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SECTION

Section I

GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. The Model 3490A Muitimeter makes ac voltage, dc
voltage, and resistance measurements with 5-digit resolu-
tion. It is capable of overrange measurements up to
120 % of range on all except the 1000 V ac and dc
ranges. Polarity selection and display are automatic.
Range selection is manual or automatic over all ranges
on all functions. Options are available to provide data
output, remote programming, sample-and-hold measure-
ments, and ratio measurements.

1-3. This manual contains installation and operating
“Instructions as well as maintenance information for the
Model 3490A Multimeter. Instrument specifications and
procedures for verifying proper operation are included.
Procedures are also included for adjusting the instrument
to its performarice specifications. Schematic diagrams,
the theory of operation, and troubleshooting informa-
tion are provided for use in maintaining the instrument.

14. This section of the manual contains the perfor-
mance specifications for the Model 3490A and lists the
available options. It also lists the accessories supplied
with the Model 3490A and additional accessories that
are available. Instrument and manual identification infor-
mation is also included.

1-5. SPECIFICATIONS.

1-6. Table 1-1 is a complete list of the Model 3490A
critical specifications that are controlled by tolerances.

Table 1-2 contains general information that describes the .

operating characteristics of the Model 3490A.

1-7. Any change in the specifications due to manufac-
turing, design, or traceability to the U.S. National
Bureau of Standards will be listed on a manual change
sheet included with this manual. The manual and manual
change sheet supersede all previous information concern-
ing specifications of the 3490A.

1-8. OPTIONS.

1-9. The following options are available to extend the
usefulness of the Model 3490A:

Option 020: BCD/Remote Expand

Option 021: Isolated Data Output (BCD)

Option 022: Isolated Remote Control
(Options 021 and 022 require
Option 020)

Option 030: General Purpose Interface Bus 1/0
(GPIB)

Option 040 or 045: Sample-and-Hold

Option 050: 3490A designed for operation on 50 Hz
power source

Option 060: 3490A designed for operation on 60 Hz
power source

Option 080: Ratio

1-10. ACCESSORIES SUPPLIED.

1-11. The following accessories are supplied with the
Model 3490A and its option as shown.

Supplied with all instruments:

Rack Mount Kit 03490-84401

PC Extender (2 x 18) 5060-5983
Supplied with Option 020:
Rear input cable 03490-61612
36-pin connector
(mates with Remote connector, J7) 12510084

50-pin connector
(mates with Data Output connector, J6) 1251-0086 ,
Remote Jumper Assembly, A4 03490-66504

PC Extender (2 x 22) 5060-0630
Supplied with Option 030:
14-pin connector
(mates with Trigger connector, J11) 1251-0142
Remote Jumper Assembly, A4 03490-66504
Rear input cable 03490-61612
PC Extender (2 x 22) 5060-0630
Supplied with Option 040:
S/H Analog Jumper Assembly, A24 03490-66524
- < S/H Logic Jumper Assembly, A25 03490-66525
PC Extender (2 x 10) 5060-6032
Supplied with Option 045:
S/H Analog Jumper Assembly, A24 03490-66524
S/H Logic Jumper Assembly, A25 03490-66525
PC Extender (2x 10) 5060-6032
14-pin connector
(mates with Trigger connector, J11) 12510142
Supplied with Option 080:
Ratio Jumper Assembly, A26 03490-66526
PC Extender (2 x 10) 5060-6032

1-12. ACCESSORIES AVAILABLE.

1-13. Several accessories are available for use with the
Model 3490A. A service video tape, Product No. 90030C
Option 705, will demonstrate use of self-test and front
panel symptoms to isolate failures. The -hp- 11126A
accessory provides a set of IC reference boards with

1-1



Section I

most of the 3490A logic IC’s for use with the -hp-
10529A Logic Comparator. Using these boards with the
Logic Comparator, a faulty IC can be isolated in seconds
without removing it from the circuit. A spare parts set,
-hp- 11127A, is available for the 3490A. This set
contains the most critical components of the 3490A
such as integrated circuits, transistors and reed relays.
Three interface cables are available for the GPIB Option
030. These cables are identical except for length.

10631A Interface cable, 3 ft.
10631B Interface cable, 6 ft.
10631C Interface cable, 12 ft.

A GPIB Repair Kit, -hp- Part No. 03490-80009, is
available for troubleshooting the General Purpose Inter-
face Bus I/O circuits. Also available is a cable, Product
No. 562A-16C, for use with Option 021 and -hp- 5050B
or 5055A Printers. Field installable Options 021 and 022
for units with Option 020 are available by accessory
numbers 11121A and 11122A respectively.

Model 3490A

1-14. INSTRUMENT AND MANUAL IDENTIFICA-
TION.

1-15. Instrument identification by serial number is
located on the rear panel. Hewlett-Packard uses a
two-section serial number consisting of a four-digit
prefix and a five-digit suffix separated by a letter
designating the country in which the instrument was
manufactured. (A =USA,; G=West Germany;
J = Japan; U = United Kingdom.)

1-16. This manual applies to instruments with the serial
numbers indicated on the title page. If changes have
been made in the instrument since this manual was
printed, a “Manual Changes” supplement supplied with
the manual will define these changes. Be sure to record
these changes in your manual. Backdating information in
Section VIII adapts the manual to instruments with
serial numbers lower than that shown on the title page.
Part numbers for the manual and the microfiche copy of
the manual are also shown on the title page.
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Model 3490A Section I
Table 1-1. Specifications.
DC VOLTAGE Tempe(;'?ture Coefficit:nt (o‘;0 C to 50°C)h: *(0.002% of
Full-Range Display: + .100000 V £ 100,000 V reading + 0.001 % of range)/° C
+ ;ooggggx + 1000.00 V Voltage Coefficient (1000 V range): Add 0.01 PpPm per Volit/
+10.

Overrange: 20 % on all ranges except 1000 V range
Accuracy: * (% of reading + % of range)

.1V Range 1V - 1000 V Ranges

24 hours + (0.005 + 0.001) + (0.004 + 0.001)
{23°¢c + 1°¢)

30 days + (0.01 +0.005) + (0.008 + 0.002)
(23°C £ 59¢)

90 days + (0.01 +0.005) +(0.01 +0.002)
(23°C +£5°¢C)

6 months + (0.013 4+ 0.005) + (0.013 + 0.002)
{23°C x59¢C)

1 year + (0.015 + 0.005) + (0.015 + 0.002)
{23° C £ 5° C)

Temperature Coefficient (0° C to 50° C):

0.1V Range: % (0.001% of reading +0.0007 % of
range)/° C
1V through 1000V Ranges: * (0.001% of reading

+0.0003 % of range)/° C
Voltage Coefficient (1000 V range): Add 0.04 ppm/volt 10 % of
reading.
Effective Common-Mode Rejection (with 1 kQ imbalance in
_ aither lead):
AC:
Option 050 (50 Hz power frequency): > 140dB at
50Hz + 0.1 %
Option 060 (60 Hz power frequency): > 140dB at
60 Hz + 0.1 %
DC: > 140dB
AC Normal-Mode Rejection:
Option 050 (50 Hz power frequency): >50dB at 50 Hz
$01%
Option 060 (60 Hz power frequency): >50dB at 60 Hz
+01%
Input Resistance:
0.1 V through 10 V ranges (< 70% R.H.): >2 x 1010 o
100 V and 1000 V ranges: 10 M + 0.15 %

Overrange: 20 % on all ranges except 1000 V range

Frequency Range: 20 Hz to 250 kHz {Guard shorted to Low),
10 maximum Volt-Hertz product

Accuracy: + (% of reading + % of range)

Input levels above 1 % of range
Guard must be connected to Low

20 Hz 50 Hz 100 kHz* 250 kHz

24 hours 032+005 |[0.09+0025 | 07 +0.06
(23°C +19¢)

30 days 0.35+0.05 |0.1 +0.025 | 0.75+0.06
(23°C £ 59 ()

90 days 035+006 |01 +0.025 | 0.75 +0.06
(23°C + 59 ¢)

6 months 04 +0.06 | 0.1 +003 0.75 + 0.07
(23°C 2+ 59 )

1 year 045+0.07 {0.12+0.035 | 0.75+0.08
(23°C + 5% ¢)

* Frequencies greater than 100 kHz specified on 1V and
10 V ranges only.

kHz to % of reading
Input Impedance:

2 MR * 1 % shunted by:
< 65 pF without rear input terminal
< 90 pF with rear input terminal

OHMS
Full-Range Display:

-100000 k2
1.00000 k2
10.0000 k2
100.000 k2
1000.00 k2
10000.0 k2

Overrange: 20 % on all ranges

Accuracy: * (% of reading + % of range)

k9 1kS2- 100 k02 1000 k2 10,000 k2
Range Range Range Range
24 hours 0.006 + 0.001 0.005 + 0,001 0.007 + 0.001 0.025 + 0.001
(239C +1°9¢)
30 days 0.012 + 0.005 0.01 +0.002 0.012 + 0.002 0.035 +0.002
(23°C ¢+ 59¢)
90 days 0.012 + 0.005 0.012 + 0.002 0.015 + 0.002 0.035 + 0.002
(23°Cc 2 5°¢)
6 months 0.015 + 0.005 0.015 + 0.002 0.02" +0.002 004 +0.002
(23°Cc + 52 ¢)-
1 year 0.018 + 0.005 0.018 + 0.002 0.025 + 0.002 0.05 +0.002
23°C 2 59 ¢)

AC VOLTAGE
Full-Range Display: 1.00000 V e
10.0000 V
100.000 vV
1000.00 vV

Temperature Coefficient (0% C to 50° C):

0.1 k2 range: * (0.001 % of
range)/° C

1 k2 through 10,000 k2 ranges {< 70% R.H. on 1000 k2
and 10,000 kS ranges): + {0.001% of reading + 0.0003%
of range)/°C

DATA OUTPUT (Option 021)

BCD 1-24-8, High true or Low true logic code, selectable by
internal switch

reading +0.0007 % of

I ) High Level Low Level
Input +39V 15V, |+03V +03 V,
Signals { 100 uA max. 2 mA max.
Output (+39V +15 V, | +03V 03V,
Signals | 400 A max. 15 mA max,

REMOTE CONTROL (Option 022)

Remote programming of range and function uses High true logic

code,
High Level Low Level
Input +39V 15V, [+03v =03 V,
Signals | 100 uA max. or 2 mA max., or
open circuit contact closure
to ground
through < 300
Output |+39V £15 V, | +03V +03 v,
Signals | 400 pA max. 15 mA max,
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Model 3490A

Table 1-1. Specifications (Cont'd).

RATIO (Option 080)

Ratio Measurement Input Configuration:
3 wire; External Reference Low is common with Input Low.
External Reference High may be positive or negative with
respect to Low. Input
Ratio= ———
Ext. Ref.

External Reference Input Resistance: > 107 Q

DC/DC Measurement Accuracy:
+ (A% of Reading + B% of Input Range +

Ext. Ref. Range

Ext. Ref. Voltage

-
External Reference Ranges:
1V: t01Vto+12V
M0V: +1Vto £12V
{1 V range should be used for greater accuracy if the Ext. Ref.
voltage is between 1 Vand 1.2 V.

Input Ranges:
DC: 0.1 V to 1000V
AC: 1V to 1000V

x C% of Input Range}

Input Range
AV 1Vv,10V 100 V, 1000 V
Ext. Ref.
Range A B Cc A B Cc A B o4

24 hours (23 C+1 C) 10V 003 .001 .002 .002 .001 .002 .003 .00t .002
1V 003 .002 .002 002 .002 .002 005 .003 .002

30 days (23°C * SOC) v 007 .005 .002 .002 .003 .002 005 .003 .002
1V 008 .015 .003 003 .012 .003 006 .012 003

90 days (23°C + 5°C) 10V 007 .005 .002 .002 .003 .002 006 .003 .002
1V .008 .015 .003 .003 .012 .003 007 .012 .003

6 months (23°C + 5°C) 10V 007 .005 .002 .002 .003 .002 .007 .003 .002
1V 008 .015 .003 .003 .012 003 .008 .012 .003

1 year (23°C + 5°C) 0V 007 .005 .002 .003 .003 .002 .008 .003 .002
1V .008 .015 .004 004 012 .004 009 .012 .004

Notes:
1. On the 1000 V range, add 0.04 PPM/volt to the % of reading specification.
2. EMF's generated external to the 3490A may be compensated to achieve the % of range
accuracy specified by utilizing the rear panel Thermal Adjust provided.
DC/DC Temperature Coefficient:
+ (% of Reading + % of Input Range)/ C
Input Range
Ext. Ref.
Range AV 1V, 10V 100V, 1000 V
oV + {0.0003 + 0.0007) + (0.0001 + 0.0004) + (0.0005 + 0.0004)
1V + (0.0004 + 0.002) + (0.0002 + 0.002) + (0.0006 + 0.002)

DC/DC Measurement Accuracy Example:
Input Voltage = 0.5 V; {nput Range=1V
Ext. Ref. Voitage = 0.5 V; Ext. Ref. Range =1V
30 day spec. = + (0.003% of Reading + 0.012% of Input Range
Ext. Ref. Range
+ ——————————  x 0.003% of Input Range)
Ext. Ref. Voltage

Ratio Reading should be 1.00000

0.003% of Reading = 3 counts
0.012% of Input Range =12 counts
; \\i x 0.003% of Input Range= 6 counts

Total error tolerance = 21 counts

Display should be 0.99979 to 1.00021

AC/DC Measurement Accuracy:
10 V Ext. Ref. Range: Same as AC Voltage accuracy
1 V Ext. Ref. Range o
24 hours (23 cC=x1 C) Same as AC Voltage accuracy
30 days to 1 year (23 Ct5 C) Add 0.01 to % of Range
AC Voltage accuracy
{See Table 1-1 of main 3490A manual.)

AC/DC Temperature Coefficient:
10V Ext. Ref. Range: Same as AC Voitage temperature
coefficient
1 V Ext. Ref. Range: Add 0.001 to % of Range in AC Voltage
temperature coefficient specification
(See Table 1-1 of main 3480A manual.)




Model 3490A

Section I

Table 1-1. Specifications (Cont'd.)

SAMPLE/HOLD (Option 040/045)

Full-range Display:

+ 1,0000 V

+ 10.000 V Sample/Hold measurement display is 4 full
+100.00 V digits plus overrange 1",

+ 1000.0 V

Overrange: 20 % on all ranges except 1000 V range.

Sample/Hold Measurement Accuracy (DC function, 1 V through
1000 V ranges):

+ (% of reading + % of range)

24 hours (23% C + 19 C) + {0.01 + 0.015)

" 30°days (23° C + 5° C) + (0.01 + 0.015)

90 days {23° C + 5° C) + (0.01 + 0.015)

6 months (23° C + 5° C) + (0.02 + 0.015)
+

1 year (23° C + 5° ) (0.02 + 0.015)

Temperature Coefficient (0°C to 50°C): + (0.002 % of
reading + 0.001 % of range/® C}.

Table 1-2. General Information.

Maximum Input Voltages:

Between Input High and Low: + 1000 Vrms (+ 1500 V peak)
Between either Low terminal and Guard: + 200 V

Between Guard and Chassis:- + 500 V

Between £2 Signal High and Low: * 250 Vrms

Range Selection: Manual, automatic, or Remote {Optional)

Maximum Reading Rate (Minimum Sample Period* Per Reading):

Function Option 050 Option 060
DC Voilts 2402 ms +5 ms 2001 ms+4 ms
AC Volts 1.26s + .025s 1.05s + .025s
Ohms
1kto
100 k 2402 ms +5ms 2001 ms+4 ms
1,000 k 3002ms+6ms 2501 ms+5ms
10,000 k 660.3 ms + 12 ms 550.2 ms + 10 ms

*Sample Rate Control set to FAST position and instrument
not in overload.

Response Time (to within rated accuracy for a step input applied
coincident with encode trigger):
DC Volts: < 200 ms
AC Volts: < 1 second
Ohms:
0.1 k to 100 k ranges: < 200 ms
1000 k range: < 250 ms

Ohms Terminal Characteristics:

Maximum voltage across unknown resistance:
25 V in overload
13 V for valid reading
Nominal current through unknown resistance:
0.1 kto 10 k ranges: 1 mA
100 k and 1000 k ranges: 10 uA
10,000 k range: 1 uA
Overload protection:
Non-destructive: + 250 v
Fuse destructive: + 1000 V

Power Requirements:

100V, 120V, 220 V,0r 240 V (+ 5 %, - 10 %); 48 Hz to 440 Hz
Power Consumption: <60 VA with all options
Environmental Characteristics:

Operating Temperature: 0° C to 50° C

Humidity Range: < 95 % relative humidity, 0° C to 40° C
Storage Temperature: - 20° C to + 75° C

10,000 k range: < 550 ms

GENERAL PURPOSE INTERFACE BUS LOGIC LEVELS

All lines are LOW true except HRFD and HDAC, which are
HIGH true.

Input Signals: .
Each input line is terminated with 3 k{0 + 5 V and 6.2 k2
to ground, and one TTL load.

Output Signals:
Each output can drive 15 -GPIB loads. The output is an
open-collector driver capable of sinking 48 mA at 0.4 V
out.

GENERAL PURPOSE INTERFACE BUS (outguard) ground is
isolated from inguard circuit common (input Low terminal)
and chassis {power line) ground and may be floated a
maximum of 40 V above chassis.

SAMPLE/HOLD
Acquisition Time (Settling time for a full-range step input):

Maximum Acquisition Time to

Range within 0.01 % of Final Value
1V 512 ps
v 128 us
100V 512 us
1000 V 128 us

Aperture Time {Delay between the time a Sample/Hold Trigger
' command is received and the time Amplifier A enters the
Hold mode):

Track/Hold: < 400 ns (typically 220 ns); cycle-to-cycle vari-
ation < + 10 ns.

Acquire/Hold:

Option 050 Option 060
1V, 100 V ranges 615 us £ 400 ns 5126 us + 400 ns
10V, 1000 Vranges 154 us + 400 ns 128.4 us + 400 ns

Sample/Hold Trigger Inputs:

Sample/Hold TTL Trigger (dc coupled): Input must go from
HIGH (>+2.4 V) to LOW (<+ 0.4 V) for at least 30 ns.
Signal must be HIGH at least 600 us prior to going LOW,
Must be capable of sinking 1 mA.

Sample/Hold AC Trigger (ac coupled): Negative-going leading
edge of a pulse at least 30 ns wide and having an
amplitude of 2 V to 200 V. Signal must be stable at least
2 ps prior to negative-going transition.

1-5



Section 1

Model 3490A

Table 1-2. General Information {Cont’d.)

SAMPLE HOLD (CONT'D)

Sample/Hold AC Characteristics:

Maximum rate of change of input voltage to maintain
tracking:
2.5 % of range/us on the 10 V and 1000 V ranges.
5 % of range/us on the 1 V and 100 V ranges.

Maximum dV/dt during digitization: 50 V/us

Minimum + 3dB Bandwidth (external input terminals to
Sample/Hold ampilifiers):

Range + 3 dB Frequency
1V 20 kHz
0V 40 kHz
100 VvV 15 kHz
1000V 20 kHz

Time Response Characteristics:
The time response of Sample/Hold for any input wave-
form can be approximated by the equation:

dVin
Vs = Vin + Ky

dt

Similarly, the input waveform can be reconstructed from
measured data by the equation:

dVg/H
dt

Vin = Vg - Ky

Where:

VS/H = Displayed Sample/Hold measurement.

Vjn = 3490A input voltage.

dVin ~
T = Slope of any portion of an input waveforiit.

ih

dVg/H . o
=Slope of signal as measured in increments
dt small enough that the waveform between
measurement points approaches or achieves
linearity.

range is as follows.

Range Typical Velocity Factor
1V -10 us
10V - 2us
100V - 3us
1000 V + 7 us

RATIO

Range Selection:
External Reference Range: Manual
Input Range: Manual, automatic, or remote (optional)

Ratio Display:
1 V Ext. Ref. Range: Read ratio directly
10 V Ext. Ref. Range: Multiply display by 0.1

Polarity Display {automatic):
+ for +DC/+DC or -DC/-DC
-for +DC/-DC or -DC/+DC
No polarity display for AC/DC

Ratio Measurement Capability:
Maximum Input Voltage: 1000 Vrms
Maximum Reading Rate:
DC/DC: Same as for dc voltage measurements
AC/DC: Same as for ac voltage measurements
Input Protection: 250 Vrms (+ 400 V peak) continuous
Environmental Requirements:

0.C t0 40_C, < 95% relative humidity \
"0 C to 50 C maximum operating temperature range

1-6

Ky = Velocity factor. The typical factor for each

Maximum Numerical Display: 120000 on any Input range
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SECTION 11
INSTALLATION AND INTERFACE

Section 1I

2-1. INTRODUCTION.

2-2. This section contains information and instructions
necessary for installing and interfacing the Model 3490A
Multimeter. Included are initial inspection procedures,
power and grounding requirements, environmental infor-
mation, installation instructions, interconnection pro-
cedures, and instructions for repackaging for shipment.

2-3. INITIAL INSPECTION.

2-4. This instrument was carefully inspected both me-
chanically and electrically before shipment. It should be
free of mars or scratches and in perfect electrical order
upon receipt. To confirm this, the instrument should be
inspected for physical damage incurred in transit. If the
instrument was damaged in transit, file a claim with the
carrier.. Check for supplied accessories (Paragraph 1-10)
and test the electrical performance of the instrument
using the performance test procedures outlined in
Section V. If there is damage or deficiency, see the
warranty in the front of this manual.

2-5. POWER REQUIREMENTS.

2-6. The Model 3490A can be operated from any power
source supplying 100V, 120V, 220V or 240 V(- 10 %
+5 %), 48 Hz to 440 Hz. Power dissipation is 60 VA
maximum. Refer to Paragraph 3-18 (Section III) for
instrument turn-on procedure.

2-7. Before connecting ac power to the 3490A, make
sure the rear panel line selector switches are set to
correspond to the voltage of the available power line as
shown in Figure 2-1. Also, be sure the proper fuse is
installed.

2-8. POWER CORDS AND RECEPTACLES.

2-9. Figure 2-2 illustrates the standard configurations
used for -hp- power cords. The -hp- part number directly
above each drawing is the part number for an instrument
power cord equipped with a connector of that configura-
tion. If the appropriate power cord is not included with
the instrument, notify the nearest -hp- Sales and Service
Office and a replacement cord will be provided.

2-10. GROUNDING REQUIREMENTS.

2-11. To protect operating personnel, the National
Electrical Manufacturer’s Association (NEMA) recom-
mends that the instrument panel and cabinet be ground-
ed. The Model 3490A is equipped with a three con-
ductor power cable which, when plugged into an

100V 100V
1 20V: 120V:
240V 240V
220V 220V

100 Voits 120 Volts
100V 100V
120V 120V
240V 240V
220V " 220V
220 Volis 240 Volts
STO -B-3448
NOMINAL OPERATING RANGE FUSE
VOLTAGE -10%, + 5% of nominal
100 volits 90 to 105 volts 10A
120 volts 108 to 126 volts 10A
220 volts 198 to 231 volts 05A
240 voits 216 to 252 voits 05 A

Figure 2-1. Line Voltage Selection.

appropriate receptacle, grounds the instrument. The
offset pin on the power plug is the ground connection.

2-12. To preserve the protection feature when operating
the instrument from a two-contact outlet, use a three-
contact to two-contact adapter and connect the wire on
the adapter to power-line ground.

2-13. The 3490A power cord, power input receptacle
and mating connectors meet the safety standards set
forth by the International Electrotechnical Commission

AIEC).

-~ 2-14. ENVIRONMENTAL REQUIREMENTS.
©2-15. The Model 3490A requires no special cooling

equipment if the instrument is mounted to allow free
flow of air around all surfaces. The instrument may be
operated where the ambient temperature is between
0°C and 40° C and the relative humidity is less than
95 %. The instrument may be stored at temperatures
between - 20° C and + 75° C.

8120-1689 8120-1369 8120-1351 8120-1348

STD -B-2878

Figure 2-2. Power Cord Configurations.

2-1
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2-16. INSTALLATION.
2-11. Bench Use.

2-18. The Model 3490A is shipped with plastic feet and
tilt stand in place, ready for use as a bench instrument.
The front of the instrument may be elevated for
convenience of operating and viewing by lowering the
tilt stand. The plastic feet are shaped to permit placing
the instrument on top of other full-module Hewlett-
Packard instruments.

2-19. Rack Mounting.

2-20. The Model 3490A may be rack mounted using the
rack mount kit (-hp- 03490-84401) supplied with the
instrument. Instructions are included with the kit. The
rack mount is an EIA standard width of 19 inches. When
mounted using the rack mount kit, additional support
must be provided at the rear of the instrument. The
dimensions of the Model 3490A are shown in Figure 2-3.

%@r

DIMENSIONS N INCHES
AND MILLIMETERS

_t_ ¥ l<——|e§uzs,4)—>‘

f 7
: ) £ :
s o

Figure 2-3. Model 3490A Dimensions.

2:21. INSTALLATION OF OPTIONS.

2-22. The Isolated Data Output (BCD) Option 021 and
the Remote Option 022 may be installed in the Model
3490A only if the instrument was equipped at the
factory with the BCD/Remote Expand Option 020.

2.23. Isolated Data Output Option 021 (-hp- 11121A).

2-24. Use the following procedure for installing the
Isolated Data Output. If the Isolated Remote option is
to be installed at the same time, refer also to Paragraph

223
2. Remove top cover and shield from the 3490A.

b. Remove screws holding cover plate to instrument
guard. This plate is located in left rear portion of
instrument between the Inguard Motherboard Al and
Outguard Motherboard A8,

Model 3490A

c. Install 03490-60306 Isolated BCD Module in the
right opening in the instrument guard using screws
provided (see Figure 2-4).

d. If Isolated Remote (11122A) is not installed at
this time, install cover plate 03490-04117 over the left
opening in the guard. If Isolated Remote is to be
installed, place the 03490-60308 Isolated Remote Mod-
ule in the opening to the left of the BCD Module (see
Figure 24).

e. Insert the Isolated BCD Inguard PC Assembly
03490-66509 into Connector A1J8 and install Cable W4
between this Assembly and the inguard side of the

-Isolated BCD Module (see Figure 2-4).

f. Insert the Isolated BCD Outguard PC Assembly
03490-66510 into Connector A8J9 and install Cable W5
between this Assembly and the outguard side of the
Isolated BCD Module (see Figure 2-4).

g. Make sure all boards are seated properly and all
cables are securely inserted in their connectors.

h. Replace top shield and top cover of the instru-
ment.

2-25. {isolated Remote Option 022 (-hp- 11122A).

2-26. Use the following procedure for installing the
Isolated Remote option. If the Isolated Data Output
option is to be installed at the same time, refer also to
Paragraph 2-23.

a. Remove top cover and shield from the 3490A.

b. - Remove screws holding cover plate to instrument
guard. This plate is located in left rear portion of the
instrument between the Inguard Motherboard Al and
the Outguard Motherboard AS.

¢. Install 03490-60308 Isolated Remote Module in
the left opening in the instrument guard using screws
provided (see Figure 24).

d. If Isolated BCD (11121A) is not installed at this
time, install cover plate 03490-04117 over the right
opening in the guard. If isolated BCD is to be installed,
place the 03490-60306 Isolated BCD Module in the
opening to the right of the Remote Module (see Figure
24).

e. Remove the 03490-66504 Inguard Remote Jump-
er Board and insert the Isolated Remote Inguard PC
Assembly 03490-66511 into Connector A1J7 and install
Cable W6 between this assembly and the inguard side of
the Isolated Remote Module (see Figure 2-4).

f. Insert the Isolated Remote Qutguard PC Assembly
03490-66512 into Connector A8J10 and install Cable
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Figure 2-4. Installation of Isolated BCD Qutput and Remote Options.

W7 between this assembly and the outguard side of the
Isolated Remote Module (see Figure 24).

g. Make sure all boards are seated properly and all
cables are securely inserted in their connectors.

h. Replace top shield and top cover of the instru-
ment.

2-27. Option 050 and Option 060.

2-28. A Model 3490A Option 050 (50 Hz power line)
can be converted to an Option 060 (60 Hz power line) =...
and vice versa. Only two parts are different for these two

.

options. These are the Clock Oscillator crystal and the "

input resistor in the Integrator circuit. Table 2-1 shows
the correct parts for each option.

Table 2-1. Option 050 and Option 060 Part Changes. .

Crystal A1R207
Frequency |-hp- Part No.} Resistance | -hp- Part No.
Option 050 | 3.333 MHz | 0410-0466 | 100 kQ | 07570465
Option 060 | 4.000 MHz | 04100465 | 845k | 0698-4510

2.29. INTERFACE CONNECTIONS.
2-30. Data Output Option 021.

2-31. Data Output connections and logic levels are
shown in Figure 2-5. The measurement magnitude,

range, function, polarity and overload information is
contained in ten four-bit groups of 1-2-4-8 BCD coded
information. This information may be either HIGH true
or LOW true, as selected by the HIGH/LOW switch on
the Outguard Data Output Assembly, A10. In addition,
a Data Flag output signal is provided which goes HIGH
during a2 measurement sequence. The Printer Hold input
line is HIGH true, while Hold and External Encode are
LOW true. All input and output logic levels are as shown
in Figure 2-5. Outguard ground (pin 50) is isolated from
inguard circuit common and chassis (power line) ground
and may be floated a maximum of 40 V above chassis.

