors the output of the eight-to-
one multiplexer circuit for a signal indicating the end of the
desired time interval.

3-28.  For discussion purposes, assume that the control
word specifies a time interval of one second. In this in-
stance, the eight-to-one multiplexer selects the U86 decade
divider as the time base. When the decade dividers have
counted 0.8 second, the output of divider U86 goes high
(paragraph 3-16). This signal is gated through the eight-to-
one multiplexer circuit to the set input of the Time Flag
FF. At the next computer time T5 (SIR), the Time Flag FF
sets causing the output of the time flag gate to go low. At
the count of one second, the output of divider U86 goes
low. The Time Flag FF clears at the next SIR signal causing
the output of the time flag gate to go high, setting the Flag
Buffer FF. At the next computer time T2 (ENF), the Flag
FF sets.

3-29.  When the Flag FF is in the set state, the time base
generator PCA generates an SRQ signal and, if programmed
to do so, generates FLG and IRQ signals or an SKF signal.
These signals indicate to the computer that the requested

3-2
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time interval has ended. The following paragraphs describe
how these signals are generated and how they are used by
the computer.

3-30. SKIP-ON-FLAG SIGNAL. If the computer is pro-
grammed to wait for the Flag FF to be set (SFS instruction
followed by a JMP *-1 instruction for example), the re-
sulting SFS signal gated with the set side of the Flag FF
generates an SKF signal, This causes the computer to skip
the next programmed instruction (JMP *-1) and proceed
with the program. Figure 3-2 illustrates the generation of an
SKF signal by the time base generator PCA. Notice that
SKF signal can also be generated when the Flag FF is in the
clear state by programming a SFC instruction. Either way,
the state of the Flag FF is being tested and the computer
must be programmed to respond accordingly.

3-31. INTERRUPT SIGNALS. If the computer interrupt
system has been enabled by an STF 00 instruction, the time
base generator can be used f{o generate timed interrupts.
Figure 3-3 illustrates the functions involved in an interrupt
operation. To interrupt the main program at the end of a
measured time interval, the following conditions must be
met at the time base generator PCA:

a. Control FF set (paragraph 3-24).

b. Flag Buffer FF set (paragraph 3-28).

c. Flag FF set (paragraph 3-28).

d. IEN signal high (interrupt system enabled).

e. PRH signal high (no higher priority interrupts).

3-32. When all of these conditions are established, an
SIR signal at time T5 sets the IRQ FF which generates true
FLG and IRQ signals. These signals are used by the com-
puter I/O control and addressing circuits to generate an
interrupt signal.

3-33. At time T2 following the interrupt, an ENF signal
clears the IRQ FF. An SIR signal again sets the IRQ FF if
the PRH signal is still high at time T5. The FLG and IRQ
signals this time are used by the computer I/O control and
addressing circuits to encode the interrupt address.

3-34.  The next machine cycle will be under control of
the instruction located at the interrupt address in memory.
During this machine cycle, an TAK signal at time T6 clears
the Flag Buffer FF and an ENF signal at time T2 clears the
IRQ FF. The Flag FF remains set to inhibit lower priority
interrupts by providing a low PRL signal.

3-35. At this point, the computer normally enters an
interrupt subroutine. A CLC instruction is required at the
beginning of the subroutine to disable the decade dividers
and prevent the Error FF (paragraph 3-37) from being set.
Also, just before leaving the subroutine, a CLF instruction
is required to enable lower priority interrupts.
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Theory of Operation

3-36. ERROR CHECK LOGIC.

3-37.  The Error FF monitors the set-side output of the
Flag FF and is clocked by the clear-side output of the Time
Base FF. If the Flag FF is set (indicating that the desired
time interval has elapsed) and the selected divider output
goes low a second time (causing the Time Flag FF to clear),
the Error FF sets.

3-6
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3-38.  The state (set or cleared) of the Error FF is read
onto the IOBI 4 line (and the IOBI 5 line if selected by
jumper W1) and loaded into the computer A- or B-register
by an LIA or LIB instruction addressed to the time base
generator. Bit 4 (or 5) of the A- or B-register can then be
checked by software for a possible error condition.
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41. INTRODUCTION.

4-2, This section provides maintenance information for
the HP 12539C Time Base Generator Interface Kit. In-
cluded are preventive maintenance instructions, trouble-
shooting instructions, and maintenance data consisting of
integrated circuit pin connections (figure 4-1), a time base
generator PCA replaceable parts list (table 4-1), and a time
base generator PCA parts location and logic diagram (figure
4-2).

4-3. PREVENTIVE MAINTENANCE.

4-4, Incorporate preventive maintenance for the time
base generator with the preventive maintenance routines for
the computer system. Inspect the time base generator PCA
for cracked, broken, or burned components, insulation, and
connections.

4.5, TROUBLESHOOTING.

4-6. Most malfunctions on the time base generator PCA
can be traced by performing the diagnostic program pro-
cedures (part no. 12539-90005 for 2100A Computers or
‘part no. 12539-90003 for 2114, 2115, and 2116 Com-
puters) contained in the Manual of Diagnostics and analyz-
ing error halts as they occur. Use the maintenance data
contained in this section to isolate malfunctions to the
component level.

SECTION

MAINTENANCE I

4-7. To facilitate testing the decade dividers, jumper
W2 can be moved to position B. This reduces the time
interval required to operate the last four divider circuits.
With jumper W2 in position B, the decade dividers for 0.1
millisecond (U77), 1 millisecond (U87), 10 milliseconds
(U97), and 100 milliseconds (U96) operate normally.
However, with jumper W2 in position B, the last four
decade dividers operate at 1 millisecond (U86), 10 milli-
seconds (U76), 100 milliseconds (U66), and 1 second
(U65).

Note: If jumper W2 is moved to position B, be
sure to return jumper W2 to position A
when testing is completed.

4-8. If crystal Y1 is replaced, check the oscillator out-
put frequency at test point E4 using a Hewlett-Packard
5244L Electronic Counter or equivalent. The frequency
should be 1-MHz * 0.5 Hz. If the frequency is not within
tolerance, adjust the frequency according to the oscillator
adjustment procedures given in paragraph 4-10.

4.9, OSCILLATOR ADJUSTMENT.

4-10. Using a Hewlett-Packard 5244L Electronic
Counter or equivalent frequency measuring device, observe
the oscillator output frequency at test point E4. Adjust
capacitor C19 to obtain an output frequency of 1-MHz
0.5 Hz.

4-1
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Table 4-1. Time Base Generator PCA Replaceable Parts

REFERENCE HP MFR
DESIGNATION PART NO. DESCRIPTION CODE MFR PART NO.
12539-60003 | TIME BASE GENERATOR PCA 28480 12539-60003
C1,18 0180-0197 CAPACITOR, fxd, elect, 2.2 uF, 10%, 20 Vdcw 56289 160D225X9020A2-DYS
g?gh;}u C(1:13£I 0160-2055 CAPACITOR, fxd, cer, 0.01 uF, +80 -20%, 100 Vdcw 56289 C023F101F1032522-CD
thru
C14 0160-2198 CAPACITOR, fxd, mica, 20 pF, 5% 72136 RDM15C200J3C
c19 0121-0036 CAPACITOR, var, cer, 5.5-18 pF 28480 0121-0036
CR1 1901-0040 DIODE, Si, 30 mA, 30WV 07263 FDG1088
Q1 1850-0158 TRANSISTOR, Ge, PNP 80131 2N2635
R1 07570416 RESISTOR, fxd, fim, 511 ohms, 1%, 1/8W 28480 0757-0416
R2,3,6 1810-0020 RESISTOR NETWORK, ftm (7 resistor) 28480 1810-0020
R4,5 0757-0420 RESISTOR, fxd, flm, 750 ohms, 1%, 1/8W 28480 07570420
R7,12 1810-0030 RESISTOR NETWORK, fIm (7 resistor 1k, 5%, 0.15W each) 28480 1810-0030
R8 0698-3444 RESISTOR, fxd, fim, 316 ohms, 1%, 1/8W 28480 0698-3444
R9 07570280 RESISTOR, fxd, fim, 1k, 1%, 1/8W 28480 0757-0280
R10 0698-3440 RESISTOR, fxd, fim, 196 chms, 1%, 1/8W 28480 0698-3440
R11 0698-3441 RESISTOR, fxd, fim, 215 ohms, 1%, 1/8W 28480 0698-3441
u24 1820-0141 INTEGRATED CIRCUIT, TTL 04713 MC3001P
U25, 46 1820-0077 INTEGRATED CIRCUIT, TTL 01295 SN7474N
u26, 34, 35 1820-0054 INTEGRATED CIRCUIT, TTL 01295 SN7400N
U27, 37, 47 1820-1007 INTEGRATED CIRCUIT 28480 1820-1007
u36 1820-0372 INTEGRATED CIRCUIT 28480 1820-0372
u4as 1820-0069 INTEGRATED CIRCUIT, TTL 01295 SN7420N
Ubs 1820-0174 INTEGRATED CIRCUIT, TTL 01295 SN7404N
uUb6 1820-0511 INTEGRATED CIRCUIT, TTL 01295 SN7408N
us7 1820-0301 INTEGRATED CIRCUIT, TTL 01295 SN7475N
U65, 66, U75 thru 1820-0055 INTEGRATED CIRCUIT, TTL 01295 SN7490N
U77, 86, 87, 96, 97,
ue7 1820-0615 INTEGRATED CIRCUIT, TTL 28480 18200615
u74 1820-0142 INTEGRATED CIRCUIT 04713 MC1004P
Wi, 2 8159-0005 JUMPER, wire 28480 8159-0005
Y1 0410-0478 CRYSTAL, quartz, 1.0 MHz, 32 pF 28480 0410-0478
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SECTION

REPLACEABLE PARTS Rl

5-1. INTRODUCTION.

5-2. This section provides information for ordering
replacement parts for the HP 12539C Time Base Generator
Interface Kit. Table 5-1 is a numerical listing of all
replaceable parts in the interface kit.

5-3. A time base generator PCA replaceable parts list
(table 4-1) and a parts location diagram (figure 4-2) are
provided in section IV of this manual.

5-4, Tables 4-1 and 5-1 list the following information
for each replaceable part:

a. Reference designation of the part (table 4-1 only).
(Refer to table 5-3 for an explanation of the designa-

tions used in the REFERENCE DESIGNATION
column.)

b. Hewlett-Packard part number.
c. Description of the part. (Refer to table 5-3 for an

explanation of the abbreviations used in the DESCRIP-
TION column.)

d. A five digit code that corresponds to the manufacturer
of the part. (Refer to table 5-2 for the code list of
manufacturers.)

e. Manufacturers part number.

f. Total quantity (TQ) of each part used in the kit or
assembly (table 5-1 only).

