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Model 1615A General Information 

SECTION I 

GENERAL INFORMATION 

1-1. INTRODUCTION. 

1-2. This Operating and Service Manual contains 
information required to install, operate, test, and service 
the Hewlett-Packard l\fodel 1615A Logic Analyzer. 

1-3. SPECIFICATIONS. 

1-4. Instrument specifications are listed in table 1-1. 
These specifications are the performance standards or 
limits against which the instrument is tested. Table 1-2 
lists supplemental characteristics, not specifications 
but typical characteristics included as additional infor
mation for the user. 

1-5. INSTRUMENTS COVERED BY THIS 
MANUAL. 

1-6. Attached to the instrument is a serial number tag. 
The serial number is in the form: OOOOAOOOOO. It is in 
two parts; the first four digits and the letter are the serial 
prefix and the last five digits are the suffix. The prefix is 
the same for all identical instruments. The suffix, how
ever, is assigned sequentially and is different for each 
instrument. The contents of this manual apply to instru
ments with the serial number prefix(es) listed under 
SERIAL NUMBERS on the title page. 

1-7. An instrument manufactured after the printing of 
this manual may have a serial number prefix that is not 
listed on the title page. This unlisted serial number 
prefix indicates the instrument is different from those 
described in this manual. The manual for this newer 
instrument is accompanied by a Manual Changes sup
plement. This supplement contains "change informa
tion" that explains how to adapt the manual to the 
newer instrument. 

1-8. In addition to change data, the supplement con
tains information for correcting errors in the manual. 
To keep this manual as current and accurate as possi
ble, Hewlett-Packard recommends that you periodically 
request the latest Manual Changes supplement. The 
supplement for this manual is identified with the man
ual print date and part number, bothofwhichappearon 
the manual title page. Complimentary copies of the sup
plement are available from Hewlett-Packard. 

1-9. For information concerning a serial number 
prefix that is not listed on the title page or in the Manual 
Change supplement, contact your nearest Hewlett
Packard Office. 

1-10. DESCRIPTION. 

1-11. The Hewlett-Packard Model 1615A Logic Ana
lyzer offers asynchronous timing diagram measure-
'Y"r"i£li.'Y'il+o anrl cnTnnh .... nnnnC! ct~to rnaao11~omontC! fn,. 1100 ;°"' 
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the design and troubleshooting of digital systems. Pow
erful triggering capability, six clock qualifiers, sophisti
cated delay, occurrence counting, and 256 words of 
memory assure that the desired timing and state infor
mation will be captured. 

1-12. Measurement setups are simplified with a menu 
system which reduces the number and complexity of 
front panel keys. With the format specification menu, 
you select the desired mode of operation: timing, state, 
or simultaneous dual-mode operation. The correspond
ing trace specification menus then allow you to enter the 
desired triggering and data parameters. 

1-13. MODES OF OPERATION. 

1-14. The 1615Aoffers three basic operating modes: 24-
bit state, 8-bit timing, and simultaneous 16-bit state 
with 8-bit timing. The purpose and use of each of these 
three modes is described in the following paragraphs. 

1-15. 24-BIT STATE MODE. 

1-16. In this mode, 256 words of parallel, synchronous 
data up to 24 bits wide can be accumulated into memory. 
The bits can be grouped by keyboard selection, and the 
display of data from each group can be individually 
read out in either binary, octal, decimal, or hexidecimal 
formats. Any pattern of the 24 inputs can be established 
as the trigger point. Part of the trigger pattern can be 
"don't cares" to establish a range of triggers. 

1-17. 8-BIT TIMING MODE. 

1-18. In this mode, asynchronous data is clocked into 
memory. The clock rate for data acquisition can be 
selected in a 1, 2.5, 5 sequence from 50 ns to 500 ms per 
clock period. On the timing diagram, the clock period is 
displayed on screen along with the related horizontal 
time scale. The time between any two samples in 
memory is displayed in a direct readout on the CRT. 

1-19. The eight lines on pod 1 are the only active lines 
in the eight-bit timing mode. The displayed channels 
can be ordered in any arrangement by keyboard selec
tion. The memory in this mode is eight bits wide, 256 
words deep. Glitches are displayed as bright vertical 
bars along each separate channel. 

1-1 
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1-20. The trigger point is shown by a set ofshort, verti
cal lines from top to bottom on the display. Up to three 
ORed patterns of the 8 bits (along with don't cares) can 
be established as the trigger requirement, or the Boo
lean NOT of a particular pattern can be selected (this 
allows triggering on a fault in a status word). Since the 
trigger pattern is truly asynchronous, transient states 
can provide false triggers. To avoid triggering on a false 
pattern, the duration of the trigger pattern is selectable 
between 15 ns and 2000 ns. Glitch occurrences on any 
input line may be added to the trigger requirements. An 
external trigger line can also be connected through the 
clock pod. Either time delay or external clock delay can 
be added to the trigger specification, if desired. 

1-21. 16-BIT AND 8-BIT MODE. 

1-22. In this mode, eight bits of asynchronous timing 
data is captured at the same time that 16 bits of synchro
nous state data is captured. The logic analyzer can cap
ture timing sequences that occur before or after a 
particular state, or state sequences occurring before or 
after a timing event. This measurement allows correla
tion of activity on control lines, address decoder out
puts, and asynchronous 1/0 structures with specific 
states in program flow. 

1-23. Four instrument triggering arrangements are 
available in the 16-bit and 8-bit mode of operation: 16 bit 
arms or triggers 8 bit, and 8 bit arms or triggers 16 bit. If 
8 bit triggers 16 bit is selected, the 1615A captures data 
as soon as the asynchronous event is recognized. This 
enables observation of state information related to a 
timing event such as an interrupt or glitch. By selecting 
8 bit arms 16 bit, the 1615A will capture data at a spe
cific point in program flow, but only after a particular 
asynchronous event has occurred, such as a service 
request. 

1-24. The 16 bit arms or triggers 8 bit specification 
allows the capture and display of timing information 
related to a particular point in program flow. This can 
be used to look at the conditions oflines on an input port 
for a short time prior to reading the port to ensure that 
data is valid. By using the end-display mode, the timing 
information can be captured prior to the reading of the 
port. 
1-25. ACCESSORIES SUPPLIED. 

1-26. The following accessories are supplied with the 
1615A: 

1-2 

Four 8-bit probes (HP Model 10248B) with leads 
and tips (three for data, one for clock, qualifiers, 
and external trigger) 

One 2.3 m (7.5 ft) power cord (refer to Section II) 

One extender board (HP Part No. 01615-66512) 
installed inside 1615A instrument. 

One Operating and Service Manual 

1-27. RECOMMENDED TEST EQUIPMENT. 

1-28. Equipment required to maintain the Model 
1615A is listed in table 1-3. Otherequipmentmaybesub
stituted if it meets or exceeds the critical specifications 
listed in the table. 

Table 1-1. Specifications 

CLOCK, QUALIFIER, AND DATA INPUTS 
REPETITION RATE: to 20 MHz. 
INPUT RC: 50 kn shunted by ~14 pF at the probe tip. 
INPUT THRESHOLD: 'ITL, fixed at approx 1.5 V; 

variable ±10 V de. 
MAXIMUM INPUT: 15 V to 15 V. 
MINIMUM INPUT 
Swing: 0.6 V. 
Clock Pulse Width: 20 ns at threshold level. 
Setup time: time data must be present prior to clock 

transition 20 ns. 
Hold Time: time data must be present after clock tran-

sition, zero. 
ASYNCHRONOUS OPERATION 
SAMPLE RATE: 2 Hz to 20 MHz. 
DATA SKEW: 9 ns maximum. 
MINIMUM DETECTABLE GLITCH: 5 ns width and 

exceeding threshold by 30% of ac swing or 250 m V, 
whichever is greater. 

GLITCH TRIGGER: on any selected channel(s), if a 
glitch is captured, the glitch is AND'd with the 
asynchronous pattern trigger. 

EXTERNAL TRIGGER PULSE WIDTH: 5 ns minimum 
with 30% peak overdrive or 250 m V whichever is 
greater. 

PATTERN TRIGGER: any 8-bit pattern. Trigger dura
tion required is selectable 15, 50, 100, 200, 500, 1000, 
or 2000 ns ±15 ns or 15% whichever is greater. 

TRIGGER OUTPUTS (Rear Panel) 
16/24 BIT TRIGGER OUTPUT 
Level: high, ~2 V into 50n; low, ~0.4 V into 50n. 
Pulse Duration: approx 25 ns. 
Delay from Input Clock: approx 85 ns. 
16/24 BIT TRACE POINT OUTPUT 
Level: high, ~2 V into 50n; low, ~0.4 V into 50n. 
Pulse Duration: starts at beginning of trace and ends 

at the trigger point (pattern trigger plus delay). 
Delay from Input Clock: approx 85 ns. 
8 BIT PATTERN OUTPUT 
Level: high, ~2 V into 50n; low, ~0.4 V into 50n. 
Pulse Duration: pattern duration minus asynchro-

nous trigger duration width. 
Delay from Pattern at Probe: approx 75 ns plus asyn

chronous trigger duration width. 

GENERAL 
MEMORY DEPTH: 256 data transactions (in timing 

display mode, 249 samples are displayed). 
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Table 1-2. Supplemental Characteristics 

SELECTABLE DELAYS 
SYNCHRONOUS TRIGGER DELAY: to 999 999 clocks. 
SYNCHRONOUS TRIGGER OCCURRENCES: to 999 

999. 
ASYNCHRONOUS TIME DELAY: to 1 048 575 times 

sample period. 

POWER 
100, 120, 220, 240 Vac; -10% to +5%; 48 to 66 Hz; 
230 VA max. 

DIMENSIONS 
see outline drawing. 

OPERATING ENVIRONMENT 
TEMPERATURE: 0°C to 55°C. 
HUMIDITY: up to 95% relative humidity at +40°C. 
ALTITUDE: to 4600 m (15 000 ft). 
VIBRATION: vibrated in three planes for 15 min. each 

with 0.3 mm (0.015 in) excursions, 10 to 55 Hz. 

------426 l16t-1---~ 

I I 

WEIGHT 
NET: 19.1 kg (42 ib). 
SHIPPING: 23.6 kg (52 lb). 

ACCESSORIES SUPPLIED 
four 8-bit Model 10248B probes with probe leads 
and tips (three for data and one for clock, qualifi
ers, and external trigger) one 2.3 m (7.5 ft) power 
cord, one operating and service manual. 
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Table 1-3. Recommended Test Equipment 

Instrument 

Pulse Generators (2) 

5-ns Pulse Generator 

Multimeter 

Oscilloscope 

Logic State Analyzer 

Logic Pulser 

Crltlcal Specification 

External trigger 
de to 50 MHz, variable 
> 10 ns pulse width 

5-ns pulse width, 30-ns 
pulse period, TTL levels 

±1000 Vdc range, 0.1% 
accuracy 

275 MHz BW, dual channel 

Pattern recognition and 
state display 

Pulse logic circuits 

Recommended 
Model 

HP 8013B 

HP 8007B 

HP 3465A 

HP 1725A 

HP 1611A 
Option 080 

HP 10526T 

Use* 

p 

p 

P,T 

I 

P,A,T 

T 

T 

I 
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Tabie 1-3. Recommended Test Equipment (Cont'd) 

Recommended 
Instrument Crltlcal Specification Model Use* 

Logic Probe Monitor digital IC's HP 10525T T 
I 

ENC-to-alligator HP Part No. p 
I Clip Adapters (3) 8120-1292 

BNC Tee Connectors (2) HP Part No. p 
1250-0781 

Current Tracer HP 547A T 

Logic Signature Analyzer No Substitute HP 5004A T 
or 
ET 9254 

LCR Meter Capacitance, 0 to 25 pF HP 4332A p 

*P = Performance Test, A = Adjustment, T = Troubleshooting 
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SECTION II 

INSTALLATION 

2-1. INTRODUCTION. 

2-2. This section contains information and instruc
tions for installing the Model 1615A. Included are initial 
inspection procedures, power and grounding require
ments, and instructions for repacking for shipment. 

2-3. INITIAL INSPECTION. 

2-4. Inspect the shipping container for damage. If the 
shipping container or cushioning material is damaged, 
it should be kept until contents of the shipment have 
been checked for completeness and the instrument has 
been checked mechanically and electrically. Procedures 
for checking electrical performance are given in Section 
IV. If the contents are incomplete, if there is mechanical 
damage or defect, or if the instrument does not pass the 
performance tests, notify the nearest Hewlett-Packard 
Office. If the shipping container is damaged, or the 
cushioning material shows signs of stress, notify the 
carrier as well as the Hewlett-Packard Office. Keep the 
shipping materials for carrier's inspection. The HP 
office will arrange for repair or replacement at HP 
option without waiting for claim settlement. 

2-5. PREPARATION FOR USE. 

2-6. POWER REQUIREMENTS. 

2-7. The 1615A requires a power source of 100, 120, 220, 
or 240 V ac; -10%, +5%; single-phase; 48 to 66 Hz; 230 VA 
maximum. 

The instrument may be damaged if the LINE 
switch pair on the rear panel is not set to 
match the input voltage in use. 

2-8. LINE VOLTAGE SELECTION. 

2-9. The LINE switch pair on the rear panel selects 
either 100-, 120-, 220-, or 240-volt operation. To check or 
change the position of the LINE switch pair, proceed as 
follows: 

a. Remove input power cord (if connected). 

b. For 100-volt or 120-volt operation, set the LINE 
switch pair to 100Vor120 V respectively. Then install 
the 4-ampere fuse for Fl (located beside the line power 
connector). 

c. For 220-volt or 240-volt operation, set the LINE 
switch pair to 220 V or 240 Vas applicable and install a 
2-ampere fuse for Fl (located beside the line power 
connector). 

d. Reconnect power cord. 

2-10. POWER CORDS AND RECEPTACLES. 

2-11. Figure 2-1 illustrates the standard configurations 
used for HP power cords. The HP part number directly· 
above each drawing is the part number for an instru
ment power cord equipped with a connector of that con
figuration. If the appropriate power cord is not included 
with the instrument, notify the nearest HP Sales/Ser
vice Office and a replacement cord will be provided. 

8120-0696 8120-2296 8120-2957 

·~· 
8120-1692 8120-1703 8120-1521 

• a 
1615A-08-79 

Figure 2-1. Power Cord Configurations 

2-12. REPACKING FOR SHIPMENT. 

2-13. If the instrument is to be shipped to a Hewlett
Packard Sales/Service Office for service or repair, at
tach a tag showing owner (with address), complete 
instrument serial number, and a description of the ser
vice required. 

2-14. Use the original shipping carton and packing 
material. If the original packing material is not availa
ble, the Hewlett-Packard Sales/Service Office will pro
vide information and recommendations on materials to 
be used. 

2-1 
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KEYBOARD FEATURES 

w 

.,~-.-~.......-..;....o----

DISPLAY GROUP 

0 FORMAT SPECIFICATION. Calls up a menu which 
allows you to select the operating mode, clock slope, 
logic polarity, and number base parameters. It also 
permits arranging up to 24 input channels into 
labelled groups. 

fl TRACE SPECIFICATION. Calls up a display menu 
in which you can specify trigger requirements, posi
tion of the trigger relative to captured data within 
the memory, and the clock parameters. 

U LIST. Calls up a display window of 15 lines of the 
data captured in the 256-line memory. 

II TIMING DIAG. Calls up a timing diagram of up to 
eight lines of the 256-bit memories. This mode per
mits precise time measurements between points on 
the traces. The trigger point is displayed as a set of 
short vertical bars. Glitch occurrences are captured 
in a separate memory and displayed as bright verti
cal bars on the individual traces. In this mode, XlO 
magnification can be selected for any segment of a 
displayed trace to permit improved display resolu
tion. Probe pod 1 supplies the signals for timing dia
gram display. 

Cl CHAN SEQ. This key offers the convenience of 
returning a timing diagram to its most simple form 
(lines 0 through 7 from top to bottom) after a special 
sequence oflines has been arranged on the display. 

Figure 3-1. 

Operating Controls .. Indicators, and Connectors 

3-0 

la AT TRIG WORD. In the list mode, pressing this key 
brings the display to the area of the trigger word. If 
the trigger word starts the display, it will be the first 
line of the display. If END was selected, the trigger 
word will be the last line displayed. In a timing dia
gram the brightened segment will switch imme
diately to the trigger word when AT TRIG WORD is 
pressed. If XlO magnification is being used, the dis
play window will move to the segment which in
cludes the trigger word. If so much trigger delay was 
selected that the trigger word is not in memory, 
pressing AT TRIG WORD will bring an error mes
sage on screen (WARNING - TRIGGER NOT IN 
MEMORY). 

II ROLL DISPLAY. In the list mode, this set of keys 
moves the display window up or down through the 
256-bit memory. In the timing diagram mode, this 
set of keys moves the brightened trace segment left 
or right across the display (for relative time mea
surements or selection of an area to be expanded). It 
also moves the display window in XlO magnifi
cation. 

ENTRY GROUP 

0 FIELD SELECT. Permits selection of variables in the 
field contents. This key is used to make selections of 
variables within inverse fields which contain 
brackets ([ ]). It is also used to set the zero reference 
point for making point-to-point time measure
ments. 

PROBE THRESHOLD LEVEL GROUP 

D X DON'T CARE. In entry fields, X accepts all 
allowed digit values (0 through 7 in octal, 0 through 
Fin hex, etc.). In label assignment fields, X disables 
the channel. An unused channel is not included in 
any other label reference. 

Im A-F, ., 0-9. Alphanumeric keys for entering informa
tion into all entry fields on the display. 

EDIT GROUP 

m DEFAULT. Returns the currently displayed menu to 
its simplest form. 

(6 SAMPLE PERIOD. Selects the repetition rate of the 
internal clock. The clock rate may be incremented 
or decremented from 50 ns to 500 ms per clock (in a 1, 
2.5, 5 sequence) in any display where the internal 
clock rate is shown. 

0) CURSOR. Set of switches used to move the blinking 
cursor to the desired location within the menu. 

EXECUTE GROUP. 

0) TRACE. Initiates a search in logic flow to find and 
capture data that corresponds to the parameters 
defined in the specification menus, then displays 
captured data. Pressing TRACE one time initiates a 
single trace. Holding the key down places the 1615A 
in a continuous trace mode, permitting observation 
of dynamic program flow. 

\~\~~ ~.c=-.· ·' ... C~·.... ·~c·--;,-~ 
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REAR PANEL FEATURES 

Im STOP. Stops any trigger search or data acquisition 
which is in process. In order to stop a continuous 
trace mode, the STOP must be pressed once to go to 
the in-process mode, and then a second time to abort 
the trace. 

PROBE THRESHOLD LEVEL GROUP. 
In) TTUVARIABLE. When this switch is set to TTL, its 

associated probe pod(s) is biased to operate at TTL 
(1.4 V) threshold levels. In the VARIABLE position, 
the probe pod bias is adjusted to the required volt
age at the MEASURE test point. 

m ADJUST. Adjustment for setting logic threshold 
level to the desired amplitude, offering a range from 
-10 V to +10 V. 

IE) MEASURE. A test point for measuring probe thresh
old level voltage during adjustment. 

0) SELF 0 TEST CLOCK. A test point for obtaining a 
clock signal during self-test procedures and trouble
shooting. 

@!) COMMON. A grounding point for use when making 
threshold voltage adjustments and using the SELF· 
TEST CLOCK. 

m LINE. Applies line power to the instrument. 

fa ON. Lights when operating power is applied to the 
1615A. 

REAR PANEL GR 

fl) 16/24 BIT TRIG ~ 
output provides a 
trigger pattern Jl 
Trigger pulse ge: 
the condition oi 
within the 1615A 
synchronize an Of 

lar point in data 

m 16/24 BIT TRACE 
beginning of a t 
TRACE key is I 
searching for a tr: 
recognition of the 
the delay period 
can be used to pro 
end-trigger meas1 

~ 8 BIT PATTERN 0 
the selected triggE 
ing measurement 

m LINE SWITCH PJ 
arrangement for J 

fB LINE CONNECT 
power. 

f13 LINE FUSE. Com: 



PROBE THRESHOLD LEVEL GROUP 

0 X DON'T CARE. In entry fields, X accepts all 
allowed digit values (0 through 7 in octal, 0 through 
Fin hex, etc.). In label assignment fields, X disables 
the channel. An unused channel is not included in 
any other label reference. 

Im A-F, ., 0-9. Alphanumeric keys for entering informa
tion into all entry fields on the display. 

EDIT GROUP 

m DEFAULT. Returns the currently displayed menu to 
its simplest form. 

16 SAMPLE PERIOD. Selects the repetition rate of the 
internal clock. The clock rate may be incremented 
or decremented from 50 ns to 500 ms per clock (in a 1, 
2.5, 5 sequence) in any display where the internal 
clock rate is shown. 

Ii) CURSOR. Set of switches used to move the blinking 
cursor to the desired location within the menu. 

EXECUTE GROUP. 

II) TRACE. Initiates a search in logic flow to find and 
capture data that corresponds to the parameters 
defined in the specification menus, then displays 
captured data. Pressing TRACE one time initiates a 
single trace. Holding the key down places the 1615A 
in a continuous trace mode, permitting observation 
of dynamic program flow. 

REAR PANEL FEATURES 

m STOP. Stops any trigger search or data acquisition 
which is in process. In order to stop a continuous 
trace mode, the STOP must be pressed once to go to 
the in-process mode, and then a second time to abort 
the trace. 

PROBE THRESHOLD LEVEL GROUP. 
(lD TTL/VARIABLE. When this switch is set to TIL, its 

associated probe pod(s) is biased to operate at TTL 
(1.4 V) threshold levels. In the VARIABLE position, 
the probe pod bias is adjusted to the required volt
age at the MEASURE test point. 

(6 ADJUST. Adjustment for setting logic threshold 
level to the desired amplitude, offering a range from 
-10 V to +10 V. 

(ID MEASURE. A test point for measuring probe thresh
old level voltage during adjustment. 

Im SELF-TEST CLOCK. A test point for obtaining a 
clock signal during self-test procedures and trouble
shooting. 

6i) COMMON. A grounding point for use when making 
threshold voltage adjustments and using the SELF
TEST CLOCK. 

fD LINE. Applies line power to the instrument. 

fB ON. Lights when operating power is applied to the 
1615A. 

REAR PANEL GROUP. 

fl) 16/24 BIT TRIG OUT. During state analysis, this 
output provides a trigger pulse whenever the state 
trigger pattern plus selected delay is recognized. 
Trigger pulse generation continues regardless of 
the condition of the data acquisition circuitry 
within the 1615A. This trigger pulse can be used to 
synchronize an oscilloscope for observing a particu
lar point in data flow. 

fE 16/24 BIT TRACE OUT. Provides a high state at the 
beginning of a trace of synchronous data (when 
TRACE key is pressed and the machine begins 
searching for a trigger). This output resets low after 
recognition of the synchronous trigger pattern plus 
the delay period or occurrence count. This output 
can be used to provide a clock-stopper signal during 
end-trigger measurements. 

fm 8 BIT PATTERN OUT. Provides a trigger pulse when 
the selected trigger pattern is recognized during tim
ing measurements. 

fD LINE SWITCH PAIR. Selects proper input circuit 
arrangement for input voltage in use. 

fij LINE CONNECTOR. Connection for operating 
po\ver. 

@;) LINE FUSE. Contains input operating pov.;er fuse. 
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SECTION Ill 

OPERATION 

3-1. INTRODUCTION. 

3-2. This section provides operating information, 
explains functions of 1615A controls, connectors, and 
indicators and describes measurement capabilities of 
the instrument. 

3-3. PANEL FEATURES. 

3-4. The 1615A keyboard and panel features are des
cribed in figure 3-1. Description numbers match the 
numbers on the illustration. 

3-5. OPERATING INFORMATION. 

3-6. The 1615A offers two logic analyzers in one: a 
synchronous state analyzer and an asynchronous tim
ing analyzer. Each analyzer captures data indepen
dently from the other analyzer, although triggering of 
the two analyzers is related. 

3-7. STATE ANALYZER. The 1615A can be used for 
state analysis. It will capture and display up to 256 bytes 
of an operating program. It can capture bytes up to 24 
bits wide (up to 16 bits wide when the timing analyzer is 
also in use). 

EXTERNAL 

3-8. In state analysis, the incoming data is synchro
nized with the incoming clock. Trigger delays are mea
sured in numbers of incoming clocks. The state analyzer 
does not have the capability to detect glitches. 

3-9. TIMING ANALYZER. The 1615A can generate a 
timing diagram of the data obtained on up to eight input 
lines (one 256-bit trace for each input line). The 1615A 
generates several internal clocks at different rates for 
capture of a trace. Additionally, an external clock can be 
used, if desired. Trigger delays are measured directly in 
units of time when operating with one of the internal 
clocks. Delays are measured as a number of clocks when 
operating with an external clock. The timing analyzer is 
capable of capturing glitches and displaying them as 
intensified bars on timing diagrams. 

3-10. SYNCHRONOUS VS ASYNCHRONOUS 
OPERATION. 
3-11. SYNCHRONOUS ANALYSIS (See figure 3-2). 
When the 1615A is configured as a synchronous ana
lyzer, it gathers data bytes which are synchronized with 
a clock. The clock is supplied from an external source. It 
need not be periodic as long as it is synchronized with 
the data (DO and Dl) to be analyzed. Trigger recognition 
occurs when the clock arrives at the same time that the 
states on the data lines match the trigger pattern 
specified. 

SYNCHRONOUS---------.._ ______ ___.i..-____________ _. ____________ .._ ____ _._ ______________ ..._ ______ __ 

CLOCK 

DO 

01 

DO 

D1 

SELECTED 
TRIGGER= 11 

0 0 

0 1 --------------TRIGGER RECOGNITION 

1 

0 

Figure 3-2. Synchronous Operation 

0 

0 
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3~12. ASYNCHRCt..:CUS ANALYSIS (See figure 3-3). 
When the 1615A is configured as an asynchronous ana
lyzer, the clock is not synchronized with the incoming 
data. The clock is periodic and is used for time measure
ment. The states on the data lines are captured when 
each clock occurs until 256 sequential states have been 
obtained in memory. After the run, a trace is made for 
each data line showing all 256 states on the CRT as a 
plot of line state with respect to time. 

3-13. In the timing analyzer, trigger recognition is not 
a clock function. Anytime that the logical set specified 
as the trigger word appears on the data lines, the 1615A 
begins a measurement of time duration. The time dura
tion is selected by the operator prior to the run. If the 
logical set changes before the end of the specified dura
tion, the 1615A will reset immediately and begin a new 
search for the trigger word. When the logical set remains 
stable for the selected duration, the 1615A recognizes its 
trigger. 

3-14. In START trace modes, data acquisition is inhib
ited until after trigger recognition occurs. In modes 
where trigger recognition ends the trace, data acquisi
tion begins immediately as soon as the run begins, and 
data acquisition stops when the trigger is recognized. 

3-15. THE MENU CONCEPT. 

3-16. Usually, instruments capable of complex mea
surements have equally complex front panels. By con
trast, the 1615A is capable of complex measurements 
but has a simple keyboard. Control complexity is re
placed with a set of menus. Each menu displays a set of 
measurement parameters to be selected by the opera tor. 

PERIODIC 
CLOCK 

DO 
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Dl 

SPECIFIED 
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By positioning a movable cursor (an alternating display 
of video and inverse video), the operator selects one of 
the parameters in the menu. Then he enters the desired 
conditions, and moves the cursor on to the next parame
ter. If the cursor is positioned in a field enclosed by 
brackets (such as MODE, CLOCK SLOPE, LOGIC 
POLARITY, or BASE), selections are made by pressing 
the FIELD SELECT key. If the cursor is positioned in a 
field without brackets, entries are made with the other 
keys in the ENTRY block on the keyboard. 

3-17. OPERATING PROCEDURES. 

3-18. INSTRUMENT CONNECTIONS (See figure 3-4). 

3-19. Connect operating power to the rear-panel con
nection on the 1615A. Make sure that power-selector 
switches above the power connector are properly set for 
the voltage in use. 

3-20. Connect the probe cables to pod connectors under 
the keyboard by sliding each connector keeper to the left, 
pressing the connector into the receptacle, and then slid
ing the keeper to the right. Make certain that the proper 
probe cable is connected to each input receptacle. 

3-21. Connect pod 1 to the signals to be analyzed either 
by timing diagrams or by digital list. Either synchro
nous state or asynchronous timing tests may be made by 
the 1615A through the eight probes in pod 1. 

3-22. Connect pods 2 and 3 to the signals to be analyzed 
by digital lists. The 1615A makes synchronous state 
tests through the eight probes in each of these two pods. 
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Figure 3-3. Asynchronous Operation 
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Figure 3-4. Probe Cable Installation 

3-23. Connect clock probe to the enternal clock signal 
source, if used. An external clock signal is required for 
all synchronous measurements. The 1615A has an inter
nal clock which may be used for obtaining timing dia
grams. Connect the clock probe as follows: 

a. Connect the CLOCK terminal to the external 
clock signal. 

b. Connect qualifier lines (QUAL 0 through 5) to 
the sources of qualifier signals, if used. 

c. Connect EXT TRIG terminal to the source of an 
external trigger if desired for obtaining timing dia
grams. 

d. Connect the inner ground terminal to a source of 
signal ground. 

e. Connect the outer ground terminal to a source of 
signal ground, except when clock signals are obtained 
through the external probe wires. When external wires 
are used, the outer ground terminal must be left open; 
this prevents glitch generation in the external wires. 

f. Ground all unused probe cables on all pods. Un
used probe inputs may pick up glitches if left un
grounded. 

g. Connect cables to any of the three rear-panel 
BNC terminals if triggering of external instruments is 
desired. Refer to the rear-panel group described in figure 
3-1 for the signal characteristics of each rear panel BN C. 

3-24. INSTRUMENT TURN ON. 

3-25. Power is applied to the 1615A by pressing the 
LINE switch. The ON lamp lights, and the 1615A exe
cutes the power-up self test. When self test is complete, 
the format specification for the 24-bit mode appears on 
screen. A successful self test is assured by the statement 
POWER UP COMPLETE in the upper, right-hand 
corner of the display. 

NOTE 
If the self test fails, the 1615A will display 
TEST FAILED, STATUS= (3-digit failure 
code). Refer to Section VIII of this manual for 
an explanation of the failure codes. 

3-26. The probe threshold level panel provides separate 
adjustments for pod 1, pods 2 and 3 combined, and for 
the clock pod. Adjust the probe threshold voltage as 
follows: 

a. If the probe pods are connected to TTL circuitry, 
set the TTL/VARIABLE switches to TIL. This estab
lishes the proper probe threshold voltage (+1.4 V) for 
measuring signals with TTL levels. 

b. If the probe pods are connected to logic circuitry 
operating on other than TTL levels, set the TTL/VARI
ABLE switches to VARIABLE. Connect a voltmeter to 
the associated MEASURE test point. Then adjust the 
associated ADJUST control for an indication of the 
proper threshold voltage for the logic circuitry under 
analysis. The ADJUST control can select any voltage 
between -10 V and + 10 V. 
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3-27. 24--BIT SYNCHRONOUS STATE MEA
SUREMENTS. 
3-28. In the 24-hit mode, up to 24 lines of synchronous 
activity can he monitored. This mode of operation uses 
the following two menus: 24-hit Format Specification 
(figure 3-7), and 24-hit Trace Specification (figure 3-8). 
In the 24-hit Format Specification menu, the operator 
can choose the format for combining and displaying 
information. In the 24-hit Trace Specification menu, the 
operator selects the type of data and area of program 
execution to he captured. Each menu can he obtained on 
the 1615A display by pressing the appropriate key in the 
DISPLAY group on the keyboard. 

3-29. SYNCHRONOUS STATE CAPTURE AND DIS
PLAY. Press the TRACE key. The 1615A will capture 
256 bytes of synchronous data and display a trace list. 
Figure 3-9 shows a typical trace list. 

3-30. SEPARATING ADDRESS AND DATA. The syn
chronous state analyzer can he set up to capture and 
display address and data bus information in separate, 
related listings. By selecting the 24-hit Format Specifi
cation and labeling the probes connected to address bus 
A and the probes connected to the data bus C, the 1615A 
will provide a display which includes separate lists for 
each bus while still relating them on the display accord
ing to each clock. By separating the address bus and 
data bus in different lists, the logic polarity for each bus 
and the number base used for presentation can he 
assigned to each of the two buses. 

3-31. DELAY APPLICATIONS. The state DELAY mode 
is used to delay data capture a known number of clocks 
from the trigger. One application is displaying a series 
of consecutive 256-hyte pages of a very long program. 
This may he accomplished by making several traces of 
program activity, each trace with an additional 256 
bytes of delay. 

3-32. The trigger OCCUR delay could he used to obtain 
any particular pass through a program loop. By select-

HOW DID WE GET HERE? 
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ing an address within the loop as the trigger word and 
then specifying delay by trigger OCCURrences, any 
desired pass through the loop could he captured and 
displayed, up to 999 999 occurrences. 

3-33. CLOCK QUALIFIER APPLICATIONS. Sometimes 
it is necessary to capture only that activity in a specific 
area, such as activity involving a particular ROM in a 
system. The clock qualifier simplifies this information 
capture. By connecting one of the clock qualifier lines to 
the chip-select pin on the ROM, and then setting the 
clock qualifier on the trace specification to only recog
nize clocks which occur when the chip-select is in the 
active state, a listing of activity isolated to those pro
gram steps involving the ROM can he obtained. 

3-34. Two qualifier words may he used to specify two 
OR'd conditions for acceptable data, such as capturing 
only 1/0 reads or 1/0 writes when data acquisition is to 
he limited to 110 activity. Qualifier line 1 could he con
nected to the read line, and qualifier line 2 connected to 
the write line. Additionally, qualifier line 3 could he 
connected to a line which is active only when an 1/0 
operation is in process, such as M/1/0. By selecting the 
following two qualifier words: XXXlXl and XXXl lX, 
only reads (line 1) or writes (line 2) will he clocked into 
the 1615A state memory when an 1/0 operation (line 3) 
is being implemented. 

3-35. ACTIVITY PRECEEDING A KNOWN EVENT. 
Sometimes it is necessary to observe activity leading up 
to a known event. Figure 3-5 shows a program sequence 
which contains three possible paths. The 1615A can he 
used to determine exactly which path was selected dur
ing program execution. By setting the 1615A to trigger 
on the first event following the convergence of the three 
paths, and selecting the END trace mode, the 1615A will 
capture and display the activity that led up to the trigger 
event. By including some delay with the END trigger 
specification, the trigger event can he positioned within 
the 1615A memory so that activity before and after the 
trigger event can he observed on the same display. 

ADDRESS DATA 

• • 
• • 
• • 

2878 00 
287C 27 
2870 OE 
288C 7E 
2880 29 
288E E4 

l29E4 96 END 

l • • lTRIGGER 

• • 7 
DATA WINDow/ 

Figure 3--.5. Activity Preceeding a Knou1n Event 
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3-36. APPLICATION FOR TRACE TRIGGER EVENTS. 
When a specific quantity changes with each pass through 
a loop, this change can be observed by using TRACE 
TRIGGER EVENTS plus delay. The trigger word should 
be a non-changing address in the loop. The delay is used 
to offset data capture to the changing event to be 
observed. As the program runs, one event is captured 
each time that the loop occurs. The 1615A displays the 
sequential changes in the event being monitored. 

Operation 

3-37. DISPLAYING A PARTICULAR PASS THROUGH A 
LOOP. Sometimes it is desireable to observe program 
activity during a particular pass through a program 
loop (figure 3-6). The 1615A enables the operator to cap
ture and display any desired pass through such a loop. 
The 1615A can be set to recognize a particular address 
within the loop as the trigger word. Then by specifying 
delay as a number of trigger recognitions, the desired 
pass can be captured and displayed. 

What Happens in this Routine During 
the 185th Pass Through the Loop. 

TRIGGER= 3C80 
OCCURRENCE = 185 

Figure 3-6. Viewing a Particular Pass Through a Loop 
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1. MODE select: Move cursor to this field and press FIELD SELECT key to obtain 24 BIT mode. 

2. CLOCK SLOPE select: Move cursor to this field and press FIELD SELECT to use either postive-edge or 
negative-edge of incoming clock for data acquisition. 

3. LABEL SELECT: Move cursor to this field and type in the desired label for each probe in the three 
pods. In the above format specification, the 16 lines of pods 2 and 3 were 
connected to an address bus and the eight lines of pod I were connected to a data 
bus. This labeling groups the address bus lines under A and data bus under C. 
Up to three separate groups can be obtained by assignment of A, B, and C labels 
to the probes. Only adjacent probes can be grouped. The 1615A will not accept a 
split label assignment such as AAABAACCCC, but by rearranging the label, it 
will accept AAAAABCCCC or BAAAAACCCC. Assign X to any unused probe 
to eliminate it from the display and trigger. 

4. LOGIC POLARITY select: Move cursor to this field and press FIELD SELECT to assign either positive or 
negative logic polarity to each set of probe inputs. 

5. Number BASE select: Move cursor to this field and press FIELD SELECT to choose the number base 
for display of information obtained from each set of probe inputs. Either binary, 
octal, decimal, or hexadecimal number bases can be selected. 

Figure 3-7. 24-bit Format Specification Menu 
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2 

1. TRACE point select 

2. Trigger Address select: 

Operation 

3 

5 

7 

Move cursor to this field and press FIELD SELECT to place the trigger 
word at the ST ART or END of the trace. To locate the trigger word 
within the trace and view activity before and after the trigger, select 
END TRACE and add some delay as described in steps 3 and 4 below. 

Move cursor to this field and type in the desired trigger words. In the 
example above, the 1615A will recognize its trigger when the address 
bus (group A) reaches 03E4 (HEX), regardless of the state on the data 
bus (group C). 

NOTE 
The doHar sign($) may appear in the trigger fieid. If$ does appear, make sure that the trigger word 
can be expressed in the selected number base. For example, lXXO can be selected as the trigger word 
when using the binary number base. If the number base is then changed to HEX,$ will appear in the 
new trigger word. This is because lXXO can not be expressed as a unique HEX character. 

3. DELAY/OCCUR select: 

4. DELAY /OCCUR parameter: 

5. First CLOCK QUALIFIER word: 

Move cursor to this field and press FIELD SELECT to choose either 
DELAY or OCCUR. If DELAY is selected, 1615A will count a specified 
number of clocks after trigger recognition before starting or ending data 
acquisition. If OCCUR is selected, start or end of data acquisition will be 
delayed until after a number of trigger occurrences. The number of 
clocks or trigger occurrences are selected in item 4 below. 

Move cursor to this field and enter the desired delay (clocks or occur: 
rences). Any delay of clocks or trigger occurrences up to 999 999 can be 
selected. This parameter is always a decimal number. 

Move cursor to this field and enter word: 1 or 0 for each of the six 
qualifier lines used on the clock probe. A "1" requires a high state to 
qualify the clock. A "O" requires a low state to qualify the clock. Enter X 
on any qualifier line that is not used. 

6. Second CLOCK QUALIFIER word: Move cursor to this field and press FIELD SELECT to either turn OFF 
the second qualifier word or turn it on to OR it with the first qualifier 
word. If OR is selected, type in the second qualifier word in the same 
format as was used for the first qualifier word. 

7. TRACE data type: Move cursor to this field and press FIELD SELECT to choose either 
ALL STATES or TRIGGER EVENTS. If ALL STATES is selected, the 
1615A will accept every input received after trigger recognition. If 
TRIGGER EVENTS is selected, the 1615A will accept only those inputs 
which are a valid trace specification. 

Figure 3-8. 24-bit Trace Specification Menu 

3-7 



Operation 

This illustrates a typical trace list display. TRACE-COMPLETE in the upper, right-hand corner indicates that 
the data-acquisition circuitry is now inactive. The trigger word 03E4 appears in inverse video on line 000 (start 
trace mode). The data acquired by the probes labeled A and C is displayed in separate columns in hexadecimal 
number bases. To observe other portions of the 256-byte memory, use the ROLL DISPLAY keys on the keyboard. 
To observe a particular line of display, move the cursor into the LINE NO. column and type in the line number 
desired. To return to the portion of memory which contains the trigger word, press the AT TRIG WORD key. 

Figure 3-9. Trace List Display 

3-38. 8-BIT ASYNCHRONOUS TIMING MEA
SUREMENTS. 

3-39. In the 8-bit mode, up to eight lines of asynchro
nous electrical activity can be monitored through the 
probes in pod 1. This mode of operation uses the follow
ing menus: 8-bit Format Specification (figure 3-21), and 
8-bit Trace Specification (figure 3-22). In the 8-bit For
mat Specification menu, the operator can select the for
mat for display if the optional list is elected. In the 8-bit 
trace specification menu, the operator selects the area of 
program execution to be captured using a variety of 
optional trigger pattern and delay arrangements. Also 
in this menu, the rate for sampling the eight data lines 
can be selected either from one of the several internal 
clock rates, or by supplying a separate external clock 
through a lead on the clock probe. 

3-40. 8-BIT ASYNCHRONOUS TIMING DIAGRAMS 
CAPTURE AND DISPLAY. Press the TRACE key. The 
1615A will capture 256 bytes of asynchronous, time
related activity and display a timing diagram (figure 
3-23) which has one horizontal trace for each active 
channel. Each trace displays the contents of its 256-bit 
memory. 

3-41. ASYNCHRONOUS TRIGGERING. In figure 3-10, 
the 1615A has been set up to trigger when it detects that 
all of the eight input lines have remained low for at least 
15 ns and a glitch is detected on line 5 of pod 1. Trigger
ing will be immediate and the trigger point will begin the 
256-byte trace. 

3-8 

Figure 3-10. Asynchronous Triggering Example 

3-42. In figure 3-11, three OR'd trigger fields are used. 
The 1615A will trigger whenever it detects a 15-ns period 
where all eight lines are low, OR all eight lines are high, 
OR all lines alternate with the first line high and the last 
line low. 

3-43. ON NOT TRIGGERING. This mode of triggering 
allows the operator to set up a particular status word 
and then monitor a system. If the status word ever 
changes, electrical activity before and/ or after the 
change can be captured and analyzed as a timing 
diagram. 
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Figure 3-11. Multiple Trigger Words 

3-44. ON NOT triggering can also be used to capture a 
timing diagram of activity leading up to a system crash 
that stops the system clock. By selecting ON NOT 
XXXXXXXX, the END TRACE mode, and external 
clocking, 1615A will gather a continuous flow of activ
ity, and will never find its 8-bit trigger word. When a 
crash occurs and the clock stops, the timing diagram of 
activity leading up to the crash will be presented when 
the STOP key is pressed. 

3-45. 8-BIT TRACE DELA VS. The 8-bit trace may be 
delayed from its trigger point, either by a period of time 
or by a number of external clocks. In figure 3-12, external 
clock delay was selected. After the 1615A recognizes 
that all states on pod 1 are low for 15 ns, it will begin to 
count clocks applied to the EXT clock input of the clock 
probe. When it counts 142 external clocks, it will then 
gather 256 bytes of data at the rate of the internal clock 
(50 ns/clock in figure 3-12). The DELAY QUALIFIER 
field could have been used. The qualifier lines of the 
clock probe could have been connected to a particular set 
of lines and entrys made to ensure that only those exter
nal clocks which arrived when certain states were true 
would be recognized as part of the delay specification. 
For example, data collection could have been delayed 
until after a specific number of l/O writes had occurred. 

Figure 3-12. 8-bit Trace Delays 

Operation 

3-46. RELATIVE TIME MEASUREMENTS. Figure 3-13 
demonstrates the process for making relative time mea
surements on a timing diagram. In section a, the ROLL 
DISPLAY keys were used to place the leading edge of the 
expand indicator (brightened trace segment) on the fall
ing edge of a pulse on line 0. Then the FIELD SELECT 
key was pressed to zero the measurement indicator. In 
section b, the expand indicator was moved to the falling 
edge of a pulse on line 1. The measurement indicator 
shows that there is an elapsed time of 11.8 usec between 
the two points of interest. 

Figure 3-13. Relative Time Measurements 

3-47. For ease of making timing measurements, the 
channels can be rearranged on the display. In figure 
3-14, channels 0 and 7 were placed next to each other. To 
rearrange channels, move the cursor into the channel 
number column and type in the desired order of channel 
numbers. To return the channels to the normal sequence 
of presentation, press the CHAN SEQ key. 

Figure 3-14. Rearranged Channel Sequence Displays 

3-48. POSITIVE/NEGATIVE TIME ON TIMING DIAGRAM. 
The 1615A can be set up to capture and display a timing 
diagram showing activity leading up to the trigger pat
tern, the trigger point itself, and activity following the 
trigger pattern. In figure 3-15, the 8-bit mode was set up 
for the trigger pattern to end the trace. Then delay was 
added to the trace specification so that an additional 
portion of activity would be captured following recogni
tion of the trigger pattern. 
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Figure 3-15. Positive/ Negative Time Displays 

3-49. TRACE LIST/TIMING DIAGRAM CONVERSION. 
The 1615A provides the capability of converting a tim
ing diagram to a trace list and a trace list to a timing 
diagram. In this way, activity gathered by pod 1 in 
either mode of operation can be viewed both as a series of 
sequential states, and as a 256-byte trace. (See figure 
3-16.) 

3-50. GLITCHES. A glitch is defined as two or more 
transitions occurring between any two consecutive sam
ples. When a glitch is detected by the 1615A, an intensi
fied vertical line is shown on the 1615A display in the 
time frame where the glitch detection occurred. Figures 
3-17 through 3-19 will clarify the 1615A glitch detection 
and display. 

3-51. Figure 3-17 shows detection and display of a sin
gle glitch occurring between two consecutive samples. 
The data level crosses the threshold twice between Tl 
and T2, and the 1615A displays an intense vertical bar 
at T2. 

ASYNCHRONOUS 
SAMPLE CLOCK 

T1 

I 
T2 

I 

TRACE LIST TRACE-·CCW!PUO.:TE 

LlNE E 
NO. B!N 

19§ ll.1l1H1 
143 11111111 
144 11111111 
145 11111111 
146 111111U 
l47 11111111 
148 t 1 tl l l l l 
149 01010101 
150 01010101 
151 01010101 
152 01010101 
153 01010101 
1:'.4 01(-11'('101 
~;5 01.\:3HH01 

«C:tU 

Figure 3-16. Trace List/Timing Diagram Conversion 

3-52. Figure 3-18 shows detection and display of a 
glitch occurrence between Tl and T2 (two or more transi
tions crossed the threshold between Tl and T2). The 
1615A can not detect and display more than one glitch 
between any two consecutive samples. If in doubt, a 
faster clock rate can be selected to detect glitches. 

T3 T4 

I I 

::::SHOLD----~------f-----r----

DISPLAY I 

Figu.re 3·17. Single Glitch Detection and Display 
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3-53. Figure 3-19 shows detection and display of a 
glitch that occurred within the same sample period as a 
data transition. The glitch is displayed as an intensified 
data transition. 

3-54. Figure 3-20 shows an example which includes 
glitch detection as part (or all) of the asynchronous 
trigger specification. In the example, the trigger word is 

ASYNCHRONOUS 
SAMPLE CLOCK 

THRESHOLD 

DATA 

DISPLAY 

T1 T2 

I I 

I 

Operation 

all l's on the eight asynchronous data channels plus 
detection of a glitch on either bit 3 or bit 7. It was not 
necessary to detect glitches on both bits 3 and 7. The 
entire glitch trigger fieid is satisfied whenever a glitch is 
found in any one of the designated bits. In the illustra
tion, no trigger would have been recognized if only bits 0 
through 6 had been designated since the glitch occurred 
on bit 7. 

T3 T4 

I I 

Figure 3-18. Multiple Glitch Detection and Display 

T1 T2 T3 T4 
ASYNCHRONOUS I I I I 
SAMPLE CLOCK----------------------------------------~ 

THRESHOLD - - - -

DATA 

DISPLAY I 

Figure 3-19. Glitch Detection and Data Transition Display 
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Figure 3-20. Trigger on Combined Pattern and Glitch 

Mode! 1'315A 

TRIGGER ON A 
GLITCH AND 
PATIERN COMBINED. 

1. MODE select: Move cursor to this field and press FIELD SELECT key to obtain 8 BIT mode. 

2. CLOCK SLOPE select: Move cursor to this field and press FIELD SELECT to use either positive-edge or 
negative-edge of incoming clock for data acquisition. 

3. LABEL SELECT: Move cursor to this field and type in the desired label for each probe in pod 1. The 
probes can be arranged in one or two groups for a list presentation by labeling 
some probes D and others E. Only adjacent probes can be grouped. The 1615A 
will not accept DDEEDDEE. Label unused probe channels with X to eliminate 
them from the display and trigger. 

4. LOGIC POLARITY select: Move cursor to this field and press FIELD SELECT to assign either positive or 
negative logic polarity to each set of probe inputs. 

5. Number BASE select: Move cursor to this field and press FIELD SELECT to choose the number base 
for a list display of information obtained from each set of probe inputs. Either 
binary, octal, decimal, or hexadecimal number bases may be selected. 

Figure 8-21. 8-bit Format Specification lvfenu 
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6 

1. TRACE point select: 

2. Clock Source select: 

3. Sample Period select: 

4. Delay Type select: 

11 

2 

2 8 

3 

4 

5 

7 

Operation 

Move cursor to this field and press FIELD SELECT to place the 
trigger word at the ST ART or END of the trace. To locate the trigger 
within the trace and view activity before and after the trigger, select 
END trace and add some delay as described in steps 4 and 5 below. 

Move cursor to this field and press FIELD SELECT to choose either 
the internal clock or an external clock for developing a timing 
diagram. 

The cursor is not used to access this field. Press the SAMPLING 
RATE keys on the keyboard to increment (INCR) or decrement 
(DECR) the sample period. Twenty-two sample periods are available 
from 50 NS/CLK to 500 MS/CLK. 

Move cursor to this field and press FIELD SELECT to choose either 
TIME delay, or delay by a number of external clocks (EXT CLK). 

Figure 3-22. 8-bit Trace Specification Menu 

3-13 



n ..... o ... <:>tif"'n 
-r--~"---~-

5. Delay Parameter select: 

6. Trigger Status select: 

7. External Trigger SLOPE select: 

8. Trigger Word select: 

Move cursor into this field and type in the desired trigger delay: 
either a time period or number of external clocks. Delay up to 1 048 
575 sample clocks can be selected. Any time delay may be entered. 
The 1615A will automatically round off the time delay to a multiple 
of the sample period selected in step 3. 

Move cursor into this field and press FIELD SELECT to choose the 
desired trigger status. ON sets the 1615A to trigger when it detects 
the adjacent word. ON NOT sets the 1615A to trigger on anything 
but the adjacent word. ON EXT sets the 1615A to trigger when the 
selected transition occurs on the external trigger line of the clock 
pod (see step 7). 

Move cursor into the field and use FIELD SELECT to choose either 
positive-edge or negative-edge triggering for the external trigger 
line from the clock pod. 

Move cursor into this field and type in the desired trigger word. The 
entry must be in the number base specified for the label field. In the 
example, all probe leads were combined in group E and binary 
number base was selected so only 1, 0, or X are allowed values for 
this entry. 

NOTE 

The dollar sign($) may appear in the trigger field. If$ does appear, make sure that the trigger word 
can be expressed in the selected number base. For example, lXXO can be selected as the trigger word 
when using the binary number base. If the number base is then changed to HEX,$ will appear in the 
new trigger word. This is because lXXO can not be expressed as a unique HEX character. 

9. ASYNCH TRIGGER DURATION select Move cursor into this field and press FIELD SELECT to choose 
the period of time that the trigger set must remain stable before it is 
recognized as a valid 1615A trigger word. 

10. GLITCH trigger select: 

11. DELAY QUALIFIER select: 

Move cursor into this field and press FIELD SELECT to assign 
glitch requirements to the trigger specification, if desired. A peak 
under a channel number assigns a glitch trigger requirement to 
that channel. This field is satisfied when any one of the specified 
channels detects a glitch. 

Move cursor to this field and enter qualifier states desired for the 
clock probe. Use 1 (high state qualifies), 0 (low state qualifies), or X 
(either state qualifies). DELAY QUALIFIER is only available 
when external clock delay is selected. This field allows the operator 
to establish a qualification requirement for the clocks that are 
counted as part of the delay. 

Figure 3-22. 8-bit Trace Specification Menu (Cont'd) 
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TRIGGER 
TIC MARKS 

Operation 

GLITCH 

1. CHANNEL SEQUENCE select Move cursor into this field and type in desired order of channel 
presentation. This allows placing any desired channels side-by-side 
for comparisons. Use letter X to blank a channel slot on the CRT. 

2. EXPAND INDICATOR select: Move cursor into this field and press FIELD SELECT to turn ON or 
OFF the expand indicator. This I-division brightened portion of the 
trace is the area that will be displayed on screen if XlO MAGNIFI
CATION is selected. It can be positioned anywhere on the display by 
using the ROLL DISPLAY keys. It may mask glitch display so it 
can be turned off if desired. 

3. GLITCH DISPLAY select Move cursor into this field and press FIELD SELECT to turn ON or 
OFF the display of glitches. This can reduce display clutter when 
making timing measurements. 

4. MAGNIFICATION select: Move cursor into this field and press FIELD SELECT to choose 
either XI or XlO display magnification. A I-division brightened 
portion of the display in XI magnification shows what part of the 
trace will be on screen in XlO magnification. 

5. Sample period/Horizontal Time Scale: Use SAMPLE PERIOD IN CR/DE CR keys to change internal clock 
rate for next trace. After incrementing or decrementing the sample 
period, the horizontal scale indications will be invalid for the dis
played data until a new trace is obtained. 

6. Time Measurement Field: Move cursor to this field and press FIELD SELECT key to zero 
indications. Then use ROLL DISPLAY keys to move expand indica
tor along trace. Time measurement field will show the elapsed time 
between the present and original position of the expand indicator. 

Figure 3-23. Timing Diagram Display 
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3 .. 55_ SIMULTANEOUS SYNCHRONOUSi 
ASYNCHRONOUS MEASUREMENTS. 

3-56. The 1615A offers a dual mode of operation where 
the 16 bits gathered by pods 2 and 3 are clocked in for 
state analysis and the 8 bits gathered in pod 1 are cap
tured asynchronously for timing analysis. This mode is 
used when the area of concern involves both synchro
nous and asynchronous activity, such as finding the 
source of glitches at a particular point in program execu
tion. The dual mode gathers its information via one of 
four interactive trigger modes (see ARMS/TRIGGERS 
paragraph). 

3-57. In the Format Specification menu (figure 3-26), 
the operator sets up the individual formats for the 16-bit 
and 8-bit analyzers. In the Trace Specification menu 
(figure 3-27), the synchronous and asynchronous trigger 
and delay specifications are established for each of the 
two separate functions. Both menus offer nearly the 
same parameters as are offered for the 24-bit and 8-bit 
modes, except that only one qualifier field is available 
for the state analyzer and the Trigger Events mode is 
not used. 

3-58. ARMS/TRIGGERS. Two modes ofinteractive opera
tion (ARMS and TRIGGERS) are available when the 
1615A is simultaneously used as a 16-bit synchronous 
state analyzer and an 8-bit asynchronous timing ana
lyzer. The effects of the two modes are shown in figures 
3-24 and 3-25. 

16-BIT 
STATE 
ANALYZER 
CLOCKS 

TRIGGER 
OCCURS 

8-BIT 
TIMING 
ANALYZER 
CLOCKS 

TRIGGER 

SATISFIED -----~---------...t 

.... , , ... t"'-'I' - .. 

.UiUUt:a ..LU..Lurt 

3-59. i6 BIT TRIGGERS 8 BIT (figure 3-24). In this 
mode, the state analyzer receives external clocks while 
the timing analyzer waits. With each external clock, the 
16-bit state analyzer examines the associated data word. 
When the state analyzer recognizes its trigger word, it 
starts to retain data bytes in the 16-bit state memory 
according to the mode of opera ton selected. At the same 
time that the state machine recognizes its trigger, it 
issues a trigger to start the 8-bit timing analyzer. The 
timing analyzer then gathers 256 8-bit bytes into its 
timing memory. Since the two analyzers operate inde
pendently, they may gather data at different clock rates, 
as shown in figure 3-24. This enables an operator to 
obtain a timing diagram of the activity associated with 
a very small portion of an operating program. 

3-60. By using the TRIGGERS mode of triggering, the 
following applications are available: 

a. Lines can be observed to detect the source of a 
false interrupt (asynchronouS' condition) which occurs 
ata particular point in program execution (synchronous 
state). 

b. The stability of input lines can be verified 
(asynchronous activity) prior to reading an 1/0 port 
(synchronous state). 

c. Control line states (asynchronous activity) can 
be checked during a subroutine call (synchronous state). 

DATA IS RECORDED s 

DATA IS RECORDED s 
Figure 3·24. 16 BIT TRIGGERS 8 BIT Mode 
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3-61. 16 BIT ARMS 8 BIT (figure 3-25). In this mode, 
each of the two analyzers search for their own unique 
trigger words. The state analyzer starts searching for its 
trigger word as soon as the run begins, but the timing 
analyzer is held in a disarmed mode. When the state 
analyzer finds its trigger, it arms the timing analyzer, 
allowing it to start its own trigger word search. When 
the timing analyzer finds its trigger word, it then 
acquires its 256 bytes of data. In this mode, both digital 
and time delay can be obtained in one measurement. 

3-62. By using the ARMS mode of operation, the 1615A 
can be set up to search for a particular pattern on a set of 

16-BIT 
STATE 
ANALYZER 
CLOCKS 

TRIGGER 
OCCURS 

8-BIT 
TIMING 
ANALYZER 
CLOCKS 

ARMING 
OCCURS 

TRIGGER 

OCCURS 

I I I I I I I 

Operation 

control lines (asynchronous acitivity) only after a spe
cific point in program execution (synchronous state). 
One application of this mode would be to monitor a 
status word for change (asynchronous activity) after 
completion of a bootstrap (synchronous state). 

3-63. The 1615A also offers the 8 BIT TRIGGERS 16 
BIT and 8 BIT ARMS 16 BIT modes of triggering. These 
modes are identical to those described above, except that 
the 8-bit timing analyzer begins watching the incoming 
data at the start of the run and the 16-bi t state a nalyzcr 
waits to receive an enable or trigger. 

DATA IS RECORDED 

I I I I I I I I I I I I 

DATA IS RECORDED s 
Figure 3-25. 16 BIT ARMS 8 BIT Mode 
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1. MODE select: 

2. CLOCK SLOPE select: 

2 

16-BIT 

8-BIT 

"If l l '('' - 4 
... u.uuc;1 J..U.1.V.J.1. 

Move cursor into this field and press FIELD SELECT to obtain 16 and 8 BIT 
MODE. 

Move cursor to this field and press FIELD SELECT to use either positive- edge or 
negative-edge of incoming clock for data acquisition. 

The 16-bit format specification menu is shown above the dashed horizontal line on the display. Menu selections 
are made in the same manner as for the 24-BIT FORMAT SPECIFICATION, except that only the 16 probes of 
pods 2 and 3 are available for synchronous state measurement. 

The 8-bit format specification menu is shown below the dashed horizontal line on the display. Menu selections 
are made in the same manner as for the 8-BIT FORMAT SPECIFICATION. 

Figure 3-26. 16-bit & 8-bit Format Specification Menu 

1. Trigger Interaction select 

16-BIT 

8-BIT 

Move cursor to this field and press FIELD SELECT to choose one of 
the four trigger interaction modes: 
(1) 16 BIT ARMS 8 BIT 
(2) 16 BIT TRIGGERS 8 BIT 
(3) 8 BIT ARMS 16 BIT 
(4) 8 BIT TRIGGERS 18 BIT 

The 16-bit trace specification menu is shown above the dashed horizontal line on the display. Menu selections are 
made in the same manner as for the 24 BIT TRACE SPECIFICATION, except that only one CLOCK QUALI
FIER field is available and the TRIGGER EVENTS mode is eliminated. 

The 8-bit trace specification menu is shown below the dashed line on the display. Menu selections are made in the 
same manner as for the 8-BIT TRACE SPECIFICATION. 

Figure 8-2?. 16-bit & 8-bit Trace Specification Menu 
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3-64. STATUS MESSAGES. 

3-65. The following messages are displayed on the 
1615A screen to provide an indication of 1615A operat
ing status. (Messages may vary with different 1615A 
options.) 

COMMAND IGNORED - Displayed when an error exists 
in the operator's entry. 

DELAY OUT OF RANGE - Displayed when delay specifi
cation exceeds 1615A capabilities. 

ERROR IN RAM # - Displayed when 1615A detects a 
write and read-back error during the power-up self test. 

EnROR IN ROM # - Displayed when 16i.5A detects a 
check-sum failure during power-up self test. 

INVALID ENTRY - Displayed when an entry is made that 
does not fit the field definition, such as entering an 8 in 
an octal field. 

NO ASSIGNED LABEL - Displayed when all probes are 
labeled X, an invalid condition. 

NO TRIGGER - Displayed between the time that the 
1615A starts looking for its trigger and the time that it 
finds its trigger. 

NO 16 BIT TRIGGER - Displayed between the time that 
the 1615A starts looking for its 16-bit trigger and the 
time that it finds its trigger. 

NO 8 BIT TRIGGER - Displayed between the time that 
the 1615A starts looking for its 8-bit trigger and the time 
that it finds its trigger. 

POWER UP COMPLETE - Displayed after the end of the 
self test if the self test detected proper operation. 

POWER UP FAILED - Displayed after the end of the self 
test if the self test detected improper operation. 

SLOW CLOCK - Displayed when the repetition rate of 
the external clock is slow. 

SPLIT LABEL - Displayed when the letter assignments 
in the probe label field are not contiguous. 

TEST COMPLETE - Displayed when the data-acquisition 
self test is completed and the 1615A is found to be operat
ing properly. 

_ ... _....... ...... ........ ................... T'\~- ._l _ --- _l __ ,_ • 

1c.~1 rAILC.U, ~ 1A1 u.:> - - uusp1ayeu wnen an error 18 
detected during the data-acquisition self test. Interpreta
tion of status codes is further explained in Section VIII 
of this manual. 

TEST IN PROCESS - Displayed during the time that the 
1615A is performing a self test. 

Operation 

TRIGGER NOT IN MEMORY - Displayed when the AT 
TRIG WORD key is pressed and the trigger word is not 
in memory, due to trigger delays, etc. 

UNALLOWED VALUE - Displayed only in decimal fields 
when an out-of-range entry is made. 

USE FIELD SELECT KEY - Displayed when the operator 
presses one of the alphanumeric keys in a field that is 
controlled by the FIELD SELECT key. 

>0<256 WDS - Displayed only when operating with a 
slow external clock capturing state data in the trigger 
starts trace mode. This message tells how many valid 
data wurds have been captured since the start of the 
trace, and before the trace is complete. 

3-66. OPERATOR'S TESTS. 

3-67. Several test routines have been built into the 
1615A. These routines are available to the instrument 
operator through front-panel selection. Each test pro
vides a simple method of ensuring reliability in the spe
cific function or functions tested. If a self-test failure 
occurs, be sure to check all external connections. 

3-68. POWER-UP SELF TEST. 

3-69. This self test is performed automatically at 
instrument turn on if no keyboard key is held down. 
Built-in routines check the instrument program ROMs, 
display RAM for alphanumeric displays, and the micro
processor RAM. Successful completion of this test is 
indicated when the CRT displays the 24-bit format speci
fication with POWER UP COMPLETE in the upper, 
right-hand corner. A failure in this test sets the test in a 
loop and the CRT indicates the circuitry that failed, such 
as ERROR IN ROM #3, 4, 5. The 1615A continues to 
rerun the test and refresh the display. When the mal
function is corrected, the 1615A will proceed through the 
remainder of the power-up test and finish with POWER 
UP COMPLETE and the 24-bit format specification. 

3-70. KEYBOARD SELF TEST. 

3-71. The keyboard self test is initiated when theA key 
is held down during instrument turn on. In this test, the 
display shows NEXT KEY #1, LAST KEY #13. To indi
vidually check the proper operation of the entire key
board, the keys must be pressed in sequence frorn left to 
right and top to bottom in each functional group. The 
LAST KEY # will show the number of the last key 
pressed but the NEXT KEY # will only advance if the 
next key specified is pressed. To end this test, press the 
..-...m~Tli 1 m1 11 1• l ·11 ".t _1 .1.. ..1.l. _ nA L~J.. ;:::, l vr Key. i nen tne a1sp1ay w111 sw1Lcn w Lne ..::;'±-uu 
format specification. 

3-72. If a key (other than A through D) is stuck down 
during power up, the display will show POWER UP 
FAILED, and LAST KEY# will show the number of the 
stuck key. 
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3-73. DATA ACQUiSiTiON SELF TEST. 

3-74. The data acquisition self test is initiated when the 
B key is held down during instrument turn on. A pro
gram of test data is begun which exercises all variables 
in the data acquisition circuitry. The clock probe must be 
connected to the SELF-TEST CLOCK and COMMON 
test points on the front panel to perform this test. At the 
end of the test, the display shows the 24-bit format speci
fication menu and TEST COMPLETE in the upper, 
right-hand corner. 

3-75. If a failure occurs during the data acquisition 
test, the display will show TEST FAILED, STATUS= 
(code number). The code number is always in octal and 
indicates machine status at the time of the failure. Refer 
to Section VIII of this manual for a list of failure codes 
and their interpretations. 

3-76. Press FORMAT SPECIFICATION and TRACE 
SPECIFICATION; the display will show what state of 
the test was in process when the failure occurred. When 
the cause of the failure is discovered and corrected, the 
test that failed can be repeated by pressing the TRACE 
key. However, the untried remaining tests in the data 
acquisition self test will not be performed. To perform 
the entire data acquisition self test, turn off instrument 
power and turn it back on while holding the B key down. 

3-77. Section VIII contains a list of the tests performed 
during the data acquisition self test. By referring to 
Section VIII, you can determine which portions of the 
circuitry were found to be operating properly, which 
portion of the circuitry failed the test, and which por
tions of the circuitry were not tested. 

3-20 

3-78. If you do not wish to perform the remainder of the 
data acquisition self test, press the TRACE SPECIFI
CATION key and make a change to the displayed trace 
specification. This removes the internal count-up mode 
from the input circuitry and reconfigures the 1615A to 
acquire external data. 

3-79. DSA TEST LOOPS. 

3-80. While these functions are not truly instrument 
self tests, they are included here because they are condi
tions accessible from the front panel. Each test condi
tion configures its related circuitry in a loop for trouble
shooting with DSA measurements. In both of these 
conditions, the keyboard is disabled. To terminate either 
of these conditions, instrument power must be turned 
off. 

3-81. DATA ACQUISITION DSA MEASUREMENTS 
CLOCK. This clock is initiated when the C key is held 
down during instrument turn on. In this condition, 
TEST IN PROCESS is displayed on screen and a clock is 
supplied to the SELF-TEST CLOCK terminal for use in 
troubleshooting the data acquisition circuits. 