_-The mating connector for the rear panel Data Output
connector J6 is -hp- Part No. 1251-0086 (Amphenol
57-30500-375). This connector is supplied with the Data
Output option.

2-32. Remote Control Option 022.

2-33. Remote Control input and output lines and logic
levels are shown in Figure 2-6. Range and function
program lines are HIGH true, while all other input lines
are LOW true. The Sample/Hold Mode, Delay and
Trigger lines are for use with the Sample/Hold Option
040. The Program Flag output is HIGH during outguard-
to-inguard transfer of program information, and the
Data Flag output is HIGH during a measurement
sequence. The Stretched Pulse Output is also intended
for use with the Sample/Hold option. All input and
output logic levels are as indicated in Figure 2-6.
Outguard ground (pins 7, 11 and 12) is isolated from
inguard common and chassis (power line) ground and
may be floated a maximum of 40 V above chassis. The
mating connector for the rear panel Remote Input

2-3
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LOGIC LEVELS
Output Lines: HIGH=+39V + 15 V, 400 pA max.
LOW=+03V £ 0.3V, 15 mA max.
Input Lines: HIGH=+39V + 15 V, 100 uA max.
LOW=+0.3V £ 0.3V, 2 mA max.

High Reference =+5.3V
Low Reference =0 V - Outguard ground

H after signal name means HIGH is true.
L after signal name means LOW is true.

Outguard ground is isolated from inguard circuit common
and chassis (power line) ground and may be floated up to
40 V above chassis.

DATA FLAG (Print Command Output)
Changes from LOW to HIGH at beginning of measurement
and returns to LOW at completion of a reading cycle.

PRINTER HOLD
HIGH input level causes 3490A to stop automatic
sampling until level returns to LOW,

HOLD
Continuous LOW input level disables automatic sampling
and permits external triggering.

EXTERNAL ENCODE (Trigger)
When “Hold”’ mode is selected, LOW input level for
minimum of 240 us initiates one reading cycle, See
Paragraph 3-64.

DIGITAL RECORDER PRINT CODES (Using -hp- 50508 Standard + or - 1248 Print Wheel)
Printer columns numbered from right to left. Columns 1 through 5 print numerical value of measurement. Coded output

information may be either HIGH true or LOW true, as select
Assembly, A10. This switch must be set to correspond to the logic

Column 6 e
HIGH True LOW True
N6 Data . Data . s
Display | DCBA | Print | pa'pa | Print i
0 LLLL 0 LLLH a
1 LLLH 1 LLLL .
Column 7
HIGH True LOW True
Data Range Bit - Range Bit .
Multipier | DCBA | 7™ | pega | Print
101 LLLH 1 LHHL 9
102 LLHL 2 LHLH +
103 LLHH 3 LHLL -
104 LHLL 4 LLHH v
108 LHLH 5 LLHL A
108 LHHL 6 LLLH a
Data N6 NS N4 N3 N2 _NI
¢ o Y ’-4 PR -t
Multiptier 107 10> 10* 103 102 1o

Data times Data Multiplier gives measurernent in volts or
kilohms except for Ratio measurements.

Column 8
HIGH True LOW True
- Function Bit . Function Bit "
F
unction DCEBA Print DCEBA Print

DC, Remote, Ratio Leee 0 HHHH 0
2, Remote, Ratio LLLH 1 HHHL 1
AC, Remote, Ratio LLHL 2 HHLH 2
Test, Remote, Ratio LLHH 3 HHLL 3
i DC, Remote LHLL 4 HLHH 4

ed by the HIGH/LOW switch on the Outguard Data Output
true input level required by the digital recorder used.

Column 8 (Cont'd)

HIGH True LOW True
" Function Bit - Function Bit :
Function DCBA Print DCBA Print
01, Remote LHLH 5 HLHL 5
AC, Remote LHHL 6 HLLH 6
Test, Remote LHHH 7 HLtto 7
DC, Ratio HLLL 8 LHHH 8
£, Ratio HLLH 9 LHHL 9
{not valid)
AC, Rauo HLHL + LHLH +
Test, Ratio HLHH - LHLL -
[s o} HHLL v LLHH v
[ HHLH A LLHL A
AC HHHL o LLLH aQ
Test HHHH . LLeL .
Column 9
HIGH True LOW True
Polarity, Data Print Data Print
Overload DCBA DCBA
+ LLLL o LLHH v
- LLLH 1 LLHL A
+ 0L LLHL 2 LLLH 2
- 0L LLHH 3 Leee .
Column 10
HIGH True LOW True
Sample/Hold Data . Data .
Mode pcaa | P 1 nopa | Print
ON HLHH - HHHH o
OFF HHHH * HLHH 4

Figure 2-5. Data Output Connections, Option 021.
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OUTGUARD
GROUND

§

STRETCHED PULSE OUT

REMOTE INPUT CONNECTOR J7
OPTION 022

SAMPLE/HOLD TRIGGER IN
S/H AC TRIGGER IN
REMOTE ENABLE L
PROGRAM EXECUTE L
FUNCTION BH

FUNCTION AH

RANGE B H

RANGE AH

]| OUTGUARD GROUND

&

3490A-B-2988

DATA FLAG

LOGIC LEVELS
< Input Lines: HIGH= +39 V * 15V, 100 A max; or
open circuit
"LOW=+0.3V 03V, 2mA max.;
closure to ground through < 300 2.
Output Lines: HIGH=+39V £ 15V, 400 zA max.
LOW=+0.3V £0.3V, 15 mA max.

+

or contact

H after signal name means HIGH is true.
L after signal name means LOW is true.

Outguard ground is isolated from inguard circuit common
and chassis (power line) ground and may be floated up to
40 V above chassis.

INPUT SIGNALS
Remote Enable: Continuous LOW input level disables
front panel Range, Function, and Sample/Hold con-
trols and enables remote programming of these func-
tions,

Range Programming:

Range Input Logic Levels Test No.
C B A
AV, 1kQ H H L 2
1V, 1kQ H L H 3
10V, 10 k2 H L L 4
100 V, 100 kQ L H H- 5
1000 V, 1000 k2 L H L 6
10,000 k2 L L H 7

Autorange: HIGH input level selects autorange and dis-
ables range programming. In Test Function, autorange
selects Test No. 1.

Function Programming:

Function input Logic Levels
B A
DC L L
Q L H
AC H L
Test H H

EXTERNAL ENCODE L

Lamat

\“?JA/ ) 2 a4 T I’
w = > w o
= )
109« g
w -
28 £ gE" Mating Connector:
E £z~ -hp- Part No. 1251-0084
Eo5g Ampheno! No. 57-30500-375
a <4
g3
<
w

INPUT SIGNALS (Cont'd)
Sample/Hold Programming (Option 040):

Mode Delay
Track/Hold L H
Acquire/Hold L L

Program Execute: LOW input level for minimum of 5 ms
initiates outguard-to-inguard transfer of Range, Func-
tion, and Sample/Hold program information.

Hold: Continuous LOW input level disables automatic
sampling and permits external triggering.

External Encode (Trigger: When ‘“Hold”’ mode is selec-
ted, “0" input level for minimum of 240 us initiates
one reading cycie.

Sample/Hold Trigger (Option 040): LOW input level for
minimum of 30 ns triggers Sample/Hold circuits and
Stretched Pulse Qutput circuit.

S/H AC Trigger (Option 040}: Negative-going edge of an
input pulse at least 30 ns wide and having an ampli-
tude from 2V to 15V triggers Sample/Hold circuits
and Stretched Pulse Qutput circuit.

OUTPUT SIGNALS

Program Flag: Changes from LOW to HIGH at beginning
of outguard-to-inguard information transfer. Return to
LOW indicates transfer is complete.

Data Flag (Print Command}: Changes from LOW to
HIGH at beginning of measurement, and returns to
LOW at completion of a reading cycle.

Stretched Pulse Output {(Option 040): Changes from
HIGH to LOW for a minimum of 240 us for each
Sample/Hold Trigger or S/H AC Trigger input.

Figure 2-6. Remote Input Connections, Option 022,

2-5
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connector J7 is -hp- Part No. 1251-0084 (Amphenol
57-30360-375). This connector is supplied with the
Remote Control option.

2-34. Rear Input.

2-35. Options 020 and 030 provide a rear panel input
connector in parallel with the front panel terminals. This
connector is shown in Figure 2-7. The inner guard of the
3490A Rear Input connector is internally connected to
pin B. Do not connect these points together externally.
The mating connector for this rear panel input is -hp-
Part No. 1251-1233, Component Manufacturing Service,
Inc. Part No. A-1369. A six-foot cable, -hp- Part No.
03490-61612, is supplied with Options 020 and 030.
This cable is terminated at one end by the rear input

Rear Input Connector, J10

Pin Signal Wire Color
(External Cable)

A High| £ Signal or White

B Low] Ext. Ref. Green

C Input Low Black

D Input High Red

E Conn. to B (Int) NC

F Guard Shield

Mating Connector: -hp-Part No. 1251-1233
Mating Cable: -hp- Part No. 03490-61612

Figure 2-7. Rear Input Connector and Cable.

Model 3490A

mating connector; the other end is unterminated. Figure
2-7 also shows the wire colors in this cable.

2-36. General Purpose Interface Bus Connections.

2-37. Figure 2-9 shows the signal connections at the rear
panel GPIB connector, J12, and gives a brief description
of each signal. Additional signal information is included
in Section IH, Operating Instructions (see Paragraph
390). The 10631A/B/C Interface Cables shown in
Figure 2-8 are used to connect the instruments together.
The connectors at either end of the cable are identical
and consist of a plug which mates with the instrument
rear panel connector or another cable, and a receptacle
which will receive another cable plug. Instruments may

‘then be paralleled as shown in Figure 4-20. The dual

connector is not available as a separate unit because the
hood is molded around the cable. The connectors listed
in Table 2-2 mate with the rear panel connector or
another cable. These do not provide the thumb screws
for securing the connectors.

2-38. Interface Cable Length.

2-39. As many as 15 instruments can be connected in
parallel to the same General Purpose Interface bus;
however, the following restrictions must be observed.
Figure 4-20 shows the cabling for a typical General
Purpose Interface bus system.

1. The cable length between two instruments
cannot exceed 12 feet.

2. When more than two instruments are connected
in parallel, the cable length to each additional
instrument cannot exceed 6 feet per unit.

3. The total cable length to all units cannot
exceed 51 feet.

z _ 8
2 - %
B =

5

3040A-8 - 3156

CABLE PART NO. LENGTH

10631A 3 ft
106318 6 ft
10631C 12 ft

Figure 2-8. Interface Bus Cables.
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Table 2-2. General Purpose Interface Bus Connectors.

Section I

Description

Mates with

Cable to chassis plug

with hood and clamp

Cable to chassis Receptacle
with hood and clamp

Rack and panel plug

Rack and panel Receptacle

Rear panel or
with B or D.

AorC
Rear panel or
with B or D.

AorC

-hp- Part No. Amphenol No.
1251-0293 57-30240
1251-0431 57-60240
1251-0389 57-10240
1251-0388 57-20240

GPIB BUS CONNECTOR J12

LDIO5
LDtO6
LDIO?7
LDIOS8
LREN

OUTGUARD
GROUND *

Mating Connector:

NC
LDAV
HRFD

LDIO3
LDIO4

LDIO1

LOGIC LEVELS
H preceding signal name or as first letter of mnemonic
indicates signal is HIGH true; L indicates LOW true.

Input Signals:
Each input line is terminated with 3k§2to + 5 V and
6.2 k{2 to ground, and one TTL load.

Output Signals:
Each output can drive 15 GPIB ioads. The output is an
open-collector driver capable of sinking 48 mA at
0.4 V output.

SIGNALS

LMRE
L Multiple Response Enable aliows all units on the
GPIB to be addressed or unaddressed by the control-
ler.

LSRQ
L Service Request indicates that the 3490A wants the
attention of the controller.

* Outguard ground is isolated from inguard circuit common (in

floated a maximum of 40 V above chassis.

HDAC
LEOP

Mating Cables:
10631A 3 ft.
o g:i 3 10631B & ft.
% s 10631C 12 ft.
- E
7]
LEOP
L End Output is used by controller to terminate all
activity on the bus,
HDAC
H Data Accepted indicates 3490A has accepted data.
Returns to LOW when 3490A is finished processing
data.
HRFD
3490A will accept data when H Ready For Data is
HIGH,
LDAV
L Data Valid indicates valid output data is available
from the 3490A if addressed to talk, or input data is
available if 3490A is addressed to listen and MRE is
HIGH. Address is valid if MRE is LOW,
LREN

L Remote Enable enables the 3490A to be placed in
the Remote mode.

LDIO1 through LDIOS8
L Data Input/Output lines carry information in octal
form to the 3490A if addressed to listen or from the
3490A if addressed to taik.

put Low terminal} and chassis (power line) ground and may be

-hp- Part No. 1251-0293
Amphenol No. 57-30240

Figure 2-9. General Purpose Interface Bus Connections.

2-7
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TRIGGER CONNECTOR J11

i
w i d

m
3 & ,
T o Sample/Hold TTL Trigger:
[ 'n_: Mating Connector: LOW input level (<+ 0.4 V) for at least 30 ns triggers
¢ o -hp- Part No. 1251-0142 Sample/HoId circuits and/or triggers 3490A to take a
[ < reading.

L’_I. Amphenot No. 57-30141

I I .
& Lz’ LZ) ﬂ (ZJ % 5 Sample/Hold AC Trigger:

Negative-going edge of an input pulse at least 30 ns
wide and having an amplitude of at least 2 V triggers
Sample/Hold circuits and/or triggers 3490A to take a

.@ reading.

LETF:
L External Trigger Flag goes LOW when the 3490A is
ready for an external trigger, and goes HIGH when
trigger is received (3490A is not looking for a trigger).

ST0-B-3381

NC
NC

NC
NC
*GROUND

*GROUND
*GROUND

* Qutguard ground is isolated from inguard circuit common (input Low Terminal) and chassis (power line)
ground and may be floated a maximum of 40 V above chassis.

Figure 2-10. Trigger Connections, GPIB Option 030.

2-40. Trigger Connections, GPIB Option 030. Hold without Option 020 or Option 030. The mating
. . connector for Trigger Connector J11 is -hp- Part No.
2-41. Figure 2-10 shows the rear panel Trigger con- 1251-0142 (Amphenol 57-30141).

nector, J11, and lists the External Trigger signals. The
mating connector for J11 is -hp- Part No. 1251-0142

(Amphenol 57-30141). 2-44. Sample/Hold with BCD Remote Expand Option
020. When Sample/Hold is included in an instrument
2-42. Sample/Hold Connections, Option 040/045. with the BCD Remote Expand Option 020, the Sample/
Hold trigger connections are located on the Remote
2-43. Option 045, Figure 2-11 shows the external Input Connector, J7. Figure 2-6 shows this connector
trigger connections for Option 045, which is Sample/ and describes the trigger signals. The mating connector

T -

TRIGGER CONNECTOR J11

w

i

m d .

Q 2 w

9 g 0] Sample/Hold TTL Trigger:

& w g Mating Connector: LOW input level (S<+04V) for at least 30ns triggers

2B 5 heraNe 12m10taz R e Pt t0 going LOW.
a s .

- b & 2 Amphenol No. 57-30141 K P going

ZouvgEdouox

w2z2n022g Sample/Hold AC Trigger:

T T Negative-going edge of an input pulse at least 30 ns wide and

having an amplitude of at least 2V triggers Sample/Hold
circuits and/or triggers 3490A to take a reading. Must be

stable at least 2 us prior to negative transition.

Stretched Pulse Qutput:
Changes from HIGH (Z2+2.4V) to LOW (<+0.4 V) for a

L T el minimum of 240 us for each Sample/Hold TTL Trigger or
g tz) % g g % g Sample/Hold AC Trigger input,

2 2
8 O (®] The mating connector for J11 is -hp- Part No. 1251-0142
< 5 g {Amphenol 57-30141) supplied with Option 045 or Option
s * b 030.

* Outguard ground is isolated from inguard circuit common {input Low Terminal) and chassis (power line)
ground and may be floated a maximum of 40 V above chassis.

Figure 2-11. Trigger Connections S/H Option 045,
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for J7 is -hp- Part No. 1252-0084 (Amphenol
57-30360-375).

2.45. ‘Sample/Hold with GPIB Option 030. Figure 2-10
shows the Trigger Connector, J11, and describes the
trigger signals. The mating connector is -hp- Part No.
1251-0142 (Amphenol 57-30141).

2-46. REPACKAGING FOR SHIPMENT.

NOTE

If the instrument is to be shipped to Hewlett-Packard for
service or repair, attach a tag to the instrument
identifying the owner and indicating the service or repair
to be accomplished. Include the model number and full
serial number of the instrument. In any correspondence,
identify the instrument by model number and full serial
nuthber. If you have any questions, contact your nearest
-hp- Sales and Service Office.

247. The following is a general guide for repackaging
the instrument for shipment. If the original container is
available, place the instrument in the container with
appropriate packing material and seal well with strong
tape or metal bands. If the original container is not
available, proceed as follows:

Secﬁon II

a. Wrap the instrument in heavy paper or plastic
before placing in an inner container.

b. Place packing material around all sides of the

instrument and protect panel face with cardboard strips
or plastic foam.

c. Place the instrument and inner container in a
heavy carton and seal with strong tape or metal bands.

d. Mark shipping container “DELICATE INSTRU-
MENT,” “FRAGILE,” etc.

NOTE

If the instrument is to be shipped to
Hewlett-Packard for service or repair, attach
a tag to the instrument identifying the
owner and indicating the service or repair to
be accomplished. Include the model number
and full serial number of the instrument. In
any correspondence, identify the instrument
by model number and full serial number. If
You have any questions, contact your near-
est -hp- Sales and Service Office.

29
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7.

Fog s
ADSY

Line Switch, push on/push off. .
Sample Rate Control. Maximum sample rate is selected in
clockwise position. Each counterclockwise step adds a
known delay.

Manual Trigger Pushbutton in center of Sample Rate
control.

Sample/Hold Switch (Option 040/045). Setects Sample/
Hold mode.

Ratio Switch (Option 080). Selects interna!l or external
reference.

Range Switch keys.

The Range Switch keys are interlocking. That
is, when one range key is pressed, the Previ-
ously selected key is released. Do not pull up
on a range key, or mechanical damage will
result,

2 Signal
terminals.

or External Reference {Option 080) input

.8.

9.

Ao

%
- GOVA BAEN
0 e

Guard terminal.

Input terminals.

10. Function Switch.

1.

12. Rear Panel

Thermal Adjust. See Paragraph 3-41.

input connector in parallel with front
terminals. Included with Options 020 or 030. See Figure
2-7.

13. Line voltage selection switch. See Figure 2-1.

14. Remote Input connector J7 (Option 020). See Figure

2-6.

15. Line fuse.

16. AC power connector.

17. Data Qutput connector J6 (Option 020). See Figure 2-5.

18. General Purpose Interface Bus connector J12 (Option

030). See Figure 2-9.

19. Trigger Input connector J11 (Option 030 or 045). See

Figures 2-10 and 2-11.

30

Figure 3-1. Frontand Rear Panel.
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SECTION

OPERATING

3-1. INTRODUCTION.

3-2. This section contains instructions for using the
Model 3490A Multimeter to make dc voltage, ac voltage
and resistance measurements. It also includes instruc-
tions for sample/hold and ratio measurements, remote
control and data output. Basic operating instructions
may be found on a pull-out card at the bottom edge of
the 3490A front panel.

3-3. INSTRUMENT CAPABILITIES.
3-4. Standard Instrument.

3-5. The standard Model 3490A Multimeter makes dc
voltage, ac voltage and resistance measurements with
5-digit resolution and up to 120 % of range on ail ranges
except 1000 Vac to dc. The 3490A has five dc voltage
ranges, .1V to 1000V; 4 ac voltage ranges, 1V to
1000 V; and six resistance ranges, 1 k2 to 10,000 k2.
Ranging may be manual or automatic. Polarity selection
and display are automatic. A self-test feature is included
which checks certain operations within the instrument.

3-6. Output and Remote Control Options.

3-7. Data Output Option 021 and Remote Control
Option 022, Option 021 provides ten columns of binary
coded decimal (BCD) output data. This data may be
either HIGH true or LOW true, as selected by a slide
““switch on the outguard data output printed circuit
assembly. With Option 022, the 3490A range and
function may be programmed by LOW true input
information. External triggering is possible with either
option.

3-8. General Purpose Interface Bus 1/0 Option
030. The General Purpose Interface Bus 1/O (GPIB)
option permits remote programming and data output on
the same bus lines. The 3490A may be connected to a’
bus in parallel with several other instruments and
controlled by a single controlling instrument. Remote
control of range, function, trigger mode and sample/hold
mode is possible with Option 030. The output data
includes measurement status, function, polarity, magni-
tude and range, in the format given in Paragraph 3-126.
Controlling instruments that may be used with the
3490A GPIB option include the -hp- 9800A series

calculators and the -hp- Model 3260A Marked Card
Programmer.

3-9. Sample/Hold Option 040 or 045.

3-10. The Sample/Hold Option (040 or 045) enables the
Model 3490A Multimeter to sample a changing input

Section III

INSTRUCTIONS

voltage and hold that sample long enough to measure its
amplitude. This permits pulse height measurements and
digitization of changing waveforms such as ramps or sine
waves. The external trigger circuits are isolated from the
signal input Low terminal and from chassis ground,
which allows the voltmeter to make guarded floating
measurements. The designations used for the 3490A
Sample/Hold options are as follows:

When Sample/Hold is installed The Sample/Hold option
in a 3490A with: is designated as:

BCD/Remote Expand Option 020 Option 040
GPIB Option 030 Option 040
Neither 020 or 030 Option 045

3-11. Ratio Option 080.

3-12. The 3490A equipped with Ratio Option 080 is
capable of making three-wire dc-to-dc or ac-to-dc ratio
measurement. Two External Reference ranges are pro-
vided, the 1V range accepting reference voltages of
201V to £1.2V, and the 10V range accepting
voltages from+ 1 Vto+ 12V,

3-13. FRONT AND REAR PANEL DESCRIPTION.

3-14. Figure 3-1 shows the front and rear panel controls
and connectors and gives a brief description of each.
Some of the features shown are available only with
certain options.

- 3-15. MAXIMUM INPUT VOLTAGES.

3-16. Table 3-1 lists the maximum allowable voltages
between input terminals, and between the terminals and
chassis. These maximum voltages are also shown on the
front panel and must not be exceeded or damage to the
instrument may result.

I WARNING I

If the 3490A has a rear input connector,
the front and rear terminals are internally
connected in parallel. If high voltages may
be applied, always protect the open termi-
nals. Be sure the rear input terminals are
open before connecting an input to the
front terminals and vice versa.

3-1
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Table 3-1. Maximum Voltages.

Maximum
Voltage
Between Input HIGH and LOW 1000 Vrms
Between §2 Signal HIGH and LOW 250 Vrms
Between either LOW terminal and Guard 200 V peak
Between Guard and Chassis 500 V peak

3-17. GENERAL OPERATING INSTRUCTIONS.

3-18. Turn-On and Warm-Up.

3-19. Before connecting ac power to the 3490A, make
sure the rear panel line selector switches are set to
correspond to the voltage of the available power line as
shown in Paragraph 2-5 and Figure 2-1.

3-20. Guarding.

3-21. Common-Mode Voltages. Common-mode voltages
are those existing between the power line ground point
of the source circuitry and that of the 3490A, and
between the Low measurement point and power line
ground of the source circuit. When current due to these
voltages flows into the 3490A input terminals, some
error in measurement results because of the voltage
drop in the measuring circuit. In systems measurements,
the resistance of long input leads may become signifi-
cant. Wide separation between the 3490A power line

ground point and the ground point of the source circuit-

may result in high common-mode voltage.

3-22. Guard Connection. Figure 3-2 illustrates three
ways of connecting the 3490A Guard terminal to reduce
errors caused by common-mode voltages. In example A,
Guard is at practically the same potential as the Low
measurement point, so any common-mode current flows
through Guard and not through the measurement
circuit. In example B, the 3490A Guard strap is
connected to the Low terminal, placing both at the same
potential. This allows common-mode current to flow
through the input lead resistance Ry, causing some
measurement error. This connection may be used if
common-mode voltages are not expected to be a
problem or if Ry is small (short leads). Example C is
similar to A, except that connecting Guard in this
manner allows any common-mode current generated
between the Low measurement point and power line
ground of the source circuit to flow in the measurement
circuit. Guard should always be connected, either to the
Low terminal or to a point in the source circuit as
indicated. If the guard terminal is left open, common-
mode voltages may exceed the Low-to-Guard breakdown
rating and damage the 3490A.

2 -
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The Guard Terminal must always be con-
nected to Low or to a corresponding
point in the source circuit or damage to
the instrument may result.

3-23. Guarding Information. More detailed information
on purpose and methods of guarding may be found in
-hp- Application Note No. 123, “Floating Measurements
and Guarding.” This application note is available
through your nearest -hp- Sales and Service Office.

'3-24. Floating Measurements.

3-25. The Model 3490A is capable of making floating
measurements. That is, the input Low terminal is not
connected to chassis (power line) ground. The voltage
between the guard terminal and chassis must not be
greater than 500 V peak.

A. Best Connection — Guard Connected To Low At Source.

FLOATING
POWER SUPPLY 34904
=3 ~

_—

BEST CONNECTION

GUARD & LOW AT

SAME VOLTAGE

NO COMMON MODE CURRENT
GOES THROUGH Ry

k—-»——--———4)

< 3 =
SOURCE GROUND h«smuuem GROUND

GUARD & LOW AT
SAME VOLTAGE

COMMON MODE CURRENT
GOES THROUGH Ry,
CAUSING ERRORS

SOURCE GROUND

C. Guard Connected To Earth Ground.

FLOATIN

POWER SUPPLY 38%08

r ¥ Ra nchIr_

HIGH (&)

! )

I |

! I

: o Ry Lowl

LOW @ DOTTED CONNECTION
L_ DEFEATS GUARD; MAY

DAMAGE INSTRUMENT

SOLID CONNECTION SHUNTS
MUCH OF COMMON MODE
CURRENT AWAY FROM Ry,
PROVIDED THAT Ecpy 15
MOSTLY BETWEEN GROUNDS

O
L b

em

—¢

SOURCE GROUND
34308- 8- 2939

Figure 3-2. Connecting the Guard.
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3-26. Overrange Measurements.

3-27. Measurements within rated accuracy are possible
up to 120 % of range on all except the 1000 Vac or dc
ranges. Overrange inputs on these ranges would exceed
the maximum allowable input voltage. The display
includes the overrange “1” as the sixth digit.

3-28. Overload Indication.

3-29. If the measurement is 120 % of range or greater,
the Overload “OL” annunciator will light. The numerical
display will read 120000 to 120005.

3-30. Range Indication.

3-31. The 3490A display always reads in volts or
kilohms (except in Ratio measurements), with the
decimal point and range switch indicating the range
selected. In autorange mode, the decimal point alone
indicates range.

3-32. Function Indication.

3-33. In the standard 3490A, function is indicated only
by the function switch position. If optional Remote
control is in use, the “REM” annunciator lights to
indicate that the front panel switches are disabled. An
available special display assembly adds V, AC, KQ and
TST annunciators to indicate the function selected.

3-34. Autoranging.

3-35. In the autorange mode, upranging occurs at 120 %
of range and downranging at 10 % of range. A measure-
ment sequence is not completed unless the reading is on
the proper range. For example, if the Sample Rate
control is set to Hold and the Manual Trigger push-
button depressed once, the 3490A will continue to
sample until one reading is taken on the correct range.
When the 3490A is changed to the autorange mode from
a voltage range, the first reading in autorange is not
valid.

3-36. Manual Trigger.

3-37. Manual triggering is available on all instruments.
When the Sample Rate control is set to Hold, one
measurement results each time the Manual pushbutton is
depressed. If the pushbutton is depressed while the
instrument is not in the Hold condition, automatic
sampling will stop until the button is released.

3-38. SELF-TEST OPERATION.

3-39. The Internal Test function of the 3490A verifies
proper operation of most of the dc circuits, logic
circuits, and the ohmmeter reference. Use the following
procedure to perform the Internal Tests. If Test No. 1 is
not correct, refer to the Troubleshooting section. If any
of the other tests are not correct, refer to the Perfor-
mance Checks.

Section 111

a. Set Function to TEST. If instrument has Ratio or
Sample/Hold options, set RATIO to INT REF and
SAMPLE/HOLD to OFF,

b. Set SAMPLE RATE control one position clock-
wise from HOLD.

¢. Select RANGE 1, which is Logic Test. The display
should follow the sequence below, starting at any point
in the list. All readings should be in the order shown,
with the polarity sign, numbers, and decimal points as
shown. The last reading listed displays all digits as the
count accumulates, then stops at the number shown.
The last two digits in the last number are not significant
to the test. If these displays are correct, most of the
logic circuits are operating correctly.