5-5, ORDERING INFORMATION.

5-6. To order replacement parts, address the order or
inquiry to the nearest Hewlett-Packard Sales and Service
Office. Refer to the list at the back of this manual for
addresses. Specify the following information for each part
ordered:

a. Identification of the kit or assembly containing the part
(refer to paragraphs 1-8 through 1-10).

b. Hewlett-Packard part number for each part.
¢. Description of each part.

d. Circuit vreference designation for each part (if
applicable).

51



Replaceable Parts 12539C
Table 5-1. Numerical List of Replaceable Parts
MFR
HP PART NO. DESCRIPTION CODE MFR PART NO. TQ
0121-0036 CAPACITOR, var, cer, 5.5-18 pF 28480 01210036 1
0160-2055 CAPACITOR, fxd, cer, 0.01 uF, +80 -20%, 100 Vdew 56289 CO23F101F1032522-CD 15
0160-2198 CAPACITOR, fxd, mica, 20 pF, 5% 72136 RDM15C200J3C 1
0180-0197 CAPACITOR, fxd, elect, 2.2 uF, 10%, 20 Vdcw 56289 150D225X9020A2-DYS 2
0410-0478 CRYSTAL, quartz, 1.0 MHz, 32 pF 28480 04100478 1
0698-3440 RESISTOR, fxd, flm, 196 ohms, 1%, 1/8W 28480 0698-3440 1
0698-3441 RESISTOR, fxd, flm, 215 ohms, 1%, 1/8W 28480 0698-3441 1
0698-3444 RESISTOR, fxd, fim, 316 ohms, 1%, 1/8W 28480 0698-3444 1
07570280 RESISTOR, fxd, fim, 1k, 1%, 1/8W 28480 0757-0280 1
0757-0416 RESISTOR, fxd, fim, 511 ohms, 1%, 1/8W 28480 07570416 1
0757-0420 RESISTOR, fxd, fim, 750 chms, 1%, 1/8W 28480 0757-0420 2
1810-0020 RESISTOR NETWORK, fim (7 resistor) 28480 1810-0020 3
1810-0030 RESISTOR NETWORK, fim (7 resistor 1k, 5%, 0.15W each) 28480 1810-0030 2
1820-0054 INTEGRATED CIRCUIT, TTL 01295 SN7400N 3
1820-0055 INTEGRATED CIRCUIT, TTL 01295 SN7490N 9
1820-0069 INTEGRATED CIRCUIT, TTL 01295 SN7420N 1
1820-0077 INTEGRATED CIRCUIT, TTL 01295 SN7474N 2
1820-0141 INTEGRATED CIRCUIT, TTL 04713 MC3001P 1
1820-0142 INTEGRATED CIRCUIT 04713 MC1004P 1
1820-0174 INTEGRATED CIRCUIT, TTL 01295 SN7404N 1
1820-0301 INTEGRATED CIRCUIT, TTL 01295 SN7475N 1
1820-0372 INTEGRATED CIRCUIT, TTL 28480 1820-0372 1
1820-0511 INTEGRATED CIRCUIT, TTL 01295 SN7408N 1
1820-0615 INTEGRATED CIRCUIT, TTL 28480 1820-0615 1
1820-1007 INTEGRATED CIRCUIT 28480 1820-1007 3
1850-0158 TRANSISTOR, Ge, PNP 80131 2N2635 1
1901-0040 DIODE, Si, 30 mA, 30 WV 07263 FDG1088 1
8159-0005 JUMPER, wire 28480 8159-0005 2
5040-6001 EXTRACTOR, PC 28480 5040-6001 2
12539-60003 TIME BASE GENERATOR 28480 12539-60003 1
12539-90008 OPERATING AND SERVICE MANUAL 28480 12539-90008 1
Table 5-2. Code list of Manufacturers
The following code numbers are from the Federal Supply Code for Manufacturers
Cataloging Handbooks H4-1 and H4-2, and the latest supptements.
Code Code
No. Manufacturer Address No. Manufacturer Address
01295 | Texas Instruments, Inc., Transistor 28480 Hewlett-PackardCo. ,............... Palo Alto, Cal.
Products Div., . .......c.vvvuen.s. Dallas, Texas 56289 Sprague ElectricCo. ............ North Adams, Mass.
04713 Motorola, Inc., Semiconductor 72136 Electro Motive Mfg. Co., Inc, ...... Willimantic, Conn,
Prod.Div. .,....... Cheieereaans Phoenix, Arizona 80131 Electronic Industries Association.
07263 | Fairchild Camera & Instr, Corp., Any brand part meeting
Semiconductor Div. ...........Mountain View, Cal. EIAStandards .. .....ovvevnnnns Washington, D.C.
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DIAGNOSTIC OPERATING PROCEDURE

1. TIME BASE GENERATOR.

2. A Diagnostic Test Tape and Diagnostic Listing is furnished with each
Time Base Generator Interface Kit. The HP part number of the tape is on
a label attached to the tape and/or container. Use this number and the Sys-
tem serial number for correspondence and re-ordering purposes.

3. This Diagnostic Program checks flag operation, interrupt operation,
timing output operation, and relative timing accuracy.

4. PREPARATION.

5. Before using the furnished diagnostic tape, the Teleprinter SIO driver
must be added. Use the procedure described in Section II of the Computer
Operating Manual. The procedure in brief is:

a. Load and configure the SIO Teleprinter Driver.

b. Load the Diagnostic Test Tape.

NOTE
(If SIO Dump desired)

When using the HP 20421A tape with the HP 2115A/
14A Computer, insert the following instructions:

1. Set Switch Register to 105, press LOAD
ADDRESS.

2. Set Switch Register to 736, press LOAD
MEMORY.

3. Continue with 5c.

c. Load the SIO Dump routine.
d. Dump the combined program. (Switch 15 up).

6. OPERATING PROCEDURE.
1. Load the configured tape using the Basic Binary Loader.
8. SEQUENTIAL TEST. After loading the Diagnostic Test tape, test the

board using the following procedure:

DS-2



a. Load the I/O location of the Time Base Generator into the A-Register.
b. Set starting address to 100.
c. Set SWITCH REGISTER to all zeros.
d. Press RUN.
9. The program is now checking the effectiveness of the STF, CLF, SFS,

SFC instructions on the Input/Output Control board, and will loop contmuously
on this test. Assuming no error messages are prmted out, set bit 15 of the
SWITCH REGISTER to 1 after a few seconds of running time.

10. The message "FT'" will be printed out, indicating successful completion
of Flag Tests. Set Switch 15 back to 0. The Computer will continue running
automatically to the next (Interrupt) test, which can be terminated after a few
seconds by setting bit 14 of the SWITCH REGISTER to 1. The message "IN"
indicates successful completion of the Interrupt test. Set Switch 14 back to 0.

11. The third test (Operation of timing output) should be allowed to run for
20 minutes. Set bit 13 of the SWITCH REGISTER to 1 as soon as the test is
started. The message ""OP'" indicates successful completion of the Operating
test. Set bit 13 back to 0.

12. The fourth test (Timing accuracy) will now be running, and must be
allowed to run for about 20 minutes to complete the test. Set bit 12 of the
SWITCH REGISTER to 1 as soon as the test is started. The message "TI"
indicates successful completion of the Timing accuracy test. Set Switch 12
back to 0. (The program automatically returns to the start of this test as
described starting at Paragraph 9. To halt, set bit 6 of the SWITCH REGIS-
TER to 1.

13. INDIVIDUAL TESTS. For purposes of checking and troubleshooting
the operation of individual timing outputs, the third test can be looped on
any selected time period. Use the same starting procedure as given in
Paragraph 8, except in step d set SWITCH REGISTER bit 3 to 1 and set
bits 2-1-0 to the desired Time Code as listed in Table 5-1. If so desired,
suppress printing by setting bit 5 of the SWITCH REGISTER to 1. The
Time Code may be altered during operation.

14. CONTINUOUS TEST. To run the tests for a long period of time (e.g.,

overnight), leave the SWITCH REGISTER switches (12 through 15) in the "up"
position, instead of resetting back to 0, as instructed in Paragraph 9 through 12.

15. REFERENCE INFORMATION.

16. Table 1 lists all messages which may be printed out during the tests,
and also lists Switch Register and Halt codes. The following paragraphs
describe the meaning of these messages and codes.
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17. TEST COMPLETION MESSAGES. A 2-letter completion message is
printed on the Teleprinter each time a test exit is manually forced by the
appropriate switch. The test may have looped several times (first two tests)
or only once (latter two tests). In the sequential mode, the program advances
automatically to the next test after exit from the preceding test, and returns
to the first after completing the fourth.

18. ERROR MESSAGES. A 2-character error message (EX) is printed out
each time an error occurs. The program does not halt. In simplified form,
the Flag Tests consist of:

1. STF O

SFC 0 Print EO if not set
2. SFS 0 Print E1 if no skip
3. CLFO

SFS 0 Print E2 if not clear
4, SFC O Print E3 if no skip

19. For Interrupt tests, the program first forces an interrupt by a STC, C
(clear flag) to the Time Base Generator and a STF instruction (dummy timing
output signal), followed by a STF 0 instruction (interrupt system enable). A
properly executed interrupt will skip the E4 message. The second part of the
test first turns on the interrupt system (STF 0), starts the Time Base (STC, C),
and then lets the 1 ms interval trigger the interrupt. The E5 message is skipped
if the interrupt occurs. The third part of the test forces an error condition such
that a timing pulse arrives before the Flag is clear from a previous timing pulse.
If the Error flip-flop is set, as it should be, the E6 message will be skipped. If
an interrupt initiated by these tests arrives too late (during printing of the error
message), the program halts and bits 5-0 of the T-Register will be all ones
(HLT 77).

20. SWITCH REGISTER SETTINGS. The four most significant bits of the
Switch Register are used for exit from the individual tests. Each exit auto-
matically puts the Computer into the next test in sequence, reverting to the
first after all four are completed. Bit 6 halts the program whenever desired.
Bits 5-0 of the T-Register will contain a code (see Halt Identification) to identify
which test the program is in. The test may be resumed by pressing RUN.