3-82. DISPLAY DSA MEASUREMENTS. The display 
DSA measurements mode is initiated when the D key is 
held down during instrument turn on. The clock probe 
must be connected to the SELF-TEST CLOCK and 
COMMON test points on the 1615A front panel. In this 
mode, the keyboard is disabled and the display shows a 
timing disgram of the clock with each probe channel 
running at one-half the rate of the channel above it. In 
this mode, the microprocessor is halted and the circuitry 
is configured in a loop which can be used for DSA testing 
of the display logic circuits. 
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SECTION IV 

PERFORMANCE TESTS 

4-1. INTRODUCTION 

4-2. The procedures in this section test the instrument 
electrical performance using the specifications of table 
1-1 as the performance standards . .L~ll tests can be per= 
fo~med without access to the interior of the instrument. 
A simpler operational test is included in Section III 
under Operator's Tests. 

4-3. EQUIPMENT REQUIRED. 

4-4. Equipment required for the performance tests is 
listed in the Recommended Test Equipment table in Sec
tion I. Any equipment that satisfies the critical specifi
cations given in the table may be substituted for the 
recommended model(s). 

4-5. TEST CONNECTOR. 

4-6. The performance tests and adjustment procedures 
require connecting pulse generator outputs to probe pod 
inputs. These tests require either one or two 50-ohm ter
minations. Figure 4-1 shows how to build a connector 
that includes a 50-ohm termination for a pulse genera
tor. The Hewlett-Packard part numbers for the parts 
used in the test connector are listed below. Equivalent 
parts may be used. 

BN C connector . . . . . . . . . . . . . . . . . . . . . . . . . . 1250-0083 
solder lug ................................ 0360-1632 
nut ...................................... 2950-0001 
2 resistors, 1 watt, 100 ohms ............. 0760-0024 

4-7. TEST RECORD. 

4-8. The results of the performance tests may be tabu
lated on the Test Record at the end of the procedures. The 
Test Record lists all the tested specifications and their 
acceptable limits. The results recorded at incoming 
inspection can be used for later comparisons during peri
odic maintenance, troubleshooting, and after repairs or 
adjustments. 

~~NC 
tvYONNECTOR 

~ 
lWO 
100 OHM 
1 WATT 
RESISTORS 

Figure 4-1. 50-ohm Test Connector 

4-9. OPERATION VERIFICATION. 

4-10. To assure that the 1615A is operating properly 
without testing all of the specifications listed in table 1-
1, perform the Operator's Tests described in Section III 
of this manual. Make certain that each of the self tests 
can be accessed via the applicable keyboard keys and 
that each test reaches its designed conclusion. This veri
fies proper instrument operation. 

4-11. SPECIFICATIONS TESTS. 

4-12. The following tests verify the specifications listed 
in table 1-1. They can be used as an incoming inspection 
procedure, or for performance testing after instrument 
repairs or adjustments have been made. 
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PERFORMANCE TESTS 

4-13. CLOCK, QUALIFIER, AND DATA INPUTS TEST. 

SPECIFICATION: 
REPETITION RATE: to 20 MHz. 
MINIMUM INPUT: 

Swing 0.6 V. 
Clock Pulse Width: 20 ns at threshold level. 
Setup Time: time data must be present prior to clock transition, 20 ns. 
Hold Time: time data must be present after clock transition, zero. 

INPUT THRESHOLD: TTL, fixed at approx. +1.5 V; variable ±10 Vdc. 
INPUT RC: 50 kn shunted by ~14 pF at probe tip. 

DESCRIPTION: 
This test verifies the specifications of the 10248B input probes when used with the 1615A Logic Analyzer. Each data 
probe should be tested separately. 

EQUIPMENT: 
Pulse Generators (2) 
Oscilloscope 
Multimeter 
LCR Meter 

PROCEDURE: 
a. Connect pulse generators and oscilloscope to 1615A as shown in figure 4-2. Connect all inputs of clock probe and 

probe pod 1 to their respective signal sources. Connect probe pods 2 and 3 to Model 1615A but do not apply signals 
to these probe pods. 

OSCILLOSCOPE 

A B 

0 ? 

4-2 

PULSE 
GENERATOR 

1 

TRIGGER OUTPUT 
OUTPUT <j> ? 

PULSE 
GENERATOR 

2 

TRIGGER 

MODEL 1615A 

INPUT OUTPUT 

0 0 

"T"' 

CLK/ 

QUAL/P----. 
ETRG 

CLOCK~ 

~POD 

10:1 PROBE DATA..,_ __ 

BITS 
.-----+-----4-----1---1 DATA 

0-7 PODS ---

'T" 
..------+----...,__ _ ___. 1-3 

GNO 
10:1 PROBE 

~ l.Jvv\,..-..J 
SEE FIG. 4-1 SEE FIG. 4-1 

Figure 4-2. Clock, Qualifier, and Data Inputs Test Setup 
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b. Set up pulse generators to supply waveforms shown in figure 4-3. 

c. Press FORMAT SPECIFICATION key on 1615A. 

d. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-4. 

e. Press TRACE SPECIFICATION key. 

f. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-5. 

g. Set each PROBE THRESHOLD LEVEL switch to TTL. 

h. Press TRACE key. Observe trace list of FF on probe pod 1 and 00 on pods 2 and 3. 

i. Remove inputs from probe pod 1 and connect to probe pod 2. 

j. Press TRACE key. Observe trace list of FF on probe pod 2 and~~ on pods 1 and 3. 

~SONS •I 

I 
..-soNs-......... , (DATA INPUT) 

I I 
I I r- - - - 2.ov 

_____ .. !--~~-1 .. _____ I _ ~~~~~A~o~/ 
(CLOCK INPUT) 

Figure 4-3. Clock, Qualifier, and Data Inputs Test Waveform 

AAAAAAAA 

A 
I 
B c 

+ + + 
HEX HEX HEX 

+ BB BBB BBB 

' cccccccc 
I 

START 
I 

ALL STATES 

c 
FF 

' OFF 

DELAY 

,. 
000000 xxxxxx 

Figure 4-4. Format Specification for Clock, Qualifier, 
and Data Inputs Tests 

Figure 4-5. Trace Specification for Clock, Qualifier, 
and Data Inputs Tests 
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PERFORMANCE TESTS 

k. Remove inputs from probe pod 2 and connect to probe pod 3. 

1. Press TRACE key. Observe trace list of FF on probe pod 3 and 00 on pods 1 and 2. This verifies the 1615A specifi
cations as follows: 

REPETITION RATE: to 20 MHz. 
MINIMUM INPUT 

Clock Pulse Width: 20 ns at threshold level. 
Setup Time: 20 ns. 
Hold Time: zero. 

m. Connect multimeter to each MEASURE test point on PROBE THRESHOLD LEVEL panel. Multimeter should 
indicate approximately + 1.5 V de (TTL threshold). 

n. Set PROBE THRESHOLD LEVEL switches to VARIABLE and recheck each MEASURE test point with multi
meter. Turn each ADJUST control throughout its range and make certain that voltage on associated test point 
can be varied from -10 V to +10 V. 

o. Adjust each ADJUST control to obtain + 1.5 V de at associated MEASURE test point. 

p. Disconnect inputs from probe pod 3 and reconnect to probe pod 1. 

q. Set up pulse generators to supply waveforms shown in figure 4-6. 

I • 100NS • I 

..-20...., 
NS 

PULSE 
GENERATOR 1 _ 0.6Vp-p- --- +1.SV 
(DATA INPUT) l. 

I• 100NS •I 

..... 20NS-.e 

PULSE 

GENERATOR 2 - 0.6Vp-p - - - - + 1.SV 
(CLOCKINPUT) l 

*THRESHOLDS SHOWN ARE 
APPROXIMATE AND WILL 
BE SLIGHTLY HIGHER THAN 
SYMETRICAL. 

FUNCTION GENERATOR OFFSET 
MAY BE ADJUSTED FOR 
STABLE DISPLAY . 

Figure 4-6. Minimum Input Voltage Swing Test Waveforms 

r. Repeat steps c through 1, except leave PROBE THRESHOLD LEVEL switches in VARIABLE. This verifies 
1615A minimum input swing specification of 0.6 V. 

s. Connect multimeter to each probe input lead (+side to probe channel, - side to probe ground). Multimeter should 
indicate 50 ± 5 kilohms. 

t. Using LCR meter, measure shunt capacitance between each probe input lead and probe ground. Each input ca
pacitance should be approximately 15 to 25 pF (probe capacitance without external wiring is ~14 pF.) 

u. Reset PROBE THRESHOLD LEVEL switches to TTL. 
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PERFORiViANCE TESTS 

4-14. ASYNCHRONOUS OPERATION TEST. 

SPECIFICATION: 
MINIMUM DETECTABLE GLITCH: 5 ns with 30% peak overdrive or 250 m V, whichever is greater. 
GLITCH TRIGGER: on any selected channel(s), if a glitch is captured, the glitch is AND'ed with the asynchronous 

pattern trigger. 
PATTERN TRIGGER: any8-bitpattern. Variable trigger duration 15,50, 100,200,500, 1000 or 2000 ns±15nsor15%, 

whichever is greater. 
EXTERNAL TRIGGER PULSE WIDTH: 5 ns minimum with 30% peak overdrive or 250 m V, whichever is greater. 

DESCRIPTION: 
This procedure verifies the glitch detection, glitch triggering, external trigger, and asynchronous pattern triggering 
operation of the 1615A. 

EQUIPMENT: 
5-ns Pulse Generator. 
Oscilloscope. 
50-ohm Termination (see figure 4-1). 

PROCEDURE: 
a. Connect 1615A to test equipment according to figure 4-7. Use pulse generator with 5-ns pulse output capability. 

I 
I 

b. Connect all probe pods to 1615A, but connect only data lead~ of pod 1 to pulse generator. 

c. Adjust pulse generator to supply test waveform shown in figure 4-8. 

d. Press FORMAT SPECIFICATION key. 

MODEL 1615A 

DATA 
POD 

1 

GND 

DATA 

BIT 0 

SNS 
PULSE 

GENERATOR 

OUTPUT 

500 
(SEE FIG. 4-1) 

10:1 PROBE 

Figure 4-7. Asynchronous Specification Test Setup 

OSCILLOSCOPE 
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PERFORMANCE TESTS 

e. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-9. 

f. Press TRACE SPECIFICATION key. 

g. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-10. 

h. Press TRACE key. Display will change to TRACE COMPLETE and show timing diagram with intensified verti
cal lines (glitches) on channel ~ (GLITCH D ISP LAY field must be 0 N). Move cursor to MAG NIFI CATI 0 N field 
and press FIELD SELECT to expand display to clearly see glitches. 

i. Disconnect bit 0 and connect bit 1 to pulse generator output. 

j. Press TRACE SPECIFICATION key. 

k. Delete glitch requirement on channel .</J and insert glitch requirement on channel 1. 

1. Press TRACE key. Display will change to TRACE COMPLETE and show timing diagram with intensified verti
cal lines (glitches) on channel 1 display. 

+ 

+ BIN 

"'I ••-----:l:>NS ----••-ti 
I 

.. SNS ... 
I 

J 
I 
I 

Figure 4-8. Asynchronous Operation Test Waveform 

START OFF ON 
I 

INT TIME SONS/CLK 

EEEEEEEE OFF XXXXXXXX -------"" >SOONS 00.0NS 

Figure 4-9. Asynchronous Tests Format Specification 
Menu 

Figure 4-10. Asynchronous Tests Trace Specification 
Menu 
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PERFORMANCE TESTS 

m. Repeat steps i through 1 to check glitch triggering on channels 2 through 7. This verifies 1615A ability to detect 
and trigger on a minimum glitch in any selected channel. 

n. Disconnect bit 7 and connect bit 1 to pulse generator output. 

o. Press TRACE SPECIFICATION key. 

p. Move cursor to glitch trigger field and delete glitch requirement (ANY GLITCH ON ANY OF - - - - - - - -). 

q. Move cursor to trigger word field and select XXXXXXlX. 

r. Set output of pulse generator for pulse width less than 500 ns. 

s. Press TRACE key on 1615A. Display should show WARNING - NO 8 BIT TRIGGER. 

t. Adjust pulse width from pulse generator for pulse greater than 500 ns. Display of 1615A should show TRACE 
COMPLETE. This verifies 1615A asynchronous pattern trigger with variable trigger duration. 

u. Press TRACE SPECIFICATION key. 

v. Move cursor to each field in menu. Set up menu according to figure 4-11. 

ON EXT 

Figure 4-11. External Trigger Test Trace Specification Menu 

w. Press TRACE key. Display will show TRACE - IN PROCESS and WARNING - NO 8 BIT TRIGGER. 

x. Set pulse generator to supply 5-ns pulse width, 5-volt amplitude, 1-µsec repetition rate. 

y. Connect clock probe EXT TRIG input to pulse generator output. Display of 1615A will show TRACE COM
PLETE. This verifies 1615A acceptance of minimum external trigger on clock probe (at least 30% of the total 
pulse voltage or 250 mV, whichever is greater, must be above the threshold level for at least 5 ns). 
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PERFORMANCE TESTS 

4-15. TRIGGER OUTPUTS (REAR PANEL) TEST. 

SPECIFICATION: 
LEVEL: high, ~+2 V into 50!1. 

low, ~+0.4 V into 50!1. 
DELAY FROM INPUT CLOCK: approx. 85 ns (16/24 BIT) 
DELAY FROM PATTERN RECOGNITION TRIGG ER AT PRO BE: approx 45 ns plus asynchronous trigger dura

tion width (8 BIT). 

DESCRIPTION: 
This test verifies the specified operation of the trigger and trace point outputs on the rear panel of the 1615A. 

EQUIPMENT: 
Oscilloscope 
Pulse Generator 
50-ohm Termination (see figure 4-1). 

PROCEDURE: 
a. Connect test equipment to 1615A as shown in figure 4-12. 

b. Press FORMAT SPECIFICATION key on 1615A. 

MODEL 1615A 

CLOCK 
POD 

PROBE 
POD 1 

GND 

GND 

DATA 

BIT 1 

PULSE 
GENERATOR 

OUTPUT 

500 
(SEE FIG. 4-1) 

10:1 PROBE 

Figure 4-12 Trigger/Trace Point Outputs Test Setup 
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PERFORMANCE TESTS 

c. Use CURSOR keys to move cursor to each field in menu. Set up menu according to figure 4-13. 

d. Press TRACE SPECIFICATION key. 

e. Press DEFAULT key to format displayed menu in its most simple form. 

f. Adjust pulse generator to supply waveform shown in figure 4-14 to 1615A. 

g. Press TRACE key on 1615A. Hold key down to obtain TRACE CONTINUOUS indication on display. 

h. Connect oscilloscope channel B to measure waveform at 16/24 BIT TRIG OUT on rear panel of 1615A. Oscillo
scope should show high level of ~+0.4 V into 500. 

i. Disconnect oscilloscope channel B from 16/24 BIT TRACE OUT and connect to 16/24 BIT TRACE OUT on 
1615A rear panel. Oscilloscope should show high level of ~+2 V into 500 and low level of ~+0.4 V into 500. For 
more readable display, press TRACE SPECIFICATION key to increase repetition rate. 

j. Press FORMAT SPECIFICATION key on 1615A. 

+ 
BIN 

+ 
BIN 

+ 
BIN 

cccccccc 

BBBBBBBB 

Figure 4-13. Trigger/Trace Point Outputs Format Specification 

~1-.... ~~~-1USEC~~~~•~~1 

I Mn I , --- +
4
V 

_j~v;-., _____ , __ - -- OV 

Figure 4-14. Trigger/Trace Point Outputs Test Waveform 
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PERFORMANCE TESTS 

k. Press FIELD SELECT key to obtain 8 BIT MODE. 

1. Press DEFAULT key to obtain most simple 8 BIT format specification menu. 

m. Press TRACE SPECIFICATION key. 

n. Press DEFAULT key to obtain most simple trace specification menu. 

o. Move cursor into trigger ON field and enter XXXXXXlX. 

p. Hold TRACE key down to obtain TRACE CONTINUOUS operation. 

1' If'" .. J'" 1 ... ,. ... "'. " 
&f.J.VUC.i. ..1..U .J..U .. L'.L 

q. Connect oscilloscope channel B to monitor 8 BIT PATTERN OUT on rear panel of 1615A. Observe high level of 
;:::+2 V into 50fl and low level, of ~+0.4 V into 50fl. 
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PERFORMANCE TEST RECORD 

HEWLETT-PACKARD 

MODEL 1615A 

LOGIC ANALYZER 

SERIAL NO. 

Paragraph 
Number 

4-13 

4-14 

4-15 

Test 

Clock, Qualifier, and Data Inputs 

Repetition Rate to 20 MHz 

Minimum Input Swing 0.6 V 

Clock Pulse Width 20 ns 

Setup Time 20 ns 

Hold Time 0 

Input Threshold TTL + 1.5 V Variable 

Input RC 

Asynchronous Operation 

Minimum Detectable Glitch 5 ns 

Glitch Trigger on any 
Selected Channel 

Pattern Trigger, any 8-bit 
Pattern with Variable Duration. 

External Trigger 

Trigger Outputs 
(Rear Panel) 

16/24-bit Outputs 
Trigger High Level 
Trigger Low Level 
Trigger Delay approx 85 ns 

Trace High Level 
Trace Low Level 
Trace Delay approx 85 ns 

8-bit Output 
High Level 
Low Level 
Delay 45 ns + 

Async. Trig. Duration 

Min 

Valid Clock 

Valid Clock 
and Data 

Valid Clock 

Valid Data 

Valid Data 

±10 Vdc 

45 KO. 

Glitch 
Indication 

Valid Trigger 

Valid Trigger 

Valid Trigger 

;::2 v 

;::2 v 

;::2 v 

Performance Tests 

Tested by 

Date 

Results 
Actual Max 

55 KO. ~14 pF 

~0.4 v 

I 
~0.4 v 

I 
I 

~0.4 v 

4-111(4-12 blank) 





Model 1615A Adjustments 

5-1. INTRODUCTION. 

SECTION V 

ADJUSTMENTS 

5-5. PREADJUSTMENT PROCEDURES. 

a. Disconnect 1615A power cord. 

b. Remove 1615A top cover. 

5-2. This section contains a complete adjustment pro
cedure for the 1615A. Perform the adjustment procedure 
only after instrument repairs. The adjustments can be 
made separately. These adjustments should not be part 
of a periodic maintenance program. c. Remove 1615A left side cover. (See figure 5-6.) 

I WARNING I 
Read the Safety Summary at the front of this 
manual before performing adjustment pro
cedures. 

5-3. EQUIPMENT REQUIRED. 

The adjustments are performed with the top 
and left side covers removed. Use care to 
avoid shorting or damaging internal parts of 
the instrument. 

d. Reconnect 1615A power cord. 

5-4. A list of recommended test equipment is provided 
in Section I of this manual. 

e. Press LINE switch to on position. The ON lamp 
should light. 

ADJUSTMENTS 

5-6. 5-VOL T POWER SUPPLY ADJUSTMENTS. (See figure 5-6 and schematic 2.) 

a. Connect multimeter to test point +5 (A 7TP2) and GND (A 7TP4). 

b. Adjust A 7R12 for +5.13 volts on multimeter. 

c. Connect multimeter to test point -5 (A 7TP3) and GND (A 7TP4). 

d. Adjust A 7R22 for -5.3 volts on multimeter. 

5-1 



Arljmztrnt:>nts Model l615A 

ADJUSTMENTS 

5-7. DISPLAY ALIGNMENT. 

5-8. Normally it is not necessary to perform this procedure unless the CRT has been replaced. 

a. Press LINE switch to off position and disconnect power cord. 

b. Remove screw that secures post-accelerator lead to CRT shield. 

c. Loosen four screws that hold CRT shield to main deck. 

d. Remove CRT shield. 

e. Loosen clamp on yoke LL 

f. Reconnect power cord and press LINE switch to on position. 

g. Rotate yoke Ll so that horizontal lines on display are parallel with top and bottom of display window. 

h. Press LINE switch to off position and disconnect power cord. 

i. Tighten clamp on yoke LL 

CAUTION 

Hand-tighten only. Excessive tightening will damage CRT. 

j. Reinstall CRT shield and post-accelerator lead holder. 

k. Reconnect power cord and press LINE switch to on position. 

5-9. DISPLAY ADJUSTMENT. (See figure 5-7 and schematic 3.) 

a. Press TIMING DIAG key. 

b. Turn contrast adjustment A13R61 fully clockwise. This control is a service aid only. For normal operation, 
A13R61 should be fully clockwise. 

c. Slowly adjust intensity control A13R60 clockwise until retrace lines can be seen. Then return A13R60 counter
clockwise until desired brightness is obtained. 

Excessive intensity will burn CRT phosphor, but this will not degrade display performance. 

d. If vertical lines cannot be seen, adjust contrast control A6R21 (figure 5-6) for desired display contrast. 

e. Adjust focus control A13R45 for best overall focus of display. 

f. Set horizontal size A13R6 and vertical size A13R18 fully counterclockwise. 

g. Adjust horizontal position A13R14 and vertical position A13R40 to center display. 

h. Adjust linearity control A13R23 so that characters in top and bottom lines of display are same height. 

i. Adjust horizontal size A13R6 and horizontal position A13R14 for 20 mm (0.8 in.) margin on each side of display. 

J. Adjust vertical size A13R18 and vertical position A13R40 for 5 mm (0.2 in.) margin at top and bottom. 

k. Repeat step h. 
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Model 1615A Adjustments 

ADjUSTiViENTS 

5-10. TIMING ADJUSTMENTS. (See figures 5-1 and 5-8, and schematic 7A.) 

5-11. Timing adjustments should only be checked and adjusted after repair of assembly A2 or a data acquisition 
malfunction. 

a. Set LINE power switch to off position. 

b. Remove assembly A2. 

c. Intall extender board. 

d. Install A2 on extender board. 

e. Connect oscilloscope input A to A2TP1 and input B to A2TP2, the 8-bit clock strobe timing test points. 

f. Connect clock probe input to SELF-TEST CLOCK and connect clock probe ground to COMMON on 1615A front 
panel. 

g. Set LINE power switch to on position. 

h. Press TRACE key. Oscilloscope should show waveforms in figure 5-1. 

I 
: I I - - - - - - - - -0.9V 

TP1,TP3 v- - -;- -- - - - --- - - -1.
3

V 

(ECL LEVELS)__,,,._ - - 1- - - - - - - - - - - -1.9V 

TP2,TP4 
(TTL LEVELS) 

I I :- - - - ~ 4.5V i t K- -- 1

.

4

v ov 

I I I 
1~21ns~ : 

I I 
~------49.Sns _____ ..... .,., 

I 

Figure 5-1. Timing Generator Clock Strobe Waveforms 

i. Adjust A2R10 (E20) for 21 ns between leading edges of A2TP1 and A2TP2 waveforms. 

j. Adjust A2Rll (E49) for 49.5 ns between leading edge of A2TP1 waveform and trailing edge of A2TP2 waveform. 

k. Connect oscilloscope input A to A2TP3 and input B to A2TP4, the 16-bit clock strobe timing test points. 

l. Adjust A2Rl2 (A20) for 21 us between leading edge8 of A2TP3 and A2TP4 waveforn1s~ 

m. Adjust A2Rl 1 (A49) for 49.5 ns between leading edge of .A2TP3 waveform and trailing edge of A2TP4 waveform. 
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ADJUSTMENTS 

5-12. FILTER WIDTH ADJUSTMENT. (See figures 5-2 through 5-6, and schematic SA.) 

a. Press FORMAT SPECIFICATION key. 

b. Set up format specification according to figure 5-2. 

c. Press TRACE SPECIFICATION key. 

d. Set up trace specification according to figure 5-3. 

e. Connect instruments according to test setup in figure 5-4. 

1'11' .• l.l .. ,. .. .,.. ... 
~U.VUIC:i .1. V .1.tJ £"\. 

50NS/CLK 

OFF XXXXXX10 -------- SOONS 

5-4 

Figure 5-2. Format Specification for Filter Width 
Adjustment 

MONITOR 
OSCILLOSCOPE 

PULSE 
GENERATOR 

OUTPUT 

10:1 RROBE 

Figure 5-3. Trace Specification for Filter Width 
Adjustment 

1615A 

GND 

POD 
DATA BIT 1 1 

SEE SECTION IV 

Figure 5-4. Filter Width Adjustment Test Setup 



Model 1615A 

I\ n 11 IC::THS::tJTC:: 
l""l..,,V...,..'-" I IWl._I .. I...,-

f. Adjust pulse generator to provide waveform with parameters as shown in :figiue .5-.'J. 

g. Set filter adjustment A4R20 fully clockwise. 

h. Press and release TRACE key. 

i. Readjust A4R20 counterclockwise until 1615A just triggers on 500-ns pulse. 

J. Hepeat steps h and i to obtain the best adjustment of A4R20. 

,., ,.. ___ 1 USEC ---.,•.ti 

500 NS 

' I 
I 
I 

-- - +5.0V 

--- av 

Figure 5-.5. Filter Width AdJustment Wa veforrri 
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Figure 6-6. Adjustment Locations, Top Vieu· 
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Figure 5-7. Adjustment Locations, Display Assembly Al3 
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Figure 5-8. Timing Adjustment Locations, Assembly A2 
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Model 1615A Replaceable Parts 

SECTION VI 

REPLACEABLE PARTS 

6-1. INTRODUCTION. 

6-2. This section contains material lists for ordering 
replaceable parts. The material lists are divided into lev
els of assembly with the material list of parts used in the 
final assembly first followed by material lists for each of 
the subassemblies. 

6-3. The information given for each part consists of the 
following: 

a. Reference designation(s) assigned to the part(s). 

b. Hewlett-Packard Part Number. 

c. Total qualtity of the part(s) used m the as
sembly. 

d. Description of the part. 

6-4. ORDERING INFORMATION. 

6-5. To order a part listed in the material lists, quote the 
Hewlett-Packard Part Number, indicate the quantity 
required, and address the order to the nearest Hewlett
Packard Sales/Service Office. 

6-6. To order a part that is not listed in the material 
lists, include the instrument model number, instrument 
serial number, a description of the part (including its 
function), and the number of parts required. Address the 
order to the nearest Hewlett-Packard office. 

6-7. DIRECT MAIL ORDER SYSTEM. 

6-8. Within the USA, Hewlett-Packard can supply 
parts through a direct mail order system. Advantages of 
using the system are: 

Direct ordering and shipment from the HP Parts 
Center in Mountain View, California. 

No maximum or minimum on any mail order (there 
is a minimum order amount for parts ordered through a 
local HP office when the orders require billing and 
invoicing). 

Prepaid transportation (there is a small handling 
charge for each order). 

No invoices - to provide these advantages, a check 
or money order must accompany each order. 

6-9. Mail order forms and specific ordering informa
tion is available through your local HP office. 
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Figure 6-3. 1615A Frame Exploded View 
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Model 1615A 

I ""l"'I I .... 

Designation 

At 
A2 

Al 
All 
A5 
A& 
~? 

A8 

I u 
AtO 
AU 
At3 

Bt 

Ct 

CRt 
CR2 

OSI 

E1 

E2 
!] 

11'1 
l"t 

Ht 
M2 
HJ 

HQ 

HS 
M• 
H? 
HB 
HC, 

HlO 
HU 

Ht2 
Ht3 

Htll 
Mt5 

HO 
M1T 

Ht8 
H20 

M21 
H22 

M23 

M24 
HZ!i 
HU 

"4i1 

HZ! 
Hz• 
HJO 

H]l 
HU 
HU 
MJ.4 

I-IP P;:art Ir I ... . ,.,,. .... 
Number 

Otflt!l•USOt 
Dlbl5•Ulj02 

011115.;.usoJ 
01 &15·&&504 
01615-66517 
OU1tlj•U51& 
Otb!5"'•~5!! 

01&15·11&508 
01&15·fl&ljOq 
Ot&U•&&Sto 
01615•0512 
ou11.;.11uos 

Jt&O•OZU 

01fl0•402• 

1'01!0., .. 
lqo .. oo~s 

t••o-0524 

0340-0511 

01615-01204 
O:S.0•0001 

2110•0014 
2110•0303 

0520•012T 
0'5qO~OOT• 
1251•0218 

2U0•0011 

21qo.;,001• 
U•0!0017 
21•0-001• 
21•0-00:51 
21•0;.004'5 

21•0.;.0•10 
UOO•Olft1 

1200.;.0103 
2200•0105 

uoo;.01oq 
2200;.o 111 t 

2200•0143 
23fl0•011 s 
U&o.;.ott? 
2JoO•Ol•? 

2Jfl0•020J 
2420•0001 

Z!l 0•0043 

2'5!0.;.0! l l 
HlO•Ol31 
Z510•0lql 

2b8o•oo" 

2080•0172 
2'50•0001 
soso.;.0001 

3050!0010 
30'50•0152 
3050•0235 
Jo~o-on1 

12!iO•OOl!3 
1250•0083 
lHO•OOBJ 
1250•0083 
1Hl•4410 

-
D 

I 

5 
0 

., 
a 
1 
2 

,Q 

11 
e 
3 

q 

e 

0 
4 

3 

0 

9 
5 

3 
J 

0 
1 
& 

e 

3 
4 
fl 
8 
8 

ti 
0 

2 
4 

8 
s. 

0 
4 

b 
2 

1 
5 

0 

• • 0 

I 

1 
e. 
1 

2 
3 
] 

& 

: I 

Table 6-1. Replaceable Parts 

Mfr Oty Description ----

Code 

CMUSU PART! 

BO ARO ASSEMBl.'t', STAT! DATA ACQ, ~8ll80 
!IOUO Al!SEM!ll.'t' 1 TRIGGER ANO Cl.OCK 2euo 

!OARD ASS!M81. 'I', M[MOR'I' 28480 
!IOUD AS!EM!I. 'I' 1 TIMING OATA ACQ, 2eueo 
BOACID A!SEM!ll. 'I', MICROPROCESSOR AND ROM 2au80 
BOUO AUEMBl.V, DISPl.AV PROGRAMM!R 2au80 
SOUD AUE!ABLY ~ POwER SUPPi. 'I' 281180 

I 
!!OARD ASSEMBI. 'I', MOTl-~ER 28480 
BO ARO A!SEMBL 'I', PROB! THRESHOl.OIINPUT 28u80 
!IOARO AS!!M!ll.'1', l<E'l'BOARD 281180 
eouo ASSEJ.IBl.'1, hTElliOEf:I 281180 
!OARD ASSEMBI. V, OUPl.A'I' ORlVER 281180 

1 HN•Tl!AX 54•Cf''-' to5•U5V 50l&O•HZ o•53A 

1 CAPACITOhl"XD ,2Ull' +•i!OX 2sovoc PPR 281180 

1 OIOOE.MV RECT 20l<V oOOUA 300N8 21111 
I OIOOE.f'w BROG IOOV 35A o4T13 

I 1.ED.VIS1Bl.E 1.UM.lNT•tMCD Il"•2oMA.t-IU 281180 

4 INSULATOR-XSTR KAPTON 28480 
USED ON 01 AND 2, U1 AND 2 

1 STRAP-GROUNDING, BETWEEN MP40 AND MP41 28480 
t CRT Cl.AMP GROUNDIN; 28480 

l 'USE 4A 250V 8LOaBl.0 l,25X,25 UI. 15915 
t ,US! 2A 250V 8LO•BLO t,25X,25 UI. 2eu80 

2 8CR!W•MACH 2•5& .188•IN•l.G PAN•HD•POZl 00000 
II NUT•HE••Pl.STC Ll<G 4•40•TMO ,143•IN•TMI< 281180 
8 1.0CK•IUBMIN 0 CONN 28480 

(ATTACH H•~DWA~! FOR JS fHRU Jej 
II WASMER•l.K INTI. T NO, 10 ,!Q5•IN•IO 281180 

CFOR •ec1, A8C2) 

4 WASHER.LI< INTI. T ]/8 IN 0 371.1N.IO 28480 
'5 wASM!ReLI< HLCI. NO~ 8 ~ 1U•IN•ID 28480 

wASMEReLK MLCI. NO. 11 .115•1NeID 28480 
1 wASM!R.LI< INTL T \ IZ IN ,512•IN·ID 28480 
z WASH[Rel.I< Ml.Cl. NO~ 2 .oee.INeID 28480 

i WASM!Rel.I< INTL T NC, 4 .12•IN.IO 28480 
'5 SCf:IEW.MACM 11-110 .1s8.1N.LG P~N.HO.POZI 00000 

Cf'OR MP82) 
4 eCREw.MACH 4•40 .25•IN•l.G PAN•HD•POZI 00000 

11 SCREW•fdCM 4•40 ,312•IN•l.G PANeMD•POZl 00000 

12 SC RE lo.MACH 4•40 0 438•IN·l.G PANeMOePOZI 00000 
2 SCREW.MACH 4•410 0 312•IN.1.G PAN.MO.POU 00000 

Cl"OR J5) 
II BCREW•MACH 4•40 ,315•IN•l.G PAN•HO•PCZI 00000 

SCREW·MACH o•U ,312•IN•l.G PANe'°4D•FIOZI 00000 

~ SCRU•.MACH 0•32 0 J1'5•IN.LG PAN.MO.FIOZI 00000 
t SCREW.MACH o•JZ 0 ]15•IN.1.G PAN.MO.POZI 00000 

CTOP 01" CRT CURV!O SHIELD) 
4 SCREW.MACH 0•32 ,o25aINel.G PANeHD.POZl 00000 

NUT.HEK•W/Ll<wR o•32•THO 0 10Q.IN.TMI< 00000 

13 SCPEW.MACH 8•32 .312•1N.LG PAN.HO.POZI 00000 
Cl-40LO MAIN O!CI< TO ~Pol) 

1 BCilEw.MACH 8•32 ,75•IN•LG PAN.HD•POzI 00000 
II SCRE~·MACH 8•32 2~75•IN•l.G PAN.HO.POZI 1)0000 

lo SCREW.MACH !•32 ,25•IN•l.G 100 DEG 28480 

4 SCREW•MACH 10•32 .315•IN•l.G PAN•HD•POZI 00000 
iFOR AaCi1 A6Ccj 

~ SCPE~.MACH 10•3Z 0 3T5•IN•l.G 100 OEG 281180 
II NUT.1-4EX·OBl.•CHA!A 318•3i!•THD 0 o•ll•IN.THK 00000 
~ WABHER•FI. MTl.C NO~ 8 ,lT2elN•ID 2euo 

I WA8HER•l"L "'Tl.C NO, • ,14?•1N•ID 28480 
J ~ASM!R•SHl.DR NO~ ~ ,172•IN•l0 ,438•1N•OO 28480 

WA8H[R•l"I. MTl.C NO. II ,l17•1N•ID 28480 
z INSUl.ATOR•XBTR N'l'l.ON 281180 

WA!H!R•FI. Nii! I 11! IN 1,12'5•IN•IO 28480 
<FOR A8C I, A8C2) 

CONN!CTC::h>RI" B~JC: FE"l SGL:P"'O!.E.,!"R 50•D"'"' 281180 
CONN!CTOR•RF BNC FEM Sli1.•H01,.E.l"R 50•0HM 28418() 
COl'IN!CTOll•RF Bf'JC f'EM 8GL•1'101.E•f'll 50•01'1M 28480 
CONNECTOR.RI" BNC FEM SGl.·HOl.E·FR so.0"4M 281180 
CONNECTO!il•AC Pl'IR CEE•Zi! MAI.[ ilEC·f'l.G 28480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Replaceable Parts 

Mfr Part Number 

01&15•0501 
Ol&15•U!Oi! 

Ot&IS••UOJ 
01&15•&&504 
01615-66517 
Ol&15•U51& 
01&15•&b!tJ 

I 
Ol&15•U508 

I Ol&t5•USO• 
O I &15•11&510 
01&15•&Uti! 
Ottitl•&&SOJ 

1b0•125Kl.•2182•11115 

01b0•402fl 

Hti11 
M0A3501 

5082•4550 

0340-0511 

01615-01204 
03&0•0001 

313004 
2110•0303 

OCIDER BY OlSCRIPT?ON 
OSQO•OOT& 
1251•0218 

2ir~o-0011 

21qo.001& 
21Q0•0011 
21Qo.001• 
21Q0•0031 
21Q0•004'5 

21110•0'10 
OROER BY DESCRIPTION 

ORDER 8V OE!!CRIPTION 
ORDER B'I' OUCRIPTICN 

ORDER B'I' DESCRIPTION 
ORDER B't' DESCRIPTION 

ORO!R 8'1' O!SCRlPTICN 
ORO ER BV DUCRIPTION 

ORDER Bl' OUCRillTICN 
ORDER BY OUClllIPTION 

ORDER av OUCRIPTION 
ORDER BY OUCRIPTION 

ORD!il BY OE8CR1FITION 

ORDER l'I' OUCRIPTION 
ORDER BY OESCRIPTION 
2510•0192 

ORDER !'I' DESCRIPTION 

2&80•0172 
ORDER B't' OlSCRIPTION 
30511•0001 

3050•0010 
]050•0152 
3050•0235 
3050•0791 
3050•001 

! 2iso .. oon 
1250•0083 
1250•0083 
1250•0083 
1251•4470 
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Replaceable Parts 

Reference HP Part c 
Designation Number D 

I. l Olbl l•bUOJ II 

MPl 50llt-OTJ5 1 l 
MPi 50iH•Obfi5 la 
MIJJ !5041•001 1~ MP4 5041·0•55 
Mll!S 50111·0'54 • 
14110 50111•0103 5 
MP7 5o4t•Ooe7 e 
Miii so111•ooe7 e 
totP• SOii 1 •0bfle 7 
MPlO 50111•00"3 II 

141111 50111•001111 5 
MllU 50111•0045 • "'llt:S 50111•00110 l 
1411111 10111-001.11 2 
r.tllt5 50llt•OOll2 J 

r.tPltl 50lll•0•5fl 8 
14P17 5011 l •Oe82 7 
lilllU 5ocn-oou e 
14111' 5041•00~4 • 
141120 5041•0820 5 

MP21 5041•0&79 2 
MPU 50llt•OfiP.O 5 
MP2J 5001·0011 e 
MP24 50lll•Ge&5 0 
MIJl5 5011i-oeh • 
Mll2o 504l •Ob77 0 
M!ll7 50111-01111 l 
MlllH 50111·0301 7 
MlllH 50lll•OHO l 
MlllJO 5011 l •Ofl5• 8 

MlllJl 50111.oue 1 
141131 504l•OUo l 
lolPJJ SOIU•OUe l 
MPSll SOGl•Obh l 
MP35 504l•Oft31 • 
"4Pla 50llt•Ob04 5 
MlllJ7 0Ho-2•n l 
fllPJe 01•u-002oj 0 
r.11111' oiou-011101 l 
lllP40 0Ut5•0t20t • 
MP•t 50G0•05U 2 
11111102 l000•05117 I 
Mlllll] 11100•0!100 4 
Mllllll 0Ul 1S.OOZO:S • MP45 

I 
Olf1l5•0t20Z 71 

lillllle 01011·24101 : I 11111147 out 1-001101 
Mllll8 OUI l•OUOt II 
Mlllll• 1 llOO•OJ35 5 
r.tP50 ouu-00101 J 

"4115t OIOU•OUOS e 
Mlll!Z 01no-u201 l 
1111193 out t•n7ot J 
r.tP511 OUl5~011103 J 
1111115'5 Olbt5•002011 7 

MP5e 1uo-00•2 J 
r.11157 01bl5•2ll01 7 
MPH 50110•7201 8 
fllllH 5020•H05 I 

"'"O 50110•'202 • 
M!Jflt 5001•01140 I 
MlllU 5000.qeo J 
t.111'3 5ozo-eeu 5 
MIJU 5oe.o-•en 8 
MlllO!I sooo-•101 2 

MlllU 50110•721 q 8 
t.1Pb7 !040•72ZO l 
t.1PU 502o•Hoe • 1i11110• !IO&t-1'!11 • Mlll70 5000~ .... e 

"'"7 t 

I 
11100•001& 

:1 
lllPTz osao.0551 

141173 tllOO•OD•O 

I I 
I l l 
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Table 6-1. Replaceable Parts (Cont'd) 

Oty Description Mfr 
Code 

t VOK! AUE'."'81. V, CltT zeuo 

I KEYCAP FORMAT SPECIFICATION uuo 
i KEYCAP TRACE SPECIFICATION 251ilO 
t KEYCAP LIST 281180 
1 KEYCAP TIMING DIAG 21uo 
I KEYCAP CHAN SEQ 281110 

l KEYCAP AT TRIG WORD UlllO 
2 KEY CAP ROLL DISPLAY ARROW 281.180 

KEY CAP ROLL DISPLAY ARROW 28480 
I KEYCAP FIELD SELECT 211110 
l KEYCAP D uoo 

l KEYCAP E 28480 
t KEYCAP F uuo 
l KEYCAP A 281180 
l KEYCAP B 281110 
I KEYCAP C 28480 

1 KEYCAP X DON'T CARE uuo 
1 KEYCAP 7 2eu10 
1 KEYCAP 8 111110 
1 KEYCAP 9 111110 
t KEYCAP DECIMAL POINT 21410 

t KEYCAP 4 28410 
l KEYCAP 5 28410 
l KEYCAP 6 28410 
t KEYCAP 7 21uo 
I KEYCAP 1 29uo 

I KEYCAP 2 28480 
I KEYCAP 3 281110 
l KEYCAP BLANK 281110 
I KEYCAP DECR 281110 
t KEYCAP INCR 211180 

II KEYCAP CURSOR ARROW 2auo 
KEYCAP CURSOR ARROW 281180 
KEYCAP CURSOR ARROW zeuo 
KEYCAP CURSOR ARROW uuo 

l KEYCAP TRACE 181110 

1 KEYCAP STOP 28410 
1 KEYCAP LINE POWER SWITCH 28410 
1 PANEL, KEYBOARD uuo 
I COVER, KEYBOARD, BOTIOM U41o 
t BRACKET, PROBE CONNECT uuo 
l SUPPORT KEYBOARD ZIUO 
I CL.•l.E'.D•MTG 21410 
l R!TiYN!R RING•L.!D Cl.1111 0 0 2?0•lN l!RIUT!O 281110 
l PANEL1 INllUT ZIUO 
l 

I 
BRACKET, PC BOARD 'RONT 21410 

1 8A,!TV SHI!LD, CRT 28410 
I IHI!LD, CRT, 'I.AT 211110 
t SHlEl.D, CRT CU•V!D 11410 
1 CABLE TIE'. l.7!1•D!l • tH•l'ID NVI. uuo 
i MAIN D!CI< 11410 

I IRACK!T, I.IN! SWITCH MOUNTING 11410 
i COUlll.!R 1 1.INE POl'IE'.R SWITCH uuo 
1 SHl,T, I.IN! llOWER SWITCH 21410 
1 COV!P, ~P•t& CONNECTOR 28480 
I PANEL, RUA 21410 

l l'lNG!R GUARD 21410 
l HUT SINK 28410 

• l'DOTCSUNDUD) uuo 
1 FRAME FRONT !11110 
1 Tlt?M1 TOlll uuo 
I TRJM, llD! uuo 
l COVER BOTTOM ZllllD 
II STRUT CORNER ZIUD 
l COVER SIDE WITH HANDLE uuo 
1 STRAP HANDLE ASSEMBLY 2800 

t ,RONT 21410 
I ltUlt 281180 
1 FRAME REAR 21410 
l COVER TOP UlllO 
i COVER SIDE PERFORATED ZllllO 

I I Cl.AMP.CAIL! 0 75~Dll .l•WD N¥1. 

I 
ZIUO 

3 

I 
lNaul.ATOP.1'1.l•llHG Nyl.ON II.ACK 2100 

C,Olt ADJUIT POTS ON A•> 
I 'Ul!HOlD!R COMPONENT ,OR US! ON 28410 

!'OR X'1l 

S,:;e introduction to this section for ordering mfurmation 
*ItJd'.catr:>s facory select,:;d ·;a!ue 

Model 1615A 

Mfr Part Number 

01Dt1•Dtb03 

50411•073!5 
504l•O•U 
5041•001 
!504l•o•ss 
504ll•0954 

50111•07U 
50111•007 
5011l•Obe7 
504 l •Oflll• 
50111•00113 

5041•00411 
5041•0045 
5041•0040 
50111•00111 
50111•0042 

104l•ot5fl 
5011l•OU2 
!504l•U8J 
!5011l•Ul4 
!5041•0HO 

10111•07' 
5011l•OUO 
5011l•OU1 
5011l•OU5 
50111•0.U 

50111•0.77 
50111•0071 
5011l•OJ01 
50111•0UO 
50111•0U9 

IUl•HH 
IOIU•OUo 
SOllt•OU• 
504l•HH 
IOCll•OUl 

504l•OUll 
0370•2'8' 
01'lS.OOIOl 
OlOll•OlllOl 
OtolS.OUOl 

IOA0•05 .. 
1400•09117 
!000•0940 
OUl .. OOIOI 
01011-ouoa 

Olttll•2410l 
Olol l•00•02 
OUll•OOOt 
lllOO•OJl5 
01011-00101 

Ol•ll•OUOJ 
OUJO•UIDl 
0Ull•2l70l 
OlOtl•OOlOI 
OUU•OOIOll 

]1&0•0092 
01•U•21101 
!1040•7201 
5020•8101 
5040•7202 

5001•01140 
S0•0•914• 
50ZO•H3' 
!10•0•9811 
!1Do0•9IOJ 

!10110•721• 
!IOllO•TZZD 
5D2D•HOo 
!lhl•USJ 
!IOU•"U 

I 
11100•00111 

I 
OJ40•0!15J 

lllOO•OOqO 



Model 1615A 

Reference 
Designation 

St 

Tt 

Ut 
u2 

Vt 

Wt 

W2 
W3 
W4 
W5 

XF1MP1 
XF1MP2 
XF1MP3 

Table 6-1. Replaceable Parts (Cont'd) 

HP Part 
Number 

I " I 
~ Qty Description 

IM-Fr I Ill 

11100-0•10 

I 5'IO•OJ2! 

!!O'IO•O!H 

S•S1•1111 
TUO•U!ll 
T120•4184 
1120-0200 
TUO.;.•HI 

• 1 
z 
J 
e 

:::::::::C! I; 
t85ll•O'l'U ... 

01s1.ouo 
075'1'·0280 
0751-0280 
Oo8'1'ell'51 

3101•1 '1'20 

9tOO•ll034 

182••0221 
182fl•0111'1' 

50&1•1250 

01611-61602 
01615-61610 
01615-61601 
01615-61619 

'3 
J 
3 
2 

2 

1 

0 
Q 

3 
7 
6 
6 

01615-61618 I! 
OU15.0U111 " 
01000.111010 11 
OlbOT•ll1•1J 0 
Olb15•ol•to 'I' 

01•1is-ouo• " 
Olot!•lltoU o 
uzo-2so• o 
OtblS•Hb08 3 
Otbt5•b1b1 l 8 

01015•11101 l 8 
01b!l5•fl!f!U 9 

2110-04U 
l110-0IUl1 
2110•04'1'0 

8 
0 
5 

l 

l 
l 
l 
2 
1 

2 

1 

1 
2 
1 
1 

1 
1 
1 
t 
2 

I I 

I I 

CLAMP.CABL! ,255eOIA ,SeWO ABS 
CFOR FAN POW!R CASL!) 

CAS!.CRYGPVC !llLG •.2iswo !OP 
CFOR ACC!ISORI!I) 

!XT!RNAL, ILIPeON 

LAH:L11!1tUL NO, 
NAMEPLATE ,J12•?N•WD ,S4•IN•LG AL 
LABEL•IOENTIFlCATION l•IN•WD loS•IN•LG 
LABEL CON TRANS,ORM!R ON AIJ) 
LABEL, SELOW KEVSOARD 

Code 
•s•n 
2!4110 

21490 

184&0 
ZIUO 
18410 
21410 
215480 

~::::;s:::e:P:~:~!P:::::o,::::~:~=:o! b! I 
TRANB?STOR NPN SI PD•90W 'T•JMHZ 

011713 
04713 

RESISTOR tK 11 ~tz5W F TC•0+•100 
RESISTOR 1K 11 ~12sw F TC•O+•tOO 
RESISTOR 1K ti .12sw F TC•0+•100 
RESISTOR 4,TM 101 ,5W cc TC•o+tooo 

S~ITCH•PB OPOT llA 250VAC 

TRANSFOR~ER•POWER PRll 100112012201240 

IC V RGLTR T0•220 
IC 7812 V RGLTR TO•ZZO 

CRT 

CA8LE A&SY 1AAWG 3•CNDCT JGK•JKT 
CS!E SECTION Z FOR OTHER POWER CORDS) 

CABLE, CRT 
CABLE ASSEMBLY, 5VPS A7 TO 02 
CABLE, CLOCK PROBE 
CABLE ASSEMBLY, PROBE POD 3 

CABLE ASSEMBLY, PROBE POD 2 
CABLE ASSEMBLY, PROSE POD 1 
CABL! ASSEMBLY, A'7 TO Ut 
CABLE ASSE~BLY, A'7 TO U2 
CABLE ASSEMBLY, 5VPS A7 TO 01 

CABLE ASSEMBLY,BRIDGE Tt TO CRi ANO AB 
CABLE ASSEMBLY, L?NW POWER SWITCH 

CABLE, INTERCONNECT AJ TD AS 
CABLE ASSEMBLY, GROUND STRAP, LONG 

CABLE ASSEMBLY, GROUND STRAP, LONG 
CABLE ASSEMBLY, GROUND STRAP# SMORT 

,US!HOLDER CAP EXTR PST1 BAYONET! 20A 
NUT.MEX 112•28 THO O,b88 Al, 
FUSEMOLD!R BODY ExTR PSTI BAVONETr TND 

21154& 
245Ub 
24511& 
01121 

281180 

28£180 

04713 
0£1113 

2e1180 

281180 

281180 
281180 
28480 
281180 

28480 
28480 
281180 
28480 
281180 

2&ll80 
2&1180 
281.180 
281180 
281180 

281180 
28480 

281180 
7!5915 
7!5915 

I I 

I I 
See introduction to this section for ordering information 
*Indicates factory selected value 

Replaceable Parts 

Mfr Part Number 

SOllO•OIJH 

595t•UH 
T120•11H 
7120•4114 
'7UO•UU 
1120••4'1 

C lie 118•T0•1001 •' 
Cll•118•T0•1001•' 
Cll•118•T0•1001•' 
EB4'711 

MC7912CT 
MC78UCP 

!10fl1•12!10 

8120•1521 

01611-61602 
01615-61610 
01615-61601 
01615-61619 

01615-61618 
01flU••t•tT 
011100-01•1• 
01110'7•ol•U 
OU11S-o1•to 

01&U•llUO• 
o1&U•&1•U 
8120•230• 
01flU•oUOI 
o 1bU••1•11 

o1•1!1•o1•1l 
o!•U••HtU 

211 O•OllO!I 
903•070 
345003•010 
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Replaceable Parts 

Reference HP Part 1c 
Designation Number JD 

At 01•15·••501 !!5 

A1C1 01•0•2055 I 9 
•1t2 OU10•20!55 . 9 . 
At CJ 01fl0•2055 • AtC4 01llO•i'055 • AtC5 01•0,;.3443 I 

AtC• 0100•205'5 • At CT 0100•20'5!5 • uce 01•0•3443 1 
AlC9 0100•3443 1 
AICIO 0100•20!5!5 9 

AtCtt 0100•20!!5 ' At Ct i' 0180.022• '7 
At CU 01110,;.02211 '7 
AtCtcl 0 l f>O·lllll3 I 
uc1s Oh0•20'55 • 
At Ct• 000•205!5 • &tCtT Olf>0•205!5 • At CU Otf>0,;.20!15 • AICU 0 l ll0•20!5!1 • AIC2o o 1 •o-2oss • 
At Cit 0100•i'0!5'5 • AICU 0100•20!5!1 • At CU 01•o•zoss ' &tC2o Olo0•20!1!1 • 
• 1 en Q lfl0•205!5 ' 
AtC2fl 0100•20!5!5 ' AtC2'7 Ohlleii!0!55 1• 
AtC28 0100•2055 1: AtC29 01110·209!5 
AtC3o 000.20!5!1 ,. 
AtCJt OlflO•Z0!5!5 i• 
At CU Olfl0•205!1 

I; •ten 0100•20!55 
AICJll OloO•JOO 
AtC3!5 01U•3411J 

AlCU 01flO•l03 j! AtCJ1 01flO•Jll10 
AtCH OIU•l470 ,: ucn 0100~Jll?O 
UC40 0100.;.1010 14 

AtCr:tt 1'0hOS1!1 
,, 

uc•11 1'01•0!535 1: A1c1n 1'0h0'53!1 
! 

At Pt 12'51·4150 

111 At11'2 U!ll•ll!54Z 
AtPJ U!5t•ll542 I' 
AtQt ien•oOJ• j2 
AIQ2 I 8!5J•OOJ6 12 

i 
AIR! 07!1'7e0284 

Ii AtR2 07'1'7•0IU 
AlA!I 0••8~311411 
•1rn 07'5?~0280 
Allte on1.02eo I; AlR9 07!5'7·02811 
At Rio 07!1?~0211 
A1R11 075?•02111 Ii AtRtz OT 91,;. 02 82 
At AU 079?·020 

At A to 0?!5?•0282 Is 
AIAl!I 07'51•0428 It 
u•tt 075?•0428 '1 
AIRIT 07'5?•0418 I; AlRU 0?!51.0290 

AUil • 0'7!57·02111 13 
AIA20 07!1'7eOllU 1a 
•111t21 07!5'7•0442 1: AIA22 01!5?,;.0•02 
A1R23 oo•a.11t5'7 ;5 

I 
AtA24 

I 
07!57•01142 

'· 1 
A1Rz5 0'75'7•oa112 1: A1R2• 0751•QUt 

/ 1 AtRZT Oft98•5573 
A1A2e Ob•8•4l!l7 i 5 I 

I 
i 

I 
i 
I 

I I 

l 
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Table 6-1. Replaceable Parts (Cont'd) 

Oty Description Mfr 
Code 

1 !OAr:tD ASSEMBLY, STAT! OATA ACQ 0 ze4eo 

112 C AllAC ITOr:t.l'xO .01ul' +eo.201 1oovoc C!R 2el!80 
CAll'ACITOit.l'xO .01UI' +eo-101 lOOVDC C[R 284180 
CAPACITOlitel'XD .otUI' +80.201 toovoc C!FI 281180 
CAPACITOr:t.l'XO .otUI' +eo-201 IOOVOC C!lit 28480 

11 CAPACITOlit.F)(O .1ul' +eo-201 5ovoc C!R 284180 

CAPACITORel'XO oOtUI' +80•201 IOOYOC C!R 281180 
CAll'ACITOR•'XO .~tu!' +90-201 1oovoc CE" 28480 
CAPAC!TOlit•l'XO .tUI' +10•201 50VOC CEit 284811 
CAPACITOhFXO 0 IUF +80•201 SOVOC C!R 28480 
CAPACITOR•FXO .01uir +80-201 toovoc CER 284180 

CA!llACITOlit•l'XO .otul' +eo.201 1oovoc C!it 284110 
u CAPAC ITOlt•l'XD JJuF+-101 tovoc TA 5Ullll 

CAPACITOR.FXO JJul'+•tox 1ovoc TA 5U81f 
CAPAC ITOR•l"XO 0 !UF +80•201 50VOC C!lit 281180 
CAii' AC ITORel'XD .01uir +80-201 toovoc ce:R 281180 

CAPACITOR•l'XD 0 01UI' +eo.2ox toovoc CER 18490 
C'-PAC!TOR-l'XD .01uir +10•201 1oovoc cu 281180 
CAll'AC!TORel'XD .01uir +80.20X 1oovoc C!R 28480 
CAPACITOR•l'XO .01u' +80-201 lOOVDC C!R zeuo 
CAPACITDR•l"XO .01uir +80·2ot toovoc C!lit 281180 

CAPAC IT DR.I' XO .otUlll' +80.2011 too voe C!R 21480 
CAFIACITOR.l'XO 0 0tUI' +90.201 IOOVOC C!R ii!8480 
CAPACITOR•l'XO 0 0tUF +80•20X IOOVOC C!R 28Uo 
CAPACITOlit•l'XO • 0 t UI' +80•201 IOOVOC C!FI ii!lli80 
CAPACITOr:t .. l'XO 0 0tUF +80.zox IOOVOC C!R uuo 
C•PACITOR•l'XO .01uir +80•201 1oovoc C!R 2euo 
CAPAC ITOR•lll'XO .OIUI" +80•20I toovoc C!R 21480 
CAPACITOR•FWO .otul' +10.2ox too voe C!r:t 21480 
CAPAC IT OR.Ill' XO 0 otUI" +80.201 too voe C!R uuo 
CAPACITORel'ICO 0 01uir +80•201 1oovoc CER 211110 

CAPAC ITOR•l'XD 0 0tUF +80•2ox tooVDC CER zeuo 
CAPACITORelll'XO 0 0IUI' +80•20X toovoc cu 211110 
CAlllACITOhFXD .otul' +80•201 IOOVOC C!R 214180 

I C All'AC ITOR•l'XO IOOPI' +•101 11<VOC C£A 28'180 
CAl'ACITOR•l"XO otUI" +80•201 SoVOC C!R 11480 

CAll'ACITOR•l'XO 0 tUI" +IO•ZOI 50VOC C!R 281110 
II CAll'AC IT OR-Ill' XO .01uir +80.201 sovoc C!R UlllO 

CAPAC ITOR•l'XD .olUI' +eo-201 50VOC C!R 211110 
CAPACITOR•l'XO .otul' +80•20!C sovoc CER 281110 
CAPAC ITOR•l'XO .01uir +80.2ox 50VOC CER uuo 

fl D?OOEeSCHOTTl<Y 211110 
OlOO!•SCHDTTl<V iUlo 
DIOO!•SCHOTTl<V uuo 

l 

I 
CDNN!CTDR Zfl•PIN M ll'DIST TyP[ 21490 
CDNN!CTOR H•ll'tN M ll'DIT TvPE 28480 
CONN!CTOR 2o•P?N M ll'OIT TYPE ze1110 

!5 TRANSISTOR PNP St PO•J10Mw l'T•a!loMHZ 28410 
TRANSISTOR PNll' II ll'D•StOMW l'T•2SOMMZ 2u80 

So RE8UTDR 1!50 II .11sw I" TC•O+•IOO 211511• 
l3 ltESUTDR 221 lie .12sw " TC•O+•IOO 211!50 
2 lt!USTOR J8S ti .12sw I" TC•O+•IOO 211!511• 

TS llt!SUTOR IK 11 ~12!5w I' TC•O+•IOO Z4!111fl 
litESUTOR IK II .tz5w I' TC•O+•lOO 211!511• 

R!SUTOlit 150 u .12sw I' TC•O+•lOO ZllSllb 
RUUTDR 221 u .12sw " TC•O+•IOO 2491111 
ltUISTOR 1!50 Ill: .12sllj , TC•O+•lOO 211!54' 
RUUTOlit 221 IX • uisw I' TC•O+•lOO 211!10 
REUS TOR 221 11 .12!1~ I' TC•O+•lOO Z11!54fl 

111!8IITOR 221 '" .usw I' TC•o+•too 24!51111 
2 ltUUTOR 1.u1< u .1nw I" TC•O+•lOO 211!511• 

RESISTOR I ofl21< ti o t2!5W I' TC•O+•lOO 2450 
& RUUTOR •I• tx .12sw , TC•O+•too 211!1"• 

r:t!SUTOr:t lK II ~125W F TC•O+•lOO 14!5"fl 

R!SISTOR 11< II ~\2'5W F TC•O+•IOO 245411 
I RESISTOR 3.J2K II .12sw " TC•O+•lOO 211!50 

l3 RESISTOR IOI< II .1zisw I' TC•O+•IOO 211!50 
4 REUST DR 120 2X 0 t25W I' TC•O+•lOO 24!50 

u litESUTOR 101< .11 .12sw, TC•O+•SO 2811110 

I 
RESISTOR lQK lie .t2!5W I' TC•O••too 2"!50 
litEUSTDR 101< ti .12sw ' TC•o+•too 2"!51111 

4 RESUTDlit 8.251< tX. oU!5W I' TC•o+•IQO 2CIS4• 
4 RESISTOR SOK .sx .12sw F TC•o+•tOO 21150 

!'IESUTOR 101< o!X .12!1W I' TC:•o+•!5o 28480 

See introduction to this section for ordering information 
*Indicates factory selected value 

Model 1615A 

Mfr Part Number 

01•U••Uot 

ot•0•20H 
OlU•lOH 
01.0•2059 
Ot•0•20H 
0100•3443 

otoo•zon 
Oto0•Z0!55 
01•0•344J 
otoO•J44J 
Olo0•2055 

01410•20!5'5 
1 soonu•o1 on 
1so0Jux•o1oe2 
011111• 341CIJ 
Ol•0•20H 

ot•O•ZOSS 
otfl0•20!1S 
ot•0•20!5S 
01•0•20!1!1 
Oh0•20!5!5 

ot•0•20H 
ot flO•ZO!l!5 
01fl0•20S!I 
Ol•0•20H 
o lll0•20H 

OlflO•I05!5 
Olo0•20H 
Ol&O•IOS!I 
01•0-2oss 
OloO•IOH 

01•0•20H 
0 I •0•20!5!1 
OS•O•IOS!I 
OhO•J4oo 
OS•O•JllllJ 

Ol•0.3HJ 
000•31170 
000•3"10 
Ol•O•JUO 

I 
0 t •O•JllTO 

tlf01•0!5J!I 
t 1101 •0!IJ!I 
t90t•OSJS 

I 

I 
U!ll•lllU 
U!51•0U 
12!51•11!42 

t8U•oou 
1 en•oOJ• 

Cllell8eT0•1!1•1' 
Cli•ll8eT0•211R•I' 
Cll•ll8•TO•J83R•I' 
Cll•ll8•TO•S001•1' 
Cllell8•TO•I00l•F 

c11.118.TO•l!ll•' 
c11.11e.To-211R.ir 
C4e1/8eTO•l!l1•' 
c11.11e.To.u111t.I' 
c 11. 118. To.221 "·" 

Cll•t/8•T0•221R•F 
Chi IS•T0.1U1 •I' 
Cht l8•TO•hll•I' 
Cll•ll8•TO•bt•A•I' 
Cli•118•TO•l001•1' 

C 4. l/8•TO•I 00 I •I' 
C"•lll•TO•JJll•I' 
Clletl8•TO•lOOl•I' 
Cll•ll8•TO•U1•G 

I 

Q .. S.415'7 

I 
C4•1/8•TO•lOOl•I' 
Cll•tl8•TO•S002•1' 

I 
CCl•t 18•To•llU •I' 
C:"•tl8•T0•500l•O 
o•'8•415'7 

I 

I I 
I I 



Model 1615A 

Reference 
Designation 

A1Ri!C? 
At Alo 
AiR3\ 
AtRl2 
At RH 

AtR311 
AIR35 
AtR30 
AtRJ7 
AtRJ8 

AtiU~ 

I 
AtRllQ 
At Rllt 
A I Rll2 
AIRll3 

A1R1111 
AtR45 
AHii.i~ 
AtR11'1 
AtR48 

AtA11q 
AtR'5o 
At A'S I 
A\Rljz 
AtR'.iJ 

At RSI.I 
A1R'.i5 
At A'5& 
A1R57 

Al TPt 
A I TPi.I 
A1TP3 

A!U! 
AIU2 
A!Ul 
AIUl.I 
Al U'5 

AtU6 
AtU7 
AIU8 
AtUll 
A1U10 

l;iUii 
A1UU 
AtUU 
AtUll.I 
A llH 5 

ltUt& 
ltUt7 
ltU\8 
ltUtll 
AtU20 

AtU2i 
AtUi!i' 
AtUU 
AIU21.1 
AtU2'5 

AIU26 
AtU27 
AtU28 
A!U2• 
AIUlo 

Al Ult 
AtU32 
AtU31 
Al U31.1 
AIUl'S 

A1U3& 
A!U37 

I llJ\J'""" I 

AIUlCI 
AIUl.IO 

AIU41 
A1U42 
AIUl.l3 
AtUl.ll.I 
AtUl.llj 

HP Part 
Number 
06•8·1.1151 
0751·0•02 
06qe .. 1.1 u1 
07'5'7·041.12 
0757-0110 

0757•0441 
06•8•5573 
0698~1l157 
06•8.111 s1 
0757~01102 

oe;a.a1;; 
0757·0442 
0757·041.12 
0757·04111 
0698.5573 

00118.11157 
0698·11157 
0757•0442 
07'57·011112 
07'57·04'11 

0698.5'573 
0698-4157 
060·411.17 
o6•S·4t'S7 
0751·0•02 

0757-0280 
o757aU84 
0757~0282 
07'57·0282 

0360•0'535 
0360•0535 
0360•0'535 

1eu •• 10•2 
1su.10112 
1810•10•2 
1810.10112 
!816.;.10112 

11116•10112 
l!ltb•10•2 
1816•10'fi! 
1su-1o•n 
UU~IOU 

181.':'10112 
t816•tOll2 
Uthto•2 
t 1!16•10112 
tllt6•t0112 

1111ft•IOll2 
1816•1315 
t820•20t n 
t !IZ0•2010 
18ta•UJ5 

t820•ttllt0 
1e20.;.2010 
11120•1138 
t 1120•ti!Jll 
11120•11.175 

lllil'O•t47'5 
1820•1238 
1'!20•1238 
11120•1475 
11120•11.175 

11120•1788 
1Pl0•1'88 
1820~1788 
1820•1788 
t 820•131fll 

1~20-11.100 
I 1120•CIM2 
H~10=~&!{M 
1820•0802 
11420•1400 

11120·(1802 
11120-2010 
!820•11.125 
t820•0681 
18ZO•l372 

c 
D 

s 
6 

I~ • 
8 
l 
s 
5 
6 

!'5 
• • 8 
I 

5 
5 
Cl 

• 8 

1 
5 
5 
5 
6 

3 

' 5 
5 

Cl 
11 
11 
41 
Q 

I! 
4 
0 
I.I 

" 
II 
a 
1 
7 
8 

7 ., 
II 

• • 

(I 

II 
I.I 
4 
3 

7 
1 

l 
'7 
Ei 
Cl 
2 

Oty 

111 

32 

II 
11 

a 

to 

9 
fl 
3 

Table 6-1. Replaceable Parts (Cont'd) 

Description 

RESISTOR !OK .II .t25w F TC•0+•50 
RESISTOR 120 21 .125w F TC•O+•lOO 
RES!STOR 10K .11 .12sw , TC•0+•50 
RESISTOR !OK 11 .12sw F TCI0+•100 
RESISTOR !OK 11 .12sw F TC•O+•tOO 

RESISTOR e.25K ti .12sw II' TC•o+•100 
RESISTOR SOK .51 .1zsw F TC•O+•tOO 
RESISTOR tOK .11 .12sw F TC•0+•50 
RESISTOR tOK 0 11 0 t25W , TC•0+•'50 
RESISTOR 120 21 .12sw F TC•0+•100 

~ES!STC~ ,v~ .tx .1~!~ F TC~Ot=!C 
RESISTOR IOK 11 .12sw , TC•0+•100 
RESISTOR !OK 11 .125w F TC•0+•100 
RESISTOR 8 0 25K ii 0 t25W F TC•o+•100 
RESISTOR 'SOK .51 ~12'5W F TC•O+•lOO 

RESISTOR tOK ·'' .12sw F TC•n+.so 
RESISTOR !OK .ti 0 t25W F TC•0+•50 
RESISTOR !OK 11 1 t25W F TC•O+•IOO 
RESISTOR tOK ll .12sw I" TC•O+•lOO 
RESISTOR e.25K ll .125w , TC•O+•IOO 

RESISTOR 50K .s1 .12sw F TC•n+.100 
RESISTOR lOK .11 .12sw , TC•O+•SO 
RESISTOR !OK 0 11 .t25W F TC•0+•50 
RESISTOR lOK .11 .12'5w F TC•O+•SO 
RESISTOR 120 21 .12sw F TC•O+•lOO 

RESISTOR IK ll .12sw , TC•O••tOo 
RESISTOR 150 ll .12sw II' TC•O+•IOO 
RESISTOR 221 11 .12sw F TC•O+•IOO 
RESISTOR 221 11 .t25W F TC•O+•IOO 

TERMINAL TEST POINT Pee 
TER~INAL TEST POINT PCB 
TERMINAL TEST POINT Pee 

IC MEMORY 
IC MEMORY 
IC MEMORY 
IC MEMORY 
IC MEMORY 

IC MEMORY 
IC MEMORY 
IC MEMORY 
IC MEMORY 
IC MEMORY 

IC MEMORY 
IC MEMORY 
IC MEMORY 
IC MEMORY 
IC MEMORY 

IC MEMORY 
IC TTL S 2Sfl•BIT RAM 11•NS 
IC 
IC 
IC TTL S 25o•BIT RAM ll•NS 

IC 
IC 
IC MU~RJDATA•SEL TTL LS 4•TO•t•LINE DUAL. 
IC MU~R/DATA•SEL TTL LS 4eT0•1•LINE DUAL 
IC CNTR TTL S RIN SVNC~RO ~OS•EDGE•TRIG 

IC CNTR TTL S BIN SYNCHRO POS•EOGEeTRIG 
IC ~UXRJDATA.SFL TTL. LS lleTO•l•LINE OUAL 
!C ~UXR/D6TA•SEL TTL LS l.leTO•t•LINE DUAL 
IC CNTR TTL S BIN SVNCMRO POSeEDGE.TRIG 
IC CNTR TTL S 8IN SYNCHRO POS·EDGE.TRIG 

IC C~T~ Et~ BIN SYNCHRO FOS·EDGE·i~IG 
IC CNTR ECL BIN SYNC~RO POS•EOGE·TRIG 
IC CNTR ECL ~IN SYNCHRO POS•EDGE·TRIG 
tC C~TP ECL BIN SYNC~RO P08•EDGE•TRIG 
IC ,F ECL D·TYPE COM CLOCK HE~ 

tc GATE ECL ANr QUAD 2•INP 
IC GATE ECL NOR QUAD 2•INP 

I !C t;HE £CL !!ND QIJAO ~-!NP 
IC GATF. ECL NOR QUAD 2•INP 
IC GATE ECL. AND QUAD 2•INP 

IC GATE ECL NOR QUAD 2•INP 
IC 
IC SC~MITT•TRIG TTL. LS NANO QUAD 
IC GATE TTL S NANO QUAD 2•INP 
IC FF TTL S J•K BAR CL.EAR DUAL 

Z•INP 

Mfr 
Code 
28480 
ii!1151.16 
281.180 
2115116 
211546 

211'50 
2411.11.16 
281180 
28a80 
2115116 

!!1,180 
2451.16 
245116 
21.15416 
2115416 

284180 
28480 
245/Jb 
241546 
245416 

211540 
281180 
Z8480 
zeuo 
!11546 

21.1511• 
21.151.1& 
2115116 
24511& 

00000 
00000 
00000 

281180 
281180 
28480 
28480 
281180 

281180 
284180 
29480 
ii!!l.180 
28480 

28480 
28480 
28480 
281.180 
284180 

28uo 
011713 
U480 
29480 
01.1713 

28480 
28480 
012115 
n12•s 
o12b3 

07203 
(112'15 
012115 
01263 
07263 

Oi~D3 
07261 
o72a3 
07261 
01.1713 

011713 
01.1'7'13 
OllT 13 
011713 
011713 

Ol.l'T13 
281.180 
nt295 
01295 
07263 

See introduction to this section for ordering information 
*Indicates factory selected value 

Replaceable Parts 

Mfr Part Number 

0698•1.1157 
Cll•tl8•TO•U1•G 
0698•1'157 
C4•l/8•TO•l00hll' 
Cl.le1/8·T0.1 OOZ.F 

C 4• 1/8•T O•ll 151 •II' 
Clletl8•TO•S002•D 
060•4157 
OU8•11157 
c1.1.118.To.121·G 

01111e.1.1u1 
Cll•118•T0•1002•11' 
Cllel/8•TO•l002•11' 
C4et/8•T0·9251•F 
c1.1.11e-To-soo2.o 

0698•1.1157 
06•8•4157 
Cll•1/8•T0.1002•11' 
Cl.I• l /8.T0.1002•11' 
C4•1/8•TO•U51•11' 

c11.118.To.soo1.o 
0698•111'57 
0698•1.115? 
OflllS.1.1151 
c1.1.11e.To•Ul•li 

c11.11e.ro.1001•ll' 
Cll.t /8eTO•lS1•11' 
c11.118.To.u1"·' 
c11.118.To.u1"·"' 

ORO!R BY O!ICRIPTION 
ORDER 8Y O!SCRIPTION 
OR~!R BY DESCRIPTION 

!B!&-10'12 
Ul6•tOi9i 
!8!6•1092 
t8t6•10ll2 
181&•10112 

Ut6et0'2 
1810•1092 
!81&•1092 
Ut6•to'2 
l81hlOU 

t8to•to'2 
181&•10•2 
181ft•1092 
l8!ft•10CJ2 
!816•tOCJ2 

t81fl•!092 
MCM10Ull. 
1820•2010 
1820•2010 
MCM101'52L. 