+ 080.024
+04.0024
+0.20024
+.010024
+0.09032
+10.0024
+200.024
+4000.24
+ 80002.4
+ 6000.xx OL

d. Select RANGE 2. The display should be .000000
+ 2 counts. This verifies the 10 V range zero.

e. Select RANGE 3. Difference between + and -
readings should be <8 counts.

f. Select RANGE 4. Using a dc standard having an
accuracy of * 0.01 % or better, apply an input of
- 10.0000 V. Display should be +09.9990 + (16 counts
+dc standard error). This checks the + Reference. If the
3490A has the ratio option, set RATIO to EXT REF
10V and short EXT REF input terminals. Display
should be + 00.0000. This checks the Ratio Reference
Amplifier zero. Return RATIO switch to INT REF
position and remove short from input.

g. Select RANGE 5. Display should be 000.000 + 15

counts, verifying the 0.1 V range zero.

h. Select RANGE 6. Using a dc standard having an
accuracy of * 0.01 % or better, apply an input of
-10.0000 V. Display should be - 1000.00 % (35 counts
+dc standard error). This checks the dc input 0.01
attenuation and the dc amplifier x100 gain.

i. Select RANGE 7. Short 2 SIGNAL terminals.
Display should be - 09700.0 + 7000 counts. This verifies
proper operation of the Ohms Converter.

3-40. DC VOLTAGE MEASUREMENTS.

3-41. For optimum accuracy of measurements on the
'V range, first short the input terminals with a copper

33
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bar or a large solid copper wire, and adjust A1R429
(Thermal Adj) for zero display. A1R429 is accessible
through the rear panel. If the 3490A has the rear input
connector, loosen the hinged cover to gain access to

A1R429.

Be sure to connect the Guard Terminal
and to observe the maximum voltage limi-
tations noted on the front panel and in
Table 3-1, or damage to the instrument
may result.

3-42. DC Sample Rate and Response Time.

3-43. The sample rate and response time for dc voltage
measurements are shown in Table 3-2.

Table 3-2. Sample Rate and Response Time.

Minimum Sample Period * Response
Function Option 050 Option 060 Time
DC Volts 2402 ms + 5 ms 200.1 ms +4 ms 200.1 ms
AC Volts 126s+.025s 1.06s+.025s 105s
Ohms
A k thru
100 k2 |2402 ms + 5 ms 200.1 ms+4 ms 200.1 ms
1,000 k2 ]300.2 ms + 6 ms 250.1 ms +5 ms 250.1 ms
10,000 k§2 [660.3ms + 12 ms | 5560.2 ms+ 10 ms| 550.2 ms

*Sample Rate Control set to FAST position and instrument
not in overload. Each counterclockwise step adds 240 ms in
Option 050 instruments, 200 ms in Option 060 instruments.

3-44. Input Resistance.

345. Input resistance in the dc function is greater than
10'° ohms on the .1 V, 1V, and 10V ranges, and 10
megohms + 0.15 % on the 100 V and 1000 V ranges.

3-46. AC VOLTAGE MEASUREMENTS.

Ecwnou%

Be sure to connect the Guard Terminal
and to observe the maximum voltage limi-
tations noted on the front panel and in
Table 3-1, or damage to the instrument
may result, and high frequency measure-
ments will be in error.

347. The display will NOT read zero on any ac range
with the input shorted. The indication on all ranges with
the input shorted should be less than 50 counts. The
accuracy of ac measurements below 1.0% of full range is
not specified.

3-48. AC Sample Rate and Response Time.

3-49. The sample rate and response time for ac voltage
measurements are shown in Table 3-2.

-1
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3-50. Frequency Range.

3-51. Frequency range of the ac converter is 20 Hz to
250 kHz, with a maximum volt-Hertz product of 107.
That is, the frequency range for the 1 V and 10 V ranges
is 20Hz to 250kHz, but the maximum frequency at
100 V is 100 kHz, and at 1000 V it is 10 kHz.

3.52. Input Impedance.

3-53. Input impedance in the ac function is the same on
all ranges, and is 2 M§2 + 1 % in parallel with <65 pF in
instruments without rear panel input and <90 pF in
instruments having the rear panel input connector.

3-54. Harmonic Distortion.

3-55. The 3490A has an average-responding ac-dc con-
verter circuit calibrated to display the rms value of a
sinusoidal input. Therefore, any distortion present in the
input signal will affect the accuracy of the measure-
ments as shown in Table 3-3.

Table 3-3. Distortion Error.

% Error
{*Fundamental)
Harmonic % Distortion
Max. Max.
Positive Negative
Any 0.1 0.000
even 0.5 0.001
1.0 0.005
20 0.020
" Third 0.1 0.033 0.003
) 0.5 0.168 0.167
1.0 0.338 0.328
26 0.687 0.667
Fifth 0.1 0.020 0.020
05 0.101 0.099
1.0 0.205 0.195
20 0.420 1.380

*Depends on phase relationship between harmonic and
fundamental.

3-56. RESISTANCE MEASUREMENTS.

3-57. When the 3490A is making resistance measure-
ments, movement of the instruction card will cause
display readings to jump. For optimum accuracy of
measurements on the .1 kS2 range, first set Range and
Function to .1V dc, short the input terminals with a
copper bar or large solid copper wire, and adjust
AIR429 (Thermal Adj) for zero display. A1R429 is
accessible through the rear panel. If the 3490A has the
rear input connector, loosen the hinged cover to gain
access to the adjustment.
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Be sure to connect the Guard Terminal
and to observe the maximum voltage limi-
tations noted on the front panel and in
Table 3-1, or damage to the instrument
may result.

3-58. Input Connections.

3-59. Figure 3-3 shows the proper connections for
making resistance measurements. All four terminals must
be connected, since there is no internal connection
between 2 Signal Low and Input Low. Maximum total
€2 Signal lead resistance permissible is 10 €2.

" Figure 3-3. Ohmmeter Input Connections,

3-60. Ohms Signal Voltage and Current.

3-61. The maximum voltage across the resistance being
measured is 13 V for valid measurements and 25 V in
overload. Table 34 lists the approximate short circuit
current for each range. Accurate voltage and current
sources are not required, since a resistance measurement
is the ratio of the voltage across the unknown resistance
as a result of the reference current, to the reference
voltage which determines the amount of the current.

Table 3-4. Ohmmeter Current.

Nominal

Range Current
1 k2 1mA
1k 1 mA
10 k&2 1 mA
100 k2 10 pA
1,000 k2 10 pA
10,000 kQ 1 pA

3-62. Ohmmeter Sample Rate and Response Time.

3-63. Ohmmeter sample rates and response times are
shown in Table 3-2.

3-64. EXTERNAL TRIGGER (Option 020).

3-65. The BCD/Remote Expand Option 020 adds the
capability of remotely triggering the 3490A through
either the Data Output or Remote Input connector. In
order to remotely trigger the instrument, the Sample

Section HI

Rate control must be set to Hold, or a continuous Low
signal applied to the Hold connection at either rear panel
connector. The External Encode signal logic levels and
timing requirements are shown in Figure 34. The High
to Low transition of External Encode and Data Flag can
occur simultaneously.

'
HOLD |

o
DATA BUSY ___[ I—_
FLAG  penpy

I |

| I

EXTERNAL ' T I

ENCODE I I
0 T

t o
Tl —el T4 |
|

| |
34904-8"2936 le— T2 e T3 -

T1 — External Encode must be HIGH at least 16 us before
Data Flag goes LOW. This requirement may be met by
changing External Encode to HIGH immediately after
Data Flag goes HiGH indicating the start of a measure-
ment sequence.

T2 — External Encode must be HIGH for at feast 48 us
before it goes LOW to initiate a measurement. |f
External Encode was set HIGH immediately after Data
Flag went HIGH, the T2 requirement may be met by
holding External Encode HIGH until Data Flag goes
LOW indicating completion of a measurement
sequence,

T3 — External Encode must remain LOW for at least 240 us
to be accepted and initiate a measurement.

T4 — Data Flag will go HIGH within 230 ps of receipt of a
valid HIGH to LOW transition of External Encode.

Figure 3-4. External Trigger Sequence (Option 020).
3-66. DATA QUTPUT (Option 021).

3-67. The Data Output option provides ten columns of
measurement data, including polarity, range, function,
and overload information. A Data Flag (Print Command)
output is also provided, as are inputs for printer hold
and triggering. Figure 2-5 shows the Data Output

- connector and signals. A mating connector, -hp- Part No.

1251-0086 (Amphenol No. 57-30500-375) is supplied

“'with Option 021. A cable terminated at each end bya

50-pin connector, -hp- 562A-16C, is available for con-
nection to -hp- digital recorders.

3-68. Output Signals and Levels.

3-69. If the Model 3490A is equipped with Data Output
Option 021, ten columns of 1-2-4-8 coded BCD informa-
tion are provided, In addition to 6 columns of measure-
ment magnitude information, range, function, polarity,
and overload information are provided. The logic HIGH
level=+39V £ 15V, 400 uA max. The LOW level
=03V 0.3V, 15mA max. Columns 1} through 6
print the numerical magnitude of a measurement. Figure
2-5 shows the print code for columns 7 through 10,
using a standard -hp- print wheel, + or - 1248. The
HIGH/LOW switch on the Outguard Data Output
Assembly, A10, must be set to correspond to the logic
true level required by the digital recorder used. Figure
3-5 shows the printout for Option 021.

3-5
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Column 10 9 8 7 6 54 3 21
* 0OV 3012300
Numerical
Reading
Range
Function
Polarity/Overload
Sample/Hold Mode

Figure 3-5. Option 021 Printout.

3-70. The Data Flag (Print Command) output signal
changes from LOW to HIGH at the beginning of a
measurement, and returns to LOW at the completion of
a reading cycle. If the instrument is operating in the
autorange mode, Data Flag remains HIGH until after one
reading has been completed on the correct range. The
HIGH to LOW transition constitutes a Print Command
signal to a digital recorder.

3-71. Input Signals and Levels.

3-72. Three input connections are available at the Data
Output connector. The input logic HIGH=+39V
+ 1.5V, 100 uA max, or an open circuit. The LOW
level =+ 0.3 V £ 0.3V, 2 mA max, or contact closure to
ground through <300 2. A HIGH input at the Printer
Hold connection causes the 3490A to stop automatic
sampling until the line returns to LOW. A continuous
LOW connection at the Hold input prevents automatic
sampling and permits external triggering. When Hold is
LOW, a LOW input level at the External Encode input

for a mimimum of 240 ys initiates one reading cycle (see..

Paragraph 3-64).

3-73. Data Output Isolation.

3-74. All output and input lines at the Data Output
connector are isolated from the internal (inguard)
circuits and from the input terminals. The instrument
will maintain all normal- and common-mode rejection
characteristics with the Data Output lines properly
connected. Outguard ground is isolated from inguard
common and from chassis (power line) ground and may
be floated up to 40 V above chassis.

3-75. REMOTE CONTROL (Option 022).

3-76. In addition to remote control of range and
function, the Remote Control option includes provision
for external triggering. A Program Flag output is HIGH
during remote program execution, and the Data Flag
cutput is HIGH during a measurement sequence. A
mating connector, -hp- Part No. 1251-0084 (Amphenol
Neo 37-30360-375) is supplied with the Remote Control
Ipuon.

i
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3-77. Input Signal Requirements.

3-78. The Remote Control option permits remote selec-
tion of the remote mode of operation, and remote
programming of range and function, including Test and
optional Sample/Hold. For input signals, the logic HIGH
level=+39V 15V, 100uA max., or an open
circuit. The LOW level = + 0.3 V £ 0.3 V, 2 mA max., or
contact closure to ground through <300 2. Figure 2-6
shows the binary coding required for range and function
programming, as well as the requirements for the other
input signals.

3-79. Output Signals.

3-80. The Program Flag output changes from LOW to

HIGH at the beginning of outguard-to-inguard transfer
of program information, and returns to LOW to indicate
the transfer is complete and the instrument is ready for a
measurement. The Data Flag output changes from LOW
to HIGH at the beginning of a measurement, and returns
to LOW at the completion of a reading cycle. If the
instrument is operating in the autorange mode, Data
Flag remains at HIGH until one reading has been
completed on the correct range. The logic levels for
output signals are as follows: HIGH=+39V £ 15V,
400 uA max; LOW=+0.3V £ 0.3V, 15 mA max.

3-81. Remote Programming Procedure.

3-82. All program input lines are HIGH unless forced
LOW by an external connection. The Remote Enable
line must be held LOW continuously. If it returns to
HIGH, range and function program capability reverts to
the front panel controls. The remote program sequence
is shown in Figure 3-6.

3-83. -Remote Control of Test Function.

3-84. The Test function may be selected remotely by
programming Function A and B HIGH. Test No. 1,
Logic Test, is selected by programming the Autorange
line HIGH. Tests No. 2 through 7 are selected by
programming Range lines A, B and C as indicated in
Figure 2-6. When Test No. 1 is selected, a minimum of
10 readings must be taken to record all the test data
before changing the program. In Test No. 3, a minimum
of two readings is required to record the turnover error
test. For all other tests, only one reading is necessary.
Paragraph 3-38 describes the internal tests. The - 10 V
input required for Test No. 6, and the {2 signal short
required for Test No. 7 may be applied throughout the
test sequence without affecting the other tests. In Test
No. 4, the ratio reference check cannot be controlled
remotely.

3-85. Remote Control Isolation.

3-86. All input and output lines at the Remote Input
connector are isolated from the internal (inguard)
circuits and from the input terminals. The instrument
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T1 - Remote Enable must be held LOW to permit remote

programming. For reliable operation, T1 should occur

first. If Remote Enable goes HIGH, program capability
reverts to front panel controls.

T2 - Selection of range and function programming. Input
lines are HIGH unless forced LOW at Remote Input
connector, T1 and T2 may be simuitaneous.

T3 - Program Execute level must be LOW for a minimum of
5 ms. T2 and T3 may be simultaneous.

T4 - Program Flag initiates outguard-to-inguard transfer of
program information. Interval between T3 and T4
depends upon point in scan sequence at which T3
occurs.

T5 - Transfer of program information is complete, External
Encode may be applied.

T6 - Program lines may be returned to HIGH, if desired, at
any time after Program Flag goes LOW. Any program
line need not be returned to HIGH unless required by a
subsequent program change.

T7 - Program Execute must return to HIGH before a subse-
quent program change can be made.

Figure 3-6. Remote Program Sequence (Option 022).

will maintain all normal- and common-mode rejection
characteristics with the Remote Control lines properly
connected. Outguard ground is isolated from inguard
common and from chassis (power line) ground and may
be floated up to 40 V above chassis.

3-87. GENERAL PURPOSE INTERFACE BUS 1/0
(Option 030).

3-88. The General Purpose Interface Bus 1/O option for

the Model 3490A Digital Voltmeter allows the instru-
ment to be controlled remotely and to output measure-
ment information to a digital recorder. It permits remote
programming of range, function, trigger mode, and
Sample/Hold mode. Neither the power line switch nor
the Ratio mode can be programmed remotely. The
output data includes measurement status, function,
polarity, magnitude, and range, in the format given in
Paragraph 3-126. Several instruments may be connected
in parallel to the same bus and controlled by a single
controlling instrument. Controlling instruments that
may be used with the 3490A GPIB option include the

-hp- 9800 series calculators and the -hp- Model 3260A
Marked Card Programmer.

Section III

3-89. The operating instructions contained in this sec-
tion include address codes and address code selection,
program codes, output format, and timing sequence
information. The GPIB system uses the ASCII (Ameri-
can Standard Code for Information Interchange) eight-
bit octal code in a parallel bit, serial character form.

3-90. GPIB Bus Signals.

3-91. For convenience and brevity, each bus signal line
is identified by a mnemonic, which is an abbreviation of
the signal name. Table 3-5 lists the signals used on the
GPIB bus. An H preceding a mnemonic indicates that
the signal is HIGH true, L indicates LOW is true.

Table 3-5. GPIB Signal Mnemonics.

Mnemonic Signal Name

DAC Data Accepted

DAV Data Valid

DIO (18) Data Input/Output

EOP End Output

MRE Multiple Response Enable
REN Remote Enable

RFD Ready For Data

SRQ Service Request

3-92. Data Lines DIO1 through DIOS. All eight Data
Input/Output lines are LOW true, as indicated by the L
at the beginning of the mnemonic. (LOW = logical “1”°)
In the 3490A, DIOS is always HIGH, or logical “0”.

3-93. Multiple Response Enable, MRE. When the Multi-
ple Response Enable line is LOW, all units connected to
the bus must respond to the controller and interpret the
data on lines DIOI through DIO7 as an address or
command. When MRE is HIGH, only the unit which has
been addressed as the talker and the unit {(or units)
addressed as listener(s) may and are required to respond
on the DAV, DAC, and RFD lines.

' 3-94. Handshake Signals. Three lines are used for what

is called a “Handshaking” technique. The listener (or
listeners) set RFD to HIGH to indicate readiness to
accept data. The RFD line is wire OR’d to all units on
the bus so that data will not be transmitted until the
slowest listener on the bus signals that it is ready for
data. When all listeners are ready (RFD goes HIGH), the
talker puts the first character on the data lines, DIO1 - 8.
When the data is valid, the talker sets DAV to LOW. As
each listener receives and has completed processing this
data, it allows its DAC output to go HIGH. This line is
also wire OR’d to each unit, and the line does not
actually go HIGH until all listeners have accepted the
data. The talker may not change the data on DIO] - §
until DAC goes HIGH.

3-95. RFD. Each listener may set RFD HIGH as soon
as it has completed and acknowledged acceptance of the
previous data. This signals to the talker that it may
transmit new data on the data lines DIO] - 8.

3-7
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3-96. DAV. After the talker places data on the data
lines, it must set DAV LOW to indicate that the data is
valid. A listener may not process data until DAV goes
LOW. DAV cannot be set HIGH again until DAC goes
HIGH, indicating that all listeners have finished proces-
sing the data.

3-97. DAC. When all listeners have accepted data, DAC
goes HIGH, indicating to the talker that the data is no
longer needed. A listener may set RFD to HIGH at the
same time or at any time after DAC goes LOW, to
indicate that it is ready for new data.

3-98. Service Request, LSRQ. Any unit on the bus
having service request capability may set SRQ LOW at
any time. This indicates that a unit wants the attention
of the controller. The controller may then check each
unit on the bus individually to see which unit or units
pulled SRQ LOW, or it may ignore the service request.
LSRQ does not hinder other normal operations on the
bus.

3-99. End Output, LEOP. When the controller sets the
End Output line LOW, all units immediately stop driving
DIO1 - 8, MRE, DAV, RFD, and DAC. When EOP is
HIGH, all units may operate according to the normal bus
rules.

3-100. Remote Enable, REN. All instruments on the
bus are enabled to respond to remote programming data
if the controller holds the REN line LOW. The 3490A
may be set to remote operation by setting REN LOW
and sending its listen address. It may be returned to locat
(front panel) control by setting REN HIGH. An excep-
tion is noted in Paragraph 3-107. Normaily, all units on

the bus respond to their front panel controls when REN

is HIGH.
3-101. Talk Only (No Controller).

3-102. The 3490A with the GPIB option may be used
to provide data to a printer without having a controller
on the bus. The printer must be able to accept the ASCII
data information and to handshake with the 3490A on
the RFD, DAV, and DAC lines. The slide switch on the
3490A rear panel must be set to the TALK ONLY
position (see Figure 3-1). The instrument is then
controlled by the front panel controls for selection of
function, range, Sample/Hold, and trigger mode. The
3490A may be triggered through the rear panel Trigger
Connector J11, or allowed to sample at a rate selected
by the SAMPLE RATE control. When a controller is
connected to the bus, the rear panel switch must be set
to the ADDRESSABLE position.

3-103. GPIB Control of 3490A.

3-104. Listen and Talk Addresses. The 3490A may be
addressed to listen or to talk by setting MRE LOW and
sending the proper listen or talk address. Each 3490A
GPIB I O is normally programmed at the factory for a

5

(%)

Model 3490A

listen address of 6 and a talk address of V. If two or
more instruments are to be operated on the same bus,
they should not have the same address. Table 3-6 lists
the address codes possible. Address is selected by
positioning jumper wires in a header on the Outguard
Mother Board Assembly A31, shown in Figure 3-7.
Remove the top cover to gain access to this header. Note
that only five binary bits of the 7-bit format are
selectable. These five bits are the same for both the
listen and talk addresses. The sixth and seventh bits are
provided by the controller to determine whether the
address is a talk or listen address; 01 for listen, 10 for
talk. Absence of a jumper is a logical “1”’; presence of a
jumper is a logical “0”. At least one jumper must always
be installed, because the 11111 address is not allowed.

" This code is used to unaddress the instrument to talk or

listen.

—R13—~
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! R6 | i
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593

Figure 3-7. Position of Jumper Wires on Outguard
Mother Board Assembly A31.

3-105. Addressed to Listen. When the 3490A is first
turned on, the GPIB programming circuits will conform
to the front panel control seitings. It must be placed in
remote control before programming.

3-106. Remote Control. To place the 3490A in remote
control, set MRE and REN to LOW and transmit the
3490A listen code. REN must be held LOW continu-
ously to maintain remote control. When the instrument
is first set to remote control, the GPIB circuits store the
front panel range and function selections. Sample/Hold
mode is Off (S@), Trigger is set to Internal Sample Rate
(T®), and Mode of Operation is Addressed Multiple with
No Output (M@). Any changes in this programming must
then be made by remote control. LMRE must be set
HIGH and the remote programming data transmitted.
The 3490A will accept only the alpha identifiers E, F,
M, R, S and T, and digits O through 7. Table 3-7 lists the
3490A program codes. The 3490A may be unaddressed
to listen by sending the character ?. Figure 3-8 is a
timing diagram for data and handshake lines when the
3490A s addressed to listen.

3-107. Return to Local Controf. The 3490A may be
returned to local control by setting REN HIGH. How-
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Table 3-6. Address Codes.

ASCIl CODE CHARACTER BINARY CODE OCTAL CODE
Listen Tatk Jumper —> A5 A4 A3 A2 A1 Listen Tatk
Address Address b, bg  bs b, bs b, by
sP @ 0 0 0 0 0 040 100
t A See 0 0 0 0 1 041 101
" B note 0 0 0 1 0 042 102
# C below 0 0 0 1 1 043 103
$ D 0 0 1 0 0 044 104
% E 0 0 1 0 1 045 105
& F 0 0 1 1 0 046 106
‘ G 0 0 1 1 1 047 107
( H 0 1 0 0 0 050 10
) | 0 1 0 0 1 051 111
* J 0 1 0 1 0 052 112
+ K (o] 1 0 1 1 053 113
, L 0 1 1 0 0 054 114
- M 0 1 1 0 1 055 115
. N 0 1 1 1 0 056 116
/ 0 0 1 1 1 1 057 117
0 P . 1 0 0 0 0 060 120
1 Q 1 0 0 0 1 061 121
2 R 1 0 0 1 0 062 122
3 S 1 0 0 1 1 063 123
4 T 1 0 1 0 0 064 124
5 U 1 0 1 0 1 065 125
6 \% 1 0 1 1 0 066 126
7 W 1 0 1 1 1 067 127
8 X 1 1 0 0 0 070 130
9 Y 1 1 0 0 1 o7 131
: b4 1 1 0 1 0 072 132
; [ 1 1 0 1 1 073 133
< A 1 i 1 0 0 074 134
= 1 1 1 1 1 1 075 135
> ~ 1 1 1 1 0 076 136

Note:

Oniy first five bits of binary code are given, and these bits are the same for both listen and talk addresses. Sixth

and seventh bits determine whether address is listen (01) or talk (10).

ever; it cannot be returned to local during output of a

reading. If REN goes HIGH then LOW again while a™

reading output is in progress, the 3490A will stay in
remote. In order to return to local, then, REN must be
HIGH when no reading output is in progress. The 3490A
may also be returned to local by turning its power off
and back on again. If the 3490A is returned to local by
setting REN HIGH, but is not unaddressed to talk, it will
continue to output readings. If there is a listener such as
a 9800 series calculator on the bus that is addressed to
listen but is not able to receive data, the 3490A will stop
sampling, since it cannot output data. This condition
may appear to be a failure, since the 3490A would
typically be expected to continue sampling and no
longer be under program control.

3-108. Remote Program Sequence. The order of remote
programming is not important except that it must end
with the E command to execute the program. The
normal programming sequence is one alpha identifier
followed by one digit. For example, the program
F2R4S1T2MIE selects AC volts, 10 V range, Sample/

Hold off, Next External Trigger, Addressed Multi with

* Qutput (see Table 3-7). If it is necessary to change only

the range, for example, the next program instruction
might be R3E. In other words, program data will remain
stored as long as the instrument is in remote control,
unless changed by a subsequent programming data. If
more than one alpha identifier or digit is sent, the last
valid identifier or digit will be stored. For example,
FRIST2@SMF3E will be accepted as R5TPF3E. Para-
graph 3-131 gives a programming example using the -hp-
9820A Calculator as the controller and printer. The
power line switch cannot be programmed.

3-109. Trigger Source Program. The following para-
graphs explain the trigger source codes shown in Table
3-7.

3-110. T9, Internal Sample Rate. The 3490A releases
the Hold line when ready for a new measurement to be
taken, and the instrument is triggered according to the
internal sample rate. If the front panel Sample Rate
control is set to the Hold position, it will not sample

39
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Table 3-7. Program Codes.

CHARACTER USE OCTAL BINARY CODE

CODE by bg bs bs by b, by
R Range Program {dentifier 122 1 0 1 0 ¢} 1 ¢}
1 10,000 k{2; Test 7 061 0 1 1 0 0 0 1
2 1,000 k£2; 1000 V; Test 6 062 0 1 1 0 0 1 0
3 100 k€2; 100 V; Test 5 063 0 1 1 0 0 1 1
4 10 k2 10 V; Test 4 064 0 1 1 0 1 0 0
5 T k€21 V;Test3 065 0 1 1 0 1 0 1
6 A kS 1V Test 2 066 0 1 1 0 1 1 0
7 Autorange; Test 1 067 0 1 1 0 1 1 1
F Function Program identifier 106 1 0 0 0 1 1 0
("] DC Volts 060 0 1 1 0 0 0 0
1 K Ohms 061 0 1 1 0 0 0 1
2 AC Volts 062 0 1 1 0 0 1 0
3 Test 063 0 1 1 0 [¢] 1 1
S Sample/Hold Program ldentifier 123 1 0 1 4] 0 1 1
0 Sample/Hold Off 060 0 1 1 0 0 0 0
1 Sample/Hold Off 061 0 1 1 0 0 0 1
2 Track/Hold 062 0 1 1 0 o 1 0
3 Acquire/Hold 063 0 1 1 0 0 1 1
T Trigger Source Program |dentifier 124 1 0 1 o] 1 0 0
(1] Internal Sample Rate * 060 0 1 1 0 0 0 0
1 Immediate Internal 061 0 1 1 ] 0 0 1
2 Next E xternal Trigger 062 0 1 1 1] 0 1 0
3 None 063 0 1 1 0 0 1 1
M Mode of Operation Program Identifier 115 1 0 0 1 1 ¢} 1
[} Addressed Multi with No Qutput 060 0 1 1 0 0 0 0
1 Addressed Muiti with Qutput 061 0 1 1 4] 0 0 1
2 Addressed Single with No Output 062 0 1 1 0 0 1 0
3 Addressed Single with Qutput 063 0 1 1 0 0 1 1
4 Interrupt Multi with No Output 064 0 1 1 0 1 0 0
5 Interrupt Multi with Qutput 065 0 1 1 0 1 0 1
6 Interrupt Single with No Output ™ .5066 0 1 1 0 1 1 (o]
7 Interrupt Single with Qutput 067 4] 1 1 4] 1 1 1
E Execute Mode of Operation Program 105 1 0 0 0 1 0 1

* If Internal Sample Rate is programmed, make sure front panel Sample Rate control is set to desired position.

until the manual pushbutton is pushed, an external

trigger occurs, or the front panel control is taken out of
hold.

3-111. T1, Immediate Internal. The 3490A never re-
leases the Hold line, but instead provides an External
Encode command when ready for a new measurement to
begin. It is, therefore, sampling at its maximum rate, and
the front panel Sample Rate control is bypassed.

3-112. T2, Next External Trigger. The 3490A keeps the
Hold line LOW and releases the Sample/Hold Inhibit line
when ready to accept the next trigger. When an external
trigger occurs, the GPIB 1/O issues the External Encode
command. Pushing the front panel manual trigger
pushbutton will also initiate a reading.

3-113. T3, None. The 3490A keeps the Hold line LOW
and checks for an output request. This method may be
used to store data for output at a later time.

3-10

3-114. Mode of Operation. The following paragraphs
explain the mode of operation codes shown in Table 3-7.

3-115. M0, Addressed Multiple with No Qutput. In this
mode, operation is similar to operation when in local
control and not addressed to talk. Readings are taken
according to the programmed trigger, but no output
occurs.

3-116. M1, Addressed Multiple with Qutput. The in-
strument will take a reading when triggered and output
the reading if addressed to talk. If not addressed to talk,
it will wait for its talk address to output data or its listen
address to be programmed. After output of the data or
receipt of new programming data, the GPIB I/O returns
to the beginning of the program to determine the trigger
for the next reading.