21. If a failure occurs and hardware troubleshooting is undertaken, the
Switch Register may be used to select the time code. During this time, it
may be desirable to suppress repeated printing of the error message, since
no further confirmation of a failure is necessary: setting bit 15 to a 1 accom-
plishes this.
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22, HALT IDENTIFICATION. Bits 5-0 of the T-Register will identify
the test in progress when the program is halted from the Switch Register
(octal codes 01 through 05), or when halted by an erroneous interrupt

(octal 77).
Table 1. Diagnostic Reference Information
PRINTED
MESSAGE COMMENTS

TEST FT Flag Test successfully completed
COMPLETION IN Interrupt test successfully completed
MESSAGES oP Operating test successfully completed

TI Timing accuracy test successfully completed
ERROR EO Flag test, Set Flag failed
MESSAGES E1l Flag test, Skip Flag Set failed

E2 Flag test, Clear Flag failed

E3 Flag test, Skip Flag Clear failed

E4 Interrupt test, forced interrupt failed

E5 Interrupt test, Flag interrupt failed

E6 Interrupt test, Timing Error circuit failed

EA Operation test, .1 ms failed

EB Operation test, 1 ms failed

EC Operation test, 10 ms failed

ED Operation test, 100 ms failed

EE Operation test, 1 sec failed

EF Operation test, 10 sec failed

EG Operation test, 100 sec failed

EH Operation test, 1000 sec failed

E7 Timing test, no interrupt

E8 Timing test, time short

E9 Timing test, time long
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Table 1. (Cont'd)
BITS | SETTING FUNCTION
SWITCH 15 1 Exit Flag Test
REGISTER 14 1 Exit Interrupt test
SETTINGS 13 1 Exit Operation test
12 1 Exit Timing Accuracy test
6 1 Halt
5 0 Print messages on Teleprinter
5 1 Suppress printing
3 0 Use sequential Time Codes
3 1 Use Switches 2-1-0 to enter Time Code
2-1-0 000 .1 ms Time Code
001 1 ms Time Code
010 10 ms Time Code
011 100 ms Time Code
100 1 sec Time Code
101 10 sec Time Code
110 100 sec Time Code
111 1000 sec Time Code
T-REGISTER
BITS 5-0
(OCTAL)
HALT 01 Flag Test
IDENTIFICATION 02 Interrupt test
03 Operation (sequential) test
04 Operation (individual) test
05 Timing accuracy test
7 Error Interrupt
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2115A TIME BASE
GENERATOR TEST

Binary Tape - HP20421A

Source Listing- HP20421AL
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Qpdl
Tei
Ci

ce

cs

C4

5

Ce

o7

Cco
FIR
FT1
Fie
FT3
FTa
FT3
FT6
F17
ERIY
Erxg
INTR
INTA
InTH
INS
INTO
INTD
INT
INTE
INTF
INTH
INTK
INTJ
INTO
IaTl
INTL
AR
CnTl
NTST
Ay53
EINTR
Eln
{1
AgHpP
3JMP
UPR
UP Ry
UPR2
pPRS
ik
Swi
UPR4
JPRS
EnblL
ExIT
STOPY
STOPZ
ERRQP

pOv1I66
A40167
Al0170
o171
A80472
A0e173
Bduai7a
Po0L75
280176
poeL77
200200
PpB2ol
AAA285
Axeea’
200218
nona2ld
008223
4202314
Anve3d
0237
Aak2d]
206242
Hae2sa
AAP253
240257
BAR263
naB266
Apn267
B3A027 4
naa27s
"AB3IBY
A20311
AAB317
Aavnd21
AANS2H
240320
ANE327
AAnI45
2oV 3406
24304
AARIDD
PARSH6
AAR3In7
ALBIBA
242371
AAnd7 e
240374
nAP4adS
BRv422
Apeazy7
A3pd43y
AABE42
m30451
©pAB4S56
220464¢
ANN4E62

ASMB,A,B,L,T MARCH 8,
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NEXT
PLUSK
CJnpP
BIMP
Tch
TCE
EROP
MSKL
LONGT
LONGI
LONG2
LUNGX
LONGY
LONGZ
CNTRY
CNTR2
CUNST
xM]
X0
EJMP
ERJ
ER4
ERS
FT

IN

oP

il

£

£l

E2

£3

£4

£5

Es

E7

£8

£EQ
TIMER
£a

En

EC

ED

Et

EF

EB

EH
WAIT
WAITY
WNAITR2
NAITS
WAlTA
WNAITS
wALTH
TM2
OTe
TMP Y
TMP2

-4-

240472
ABp502
AQBH85
Aaes506
aaeba’
338510
248511
29es12
nA@B513
380522
28@524
AR0oH2s
22e533
208547
228569
208566
AB0567
308579
naes71
280572
288573
A38576
NAB6Q L
2308604
2006086
220019
7200612
240614
A28616
AAB6Z0
220622
200624
290626
228630
7230632
2206634
ADRG36
poB648
o641
AALO42
WaR643
Bo0b644
440645
200646
200647
#0650
228651
nAD663
230672
A00701
0WaB706
agere7
730714
208715
nae7ie
240733
PAB7 34
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ML

LE ]

pae73s
NO ERRORSw
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Buovl

2o
BB 3w
0084w
Bdde
bRob6>
Qpd7 =
ApdBw
dC2B9w
9010w
bpll»
Bolex
13w
bl
YB15w
2016w
BYL7«
4818w
Q619
020>
2221
dbadx
V23
dv24e
Va2b»
PQu2bw
VB27*
du28»
BV2In
da3u»
Wddl=*
UFTR YA
633w
G334
Bu3dw
Vigdbw
VE37 w
Pol3gw
de3aw
8248
2941w
heoa»
B4 3»
Bydaw
AL w
Ay dbH«
doul >
ApbBw
Bad9n
2eHor
ded1»
dos2r
Bud3Iw
Budax
6855w
be56»
Bpd7

8404 #01)

ASMB,A,B,

TIME

L,T MARCH 8, 1968

BASE GENERATOR TESTY (2115a)

THIS TEST EXERCISES THE HP {12539A TIME BASE GENERATOR
INTERFACE BD,

LOAD TIME BASE GENERATOR

(TBG) 1/0 LOCATION INTO "a"

STARTING ADDRESS = 1808

IAAAR R AR R R AR R R R 2 RS RS SRERRZS RS ERREER R S 2]

L]
*
»
L ]
L]
w
L]
w
»
]
®
w
L
4
"
w
»
]
L
*
L 4
L]
w
w
*
"
”
»
-
L
*
*
*
L 4
L

TEST COMPLETION SIGNS AND ERROR REPORTS

Fr INDICATES FLAG TEST COMPLETED,

IN INDICATES INTERRUPT TEST COMPLETED,

0» INDICATES OPERATYING TEST COMPLETED,

TI INDICATES TIMING TEST COMPLETED

ERRORS

Ed = FLAG TEST, SEY FLAG FAILED,

E1 = FLAG TEST, SKIP FLAG SEY FAILED,

Be = FLAG TEST, CLEAR FLAB FAILED,

E3 = FLAG TEST, SKIP CLEAR FLAG FAILED,

E4 = INTERRUPT TEST, FORCED INTERRUPY FAILED,
E5 = INTERRUPT TEST, FLAG INTERRUPT FAILED,
E6 = INTERRUPTY TEST, TIMING ERRUR CKT FAILED,
EA = OPERATION TEST, .iMS FAILED, 8 BIT
E3 = JPERATION TEST, iMS FAILED, 1
EC = OPERATION TEST, 1@MS FAILED, 2
ED = QOPERATION TEST, {aemMs FAILED, 3
EE = OPEKATION TEST, 1 SEC FAILED, 4
EF = OPERATION TEST, 14 SEC FAILED, 5
EG = JOPERATION TEST, 1A3 SEC FAILED, 6
£4 = OPERATION TEST, iv?®@ SEC FAILED, 7 BIT
£7 TIMING TEST, NO INTERRUPT,

£3 TIMING TEST, TIME SHORT,

£3 TIMING TEST, TIME LONG,

SKITCm SETTINGS

Sw Ymw2

TIME CODE

LA RS EARER R SRR Rl R Rl R RR2ERR2 A2 R RARRRERR RS 2 X X

*
]
*
»
*
]
»
*
*
*
]
| ]
L]
*
*
]
»
*
*
»
*
*
]
*
*
»
w
*
*
-
*
*
*
*
-



PAGE

Did58+
8850«
2acgy
Bub1w
gas2
BB63*
Q664w
ByubS~
Qo666
0067«
Vapaw
R R
Be72¢=
0671
bo72n
o7 3=
Bu74=
Q75
du70+
QG677 »
Vp78»
b7 9=
o8y
VA8 1w
Qovde~
Vo83
0084
6uv85
Vpousbd
0887~
VP8
2pB9e
6p9o~
UL B
6692w
Vo233
2894
Buos
B9
6v97
8a08w
099
2180
81d1
8182»
2123
8124
8145
146
8137
V108
129
81180
2111
4112
2113
U114

2025 »d1

Sw3 = 2 USE SEQUENTIAL TIME CODE
Sw3 = USE SW p=-2 T0 ENTER TIME CODE

SWd = 3 PRINT DIAGNOSTICS ON TTyY,
SKWS = SUPPRESS PRINT,

Swé = HALT,

ROUTINES WILL LOOP TO TWEIR STARTING POINT UNTIL EXIT SWITCH
IS SENSED,

Swib = 1 EXIT FLAG TEST,

S¥Wld = |  EXIf INTERRUPY TEST

Swld = | EX]T OPERATION TEST
COMPLETE TEST ABOQUT 18 MIN,

Swlg = | EXIT TIMING TEST
COMPLETE TEST ABOUT 18 2/3 MIN,

63100 ORG 1048
89100 B24119 JHP 1108
2o11¢@ ORG 1§98
22110 878166 STA T8G STORE ADDRESS OF TIME RASE,

THIS SECTION SETS UP I/0 INSTRUCTIONS WITH ADDRESS FROM
SwITCH SETTINGS AT STARY OF THIS ROUTINE,

29111 658167 LDA C} SET uP STF 3,
pd112 832166 IDR TBG ADD 1/0 LOCATION
24113 878288 STA FTH FLAG TEST

24114 370242 STA2 INTB INTERRUPT TEST
3115 @617 LDA C2 SET uP CLF B,
28116 B3IF166 I10R TB6 ADD 1/0 LOCATION
o117 078247 STA FT4 FLAG TEST

24120 069171 LDA C3 SET uP SFC 2
29121 832166 I0R 788 ADD 1/0 LOCATION
80122 870291 STA FT2 FLAB TEST

3123 873214 STA FTe6 "

80124 872275 STA INTK ERROR CKT TEST
82125 B6BLT72 LDA C4 SET UP SFS 2
20126 838166 IOR TBG ADD 1/0 LOCATION,
28127 879245 STA FT3 FLAG TEST,

pa130 v72210 STA FT5 "

30131 668173 LDa C5 SET uP STC a,C
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8115
2116
Bi117
0118
2119
8120
4121
89122
€123»
4124
8125
¥126
w127
6128
4129
41308
131~
8132
w133
2134
6135
4136
G137 =
w138
4139
2149
4141
D142
6143
3144
v143
V146w
via7
Gl 4B
wia9
BW1duw
iiSlw
d152w
d1b3
154
¥120%
01586
4157
6153
¢139
4108
5151
1162w
4163w
164w
1165w
A166w
G167
3168«
olbIw
L7 0n
L1711 w

Ba132
0d133
83134
82135
0a136
00137
23140
80141

84142
82143
08144
03145
88146
04147
24150

44151
24152
¥a153
29154

#4155
04156
8d157
48158
Boisil
08182
08163
84164

84165
44166
1/70

44167
84179
848171
24172
20173
04174
046175
22176

8384166
B708241
8708257
07082687
B72317
p7o374
873431
8723524

862174
032166
8723255
874266
873372
078427
B72522

064175
8328166
878323
278321

463176
030166
B70311
873278
076323
872321
063345
178166

62ay77

28203

INSTRUCTYIONS

182139
193189
122209
122320
183740
192590
19265490
192508

TBG

Cl
c2
c3
o)
C%
Cé
c7
)

IOR
STA
STA
STA
STA
STA
STA
STA

LDA
I0R
STA
STA
STA
STA
STA

LDA
10R
STA
8STA

LDA
I0R
STA
STA
STA
STA
LDA
STA

JIMP

NOP

T86
INTA
INTD
INTF
INTI
OPR3
OPRS
LONG2

Ce
T86
INTC
INTE
0PR2
OPR4
LONGL

c?
TBG
INTJ
INTL

9

786

INTG
INTH
INTJ
INTL
AJS8
786G, 1!