1820•2010 
18Z0•20l O 
SN74L.U5JN 
SN711L.!253N 
9lS!flDC 

93SlaDC 
S"'l711L.925JN 
SN74L.U'5JN 
•!St&DC 
lllS16DC 

F1001oDC 
11'1 OOl&DC 
F!OOlbDC 
1"10016DC 
Mttllt7'P 

MCt0104P 
MC1010IP 
MCtOlOllP 
MC10102FI 
MC1010llP 

~C10102P 
1820•2010 
SN7CIL.8t32N 
8N74800N 
111s1o•oc 

6-7 



Replaceable Parts 

Reference HP Part c 
Designation Number D 

UUCI• 1820•0&0• 8 
AtUC17 1820•080• e 
At UIS 1820•0809 8 
A1U4' 1uc.:.oen 8 
uuso 1820•0809 8 

•1ust 1810•080• 8 
AIU!l2 1820•13'• J 
•1u15J 1820•13''> J 
AlU54 U20•UH J 
AlU!IS UZO•tJ•• J 

AtUSfl 1"20•1113 l 
A1U5j 18U•052CI fl 
AtU!l8 18H•O!l24 fl 
AtU!lfl UI0•021J • AtUflO u10.:.02n • 
AlUot 1810•021l • AlUU t810•0l1l • AlUU 18t0•027J • AlUU u10-02n • AIU&! 1810•0273 • 
AtUU 18!0•0273 • At UU 1810•02'3 • 
AtXUt7 1200.;,0flOT 0 
AtXUZO t200•0fl07 0 

Al 0Ut5•flfl50Z • 
A~Ct o iao-ozz• 7 
A2C2 ouo.:.022• ., 
AzCJ Olfl0•205!5 • A~Cll Olf10•UOO • A2C5 OlflO•l44fl II 

AzC• 01110.;.:uoo • A2C7 01cio•o1•2 • 
A2Ce 01cio•o1•8 s 
AzC• 01110•01•2 • UCIO 0140•01'8 !I 

42C1 t 0 l fl0•20!l!I • ucu 0 I b0•20!l!I • 
•zcu Olb0•2055 • 
-~c 111 OUO•UOO • A2C t!1 01 flO•ll •8 I 

A2Ct• OlllO•ol•Z • A2C 17 0 l fl0•20!S!I • A2Cte Olfl0•20S5 • AzCtt Ol•0•21'8 I 
AZCzo Otfl0•205!1 • 
A2CZt Ot•0•2055 • AzCzz 01•0.;.zoss • A2C2l 0 l fl0•20'5!1 • Aii!C24 01bO•ii!OIJ5 • A2C2!1 0160•1147 5 

A2C2~ 01610•3447 5 
A2C27 OUO•ll47 5 
A2C28 0tflO•Jl47 s 
ucn OlflO•J447 5 
A2CJO 0160•HOCI 0 

AaCli OlU•ii!OIJS • A2CU OU0•20!l!I • UCJJ 01U•2095 • AzCJ4 o 1 •o.:.zoss • AZCH 01fl0•20!15 " 
A2CH OU0•2095 • 42C37 Olb0•2055 q 

AlCRt 1901 •0!IJ!I • A?Cllz 1'01•0935 • AZCltJ 1'01•0!135 • 
Aili OUl!l•IUOt !I 

AiJt 1100•017' 0 

I ii •i"t O'IST.:.0110 

''"' 01n.;.oo• 

''"] 0757·0280 _,,.. 0757-0HO 
Azlt! 

I 
on1.oliil' 

i I 
l l 
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Table 6-1. Replaceable Parts (Cont'd) 

Oty Description Mfr 
Code 

., tc •CVR !CL LIN! ACVR QUAD 2•INP OCl71J 
!C RCVR !CL LUI! RCVR QUAD 2•?NP 04T1J 
IC RCVR ECL LINE RCVR QUAD 2•INP 041713 
IC ACVR ECL LINE RCVR Cli.iAO 2•iN' 04TU 
IC RCVR ECL LI"JE RCVR CIUAO 2•?NP OCl71J 

IC RCVR ECL LIN! ACVR QUAD 2•hlP 04713 
IC Jl'JI' !CL O•TVP! COM CLOCK MEie 04TlJ 
IC Jl'JI' !CL O•TVI=>! COM CLOCK H!)( 0471J 
IC Jl'JI' ECL O•TYP! C014 CLOCK "4E)( 0471J 
re Jl'JI' ECL O•TVP! COM CLOCK MEI« 047lJ 

• re xLTA !CL TTL.TO•ECL QUAO ,i!ell<IP 0117 lJ 
2 re OP AMP GP CIUAD 14•DIP•I' 270111 

re OP AMP GP QUAD ll•DIP•P 27014 
2• NETWORK.RES 10·SIPCl7o.o OHM x • 01121 

N!TwORK.RES lO·sIPC17o.o OHM l( • 01u1 

NETWOAK•RES lO•llPCl70 0 0 OHM )( • 011l1 
NETwORhRES 10•SIPC17o,o OHM )( • OIUI 
NETWORl<•RU 10•9IP470,0 OlofM x • 01121 
NETWORK-RU 10•SIP470,0 OMM )( • 01121 
N!TwORhRES IO.SIP47o.o OMM x • OllU 

NETWORK.RES IO•SlPCl70 0 0 OMM x • OIUI 
iiE.TWORl<·RES 10-stP47o.o OHM x • 01Ut 

l• SOCK!T.IC t••CO~T DIP.SLDR 28480 
SOCK!T•IC t••C01jT DIP.SLDR 28480 

I SOARD ASSEMBLY, TRIGGER AND CLOCK 2u80 

CAP4CITOA.Jl'xD UU'+•lU 1ovoe u SUH 
CAPACITOP.fl'XD JlU'+•IOI 1ovoc TA 51128' 
CAPAC:ITOR.fl'XD 0 0lUJI' +80•201 IOOVDC CEA 2e11eo 

4 CAPACITOR•'XD llJPJI' +•!II JOOVOC MICA 2u80 
I CAPAC ITOR.11')(0 220PJI' +•101 tKVOC CEA 28480 

CAPAC!TOR.Jl'XD 113PJI' +•SI 100VDC MICA 28480 
J CAP4C ITOR•FXO bAPJI' +•!51 loovoc MICA nu• 
z CAPACITOR•Jl'XO zooPJI' +•SI Joovoc MICA 72tJ• 

CAPACITOR•Jl'XD b8PJI' +•!II JOOVDC MICA UtU 
CAP&CITOR•FXO 200PJI' +•51 JOOVDC MICA 721 Jfl 

COAC!TOR•ll'XO .otUJI' +80•201 100VOC CER 281180 
CAP4CITOR•Jl'XO .01u, +80•201 tOOVDC C!R 28480 
CAPAC I TOhJl'XD .otufl' +80-201 toovoc C!A 28480 
CAPACITOR-Jl'lCO OJPJI' +•51 JOOVDC MICA 28480 

• CAPAC!TOhll'lCD 20PJI' +•!II Joovoc MICA 28190 

CAPAC!TOR.,XD b8PJI' +•!II Joovoc MICA 72Ufl 
CAPAC!TOR.fl'XD 1 otUJI' +10•201 lOOVDC CEA 28480 
CAPACITQR.Jl'XO .otUJI' +80•201 lOOVOC CEA 29480 
CAPAC!TOR.Jl'ICD zo"" +•!II Joovoc MtCA 21480 
C AP&C ITOlt•'XD .otufl' +80-201 1oovoc CER 28480 

C&PACITOR.Jl'XO .otUJI' +80•20I IOOVOC C!A 28480 
CAPACITOR., XO .01uf" +80-ZOI lOOVDC C!ll 28480 
CAP&CITOltefl'ltO .otUJI' +IO•i!OI toovoc C!R 28490 
CAP4CITOReJl'XD 1 01U' +IJO•ii!OX lOOVOC C!R 28490 

fl CAPACITORell'XD 470PJI' +•loX lt<VDC C!R 28Cl80 

C4PACITOR•Jl'XO 1170PJI' +•lU tKVOC C!R 28480 
CAPACITOR•fl'XD 1170PJI' +•IOI ll<VDC CEA 294180 
CAPAC ITORell'lCD 4'70PJI' +•lOll IKVOC CER 28480 
CAPACITOR-,lCD UOPll' +-IOI tl<VOC Cf Fl uuo 

4 c ••&c no11.,xo lOOPJI' +-51 JOOVOC ll!ICA 21480 

CiPACITOhJl'lCD 1 otU' +80•201 IOOVDC C!R uoeo 
CAPAC ITOll•,XD 1 01Ufl' +80•i!OI lOOVDC C!R 2800 
CAPACITOReJl'XD .01u' +80.iOI lOOVOC CER 28480 
CAPACITOhl'XD .01uir +80•201 tOOVOC cu zuen 
CAPAC ITOR-l'llO .01ufl' +80•ii!OI lOOVDC C!ll 2eaeo 

CAPAC ITORell'XO .01ufl' +10•201 100VDC CER 28480 
CAPAC ITOR.,XD .01ufl' +80•ii!OI lOOVDC C!R 284180 

OIOO!eSCMOTTK'f 28410 
DIOD!•ICMOTTKV 21480 
O!OD!•ICMOTTl(V 28480 

5 JUllP!A Cl.IP, DIU 21480 

• CONN!CTOR.saL COljT sKT .01•-IN.esc-sz 2800 

RUUTOR 11< 11 ~tii!!SW JI' TC•O+•lOO ii!Uilo 
z RUUTOR t.UK ,, .125w , TC•O+•lOO 2Cl'5ilfl 

RESISTOR ti< 11 .tZ!IW' TC•O+•tOO C!ll!SCI• 
llUUTOR ti( t I .1zsw,, TC•O+•IOO 2115116 
1iUU'l'Oilt 1.u;c 1i 0 tii!!W ; TC•O+•IOO 

I 
24511• 

1 
See introduction to this section for ordering information 
*Indicates factory selected value 

Model 1f)ll=)A 

Mfr Part Number 

MC101UP 
MC101UP 
MClOlll' 
"1CtOl lSI' 
"'Cl Ol UID 

1o1C1otUI' 
MC101UP 
!o!C1017•P 
MCIOIUP 
lolC I 01 UP 

MCtOUIL 
LMJ24AN 
L."'32401 
210A47t 
ZlOA417t 

illOA4'11 
21 OA471 
ZtOU71 
210AU1 
210All7t 

210'471 
210A4'7l 

1200•0•07 
U00•0.07 

OH1U•U!IOI 

1soonu•o&oU 
I !IODJJU•ot OU 
Ola0•20H 
OIH•HOO 
OlflO•lllO 

OlbO•UOO 
OMtSEb80JOJOOWV1CR 
01o11s,201JoJoowv1cA 
OM1!1!f180JOJOOWV1CR 
OMl!l,201JOJOOWV1CR 

Olb0•205!1 
oi.O•IOS!I 
OloO•IOH 
OlflO•HOO 

I 
OlflO•llfll 

OMt!llo80JoJoowv1cR 
OlU•ZOS!I 
OlbO•ZO!l!I 

I 
01fl0•21•8 
Ol.0•205!1 

OtfltO•ZO!IS 
OU10•20!15 
OhO•ii!05' 
01flO•ii!05!1 
OlflO.JUT 

0100•J447 
OlbO•J4Cl7 
01fl0•34117 
0160-34417 
Ol•O•U041 

OlbO•ii!O!l5 

I Olfl0•20!IS 
0160•IOH 
n100•Z0!5 I O 1flO•Z05!1 

0160-2055 
nt•O•ZO!l5 

1•01-ons 
1•01.ons 
t •o I •O!SJ!S 

OUU•81JOI 

1200•0Cl'71 

I 

I 

c1.1.111.To.too, .,, 

I 

C Ci• 1 II• TOe 1821 •fl' 
ca.111.TO.lOOl·" 
Cllelll•TO•IOOl•I' 
Cll•tlleTO•llll•JI' 

J 



Model 1615A 

I 

R f e erence 
Designation 

A2R& 
A2R7 
A2R& 
A2R• 
A2Rto 

A2Rt t 
A2Flli.1 
A2Rt'3 
Ai!Rtll 
Ai!Rt5 

iZRU 
A2Rt7 
A2RU 
A2'1t• 
'2R20 

A2R21 
A2RU 
Ai RU 
A~R2a 
A2R25 

A2R2• 
A2R27 
A2RH 
AiRzq 
A2RJ0 

A2RJ1 
A2FIJO 
Ai!RJS 
AzRJ. 
AzR37 

A2R38 
A2R3Q 
A2RllO 
AzRllt 
Ai!RO 

A2Ro3 
A2R44 
AzR415 
A2Rllt 
A2R47 

A~R48 
UR411 
AlR'5t 
A2r:!'52 
42R'5J 

A2R50 
AlR51§ 
A~R5ft 
A2R5T 
AzRS!I 

A2RS,. 
A2R&o 
t,zR&t 
AzRu 
42R&3 

AzRu 
AzR6'5 
Ai!R&& 
Ai RU 
AZRU 

AiR&9 
A2R'70 

Ai_ITP! 

A2Tlil1 

Ai!TP! 

AzTP1.1 

A2TP'5 
A~TPo 
AzTP7 

AzUt 
A2Uz 
AlU3 
AzU4 
A2U5 

r- r-art 
Number 
0757-0410 
0757·01110 
075'1-01110 
0757•0Glll 
2100•3351 

UOo-!351 
2100•!351 
2100•!351 
075'7;.0407 
0757•01107 

1HS'f•Oii(jj 
o751-oao1 
0757•0110'7 
0757•0U0'7 
07S1aOU07 

o75?.ouo7 
0757·02811 
0757•02~11 
075'·0284 
0757e021!0 

0757•01110 
0757•0Gl0 
0151.;.ouo 
0151.ozeo 
075'7·0419 

0751•0419 
075'7•0111& 
0751•04U 
075'7.;.02711 
o&qe.ooo 

0&91l.OO!ll 
0&98·'3151 
one.0082 
0'7'57·02811 
OUll-•0082 

0757-02110 
01s1.0111a 
0757•0421 
0751·02!0 
075'7·03 1111 

0757·031.i& 
07'57-01107 
0757-011\8 
on1.ouo 
07157.oHo 

075'7·0!46 
0757~03116 
07'57•02811 
0757•01811 
0757·01.103 

07'57·01103 
07'57·0284 
0'7'5'7•0HO 
0757•0HO 
0757-0280 

0757.02110 
07'51·02110 
0717•02!0 
0757-0180 
0157.;.ouo 

0757•0410 
0751•0lltO 

l25t•2U'I 
1251 ~110115 
l251•i!229 
1251•110115 
t251•22Z9 
1251•4045 

ti!5t•2Utl 
1~~1.._QAlllR 

03&0-0Sl~ 
0300•053'5 
03&0•05H 

t82o•oeo• 
UZO•tt 7J 
1820•1llJJ 
1820•121' 
1820•1"1 

c 
D 

1 
1 
1 
1 
& 

6 
& 
& 
& 
6 

I l 
b 
7 
7 
7 
3 

1 
1 
J 
3 
0 

ll 
7 
9 
5 
7 

q 
7 
7 
7 
7 

3 
5 
4 
3 
0 

2 
& 
9 
l 
3 

2 
z 
7 
7 
z 

2 
7 
3 
3 
J 

3 
] 
! 
:s 
3 

1 
1 

] 
5 
J 
5 
3 
'5 

3 .. 

11 

Oty 

20 

7 

II 

5 

' 
1 
J 

3 
3 

! 
l 

4 

II 

2 

II 

" 

9 
2 
3 

Table 6-1. Replaceable Parts (Cont'd) 

Description 

RESISTOR 301 u .12sw pr TC•O+•lOO 
RES? STOP 301 u ,1251'1 F TC•O+•tOO 
RESISTOR 301 u ,12sr1 pr TC•O+o!OO 
RESISTOR 301 u • usw F TC•O+•lOO 
RESISTOR.TRMR 500 101 c SIDE·AOJ l•TRN 

RESISTOR.TR~R 500 IOI c SIDE·AOJ t•TRN 
RESISTOR.TRMR SoO IOI c SIDE·ADJ l•TRN 
RESISTOR.TRMR 500 IOI c SID!·AOJ I eTPN 
RESISTOR 200 tl ,t25W pr TC•0+-1 oo 
RESISTOR 200 ti .t25W " TC•O+•too 

itESiSi'Oii iOii ii ,i25W F iC:•lhP•iOO 
RESISTOR 200 1l ,12sw F TC•0+-100 
RESISTOR 200 u ,t25W F TC•O+•tOO 
Rf SUTOR 200 It .12sw " TC•0+-100 
RE.SI STOR 200 u • ti!SW pr TC•O+•IOO 

RESISTOR 200 u 0 12sw F TC•0+•100 
RESISTOR 150 u 0 l2'5W F TC•O+•tOO 
RE SI IT OR 150 u • t 25W F TC•O+•tOO 
RESISTOR 150 11 ,125rl F TC•O+•lOO 
RESISTOR tK II ~t25W F TC•O+•lOO 

RESISTOR 301 ll .12sw pr TC•O+•tOO 
RESISTOR 301 ti 0 125111 F TC110+•tOO 
RESISTOR tK ti ~t25W F TC•O+•lOO 
RUISTOR !K II ~12sw F TC•O+•lOO 
R!:SUTOR Ut ll .12sw F TC•O+•tOO 

RESISTOR U1 U 0 125111 F TC•o+•too 
RESISTOR 511 U ot25W F TC•O+•tOO 
REStSTOR 11111 U .125W F TC•0+•100 
RESISTOR 1.211< ii .usw I' TC•O+•lOO 
RESISTOR 04 ti .usw pr TC•o ... 11111 

RESISTOR 2. t 51< u . 125w F TC•0+•100 
RESISTCIR 2,8'K U .t25W ir TC•O+•lOO 
RFSISTOR 1164 U 1 125111 F TC•O+•lOO 
RESISTOR 150 U .t25W F TC•O+•tOO 
RESISTOR 11&1.1 l ~ : t25W F TCcO+.l 00 

RESISTOR !K IX ~125W F TCsO+•lOO 
RESISTOR 1132 11 .125w F TC•o+-100 
RESISTOR 825 tt .t25W pr TC•o+•100 
RESISTOR lK IX 0 ti!5W F TC•O+•lOO 
RESISTOR 51.1 It ~t25w F TC•0+•100 

RESISTOR 10 ti .12sw , TC•O+•tOO 
RESISTOR zoo 11 .1zsw F TC•O+•tOO 
RESISTOR &t9 lX .12sw " TC•O+•IOO 
RE!I!TOR 11( ti ~125~ F TC90*~ioc 
RESISTOR ti< u .12sw , TC•O+•lOO 

RESISTOR 10 u ~ 1251'1 , TC•!!+•tOO 
RESISTOR 10 u . usw , TC•O+•tOO 
RESISTOR 150 u • usw I' TC•O+•tOO 
RUIS TOR 1'50 u .usw F TC•O+•lOO 
RESISTOR 121 u .t25W pr TC•O+•tOO 

RESISTOR 121 u .tz5w , TC•O+•lOO 
RESISTOR 150 U 0 t2'5W F TC•O+•IOO 
RESISTOR 11< u .12s..i " TC•0+•100 
REltSTOR ti( u • USl'I I' TC•O+•lOO 
RESISTOR 11( u .12'51'1 , TC•O+•IOO 

RESISTOR ti< u 0 U'SW F TC•0+•100 
RESISTOR lt< u ~ U!W I' TC•O+•tOO 
llESUTOR 11( u .usw" TC•O+•lOO 
RESISTOR 11( u ~ t25W F TC•O+•IOO 
R!:SUTOR 11< u ,U'SW F TC•O+•IOO 

RESISTOR 301 ti .12sw , TC•O+•IOO 
REStSTOR 301 ti ,tZ5W pr TC•O+•lOO 

CONNECTOR-SGL CONT SKT .033-IN-BSC-SZ 
SOCKET-GROUND SPRING STEEL, 0.190 IN ID 
CONNECTOR-SGL CONT SKT .033-IN-BSC-SZ 
SOCKET-GROUND SPRING STEEL. 0.190 IN ID 
CONNECTOR-SGL CONT SKT .033-IN-BSC-SZ 
SOCKET-GROUND SPRING STEEL, 0.190 IN ID 

CONNECTOR-SGL CONT SKT .033-IN-BSC-SZ 
SOCKET-r::RA11 Nn cootPt:Jf'":: CTEEL 0.190 lti.I in \JV ._., tiJI 1111 '-JI...,, 
TERMINAL TEST POINT PCB 
TER~I~AL TEST PO!NT PCB 
TERMINAL T!ST POINT PCS 

re RCVR !:CL LINE RCVR QUAD 2•INP 
IC XLTR ECL TTL•TO•ECL QUAO i!•INP 
IC SMl'aRGTR TTL LS R·S S!RIAL•IN PRL•OUT 
IC MUxRIOATA·S!~ TTL LS e.TO·t•LIN! 
IC C~TR TT~ LS D!CD DUAL ll•BIT 

I II r 
Code 
2US4& 
2U51.1& 
24511& 
2115U& 
2eueo 

28480 
2eueo 
2euo 
211511& 
i.1U5tl& 

C' .. "';11-tllliill 

2115U& 
i!USll& 
2U511& 
21154& 

211511& 
211540 
2U511o 
21.1511& 
211511& 

2115110 
21.15110 
2115110 
211511& 
2115119 

211511& 
21.150 
211511& 
211511& 
211511& 

2115416 
245Uo 
245416 
24511& 
24511& 

211546 
2U'54e 
211511& 
2115116 
<14511& 

211511& 
21151.1& 
2115U& 
!11511& 
24151.ie 

21.151.1& 
21.151.1& 
211511& 
211541& 
211511& 

21.151.1& 
21.1511& 
211511& 
211511& 
Z45U& 

2454& 
211511& 
ZllS4& 
21154& 
21.1'54& 

21154& 
211511& 

2191180 
281180 
281180 
2111180 
28'180 
28480 

2811&0 
,!.O!n 
00000 
00000 
00000 

011713 
00'7tl 
ou•s 
012•'5 
ou•s 

See introduction to this section for ordering information 
*Indicates factory selected value 

Replaceable Parts 

Mfr Part Number 

C lie 118• T0•301 i:l.F 
c1.1.11e.TO•J01R·F 
cu.11e.To.Jo1i:i.F 
c 1.1.11e. To.Jo 1 R.F 
i!100•!351 

2100•!351 
2100•3351 
2100•3351 
cu.11e.To.201-F 
c11e11e•To•201•F 

C!.:.11!•TC•lC1=' 
Cl.le1/8•T0-201•F 
Cll•1/8•TO•i01•fr 
C4·118•T0•20t•F 
C4ell8•TO•I01•pr 

Cllat/8eTO•I01•11' 
C II• l /8eT0.1'51 •F 
Cllet/l!eTOe151•' 
c11.118.T0•151•F 
CllellhTO•lOOl•F 

Cll•tll!•TO•JOlR•F 
Cll•ll!!•TO•JOtR•' 
Cll•llll•TO•IOOt•F 
c11.11e. To.tool •F 
Clle118•TO•el!IR•F 

Cll•tll!•TO•e&tR•I' 
Cll•tll!•T0•51tR•F 
C4•t l8•T0.&1'R•F 
c11.11e. To.u 13.pr 
Clla118eTOe41140•P' 

cu-11e.ro-21!t•I' 
Cl.le118•T0•28'71•pr 
Cl.letl8•TO•ll&llO•pr 
C4.11S.T0•151•F 
Cll•ll!•TO•llUO•F 

cu.t1e.To.1001.F 
C4.11e.ro.0J1R.F 
Cll•tll!•TO•U!R•F 
C 11.11!!.TO• l 00 l •I' 
Cll.tl8•T0•51A1•11' 

c 11.11e. To.1 oRo.ir 
C:l.i•tl8•TO•IOt•F 
c11.t1e.To-•1"'·" 
Clle!l!eTO•!OO!•' 
c11.11e.To.1001.11 

ca.11e.TO•tORO·' 
CllellS•TO•tORO•' 
Cl.l•t/S•TO•Ut•F 
C lie t ll!•TO•l51 •' 
c11.11e.To.111•·" 

C4.t l8•TO.U1R•I' 
co.11•-TO•Ut•F 
c11.t1e.To.1001.11 
C o.11a. TO•l oo l •I' 
Cll.tl!•T0•1001•1' 

c11.t1e.To.1001.F 
Cl.le118•TO•l001•11' 
Cll•tll•T0•1001•F 
Cll•tll•TO•tOOl•I' 
Cl.l•tll•TO•IOOt•F 

c11.11e.To.101•·F 
C4etl!eT0•301AeF 

1i!51•U2iW 
I 25t•ll041 
1251•222• 
1251•110111 
1251•2229 
12519"0111 

1251•222• • ,& .. ~lll\l&& 
........... v ........ 

OAO!R 1¥ D!ICRIPTION 
ORD£R IV DEICRIPTION 
OAD!• av D!ICRIPT?ON 

MCtOt UP 
MCtOllllL 
SN711LSt•4N 
IN74Llt91N 
IN711LIJ•ON 
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Reolaceable Parts 

Reference HP Part le 
Designation Number D 

l2U& 1820·t••t I 
&2U7 1ezo-1••1 1 
A2U9 telo•o&e• 

Ii 
A2U9 IUO-t4TIJ 
A2Utn 11120-1410 
A2Utt 1820•tllJO 

uuu 1820•1430 3 
UUIJ 1820•1475 & 
A2U14 1uo-u2s II 
A2UIS U20•U2S II 
UUto 1820-2010 7 

A2Ut7 tezo-oo&3 0 
A2Ut8 1820·1••2 2 
A2Ut9 1e20-1 tse 2 
A2U20 t 42o-on3 e 
A2U2t 1uo-oe•1 0 

uuu U20•1 lll3 0 
AzU;n tU0•1433 fl 
A2U211 lU0•\1111 fl 
&2U2'5 1uo.1 no fl 
A2Ul6i 1U0•0817 8 

A2Ul7 tUO•i!OlO ., 
A2U28 !Ull•t113 11 
&lUn 1UO•O .. l • UU3!1 lezo-11 .. 1 0 
UUJt U20•0Ul 4 

•2un 1820•1074 I 
a2un 1uo-11se z 
AZUJ4 1UO•tl72 2 
•zun 1UO•lU5 & 
AZUJe. u20.;.0••1 • 
A2u3; 1820•144' 4 
A2UH lU!l•OUJ 8 
42U1' tUO•tlJJl 8 
A2U4(1 tU0•1'46 • A2U4t I 1120• tli!O 0 

AfUllz 1120•0IOI l 
AzUllJ 1no-11n 1 
A2U44 1820-0UI • A2U45 U20•0flltt • A2U4fi U20•0Ul •1 

I 
A2U47 1920•1!12 21 
A2Uo9 uzo.ou• 

: I A2U49 IUO•OfiU 
A2U'50 1no-ou1 
Ai!U51 UZO•li!OI oi 

A2U!Z 1820•1415 • I AfU5J tUO•t•ll 

i I l1U51 Uto•OIU 
AiU5!1 uso.;.un 
AiUS6 lllO•Ol73 

AZU57 u10.;.01n • 
•ivi.1 l90l.;.3070 9 
'1Vl'l2 t•Ol·3070 5 

AiXUt4 1100·0•01 

: I AzXU S!1 l200•U07 
AllCUH UOO•OH7 

AiYi 0410.lOU 1 I 
AJ 01•1!1•fiHOJ ., I 
AJCt 01•0-noo 

i I &3C2 OU0•2l'8 
AJCJ OUO•i!1'8 
AJC4 0110.;.02z• 
&JC! 01&0•3102 fl 

A JC ta 01flo•2o55 

1: &3C7 0100•2055 
a1ce 01D0•205S 
A3Cq 0100•205! 

I: I 

UCIO 01fi0•20'5! 

AJCt t o teio-20!! ,, 
AJCU 0U0•205! 19 
AJCtJ ouo.;.20!1 !• 
AJCt4 

I 
0 lfl0•205! I: I 4JCU 01'0•205! 

J i l _l 
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Table 6-1. Replaceable Parts (Cont'd) 

Oty Description Mfr 
Code 

IC C'JTR TTI. LS DECO DUAL 4•8IT 01295 
IC CNTR TTL LS DECO DUAL ll•BtT 01295 

2 IC GATE TTI. S 6NO TPL 3•P<P ou•s 
IC CNTlt TTI. S 8EN SYNCHRO POS•!OGEeTRIG ouu 

20 IC CNTR TTL LS SIN SYNCHRO POS·!DGEeTRIG 01295 
IC CNU TTL LS BIN SYNCHRO POSeEOG!eTRIG 01295 

IC CNTR TTL LS BIN SYNCHRO POS•EOGE•TRIG 012915 
IC CNTR TTL S BIN SYNCHRO POS•EDGE•TRIG 07203 

3 IC ,, ECL D•MIS DUAL 0411 J 
?C ,, !CL O•MIS ~UAI. 04713 
re ~8480 

1 IC INV TTL S HEX t•?Np ot2•s 
I IC CNTR TTL LS O!CD 11.err 34315 
l IC GATE TTI. S ANO•OR.INV DUAi. 2•INP OU9'5 
7 IC FF TTL S O•TyP! POS•EDGE•TRIG ou9s 

12 IC GATE TTL S AND•OR•INV 012•'5 

IC Sl-ll'•RGTR TTL LS R•S SERIAL•IN PRL.•OUT 012•5 
IC Sl-IF•RGTR TTL l.S R•S SERIAL•IN PRl.•OUT 011•'5 
IC SH,•RGTA TTL L.S A•S S!AIAl.•IN PAl.•OUT 01zq5 

'5 IC ,, TTL. LS O•TVP! POS•!OGE•TRIG COM 01295 

• IC '' !CL ~·"'IS OUAL. O'l71J 

IC uuo 
IC )(I. TR !CL. TTL•TO•!CL. QUAO c•INP 0471J 
IC GATE TTL. S ANO•OA•INll 0129'5 
IC GATE TTI. S ANO~OA•INll ouqs 
IC GATE TTI. S NANO QUAD Z•INP 012•5 

2 IC OA\IR TTL. i!jQR QUAD 2• I i!jl' ou•'5 
IC GATE TTL S AND•OA•IN\I DUAi. 2•INP 0129'5 
IC '' TTI. S J•~ IAR Cl.EAlt DUAi. o7ZU 
IC SCl-l~ITT•TAIG TTL LS NANO QUAD 2•INP <>12'5 
IC GATE TTL S ANO•OR•IN\I 012'9 

i IC GATE: TTL 8 OR QUAD il•INP ou•5 
IC '' TTL S D•TYP! POS•EOG!•TltIG ou•5 

1 IC GATE !CL Olt QUAD 2•lN" 047lJ 
a re GAT! !Cl. DUAL 04713 
1 IC RCVR !Cl. I.I~! RC\IR TPI. 2•INP 011713 

re liAT! fCI. NOit QUAD z•tNP 0471J 
IC ICI. TP !CL. TTL..TO•!CL QUAD i!•INP' 0471J 
IC GATE TTL. S AND•OR·l'~ll OU95 
IC GATE TTI. S AND•OR•INV 0129! 
IC GATE TTL. S AND•OR•INll ou•s 

I IC GATE TTI. S NOR QUAD 2•INP 012•! 
2 IC ,, TTL. S J·~ NEG•EOG!•TRIG 012•'5 
l IC GATE TTL. S NANO QUAD l•IN" ou•s 

IC GATE TTL 8 NANO QUAD i!•INP 01295 
J IC GAT! TTI. LS AND QUAD 2•INP 

I 

012•'5 

IC SCHMITT.TlllJG TTL. 1.8 NANO QUAD 2•INP 01295 
• re 8,R TTL I.I LIN! ORI/A OCTI. 012•! 

NETWOAK·R!S lO·SJ"47o.o OH,.. IC • OlUt 
N!TWORl<eR!8 l0•8tP470.0 OH~ JC 9 OIUt 
NETWOR~·ltES IO•IJ"ll?o.o OHM x • OI 121 

NfhiORl<•ltU IO•UP470.0 OM"' x 9 01121 

I DIOD!•ZNA 11.2211 SI Do.7 PD•.'lfl TC•-.ue1 211180 
DIODE.ZNR 4.2211 u 00·7 "01 0 Ill'! TC•-.ose1 uuo 

IOCl<!T•IC l••CONT DIP•SL.DR U480 

I SOCl<ET•IC t••CONT D?P•ll.Dlll uuo 
SOCl<!T•IC l••CONT DI"•ILDR 28410 

I CRVITAL.aQUAltTZ l0.00000 MHZ I 211410 

1 l!OAltD A8S!M8l.Y 1 M!MORY 2eqeo 

CAPACITORell'XD O"' +•SI 300\IOC MJCA 2euo 
CA"ACITOR•ll'WD UPI' +•SI lOOVDC MICA 28480 
CAl'ACITOR·'ICD 20" +•51 300\IDC MICA 28480 
CAP&CITO!l.,ICO JJU,+•101 lOVOC TA 5U89 

1 CA"ACITOR.,)(D t'5aPll' +•101 1oovoc C!!I 211180 

CAltACITOh,XD aOIU' +80•201 IDOllDC C!R uuo 
CAPACITOA.,xo .otUI' +80.ZOI IOOllDC cu 284110 
CA"4CITOR•ll'lCD .01u' +eo.2u IOOVDC C!A 28480 
CAPAC ITOP•'ICD .otull' 1,180.201 IOOVDC C!lll 28410 

I 
CAPACITOR•FXO .OlUF +80.20I toovoc CIR I Uillo 

COACITOR•ll'ICD .otul' +80•201 IOOVDC cu 
I 

28410 
CAllACJTOR•'xD ,01u" +110.201 toovoc cu uuo 
ClPACITOl:l•l'ICD .otul' +80•ZOI 1001/DC C!R uuo 
COACJTOR•'ICO ,otull' +eo.zu toovoc cu 

I 
uuo 

CAPACITOR-, XO I OIUI' +10.ZOI 100\IOC CEA zueo 

l 
See i.ntroduct1on to t.nis section for rird;:>rir'~ i'1fon-i:o1t_iJ»; 
"'Indicates factory sPiected \-ahw 

Mfr Part Number 1 
S~74l.SJ•ON 

I 
SN711l.SJ90i'oi 
SN74111N 
CJ3St•DC 

I SN7111.St•lA~ 
SN741.S1otAlll 

S'-1741.SlotAN 
93S1•0C 
MCIOUP' 
MC10UH' 
1820•2010 

9N711S04N 
A"251.StoOPC 
SN74S'5tN 
SN74874N 
SN7118UN 

SN7'1l.S1t.4N 
SN741.St•'IN 
SN7111.Slfl4N 
SN741.U7JN 
MClOlJll' 

1920•2010 
"'Cl01llll. 
SN74S04N 
Slii7'1S04N 
SN71190011j 

SN7111UN 
8N7111'51N 
111unoc 
IN711LSU2N I 

IN71116'11'.j 

I IN7UUN 
SN7411llN 
"'ClOIOJl. I 
MCtOll71. I 

"'ClDIUI. 

"'Ct01021' 
"'CtoU41. 
SN7111b4N 
SN741f14N I SN?UUN I 

I 

IN74102N 

I SN141t UN 
IN74IOJN 
8N711SOON 
8N74l.808N I 
SN74l.lt32N I 
SN'4L.U4tN I 

ltOU?l 

I 
210All7l 
210A471 

210•01 I 
I 

t 90Z•J010 

I 1902•3010 

U00•0•07 
1200•0•07 I 1200•0&07 

I 041IO•lOU I 
01015•6UOJ I 
01'0•2200 
OlflO•ZllJI 
ot•O•!l'8 
1soD1uno1ou 
01110•3102 

O 1 fiO•Z0'59 
Olfi0•20H 
Oh0-2059 
OlfiD•ZO!! 

I 
o lfiO•Z055 

01'0•20!! 
O I U•IOSI 
o ! llO•IOH I 

I 
OUO•ZO!S 
Ot•O•ZO!S 

I 

l 



Model 1615A 

I 

Refe"""'nce It; I 

Designation 
A1Ct• 
A1C1; 
A!Cts 
OC1' 

A1Et 
&1E2 

A1Jt 

URl 
A1R2 
AJRl 
URll 
URS 

A1Ro 
A3"7 
A1R8 
AJRti 
A3Rl1 

A3Rlll 
A1Rt5 
URI& 
AJRlj 
A1R18 

A3Rt• 
A3R20 
AJR21 
AJR22 
A1R23 

A3R21.1 
A3R25 

OT Pt 
A3TP2 

A3U1 
i3U2 
i1U1 
i3U4 
UU5 

A1Ub 
A1U7 
A1U8 
ou9 
AJUto 

A]Ut t 
uuu 
A1Utl 
AJU\11 
A1Ut5 

A3U1b 
A3Ut1 
AJUU 
UUI" 
UU20 

•1u21 
A1U22 
A3U2] 
A3U211 
A3U25 

A]U2b 
A1U27 
A1U28 
A3U2CJ 
A1U10 

AlU11 
AJUU 
AlU33 
AJU311 
A1U3'5 

A1UJO 
!;!.J]1 
AJU18 
A1U19 
A'!UllO 

AJUlll 
A1Ull2 
UU113 
A1U114 
AJUll'S 

I 

I 

I I I UI I. 
IJ ... 

Number D 

01•0-2055 9 
oao-2055 9 
O!oh2055 '" 01o0•2055 19 

01&15·81101 5 
OtoU•IUOt 5 

1200.;.0415 0 

0751·0418 9 
0151.;.01110 1 
cceo .. ~111 'A 

0&98.;.1151 

1: 
OU8•00811 

Oo9!!.3t5! 
oue.00811 9 
0&98.340 1 
01'!11·0280 3 
0080.11711 ~ 

0751•02~0 3 
Of.1•8•1181 s 
0757•01•5 l 
0157•041b 7 
0751•0280 3 

on1.02eo ] 
0757-0280 3 
07'57·0280 l 
0757-0280 3 
0751·0280 3 

07!51-1'1180 3 
0757.;.0111('1 1 

0100•0535 0 
03•0•0535 0 

181fl•t092 4 
18U•I092 II 
l91ft•1092 I.I 
181&•10'2 4 
1820•1110 7 

1120-0081 " t820•l 11HI 2 
1820·1430 1 
u20-11110 1 
1820-1430 3 

1!!20• 1410 l 
1820•1410 l 
181o•lOCJ2 II 
1810•1092 II 
1AU•ll'ICJ2 II 

18tb•t0•2 4 
1e20-111n b 
1820•0&85 8 
t820•t11l 2 
1820•1 II t b 5 

U2o-to74 1 
1820•1413 b 
1820•0&8& 9 
1820•tll]] • 1820•1413 b 

1Blo•t092 II 
18161•1092 I.I 
1810-1092 II 
1810.;.10•2 I.I 
1820•11&•1 b 

1820•1117'5 b 
11120•1475 b 
1820•0&91 (I 

11120•003 8 
t821l•l201 & 

1820•0lt93 8 
1~2n=1!!7'! lb 

1~t••l 092 4 
1BU•t0.2 I.I 
l820•0ft9l f) 

1820•143'5 8 
1820•1435 8 

Oty 

i! 

1 
I 

a 

I 

1 

2 

Table 6-1. Replaceable Parts (Cont'd) 

Description 

CAPACITOR.,xo .01u' +80·20l 1oovoc C!lil 
CAPACITOR.,xo .otuF +80.2n1 1oovoc C!FI 
CAPlCITOR•lflCD .otUF +80•201 t OO't'DC C!R 
CAPACtTOFleFXO .01uF +eo-201 1oovoc C!R 

JU~PER CLIP, DSA 
JU~PER CLIP, DSA 

CONN!CTOR.SGL CONT Si<T 0 01b•IN.BSC.SZ 

RESISTOR otq ll .125w If TC•O+•lOO 
li!ESI!TOR 511 1l ,t2SW F TC•O+•lOO 
~ES?ITO~ ~70 101 .25W Fe TCe~QOOl+~oo 
RUIS TOR 2.871( u , 125111 If TC•O+•tOO 
RESISTOR 2 .151( u , 1251'1 F TC•0+•100 

RESISTOR 2.871( u .1251'1 F TC•0+•100 
RP:SI!!TOR 2 0 151< \X 11251'1 F TC•O+•lOO 
RESISTOR 381 1l ,125w F TC•O+•lOO 
RESISTOR 1~ ll 0 \251'1 F TC•O+•IOO 
RESISTOR a10 tax .25~ FC TC•·•oo1+1ioo 

RE SUTOR 1~ IX .125~ F TC•O+•tOO 
RESISTOR 150 SX ,125~ CC TC••3301+!!00 
RESISTOR 50.2 tx .125w , TC•0+.100 
RESISTOR 511 ti 1125"4 F TC•O+•tOO 
RESISTOR lK 11 .125W F TC•O+•lOO 

RE.SIS TOR lK u • t25fl F TC•O+•IOO 
RESISTOR 1K u .125"' , TC•O+•lOO 
'IE.UST OR t~ u ,U'5"4 F TC•O+•IOO 
RESISTOR 1K u 0 U5fl F TC•0+•100 
RES ts TOR 1K u .U5o'i If TC•O+•IOO 

RESISTOR 1~ 11 .125w ir TC•o•.100 
RESISTOR 301 U 0 125"' F Tl:•o+.too 

TER"'I"'AL TEST POINT PCB 
TER"1INAL TEST POINT PCB 

IC MEMORY 
IC MEMORY 
IC MEMORY 
IC MEMORY 
IC GATE TTL LS ANO•OR•INV DUAL 2•IN' 

IC GATE TTL S NANO QUAD 2•INP 
IC GATE TTl. S AND.OR.INV DUAl. 2•INP 
IC CNTR TTL. LS RIN SVNCMRO POS.EOGE.TRIG 
IC CNTR TTL LS SIN SVNCMRO PCS.EDGE.TRIG 
IC CNTR TTL LS BIN SVl\jCMRO POS•EDGE•TRIG 

IC CNTR TTL LS 8 Il\I SYNCMRO POS•EDGE•TRIG 
IC CNTR TTL LS SIN SVNCH'IO PDS•!OGE•TRIG 
IC MEMORY 
IC MEMORY 
IC MEMORY 

IC SMF•RGTR TTL LS R•S SERIAl.•IN PAL•OUT 
IC GATE TTL S NANO TPL. 1•IN!i' 
IC FF TTL S J•K BAR CL.EAR DUAL 
IC SCMMITT•TRIG TTL LS I~~ H!ll l•INP 

IC DRVR TTL l<JOR QUAD 2•INP 
IC S'"lf•RGTR TTL LS R•S SERIAL•IN PRL•OUT 
IC GATE TTL S Af'fO TPL l•INP 
IC si.F.RGTR TTL L.S R•S SERIAL•IN PRL.•OlJT 
IC SMF·RGTl:l TTL LS ReS S!RIAL•IN PRL.•OUT 

IC MEMORY 
IC MEMORY 
IC MEMORY 
IC MEMORY 
IC GATE TTL s ANO•OR•INV 

IC CfllTR TTL s "!IN SVNCHRO POS•!DGE·TRIG 
IC CNTR TTL. s SIN SVNCHRO POSe!DGEeTRIG 
IC GATE TTL s NANO QUAO 2•INP 
IC FF TTL !I O·TvPE POS•EOGE~TRIG 
IC GATE TTL LS ANO QUAD 2•1NP 

IC FF TTL 9 D·TVPE POS•EOGE.TRIG 
!C C!'.!'A TTL ! 8!"'1 S~NCMRO POS-EDGE-!R!G 
IC CNTR TTl. S 9It-.i SyNCMRO PCS.EDGE.TRIG 
IC MEMORY 
IC MEMORY 

IC MEMORY 
IC MEMORY 
IC GA TE TTL S AND•OR•INV 
IC CNTR TTL L.S BIN UPJODllN SVNCHRO 
?C CNTR TTL LS BPI UP100i'IN SVNCHRO 

Mfr I 1•1 

Code 
281180 
28ll8o 
28480 
2811!0 

281180 
28480 

281180 

211511& 
211511& 
011i1 
211540 
211511& 

2111Jl.I& 
211'511& 
211511& 
211511& 
01121 

211!511b 
01121 
211511ft 
1!114511& 
2111Jll& 

2115110 
24511b 
21154& 
24511• 
21150 

211511& 
21154& 

00000 
00000 

281.180 
281.180 
281180 
U/.180 
012•5 

01295 
0129'5 
01295 
01295 
01295 

012•5 
01195 
281180 
28480 
281180 

281180 
012•5 
ou•5 
0'71i!U 
0129'5 

0129'5 
01295 
01295 
012•! 
oU95 

j!8480 
28a90 
2811&0 
28U80 
012•5 

072611 
ouu 
0129'5 
01295 
01295 

01295 
!:!HH 
O?i!U 
2euo 
28480 

281.180 
28080 
01295 
012•5 
oU9S 

See introduction to this section for ordering information 
*Indicates factory selected value 

I 

Replaceable Parts 

Mfr Part Number 

01&0•2055 
01&0•2055 
Ot•0•2D55 
01&0•2055 

01fltS•8UOl 
011115-euos 

1200•01175 

c1.1-11e.10-•t9hF 
Cll•118•TO•!i1 tR•F 
!!Bi!'H1 
Cll•tl8•T0•2871•F 
C lie 1l8•T0•2151 •F 

Cll•tl8•TO•U11·1' 
Cll.t/!•T0•2151•1' 
c11.11e.TO•l8JR·F 
C 11•11"-TO• l 001 •F 
ce11111 

Cll•tl8•TO•l001•F 
881515 
Cll•ll8•T0•5f.IR2•F 
Cll•ll8•TO•~llR•ir 
C4•ll8•TO•l001•F 

Cllell8•TO•l001•F 
C4.tl8•TO•I001•F 
Cll·118•TO•IOOt•ir 
C4.tl~eTO•l001•F 
Cll.tl8•TO•l001•' 

c1.1.118.To.1001.F 
C4.11e.To.101R.I' 

OROf'I av O!SCR IPT% ON 
O'IOU BY OllCR?PTION 

181••10•2 
181b•1092 
181&•10•2 
t8tlt•1092 
8N7UL.8!1N 

SN711SOON 
SN7a95t"l 
S'1711L.Slb!AN 
SN711LStblAN 
S"1711LS1blAN 

SN711LS1b1AN 
SN711LS 101AN 
18tb•t09i! 
1810•1092 
t8to•to•2 

t8t6'•1092 
SN711L.UUN 
SN711S10N 
7U9109DC 
SN74LS111f'f 

St-.17/.1128"l 
S"l74LS16'4N 
SN74111N 
SN711LS16'11N 
SN711LSIUN 

t8tft•1092 
1816i•t092 
t8to•l092 
1810•1092 
SN7US&4f'f 

113St&DC 
OS!ftDC 
SN74IOON 
S"l741711N 
S"l711LS08N 

SN741711N 
Ql$1t!D~ 
CJ1St•DC 
1810•1092 
18tlt•t092 

1Bl .. 109i! 
181b•109Z 
IN7111UN 
S"l74LSo&9N 
8N74LS&UN 

6-11 



Replaceable Parts 

Reference HP Part c 
Designation Number D 

&JUG~ 1no-14n • AJUll? 11!!20.0Ul • AJUQ8 lUO•lUI ,. 
AJU1.1q 1e2c-un 

,_ 
UU50 lUO•Ull 9 

AJU51 1uo-un • 
&II 01bU•flfl50U 8 

AOC t OU0-2198 I 
A11C2 0140~0IO• • UCJ 0140~0208 II 
A4C4 ouo.11us l 
AUC5 0100•l.lfl2l 1 

uc, OUO•llfi241 2 
&4C7 O 1 &0•ll09e 8 
A4C8 01'10•0190 7 
&4C9 01ilO•Ol90 7 
UC Io Ot&0•20'5'i q 

A4C11 01&0•2055 q 

ucu OlC.0•2055 9 
ocu 0180•0l2• 7 
AQClll 01110-022• 7 
AOCt! OUO•l0'55 • 
A4CU 01b0•2055 q 

AoCt7 OU0~20'55 q 

&atu OIC.0•2055 9 
AGCt 11 ouo.;.2055 9 
oczo 01•0-2055 9 

AoC21 0160•2055 • ucu OIU•205S • ACICU OU0•20SS • ucu OU0•20S5 • ucn lllC.0~2055 • 
Alltl• OIC.0•2055 • l4C27 OH•0•20H • A4CH OIC.0•205' q 

•11C2• OIC.0~20!5 • AllCJo OIC.0•2095 • 
AllCJt OUO-HH 9 
ACICJJ 01110~2055 

I; A4Cllli t•Ot•0040 
UCR2 l•Ol•0040 
AllCRJ 1'01•0040 
AC1Clt4 1•01•0040 ! l 
ACIClllS 

I 
1'01•000 11 

A4JI 1151•505' • 
A Cl Rt 0717•0212 5 
UA2 on1.ozu s 
A4AJ OllllJ•0475 l 
AQACI 0111.osn s 
&4R5 0757~0) .. 5 

UA• otu.oou • AllR7 0717·041 t 2 
URS 07'1~0282 5 
UR• 0717-0HO I~ ACIRIO 0717~02110 

Ai!Rll 01183•0475 I 
URU O•llJ•0475 1 
URIJ 07S7•Uli! 5 
AIRlll 07'1~0'84 7 
URU 07'7•0214 7 

A4Rl• 07'7•021111 1 
'411117 0111-0212 5 
ACIA 11 0757·0214 7 
UR19 07'1•021111 7 
A4AU 2l00.3Hl • 
AllRlt on1.02az s 
A4RH 0757~021'1 7 
AllRZJ 01!1.021\11 ., 
A4R24 

I 
07'57-0214 7 

AllRH 0757.Ullll ., 
At1R2• 0797-028il ., 
A4R27 0757-021111 ., 
A4R28 

I 
0757•028ii ; I A11Rt9 07'5'7•021111 

A4RJO on1.0Ho 

I I 
l l 
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Table 6-1. Replaceable Parts (Cont'd) 

Mfr Oty Description Code 
IC SCMMITT•TRIG TTL LS NANO QUtD 2•1"11' 0129! 
IC ;&T! TTL 8 ANOeOR-rNv 01ns 
IC MUltR/D&TA•SEL TTL. LS u.TO•t•LINE DUAL ou•s 
%C MUXRIOATA•SEL TTL LS 4•TO•i•i.INE DUAL 012•! 
re MUltRIDATA•SEL TTL LS 4•T0•1•L%NE DUAL. 0129! 

IC MUltR/DATA•S!L TTL LS ll•TO•l•LINE DUAL Ol295 

I BOARD ASSEMBLY, TIMING OATA ACQ 0 211.110 

CAPACtTOR•FXO 2ol'F +•51 lOOVOC MICA U480 
l CAPACtTOR•l'ltD 270PI' +•5l 5oovoc MICA Ullb 
I CAll'loCITOR-FXO •SOPF +•5X ]OOVDC MICA nu• 
1 CA!>loCITOR•FlCD ISOOPF +•SX 1oovoc CEA 281180 
t CAPACITOR•FXO 3900PF +•5X toovoc CER 211480 

t CAPAC ITOR•l"lCO etiOOPF +•51 SDVOC CER 28480 
1 CAPACITOR•l"XO 0 018UF +•51 50VDC 2811110 
2 C A!>AC ITOR•FlCO 39PF +•5l lOOVDC MICA 7211• 

CAP&CITOR•FlCD 39P' +•SI JOOVDC MICA 72136 
CAPACITOR.FXO 0 11\UF +80•201 IOOVDC CEA 281180 

CAl'&CITOR.F)(D .01uF +80•20X IOOVDC C!R 28'180 
CAP&CITOR•'ICD 0 ntUF +80•20l !OOVDC CER 211'1110 
CAFl&CITOR.FXO 33UF+•lOl tOVDC TA 5U8• 
CAPACITOR.FXO l3UF+•10l tnVDC TA s&28q 
CAPACITOA•l'lCD 0 01UF +110•201 IOOVDC C!R 21480 

CAPACITOR.I' XI') 0 01UF +80·20X IOOVDC C!A 211i1110 
CAl'ACITOReFXO 0 01UI' +eo.201 lOOVDC C!A 2111180 
C•lllACITOR•l"XD .olUI" +80•20l IOOVDC C!R 2841110 
COACITOA•l'lCO .01uir +110•20l 10ovoc cu 21100 
CA!'ACITOR•l'lCO .otuF +80•20X 1oovoc C!A 2811110 

CAl'&CITOR.'110 .otUF +80•20X lOOVDC CER 28480 
CAl'&C ITOhl"XD 0 0IUF +eo-zox 100VOC CER HClllO 
COACITOR-l'lCD 0 01uF +80•20l IOOVOC cu ll!llllO 
CO&CITOhl'llD .01u' +80•201 IOOVOC CER 2111110 
CAl'ACITOA.FxD 0 otUF +eo.zox toovoc C!A 211UO 

CO&C ITOR-FxD .01uir +110-201 100VDC cu 21CllJO 
CAPACITDR•l'XD • .,tUF +80•201 1oovoc cu 28480 
CAl'ACITOlll.FXO .otuir +110-201 1oovoc C!R uuo 
CAl'ACITOR.FXO 0 0tUF +110-201 1oovoc C!R 21480 
CAPAC ITORel'XO 0 0IUI' +110.ZOl lOOVDC C!A 211480 

CAl'AC ?TOA.FXD 0 01UF +80•20l IOOVDC C!R 281180 
CAll'&C ITOA.FXO 0 otUI' +80·20X toovoc C!A 28480 

• DIOD!•IWITCMING JOV !OllllA INI DO•l5 21410 
DIOD!•IWITCMl"'IG JOV !OMA 2NS DD•l5 28410 
DIOO[•IWITCHING lOV SOMA ZNS DO•l5 2114110 
Dt oo!.aw ITCM I NG 30V SOMA 2"48 D0·3S 2111110 
oroo!.awneMING lOV !OMA 2N8 00·15 28480 

I CONNECTOR 2&•PI"" M ~OIT TYPE o8Ht 

AESUTOR UI ll 1 12!W F TC•o+•IOO 2415'!0 
ltESUTOR 221 U 0 U!w F TC•O+•lOO 2'150 

] ltUtSTOA •• 1 5X .2sw l'C TC•·ll00/+500 OIUI 
2 lllES!STOA 12 0 5 ll ~125W I' TC•O+•tOO 2il54' 

R£SUTOR 12 0 5 IX .125W ' TC•O+•lOO 245'1& 

AEUSTOA C.19 ll 0 t25W , TC•O+•lOO 2i15116 
l lltESUTDA ll2 IX ,t25W F TC•O+•lOO 2'15'1• 

R[SUTDR 221 IX .12sw, TC•O+•IOO 24''111 
AU!ITOA lK 11 ~125W F TC•O+•lOO 2i15116 
A!SUTOR lK lX .t25W I" TC•O+•IOO 2454• 

RE SUTOR 
"· 7 

SX .nw ire TC••CIOOl+500 01121 
RESI!ITOA II, 7 sx .nw Fe TC••ll00/+500 OIUI 
RESISTOR HI u .usw , TC•O+•tOO 24511• 
RESISTOR lSO u • usw , TC•O+•IOO 2il50 
AESUTOA 150 u 0 1HW F TC•o+•100 21150 

lll!SUTOR 150 u • usw " TC•O+•IOO 2il!'lb 
REUSTOR 221 u 0 USW F TC•O+•lOO 24154• 
lllESillTOA 150 1X 0 U9"4 I' TC•O+•IOO i!tl!Ub 
RESISTOR 150 IX .12sw " TC•O+•IOO 21154• 
R!StSTOA•TRMR 500 IOI C UDE•&OJ 1 •TRN 211110 

lll!SIITOR Ul u • usw " TC•O+•IOO 2411'1• 
AEUSTOR 150 u 1 t25W F TC•O+•lOO 241511& 
RESISTOR 150 1X • t25W " TC•ll+•lOO 2115410 
RESISTOR 150 u • usw , TC•O+•tOO 

I 
2'15Qfa 

itES!STOR 150 1X • usw , TC•0+•100 21154• 

RESISTOR 150 1X .12sw , TC•0+-100 2i15'111 
RESISTOR 150 u .1nw I' TC•0+-100 2450 
RESISTOR 150 ll .t2!5~ , TC•0+-100 

I 
2il!lil0 

RUIS TOA 150 1X 0 t2!5W F TC•0+•100 211'5'1• 
IUUllTOR lK II ~12!5W F TC•O+•lOO 2154' 

l 
See introduction to this section for ordering information 
*Indicates factory selected value 

Model Hll fiA 

i 
Mfr Part Number 

I 

j 
SN7UL91 JlN 

I 8N7UUN 
8N74LSZ!JN 
8N74i.82SlN 

I 9""7UL.U5JN 

8N7UL.Si!Jl'.j 

D1U5•US041 

01b0•21'8 
DM15F271JOIOOWV1CR 
0Mt5Fb81JOJOOWV1CR 
01b0•11U5 
OID0•4Ul 

01&0•0•241 
0 l b0•4fl9tl 
0Mt5E390JOJOO~VtCR 
OMt5E390J0300~V1Clll 
0100•2055 

Olb0•205'5 
01b0•2055 
t !oOJJolCCJo 1 oaz 
15oDneno t 082 
Oh0•2055 

01b0•2055 
01&0•2055 
01•0•2055 
01'0•105' 
01'0•2055 

I 

0100•2055 I Ole0-2051 
I OtoO•I055 

OlC.0•2055 
Ol•O•Z055 

OloO•IOH 
111110•!1151 
OIC.0•2055 
Oh0•20SS 
Oh0•2055 

OU0•205S 
01110•205' I 

I 

1'0l•OOCIO 

I 1901•00il0 
1901•0040 
1901•0040 

I 
1•01•0040 

801•07' 

C'l•l/8•TO•l21A•' 
C'l•llll•TO•l21111•F 
CB4705 
C'l•lll•TO•S2AS.F 
Cl.l•ll&•TO.llRl•F 

C'l•llll•TO••t•lt•F 
I C'lel/ll•TO•JJIA•' 

C'l·lll•T0•22llllwF 

I Cll•tll•TO•SOOl•F 
Cll•lll•TO•lOOl•F 

CB4TG5 
c 8'17Q5 
Cll•l /lwTO.UthF 
Cil•llhTO•Ul•F 
C'l•lll•TO•Ul•F 

I 
Cll•ll&•TO•Ul•F 
C4ellS•TO•UlllleF 
cu.11e.TO.Ul•F 
Cll•ll8•TO•ltl•F I 
21 OO•lHl I 
C'l.11a.To.221R.F I 
Cllel /llwT0.15 l•' I C4•1 llleT0.191 •F 

I C4•l lll•TO•U1•F 

I 

I 

Cll.t lll•TO•l51•F 

C4•1/8•T0.1'1•F 
Cll.l/lleTO•Ut•F 
C4•tlll•TO.tll•F 

I 
Cli•llll•TO•U1•F 
C4•ll!•TO•I001•F 

l J 



Model 1615A 

Reference HP Part c 
Designation Number D 

AaR31 07!1•0280 3 
AaRU 0757•021!11 7 

AllUI 1820·0810 l 
AllU2 Ul&•U35 8 
UU3 18111-tUS 8 
AllUll 1820•! 482 5 
AllU'5 18lO•U2S (j 

AaU& 1820•1113 l 
AaU7 1!20•0801 0 
A4U8 t820•0817 8 
!t;U9 1fJ20•032G 

I; AllUIO 1~20•0802 

A4Ult 1uo.ouo 
Aauu 1820•19~0 
AQU13 18l0•08ZO 3 
AllUt u 1420•0902 1 
AaUt5 tUO•oUO J 

A4Ul~ t 810•091.0 t 
A11U17 1820•178! 4 
AaU18 1820•1993 3 
AllUU 1820•0Ull T 
AllU20 1820~2010 1 

A4U21 11!20·2010 1 
A4U22 1820.0811 8 
Al.IU23 1820•0&20 J 
At.1Uz4 11!20•11100 ., 
A4U25 11!20·0820 3 

UU2& u20-1••0 0 
AllU2j 1820•0820 3 
AllU28 1820•11100 1 
At.1U29 1820•08i!O 3 
UUJO 1820·0810 

1: A11U31 tUO.t 188 
AaU3l 1820•1"3 3 
A4U3l 1820.2010 T 
A4UJ4 1uo~2010 1 
AQUJ5 1820•0917 e 

AaUJll 1920•0820 J 
UUJ7 1820•0902 I 
AllUJ8 1820•0820 J 
AaUJ• 1820•1'•0 0 
AQU4o 1e20•0Uo J 

AllU/!1 1e1o=ol!lo! 1 
A4U4Z 1820•0820 3 
AllU4J 1820•1•0 6 
AllU411 1820•0117 8 
AllUll5 1810·1113 1 

AllUl.I. UZO• I llJJ • A4U47 1820•0817 8 
AllUU 1e20-ouo 3 
uun 1820•1400 T 
AllU!O 1820•0820 J 

AllUSt 1810•100 0 
AllU51 llZO•OUO J 
A4U5J 1820•1'100 T 
A11USQ lUO•Ol20 J 
A11USS u1oi.02n ' 
AllUS• 1810•02'13 • AaU5? u1oi.ozn e 
A11US8 111oi.02n • AllU!19 Ul0•02'13 ' UU•o 1810.01n 9 

A4U&t 18l0•02TJ 9 
uuu 181 O•Ol1J • uuu 18t9~01'7J • uuu lll0•02U e 
uu•s !810~0l12 8 

uuo l8lO•Ol'7J • A4UU lltoi.oJOI 5 
'-"ti.A.A . .. ... ~ ....... ' .. ""•V•• 
AOU .. 
UU70 

uu11 u1oi.0J02 5 
uuu Utoi.oJOZ ! 
UUTJ l810•UU 9 
ouu u10•02u • UU75 UIO•OIU • 

I 

Table 6-1. Replaceable Parts (Cont'd) 

Oty Description 

RESI!TOR !K \~ .12sw F TC•O+•tOO 
RESISTOR 150 l~ .12sw F TC•O+•lOO 

3 IC RCVR !CL LINE RCVR TfllL 2•INP 
IC TTL ! 25&•8IT RAM 11•NS 
IC TTL S 25&•BIT RAM ll•N! 

1 IC GATE ECL NOR DUAL J•l"'P 
IC ,, ECL O•MI! DUAL 

IC XLTR ECL TTLeTO•ECL QUAD 2•I~P 
\ IC GATE !CL OR.~OR QUAD 2•INfll 

IC FF !CL o.1w11e DU6L 
10 ... ,~ !CL J.eu:: ~-SA~ co~ CLOC~ OUAi.. 