3-117. M2, Addressed Single with No Output. The
instrument takes one reading when triggered and does
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MRE
Data Lines
3490A Listen Address Program data
from controller from controller
LDAV
Indicates to 3490A Data is
that data is available available
HRFD
3490A will 3490A is busy and 3490A will 3490A
accept data will not accept data accept new busy
data
—
3490A has accepted 3490A finished Processing
and is processing processing data data
HDAC data

not output the reading. A new reading is initiated by

Figure 3-8. Timing Diagram, 3490A Addressed to Listen.

3-123. Repeating an Output.

The 3490A can be made

reprogramming the 3490A or by going to local control.

3-118. M3, Addressed Single with Qutput. The instru-
ment takes one reading when triggered and outputs the
reading if addressed to talk. If not addressed to talk, it
waits for its talk address to output or its listen address to
be reprogrammed. After output of the reading data, a
new reading is initiated by reprogramming the 3490A or
by going to local control. If reprogramming occurs
before output of the reading data, a new reading will be
taken according to the new programming data.

3-119. M4, Interrupt Multiple with No Output, Pro-
gramming of No Output overrides that of Interrupt, so
this mode is the same as M.

3-120. M5, Interrupt Multiple with Output. This mode
is the same as M1 except that if the 3490A is not
addressed to talk, it will pull the Service Request (SRQ)
line LOW after each reading is taken. This line is taken
HIGH when the reading is outputted or when new
programming data is received. See Paragraph 3-116.

3-121. M6, Interrupt Single with No Output. Program-
ming of No Output overrides that of Interrupt, so this
mode is the same as M2.

3-122. M7, Interrupt Single with Output. This mode is
the same as M3 except that if the 3490A is not
add:zssed to talk, it will pull the Service Request (SRQ)
line LOW after each reading is taken. This line is taken
HIGH after output of the reading data or when new
programming data is received. See Paragraph 3-118.

to output the same reading more than once. This can be
accomplished by programming the 3490A with “M3E”
and outputting the reading. Then reprogram the 3490A
with “T3E”. The 3490A can output the same reading as
many times as desired. Programming with “T1E” initi-
ates a new reading.

3-124. Addressed to Talk. The 3490A may be ad-
dressed to talk by setting MRE LOW and transmitting
the 3490A talk address. It may be unaddressed to talk

- .by addressing any other unit to talk, or by sending the

character — . Figure 3-9 is a timing diagram for data and
handshake lines when a printer is addressed to listen and
the 3490A is addressed to talk.

3-125. Output Control. Two general modes of output
are possible, depending on the remote programming of
the 3490A. If normal output (Addressed Multiple or
Addressed Single, Table 3-7) is programmed, the 3490A
will inhibit triggers after each reading and output data if
already addressed to talk. If not addressed to talk, it will
wait for its talk address before outputting data, or for its
listen address to be reprogrammed. If Interrupt output is
programmed and the 3490A is not addressed to talk, it
will issue a Service Request after each reading and await
recognition by the controller. If it is addressed to talk, it
will inhibit triggers after each reading and proceed to
output data.

3-126. Output Format. After the 3490A has been
properly put into an ontput mode, the data will be

3-11
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Controller has
data available

Talk address
to 3490A

3490A and printer
will not accept data

Controller has
data available

Measurement

data from 3490A

MRE
Data Lines
Listen address
to printer
LDAV
HRFD
Printer and 3490A
will accept data
HDAC

Printer and 3490A
processing data

3490A and
printer wili
accept data

3490A and printer
will not accept data

3490A has
data available

Printer will
accept data

3490A and printer
finished
processing data

3490A and printer
processing data

' Printer and 3490A
finished
processing data

Printer will not
accept data

Printer is
processing data

Figure 3-9.

Timing Diagram, 3490A Addressed to Talk.

outputted in the following format: (Example listing:
N DC+XXXXXXE-Y).

Status Code Alpha*

N  Normal Operation

OL Overload

R Ratio Mode

S  Sample/Hold Mode

RS Ratio and Sample/Hold Mode

Function Code* e

AC AC Volts
DC DC Volits
KO Kilohms
T Test

*Status and Function are two-character codes. If only one
character is required, a blank space will be left so that the total
output format will always be the same length.

Polarity

+ Positive Input or Positive Ratio

- Negative Input or Negative Ratio
Data

XXXXXX  Six digits, most significant digit first

E Exponent Identifier

- Polarity of Exponent

Y Exponent (Range Digit)
CR Carriage Return

LF Line Feed

'YJ
—
()

3-127. Service Request. The 3490A is capable of re-
questing service on the bus and responding to serial
polling for identification and status. If either mode of
operation which specifies interrupt with output (M5 or
M7) is programmed and 3490A is not programmed to
talk, it will pull the Service Request (LSRQ) line LOW
after each reading.

3-128. For serial polling, the controller must pull the
Muitiple Response Enable (MRE) line LOW and send
both the Status Poll Enable (SPE) command.and the
3490A talk address. The SPE command is octal code
030, binary code 00 011 000. If the 3490A has pulled
SRQ LOW, when it receives SPE and its tatk address it
will transmit the ASCII character x1xxxxxx. The sev-
enth bit beinga “1” signifies that the 3490A did request
service. The other bits do not convey any information
concerning the status. After it receives the Status Poll
Disable (SPD) command (octal code 031, binary code 00
011 001), the 3490A will output the reading data, since
it is still addressed to talk. After outputting the data, it
will return the Service Request line to HIGH. If it is
unaddressed to talk before the SPD command is sent, it
will keep the SRQ line LOW and wait for its talk address
to output or its listen address to be reprogrammed. It
will set SRQ HIGH if it is reprogrammed. ~

3-129. If the 3490A is in operating mode M5 or M7 and
receives the SPE command and its talk address before a
reading is completed, it will respond with the character
x0xxxxxx. The seventh bit being a “0” indicates that it
did not request service, and the other bits have no
significance concerning status. This code (seventh bit
“0) is also transmitted if the 3490A is in any of the
other modes of operation (M@, M1, M2, M3, M4, or M6)
and it receives the SPE command and its talk address.
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3-130. If the 3490A has requested service and is
addressed to talk but not sent the SPE command, it will
not transmit a status code but will output the reading
data if programmed for output (M1, M3, M5, or M7).

3-131. GPIB Operating Example.

3-132. The following example uses a Hewlett-Packard
Model 9820A as both controller and printer. The 9820A
must be equipped with the 11144A Interface, and must
have the Peripheral Control II ROM Block installed in
the proper ROM block slot. An Interface Cable, -hp-
10631A/B/C, is needed to connect the 3490A to the
9820A.

3-133. This program places the 3940A in remote con-
trol and programs the following:

Function DC Volts

Range 10V

Trigger Immediate Internal

Mode Addressed Single with Output

In the M3 Mode and T1 Trigger Source the 3490A
provides an internal trigger to take one reading, and then
it outputs this data. It is then instructed by the
following program steps to take another reading, and
this process is repeated until the stop button is pressed.
If you do not wish to store this program in the
calculator, substitute the EXECUTE key in place of
STORE in the following sequence:

@ EXECUTE

Initializes calculator.

500000

=I(0)G)

Sets LREN LOW on bus.

@ STORE

Addresses 3490A to listen. 3490A should go to remote
control. REM annunciator should be ON.

Secﬁon I

C N N2 (Y
=)= )

S0 DS
DeDwDw
DS

6 = 3490A listen address;

U = 9820A talk address.

This sequence programs 3490A to DC, 10V range,
Immediate Internal trigger, and Addressed Signal with
Output.

S 00w
DEEHEE0)
2000
20000
(ema(a) o S

5= 9820A listen address;
V = 3490A talk address.

Programs the 3490A to output data and programs
9820A to print.

S0=0w0
OOEO0
(o))

Programs 3490A to take another reading and return to
seqeunce 2 to output new data.

3-13
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STORE

Ends calculator program.

To run this program, press

RUN PROGRAM

To halt program, press

STOP

To list program (print out stored program), press

3-134. Special Trigger Programming Technique. When
programming the 3490A, the E indicates the end of
programming information and allows the 3490A to start
operating according to the new programming instruc-
tions. The instructions are stored as they are received
and do not require the E in order to be accepted.
Because of this, one programming technique is to omit
the E when the programming instructions are sent, and
then transmit the E when it is desired that the 3490A
make a reading. However, if the E is not sent with the

programming instructions, the 3490A will take a reading™

either when MRE goes LOW or when an E is sent,
whichever occurs first. Consequently, if the 3490A was
programmed with “M3T1....” initially, and then the
statement CMD”?U6” “E” was used, the instrument
would take two readings instead of one as programmed.
There are two ways to prevent this:

a. After sending the programming instructions, don’t
change the listen and,talk addresses until the E is sent.
For example:

CMD “7U6”, “F3R7TM3T1”

CMD, “E”, “75V

b. First program the 3490A for no trigger, and then

reprogram it for a trigger when a reading is to be made.
For example:

CMD “?U6”, “F3M3R7T3E” (The E is op-
tional in this statement)

CMD “?2U6™, “T1E”, “I5V”

Model 3490A

3-135. Suppression of CR and LF. When outputting
programming instructions from the 9800 series calcula-
tors without using the CMD statement, the Carriage
Return (CR) and Line Feed (LF) normally output by
the calculator must be suppressed. If not, they are seen
as two programming characters by the 3490A. CR and
LF may be suppressed in the 9820 by transmitting, Z at
the end of the instructions. In the 9830, they may be
suppressed by sending a semicolon.

9820 example:
CMD “2U6”; FMT “M3R7FQE” Z; WRT 13
9830 example:

19 CMD “2U6”
290 OUTPUT (13, 30) “M3R7FQE”;
30 FORMAT B

3-136. Control by Marked Card Programmer.

3-137. The 3490A with Option 030 may be pro-
grammed by using a Marked Card Programmer such as
the -hp- Model 3260A or Model 9860A. An example of
marked card programming is shown in Figure 3-10. The
binary code shown in Table 3-7 is used in marking the
card. Use a soft black pencil to mark each space
representing a “1” in the code. The “200” space must be
marked whenever the 3490A is addressed to listen or
clear (unaddressed). The “200” bit pulls the MRE line
LOW, and should be used only for addressing.

3-138. The following instructions must be observed for
reliable programming,.

1. The 3490A cannot receive programming- data
while it is making a reading. Therefore, if the 3490A is
allowed to sample, programming instructions from the
card reader will be ignored by the 3490A while it is
making a reading. Two methods may be used to control
sampling.

a. Before programming, set the 3490A Sample
Rate control to the HOLD position. Do not program
trigger mode. Instead, after programming is com-
pleted, change the Sample Rate control manually
from the HOLD position to the desired sample rate.
Then if a subsequent change in the 3490A program is
necessary, the Sample Rate control must be set to the
HOLD position again before programming,

b. Set the 3490A Sample Rate control to the
HOLD position and program the 3490A for trigger
mode T1, Immediate Internal Trigger. In this mode,
the 3490A will continue to sample at the maximum
rate, and the front panel control setting will have no
effect. In order to reprogram the 3490A under these
conditions, the 3490A Line switch should be turned
OFF and back ON again. This returns the instrument
to local (front panel) control.
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Figure 3-10. Example of Marked Card Programming.

2. The line on the marked card immediately fol-
lowing the last line in which MRE is pulled LOW (“200”
space marked) should be left blank. This enables the
3490A to be in the programming routine before the first
programming character is sent. If this line is not left
blank, the character on that line will be ignored.

3-139. SAMPLE/HOLD MEASUREMENTS (Option
040 or 045).

3-140. Definition of Sample/Hold Terms.

3-141. Track/Hold. This term describes the mode of
operation in which the “Hold” mode (see Paragraph
3-143) begins within 400 nanoseconds after receipt of a
Sample/Hold Trigger command. Prior to this time, the
Sample/Hold amplifiers follow, or track, the output of
the 3490A DC Input Amplifier. Upon receipt of a
Sample/Hold Trigger command, the amplifiers “hold”

for measurement the voltage present on the Amplifier A -

integrating capacitor at that time. After the 3490A
completes a measurement, the “track” mode resumes.

3-142. Acquire/Hold. This mode differs from the
Track/Hold mode in that a precise delay is added in the
Sample/Hold trigger path. This delay allows the DC
Input and Sample/Hold amplifiers to respond to a
full-range step input voltage before the Hold mode
begins.

3-143. Hold Mode. Following a Sample/Hold Trigger
command, the Sample/Hold Amplifiers A and B retain
for measurement the voltage present at Amplifier A
when the Hold command was received. During this
retention period. the Sample/Hold amplifiers are said to

be in the Hold mode. These amplifiers are also placed in
the Hold mode during the run-down, or discharge,
portion of the measurement cycle.

3-144. Track Mode. After completion of a measure-
ment, the Sample/Hold amplifiers follow, or track, the
input voltage until they are placed in the Hold mode by
a subsequent Sample/Hold Trigger command. This con-
dition is referred to as the Track mode.

3-145. Aperture Time. This is defined as the period
between receipt of a Sample/Hold Trigger command and
the time at which the Sample/Hold switching circuits

__place Amplifier A in the Hold mode.

3-146. Maximum Acquisition Time. This is the time
required for the DC Input and Sample/Hold amplifiers
to respond to a full-range step input voltage.

3-147. Delay. This term, as used in connection with
Acquire/Hold operation, refers to the delay added in the
Sample/Hold trigger path which extends the aperture
time to include the acquisition time.

3-148. Sample/Hold Trigger (TTL). This is the dc coup-
led command to the Sample/Hold circuits which initiates
a Hold mode. The signal must go from HIGH to LOW
for a minimum of 30 nanoseconds. It must go HIGH at
least 600 us prior to going LOW. (See Figure 2-1 1.) This
command will initiate a 3490A measurement only under
certain conditions (see Paragraph 3-165). The term
“Sample/Hold Trigger” is used as a general term in this
manual, referring either to a dc coupled or ac coupled
trigger signal.

3-15
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3-149. Sample/Hold AC Trigger. This ac coupled com-
mand has the same effect as the Sample/Hold Trigger
command (TTL). This signal must be a negative-going
pulse at least 30 nanoseconds wide with an amplitude
between 2V and 200 V. The signal must be static at
least 2 ys prior to the negative transition.

3-150. Hold Command. This is an internal command to
a Sample/Hold amplifier, resulting in a Hold mode. Hold
A command switches Amplifier A and Hold B switches
Amplifier B. Both commands are generated in the
Sample/Hold logic circuits.

3-151. External Encode. This command initiates a
3490A measurement when the Sample Rate control is
set to HOLD. This signal must be from HIGH to LOW
for a minimum of 240 us.

3-152. Special S/H Operating Considerations.

3-163. Display. When the 3490A is operating in either
the Track/Hold or Acquire/Hold mode, the fifth digit in
the display is normally blanked, leaving a display of 4
full digits plus the overrange “1”. This is done because
of the uncertainty in the fifth digit due to noise.
However, if the instrument is equipped with the Data
Output (BCD) Option 021 or the GPIB Option 030, the
output data includes the fifth digit. The fifth digit can
be restored to the display if desired by changing the
connection of the white/black wire from the display
assembly. For a 4-digit S/H display, this wire is
connected to Test Point L on the Main Circuit Assem-
bly, A1, and for a 5 - digit display, it should be moved to
Test Point M. These test points are located on the Main
Circuit Assembly just to the rear of P2, which is the
display cable connector.

Lamat

3-154. .1V Range. Sample/Hold measurement accur-
acy is not specified for the .1 V range. On this range, the
output of the Input amplifier contains an appreciable
amount of wideband noise due to the broad bandwidth
of the amplifier and the amplifier gain of X100. The
rapid response time of the Sample/Hold circuits allows
the Hold mode to occur anywhere within the envelope
of the noise.

3-155. Autoranging. Autoranging requires successive
readings (initiated internally) when changing ranges.
Consequently, the final reading loses its time relation-
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ship to the external trigger and therefore is not useful
Sample/Hold information.

3-156. Guard Connection in Sample/Hold Meaurements.

3-157. The Guard terminal should always be connected
to the Low input terminal when making Sample/Hold
measurements, unless the guard can be properly driven
by a low-impedance and low-noise source.

3-158. Input Signal Limitations.

3-159.The analog-to-digital conversion process requires a
certain amount of time, and any change in the voltage

- input to the A-to-D conversion circuits during this time

degrades the accuracy of the measurement. The purpose
of Sample/Hold is to “freeze”, or hold, a changing input
voltage at a specific point in time and accurately
measure the voltage. The bandwidth of the Input
Amplifier and the response time of the Sample/Hold
Amplifiers restrict the rate at which the voltage to be
measured can change. The Sample/Hold circuits are able
to maintain tracking only if the rate of change of the
input voltage is within the following limits:

2.5 % range fus on the 10 V and 1000 V ranges.
5 % of range/us on the 1 Vand 100 V ranges.

The rate of change in input voltage (dV/dt) affects the
ability of the instrument with Sample/Hold to digitize a
ramp or sine wave. Table 3-8 shows the maximum dV/dt
for a ramp and the maximum frequency for a full-range
sine wave to be measured within the accruacy given. The
input signal is also limited to a maximum dV/dt during -
digitization of 50 V/us.

3-160. Sample/Hold Trigger Signal Requirements.

3-161. Either of two signal inputs may be used to
initiate a Hold mode. The Sample/Hold Trigger input
(TTL) is dc coupled, and the AC Trigger input, of
course, is ac coupled. The term “Sample/Hold Trigger”
is used as a general term in this manual to refer to either
signal. In some option combinations, a Sample/Hold
Trigger does not initiate a 3490A measurement (see
Paragraph 3-165).

Table 3-8. Ability of Sample/Hold to Digitize a Ramp or Sine Wave.

3-1o

RANGE
Accuracy* . o0V 1V,100V, 1000 V
(% of Range)
Sine Wave Sine Wave Sine Wave Sine Wave
Ramp (Zero Crossing) {Peak Reading) Ramp (Zero Crossing) (Peak Reading)

.01 % 30 V/S 5 Hz 750 Hz 12.5 V/S 2 Hz 300 Hz
1% 300 V/S 50 Hz 2750 Hz 125 V/S 20 Hz 900 Hz

1% 3000 V/S 500 Hz 7500 Hz 1250 V/S 200 Hz 3000 Hz

*Accuracy specifications are to be added to (% of range) dc specification.,




Model 3490A

3-162. Sample/Hold Trigger (TTL). Compatibility with
TTL logic circuits requires this signal go be from HIGH
(=>+2.4V) to LOW (<+04 V) for a minimum of 30
nanoseconds in order to initiate a Hold mode. The signal
must be HIGH for at least 600 us prior to going LOW.
The external triggering circuit must be capable of sinking
1 mAat <+04V.

3-163. AC Trigger. The leading edge of a negative-going
pulse at least 30 nanoseconds wide and 2 V to 200 V in
amplitude initiates a Hold mode. The signal must be
stable for at least 2 us before the negative-going transi-
tion.

3-164. Termination of Unused S/H Trigger Input Con-
nections. When operating in a Sample/Hold mode, some
precautions are necessary to prevent unwanted triggering
of the Sample/Hold circuits, which can be caused by
cross talk within an external cable attached to the trigger
input connector. Only one of the two trigger inputs will
be used at any one time in a given situation, and
spurious triggering at the other input may be prevented
in one of two ways:

1. The unused input may be left open; that is, with
no wire in the cable connected to this pin on the
connector.

2. The unused input may be terminated at the other
end of the cable. The TTL Sample/Hold Trigger (dc
coupled) input line should be connected to a HIGH logic
level (=t 2.4 V). The AC Trigger input line should be
connected to a LOW logic level (<+ 0.4 V).

3-165. Initiating a Sample/Hold Measurement.

3-166. The Sample/Hold option is available in three
different configurations which employ various methods
of initiating a Sample/Hold measurement. Sample/Hold
is available with the BCD/Remote Expand Option 020.
(Either Data Output Option 021 or Remote Controt
Option 022 or both may also be installed with Option
020.) Sample/Hold is also available with the General
Purpose Interface Bus I/O Option 030. In the third
configuration, Sample/Hold is available as Option 045,
without any of the other options. No data output or
remote control, except Sample/Hold Trigger, is available
in Option 045. The following paragraphs discuss meth-
ods of initiating a measurement in instruments having
the various options. Table 3-9 lists the methods of
externally triggering a Sample/Hold measurement.

3-167. Internal Sample Control, Option 045 and Option
040 with Option 020. When the front panel Sample
Rate control is set to any position except Hold and no
Sample/Hold Trigger command is applied, the instru-
ment will automatically hold and read the input signal at
the sample rate selected. However, this method of
operation provides only random sampling, since it is not
possible to synchronize the measurement to any specific
point in the input signal.
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Table 3-9. Initiating S/H Measurements by
External Triggering.

Sampie/Hold Other Options Measurement
Option in the 3490A Initiated By:
040 020 Separate External Encode
command or Stretched
Pulse Qutput connected
to External Encode input.
040 030 Sample/Hold Trigger
045 neither 020 Sample/Hold Trigger
or 030

3-168. Internal Sample Control, Option 040 with Op-
tion 030. The 3490A with the GPIB Option 030 may be
programmed for internal sample control. If so, the
instrument will automatically hold and read the input
signal at" the sample rate selected. Operating with
internal sample control provides only random sampling,
since the measurement is not synchronized to any
specific point in the input signal.

3-169. External Triggering, Option 045. When Sample/
Hold is present in an instrument with neither BCD
Remote Expand Option 020 or GPIB Option 030, it is
designated as Option 045. In this case, either Sample/
Hold Trigger command automatically initiates a mea-
surement.

3-170. External Triggering, Option 040 with Option
020. With this combination of options, a Sample/Hold
measurement may be initiated by external triggering in
two ways. For either method, the 3490A measurement
circuits must be in the “Hold” state. That is, the Sample
Rate control must be in the Hold position, or if the
instrument has Remote Control Option 022, the Inter-
face Hold line may be held LOW. One method of
initiating a Sample/Hold measurement requires two

" ‘Separate- signal inputs, a Sample/Hold Trigger command

. to initiate a Hold mode, and an External Encode

command to initiate a measurement. Both commands
may be applied at the same time, or the External Encode
command may be applied up to 1/2 second after the
Sample/Hold Trigger. In the second method, the
Stretched Pulse Output from the Sample/Hold trigger
circuits (J7 pin 10) is connected externally to the
External Encode input (J6 pin 46 or J7 pin 24 or 28).
This connection provides an External Encode signal to
initiate a measurement immediately upon receipt of a
Sample/Hold Trigger command. Neither signal will have
any effect if applied while a measurement is in progress.
If a Sample/Hold Trigger command is given without an
External Encode command, the Sample/Hold circuits
will be locked in the Hold mode. This condition can be
terminated by applying an External Encode command or
by setting the Sample/Hold switch to Off.

3-171. External Triggering, Option 040 with Option
030. When operating Sample/Hold with General Pur-

3-17
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pose Interface Bus control, the 3490A should be
programmed for Next External Trigger (T2). When Next
External Trigger is programmed, upon completion of a
measurement the GPIB circuits wait for an External
Trigger command. Either of the Sample/Hold Trigger
inputs at J11 provides an External Trigger command to
initiate a measurement at the same time a Hold mode is
initiated.

3-172. Acquisition Time. The maximum time required
by the DC Input and Sample/Hold Amplifiers to respond
to an input voltage varies with the range selected, as
shown in Table 3-10. The acquisition time must be taken
into consideration in Track/Hold operation. The delay
incorporated into Acquire/Hold operation includes the
acquisition time. Figure 3-11 shows typical times re-
quired for the amplifiers to respond within a specified
accuracy to a step input voltage.

Table 3-10. Maximum Acquisition (Setting)
Time for Full-Range Step Input.

Settling Time to Within
Range 0.01 % of Final Vaiue
iv 512 us
v 128 us
100 v 512 us
1000 v 128 us
NOTE

-1 V range is not specified (see Paragraph 3-154).
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3-173. Using the Track/Hold Mode.

3-174. Digitizing a Ramp. The output of the Sample/
Hold amplifier circuits lags the 3490A input voltage by a
delay which is approximately equal to 2 f3 4’ where

f3 4B is the 3 dB bandwidth frequency shown in Table
1-2. When measuring a stable dc input voltage, this time
lag presents no problem. However, if the input voltage is
changing, as a ramp input for example, this delay must
be considered in interpreting the 3490A reading. In
Track/Hold measurements, the voltage reading is actu-
ally the input voltage at a point previous to the time the
Sample/Hold Trigger command was received. The point

. of measurement, then, effectively precedes the trigger

command by a length of time equal to the delay, shown
in Figure 3-12 as the analog delay. Digitization of a
repetitive stable ramp may be done as illustrated in
Figure 3-12. The delay between the start of the ramp
and the Sample/Hold Trigger must be accurately deter-
mined by some means, such as an interval timer. It is not
necessary that measurements be made on successive
cycles as might be inferred from Figure 3-12. Measure-
ment may be made on every 2nd, 3rd or nth cycle as
convenient, if the waveform is stable. The maximum
dV/dt limitations shown in Paragraph 3-158 and Table
3-8 must be observed.

3-175. Reconstructing an Input Waveform. An input
waveform may be reconstructed from a series of
Track/Hold measurements by using the second equation

1000 V RANGE \}
w ' w
Q 10 V RANGE 1 g
=] N 0 )
2 200 Iy & 200 7T
i Y | 1
3 100 ;i 3 100 T A,
=) 7 =) =
uw 7 w ”
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Figure 3-11. Typical Response to a Step Input Voltage.
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Figure 3-12. Digitizing a Ramp.

shown in Table 1-2 under the “Time Response Chara-
cteristics” heading. The shorter the time between mea-
surement points, the greater the accuracy of the recon-
structed waveform will be.

3-176. Digitizing a Sine Wave. The rules that apply
when digitizing a ramp (Paragraph 3-174) also apply to
measurement of a sine wave. Keep in mind that the
dV/dt and frequency limits given in Paragraph 3-158 and
Table 3-8 must be observed. The waveform may be
reconstructed from the Track/Hold measurement infor-
mation as discussed in Paragraph 3-175.

3-177. Ramp Linearity Measurement Aided by an Oscil-
loscope. An oscilloscope with delayed sweep and a
delayed gate output can be very helpful in making
Sample/Hold measurements of a repetitive waveform.
For example, linearity of a ramp can be measured
accurately, as in the following procedure.

a. Choose an oscilloscope with delayed sweep, such
as the -hp- Model 180C with the 1821A Time Base/
Delay Generator plug-in unit. Be sure the Delayed Gate
output from the oscilloscope meets the Sample/Hold
’;"r;g6%er input signal requirements given in Paragraph

b. Connect the Delayed Gate output from the
oscilloscope to the S/H AC Trigger input. If the 3490A

has Option 020 installed, connect the S/H Stretched
Pulse Output to the External Encode input (see Para-
graph 3-170).

¢. Connect both the Main Gate and Delayed Gate
outputs from the oscilloscope to an interval timer (such
as the -hp- Model 5300A/5302A) to determine the delay

" time accurately.

d. Connect the ramp signal to be measured to both
the 3490A input and the oscilloscope vertical input. The
slope of the ramp must be within the limits given in
Paragraph 3-158 and Table 3-8. Trigger the oscilloscope
main sweep at the beginning of the ramp.

e. Set the Sample/Hold control to Track/Hold. The
measurement will then be triggered at the point where
the delayed-sweep intensified trace appears along the
ramp.

f. Position the delayed-sweep intensified trace at any
number of sampling points (at least three) along the
ramp, as shown in Figure 3-13.

g. The slope of the ramp between various measure-
ment points can then be compared to determine
linearity. In Figure 3-13, for example, slope AB should
be compared to slope BC as follows:

3-19
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Figure 3-13. Using Delayed-Sweep Oscilloscope in
Ramp Linearity Measurements.

3-178. Filter Response Measurement Aided by an Oscil-
loscope. Measurement of filter response may be accom-
plished by the use of Sample/Hold, a delayed-sweep
oscilloscope, a square wave generator, and a time interval
counter. The following procedure tests the response tinié
of a filter.

a. Choose an oscilloscope with delayed sweep, such
as the -hp- Model 180C with the 1821A Time Base/
Delay Generator plug-in unit. The vertical plug-in may
be either single- or dual-channel. However, the dual-
channel feature permits display of both the filter input
and output at the same time. Be sure the Delayed Gate
output from the oscilloscope meets the Sample/Hold
Trigger input signal requirements given in Paragraph
3-160. '
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b. Connect the Delayed Gate output from the
oscilloscope to the S/H AC Trigger input. If the 3490A
has Option 020 installed, connect the S/H Stretched
Pulse Output to the External Encode input (see Para-
graph 3-170).

c. Connect both the Main Gate and Delayed Gate
outputs from the oscilloscope to an interval timer, such
as the -hp- Model 5300A/5302A Counter, to determine
the time delay accurately.

d. Connect a square wave generator, such as the -hp-
Model 3311A Function Generator, to both the filter
input and the oscilloscope input. Set the square wave
-output to 10V at a frequency such that the duration of
one half of the square wave is greater than the expected
response time of the filter. For example, a frequency of
300 Hz is satisfactory for the filter shown in Figure
3-14.

e. Set the 3490A to the 10 V range, DC function and
Track/Hold operation. Connect the output of the filter
to the 3490A input terminals. If a dual-channel oscillo-
scope is used, also connect the filter output to the other
oscilloscope input.

f. Position the delayed sweep intensified trace to-
ward the right side of one half of the square wave and
determine the final value of the filter output.

g. Shift the intensified trace toward the left until the
3490A reading is reduced to within X % or X mV of the
final value noted in step f. The time interval counter
displays the time required to settle to this value. The
intensified trace may be positioned at the other points
to observe any overshoot or ringing in the filter output.