FIR

ADD 1/0 LOCATION
INTERRUPT TEST

OPERATION TEST
TIMING TEST

SET UP OTA 2
ADD I/0 LOCATION
INTERRUPT TEST

OPERATION TEST
TIMING TEST

SET uP LIB 2
ADD TBS ADDRESS

SET UP LIA 2
ADD TBG ADDRESS

SET UP INTERRUPT ERROR
AJSB = JSB EINTR

170 LOCATION

SET FLAG

CLEAR FLAG

SKIP FLAG CLEAR

SKIP FLAG SET,

SET CONTROL BIT, CLEAR FLAB
OUTPUT %A

INPUT TO B

INPUT TO A

FLAG TEST ROUTINE

THIS SECTION TEST “SET FLAB","CLEAR FLAG"
"SKIP CLEAR FLAB™ INSTRUCTIONS,

"SKIP SET FLAG",

AND

THE ROJUTINE WILL LOOP IN THIS TEST UNTIL S» 15 1S SET,

IT WILL THEN EXIT TO THE

INTESRUPT SECTION,



PAGE

172+
d173»
174w«
BWA-L
8178
w177
8178
8179
2189
34181
4182
0183«
V134
2185
2186w
#1877~
8188
8189
81992
8191
8192
w193
8194
195.
6i9bw
V197«
¥198
4199
8202
B29oi
8202
8203
6284
8285
8226
8207
208
229+
0210
2211~
6212
2213
2214
BeisS»
216
8217
8218
2219
0220
@221
822+
8223«
8224+
0225«
2226+
g227
0228«

-10-
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Sw

83477
dd20e0
20201!
Bé202
28203
022024

008205
24286

28287
20218
8e211
26212
88213
D214
2621%

CHECK

84216
24217
88229
92221
28222
34223
28224
04225
88226
28227
38230

15 = 1 EXIT THIS TEST,

187788
1821239
182290
824205
864514
814716

102398
824231

123100
182380
824214
2646280
814716
1322248
024234

FOR

182581
881727
PB1249
082228
162201
162521
Bo2a321
ne429a
B64504
814716
824237

FTRr
FT1H
F12

FT3

FT4
FT5

FTé6

EXIT

FY?7

cLc
STF
SFC @
JMP
LDB E¥
J8s

SFS 0
JMP

CLF @
SFS @
JMP »e+3
LDB E2
JsB8 0T2
SFC @
JMP ER?2

OR HLT

LIA 01
ALF,ALF
RAL

SSA

HLT @18
L1A @1
SSA,RSS
JMP FT{
LDB FT
JSB 0T2
JMP INTR

ERRUR MESSAGE ROUTINES,

24231
08232
84233

88234
09235
04236

864516
214716
P24237

Bodp22
214716
024223

ERY

ER2

LDB E1
J83 0OT2
JMP FT4

LDB E3
JSBR 072
JMP FT7

INTERRUPT TEST

INTERRUPTY SYSTEM OFF
SET TBG FLAG

I1F FLAG IS
FLAG SET 0K,
FLAG NOT SET,
PRINT ERROR,

STF FAILED,

SKIP ON SET FLAG.
SKIP INSTRUCTION FAILED,

CLEAR FLAG,
SKIP IF FLAS STILL SET,
FLAG IS CLEAR, OK,

SHOULD NOT HAVE SKIPPED
PRINT ERROR,

SKIP IF FLAG CLEARED

ERROR, SHOULD HAVE SKIPPED,

INSTRUCTION,

CHECX FOR HALT
ROTATE BIT ¢

SET HALT
NOT SET,CHECK Sw 15

NOT SET,
SW1YS SET, TYPE OUY "FT"
CONTINUE WITH NEXT TEST,
GO TO INTERRUPTY TEST,

AND

LOAD ASCII FOR MESSAGE,
PRINT 1IT

CONTINUE WITH NEXT PART OF TEST,

LOAD aASCII FOR MESSAGE,
PRINT IT
CHECK FOR EXIT INSTRUCTION,

THE FIRST SECTYION OF THIS TEST FORCES AN INTERRUPT

BY STC TBG AND AN STF @ INSTRUCTION,

THE NEXT SECTION

CLEAR PRINT ERROR,

LOOP THIS TEST AGAIN,



PAGE

86229
ve3ax
6231+
2232
0233
2234+«
B235w
0236
2237 »
238w
A239»
2240
0241
b242
bedd
do24a4
6245
4246
4247
6248
6249
vw2boda
8231
bed2n
6253w
84254
0255
4256
b257
ves58
8259
et
9261
veb2
4263
wz54
665
H2Hbw
w267
n2oBw
Aegb?
w279
vwe7l
6272
86e73
nel4
w279
¢z76
©we77
€278
6279
2288
0281
h282
0283
na2sa
2285

0408 »d|}

WILL ALLOW THE TBG TO CAUSE AN INTERRUPT,

FAILURE TO CAUSE AN INTERRUPT IN THIS FIRST SECTION

WILL CAUSE AN "Ear

TO BE TYPED OUT,

THE ROUTINE WILL LOOP IN THIS TEST UNTIL SW 14 IS SET,
IT WILL THEN EXIT TO THE OPERATION TEST,

SWid = {

86237
vd240
94241
04242
34243
24244
83245
04246
bd247
282580
24251

28252
408253
20254
44255
08256
08257
2d25¢
24261
88262
28263
42264

063356
172166
183720
182188
182199
2pd228
geoeae
864624
BL4716
123100
166780

064357
178166
064353
102649
132149
133788
014551
P64526
214716
1231990
106730

ERRUR CKT

03265
8926¢€
4267
2427
86271
00272
00273
83274
20275
498276
08277
6a3zae
29321
08382
223083
pa3pa
869305

Vo240
142540
183788
182580
064638
0B2282
014716
Bd2429
1092208
B24322
282304
092982
824275
6645380
182520
82802
14716

EXIT TO NEXT TEST,

INTR

INTA
INTB

INS

INTC

INTD

INT

TEST

INTE

INTF
INTH

INTK

INTJ

LDA
STA
S$TC
STF
STF
NOP
NOP
LDB
Jse
CLF
cLC

LDA
STA
LDA
OTA
STF
§71C
Jss
LDB
Jss
CLF
cLC

CLA
0TA
$TC
LIA
LDB
SZA
JSe
CLA
SFC
JMP
INA
SZA
IMP
LDB
LIA
SZA
JSB

AJMP
T8G, 1
8,C

4
orv2

BJIMP
TBG, !
MY

¢,C
WAIT
£S5
0T2

[ Y]

X

T2

SET UP INTERRUPT INSTRUCTIONS,
AJMP= JMP NS

SET CONTROL T86

SET T8G FLAG

INTERRUPT ON,

MARK TIME

SHOULD SKIP THIS
OUTPUT ERROR MESSAGE
INTERRUPT SYSTEM OFF

SET UP INTERRUPT INSTRUCTION
BIJMP = JMP INT

1MS, INSTRUCTION

OUTPUT INSTRUCTION

INTERRUPT SYSTEM ON,

START 786G,

LONG WALT,

SHOULD 8KIP THIS,

QUTPUT ERROR MESSAGE,
INTERRUPT SYSTEM OFF,

OUTPUT 188 USEC
START COUNT = CLEAR FLAG
BET STATUS

CHECK FOR ND ERROR
HAIT FOR FLAG

FLAG SET!

GET 8TATUS
CHECK FOR NDO ERROR

-11-
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#2866
wes7
h288
Az89
#3298
82914
#292
8293
9294
8295
842956
vey7
Peos
Ne99
8308
A3aln
3uv2
4383
B3v4~
6345w
6306w
8307
B308
03509
319~
B3t
0312
2313
0314
315
0316w
8317
2318
2319
2320
8321
8322
2323
8324
2325«
2326
2327
2328«
2329~
#8330
2331~
2332
333
86334
8335
8336
2337
2338
8339«
2340n
0341
n342

~-12-

Bdng #Bi

#3386
23347
2d3iu
34311
36312
22313
20314
248315
08316
28317
09320
44321
89322
28323
Ba324

00325
24326

EXIT CHECK

22327
pa330

28331
28332
28333
03334
80335

28336
8337
20340
#8341
28342
90343
23344

88345

264326
gesaes
024327
102590
812325
pB224d2
224317
864530
214716
1837280
864630
132590
ge2a02
814716
d24327

8B22329
177749

368345
178166

182541
goive7z
¢sj20@
Bo2p2e
192282

192591
oB1229
Bo2221
vw24237
p64626
214716
h24369

14346

INTG

INTI

INTL

AB
CNTI

NTST

AJSB

LDB

CNTI

INB,S2B

JMP
LIA
AND
SZA
JMP
Lp8
JSB
STC
LD8
LIA
S2a
J8B
JMP

0cY
ocT

LDA
STA

LIA

ALF,

RAL
SSA
HLT

LIA
Ral

$SA,

JMP
LD8
JsB
Jmp

Jse

LS|
8
AB

LN}
E6
0v2
2,C
E6
]