IC GATE !CL r.JOR QUAD 2•I'.jP 

IC FF ECL JelUR K.BU COM CLOCI< DUAi. 
4 IC iiATE !CL NOR QUAO 2•INP 

IC Fii' !CL J•BU KaBAR COM CLOCK DUAL 
IC liATE ECL NOR QUAD 2•INP 
IC ,, ECt. Je!IAR i<•BU CO"! CLOCK DUAL 

IC: RCVR ECL LIN! RCVR TPL 2•INP 
IC C:NTR !CL 81~ SyNCMRO POS•EDliE·TRI!i 

z IC MUXRJOATA.S!L ECI. QUAD 2•INP 
l IC INV TTL. S MEX !•INP 

IC 

IC 
IC: ,, !CL OeM/! DUAi. 
IC FF !CL. J.SAR K.BAR CO"I CLOCK DUAL 
IC GATE !Cl. AND QUA.D 2•I"IP 
IC ll'F !CL J.8All !<.BAR COM CLOCK DUAi. 

IC G&T! ECL NOR QUAD 2•INP 
IC F' !CL J.BAR K.BAR CO"I Cl.OCI< DUAL. 
IC GATE !CL AND QUAD Z•INP 
IC FF !CL J•BAR K.BAR COM Cl.OCK DUAL 
IC RCvR !CL I.IN! RCVR TPL. 2•INI' 

IC CNTR ECL BIN !VNCMRO PCS.EDGE.TRIG 
IC MUXR/OATA•SEI. ECL. QUAD 2•!NP 
IC 
IC 
IC FF ECI. DeM/! DUAL. 

IC FF !CL J•BAR l<•BAR COM Cl.CCI< OUAI. 
IC GATE !CL NOR QUAD Z•INP 
IC !I'll' ECL J•l!IAR K-8AR C0"4 CLOCK DUAi. 
IC !OAT! !CL. NM QUAD 2•INP 
IC ll'F !CL J•BU KeUR C0"4 CLOCK DUAL 

?t G!TE !CL NC~ :;u!O ~=?NP 
IC !I'll' !CL. JeBAR KeBAR COM CL.OCK DUAL 
IC GAT! !CL DUAL 
IC 11'1' !CL D•MIS DUAi. 
IC XL.TR ECI. TTl.•TO•!CL QUAD Z•INI' 

re S~F·RGTR TTL. LI A·8 SERIAL•IN PRL•OUT 
IC ,.., ECL D•MIS DUAL 
IC "" ECL J.eu !<.BAR COM CLOCK DUAL. 
IC GATE ECL. ANO QuAD 2•INP 
IC "' !CL J•l!IU 1<.IUll COii! CL.CCI< DUAL 

IC QAT! !CL NOlll QUAD 2•INP 
IC '" !CL. J·BU 1<.Ull COM Cl.CCI< DUAL 
IC GATE !Cl. ANO QUAD 2•I~P 
IC ,, ECL. Je8AR 1<.IAR COM Cl.OCI< DUAL 
NE'.TWORl<eRU l0•!IP4T0,0 OHM X ' 

NETWORK ell!! lO•!llt4TO~O OMM )( q 

3 NETwORKeR!S 10•SIPJ3o.o OHM )( • 
NETWORK•'°"ES 10•Ul'4TO.O OHM )( 9 
NETwORl<•lllU 10-u11no.o OHM x • NEhiOllKellU 10·811111110,0 OHto! )( • 
NEhORK•RES 10•81111470,0 DH"' • • N!TWOlll<•llU lO•Ulllll'10 0 0 OHM x • 
NETWORl<•llU 10•Ul'470,0 OHM )( • 
NETWORK-RU lO•Ul'JJO.o OHM )( • 
N!TWOlll<•R!S lO•Ul'JJO,O OHto! x • 
NETWORK.RU lO•Ul'4TO,O OH"4 • • • NETWOllllCelUS ~-~!~~!·~ OHM )( 4 ...rr ............ _.ir .. 

~ ... u .. 

lllfTWORl<•RU 8•Silll'llT,O OHM )( II 
N!TWOltl<•ll!8 8•!?11141,o OHM )( II 
NETWOlll<•ltU IO•Ul'4To.o OHM x • NETWDRl<•ltU 10.Ul'lfTO,O DH"' x • NETWORl<•lllES 10•Ul'OO,O OHM x • 

I 

Mfr 
Code 
ill.ISi.i& 
2451111 

Ot.1711 
04711 
04713 
011113 
04113 

04713 
011113 
04'71 J 
01'1i:S 
Ot.1713 

04113 
04TU 
041U 
Ot.171l 
o411l 

04713 
OT2U 
04713 
01295 
281180 

281180 
04713 
04113 
011113 
04113 

01.1713 
01.1711 
04713 
0'1713 
04713 

01i!I!] 
0'1713 
28480 
28480 
01.1713 

04113 
04113 
01171J 
0'1713 
OllTlJ 

04'71J 
01.1'71J 
01.1713 
0'1713 
011713 

OU95 
OllTU 
04113 
04713 
04713 

011713 
OllT!J 
Oi1Tl3 
Oil713 
OlUl 

OlUl 
01121 
01121 
01121 
01121 

01121 
01121 
01121 
01121 
01111 

OltZI 

~!!!! 
1111•1 

01111 
Ollll 

otU1 
Ottlt 
01121 
Ollll 
01121 

See introduction to this section for ordering information 
*Indicates factory selected value 

Replaceable Parts 

Mfr Part Number 

C II• tl8•TO•l00 l •' 
Cll•ll!•TO•l!l•' 

MC 101101' 
MCM101521. 
MCMlOU21. 
"'1CI0211'' 
MC!OUllP 

"'1C10l241. 
MC10101'11 

MClOlltiP 
MCiuilSi. 
MC10102fll 

MCI 01311. 
MCtOlOOI. 
MCtOlJ!IL. 
MClOIOllP 
"IC l O llll. 

MCl011•1' 
FlOOl&OC 
MCl01581. 
SN7UOSN 
1U0•2010 

1120-2010 
MC101311t 
MCtO!J!L. 
MCI 01041' 
MC 101351. 

MClOlOOI. 
MCt01l5L. 
MC10101.1P 
MC 101351. 
MCI01 UP 

F!OO!l!OC 
MCt01581. 
1920•2010 
1820•2010 
MC101311' 

MC1013SL 
MCI01021' 
MCtOtHL. 
MC10100L 
MCt01351. 

~Ct010ZP 
MC101311. 
"4C1011 Tl. 
MC101UI' 
"4ClOUllL. 

SNT41.ll•4N 
MC 10 l J1 I' 
MCI 01351. 
"1C10l041' 
MCI01311. 

MCIOlOOL. 
MCIOU51. 
MCl 010111' 
MC10USI. 
i!OA4Tl 

21041171 
UoAUt 
2104471 
21ou11 
210011 

2104471 
2104471 
1104411 
21ouu 
210AJJl 

210A471 

!~!:~!~ cua .. ,u 
208UTO 
20814?0 

2001110 
2081470 
2lOA471 
2lOA4T1 
210A41l 

I 

6-13 



Replaceable Parts 

Reference HP Part c 
Designation Number D 

AllUT6 Ul0•021J • 
uxuz 1200•0&07 ,o 
AllltUS UOO•Ofl07 0 
AlllCUS l200•0&07 0 
AlllCUU UOO•Ofl07 0 
&lllCUJS t200•0U7 0 

AlllCU411 lZOO•U07 0 
AlllCU07 1200~007 0 

AS 01615-66517 t 

ASCt o 1 eo.uu ' A5C2 DU0•0229 7 
A5CS ouo-osn 8 
A5CS O 1 flO•UOl.I 0 
ASC• Ol 70•00bfl • 
A5Ct2 01110-020 fl 
ASC13 0160•2055 • A5C 111 01U•2055 • A5CtS 0100•2055 • A5Ctll 01flO•i!055 • 
ASCtj 0100•2055 • UC!& OlflO•i!055 • ASCU Olfl0•20H • A5C2t 01•0•205'5 • 15C22 0160•20!5 • 
A5CH 01fl0•205'5 9 
ASC24 OU0•2055 • A5Ci!5 I 01&0•2055 9 
A5C2& 

I 

01&0•2055 9 
A5C1t 01u•2201 7 

A SC Rt 1901•002'5 2 
A5CRZ I 190t•OOZ5 2 

A5!t OUtS•llJOI 5 

,;J, 1Ht~4524 s 
A5J2 uoo.0075 0 

A5Q1 1n .. 0215 t 
ASQ2 un~oot• a 

A5R1 

I 
008~1tS4 

I! A5RZ 07'7·0280 
ASAJ 0757-0HO 
ASRo I Oo'9•Jt511 
A!R7 I O?flt•OOSll 8 

451118 I OT•t•OO!ll 8 
ASA• I 07'7·0210 ] 

URt1 07S'P·0280 3 
ASRU 

I 
0757·0290 3 

A5At3 07S7•0ZIO 3 

URt5 

I 
07!17•0418 3 

A5Rt• 07S7•04J8 J 
URt7 07S'P•04to 1 
A5Rt8 0757-0Ul 9 
A5R19 on1~one I 

UR20 07S7•0JU 0 
ASR2t 07S7~040t 0 
ASRZJ O'PIJ7•02110 3 
ASR2Q 0751·0410 1 
ASRl• 01'7•041fl ., 
A5A2f OUO•tOOl J 
UR28 0757-0HO 3 
ASR2' 07S7•0HO 3 
ASlllJO 0757-0210 J 
A SR Ji 07S7~0HO 3 

A'SR3~ 0757•0210 3 
A5RU 0757·0210 3 
A5111U 07S?~OHO 3 
A'SRJS on1.oz10 J 
ASRU 07ST~OHO J 

I 
ASRJj on1.ouo J 
ASRH 

AST!t\ OHO•OSlS 0 
AST!tz osu~ons 0 
UTl'l OHO•OSJS ~ I A5T'11 OH0•0535 
A5TPS OU0•05l5 

o I 
i 
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Table 6-1. Replaceable Parts (Cont'd) 

Oty Description Mfr 
Code 

NETwORl<aR!S 10•UP1170 0 0 Oto!"' x 9 01121 

SOCKET•IC h•CONT DIP•SLDR 281180 
SOCK!T•!C tfl•CONT DIP•SLOR 26480 
SOCK!T•IC ta•CONT DIP•8LOR 281180 
SOCt<!T•IC ta•CONT OI'•SLOR 21!1.180 
SOCKET•IC l&•CONT DI,•SLOR Ht.180 

SOCKET•IC ta•CONT DIP•SLDR 281180 
SOCl(ET•IC 1'•CONT DIP.SL OR 2u80 

t 80ARO i8SEM8LYr MICROPROC!S80R ANO FIOM 281180 

CAPAC ITOFl•'XD 11u,+-1ox tovoc TA sun 
CAPAC ITOR•'XD 3~U,+•tOX tovoc TA sun 

I CAPAC?TOR .. ,xo 2.2uF+•tOX 2ovoc TA sun 
CAPAC ITOR.,1(0 IOOP, +•5X 300VDC MICA 211180 

i CA,AC ITORal'XO 0 027U' +•tOX ZOOVDC POLY! 281180 

CAPAC ITOR•,XD 270PI" +•5X soovoc MICA 7213& 
C•P&CITOR•'lCD .01u, +ao.2ox toovoc C!R uuo 
CA!tACITOR•'ICD .otu' +80•20X IOOVOC C!R 211110 
CAPACITOlllell'lU) .otUF +80a20l IOOVDC C!R 2ueo 
CAlllACITOR.FXO .otUll' +80.201 1oovoc C!A 21480 

C-'PAC ITOA•'XO .01uir +eo-2ox too voe C!lll 281180 
CAPACITOR-'XO .otu' +80·20l 100VOC C!R 2800 
CAPACITOR., XO .01uir +80.201 1oovoc C!R zeuo 
CAPACITOh,lCO oOtUF +IO•ZOI too voe CER 28410 
CAP AC IT OR•, XO .01u' +90.2n 1oovoc CER 211.180 

CAPAC ITOA•ll'lCD .01u' +80.i!OX 1oovoc CEA 281.180 
CAPlCITOR•'lCD .01uir +ao.201 ioovoc cu 211180 
c lPlC ITOR.,xo .otu' +80•20l 1oovoc CEA 281.180 
CAPACITOR-FXO o01U, +M•ZO'IC toovoc C!R Ull80 

I CAP&CITOR-,lCI') 5111111' +•5l ]OOVOC MICA 0!81180 

l DiooE.QEN PRP tOOV 20o"1A 00•7 281180 
OIOOEaQ!N PAP 100V 200"4A 00•7 281110 

JU"'lllEA CLII', OSA ZIOO 

I CONN!CTOR zo•PIN "4 'OST TYP! UllSO 
CONN!CTOR•8Ql CONT SKT .Ot&•IN•BSC•IZ 28480 

7 TRANSISTOR NPN SI PD•350MW 'T•lOOMHZ 04713 
1 TRANSISTOR PNP SI T0•92 P0•300MW zeuo 

2 AESUTOR ll 0 UK II 1 t25W F TC•O+•lOO 21150 
R!SUTOR II< U .12sw , TC•O+•lOO 21150 
lll!SUTOR ti< ll ~t25W ' TC•O+•lOO 21150 
A!SISTOR 11.ZZK II .tiiSW , TC•o+•IOO 2115116 

z R!SISTOR 330 5l tW "10 TC•O+•ZOO 21480 

AUUTOR 330 5l tW MO TC•O+•ZOO zsuo 
A!StsTOR ti< 11 ~ti!5W ' TC•O+•IOO 21150• 
RESISTOR tK tl ,t~SW , TC•O+•tOO 2415/.lfl 
RESISTOR !K IX ,12sw II' TC•O+•IOO 2115/.lfl 
R!SUTOR tK ti .125W II' TC•O+•lOO 1145110 

l RESISTOR 5.1 ti< ix .tnw , TCaO+•lOO Z11511• 
R!SISTOR 5.ttK ti .tZ5W , TC•O+•lOO 21150 
RESISTOR Slt ti 0 t25w II' TC•O+•lOO 211511& 
RESISTOR tot< tl .12sw , TC•O+•lOO 211!10 

1 RESISTOR lK ti .25W F TC•O+•lOO 21150 

t RES!STOlll 75 11 .12sw , TC•O+•lOO 211511• 
• RUIS TOR too ti .12sw , TC•O+•lOO 21150 

RESISTOR ti< ti ~125111 , TC•O+•tOO 21511& 
R!SISTOR 301 11 .t25W , TC•O+•tOO 211511• 
RE SUTOR 5tt 11 0 tZSW' TC•O+•tOO 2454& 

t R!SUTOR 10 tox .nw ,C TC••4001+500 OlUt 
R!SUTOR 1 K u ~ 12sw ' TCa0+•100 211'50 
R!SISTOR tK u .125w ' TC•O+•tOO 21150 
RUIS TOR t t< u .. 12sw ' TC•O+•lOO 2115h 
R!SUTOR ti< 11 • tZSW ' TC•O+•tOO 21150 

R!USTOR tK u .. usw , TC•O+•lOO 211540 
RESISTOR ti< u ,.usw , TC•0+-100 211511& 
RESISTOR tK u .. 125111 , TC•O+•IOO 24510 
R!StSTOR 11< u ,.u5w, TC•0+-100 24540 
R!SISTOR l!C u • usw , TC•O+•tOO 2150 

RESISTOR lt< u • t ZSW F TC•O+•lOO 11150 
DELETED 

T!A"IINAL TUT POINT ltCI 00000 
T!RllllNAL TUT POINT ltCS 00000 
T!lt"IINAL TUT P0%1'1T 'Cl I 00000 
T!R"'!NAL TUT POINT l'CS 00000 
T!R"'lNAL TUT POINT llC!I 

1 
00000 

See introduction to this section for ordering information 
*Indicates factory selected value 

Model 1615A 

Mfr Part Number 

2tOA117t 

1200•0&07 
icoo•o&o7 
1l00•h07 
1200•0&07 
tiOO•Oo07 

U00•0.01 
UOO•Ofl07 

01615-66517 

t sooJnx•o 1 oaz 
1sooJnx•oa012 
1 soo22sx•o2o&z 
OU0•2ZOll 
nt ?O•OOU 

O~t5,271JOSOOwVtCR 
OtflO•HSS 
nt•0•20SS 
01 flO•ZOSS 
Ot•0•20H 

Ot•O•ZOSI 
OUO•ZOSI 
01&0•205!1 
OUO•iiOSS 
Oto0•20SI 

OloO•ZOSS 
Oh0•20'5S 
OlflO•lOSS 
ot&0•20H 
OtflO•UOl 

t 90t•002S 
1'*01•0021 

OIHS-IUOI 

U5t•Ul4 
1200•01175 

i!NJ•Oll 
185J•OOt• 

C4•tlS.TO•IHt•' 

I Cll•llleTO•lOOl•ll' 
Cll•tl8eTO•lOOl•' 
Cll•tl8•TO•ll2l•F 
07fll•00511 

I 07'1•0051 

I Cll•tll•TO•lOOl•' 
Cll•tl8•TD•l00l•' 
Cll•tll•TD•IOOl•' 
c11.11a.ro.1001•' 

Cll•tlll•TO•lltl•' 
C/.1•1ll•TO.Slt1•' 
tll•t/8•TO•SttR•' 
C4•1/l•TO•lOOhF 
C5•tlhTD•lOOt•' 

Cl.l•1 l8•TO•JSRO•' 
Cll•lll•TO•lDl•' 
C4•tlleTD•&OOl•' 
co.118.TD•IOtR·' 
Cll•l IS.T0-11 HI•' 

CllOOl 
Cll•tl8•TO•l001•' 
C4•tl8•TO•l00l•' 
tll•tllaTO•IDOl•' 
CO•lll•TO•IOOl•' 

C4•lll•TO•lOOt•' 
C4•118•TO.tOOt•' 
c11.111.To.1oot•' 
C4•lll•TO•l001•' 
C4•lll•TO•l001•' 

I 
C 4a l ll•TO•l00 l •' 

I OROIR IV OUCRl'TION 
OROIR 9Y OUCRl,TION 

I 
ORO!lt 9Y OUCIUPTION 

I ORDER av OUCRJPTION 

1 
Oii!OER 8't' OUCllJ!llTION 

J 



Model 1615A 

R f e erence r r ar" c 
Designation Number D 

A5fl'fl 03fl0•0535 0 
A5Tl'7 0300•0'535 0 
AST Pa 03fl0•0'535 ·O 
A5T!-'q 03&0•0'535 0 

A!U1 1820•UU 3 
A'5U2 1820•1244 ' A!U3 1818·0414 8 
A5U4 1918-0415 9 
A5U5 UtB•047l ' 
A5U& 11!18·0472 & 
·~u; iS13•0l:T1 !i 
A'5U8 tUS-0410 " A5U9 U20•1'18 2 
ASUIO 1U0•1•HS 2 

ASUtt uzo-un • ASU\2 1820•1''4 " A!Utl 1820•0411 0 
A5U14 18ZO•Ofl2q 0 
A5Ut5 1820•11qfl 8 

A5UU 1820•1201 2 
A '5U 11 l!!20•11q7 • A5Ut!! l ~20•1025 fl 
A5U20 1820•1Tl0 & 
A5U2t 1a20-1 no & 

A5Ul2 l&ZO•t•at e 
A5U2l 1820•1918 2 
A5UC'4 t820•tqq11 " A5U25 1820•1201 0 
A5U2fl 1!120•1425 ei 

A'Ul'J 1820•1430 J 
A5U28 1szo;.100 J 
A'5U31 1820•1430 3 
A5UU 1820•1430 3 
A5UH 181!0•11130 3 

A5U31i lUO•llOO 3 
A!UJS 1820•11125 • A5U!ft 1820•1710 • ASUJT 1!120•1425 fl 
&5U38 l !!20•l li2q 0 

A'5U3• 1HO•Oo91 (lo 

ASUao te20•1204 • A'5U4\ 1820•1210 1 
ASUO 1810•004' 1 

ASIW1 1200•0541 1 
A5ICU4 U00•05Clt 1 
ASICU!i 1200•05111 1 
•sxu& UOO•O!U 1 
A5Xll7 UOO~OSGl 1 

A5XU8 1200•0541 l 
A5lCU1l 1200~06'54 ' A5lCUU 1200~0U8 1 
A!~Ui!4 tZOO•Olt38 1 

A& Ot•tS•U5U 2 

AeCt 0190•01•1 8 
AeC2 Ol80•0U9 1 
AeCJ 01&0~340 5 
A&C4 01&0•U05 1 
A•C5 01&0•220'5 1 

AeC& 011•0•1205 1 
AeC7 0100•220'5 1 
oce OUO•OU• " uc• 01110~2n; q 

••c10 Ollt0•2055 • 
A•C11 Ot•O~HH • AeCU 01•0·2055 • AeCU 0100•2055 • ••Cu Ot•O•Z05! • A•CtS 0100•205'5 • 

I I 

••Ct• ouo~2on :; 
AftC2o ouo•zon • 

Qty 

l 
l 
1 
1 
1 

1 . 
1 

1 
2 
t 

1 

\ 
2 

1 

z 

2 

l 

& 

l 
3 

t 

11 

t 

Table 6-1. Replaceable Parts (Cont'd) 

I 

Description 

TERY!NAL TEST POINT PCB 
TER!.IPJAL TEST POINT 1-'CB 
TERMINAL. TE:ST l'OlNT 1-'CB 
TER!.IINAL TEST POINT PCB 

IC OCDR TTL LS 3•TO•S•LIN! l•lNP 
IC !.IUXRIDATA•SEL TTL LS 4•T0•l•LIN! DUAL 
IC NI.IQ! 1&384•9IT ROI.I 
IC N!.IQS \&384•AIT ROI.I 
IC NMOS \&384•BIT ROI.I 

IC !ljMQS 1 ltl811eA IT ROM 
!C 'JMOS 1!l!@l!•El!T ROM 
IC '-i!.IOS Ul84•B?T ROI.I 
YC B'R TTL LS LINE DRVR OCTL. 
IC B'R TTL L.S LJNE DRVR OCTL 

IC MtCl-'ROC NMOS a.BIT 
IC ORVR TTL L.S LINE ORVR OCTL 
tc INV TTL ~!X l•lN!o' 
IC FF TTL S J•K N!G•EDGE•TRIG 
IC FF TTL L.S O•TYl-'E 1-'0S•EDGE•TRIG COM 

IC GATE TTL LS NANO !!•IlllP 
IC GATE TTL LS NANO QUAD 2•IlllP 
IC SCHt.oITT.TRIG TTL LS NANO QUAD 2•lNP 
IC ,, TTL. L.S D·TYl-'E 1-'0S•EDGE·TRIG COM 
IC 'F TTL LS DeTY!-'E llOS·EOGE·TRtG COM 

IC ORVR TTL LS eus ORVFI HE~ l•!NP 
IC B'P TTL LS LINE ORVR OCTL 
lC ORVR TTL. LS LINE ORVR OCTL 
IC GATE TTL. LS AND QUAD 2•INP 
IC SCMMITT•TRIG TTL LS NANO QUAD l•I"IP 

IC CNTFI TTL LS SIN SYNCMRO POS•EDGE•TRI!i 
IC C"ITFI TTL LS UN SYNCiO!O P05.!Dli£•'!'IHG 
IC CNTR TTL. L.S BIN SYNCMRO POS•EDGE•TRIG 
IC CNTFI TTL. L.S BIN SYNCMRQ POS•EDl'ihTRIG 
IC CNTR TTL LS BYN SYNCMRQ POS•EOGE•TRU 

IC CNTR TTL LS 81~ SYNCHRO POS.EOGE.TFl!G 
IC SCHMITT.TRIG TTL 1.S N•ND QUaD 2•lNI-' 
TC ' ' TTL LS D•TYPE llOS•EDG!•TAIG CO~ 
IC SCHMITT.TRIG TTL L.S NANO QUAD 2•INP 
IC CNTR TTL LS oe:co SYNCHRO 

IC GATE TTL S ANO•OR•INV 
IC GATE TTL LS NAND DUAL ll•IN!o' 
IC GAT! TTL LS ANOeOReINV DUAL 2•INP 
NEhOllll<e•U 12•8lP&.81< OM~ X 10 

SOCKETelC 211·CONT OIP DIP.SL.DR 
SOCl<ET•IC 24-CONT DIP Dtll.SLDA 
IOCK!TetC 24•CONT DIP DtP.SLOA 
socd:T•IC 24•CONT DI it DIP•SLOFI 
SOCKET•IC 211•CONT DIP DIP•SLOA 

SOCK!T•IC 24•CONT Diii DIP•SLDA 
SOCICET•IC 40•CONT OJI' DIP•SL.DR 
SOCICET•IC t hCONT DllleSLDR 
SOCIC!T•IC ll.l•CONT OillellLDR 

BOARD ASSEMBLY, DISPLAY PROGRA~MER 

CAPAC ITORe!'llD 2.2uF+•lOI 20VDC TA 
CAllAClTORel'XO 33u!'+•101 1ovoc TA 
CAPAC ITOA.,ICO 4;0PI' +•101 tKVDC CEA 
CAPACITOR•!'XD 120P' +•51 JOOVDC MICA 
C&PACITOR•l'lCD 12011, +•'51 300VDC MICA 

CAPACtTOR•l'llD UOI'' +•'51 300VDC l>'IICA 
CAPACITORel'XD UOP' +•51 300VDC !.IICA 
CAPACITOA•l'XO 4:50111' +•51 300VDC MICA 
eaFiCiiOR•FliD .01u, •3C•2CI tccvoc cut 
C AllAC lTOhl'XO .otUI' +80•201 tOOVDC C!A 

CAPACITO•.irxo .otU' +10•201 100VDC C!lt 
CAllACITOlll•'XD .otu' +80•201 toovoc cu 
CAPACITORe!'XD 0 01U' +80.201 IOOVDC C!R 
CAPACITOA•l'lCD .otuF +80•201 toovoc C!lll 
CAPACITOR•' XO .osuir +80.201 1oovoc cu 

CAl'AC!T0~.1'110 .01u' +IO•ZOI tooVDC C!A 
CAl'ACJTOA.11')(0 .01uir +10.201 toovoc C!R 
CAl'AC!TOlt•l'XO .osul' +80•201 tOOVOC C!A 
CAl'ACITOhl'XO .01u!' UO•ZOI toDVDC C!" 
CAPACITOhFXD oOtU!' +80•201 toovoc C!A 

I 

Mf -- r 
Code 
00000 
00000 
00000 
00000 

012•'5 
01295 
27014 
27014 
21014 

210111 
21014 
21014 
ou•s 
ou•s 
01ns 
012•5 
0129'5 
012•5 
ou•s 

OU95 
0129'5 
oU95 
oU95 
ou•s 

012•5 
0129'5 
o H'l5 
OU9'5 
012•5 

01zq5 
OU9'5 
0129'5 
ou•s 
Ot295 

012•5 
012•'5 
012'1'5 
012•s 
012q5 

0 ti! •5 
0129s 
ou•s 
281180 

29'180 
281180 
281180 
281180 
uuo 

nuo 
281180 
281180 
28480 

281180 

5U8' 
5U8' 
211480 
284110 
21480 

1111180 
2111180 
28410 
uno 
zeuo 

2100 
28410 
21480 
zeuo 
21410 

211080 
zeuo 
28410 
!IUO 
uuo 

See introduction to this section for ordering information 
*Indicates factory selected value 

Replaceable Parts 

Mfr Part Number 

ORO!R BY DESCRIPTION 
ORO!R BY DESCRIPTION 
ORD!R 8Y OEICRl!o'TION 
ORDER !IV O!SC:FllPTlOi'i 

SN74LSt3&N 
SN711LS15JN 
0"1Z31 UN r.iASKED 
OMl31&EN MASKED 
0"1l31UN t.IASK!O 

01.1z318[N "!ASKED 
O"-HtUN MUK!O 
D"'U1UN MASl<!D 
8N1'1LU41 N 
SN14LS241N 

T!.ISSOSOAN 
SN?llLSZON 
SN140flN 
S'Hlil11ZN 
SN74L.S174N 

SN711L.UON 
Slll74LSOON 
SN74LSt32N 
SN111LSZ73N 
SN74LSZ73N 

SN74L.SJ&'5AN 
SN74LSZ41N 
SN71.iLU4JN 
SN71.11.SO!IN 
S'f7'1LS132N 

SN711LS1UAN 
SN14LSU!AN 
S"174LSU1AN 
SN71.1L.SUUN 
SN'74LSUlAN 

SN71il.S11t1AN 
SN711LSt!ZN 
&N711LSZ1JN 
SN74LS132N 
SN741.Sl&OAN 

SN7111UN 
SN7111.920N 
SN741.UtN 
1810.004' 

1200•0541 
1200•051.11 
1200•0'541 
U00•0'541 
1200•0'5111 

1200•05111 
UOO•OUll 
1200•0Ull 
1200•0U8 

OU1U•USU 

15002251190IOA2 
lSODIH .. OtOB2 
01&0•34111 
Ol•O•H05 
Ol•O•HOS 

01•0-nos 
Ol•O•ZZ05 
011t0•0'3• 
OUO•!OH 
ot•O•Z0'55 

Ol•O•IOH 
OUO•IOH 
OUO•Z0'55 
OteO•ZOH 
OUO•IOH 

01&0•20!5!5 
OU0•2055 
01•0•1055 
OUD•IOH 
01•0•2055 

6-15 



Replaceable Parts 

Reference HP Part c 
Designation Number D 

A•C21 01•0-220~ 5 
&•CU 01eo-0UC1 7 
l•Cn Ot•O•U04 Io 

A•Rt 07'51·0346 2 
A•R2 0751•0001 0 
A6RJ 0757•0lllO 1 
&6Rll 07'57·0280 J 
A6R5 0'757·0408 1 

A6R6 0757•0283 b 
&6R7 0757•0283 • A6R8 0757•0283 • A6R9 0757•029! • 46R10 0757·0180 ] 

AbRlt 0757-0280 3 
AbRti! 0757·0280 3 
&6Rtl 0757•0280 3 
&6Rt4 07!7•01110 t 
Ab1H5 0757-0410 1 

A•Rlf• 07'57·0410 1 
A6Rt7 O?IJT..0410 t 
A6Rt~ 0751~01110 1 
lflRU 07'51•0401 0 
AbR10 01'51·0183 • 
A6Ri?t 2lGO•U51 6 
&6R22 07'57•01.118 • A6RC!J 07'1•0.i!!IO 3 
&6R24 0751·02"0 3 

&6Ri?'S I 0757•04 lO I 
••Rzo 0757•0410 1 
AflR21 0757-0410 I 
l6R28 0751•02!10 J 
AllR29 0157·02!10 ] 

A6R3o 07!7•0llJO ] 
A6R]t 0757-01110 1 
Af)RJ1 01'57e0280 1 
AflRlJ 0757eOll07 • &6RJo 01s1.;.02so J 

OR]'S 0757-0416 7 
&eRU 0757•0Z80 3 

A•Tllt OUO•OU5 0 
A6Tltz OJU•O'SJS 0 
&•TllJ 0JeO•O!J5 0 
A•TP4 0160•0'535 0 

A6U1 I 1818•0117 

I! OU2 I UO•I0.42 
A•Ul 1U0•06'l 
46U4 1820•11•11 
AtiU5 tUO•lt•11 • 
OUe 1120~11.1.1 • OU?' uzo.;.soz5 • l6U8 t820•tt u e 
A•UCI 1!120•111]0 J 
AllUIO lUO•lllJO 3 

A6Utt l820•111JO J 
AflUti! 1!120•Uto ' &flUI] 1820•ftUl • A0Ut11 lUO•t•e• 7 
0Ut5 1820•14111 1 

AoUl• I 1!20•1070 1 
0Ut7 lHO•lliTO l 
A6U18 1820•0097 0 
&6Ut• tet•~o•u • A6U2o l820•U17 4 

OU2t 1820•12'8 I 
A&UU t914•l14' 2 
A•Ull l "20•tllJO J 
UU2Q 1820•12011 ' uun l!IZO•l20l 7 

•• u,. 1UO•l730 • A6U27 

I 

1820-11 q2 

i I A6U2B l!lte•OJllB 
A6U2• 1818·oJ4e 
A6U'SO l8l8•0SU 

I I 
I I 
I l 
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Table 6-1. Replaceable Parts (Cont'd) 

Oty Description Mfr 
Code 

t C&P&CITOR.FXO l•OPF •• sx lOOVOC MICA 28490 
C&P&CITOR.FXO 33UF+•lOX toVOC TA 5628' 
CAP&CITOR•FXO tOOPF +•SX ]OOVDC ~ICA 281180 

RESISTOR 10 11 .t25W F TC•O+•lOO 2115116 
RE SJ ST OR 100 IX .12sw F TC•O••tOO 211'511• 
RESISTOR Jot ll .12sw F TC•O+•lOO 245416 
R!SISTOR ti< tX .t25W F TC•O+•lOO 21154• 

1 i:IESISTOR Z4] IX .t25W F TC•O+•lOO 245411 

q REUS TOR 21( u • u5w , TC•O+•tOO 211511• 
RES ts TOii i?K ll .usw , TC•O+•tOO 2115"• 
'IE SUTOR 21< u • t 251'1 F TCIO+•lOO 211546 
RES JS TOR 21< u • U5W F TC•o+•tOO 2"5116 
R~SISTOR 11( u .U5W, TCaO+•tOO 211'5116 

RESISTOR ti< u .usw F TC•O+•lOO 2115116 
'IEUSTOR ti< IX .12sw , TC•O+•lOO 2454' 
RESISTOR 11< u .125w , TC•O+•lOO 21154• 
RESISTOR ]01 u .u5w F TC•0+.100 2'"46 
Ill!!: SUTOR JOI ll • ti?5w F TC•O+•tOO 211546 

qESISTOR JOl u • \251'/ F TC•O+•lOO 211511• 
qi::srsTOR ]01 u .12sw , TC•O+•lOO 24540 
RESISTOR 301 u • !2'5111 , TC•O+•tOO 2115110 
RESISTOR 100 It 0 ti?5W F TCIO+•lOO 24540 
RESISTOR 11< 1X .1i?5W F TC•O+•IOO 2115110 

lll!StSTOR•TR~R 500 10X C SIOE•&OJ l•TRN 281191) 
RESISTOR bl• ll .125w , TC•0+•100 245116 
RESISTOR 1~ tX .12sw F TC•O+•IOO 24511• 
RESISTOR l~ 11 0 li?5W F TC•O+•lOO 24'546 

RESISTOR ]01 lt .12sw , TC•O+•IOO 2115116 
RESISTOR ]Ot It 0 t25W F TC•0+•100 21.1'54o 
RESISTOR ]01 11 • tl51'1 F TC•O+•lOO 21150 
RESISTOR 1~ ti .12sw, TC•O+•lOO 21151111 
RESISTOR ti< IX .12sw, TC•O+•lOO 2Cl54• 

qEStsTOR ti< IX .12sw F TC•O+•lOO Zl.l54ti 
RESISTOR ]01 lt 0 t25W F TC•O+•lOO 21150 
RF.SIS TOR 1~ tX ~!25W F TC•O+•IOO 245110 
llESUTOR 200 11 .12sw, TC•O+•lOO 2CIS46 
llESISTOlll t~ 11 ~li!'SW F TC•O+•lOO 211540 

RESISTOR 511 1 % .125W F TC=0+-100 ZllSCU. 
REStSTOA t~ 11 .12sw ~ TC10+•IOO 2115116 

TERMINAL TUT llOINT fllC! 00000 
TERMINAL T!ST ltOINT llCB 00000 
TERMINAi. T!ST POINT llC! 00000 
fElh1INAI. TEST POINT PC8 00000 

I re PMOI 2 0 151( ROM CHAR GEN 1150•N8 J•S 14'3' 
I IC SMF•RGTQ TTL 111•8 PRL•IN SER!AL•OUT 011'9 

re GATE TTL S &NO•ORelNV 01z•5 
] IC CNTR TTL LS BIN UP/DOWN SYlllClo!RO 012•5 

re CNTR TTL LS !IN U'/00WN 8YNCMRO 012•11 

IC CNTR TTL L8 BIN UPIOOWN SVNCMRO 012'5 
IC SCHMITT•TRIG TTL. L.8 NAlllO QUAO 2•INP oU•5 

1 IC ,, TTI. L.8 O•TYP! POl•!OGE•TlllIG ou•s 
IC CNTll TTL LS BIN SVNCHRO !l08•EDGE•TRIG 012•5 
IC CNTR TTL L.8 BIN IVNCHRO POS•!OGE•TRIG 012•'5 

IC CNTR TTL LI S!N IYNCMllO POSe!DGE•TRIG 0129! 
re GATE TTL LS 4ND•OReINV DUAL. 2•INll ou•s 
IC GATE TTL. S NANO QUAD 2•INP 012•5 

1 IC CNTR TTL. L.S BIN DUAL. ll•BlT 07263 
0 IC MUXll/OATAelEL. TTL. L.S 2eTOet•L.INE QUAD 012•5 

IC MUXRIDATA•IF.L TTL. L.S 2•TO•l•L.IN! QUAD Ol29S 
IC MUXRIO&TA•IEL TTL L.S Z•TO•l•L.IN! QUAD 01295 

t IC GATE TTL S ANO TllL J•IN' oU95 
I IC TTL S bll•IH T RAfll 110-NS O•C J4J3! 

IC MUxRIOATA•SEL TTL LI S•TO•t•LlNE ouq5 

1 IC MUXllllO&TA•SEL TTI. LI S•TO•l•LINE 0129'5 
I IC TTL 8 ti< ROM U•NS l•I 012•5 

IC CNTR TTL L8 BIN IYNCMRO POl•EDGE·TRI; 01295 
IC GATE TTL LI NANO DUAL 4•INP oU95 

2 re GATE TTL LS NANO TPL J•tN' 0129'5 

IC FF TTL LS O.TVP! P08.ED;E.TRIQ COM 01295 
i? 

I 
IC RGTR TTL. D•TYP[ 4•BlT 012•s 

e IC NMOS ti< RAM STAT ]•I onu 
re fllMOS tK RAM STAT 3•8 onu 
re NMOS IK RAM STAT 3•8 onu 

I I 
l I 

l 

See introduction to this section for ordering information 
'"hdicates factory sr~lected '>alue 

Model 1fi1 SA 

Mfr Part Number 

oao.zzo• 
l 500J36X•O 1 Oii 
Ol•O•UOll 

Cll•ll8•TO•lORO•F I Cll•ll8•T0•101•F 
Cll•ll8eTO•JOlR•F 
C4e1/8eT0•100l•F 
C4•1/8eT0•24JR.F 

C4•ll8•T0•2001•F 
Cjj•ll8•TO•I001•F 
C4•118•TO•I001•F 
Cht/8•T0•2001•F 
Cll•tl8•T0•1001•F 

Clle1/8aT0•1001•F 
C4atl8aT0•1001•F 
Clle l/8•TO•l 001 •F 
C4•1l!l•TO•J01R•F 
C4e118•TO•J01R•F 

C4.11e.ro.101R.F 
C4.tl!eTOeJ01R•F 
c11.11e.To.101R., 
C4•11S.TO•IOl•F 
C4.tl!leTO•IOOl•F 

2100•JJ5l 
C4•ll8•TO••t•R•F 
C4•11hTO•lOOl•F 
Cll•118•TO•l001•F 

C4•1/!leTOeJ01R•F 
c11.11s.To.101111., 
c11.11s.ro.101R., 
C4• tl8• TO•l 001 •F 
c11.11e.To.1001., 

c1.1.11e.ro.1001., 
Cllat/8•TO•I01R•F 
Cl.let/8eTO•IOOl•F 
C4.118.TO.I01•' 
c11.11s.To.1001·' 

C4-1 /8-T0-511 R-F 
Cll•tl8•TO•IOOl•F 

ORD[!! IY D!ICR!llTION 
ORO!R SY DEICRillTION 
ORO[lt 8Y D!ICRIPTION 
ORDER 8Y D!ICll%,TION 

R0•]•25U 

I 
8N74tUN 
8N74SUN 
8N74L.8t •JN 
8N711L.8t•JN 

IN111L.81CJJN 
8N74L8U2N 
8N74Ll711N 
8N7111.SU1AN 
8N71.11.8U1AN 

SN741.IU1AN 
8N74LSltN 
8N74IOON 
74L.S3'JllC 
SN74L8!57N 

6N74Ll!ll57N 
8N74L.8t57N 
8N748UN 
AM]lLOlltC 
8N74L.8UtN 

8N74L.IH1N 
SN7111217N 'lllDQRAMMID 
IN741.IU1AN 
8N74LHON 

I 

IN74L810N 

8N7111.U1JN 

I 
Slli?4t 7JN 
i?l02L.H'C 
i?lOll.l'lllC 
2102LH'C 

I 
l 

1 



Model 1615A 

Reference 
Designation 

A&Ul1 
A&Uli! 
AltU31 
A&Ul4 
AltUl5 

A&Ul& 
A&U37 
A&U38 
A&Ulq 
A•U40 

Af;U4' 
AbUO 
A&U43 
A&U44 
AbU45 

AbU4& 
A&U47 
A&U48 
A&U4q 
UU50 

A&U'S! 
AbU52 
A&U5l 

A&XUt5 
A&XU22 
A&XUU 
A&XU:!ill 
AUUU 

A&XU50 
AbXU5t 
A&XU52 

A7 

A7Ct 
41C2 
A1C3 
A1Cl.I 
A7C5 

A7Co 
A7C7 
A7C8 
A7Cq 
A1Cto 

A7C1 i 
A7Ct2 
ocu 
A7Ct4 
ATC 15 

A7C1& 
A7C17 
A7C18 
A7C1• 
A7C2o 

A7C2t 
A1C22 

A1Cllt 
A7C"I 
A7CR3 
A7CRll 
A7CR5 

A7CR& 
A;CR; 
A7CR8 
A7CRq 
A7CRtO 

OCR! 1 

A70St 

A7!1 

A7,.I 
A7,-2 ,,,.3 
"'""' 

HP Part 
Number 

I c I .... _ 
D Uty 

1818•0348 11§ 

1820•1112 8 
1820•1/.170 I 1 
UU•lt/.18 I 
1820•121'13 8 

UU•1150 5 
1920•1430 3 
1820•1112 8 
1820•11'1 • 
1820•06•3 8 

1UO•tt•2 
1818•031.18 
1818·0348 
1818•0348 
1818·0148 

1U0•0&•3 
11120-1202 
1820•1210 
1~20•11•• 
1810•1151 

1820·100 
1820.;.00•1 
1820•142• 

1200-01101 
1200-01101 
1200•0607 
1200•0&07 
1200•0607 

1200•0&01 
1200•0flll1 
UOO•OU8 

0180•0230 
ouo-ono 
OUO•U30 
0180.;.ono 
0180•01 u 

0160·2055 
0160·3443 
01&0.210 
ouo.;.27so 
0160•01b1 

Otb0•20'55 
Olfl0•3S08 
OU.0•344] 
0160•2055 
0160•3443 

Ot80•011fl 
OU0•01b1 
0180.;.2150 
01•0.;.noe 
01&0•2055 

Oh0,;.3508 
01bO•J508 

1'01•0h2 
1•o1 •0662 
I •01•0662 
1'01•0511 
111114•02bb 

1'01•0062 
1~01.;.0•&2 
1•01-01•1 
1'0hOOllO 
1880.(1216 

UOl•OU2 

211.10.04'3 

03•0•1788 

2110-0002 
2110-0002 
2110•0!U8 
2110•0528 

i l 
8 
7 
7 
1 
b 

0 
0 
0 
0 
1 

• 
l 
0 
3 
I.I 

• • 
l • 
l 

1' 
4 
3 • • 
• • 
3 
3 
3 
1 
5 

3 
3 • 
1 
1 

3 

5 

i 
2 
3 

Table 6-1. Replaceable Parts (Cont'd) 

Description 

IC N~OS 1~ RAM STAT l•S 
IC ,.,- TTL LS D·TYPE POS•EDGE•TRIG 
IC MUXRIDATA•SEL TTL LS 2•TO•l•LINE QUAD 
IC TTL S 1~ ROM b5•NS 3•S 
IC G~TE TTL LS AND TPL 3•lNP 

IC TTL S 1~ RO~ fJ5•NS 3•S 
IC CNTR TTL LS BIN SYNCHRO POS·EDGE·TRIG 
IC FF TTL LS D•TVPE POS•EDGE•TRIG 
IC GATE TTL LS NANO QUAD 2•1NP 
IC FF TTL S D•TVPE PDS•EDGE•TRIG 

IC RGTR TTL O•TYPE l.l•BIT 
·1 IC NMOS 11< UM STAT 3•S 

IC NMOS 11< RAM STAT l•S 
IC NMQS tK RAM STAT l•S 
IC NMQS 11< RAM STAT 3•S 

IC FF TTL S D·TYPE POS•EDGE·TRIG 
IC GATE TTL LS NANO TPL l•INP 
IC GAT! TTL LS AND•OR•INV DUAL Z•INP 
IC INV TTL LS HEX !•INP 
IC TTL S 11< ROM f>S•NS 3•S 

IC CNTR TTL LS BIN SVNCHRO POS•!OGE•TRlG 
IC ,,. TTL S D•TYPE POS•EDGE•TRIG 
IC CNTR TTL LS DECO SYNC~RO 

SOCKET·IC !&•CONT OIP.SLOR 
SOC~ET·IC to•CONT OIP.SLDR 
SOCKET•IC tb•CONT OIP.SLDR 
SOC~ET·IC 1&•CONT OIP•SLDR 
SOCKET.IC 1b•CONT DIP•SLDR 

SOCK!T•IC 1o•CDNT DIP•SLDR 
SOCKET•IC t&•CONT OIP•SLDR 
SOCl<ET•IC 14•CONT OIP•SLOR 

BOARD ASSEMBLY, POWER SUPPLY 

CAPACITOR•,XO 1U'+•201 50VOC TA 
CAPACITOR•FXD IU'+•201 50VOC TA 
CAPACITO?•FXO 1UF+•201 50VOC TA 
CAPACITOR•FXD IUF+•201 50VOC TA 
CAPACITOR•'X~ f>.~UF+•IOI 35VOC TA 

CAPACITOR.F)(D .01u,. +80.201 toovoc CER 
CAPACITOR.F)(D .1uF +80•201 5ovoc CER 
CAPACITOR.FxD 10PF +•SI 300VDC MICA 
CAPACITOR•FXO 3300UF+IOO•IOI b,3VDC AL 
CAPACITOR•FXD .otu,. +•101 i!OOVOC POLVE 

CAPACITOR.FXO .ntUF +80·201 IOOVOC CER 
CAPACITOR.FXO !UF +80•201 50VDC CER 
CAPACITOP.FXO .1UF +80•201 SoVDC CER 
CAPACITOR·FXD .01UF +80·201 1oovoc CER 
CAPACITOR•'XD .IUF +80•201 50VDC CER 

CAPACITOR.FXD &~euF+-101 35VDC TA 
CAPACITOR·FXO .o!UF +•IOI 2oovoc PDLVE 
CAPACITOR.FXD 3300UF+IOO•IOI &,3VDC AL 
CAPACITOR.FXO tUF +80•201 50VDC CER 
CAPACITOR•FXO .o!UF +80•201 IOOVOC CER 

CAPACITOR•,-XD 1U,- +80•201 50VOC CER 
CAP6CITOR•FXO !UF +80•201 SOVOC CER 

DIODE•PWR RECT !OOV oA 
DIODE•PWR RECT !OOV 6A 
OIDOE•PWR RECT !OOV &A 
OIOOE•PWP RECT 1N388•R SOV 12A 200NS 
THVRISTDR•SCR 2N&l.IOO T0•220A8 VRR~•!O 

OIDOE·PWR P!CT !OOV bA 
0!00!-P~~ RfCT iOOV ~£ 
DIOD!·PWR RECT tN388q 50V IZA 20oNS 00.1.1 
DIOOE.SWITCHING JoV SOMA 2N8 00•35 
THVRISTOR.TllIAC T0•220AB 

DIOO!•PWR RECT !OOV &A 

LAMP.INCANO 55 7VDC lltMA G.1.1 l/2•BUL8 

CONN!CTOR•SGL CONT PIN .OllS•IN•!SC•IZ SQ 

RESISTOR•VAR CONTROL WW 50 101 LIN 
RE!!STOR•VAR CONTROt, WW 50 101 t,!N 
,-USE 10A t25V FAST•BLO 1,25X,15 UL 
FUSE 10A t25V FAST•BLO 1.2!5x.25 UL 

Mfr 
Code 
072&3 
012•5 
012q5 
012q5 
!'12q'3 

012q5 
012•s 
012•s 
012q5 
01295 

01295 
072b3 
012&3 
0'72&3 
0'7<!b3 

012•s 
01295 
012•5 
012•!5 
012•'3 

0129!5 
OUCJS 
012•5 

28480 
291180 
28480 
28480 
28480 

281.180 

51128' 
5b289 
5112M 
51128• 
5f>28q 

28480 
2848n 
281.180 
5b28' 
281.180 

28480 
281.180 
28480 
28Ll80 
28U80 

5&28• 
28Ll80 
5b28• 
291.180 
!11480 

28ll80 
281.180 

04113 
01.1713 
04113 
011713 
01'28 

04113 
0~11] 
5S•&T 
28480 
28480 

04UJ 

011800 

28480 

uuo 
2!480 
1!'115 
15•15 

See introduction to this section for ordering information 
*Indicates factory selected value 

Replaceable Parts 

Mfr Part Number 

2102t.H"C 
S1'J74t,871.1N 
SN74t,S157N 
SN74S287N "ROGRAMM!O 
SN71Jl.S11N 

SN74S281N PROGRAMMED 
SN74LStbl AN 
SN74LSTllN 
SN71.1LSOON 
SN71.1874N 

SN74! 73N 

I 

2102t.HllC 
2102V!PC 
i!I02L.HPC 
2102LHIDC 

SN71.1S74N 
SN71.1LS10N 
SN74LS51N 
SN74LS04N 
SN71.1S281N IDROGRAMM[D 

SN74LS1111AN 
SN741TllN 
SN741.S1fl0AN 

1200•0fl01 
1200•0•01 
1200•0fl01 
1200•0•01 
U00•0•07 

1200•0•07 
1200•0•07 
1200•0&38 

01015•&&513 

!'30D105XOO!SOU 
!50D105l!OO!SOA2 
t50D105X0050U 
t50D105X0050A2 
!500&8SX4J03!S82 

Olb0•2055 
01b0•3443 
01&0•21•7 
fJ12D338H&RJJE2C 
0160•01U 

0160•2055 
01&0•3501 
Olb0•31143 
01&0•2055 
01&0•3443 

t 5oDU5lCCJ035BZ 
Olo0•01&1 
f>12D338H•RJJ!2C 
01&0•3508 
01&0•2055 

01b0•]508 
01&0•3508 

Mll151 
"'"151 
MR751 
!N388'R 
2N6400 

MR751 
"'"7111 
1N18n 
tCJOl•OOl.IO 
1nu.021• 

MRT51 

55 

Ole0•17H 

2100•0002 
?100•0002 
312010 
312010 

6-17 



Replaceable Parts 

Reference HP Part Tc 
Designation Number D 

HHt l3oO•Ot95 0 
A7H2 11120-0001 ; I ATHJ l711tl•0003 

'11.1 9\40-0242 q 
'11.2 91110-02112 q 

A7MPt OJ80·0327 0 
ATMPt 1205•0310 2 
A7MPi! 11100-0491 0 

A7Q1 11153•00~4 0 
A7G2 tA54•021'5 l 
47Q3 lA'511.0300 5 
AT041 lfl'5l•003b 2 

A7R1 07S7.o41H 2 
A7R2 0084-0811 J 
A7R3 0757•0473 0 
A7Aa Oofl3•l~0'5 0 
ATRS Ooll7•2201 J 

A7Ro o7'57e044i' q 
A7R7 0757e04141 5 
A7R8 0751·0290 '5 
A7R9 0083·222'5 J 
A7RIO Oo"J•t20'5 7 

A7AI I 0757.0178 Q 

A7R1i! 2tOO•ll'52 7 
A7Rt3 0111 t-1158 8 
OR ta Olll l•t 758 8 
A7Rt5 08tt•l158 8 

A7R1e> he3•02'S Q 

A7RI 7 Oo83•0o85 5 
A7Rl8 0751.0200 7 
A7R!9 Oo83•02''5 • A7R2o 0684·'5&01 7 

A7R2t o&e3.302s 3 
A7R22 2100-33'!11 0 
A7R2l Oo98a0085 0 
A7R211 0083·512'!1 e 
A7R215 0.87·2201 3 

A7i:li!o Ob98.J1!iO 0 
A7Rn 0083•10!'5 7 
A7R2e Oo83•027C5 Q 

A7R29 0083·120'5 ' A7R30 ou11.192t 0 

A7R3t Obl!llao8t I 3 
A7RU Cl757a0414 '5 
A7R]] oe11-1ne 8 
A7RJ4 0811•17158 II 
A7Rl'5 ne11.1758 8 

A7RJfl 0757e0442 • 47R3; 075TeOll38 l 
A7FIJ8 ou1.;.021s 0 

A7RJ9 ooe11.soo1 7 
uRoo 0811·1158 ~ 

A7114t oe11.11se e 

UT Pt t)H0•0!3!5 0 
A7TP2 OlU•0'53'5 0 
UTPJ 03•0•0!53' 0 
UT1t41 ooo.;.0535 0 
UTP!S OHO•O!IJ!S 0 

A7Tlto OlH•OS35 0 

A~Ul t8I0•04JfP 0 
A1U2 1e21i.oooo 7 

A7Vll1 19U•3l04 6 
A7VIU 1'02·3104 6 

A7)(0St 111!50-0!580 1 

UXl"t 

I 
1110•026' 

: I 
A7ICl"2 1110-ouo 
A'l'IC'J 21 l O•OlfifP 
A7X'll 

I 

21t0•02U 
0 I 

A8 Ohl!S•U508 
' I 

l 
I 

I 
J 

6-18 

Table 6-1. Replaceable Parts (Cont'd) 

Oty Description Mfr 
Code 

II SCRE~·M,CH o•32 ,JtZ•IN•LG PAN•MD•POZI 00000 
9 NUT•MEX•WILK~R e•Jl•THD ,1~9•IN•THK 00000 
2 NUTeHEX•W/LKWR tO•lZ•THD ,ti!5•IN·T~K 00000 

2 COIL 100UM tO:I: .qJ7DXt,o2SLG•NOM 281180 
COIL I OOUH 111:1: .qJ7DXt,e25LG•NOM 28480 

2 9PACEReRND ,12~-tN•LG ,oq.tN.ID 2111180 
5 HEAT SlNK SGL T~.1-cs 281180 
2 CARLE TIE ,002.1,i!S·DIA ,111.wD NyL 28480 

I TRANSISTOR PNP 2N49t8 sr PD•30W ~T•]MHZ 0471J 
TRANSISTOR NPN SI PD•JSn~~ FT•looMHZ 011713 

I TRANSISTOR NPN SI P0•25W FT•aMHZ 2848(1 
TRANSISTOR PNP SI PO•Jto~w FT•250MMZ 28ll80 

! RESISTOR 3q2~ 1i .125w F TC•o+.100 t00\ 
2 PfSJSTOR 080 1ox .25W Fe TC•·400l+oon 01121 
1 RESISTOR i!21k ix .t25W F TCao+•1on 245Ub 
I PFSTSTOR 15 5X .2~W FC TCa•ll00/+'500 01121 
2 RESISTOR 22 !OX ,SW CC TC•O+U\2 01121 

'IESISTOR !Ok It .t25W F TC•O+•IOO 2uc;a11 
RESISTOR 1132 IX .12sw F TC•O+•IOO 2U'5Ub 

t RESISTOR e.tqK tt ,12'5W F TC•O+•IOO !9701 
1 11fSISTOR ?,i!K St 0 25w FC TC••llOOl+7oo 01121 
2 r;>fS!STOi:! 12 '5X .25W FC TC••400/+Soo 01121 

'5 11ESJSTOP t,78~ IX .12sw F TCso+•IOO i!11'5Ub 

I RESISTOP.TR~R !K !OX C SIDE.ADJ I •Ti:!N 28ii8() 
8 RES?STOi:! .211 sx 2w Pw Tcso+-800 750U2 

RESISTOR ,211 '5X ?W P~ TC•0+•800 750412 
RESJSTOR .211 5x 2W Pw TCso+•POO 75042 

II i:!ESISTOR 2.1 '51 .25--. ire TCa•ll00/+5011 01121 
I i:!fSISTOR o.s 5x ,25w " TC••llOOl+500 01121 
I RESISTOR S,oi!k IX ,t25W fJ' TCaO+•IOO 24'51.1b 

RESISTOR 2. 7 5X ,25W FC TC••llll0/+'500 ('11121 
2 i:!ESISTOR So 1n1 ,25w H TCa•ll00/+500 0 I I 21 

I RESISTOP ]K 51 .2sw FC TC••Q00/+7oo 01121 
RESISTOR.TRMi:! '500 101 C SIDE·ADJ l•TAN 2euen 

I RESISTOR 2,olK ti .12sw , TC•o+-100 211'511b 
I RESISTOR 5.tK '51 .25W FC TC••"00/+700 nt t2t 

RESISTOR 22 tnY ,'5w CC TC•0+412 Olt21 

I RESISTOi:! 2.37K IX ,l25w F TC•O+•lOO 21154& 
I REST ST OR too l§y ,25~ ,c TC••UOtl/+500 01121 

qESISTOR 2,7 Sy .2sw fJ'C TC•·4001+5~0 01121 
RESISTOR 12 '5:1: .25W FC TC••4o0/+'500 01121 

J RE SUTOR 3,9K 101 ,iSw FC TC••ll00/+700 nt 121 

RESISTOR 080 toi .2sw "C TC•..11001+11on 01121 
RESISTOR 4J2 u ,tti5w fJ' TC•O+•l!IO 24'5110 
RESISTOR .211 5% 2W "W TC•O+•BOO 750112 
RESISTOR .211 Sy ?w Pw TC•t>+•BOO 750112 
RESISTOR .211 'Sy i'W Pv. TC•O+•llOO '1'50112 

RESISTOR !OK ti ,125~ F TC•O+•IOO 21l51lb 
RESISTOR s.11K ,, ,t25w, TC•O+•lOO 24!i4U1 
RESISTOR 2,7 '51 ,25w FC TC•·QOOl+5oo 01121 
RESISTOR 'So 10:1: ,25~ 'C Tcs.110~1+500 OIUt 
RUIS TO~ ,211 5X ZW PW TCso+•800 750112 

RES IS TOA .211 5lC 2w P111 TC•o+-8on 75042 

TUMfNAI. HST POINT PCB 00000 
TEA"4INAL TEST POINT PCB 00000 
TERMINAL TUT POINT PCB 00000 
TERMINAL T!ST POINT PCB 00000 
TEi:!MINAL TUT POilllT PCS 00000 

TERMINAL TUT POINT PCB 00000 

l IC V RQLTR 14•0Ilt•P O'l'Hl 
I IC 1011 V RGI.TR TO•lOO 07203 

2 OIODE•ZNll !5.62V !SI 00•7 PD•,OW TC•+.otU 2euo 
OIOO!•ZNA '5,&2V !SI 00•7 "D•.llW TC•+,Olbl 28480 

t LAMp SOCKET MINTll•BAY•SKT 95UJ 

e fJ'US[MOl.D!RaCl.IP TYPE,i!!SD•FUU 28481) 
~US[MOl.D!R•CLIP TY"E,2!5D•FU8! 28480 
'USfMOl.D!R•Cl.IP TYPl,Z!SD•l'USE 2811110 
,uu:MoLDER•CI. Ip TVPE,UO•'US! 

I 
211180 

I eo uo uu1o1ei. Y, MOTM!A uuo 

I 
I 
l 

See introduction to this section for ordering ir, formation 
*Irdicates factory selected value 

Model 1615A 

Mfr Part Number l 
J 

ORO!R !Y DESCRIPTION l 
O~D!R 8Y OESCRI,TION I ORD!R !Y OE8CRl,T?ON 

l 

I 
q1110•0242 I 9140•0242 

0380•0327 i 
1205•0310 
1400•00J 

i!l\/11918 
21\1Jqo4 
I 8'51.1.0JOO 
lBSJ•OOlo 

MF4C11e-ToeJ92J-~ 
C~o8t1 
C ii• 118•T 0•2213•1' 

I CB t c;os 
EBi!20I i 

I 
cu.118.TO•lOOi!•F 

I 
cu.11A-T0·412~-~ 
~Fl1Ctl8•TO•o191•F 
c02225 
Cfll20C5 I 
ca.1111.To.1181.F I 2100•33'52 
B•~H2.2a11 oo.J 
Bi<M2•2ll/IOO•J 
8Wlo!2•211/IOO•J 

I Cfl27GS I 
CflbFIG5 
c1.1-118.TO•S&i!t·~ 
C!127G5 
C~5cOt 

Cil3025 
2100•3351 
Cll•tl8•T0.2•11•F 
CSSU5 

I 
EB220l 

Cll•ll~•TO•ZJ7l•~ 

I ca1ot5 I 
I CB27GS I 

I 

CRU05 

I 
C8!9it 

CBe8tt 

I 
c11.11a.T0·43iR·fJ' 

I BWl'li•2111100•J 
I 

810'12•21111 OO•J I 

I 8Wl'l2•2111100•J I 
c11.118.To.1002-I" 

I CQ•ll8•T0•5111•1" 
C8i7G5 I 
Cl!l!SoOI I 
Bt<l-i2•24/100•J 

I 
81'iM2•24/100.J 

ORDER 8Y DUCRIPTION 

I 
OAD!A BY DUCRIPT!ON I ORD!R !lY DESCRIPTION 
ORDER BY DESCRIPTION 

I OAD!R BY O!SCFUPTION 

I 
OAOEA ll'f D!SCR?PTION 

I 7ilPC 

I 
UAJOllMC 

l 90l•3t 011 
l 902•3t 041 

I 

7•3!5XP11 

2110•0204' 
2110•020 

I 211 O•Oi!O 

I 
z110-01011 

I ! Ottil!S•USOI 
i 
I 
i 
I 

l 



Model 1615A 

R f e erencc 
Designation 

A8C1 
A8C2 

A8!t 
A8E2 
A8h 
A8h 

A8J1 
A8J2 
A8J3 

"- •·~-. •D..i,..J 

AeRt 
A8R2 
A8R3 
ABR4 

A8XAt 
A8XA2 
ABU] 
ABXA4 
ABXA5 

ABXA~ 
A8XA7 
ABXU 
A8XA13 

Alf 

A9CI 
uc2 
AllC3 
nt4 
UC5 

UC Rt 
A'ICR2 

A9Lt 

AllR1 
A'IR2 
A'IR3 
ACfRq 
A'IRS 

A'IR& 
A~R7 
A'IR~ 
A'IRll 
A'IR10 

AllRt 1 
A'IRU 
AllRtJ 

A"8t 
ns2 
A'IS3 

AIO 

A10C1 
A10C3 
At OCll 
At0C5 
AIOC& 

AIOC7 
At0C:8 
•toe• 
11oc10 
AIOCI I 

ltO[t 

A1C~,_~ 

AtOM"2 
AtOM"J 

A10Rl 
At ORI 
AIORJ 
A10RG 
AtoR5 

I 

I 

LID D + nr raiL 

Number 
01110•27'70 
0180•27'f0 

01"0•1&53 
OJ&O•h'!il 
0300•1&53 
ouo.;.1&s1 

1251•31'1S 
1251.;.32'7& 
1251•3!'15 

0380•00~~ 

0&84 .. 3'121 
0&841.]'121 
0&'18·3180 
on1-oao 

12'5l•l.IS87 
12S1•4587 
12'51 •459'7 
1H1•1l5!'7 
1251·4!87 

1251•4S87 
12!1 •4158? 
1251•454'7 
1i!5l•lH& 

01&U•ooso'I 

01&0•3443 
01&0.3a43 
0100-11.1111 
01&0•341413 
01&0•34113 

11101.;.001.10 
1901•00/JO 

91uo-01se 

075T•02'78 
O'f5T•Oll1Cf 
2100·3588 
015.,.02"8 
O'f5'f•Ol.ll 9 

i!100•35e8 
c75hone 
07'!7·0111 '1 
2100·3588 
0151·0218 

0751·040\ 
0&81.1.0211 
0684•02" 1 

3\01•2tlll 
ltOl•<tlt8 
1101•2118 

Ol.0•210 
01•0-2055 
otfl0•205'5 
0160•302 
OUO•JbU 

on1.;.oooo 
07'51.;.0284 
0"51-0HO 
O'f'51·0U4 
OUO.tOJl 

c 
D 

., ., 
!s 

1: 

I~ . 
1; 
12 ., 

() 

0 
0 
0 
0 

0 
0 
? 
b 

3 

1 
1 
I 
1 

I: 

1 
II 
0 
1 

" 

1 
q 
q 
e 
8 

' 
i I 
• ., 
J ., 
q 

Oty 

2 

ll 

2 
1 

2 

1 

' 

I 
I 

t 

Table 6-1. Replaceable Parts (Cont'd) 

I 

Description 

CAPACJTQJ;.P'X[) 0 0t8F+'f5•10l 30VOC AL 
CAP 1.C ITOR.FXO 0 nt8F+'f5•10l !OVOC AL 

CONNECTOR•SGL CONT PIN .01.15•IP..•BSC•8Z SQ 
CONNECTOP•SGL CONT Pir-; • C145•I fli•BSC•SZ SQ 
CONNECTOJ;•SGI.. CONT PIN • 0U5•It••BSC •SZ SQ 
COl\JNECTOJ;.SGL (';ONT l'IN .04s.11.:.esc.sz SQ 

CO~NECTOR ll•PIN M POST TYPE 
CONNECTOR &•PIN ~ POST TYPE 
CONNECTOR l.l•PIN M POST TYPE 

ar:ACER-~'I T-o~.i .~5-IN•LG .1S2•IN-IO 

RESISTOR 1.111< !Ol .2sw FC TC••l.I00/+100 
RESISTOR 3.QK lnl .25~ FC TC••400/+?no 
RES IS TO~ &8 2l ~W MO TC•0+•200 
RESISTOR 511 ll .12sw F TC•O+•IOO 

CO~INEC TOR•PC El'lGE 50•CON T /RO•~ 2•ROWS 
COW·lECTOR•PC EOGE SO.CONT /ROW 2•ROW8 
CONNECTOR.PC EDGE so-CONT/ROW 2•ROWS 
CO~JNEC TOP.PC EDGE so-CONT/f:!OW 2•ROWS 
CONNECTOR.PC ErlGE so-CONT/ROW 2•ROWS 

CONNECTOR•PC EDGE SO•CONT/ROW 2•ROW8 
CONNECTOR•PC EDGE 5o•CONTIROW 2•ROWS 
CONNECTOR 20•PTN ~ POST TVPE 
CONNECTOR•PC EOGE 15•CONT/ROW 2•ROW8 

BOARO ASSEMBLV, PROBE THRESHOLD/INPUT 

CAPAC ITOR•FXO • tUF •B0•20X so voe CER 
CAPACITOR.FXO 

0
1UF +B0•20l sovoc CER 

CAPAC ITOR.P'XO 0 tUF +80•201' so voe CER 
CAPACITOR.FXD .tUF +BO•i!O:C 50VDC CER 
CAPAC:ITOR.FXD • t UF +80•20X 5oVDC CER 

DIODE•SWITCHING 30V SOMA 2NS 00•35 
ntnDE•SWITCHING 30V so~A 2NS DO•lS 

COIL-MLO tUH IDX Q•J2 .011sox.2sLG.NOM 

RESISTOR l.78K 1t .12sw F TC•o+-100 
Rf.SlSTOR &81 1\ ,125~ F TC•O+•IOO 
RESISTOR.TRMP toK 20X CCP TOP.AOJ !aTRN 
PESISTOR t.78K ,, .12sw F TC•o+-100 
RESISTOR b8t IX .12sw F TC•O+•IOO 

RESISTOR.TRMP !OK 20l CCP TOP.ADJ l•TRN 
RES?STOR 10 78k I~ 0 t25~ F TC•O+•lOO 
J;ESISTOR 681 IX .125w F TC•O+•IOO 
RES!STORaTRMR lOK 201 CCP TQP.AOJ l•TRN 
RESISTOR 1.78K IX .125W F TC•O+•tOO 

RESISTOR 100 lX .12sw F TC•O+•IOO 
RESISTOR 2.1 IOl .2sw FC TC•·ll00/+500 
PESISTOR 2.'7 101' .25W FC TC•·ll00/+500 

SwITCM•TGL SUB~IN SPOT SA 120VAC 
SWITCM·TGL SUBMIN SPOT 5A t20VAC 
s~ITCH•TGL SUBVXN SPOT 5A 120VAC 

CABLE ASSEMBLY, INTERCONNECT FOR A9 

SOARD ASSEMBLY, K!Y80ARO 

CAPAClTOR•FXD 33UF+•IOl 10VOC TA 
CAPACITOR•FXO 0 1UF +SO•i!Ol tOOVDC C[R 
CAPAC!TOP•FXO 20"F +•SI lOOVDC MICA 
CAPACITOP•P'XO 20PI' +•5l 300VDC MICA 
CAPAC:ITOR.l'XD 20PF +•Sl Joovoc MICA 

CAPACITOR•FXO 20PF +•51 300VOC MICA 
CAPACITOR.FXO .otUP' +ao-201 IOOVOC CER 
CAPACITOR•FXD .01UI' +80•201 IOOVOC CER 
CA"ACITOR•P'XO .1UF +!0•201 1oovoc CER 
CAPACITOR•FXO 0 !UF +80•201 tOOVDC CER 

CO~NECTOR·SGL CONT PIN .oos-tN.esc-sz SQ 

ara~•-M•rw ~-•~ ,,,_,~-' c ~•~-wn-~n•t 
STANOo,~:RvT:oN :;;i:iN:~; ,,:JZTHO -~-
SUP,ORT, K!YSWITC~,S~E!T METAL PLAT! 