3179, Using the Acquire/Hold Mode.

3-180. Measuring a Step Input Voltage. The Acquire/
Hold mode of operation is useful for measuring a step
input voltage because the Sample/Hold Trigger com-
mand may be applied simultaneously with the input
voltage step. The aperture time, which is the delay
between receipt of a Sample/Hold Trigger and the
beginning of a Hold mode, is of sufficient length to
include the acquisition time, as shown in Figure 3-15.

L —r—
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Figure 3-14. Filter Qutput Measurement.
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Figure 3-15. Measurement of a Step Input.

The step input voltage must remain stable for at least the
duration of the Acquire/Hold aperature time shown in
Table 1-2.

3-181. Measuring Pulse Height. Acquire/Hold may be
used to measure the height of a pulse or square wave.
The width of the pulse (or one-half of the square wave)
must be greater than the aperture time shown in Table
1-2. Triggering may be applied coincident with the
leading edge of each input pulse.

3-182. Using 50 Hz or 60 Hz Power Source (Options
050 or 060).

3-183. The 3490A has the capability of operating from
a 50 Hz or 60 Hz power source. Option 050 is available
for 50 Hz operation and consists of using a- 3.333 MHz
crystal (Y2)in the clock and A1R207 = 100 k2. Option
060 provides for 60 Hz operation and uses a 4 MHz crys-

tal (Y1) in the clock and AIR207 = 84.5 k2. See Table
2-1.

5-184. RATIO Measurements (Option 080).

3-185. Instructions for making ratio measurements with
the Model 3490A, Option 080, are contained in the
following paragraphs. DC-to-dc and ac-to-dc “‘three-
wire” ratio measurements can be made; that is, the EXT
REF input Low terminal and the INPUT Low terminal
are connected internally. Because the same terminals are
used for Ohms measurements and for Ratio measure-
ments, these two functions are mutually exclusive.

3-186. External Reference Voltages.
3-187. The front panel Ratio switch selects either the

Internal Reference or the 1V or 10 V External Refer-
ence range. If the 1V range is selected, the external
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Figure 3-16. Ratio Input Connections.

reference voltage may be either a positive or negative
voltage between 0.1 V and 1.2 V. On the 10 V range, the
reference may be positive or negative, 1 Vto 12 V.

3-188. Input Connections.

3-189. The dc external reference and unknown input
voltage should be connected as shown in Figure 3-16.

1ECAUTION§

External Reference Low and Input Low
must be at the same potential; these ter-
minals are connected internally. Connect
Guard to Input Low,

3-190. Ratio Display.

3-191. If the 1 V External Reference range is selected,
the display reads the ratio directly, but if the 10V
reference range is used, multiply the display by 0.1. In
dc/dc ratio measurements, the polarity symbol is + when
the external reference and input voltages are the same
polarity, and - if they are opposite in polarity (see Table
3-11). In ac/dc measurements, no polarity symbol is
displayed. Any ratio measurement is limited to 120 % of
the input range selected. If autoranging is selected,

“upranging occurs at 120 % of range and downranging at

10 % of range. Overload indication is the same as in
voltage measurements.

Table 3-11. Ratio Polarity Display.

External
Reference Input Displayed
Input Signal Polarity

+ + +

+
+ -

- +

+ ac none
ac none

3-192. Ratio Measurement Procedure.

a. Set RATIO switch to 1V or 10V EXT REF
range. If the external reference voltage is between 1.0 V

3-21
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and 1.2V, the 1V range should be used for greater
accuracy.

b. Connect External Reference (dc only) to EXT
REF terminals.

c. Select DC or AC FUNCTION to correspond to
input signal to be measured.

d. Set RANGE switch to desired range or to AUTO.

e. Connect input signal (dc or ac). Input signal Low
and External Reference Low must be at same potential,

Model 3490A

since these terminals are connected internally.

f. Read ratio display directly if 1 V EXT REF range
is selected. If 10V EXT REF range is selected, multiply
display by 0.1.

NOTE

When operating in Autorange mode with less
than full-scale External Reference input
(<1V or <10V), the first reading follow-
ing an uprange will be incorrect.
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Section IV

SECTION 1V
THEORY OF OPERATION

4.1. INTRODUCTION.

4-2. This section describes the methods and circuits
used in the Model 3490A Multimeter to make dc
voltage, ac voltage, and resistance measurements. The
circuits needed for ratio measurement, sample-and-hotd
measurements, remote control, and data output are also
described. A general theory of operation is followed by a
more detailed explanation of the circuits used.

43. GENERAL THEORY OF OPERATION.

4-4. The Model 3490A Multimeter uses the dual-slope
integration technique for measurement (see Figure 4-1),
in which an integrator charges for a fixed length of time
to a voltage proportional to the input signal, and then is
discharged at a fixed rate determined by a known
reference voltage. The measurement display is deter-
mined by the discharge time, which is proportional to
the input signal. The integrator is part of the Analog-to-
Digital Converter shown in the Basic Block Diagram in
Figure 4-2. A description of the basic operation of the
3490A is contained in Figure 4-2 and Paragraphs 4-5
through 4-18.

4.5, Signal Conditioning Circuits.

4-6. The signal conditioning circuits include the DC
Input Attenuator, the AC Converter, and the Ohms
Converter circuits. The output of one of these circuits is
applied to the DC Amplifier for the run-up portion of
the measurement sequence.

4-7. Reference Voltages.

4-8. One of three reference voltages is applied to the DC
Amplifier input for the run-down portion of the

measurement sequence. The proper reference is selected
by the Logic circuits according to the function selected
and/or the polarity of the input signal.

4.9, DC Amplifier.

4-10. The DC Amplifier output is 10 Vdc for a full-
range input on any range in any function. For any
measurement except Sample/Hold, this output goes to
the Analog-to-Digital Converter circuits. In Sample/Hold
measurements, the DC Amplifier output is applied to the
Sample/Hold circuits (see Figure 4-21), and the Sample/
Hold output is applied to the A-to-D Converter.

4-11. Analog-to-Digital Converter.

4-12. The Analog-to-Digital (A-to-D) conversion circuits
consist of an Integrator, followed by a x20 Amplifier
and a Zero Detect Amplifier. If the Integrator input is
positive during run-up, the A-to-D output goes HIGH
(near +5 V) during run-up and returns to LOW (near
0V) when the Integrator is discharged to zero. If the
input is negative, the A-to-D output goes LOW during
run-up and HIGH at the zero detect point. Input signal
polarity, as well as “end of measurement” information,
is derived from this output signal. The length of time
between the start of run-down and the zero detect point
determines the numerical value of the display.

4-13. Logic.

4-14. The timing of the measurement sequence is

.controlled by the logic circuits. This timing may be

influenced by the range and function selected. The basic

* clock is a crystalcontrolled oscillator, from which a

number of timing signals are derived through dividing
counters. The sample rate is controlled by the logic
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|
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Figure 4-1. Dual-Slope Integration.
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sample rate control setting, and any delay that may be required by the function and range selections.
During this time, the input to the DC Amplifier is grounded and this amplifier and the Integrator are
in the Auto-Zero state (see Paragraphs 4-37 and 4-50).

Following any delay required, the input signal is applied to the DC Amplifier and sufficient time is
allowed for the amplifier to settle before the run-up period begins.

The Integrator charges for a fixed period of time to a voltage proportional to the input signal.

Signal polarity is determined and the proper reference voltage is selected. The reference is applied to
the DC Amplifier in place of the input signal.

The Integrator discharges at a fixed rate which is determined by the reference voltage.

If the instrument is in autorange, it determines whether the reading is on the correct range. If not, it

3480-8-3583

upranges or downranges one range and initiates another reading.
o N B

This is an Auto-Zero period of 65 ms. (See Paragraphs 4-37 and 4-50.)

Figure 4-2. Basic Diagram and Operation.

circuits, and is dependent upon the sample rate switch
setting, as well as the function and range selected. In
auto-range operation, the logic circuits select the correct
range. The input polarity information is utilized by the
logic circuits to select the correct reference polarity for
run-down.

4-15. Display.

4-16. The display consists of six digits; however, the
most significant digit is either zero or an overrange “1”
during normal measurements. During the logic test
operation (Test No. 1), other numbers are displayed in
this digit. The display also contains a polarity symbol
and an “overload” annunciator light. If the instrument
has a Remote Contro} option, a “REM” annunciator also
lights when remote operation is selected.

42

4-17. Range and Function Contral.

4-18. Range and function may be selected by the front
panel switches or remotely, if the instrument is equipped
with one of the remote control options. Remote control
is provided by Option 022 (Paragraph 4-174), or by the
General Purpose Interface Bus I/O Option 030 (Para-
graph 4-196).

4-19. DC ANALOG CIRCUITS.

4-20. In general, the following explanations of both the
analog and digital circuits describe the circuits outlined
in the block diagram shown in Figure 7-18.

4-21. Input Attenuator.

4-22. A simplified diagram of the Input Attenuator and
DC Amplifier circuits is shown in Figure 4-3. The Input
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Attenuator is switched by reed relays which are con-
trolled by signals from the DC Switching Logic circuits.
No attenuation is used on the .1V, 1V and 10 Vdc
Ranges. Attenuation of 100 is used on the 100 V and
1000 V ranges. No attenuation is required for resistance
measurements, because the full-range voltage across the
resistance being measured is not greater than 10 V. In ac
voltage measurements, the AC Converter output is
applied to the DC Amplifier through a FET (Field Effect
Transistor) switch, and the dc attenuator is not used.

4-23. DC Amplifier.

4-24. The DC Amplifier is a differential amplifier circuit
using a FET input stage to provide an input resistance
greater than 10'® ohms on the .1V, 1V and 10V
ranges. Input resistance on the 100 V and 1000 V ranges
is 10 M2, as determined by the attenuator. The push-
pull output stage is protected by diodes which prevent
excessive output current. The amplifier output is + or
- 10V full range for all ranges and functions. In normal
operation, this output is applied to the Integrator
circuit. If optional Sample/Hold operation is selected,
the DC Amplifier output is applied to the Sample/Hold
Analog circuits.

4.25. DC Amplifier Gain.

4-26. The gain of the DC Amplifier may be 1, 10 or
100, and is determined by the feedback path selected.
FET switching circuits are used to select the feedback

resistance ratios, and the gain is equal to M, as
shown in Figure 4-3. FR2
X1
INPUT . ’ +
-t DT
— =X 0= - =
AMPLIFIER GAIN = %ﬁ
9.@7.1' {}——-—o/:/
S ' FRI
AR2 FEEDBACK
OiM .
| GAIN FRt FR2
— _\__ _AUTO FR2 X0 100K
ZERO v XI0 90K 10K
ATTENUAYION:AR?TZANZ ‘; é X100 99K 1K
34904-8-2928

Figure 4-3. Simplified Diagram, DC Amplifier.

4-2]. Switching Circuits.

4-28. Figure 44 shows the 3490A measurement se-
quence. During the charging, or run-up period, the input
signal is applied to the DC Amplifier input. During the
discharge, or run-down period, the proper reference is
applied. Switching of these signals and others such as a
Feedback Attenuator and Auto Zero circuits, is accom-
plished by FET switching circuits. These FETs are all
contained in one microcircuit package, A2U2, and are
driven by signals from the DC Switching Logic circuits.

Section IV

4-29. Bootstrap Circuit.

4-30. The gate-to-source bias for the switching FETs is
provided by a voltage which is bootstrapped to the DC
Amplifier input voltage to provide the proper turn-on
and turn-off bias. The input of the unity-gain Bootstrap
Amplifier, shown in Figure 7-20, is connected to the DC
Amplifier feedback line.

4-31. Reference Voltages.

4-32. Internal reference voltages are provided for the
run-down portion of the measurement sequence. In dc
measurements, if the input voltage is positive, the - 10 V
reference is used; and if the input is negative, the + 10 V
reference is used. In ac measurements, the AC Converter
output is positive requiring the negative reference for
run-down. The 2 reference, used in resistance measure-
ments, is generated by the Ohms Converter and is
approximately - 1 V.

4-33. Overload Protection.

4-34. Protection against excessive input voltage is pro-
vided at the DC Amplifier input. On the 10V, 100V
and 1000 V ranges, the input is limited by breakdown
diodes to approximately £ 13 V. On the .1 Vand 1 V
ranges, the protection circuits are switched to limit the
input to the amplifier to approximately + 2 V. Overload
protection is also provided at the amplifier output by a
diode circuit in parallel with the feedback attenuator. If,
for example, the amplifier is operating with a gain of 10
or 100 and the output voltage exceeds approximately
+ 16V, the diode circuit begins to conduct, reducing the
amplifier gain, with a corresponding reduction in output
voltage. If the amplifier is operating with a gain of 10 or
100, the gate of the x1 gain FET (K in Figure 44)is at
-17 V. If the amplifier output goes excessively negative,
as it approaches - 17 V, the x1 gain FET begins to turn
on, reducing the amplifier gain and its output voltage.

* €onsequently, the amplifier output is limited to approxi-
_mately £ 16 V.

4-35. Leakage Control.

4-36. A FET switch (B in Figure 44) is also provided
which disconnects the three reference FETs (F, G, H),
the AC Converter output FET (E), and the .01 Attenua-
tor FET (D) from the amplifier input during run-up
when the x1 Attenuator line is being used. This reduces
the possibility of leakage from these circuits into the
high impedance DC Amplifier input circuit.

437. DC Amplifier Auto Zero.

4-38. During certain portions of the measurement se-
quence, as shown in Figure 44, the DC Amplifier circuit
is automatically zeroed. At the completion of a measure-
ment, the amplifier input is grounded through the Input
Short FET switch C. The Auto Zero signal then turns on
FET switch J, placing the amplifier in a x1 gain

43



Section IV

Model 3490A

SEE NOTES ON FOLLOWING _____ 4, I' H ', !K |‘ Y -

PAGE. :Q—A—-}-—-a—qc—c—-q‘———-y——u ; -t 1 E——*—F—-:G.G—-.i
MEASUREMENT SEQUENCE | § : : ! \ | I : | X
FOR FULL RANGE NEGATIVE WAITING | DELAY , SELECT SETTLING store | seLect !

INPUT. NOT DRAWN TO TIME !periop ! perion | Gains | per1oD | lpoLaRITY! REF | | I |
OR VOLTAGE SCALE. ALL | - | | ! |
TIMES SHOWN ARE FOR 60 Hz | | | i | J ) | I |
OPTION. FOR 50 Hz OPTION, | AUTO i AUTO i | i | | | | AUTO |
INCREASE TIMES BY 20%. | ZERO i ZERO | | | ' | | | ZERO |
manTiveBTsceal o000 | oo I oo | E : : I oo | oo |
. H T 1
: 160 s ; 20 ; 5 ms " | i | | | sms | 6sms |
A2u2 FET  RANGE& MIN MIN | | | | ‘
PIN  SWITCH FUNCIION i ! | ! | | ZERQ
| | | ) | | | | DETECT | | i
L } | | | | !
" A V.1V, 10V0C on! ! ! I
RANGES ALL © oFF b ! ] | | | 1 | | | ]
] | | | | ! | ! [ | |
i L -
1V.1V,10VDC ON{ : : : : i I | l !
ALLQ OFF 1
| | | | ] ! { | | | i
10 8 I | [ { ! | | | r
100 V. 1000 VDC ON, i | 1 n T T T | |
ALL AC E
OFF | T T | [ | f
| | ! ! | ! | | ! ! |
9 c ALL RANGES ON T T 1 | ) t | |
& FUNCTIONS OFF | | | i t f T I ! f !
| 1 i | | | ! | | { |
ON | . + t i | | [ |
8 ° reov.i000vDe OFF: t L 4 | | | + : + -
| | ! ! | | | | i | |
| | S 4 + { [ | | |
17 3 ALL AC RANGES o(:_: | : | | | | 1 | | | |
| | | | | | | | | | |
19 £ AL on | | | | | I i ! | |
L DC RANGES, N I
NEG.INPUT OFF IL } : : i i ; l—-———l-———Jl i |
N 1
on! ! 1 ! | | ! | |
% G ALL 2 RANGES | | | | | | 1 | |
OFF | T T T T T |
| | i | | | | | ! | |
1 t ALL EXCEPTSAMPLE) ~ ON | | | t | j | | t | |
HOLD MEASUREMENTS  OFF | ' T t t 1 t T ¥ T =
| | | f | | I i { | |
2 4 ALL RANGES ON l——f—‘ ! | ! | ! '_1
5 N & FUNCTIONS OFF | | o + -+ + +- t t ) |
| | | ! | ! | | i | |
10 v, 1000 VDC oN | | I -+ + + + + + | I
RANGES OFF I—-—l—J | | | | | ! l———l
| | I | | ! | | ! t |
3 K 1V,1V,100VDC on | | | [ | | IIT Il 4 J|
RANGES,ALL AC OFF |l : : : : } I : : I
| | | | | | | | t | |
10K, 1000 K oN | | ! ] T - | | | I
10,000 KS2 OFF | o V. | } T T T ]
- on! i | | I &l | I : I I
1V, 100 VDC | { T T T — ] | | | |
RANGES, ALL AC OFF ,—r-—-—-! | 749 I F 1 + T 1
| | ( | | | t | t | J
ON | | I t t + t t t |
2 L 1K, 100 KQ RANGES
OFF p—q—-——' | | | | | | l-—l
| | | | | | | | | [ |
1K, 10K, 1000 K, on | | I ! ! I t + + | I
10,000 KQ RANGES OFF — } ! ! i ! | I : l__:
| | | | ! | | | |
on | ] { 1 L L i | | | !
23 [ AVDC. 1K RANGES 0 | ] | ] L | 1 i ]
| | | | | | 1 | i [ |
| i | | |
21 H ALL DC RANGES, ON : : : i I : J‘ T | i
POS. INPUT, ALL AC OFF L
N ' . 1 1 . 1 . 1 N N
34904 -C -2940 | | t | | ] | | | t |
: | l | 1 | | | | i |
] 1 |
ELECTRONIC  ON | ; ; + 1 l_?——l ’_-—‘_‘I
SWITCH OFF ! | ! I t
Low | | | | ) i \ ] ) | ;
TRUE | ! | ! | | , | | | i
oN, | | [ r | i T ! !
INPUTSHORT oy : | : ! | ) | }—"
| | ¢ |
on! ' ! ' ! l : | I ! !
WA ' ] : ¥SEE NOTE I. 1 i I ! ;
OFF ! i | | I | ' [ l \
HIGH on : | ; | | | | | | | |
TRUE ( t : g ;
MTB | | |- 135mS =|
OFF | f | | r ] I | | {
MTC | | t | | , | ! ) | !
ON | ! I + t t t oy 1 )
OFF} 1 | - 0 7125mS T 'l

Figure 4-4(a). Measurement Sequence.



Model 3490A

Section IV

The following notes refer to waveforms on preceding page;

A.

selected, uprange and downrange as hecessary.

ranges = O delay.

FET K, L, or M.

Input signal applied to input amplifier.

E. Reference applied to input ampilifier.

F. Reference gain with input shorted (FET K).
Auto Zero (65 ms of auto zero).

Integrator run-rup {50 ms).

AUTO ZERO: If hold is selected, wait for trigger. If hold
is not selected, determine sample rate delay. Check
function and range. If range is not valid for function

B. AUTO ZERO: Insert response time delay required for
range and function selected. DC = 0 delay; AC =85 ochms
delay; 10 MQ2 = 350 ms delay; 1 M2 = 50 ms delay; other

Range gain with input short (FET C). Gain can be either

ATTENUATOR DC AMPLIFIER
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J.
K. Select reference polarity or chm’s reference.
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AUTO ZERO = VITB

SIGNAL VOLTAGE GAIN = MTA, MTB

SIGNAL VOLTAGE APPLIED = MTA, MTB, MTC
REFERENCE VOLTAGE GAIN =MTA, MTB
REFERENCE VOLTAGE APPLIED = MTA, MTC
INPUT SHORT = MTC

MTA, B AND C ARE SAME
AS MDA, B AND C IF THERE
IS NO SAMPLE/HOLD.

NOTE 1. MODE PULSE INTERVAL
DC 65 ms
AC 915 ms
Q1M 115 ms
QI10M 415 ms

v

M

Integrator run-down (0 - 60 ms).

Figure 4-4(b). Measurement Sequence Notes.

configuration. At the same time, FET switch N grounds
the feedback capacitor. As a result, the capacitor is
referenced to ground and the amplifier input is held at
zero during the Auto Zero period. Any residual offset in
the amplifier is stored in the feedback capacitor. During
the following measurement, the voltage stored in the
capacitor appears at the inverting input of the amplifier
and cancels the amplifier offset.

4-39. INTEGRATOR CIRCUITS.
4-40. Dual-Slope Integration.

4-41. The 3490A uses the dual-slope method of analog-
to-digital conversion. The integrator charges for a fixed
period of time, as indicated in Figure 44. The charging
rate and resulting amplitude of the charge are propor-
tional to the input signal. The integrator is then

discharged at a fixed rate determined by a known
reference voltage. Since the discharge rate is constant,
the discharge time is proportional to the amplitude of
the charge (and the input signal). The Data Counter
accumulates the number of clock pulses received during
the discharge time, and this number is then displayed as
the measurement amplitude. Figure 4-5 is a simplified
diagram of the Integrator circuits.

4-42. Integrating Amplifier.

4-43. The output of the DC Amplifier is applied to the
Integrator through the FET switch at its input only
during run-up and run-down. The Integrating Amplifier
is inverting, so if, for example, the input voltage is
positive during run-up, the integrator output ramp is
negative.

4-5
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Figure 4-5. Simplified Diagram, Integrator Circuits.

4-44. x 20 Amplifier.

4-45. The output of the Integrating Amplifier is applied
to an inverting amplifier having a gain of 20, whose
output is limited to approximately + 0.6 V by a parallet
complementary diode connection between its input and
output. This output is then applied to the Zero Detect
Amplifier. A feed-forward connection is made from the
Integrator input to the non-inverting input of the x 20
Amplifier. This reduces noise and switching transienjs
generated at the integrator, since any noise is applied to
both inputs of the x 20 Amplifier simultaneously.

4-46. Zero Detect Amplifier.

4-47. The Zero Detect Amplifier is a high-gain opera-
tional amplifier. If the Integrator input is positive during
run-up, the Analog Zero Detect Output goes HIGH
during run-up and returns to LOW at the Zero Detect
point. If the input is negative, the Analog Zero Detect
Output goes LOW during run-up and HIGH at the Zero
Detect point. A fixed percentage of the reference voltage
is applied to the inverting input of the Zero Detect
Amplifier to determine the level at which Zero Detect
will occur. The Analog Zero Detect output goes to the
Zero Detect logic circuits.

4-48. Electronic Switch.

4-49. Two FET switches at the input to the Integrator
act as a single-pole double-throw switch. During run-up
and run-down. the Integrator input is connected to the
DC Amplifier output, and at all other times it is
connected to ground.

+6

4-50. Integrator Auto Zero.

4-51. Any charge remaining on the integrating capacitor
at the end of run-down must be removed before the
beginning of the next measurement. The Auto Zero
Circuit accomplishes this by connecting one input of the
Integrating Amplifier to ground and the other to the
x 20 Amplifier output. Using its own inverted output as
a reference, the Integrator then discharges through an
RC circuit. Since the Integrating Amplifier is grounded
during Auto Zero, any residual offset in the Integrating
and x 20 Amplifiers will be stored in the Auto Zero 2 uF
capacitor (see Figure 4-5). During the following measure-
ment, this_voltage stored in the capacitor cancels the
amplifier offset.

4-52. AC CONVERTER.

4-53. The AC Converter used in the 3490A is an average
responding circuit, calibrated to the rms value of a
sinusoidal input. A simplified diagram is shown in Figure
4-6.

4.54. AC Attenuators.

4-55. Ranging in the AC function is accomplished by
attenuating the input signal and adjusting the amplifier
gain, which is inversely proportional to the feedback
voltage. Table 4-1 shows the attenuator and amplifier
gains for each range. The converter output is + 1 Vdc for
full-range input on all ranges.

4-56. Converter Amplifier.

4-57. A dual FET is used in the input stage of the
AC-to-DC Converter Amplifier to maintain a high input
impedance. Two ac feedback paths are provided, so that
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Figure 4-6. Simplified Diagram, AC Converter.

Table 4-1. AC Amplifier Ranging.

Input Amplifier Total
Range Attenuator Gain Gain
1V 1 1 1
0V 1 0.1 0.1
100V 0.01 1 0.01
1000V 0.01 0.1 0.001

a gain of 1 or gain of 0.1 may be selected. DC feedback
stabilization is provided through an integrating amplifier.
Saturation of the Converter Amplifier is prevented by a
diode protection circuit which limits the output to
approximately + 7 V peak.

4-58. Rectifier and Filter.

-
I

4-59. The output of the Converter Amplifier is rectified
by a half-wave rectifier, resulting in a positive output. A
complementary diode in paraliel with the output recti-
fier diode is used to provide a full-wave ac feedback to
the amplifier input. Active filtering is used so that the
necessary filtering can be obtained with capacitors of a
practical size. In ac measurements, the output of the
converter is applied through a FET switch (E in Figure
4-4) to the DC Amplifier during run-up.

4-60. OHMS CONVERTER.

4-61. The Ohms Converter supplies a reference current
through the resistance being measured. The resulting
voltage drop, which is proportional to the resistance, is
measured in the same manner as a dc voltage input,
except that the Q Reference is used for run-down. A
resistance measurement, then, is the ratio of the voltage
developed across the unknown resistance, to the £2

Reference voltage. A simplified diagram of the Ohms
Converter is shown in Figure 4-7.

4-62. Current Source.

4-63. One input of the operational amplifier in the
current source is referenced to ground. The  Reference
voltage (approximately -1 V) is applied to the other
input through a reference resistance, Ry, whose value is
selected according to the chmmeter range. The nature of
an operational amplifier is such that it tends to maintain
both inputs at the same potential. This requirement
cannot be satisified by current drawn from the FET
input; consequently, it must be met by the feedback
current, which passes through the resistance being

. measured, Ry. As the amplifier output goes negative

because of the negative input, the transistor at its output

“is forward biased. The resulting feedback current is

automatically adjusted by the amplifier to cause a 1 V
drop across Ryef. The value of the current, then, is
inversely proportional to the value of Reef.

4-64. Ohmmeter Power Supply.

4-65. An output from the State Clock (see Logic
Circuits) is applied to a divide by six counter. The
counter output is then applied to both ends-of a
center-tapped transformer primary. (The signal at one
end is inverted and the other is not.) The output of the
transformer secondary is rectified by a full-wave recti-
fier, and this floating voltage is used as a supply for the
Ohms Converter circuits. This permits 4-terminal resis-
tance measurements, since the £ Signal Low is not
internally connected to circuit common during run-up.
The Ohmmeter Power Supply is disabled during all
measurements except resistance measurements.

4-7
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Figure 4-7. Simplified Diagram, Ohms Converter.

4-66. Ohmmeter Reference.

4-67. An emitter follower, whose base is referenced
through a voltage divider to a 5.6V zener diode,
provides a stable reference of approximately - 1 V across
the reference resistor Rpef (Figure 4-7). This reference
voltage, applied to Rpef, determines the amount of
current supplied to Ry by the current source, as
explained in Paragraph 4-62. A resistance measurement,
then, is the ratio of the voltage across Ry to the voltage
across Ryef, both voltages being determined by the
current resulting from the reference voltage.

4-68. Input Protection.

4-69. Protection against excessive voltage which may be
accidentally applied to the front panel Q Signal termi-
nals is provided by a gas discharge device across the’
terminals and a resistance in series with the high
terminal. Voltages in excess of 250 Vrms may destroy
the 1 k2 series resistor.

4-70. DISPLAY ASSEMBLY (Figure 7-27).
4-71. Display Units.

4-72. Each of the six numerical display units contains a
4 x 7 dot matrix of light-emitting diodes (LEDs) to form
the digits. In addition, each unit contains a decoding
circuit to light the proper LEDs, and a latching circuit,
so that the display can be changed only during an enable
signal. Each unit also contains a decimal point to the left
of the number. The polarity unit also contains the
sample rate indicator. Each annunciator at the right side
of the display is a single LED.

4-73. Scan Generator.

4-74. A relaxation oscillator operating at approximately
10 kHz provides the clock signal for the Scan Generator.
The oscillator output drives a 4-bit synchronous counter.
The counter outputs are gated and fed back to reset the
counter after every 12th input cycle, thus providing the

45

proper combination of signals to the Scan Decoder.
Three scan signals, A, B, and C, are applied to the Data
Counter to release the stored BCD count information
one digit at a time, beginning with the least significant
digit, N1. These scan signals are also used in the Data
Output and Remote circuits.