0ov2
NTST

24
1777432

AJSB
T786,1

81
ALF
p2B
o1
RSS
INTR
IN

0T2
OPR

EINTR

ERKROR INTERRUPT ROUTINE,

NA“

REGISTER IS SAVED

GET COUNTER
UDELAY TO FQORCE ERROR

GET STATUS

MASK OCTY 2@
CHECK FOR ERROR

CLEAR ERROR

GET STaTUS
CHECK FOR NO ERROR

ERRDOR INTERRUPY INSTRUCTION
AJSB= JSB EINTR

CHECK FOR HALT SWITCH
ROTATE BIT 6
BIT 6 SET, HALT,

CHECK FOR EXIT SW 14
ROTATE

NOT SETY, LOOP THIS TEST,
SWid4 SET, TYPE OUT "IN" AND
CONTINUE WITH NEXT TEST

GO TO OPERATING TEST,

ERROR INTERRUPY INSTRUCTION

"B" REGISTER CONTAINS ADDRESS WHEN INTERRUPT OCCURS,

29346
88347
ea3se
83351
pa3ys2
29383

98354
28355

pooeee0
874354
P64346
182877
B64354
124346

pepoee
Bedel

EINTR NOP

EIN
TMi

STB
LDB
HLY
LDB
JMP

NOP
ocT

EIN
EINTR
778

EIN
EINTH, I

SAVE "B" REQISTER,
LOAD INTERRUPY ADDRESS,

RESTORE "B" REGISTER,
RETURN

STORAGE FOR "B" REGISTER
1 MS, TIME CODE,
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343

8344 #3356 024258 AJMP JIMP NS INTERRUPT JUmMP INSTRUCTION
9345 DBE357 224263 BIMP  JNKP INT SAME

0346«

HN347 »

4348w

8349

8350

d351 ™ OPERATION TEST

2352+

w353~ THIS SECTION TESTS 7 BITS WHICH CONTROL THE INTERRUPT TIMES,
2554«

2355w THUO PATTERNS ARE AVAILABLE, IF SN 3 IS SEY, SW P-2 ARE USED
V356w TO ENTER THE TIME CODE DESIRED, IF SW 3 IS CLEAR A SEQUENTIAL
6357 = PATTERN, TESTING ALL CODE 8I1TS, WILL BE USED,

3358w

359w THE ENTIRE SECTION TAKES ABOUY 18 MIN,

836w

8361«

2362w ENTER wITH Sw 3 SET AS DESIRED,

2363

364w Sk SETTINSGS

2365

366w SW B=2 SET TImME CODE

8367 =

8368 SW3 = 3 USE SEWQUENTIAL PATTERN

2359w SW3 = JUSE SW 2=2 FOR TIME CODE

B378w

B371» SWwb = ¢ ~ALT 38

6372n

8373« SWwi13 = 4 L_0O0OP THIS TEST,

W37 4% Swi3 = | EXIT,

G375

2376+

G377 ERRORS ARE “Ea"™ TO “"EW", CHECK START OF TEST FOR DEFINITION,
437 B%

PI7 I

c38¢ B43BE 142521 OPK LIA @1 CHECK SW 3 FOR PATTERN,

$331  Bo361 V61323 RAR,RAR

4382 04362 8413909 RAR RIGHT 3,

9B 64383 BA2218 SLA

0384 H03IH4 H24422 JMP SWR SN3 SET USE SWITCHES TO LOAD
A38D  BA3KD WBL24d s CLA NOT SET.

4385 44366 278547 STA TCD CLEAR TIME CODE STORAGE

¢387 24387 0V6HO5A5 LDA CJmMP SET INTERRUPT INSTRUCTION,
388 04370 178166 STA T8G, I CIJMP = JMP ENDCK

W3BY 34371 863547 OPRL DA TCD GET TIME CODE,

2396 04372 142538 O0OPR2 OTA @ OUTPUT CODE

2391 08373 122122 STF @ INTERRUPY SYSTEM ON,

#3332 046374 183732 OPR3I STC 0,C SET CONTROL AND START 786,
2393 89375 1521 LiA 81 CHECK FOR HALT

0394 24376 RBdBL727 ALF,ALF SW 6 SET?T

8395 49377 801242 RAL

6396 34430 2B2229 $SA

€397 294921 024456 JMP STOP{ YES, GO YO 1ST HWALT ROUTINE,
4398w

V399w

-13-



FAGE

2400+
2431
Bag2
D403
34040
8425w
2406
Qa7
0ADY
84939
6412
Ball
Qa2
@413
B4i14w
8415
B4:6
2417
2418
4419
Wazde
A4z
D422«
8423 »
2424w
8425
8az6
2427
e4é28
0429
8432
6434
2432
B433»
4340
Pa3s
436
B437
2438
0439
Q44w
Gad)e
2442
2443
0444
P445
B4a4aby
Y YA
2448
0449
2450
0as51
pade
$453
8454
2455
0456w

-14-

2811 #8i

22402
6vd03
22434

P45
pd426
84437
44410
g4yl
8412
B84t
24414

28415
Bd416
24417
2442¢€
pd421

P1485%
2229330
vida462

123100
1267289
B68537
018512
852512
#24415
34547
v24371

162521
B81222
8822324
B24369
826651

JSB WAIT

. NOP

ENDCK

JSB ERRQP

CLF ©

cLC @

LDA TCD
AND MSK1
CPA MSK1
JMP #+3
182 TCO
JMP OPRIL

LIA b}

RAL,RAL
SSA,RSS
JMP OPR
JMP EXIT

LONG wWAIY

ERROR SHOULD HAVE SKIPPED THIS,

INTERRUPT SYSTEM OFF,
CHECK FOR LAST TIME CODE,
OCT 7 STRIP EXCESS,

YES

NO, INCREASE AND BET NEXT COLE,

CHECK FOR EXIT,
SW 13 SET?

NOT SET, LOOP AGAIN,
YES, LEAVE THIS ROUTINE

THIS SECTION USES THE Sw TO ENTER TIME CODE

24422
20423
22424
80425
08426
22427
02439
884314

92432
23433
93434
29435
Pe436

va437
22440
03844

23442
88443
0dd44
09445
234406
82447
844580

182501
878587
p62506
1709166
862587
1026892
182180
ig3700

182521
881727
PBl2¥e
882322
824460

014651
BB2a0e
B14462

103100
186720
182501
891222
bezan21
824369
02445}

SWk

OPR4

OPRS

ENVUCL

L1a @1
STA TCD
LUA LJIMP
STA 786G, 1
LDA TCD
OTA @

STF ©

$7C &,C

LiA 0%
ALF,ALF
RAL

$SA

JMP STOP2

JSB WAILIT
NOP
J88 ERROP

CLF @
cLC ©
LIA @1
RAL,RAL
SSA,RSS
JMP OPR
JMP EXITY

LOAD Sw,

TIME CODE STORAGE

SET INTERRUPT INSTRUCTIONS
DJMP= JMP ENDCL

GET TME TIME CODE,

QUTPUT THE CODE

INTERRUPT SYSTEM ON,

SET CONTROL AND STARY TBG,

CHECKX FOR HWALT
SH 6 SET

YES, GO TO 2ND HALT ROUTINE,
LONG WaAlT

ERROR SHOULD MAYE SKIPPED THIS,

INTERRUPT SYSTEM OFF
CHECK FOR EXIT
SW 13 SET

NO, LOOP ABAIN
YES,
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PAGE

24%7
4458
4459
8460
8461
D462
K463«
0464
J463
4466
¢4067 *
Gabgw
24569
4470
47w
Nalex
G647 3w
4474
b47H%
D476
4477
w478
24753
a3y
V481
Vw482
v483
484
64853
4486
vaB7
V488
vas9
Basu
€491
2492
Mag 3«
34094
6445
4496
AGG7
G498«
L4699 w
Ao~
dS g =
“Dad
2543
vhoae
cHBHo
doub
8547
2598
6509
8510w
A351 1w
6H12w
3513

6312 #ot

2445] PB62345 EXIT LDA AJSB
Bd4s2 172166 STA T86,!
24453 ©64519 LDB OP
244354 214716 JsB 072
80455 P24543 JMP LONGT
88456 122283 STUPI HLY @3
00457 V24425 JMP ENDCK
004598 182384 STUP2 HLT 04
28461 V24442 JMP ENDCL

ERROR ROUTINES

NO ENTRY REWUIREMENTS,

04462 DOAPAB ERKOP wOP
09453 133160 CLF ©
04464 186720 cCLC @
80465 WbBH4L LDA TIMER
8466 B72511 STA EROP
044K7 034511 182 EROP
d047¢ Pd2410 CLA
40471 273512 STA TCE
24472 863527 NEXT LDA TCD
04473 810512 AND MSK1
4474 039510 CPA TCE
04475 V24477 JMP w42
03476 V24522 JMP PLUSR
42477 @BbH4N11 LDR EROP
4% L1476 JSB OT2
84521 124482 JMP ERROP, 1!
40522 w34519 PLUSK 1§82 TCE
04523 934511 1SZ EROP
04344 024472 JMP NEXT
SUNSTANTS AND STORAGE
38585 0824445 CJIMP JMP ENDCK
40586 B24442 DJMP  JMP ENDCL
69507 Bvddd TCD NOP
435102 BVa2024¢ TCE NOP
24511 VY200 EROP NOP
23512 8448287 MSKi{ 0OCT 7

RESTORE ERROR INTRP,INST,
AJSB= JSB EINTR
LOAD ™OP"™ ASCII

GO YO TIMING ROUTINE

CHECK END CODE,

CHECK Sw,

INTERRUPT SYSTEM OFF,

SET UP MESSAGE TABLE
SAVE IN WORKING STORAGE
INCREMENT FOR FIRST ADDRESS

CLEAR WORKING REGISTER

BGET TIME CODE

CLEAR OFF EXCESS,

COMPARE WITH WORKING REGISTER,
800D MATCH,

NO MATCH, TRY NEXT ONE,

GOOD, LOAD FROM THMIS ADDRESS,
PRINT ASCI1 MESSAGE,

EXIT,

INCREMENT WORKING REGISTER

INCREMENT MESSAGE TABLE,
TRY AGAIN,

INTERRUPT INSTRUCTIONS
"

NORKING REGISTERS
"

MASK

-15-
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A5 14w TIMING TEST
d51Ba
A5t B a - THIS TEST IS TU DETECT A “GRUSS" TIMING ERROR, IT USES

ALL OF THE DECADE DIVIDERS ON THE TIME BASE RBOARD IN
CASCADE AND ALLOWS PLUS OR MINUS § PCT TIMING DIFFERENCE
BETWEEN THE COMPUTER BASIC CLOCK AND THE TBG, 7TO OBTAIN

85238 THE ACCURACY COMENSURATE WITH THAT OF TKE 18 KC CRYSTAL
4521 = USED ON THE TBG, USE AN EXTERNAL ACCURATE FRIGUENCY/TIME
8522 SNTERVAL METER ON TEST POINT 1