A!StlTOR 110.~ IX 0 1i5w , Tt10+•iOO 
REltlTOA 150 ti .12sw F TC•O+•lOO 
RESISTOR 1K ti ~125W F TC•O+•lOO 
RESISTOR 1,0 11 .12sw I' TC•O+•lOO 
RESISTOR tOK 101 0 15W ,C TC••4IOO/+'fOO 

i 

I 

l\Afr 
111111 

Code 
2ue o 
uaeo 

2eaeo 
28i180 
uuo 
i!8U80 

i!8U80 
2eueo 
281180 

r.oooo 

01 li!t 
01121 
281180 
2451.11:1 

28u80 
281180 
281180 
281.180 
281180 

281180 
28480 
281.180 
28480 

28480 

28480 
281180 
281180 
281.180 
28480 

281180 
28480 

281180 

21.1'54b 
21154b 
28ti80 
2115ll& 
2i1511b 

28480 
21.iSllb 
21154& 
281180 
2451!& 

241546 
01121 
01121 

281.180 
281180 
281180 

281180 

281!80 

Sb28'1 
261:151.1 
281l80 
28UO 
281180 

281.180 
i!8'180 
281180 
2&6'54 
2'6511 

uaeo 

00000 
2suo 

24151.ifl 
21150 
21150 
24511• 
01121 

See introduction to this section for ordering information 
*Indicates factory selected value 

I 

Replaceable Parts 

Mfr Part Number 

0180•2'f'f0 
0180•2'f'f0 

o3&0•1UJ 
OJb0•1UJ 
03&0•1fl5J 
03&0•11:15J 

l251•3U5 
1251•32U 
I i?Sl •31'1! 

CPO!R !V OE!CR!PT!ON 

CB3'121 
CB3'121 
0&'1!1•3180 
c1.1.11s.To.s11R•I' 

1251•1.15!7 
1251 •1.158" 
1251•115!'f 
1251•1158'7 
12Sl•llS8'f 

1251•11587 
\251•1!587 
1251•1.!547 
1251•188& 

OlttlS•o&SO'I 

o 11:10-1u1 
O IM•3411l 
01&0•31.143 
0 lb0•3443 
01oO•l4liJ 

!QOt•0040 
lq01•0040 

1h40•0158 

Clla1/B•T0•1'7B1•P' 
CU.t/8aTO•lt81R•P' 
2100•3588 
C4.t/8.To-1n1.F 
Cl.l•l/8•TO•o81R•F 

2100•351!8 
c11.11e.ro-1791.F 
c11.11B.TO·&B1R•I' 
i'100•3'588 
Cl.l•1/!l•T0•1'f81•F 

Cll·118•T0•10l•F 
CBi!'fG 1 
ce21G1 

3101•2118 
310l•it1! 
3t01•211B 

Olb15•111flO'f 

150DU•X'IO 1082 
2130V'5V100R1041Z 
OU0•2t 'IS 
01f10•2!U 
01&0•21'18 

Ol&O•ll'lll 
OH10•2055 
01110•205'5 
213015V 1 OORt OU 
2130V5Y100RI041Z 

QRQfR !¥ ~!,tR!JT~Q~ 
ORO!R IV OflCRI,TION 
OUU•OllTOt 

tii•ilhTO.OR••' 
c11.11e.To.l51·I' 
C41•1/ll•TO•l001•' 
Cll•118•TO•l!l1•1' 
CB10Jl 

6-19 



Replaceable Parts 

Reference HP Part c 
Designation Number D 

A10R& OH'7•o4J4 4 
At0A7 07'51•02'73 4 
41 OR!I 0751·0280 I~ A10R• ?1iJ1•0l80 
A101UO 0151·0284 7 

AtORtt 075'7·0280 3 
A10AU 07'!17•0284 7 
A I 0At3 0757·0400 4 

A10St• 
Al08U 3101•2137 7 

At OU! 1820.;.001 " AtOUl 1820•14110 5 
AIOUl 1A21•0002 5 

A1ow1 Otc»l'!l•eUioe 1 

All 0101s-•os12 8 

AU 01ftl t•ftft50] 3 

AtlCt 01fl0•0101 I.I 
At 3C2 0140•0\QQ b 
AUCl 01so-ooq1 '7 
At 3Cl.I Ot80e010fl 4 
AtJC5 oieo-0047 ., 
Al JC ti 01ft0•41155 ., 
At3C7 01ft0•3121 e 
A13C8 ouo-3830 0 
AtJC9 0180•0.UO 0 
At JC to 0180•0230 0 

UlC1t ouo-oun 0 
AllCU 01'0·1508 ' At lttJ 0180•1701 2 
At3Ctll 0100•3702 7 
At3Ct5 0lftO•l7U 7 

A1JCU 01eo.oon 7 
AtlCt7 oieo-181• ] 

A1JCt8 01eo.oon 7 
AtlCt9 OlftO•J127 8 
A1JC20 0180•2 .. 7 1 

At3C21 0180.0IJO 0 
lt3C22 OS b0-20155 4 
•11cn 0100.1soe q 
AtJC24 01110.0100 9 
At3C21J 0180-00l'7 ., 
AtJCU 

I 
0110.;.00•7 7 

At3C27 Olb0•41144 9 
AtJC28 OlflO•lUS q 
A1JC29 I 01b0-Hfl5 4 
A UC Jo Otb0.Ufl5 ' 
AUCJt 01•o•JU5 4 
u:sen OUO•JUS • A1Jcn OlH•J .. 5 9 
AtlClQ 0160•21011 0 
AtlC35 0180-010• ' 
At JC lb 0180•0048 Ill 
AtJC37 Olft0•3508 9 

At3CR1 1'01•0761 q 
AllCFll 1401•0040 1 
AtlCAJ 140l•002' • At3CR4 1401•07'67 4 
At 3CR5 1401•002' • 
At]CA6 l40l•0024 0 
AtlCR7 1901•0'67 ' At3CR8 1901•0029 fl 
AtJCR4 1'01•0029 • 
AtJ!ol1 23b0•0201 9 
A1JH2 21120•0003 1 
AtJHJ le!fl0.;.0001 5 
AU~• 1t•o.oou 5 
A1JHS zno.;.oo 1' 

; I AtJH• J050•0tl1 ft 
A13H? SOIO•OUS 

6-20 

Table 6-1. Replaceable Parts (Cont'd) 

Qty Description Mfr 
Code 

I RF.SIS TOA &,811< 11 .12sw ,, TC•o+•too i!454b 
t RUIS TOR J,OtK JX ,125W F TC•O+•!OO 2450 

AES IS TOR 11< ti .125W I' TC•O+•lOO 2454& 
RESIST CR 11< 11 .tl5W F TCaO+•tOQ 24541> 
RES IS TOA 150 11 ,125W F TC•O••lOO 211541> 

RESISTOR ti< IX ,t25W F TC•O+•t~O 21.154& 
RESISTOR 150 IX .12sw F TC•0+•100 24'51.1& 
RES I STOA 40,4 IX .tl'!l~ F TC•O+•IOO 2451.11> 

I.I] S~ITCH•P8 SPST•NO ~OM 281180 

t IC OCDR TTL BCD.TO.DEC 4•TO•! O•LINE 01245 
I IC LCM TTL LS QUAO 01245 
I TRANSISTOR ARRAV 01428 

t CABLE ASSEMBl.Y, KEVBOAAO 28480 

1 BOARD AS8E148L.Y, Ell TENDER 28480 

2 BOA!~D ASSEMBLY, DISPLAY ORI\IER 28480 

CAPACITOR•FXD ,otUF +•lOX 21l~V~C POLYE 28480 
1 CAPAC I TOl~•FllD 21.1nPF +-sx 3~ovoc MICA '72!3b 
0 CAPAC ITOR•FXD 47UF+•10X 35VDC TA '!lfl284 
3 CAPAC ITOR-FXD bnUF+•20X ovDC TA 5fl284 

CAPACITOR•FXO 4?UF+•tox 35VDC TA 1Jozeq 

t CAPACITOFl.FXD toUI' +•!OX snvoc MET.PO~YC 28480 
2 CAPACITOP.FXD ,n22UF +•SX 40QVOC POLYE 84411 
1 CAPACITOR.l'XO ~UF +•10X sovoc MET.POl.VC 28480 

CAPAC ITOA.l'XO !UF+•20X SOVDC TA SUM 
CAPACITOR.FllO tU'+•20X SOVOC TA 51»284 

CAPAC ITOR•FXD !ijF+•lOl 50¥DC TA 5ft284 
CAPACITOR•l'XD tLJF +80•201 SOVDC CEA 28480 

l CAPACITOlhFlC" 1>.auF+•lOX flVDC TA 5'289 
2 CAPAC ITOR•FllO .b~UF +•51 sovoc MET•POLYC 281.180 

CAPACITOR•l'XO .oaUF ••Sl IJOVDC MET•POl.VC 28480 

CAPACITOR-FXD 47UF+•10X J!iVDC TA 511289 
I CAPACITOP•FXD 1oouF+1s-1ox 5ovoc Al. 5U89 

CAPAC ITOR•'llD 4'7U'+•IOX JSVDC TA 5UA4 
CAPAC ITOR•F)(D ,o22UF +•SX llOOVDC POLY! 81141 I 

' CAPACITOReF)(O 1souF+•tox 2ovoc TA 1§6289 

CAPACITOll.FXO 1Ul'+•20X 50VDC Tl 

I 
S62n 

CAPAC ITOFl.F)(O .111UF +eo-2ox IOOVDC C!R 284110 
CAPACITOR.I' XO tUF +80•201 SOVDC CER 281180 
CAPACITOR.FXO ft~UF+•20X bVDC TA 

I 
sue• 

CAPACITOReFXO 47Ul'+•10X 35\IDC TA sue• 

CAPACJTOP.F)(O 47Ul'+•10l 35VDC TA 5ft284 
t CAPACITOR•FXO e200PF ••tox aoovoc POI.VE I 28480 

• CloPACITOll.F)(D .01uF +eo.201 soovoc C!ll I 281.180 
C.A PAC ITQR.,)(Q ,otUI' +80•201 500VOC CER 281.180 
CAPACITOPeFXO ,otul' +eo.zox soovoc C!R 281.180 

CAPACITOReFllO oOtU' +eo•zox soovoc CER 28480 
C.APAC ITOll•FXO ,01U, +10•20I soovoc C!A 29480 
CAPACITOll•FXO ,OIUI' +80•20I soovoc CEii 28480 
C.APACITOP.l'XO 100PI' +•SX ]OOVOC MIC.A 

I 
211480 

CAPAC tTOP.FXO 60UF+•20X oVDC TA 5U84 

t CAPACITOll.FXD toouir+•20• zovoc TA I !lft289 
CAPAC ITOP.1')(0 JU' +eo-201 50VDC CER 28480 

] OlOO!•PWll A!CT 400V u 04713 
DIODE•SWITCHING lOV 50MA ZNS 00•35 281180 

5 DIOO!•PWR R!CT ftOOV ?SOMA 00el4 28480 
DIOO!•PWR R!CT llOOV u 047lJ 
DJOO!•PWR RECT ftOOV 750MA 00•24 28480 

OtOO!.PWA RECT HOV 750"1A 00.2• 28480 
DtOD!ePllR RECT llOOV u 047U 
OIOOE•PIVR R!CT &OOV 750lilA 00·2• 281.180 
OIOO!•PWFI llil!CT bOOV 750"1A oo.z• 284180 

b SCllEW."1ACH ••l2 .'.S•INeLG PAN.HO.POZt 

I 

00000 

• NUT•HEW•DBl.•CHAM ••J2•THO 1 0'14•IN•THK 00000 
I NUTeMEWeDBL•CMAM 4•llO•THD a044•IN•THK 2euo 

• WASMEFl•LK HLCL N0 1 ft ,14l•IN•I0 U480 
6 

I 
wASHEA•l.K HI.CL NO. ~ ,tt5•t~•tD 

I 
UllBO 

6 w~SH!Rel'L MTl.C NO, b .1111.tN.ID 181190 

• flASH!Ae'L fl!Tl.C NO. 4 ,ll7•INelO Udo 

See introduction to this section for orderin~ inforrnaLon 
*Indicates factory selected value 

Model 1615A 

Mfr Part Number l 
I 

C4•tl8•TO•Ull•I' 
Chtl~·TO•J011•1' 
C4•ll8•TO•l001•1' 
C4•1111-TO•l oc 1 .. 1" I C4•1IB•TO•U1•1" 

I C4•llA•TO•l001•1' 
C4•tl8•TO•U1•F I Cll•ll8•T0•40Fi4•F 

I 
3101•2137 

SN7111115N 

I 
S"'74LU7'N 
CAJ045 

o 1i,15·.i•o• I 

Olot'3•oUU 

Olftll•ob!OJ 

01oO•OI01 
0Mt5F241JOJOO~VICR 
1 S0047U4035S2 
1so"oouoooos2 
t 5004?U•0351iZ 

01 flll•4455 
efl3UW223511W2 
0190•3830 
1500 l O'!lll0050A2 I 

I 
150Dt05X0050A2 I 
t500105XOOSOU I 
OUO•lS08 I 1500U5llOOOU2 
Olb0•37U I 
01611•3702 I 
1 '.SODl.l7&ll40J!l82 

I 

Jo0t07GOSODH2 
I '1004 7U9031JS2 
bb]UW22354w2 
1sools1ic•o2ou 

1soci1os1too'50A2 
Olfl0•2055 
01 &0•3508 
1 soo•ouooouz I 150Dll7U4o:SSIZ 

I 
t5!1047bX40J'5U I 
OleO•IH149 I 

0160•305 I 
01&0•305 

I 1'.11 &O•lft&S 

Olo0•30'5 
OhO•JU5 
0160•305 
OS.O•HOl.I 
tSoD•UXOOOftlZ 

lS001onoozoaz 

I 
0160•3508 

1 7511 
1901•00110 
190l•OOZIJ 

I 7 7511 
1901•0024 

l90t•OOZ9 

I 7 7511 
11101•002' 
'90l•002• 

ORO!R 8Y OllCRIPTtON 
OAOEA IV OISCAlPTlON 
i?U0•0001 
21"0•0011 I 

I 
214'0•001• I 

3050•00U 

I 30!iO•OU9 



Model 1615A 

Reference 
Designation 

AtJLl 
AtJLI 
A!JLJ 
At3L4 
AtlL!5 

A tJMpt 
AUM!IZ 
AtJMpJ 

•1JQi 
&1JQ2 
AilQ:; 
A13Q41 
A13Q5 

At!Q• 
At3Q7 
At!Qe 
A13Q• 
Al3Qt0 

A1JQtt 
At3CH2 
AtJQU 

AtJRl 
A1JRz 
AtJRJ 
AtJRll 
At3R5 

AIU~ 
A 1 :S.1 
At3R8 
A13Rq 
AllR10 

A13Rll 
A1JIU2 
A!3Rl3 
At3i:lt4 
A1JRt5 

At3Rt• 
A13R17 
At lllli8 
At3Rt• 
At3R20 

AtlRZ1 
~1!RU 
A13i:12] 
AtJRfll 
At3R2! 

At3Rlb 
A1!RZ7 
At3R~8 
At3R29 
At3RJO 

At 3R31 
At311U 
At JRJJ 
AtU!4 
At!RJI 

A1JRU 
At 3RJ7 
At JR!! 
A13R]Q 
A13A40 

At ]Rllt 
A1JRll2 
AtJUJ 
A1 JRll4 
A13R45 

A1JRO 
AtJR4'7 
413Rll8 

j !• !~4!q 
A1JR!O 

AtJR'51 
At3Rl2 
U3R'53 
At]R94 
At3R!55 

I 
I 

UD o.,. .. + 
I 11 I QI\. 

Number 
•tOO•J'JO 
•tOO•J811 
uoo.;.J,31 
Olblt•8b001 
9140•0111 

1205•0310 
0380·0]84 
1400•02119 

1854-0151 
1854-0558 
t"53-0l34 
18'54-021 '5 
18511·0330 

18511•01'51 
18511•021'5 
18!5l•003• 
1851.1•07'51 
1851.1•0215 

1851.1-0215 
1854-0215 
U53•003b 

07!51-o8U 
on1.01.11.12 
08tt•tb18 
Ob98e1btl'5 
07'57·01.101 

2100•J!51b 
07'57·0280 
07'5'7•0457 
0757.0457 
0757•04'57 

07'57-o457 
01!51.02e3 
0757-0283 
uoo-3252 
0757-0283 

07ST•oll37 
01s1-011e8 
i!l 00•3213 
07'51-01.110 
01n.o:s•11 

0757•041]7 
0757 ... 01110 
2100•3252 
0&•8·51137 
ob98•'5437 

0••8.;.51120 
o••e.51120 
07!5'7.;.01.101 
0757.;.0113'7 
01n.;.02n 

07'57eOllOI 
08ll•tt7l 
0757-0804 
0757·01101 
0757•01157 

0757.(111!!7 
07'57-011!!7 
0757-01157 
0151.02eo 
2100•32!!2 

0757.!!280 
01n.ouo 
08l 1•tU8 
ou11.10111 
2100•05fl9 

Ob!ll•t041 
0757•01188 
0151.011ee 
07'5'!'~"4!!'!' 
0757.0401 

0757•01'5• 
0151.03•11 
0757·01'11 
o&qe.oa.o 
0757•0412 

IJ 
D 

II 
8 
5 
8 
1 

2 
9 
0 

0 
5 

0 
1 
2 
0 
1 

1 
1 
2 

7 
9 
1 
e 
0 

' 3 
b 
& 
b 

b 
b 
e 
e 
b 

2 
3 

' 3 
0 

2 
3 
b 
e 
• 
7 
7 
b 
2 

• 

3 
J 
1 
1 

12 
I 

'\ 
'] 

3 
!! 

:I 
0 
0 
7 
3 

Qty 

1 
l 

Table 6-1. Replaceable Parts (Cont'd) 

Description 

COIL 20 '5MH tOX .fl25DX1 1 1137LG•NOM 
CO!L•MLD 2•0MH ~R,•lKHZ 
CO!L ?OOUH 10X .b0Xl.1137~G•NOM 
INDUCTOR, FXD 00 & UM 
COIL•MLD 3.3UH IOI Q•33 .t5'50X.J15LG•NOM 

HEAT SIN~ SGL T0•3•CS 
STANOoFFeRVT•ON 1~25•IN.LG b•32TH0 
CABLE TIE .Ob2·.b25·DIA .091-wo NyL 

TRANSISTOR NPN 2Nse110 SI T0.3 PO•toow 
TRANSISTOR NPN SI CARL PD•70W FT•1MHZ 
TPANSISTOR PNP SI OARL P0:7ow FT~tMHZ 
TRANSISTOR NPN SI PDc35oMW FT•!OOMHZ 
TRANSISTOR NPN SI PD•21W FT•toMHZ 

TRANSISTOR NPN i!N5840 SI TO•] PO•lOOW 
TRANSISTOR NPN SI PO•!SOMW FT•300MHZ 
TRANSISTOR PNP SI PDm310MW FT•2!50MMZ 
TPANSISTOR NPN 2N5840 SI TO•! PD•100W 
TRANSISTOR NPN SI PD•350MW FT•!OnMHZ 

TR~NSISTOR NPN Sl PD•!SOM~ FT•lOOMHZ 
TRANSISTOR NPN SI P0•350MW FT•300MMZ 
TRANSISTOR PNP SI PD•310MW FT•Z50MMZ 

RESISTOR 432 ll 0 5W F TC•0+•\00 
RESISTOR \OK IX .12sw F TC•o+-100 
RESISTOR 10 5X 2W PW TC•O+•llOO 
RESISTOR IS SS i!W MO TC•O+•ZOO 
RESISTOR 1no 1X .125W F TC•0+•100 

RESISTOR•VAR CONTROL CC 50 tOl LtN 
RF.SISTOR 1K 1X ~125w F TC•0+•100 
RESISTOR 111.SK jl o125W F TC•0+•100 
RESISTOR 111.5K ti .125w , TC•O+•lOO 
RESISTOR 111.sK IX .125w F TC•0+•100 

RESISTOR 117 0 SK ti 0 ti!5W F TC•0+•100 
RESISTOR 2K IX .1i!5w F TC•O+•IOO 
~ESISTOR lK 1X ~125W F TC•O+•!OO 
RESISTOR.TRMR SK lOX C TOP.ADJ t•TRN 
RESISTOR 2K IX .12sw F TC•O+•lOO 

RESISTOR 4.15K 11 .125w F TC•o+•100 
RESISTOR QOQK IX .1Z5w , TC•O+•lOO 
RESISTOR.TRMR 200K !OX C TOP.ADJ l•TRN 
RESISTOR 1•2K IX .1zsw , TC•o+-100 
RESISTOR 51.1 IX ~125W F TC•O+•IOO 

RESISTOR 4 0 15K 1l .12!!W F TC•O••!OO 
RESISTOR 1&2K !X .12sw F TCsO+•IOO 
RESISTOR•TR~R 5K t0l C TOP•AOJ l•TRN 
RESISTOR 12K .1x .125w F TC•0+•50 
RESISTOR 1ZK .11 .12sw F TC•0+•50 

RESISTOR 3.S74K .tx .12sw F TC•0+•50 
RESISTOR J.874K .1x .125w F TC•0+•50 
RESISTOR 200 tx .t25W F TC•O+•lOO 
RESISTOR 11 0 15K ix ,12'5W F TC•O+•lOO 
RESISTOR 2K IX .125w F TC•O+•lOO 

RESISTOR 100 1X ,t25W F TC•O+•IOO 
RESISTOR 20 7 51 2W PW TC•0+•400 
RESISTOR 200 11 0 IW F TC•o+•100 
RESISTOR 100 11 ,t25w F TC•O+•lOO 
RESISTOR 47.5K tl .125W , TC•o+•IOO 

RESISTOR 117.5K IX .t25W , TC•O+•IOO 
RESISTOR 117.5K 11 .t25W , TC•0+•100 
RESISTOR 117 0 5K ti 0 125W F TC•O+•lOO 
RESISTOR IK ti ~t25W F TC•O+•IOO 
RESISTOR•TRMR 5K !OX C TOP•ADJ l•TRN 

RESISTOR lK lX .125w F TC•O+•IOO 
RESISTOR lk 1X .125w ' TC•O+•lOO 
RESISTOlll 10 5X i!W "~ TC•0+•400 
RESISTOR tooK 10X .z5w 'C TC•-ono1+800 
RESISTOR.TRMR \M 20X C TOP.ADJ t•TRN 

RESISTOR 1001< 10\: .25w Fe TC••400l+eno 
RESISTOR 9Q9K ix .125w , TC•o+•IOO 
RESISTOR Q09K u .125w , TC•0+•100 
~E1!!1!'!'C!~ '!? !!« '" !!'SW , T~·~~-100 
RESISTOR 100 a ·:125w , TC•O+•lOO 

RESISTOR 1K tX .5W , TC•o••100 
RESISTOR 51.1 lX .i25W F TC•O+•iOO 
RESISTOR 51.1 1l .125w F TC•O+•IOO 
RESISTOR llb4 IX 0 5W ~ TC•O+•lOO 
RESISTOR 3b'5 lX .t25W , TC•O+•lOO 

I Mfr 
Code 
28480 
28480 
281180 
28480 
28480 

284180 
281180 
28480 

072&3 
284180 
0'!,13 
04713 
28480 

072&3 
04713 
28480 
072U 
0'1713 

04713 
04713 
28480 

281180 
2'111i4e 
75042 
271&7 
2454& 

01121 
24511e 
21154& 
24'511& 
21.1!!Ue 

Z1154b 
2454& 
211541& 
28t180 
2115tlb 

z1151.1e 
281180 
28480 
211511& 
21154& 

211'5ue 
211540 
281180 
28480 
28480 

281180 
28480 
21154• 
21150 
211s11e 

24'50 
750112 
2u80 
211511•. 
21150 

21150 
2as11e 
24511• 
24511fl 
28480 

24'54e 
2il5ilt. 
no11z 
OIU1 
281180 

01121 
28480 
28480 
2/.1'51il!i I 

211540 

28480 
i!'15ile 
2454& 
284!0 
211s11e 

See iDtroduction to this section for ordering information 
*Indicates factory selected value 

Replaceable ~arts 

Mfr Part Number 

9tOO•J'30 
9100•3877 
9100•3•'31 
01bt1•8&001 
Ql40•0111 

120'5•0310 
0380•0384 
lli00•0249 

2N5840 
!854•0558 
~JEiO~O 
2N]QOll 
1854•0330 

2N58110 
2N39011 
1853•003• 
2N5840 
2N3904 

2N3•0l.I 
2N39011 
18'53•003• 

n757•0!1l 
C4el/8eTO•lOOZ·F 
8WH2•tOR•J 
FP42•2•T00•15RO•J 
c11.11e.To.101·F 

'73MllGOZlll!500U 
Cll• 118•TO•l 001 •F 
Cll•118•T0•4752•F 
Cll•ll8•T0•11752•F 
Ch118•TD•ll752•F 

C41e1/8•TD•ll752•F 
c11.11a.ro.zoo1.F 
cu.118.To.2001., 
2100•325Z 
C4e118·TO.Z001•F 

Cll•t IB•TO•ll 751 •' 
0757•01188 
2100•3213 
c11.11e.To.1u:1.F 
C"•l/8.T0•51R1•F 

C4• t/8•TO•ll 751 •F 
C"• 118•TO• l ol3•F 
2100•3252 
oti•B•51.137 
Ob9S.51137 

Ob9!•5420 
o••e.51120 
C41.118·TO•I01•F 
C4•118•T0•4751•' 
e11.11e.To-2001., 

Cll•ll!•TO•IOl•F 
BWH2•2R1•J 
0'57•0801.1 
ClleS/8eT0•101•F 
C4• l 18•TO•l.l752•F 

C4e 118• TO ell '75Z•F 
Cll• t 18• T0-4752•F 
C4e1/8eT0·117H·' 
c11.11s.TO•IOOl•F 
2100•3252 

C4•l/8.TO•l001•F 
C iie i I 8•TO•i 1H'1 i •F 
8!'jl"2• t U•J 
C81041 
2100•0!50• 

C81041 
o757•oue 
0157•008 
ci.-u~-To.1.11!i~·' 
ca.11e.To.101·F 

c,;i.118.TO·StRi•' 
C4•1 l8•T0-!511U•F 
Ob98•00•0 
C4•118•TO•JbSR•F 
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Replaceable Parts Model 1615A 

Table 6-1. Replaceable Parts (Cont'd) 

Reference HP Part c Qty Description Mfr Mfr Part Number Designation Number D Code 
AtlRS• 0'7!7·0284 ., RESISTOR 150 1% .12sw , TC•O+•tOO 2454• C"•ll8•TO•ll1•' 
At lRS? 0757•040 0 I RESISTOR 150K IX .125W , TC•O+•IOO 2454• CU•ll8•TO•lSOl•' 
At3R58 075'7eOll5] 2 I RESISTOR 30.lK 1% .12sw , TC•O+•lOO 245116 C4•1 IS•TO•J012•F 
A1lR51J 01n .. 01101 0 ~ES?STOR 1CC 1% .12!W , TC:Ct•100 245116 Cll,.11!=TO•to1•' 

I 
AllR•O 2100•32111 0 I RESISTOR•TRMR IOOK 101 C TOP•ADJ l•TRN 28480 iUOO•J214 

AtlR&t 2100•32'2 • RESIST0R•TRMR 5~ 10% C TOP·ADJ l•TRN 284110 2100•3ZS2 
AtJHZ 0717eoU9 5 RESISTOR 1K 11 .5W ' TC•O+•IOO 21480 0'75'7•0UIJ 

AtJTt 50•l•tU8 l l 28"80 50ft1•U28 
AtlU "' 00•1"27 • I TR4NS,0RM[R 'L.VUCK 28490 CJI 00•392'7 

AtJ1'1 03•o•OS35 0 TElh4INAL. TEST POINT PCB 00000 ORO!llt BY DflCRIPTION 
AtJTP2 0300.0535 0 TERhlINAL. T!ST POINT PCl!I 00000 OROt:R av D!ICAIPTION 
AtJTPJ 03b0•0535 0 T!:RMIN.t.L. TEST POINT ltC8 00000 ORO!R l!IY DESCRIPTION 
AtlTltll OlbO•OSJIS 0 TER"4?NAL. TEST POINT PCI 00000 ORO[R l!IY D!SCRIPTION 
AtlTPS 03ft0•0535 0 TERMINAL. TEST POINT PCl!I 00000 ORl'>ER BY D!ICAIPTION 

At 3TP6 OlbO!OS3S 0 TERMINAL T!ST POINT PCB 00000 ORO ER 8Y DUC!UPT!ON 
At JTP7 03bO•OSJ5 0 TER"1IN.t.L TUT POINT ltC8 00000 ORDER BY DESCRIPTION 
At lTP8 03b0•0!35 0 TER"1INAL TUT POINT PCB 00000 ORDER BY DESCRIPTION 
UJTP9 03U•0535 0 TERMINAL. TEST POINT PCB 00000 ORDER !Y DESCRIPTION 
AtJTPIO 0360•0535 0 TER1ottNAL TUT lllOINT lllCB 00000 ORDER l!IY DESCRIPTION 

AtJTlllli 0360•0'3'5 0 TER1.1?NAL. TEST POINT PC8 00000 OROU ISY DESCRIPTION 
ltJTittl OH0•05H 0 TERMINAL TUT POINT !llC8 00000 OROU '" D!ICUPTION 

ltJUi t8H•02!4 ' II IC 0111 AMiii QP e.oI••P 0117 ll "'C!U!SCPt 
AtlU2 1826·02'54 ' IC OP AMP GP e.otP•P 04113 MC1'741SC:Pl 
A13U3 tlU•02'511 " IC OP A"'P GP 8·0Ilt•P 04713 MClTCltlC:Pl 
At]U4 t82fl•02511 ' IC OP ,t.MP GP e.otP·P 011713 MCI UUCP! 
At3U'5 1820•1422 3 t IC "4V TTL L.S MONO ST BL. RETRili 012'5 SNHLStZiN 

At3Ub 1e20-1n• 11 I IC DRVR TTL DUAL 2•INP 21014 DSHllN 

AtJVIH 1•oz-00111 " t OIODE·ZNllt 5.tlV 51 D0.1 PD•.4W TC•-.oo•x 21410 l 90i•004l 
ltlVO 1•02-05•3 l t DIODE·ZNA 43.av tOX DO•tS lllD•tN TC•+.oex 281180 t!JOZ.OUJ 

Table 6-2. List of Manufacturers' Codes 

Mfr Manufacturer Name Address Zip 
No. Code 

00000 ANY SATIS,ACTOAY SUPPLIER 
Oltll lLLEN·BR.t.OLEY CO MIL10UKEE WI 53204 

I 012•5 TEXAS INSTR INC SEMtCOND C"4PNT OIV DALLAS TlC T5222 
01928 RCA CORP SOLID ST.t.TE OIV SOM!AVILU NJ oe8U 
0011] MQTOROL.t. S!'.MICONOUCTOP PRODUCTS !llMO!,..IX AZ 8502 

I ouu URI.INC euu RIDGE IL bOSll 
012&3 ''IACMtLO SE"4ICONOUCTOR DtV MOUNTAIN VIEW CA 911042 
OU•t SPECTRA•ITAJP CORP GARDEN GROV! CA 9h42 
OHO. GI CO MINIATURE L..t.M!ll PROO OElllT CLEvELANO OM Ut U 
lHlb GINfRAL INSTR CORP S!MIDON PROO GP MICt<SVILL! NY 11802 
llJTOt M[lllCOIELECTRA CORP MIN!R.t.L WELLS Tl( 'TbOeT 
20511• CORNING GLASS WORKS (BRADFORD) BIUO,ORO PA 1&701 
2••511 VARADVNE INC S.t.NU MONICA C.t. 90110'1 
2101" NlTIONAL SEMICONDUCTOR CORP SANT4 CL.AIU CA 

I 

IJ50!'i1 

I 
21U1 CORNING GLASS WORKS (WILMINGTON) WILMINGTON NC 28401 
21111 VARO SEMICONDUCTOR INC CURL ANO TX 750110 
zeueo MEWLETT•PACKAAD CO CORPORATE MQ PALO ALTO CA •oou 
10335 ADVANCED MICRO DEVICES INC IUN'-IYVAL.E CA 1140h I 

55961 

I 

'"'C S!MICDNOUCTOR PRODUCTS OPER IH!OOMl'I!LO co 

I 
80020 I S.28• SPRAGUE EL!CTRIC CO NOIHM ADAMI MA 0 UUT 

! 
7113& ELECTRO MOTIVE CORP sue IEC WIL.L!M.t.NTIC CT OUh 
1SOll2 TRW INC PMILAOELPMII orv lllMILAOHllllOIA •A 19108 
1591S I LlTTEL,USE INC D!S IL.AIN!8 IL oOOh i 
81Ull 

l 
TRW CAPACITOR DIV OGALl..AL.t. NE •qu1 I 

9!2b3 L.!!CR.t.,T MIJl'O CO INC Lt C:tTY 11\1 1110 I I t 15'8T lllECKESSER CO INC CMICAGC IL &0&111 
I 
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Model 1615A Manual Changes 

SECTION VII 

MANUAL CHANGES 

7-1. INTRODUCTION. 

7-2. This section contains information required to back
date or update this manual for a specific instrument. 

7-3. MANUAL CHANGES. 

7-4. This manual applies directly to the instrument 
having the serial prefix shown on the manual title page. 
If the serial prefix of your instrument is not the same as 
the one on the title page, find your serial prefix in table 7-
1 and make the changes to the manual that are listed for 
that serial prefix. When making changes listed in table 
7-1, make the change with the highest number first. 
Example: if backdating changes 1, 2, and 3 are required 
for your serial prefix, do change 3 first, then change 2, 
and finally change 1. 

7-5. If the serial prefix of your instrument is not listed 
either on the title page or in table 7-1, refer to an enclosed 
MANUAL CHANGES sheet for updating information. 
Also, if a MANUAL CHANGES sheet is supplied, make 
all indicated ERRATA corrections. 

Table 7-1. Manual Changes 

Serial Pref ix 

Table 6-2, 

1742A 
1825A 
1849A 
1905A 
1922A 

CHANGE1 

Make Changes 

5 thru 1 
5 thru 2 
5 thru 3 

4,5 
5 

A7: Change HP and Mfr Part Nos. to 01615-66507. 
Delete: A7C22. 
A 7CR5: Change to HP Part No. 1884-0082, THYR SCR 

2N4441. 
A7CR10: Change to HP Part No. 1884-0217, THY

RISTOR-TRIAC. 
Delete: A 7R40 and A 7R41. 
A7VR1: Change to HP Part No. 1902-0041, DZ 5.11 V 

5%, 400 MW. 

Schematic 2, 
Delete: A7C22, A7R40, and A7R41. 
A7CR5: Change HP Part No. to 1884-00S2 and Mfr 

Part No. to 2N4441. 
A7CR10: Change HP Part No. to 18S4-0217 and Mfr 

Part No. to MAC-10-2. 
A7VR1: Change HP Part No. to 1902-0041, Mfr Part 

No. to SZ10939-98, and value to 5.11 V. 

Ct-tANGE 2 

Table 6-2, 
A5: Change HP and Mfr Part Nos. to 01615-66505. 
A5U2: Change to ROM 6 - Not part of standard 

instrument. 
Add: A5XU2. Same as A5XUS. 

Schematic SA, 
Delete: A5U2. 
Add: A5U2, ROM 6, in parallel with ROM 0 

through ROM 5. 
A5Ul pin 9: Connect to ROM 6 pin 20. 
LRAMA: Show supplied by pin 7 of A5Ul. 
U25C pin 10: Disconnect from A5U2 pin 7 and 

connect to LRAMA. 

Table 6-2, 
Delete: J4. 

CHANGE3 

MP55: Change HP and Mfr Part Nos. to 01615-00202. 
Delete: A7DS1, A7El, A7MP1, and A7XDS1. 

Schema tic 2, 
Delete: +5-volt circuit from A 7 to J4. 

CHANGE4 

Table 6-2, 
A6: Change HP and Mfr Part Nos. to 01615-66506. 
A6CS: Change to HP Part No. 0140-0199, CAP ACI

TOR-FXD, MICA, 240pF, 5%, 300V, Mfr Code 2S4SO, 
Mfr. Part No. 0140-0199. 

Delete A6XU51. 

Schematic lOA, 
A6R2/ A6C3 Junction: Add TO U14 PIN 1. 
U51 Pin 11: Add TO U14 PIN 1. 
A6CS: Change value to 240 pF. 

Schematic lOB, 
U14A pin 1: Show signal from A6R2/ A6C3 junction. 

CHANGE 5 

Table 6-2, 
A5: Change HP and Mfr Part Nos. to 01615-66515. 
Add A5R3S, HP Part No. 0757-02SO, RESISTOR lK 

1 % .125W F TC=O±lOO, Mfr Code 24546, Mfr Part 
No. C4-l/S-T0-1001-F. 

Schematic SB, 
UlSC: Disconnect pin 9 and reconnect it to +5V 

through new resistor A5R.3S, 1000 ohms. 

7-1/(7-2 blank) 



Model 1615A Service 

SECTION VIII 

SERVICE 

8-1. INTRODUCTION. 

8-2. This section contains schematics, component 
location drawings, and troubleshooting information for 
making repairs to the 1615A. The component location 
drawings are placed just ahead of the schematic(s) 
which show most of the parts on the assembly. Table 8-1 
lists the drawings contained in this Section. 

Table 8-1. 1615A Schematics 

Schematic 
Circuitry No. 

Assembly A1 
Data Probe Inputs 4A 
Qualifier Multiplexer 4B 
Memory Address MIC and MAC 4C 

Assembly A9 
Probe Thresholds 4D 

Assembly A2 
Clocks 7A 
Trigger and Delay 7B 
Trigger and Clock 7C 

Assembly A3 
16-bit Memory 6A 
Glitch Trigger 6B 

Assembly A4 
Data Acquisition 5A 
PIO Glitch Detectors 5B 
PIO Glitch Detectors 5C 

Assembly AS 
Microprocessor and ROM 8A 
Trigger Line/Keyboard Pulse/Expand 8B 

Indicator/Display Control/Memory 
Dump 

Assembly A6 
Video Timing Logic lOA 
Microprocessor RAM and Alpha- lOB 

numeric Generator 
Timing and Video Logic lOC 

Assembly A7 
Power Supply 2 

A ....... -i...1 .. AG 
'"'GG"liij;lllWIJ ,,V 

Mother Board 

Assembly A 13 
Display Driver 

Assembly A 1 O 
Keyboard 

1 

3 

9 

8-3. TROUBLESHOOTING WITH STATUS 
CODES. 

8-4. If a malfunction is detected during certain instru
ment self tests, the 1615A will halt the test and display a 
status code on screen. The status code indicates machine 
status at the time that the malfunction was detected. 
Proper interpretation of the status code offers a clue to 
the nature of the malfunction. 

8-5. A typical display of a status code is TEST 
FAILED, STATUS = 271. The status code is an octal 
number. It contains the status of seven different 1615A 
functions. Each function is assigned a different binary 
weight. A binary 1 indicates that the associated status is 
true; binary 0 indicates that the status is false. The 
following instrument status statements are included in 
the status code: 

0 - NOT USED - ALWAYS LOW 
1 - NOT USED - ALWAYS HIGH 
v 0 DTrJ'I l\Jft;"'l\A"f"\DV T~ ·u AT Tn 

\A - o-JJ.L.L J.Y.L.L::HUV.L\.J . .LIJ V.c1.U.L.LI 

X - 16-BIT MEMORY IS VALID 
X - EXTERNA.L CLOCK IS RUNNING 

XX X - NO 8-BIT TRIGGER 

X - NO 16-BIT TRIGGER 
X - 8-BIT RUN COMPLETE 
X - 16-BIT RUN COMPLETE 

8-6. The following description shows interpretation of 
the status code for TEST FAILED, STATUS= 271. 

0 - NOT USED - ALWAYS LOW 
1 - NOT USED - ALWAYS HIGH 
0 - (FALSE) 8-BIT MEMORY IS VALID 

1 - (TRUE) 16-BIT MEMORY IS VALID 
1 - (TRUE) EXTERNAL CLOCK IS 

RUNNING 
27 1 - (TRUE) NO 8-BIT TRIGGER 

\ 
~ { 0 - (FALSE) NO 16-BIT TRIGGER 
~ 0 - (FALSE) 8-BIT RUN COMPLETE 

l 1 - (TRUE) 16-BIT RUN COMPLETE 

8-7. Status code 271 indicates the following: 
The 8-bit memory is not valid. 
The 16-bit memory is valid. 
The external clock is running. 
8-bit trigger has not been found. 
16-bit trigger has been found. 
8-bit run has not been completed. 
16-bit run has been completed. 

8-1 
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8~8. TROUBLESHOOTING W!TH SELF TEST 
OF DATA-ACQUISITION HARDWARE. 

8-9. During the self test of the data-acquisition hard
ware, the microprocessor sets up 21 traces, each with a 
different format and trace specification. For each trace, 
the 1615A makes a run and then the microprocessor 
reads the status code and first line on screen. This infor
mation is compared with the status code and first line 
that should be obtained in each test. If an error is 
detected in either the status code or first word, the micro
processor stops the self test immediately and displays 
the status code on screen. The CRT also displays the 
data obtained during the run ifthe trace was completed. 

8-10. All of the data-acquisition circuitry is checked by 
the data-acquisition hardware self test, except for the 
following: 

a. Data probes. 
b. Clock qualifiers. 
c. Internal clock. 
d. Asynchronous trigger duration. 
e. Glitch detection and triggering. 
f. Time delay. 
g. External trigger. 

8-11. Table 8-2 lists the 21 traces which make up the 
data-acquisition hardware self test. The traces are per
formed in the order shown in the table. If the 1615A fails 
self test, compare the TRACE SPECIFICATION and 
FORMAT SPECIFICATION contained within the 
1615A with table 8-2 to determine which one of the 21 
traces failed. All preceding traces will have passed, and 
the 1615A will not have checked any of the traces that 
followed. 

NOTE 

The following conditions are true in all of the 
traces: 

QUALIFIERS .................. XXXXXX 
8-BIT CLOCK ............... EXTERNAL 
8-BIT TRIGGER DURATION ..... 100 NS 
GLITCH TRIGGER ................. none 

8-12. In the data-acquisition hardware self test, the 
input counter/latches (Al U31 through Al U34, A4Ul 7, 
and A4U31) are configured as counters. The self-test 
clock from the front panel is supplied to the counter/ 
latches which count from 00 to FF (hex) continuously. 
All six counter/latches are synchronized and all are 
reset at the same time so that they always have the 
same count. 

8-13. If the self test fails, the counter/latches will 
remain in the counter mode until a change is made to 
either the FORMAT SPECIFICATION or the TRACE 
SPECIFICATION. 

8-14. To perform the self test of the data-acquisition 
hardware, proceed as follO\z.rs: 

8-2 
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a. Connect the clock input lead from the dock pod 
to the SELF TEST CLOCK terminal on the 1615A front 
panel. 

b. Hold the B key down on the keyboard and 
switch LINE power off and on. 

c. Release the B key. 
d. If this self test fails: 

(1). Look at FORMAT SPECIFICATION and 
TRACE SPECIFICATION to determine which trace 
failed. 

I 

(2). Determine why trace failed by looking at the 
normal first line and status listed in table 8-2 and 
comparing with display on 1615A. 

Table 8-2. Self Test of Data-acquisition Hardware 

Trace Specification/ 
Trace Format Specification 

Setup 

1 MODE 24 BIT 
START TRACE 
trigger XXXXXX 
DELAY 000000 
TRACE ALL STATES 

2 MODE 24 BIT 
START TRACE 
trigger XXX$X$ 
DELAY 000000 
TRACE ALL STATES 

3 MODE 24 BIT 
START TRACE 
trigger X$XXX$ 
DELAY 000000 
TRACE ALL STATES 

4 MODE 24 BIT 
'START TRACE 
trigger X$X$XX 
'DELAY 000000 
TRACE ALL STATES 

5 MODE 24 BIT 
START TRACE 
trigger 555555 
/DELAY 000000 
.TRACE ALL STATES 

6 IMODE 24 BIT 
!START TRACE 

Normal Test Results 

FIRST LINE: 
000 OBOBOB 

STATUS= 363 

The trigger specified 
never occurs. This test 
makes sure there is no 
trigger recognition. Be-
cause the input counter/ 
latches are synchro-
nized, no data is cap-
tured and displayed. 

STATUS= 374 

SAME AS 
TRACE 2 

SAME AS 
TRACE 2 

FIRST J .. INE: 
000 555555 

STATUS= 363 

I FIRST LINE: 
000 AAAAAA 

!
trigger AAAAAA 
DELAY 000000 

!TRACE ALL STATES I STATUS = 363 
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Table 8-2. Self Test of Data-acquisition Hardware (Cont'd) 

Trace Specification/ 
Trace Format Specification Normal Test Results 

Setup 

7 MODE 24 BIT This trace checks that 
START TRACE the 16/24-bit delay I 

trigger AAAAAA counters continue de-
DELAY 1048575 lay for a full 1048575 
TRACE ALL STATES clocks. The µP stops the 

run before 1048575 
clocks to find no trigger 
accepted and no run 
complete. The 1615A I 
should display no data. 
STATUS= 374 

8 MODE 24 BIT FIRST LINE: 
START TRACE 000 A9A9A9 
trigger AAAAAA 
DELAY 000255 
TRACE ALL STATES STATUS= 363 

9 MODE 24 BIT FIRST LINE: 
END TRACE 132 2E2E2E 
trigger AAAAAA 
DELAY 000255 
TRACE ALL ST ATES STATUS= 363 

10 MODE 24 BIT FIRST LINE: I 
START TRACE 132 555555 
trigger X5X5X5 
DELAY 000000 
TRACE TRIGGER STATUS= 363 

EVENTS 

11 MODE 24 BIT FIRST LINE: 
START TRACE 132 555555 
trigger XOXOXO 
DELAY 000005 
TRACE TRIGGER STATUS= 363 

EVENTS 

12 MODE 8 BIT FIRST LINE: 
START TRACE 000 55 
trigger 54 
DELAY 000000 

13 MODE 8 BIT FIRST LINE: 
START TRACE 000 AB 
trigger AA 
DE LAY 000000 STATUS= 363 

14 MODE 8 BIT SAME AS TRACE 7, 
START TRACE EXCEPT FOR 8-BIT 
trigger AA T"'\..T""T A'' ,...,r'\.TTlllrr..lrnr.inn 

• u.r..LJ-\ 1 vvu1"'j 1 r.ini::). ; 

DELAY 1048575 

15 MODE 8 BIT FIRST LINE: 
trigger AA 000 AA 
DELAY 000255 

STATUS= 363 

[Trace 
I 

16 

17 

18 

19 

20 

21 

I 
I 

Trace Specification/ 
Format Specification 

Setup 

MODE 8 BIT 
END TRACE 
trigger AA 
DELAY 000255 

MODE 16 & 8 BIT 
8 TRIGGERS 16 

.16-BIT: 
START TRACE 

8-BIT: 
START TRACE 
trigger AA 
DE LAY 000255 

MODE 16 & 8 BIT 
8 ARMS 16 

16-BIT: 
START TRACE 
trigger XXXX 
DE LAY 000000 

8 BIT: 
START TRACE 
trigger AA 

I DELAY 000000 
--

MODE 16 & 8 BIT 
16 ARMS 8 

16-BIT: 
START TRACE 
trigger AAAA 
DELAY 000000 

18 BIT: 
l START TRACE 

I trigger XX 
DELAY 000000 

MODE 16 & 8 BIT 
16 TRIGGERS 8 

16-BIT: 
START TRACE 
trigger AAAA 
DE LAY 000000 

8 BIT: 
START TRACE 
trigger XX 
DELAY 000000 

MODE 16 & 8 BIT 
8 ARMS 16 

16-BIT: 
I START TRACE 

I trigger X5X5 
OCCUR 000011 f 

8 BIT: 
START TRACE 
trigger AA 
DELAY 000000 

Service 

Normal Test Results 

FIRST LINE: 
000 AB 

FIRST 16-BIT LINE: 
000 AAAA 

FIRST 8-BIT LINE: 
000 AA 

STATUS= 363 

FIRST 16-BIT LINE: 
000 ACAC 

I 
I FIRST 8-BIT LINE: 

000 AB 

STATUS= 363 

FIRST 16-BIT LINE: 
000 AAAA 

FIRST 8-BIT LINE: 
000 AB 

STATUS= 363 

FIRST 16-BIT LINE: 
000 AAAA 

FIRST 8-BIT LINE: 
000 AA 

STATUS= 363 

FIRST 16-BIT LINE: 
000 5555 

1

1

• FIRST 8-BIT LINE: 
000 AB 

STATUS= 363 

I 
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8-15. TROUBLESHOOTING WITH SIGNA
TURE ANALYSIS. 

8-16. GENERAL SIGNATURE ANALYSIS. Logic 
circuitry normally executes nonsequential program 
instructions. This places changing data patterns 
throughout the logic circuitry. The signature analysis 
test technique forces the microprocessor to continuously 
execute a limited test routine. This places repetative 
data patterns throughout the logic circuitry. 

8-17. A signature analyzer is used to probe data points 
within the logic circuit. The signature analyzer displays 
a 4-digit alphanumeric code (signature) which 
characterizes the activity measured during the test 
period. This manual lists the signatures taken from a 
properly operating 1615A. If the listed signatures are 
the same as those obtained by your signature analyzer, 
the related logic circuit is operating properly. If other 
signatures are obtained, use normal troubleshooting 
techniques to locate the source of the malfunction. 

8-18. SIGNATURE ANALYSIS TEST SETUPS. There 
are four separate test setups for troubleshooting the 
1615A using signature analysis: DSA Setups A through 
D. Each test setup checks a different activity in the 
digital circuitry. The red letters printed on the 
schematics indicate the DSA setups to use when 
checking signatures on the associated IC pins. If A5Ul 
pin 5 has a D printed in red on the schematic, use DSA 
Setup D when checking the signature on that IC pin. 
Each of the four DSA setups are described in the 
following paragraphs. 

8-19. DSA SETUP A. This setup is used to collect 
signatures from each of the eight lines in the data bus 
over that portion of the microprocessor address range 
where ROM 0 through ROM 5 are active. 

8-20. The bidirectional data buffers (A5U12 and 
A5U24) are removed from A5 to isolate the 
microprocessor from the data bus. The DSA jumper on 
A5 is placed in the SA position during this test setup to 
apply the MOVA TO A instruction to the microproces
sor. This causes the microprocessor to continuously 
perform a read and then increment its address. The 
signature analyzer is connected so that it turns on 
when ROM 0 is enabled and turns off when ROM 5 is 
disabled. 

8-21. DSA SETUP B. This setup consists of seven 
separate DSA test setups: (BO through B6). Each 
separate DSA setup is used to collect the signatures on 
the data bus that are supplied by only one of the five 
RO M's. DSA setup BO takes the signatures from ROM 0, 
Bl takes signatures from ROM 1, etc. 

8-22. The equipment setup for each of these tests is the 
same as for DSA Setup A, except that the signature 
analyzer start and stop lines are connected to the chip-
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select pin of the ROM to be analyzed: chip select of ROM 
0 in DSA Setup BO, etc. 

8-23. DSA SETUP C. This setup is used to collect 
signatures from each of the sixteen lines in the address 
bus over the entire microprocessor address range. This 
setup is also used to obtain signatures from the address 
decoding circuits that are enabled during microprocessor 
read cycles. 

8-24. The equipment setup for these tests is the same as 
for DSA Setup A, except that the signature analyzer 
start and stop lines are connected to address bit 15 from 
the microprocessor. The signature analyzer starts when 
bit 15 goes high, and then stops when bit 15 goes high 
again. This establishes a measurement window that 
contains the entire microprocessor address range. 

8-25. DSA SETUP D. This setup is used to collect 
signatures from each of the sixteen lines in the address 
bus over the entire microprocessor address range. This 
setup is also used to obtain signatures from the address 
decoding circuits that are enabled during microprocessor 
write cycles. 

8-26. The bidirectional data buffers (A5U12 and 
A5U24) are removed from A5 to isolate the micro
processor from the data bus. For this test, the DSA 
jumper on A5 is left in the NM (normal) position. This 
applies the RESTART 7 instruction to the micro
processor, causing it to perform a write function and 
then decrement its address. The signature analyzer is 
clocked by the microprocessor write-not (WR) line. The 
start and stop lines of the signature analyzer are con
nected to address bit 15 from the microprocessor. The 
signature analyzer is set to start when bit 15 goes high 
and stop when bit 15 goes high again. This allows the 
signature analyzer to capture a measurement window 
that contains the entire address range. 

8-27. TROUBLESHOOTING AN INCO
HERENT DISPLAY. 

8-28. If the 1615A has an operating display, but the 
displayed information is random clutter, the cause of 
the 1615A malfunction can be detected by using the 
signature analysis procedures described for schematics 
BA and BB (the microprocessor assembly). To 
troubleshoot an incoherent display, proceed as follows: 

a. Check the specified VH. 

(1). If the VH is correct, proceed to step b. 

(2). If the VH is not correct, check the power 
supplies, microprocessor clocks, and reset line. Make 
sure that the signature analyzer is connected and 
adjusted as specified in the procedure to be run. If all of 
these checks are correct, replace microprocessor A5Ul1. 



Model 1615A 

b. Perform signature analysis procedures as 
described in DSA Setup A. 

(1). · If normal indications are obtained, check 
the buffers that were removed from A5. Then check 
RAM chips A6Ul5 through A6Ul 7 and the control 
signals according to DSA Setup D. If all of the above are 
normal, check the other display driver IC's on A6. 

(2). If abnormal indications are obtained, check 
DSA Setup C for A5Ul as described in step c. 

c. Perform signature analysis procedures on 
A5Ul as described in DSA Setup C. 

(1). If abnormal indications are obtained, 
replace A5Ul and recheck. 

(2). If normal indications are obtained, check 
address buffers A5U10 and A5U23, and the address 
pins on microprocessor A5Ul 1. If this does not locate 
the problem, then perform DSA Setup B to check the 
address lines on each ROM on A5. ROM 0 contains the 
self test that detects errors in the other ROM's. Check 
ROM 0 (DSA Setup BO) first. Before checking ROM 0, 
remove the other ROM' s from A5 to a void obtaining bad 
signatures due to interaction with an adjacent ROM. 

8-29. TROUBLESHOOTING NO DISPLAY. 

8-30. Use the following procedure to troubleshoot a 
1615A which has no display: 

a. Remove top and left side covers. 

b. Apply power to 1615A and turn on LINE switch. 

c. Check all power supply voltages to Al3 (see 
schematic 3 and component locator on back of sche
matic 2). 

d. Check high voltage circuit on Al3. Horizontal 
deflection circuit and video amplifier require voltages 
from high voltage circuit. 

e. Verify horizontal sync (HHSY), vertical sync 
(HVSY), and video (VIDEO) signals from A6 (schemat
ics lOA through lOC). 

f. Ground test point i1 ... 13TP5. Observe fully un
blanked horizontal and vertical raster (white screen) on 
1615A CRT. If not, check waveform on Al 3TP4 to verify 
video amplifier operation. 
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fully blanked. If not, check Al3TP4 to verify video 
amplifier operation. 

h. Check for deflection currents (spikes) at Al3TP8 
and Al3TP9. A malfunctioning positioning circuit can 
place the display off screen. The deflection circuits can 
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be isolated from the positioning circuits by removing 
Al3R4 or Al3R33; this will produce a slightly offset 
display. 

i. If Al3U6, Al3Ql, or Al3Q9 fail, check Al3C2, 
Al3C7, and Al3C27. An open circuit or decrease in ca
pacitance may permit a destructive increase in peak 
voltage across Al3U6 or Al3Q9. 

j. Correction magnets on deflection coils are per
manently attached and are not adjustable. Inspect them 
for damage if display distortion .is observed. 

8-31. SHOCK HAZARD MODIFICATION. 

8-32. Instruments with serial numbers 1825A00626 
and below may have a shock hazard on the line voltage 
terminals of the rear-panel power socket when the 
power cord is disconnected. A bleeder resistor installed 
across these terminals will eliminate the shock hazard. 
Remove the two screws holding the power socket to the 
rear panel and pull out the socket as far as possible. 
Solder a 4.7-megohm resistor (1/2-watt, carbon 
composition, HP Part No. 0687-4751) across the line 
voltage terminals. Then reinstall the socket. 

8-33. ASSEMBLY A8 INTERCONNECTIONS. 
(See figure 8-1.) 
8-34. Figure 8-1 shows signal paths on Mother Board 
A8 which interconnect assemblies Al through A6. The 
PINS column lists each pin on connectors XAl through 
XA6. The signal mnemonic is shown on each active 
trace. These mnemonics are the same as the mnemonics 
used on the schematics. The board assembly which is 
the source of each signal is identified by the letter S. The 
designation NC identifies pins which are not connected 
to the installed board assembly. Unless otherwise speci
fied, all signals are TTL levels. 

8-35. The following paragraph is an example showing 
the use of figure 8-1. Pin 7 of assemblies Al and A2 are 
interconnected. The signal comes from Al, is the posi
tive external trigger, and is an ECL signal. Pin 7 of 
assemblies A3 and A4 are connected together. A4 sup
plies the signal. It is sampled data bit 1 in the 8-bit 
instrument, a TTL signal. 

8-36. MNEMONICS. (Refer to table 8-3.) 
8-37. Signals in the 1615A have been assigned mne
monics that describe their active state and function, The 
first letter of each mnemonic indicates the active state of 
the signal. The remaining letters indicate signal func
tion. When H is the first letter, it indicates that the 
function is active in the high state; L indicates that the 
function is active in the low state. For edge-controlled 
devices, P indicates that the function is active on the 
positive-going transition; N indicates that the function 
is active on the negative-going transition. Definitions of 
the mnemonics along with the numbers of the schemat
ics where each signal originates are listed in alphanu
meric order in table 8-3. 
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Service Model 1615A 

ASSEMBLIES ON MOTHER BOARD AS 
PINS A1 A2 A3 A4 AS A6 

1 0-5.2V 0 NC 0 0 0 

2 0-5.2V 0 NC 0 0 0 

3 0 GND 0 (ECL) NC 0 NC NC 

4 0 GND 0 (ECL) NC 0 NC NC 

5 0 GND NC (ECL) NC 0 NC NC 

6 0 +5V NC NC 0 NC NC 

7 s PETRG 0(ECL)I 0 H8SD1 s S PDCLK 0 

8 s NETRG O(ECL)I 0HBSDO s S NDCLK 0 __, 

9 s NECLK 0(ECL)I 0 H8SD3 s OGND NC __. 

10 s PECLK Q(ECL)I 0HBSD2 s 0 GND 0 

11 0N16SCLK (ECL).S 
I 

0 H8SD5 s S PCLK6 0 

12 0 P16SCLK (ECL) S 
I 

0HBSD4 s NC NC 
.J 

13 0 H16TRGL S(ECL)I 0HBSD7 s NC NC 
.J 

14 0 L16TRGL S'(ECL) 0 H8SD6 s S NCHCLK 0 __. 

15 OGND 0 0 GND 0 0GND NC 

16 g, H16QLY 0 QGND 0 QGND NC __. 