4-75. Scan Decoder.

4-76. The four signal outputs from the Scan Generator
are fed into a 4-to-10 line decoder. The decoder then
applies an enable pulse to each display unit at the same
time that unit receives the BCD count information from
the Data Counter. Scanning is continuous, with all six
display units being scanned in approximately 1.6 ms,
beginning with the least significant digit, N1.

4-71. Polarity Display.

4-78. The function signals, from either the front panel
switch or remote control, are gated so that the symbol is
disabled during ac and ohms measurements. When the
symbol is enabled, the minus sign is on continuously,
and the vertical bar is turned on when the reading is
positive. The sample rate indicator, contained in the
polarity unit, is on when Main Timing Bit A is HIGH.

4-79. Decimals and Annunciators.

4-80. Range information from the Range Counter is
gated to turn on the correct decimal for each range. The
Overload annunciator is turned on by the Overload
signal stored in the Logic. The Remote annunciator is
driven by a circuit on the Remote Assembly. The other
annunciators (optional) are turned on by gating the
Function signals. Each annunciator is a single LED.

4-81. LOGIC CIRCUITS.
4-82. Clock.

4-83. Figure 4-8 is a block diagram of the Clock and
Counter circuits. The basic timing for the 3490A Logic
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Figure 4-8. Block Diagram, Clock and Counters.

is derived from a Clock Oscillator which drives the Data
Counter, a Timing Counter, and the State Clock. The
Clock Oscillator is a crystal-controlled multivibrator.
The oscillator frequency is 4 MHz in instruments de-
signed for 60 Hz line operation, and 3.333 MHz in units
for 50 Hz operation. The oscillator output is divided by
two before being applied to the Data Counter.

4-84. Data Counter,

4-85. The Data Counter is a hexdecade counter con-
taining six decade counters, six 4-ine latches, and
output multiplexing. At the end of run-down, a Transfer
pulse from the Transfer and Zero Detect logic transfers
the count information in BCD form into the 4-line
latches. Scan signals from the Display assembly cause the
BCD count information to be transferred to the Display
digit by digit, beginning with the least significant digit.
The Data Counter accumulates clock pulses continu-
ously until a Clear Data Counter signal is received from
the Logic Output Decoder.

4-86. Buffers.

4-87. Inputs to the buffer amplifiers are two intermedi-
ate outputs from the Data Counter, Divide by 10,000
and Divide by 100,000. The outputs of these amplifiers
are gated by the Select Hundred Thousand Counts
signals, HSHC and LSHC, from Logic Storage. If HSHC
is HIGH and LSHC is LOW, the Divide by 100,000
output is selected, and if HSHC is LOW and LSHC is
HIGH, the Divide by 10,000 output is selected. The
Buffer output is applied through an emitter follower to
the Timing Counter.

4-88. Timing Counter.

4-89. The Timing Counter consists of a single D flip-flop
and a 4-bit binary counter. Five binary square wave
signals are produced in addition to the Timing Counter
input signal. This input signal is not a symmetrical
square wave. but is HIGH for 9,000 (or 90,000) counts

. and LOW for 1,000 (or 10,000) counts. These six timing

ﬁgnﬂs g0 to the Qualifier Multiplexer, and are used to

- control run-up time, overload point, sample rate delay,

and function delay.

FUNCTION

NEXT-STATE PRESENT

INPUTS ——égmi COMBINATIONAL

3 (GATES, ROM, etc.)

LOGIC S MEMORY

OUTPUT
FUNCTION
™! comsiNATIONAL
OUTPUT = OUTPUTS
- LOGIC

Figure 4-9. Typical State Machine Block Diagram.
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4-90. Algorithmic State Machine.

4-91. The 3490A main logic circuits emp}oy a logic
system called an Algorithmic State Machine gASM).
Figure 4-9 shows a typical State Machine block diagram.
The ASM outputs are determined by the “state” of the
machine at a given instant, called the “present state.”
Certain outputs in the present state, along with one or
more “qualifier” inputs, determine the “next state” of
the ASM. For example, if the qualifier input is a certain
timing signal, the Next State Function logic may wait
until this qualifier reaches a predetermined level to
change the state of the ASM. Each new state provides a
different combination of outputs.

492. Figure 4-10 is a block diagram of the main logic
ASM flow chart. This chart illustrates the process
followed by the ASM in taking a normal measurement.
Note that at many points, the path taken depends on the
condition of a certain signal. This signal is the qualifier
input to the ASM at that particular time.

4-93. State Clock. The input to the State Clock is the
4 MHz (or 3.333 MHz) output from the Clock Oscillator
(Figure 4-8). This signal is divided by a 4-bit binary
counter and a D flip-flop, so that the State Clock output
has a period of 8 us (or 9.6 us). The two State Clock
outputs, labeled HSCK and LSCK, are 180° out of
phase, and are used for alternate synchronous clocking
of input signals to the ASM storage. The State Clock
output is also used in the Data Output and Remote
Control circuits.

4-94. Read Only Memory. Figure 4-11 is a block
diagram of the Main Logic Circuits. The 3490A logic
uses a Read Only Memory. Seven of the memory inputs
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in the “present” state are used, along with a “Qualifier”
input, to determine the next state. Five other memory
outputs are used to select the qualifier, as well as to
initiate the other logic action. In addition, the Read
Only Memory (ROM) also supplies an Qutput Enable
signal to the Logic Output Decoder, a Memory Output
signal to the Logic Storage flip-flops, Transfer Enable to
the Transfer and Zero Detect gates, and a Close
Electronic Switch signal to the Integrator.

4-95. Present State Storage. The Present State Storage
consists of seven D flip-flops. The next state outputs
from the ROM are clocked into the flip-flops by the
State Clock L signal. The D flip-flop outputs are the
present state. Together with the qualifier input, they
determine the next state outputs of the ROM. The
qualifier input is clocked into memory storage at the
ROM input by the State Clock H signal 4 us later to
prevent uncertainty in the ROM next state decision.

4-96. State ldentification. Each state may be identified
by a three-digit octal coded number determined by the
levels of D flip-flop outputs YMA through YMG, shown
in Figure 7-30. For example, in state 000, all seven
outputs are LOW (“0”). If only YMA goes HIGH (“1”),
the state is then 001. In the state where YMG=1;
YMF=0; YME=1; YMD=1; YMC=1; YMB=1;
YMA =1 (1 011 111), the state identification number is
137. A total decimal number of 128 states are possible,
with the highest state identification number being 177.

4-97. Qualifier Multiplexer. A block diagram of the
Qualifier Multiplexer is shown in Figure 4-12. Qualifier
Enable signals LMQA, LMQB, and LMQC from the ROM
are inverted and used to select one output out of eight

TURN-ON l
CLEAR 3
LOGIC |
STORAGE
PRESENT
STATE RANSE
STORAGE SELECTION RANGE | TO DISPLAY COUNTERS
cOUNSER | |~ AND ANALOG SECTION
LOGIC
READ OUTPUT
ONLY DECODER POLARITY
MEMORY ANALOG STORAGE
QUALIFIER ZERO
MULTIPLEXER DETECT TRﬁRﬁ;ER
ZERO [
I DETECT
HCES
T OVERLOAD
O ANALOG STORAGE ]
HTC 32 —
343TA-3-2933

Figure 4-11. Block Diagram, Main Logic Circuits.
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Figure 4-12. Block Diagram, Qualifier Multiplexer.

input signals to each of three 3-to-8 line decoders. These
three outputs are applied simultaneously to the AND/
OR Invert Gate. The other two Qualifier Enable signals,
ILMQD and IMQE, are inverted and both HIGH and
LOW true signals are used at the AND/OR Invert Gate to
select one of the three decoder outputs. The output
from the Invert Gate is applied to a D flip-flop, which is
clocked by State Clock signal HSCK, and whose output
is the Qualifier Input to the ROM. This clock signal is
180° out of phase with State Clock LSCK which clocks
the Present State Storage flip-flops. This prevents uncer-
tainty in the ROM next state decision.

4-98. Logic Output Decoder. This 4-to-16 line decoder
uses four inverted enable signals from ROM, HMQA-D,
to select the proper output. In addition, the Output
Enable signal from the ROM, and the State Clock signal

LSCK must both be LOW to obtain an output from the...

decoder. All outputs from this decoder are LOW true,
and are used to clock the Logic Storage flip-flops, to
clear certain storage flip-flops, to clear the Data and
Timing Counters, to operate the Range Counter, and to
clock the Polarity and Overload storage flip-flops.

4-99. Logic Storage. The input level to the D inputs of
the six Logic Storage flip-flops is determined by the
inverted Memory Output signal from the ROM. Each
flip-flop is clocked to change its output at a different
time (or times) during the measurement sequence.

4-100. Main Timing Flip-Flops. Three Main Timing Bits
are produced by Logic Storage flip-flops. All of these are
used in controlling the DC Switching Logic, which
determines inputs to and gain of the DC Amplifier. Main
Timing Bit A is also used to drive the sample rate
indicator. When Main Timing Bit B is LOW, it activates

the Auto Zero circuits in the DC Amplifier and
Integrator.

4-101. End of Reading Flip-Flop. The output of this
flip-flop is normally HIGH, and goes LOW shortly after
the Zero Detect of a measurement. If the instrument is
in the autorange mode, the End of Reading signal
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remains HIGH until after Zero Detect on the correct
range. After going LOW, End of Reading goes HIGH at
the end of the measurement sequence. The HIGH to
LOW transition signals to the Data Output circuits that
the information stored in the Data Counter is valid and
allows the data to be transferred across guard before the
Data Flag goes from “busy” to “ready.”

4-102. Data Flag Flip-Flop. The Data Flag output from
this flip-flop goes LOW at the beginning of a measure-
ment and remains LOW until the reading cycle is
completed. If autorange is selected, Data Flag remains
LOW until a reading has been made on the correct range.
This signal is inverted in both the Data Output and
Remote circuits.

4-103. Select Divide by 100,000 Flip-Flop. The two
outputs from this flip-flop are used to select either the
divide by 100,000 or divide by 10,000 counts output
from the Data Counter to the Timing Counter.

4-104. Turn-On Clear. The output of the Turn-On Clear
circuit is LOW for approximately 100 ms after the
instrument is turned on. This LOW signal clears the Main
Timing B and C flip-flops and the Present State Storage
flip-flops, to force the logic into the preferred state
when the instrument is first turned on.

4-105. Input Polarity Storage.

4-106. The input to this D flip-flop is the inverted
output of the Analog Zero Detect Amplifier in the
Integrator circuits. The flip-flop is clocked at the end of
run-up. If the 3490A input is positive, the flip-flop D
input will be LOW at the end of run-up, and HIGH if the
input is negative. Both outputs are used in the logic Zero
Detect circuits. The output which goes to the Display
and the DC Switching Logic is HIGH for +input and
LOW for - input.

4-107. Transfer and Zero Detect.

4-108. The Transfer and Zero Detect circuits are shown
in the upper right hand corner of Figure 7-30. Two
outputs are derived from these circuits; a LOW true
Transfer signal, and a HIGH true Zero Detect signal.
These signals may be issued at end of run-down (when
Integrator output reaches zero), at overload if reading is
greater than 120 % of range, or when a False Transfer
signal is given during Logic Test. Transfer goes to the
Data Counter to transfer the count into the six quad
latch circuits in the counter. Zero Detect is one input to
the Qualifier Multiplexer, indicating to the ROM that a
measurement has been completed.

4-109. Overload. A Transfer Enable signal from the
ROM goes HIGH at the start of run-down, and remains
HIGH until after the Transfer signal goes LOW. This
enable signal is applied to one input of each of three
AND gates in the AND/OR Invert Gate. The other input
to the two-input AND gate is connected to the Time
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Count 32 line from the Timing Counter. This line goes
HIGH at the overload point, 120 % of range. The output
from this AND gate then goes HIGH to produce Transfer
and Zero Detect commands.

4-110. Negative Input. If the 3490A input is negative,
the Polarity Storage Q output to the next AND gate will
be HIGH. Since Transfer Enable is already HIGH, when
Analog Zero Detect goes HIGH at the end of run-down,
Transfer and Zero Detect commands are given.

4-111. Positive Input. When the 3490A input is posi-
tive, the Polarity Storage Q output to the other
three-input AND gate is positive. Again, Transfer Enable
is HIGH, so when Analog Zero Detect goes LOW at end
of run-down, this signal is inverted and applied to the
third input of the AND gate, resulting in Transfer and
Zero Detect commands.

4-112. False Transfer. One input of a two-input AND
gate is connected to +5 V, enabling the other input to
control the output. When False Transfer goes LOW
during Logic Test operation, Transfer and Zero Detect
commands are issued.

4-113. Overload Storage.

4-114. When a Zero Detect command is issued, the
Overload Storage D flip-flop is LOW, indicating the
measurement is less than 120 % of range, the flip-flop
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output will be LOW. If Time Count 32 is HIGH,
indicating a measurement of greater than 120% of
range, the flip-flop output will be HIGH. This output
goes to the Data Output circuits (Option 021), and to
the Display. A HIGH Overload signal is inverted in the
Display circuits to turn on the Overload annunciator.

4-115. DC SWITCHING LOGIC.

4-116. The DC Switching Logic uses range, function,
and polarity information, together with the three main
Time Bits to control all inputs to the DC Amplifier
during both run-up and run-down. This includes input
protection on the two lower dc Ranges, input attenua-
tion on the two higher dc ranges, and the output of the
AC Converter in ac measurements. The DC Amplifier
gain is also selected by the DC Switching Logic. In
addition, this circuit also enables the Ohms Converter
during resistance measurements, and controls the reed
relay at the input to the AC Converter for ac measure-
ments. A -Read Only Memory and three dual-input
NAND gates make up the DC Switching Logic.

4-117. REFERENCE SUPPLIES.
4-118. Voltage Measurements.
4-119. Figure 4-13 is a simplified diagram of the

Reference and Ratio circuits. An accurate and stable
+ 10V Reference from a voltage regulated power supply

EXTERNAL REFERENCE
AMPLIFIER
(OPTION 080)

EXT REF
INPUT

INPUT POLARITY

REFERENCE POLARITY LOGIC

(OPTION 080)

- RATIO POLARITY

+
v 10V z
+ e
i: A2 -
EXTO , +REF TO
57 NT o (]F]) OC AMP
’ |
ext _ +REF SENSE |
+REFERENCE SUPPLY INT |
s + +10V |
oe8Y @D > INVERTING - h —REF 10|
R - AMPLIFIER |+ DC AmP
ALL JUMPERS __g™*y _ REMOVED IF }7
RATIO OPTION IS INSTALLED.

3490-8-2930

Figure 4-13. Simplified Diagram, Reference and Ratio Circuits.
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circuit furnishes the positive reference which is used in
negative dc voltage measurements. A feedback circuit
which senses the reference voltage at the FET switch
input to the DC Amplifier ensures the correct voltage at
that point, even though there may be switch and
connector contact resistance in the circuit. The input to
the Inverting Amplifier, which supplies the - Reference,
is also connected to the sense point.

4-120. Plus Reference. The differential amplifier of this
supply is referenced to a zener diode which is in the
emitter circuit of a feedback amplifier transistor. The
diode and transistor are in the same package, for
improved temperature stability. The amplifier gain is
adjusted to provide an accurate + 10 V output.

4-121. Minus Reference. The - reference, used in ac and
positive dc measurements, is supplied by an inverting
amplifier whose input is the + 10 V reference. The gain
of this amplifier is adjusted to provide an accurate - 10 V
output.

4-122. Ratio Measurements (Option 080).

4-123. A 3490A equipped with Option 080 is capable
of making dc-to-dc and ac-to-dc ratio measurements. The
External Reference Amplifier has a gain of 10 when the
Ratio switch is set to the 1 V range. This is necessary to
make the external reference compatible with the refer-
ence switching logic, since in voltage measurements +
and - 10 V references are used. Figure 4-14 is a simpli-
fied diagram of the external reference amplifier circuits.

4-124. External Reference Amplifier. A microcircuit
operational amplifier, connected in the non-inverting

-
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mode, is used as a buffer amplifier for the external
reference input. The gain of this amplifier is selected by
adjusting the output of the Feedback Amplifier. A third
microcircuit amplifier provides current to compensate
for bias current drawn by the input amplifier. The
External Reference Amplifier input is clamped to
approximately + 14 V to protect against excessive input
voltage up to * 250 V. Greater input voltages may
damage either the protection circuit or the Reference
Amplifier. The amplifier output is limited to approxi-
mately + 14 V for the protection of subsequent circuits.

4-125. Feedback Amplifier. An amplifier is used in the
feedback circuit so that the External Reference Ampli-
fier gain on the 10V Ext. Ref. range can be adjusted

slightly above or below unity as required. On the 1V

Ext. Ref. range, the feedback is attenuated to give the
Reference Amplifier a gain of 10, because in ratio
measurements, this reference is substituted for the 10 V
internal reference.

4-126. Input Compensation Amplifier. Bias current at
the input of the External Reference Amplifier could
cause an offset voltage drop across the input protection
resistor if this current were not compensated for by the
Input Compensation Amplifier. Figure 4-15 shows how
this is accomplished. The External Reference Amplifier
maintains both its inputs at approximately the same
voltage, so that the voltage at the inverting (feedback)
input is essentially equal to the External Reference
input. This voltage is connected to the non-inverting
input of the input Compensation Amplifier, U2, which
has a gain of 1. The output of U2, then, is essentially
equal to the External Reference input voltage, and may
be £ 0.1 V to % 12 V. The amplifier offset is adjusted

INPUT
PROTECTION
+17V ,
: EXTERNAL
13e4v REFERENCE RPEJEES#CYE | RATIO POLARITY
AMPLIFIER |’ LRy
EXT REF
INPUT o INT A202
oy INPUT e (L i
3V COMPENSATION
AMPLIFIER
3976k +17V FEEDBACK
. ?\IS\JS AMPLIFIER
o
- S o” 10V
oV 3 £ ADJ
- .o ‘ i i
PR 11V
SADJ
3490A4-8-3043 ‘> é

Figure 4-14. Simplified Diagram, External Reference Circuits.
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Figure 4-15. Input Bias Compensation.

with the Bias Adjustment so that the compensating
current is equal to the bias current at the External
Reference Amplifier input.

4-127. Reference Polarity Logic. In the dual-slope inte-
gration method of measurement, the polarity of the
reference voltage used for run-down (integrator dis-
charge) must be opposite the polarity of the input
voltage. The 3490A automatically selects the correct
reference polarity whether the External Reference input
is positive or negative. Since the external reference
voltage in ratio measurements replaces the positive
internal reference, the logic signal which selects the
run-down reference polarity must be inverted when the
external reference is negative. Figure 4-16 shows how
this is accomplished. The External Reference Amplifier
output is inverted and applied to one input of an
Exclusive OR Gate. The other input of this gate is
connected to the stored Input Polarity signal from the

Logic circuits. The Exclusive OR Gate output is HIGH if

one and only one input is HIGH. If both inputs are
either HIGH or LOW, the output is LOW. Because the
output of the AC Converter is positive, a negative
reference is selected in all ac measurements. The front
panel display polarity symbol is + if the input signal and
external reference are of the same polarity, and - if they-
are of opposite polarity. No polarity symbol is displayed

for ac/dc ratio measurements. Table 4-2 shows the
reference polarity required for the various combinations
of input and reference voltages.

4-128. FRONT PANEL SWITCHING.

4-129. Range, Function, and Sample Rate delay are
controlled by HIGH true BCD logic signals from the
front panel switches. HOLD and MAN Trigger signals are
LOW true. If the 3490A has a Remote Control option,
Range and Function information are routed through the
Remote Control circuits so that, if desired, these
operations may be controlled remotely. Unless Auto-
range is selected, the Range information is stored by the
Range Counter in the Logic circuits.

4-130. POWER SUPPLIES.

4-131. Figure 4-17 is a block diagram of the inguard
power supplies. Regulated supplies of £ 30V, £ 17V,

- -and * 5V provide power to the inguard circuits of the
. 3490A. An outguard + 5 V supply is a part of Options

020, 021 and 022. The + 17 V supply is regulated by a
microcircuit regulator, and its output is accurately
adjusted. All the other inguard regulator circuits depend
directly or indirectly upon the +17V supply, as
indicated in the block diagram of Figure 4-17, since + 17

INVERTING EXCLUSIVE
AMPLIFIER OR GATE
+FOR + EXTERNAL REF.
- FOR - EXTERNAL REF. LOW FOR + EXTERNAL REF
+FOR INTERNAL REF. + :
gﬁ-Tr.PEE_F.AMP HIGH FOR - EXTERNAL REF.
LOW FOR INTERNAL REF, \ HIGH SELECTS - REF.

LOW SELECTS + REF. RATIO POLARITY
(SEE TABLE 4-1)

\
2
i

HIGH FOR + INPUT
LOW FOR - INPUT
HIGH FOR AC INPUT

INPUT POLARITY 34304-8- 3042

Figure 4-16. Reference Polarity Logic.
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Table 4-2. Polarity in Ratio Measurements.

Measurement Run-down
External Input Ratio Displayed
Reference Signal Polarity Polarity Reference Amplifier
Input Signal Required Qutput Used
+ + HIGH - Invert. Amp.
+ - LOW + Ext. Ref. Amp.
+ LOW - Ext. Ref, Amp.
- HIGH + + Invert. Amp.
+ ac HiGH none - Invert. Amp.
ac LOW none Ext. Ref. Amp.
volts is used as a reference for the +30V, +5V and Table 4-3. Analog Tests.
-17V regulators: The -30V regulatgr uses - 17V as a RunUp RomDown
reference. U102 in the - 17 V supply is operated off raw
supply thru CR123 until the - 30 V supply comes up Test DC Amp. DC Amp. | DC Amp. OC Amp.
after turn-on. It is then operated off - 30 V thru CR122. No- Input Gain Input Gain
The -5V supply is zener regulated from the -17V 2 Ground x 1 + Ref/- Ref x 1
supply. All supplies except the - S V supply are voltage 3 + Ref/- Ref x 1 - Ref/+ Ref x 1
regulated and current limited for protection. The output 4 + Ref x1 Input x 1 x1
of each supply is limited by a zener diode to protect the 5 Ground x 100 +Ref/- Ref x1
circuits it supplies 6 Input x 0.01 x 100 + Ref x 1
= ) 7 Q Ref x 10 + Ref x1

4132. SELF-TEST FUNCTION.

4-133. Seven tests, which may be selected by front
panel switch settings or by optional remote control,
provide internal checks on the operation of many of the
3490A circuits. Test No. 1 checks approximately 70 %
of the logic circuits, and the other six check analog
circuits as explained in the following paragraphs and in
Table 4-3.

4-134. Logic Test, No. 1.

4-135. A series of ten readings, shown below, provide
visible indication as to whether the display and certain
logic circuits are operating correctly. Note that the
instrument autoranges one step for each reading, uprang-
ing through all ranges, then downranging through all
ranges. Note also that the numerical display changes for
each range. In logic test, two factors determine the

A - E
@ +38v
s -
+30V _
c REGULATOR +30v
+ov REF
FULL- WAVE .
RECTIFIER |l -5V
CRI19-120 D REGULATOR
REF
+17v
REGULATOR +17v
BRIDGE BRIDGE
RECTIFIER RECTIFIER
CRIO5-108 CRIOI-104
CRI23 RE;
[P —17v _
~ REGULATOR 17v
Y. CRI24
-5V
suppLY [ ™ SV
REF
—30V _
3490A-8-293 REGULATOR 30v

Figure 4-17. Power Supply Block Diagram.
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numerical display; the length of time that the Data
Counter is allowed to count, and the Data Counter
output to the Timing Counter (divide by 10,000 or
divide by 100,000 counts). In each range, one of six
Timing Counter outputs determines the length of the
count, and consequently, the most significant digit. The
position of the most significant digit is the result of the
Data Counter output selected. If Main Timing Bit B is
HIGH, the divide by 100,000 output is selected, and if B
is LOW, the divide by 10,000 output is used. If Main
Timing Bit C is HIGH, the instrument upranges, and if C
is LOW, it downranges. Both timing bits are set HIGH
when the instrument reaches the lowest range, and set
LOW when the highest range is reached.

+ 080.024
+04.0024
+0.20024
+.010024
+0.09032
+10.0024
+200.024
+4000.24
+ 80002.4
+6000.xx OL

4-136. During the last measurement listed above, the
Transfer signal is switched on for 8 counts and off for 8
counts during the entire counting period, which lasts for
1,600,000 + counts. Because of the counting frequency,
nearly all dots in the display appear to be on during this
period. The 1 (in 1,600,000) is lost because the display
does not provide a seventh digit. In all except the last
reading, the two least significant digits are predictable
because of known transition times during the reading.

4-137. 10 V Range Zero, Test No. 2.

4-138. Test No. 2 selects a DC Amplifier gain of 1 for
both run-up and run-down, which is the 10 V range
configuration. During run-up, the amplifier input is
grounded through the Input Short FET switch (C in
Figure 4-4). Either the + or - Reference is used for
run-down just as in a normal dc measurement with zero
input. If the amplifier and its auto zero circuits are
operating correctly, the display should be zero.

4-139. Turnover Error, Test No. 3.

4-140. Test No. 3 checks for turnover errors, such as
differences in value between the + and - Reference
voltages, or amplifier offsets which result in differences
between positive and negative readings with inputs of
the same absolute value. For this test, the instrument
uses the + Ref for run-up and the - Ref for run-down in
One measurement, and - Ref for run-up and + Ref for
run-down in the following measurement. The stored
polarity of the run-up voltage in one measurement is
used to select the run-up voltage of the opposite polarity
for the next measurement. In the Adjustment Proce-
dures, after the + Reference has been adjusted, Test No.
3 is used to adjust the - Reference.
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4-141. + Reference Check, Test No. 4.

4-142. This dest compares the voltage at the + Ref FET
switch (F in Figure 4-4) to a precise input voltage. The
voltage through the + Ref FET is used for run-up, and
the input voltage is used for run-down. If the instrument
does not have the ratio option, or if the RATIO switch is
set to INT REF, this checks the internal + Reference
voltage. With the RATIO switch set to EXT and the
EXT REF input terminals shorted, Test' No. 4 can be
used in adjusting the External Reference Amplifier zero
for both the 1 V and 10 V reference ranges.

4-143. 0.1V Range Zero, Test No. 5.

4-144. The 0.1 V Range is simulated for this test by
setting the DC Amplifier gain at x 100 for run-up, and
using the normal reference voltages for run-down. The
amplifier input is grounded through the Input Short
FET during run-up, and either the + or - Reference is
used for run-down as in a normal voltage measurement.
Test No. 5 checks operation of the auto zero circuits in
the DC Amplifier.

4-145. x .01 Atten., x 100 Gain, Test No. 6.

4-146. In Test No. 6, a precise - 10 V input voltage is
first divided by 100 in the attenuator, then amplified by
100 in the DC Amplifier. The + Reference is used for
run-down as in a normal measurement. An incorrect
reading in this test could indicate error in the attenua-
tion, the DC Amplifier gain adjustment, or a thermal
offset. Test No. 6 is used in the Adjustment Procedures
for adjusting the x 100 gain.

4-147. Ohms Reference, Test No. 7.

4-148. In Test No. 7, the signal at the 2 Ref FET switch
(G in Figure 4-4) is amplified by 10 and compared to the

. ¥10V Ref. The Q Signal input terminals must be

shorted to close the feedback loop of the £ current

* source amplifier, thus generating the Reference voltage

across the reference resistor (see Figure 4-7). Because a
precise voltage is not required for the © Reference, the
tolerance for this test reading is + 7000 counts. A
correct reading verifies proper operation of most of the
Ohms Converter circuits.

4-149. BCD REMOTE EXPAND OPTION 020 (Figure
1-31).

4-150. Outguard Power Supply.

4-151. A microcircuit regulator supplies a voltage of
approximately +5.3V to the outguard Data Output,
Remote, Trigger and Sample/Hold Trigger circuits. This
voltage is shown on the schematic diagrams as + 5 VI,
and is isolated from all inguard circuits. The outguard
ground is also isolated from the inguard common circuits
and from chassis (earth) ground, and may be floated a
maximum of 40 V above chassis ground.
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4-152. Isolated Trigger and Hold.

4-153. External Encode and Hold are both LOW true
signals. They are inverted and applied through emitter
followers to photo-isolators, consisting of a light-
emitting diode which drives a photosensitive transistor.
Consequently, there is no electrical connection between
outguard and inguard circuits.

4-154. Sample/Hold Trigger Circuits.

4-155. Sample/Hold Trigger. When this input goes from
HIGH to LOW for a pulse width of at least 30
nanoseconds, it signals the Sample/Hold circuits (Option
040) to “hold”. This pulse is inverted twice and applied
to an isolation transformer, which couples the trigger
signal to the inguard Sample/Hold circuits. The Sample/
Hold Trigger input connection is direct coupled, and if
the connection (rear panel J7 pin 9) is left open, + 5 V is
present at that pin. This trigger will not initiate a reading
unless the Stretched Pulse Output is connected exter-
nally to External Encode.