B223e

BB 24«

525 ERRORS

4526¢

2527 E7 ND INTERRUPT DURING TIMING GAP

A528% E8 TIME SHORT

2529 ES TIME LONG,

Bv534

0531 S# SETTINGS

8532+

2533 Swiz2 = 4 LOOP THIS TESY

6534 Swl2 = § EXIT TO FLAG TEST

535

25336 Shd = | HALT 58

537w

2538«

2539+«

2548 44513 B62572 LONGT LDA EJMP SET INTERRUPYT INSTRUCTION
¢545 24514 (72166 8STA 18G,! EJMP = JMP LONGY

0bd42 RE515 0v2440 CLA

8543 29516 878565 STA CNTR{ CLEAR WORKING COUNTERS
8544 BB517 V50587 LDA CONST

0545 08528 B73566 STA CNTR2

8546 ©68%521 ¥68512 LDA MSKI BET TIME CODE FGR j@Z@ SEC,
8547 P4522 102538 LONGL QOTA © OUTPUT TIME CODE

B548 34523 1942109 SYF @ TURN INTERRUPT OwN,

4549 39524 183742 LONGZ2 S8STC @,C STARY THE ¢LOCK

8558 248525 B34565 LONGX [SZ CNTR1 INCREMENT CLOCK TiIMER
3551 24526 B24525 JAP e

2552 34527 834566 187 CNTR2 CONTINUE COUNTING

B553 22530 P24525 JMP LONGX

A554 DPO53) 064632 LDB E7 ERROR, SHOULD 3XIP THIS
2555 #4532 d147:6 Js8 0T2 PRIMNT ERROR MESSAGE
AS56e

6557«

558 ¥E533 103148 LONGY CLF @

559 D2d4534 186730 cLC @ TURN INTERRUPT OFF
2560

vH61w

@562 60535 862566 LDA CNTR2 CHECK LARGE COUNTER
2563 02536 Vo2921 $SA,RSS

8564 23537 8248573 JMP ERZX ERROR

2565w

2566«

2567 »

2568 B0540 240578 ADA XHI SUBTRACY FROM UPPER LIMIT
2569 ©¥4541 002221 8SSA,RSS

0970 0Bd542 024576 JMP ERE ERROR, CLOCK SLOW

~-16-



PAGE 0014 #01

8571~

0572«

8573+«

8574 28543 B63566 LDA CNTR2 GET COUNTER AGAIN
0575 00544 048574 ADA XLO SUBTRACT FROM LLOWER LIMIT
8576 9898545 082020 884

8577 84546 V24841 JMP ERS ERROR CLOCK FASTY
B578»

8579

0580«

¢581 294547 182541 LONGZ LIA 01t CHECK SW 6 FOR MALT
#5582 V4550 Bal727 ALF,ALF

$583 24835y Vv1280 RAL

w584 08552 BB2a202 §SA SWH 6 SET?

0585 438553 10822345 HLT 258 YES

6586w

G587

588w

4589 44554 1925231 L1a @1 NO, CHECK FOR EXIT,
6590 845355 Q@1723 ALF,RAR

591 44556 802221 SSA,RSS SW12 SET?

AB92 V8557 824513 JMP LONGT NO, LOOP THIS TEST,
2593«

4594~

8595

596 44560 DB64K12 LDB 11 YES GET TEXT

@597 23%K1 V14716 JSB 0T2 PRINT IT

¥598w«

B399

CHVdw

ool 24552 864345 LDA AJSB RESET ERROR INTERRUPT
6622 80563 172166 STA T18G,! AJSB = JSB EINTR,
W63 4564 P242328 JMP FT1i EXIT TO FLAG TESY AGAIN,
Abd4w

Lba5n

iodbw

A6d7 80565 BPeAadA CNTRL NOP CLOCK COUNTERS

2628 44566 B4BBIB CNTRZ2 NOP
4649 44567 172777 CONST OCT 172777

¢bl1ed 245708 BVB275 XHI 0CTYT 275 UPPER LIMIY

A1l 64571 v23354 xLO OCT 354 LOWER LIMIT

s61ew

513 A8572 BR4533 EJMP  JMP LONGY INTERRUPT INSTRUCTION,
dbldw

cclow

2616 84573 W64632 ERJ LDB E7 LOAD ERROR NO INTERRUPT
cel7 94574 214716 J8B 072 PRINT

vels  d8575 024547 JMP LONGZ CHECK FOR EXIT

Arn 19w

00ld 04576 064536 ERA LD8 E9 LOAD ERROR, CLOCK SLOw,
vb2l 43577 914716 JSB 0OT2 PRINT )

622 04522 024347 JMP LONGZ CHECK FOR EXIT

H23n

wo624 4d4KhD1 V645634 ERD LDR EB LOAD ERROR, CLOCK FaAST,
620 d44hv2 814716 JSe 0OT2 PRINT

0626 446543 Y24547 JMP LONGZ CHECK FOR EXIT,

d627 =



PAGE B315 #B1

8628w MESSAGES,

B629w

P630 BI6A2 BYdSES FT DEF wet FLAG TEST COMPLETED

8631 DBYsdb V43124 " ASC 1,FT

9632 04636 PPABY7 IN DEF w#+i INTERRUPT TEST COMPLETED
0633 20627 V44516 ASC 1,IN

0634 99610 B28511 OP DEF w»+y DPERATION TEST COMPLETED
2635 928611 047520 ASC {,0P

0636 Pd612 BBOSLI TI DEF w=+1 TIMING TEST COMPLETED

9637 0208613 052111 ASC 1,71

4638«

2639w

d64dn ERROR DIAGNUSTICS,

0641w

2642+

%643 20614 PRBSG1S £ DEF we¢{ FRROR, SET FAG FAILED

@644 DBU615 242460 ASC 1,E®

0645 49616 083517 E1 DEF w41t " SKIP SET FLAG FAILED
0646 PBUK17 042461 ASC 1,E1

2647 J0620 BBB6521 E2 DEF #e¢ " CLEAR FLAG FAILED
8648 23¥621 042462 ASC 1,E2

2649 20622 POI623 EJI DEF wet " SKIP CLEAR FLAG FAILED
2650 04623 042463 ASC 1,E3

0651 024624 002625 E4 DEF wet " FORCED INTERRUPT FAILED
2652 048625 842464 ASC 1,E4

2653 24626 BBB827 ES DEF #+) " FLAG INTERRUPT FAILED
8654 03627 B42465 A8C 1,E5

26355 00630 9BO631 ES DEF w+i " INTERRUPY GATE FAILED
9656 33631 B42466 ASC 1,E6

2657 83632 829833 E7 DEF wey " NO INTERRUPT = DECADE FAIL
P658 DBA53I3 V42467 ASC 1,E7

2659 P0634 020535 EB8 DEF =4} " TIME SHORT = CLOCK FAST
0660 29635 042479 ASC 1,E8

P66 23636 BOB637 E9 DEF *+} " TIME LONG = CLOCK SLOW
W662 2856537 B42471 © ASC 1,E9

2663w

0664w

2665w

2666 008642 B6054D® TIMER DEF «

0667 00641 842521 EA ASC 1,EA ERROR ,iMS FAILED

8068 B6642 0425232 EB ASC 1,EB " 148 .

0669 93643 042543 EC ASC 1,EC " 1348 "

9670 98644 042334 ED ASC 1,ED " 1909MS "

3671 28645 042595 EE ASC 1,EE " 1 SEC "

2672 B3646 B4A25P6 EF ASC 1,EF " 18 SEC "

P673 23647 0425037 EG ASC 1,EG " 193 SEC "

¢674 B3650 242512 EH ASC 1,EH " 1eee Sec "

0675*

e6769

8677

05678+

2679 SERVICE SUBROUTINES

0680

v681w

0682«

0683« DELAY GENERATOR

Ve84
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U Y- Y0
0686w
2687w
088w
Q689w
vo9uw
0691
692«
Co93x
0wH94w
2695
6696«
2697 »
Ab98Bw
BH699w
@722
v/l
p702
AR
47¢a
¢735
07086
w787
w708
2749
714w
B711»
¢712
4713
w714
4715
87186
4717
4718
8719
729
721
8722
2723
w724
8725
07 26%
8727
728
6729
¢] 3¢
6731
&7 32
w733«
G734
6735
4736
8737
¥738
8739
@740
6741

0216 #0201

ENTER W1TH TIME CODE STORED IN TCD,

MINIMJM DELAY IS 340MS,

TIME CODE 290

24651
09632
24653
04654
24655
PuU650
04657
20660
22661
20662

04663
26654
24665
04666
24667
43670
245671
248672
24673
6isn74
223675
246676
48677
84730

24741
04702
B3743
ddv704
228725

34726
22727
3471 ¢
28711
24712
80713

pogade
V82420
372565
468527
21323
G BY)
V24663
Be3d4dp
79566
YERED!

68747
6747486
834706
w6d715
672714
869547
B1v9s512
050714
224677
$34714
034736
ve4as72
168736
072566

034565
veey 2l
234566
24721
124551

2323029
veaze7
177778
177742
177324
172118

201
210
411
1006
1v1

110
114

KALT

wAi Tl

WALT2

wWALTS

wAlTa
wAITH

> 3490 MS

1 SEC
18SEC

vVYyVwvy

NOP

CLA

STA CNTR{
LDA TCD
RAR,RAR
SLA

JMP WALITY
CCA

STA CNTR2
JMP WAIT3

LDA WAITS
STA WAIT4
1SZ WAIT4
LDA TM2
STA WAITH
LDA TCD
AND MSK1
CPA WAITH
JMP w+4
[SZ WAITSG
1SZ WAITA4
JMP WAIT2
LDA

STA CNTR2

182
IMP
182
JMP
JmP

CNTRY
*-y

CNTR2
WAIT3
WATT, 1

NOP

DEF =«

DEC =3
DEC =3@
DEC =328
DEC =3008

1894 SEC
1éem SEC

WATIT4,!]

ACCUMULATORS NOT SAVED,

CLEAR CLOCK COUNTER

CHECK FOR MINIMUM DELAY
8IT 2 SET

YES, GO SCAN TIME CODE
NO, SET MIN, DELAY,
-1

G0 TO CLOCK COUNTERS

SET UP SCANNER

GET STARTING CONSTANT,
TO WORKING REGISTER,
GET TIME CODE.

IS THIS THE ONE?