17 SI HBQLY 0 0 H8SG1 s 0 HHB2 s 

18 0GND 0 0 HBSGO s 0 LHB2 s 

19 0GND 0 0 H8SG3 s 0 LHB3 s 

20 0L16MWRT s 0 H8SG2 s s 0 

Figure 8-1. Mother Board Assembly AB Interconnections 

8-6 
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ASSEMBLIES ON MOTHER BOARD AS 
PINS A1 A2 A3 A4 AS A6 

r- i I J 21 0 P16CCLK S 0 H8SG5 s s HTIME 0 

22 0 GND NC 0 H8SG4 s I NC NC I 
23 s H16RCP 0 0 HBSG? s I NC NC J 

24 NC GND 0 0 H8SG6 s (SEE PIN 59)Q 
S PCLK1 

25 NC GND 0 0 GND 0 0 G,ND NC 

26 s H16VME 0 0 GND 0 0 GND NC 

27 0 H16START S 0 LMACLD NC s NC 

28 I NC GND 0 S PFIL TERCLK) II 0 LAL PH s 

29 -I NC NC NC NC J I s LRAMA 0 i 

30 NC s LGLITCH NC(ECL) 0 I s HREAD 0 SET 

31 NC s HGLITCH NC(ECL) NC I s HWR 0 RESET 

32 NC s NC L GLITCH 
RESET C(ECL) s HRAMW 0 

33 NC s N8SCLK NC (ECL) 0 0 GND NC 

34 NC s P8SCLK NC(ECL) 0 0 GND NC 

35 NC 0 GND NC (ECL) 0 s HTLIN 0 

36 NC s L8TRGL NC (ECL) 0 s HEXPI 0 

37 
i 

NC L8ATG 0 (ECL) NC s li NC NC 
J 

38 I NC H8ATG 0 (ECL) NC s 
11 

NC NC 

'2G I r'\. HDOECL l\.lr. r~r.1 \ NC s I I s HX1 0 I v., 

11 
'-/ ''"" \-"'-"' ... ! I I I I 

1 I 
40 

1 I NC GND 0 (ECL) NC 0 11 NC NC 

Figure 8-1. Mother Board Assembly AB Interconnections (Cont'd) 
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Service ModP1 Hll!~A 

ASSEMBLIES ON MOTHER BOARD AS 
PINS A1 A2 A3 A4 AS A6 

41 O LDACQ 
(ECL) NC NC s S HUPC 0 

42 0 LMRST s 0 0 NC NC 

43 s L 16/24STG 0 (ECL) NC s NC NC 

44 s VTH ADJ NC 
POD 1 NC 0 S HSTD 0 

45 VTH RETURN 0 s POD 1 NC NC NC VIDEO s 

46 0 L24BST NC NC s NC NC 

47 0L16TRC s 0 NC S HEXC 0 

48 NC H16TFP s 0 NC NC HVSY s 

49 NC H16TDLY s 0 NC s LX1 0 

50 NC 0 L 16AT8 s 
11 

s LDT 0 0 

51 NC H8ECLK s 0 NC 
11 

s HST ATE NC 

52 NC 0 H8VME s NC 11 
s LGL 0 

53 NC 0 H8TFP s NC II NC NC 

54 NC 0 H8TDY s 
11 

s HM2 0 NC 

55 NC 0 L8TRC s NC 
11 

0 LALPH2 s 

56 NC H8START s 0 NC 
11 

NC HHSY s 

57 NC 0 GND 0 NC 
11 

NC NC 

58 NC P8TCLK ·s 0 
11 

s HM1 0 NC 

59 NC NC NC NC S (SEE PIN 24)NC 
PCLK1 

60 0 HW15 0 0 NC s 0 

Figure 8-1. Mother Board Assembly AB Interconnections (Cont'd) 
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ASSEMBLIES ON MOTHER BOARD AB 
PINS A1 A2 A3 A4 AS A& 

61 NC NC NC NC NC -12V 0 

62 NC NC NC NC 0 +12V NC 

I I d:t'2 A U1~f"T1~ c s HGTRG 0 I l NC NC J U"1 \.J lllV't.JI- ..... I I 

64 NC s H8CTG 0 NC I NC NC 

65 NC16/24BTOUT S 
11 

s H8PAT NC 
11 

NC NC 

66 NC HLDTG s 0 NC 
11 

NC NC 

67 ~ADJ---, I VTHOPOD ~ 0 GND 0 NC 0 NC 

68 jvTHA8J CLKI I s N20MHZNC NC 0 NC 

IVTi ADJ---, I 
69 HO PODS 2/3 0 NC NC NMDCLK S NC 

I - I 1 j 

70 GND 0 GND 0 NC 0 NC 

71 NC s P8CCLK 0 
11 

NC NC NC 

r 

I f l 72 NC s L8MWRT0 NC s HAB13 0 

73 0GND 0 0 
11 

NC s HAB12 NC 

74 NC 0 H8RCP s II NC $ HAB11 NC 

75 NC H8ATGT s 0 
11 

NC s HAB10 NC 

76 NC s HAST 0 0 
11 

s HAB9 0 

77 .-..11"' N,... NC NC s HAB8 0 l"V "" 

I 78 NC NC NC NC s HAB7 0 

I ;9 

I 1 

NC - HAB6 NC NC r- (""'\ u \:) '-" 

I 
80 NC HASS NC 0 NC s 0 I I 

Figure 8-1. Mother Board Assembly AB Interconnections (Cont'd) 
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ASSEMBLIES ON MOTHER BOARD AS 
PINS A1 A2 A3 A4 AS A6 

I I 

81 0 HA14 0 0 NC s NC I 
82 I 0 HAB4 NC NC NC s 0 

83 NC 0 HAB3 NC NC s 0 

84 NC HAB2 NC 0 NC s 0 

85 0 HAB1 0 0 NC s 0 

86 NC NC NC NC NC NC 

87 0 HDB7 0 0 NC 0 0 

88 0 HABO NC 0 NC s 0 

89 0 HOBS 0 0 NC 0 0 

90 0 HDB6 0 0 NC 0 0 

91 0 HDB3 0 0 NC 0 0 

92 0 HDB4 0 0 NC 0 0 

93 0 HDB1 0 0 NC 0 0 

94 0 HDB2 0 0 NC 0 0 

I 95 NC s I NC I NC NC VIDEO 0 16/24BTGOUT RET 

96 0 HOBO 0 0 0 0 0 

97 0 GND 0 0 0 0 0 

98 0 GND 0 0 0 0 0 

99 O +sv 0 0 0 0 0 

100 J o +sv 0 0 0 0 0 
1 

Figure 8-1. Mother Board Assembly A.8 Interconnections (Cont'd) 
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Table 8-3. 1615A Mnemonics 

Signal 
Mnemonic Description Number Origin 

H16AR8 High 16-bit Arms 8-bit. NA Schematic 6B, 
Signal is true when using 16-bit arms 8-bit mode A3U22 pin 6 
of triggering. 

H16DLYO High 16-bit Delay = 0. NA Schematic 7B, 
Signal is true when 16-bit or 24-bit delay is 0. A2U22 pin 4 

Hl6QLY High 16-bit Ciock Quaiified. r::-... 
Schematic 4B, ® 

Signal is true when the qualification is met for the A1P4 pin 16 
16-bit menu selection. ORed with 8-bit qualifier dur-
ing 24-bit mode of operation. 

H16RCP High 16-bit Run Complete. @ Schematic 4C, 
Signal is true when 16-bit memory is full in modes A1P4 pin 23 
where selected trigger starts data acquisition. 

H16START High 16-bit Start Trigger. @ Schematic 7 C, 
Signal is true when trigger delay starts data acqui- A2Pl pin 27 
sition in 16-bit and 24-bit synchronous modes. 

H16STE High 16-bit Store Trigger Events. @ Schematic 7B, 
During trace events mode in 16-bit machine, signal A2Pl pin 63 
true only when trigger is recognized. In all other 
modes, signal is always true. 

H16TDLY High 16-bit Trigger Delay. @ Schematic 7B, 
Signal is true after the end of the trigger plus A2Pl pin 49 
selected delay period in 16-bit or 24-bit synchro-
nous modes. 

H16TFP High 16-bit Trigger Flip-Flop. @ Schematic 7B, 
Signal is true after 16-bit or 24-bit trigger is recognized. A2Pl pin 48 

H16TR8 High 16-bit Triggers 8-bit. NA Schematic 6B, 
Signal is true when using the 16-bit triggers 8-bit A3U22 pin 3 
mode, or 24-bit mode. 

H16TRGL High 16-bit Trigger Load, ECL. (j) Schematic 7 A, 
(ECL) Enables 16-bit trigger memory to accept new data A2Pl pin 13 

when true. Differential signal with L16TRGL(ECL). 

H16VME High 16-bit Valid Memory. @ Schematic 4C, 
Signal prevents trigger recognition until a full data A1P4 pin 26 
memory is captured in end-trigger modes. True after 
255 data words are captured. 

H8ARM16 High 8-bit Arms 16-bit. NA Schematic 7B, 
Signal is true when using 8-bit arms 16-bit mode U2U22 pin 6 
of operation. 

,........__ I HSATG High 8-bit Asynchronous Trigger, ECL. ~ Schematic 5A, 
(ECL) Signal true when asynchronous trigger specifica- A4Pl pin 38 

tion is met. Differentiai with L8ATG(ECL). 

H8ATGT High 8-bit Asynchronous Trigger, TTL. ® Schematic 7C, 
Signal from 8-bit trigger circuitry. A2Pl pin 75 
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Service Model 1615A 

Table 8-.1- 16J.5A Mnemonics (Cont'd) 

Sign al i 
Mnemonic Description Number Origin 

H8DLEXCK High 8-bit Delay by External Clock. @ Schematic 7C, 
Signal is true when 8-bit machine is selected to A2U25 pin 6 

I 
delay by a number of external clocks, and false I when 8-bit machine is using time delay. 

H8DLYO High 8-bit Delay= 0. NA Schematic 6B, 
Signal is true when 8-bit delay is 0. A3U22 pin 4 

H8ECLK High 8-bit External Clock. @ Schematic 7 A, 
Signal is true when operating the 8-bit machine A2Pl pin 51 
from an external clock. 

H8QLY High 8-bit Clock Qualified. @ Schematic 4B, 
Signal is true when the qualification is met for the A1P4 pin 17 
8-bit menu selection. ORed with 16-bit qualifier dur-
ing 24-bit mode of operation. 

H8RCP High 8-bit Run Complete. @ Schematic 6A, 
Signal is true when 8-bit memory is full in modes A3Pl pin 74 
where selected trigger starts data acquisition. 

H8SDO- High 8-bit Sampled Data. @) Schematic 5A, 
H8SD7 Eight-bit bus of sampled information to the 8-bit A4Pl pins 7-14 

data memory. 

H8SDO*- High 8-bit memory of Sampled Data. @ Schematic 6A, 
H8SD7* Eight lines carrying sampled data from 8-bitmemory. A3P2 pins 11-18 

H8SGO- High 8-bit Sampled Glitch. @ Schematic 5B, 
H8SG7 Eight-bit bus of glitch information to the 8-bit glitch A4Pl pins 17-24 

memory. 

H8SGO*- High 8-bit memory of Sampled Glitch. @ Schematic 6A, 
H8SG7* Eight lines carrying glitch information from 8-bit A3P2 pins 3-10 

memory. 

H8START High 8-bit Start Trigger. @ Schematic 7C, 
Signal is true when trigger delay starts data acqui- A2Pl pin 56 
sition in 8-bit machine. 

H8STE High 8-bit Store Trigger Events. @ Schematic 7B, 
During trace events mode in 8-bit machine, signal A2Pl pin 64 
true only when trigger is recognized. In all other 
modes, signal is always true. 

H8TDY High 8-bit Trigger Delay. ® Schematic 6B, 
Signal is true after the selected trigger plus delay A3Pl pin 54 
specification is met in the 8-bit machine. 

H8TFP High 8-bit Trigger Flip-Flop. @ Schematic 6B, 

I 
Signal is true after 8-bit trigger is recognized. 

I 
A2Pl pin 53 

H8TRG16 High 8-bit Triggers 16-bit. NA Schematic 7B, 
Signal is true when using 8-bit triggers 16-bit mode. A2U22 pin 3 
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Mnemonic 

HSVME 

HABO
HAB13 

HDOECL 

HDBO
HDB7 

HDLOC 

HDSPO 

HEXC 

HEXPI 

HEX TR 

HGLITCHRESET 
(ECL) 

HGTRGENA 

HHB2 

HHSY 

HKDN 

Table 8-3. 1615A Mnemonics (Cont'd) 

Description 

High S-bit Valid Memory. 
Signal prevents trigger recognition until a full 
memory is captured in end-trigger modes. True after 
255 data words are captured. 

High Address Bus from microprocessor. 
Address lines from S080A microprocessor on A5 
board. 

High Data bit 0, ECL. 
Carries data for loading first S bits of 16-bit trigger 
memory. 

High Data Bus from microprocessor. 
Data to and from SOSOA microprocessor A5Ull. 

High Delay by Trigger Occurrences. 
Signal is true when using delay by trigger occur
rence mode. 

High Begin Display at Word 0. 
Signal is true when in timing diagram mode and 
data word 0 is to be displayed. 

High Extra Cursor - not used. 
Always low. 

High Expand Indicator. 
Signal is high during display of the brightened 
(expandable area) segment of a timing diagram. 

High External Trigger. 
Signal is true when using external trigger for S-bit 
machine. 

High Glitch Reset, ECL. 
Not used in 1615A. 

High Glitch Trigger Enable. 
True during glitch trigger modes. Extends duration 
of asynchronous trigger to ensure proper glitch de
tection. 

High Horizontal Blanking 2. 
Signal is true during horizontal retrace. 

High Horizontal Sync. 
20 kHz sync signal used to sync horizontal amplifier 
and low voltage power supply. Positive edge starts 
horizontal retrace. 

High Key Down. 
Signal is true when µP recognizes that a key is 
pressed. 

Sign al 
Number 

® 

NA 

NA 

NA 

NA 

~ 
\!.Y 

CD 

@ 

Service 

Origin 

Schematic 6A, 
A3Pl pin 52 

Schematic SA, 
A5Pl pins 72-SO, 
82-85, 88 

Schematic 4A, 
A4Pl pin 39 

Schematic SA, 
A5Pl pins S7, 
S9-94, 96 

Schematic 7B, 
A2U22 pin 5 

Schematic SB, 
A5U36 pin 19 

Schematic lOC, 
A5Pl pin 47 

Schematic SB, 
A5Pl pin 36 

Schematic 7 A, 
A2U3 pin 5 

Schematic 7 A, 
A2Pl pin 31 

Schematic 6B, 
A3Pl pin 63 

Schematic lOA, 
A6Pl pin 17 

Schematic lOA, 
A6Pl pin 56 

Schematic SB, 
A5U35 pin S 
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Table 8-3. 161.5A Mnemonics (Cont'd) 

Signal 
Mnemonic Description Number Origin 

HLDTG High Load Trigger. @ Schematic 7 A, 
Signal is true when loading trigger memories prior A2Pl pin 66 

I 
to a run. 

I I 
HMl High Magnify No. 1. NA Schematic BB, 

Always low. Part of preloaded count for expanded A4Pl pin 5B 
segment of timing diagram. 

HM2 High Magnify No. 2. NA Schematic BB, 
Always low. Part of preloaded count for expanded A4Pl pin 54 
segment of timing diagram. 

HPOS EDGE High Positive Edge External Trigger. NA Schematic 7 C, 
EXTTRG Signal is true when positive edge of external trigger A2U25 pin 19 

is selected to turn on the B-hit machine. Signal is false 
when negative edge selected. 

HR14 High Read 14. @ Schematic BA, 
True when microprocessor commands a read other A5Pl pin Bl 
than ROM or RAM. Used in reads of 16-bit memory, 
B-hit memory, or instrument status from assem-
hly A2. 

HRAMW High RAM Write. @ Schematic BA, 
Timing signal used when writing to display RAM. A5Pl pin 32 
ANDed with HWR and LRAMA. 

HREAD High Read. ® Schematic BA, 
This signal is true when microprocessor is reading. A5Pl pin 30 

HRST High Reset 900 nsec. @ Schematic 7C, 
Pulse initializes the glitch detectors, and the 16-bit A2Pl pin 76 
and B-hit trigger and delay circuitry. The negative 
transition starts the run. 

HST ATE High State display. NA Schematic BB, 
Not used. A5Pl pin 51 

HSTD High Start Timing Diagram. @) Schematic BB, 
Signal is true when 1615A is displaying timing dia- A5Pl pin 44 
gram information. 

HTIME High display Timing diagram. @ Schematic BB, 
Signal is true when display of timing-diagram infor- I A5Pl pin 21 
mation is selected. 

HTLIN High Trigger Line. @ Schematic BB, 
Signal is high only when displaying the location.__of A5Pl pin 35 
the trigger word in timing diagram. 

HTRACE I High Trace. w Schematic 7C, 

I Signal is true during a data acquisition cycle. Used 

I 
A2U25 pin 15 

I I 
by µP to stop run when STOP key is pressed or after 

I 
run is complete. 

l 
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Table 8-3. 1615A Mnemonics (Cont'd) 

I Mnemonic 
Sign al 

Description Number Origin 

HTRACEE High Trace Events. ~ Schematic 7 C, 
Signal is true when using the trace trigger events A2U25 pin 5 
capability of the 24-bit state mode. 

HUPC High microprocessor Cycle. @ Schematic SA, 
A5Pl pin 41 

HVSY High Vertical Sync. (2) Schematic lOC; 
Signal used to sync vertical amplifier in display 

'-./ 
A6Pl pin 4S 

driver. Positive transition initiates vertical retrace. 

HW15 High Write 15. @) Schematic SA, 
Signal is true when microprocessor A5Ul 1 is out- A5Pl pin 60 
putting information on data bus to locations other 
than ROM or RAM. 

HWR High Write. @) Schematic SA, 
Signal is true when microprocessor is writing. A5Pl pin 31 

HXl High magnify display XL @ Schematic SB, 
Signal is true during unexpanded displays of tim- A5Pl pin 39 
ing diagrams. Low when expanding by XlO. 

HXlO High Magnify Display XlO. @ Schematic SB, 
Signal is true during expanded displays of timing A5Pl pin 49 
diagrams and false during unexpanded displays. 

KSTB Keyboard Strobe. @ Schematic SB, 
Current pulse that strobes selected column of keys on A5Q2 Col. 
keyboard. 

Ll6/24STG Low 16/24-bit Synchronous Trigger, ECL. 0 Schematic 4A/5A, 
(ECL) True when selected synchronous trigger is recog- A1P4/ A4Pl 

nized. pin 43 

Ll6ATS Low 16-bit Arms or Triggers S-bit. @) Schematic 6B, 
Signal is true when either 16ARMSS or 16TRGS A3Pl pin 50 
mode of triggering is selected. 

L16MWRT Low 16-bit Memory Write. @ Schematic 7 A, 
Signal is true when data-acquisition circuitry is A2Pl pin 20 
writing data into 16-bit memory. 

L16TRC Low 16-bit Trace Point. @) Schematic 7B, 
Signal is true after trigger plus delay specification is A2Pl pin 47 
met in 16-bit machine. 

L16TRGL Low 16-bit Trigger Load, ECL. ® Schematic 7 A, 
(ECL) Enables the 16-bit trigger memory to accept new data A2Pl pin 14 

when true. Differential signal with H16TRGL(ECL). 

L24BST Low 24-Bit State. (i5) Schematic SA; 

I Signal is true when 24-bit mode of data acquisition '--" A4Pl pin 46 
is selected. Configures 1615A for 24-bit synchronous 
operation. 

L8ATG Low S-bit Asynchronous Trigger, ECL. @ Schematic 5A, 
(ECL) Signal true when asynchronous trigger specifica- A4Pl pin 37 

tion is met. Differential with HSATG(ECL). 
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Table 8-3. 1615A Mnemonics (Cont'd) 

Sign al 
Mnemonic Description Number Origin 

L8MWRT Low 8-bit Memory Write. @ Schematic 7 A, 
Signal is true when data-acquisition circuitry is A2Pl pin 72 
writing data into 8-bit memory. I 

L8TRC Low 8-bit Trace Point. @ Schematic 7 C, 
Signal is true after trigger plus delay specification is A2Pl pin 55 
met in 8-bit machine. 

L8TRGL Low 8-bit Trigger Load, ECL. @) Schematic 7 A, 
(ECL) Enables both 8-bit trigger memories to accept new A2Pl pin 36 

data when true. 

LALPH Low Alphanumeric display. @ Schematic lOA, 
Signal is true during displays of alphanumeric char- A6Pl pin 28 
acters on 1615A CRT. 

LALPH 2 Low Alphanumeric display 2. @ Schematic lOA, 
Signal is true during display of alphanumeric char- A6Pl pin 55 
acters on 1615A CRT. 

LDACQ Low Data Acquisition, ECL. ® Schematic 5A, 
(ECL) Parallel-enables all input data latches. True during A4Pl pin 41 

Also 'ITL data-acquisition modes. False during trigger memo-
on5A ry load plus self-test. 

LTD Low Dual Threshold. NA Schematic 8 B, 
Not used in 1615A. Normally high. A4Pl pin 50 

LGL Low Glitch. ® Schematic 8 B, 
Signal is true when display of glitches is selected for A5Pl pin 52 
timing diagrams, and high when glitch display is 
turned off. 

LGLITCHRESET Low Glitch Reset, ECL. @ Schematic 7 A, 
(ECL) Positive edge resets glitch detection flip-flop at the A2Pl pin 32 

start of each clock cycle. 

LGLITCHSET Low Glitch Set, ECL. @ Schematic 7 A, 
(ECL) Preloads glitch detectors according to the logic levels A2Pl pin 30 

at the start of each clock cycle. 

LGLS Low Glitch Set. @ Schematic 8 B, 
Signal is true every tenth clock during expanded dis- A5Pl pin 20 
plays. It prevents multiple displays of a single glitch 
during expanded displays. 

LHB2 Low Horizontal Blanking 2. ® Schematic lOA, 
Signal is true to blank display during horizontal A6Pl pin 18 
retrace period. 

LHB3 Low Horizontal Blanking 3. @ Schematic lOA, 
Signal is true during horizontal blanking to extend A6Pl pin 19 

I 
display blanking until arrival of next display clock. 

I LKR 
Low Key Reset. @ Schematic 8 B 

Signal is true when µPis not reading keyboard. When A5U35 pin 3 

i true, this resets keyboard latches. 
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Table 8-3. 1615A Mnemonics (Cont'd) 

Signal 
Mnemonic Description Number Origin 

LMACLD Low Memory Address Counter Load. @ Schematic 7B, 
Parallel-enables MAC in 8-bit memory. A5Pl pin 27 

LMRST Low Master Reset. ® Schematic 7C, 
True before a data-acquisition run to reset memory A2Pl pin 42 
index and address counters and input latches in B-bit 
and 16-bit machines. 

LPCKS Low Positive Clock Slope. Schematic 7C, 
True when positive edge of external clock is selected A2U25 pin 16 
to obtain data. False when negative edge is selected. 

LRAMA Low RAM Address. @) Schematic BA, 
Signal is true when microprocessor is addressing A5Pl pin 29 
locations in the display RAM. 

LRST Low Reset. N,A Schematic 7C, 
900-ns true pulse that resets 16-bit trigger circuitry U50 pin 3 
prior to a data-acquisition run. Positive transition 
starts the run. 

N16SCLK Negative-edge 16-bit Sample Clock. NA Schematic 7 A, 
Not used in 1615A. A2Pl pin 11 

N20MHZ Negative-edge 20-MHz clock. @ Schematic 7 A, 
Clock source for microprocessor board. Available A2Pl pin 6B 
whenever 1615A has operating power applied. 

NBSCLK Negative-edge B-bit Sample Clock. NA Schematic 7 A, 
Not used in 1615A. A2Pl pin 33 

NCHCLK Negative-edge Character Clock. @ Schematic BA, 
Clock for character counters used during alpha- A5Pl pin 14 
numeric displays. 

NDCLK Negative-edge Display Clock. @) Schematic BA, 
Clocks for the character generator during alpha- A5Pl pin B 
numeric displays and the graticule generator during 
timing diagram displays. 

NECLK Negative-edge External Clock, ECL. @ Schematic 4B, 
(ECL) External clock signal from clock probe for use in A1P4 pin 9 

some data-acquisition modes. Differential of 
PECLK. 

NETRG Negative-edge External Trigger, ECL. @ Schematic 4B, 
(ECL) Negative edge of signal used to trigger data acquisi- A1P4 pin B 

tion in B-bit circuitry in external trigger modes. Sup-
plied from clock probe. Differential of PETRG. 

NMDCLK Negative-edge Memory Dump Clock. @) Schematic BB, 
Signal available only when dumping B-bit memory A5Pl pin 69 
to generate timing diagrams. 
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Signal 
Mnemonic Description Number Origin 

P16CCLK Positive-edge 16-bit Counter Clock. @ Schematic 7 A, 
Clock that increments index and address counters in A2Pl pin 21 
the 16-bit memory. I 

P16SCLK Positive-edge 16-bit Sample Clock, ECL. © Schematic 7 A, 
(ECL) Signal clocks 16-bit input latches during data acqui- A2Pl pin 12 

sition. Also derived from µP when loading trigger 
memories. 

PSCCLK Positive-edge S-bit Counter Clock. @ Schematic 7 A, 
Clock that increments index and address counters in A2Pl pin 71 
the S-bit memory. 

PSSCLK Positive-edge S-bit Sample Clock, ECL. @ Schematic 7 A, 
(ECL) Clock for S-bit machine that controls operation within A4Pl pin 34 

glitch detector circuits. 

PSTCLK Positive-edge S-bit Trigger Clock. @ Schematic 7 A, 
Clock for trigger plus delay counter in S-bit machine. A2Pl pin 5S 

PCLKl Phase 1 Clock. @ Schematic SA, 
Signal that clocks character lines in alphanumeric A5Pl pin 24 
displays. 

PCLK6 Phase 6 Clock. ® Schematic SA, 
Signal that clocks the alphanumeric/time selector in A5Pl pin 11 
the display assembly A6. 

PDCLK Positive-edge Display Clock. @) Schematic SA, 
Clock for retrace counter, dot counter, line counter, A5Pl pin 7 
and the alphanumeric/time display selector. 

PECLK Positive-edge External Clock, ECL. @ Schematic 4B, 
(ECL) External clock signal from clock probe for use in A1P4 pin 10 

some data-acquisition modes. Differential of NECLK. 

PETRG Positive-edge External Trigger, ECL. @ Schematic 4B, 
(ECL) Positive edge of signal used to trigger data-acqui- A1P4 pin 7 

sition in S-bit circuitry in external trigger modes. 
Supplied from clock probe. Differential of NETRG. 

VIDEO Video. ® Schematic lOC, 
Z-axis unblanking signal to display driver. Least A6Pl pin 45 
positive voltage turns on CRT. 
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8-38. DISCUSSION OF 1615A BASIC BLOCK 
DIAGRAM. {See figure 8-2.) 
8-39. The 1615A is a microprocessor-controlled, ROM
based instrument consisting oi a control section, display 
section, and a data-acquisition section. All sections 
share a common data bus, address bus, and control 
lines. 

8-40. CONTROL SECTION. The control section of the 
1615A consists of the keyboard, microprocessor, RAM, 
and ROM. Operator entries into the 1615A are made via 
the keyboard. The microprocessor controls all I/O, 
RAM, and ROM read/vv"ri.te activity as well as address 
bus and data bus usage. The 1615A capabilities, 
operating sequences, and self tests are all contained in 
ROM. 

8-41. DATA ACQUISITION. The data-acquisition 
function of the 1615A consists of a 16-bit data
acquisition function and an 8-bit data-acquisition 
function. Each function has its own probes and I/O 
control. The 16-bit data-acquisition function gathers 
synchronous state data on up to 16 probe input lines. 
The 8-bit data-acquisition function has all of the 

CONTROL 

Service 

capabilities of the 16-bit data acquisition function, 
except that it obtains information on 8 input lines. The 8-
bit data-acquisition function also has the capability of 
gathering asynchronous activity on its 8 probe lines, 
and of detecting glitches occurring on any of those same 
8 lines. 

NOTE 
The 24-bit mode is obtained by operating 
both the 16-bit and 8-bit machines together. 
Triggering is done in the 16-bit triggers 8-bit 
mode. 

8-42. D!SPL4 Y SECTION. The display section consists 
of RAM, I/O, alphanumeric display logic, timing 
diagram display logic, and the CRT. The RAM is loaded 
with the information obtained by the data-acquisition 
circuitry. The alphanumeric display logic reads 15 lines 
of RAM and formats the information into the electrical 
activity required for each alphanumeric character. The 
timing diagram display logic reads the entire RAM and 
presents a trace of electrical activity with respect to 
time. The electrical activity from one of the two display 
sections is converted to analog drive signals and 
supp lied to the three axes of the CRT. 
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8-43. CONTROL SECTION BLOCK DIA
GRAM. (See figure 8-3.) 

8-44. The microprocessor controls all read/write and 
l/O activity on the address bus and data bus. The power 
on reset block holds the microprocessor in the reset state 
until its circuits can all be initialized after 1615A power 

I POWER 
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t------.--~ RESET 

DATA~ 
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20 - t--- fl 
MHZ .,____.. 7- 3 ~ ..:.. 6 t--- t2 
osc 

8080 )..1.P 

ADDRESS~ :~ 

OBIN 0-
WR 

I- I-

CONTROL LINES • 
v_ 

ADDRESS BUS 

TI_ 
DATA BUS 

Model 1615A 

up. The 20-MHz oscillator and divider supplies the 
proper clocks for microprocessor operation. 

8-45. The program RO M's contain all of the 1615A test 
and operating routines. The RAM's provide active 
memory for the microprocessor and display functions. 
The keyboard provides operator interface to the 1615A 
instrument .. 
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Figure 8-3. 1615A Control Section Block Diagram 
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8-46. 16-BIT DATA-ACQUISITION SECTION 
BLOCK DIAGRAM DISCUSSION. (See figure 
8-4.) 

8-4 7. The 16-bit data-acquisition function collects state 
data that is synchronized with a clock. The state inputs 
are obtained through probe pods 2 and 3 and supplied to 
input iatches. The clock is obtained by the clock probe 
and supplied to the clock slope selector. This block 
generates a pulse each time that it recognizes the 
occurrence of the selected edge on the clock line. The 
pulse latches the states of the lines from probe pods 2 
and 3, and is also supplied to the 16-bit strobe generator 
and the clock qualifier latch. If all of the qualifier 
conditions are satisfied, H16QLY is delivered to the 16-
bit clock multiplexer. At the same time, the 16-bit strobe 
generator delivers its strobe to the 16-bit clock multi
plexer. If the qualifier conditions are satisfied, the strobe 
will be generated from the 16-bit clock multiplexer. If 
qualifier conditions are not satisfied, no strobe will be 
generated. 

8-48. When the states on the 16 lines of the data probes 
are latched, they are supplied to both the 16-bit high
speed memory and to the trigger memory. If the states 
match the trigger conditions within the trigger memory, 
Ll6/24STG will be generated. This signal is supplied to 
the store trigger events circuit and to the trigger and 
delay block. These two blocks modify the trigger 
according to the mode of operation selected. In store 

trigger events mode, the store trigger events circuit only 
allows the states from the 16-bit counter/latches to be 
recorded in the high speed memory if they are a valid 
trigger word. In other modes of mixed triggering and 
delay, L16/24STG is supplied to the trace point latch 
only when all requirements of trigger interaction and 
delay are satisfied. 

8-49. The trace point latch generates L16TRC when all 
trigger and delay requirements are met. When L16TRC 
is generated, the 16-bit memory index counter and the 
clock multiplexer are enabled. The clock multiplexer 
begins passing clocks from the strobe generator, and the 
memory index counter begins counting the clocks. These 
clocks also advance the memory address counter which 
sequentially addresses locations in the 16-bit high speed 
memory. When the memory index counter completes its 
count (a count equal to the number of memory locations 
available), the memory index counter triggers the run
complete condition which stops the clocks through the 
clock multiplexer. At this same time, the memory index 
counter supplies the address of the first word in memory 
to the read multiplexer. 

8-50. The read multiplexer allows the microprocessor 
to address locations in memory and obtain memory 
contents for presenting a display on the CRT. The status 
buffer provides seven bits of status information to the 
data bus during and after completion run for data 
acquisition. 
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8-51. 8-BIT CATA-ACQUISITION SECTION 
BLOCK DIAGRAM DISCUSSION. (See figure 
8-5.) 

8-52. The eight lines from pod 1 are supplied directly to 
the 8-bit counter/latch, the asynchronous trigger 
memory, and to the glitch detector. The 8-bit counter/ 
latch operates the same as the counter/latch in the 
16-bit circuitry, and is used only when the 8-bit and 
16-bit machines are combined to capture 24-bit synchro
nous data. The asynchronous trigger memory generates 
its recognition state whenever it recognizes its trigger 
word on the eight lines from pod 1. The asynchronous 
trigger duration selector measures the time period of the 
recognition state from the asynchronous trigger 
memory. If the recognition state lasts for the entire time 
duration that the operator specified in the menu, the 
asynchronous trigger duration selector releases trigger 
recognition to the 1615A. 

8-53. The glitch detector also receives the eight data 
lines from pod 1. If a glitch is detected on any line, a true 
state is supplied to the glitch memory and to the glitch 
trigger selector. If detection of a glitch was required as 
part of the trigger specification, then the gltich trigger 
selector supplies an enable at its output. If no glitch was 
specified as part of the trigger, then the glitch trigger 
selector always supplies the enable output. 

8-54. The 8-bit trigger and delay circuits issue a trigger 
pulse according to the mode of trigger interaction 
selected in the 8-bit menu. H8\'ME is an enable level 

that is always present, except during modes where the 
trigger recognition ends the trace. In those modes, 
H8VME is only present after the 8-bit memory has 
accepted at least 256 valid inputs after the start of the 
run. 

8-55. The 8-bit trace point latch enables the memory 
index counter to count qualified clocks so that the proper 
number of input bytes can be acquired into memory. 
When the memory index counter has counted the 
required number of input bytes (256 bytes in modes 
where the trigger starts the trace), it signals the 8-bit run 
complete latch which issues H8RCP to stop the run. 

8-56. The clock for acquiring data into the 8-bit 
machine comes either from the external clock input 
(when the 8-bit machine is combined with the 16-bit 
machine) or from an internal clock generator. The 
internal clock generator provides several different clock 
rates to the 8-bit data-acquisition circuitry. The clock is 
delivered to the 8-bit clock multiplexer. When all 
qualification conditions are satisfied, the clock is 
coupled through the multiplexer to the 8-bit memory 
address counter, memory index counter, and to both the 
data and glitch memories. The memory address counter 
addresses sequential locations in memory for both the 
state and glitch information to be captured. The output 
from the 8-bit clock multiplexer also strobes the 
information into the memories. 

8-57. The read multiplexer and status buffer provide 
the same operation for the 8-bit machine as is described 
for the 16-bit machine. 
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8-58. DISPLAY SECTION BLOCK DIAGRAM 
DISCUSSION. (See figure 8-6.) 

8-59. The display section consists of the alphanumeric 
character generator, the timing diagram generator, the 
display driver, and the alphanumeric/timing switch. 
The alphanumeric character generator reads portions of 
memory and presents the alpha and numeric characters 
on screen. The timing diagram generator reads the 
entire 8-bit memory and presents traces on screen that 
represent logical activity throughout the entire t,race. 
The display driver accepts the formatted logic from the 
alphanumeric character generator and the timing 
diagram generator and drives the 1615A CRT. 

8-60. ALPHANUMERIC/TIME SWITCH. 

8-61. This block is controlled by menu selection and 
either activates the timing diagram generator or the 
alphanumeric character generator, depending upon the 
operating mode and position of the display on the CRT. 
The alphanumeric character generator is always active 
when presenting the heading on the CRT, regardless of 
whether the body of the display will be presented by the 
timing diagram generator or the alphanumeric charac
ter generator. 

8-62. ALPHANUMERIC CHARACTER GEN
ERATOR. 

8-63. The alphanumeric character generator provides 
all of the video logic required to present all of the alpha
betic and numeric characters on the CRT. Each charac
ter is made in a matrix of eight raster lines in heigth and 
five increments in width. 

8-64. DOT AND RETRACE COUNTERS. These counters 
generate all of the horizontal steps across the CRT. 
The dot counter counts up for each progressive step 
across the CRT. The retrace counter counts back down 
to zero to accomplish CRT retrace. 

8-65. LINE COUNTERS. These counters keep track of 
the vertical position on the CRT, and supply the format 
for each line. Some lines can be used for alphanumerics, 
some can also be used for timing diagrams, and some 
lines are always blanked. 

8-66. CHARACTER COUNTER. The CRT is divided 
into 800 character spaces during alphanumeric dis
plays (40 character spaces across each line by 20 lines). 
The character counter keeps track of which character 
space is being addressed on the CRT. 

8-67. ADDRESS 2:1 SELECTOR. The address 2:1 selec
tor obtains two addresses: one is the address of the char
acter space being enhanced on the CRT, and the other is 
the microprocessor address bus. It supplies one of these 
two addresses to the display RAM. 

Service 

8-68. DISPLAY RAM. Before a new display is placed on 
the CRT, the address 2:1 selector supplies the micro
processor address bus to the display RAM. At each micro
processor address, the data bus loads the appropriate 
character to be displayed on the CRT. During a display 
presentation, the address 2:1 selector supplies the ad
dress from the character selector to the display RAM. 
The addressed character stored in the RAM is displayed 
on the CRT. 

s~s9. MICROPROCESSOR LATCH. The microproces
~o~ -latch accepts the output from the display 'RAM. It 
supplies an output whenever the microprocessor reads 
information from the RAM. 

8-70. CHARACTER CODE LATCH. This latch supplies 
the code for the character to be displayed on the CRT, 
alo:iig with codes for the character format, such as 
blinking and inverse video data. 

8-71. CHARACTER GENERATOR ROM. This ROM 
translates the character code along with the format 
information from the line counters into the logic byte 
required to blank and unblank a particular raster scan 
in the 6X8 character matrix. 

8-72. SHIFT REGISTER. The character generator ROM 
dumps the logic byte for the selected raster line into this 
shift register. The shift register supplies the logic byte 
bit-by-bit to the blinking and special effects gating. 

8-73. BLANKING AND SPECIAL EFFECTS GATING. 
This circuit combines the raster line byte with logic.for 
normal video, inverse video, blinking video, and blank
ing, as required for the display type selected in the menu. 
The output is supplied to the video gating where it is 
presented to the display driver for presentation on the 
CRT. 

8-74. TIMING DIAGRAM GENERATOR SEC
TION. 

8-75. FIRST WORD POSITION COUNTER. This coun
ter always obtains the address of the first word in 
memory to be displayed on the timing diagram. This 
ensures that the portion of memory actually displayed 
on the timing diagram will be the proper segment for the 
operating mode selected (first 240 words in ST ART 
TRACE mode, and last 240 words in END TRACE 
mode). 

8-76. MEMORY ADDRESS COUNTER. This counter 
generates sequential addresses for the data memory and 
the glitch memory. 

8-77. 8-BIT DATA MEMORY. This memory contains all 
of the data obtained from pod 1 during a trace. It sup
plies the binary data for all eight channels, byte-by-byte, 
to the 1 of 8 data selector. 
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8-78. 8-BIT GLITCH MEMORY. This memory contains 
all of the glitch information obtained in a trace for all 
eight timing diagram channels. It supplies the glitch 
information for all eight channels to the 1 of 8 glitch 
selector. 

8-79. 1 OF 8 DATA AND GLITCH SELECTORS. This 
circuit chooses one of the eight data channels, along 
with the corresponding glitch channel, for display on 
the CRT. The selector is incremented from one channel 
to the next when the CRT display is incremented from 
one timing diagram slot to the next. 

8-80. 2-BIT SHIFT REGISTER. This register holds both 
the bit that is to be displayed on the present point on the 
CRT, and the bit that was displayed on the last point on 
the CRT. This 2-bit information is used to determine 
whether or not the present bit is different from the last 
bit so that a transition can be included on the screen, if 
applicable. 

8-81. TIMING DIAGRAM DISPLAY ROM. This ROM for
mats the display of data and glitch information for the 
timing diagram. In this ROM, data transitions, data 
locations, and glitch brighteners are computed. The out
puts from this ROM provide all of the logic levels 
required for high and low displays, transitions, and 
glitch brighteners for both Xl and XlO display 
magnification. 

8-82. X1/X10 SELECTOR. This unit selects either the 
Xl magnification signals or the XlO magnification sig
nals for application to the video gating output. 

8-83. CLOCK AND TIMING CONTROL. This circuit 
generates the operating rate within the circuitry that 
produces the timing diagram. 

8-84. CHANNEL SELECTOR RAM. This RAM supplies 
an output that defines the location being addressed on 
the CRT. This information is used by the 1of8 data and 
glitch selectors to choose the channel it will supply to the 
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dispiay ROM. The channei seiect RAM also provides LO 
CHANNEL OFF to blank the display when the timing 
diagram slot on the CRT is turned off by operator 
selection. 

8-85. EXPAND INDICATOR BLOCKS. The three blocks 
that make up this channel begin counting at the location 
where the expand indicator should begin, or where the 
trace should begin in XlO expanded display modes. This 
function counts a number of horizontal display incre
ments across the CRT (that number equal to the width of 
the area displayed during XlO displays). HEXPI is true 
during this count. 

8-86. TRIGGER MARKER. This function counts the 
number of horizontal locations on the CRT between the 
first sample and the sample which contains the trigger 
word. When this point is reached, the trigger marker 
function generates HTLIN which causes video gating to 
issue a trigger tic mark. 

8-87. GRATICULE COUNTER. This counter provides a 
logic output that produces low level brightening at each 
horizontal location where a graticule line should be writ
ten on the CRT. 

8-88. VIDEO GATING. This block produces an output 
which is the composite of the alpha, video, data, glitch, 
expand indicator, trigger tic marker, and graticule line 
enhancement. The level differs depending upon the 
signal mix at each sampled point across the CRT face. 

8-89. DISPLAY DRIVER. 

8-90. This section of the display circuitry drives the 
CRT. When alphanumeric characters are being pre
sented, the horizontal and vertical sweep generators are 
controlled by the alphanumeric character generator. 
These two functions run at their own designed rates 
during timing diagram presentations. The Z-axis ampli
fier produces the unblanking levels required for all 
displays. 
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SERVICE SHEET 3 

PRINCIPLES OF OPERATION 

Display driver A13 generates signals to drive the dis
play. The display is a magnetically-deflected, raster
scanned CRT. Display format is 20 lines of 40 characters 
each; each line consists of9 horizontal scans ufthe CRT. 
Three signals from the A6 assembly, HVSY, HHSY, and 
VIDEO control the horizontal deflection, vertical deflec
tion, and video amplifier circuits. 

Horizontal Sync. HHSY (horizontal sync) controls the 
horizontal deflection circuit and the high-voltage 
supply. The HHSY signal is applied to U5 where, under 
normal operation, it is inverted, and used to drive U6. If 
the HHSY signal has an incorrect repetition rate or 
pulse width, U5 prevents the outputs of U6 from being 
on continuously, which would result in damage to U6. 
U6 provides a current pulse to the primary of Tl. The sec
ondary of Tl drives the horizontal deflection and high 
voltage circuits. 

High-voltage Supply. The HV supply provides de volt
ages for the CRT, bias voltage for the horizontal deflec
tion circuit, and +35 volts for the video amplifier. 

When Q9 is on, the current through L3 and the primary 
of T2 increases. When Q9 is turned off, energy stored in 
L3 and the primary of T2 rapidly charges C27. The result 
of the rapid charging is a large positive voltage across 
L3. This voltage is rectified by CR5 to provide the CRT 
accelerator grid bias. The positive voltage is also 
coupled to the secondaries of T2 where it is rectified. 

Horizontal Deflection Circuit. The secondary of Tl also 
controls the horizontal deflection circuit. Just before Ql 
is turned off, current is flowing in the deflection coil and 
the beam is at the right side of the CRT. When Ql is 
turned off, the deflection coil current changes direction 
as C7 charges rapidly. After all the energy is transferred 
to C7, it then discharges through the coil, causing 
another change in direction of coil current. The rapid 
charge and discharge of C7 causes a rapid retrace of the 
beam. At the end of retrace, the voltage across the coil 
attempts to go negative and charge C7 again. When volt
age across the coil reaches a few volts positive, CRl 
turns on and becomes the current path for the coil. This 

voltage clamping by CRl causes a constant rate of 
change in coil current. This accounts for the first half of 
horizontal scan. CRl is turned on at a positive voltage, 
rather than zero, to compensate for resistive elements in 
the coil current path. This keeps the rate of current 
change from being greater at the beginning of the sweep 
than at the center or right side of the sweep. 

When the beam reaches center screen, the deflection coil 
current is zero. At this time, QI is turned on and the cur
rent flow changes direction. This deflects the CRT beam 
toward the right side of the screen until QI turns off. 
When Ql turns off, retrace begins. 

Compensation for the deflection rate at the sides of the 
CRT is accomplished using CS. During the first half of 
the sweep the charge on CS increases slightly. At center 
screen, when Ql is turned on, C8 is slowly discharged, 
until the beam reaches the end of the sweep. This re
duces voltage across the deflection coil at the beginning 
and end of the sweep, reducing the rate of current 
change in the coil. 

Size of the horizontal scan is controlled by R6. R6 con
trols the voltage available to the deflection circuit by 
decreasing the coil current rate of change. Since the 
period of the sync signal does not vary, the scan will be 
shorter if the deflection rate is decreased. 

Horizontal position is accomplished by injecting a con
stant current into the deflection coil. R14 determines the 
current. Ul compares voltage drops across C12 and R4, 
and drives Q2 and Q3 until the voltage drops are equal. 
This establishes a constant current through R4. 

Vertical Deflection Circuit. This circuit generates the ver
tical sweep and controls height, linearity, and position 
of the sweep. Vertical sync (HVSY) from A6 controls a 
ramp generator, which in turn controls current through 
the deflection coil. When HVSY goes high, Q4 is turned 
on; this discharges C14 and C15 through R20. HVSY 
remains high for 0.5 millisecond (until capacitor charge 
returns to a few millivolts). When HVSY goes low, Q4 is 
turned off and Cl4 and Cl5 charge at a rate determined 
by R18 and R19. R18 controls amplitude of the vertical 
sweep. Since the period of HYSY is constant, RB can be 
used to control the distance the beam i~ deflected within 
that period. 

The voltage ramp developed at the junction of R20 and 
C14 is applied to U4. Part of the output of U4 is fed back 
to C14 and C15 to correct the voltage input of U4 which 
compensates the ramp generator. R23 controls the 
amount of feedback, which in turn controls the shape of 
the sweep generated. The ramp at the output of U4 
drives current amplifier U3/Q5/Q6 which maintains a 
current through the emitter of Q6 that is proportional to 
the ramp voltage. U3 compares the ramp voltage to volt
age across R32. U3 drives Q5 until the inputs to U3 are 
equal. 

At the beginning of the sweep a very small current is 
flowing through Q6 and a large current is flowing from 
the +5-volt supply through deflection coil Ll. This corre
sponds with the beam being at the top of the display. As 
the Q6 current increases, more current from the +5-volt 
supply flows through Q6 and less through the deflection 
coil. Coil current decreases and Q6 current increases 
until the beam reaches center screen. At that time, coil 
current has reached zero and begins to flow in the oppo
site direction as Q6 current starts to draw current from 
the coil and the +5-volt supply. When the beam reaches 
the bottom of the screen, coil current is about the same as 
it was at the top of the screen but is flowing in the oppo
site direction. 

At the end of the sweep, Q6 is turned off abruptly, and 
the current through R32 is reduced to zero. This sudden 
change in coil current results in a positive voltage pulse 
at the collector of Q6. This charges C19, using energy 
stored in the deflection coil. This causes the beam to 
return to center screen as C19 reaches its peak voltage. 
Cl 9 then discharges through R62 and the deflection coil. 
Discharge current and the current through L2 change 
the coil current direction and return the beam to the top 
of the CRT. At this time, Q6 starts conducting again and 
the sweep starts over. 

Compensation for deflection rate at the top and bottom 
of the CRT is accomplished by C20 in a manner similar 
to that used in the horizontal deflection circuit. Position 
control is maintained by injecting a constant current 
into the deflection circuit through R33. 

Video. This circuit amplifies the video signal to drive the 
CRT cathode. Gain control R61 is provided for contrast 
adjustment of the display. 

Service 
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The voltage ramp developed at the junction of R20 and 
C14 is applied to U4. Part of the output of U4 is fed back 
to C14 and C15 to correct the voltage input of U4 which 
compensates the ramp generator. R23 controls the 
amount offeedback, which in turn controls the shape of 
the sweep generated. The ramp at the output of U4 
drives current amplifier U3/Q5/Q6 which maintains a 
current through the emitter of Q6 that is proportional to 
the ramp voltage. U3 compares the ramp voltage to volt
age across R32. U3 drives Q5 until the inputs to U3 are 
equal. 

At the beginning of the sweep a very small current is 
flowing through Q6 and a large current is flowing from 
the +5-volt supply through deflection coil LL This corre
sponds with the beam being at the top of the display. As 
the Q6 current increases, more current from the +5-volt 
supply flows through Q6 and less through the deflection 
coil. Coil current decreases and Q6 current increases 
until the beam reaches center screen. At that time, coil 
current has reached zero and begins to flow in the oppo
site direction as Q6 current starts to draw current from 
the coil and the +5-volt supply. When the beam reaches 
the bottom of the screen, coil current is about the same as 
it was at the top of the screen but is flowing in the oppo
site direction. 

At the end of the sweep, Q6 is turned off abruptly, and 
the current through R32 is reduced to zero. This sudden 
change in coil current results in a positive voliage pulse 
at the collector of Q6. This charges C19, using energy 
stored in the deflection coil. This causes the beam to 
return to center screen as C19 reaches its peak voltage. 
C19 then discharges through R62 and the deflection coil. 
Discharge current and the current through L2 change 
the coil current direction and return the beam to the top 
of the CRT. At this time, Q6 starts conducting again and 
the sweep starts over. 

Compensation for deflection rate at the top and bottom 
of the CRT is accomplished by C20 in a manner similar 
to that used in the horizontal deflection circuit. Position 
control is maintained by injecting a constant current 
into the deflection circuit through R33. 

Video. This circuit amplifies the video signal to drive the 
CRT cathode. Gain control R61 is provided for contrast 
adjustment of the display. 
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PRINCIPLES OF OPERATION 

±12-volt Power Supplies. The+ 12-volt and-12-volt power 
supplies are regulated to within 5% by Ul and U2. 

+5-volt Power Supply. The +5-volt suppiy is a switching 
regulator with current limiting and over-voltage 
protection. Pass transistor Q2 in the switching regulator 
is either saturated or cut off. Therefore, very little power 
is dissipated in Q2. 

Switching Regulator Operation. The 20-kHz sync signal 
(HHSY) from clock board A2 is converted to a sawtooth 
wave by A7C13 and A7R21. The reference voltage from 
pin 6 of Ul is divided by Rll, R12, andR18, and added to 
the sawtooth wave on pin 5 of Ul. The error amplifier in 
A7Ul compares this voltage with the power supply 
output on pin 4 ofUl. That portion of the voltage on pin 5 
that exceeds the output voltage on pin 4 turns on the 
error amplifier. The error amplifier uses a sample of 
output current from A 7Rl 7 to drive a transistor pair 
which turns on and off current source A 7Ql. This 
controls pass transistor Q2. A 7Ll, A 7CR4, and A 7C9 
form an averaging network. When Q2 is off, the energy 
stored in A7Ll draws current from A7C7 and A7C22 
provide noise filtering. 

+5-volt Supply Protection. If excessive current is drawn 
from the +5-volt supply, a voltage developed across 
A7R13 through A7R15 and A7R40 turns on A7Q2. This 
shunts Ul, holding Q2 off until the current has 
decreased. If excessive voltage develops at the supply 
output, exceeding the breakdown voltage of A 7VR1, 
A 7CR5 will be triggered. A 7CR5 shorts the rectifier volt
age to ground, opening A7F3. 

-5-volt Power Supply. The operation of this supply is very 
similar to the operation of the +5-volt supply. The volt
age developed across A7R26 establishes the value of the 
reference current through A 7R22 and A 7R23. 

;;4 
C • 7V 

51 

EJ 

CIA 
0.2UF 

(98] 

GIB 
0.2UF ~ 

s2 

0 
I 
I 

:~-I 

S3 

0 

{0) 

Tl 

II' 

I: 
(0) I (6) 

(7) 

(05) 

I PIO AS- - I A7 LVPS A-SSY (":::~615-635 1 3) 

I 1-F1 
2A 

I I I 

I I 

I I 
F2 
2A 

~~ 

P/OXA7 
I PIO 

JI 39 P1 
3) I I (t 50 

I 

I 

f RI + .i_ Cl I,, 3900 
I 'T' 18000 

I I 
UF 

I ) : 
I 
I (+ 

I 38 
I 

f ~~oo ' 

I I Fl 
SEE 
NOTE 

(9181 

81 FAN 

1928) (OJ 

-.OTE Fl• 1.5AT FOR 
f00\//120\1 OPERATION 

I: : (Q) 

(021 l 

(90)1 I l • • 91h 

....._........cc.::..:.._------<,h>----__:_:(O_:..\._;) ~' -4) +>-:1-.w -----+-+--~ti w 
!'I: 800mAT FO'l 

220Vf242V OPERA.,.•ON 

ACTIV 

REF DES 

A7CRt-3, 
6, 7' 11 

A7CR4 
A7CR5 

A7CRB 
A7CR9 
A7CRIO 

A7QI 
A7Q2 

A7Q3 
A704 
A7UI 
A7U2 

A7VR1 
A7VR2 

CR2 
QI 

02 
U1 

U2 

DEV ICES ON THIS SCHEMATIC 

~p PART NO I MFR PART NO. 
I 

1901 - 0662 I MR 751 

1901 - 0511 
1884- 0226 
1901-0791 

1901-0040 
1884-0276 

fB53 - 0084 
1854-0215 

1854 - 0300 
1853- 0036 
1820-0439 
1626 -0004 

1902-3096 
1902- 3104 

CHASSIS 

1906-0093 
1854 - 0768 
1854- 0768 
1826-0221 
1826-0147 

i IN3889R 

2N6400 
f N3 BB 9 

PG512 
MAC15-4 

2N4918 
2N3904 

1854- 0300 
2N3906 
UA723 
LM304H 

SZI0939-101 

SZ10939-110 i 

MDA3501 

MJE1661 
MJE1661 
MC7912CP 

MC7B12CP 

~OCAT'ON OF' TRA'iSISTORS AND REGULATORS 

ON REAR PANEL 

(TO Pl 
c:::::::J 02.IW3 

c:::::::J UI 1W8 

c:::J U2/W 9 === Gl/"ri! 0 

1...---- __ J I 
I 

F4 } 

IOA? 

Y~S y 

20- KHZ 
SYN(: 

,,.!'!CJ... Ci2 

I P/O 

j. 

.1 

R .... z·.·.·.l····.·1·.····.··. 

31f9 
ci3t 
o:~ 

( 
Pl ----< 51 f-( ~, __ .... 

o I' 10A 
\------< 52<.-( ~--.... 

-5.2V 

t 
CR7 

lc14 C!6 . C2t Tur 1~·: T1UF 

i ¢: CROWBAR 
CHt0/VR2 

I 

C1+ I )~ W9 

L 1UF T 
"'"I 

c 3 j__ 
fUF 'T' r-

I 



HORIZONTAL 
DEFLECTION 
CIRCUIT 

~ LI LI 
"v 'V-r' 

1~0 0 4 

HORIZJ\TOc 
'0 KE 

16) 121 

A " 

L-- "" r-------. A8 ~ _ _ _ _ _ _ P O P3 I 

_:_o~}{-{-{-------fFR I 

------ - ---

-5V 
_,, ~- >-~-------------........ -----------------------------------, 

I 
- l}I;--------:) <, '>-:.--+---------------+-----------

I 
-12'.~". 

I 

I fP6 

RI 
432 

VR' 
511\. 

0 ~ _ 1>---+-~·._____--1-1-+.I 
1QA ""s' 0 

U6 

!Cs ON THIS SCHF.Yi'<C 

rff D::.5 

I 
L:l 4 

Uo 

I J6 

I 

t<F PART ~C, ... FR PART •JO.; 
-----~' -----------i 

1826 U2~4 
• 820-1422 
182'::-17% 

·c 74' OP.l.MF 
SN74cS 122~ 
'.lS3o' 1 'II 

! 

L--=~-~~ = = =~~~ 

1 • 

I 

-12\ Co llz~~, 
60UF 471JC T C4 

~---.--I ~r,~ I ~ c· 

~ ·c 

L4 
Gti 

1~--
1 ~ 
I \V L __ _ 

c 

T 
I); 

• 10C 

HVSV 
~A 

161 151 IOI ii I 121 141 

I P/O AB 

I 
I 

L __ 

I 
I 

I 
__J 

-------- - - --

VIDE 
A ... 



)NTAL 
;noN 
T 

P•O L 1 

112) 
____ ,,,._ 3 

'°'" ~------{'":'. ---..., 
- -J-t-t--j,--- --- -1-t-J-_j I 

B 7 J ~ iv----
1 

---+- 65~F 
- - - - :'.lJ 01 

I 

"' i 

·~A 10C 

(21 (4) 

CRl 

-5V 

I 

vrno I 
8 I 
10C~,r-+':-~~A~~~~ 

C10 _L-
150UF 1 

0 0 A8 

p 0 P3 
p 0 XA3 
.R '. 

P 0 A6 

C9 

R35 

C-37 
cq1 9 
:___ i -5 
01 ·, 3 

R1 62 
'1 2 
TP'1 -12 
~1 E 
VR' 2 
p: 

Service 

3 

D' . Figure 8-14 
is play Driver (A 13) Sch .. , ematzc 

8-33 



,.. ................................ . _,en vive _,nee I 'IA 

PRINCIPLES OF OPERATION 

The data from the 16 channels of pods 2 and 3 is received 
by buffers U46A and U49D. These are differential
in/ECL-out line receivers_ The line receiver signals are 
applied to binary counters U31 through U34. The 
binary counters operate both as latches and as counters. 
They operate as counters when the software loads the 
trigger requirements into the trigger memories and dur
ing self-test. At all other times, they operate as latches. 

Loading of Trigger Memories. When any change is made 
to a menu, the 1615A software reloads all menu
controlled portions of the instrument prior to the run. 
The trigger memories are reloaded even if the menu 
change did not affect trigger requirements. At the start 
of a run, LMRST (Low Master Reset) switches low. This 
is inverted through U56A to reset U31 through U34 to 
binary 0. When LMRST switches high again, the binary 

counters begin counting Pl6SCLK(ECL) cluch. l ne 
count is applied to the address inputs of the trigger mem
ories. The data to be loaded at each trigger memory 
address is supplied to pin 13 on Ul 7 and U20. U51C pro
vides the read/write logic for Ul 7 and U20. When the 
output from U51C is low, the trigger memories load the 
information on pin 13 data inputs. This information 
comes from the microprocessor and conforms to the 
menu selections. The output from U51D is always high 
except when loading the trigger memories. 

Data-acquisition Trace. When a trace starts, LDACQ 
(Low Data Acquisition) switches low, parallel-enabling 
U31 through U34 to operate them as latches. They latch 
data from the line receivers with each P16SCLK(ECL) 
clock. The latch outputs are supplied both to the trigger 
memories and to the ECL-to-TTL translators. The 
trigger memories output an ECL low whenever all 
memories simultaneously recognize a qualified trigger 
word on their address inputs. The translators supply 
their information to the 16-bit data memories shown on 
service sheet 4C. 
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Model 1615A 

SERVICE SHEET 48 
PRINCIPLES OF OPERATION 

The qualifier multiplexer consists of two six-bit qualifier 
words. One of the qualifier words is used for 16-bit quali
fication, and the other is used for 8-bit qualification. 
Both words are ORed together for 24-bit qualification. 
The qualifier words are delivered to logic for ORing or 
isolation, depending on the trigger mode selected. 

There are six qualifier channels in the clock probe. Each 
qualifier channel is delivered to one bit on both qualifier 
words. All bits in both words are identical. Only one bit 
is shown in the simplified qualifier logic diagram. 

Qualifier Bit Loading. Prior to data acquisition, HW15 
and HABO enable clocking of the qualifier flip-flops. 
HDB2 clocks the 16-bit qualifier word. HDB3 clocks the 
8-bit qualifier word. The qualifier words are derived 
from HDBl. The qualifier states establish one of three 
conditions for qualification: (1) a specific word must 
occur to obtain qualification, (2) any word will qualify, 
and (3) no word will qualify. 

Qualification Logic. The signal in each qualifier channel 
is connected through a line receiver and latched with the 
16-bit synchronous clock. The latch output is applied to 
an AND gate and a NOR gate. The AND gate is quali-
4!-: ... ..:1 n•;-1-i. ,,.,...,., ;,...,...., ... ,.,../.'{) Tl...,. l\.TfYD .-.n-1-n ~"' ~.,..,. 1~.f~,,.;1 n~-1-1.... 
.L.u:;u. VY.LIJ.l.L 0..L.L.Y .L.L.L}IU.IJ V.L v • .&..uc; ...... ~ ..... f'!IO.IJC: .LO '{U.0..L.L.L.LC:U VY.Lii.LL 

any input of 1. To select logic 0 to qualify the bit, the 
microprocessor loads FFl and FF2 with 1. The NOR 

LINE 
RECEIVER LATCH 

C~CK [ D 
PROBE 
CHAN Q 

P16SCLK 

Service 

gate is satisfied, but the AND gate will only qualify ifO is 
latched in from the line receiver. Qualification occurs 
when all gates supply low outputs. If one gate supplies a 
high output, it overrides the low from the other gate and 
prevents qualification (wired OR). 

Output Logic (Not 24-bit Mode). L24BST (Low 24-bit 
State) is high. This saturates Q2 and turns off QI, isolat
ing the 16-bit and 8-bit qualifier outputs from one 
another. When qualification occurs in the 16-bit 
machine, the low across CRl is applied to U42A and 
U42D. Two parallel translators are required to drive the 
load on Hi6QLY (High i6-bit Qualify). The other inputs 
of U 42A and U 42D are connected to ECL threshold. CR3 
provides noise margin in the threshold circuit. 

Output Logic (24-bit Mode). In the 24-bit mode, L24BST 
is low, turning off Q2 and saturating QI. Now CRl and 
CR2 OR both qualifiers together. A low state from either 
qualifier will generate both H16QLY and H8QLY. Both 
outputs are identical in 24-bit mode (both high or both 
low). The only time that these signals can be different is 
in the 16-bit plus 8-bit mode when the 8-bit machine is 
operating with an external clock or is delaying by an 
external clock. 

When the 8-bit machine is operating with the internal 
clock and time delay, the 8-bit qualifier is loaded with 
the DON'T CARE pattern. If only one qualifier word is 
used in 24-bit mode, the other is loaded with the NEVER 
pattern. 
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Service 

SIGNATURE ANALYSIS FOR SCHEMATIC 49. 

The signatures on this schematic are obtained by using 
DSA Setups A and D. The red letters on the schematic 

DSA SETUP A. 

1. Remove assembly Al and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for Al, 
and install Al on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5Ul2 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5Ul 
pin 15. 

d. Connect signature analyzer stop line to A5Ul 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ull if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 

START .................................... L 
STOP ...................................... I 
CLOCK .................................... 1.. 

Signatures for DSA Setup A (Schematic 4B) 

Pin Signature 

VH AlUl-16 C690 
AlU43-5 FHPA 
A1U43-10 AHA3 
AlU43-12 08F5 
A1U56-7 57CA 

8-40 

signify the DSA setup to use when observing the signa
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 

DSA SETUP D. 

1. Remove assembly Al and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for Al 
and install Al on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5Ul2 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5Ull if A5 part number is 01615-66505). 
This is address bit Al5. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

d. Connect signature analyzer clock line to pin 18 
of A5Ull. This is the microprocessor WR line. 

4. Reinstall A5 in 1615A mainframe. 

NOTE 

DSA jumper on A5 remains in NM (normal) 
position in this test setup. 

5. Set up signature analyzer as follows: 

START .................................... I 
STOP ...................................... I 
CLOCK .................................... I 

Signatures for DSA Setup D (Schematic 4B) 

Pin Signature 

VH AlUl-16 0001 
AlU43-4 0000 (blinking) 
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SERVICE SHEET 4C 

PRINCIPLES OF OPERATION 

16-bit Memory. Ul through U16 comprise the 16-bit 
memory. Each chip is a 256Xl binary memory. The 16 
chips of memory are addressed by memory address 
counter U29 and U30. Data which enters the 16 chan
nels shown on schematic 4A is supplied to the 16 chan
nels of memory. After a short delay which allows data to 
stabilize, Ll 6MWRT (Low 16-bit Memory Write) from A2 
enables all memory chips simultaneously for about 30 
nanoseconds. They accept the 16 channels of data. At 
the end of L16MWRT, the memories are returned to the 
read state and the memory address counters are 
advanced to the next sequential address by Pl6CCLK 
(16-bit Counter Clock). 

Output Selector. U23, U24, U27, and U28 comprise an 
output selector. The selector allows the microprocessor 
to obtain the state of the memory address counter or the 
memory index counter, or to obtain the digital informa
tion for bits 1 through 8 or for bits 9 through 16 from 
memory. One of these four selections is made by decod
ing HABO and HABl from the microprocessor address 
bus. U43A decodes HR14 and HAB4 to either place the 
selected output on the data bus or set the selector chips in 
the high impedance state when their information is not 
desired. 
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Memory Address Counter, The memory address <'ounter 
is a count-up counter. It counts from 0 to 255, continu
ously. Its count addresses specific locations within the 
16 memory chips. 

Memory Index Counter. The purpose of the memory 
index counter is to stop data acquisition when the 16-bit 
memory is fuii of valid data and to indicate the portion of 
memory that is valid when only a partial run has taken 
place. The memory index counter is only used in modes 
where the trigger starts data acquisition. In modes 
where the trigger ends data acquisition, trigger recogni
tion stops the run and the memory index counter is not 
needed. 

DATA-ACQUISITION RUN WITH TRIGGER STARTS 
TRACE. (See waveform diagram.) 

Before the Run Starts. When the TRACE key is pressed, 
the microprocessor sets LMRST (Low Master Reset) low 
for approximately 300 microseconds. During this period, 
the memory address counter and memory index counter 
are parallel loaded to binary 1, and clocks are prevented 
from reaching the two counters. Low states are forced on 
H16RCP (High 16-bit Run Complete) and H16VME 
(High 16-bit Valid Memory) to remove the valid-memory 
and run-complete indications. 

Memory Address Counter Begins. When LMRST 
switches high, it releases the counters and the flip-flops 
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and allows the P16CCLK clocks to enter. U45Aisimme
diately set through U44C, providing a high H16VME, 
but H16RCP remains low. H16STE (High 16-bit Store 
Trigger Events) is always high, except during trace 
events mode. In trace events mode, H16STE is only high 
during clock periods which include a recognized trigger. 
Although the memory address counter begins counting 
P16CCLK clocks, the memory index counter is held off 
by a high L16TRC (Low 16-bit Trace Point). L16MWRT 
clocks arrive at the same time that P16CCLK clocks 
arrive. L16MWRT clocks enter the 16-bit data word into 
memory. Then the memory address counter is incre
mented to the next sequential address, and the next 16-
bit data word is entered into memory. This continues 
with each arrival of the P16CCLK and L16MWRT 
clocks. 

Memory Index Counter Begins. When the trace point is 
recognized (trigger plus delay specification met in the 
16-bit machine), L16TRC switches low. The output of 
U44B switches high, enabling the memory index 
counter. The memory index counter begins counting 
P16CCLK clocks. There is a delay between P16CCLK 
and L16TRC to ensure that the memory index counter 
does not count the period which included L16TRC. The 
trigger word enters the memory location corresponding 
to count 0 in the memory index counter. 

Data-acquisition Halts. The memory index counter 
advances to binary 255 and generates terminal count. 
The terminal count is NANDed with H16STE. When 
both signals are high, signifying a full memory of valid 
data, the K input of U45B goes low. U45B generates 
H16RCP (High 16-bit Run Complete) when the next 
P16CCLK arrives. H16RCP is supplied to the clock 
assembly A2 where it halts P16CCLK and L16MWRT" 

Microprocessor-controlled Display. Since the memory 
index counter began its count at binary 1 and issued ter
minal count at 255, the memory address counter will 
stop at the address which contains the trace point (the 
trigger word if the menu selection was 0 delay). Now the 
microprocessor can provide a display referenced to the 
location of the trigger word. The trigger word is assigned 
line number 000 on the display, with all subsequent 
words assigned higher line numbers. To display other 
locations in memory, the microprocessor supplies clocks 
to the memory address counter. The microprocessor 
supplies one clock for each higher address line desired, 
and 255 clocks (the reciprocal of 1) for each lower 
address line desired. If the operator selects line 127 in 
memory, the microprocessor will supply 127 clocks to the 
memory address counter to increment to the desired 
memory address. Then if the operator elects to see line 
126; the microprocessor will supply 255 clocks to incre
ment the memory from line 127 to line 126. 

The microprocessor reads bits 0 through 7 and then bits 
8 through 15 at each memory location in order to present 
the display. 

Service 

Data-acquisition Run with Trigger Ends Trace. This mode 
of operation is nearly the same as the START trace 
mode. The major difference rests in the fact that the 
memory index counter is not used in this mode, and 
H16VME is used. In the ST ART trace mode, the memory 
index counter signals the end of data acquisition. In the 
END trace mode, recognition of the trace point 
(L16TRC) ends data acquisition. H16VME must be high 
before the 1615A can recognize L16TRC. 

Data-acquisition Phase. In the END trace mode, 
Hl6STARTis low. When the TRACE key is pressed, the 
memory address counter begins at count 1 and starts 
advancing with P16CCLK clocks. H16VME is low 
because U45A is reset at the beginning of data acquisi
tion. The low H16VME is interpreted as memory incom
plete. It prevents the 1615A from recognizing its trace 
point. When the memory address counter reaches termi
nal count, the J input of U 45A receives a high state. With 
arrival of the next P16CCLK, H16MVE is clocked high. 
It remains high for the rest of the run, indicating that 
the memory has been filled with valid data. Now the 16-
bit machine is free to recognize trace point. When trace 
point is recognized, the 1615A cuts off P16CCLK and 
L16MWRT clocks, stopping data acquisition. 