4-156. AC Trigger. This input may be any pulse having
a negative-going leading edge of 2 to 15 volts and a
width of at ieast 30 nanoseconds. This pulse is capaci-
tively coupled to the isolation transformer to trigger the
Sample/Hold circuits.

4-157. Stretched Pulse Out. This output changes from
HIGH to LOW for at least 240 microseconds for each
Sample/Hold or AC Trigger input. Stretched Pulse Out
may be connected to External Encode to initiate a
measurement simultaneously with the Sample/Hold trig-
ger. ‘

S
mar

4-158. DATA OUTPUT OPTION 021.

4-159. The Data Qutput connections at the rear panel |

are isolated from the internal circuits of the 3490A.
Power for the outguard circuits is supplied by the
outguard +5V power supply. Outguard ground is
isolated from inguard circuit common and chassis (earth)
ground, and may be floated up to 40 V above chassis.
Figure 7-32 is a diagram of the Data Output circuits.

4-160. Data Multiplexers.

4-161. Three muitiplexers, each having 8 input lines and
4 output lines, are used to transfer the Data Output
information across the guard to four eight-bit shift
registers. An “output select” (Sp) connection to each
multiplexer selects one set of four inputs if the S input
is HIGH, and the other set of four inputs if Sq is LOW.
The outputs from two multiplexers are applied to the
inputs of the third, or “master” multiplexer. The
outputs of the master multiplexer are enabled for only
the eights periods of time necessary to transfer all the
Dara Output information, as shown in Figure 4-18. The

Sequential Logic determines the time and sequence of
information transfer.
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Figure 4-18. Data Output Timing Diagram (Option 021).

4-162. Data Qutput Sequential Logic.

4-163. Figure 4-18 shows the timing sequence of the
sequential Logic inputs and outputs. The Logic is
enabled when the End of Reading signal goes LOW at
the completion of a measurement. The three scan signals
which control the outputs from the Data Counter
operate the Logic to correlate the multiplexer outputs
with the outputs from the Data Counter. The Sequential
Logic consists basically of three JK flip-flops. The scan
signal inputs to the flip-flops are gated to obtain the
desired output pattern. :

4-164. Data Clock.

4-165. A Frequency Doubler is used so that a clock
pulse is issued for each transition of the Scan A signal.
These pulses are delayed slightly before being applied to
the outguard Shift Registers, to allow time for the
multiplexer outputs to reach the proper state.

4.166. Isolation Assembly.

4-167. Each signal is transferred across guard through a
photoisolator, which consists of a light-emitting diode
driving a photosensitive transistor. Consequently, no
electrical connection is made between the inguard and
outguard circuits.

4-168. Shift Registers.

4-169. Four 8-bit Shift Registers are used, providing the
capability of 32 parallel output lines. Each time a Data
Clock pulse is received, the information in the shift
register shifts one position and a new input is accepted.
A dual-input Exclusive OR gate in each of the shift
register input lines determines whether the coded Data
Output information is HIGH true or LOW true. The
operation of these gates is such that if one and only one
input is HIGH the output is HIGH. If both inputs are
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either HIGH or LOW, the output is LOW. The HIGH/
LOW switch on the Outguard Data Output Assembly
controls one input to each gate. When the HIGH/LOW
switch is set to HIGH, one input to each gate is always
LOW; consequently, the output will be the same logic
level as the other input. When the switch is set to LOW,
one gate input is always HIGH. Consequently, if the
other input is also HIGH, the output will be LOW, and if
the input is LOW, the output will be HIGH.

4-170. Data Flag.

4-171. The Data Flag output signal goes HIGH at the
beginning of a measurement and LOW after a reading
sequence is completed. The HIGH to LOW transition
indicates that the Data Output information is ready.
This transition constitutes a Print Command to a digital
recorder. If the instrument is operating in the autorange
mode, Data Flag remains HIGH until a reading on the
correct range has been completed.

4-172. Printer Hold.

4-173. A HIGH signal from a digital recorder, indicating
that the recorder is not ready for an input, is inverted
and connected to the 3490A Hold line. This prevents
automatic sampling until the Printer Hold signal returns
to LOW. A slide switch on the Outguard Data Output
printed circuit board permits disabling of the Printer
Hold line. If the switch is in the IN position and the
Printer Hold line is left open, the inverting transistor
output may go LOW, resulting in a “Hold”” condition.

4-174. REMOTE CONTROL OPTION 022.

4-175. The Remote Control Option permits remote
control of range, function, autorange selection, and
Sample/Hold operation. All connections at the rear
panel Remote Input connector are isolated from the
3490A internal circuits. Power to the outguard circuits is

supplied by the + 5 V outguard power supply. Outguard o

ground is isolated from inguard circuit common and
from chassis (earth) ground, and may be floated up to
40V above chassis. Figure 7-33 is a diagram of the
Remote Control circuits.

4-176. Circuit Isolation,

4-177. A photo-isolator, consisting of a light-emitting
diode which drives a photosensitive transistor, is used to
carry each signal across guard. Consequently, there is no

electrical connection between inguard and outguard
circuits.

4-178. Remote Enable.

4-179. When the Remote Enable input is held LOW
continuously, this information is carried across the guard
to the Local/Remote Flip-Flop. Control of the flip-flop
is provided by two NAND gates. A LOW Remote Enable
signal results in a LOW signal to one input of one of the
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gates, and a HIGH signal at one input of the other gate.
The Remote Enable signal is gated so that the Local/
Remote Flip-Flop cannot be changed while remote
program information is being transferred across guard.

4-180. Outguard Multiplexer.

4-181. This dual 4-to-1 line multiplexer accepts 8 bits of
range and function information. Then, when a Program
Execute command is given, this information is trans-
ferred serially, two bits at a time, to the two inguard
Shift Registers. The Scan A signal is used to select the
multiplexer outputs. Scan A is applied to one output
selection line, and Scan A divided by 2 is applied to the
other line. Figure 4-19 shows the multiplexer output
sequence.

SEQUENTIAL LOGIC INPUTS

PROGRAM EXECUTE M P Seean—— -2 _
SCAN C JL_I_

| i
SEQUENTIAL LOGIC u
OUTPUT ) |

PROGRAM FLAG —J—_—L
OUTPUT

! 1
| 1
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across quard during
1his period of time,

3490a-8-2941

Figure 4-19. Remote Control Timing Diagram
{Option 022).

4-182. Remote Sequential Logic.

4-183. The Sequential Logic is enabled by application

~~of a Program Execute command, which must go from

HIGH to LOW for a minimum of 5 milliseconds. This
signal is inverted and applied to the Logic. The next time
the Scan C signal goes LOW after receipt of a Program
Execute command, the Logic output also goes LOW and
remains LOW until Scan C goes HIGH. Inputs to the
JK flipflops of the Logic are gated so that only one
LOW output is present for each Program Execute
command, regardless' of its pulse width above 5 ms.
While the Logic output is LOW, it enables the Data
Clock signal and the Scan A signal, so program informa-
tion may be transferred into the shift registers. Also,
when another Logic output signal is LOW, it disables a
gate in the Remote Enable signal line so that the
Local/Remote selection cannot be changed during the
Program Execute procedure.

4-184. Program Flag.

4-185. The Program Flag signal goes HIGH to indicate
that remote program information is being accepted, and

4-19
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returns to LOW to indicate programming is complete.
While the signal is HIGH, it enables gates in both inguard
and outguard circuits to allow transfer of information.
At the same time, an output from the Sequential Logic
disables the State Clock signal to the Local/Remote
Flip-Flop, to prevent the clock from changing the
flip-flop during a remote programming period. When the
Program Flag signal is LOW, it disables the Scan A
divide-by-two flip-flop.

4.186. Data Clock.

4-187. A Frequency Doubler is used so that a clock
pulse is issued for each transition of the Scan A signal.
These clock pulses are delayed slightly before being
applied to the Shift Registers, to allow time for the
program information to reach the proper state.

4-188. Shift Registers.

4-189. One-half of the dual 4-bit shift register micro-
circuit carries the range information, and the other
contains function information. Each Data Clock pulse
shifts the information bits in the registers one position
and inserts a new bit. The shift register outputs are
applied to two multiplexers.

4-190. Local/Remote Multiplexers.

4-191. The four outputs from each of these multiplex-
ers may be either of two sets of four inputs. One set of
four inputs is the remote program information bits, and
the other set is the corresponding information from the
front panel switches. The logic level of the “output
select” connection to the multiplexer selects either the
local or remote program information. The “outpiit
select” signal is the output of the Local/Remote
Flip-Flop. The multiplexer outputs are the range and
function information used in the logic circuits.

4-192. Local/Remote Flip-Flop.

4-193. The Local/Remote Flip-Flop provides the “out-
put select” signal to the Local/Remote Multiplexers. A
NOR gate is used to gate the State Clock input to the
flip-flop. When the 3490A is turned on, the Turn-on L
signal from the logic circuits sets the Local/Remote
Flip-Flop to the Local state. When the Remote Enable
line at the rear panel connector is held LOW, a LOW
signal is applied to the D input of the flip-flop. A HIGH
State Clock pulse then sets the Q output LOW. This
LOW signal to the multiplexers selects the remote
program information. An inverter connected to the
other flip-flop output drives the Remote annunciator in
the display.

4-194. Data Flag.

4-195. The Data Flag output signal goes HIGH at the
beginning of a measurement and LOW to indicate the
reading sequence has been completed. If the instrument
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is operating in the autorange mode, Data Flag remains
HIGH until a reading on the correct range has been
completed.

4-196. GENERAL PURPOSE INTERFACE BUS 1/0
(OPTION 030).

4-197. The General Purpose Interface Bus I/O (GPIB)
option permits the Model 3490A to operate on a single
data/control bus with several other instruments. The
ASCII code, used in this system, is an eight-bit 4-2-1
octal code, parallel bit, serial character. The 3490A 1/O
has a talk address and a listen address, which allows the
controlling instrument to instruct the 3490A to output

. measurement data or to receive programming informa-

tion. Since each instrument on the bus may have its own
distinct address codes, a single controller is able to
instruct or receive data from each one individually. The
3490A GPIB option is compatible with the -hp- 9800
series calculators.

4-198. GPIB System.

4-199. A typical bus system is shown in Figure 4-20. A
total of 15 instruments may be connected in parallel to
the bus. Each instrument on the bus is assigned an
address (or addresses) so that it can be selected
individually by the controller. This enables the control-
ler to determine which instruments will be communica-
ting on the bus at any given time. An instrument will
have a listen address if it can receive data, a talk address
if it can output data, or both a listen and a talk address
if it can both receive and transmit data. For example,
the listen address for the 3490A is normally the ASCII
code character 6, and the normal talk address is V,
assigned as shown in Paragraph 3-104. and Table 3-6.

4-200. A principal advantage of the bus system is that
both remote programming and data output are done on

3490A
9820A DVM
CALCULATOR
(CONTROLLER) (TALKER)
(LISTENER)
7
12 ft. MAX.
ASCII BUS CABLES
l f“"‘\ 6 ft. MAX.
FREQUENCY
COUNTER PRINTER
(TALKER) (LISTENER)
(LISTENER)

Figure 4-20. Typical Bus System.
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the same data lines. For this reason a standard cable
(which may be various lengths) is used to connect each
instrument to the bus. The cable contains eight data
lines and seven control lines.

4-201. Basic Theory of GPIB 1/0 Circuits.

4-202. The 3490A GPIB circuits employ two separate
logic systems called Algorithmic State Machines (ASM).
A brief explanation of an Algorithmic State Machine is
given in Paragraph 4-90. One ASM is inside the instru-
ment guard (Inguard State Machine) and the other is
outside the guard (Outguard State Machine). Each
system must accept, store, and output information,
providing a two-way communication link between the
3490A internal logic circuits and the other bus system
instruments. The two State Machines are timed by
separate free-running clocks; consequently, communica-
tion between the two machines is asynchronous. Figure
7-36 is a block diagram of the GPIB 1/O circuits. Table
3-5 lists the bus signal mnemonics.

4-203. Information is transferred across guard from one
ASM to the other by means of photo-transistors, so that
there is no electrical contact between inguard and
outguard circuits. This allows the inguard and outguard
circuits to operate on different ground systems at
different potentials. The outguard ASM receives and
interprets information from the controller. It then
responds to the controller, and transfers the necessary
information across guard to the inguard ASM, which
programs the 3490A logic circuits. When the instrument
is addressed to talk, the measurement output data is
transferred across guard one digit or character at a time.
Data is then placed on the bus data lines DIO1 through
DIO7 one character at a time in the sequence shown in
Paragraph 3-126. The timing of the data output is
controlled by the three “handshake” signals described in
Paragraphs 3-94 through 3-97.

4-204. GPIB System Operation.

4-205. Reset. When power is first applied to the
3490A, the Reset circuit output is LOW for approxi-
mately 100 ms. This sets the inguard ASM to the “zero”
state, and sets the range and functjon circuits to the
front panel settings. It also clears the Sample/Hold and
Remote storage flip-flops and the trigger mode, causing
all programming to conform to the front panel settings.
The outguard ASM circuits then check to see if the
3490A logic circuits indicate that the instrument is in
remote control. If not, the instrument continues to be
controlled from the front panel.

4-206. Local Control. In local control, the 1/O circuits
accept and store range and function information from
the front panel. Sample Rate and Sample/Hold (option-
al) are controlled from the front panel. This information
may be updated at any time by changing the control
settings. If the Sample Rate control is set to HOLD, the
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3490A may be triggered through the rear panel Trigger
connector. If addressed to talk, the 3490A will output
measurement data in accordance with normal bus
operation.

4-207. Address to Listen. When the Outguard State
Machine senses that the MRE line is LOW, it waits for
DAV to go LOW indicating that the data information is
valid. When LDAV is received, data lines DIOS through
DIOI are compared to the 3490A address bits. If they
match, DIO7 is checked to determine if the address is to
talk or to listen. If DIO7 is HIGH, the 3490A is
addressed to listen. It then checks REN to see if it is
LOW. If so, the internal RMT line is set LOW and this
information is transferred across guard and the Inguard
State Machine sets the 3490A to remote control,
disabling the front panel range, function, and Sample/
Hold controls. As soon as the address data and the REN
line have been checked, the DAC output is allowed to go
HIGH, indicating that the data has been accepted.

4-208. Remote Programming. After the 3490A has
been instructed to listen and placed in remote control,
the controller sets MRE High so that the 3490A can
receive remote program data. This data is placed on the
seven data lines DIO1 - 7 by the controller, one character
at a time. After each character is placed on the data
lines, the controller sets DAV to LOW, indicating to the
3490A Outguard State Machine that this data is ready.
The Outguard State Machine checks to see if the data is
valid for the 3490A and then transfers the data across
guard to the Inguard State Machine. It also sets the DAC
line HIGH and RFD LOW to indicate that the data has
been accepted and is being processed. The Inguard State
Machine then interprets the data and takes appropriate
action. For example, if the character received is the
alpha identifier R, the inguard circuits are set so that the
next character (if it is a digit) is routed to the range
storage circuit. (See Paragraph 3-106 for the remote

- programming sequence.) After a data character has been

L

> processed, RFD is allowed to go HIGH, indicating to the

controller that the 3490A is ready for new data.

4-209. When programming is completed, the controller
must send the ASCII code character E, after which it
may address the 3490A to talk or it may address any
other unit on the bus to listen or talk. The character E
indicates to the 3490A that the programming is ended.
The 3490A then will not accept any more data until
after MRE has again been set LOW and the 3490A listen
address sent.

4-210. Address to Talk. When the 3490A is addressed
to talk, it outputs the measurement data in the format
shown in Paragraph 3-126. The output sequence is
controlled by the Inguard State Machine through a
multiplexer and a storage unit. As each output data
character is transferred across guard, the outguard
circuits place this character on the data lines and set
DAV to LOW, indicating to the listener that valid data is
available. When the listener sets DAC HIGH, indicating

4-21
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that the data has been accepted, the Outguard ASM
signals to the Inguard ASM that new data may be
transferred across guard. The output of the six digits of
measurement magnitude is timed by the same scan
signals (HSA, HSB, HSC) that control the 3490A
display.

4-211. Talk Only. When the rear panel slide switch is
set to the TALK ONLY position, the 3490A may be
operated with a printer without the use of a controller.
This switch sets the internal Talk Only line LOW,
enabling the I/O circuits to output data after each
measurement. Operation of the 3490A is programmed
by the front panel controls.

4-212. SAMPLE/HOLD OPTION 040 or 045.

4-213. When the Sample/Hold option is installed in the
3490A, it occupies a position between the DC Input
Amplifier and the Analog-to-Digital conversion circuits
as illustrated in Figure 4-21. Because Sample/Hold
follows the Input Amplifier, it is limited by that
amplifier’s characteristics. Either of two modes of
operation may be used; Acquire/Hold (delayed trigger),
or Track/Hold (non-delayed).

ANALOG- TO-

SAMPLE/ HOLD | S/H ON begar o |

CIRCUITS S7H CONVERSION
OFF T CIRCUITS

34904-8-3429

Figure 4-21. Sample/Hold Circuit Position.
4-214. Track/Hold Mode.

i~

4-215. The Track/Hold Mode is useful in determining
the value of a varying input voltage at a specific time.
This is illustrated in Figure 4-22. Following a complete
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Figure 4-22. Waveforms llustrating Track/Hold Mode.
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measurement, the Sample/Hold amplifiers are again
allowed to track the input signal.

©  [3as04 ® ANALOG T
|NPUT—1ANM’;UJHER SAMPLE/HOLD SIGTAL ©
CIRCUITS CONVERSION [~
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+V
v
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+V . —
v
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r—— MEASUREMENT PERIOD ———f

e e
EXTERNAL SAMPLE/HOLD
TRIGGER

3490A-B-343!

Figure 4-23. Waveforms lllustrating Acquire/Hold Mode.

4-216. Acquire/Hold Mode.

4-217. Acquire/Hold operation is essentially the same as
Track/Hold operation, except that a delay is added
between receipt of an external Sample/Hold Trigger
command and the time the Hold Mode begins, as shown
in Figure 4-23. This delay permits the DC Input and
Sample/Hold amplifiers to respond fully to a step input
voltage before holding and taking a measurement,
making it possible to apply a Sample/Hold Trigger
command simultaneously with a step input voltage. The
length of the delay is dependent upon the range selected,
as shown in Table 44.

Table 4-4. Acquire/Hold Delay.

Range Delay
Option 050 Option 060
1V 616.0 us + 400 ns 512.6 us + 400 ns
Vv 154.0 us + 400 ns 128.4 us + 400 ns
100 vV 615.0 us + 400 ns 512.6 us + 400 ns

1000 V 154.0 us + 400 ns

128.4 us + 400 ns

4-218. Sample/Hold Measurement Sequence.

4-219. Figure 4-31 shows a simplified diagram of the
Sample/Hold circuits and describes the measurement
sequence. Sample/Hold Circuit A can respond quickly to
a change in voltage at point 2. However, this circuit
cannot hold a fixed level long enough for a complete
measurement. Sample/Hold Circuit B cannot respond as
quickly as A, but can hold a fixed level long enough for
a complete measurement. In a Sample/Hold measure-
ment, the voltage is sampled by Circuit A, then held by
A until Circuit B has time to respond. Then the voltage
is held by B while the measurement is completed.
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4-220. Waveforms shown in Figure 4-31 illustrate the
measurement sequence for a single measurement on a
sine wave, and the accompanying notations indicate the
events occurring during the measurement sequence. In
Sample/Hold measurements, the circuits must be in the
Track Mode from the completion of one measurement
until the receipt of the next Sample/Hold Trigger
command. For this reason, the DC Input Amplifier is
connected to the input terminals during this entire
period, and the normal auto-zero cycle of this amplifier
cannot be used. Consequently, there is a slight offset
voltage present in its output. This offset is removed from
the Sample/Hold measurement voltage as follows:

a. The voltage at point 6 (refer to the diagram and
waveforms in Figure 4-31) during the run-up period,
3Ty, is the algebraic sum of the voltages at points 4 and
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held by the Sample/Hold circuits and the offset of the
Input Amplifier. The voltage at point 5 during the same
period is the inverse of the offset voltage. Ideally, then,
the voltage at point 6 is equal to the input signal held by
the Sample/Hold circuits (V4 + V5 = input signal).

b. During run-down, when the reference voltage is
held by the Sample/Hold circuits, the same condition
exists. The voltages at points 4 and 5 add, removing the
Input Amplifier’s offset from the voltage at point 6.

4-221. Sample/Hold Analog Circuits.

4-222_ Circuit A. Figure 4-24 contains a simplified
diagram of Sample/Hold Circuit A and a discussion of its

5. The voltage at point 4 is the sum of the input signal operation.
AMPLIFIER A
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r 4\ i
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a. .In the Track Mode, S1 is open, S2 and S3 are closed. The circuit from point A to point D operates as an inverting unity-gain
amplifier. This circuit consists of a non-inverting amplifier with a gain of 4 between points B and C, followed by an integrating
amplifier between points C and D. Very small bias currents are required by the FET source-followers in the input stage of the

b. For each new level of output voltage at point D, current flows through S2 to readjust the voltage across the integrator
capacitor to the appropriate level. When a Hold A command is received, S2 opens and no more current is supplied to change the
voltage across the capacitor. In this Hold Mode, the voltage at point D remains constant while a measurement is completed.

c. When the Hold command occurs, the gate voltage on the FET switch S2 goes negative, causing a current to flow through the
junction capacitance of this FET. This current alters the voltage on the integrator capacitor. Compensation for this effect is
provided by S3, which alters the voltage on its associated capacitor at the other input to the amplifier in a similar fashion.

d. 81 is closed during the Hold Mode. This limits the amount of voltage change at point C, and prevents currents going from C
to E through any stray capacitance or through the internal capacitance of FET switch S2 during the Hold Mode.

3490-8 - 3391

Figure 4-24. Simplified Diagram and Operation of S/H Circuit A.
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Figure 4-25. Simplified Diagram of S/H Circuit B.

4-223. Circuit B. A simplified diagram of Sample/Hold
Circuit B is shown in Figure 4-25. The operation of
Sample/Hold Circuit B is similar to the operation of
Circuit A. Circuit B responds more slowly than A and is
able to hold a constant output level long enough for an
accurate measurement to be completed. To allow time
for Circuit B to respond to the output of A, the B Hold
command occurs about 2 milliseconds after the A Hold
command. The purpose of the amplifier circuit shown in

Figure 4-25 between points D and F is to compensate

for dielectric absorption in the integration capacitor,
Cl2.

4-224. Dielectric Absorption. Dielectric absorption is -

the memory effect of a dielectric when the voltage
across the capacitor is changed suddenly. This may be
illustrated by the following example:

1. Charge a capacitor to a given voltage.

2. Quickly discharge the capacitor to zero with a
small load resistance.

3. Disconnect the load resistor.

4. The voltage across the capacitor will increase
slowly from zero in the direction of the voltage
applied in step 1. This voltage will develop
quite slowly, but could contribute several
counts of error in the Sample/Hold measure-
ment.

This phenomenon becomes significant in the Sample/
Hold integrator circuit when the voltage applied to this
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circuit changes from the input signal to the reference
voltage, which is opposite in polarity.

4-225. Compensation for Dielectric Absorption. To
prevent deterioration of the Sample/Hold output signal
due to dielectric absorption, an amplifier circuit is used
between the output of Circuit B and the non-inverting
input to the integrator portion of this circuit (points D
and F in Figure 4-25). The waveforms in Figure 4-26
help to illustrate the action of the Dielectric Absorption
(DA) Compensation circuit. During the Track Mode, S5
and S6 (Figure 4-25) are closed. Any change in the
output voltage at point D causes current to flow through
the rc circuit R34, C16 and R6. This current decreases as
C16 assumes the new voltage. The resulting voltage
across R6 is applied to C11 and the DA Compensation
amplifier input. When a Hold B command occurs, S5
opens and the voltage across C11 remains at the level
present at that moment. S6 also opens at this time,
allowing C18 to begin charging slowly toward a voltage
proportional to the charge on C11. The compensating
voltage at point F is the voltage developed across C18.
As the time increases between a voltage change at the
integrating capacitor and the Hold B command, the need
for compensation decreases, and the compensation
provided also decreases.

4-226. Offset Amplifier. During Sample/Hold opera-
tion, the Auto Zero circuit for the DC Input Amplifier is
disabled; consequently, some offset voitage may be
present in the amplifier output. This offset will be
included in the voltage held by Sample/Hold Amplifiers
A and B. During both the run-up and run-down portions
of the measurement period, the input to the DC Input
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Figure 4-26. Dielectric Absorption Compensation.

Amplifier is shorted, and its output is only the offset
present. This offset voltage is inverted by the Offset
Amplifier and subtracted from the Sample/Hold signal
voltage at the input to the S/H Output Amplifier. The
purpose and action of the Offset Amplifier are also
mentioned in Paragraph 4-220.

4-227. Qutput Amplifier. This unity-gain inverting
amplifier inverts the output from Circuit B (less the
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Offset Amplifier output) and applies this voltage to the
Integrator (A - to - D Conversion) circuit through K1, as
shown in Figure 4-31. If Sample/Hold operation is not
selected, the DC Input Amplifier output signal by-passes
the Sample/Hold circuits through K2.

4-228. Sample/Hold Logic Circuits.

4-229. Figure 4-27 is a block diagram of the Sample/
Hold logic circuits. The function of each block is
discussed in the following paragraphs. The sequence of
the main timing signals must be modified for Sample/
Hold measurements to allow the Sample/Hold circuits to
track the input and reference signals at the proper times.
The modified timing also grounds the input to the DC
Input Amplifier during the run-up and run-down peri-
ods. The Sample/Hold logic circuits also determine the
proper delay for Acquire/Hold measurements in accor-
dance with the range selected. The logic circuits are
controlled by an Algorithmic State Machine (ASM). A
brief explanation of an ASM will be found in Paragraph
4-90.

4-230. Timing and Trigger Circuits. The block diagram
in Figure 4-28 details the circuits and signals used in the
timing and trigger circuits.

4-231. Sample/Hold State Clock. The input to the
Sample/Hold State Clock comes from the 3490A crys-
tal-controlled Clock Oscillator, A1U3. This signal is
divided by 16, so that the Sample/Hold State Clock
signal has a frequency of 250kHz in instruments
designed for 60 Hz line operation, and 208.3 kHz in

ANAI
HOLD A o

CIRCUITS

1

S/H MODE
SELECTED | TOS/H

HOLD 8
MAIN TIMING SIGNALS

TO DC SWITCHING LOGIC

- —

(SEQUENCE MODIFIED
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OR ASCIt OPTION | S/H

MODE

MULTI-
PLEXERS

FROM FRONT { RANGE
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RESET
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Figure 4-27. Sample/Hold ).ogic Block Diagram.
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STATE CLOCK HSHC

MAIN CLOCK
INTERNAL HOLD —
COMMAND (HIHC)
FROM MEMORY RESET STATE
STORAGE LRST} FROM ROM
‘ ! ! cLoCK

HOLD {H)
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!
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Figure 4-28. Block Diagram of S/H Timing and Trigger Circuits.

50 Hz instruments. Two Sample/Hold State Clock sig-
nals which are opposite in phase, HSHC and LSHC, are
used to clock the State Storage and Memory Storage
flip-flops. All six “next-state” signals are clocked into
storage at the same time. One-half clock cycle later, the
Memory Storage flip-flops are clocked simultaneously.
The clock signal to the Timing Counter is gated by the
Hold signal from the Sample/Hold Trigger circuit.

4-232. Timing Counter and Level Translator. The Tim-
ing Counter is a 14-stage binary counter/divider. Four
outputs from this counter are applied to the Level
Translator, which converts the counter output logic
levels to the OV to +5V levels used by subsequent

circuits. Three outputs from the Level Translator are

applied to the Delay Muitiplexer and used in selecting
the Acquire/Hold delay. The other two Level Translator
outputs go to the Qualifier Multiplexer.

4-233. Delay Multiplexer. Two Delay Select lines from
Memory Storage select the Delay Multiplexer output
from its four input lines. If Track/Hold (no delay)
operation is selected, the multiplexer selects the Sample/
Hold Trigger Circuit output and issues a Hold A
command immediately. When operating in the Acquire/
Hold mode, the multiplexer output (Hold A) determines
the length of delay between the receipt of a Hold
command and the actual beginning of a Hold condition.
The delay required is determined by the range selected,
and is related to the DC Amplifier gain, as shown in
Table 4-5.

4-234. Sample/Hold Trigger Circuits. Figure 4-29 shows
the Sample/Hold Trigger timing sequence. An external
Sample/Hold Trigger pulse is applied to a pulse-stretch-
ing one-shot circuit whose output is a positive pulse
approximately 40 microseconds in width, called Exter-
nal Hold H. This output may be inhibited by a LOW true
inhibit signal. LISH, from the ASCII option. Also, the
External Hold H output must be enabled by a LOW
External Trigger Enable signal from the Memory Stor-

1.2A

Table 4-5. Gain Delay Relationship.