YES, GO TO wWAlT2
INCREMENT WORKING TABLES,
INCREMENT wORKING TABLES,
CHECK AGAIN

YES, BET CONSTANT

INCREMENT FIRST CLOCK COUNTER,

INCREMENT SECOND CLOCK COUNTER,

LOOP AGAIN,
EXIT,
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V742«
2743
@744
A745%
B746n
747 »
@748
D749»
8750«
0751«
752w
2753
2754
¥755
8756
4757
8758
v759
8760
8761
6762
8763
8764
8765
0766w
2767
8768
0769
0770+
G771»
é4772

317 KB\

24714
08715

82716
2v717
244720
48721
28722
28723
8724
28725
Bge726
Bd727
pa73e
390731
23732

06733
68734
24735

Bod000
0Rd204

Bovaane
878733
874734
182541
Be1727
va1723
peaaa1n
124716
p68735
114122
268733
864734
124716

Boeosue
goavrew
geapaz

*= NJ ERRORSw
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wWAIT
TM2

072

TMP L
TMP2
ML

6 NOP
oCcY 4

PRINTER ROUTINE

NOP

STA THMPI
STB TMP2
LIA 2%
ALF,ALF
ALF, kAR
SLA

JMP 0T2,!
LDA ML
JsB 1928,
LDA THMPIL
LDEB THP2
JMP 0T2,1

oCT @

ocT @
0CT 2

END

WORKING REGISTER,
CONSTANT,

CHECK SW FOR BIT 5

BIT 5 SET?
YES, DO NOT PRINT
NO, PRINT ERROR MESSAGE

EXIT RODUTINE



THE TIME OF DAY CLOCK LIBRARY

‘Customers who have a Time Base Generator have continually re-
quested a TIME OF DAY CLOCK ROUTINE for use outside the world
of the 2018 Executive system, Herein is contained documenta-

tion for the BAILEY CLOCK ROUTINE.

Since this is a 1ibrary subroutine, it should be loaded after

the main program but before the Fortran/Algol Library.

The Sub-Program is called CLOCK anﬁ has entry points
o SETUP

cLOCK

.CLOK

STCLK

RDCLK

DATIM

HALT

which may be called from the source Program.

To inftialize the time of Day Clock, the user program must
CALL SETUP

or
JSB SETUP |
DEF (RETUR~ ADQRESS)

When this instruction is executed the CLOCK Routine will print
ENTER TIME (HRS: MIN: SEC:)

‘and the operator will then enter the time of day plus a half



:mfnute dr so. The operator then types the keys CR, LF, and the
computer will halt with

102977
in the T Register.‘ When the operator presses the Run Button,
the real time of day will be maintained by the CLOCK Entry Point

(notscallable from user Program).

i
After the clock has been initialized, real time of day may be

read by means of a
CALL DATIM (IH, IM, IS)
or
JSB DATIM
DEF (RETURN ADDRESS)
. DEF IH
DEF IM
DEF IS

The actual arguments are three integer variables to which the
subroutine assigns values of the time in hours (0 to 23), minutes
(0 to 59), and seconds (0 to 59f; The clock is initially set by
means of a CALL SETUP. The clock ceases to be incremented when

a halt operation is executed.

-

I[f the HALT operation was a result of a call to the HALT sub-
routine, the clock is reset to zero. Its value will remain at

zero until set through use of the SET TIME OF DAY switch.



If the halt was due to a PAUSE statement or pressing of the
HALT button on the console, the time is unchanged. When pro-

gram operation is resumed, the clock is incremented from the

existing value.

The Bailey Clock Routine maintains an integer clock at entry
point .CLOK {(no callable by a user Program). It may be set or
checked through the use of STCLK and RDCLK SUBROUTINES. A
CALL STCLK (N)
or
JSB STCLK
DEF (RETURN ADDRESS)
DEF N

"sets the/clock to zero and causes it to be incremented by one

every‘(N*IO) milliseconds. The N must be an integer constant

(1-32, 767).

A "CALL RDCLK (M)
or
JSB RDCLK
DEF (RETURN ADDRESS)
. DEF M
assigns the value of the clock to the integer variable M. The

clock continues to be incremented at the most recently specified

interval until reset by another call to STCLK.



The subroutine HALT is used to halt the computer. It 15 similar
to the PAUSE statement in.that it waits for the completion of all
input/output operations before halting the computer. 1In add1t1on.
however, it clears the time of day clock and inhibits incrementa-
tion of the binary clock. No message is written on the Tele-
printer when the halt occurs. The format of the call is:

CALL HALT
or |

JSB HALT

_ DEF (RETURN ADDRESS)

If the HALT subfbutine is used, the time of day clock remains set
to zero (midn;ght) until reset through a CALL SET UP.
If the PAUSE statement is used, or if the HALT button on the
cdmputer console is pressed, the time of day clock is incremented
when the program operation is restartéd, but the time will be in-
cbfrect. Incrementation continues with the time when the halt

occurred.
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a0l ' ASMB,KR,B,L,T

B2 * BAILEY TIHE=UF DAY *

B3« THIS 1S THE CLOCK ROUTINE NECESSARY TO MAINTAXN-

Bad« THE TIME OF DAY ]

DupSw -

Gooow w

VA "

2pva Qduvpe NAM CLOCK

auB9 ’ ENT SETUP, CLOCK,.CLOK,RDCLKpSTCLK DATIM,HALT
AL »
Duttie THE TIME OF DAY MAY BE SET THRU THE KEYBOARD INPUT
Bi12« BY CALLING SETUP FRUM THE MAIN PROGRAM ‘%

POt S , *

Ul dx A TIMER MAY BE SET WITH A CALL STCLK(N) , WHERE N «
QLB IS A MULTIPLIER OF 1€ MS TO DETERMINFE THE TIME *
Ve16« INTERVAL, hod

Gidi7 » "
ACLi8w THE NUMBER OF (Nwi0® MS) INTERVALS ELAPSEDND MAY HE »*
Q19w READ WITH A CALL RDCLK(N) "
BAZB* »
Bo2in THE TIME OF DAY MAY BE READ WITH A CALL ODATIM{IN,IM,IS) «
B2z . w
ﬂU23 . /EXT .IOC.!.DIO.I.IAR.'.ENTR
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Np2sS» CONSTANTS i

d026w *

ez PANRE B37440 ™ OCT 37409

Jen2s  0snay vesary M2 ocT 77

Q29 DOaN2 Lvenpap M3 OCT 1dmdon .

Qu3e BYIA3 B2l4va Cit OCT 2140389

331 P33un4 GBDAN3 (2 0CT 3

2Q32 2VuS BYAR74 CMIN DEC 60
33 B0An6 WA7A20 CHKS [EC 3600
2034 ©3Rn7 177766 TINE DEC =1@
WE3IS5  BYALA 177750 CM24 DEC =24
NE36  DBH1l BBBAYE  INIT  NOP
0037 0VEA12 PYNEVE COUNT oCcT @
0u38 dn13 177776 CNTR JDEC =8
G039  Bda14 ReUnva  TEMP  NDP ‘
P348  0AP1S BP6412 ERR 0CT 6412,5012,5612
BUN16 GB5BL12
POPL7 D05912
B4l Q0320 @545417 _ ASC 18,Y0U MUST TURN ON THE CLUCK , DUM=DUM
P3AN21 B52440 '
00022 (46525
BPY23 151524
32724 B2U124
P0OAB P52522
BAN26 C4774n
BUGR27 BAT516
BUNY 24124
WOAZL V4dius
dutid2 320172
VANII V4d117
BeN34 DA1S13
BAAZS B2A254
0376 D2RLN4
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pédny7 M525185
PARAD V26564
wUdal 852915
PE42 BUMA? 20AI16R HRS LEF DRAIN
AH43 Y0243 BVB316R MIN DEF DRAIN
4044 29444 VOAS16R SEC DEF DRAIN
P45 BANAS DURAAE  RARG NOP
2046 BBAAG BODEAN  SARG  NOP
#4877  6d347 BBBAYE  CLAL  NQP
PE48 BArSH B00GIB  MCLK  NOP
P49 WONBL PVBABY  RCLK  NQOP
PUSY  BYMNKY? AOPASIR ARPNY DEF ARAYL
CUBL  POAS3 B0OARE  ARAYL NOP ¢
Grs2 BURsA PBROARdE  ARAYZ2 NQP
Gu53  BEu55 NBAREME  ARAYI NOP
3054  J8BI56 PBOIIE  JDTCL NOP
BYSHS  Yd4axn7 LLEBBE  DTCH  NOP
AEB6 B3NS0 PEBLRAEE  TFLG  NOP ‘ ,
PUS7 Duuey 220bpdas  TI.1  NGP »
038 A44R? DRBEAR T1.2 NOP
Z2B%9 HAINGI VV6412 TEXTL 0OCT 6412,5%12,50142
CARKA (3QHNL2
DYRAS BBDALD
PBBEB RBARS V42516 ASC 13,ENTER TIME (HRS: MINt SEC)
WHAR7 B52145
PBN70 251440
vAR7Y WBh2111
AIN72 V46515
QAGTZ 24050
BEA74 Pa4ay2?
BAM75 1B5H1472
BER76 B2U115
BAGT7. 044516
RALGBA UISN4NH
Ba1al 051545
AdLu2 041451

Bblw

6062w SETUP IS USED TO ENTER THE TIME OF DAY AND To TURN QN THE *®
UOBHI* TIME BASE GENERATOR , THE TBG IS SET TO INTERRUPT EVERY *
BLE4w 19 MSEC AND CALLS CLOCK AND ,CLOK *
QYESw REAL TIME IS KEPT AS LONG AS THE COMRBINATION OF SCALE FACTOR =
266w AND MULTIPLIER CAUSE A CALL T0O CLOCK EACH 1@ MSEC *
2067 * ¥
468 Pa183 Guanade SETUP NOP

Bpd9 U2124 BLOUBEX JS8 LENTR SET INDIRECT KIT FOR EXIT

Be78 QY125 pBoLIGA NOP

Be71 82106 216a81X Jss ,IncC, WRITE "ENTER TIME (HRSs MIN: SEC1)
Wp72 83117 B2un82 0CT 28602 ON COMMENT OUT DEVICE

BB73 BA11I N206196R JMP %=

274 No1il 0ABRAIR DEF TEXTH

29375 vd112 Q@aa2¢ DEC 16

2676 B0113 GL16224R Js8 STaT

2077 24114 V02464 CLA,INA READ HRS, ,

8A78 82115 Dubdna CLB, INR MIN,,

6m79 29116 A16202X Jsg 010, SEC,,

Audd WYLl 7 bIBwUd 0CcT ¢ IN - FREE FIELD

BQSQ 03120 dBB1I24R DEF =+ FORMAY :
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Vivz
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Gbit14
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912
wigl
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91314
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2135w
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dd124
gi2b
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va127
po13
83131
Qy132
70133
28134
BOL3IO
fdt136
33137
BAaL a0
bdtal
9142
BU143
Pataa
g8145
Va1 46
Bd147
150