Display Phase. Since the memory address counter began 
its count at binary 1, there is one doubtful location in 
memory: binary 0. In END trace modes, after trace point 
has been recognized, the microprocessor reads the 
address of the memory address counter. If the address is 
not 0, then the microprocessor determines that all 
memory locations contain valid data. If the address is 0, 
then data in location 0 may not be valid. In this case, the 
software prevents display of the data contained in loca
tion 0. 

Partial Runs. Partial runs can occurifthesystemclockis 
lost or the operator presses the STOP key before the 
trace point has been recognized in the END trace mode. 
When a partial run occurs in the END trace mode, the 
microprocessor will read H16VME to determine if 255 
valid words have been captured in memory. IfH16VME 
is low, the microprocessor will read the address from the 
memory address counter to determine how many lines in 
memory were captured before the STOP key was 
pressed. Then the software will allow only that number 
of lines to be displayed, and will blank all of the other 
memory locations. 

If H16VME is high, then at least 255 valid words have 
been captured in memory. In this case~ the micro
processor will check the address to see if it is location 0. 
It not location 0, then all 256 memory locations contain 
valid data. If the address is location 0, then only 255 
locations will be displayed and location 0 will be 
blanked. 
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When a partial run occurs in ST ART trace mode; the 
microprocessor will read the address of the memory 
index counter. By reading the memory index counter, 
the microprocessor determines how much of the memory 
contains valid data, and permits display of only that 
portion of memory. 

SIGNATURE ANALYSIS FOR SCHEMATIC4C. 

The signatures on this schematic are obtained by using 
DSA Setups A and C. The red letters on the schematic 
signify the DSA setup to use when observing the signa
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 

DSA SETUP A. 

1. Remove assembly Al and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for Al, 
and install Al on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5Ul2 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5Ul 
pin 15. 

d. Connect signature analyzer stop line to A5Ul 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ull if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 

START .................................... 1.. 
STOP ...................................... S 
CLOCK .................................... 1.. 

Signatures for DSA Setup A (Schematic 4C) 

Pin Signature Pin Signature 

VH AlU23-7 FHPA AlU27-7 C43H 
A1U23-9 57CA A1U27-9 C6P3 
AlU24-7 08F5 AlU28-7 FA2P 
AlU24-9 AHA3 AlU28-9 427H 
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Slow Clock Runs. The microprocessor also reads the 
memory index counter when a run is in process and a 
very slow clock is in use. In this case, the display informs 
the operator of how many valid words have been cap
tured into memory as the run progresses. 

DSA SETUP C. 

1. Remove assembly Al and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for Al 
and install Al on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5Ul2 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5Ull if A5 part number is 01615-66505). 
This is address bit Al5. 

d. Connect signature analyzer stop line to same 
point as start line, step b above. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ull if A5 part number is 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 

START .................................... .I 
STOP ...................................... S 
CLOCK .................................... 1.. 

Signatures for DSA Setup C (Schematic 4C) 

Pin Signature Pin Signature 

VH AlUl-16 0001 A1U27-2 5555 
AlU23-1 95F3 AlU27-14 uuuu 
A1U23-2 5555 A1U27-15 95F3 
AlU23-14 uuuu A1U28-1 95F3 
A1U23-15 95F3 A1U28-2 5555 

I 
AlU24-1 95F3 A1U28-14 I uuuu 
A1U24-2 5555 A1U28-15 95F3 
AlU24-14 uuuu AlU43-l 3827 
AlU24-15 95F3 AlU43-2 5H21 
AlU27-1 95F3 AlU43-3 95F3 
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SERVICE SHEET 40 

PRINCIPLES OF OPERATION 

There are four independent threshold drivers in the 
1615A, one for each probe pod. This prevents threshold 
errors due to ground differences between pods. There are 
only three threshold voltage selectors in the 1615A: one 
for the clock probe, one for the 8-bit data pod, and one for 
the combined 16-bit data pods. Isolation is sufficient 
between the threshold drivers so that a failure occurring 
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Model 1615A 

in one threshold driver may not affect the operation of 
any other threshold driver. 

The four threshold drivers are identical. Only one will be 
discussed. U58C and U58D form an amplifier stage with 
a gain of -0.2 (divide by 5). R38 isolates U58D from the 
capacity of the probe cable, and provides for matching 
the offset currents of the comparators inside the probe 
pod. C9 provides low frequency rolloff in the threshold 
amplifier. C40 protects U58 against high frequency 
transients. 
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PRINCIPLES OF OPERATION 

Trigger Memory Programming. There are two trigger 
memories on assembly A4: U2 and U3. Both trigger 
memories are loaded with the same trigger data, but 
only one memory is used during any trace. U2 is used 
during 24-hit Hynchronous traces, and U3 is used during 
8-bit asynchronous traces. 

When loading the trigger data into the trigger memories, 
the parallel-enable inputs of input latches U:31 and Ul 7 
are high. This forces the input latches to operate as 
hexadecimal count-up counters. Their reset inputs are 
set high during the 300-µsec LMRST period, and then 
low again so that their count begins at binary 0. Their 
count addresses both memories: U2 directly, and U3 
through U18 and U32. The data for each memory 
address (valid or invalid trigger state) is supplied from 
the microprocessor on data bus line HDBO. 

At the end of the trigger-programming period, LDACQ 
(ECL) (Low Data Acquire, ECL) from U45A switches 
low, forcing U31 and Ul 7 to operate as latches for data 
from the line receivers. The latches supply their outputs 
to the synchronous trigger memory and to translators 
U3:3 and U20 which drive the 8-bit sampled-data 
memory. The low also switches U18 and U:32 to select 
the outputs from the line receivers and deliver these to 
the asynchronous trigger memory. 

Synchronous Trigger Operation. The synchronous 
trigger memory ( U2) is used during 24-bit synchronous 
operations. The software configures the machine to be in 
the 16-bit triggers 8-bit mode. L24BST(ECL) (Low 24-bit 
State. ECL) is low. It forces U45D low to enable U2. The 
output of U2 is wire ORed with the output from the 16-bit 
synchronous trigger memories on assembly Al. When 
the 2·J-bit trigger word is recognized, all outputs from the 
16-bit trigger memories and the 8-bit synchronous 
trigger memory go low, providing L24BST(ECU. This 
provides for selecting trigger qualification on data sets 
up to 24 bits wide. In this mode, P8SCLK is the exter
nally supplied synchronous trigger. 

Asynchronous Trigger Operation. U3 is an ECL memory 
device. In the high output state, U:3 can absorb high cur
rent, but in the low output state, U3 absorbs very little 
current. The input data through Ul8 and U32 is applied 
to the address inputs of U:3. When these data comprise a 
valid trigger word, the output of U3 ramps down toward 
-5.2 V. When it crosses a preset threshold level, UlC 
generates a positive transition to initiate the 8-bit 
asynchronous trigger. If the trigger pattern occurs, but 

does not remain long enough for the l.J3 ramµ tu cross 
threshold, the high output from U3 will immediately 
reset the RC circuit to the high state. 

The rate at which the low output state of U3 can change 
toward -5.2 V is dependent upon the trigger duration 
selected in the menu by the operator. With the fastest 
trigger duration selected, R6, adjustment R20, and Cl 
provide the shortest ramp-down period. Longer trigger 
durations are selected by providing a low output on one 
of the inverters in U19 via U46. This connects additional 
capacitance into the RC network. Each capacitor is dedi
cated to one of the trigger-duration selections. 

Trigger Generator. The asynchronous trigger generator 
consists of both sections of U43 and U44. LRST (Low 
Reset) switches low during microprocessor reset period 
to each trace. This ensures that the output of U 43A is 
high and U 43B is low. This sets U 44B, providing the not
triggered output condition when the trace starts. 

In 8-bit asynchronous triggering with no glitch trigger, 
U44B is used as an asynchronous latch. At the end of the 
reset period, LRST returns high again and remains high 
for the entire run. This enables one OR input to the AND 
functions of U43A and U43B. When U lC recognizes its 
trigger state for the selected duration, its positive transi
tion satisfies the other OR inputs. Now U43A switches 
low and U43B switches high, resetting U44B to generate 
the 8-bit asynchronous trigger state. When the trigger 
state on UlC disappears, U4~3B switches low and U43A 
sets U44B again, ending the 8-bit asynchronous trigger 
state. 

When glitch detection is included in the 8-bit asynchro
nous trace, U44A is added to the trigger circuitry and 
lT4:~A is eliminated. The purpose of this change is to 
stretch the 8-bit asynchronous trigger state to ensure 
that glitches will be captured regardless of whether they 
occur within or outside of the normal sample period. 

HGTRGENA <High Glitch Trigger Enable) is high in 
this mode. U6D uses this high state to satisfy one OR 
input of U4:3A. With LRST high, U43A will remain low. 
This releases the set input of U 44B and the reset input of 
U44A. Now U44A remains in the set state and U44B in 
the reset state after the end of trigger recognition from 
UlC. 

The D input of U 44A is low after the end of the recog
nized trigger state from Ul C. P8SCLK(ECL) (Positive 
8-bit Sampled clock, ECL) clocks this low into U44A, 
resetting the Q output high. LGLITCHRESET(ECL) 
occurs after PSSCLK(ECLl. It clocks the high on Q into 
C44B, ending the 8-bit asynchronous trigger condition. 
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SERVICE SHEET SB 

PRINCIPLES OF OPERATION 

A glitch is defined as logic transitions occurring in both 
directions within one sample period. A sample of the 
logic level at the beginning of the sample period is sup
plied as a reference to each glitch detector. If the logic 
level of the channel is 0 at t!le start of the sample period, 
then a transition from logic 1 to logic 0 during that same 
sample period will indicate that a glitch has occurred. 

This discussion is directed to the simplified schematic 
and accompanying set of waveforms. Each of the eight 
channels in probe pod 1 has a separate glitch detector. 
All eight glitch detectors are identical. Each glitch detec
tor consists of two identical detector halves. The two 
detector halves operate on alternate sample periods. 
One detector half is active during the first sample 
period. Then in the next sample period, it is read and 
cleared while the other detector half is active. 

At TO, HRST (High Reset) from the microprocessor 
resets all four glitch-detection flip-flops prior to run 
start. At Tl, P8SCLK(ECL) (8-bit Sample Clock, ECL) 
arrives. With each cycle of P8SCLK(ECL), U5B changes 
states, svvitching enable levels between U7 A/C and 
U7B/D. These OR/NOR gates enable their associated 
circuits when both inputs are low. This discussion will 
describe the case where the enable is applied to U7 A/C 
(U5B-Q is low and Q is high). 

8-52 

Model 1615A 

Since LGLITCHSET(ECL) is high at Tl, no enable 
occurs in U7 A/C, but enable levels are applied to the J 
inputs of glitch-detection flip-flops U36A and U48A. 
Any time that the line receiver detects a logic transition 
during the sample period, the associated glitch
detection flip-flop will clock its J input. A positive-going 
transition clocks one flip-flop and a negative-going tran
sition is inverted to clock the other flip-flop. 

At T2, LGLITCHSET(ECL) switches low. This switches 
U7 A/C to activate both initial-condition gates U37 A 
and U49A. Depending upon the logic state of the initial 
condition, one of these two gates will set its associated 
flip-flop. The set flip-flop corresponds to a logic transi
tion away from initial condition. The set flip-flop places 
logic 0 on the associated input of U39A. 

At T3, the initial-condition gates are disabled for the 
remainder of the sample period. Now the remaining JK 
flip-flop waits for its transition (transition to initial con
dition) to clock its logic 0 to U39A. 

At T4, the outputs of U5B switch, removing the enable 
levels from the J inputs of U36A and U48A, and apply
ing enable levels to the J inputs of the glitch-detection 
flip-flops in the other half of the circuit. Also, U5B ap
plies logic 0 to the third input of U39A. If a glitch was 
detected during the sample period, both Q outputs from 
the flip-flops will be low. The third low now sets U39A 
high. This sets U 4 7 A high, providing the glitch-detected 
level through translator U43A to the glitch memory. 
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SERVICE SHEET 6A 

PRINCIPLES OF OPERATION 

Service sheet 4C contains a detailed explanation of the 
memories, output selectors, and counters used in the 16-
bit synchronous data portion of the 1615A. Most of the 
explanation applies directly to the circuits shown on ser
vice sheet 6A for the 8-bit machine. Read the principles 
of operation given on service sheet 4C. The following 
paragraphs will discuss the differences between that cir
cuitry and the circuitry used in the 8-bit machine. 

Memory Index Counter. The purpose of the memory 
index counter is to end data capture when a full memory 
of valid data is obtained. There are three different modes 
of operation which use the memory index counter: 
ST ART display with internal clock, START display 
with external clock, and END display with internal 
clock. (In the END display mode with external clock, the 
run stops when the trigger is recognized so the memory 
index counter is not used.) 

Timing diagrams display 249 bits of memory along each 
trace on the CRT. Since the memory contains 256 loca
tions, but displays only 249, 7 bits of captured data are 
blanked during display of a timing diagram. In order to 
position the trigger word within the 249 displayed bits, 
the memory index counter is preloaded to a different 
count for each of the three modes. The particular value of 
preload in each mode is governed by the logic levels of 
H8START (High 8-bit Start Display) and H8ECLK 
(High 8-bit External Clock). The preload occurs when 
LMRST (Low Master Reset) switches low before each 
new run. 

START Display/External Clock. In this mode, the mem
ory index counter is preloaded to binary 1 (pin 3 of U37 
high and all other U37 and U38 inputs low). With this 
preload, the trigger word will be stored in memory loca
tion 0. The first 249 bits of captured data are displayed in 
this mode. 

ST ART Display /Internal Clock. In this mode, the 
memory index counter is preloaded to binary 16. This 
places the trigger word in memory location 15. The first 
seven locations in memory are masked by the channel 
number. Then the next 249 memory locations are pre
sented on the display. In this mode, 240 bits of data 
acquisition will be captured before the counter signals 
run complete. There will be 15 words in memory preceed
ing the trigger word; thus 8 bits of pretrigger informa
tion will be displayed. 

END Display/Internal Clock. In this mode, the memory 
index counter is preloaded to binary 241. This ensures 
that 15 additional words of data will be captured in 
memory after trigger recognition; thus 8 bits of post
trigger jnformation wilJ be disp]ayf'd. 

The memory index counter will count to 255 and gener
ate terminal count. The high terminal count is ANDed 
with H8STE (High 8-bit Store Trigger Events) in U23C, 
placing a high on the D input of U36B. H8STE is always 
high, except during receipt of a word other than the 
trigger word when in the trace events mode. The next 
clock (clock 256) will set U36B, providing H8RCP which 
stops the flow of clocks to the 8-bit memory. 

Up/Down Counters U44 and U45. In the unmagnified 
mode of operation, these counters are used to remember 
the address of data 0 (the first word captured in memory 
during a trace). The memory address counter always 
stops at the address of data 0 when a trace is complete. 
At the end of each trace, the microprocessor parallel
enables U44 and U45 to assume this address. 

In the unmagnified mode of operation, the first seven 
bits of display are used to present the channel number. 
The next 249 words of memory (beginning with data bit 
8) are displayed as the timing diagram. At the end of 
each sweep, LMACLD (Low Memory Address Counter 
Load) switches low. This parallel-enables U31 and U32 
to the address from the up/down counter before begin
ning the next sweep. 

In START display with external clock, the trigger word 
is located in data 0. Normally this portion of the data 
memory is used to show the channel number. To obtain a 
display which shows data 0 as the first word in the tim
ing diagram, the up/ down counter is counted down 
seven addresses by the software when this mode is 
selected. Now it assumes the address of data bit 249. 
When the display begins, the memory address counter is 
parallel-enabled to address 249. The alphanumeric 
channel number is presented during the first seven bits 
of display, and timing diagram begins with the eighth 
bit to be counted, data 0. 

Memory Index Counter and Associated Logic. To under
stand the function of the memory index counter and the 
associated logic used in the 8-bit circuitry, each of the 
four 8-bit modes of operation must be described. 

Start Display with Internal Clock. In this mode, the 
trigger point is the eighth dot into the display. 
HSSTART is high on pin 4 of U5A. Each 14th count of 
the memory address counter is decoded by U18C which 
places a low on pin 5 of U5A. This places a high state on 
the J input of U19B. The 15th clock in the trace gener
ates H8VME from U19B. 

H8VME enables the trigger circuitry. After trigger 
requirements are met, the next occurrence of P8CCLK 
will clock the memory index counter. The memory index 
counter advances to count 255 and enables U36B. The 
next P8CCLK wili generate H8RCP which stops clocks 
during data acquisition, leaving the memory address 
cnun.ter at the address of data 0. Since the trigger is 

Service 

located at state 15, it will appear as the eighth bit on the 
timing diagram display. 

Start Display with External Clock. H8VME is valid 
from the moment this mode is selected. H8START places 
a high on pin 11 of U5B. H8ECLK places a high on 
pin 10. This forces U5B low, setting U19B to generate 
H8VME. In this mode, the memory index counter is 
parallel-enabled to binary 1 at the start of the trace. This 
places the trigger word in data 0 of the memory index 
counter. Since H8RCP is generated at count 255 of the 
memory index counter plus one clock for U36B, the 
memory address counter is stopped at data 0, the trigger 
word. 

End Display with Internal Clock. In this mode, H8VME 
is generated at count 255 of the memory address counter 
plus one clock for U19B. H8START is low, placing a 
high state on pin 3 of U5A. Terminal count in the 
memory address counter is inverted by U21D to place a 
low on pin 2 'Jf U5A. This places a high state on the .J 
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input of U19B. The next clock to U19B generates 
H8VME, enabling the trigger circuitry. When trace 
point is recognized, pin 6 of U36 (schematic 6B) goes 
high, permitting the memory index counter to respond to 
incoming clocks. The memory index counter is parallel
enabled to count 241 at the beginning of a trace. This 
places the trace point at data 240 of the memory index 
counter. H8RCP is generated at count 255 plus one clock 
for U36B. This permits the 1615A to end the trace. Since 
the trace point is located in data 240, the trigger point is 
nine clocks in from the end of the timing diagram on the 
display. 

End Display with External Clock. In this mode, the 
memory index counter is not used. U46A decodes this 
mode and sets U36B high to provide H8RCP imme
diately. H8S TART is low, placing a high state on pin 3 of 
U5A. Pin 2 switches low at terminal count from the 
memory address counter. This places a high state on the 
J input of Ul 9 B. The next clock generates H8VME. This 
releases the data-acquisition circuitry to search for the 
trigger that will end data-acquisition. 
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SIGNATURE ANALYSIS FOR SCHEMATIC 6A. 

The signatures on this schematic are obtained by using 
DSA Setups A, C, and D. The red letters on the schematic 
signify the DSA setup to use when observing the signa
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 

DSA SETUP A. 

1. Remove assembly A3 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A3, 
and install A3 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5Ul 
pin 15. 

d. Connect signature analyzer stop line to A5Ul 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ul 1 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 

START .................................... L 
STOP ...................................... _f 
CLOCK .................................... 1_ 

Signatures for DSA Setup A (Schematic 6A) 

Pin Signature Pin Signature 

DSA SETUP C. 

1. Remove assembly A3 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A3 
and install A3 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5Ull if A5 part number is 01615-66505). 
This is address bit A15. 

d. Connect signature analyzer stop line to same 
point as start line, step c above. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ull if A5 part number is 01615-66505). 
T'h;C! ;C! t'ho n~Tl\T 1;.,...a f..,,,.T¥'0 t'ho T¥'0;,....,,,...,..,.,,.,..,,.,.,,.,,,..,. 
.... ......... eo .1.eo u..1..1.."" .LJ.&.....1...._...._,. .a...1..1..1...._, .L.1..vi..1..1. 11.1...1.1'..' .1..1..1..1. ...... ..1.up.1..v'-'c;;oov.1.. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 

START .................................... I 
STOP ...................................... I 
CLOCK .................................... 1. 

Signatures for DSA Setup C (Schematic 6A) 

Pin Signature Pin Signature 

VH A3Ul-16 0001 A3U49-14 uuuu 
A3U35-9 OAFA A3U49-15 59UA 
A3U46-11 59UA A3U50-1 59UA 

"\TU A'JTT1_1C f'"'ICClf\ A ')TTAO_n A O,.,T_J AOTTAE110 <)00,., A TT~A 0 

FHPA A3U49-7 C43H 
7C7A A3U49-9 C6P3 I 

".L.I. AaU;O~~ \..JVvV n.tJU"±O LJ "±.C.I n I I ~~~~~~~~ I ~~~A ~~~~~~~41 
A3U20-6 A3U48-1 59UA A3U50-15 

I ~~~m I I ~~~;;:~~I ~~u~u ~~;r~. I 

~~.e-~ uviJlJ 

uuuu 
59UA 
59UA 
5555 

57CA A3U50-7 08F5 
7C7A A3U50-9 AHA3 
r=r-rr" A AOTT~-tM FHPA ;.) I \..Ii"\. ft.J UtJl.- I 

7C7A A3U51-9 57CA 
FA.2P 

1 .n..v u 'tu l. I i l"\..J u 'tO- l. il • vv ~ .. .t\..J u tJ l. -1 't ' 

I
I A3U45~9 I I A3U49-1 1

1 
59UA A3U51-15 I 

~I ~-~-~_3_U_4_8_-7~....._~~~....._~~~~~--~~~--I ~I ~-A~3_U_4_9_-2~l.__5_5_5_5~__._~~~~~__.I~~~~-

uuuu 
59UA 

DSA SETUP D. 

1. Remove assembly A3 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A3 
and install A3 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5Ull if A5 part number is 01615-66505). 
This is address bit A15. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

d. Connect signature analyzer clock line to pin 18 
of A5Ull. This is the microprocessor WR line. 

Service 

4. Reinstall A5 in 1615A mainframe. 

NOTE 

DSA jumper on A5 remains in NM (normal) 
position for this test setup. 

5. Set up signature analyzer as follows: 

START ................................... . 
STOP .................................... . 
CLOCK .................................. . 

Signatures for DSA Setup D (Schematic 6A) 

Pin Signature Pin Signature 

VH A3Ul-16 0001 A3U44-2 H59F 
A3U35-8 H59F A3U45-2 H59F 
A3U35-9 OAFC A3U46-13 OAFC 
A3U35-10 755P 

I 
I 
I 
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PRINCIPLES OF OPERATION 

Trigger Mode and Delay. Prior to run start, the micro
processor clocks logic levels from HDBO into U22, U24, 
and U25. These logic levels select the delay count and 
mode of triggering for the 8-bit machine, according to 
the menu selections made by the 1615A operator. The 
delay count is parallel-enabled into the 8-bit delay count
er (U8 through Ul2) before trigger recognition. When 
trigger recognition occurs H8TFP switches high from 
Ul9A, releasing the delay counter to respond to P8TCLK 
(Positive 8-bit Trigger Clock). 

Glitch Trigger. When a glitch requirement is selected as 
part of the trigger specification, pin 5 of U22 is set high. 
Ul 7 is loaded with high logic levels to activate each 
channel that will be monitored for a glitch. Each high 
level activates one AND gate in U43 or U30. The chan
nels which are not selected receive low levels from U 17. 
If a glitch in channel 0 is selected as part of the trigger 
specification, Ul 7 places a high state on pin 10 of U43 
and low states on all other pins of U43 and U30. When a 
glitch is detected in channel 0, H8SG-O will switch high, 
completing the AND requirement for U43. This forces 
U43 low which produces a high state from U18B. This 
activates one side of U6D to accept H8ATGT (8-bit Asyn
chronous Trigger). 

The menu shows the glitch requirement as an OR field. 
One channel in U43 or U30 is enabled for each glitch 
trigger specified. Any glitch detected in any one of the 
enabled channels will satisfy the requirements of U18D. 
When no glitch is required as part of the trigger specifi
cation, U22 sets pin 3 of Ul8D low, enabling U6D. 

Asynchronous Trigger. H8ATGT occurs during the time 
that the 8-bit trigger is recognized. L'21B and U21C 
supply the 8-bit triggc~ to a connector on the 1615A rear 
panel for triggering an oscilloscope. When loading 
trigger information into the trigger memories, HLDTG 
prevents U21C from generating triggers to the rear· 
panel connector. 

When HSATGT occurs, U6D switches low, depending 
upon glitch requirements. This low sets RS latch U6A 
and U6B. With the RS latch set, the next clock will gener
ate H8TFP (High 8-bit Trigger Flip-flop) from the Q out
put of Ul9A. H8TFP is supplied to U47, pin 5. If no 
trigger delay was selected, U47 will generate L8TRC 
(Low 8-bit Trace Point). 

If a delay was specified, pin 6 of U 4 7 will control genera
tion of L8TRC. U23A decodes states 14 and 15 from US. 
This is ANDed with H8TFP and terminal count from 
delay counter Ul2. U23B generates a high state one 
clock period before the end of the delay period selected in 
the menu. This high state is placed on the D inputs of 
U34A and U34B. U34A activates U47 to generate 
LSTRC, and U34B initiates the reset function. 

U33 inverts L8TRC and applies a high state to pin 3 of 
U47. Pin 2 of U47 is always high, except during HRST 
(High Reset) before each trace. This latching circuit 
ensures that once L8TRC switches low, it will remain 
low for the entire trace. U36A synchronizes the internal 
clock with the external clock to control count-enable in 
the memory index counter. 

Reset Logic. U34B supplies a high state to U7B when the 
trigger plus delay specification is met. The other input to 
the AND function in U7B is H8TFP. When U7B 
switches low, it clears U34B and initiates a high reset 
pulse from U6C to clear U7 A and U7B. This resets RS 
latch U6A and U6B and trigger flip-flop Ul9A. 

24-bit Mode. In 24-bit synchronous operation, the 1615A 
captures synchronous data words up to 24 bits wide. To 
do this, the 1615A triggers in the 16-bit triggers 8-bit 
mode. Hl6TRG8 is high on pins 1and13 of U47. When 
both the 8-bit and 16-bit trigger memories meet their 
specified trigger words, assembly A2 supplies Hl6TFP. 
Hl6TDLY is ANDed with the first two signals at the end 
of the selected delay period. This generates L8TRC from 
U47. Since LSTRC is coincident with Ll6TRC in this 
mode, both machines acquire data at the same point. 
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Model 1615A 

SIGNATURE ANALYSIS FOR SCHEMATIC 68. 

The signatures on this schematic are obtained by using 
DSA Setups A and D. The red letters on the schematic 

DSA SETUP A. 

1. Remove assembly A3 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A3, 
and install A3 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5Ul 
pin 15. 

d. Connect signature analyzer stop line to A5Ul 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ull if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in the 1615A mainframe. 

5. Set up signature analyzer as follows: 

START .................................... 1-
STOP ...................................... _f 
CLOCK .................................... L 

Signatures for DSA Setup A (Schematic 6B) 

Pin Signature 

VH A3Ul-16 C690 
A3U17-2 7C7A 
A3U22-2 ,.,r'I,., A 

I \ .. II .t'\. 

A3U35-1 08F5 
A3U35-13 C43H 
A3U46-5 C6P3 

Service 

signify the DSA setup to use when observing the signa
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE
SHOOTING WITH SIGNATURE A...1'lALYSIS at the 
beginning of this Section. 

DSA SETUP D. 

1. Remove assembly A3 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A3 
and install A3 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5Ull if A5 part number is 01615-66505). 
This is address bit A15. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

rl ~n,..,,,....o,nf o~,.,..,..,,nfn,.o n'r\nlnl'7n,. nln.nlr l~ ...... .n +"" ,,...~..,, 1 Q 
U..e '-..IV.1..1..1..1.~"-'ILI 0.1.6.1..1.Q.llU.L~ Q..l..LQ..1.JLIC.1. \.,,.l.V'\..t.R. .1..l..1..1.C "V }'.l.J..1. .LU 

of A5Ull. This is the microprocessor WR line. 

4. Reinstall A5 in 1615A mainframe. 

NOTE 

DSA jumper on A5 remains in NM (normal) 
position in this test setup. 

5. Set up signature analyzer as follows: 

START .................................... _f 
STOP ...................................... _f 
CLOCK .................................... _f 

Signatures for DSA Setup D (Schematic 6B) 

Pin 

VH A3Ul-16 
A3U35-4 
A3U35-5 
A3U35-6 

Signature 

0001 
755P 
CCCA 
CPC5 

8-65/ (8-66 blank) 
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SERVICE SHEET 7A 

PRINCIPLES OF OPERATION 

Internal Clock Generation. Yl and associated circuitry 
comprise a 20-MHz oscillator which originates all inter
nal clocks in the 1615A. U18 and U19A comprise a 
divide by 2, 5, and 10 network which obtains the frequen
cies for development of all internal clocks. Prior to each 
trace, the microprocessor supplies U3 with an S-bit 
binary word on HDBO. These eight bits select a specific 
trigger mode and internal trigger frequency according 
to the operators menu selections. When pin 13 of U3 is 
high, U19A divides the 20-MHz oscillator output by 2, 
supplying the clock through Ul 7D and U37D. This sig
nal also parallel enables UIS after every pulse to reset 
the counter. 

When pin 12ofU3ishigh(andpin13low), U19Adivides 
the 20-MHz signal by 5, parallel enabling U18 after 
every fifth clock. 

Divide-by-10 is obtained by placing lows on pins 12 and 
13 of U3. This disables U19A. The terminal count from 
U18 is the clock signal. 

Asynchronous ripple counters U5, U6, and U7 are six 
divide-by-10 stages. Multiplexer U4 selects one of the 
clock frequencies from the ripple counters according to a 
three-bit code from U3. This is the asynchronous inter
nal clock supplied through U28D and U41D. 

External Clock. The PECLK and NECLK (Positive and 
Negative External Clocks) from the clock pod enter A2 
as a differential signal. They are buffered and/ or 
inverted through U41Band supplied to U40Aand U40B. 
U2A controls U39A and U39B which select either the 
positive or negative edge of the external clock for strobe 
generation. 

Microprocessor Clock. Prior to the start of a trace, the 
microprocessor generates a series of clocks to load the 
trigger memories in the 16-bit and 8-bit data-acquisition 
circuits. During this time, the microprocessor cuts off 
the internal and external clocks by setting HLDTG 
(High Load Triggers) high and HSECLK (High 8-bit 
External Clocks) low from pins 3 and 4 of U3. The high 
HLDTG through U37C disables U4. HLDTG also forces 
pin 14 of U2C high to disable U40B. The low H8ECLK is 
inverted by U2B to disable U40A. 

The microprocessor clocks are decoded by U51A 
through U51C. U43C and U43D supply the trigger-load 
clocks to the trigger memories in the 16-bit and 8-bit 
data-acquisition circuits. R58, R59, C27, and C28 protect 
against static discharge and provide proper signal lev
els for the TTL-to-ECL translators. U42A and U39C are 
enabled by inverting HLDTG through U2C These gates 
supply the clocks that increment the counters in the 
data-acquisition circuitry to address the trigger memo-

HLDTG is set low. This stops the microprocessor clocks 
and enables the internal and external clock circuitry 
(U4, U40A, and U40B) for data acquisition. 

Prerun Reset Period. After the microprocessor loads the 
trigger memories to the requirements of the menu, 
HRST (High Reset) switches high for 900 ns. During the 
HRST period, all glitch capture circuitry is initialized, 
and U2C places a 900-ns high on the D inputs of U15A 
and U15B to prevent generation of strobe pulses. When 
HRST switches low again, the D inputs of U15A and 
U15B are enabled and the 16-bit and S-bit strobes begin. 

Strobe Generation. The wire-ORed clock for the S-bit 
machine (from U40A or U41D) clocks in the low D input 
of U15A. This resets the Q output, starting a negative
going charge on C7. The rate at which C7 charges 
toward -5.2 Vis controlled by RlO and R6. 

When the voltage on C7 is sufficiently negative, UlC 
provides a positive step output. This clocks U14B and 
sets U15A, returning the Q output high. This positive 
step is also gated through U39D and U42D to initialize 
the glitch-detection circuitry on assembly A4. RIO is 
adjusted to delay generation of the positive step from 
UlC by exactly 21 ns after receipt of the clock on U15A. 
This 21-ns delay is sufficient to allow all circuitry within 
the 1615A to be ready for the arrival of the 8-bit strobe. 

U14B and UlA, along with Rll, R7, and CS form the 
same type of circuit just described. R54 is added to aid re
covery time. The S-bit strobe is taken from the Q output 
of Ul4B. Rll is adjusted for a Q pulse period ending 
49.5 ns after arrival of the 8-bit clock at U15A. This is 
the 8-bit clock strobe applied to clock gates U44 and U45, 
and delay gate U46. 

When HRST is low (after the prerun reset period), the D 
input of U15B is low. U15B is clocked by P16SCLK(ECL). 
This resets U15B, driving the Q output low (inactive). 
Now pin 13 of UlD receives a negative-going charge 
from R12, R9, and C9. Pin 12 of UlD receives one-half of 
VBB(ECL). R12 is adjusted to obtain a 21-ns delay 
before this negative-going level crosses the threshold in 
UID. Then UlD switches high, clocking U14A and set
ting U15B to initial conditions so that it will respond to 
the next P16SCLK(ECL). 

U14A receives a low on the D input (except during the 
trigger load period before each run). U14A provides a 
high Q output each time it receives a positive edge from 
UlD. This high activates U27B which starts the 16-bit 
strobe. The feedback loop from UlB to U14A is delayed 
by RS, R13, and ClO. Rl3 is adjusted for a 49.5-ns strobe 
period. Then U14A is set and its Q output returns low. 

Test points TP2 and TP4 are used for measuring pulse 
delay and pulse period when making strobe adjust
ments. 

Clock Gate Centro!. When HRST (High Reset) sv:itches 
low, it clocks run/halt flip-flop U4SA. With pin 5 of 
U4SA switched high and pin 6 low, the output gates are 
enabled to supply clocks to the memories, memory 
address and index counters, and the trigger and delay 
circuits for 8-bit and 16-bit data acquisition. At the end 
of a trace for data acquisition, U37C clears U4SA. This 
stops the data acquisition clocks and enables gates in 
U30 and U45 so that the microprocessor can supply 
clocks to read the memories when presenting a display. 

HSRCP 

LAUN 
1 SRUN STATUS 

r116RCP 
4 16RUN STATUS 

Run Status Gates 

Memory Write Clocks. See simplified diagram. U44 sup
plies memory-write clocks to the 8-bit memory. It oper
ates only during a trace which includes S-bit data 
acquisition. The end-trace AND function is enabled dur
ing end-display modes. It supplies clocks from the 
moment that the trace begins (HRUN switches high) 
and stops when the specified trigger plus delay is recog
nized (L8TRC switches low). The other AND function is 
enabled during start-display modes. It supplies clocks 
from the beginning of the run (HRUN switches high) 
and continues until the S-bit memory is filled with valid 
data (8RUNSTAT switches low). U29 performs the same 
function for the 16-bit data acquisition. 

L 16TRC 

HAUN 
16-BIT STROBE 

Ll6MWRT 
16- BIT STROBE 

HRUN 
16 RUN STATUS 

B LBMWRT 

Jfemorv Write Clock Generator 

Service 
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ries. When the trigger memories have been fully loaded, 
HLDTG is set low. This stops the microprocessor clocks 
and enables the internal and external clock circuitry 
(U4, U40A, and U40B) for data acquisition. 

Prerun Reset Period. After the microprocessor loads the 
trigger memories to the requirements of the menu, 
HRST (High Reset) switches high for 900 ns. During the 
HRST period, all glitch capture circuitry is initialized, 
and U2C places a 900-ns high on the D inputs of U15A 
and U15B to prevent generation of strobe pulses. When 
HRST switches low again, the D inputs of U15A and 
Ul5B are enabled and the 16-bit and 8-bit strobes begin. 

Strobe Generation. The wire-ORed clock for the 8-bit 
machine (from U40A or U41D) clocks in the low D input 
of U15A. This resets the Q output, starting a negative
going charge on C7. The rate at which C7 charges 
toward -5.2 V is controlled by RlO and R6. 

When the voltage on C7 is sufficiently negative, UlC 
provides a positive step output. This clocks U14B and 
sets U15A, returning the Q output high. This positive 
step is also gated through U39D and U42D to initialize 
the glitch-detection circuitry on assembly A4. RlO is 
adjusted to delay generation of the positive step from 
UlC by exactly 21 ns after receipt of the clock on U15A. 
This 21-ns delay is sufficient to allow all circuitry within 
the 1615A to be ready for the arrival of the 8-bit strobe. 

U14B and UlA, along with Rll, R7, and CS form the 
same type of circuit just described. R54 is added to aid re
covery time. The 8-bit strobe is taken from the Q output 
of U14B. R11 is adjusted for a Q pulse period ending 
49.5 ns after arrival of the 8-bit clock at U15A. This is 
the 8-bit clock strobe applied to clock gates U 44 and U45, 
and delay gate U46. 

When HRST is low (after the prerun reset period), the D 
input of U15B is low. U15B is clocked by P16SCLK(ECL). 
This resets U15B, driving the Q output low (inactive). 
Now pin 13 of UlD receives a negative-going charge 
from R12, R9, and C9. Pin 12 of UlD receives one-half of 
VBB(ECL). R12 is adjusted to obtain a 21-ns delay 
before this negative-going level crosses the threshold in 
UlD. Then UlD switches high, clocking U14A and set
ting U15B to initial conditions so that it will respond to 
the next P16SCLK(ECL). 

Ul4A receives a low on the D input (except during the 
trigger load period before each run). U14A provides a 
high Q output each time it receives a positive edge from 
UlD. This high activates U27B which starts the 16-bit 
strobe. The feedback loop from UlB to U14A is delayed 
hu RSl. R1 Q anrl r.10 R1 Qi" arlinc+arl f'rn· a J.Q "'-"" ct ... r.ha "-'J ..___..,,, ..&. .. .&..'-J7 ........... _ ..................... ..&.W..L.~ .LIU w...&'-'A.J .... L.IU'--''-A.. .&.~.&. ...... .Lll..Jo'-J .&.&"-' .... U.L'LI"'-'...,_. 

period. Then U14A is set and its Q output returns low. 

Test points TP2 and TP4 are used for measuring pulse 
delay and pulse period when making strobe adjust
ments. 

Clock Gate Control. When HRST (High Reset) switches 
low, it clocks run/halt flip-flop U48A. With pin 5 of 
U48A switched high and pin 6 low, the output gates are 
enabled to supply clocks to the memories, memory 
address and index counters, and the trigger and delay 
circuits for 8-bit and 16-bit data acquisition. At the end 
of a trace for data acquisition, U37C clears U48A. This 
stops the data acquisition clocks and enables gates in 
U30 and U45 so that the microprocessor can supply 
clocks to read the memories when presenting a display. 

H8RCP 

LRUN 
8RuN STATUS 

ri16RCP 
4 !GRUN STATUS 

Run Status Gates 

Memory Write Clocks. See simplified diagram. U44 sup
plies memory-write clocks to the 8-bit memory. It oper
ates only during a trace which includes 8-bit data 
acquisition. The end-trace AND function is enabled dur
ing end-display modes. It supplies clocks from the 
moment that the trace begins (HRUN switches high) 
and stops when the specified trigger plus delay is recog
nized (L8TRC 8witche8 low). The other AND function i8 
enabled during start-display modes. It supplies clocks 
from the beginning of the run (HRUN switches high) 
and continues until the 8-bit memory is filled with valid 
data (8RUNSTAT switches low). U29 performs the same 
function for the 16-bit data acquisition. 

L16TRC 

HRUN 
16-BIT STROBE 

16- BIT STROBE 
L16MWRT 

HRUN 
16 RUN STATUS 

LBTRC 

HRUN 

8-B!T STROBE 

8-B!T STROBE 
8 L.8MWRT 

HRUN 

BRUN STATUS 

Memory Write Clock Generator 

Service 

Memory Address and Index Counter Clocks. U 45 supplies 
clocks to increment the 8-bit memory address counter 
(MAC) and memory index counter (MIC). Separate AND 
gates are used for each of four modes: start display, end 
display, memory read for alphanumeric presentation, 
and memory read for timing diagram presentation. Dur
ing a trace for data acquisition, either the end-trace or 
start-trace AND function will generate the clocks. These 
two functions receive basically the same input signals 
that were supplied to their counterparts in the memory
write clock generator. H8QL Y is added to these AND 
gates to hold off data acquisition until clock qualifier 
requirements are met, if selected in the 8-bit menu. After 
a data-acquisition run is complete, the run/halt flip-flop 
is cleared, disabling the start-trace and end-trace AND 
functions. 

L8TRC 

HRUN 

H80LY 
8-BIT STROBE 

HDB7 
HAB1 8 HW15 

8 P8CCLK 

BR N TAT 

LRUN 

N MDCLK 

L 16TRC 11 

HRUN 12 
H16QLY 13 

16-BIT STROBE I 

HDBS 

HAB1-HW15 

16-BIT STROBE 
8 P16CCLK 

H16QLY 

MIC and MAC Clock Generator 

To read the 8-bit memory for presenting a timing dia
gram, the microprocessor supplies a number of 
NMDCLK clocks to one AND function in U45. These 
clocks increment the 8-bit memory address counter. 
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Since no memory-write clocks occur at this time, data in 
the 8-bit memory is unaffected. The microprocessor uses 
a different AND function in U45 to supply clocks when 
presenting alphanumeric displays. HABl is ANOed 
with HW15 to enable this AND function, and the clocks 
are supplied via data bus line HDB7. 

U30 provides the same functions for the 16-bit memory 
address and index counters. The gate used for timing 
diagram clocks in U45 is disabled in U30. 

Trigger Plus Delay Clock Generators. U 46 supplies clocks 
tr. thn >Lhlt tricrcrn.,. <:>nrl rlol<:>u f'irf'11it ... u 'rl-.n"o f'lf\f'ko:: ,;:::ro 
!.l'-J !.1.,1...,1.."'-" '-' >.J.LU "'.a...&.oo-.a.. ...................... """"'-".L'-""'J ............. ...,_...._..,.&..Jo ..&. ...... ..._,.._..._, _ .... ...,...._. .... :..._, ......,...._'-' 

used to latch in trigger recognition and to increment the 
8-bit delay counters when trigger plus delay is selected. 
One AND function in U46 is enabled when counting in
ternal clocks to obtain a time delay. Another AND func
tion in U46 is used when counting delay by a number of 
external clocks. A third AND function is used to ensure 
that U46 is disabled except during data-acquisition 
runs. 

The clocks used in the 16-bit circuitry to latch in trigger 
recognition and to increment the 16-bit delay counters 
are supplied by U31A and U31B. 

Hl6QLY 4 
SARM 16STROBE 

16-BIT STROBE 

TRIG OCCUR CLK 

HSDLY BYEXTCLK 

i6-BiT STROBE 

Hl6QLY 
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Block Diagram, 16-bit Data-acquisition Section for Schematic 7 A 
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Figure 1:5-39. Block Diagram, 8-bit Data-acquisition Section for Schematic 7 A 
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Figure 8-40. Block Diagram, Control Section for Schematic 7 A 

/C'S on Schematic 7 A 

HP Part No. 

1820-0809 
1820-1173 
1820-1433 
1820-1217 
1820-1991 
1820-1225 
1820-0683 
1820-1992 
1820-1158 
1820-1730 
1820-2010 
1820-1173 
1820-0691 
... ,....1""11.,.... -- ........ 
l~~U-Ut>~l 

1820-1449 
1820-1831 
1820-1946 
1820-1320 
1820-0802 
1820-1322 
1820-0629 
1820-1201 
1820-1425 

Mfr Part No. 

MC10115P 
MC10124L 
SN74LS164N 
SN74LS151N 
SN74LS390N 
MC10231P 
SN74S04N 
AM25LS160PC 
SN74S51N 
SN74LS273N 
1820-2010 
MC10124L 
SN74S64N 
~-..,.~ •"""! ............ ..,. 

~N f4~UUN 

SN74S32N 
MC10103L 
MC10117L 
MC10216L 
MC10102P 
SN74S02N 
SN74Sll2N 
SN74LS08N 
SN74LS132N 

Parts on Schematic 7 A 

I A2 A1 I A4 I AS Chassis I 
C4-13,27,28,30 R57 R21 XAl PIO J8 

XA2 PIO W4 
Rl-23,25,30,31, PIO P3, 
42,46-48,54, PIO P4 
55,58,59,61,65 
69,70 
TP2,4,7 
Ul-7,14,15,17-19, 
PIO U25,27-31,37, 
39-48,51,52 
54-57 
Yl 

SIGNATURE ANALYSIS FOR SCHEMATIC 7A. 

The signatures on this schematic are obtained by using 
DSA Setups A and D. The red letters on the schematic 

DSA SETUP A. 

1. Remove assembly A2 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A2, 
and install A2 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5Ul 
pin 15. 

d. Connect signature analyzer stop line to A5Ul 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ul 1 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 

START···································· L 
STOP ........ ······························ I 
CLOCK .................................... L 

Signatures for DSA Setup A (Schematic 7 A) 

Pin Signature 

I 
VH A2U3-14 C690 

I 
A2U3-2 FHPA 
A2U30-10 FA2P 
A2U45-10 427H 

I A2U51-5 FA2P 
A2U51-10 427H I 

I 
I 

Service 

signify the DSA setup to use when observing the signa
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 

DSA SETUP D. 

1. Remove assembly A2 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A2 
and install .~ on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5Ull if A5 part number is 01615-66505). 
This is address bit A15. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

d. Connect signature analyzer ciock line to pin 18 
of A5Ull. This is the microprocessor WR line. 

4. Reinstall A5 in 1615A mainframe. 

NOTE 

DSA jumper on A5 remains in NM (normal) 
position in this test setup. 

5. Set up signature analyzer as follows: 

START .................................... J 
STOP ...................................... I 
CLOCK .................................... I 

Signatures for DSA Setup D (Schematic 7 A) 

I 
Pin Signature 

VH A2U3-14 0001 

I 

A2U30-9 9118 
A2U51-1 755P 
A2U51-2 UPFF 

I 
A2U51-3 U982 
A2U51-4 U982 

I A2U51-9 U982 I 
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SERVICE SHEET 7B 

PRINCIPLES OF OPERATION 

This portion of the circuitry generates the trigger that 
establishes trace point for a run of data acquisition in 
the state mode. When 16 bits of state information are to 
be captured, only the trigger memory on assembly Al is 
monitored. When the 24-bit state mode is selected, the 16-
bit trigger memory is ANDed with the 8-bit trigger 
memory on assembly A4. This ensures that all 24 bits in 
the trigger word will be true before generating L16/ 
24STG(ECL) (Low 16/24-bit State Trigger, ECL). 

When a specified state trigger is recognized, the trigger 
memories supply L16/24STG(ECL), activating U16A 
through U16D. When U16B activates, it places high 
states on the D input of U20A and the J input of U34A. 

Trigger Occurrence Memory. The function of U34A is to 
remember that a trigger has been recognized at least one 
time during a trace. The high state from U16B is clocked 
into U34A, setting the Q output high. It remains high for 
the rest of the trace, performing many enable functions. 

Trigger Delay Equal to 0. If the operator has chosen delay 
equal to 0, the microprocessor loads a high state on pin 4 
of U22. This forces pin 8 of U21 low. When the selected 
trigger memories are valid, U50C switches low. This 
forces U47C high, releasingtheclearinputofU34B. The 
J input of U34B is always high, except when delaying by 
trigger occurrences. Therefore, the next qualified clock 
will issue Hl6TDLY (High 16-bit Time Delay) from 
U34B. 

Pin 6 of U36 is always high, except in the 8-bit triggers 
16-bit mode. When trigger recognition is clocked into 
U34A, the high Q output is applied to pin 5 of U36, 
completing the AND function, and generating L16TRC 
(Low 16-bit Trace Point). 

Delay Register. Before beginning a data-acquisition run, 
the microprocessor loads the delay register with the 
trigger and delay selections made in the 16-bit or 24-bit 
state menu. U23, U24, and pins 10 through 13 of U22 
contain a 24-bit number which represents terminal 
count minus delay in the delay counter. This is loaded 
into the delay counter during LRST, a 900-ns reset 
period from the microprocessor. LRST switches U31C 
output high, switching U19B low, clearing U20A and 
U34A. 

The low state from U34A is applied to the parallel
enable inputs of U9 through U13, forcing them to load 
the delay state from the delay register during the rising 
edge of the first clock. After the trace begins and trigger 
recognition occurs, U34A switches its output high, re
leasing the parallel-enable inputs of the delay counter. 

nill!ISIV r.nntrnl_ A h1o-h Q cmt.nnt fl'om lT20A enables the --·-1 --··----------c-- '""---r-------- ----- -- - -- ---

delay counter to count the delay period. The Q output of 
U20A is always high due to a low on pin 4, except when 
delay by trigger occurrences is selected. In this mode, 
U20A only enables the delay counter during clock 
periods which include a recognized trigger. 

Delay Gate U21 and Associated Circuitry. The delay gate 
activates trigger, reset, and enable circuitry when it 
provides a low output. This low output is generated in 
one of three different ways, depending on the mode of 
trigger delay: during the entire run when delay = 0 is 
selected; after recognition of a related number of inter
nal clocks when delay by time is selected; and after 
recognition of a number of trigger occurrences when 
delay by occurrences is selected. The logic for each of the 
three delay conditions is explained in the following 
paragraphs. 

When delay equal to 0 is selected, pin 4 of U22 is high. 
This enables one AND function of U21, forcing its out
put low for the entire run. 

When delay not equal to 0 is selected, several outputs 
from the delay counter are applied to U21. U13 contains 
the four most significant bits in the delay counter. When 
these four bits are 1111 (terminal count), U13 supplies 
enable voltages to the two AND functions dedicated to 
time and occurrence delays. 

U8B also supplies enable voltages to the same two AND 
functions. U8B delivers a high output on counts 14 and 
15 in U9 (the least significant bit counter). 

If trigger-occurrence delay is selected, then the top AND 
function in U21 is used. In this mode, the final enable is 
supplied by U8A. It decodes all odd numbered states 
from U9 and forces U21 low when U9 reaches count 15 
and the output of U20A is high (next trigger recogni
tion). 

Delay Gate and Trace Point Circuitry. In delay by trigger 
occurrences, the output of U21 switches low at the end of 
the delay period estf}blished in the menu. In delay by 
clocks, the output of U21 switches low one clock before 
the end of the delay period established in the menu. In 
delay equal to 0, U21 output is low from the start of the 
trace due to a high state on pin 4 of U22. 

The low output from U21 performs the following three 
functions: (1) it releases U47D (this removes the clear 
from U20B, enabling the reset function); (2) it releases 
U47C (this allows generation of a trigger through U34B 
as long as 8-bit and 16-bit valid memory conditions are 
correct); and (3) it forces U49A and U49B high (this 
provides H16STE and H8STE to enable the 8-bit and 16-
bit memory counters for dab~ acquisition. 
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Model 1615A 

U34B sets when the trigger plus delay specification is 
met. This high output is supplied to A3 where it triggers 
the 8-bit machine in the 16-bit triggers 8-bit mode. It also 
enables one AND function in U36. When U20B sets, its 
Q output initiates the reset cycle through U33B. 

Trigger Gate. U36 generates L16TRC (Low 16-bit Trace 
Point). This enables the 16-bit memory index counter to 
limit the contents of the state memory during START 
display modes. In END display modes, L16TRC stops 
the run. It also activates the 16-bit ARMS 8-bit AOI on 
A3. U36 generates L16TRC in the following three 
conditions: 

1. When 16-bit trigger plus 16-bit delay specification 
is met in the state circuitry. 

2. During 8 ARMS 16, after arming of the 8-bit is 
complete and the 16-bit trigger arrives. 

3. When in 8 TRIG 16 mode and all 8-bit trigger 
requirements are met. 

The low L16TRC is inverted through U31D and applied 
to pin 9 of U36. Pin 10 of U36 is high, except during 
microprocessor reset, so U36 maintains L16TRC until 
after the trace is complete. Pin 9 of U32C is set low at the 
beginning of a trace by the run/halt flip-flop. When U36 
generates L16TRC, the high transition from U31D 
switches U32C low, providing the transition to the 
16/24-bit TRACE OUT connector on the rear panel. 

Reset Period and Oscilloscope Trigger Generation. U20B 
initiates the reset period. Its Q output switches high at 
the same instant that U34B generates H16TDLY. The 
high from U20B is applied to pin 10 of U33B. Pin 9 of 
U33B is high after trigger recognition in U34A so U33B 
switches low. Part of this low state initiates the oscillo
scope trigger in U32A. Pin 3 of U32A is always low 
except when the microprocessor is loading the trigger 
memories. The low transition from U33B forces U32A to 
generate a positive-going trigger to the 16/24 BIT TRIG 
OUT connector on the rear panel. This is used for syn
chronizing an oscilloscope to observe electrical occur
rences coincident with the 1615A trace point. U32Agen
erates a new trigger every time the 1615A recognizes its 
trigger plus delay, even though U36 only initiates data 
acquisition the first time that the trace point is recog
nized. 

The low reset transition from U33B is also coupled 
through C14 to switch U31C high. The high output from 
U31 C forces U19B to clear U20A and U34A, parallel
enabling the delay counter to terminal count minus 
delay. U31C also clears U20B through U47D, preparing 
the circuitry to generate the next oscilloscope trigger 
when the next trace point occurs. 

Valid Memory Recognition. Trigger plus delay flip-flop 
U34B is normally held in the cleared state either by a 
high from U21 (before the end of the selected delay), or 

Service 

by a high from U50C (when it detects that either the 16-
bit or 8-bit data memories are not valid). 

In all trigger modes except 16-bit arms/trigger 8-bit, 
U 49C holds U 48B in the preset state. This allows 
H16VME to control the holdoff of U34B through U50C 
and U47C. In START display modes, H16VME is high 
from the beginning of the run so U34B is released to the 
control of delay gate U21. 

In END display modes, U34B is held in the cleared state 
by U50C until after a full 256 bytes of valid data has 
been captured in the 16-bit memory, To do this; H16 
VME remains low until the 16-bit memory has advanced 
a full 256 counts. Then H16VME switches high, releas
ing U34B to the control of U21. 

During 16-bit arms or triggers 8-bit modes, L16AT8 
forces U 49C high. This removes the preset state from 
U48B, preventing recognition of H16VME in U50C. 
H8VME will switch high only when the 8-bit memory is 
valid. This will be clocked into U48B. Then U50C will be 
able to recognize H16VME. This ensures that the 8-bit 
asynchronous memory and the 16-bit synchronous 
memory will both be valid before recognition of trace 
point. The 1615A can not display partial timing dia
grams; without this additional holdoff, the 1615A would 
show a full timing diagram with no distinction between 
that portion of the diagram which contains valid data 
and that portion which would not contain valid data. 

8 Arms 16 Logic. This circuit holds off 16-bit trigger 
recognition until after the 8-bit trace point has occurred. 
Prior to a run in this mode of triggering, the micro
processor sets pin 6 of U22 high. The LRST (Low Reset) 
period at the beginning of each run presets the Q output 
of U38A high. U19B ANDs these two high states and 
clears U20A and U34A, preventing trigger recognition 
and delay counting. 

U33A is activated by the high state from pin 6 of U22 
and the positive edge of the strobe generator pulse. It 
provides clock pulses to U38A. When the trace point is 
recognized in the 8-bit instrument, L8TRC switches low. 
This low is clocked into U38A, forcing the output of 
U19B high. This releases U20A and U34A to recognize 
the 16-bit trigger and start the delay counter. The Q of 
U38A enables the AND portion of U36 which responds 
to 8-bit triggers 16-bit mode with internal clock. 

8 Triggers 16 Logic. This circuit allows the 8-bit trace 
point signal (L8TRC) to initiate the 16-bit trace point 
from U36 (L16TRC). Prior to a run in this mode of trig
gering, the microprocessor sets pin 3 ofU22 high. U19B 
holds off trigger recognition and delay counting just as 
in 8 ARMS 16 mode. 

U33A is activated by the high state from pin 3 of U22 
and the negative edge of the strobe generator pulse. It 
supplies clocks to U38A. When L8TRC switches low (8-
bit trace point occurs), U38A changes states. U36 ANDs 
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U22 and generates L16TRC. 

The bottom AND gate in U36 is enabled when the 8-bit 
triggers 16-bit mode is selected during use of an external 
clock. It ANDs the high 8 triggers 16 from pin 3 of U22 
with the 8-bit trigger recognition and time delay from 
assembly A3. 

Delay by Trigger Occurrences. In this mode, the micro
processor sets pin 5 of U22 high prior to run start. This 
removes the preset from U20A. The Q output of U20A is 
only clocked high after each trigger recognition, and 
clocked low again during periods of non trigger recogni
tion. This allows the delay generator to count only those 
clocks that occur immediately after each trigger 
recognition. 

Pin 11 of Ul 7E also receives the high from pin 5 ofU22. 
This forces pin 10 low, cutting off VRl. Now U16D 
places a high state on the inputs of U34B and U20B only 
during those clock periods which include a recognized 
trigger. This prevents generation of L16TRC during 
other clock periods. 

SIGNATURE ANALYSIS FOR SCHEMATIC 78. 
The signatures on this schematic are obtained by using 
DSA Setup A. The red letters on the schematic signify 
the DSA setup to use when observing the signature on 
the adjacent IC pin. The setup and signatures are listed 
below. For further information, refer to TROUBLE
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 

DSA SETUP A. 

1. Remove assembly A2 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A2, 
and install A2 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 
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24'-bi! Trace Events with Delay = 0 Logic. The micro
processor sets pin 4 of U22 high before starting a run in 
this mode. This enables U16A and U16C by connecting 
them to V BB through U35C. In this condition, U16A and 
U16C provide high outputs only when a trigger is 
recognized. Their high states are connected through hot
carrier diodes to the count-enable-parallel inputs for the 
memory index and memory address counters in the 8-bit 
and 16-bit instruments. 

In trace trigger events with delay not equal to 0, pin 4 of 
U22 is low. This sets U35C to provide a steady high 
output, forcing the outputs of U16A and U16C high, 
regardless of trigger recognition. In this mode, H16STE 
and H8STE are supplied through U49A and U49B, as 
controlled by delay gate U21. This circuit holds off 
counting in the memory address and index counters 
until the end of the delay period. 

In all other modes of operation, U 49A and U 49B provide 
steady high states to continuously enable the counters. 

c. Connect signature analyzer start line to A5Ul 
pin 15. 

d. Connect signature analyzer stop line to A5Ul 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ull if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 

START .................................... L 
STOP ..................................... _f 
CLOCK ................................... 1. 

Signatures for DSA Setup A (Schematic 7B) 

Pin Signature 

VH A2U3-14 C690 
A2U22-2 FHPA 
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Trigger and Delay (PIO A2) Schematic 
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SERVICE SHEET 7C 

PRINCIPLES OF OPERATION 

U53 is enabled when the microprocessor reads the 
status of circuits within the 1615A. U25A is used by the 
microprocessor to iatch the trigger and clock 
specifications for each data-acquisition run. 

External Trigger. The external trigger signal from the 
clock probe is connected through assembly Al to U41A 
on assembly A2. U41A supplies the trigger waveform 
and its complement. The state on pin 19 of U25 
determines which slope of the waveform will trigger the 
1615A. When pin 19 of U25 is high, U42A is enabled 
through U43B; this selects the positive edge trigger. 
When PETRG (ECL) switches high (negative edge 

switches low), U42B clocks U26A. This sets the Q' of 
U26A high. With arrival of the next P8SCLK(ECL) 
(positive-edge 8-bit sampling clock, ECL), U26B will 
provide the 8-bit asynchronous trigger condition. At 
this point, the Q output of U26B sets U26A, returning it 
to the pretrigger condition. U28A prevents operation of 
U26B, except when the external trigger is selected. 

Slow-clock Detector. When U38B is clocked, its output 
switches high. When the microprocessor reads status 
through U53, the high HDB4 is interpreted as a normal 
condition. After reading the high, the microprocessor 
clears U38B through HDB5 on U52C. A predetermined 
time elapses before the microprocessor again reads the 
output of U38B. If a clock has occurred during that 
period, HDB4 will again be high. If no clock has 
occurred, HD B4 will be low and the microprocessor will 
place the SLOW CLOCK notation on the 1615A CRT. 
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Figure 8-45. Block Diagram, 8-bit Data-acquisition Section for Schematic 7C 
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SIGNATURE ANALYSIS FOR SCHEMATIC 7C. 

The signatures on this schematic are obtained by using 
DSA Setups A, C, and D. The red letters on the schematic 
signify the DSA setup to use when observing the signa
ture on the adjacent IC pin. Setups and signatures are 
list.ed below. For further information~ refer to TROUBLE
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 

1. Remove assembly A2 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A2, 
and install A2 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5Ul 
pin 15. 

Service 

d. Connect signature analyzer stop line to A5Ul 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ull if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 

START .................................... L 
O~AD r 
..., .L '\.J.L • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • J 

CLOCK .................................... "l 

Signatures for DSA Setup A {Schematic 7C) 

Pin Signature Pin Signature 

VH A2U3-14 C690 A2U52-9 C6P3 
A2U25-3 FHPA A2U52-13 AHA3 
A2U25-4 57CA A2U53-3 427H 
A2U25-7 08F5 A2U53-5 FA2P 
A2U25-8 AHA3 A2U53-7 C6P3 
A2U25-13 C43H A2U53-9 C43H 
A2U25-14 C6P3 A2U53-12 AHA3 
A2U25-17 FA2P A2U53-14 08F5 
A2U25-18 427H A2U53-16 57CA 
A2U50-2 C43H A2U53-18 FHPA 
A2U52-5 08F5 
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DSA SETUP C. 

1. Remove assembly A2 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A2, 
and install A2 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5Ul 1 if A5 part number is 01615-66505). 
This is address bit A15. 

d. Connect signature analyzer stop line to same 
point as start line, step c above. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ull if A5 part number is 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 

START···································· I 
STOP ...................................... I 
CLOCK.................................... 1.. 

Signatures for DSA Setup C (Schematic 7C) 

Pin Signature Pin Signature 

VH A2U3-14 0001 A2U35-5 4978 
A2U35-1 UPFH A2U35-6 4979 
A2U35-2 3827 A2U53-1 4978 
A2U35-3 4978 A2U53-19 4979 
A2U35-4 4978 
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DSA SETUP D. 

1. Remove assembly A2 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A2, 
and install A2 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5Ull if A5 part number is 01615-66505). 
This is address bit A15. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

d. Connect signature analyzer clock line to pin 18 
of A5Ull. This is the microprocessor WR line. 

4. Reinstall A5 in 1615A mainframe. 

NOTE 

DSA jumper on A5 remains in NM (normal) 
position in this test setup. 

5. Set up signature analyzer as follows: 

START ............ ························ I 
STOP ...................................... S 
CLOCK.................................... I 

Signatures for DSA Setup D (Schematic 7C) 

Pin Signature Pin Signature 

VH A2U3-14 0001 A2U52-2 7F7H 
A2U50-1 9118 A2U52-3 OP51 
A2U51-11 9118 A2U52-4 9118 
A2U51-12 5554 A2U52-10 9118 
A2U51-13 755P A2U52-12 9118 
A2U52-1 755P 
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Figure 8-46. 
Trigger and Clock, Microprocessor Interface (PIO A2) Schematic 
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SERViCE SHEET 8A 

PRINCIPLES OF OPERATION 

Timing Generation. The 20-MHz system clock is applied 
to a divide-by-three network consisting of U14A and 
U14B. This network generates asymetrical clocks called 
PDCLK and NDCLK (Positive and Negative Display 
Clocks). PDCLK is high for 50 ns and low for 100 ns. 
NDCLK is the inverse of PDCLK. 

U15 is wired as a 6-bit shift register, clocked by PDCLK. 
U16 ANDs the outputs of the first five states of U15 and 
provides a low to the first stage of the shift register when 
all of the ANDed outputs are high. Therefore only one bit 
in the six-bit register is low at any one time. This 
network divides the clock rate of PDCLK by six. 

U26B and RS latches U17 A through Ul 7D provide the 
system timing signals required by the microprocessor 
and the display processor. U13F and U13C provide the 
2-phase nonoverlapping clock for the microprocessor 
( ct>l and ct>2). 

Microprocessor. The 8080A Microprocessor Ul 1 is an N
channel MOS device with a 16-line address bus and an 
8-line data bus. It monitors all keyboard switches 
available to the operator and configures the 1615A 
circuits according to the selected operating modes and 

150NS---j I 

PDCLK 

~1 --" 
~2 

H,U.PC 

NCHCLK r-1 

HR A MW 

PCLK1 l_J 

PCLK6 _J 

measurements. It also controls all <lata acquisiliun and 
data manipulation in the 1615A. In addition, it provides 
diagnostic routines for self-test and it generates error 
and status messages. 

Data Bus. The data bus is the only bidirectional bus in 
the 1615A. During microprocessor read operations, 
DBIN (Ull, pin 17) enables the incoming set of buffers 
in U 12 and U24. This routes all information on the data 
bus to the microprocessor. During microprocessor write 
operations, DBIN enables the outgoing set of buffers in 
U12 and U24. This transfers the data from the micro
processor to the data bus. U25A keeps the buffers in the 
write mode except when the microprocessor orders a 
read. 

Address Bus. Buffers UlO and U23 increase the drive 
capability of the microprocessor. The microprocessor 
address bus selects locations in ROM and RAM, and 
controls most hardware in the instrument. The first 16K 
addresses are used for ROM and RAM. The top lK 
addresses of this 16K are used for RAM. Addresses 
above 16K are dedicated to I/O to control the operation 
of the 1615A. 

Microprocessor Read/Write Logic. Information from 
ROM is available on the data bus when the first 12K of 
address space is accessed (HABL3 and HAB15 Jowl, 

r-1 

,-
r-

II 

L_J 

L_J 

~P'l"Vlf'P 

TTTl.ri.&.T'\. • 1 • 1 l • _ _, __ l n _PTT'1 ____ l_~_l, fTO 
nnr..f\u is n1gn, anu pu1s 1 auu ::J 01 u i are 1ugu. u L.. 

enables U25C and HREAD drives U26C low. U9 buffers 
the selected ROM output. LRAMA (Low RAM Address) 
enables reading and writing in RAM. HAB14 and 
HAB15 are used as a linear select to the I/O locations. 
That is HAB14 is ANDed with HREAD, and HAB15 is 
ANDed with HWR. Therefore all I/O read instructions 
use HRl 4, and all I/ 0 write instructions use HW15, with 
lower addresses selecting particular locations for each 
read or write. 
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Microprocessor Power-up Circuit. C2, Rl through R3. 
and U26A form the power-up circuit that resets the 
microprocessor to its start-up routine at instrument 
turn-on. The voltage across R3 holds the RESET input of 
the microprocessor high for a time interval determined 
by RC network C2, Rl, and R4. The microprocessor pro
gram counter is cleared during this time. When C2 
charges sufficiently, U26 sets the microprocessor 
RESET input low. This releases the microprocessor to 
start at location 0 in memory. 
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Model 1615A 

SIGNATURE ANALYSIS FOR SCHEMATIC SA. 

The signatures on this schematic are obtained by using 
DSA Setups A through D. The red letters on the sche
matic signify the DSA setup to use when observing the 
signature on the adjacent IC pin. Setups and signatures 
are listed below. For further information, refer to 
TROUBLESHOOTING WITH SIGNATURE ANALY
SIS at the beginning of this Section. 

DSA SETUP A. 

1. Remove assembly A5 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A5 
and install A5 on the extender. Proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5Ul 
pin 15. 

d. Connect signature analyzer stop line to A5Ul 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ull if A5 part number is 01615-66505). 
This is the DBIN line from the microprocessor. 

3. Set up signature analyzer as follows: 

START .................................... "L 
STOP ...................................... I 
CLOCK .................................... "L 

Service 

Signatures for DSA Setup A (Schematic BA) 

Pin 

VH A5Ul-16 
A5U2-5* 
A5U2-7* 
A5U2-9* 
A5U2-10* 
A5U2-14* 
A5U8-9 
A5U8-10 
A5U8-11 
A5U8-13 
A5U8-14 -
A5U8-15 
A5U8-16 
A5U8-17 
A5U9-1 
A5U9-2 
A5U9-3 
A5U9-4 
A5U9-5 
A5U9-6 
A5U9-7 
A5U9-8 
A5U9-9 
A5U9-11 
A5U9-12 
A5U9-13 
A5U9-14 
A5U9-15 
A5U9-16 
A5U9-17 
A5U9-18 
A5U9-19 

Signature 

C690 
C690 (blinking) 
C690 (blinking) 
C690 (blinking) 
0548 
C690 (blinking) 
FHPA 
57CA 
08F5 
AHA3 
C43H 
C6P3 
FA2P 
427H 
0000 (blinking) 
FHPA 
427H 
57CA 
FA2P 
08F5 
C6P3 
AHA3 
C43H 
C43H 
AHA3 
C6P3 
08F5 
FA2P 
57CA 
427H 
FHPA 
C690 (blinking) 

*Signatures not for A5 HP Part No. 01615-66505. If 
checking A5 HP Part No. 01615-66505, A5U2 will have 
same signatures as A5U8. 
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DSA SETUP B (Bo THROUGH 86). 

1. Remove assembly A5 and the extender board from 
the 1615A mainframe. Install the extender board in the 
connector for A5 and install A5 on the extender board. 
Set up A5 as follows: 

a. Remove A5Ul2 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall jumper in SA terminals. 

c. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ull if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

2. Set up signature analyzer as follows: 

START .................................... 1.. 
STOP ...................................... j 
CLOCK .................................... L 

3. Check part number of A5. If A5 is not 01615-66505, 
check signatures on A5U2 before cheeking signatures 
on any ROM. Proceed as follows: 

a. Connect signature analyzer start and stop lines 
to A5U8 pin 20 (chip select of ROM 0). 

b. Measure signatures on A5U2 according to table 
for DSA Setup A5U2. 
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DSA Setup A5 U2 (for A5 not HP Part 
No. 01615-66505) 

Pin Signature 

A5U2-5 7 A 70 (blinking) 
A5U2-7 7 A 70 (blinking) 
A5U2-9 7A70 (blinking) 
A5U2-10 8P54 
A5U2-14 7 A 70 (blinking) 

I 
i 

I 
I 
I 

4. To perform signature analysis of ROM 0, proceed 
as follows: 

a. Connect signature analyzer start and stop lines 
to A5U8 pin 20 (chip select of ROM 0). 

b. Measure signatures of ROM 0 according to the 
table for DSA Setup BO. 

Signatures for DSA Setup BO (Schematic BA) 

Pin 

VH A5Ul-16 
A5U8-9 
A5U8-10 
A5U8-ll 
A5U8-13 
A5U8-14 
A5U8-15 
A5U8-16 
A5U8-17 
A5U9-1 
A5U9-2 
A5U9-3 
A5U9-4 
A5U9-5 
A5U9-6 
A5U9-7 
A5U9-8 
A5U9-9 
A5U9-ll 
A5U9-12 
A5U9-13 
A5U9-14 
A5U9-15 
A5U9-16 
A5U9-17 
A5U9-18 
A5U9-19 

I 

Signature 

7A70 
9UAF 
UAHO 
PFlP 
32F7 
HU39 
UOA6 
OAA9 
60H2 
0000 (blinking) 
9UAF 
60H2 
UAHO 
OAA9 
PFlP 
UOA6 
32F7 
HU39 
HU39 
32F7 
UOA6 
PFlP 
OAA9 
UAHO 
60H2 
9UAF 
7 A70 (blinking) 



Model 1615A 

5. To perform signature analysis of ROM 1, proceed 
as follows: 

a. Connect signature analyzer start and stop lines 
to A5U7 pin 20 (chip select of ROM 1). 

b. Measure signatures of ROM 1 according to the 
table for DSA Setup Bl. 

Signatures for DSA Setup Bl (Schematic BA) 

Pin Signature 

VH A5Ul-16 7A70 
A5U7-9 U6H4 
A5U7-10 20CU 
A5U7-11 72U2 
A5U7-13 2563 
A5U7-14 HF06 
A5U7-15 AFPH 
A5U7-16 9753 
A5U7-17 F97P 
A5U9-1 0000 (blinking) 
A5U9-2 U6U4 
A5U9-3 F97P 
A5U9-4 20CU 
A5U9-5 0'7h:".l 

VIUU 

A5U9-6 72U2 
A5U9-7 AFPH 
A5U9-8 2563 
A5U9-9 HF06 
A5U9-11 HF06 
A5U9-12 2563 
A5U9-13 AFPH 
A5U9-14 72U2 
A5U9-15 9753 
A5U9-16 20CU 
A5U9-17 F97P 
A5U9-18 U6H4 
A5U9-19 7 A70 (blinking) 

Service 

6. To perform signature analysis of ROM 2, proceed 
as follows: 

a. Connect signature analyzer start and stop lines 
to A5U6 pin 20 (chip select of ROM 2). 

b. Measure signatures of ROM 2 according to the 
table for DSA Setup B2. 

Signatures for DSA Setup B2 (Schematic BA) 

Pin Signature 

VH A5Ul-16 7A70 
A5U6-9 29UF 
A5U6-10 0758 
A5U6-11 F434 
A5U6-13 U59A 
A5U6-14 U55C 
A5U6-15 774F 
A5U6-16 CUC6 
A5U6-17 FFUH 
A5U9-1 0000 (blinking) 
A5U9-2 29UF 
A5U9-3 FFUH 
A5U9-4 0758 
A ~TTO ~ riuuv-u f"'tTTf"'ta vuvv 

A5U9-6 F434 
A5U9-7 774F 
A5U9-8 U59A 
A5U9-9 U55C 
A5U9-11 U55C 
A5U9-12 U59A 
A5U9-13 774F 
A5U9-14 F434 
A5U9-15 CUC6 
A5U9-16 0758 
A5U9-17 FFUH 
A5U9-18 29UF 
A5U9-19 7 A70 (blinking) 
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7. To perform signaiure anaiysis of ROM 3, proceed 
as follows: 

a. Connect signature analyzer start and stop lines 
to A5U5 pin 20 (chip select of ROM 3). 

b. Measure signatures of ROM 3 according to the 
table for DSA Setup B3. 

Signatures for DSA Setup B3 (Schematic BA) 

Pin Signature 

VH A5Ul-16 7A70 
A5U5-9 81CC 
A5U5-10 UH2P 
A5U5-11 CU43 
A5U5-13 59P8 
A5U5-14 9912 
A5U5-15 6U16 
A5U5-16 A732 
A5U5-17 HCP8 
A5U9-1 0000 (blinking) 
A5U9-2 81CC 
A5U9-3 HCP8 
A5U9-4 UH2P 
A5U9-5 A732 
A5U9-6 CU43 
A5U9-7 6U16 
A5U9-8 59P8 
A5U9-9 9912 
A5U9-11 9912 
A5U9-12 59P8 
A5U9-13 6U16 
A5U9-14 CU43 
A5U9-15 A732 
A5U9-16 UH2P 
A5U9-17 HCP8 
A5U9-18 81CC 
A5U9-19 7 A70 (blinking) 
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8. To perform signature anaiysis of ROM 4, proceed 
as follows: 

a. Connect signature analyzer start and stop lines 
to A5U4 pin 20 (chip select of ROM 4). 

b. Measure signatures of ROM 4 according to the 
table for DSA Setup B4. 

Signatures for DSA Setup B4 (Schematic BA) 

Pin Signature 

VH A5Ul-16 7A70 
A5U4-9 2135 
A5U4-10 0572 
A5U4-11 8FPP 
A5U4-13 7HUO 
A5U4-14 OHF4 
A5U4-15 8957 
A5U4-16 A8F5 
A5U4-17 4P43 
A5U9-1 0000 (blinking) 
A5U9-2 2135 
A5U9-3 4P43 
A5U9-4 0572 
A5U9-5 A5F5 
A5U9-6 85PP 
A5U9-7 8957 
A5U9-8 7HUO 
A5U9-9 OHF4 
A5U9-11 OHF4 
A5U9-12 7HUO 
A5U9-13 8957 
A5U9-14 85PP 
A5U9-15 A5F5 
A5U9-16 0572 
A5U9-17 4P43 
A5U9-18 2135 
A5U9-19 7A70 (blinking) 



Model 1615A 

9. To perform signature analysis of ROM 5, proceed 
as follows: 

a. Connect signature analyzer start and stop lines 
to A5U3 pin 20 (chip select of ROM 5). 

b. Measure signatures of ROM 5 according to the 
table for DSA Setup B5. 

Signatures for DSA Setup B5 (Schematic BA) 

Pin Signature 

VH A5Ul-16 7A70 
A5U3-9 UPUH 
A5U3-10 C92C 
A5U3-ll 5087 
A5U3-13 PC9P 
A5U3-14 7PH2 
A5U3-15 610A 
A5U3-16 A740 
A5U3-17 F4FH 
A5U9-1 0000 (blinking) 
A5U9-2 UPUH 
A5U9-3 F4FH 
A5U9-4 C92C 
A5U9-5 A740 
A5U9-6 5087 
A5U9-7 610A 
A5U9-8 PC9P 
A5U9-9 7PH2 
A5U9-ll 7PH2 
A5U9-12 PC9P 
A5U9-13 610A 
A5U9-14 5087 
A5U9-15 A740 
A5U9-16 C92C 
A5U9-17 F4FH 
A5U9-18 UPUH 
A5U9-19 7 A70 (blinking) 

Service 

10. To perform signature analysis of ROM 6, proceed 
as follows: 

a. Connect signature analyzer stati and stop lines 
to A5U2 pin 20 (chip select of ROM 6). 

b. Measure signatures of ROM 6 according to the 
table for DSA Setup B6. 

Signatures for DSA Setup B6 
(.A5 Part No. 01615-66505 only) 

Pin Signature 

VH A5Ul-16 7A70 
A5U2-9 0486 
A5U2-10 4525 
A5U2-ll F125 
A5U2-13 6431 
A5U2-14 1250 
A5U2-15 040F 
A5U2-16 FA71 
A5U2-17 FP53 
A5U9-1 0000 (blinking) 
A5U9-2 0486 
A5U9-3 FP53 
A5U9-4 4525 
A5U9-5 FA71 
A5U9-6 F125 
A5U9-7 040F 
A5U9-8 6431 
A5U9-9 1250 
A5U9-ll 1250 
A5U9-12 6431 
A5U9-13 040F 
A5U9-14 F125 
A5U9-15 FA71 
A5U9-16 4525 
A5U9-17 FP53 
A5U9-18 0486 
A5U9-19 7 A70 (blinking) 
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Service 

DSA SETUP C. 

1. Remove assembly A5 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A5 
and install A5 on the extender. Proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall jumper in the SA terminals. 

r,. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5Ul 1 if A5 is part number 01615-66505). 
This is the address bit A15. 

d. Connect signature analyzer stop line to same 
point as start line, step c above. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ul 1 if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

2. Set up signature analyzer as follows: 

START .................................... I 
STOP ...................................... I 
CLOCK .................................... 1-

Signatures for DSA Setup C (Schematic BA) 

Signature II AS Is Part No.: 
Pin 

not 01615-66505 01615-66505 

VH A5Ul-16 0001 

1 
0001 

8-88 

A5Ul-1 
A5Ul-2 
A5Ul-3 
A5Ul-4 
A5Ul-5 
A5Ul-6 
A5Ul-7 
A5Ul-9 
A5Ul-10 
A5Ul-11 
A5Ul-12 
A5Ul-13 
A5Ul-14 
A5Ul-15 
A5U2-5 
A5U2-7 
A5U2-9 
A5U2-10 
A5U2-14 
A5U8-1 
A5U8-2 
A5U8-3 
A5U8-4 

I 

1293 
HAP7 
3C96 
755P 
3827 
0001 
1920 
C34C 
597C 
UA87 
4154 
960F 
84AF 
3PCF 
C34C 
AA6A 
2AU9 
HPPO 
1920 
52F8 
UPFH 
OAFA 
5H21 

I 

1293 
HAP7 
3C96 
755P 
3827 
0001 
1920 
C34C 
597C 
UA87 
4154 
960F 
84AF 
3PCF 
--
--
--
--
--

52F8 
UPFH 
OAFA 
5H21 

l 

l 

I 

I 

I 

I 

Model 1615A 

Signatures for DS-4 Setup C (Schematic 8.4) (Cont'd) 

Pin 
I Signature II AS Is Part No.: 

not 01615-66505 I 01615-66505 

A5U8-5 
A5U8-6 
A5U8-7 
A5U8-8 
A5U8-9 
A5U8-10 
A5U8-11 
A5U8-13 
A5U8-14 
A5U8-15 
A5U8-16 
A5U8-17 
A5U8-19 
A5U8-20 
A5U8-22 
A5U8-23 
A5U2-20 
A5U3-20 
A5U4-20 
A5U5-20 
A5U6-20 
A5U7-20 
A5U9-1 
A5U9-2 
A5U9-4 
A5U9-6 
A5U9-8 
A5U9-11 
A5U9-13 
A5U9-15 
A5U9-17 
A5U9-19 
A5U10-2 
A5U10-3 
A5U10-4 
A5U10-5 
A5U10-6 
A5U10-7 
A5U10-8 
A5U10-9 
A5U10-11 
A5U10-12 
A5U10-13 
A5U10-14 
A5U10-15 
A5Ul0-16 
A5Ul0-17 
A5U10-18 
A5U10-19 
A5Ull-1 
A5Ull-12 

A5Ull-17 I 
A5Ull-20 
A5Ull-23 
A5Ull-25 I 
A5Ull-26 

7F7F 
cc cc 
5555 
uuuu 
FA44 
1825 
31AO 
0209 
8200 
HlAl 
OU96 
P16U 
HPPO 
3PCF 
2H70 
HC89 

597C 
UA87 
4154 
960F 
84AF 
FPC5 
FA44 
1825 
31AO 
0209 
8200 
HlAl 
OU96 
P16U 
FPC4 
HPPO 
3827 
1293 
HAP7 
3C96 
755P 
2H70 
HC89 
HC89 
2H70 
755P 
3C96 
HAP7 
1293 
3827 
HPPO 
0001 
HPPO 
0000 
0001 (blinking) 
0001 
0001 
uuuu 
5555 

7F7F 
cccc 
5555 
uuuu 
FA44 
1825 
31AO 
0209 
8200 
HlAl 
OU96 
P16U 
HPPO 
3PCE 
2H70 
HC89 
C34C 
597C 
UA87 
4154 
960F 
84AF 
7HUU 
FA44 
1825 
31AO 
0209 
8200 
HlAl 
OU96 
P16U 
7HUP 
HPPO 
3827 
1293 
HAP7 
3C96 
755P 
2H70 
HC89 
HC89 
2H70 
755P 
3C96 
HAP7 
1293 
3827 
HPPO 
0001 
HPPO 
0000 
0001 (blinking) 
0001 
0001 
uuuu 
5555 



Signatures for DSA Setup C (Schematic BAJ (Cont'd) 
.--~~~~~~~S-lg_n_a-tu_r_e_lf_A_5~1s_P_a-rt-N~o.-:~--. ~l~~~~~-1~---S-lg_n_a-tu_r_e-if_A_S~is_P_a_rt_N_o_.-:~__, 

Pin not 01615-66505 01615-66505 Pin not 01615-66505 I 01615-66505 

I 

I 

A5Ull-27 CCCC 
A5Ull-29 7F7F 
A5Ull-30 5H21 
A5Ull-31 OAFA 
A5Ull-32 UPFH 
A5Ull-33 52F8 
A5Ull-34 HC89 
A5Ull-35 2H70 

A5Ull-361 755P 
A5Ull-37 HAP7 
A5Ull-38 3C96 
A5Ull-39 3827 
A5Ull-40 1293 
A5U12-1 0001 (blinking) 
A5U12-13 0001 (blinking) 
A5U13-1 755P 
A5U13-2 64HU 
A5U13-3 FPC5 
A5U13-4 FPC4 
A5U13-10 64HU 
A5U13-11 3827 
A5U23-2 uuuu 
A5U23-3 52F8 
A5U23-4 5555 
A5U23-5 UPFH 
A5U23-6 cc cc 
A5U23-7 OAFA 
A5U23-8 7F7F 
A5U23-9 5H21 

cc cc 
7F7F 
5H21 
OAFA 
UPFH 
52F8 
HC89 
2H70 
755P 
HAP7 
3C96 
3827 
1293 
0001 (blinking) 
0001 (blinking) 
755P 
64HU 
7HUU 
7HUP 
64HU 
3827 
uuuu 
52F8 
5555 
UPFH 
cccc 
OAFA 
7F7F 
5H21 

A5U23-11 5H21 5H21 
A5U23-12 7F7F 7F7F 
A5U23-131 OAFA OAFA 
A5U23·14 cccc cc cc 
A5U23·15 UPFH UPFH 
A5U23-16 5555 5555 
A5U23-17 52F8 52F8 
A5U23-18 uuuu uuuu 

I 

A5U23-19 0001 0001 
A5U24-1 0001 (blinking) 0001 (blinking) 
A5U24-13 0001 (blinking) 0001 (blinking) 
A5U25-1 0001 0001 
A5U25-2 0001 (blinking) 0001 (blinking) 
A5U25-3 0001 (blinking) 0001 (blinking) 
A5U25-4 0000 0000 
A5U25-5 755P 755P 
A5U25-6 0000 0000 
A5U25-8 FPC4 7HUP 
A5U25-9 64HU 64HU 
A5U25-10 AA6A 1920 
A5U25-11 3827 3827 
A5U25-12 3827 3827 
A5U25-13 0001 (blinking) 0001 (blinking) 
A5U26-1 0001 0001 
A5U26-2 0001 0001 
A5U26-3 0000 0000 
A5U26-8 FPC5 7HUU 
A5U26-9 FPC4 7HUP 
A5U26-10 0001 (blinking) 0001 (blinking) 

Model 1615A 

DSA SETUP D. 

1. Remove assembly A5 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A5 
and install A5 on the extender. Proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5Ul 1 if A5 part number is 01615-66505). 
'f'hl<> lQ arlrl><£H:>Q t'1t ~ 1 J; 

..&.. .&..&..Li..:J .Lio..)' '"4\,A.\,A..&.Vi.;;JO JJ.l.LI • .a...&.V• 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

d. Connect signature analyzer clock line to pin 18 
of A5Ull. This is the microprocessor WR line. 

NOTE 
DSA jumper on A5 remains in NM (normal) 
position in this DSA setup. 

3. Set up signature analyzer as follows: 

START .................................... I 
STOP ...................................... I 
CLOCK .............. ,, .................... I 

Signatures for DSA Setup D (Schematic BAJ 

Pin 

VH A5Ul-16 
A5Ul-l 
A5Ul-2 
A5Ul-3 
A5Ul-4 
A5Ul-5 
A5Ul-6 
A5Ul-7 
A5Ul-9 
A5Ul-10 
A5Ul-11 
A5Ul-12 
A5Ul-13 
A5Ul-14 
A5Ul-15 
l15U2-5* 
A5U2-7* 
A5U2-9* 
A5U2-10* 
A5U2-14* 
A5Ul0-2 
A5U10-3 
A5U10-4 
A5U10-5 
A5U10-6 
A5U10-7 

Signature 

0001 
1292 
HAP6 
3C97 
755P 
3826 
0001 
71H4 
H6F4 
7807 
2FF3 
PF2P 
8F14 
U81U 
7A71 
H6F4 
A711 
Ul21 
HP Pl 
71H4 
HP Pl 
3826 
1292 
HAP6 
3C97 
755P 

*Do not measure on A5 Part No. 01615-66505. 

Service 

Signatures for DSA Setup D (Schematic BA) (Cont'd) 

Pin 

A5Ul0-8 
A5Ul0-9 
A5U10-11 
A5U10-12 
A5U10-13 
A5U10-14 
A5U10-15 

A5U10-17 
A5Ul0-18 
A5U10-19 
A5Ull-1 
A5Ull-12 
A5Ull-18 
A5Ull-20 
A5Ull-23 
A5Ull-25 
A5Ull-26 
A5Ull-27 
A5Ull-29 
A5Ull-30 
A5Ull-31 
A5Ull-32 
A5Ull-33 
A5Ull-34 
A5Ull-35 
A5Ull-36 
A5Ull-37 
A5Ull-38 
A5Ull-39 
A5Ull-40 
A5U13-8 
A5U13-9 
A5U23-2 
A5U23-3 
A5U23-4 
A5U23-5 
A5U23-6 
A5U23-7 
A5U23-8 
A5U23-9 
A5U23-11 
A5U23-12 
A5U23-13 
A5U23-14 
A5U23-15 
A5U23-16 
A5U23-17 
A5U23-18 

A5U25-4 
A5U25-5 
A5U25-6 
A5U26-1 
A5U26-2 
A5U26-3 

Signature 

2H71 
HC88 
HC88 
2H71 
755P 
3C97 
HAP6 

3826 
HP Pl 
0001 
HP Pl 
0000 
0000 (blinking) 
0001 
0001 
UUUP 
5554 
CCCA 
7F7H 
5H20 
OAFC 
UPFF 
52FP 
HC88 
2H71 
755P 
HAP6 
3C97 
3826 
1292 
0001 (blinking) 
0000 (blinking) 
UUUP 
52F9 
5554 
UPFF 
CCCA 
OAF.C 
7F7H 
5H20 
5H20 
7F7H 
OAFC 
CCCA 
UPFF 
5554 
52F9 
UUUP 
0001 
0001 (blinking) 
755P 
755P 
0001 
0001 
0000 
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SERVICE SHEET 88 

PRINCIPLES OF OPERATION 

Keyboard Pulse and Control. In the quiescent state, Ql 
and Q2 are cut off. U35A is low. U22 is nonconducting. 
To read the keyboard, the microprocessor forces pin 6 of 
U36B low. This activates QI and Q2 to generate a 90-
milliampere pulse on the collector ofQ2 which is applied 
to the keyboard. Rl 7 and CS control the turn-on of Q2. 
The low from U35B also activates U22 to place the four 
lines of data from the keyboard on the data bus. 

The keys on the keyboard are divided into a matrix often 
columns of switches with four switches in each column. 
HABO through HAB3 are BCD coded to select one of the 
ten columns on the keyboard. The 90-milliampere pulse 
is connected through the four switches in the selected 
column. Each of the four switches drives a separate out
put line (HROWO through HROW3). With no key down, 
little coupling occurs between the pulse and the output 
lines. If a key is down, the associated output line 
(HH.OWO through HROW3) receives the current pulse. 
The microprocessor reads the output lines through U22. 
The exact key down is detected by decoding HABO 
through HAB3 and HlWWO through HROW3. 

When the microprocessor reads a key down, it sets 
HKYD (High Key Down) high through U40A, U41B, 
and H.S latch U35C and U35D. This changes the thresh
old, increasing the readability of the down key. HKYD is 
held high until the microprocessor reads all keys up. 
They it resets HKYD low again and searches for a new 
key down. 

Trigger Line. U33 and U34 are used during timing dia
gram presentation. They made up the counter that gen
erates the tic marks showing the location of the trigger 
word. U21 receives a count signifying the location of 
TC-COUNT, the trigger word in memory. This count is 
parallel loaded into U33 and U34 while the 1615A is 
presenting the channel number. The counter begins its 
count when display of the timing waveform starts. 
When the location of the trigger word is reached (termi
nal count), U34 generates HTLIN (a 150-ns pulse) which 
paints the trigger tic mark. 

Expand Indicator. The expand indicator intensifies a 24-
dot segment of a timing diagram during unexpanded 
displays. The 21-dot segment is the area that will be dis
played on screen during expanded \X 101 displays. U20 is 
loaded with a binary count signifying the location of the 
first dot in the expanded segment. The count in l.120 is 
parallel loaded into c:n and L':l2 when the 16L)A dis
plays the channel number in a timing diagram. 

U28 and U27 are normally in the terminal count state. 
Their high output is inverted through Ul8C to produce a 
low HEXPI (High Expand Indicator). 

When the 1615A begins displaying the timing wave
form, U31 and U32 count the display locations. When 
U32 reaches terminal count, U28 and U27 are parallel 
loaded to terminal count minus 24. They count 24 clocks 
and return to terminal count. During this 24-clock 
period, HEXPI is high, brightening the 24-dot segment 
on screen. 

Memory Dump and Control. Gate U39 supplies clocks to 
the 8-bit memory when the 1615A is displaying a timing 
diagram. The top AND gate in U39 is only active during 
retrace in magnified displays. During XlO retrace, 
PDCLK clocks U39 while LMACLD (Low Memory 
Address Counter Load) parallel loads the address of the 
starting point of display. After retrace, HHB2 switches 
low, disabling the gate. 

The next AND gate in U39 receives LSTD (Low Start 
Display) from the microprocessor. LSTD is low only 
when presenting a timing diagram. At all other times, 
LSTD is high, preventing clock generation. 

The third AND portion of U39 generates clocks to read 
the data in memory during Xl display magnification. 

The fourth AND portion of U39 generates memory-read 
clocks in XlO display. One of its inputs is decade counter 
U:38 which permits only one out of every ten PDCLK 
clocks to reach the 8-bit memory address counters. This 
provides the divide-by-ten function for magnification. 

U40B operates only during XlO display magnification. 
It generates LGLS (Low Glitch Set) one time for every 
ten PDCLK clocks. LGLS enables glitch display. U40B 
prevents displaying the same glitch more than one time 
on an expanded timing diagram. 

Display Control. U36 interfaces several channels from 
the microprocessor that are used in establishing the dis
play mode. U41A, along with U37C and U37D supply 
LMACLD (Low Memory Address Counter Load). It 
parallel loads the 8-bit memory address counter with the 
location of the first data bit to be displayed when show
ing a timing diagram. LMACLD is generated in timing 
diagram modes at the beginning of each raster line 
when 1615A presents a channel number. HSTD and 
LHB:.:l are used to disable LMACLD during a memorv 
write or after horizontal retrace blanking. - . 
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SIGNATURE ANAL YSiS FOR SCHEiViATiC 88. 

The signatures on this schematic are obtained by using 
DSA Setups A through D. The red letters on the sche-

DSA SETUP A. 

1. Remove assembly A5 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A5 
and install A5 on the extender board. Proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5Ul 
pin 15. 

d. Connect signature analyzer stop line to A5Ul 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ull if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

3. Set up signature analyzer as follows: 

START .................................... 1. 
STOP ...................................... S 
CLOCK .................................... 1.. 

Signatures for DSA Setup A (Schematic BB) 

Pin Signature Pin Signature 

VH A5Ul-16 C690 A5U21-18 FHPA 
A5U20-3 427H A5U22-3 FHPA 
A5U20-4 FA2P A5U22-5 57CA 
A5U20-7 C6P3 A5U22-7 08F5 
A5U20-8 C6P3 A5U22-9 AHA3 
A5U20-13 AHA3 A5U36-3 FHPA 
A5U20-14 08F5 A5U36-4 57CA 
A5U20-17 57CA A5U36-7 08F5 
A5U20-18 FHPA A5U36-8 AHA3 
A5U21-3 427H A5U36-13 C43H 
A5U21-4 FA2P A5U36-14 C6P3 
A5U2l!-7 C693 A5U36-17 FA2P 
A5U21-8 C43H A5U36-18 427H 
A5U21-13 AHA3 A5U40-2 C6P3 
A5U21-14 08F5 A5U41-13 C43H 
A5U21-17 57CA 
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matic signify the DSA setup to use when observing the 
signature on the adjacent IC pin. Setups and signatures 
are listed below. For further information, refer to TRO U
BLESHOOTIN G WITH SIGNATURE ANALYSIS at 
the beginning of this Section. 

DSA SETUP B (BO THROUGH 86). 

1. Remove assembly A5 and the extender board from 
the 1615A mainframe. Install the extender board in the 
connector for A5 and install A5 on the extender board. 
Set up A5 as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall jumper in SA terminals. 

c. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ull if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

2. Set up signature analyzer as follows: 

START .................................... 1. 
STOP ...................................... S 
CLOCK .................................... 1. 

3. To perform signature analysis of ROM 0 effects on 
components shown on schematic SB, proceed as follows: 

a. Connect signature analyzer start and stop lines 
to A5U8 pin 20 (chip select of ROM 0). 

b. Measure signatures of ROM 0 according to the 
table for DSA Setup BO. 

Signatures for DSA Setup BO (Schematic BB) 

Pin Signature Pin Signature 

VH A5Ul-16 7A70 A5U21-18 9UAF 
A5U20-3 60H2 A5U22-3 9UAF 
A5U20-4 OAA9 A5U22-5 UAHO 
A5U20-7 UOA6 A5U22-7 PFlP 
A5U20-8 HU39 A5U22-9 32F7 
A5U20-13 32F7 A5U36-3 9UAF 
A5U20-14 PFlP A5U36-4 UAHO 
A5U20-17 UAHO A5U36-7 PFlP 
A5U20-18 9UAF A5U36-8 32F7 
A5U21-3 60H2 A5U36-13 HU39 
A5U21-4 OAA9 

I 
A5U36-14 UOA6 

A5U21-7 UOA6 A5U36-17 OAA9 
A5U21-8 HU39 A5U36-18 60H2 
A5U21-13 32F7 A5U40-2 UOA6 
A5U21-14 PFlP A5U41-13 HU39 
A5U21-17 UAHO 
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I 

I 

4. To perform signature analysis of ROM 1 effects on 
components shown on schematic 8B, proceed as follows: 

a. Connect signature analyzer start and stop lines 
to A5U7 pin 20 (chip select of ROM 1). 

b. Measure signatures of ROM 1 according to the 
table for DSA Setup Bl. 

Signatures for DSA Setup Bl (Schematic BB) 

Pin I Signature I Pin I Signature I 
VH A5Ul-16 7A70 A5U21-18 U6H4 

A5U20-3 F97P A5U22-3 U6H4 
A5U20-4 9753 A5U22-5 20CU 
A5U20-7 AFPH A5U22-7 72U2 
A5U20-8 HF06 A5U22-9 2563 
A5U20-13 2563 A5U36-3 U6H4 
A5U20-14 72U2 A5U36-4 20CU 
A5U20-17 20CU A5U36-7 72U2 
A5U20-18 U6H4 A5U36-8 2563 
A5U21-3 F97P A5U36-13 HF06 
A5U21-4 9753 A5U36-14 AFPH 
A5U21-7 AFPH A5U36-17 9753 
A5U21-8 HF06 A5U36-18 F97P 
A5U21-13 2563 A5U40-2 AFPH 
A5U21-14 72U2 A5U41-13 HF06 
A5U21-17 20CU 

--

5. To perform signature analysis of ROM 2 effects on 
components shown on schematic 8B, proceed as follows: 

a. Connect signature analyzer start and stop lines 
to A5U6 pin 20 (chip select of ROM 2). 

b. Measure signatures of ROM 2 according to the 
table for DSA Setup B2. 

Signatures for DSA Setup B2 (Schematic BB) 

Pin 

VH A5Ul-16 
A5U20-3 
A5U20-4 
A5U20-7 
A5U20-8 
A5U20-13 
A5U20-14 
A5U20-17 
A5U20-18 
A5U21-3 
A5U21-4 I 
A5U21-7 
A5U21-8 
A5U21-13 
A5U21-14 
A5U21-17 

Signature 

7A70 
FFUH 
CUC6 
774F 
U55C 
U59A 
F434 
0758 
29UF 
FFUH 
CUC6 
774F 
U55C 
U59A 
F434 
0758 

Pin 

A5U21-18 
A5U22-3 
A5U22-5 
A5U22-7 
A5U22-9 
A5U36-3 
A5U36-4 
A5U36-7 
A5U36-8 
A5U36-13 
A5U36-14 I 
A5U36-17 
A5U36-18 
A5U40-2 
A5U41-13 

Signature 

29UF 
29UF 
0758 
F434 
U59A 
29UF 
0758 
F434 
U59A 
U55C 
774F 
CUC6 
FFUH 
774F 
U55C 

I 

I 
I 
I 

Service 

6. To perform signature anaiysis of ROM 3 effects on 
components shown on schematic 8B, proceed as follows: 

a. Connect signature analyzer start and stop lines 
to A5U5 pin 20 (chip select of ROM 3). 

b. Measure signatures of ROM 3 according to the 
table for DSA Setup B3. 

Signatures for DSA Setup B3 (Schematic BB) 

Pin I Signature I Pin I Signature I 
VH A5Ul-16 7A70 A5U21-18 I 81CC 

A5U20-3 HCP8 A5U22-3 81CC 
A5U20-4 A732 A5U22-5 UH2P 
A5U20-7 6U16 A5U22-7 CU43 
A5U20-8 9912 A5U22-9 59P8 
A5U20-13 59P8 A5U36-3 81CC 
A5U20-14 CU43 A5U36-4 UH2P 
A5U20-17 UH2P A5U36-7 CU43 
A5U20-18 81CC A5U36-8 59P8 
A5U21-3 HCP8 A5U36-13 9912 
A5U21-4 A732 A5U36-14 6U16 
A5U21-7 6U16 · A5U36-17 A732 
A5U21-8 9912 A5U36-18 HCP8 
A5U21-13 59P8 A5U40-2 6U16 
A5U21-14 CU43 A5U41-13 9912 
A5U21-17 UF2P 

7. To perform signature analysis of ROM 4 effects on 
components shown on schematic 8B, proceed as follows: 

a. Connect signature analyzer start and stop lines 
to A5U4 pin 20 (chip select of ROM 4). 

b. Measure signatures of ROM 4 according to the 
table for DSA Setup B4. 

Signatures for DSA Setup B4 (Schematic BB) 

Pin 

VH A5Ul-16 
A5U20-3 
A5U20-4 
A5U20-7 
A5U20-8 
A5U20-13 
A5U20-14 
A5U20-17 
A5U20-18 
A5U21-3 
A5U21-4 I 
A5U21-7 
A5U21-8 
A5U21-13 
A5U21-14 
A5U21-17 

Signature 

7A70 
4P43 
A5F5 
8957 
OHF4 
7HUO 
8FPP 
0572 
2135 
4P43 
A5F5 
8957 
OHF4 
7HUO 
8FPP 
0572 

I 
I 

Pin 

A5U21-18 
A5U22-3 
A5U22-5 
A5U22-7 
A5U22-9 
A5U36-3 
A5U36-4 
A5U36-7 
A5U36-8 
A5U36-13 
A5U36-14 I 
A5U36-17 
A5U36-18 
A5U40-2 
A5U41-13 

Signature 

2135 
2135 
0572 
8FPP 
7HUO 
2135 
0572 
8FPP 
7HUO 
OHF4 
8957 
85F5 
4P43 
8957 
OHF4 
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8. To perform signature analysis of ROM 5 effects on 
components shown on schematic 8B, proceed as follows: 

a. Connect signature analyzer start and stop lines 
to A5U3 pin 20 (chip select of ROM 5). 

b. Measure signatures of ROM 5 according to the 
table for DSA Setup B5. 

Signatures for DSA Setup B5 (Schematic BB) 

Pin Signature Pin Signature 

VH A5Ul-16 7A70 A5U21-18 UPUH 
A5U20-3 F4FH A5U22-3 UPUH 
A5U20-4 A740 A5U22-5 C92C 
A5U20-7 610A A5U22-7 5087 
A5U20-8 7PH2 A5U22-9 PC9P 
A5U20-13 PC9P A5U36-3 UPUH 
A5U20-14 5087 A5U36-4 C92C 
A5U20-17 C92C A5U36-7 5087 
A5U20-18 UPUH A5U36-8 PC9P 
A5U21-3 F4FH A5U36-13 7PH2 
A5U21-4 A740 A5U36-14 610A 
A5U21-7 610A A5U36-17 A740 I 

A5U21-8 7PH2 A5U36-18 F4FH 
A5U21-13 PC9P A5U40-2 610A 
A5U21-14 5087 A5U41-13 7PH2 
A5U21-l 7 C92C 
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9. To perform signature analysis of ROM 6 effects on 
components shown on schematic 8B, proceed as follows: 

a. Connect signature analyzer start and stop lines 
to A5U2 pin 20 (chip select of ROM 6). 

b. Measure signatures of ROM 6 according to the 
table for DSA Setup BS. 

Signatures for DSA Setup B6 (Schematic BB) 

Pin Signature Pin Signature 

VH A5Ul-16 7A70 A5U21-18 0486 
A5U20-3 FP53 A5U22-3 0486 
A5U20-4 FA71 A5U22-5 4525 
A5U20-7 040F A5U22-7 F125 
A5U20-8 1250 A5U22-9 6431 
A5U20-13 6431 A5U36-3 0486 
A5U20-14 F125 A5U36-4 4525 
A5U20-17 4525 A5U36-7 F125 
A5U20-18 0486 A5U36-8 6431 
A5U21-3 FP53 A5U36-13 1250 
A5U21-4 FA71 A5U36-14 040F 
A5U21-7 040F A5U36-17 FA71 
A5U21-8 1250 A5U36-18 FP53 
A5U21-13 6431 A5U40-2 040F 
A5U21-14 F125 A5U41-13 1250 
A5U21-17 4525 
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DSA SETUP C. 

1. Remove assembly A5 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A5 
and install A5 on the extender board. Proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5Ull if A5 part number is 01615-66505). 
This is the address bit A15. 

d. Connect signature analyzer stop line to same 
point as start line, step c above. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ull if A5 part number is 01615-66505). 
This is the DBIN line from the microprocessor. 

3. Set up signature analyzer as follows: 

START .................................... I 
STOP ...................... · ................ I 
CLOCK .................................... 1.. 

Signatures for DSA Setup C (Schematic BB) 

Pin Signature Pin Signature 

VH A5Ul-16 0001 A5U35-4 HC89 
A5U35-1 0001 A5U35-5 3827 
A5U35-2 HP5A A5U35-6 HP5A 
A5U35-3 HP5C 

Service 

DSA SETUP D. 

1. Remove assembly A5 and the extender board from 
ihe 1615A mainframe. 

2. Install the extender board in the connector for A5 
and install A5 on the extender board. Proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5Ull if A5 part number is 01615-66505). 
This is address bit A15. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

d. Connect signature analyzer clock line to pin 18 
of A5Ull. This is the microprocessor WR line. 

NOTE 

DSA jumper on A5 remains in NM (normal) 
position in this DSA setup. 

3. Set up signature analyzer as follows: 

START .................................... I 
STOP ...................................... I 
CLOCK .................................... I 

Signatures for DSA Setup D (Schematic BB) 

Pin I Signature I Pin I Signature I 
v 1.l ~t.J -.i v .l vu -.L I V 

A5U18-1 1292 A5U37-2 2H71 
A5U18-2 755P A5U37-3 OU55 
A5U18-3 PPOH A5U37-4 755P 
A5U18-4 755P A5U37-5 HAP6 
A5U18-5 HP Pl A5U37-6 0421 
A5U18-6 7639 A5U40-1 755P 
A5U20-11 7639 A5U40-4 UUUP 
A5U21-11 PPOH A5U41-1 UUUP 
A5U36-11 0421 A5U41-12 755P 
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SERVICE SHEET 9 

PRINCIPLES OF OPERATION 

Key Switches. The key switches are wired in a matrix of 
ten columns by four rows. Each switch has two 1-turn 
coils wrapped around a core. When a key is reiaxed (not 
pressed), a magnet within the switch is positioned so 
that its field saturates the core. The saturated core per
mits very little coupling between coils. When the key is 
pressed, the magnet is moved out of the core, allowing 
the core and windings to act as a transformer. 

Key Sensing. A 4-bit byte from the microprocessor 
(HABO through HAB3) is decoded by BCD-to-decimal 
decoder Ul. This grounds one column of switches, 
allowing the other nine columns to float. HKBR is a 90-
milliampere pulse from the keyboard control on assem
bly A5. It is applied to the switch column that is 
grounded through Ul. Then the 4-bit byte is incre
mented and Ul grounds the next column in sequence. 
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8080 )J...P 

CONTROL LINES 

ADDRESS BUS 

DATA BUS 

DATA 

If a key is down in the column grounded by Ul, flux is 
coupled from the primary to the secondary windings in 
the key switch. This activates the associated output 
integrator (U3B through U3E), causing it to produce a 
negative-going output pulse. 

A low output from any integrator sets the associated RS 
latch high. When the microprocessor detects a high 
from any latch (key down), it determines the key posi
tion by decoding the row indicated and the internal 
column count (4-bit byte). LKR (Low Key Reset) is a 
clock that continuously resets the RS latches. 

When the microprocessor detects a key down, it sets 
HKYD (High Key Down) high. This offsets the bias 
point of integrators U3B through U3E. The result of the 
bias shift is a translation downward of the quiescent 
output level of U3B through U3E. Now less total flux is 
required to maintain the negative-going integrator out
put pulse. The additional hysterisis introduced by 
HKYD prevents multiple readings of key switch entries. 
When all keys are read in the up position for one scan, 
HKYD is returned low. 
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Figure 8-53. Bloc,~ Diagram, Control Sectwn for Schernatic 9 

(9) E1 I I E1 (6) 
,... 0 ,... ,... 
(.) (.) 
I I 

G;J ~ [;] [;] 
GJ [;] [;] [;] 

Service 

BBBB 
BBBG 
BGBB 
EJEJEJ 
EJ EJ EJ I I 

~ 

8-100 

-R13-
-R1-

-C9-



Ul, flux is 
indings in 
ted output 
produce a 

ociatedRS 
:ts a high 
:! key posi
e internal 
Reset) is a 
s. 

,vn, it sets 
s the bias 
~sult of the 
quiescent 

Dtal flux is 
;srator out
>duced by 
ch entries. 
·one scan, 

(9) E1 I I E1 (6j .,... 0 .,... .,... 
(.) (.) 
I I 

[;;] [;] [;] [;] 

GJ GJ GJ GJ 

l I 

~ 
I I 

~ 
I I 

~ 
I I 

~ 

Service 

BBBB 
EJBGG 
~~~~ 

ls:l 
I I 

r:l 
I I 

ls:l 
I I 

ls:l 
I I 

EJEJEJB 

8-100 

Model 1615A 

-R13-
-R1-

-C9-

I I 

L:J 
I I 

~ 
f I 
I S36A I 

I I 

~ 

Figure 8-54. Keyboard Assembly AIO. Parts Identification 



Model 1615A 

I AID KEv80AR0<01s15-665101 --1 
P/OA'CW1 \.l------------------+-----------------;-------------------t-----------------r 

I 
__ _J,_

8
_ ~-- 1 

+ s v ~·1 ~16 § I ~ 2 

,1'~R1 :::: 12 13 "'114 I_l15 
90e9 J C 3 A 

l9J BCD TO DECIMAL DECODER U I 

os1 ~It ~~~uF L--o~v~,---------0~y'1.~2 ________ _,o~~3---------0~~~4--------~0;~s--------~0~c5~E---------~~~r1---------0~;r,s---------~~~rw---------~~~-,,----
~ ~Yj \!! I 

'" (' f ;:•":£6:, :· ~ '~' S26 S27 s21 S22 

3 5 2 4 

P/OAIOWI 17 

r 
( ----++---+---+-o -+ ~ +5V 

18 j + T c1 Tes Tc9 

+r : "J f '"' r0'"' J·""' 

fD 
se r 11 

I 
GNLD ~J 12-----

1 13 
S13 514 515 SIO 511 s•2 

A B c D E F 

S32 S31 S34 S29 530 S35 

-----tCURSOR r-- CURSOR i-- CURSOR t--- INTCLK t-- INTCLK t-- TRACE t--
<) 6 V FASTER SLOWER 

SW. TCt1 CONF,G.JRA- ON 

sw1-c~ F N AR'lANGAMENT 

D 
14 

S16 

x I--

S7 

ROLL t--

V 

Si7 Si8 Si9 

S20 S9 533 

• FIELD 1--
t--- SELECT CURSOR 

(> 

SS 

ROLL t--

0 

S36 S6 

DISP 
STOP I-- AT 

TRIG 

I 

I 

l 

y 

RI 2 
150 
vv 

R10 
150 
,/\/\ 

R4 
150 

'!\/' 

cs 
20 

--1~ 

U3C 

C4 
20 

-H 

U3B 

C5 

,. 5V . 

w 
+sv 

<~oo 

3 w 
+sv 

< R3 
;> 1000 

HROWI 

U2B 

I 

3 I 
I 

Service 

• I I 68 
I 

:~ ~ e•owz ( 
+sv ---=+----!" l ~9 ......-t--t-t--5 

U2C 

IC5 ON THIS SCHEMATIC I 
lRCT D ESlt:Le.:.f_A RT N...Q..I_!!!._FR PART N 0. I 

r Ul 1 1820-0491 1 SN74145 
• U2 ' 1820-1440 ' SN74LS279 

U3 '821-0002 CA3045 

14 

HROW3 
'5 ./ 

I .__.... U2D 1 '3 I 
I 

.)AFdS ON .,..hl5 SC.t-1£MATiC 

I I 
l. I 3 i '1 

RI 13 
51 36 
01 .3 

I 

I ,: SJPPc Y 

I 
:C"<F GJRA,. C"<S 

-s.~ ,·,2 

! ,w 
I \~. i I 

.,.,._,~_,,_,,_., _J 9 

Figure 8-55. 
Keyboard AlO Schematic 

8-101 



SERVICE SHEET 10A 

PRINCIPLES OF OPERATION 

Dot and Retrace Counters. The 8-bit dot counters (U9 and 
U23) generate all of the horizontal dot locations across 
the face of the CRT (dot 0 on the left and dot 255 on the 
right). At the end of a line (dot 255), the terminal count 
from U23 increments the line counter (U37 and U51) and 
parallel enables the retrace counter (U11 and UlO). 

The retrace counter leaves its normal terminal-count 
state, assumes count 1100 0000, and starts counting 
PDCLK (Positive D Clock) clocks. This is the CRT 
retrace period. During the retrace period, the dot counter 
is disabled by a low from the retrace counter, and paral
lel loaded to 0000 0000. At the end of the retrace period, 
the retrace counter latches at terminal count, the dot 
counter begins counting out the next line, and the cycle 
repeats. 

Vertical Presentation Control. The vertical area of the 
screen is divided into 255 horizontal raster lines. The 
line counter (U37 and U51), in conjunction with the ver
tical format ROM's (U50, U36, and U22), format the 
entire display. The 8-bit output from the line counters is 
decoded for each horizontal raster line in the vertical for
mat ROMs. Each line must be treated as a special case: 
some lines are used for blanking, some for alpha
numerics, some for either alphanumerics or timing dia
grams, etc. The ROM stores the format for each line and 
configures this information into twelve lines of binary 
data for the raster line being presented. 

Alphanumeric Displays. In alphanumeric presentations, 
each character is six dots wide by nine raster lines high. 
The sixth dot and the last two raster lines in each char
acter are blanked to provide spacing between characters 
and lines. 

The CRT face is divided into 800 character spaces, 40 
character spaces along each line by 20 character lines. 
The first line at the top of the CRT contains characters 0 
through 39, the next line contains characters 40 through 
79, etc. 

The character counters consist of U4 through U6. These 
count the 800 alphanumeric character spaces on the 
CRT face. During each horizontal sweep, they count up 
40 characters. During eight out of every nine retrace 
periods, they count back down 40 characters. During 
every ninth retrace period, the count-down input is dis
abled so that the following character count will begin on 
the next line of 40 character spaces. 

The character counters generate a 10-bit byte that 
addresses the display RAM. The same line of memory is 
addressed for each of the nine raster sweeps. Then the 
next line of memory is addressed for nine sv:eeps, etc. 
The vertical format- RO Ms select which raster line of the 

character will be representf~d during each of the nine 
sweeps. 

N AND gate U25B supplies the count-up clock to the 
character counters. When LHBl and LHB2 (Low Hori
zontal Blanking 1 and 2) are high, U25B connects 
NCHCLK (Negative-edge Character Clock) to the count
up inputs. During retrace, gates U12A and U 128 supply 
the clocks for the count-down inputs. 

Three binary outputs from the retrace counters are 
supplied to U12A. They are decoded to obtain exactly 39 
clocks from U12A during retrace. These 39 clocks, plus 
the terminal count pulse from the dot counters, are sup
plied through U12B to drive the count-down input of the 
character counters. These 40 pulses return the character 
counters to the beginning of the line. 

A high from VF2 (pin 10 of U50) is clocked through 
U38A to enable U12B during raster lines one through 
eight of each character. On the ninth raster line of each 
character, VF2 switches low and prevents transfer of 
the down-count clocks from U12A through U12B. 

Alphanumeric Display/Timing Diagram Selector. The 
alphanumeric/time switch consists of U39C, U52A, and 
U 46A. These switch logic levels which enable the alpha
numeric circuitry and the timing diagram circuitry. The 
alphanumeric circuitry generates the heading, channel 
numbers, and data lists. The timing diagram circuitry 
generates the traces used during timing diagram presen
tations. 

The HALPH, LALPH, and LALPH2, (High and Low 
Alphanumeric) signals will always be true, except in the 
CRT spaces where timing diagrams are permitted. In 
these spaces, VFO (pin 12 of U50) is high. When timing 
diagrams have been selected, HTIME (High Timing 
Diagram) is high. When both of these signals are high, 
U39C provides a low state to the D input ofU52A. This 
low switches the outputs of U52A and U46A to enable 
the timing diagram circuitry and disable the alpha
numeric circuitry. When alphanumeric presentations 
are selected, HTIME is low. When in areas of the CRT 
display reserved for alphanumeric presentations (such 
as the heading), VFO is low. Either low will force the 
alphanumeric/time switch to enable the alphanumeric 
circuitry and disable the timing-diagram circuitry. 

Horizontal Blanking. The horizontal blanking logic con
sists of U24 and U25. At the beginning of a trace, the ter
minal count of the retrace counters is high, and LHBl, 
LHB2, and LHB3 (Low Horizontal Blanking 1, 2, and 3) 
are all high. These three blanking signals are combined 
on U24 to generate a signal called HHB (High Horizon
tal Blanking) which is low. Any one of the LHBl, 2, or 3 
inputs can go lorl to generate HHB wThich blanks the 
CRT. 

Service 

The blanYjng for the alphanumeric part of the diagram 
occurs after dot 240. This point is detected by U24A 
which sets LHBl low. At count 255, the dot counters 
parallel enable the retrace counters and the terminal 
count of UlO is low, generating LHB2. LHB2 remains 
low for the horizontal retrace period. LHB2 maintains 
the HHB high to continue blanking, stops HHSY (High 
Horizontal Sync), and disables U25B to prevent 
NCHCLK (Negative Character Clock) from clocking the 
count-up input of the character counters. 

One PCLK6 clock later, LHB3 goes low. This sets the 
alphanumeric/time switch to alphanumeric and contin
ues the blanking of HHB from U24B. 

When the retrace counters reach terminal count, even 
though the dot counters are no longer parallel enabled, 
they can not function due to LHB3 which remains low 
until the next PCLK6 clock is received from the micro
processor. This additional clock period after retrace per
mits all functions to be synchronized with the 
microprocessor clock. When PCLK6 arrives, LHB3 goes 

low, HHB goes low, and the dot counters begin a new 
cycle. 

Horlzontal Sync/Power Supply Sync. U25C, along with 
U39B and U39D, generate HHSY (High Horizontal 
Sync) which is used on assembly A13 to control the 
horizontal deflection circuit, and as a 20-kHz sync sig
nal in the power supply. 

Gratlcule Generator. The graticule generator consists of 
U52B and U53. It is a divide-by-20 counter that operates 
only during timing diagram generation. During alpha
numeric presentations, U52B is cleared by a low LALPH 
which prevents operation. The graticule generator 
HG RAT (High Graticule) pulse occurs once every 20 dots 
during a timing diagram. U58B divides the NDCLK by 2 
and decade counter U53 makes ten counts to terminal 
count. At the beginning of each line, U53 is parallel 
enabled and loaded with a binary 9. On the first clock 
after enable (High or LALPH), it generates the first 
HGRAT pulse. Then it generates a new HGRAT pulse 
every 20 clocks thereafter. 

1615A HORIZONTAL TINING 
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HHB - Composite of LHBl, LHB2, and LHB3. 

HHSY - switches every half-sweep-cycle to control hori
zontal deflection in A13. 

HHB2 - activates a gate on the microprocessor board 
that is used oniy during retrace in XlO magnification 
modes. 
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SERVICE SHEET 108 

PRINCIPLES OF OPERATION. 

Data Selectors and RAM. Data selectors U15 through 
Ul 7 connect ten lines of address from either the micro
processor or character counters to the RAM (U28 
through U31 and U42 through U45). When HUPC <High 
Microprocessor Control) is high, the microprocessor 
addresses the RAM; when low, the character counters 
address the RAM. 

Alphanumeric Latch. Alphanumeric latch U26 receives 
the RAM outputs. The first six bits are the ASCII code 
for the alphanumeric character to be presented. The last 
two bits control the display format, selecting normal 
video, inverse video, and blinking video. 

Character ROM/Shift Register. The ASCII character 
code in U26 is supplied to Ul. Vertical format bits VF9 
through VFl 1 are decoded to select the particular raster 
line (0 through 6) of the character to be displayed. Ul 
parallel loads the proper binary information into U2 for 
the raster line to be presented. The U2 inputs that are 
tied low are used for blanking between characters. The 
raster-line data from Ul is parallel loaded into U2 when 
the shift/load input of U2 is low. This occurs when 
NDCLK is high and PDCLKl is low (time between char
acters). 

Alphanumeric Output Multiplexer. U3 consists of four 
AND gates NORed together. With all AND uutputi:; low, 
the NOR output is high. This brightens the CRT at the 
corresponding point. When any AND gate in U3 is high, 
pin 8 of U3 is low, blanking the corresponding point on 
the CRT. 

The top AND gate of U3 accepts the inputs for normal 
video. The next AND gate provides blanking when 
required by HHB (High Horizontal Blanking), The third 
AND gate accepts the inputs for inverse video. The bot
tom AND gate receives VFl from the vertical format 
ROM. This gate controls raster line blanking. HALPH 
(High Alphanumeric) enables U3 during alphanumeric 
displays and forces the output of U3 high during timing 
diagram displays. 

RAM Output Latches. Latches U27 and U41 are D latches 
with three-state outputs. Since Gl and G2 are low, the 
latches are always enabled. The 8-bit data from RAM 
are latched on every positive clock. Normally the latch 
outputs are in the high-impedance state. To place the 
latched information on the data bus, the microprocessor 
sets HREAD (High Read) high and LRAMA (Low RAM 
Address) low. This forces output control pins 1 and 2 
both low on U27 and U41. 

RAM Write Logic. When LRAMA is low, HWR (High 
Write) is high, and HRAMW (High RAM Write) is high, 
U47C enables the RAM WRITE terminals. This enters 
the data from the data bus into the RAM at the locations 
addressed by U15 through Cl I. 
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Model 1615A 

SIGNATURE ANALYSIS FOR SCHEMATIC 108. 

The signatures on this schematic are obtained by using 
DSA Setups A, C, and D. The red letters on the schematic 
signify the DSA setup to use when observing the signa
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 

DSA SETUP A. 

L Remove assembly A6 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A6, 
and install A6 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5Ul 
pin 15. 

d. Connect signature analyzer stop line to A5Ul 
pin 10. 

e. Connect signature analyzer dock line to A5TP8 
(use pin 17 of A5Ull if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 

START .................................... 1-
STOP ...................................... S 
CLOCK .................................... 1-

Signatures for DSA Setup A (Schematic JOB) 

Pin Signature Pin Signature j 
VH A6Ul-24 C690 A6U41-3 FHPA I 

A6U27-3 C43H A6U41-4 57CA 
I - -; .. -.- .. -:--•. - --

I A6U27-5 FA2P A6U41-6 AHA3 
A6U27-6 427H A6U42-ll AHA3 

A6U27 4 AbU41 b I Ul:S.rD 

A6U28-11 427H A6U43-ll 08F5 
A6U29-11 FA2P A6U44-ll 57CA 
A6U30-11 C6P3 A6U45-11 FHPA 
A6U31-11 C43H 

Service 

DSA SETUP C. 

1. Remove assembly A6 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A6, 
and install A6 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 
b. Find DSA jumper beside microprocessor. Re

move DSA jumper from NM (normal) terminalg and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5Ull if A5 part number is 01615-66505). 
This is address bit A15. 

d. Connect signature analyzer stop line to same 
point as start line, step c above. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ull if A5 part number is 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 

START .................................... S 
STOP ...................................... J 
CLOCK .................................... 1-

Signatures for DSA Setup C (Schematic JOB) 

Pin Signature 

VH A6Ul-24 0001 
A6U15-10 uuuu 
A6U15-13 5555 
A6U16-3 cc cc 
A6U16-6 7F7F 
A6U16-10 5H21 
A6U16-13 OAFA 
A6U17-3 UPFH 
A6U17-6 52F8 
A6U17-10 HC89 
A6U17-13 2H70 
A6U27-1 2AU9 
A6U27-1 1920* 
A6U27-1 P43A** 
A6U27-2 0000 (blinking) 
A6U41-1 2AU9 
A6U41-1 1920* 
A6U41-1 P43A** 
A6U41-2 0000 (blinking) 
A6U47-11 o A TTO 

-"'fiUO 

A6U47-11 1921* 
A6U47-11 P43C* 
A6U49-10 0000 (blinking) 
A6U49-11 0001 (blinking) 

*When A5 is 01615-66505 and HP-IB option not installed. 
**When A5 is 01615-66505 and HP-IB option is installed. 
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DsA SETUP D. 

1. Remove assembly A6 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A6, 
and install A6 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe aud proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5Ul 1 if A5 part number is 01615-66505). 
This is address bit A15. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

d. Connect signature analyzer clock line to pin 18 
of A5Ull. This is the microprocessor WR line. 

20-
MHZ 
osc 

POWER 
ON 

RESET 
-----RESET 

8080 JJ..P 

CONTROL LINES 

ADDRESS BUS 

DATA BUS 

DATA 

Model ltilbA 

4. Reinstall A5 in 1615A mainframe. 

NOTE 

DSA jumper on A5 remains in NM (normal) 
position in this test setup. 

5. Set up signature analyzer as follows: 

START .................................... I 
STOP ...................................... I 
CLOCK .................................... J 

Signatures for DSA Setup D (Schematic JOB) 

Pin 

VH A6Ul-24 

..UP 
PROGRAM 

ROMS 

A6U47-10 

Signature 

0001 
0001 (blinking) 

KEYBOARD 

Figure 8-60. Block Diagram, Control Section for Schematic JOB 
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SERVICE SHEET 10C 

PRINCIPLES OF OPERATION 

Data Multiplexer. Multiplexer U20 receives the data from 
the 8-bit data memory on A3. U21 receives the eight 
lines of glitch information from the glitch memory. U20 
is always active because its strobe (pin 7) is low. U21 is 
active only when LGL (Low Glitch) is low, glitch 
presentations are selected for the timing diagram. 

The timing diagram is normally presented with 
channel 0 in the first CRT location. The other channels 
are presented in sequence, with channel 7 in the last 
CRT location. The sequence of presentation is 
controlled by U19 and U33. It can be rearranged by the 
1615A operator through menu selection. For example, 
the operator may elect to display channel 4 in the first 
location, channel 6 in the second location, and blank the 
third location. These menu selections are entered into 
memory and loaded into U19 and U33 by the micro
processor. 

Before each run, RAM U19 is loaded with the numbered 
channel to be presented at each of the eight timing 
diagram locations. VF3 through VF5 from the vertical 
format ROM indicate the timing diagram location 
being addressed on the CRT. RAM U19 obtains the 
present location from U33 and selects the channel 
number to be presented according to the program from 
the microprocessor. The first three bits from U19 select 
one of the eight data and glitch channels in U20 and 
U21. The fourth bit from U19 blanks the timing 
diagram in channels that were turned off. An X is 
displayed in the channel number column beside each 
blanked timing diagram location. 

HSTD (High Start Timing Diagram) controls selection 
in U33. When HSTD is low, data bus inputs address 
locations in RAM U19 that contain the channel 
numbers. When HSTD is high, VF3 through VF5 select 
a data and glitch channel for the timing diagram. 

Data and Glitch Latches. The information from the data 
and glitch channel selected in U20 and U21 is latched 
into U8B and U32A by the PDCLK (Positive D Clock). 
The outputs from U8B and U32A are applied to display 
ROM U34 where they are interpreted as instantaneous 
data and glitch. USA and U32B latch this information 
on the next PDCLK. They supply their outputs to U34 
where they are interpreted as the previous two bits. 

Display ROM. The display ROM uses the present data 
and last data information to detect changes in levels 
(transitions). Vertical format bits VF6 through VF8 are 
decoded in U34 to identify each raster line in the timing 
diagram location being displayed. ROM U34 uses the 
above information to format the timing diagram. All 
points where the data are high have brightened dots on 
the top raster line. All points where the data are low 
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have brightened dots on the bottom raster line. All 
points which include transitions (changes from low to 
high or high to low) have brightened dots on each raster 
line. The last two raster lines in each timing diagram 
location are reserved for blanking between channels. 

Any time that U47B receives a low input, it deselects 
display ROM U34. The low input may come from 
several sources, depending upon the mode of operation. 
During alphanumeric displays, LALPH (Low Alpha
numeric Display) is low. The fourth bit from U19 is 
supplied to U47B to blank particular timing diagram 
locations. HSTD is low when the channel number is 
being written. This clears U46B which places a low on 
U47B. 

Outputs Dl (data) and D2 (glitch) from ROM U34 carry 
the information for the unexpanded (Xl) display mode. 
D3 and D4 are the outputs for the expanded (XlO) 
display mode. U48B gates the data information and 
U48A gates the glitch information from U34. Only one 
AND gate in U48A and U48B is enabled at one time. 
HXl (High Xl) and LXl (Low Xl) from the micro
processor make the selection according to display 
magnification selections made by the 1615A operator. 
When alphanumeric displays are being generated, 
U 48B is disabled by a low LALPH. In this case, U 48B 
provides a high output, enabling U7C to be controlled 
by HALPHVIDEO (High Alphanumeric Video) from 
the alphanumeric generator. 

Output Gating. U18A, U18B, and U18C control display 
brightness for each data and glitch bit and graticule 
line presented on the CRT. The three U18 gates are 
open-collector AND gates. When any U18 gate receives 
a low input, it draws current across its associated 
resistor, lowering the voltage in the video output. This 
brightens the corresponding point on the CRT. The 
different resistor values in the gates of U18 are chosen 
to provide different levels of brightness for data bits, 
graticule line bits, and glitch bits. 

U18B gates alphanumeric and timing-diagram data. It 
also gates the information for the trigger line tics when 
HTLIN (High Trigger Line) goes high during a timing 
diagram. 

U18C gates the graticule lines on timing diagrams. 
U49C blanks graticule dots that occur within the time 
segment where a data dot is presented. This prevents 
excessive brightening of a single dot. 

U18A gates glitch information and the expand 
indicator. It prevents double brightening when a glitch 
occurs within the brightened expand indicator. U47 A 
NO Rs the expand indicator with the data line to restrict 
the expand indicator to that part of the trace which also 
includes data. 
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Contrast R21 is adjusted for the best contrast between 
data, graticule, and glitch information. 

SIGNATURE ANALYSIS FOR SCHEMATIC 10C. 

The signatures on this schematic are obtained by using 
DSA Setups A and D. The red letters on the schematic. 

DSA SETUP A. 

1. Remove assembly A6 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A6, 
and install A6 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Find DSA jumper beside microprocessor. Re
move DSA jumper from NM (normal) terminals and 
reinstall it in the SA terminals. 

c. Connect signature analyzer start line to A5Ul 
pin 15. 

d. Connect signature analyzer stop line to A5Ul 
pin 10. 

e. Connect signature analyzer clock line to A5TP8 
(use pin 17 of A5Ull if A5 is part number 01615-66505). 
This is the DBIN line from the microprocessor. 

4. Reinstall A5 in 1615A mainframe. 

5. Set up signature analyzer as follows: 

START .................................... L 
STOP ...................................... S 
CLOCK .................................... L 

Signatures for DSA Setup A (Schematic lOC) 

Pin J Signature Pin Signature 

VH A6Ul-24 I C690 VH A6U19-12 AHAS 
A6U19-4 FHPA A6U33-2 C43H 
A6U19-6 57CA A6U33-5 C6P3 
A6U19-10 I 08F5 A6U33-11 j FA2P 
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'T'l-u> HV~V fH1uh Vi:>rt1"~l ~vnr) nnl~i:> 1~ O'Pni:>r~t.P.rt on ................ -- ............... , .......... o ... - · ------- -J---, r---- -- o---------- ---
assembly A6. It is supplied to display driver A13 where 
it initiates vertical sweep. 

signify the DSA setup to use when observing the signa
ture on the adjacent IC pin. Setups and signatures are 
listed below. For further information, refer to TROUBLE
SHOOTING WITH SIGNATURE ANALYSIS at the 
beginning of this Section. 

DSA SETUP D. 

1. Remove assembly A6 and the extender board from 
the 1615A mainframe. 

2. Install the extender board in the connector for A6, 
and install A6 on the extender. 

3. Remove microprocessor board A5 from the 1615A 
mainframe and proceed as follows: 

a. Remove A5U12 and A5U24. 

b. Connect signature analyzer start line to A5TP9 
(use pin 36 of A5Ull if A5 part number is 01615-66505). 
This is address bit Al5. 

c. Connect signature analyzer stop line to same 
point as start line, step b above. 

d. Connect signature analyzer clock line to pin 18 
of A5U11. This is the microprocessor WR line. 

4. Reinstall A5 in 1615A mainframe. 

NOTE 

DSA jumper on A5 remains in NM (normal) 
position in this test setup. 

5. Set up signature analyzer as follows: 

START .................................... J 
STOP ...................................... _f 
CLOCK .................................... _r 

Signatures for DSA Setup D (Schematic lOC) 

Pin 

VH A6Ul-24 
A6U7-1 

Signature 

0001 
755P 
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Figure 8-63. 
Timing and Video Logic (PIO A6) Schematic 
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