TIMEKR

Be2304R
NEBALBZR
16RB3X
B62254R
B1onasx
BIRAABER
72256 1R
@76062R
NH2253R
B16305X
pORAYAR
navp4u
BAR2RB1R
vo2isn

BeHGA4

P462362R
A42755R
02214

BABARY

B72p56R

C76857R

182377
B16151R
126123R

INTERVAL

Bo151¢
Rrsy152
BdL33
38154
Bd155
b3156
Ad1%7
2J1/0
ga161
331682
22163
ad164
G160
3166
bat167
3y 7¢
3Lz
By172
bdL73
AB174
$a3175
G176
Bar77
A0
Bagai
44202
ve2u43

BERABY
B3HBBAR
Ve2aLLR
2a2an2
B2H173R
V360 LIR
B16401 X
Ba0097
Bl12uvhaRr
B222W3R
No2303
626167R
BX6160R
B26157R
VH21KHAR
Bi2aM 1R
i32174R
R72174R
B160881X
B2116u
13221
VEA2H2R
BEHPAAD
N16224R
126151R
Banao
Bovpy2

INITIATES

TIMER

Lo R N
e o o
N =

T.0
T.1

T.2

LDa C2
LDB ARPWNT
JSB . I1AR,
LDA ARAYZ2
MPY CMIN

STA TI1.,1
ST -T1,2
LDA ARAY]
MPY CHRS

CLE

ADA T1,1
SEZ,CLE
INB

ADB T1,2
ADA ARAY3J
SEZ,CLE
InNB

STA
574
HLT
JSR

«OTCL
DTCH
778
TIMER

JMP

D.43 FOR A 19

NQP
[SZ
LDA
SZA
JMP
187

TFLG
INIT

T.¢
INTT
JSB .laQcC,
0C1 4apnay
AND ™M1
XO0R C1
SZA,KSS
JMP 1,3
1§82 1,2
JMP 1,1
Ltha 1,2
ANT M2
JOR T,1
S5TA T,1
Jsa .10C,
0CT 21109
HLT 128
NEF »+4
Lec 2

JSB STaT
JMP
DEC 2
DEC 18

SETUP, 1

TIMER,

CONVERT MIN, TO SEC,

CONVERT HRS,

SEC,
¢ To

ADD HRS, AND MIN,

»

ADD ON SEC

MSEC INTERRUPT

& % % %

SET TIMER FLAG
HAS D,43 BEEN FOUND ?

YES

NO

A STATUS CHECK RETURNS THE DEUIC
IN THE A REGISTER

ISOLATE DEVICE TYPE BITS

I8 THIS DEVICE D,43 2

YES

NO , TRY AGAIN

ISULATE UNIT REFERANCE NIJMBRER FR

MERGE 1T WITH T,1
INITYALLIZE D,.43
REJECT

BUFFER LENGTH

SCALE FACTOR
MULTIPLIER,

CLOCK 1S THE MAIN CLOCK INTERRUPT SERVICE ROUTINE
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1387«
138
1139
B140
141
142
143
vid44
6145
3146
B147
148
Q149
@vis58
vi51
152
2153
B154%
155w
BWibow
#1557
giss
0159
d16d
0161
a162
D163%
164 =
165w
Q166
AL67w
2168
2169
0170
0171
@172
A173
n174
¢175.
w176
2177
2178
B179w
D180
D18
B182«
B183w
Vwigaw
Bighw
Ui86w
w187
01848
139
191
%191
#1192
wig3

vyRe #d1
Buras 2vaA2@ CLUCK NOP
AIPGB UO2244R LDA CLOCK
Borue BIRHAR 10R M3
BA237 N72234R STA CLOCK '
BA210 B62760R LDA TFLG IS DAYTIME CLOCK ON ?
032141 DE2433 SZA,RSS
PA212 B165151R JsR TIMER NO
84213 BILGAYTR [SZ TIME 1S THIS A ONE SECOND TICK 7
gh214 1262484R " JMP CLOCK, 1 NO
DA215 UH2203R LDA T,2 YES
Buz21h6 630K 4 CHMA, ITNA '
Bor2\7 B72207R STA TImE RESET TIME FOR NEXT 1@ TICKS
Uaz220 N3695%6R 1sz ,DYCL
VaA221 Ge2wat RSS
o222 wIbASHIR 18Z DYCH
8223 1262n4R JMP CLOCK,!
L ]
STATUS CHECK *
. »
PB224 @nYAA . STAT NOP ¢
00225 Ni6AALX Jsy LI0C,
BA226 BALEMY OCT 4ppd0
o227 BA2320 SSA
BU23d n26225R JMP wm3
Y8231 126224R JMP STAT,]
LCLOK 1S THE SYSTEM CLOCK
CONTROL 1S TRANSFERRED HERE AY EACH CLOCK INTERRUPT, THE
SUBROUTINES STCLK AND RDCLK ARE SERVICED HERE
43232 BoRANG LCLOK NOP
Wia233 @62247R LDA CLK!
BB234 Bp2any INA,SZA,RSS
B0235 M2624UR JMP C,1
B3236 B72047R STA CLK1
4237 126232R JMP CLOK, ]
o240 062050R C,. 1 LBA MCLK
U241 B72247R STA CLKI1
8d242 VBIBUSLIR 1872 RCLK
84243 AB2020 NOP
60244 126232R JMP . ,CLOK, I

STCLK SETS THE RATE AT WHICH THE PROGRAM CLOCK 18
UPDATELD TO N TIMES THE B8ASIC CLOCK INTERVAL
WHERE N = THE PARAMETER IN THE CALL TO STCLK

68245
Wa246
Bu2a7
48250
oSt
#3252
©¥v253

vaseap
4162254X
BGdoaaeR
162246R
B34
B72%506R
133100

"STCLK NOP
JSy LJENTR
DEF SARG
LDA SARG,I
CMA,INA CLOCK RATE TO COUNTER
STA MCLK
CLF @
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$194
w105
3196
2197
2198
W10
R2Adw
G261 *
Wau2w
G203
wz2u4
PR2ubd
0206
dze7
B2v8
2209 %
B21dw
211w
G212«
Wz l3w
7214
215
@216
w217
vz218
Be19

6220

B2l

@222
w223
#2224
Bz2ed

226
6227
228
7h229
B230
%231
w232

N233

0234
6235w
G236
€237 =
Be38w
nel39
h240
v2al
B242
k243
244
w245
yr246
0247

Ban7 #a1 \
GU254 W72847R STA CLK{ INITIALYZE COUNTDOWN
03255 G024 - CLA

23256 072331R STA RCLK @ TO PROGRAM CLOCK
24257 182100 STF w TURN ON INTERRUPT
00260 126245R JMP STCLK, I

RDCLK « THE VALUE OF THE PROGRAM CLOCK 1S RETURNED
IN THE.AKGRUMENT OF TME CaLlL

V2261 26NPBA  KRDCLK NOP

Be26H2 G15894X JSB JENTR
263 BL2A45R DEF RARG
dI264 BOE2B%LR LDA KRCLK
849265 172245R STA RARG,I
89266 126261R JMP RDCLK, 1

DATIM IS THE ROUTINE WHICH CONVERTS THE SECONDS COUNT
TO HRS 1 MIN 3 SEC AND RETURNS THE TIME 0P
DAY TO THE CALLING PROGRAM, -

Bo267 RHIRAY  DATIM NOP

Vo270 2162A44X JSH LENTR SET INNDIRECT BIT FOR EXIT
B¥271 POBRARR DEF HRS TRANSFER ARBRUMENT ADDRESSES,
33272 BB2060R LDA TFLG HAS CLOCK B@EN INITIALIZED ?
BB273 062323 SZA,HKSS ,

274 L2631 7R . JMP ERROR NO ¢

88275 216006X oLD ,DTCL YES LOAD TIME IN SEC
DaP76 GRDASKER

BAP77 V16BATX DIV CHRS DETYERMINE HRS,

DBIBV DIVBBER -

0633y 172742R " STA HRS,1

Q3332 G603y LDA

JU3INS B3h4aND CL.B

BY3Ir4L V16AHTX S 0IV CHMIN DETERMINE MINS,

Q3335 GANBIBR

PAIA6 172843R STA MIn,!

Agl3a7 176044R STH SEC,! DETERMINE SEC.

38310 B62810R D4 LDA CMD4

Bd311 142742R ADA KRS, :

2IN12 Be202¢ SSA IS THE HOUR 24 .

AB313 126267R JMP DATIM,I NOQ

23314 172742R S$TA HRS,1 YES

2315 W2631mR JMP Dt

BA316 WURAAB DRAIN NOP

ERROR NOTIFIES OPERATOR THAT THE CLOCK HASN'T
REEN SETUP

08317 BUBvAA  ERROR NOP

BO320 YonsAe NOP

DIAI2Y LAVNGA NOP

Bids22 6v24v4 REPET CLA,INA
GH323 Z2phaYp cL8

BAII4 WIHDBELX JSR ,lo0C,
Wa32S 3204990 OCT 20982
88326 B26324R JMP  w=2

Ba327 BUAFL5R DEF ERR
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FAGE walrn #04

248 wWAZIR BWALEA25 DEC 21
1249 QU331 d16224R JSB STAT
025y YI332 te2as6 HLT 668
nest 3333 26322R JMP REPET
W252%
B253w HALT ROUTINE ALLOWS ALL 1/0 OPERATIONS TO CEASE
B254w BEFORE HALTIRNRG THE CUMPUTER 1Y CLEARS THE TIME OF
B25ow " DAY CLOCK AND INHIBITS INCREMENTATIONM OF THE BINARY
B256w UNTIL RESET BY A callL TO SETyYP,
Aes7w
V258  2Y334 vY@aavp  HALT  NOP
£259 DU33I5 B16UA4X JSB LENTR
P26 YB3I3b BUHGRAD NOP
261 V3337 B16224R JsB STAT
2262 Po34h BLOMDIX Jss ,10C,
P263 ©“33%41 ©ABRRA0Q NOP
U264 QBa342 A62052R LOA ARPNT
265 YY343 A72414R : STA TEMP
@266 VAZAL PO2W12R LDA COUNT
A267 Q3345 O72413R STA CNTR
G268 BO346 BB24dp CLA
N269 28347 1729214R H,1 STA TEMP,1
278 BB3"HU BIGA1AR . 187 TEMP
@2z71 B4351 B36AL 3R 182 CNTR
A272 YA352 W26347R JMP K,
B27% BAIISI 1v2044 HLLT 44B
1274 -W2354 126334R JMP HALT,l
275w »
Q276w
B277« END OF CLOCK PROGRAM,
w78

©z79 END
‘#w  NO ERRORSw ‘
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