Range | DC Amp.| Delay Select Nominal Defay (us)
Gain

HDSB|HDSA |Option 060 | Option 050

V| x100 L L 2048.8 2458.5

1V | x10 H L 512.6 615.0

10V | x1 L H 1284 154.0

100V | x10 H L 512.6 615.0

1000V | x1 L H 128.4 154.0

* Measurement accuracy is not specified for the .1 V range.
Operation on this range is not recommended due to the
amount of Gaussian (thermal) noise present.

age. If these conditions are correct, this begins a
Sample/Hold measurement. The External Hold H pulse
also enables the Clock Gate, allowing the Clock signal to
start the Timing Counter. After the measurement se-
quence is begun, the Read Only Memory issues an
Internal Hold Command (through Memory Storage)
which continues to enable the Clock Gate for the
remainder of the measurement. At the same time, a
signal from the Memory Storage sets the External

ENABLED INHIBITED
30ns -' [
MIN.
‘:40;:5-——0

130 ys———f

3490-B-3434

EXTERNAL TRIGGER,

ENABLE LXEN TRIGGER COMMANDS

EXTERNAL
SAMPLE / HOLD
TRIGGER INPUT

EXTERNAL HOLD H
HEHS

INTERNAL HOLD
COMMAND H
HIHC

Figure 4-29. Sample/Hold Trigger Timing.
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Trigger Enable signal HIGH, inhibiting any further
Sample/Hold Trigger pulses for the duration of the
measurement sequence. A measurement may also be
initiated internally by the Internal Hold Command signal
if the 3490A is operating in the automatic sampling
mode, or if triggered by the front panel pushbutton.

4-235. Read Only Memory. A microcircuit Read Only
Memory (ROM) is the central component of the
Sample/Hold Logic control circuits. Six memory inputs
in the “present™ state, along with two “qualifier” inputs,
determine the next state of the ROM. In each state, the
ROM provides the proper outputs to determine the next
step to be taken in the Sample/Hold measurement
sequence.

4-236. State and Memory Storage. The State Storage
circuits are cleared when the 3490A is first turned on, so
that all six of the State Storage outputs are LOW. Two
of the next state outputs are stored in D Flip-Flops
which are clocked by the positive-going edge of the
clock signal, HSHC. The other four next state outputs
are stored in a selectable input storage unit, which is
clocked by the negative-going edge of the inverted clock
signal, LSHC. Consequently, all six ROM next state
outputs. are clocked into storage at the same time,
because HSHC and LSHC are opposite in phase. The two
qualifier inputs, as well as the control signal outputs
from the ROM, are clocked into memory storage by the
negative-going edge of the clock signal, HSHC. By this
method, all state storage circuits are clocked at one time,
and all memory storage circuits are clocked at another
time.

4-237. Qualifier Multiplexers. The two qualifier inputs
to the ROM, along with the six present-state inputs,
determine the next-state outputs from the ROM. These
qualifier inputs are selected by two 8line to 1dine

multiplexers. Selection is determined by three of the -

et
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present-state outputs from State Storage HPA, HPB and
HPC.

4-238. Sample/Hold Measurement Sequence. The tim-
ing sequence for a Sample/Hold measurement is shown
in Figure 4-30. The states of Main Time Bits C, B and A
must be modified for Sample/Hold measurements in
order for the circuits to track the input voltage between
measurements. The states of these signals for the various
portions of the measurement cycle are shown in the
upper part of Figure 4-30. The states shown for a normal
measurement (not Sample/Hold) are the states of these
signals as received by the Sample/Hold logic circuits. The
state sequence for a Sample/Hold measurement is then
modified as shown. During a normal measurement (with
Sample/Hold in the 3490A), the timing bit sequence is
not modified; however, there is a delay in the Storage
circuit equal to the duration of one cycle of the
Sample/Hold State Clock.

4-239. Reference Polarity Logic. In Sample/Hold mea-
surements, the 3490A input signal is inverted in the
Sample/Hold amplifiers. Consequently, the polarity in-
formation derived from the Integrator is incorrect. The
logic level of the polarity signal must be inverted to
supply the correct display polarity and to select the
proper reference voltage for run-down. This is accom-
plished by an Exclusive OR gate and an inverter. The
gate output is HIGH if one and only one of its inputs is
HIGH. If both inputs are either HIGH or LOW, the
output is LOW. In Sample/Hold measurements, one
input to the gate is always LOW, so its output follows
the polarity signal at the other input. The gate output is
then inverted and becomes the Display Polarity signal.
When Sample/Hold operation is not selected, one input
to the Exclusive OR gate is not always HIGH. The
polarity signal at the other input is then inverted by
both the gate and the inverter; consequently, the logic

level of the Display Polarity signal is the same as the
. Ratio Polarity signal at the gate input.

4-27
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SAMPLE/HOLD MEASUREMENT
SEQUENCE. NOT DRAWN TQ
TIME OR VOLTAGE SCALE.

| I |
! | |
[ ! {
| | !
| T T T ' ! '
1 NOTE 1 | NOTE 2 | 5 ms | | Sms f 5ms t 60 ms | 5ms .
MAIN TIME BITS CBA | | | | ! ! ! ! !
{TO DC SWITCHING) | | | | | | | |
| cea | I I i : { ! i I
NORMAL MEASUREMENT | 000 I oot | o I g ! m | " " 110 : 10 | oo |
| | | i 1 | ]
SAMPLE/HOLD MEASUREMENT | 1 m ) 1 jooon on | o } 110 | 010 | 1 !
NOTE 3 | | |
oo | { | b INPUT AMPLIFIER SHORTED —————®lom: je— kel \npyuT AMPLIFIER SHORTED — t
h !
HOLD A COMMAND | | : : ] : 1 !
{HHDA) TRACK —|
i | —ed2ms ! ol 2ms fe-| |
HOLD | | | = | | 1 : |
HOLD B COMMAND I
{HHDB) Thack L— L ! 7 |
i ' |
H REFERENCE VOLTAGE APPLIED !
TRACK/HOLD i AT THIS POINT :
1 I
1 |
S/H TRIGGER - "“_I [ |
1 ! | |
i | ja— APERTURE TIME = 400 ns MAX. - |
A27Q1 GATE = | |
i o I
[ [ |
i * HOLD I
VARYING iNPUT VOLTAGE | ? REF. i
| |
HOLD MODE } 4 |
BEGINS |

ACQUIRE/MHOLD

A27Q1 GATE |

STEP INPUT -~
VOLTAGE APPLIED 7

7 AMPLIFIER
,//  Response

NOTES

1. SAMPLE/HOLD WILL ACCEPT AN EXTERNAL
TRIGGER COMMAND AT ANY TIME DURING
THIS PERIOD. PERIOD ENDS AND HOLD MODE
BEGINS AS SHOWN.

2. If 3490A 1S IN HOLD (FGR EXAMPLE, SAM-
PLE RATE SET TO HOLD) AND AN EXTERNAL
ENCODE COMMAND WAS NOT APPLIED DUR-
ING THE PREVIOUS PERIOD, 3490A WAITS FOR
AN ENCODE COMMAND BEFORE GOING TO
NEXT PERIOD AND PROCEEDING WITH MEA-
SUREMENT.

3. MAIN TIME BIT STATES SHOWN FOR NOR-
MAL MEASUREMENT ARE THE STATES OF
THESE SIGNALS AS APPLIED TO THE SAMPLE/
HOLO LOGIC, TIME 8IT SEQUENCE IS THEN
MODIFIED TO THE STATES SHOWN FOR SAM-
PLE/HOL D MEASUREMENTS.

i
HOLD
REF.

|
it

S/H RETURNS TO
TRACKMODE

-——— e

34%0-C-3388

Figure 4-30. Sample/Hold Measurement Sequence.
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5

a. During the period o’1.

Input terminal,

b. At t4 a S/H Trigger command is received. Circ

OTHER 3490A
CONTROL AND
TIMING CtRCUITS

EXAMPLE OF TRACK/HOLD MEASUREMENT SEQUENCE

holds about 2 milliseconds later.

c. Att,, S p is switched to grbund. 2T3 is settling time for the amplifiers.

d. 3T 4 is the run-up time for the integrator. Sg is connected to the Integrator inpu.
e. From t4 to t7, Sg is closed to ground and no current is supplied to the integrator.

f. At tg, Sp is switched to the - Reference,

Hold B occurs at tg.

9. Sp is switched to ground at g, and gT5 is used for amplifier settling time.

h. Sg is switched to the Integrator input during 7Tg. tg is the zero detect point.

3490 -B-3435

circuits are in the Track“Mode and input switch Sp is connected to the

uit A holds within 400 nanoseconds, and Circuit B

51g is about 4 ms long. Hold A occurs 2 ms after tg and

i. At 1g. all circuits are returned to the Track Mode and S is again connected to the Input terminal.

NOTES

1. Waveforms are not drawn to time or voltage scale.
2. Decay of Circuit A output signal, V3, is exaggerated for the purpose of this illustration.
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Table 5-1.. Recommended Test Equipment.

Model 3490A

Instrument
Type

Required
Characteristics

Use

Recommended Model

DC Voltage Standard

Voltage: 1 mV to 1000 V
Accuracy: + 0,005 %

Performance Checks
Adjustments
Troubleshooting

+hp- Model 7408 DC Standard/
Differential Voltmeter

AC Calibrator

rFrequency: 20 Hz to 100 kHz

Output Level: 1 mV to 1000 V

Accuracy (midband): + 0.1 %

Voltage Stability: + 0.02 %
for six months

Performance Checks
Adjustments
Troubleshooting

-hp- Model 745A AC Calibrator
-hp- Model 746A High Volitage
Amptifier

Resistance Decade

Resistance: 100 2 to 10 MQ
Accuracy: + 0.004 %

Performance Checks
Adjustments
Troubleshooting

General Radio Model
GR 1433-Z Decade
Resistor

Electronic Counter

Frequency: 50 Hz to 60 Hz

Performance Checks

-hp- Model 5300A/5302A
Measuring System

Test Oscillator

Frequency: to 250 kHz
Output: 3 Vrms into 50

Performance Checks

+p- Model 652A Test
Oscillator

DC Differential

Voitage Range: 1V

Performance Checks

-hp- Model 3420B DC

Volitmeter Resolution: 1 uV Differential Voltmeter
DC Digital Voltage Range: 10 mV to 1000 V | Adjustments -hp- Model 3480B/3484A
Voltmeter Resolution: 10 uV Troubleshooting Digital Voltmeter

Oscilloscope

Bandwidth: DC to 10 MHz

Sweep: 0.1 us to 1 sec/div

Sensitivity: 1 V/div

Delayed Sweep

Delayed Gate Output:
negative-going pulse

22 V amplitude and

230 ns wide

Performance Checks
Adjustments
Troubleshooting

-hp- Model 180C/D Oscilloscope
with 1801A and 1821A
plug-in units

DC Null Voltmeter

Voitage Range: 100 mV to 1OQV

Adjustments
Troubleshooting

“hp- Model 419A DC Nuil
Voltmeter

Capacitor Capacitance: 1.0 uF Péiformance Checks -hp- Part No. 0160-2611
Voltage: 20 vdcw
Resistors Resistances: 'Performance Checks -hp- Part No:
1kQ+10% 0684-1021
10k +0.1% 06984157
TMQ+01% 0698-6369
Thermal Converters Voltages: Performance Checks -hp- Modet 11051A
1V -hp- Model 11050A
3v

Square Wave Generator

Frequency: 100 Hz to 1 kHz
Output Level: 20 V p-p
Rise Time: <50

Performance Checks
Adjustments
Troubleshooting

-hp- Model 3310A
Function Generator

Silicon Diode <20V piv Performance Checks -hp- Part No. 19010040
Adjustments

Resistor 10k Performance Checks -hp- Part No. 0684-1031
Adjustments

Calculator GPI Bus Control Capability GP1B Operational Check | -hp- 9820A Calculator

Must serve as printer for
3490A output data

GPIB Troubleshooting

with -hp- 11144A ASCII Bus
Interface and Peripheral
Control |1 ROM Block

Logic Comparator

Capable of incircuit check
of dual in line TTL IC packages

Troubleshooting

-hp- 10529T
Logic Probe
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SECTION V
MAINTENANCE

5-1. INTRODUCTION.

5-2. This section contains performance tests and adjust-
ment procedures for the Model 3490A Multimeter. The
performance tests determine whether your instrument is
operating within its published specifications. The adjust-
ment procedures are provided to help you maintain your
instrument within specification limits.

5-3. RECOMMENDED TEST EQUIPMENT.

5-4. Test equipment required for the performance tests
and adjustment procedures is listed in Table 5-1. Any
equipment that satisfies the critical specifications given

in the table may be substituted for the recommended
model.

5-5. TEST RECORD.

5-6. A Performance Test Record is provided at the end
of this section for the purpose of recording the results of
the Performance Tests. This record lists all of the tested
specifications and their acceptable limits. This record
can be removed from the manual and retained as a
permanent record of the incoming inspection or routine
maintenance performed on the instrument. This record
may be reproduced for your use without special permis--
sion.

PERFORMANCE CHECKS

5-7. PERFORMANCE TESTS.

5-8. Use the following test procedures to determine
whether your instrument is operating within its pub-
lished specifications. The test limits given in the accur-
acy tests and on the performance test record compare
the instrument to the 90-day specifications given in
Table 1-1. However, if your accuracy requirements are
met by other specifications, such as the 30-day or
6-month specifications, the test limits should be adjusted
accordingly. The performance of the instrument should
be tested upon receipt and at regular intervals deter-
mined by your accuracy requirements. Refer also to Mil.
Spec. MIL-C45662A. If the 3490A fails to meet one or
more of its specifications, refer to the Adjustment
Procedures, Paragraph 5-51. The 3490A and test equip-
ment should be operated at normal line voltage with the
3490A rear panel line selector switches set as instructed
in Figure 2-1. Allow at least one hour warm-up time for
the 3490A before beginning the following tests.

5-9. DC VOLTMETER ACCURACY TEST.

5-10. A dc voltage standard (-hp- 740B) is required for

this test.
;CAUTION;

Connect Guard to Input Low or damage to
the instrument may result.

a. Set 3490A FUNCTION to DC, RANGE to .1 V.

b. Connect dc standard between INPUT HIGH and
LOW terminals.

¢. Select 3490A ranges and dc standard positive and
negative outputs listed in Table 5-2. Dispiay should be
within limits shown in each case.

511. AC VOLTMETER ACCURACY TESTS.

5-12. Because of the voltage range and bandwidth of the
3490A ac voltmeter circuits, more than one test setup is
required to verify the accuracy specifications. The -hp-
Model 745A/746A AC Calibrator may be used to check
the accuracy of all ranges at frequencies up to 110 kHz;
however, the accuracy of this signal source alone in some
cases may not be great enough to ensure a valid test of

' ~ Table 5-2. DC Voltmeter Accuracy.

3490A DC Standard . -

Range Output Display Limits
+ 0.01000 V + .009995 to .010005 V
v + 0.05000 V + .049990 to .050010 V
+ 0.10000 V + 099985 to .100015 V
+ 0.10000 V + 0.09997 to 0.10003 V
1V + 0.50000 V + (0.49994 to 0.50006 V
+ 1.00000 V + 0.99990 to 1.00010 V
10V + 1.00000 V + 00.9997 to 01.0003 V
+10.0000 V- + 09.9990 to 10.0010 V
100V + 10.0000 V + 009.997 to 010.003 V
+ 100.000 V + 099.990 to 100.010 V
+ 100.000 V + 0099.97 to 0100.03 V
1000V + 500.000 V + 0499.92 to 050008 V
*+1000.00 V +0999.86 to 1000.14 V

*If -hp- 740B DC Standard is used, do not apply negative
voltage greater than - 500 V. -

5-1
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the 3490A accuracy. In this case, a correction factor
chart should be used to adjust the calibrator output.
Such a chart for the -hp- 745A/746A may be derived
during routine periodic calibration of the instrument,
and can be used to set the 745A controls for a precise
output. For example, if the 745A output is known to be
0.04 % high at 1V, 20 Hz, the 745A can be set for a
precise 1V output. by setting the 745A voltage set
controls'to 1.000000 V and adjusting the error measure-
ment control to +0.04 %. The corrected voltage will
then be sufficiently accurate to test the 3490A at 1 V,
20Hz. To determine the length of time that the
correction factor chart will be valid, refer to the latest
745A/746A Operating and Service Manuals.

5-13. To verify the ac voltage accuracy of the 3490A at
frequencies above 110kHz, the ac to dc transfer
measurement technique may be employed. Using the
test setup shown in Figure 5-1, apply an accurate dc
voltage to the thermal converter and adjust the dc
differential voltmeter for a null indication. Remove the
dc input from the thermal converter and apply the ac
signal to both the thermal converter and the 3490A
input simultaneously. Adjust the test oscillator output
level to return the differential voltmeter to a null
indication. This results in an rms value of the ac signal
equal to the rms value of the dc standard output.

5-14. Table 5-3 lists the voltage and frequency points
which should be checked to verify the ac voltage
accuracy of the 3490A, together with the test equip-
ment needed for each check. If the equipment required
for some checks is not available, a good indication of
performance can still be obtained by checking the points

for which suitable equipment is available. o

PERFORMANCE CHECKS

Model 3490A

IECAUHON?

Connect Guard to Input Low or damage to
the instrument may result.

5-15. OHMMETER ACCURACY TESTS.
5-16. Preferred Method.

5-17. A resistance decade with settings from 100 22 to
10 M is required for this test. A correction factor chart
for the decade is necessary to achieve the accuracy
required to check the performance of the 3490A

-Ohmmeter function. Select the 3490A ranges and

resistance decade settings shown in Table 54. The
algebraic sum of the 3490A reading and the resistance
decade error indicated by the correction factor chart
should be within the limits given for each setting listed.

5-18. Alternate Method.

5-19. If a suitable resistance decade with an appropriate
correction factor chart is not available, resistors within
the values shown in Table 5-5, whose value is known to
within the tolerances given, may be used to check
performance of the 3490A ohmmeter function. The
3490A display should be within the number of counts
shown from the value of the resistor used.

5-20. DC COMMON-MODE REJECTION TEST.

5-21. Effective common-mode rejection is the ratio of
the peak common-mode voltage to the resultant error in
reading, with a 1 k§2 imbalance between High and Low

TEST OSCILATOR
hp 652A

.~

@ Q = 0©

QO

MULTIMETER
hp 3490A

{ ) C—O ﬂ

° 0 0000q

DC STANDARD
hp 7408

s J o

@@@@@@@o

SENSE

+

&Y |outrur

® CABLE

8 IS
OUTPUT

%

DC DIFFERENTIAL
VOLTMETER / RATIOMETER

he 34208
D
gdsasagl

o OI1D ED:D@o
A ﬁ
A

THERMAL
CONVERTER

Figure 5-1. AC Voltmeter High Frequency Accuracy Test.
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Model 3490A PERFORMANCE CHECKS Section V
Table 5-3. AC Voltmeter Accuracy.
3490A Test Signal 3490A Max Test Signat Other Equipment
Range Voltage l Frequency Display Error Source Required
1V 1V 20 Hz + 400 counts AC Calibrator
1V 1V 10 kHz + 125 counts
1V 1tV 100 kHz + 125 counts
Vv 1V 100 kHz + 35 counts
10V 5V 20 kHz + 75 counts
10V 10V 20 Hz + 400 counts
100V 10V 100 Hz + 35 counts
00V 100V 50 kHz + 125 counts
1000 V 1000 V 10 kHz + 135 counts
1000 V 1000 V 100 Hz + 125 counts
1V 1V 250 kHz + 810 counts Test Oscillator 1 V Thermal
Converter
DC Differential
Voltmeter
oV 3v 250 kHz - + 285 counts Test Oscillator 3V Thermal
Converter
DC Differential
Voltmeter

Table 5-4. Ohmmeter Accuracy.

c. Connect dc standard between High terminal and

3490A Range Decade Setting Display Limits
.1 k2 100 Q .099983 to .100017
1 k2 1 k2 0.99988 to 1.00012
10 k2 10 k2 09.9988 to 10.0012
100 k2 100 k2 099.988 to 100.012
1,000 k&2 1MQ 0999 .86 to 1000.14
10,000 k2 10 MQ 09996.3 to 10003.7

the 3490A chassis.

d. Set dc standard output to + 500.00 V. 3490A
reading should not change more than 0.00005 V, verify-
ing dc common-mode rejection > 140 dB, where:

ECMR =201log

with Guard connected to High. A dc standard (-hp-

Peak common-mode voltage

Effect on reading (volts)

Table 5-5. Alternate Ohmmeter Accuracy Test.

740B) is required for this test. 3490A Resistor Display
. Range Value Tolerance Tolerance
a. Connect a 1 k2 resistor between input High and
Low terminals, and connect High to Guard as shown in JkQ 90 to 110 &2 +0.0025% | + 17 counts
Figure 5-2 1k 900 to 1.1 k2 +0.0025% | + 12 counts
) ; 10 k2 9k to 11 k2 +0.0025% | + 12 counts
4 100k | 90k 10 110kQ + 0.0025% | + 12 counts
b. Set 3490A FUNCTION to DC, RANGE to 1V. 1000k | 900kQ 10 1.1 MR | +0.005% | * 14 counts
Note 3490A display 10,000k2 | 9MQto 11 M £0.01% | + 37 counts
DC STANDARD / DIFFERENTIAL
VOLTMETER
hp 740B
MULTIMETER
hp 3490A
@ L 1[/_\] O CONNECTED TO : — n
5 - CHASSIS GROUND P

@@@@@@@o@

—

3490A -8 -2943

e
*-9

OUTPUT CABLE
hp 110558

(—H

<X[[ = ©

0069

Figure 5-2. DC Common-Mode Rejection Test.
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5-22. AC COMMON-MODE REJECTION TEST.

5-23. An ac calibrator (-hp- 745A) and an electronic
counter (-hp- 5300A) are required for this test.

a. Connect a 1 kQ resistor between input High and
Low terminals, and connect High to Guard as shown in
Figure 5-3.

b. Connect electronic counter to ac calibrator output
and adjust calibrator frequency to 60 Hz + 0.1 % if the
3490A is designed for 60 Hz line operation, 50 Hz
+ 0.1 %if it is a 50 Hz model.

c. Before connecting ac calibrator output to 3490A,
set 3490A FUNCTION to DC, RANGE to 1V. Note
3490A reading.

d. Connect ac calibrator to 3490A as indicated in
Figure 5-3 and set output voltage to 70.7 Vrms (100 V
peak).

e. 3490A reading should not change more than
0.00001 V from the reading noted in step c, verifying ac
common-mode rejection of >140 dB at the frequency
specified (50 Hz or 60 Hz), using the formula given in
Paragraph 5-21.

5-24. AC NORMAL-MODE REJECTION TEST.

5-25. AC normal-mode rejection is the ratio of the peak
normal-mode voltage to the resultant error in reading.
An ac calibrator (-hp- 745A) and an electronic Counter
(-hp- 5300A) are required for this test.

5
ar

a. Connect test equipment as shown in Figure 54.
Do not connect to 3490A input.

b. Using an electronic counter as a monitor, adjust ac
calibrator frequency for 60 Hz + 0.1 % if 3490A is
designed for 60 Hz line operation, or 50.Hz + 0.1 % if it
is a 50 Hz model.

¢. Set 3490A FUNCTION to DC, RANGE to 10V,
short Input. Note 3490A reading.

d. Disconnect input shortand connect calibrator to
3490A input. Adjust calibrator amplifier to 7.07 Vrms
(10 V peak).

e. 3490A reading should not vary more than
+ 00.316 V from reading noted in step c. This verifies
normal-mode rejection of =50 dB at 60 Hz (or 50 Hz),
where:

Peak ac superimposed voltage

NMR =201
°8 Effect on reading (volts)

5-26. DC VOLTMETER INPUT RESISTANCE TEST.

5-27. A dc standard (-hp- 740B) and a 1M £ 0.1 %
resistor (-hp- 0698-6369) are required for this test.

Connect Guard to Input Low or damage to
the instrument may result.

a. Connect 3490A, dc standard and resistor as shown
in Figure 5-5.

b. Set 3490A FUNCTION to DC, RANGE to 10 V.

c. Connect jumper across 1 M{2 resistor as indicated.
Adjust dc standard output to 10.0000 V. Note 3490A
reading. .

d. "Remove jumper from 1 M£2 resistor. 3490A read-
ing should not change more than 00.0010 V, verifying
input resistance > 10 ' Q.

e. Set 3490A RANGE to 100 V. Reduce input to
1.00000 V.

AC CALIBRATOR

hp 7454
00 0 a0 o a o oo
ELECTRONIC
© 8 B 8 B & COUNTER
hp 5300
<O (IITI1r11] @) =
T OO
® LEGNONO)]

®

®
B
b=

O

F

MULTIMETER
hp 3490A
CONNECTED TO _h]
CHASSIS GROUND E :II!IE ﬁ
= O 00 1

IKQ

|

349C -8 3449

Figure 5-3. AC Common-Mode Rejection Test.
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AC CALIBRATOR
hp 745A
g o o o6 0 0 000 ELECTRONIC

g @ ©® 8 8 @ COUNTER MULTIMETER

o -~ hp 5300 hp 34904
S E C— ) —=T
° ©0@90| | ©00O0 ¢ e O @@5@@

3430-8 -3450

Figure 5-4. AC Normal-Mode Rejection Test.

f. Connect jumper across ! M2 resistor and note
3490A reading.

g. Remove jumper. 3490A reading should change
between 000.908 V and 000.910 V. This verifies an
input resistance of 10 M2 + 0.15 %.

5-28. AC VOLTMETER INPUT IMPEDANCE TEST.

5-29. A test oscillator (-hp- 652A) and two precision
resistors, 1 M2 + 0.1 % (-hp- 0698-6369) and 10 k<2
* 0.1 % (-hp- 0698-4157), are required for this test.

a. Connect 3490A, test oscillator, and 1 M2 resistor
(Rg) as shown in Figure 5-6. Connect jumper across
resistor as indicated.

b. Set 3490A FUNCTION to AC,RANGE to 1 V.

c. Adjust test oscillator frequency to 25 Hz. Adjust

output amplitude to obtain a 3490A reading of -

1.00000 V.

d. Remove jumper from resistor Rg. 3490A display
should be not less than 0.65975 V if the instrument does
not have the rear input connector, or not less than
0.65804 if it does have a rear input connector in parallel
with the front input terminals.

e. Replace the 1M resistor (Rg) with a 10k
resistor. Connect jumper across resistor.

f. Adjust test oscillator frequency to 250 kHz. Ad-
just output amplitude for 3490A reading of 1.00000 V.

g. Remove jumper from 10 k§2 resistor. 3490A dis-
play should be not less than 0.49211 V if the 3490A
does not have rear input connector, or not less than
0.41321 V if it does have the rear input.

5-30. SAMPLE/HOLD PERFORMANCE
(Option 040/045).

.5-31. The dc voltage measurement performance of the

3490A ipust be within specification before proceeding

DC STANDARD/DIFFERENTIAL
VOLTMETER
hp 7408

oL _Jee

@@@@@@@o@

OUTPUT CABLE
hp 110558

3490A-B- 2948

i

MULTIMETER
hp 3490A
° O 006d
IM& 2061 %

Figure 5-5. DC Voltmeter Input Resistance Test.
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TEST OSCILLATOR

hp 652A
MULTIMETER
P hp 3490A
Q (@) C_____ ) c—o1
? O =9 00 ° O 006de
3490A-8-2947 % Rg

7

Figure 5-6. AC Voltmeter Input Impedance Test.

with the Sample/Hold performance tests. Refer to
Paragraph 5-9.

5-32. Sample/Hold DC Measurement Accuracy Test.

5-33. A dc standard (-hp- 740B) is required for this
procedure, which checks the dc voltage accuracy of the
Sample/Hold circuits to the 90-day specification in both
Track/Hold and Acquire/Hold operation. Accuracy is
not specified for the .1 V range.

Connect Guard to Input Low or damage to
the instrument may result.

a. Set 3490A FUNCTION to DC, RANGE to 1V,
SAMPLE/HOLD to TRACK/HOLD, SAMPLE RATE
fully clockwise.

b. Connect dc standard between input High and Low
terminals.

c. Select 3490A ranges and dc standard positive and
negative outputs listed in Table 5-6. Display should be
within limits shown in each case.

d. Set SAMPLE/HOLD to ACQUIRE/HOLD and
repeat step c.

5-34. Sample/Hold Response Test.

5-35. A function generator (-hp- 3310A), an oscillo-
scope with delayed sweep and delayed gate output (-hp-
180C/1801A/1821A), a silicon diode, and a 10k
resistor are required for this test, which verifies that the
Sample/Hold circuits will respond to a step input voltage
within the stated acquisition time. The Delayed Gate
Output from the oscilloscope must be a negative-going
pulse at least 30 nanoseconds wide and having an
amplitude of 2 to 200 V.

a. Connect equipment as shown in Figure 5-7. If the
3490A has BCD'Remote Expand Option 020, also

an

Table 5-6. Sample/Hold DC Accuracy Check.

3490A DC Standard Display Limits
Range Output
+ 0.10000 V + 0.0998 t0 0.1002 V
1V + 0.560000 V + 0.4998 to 0.5002 V
+ 1.00000 V + 09997 to 1.0003 V
+ 1.00000 V +00998 to 01.002 V
10V + 5.00000 V + 04998 to 05.002 V
+ 10.0000 V + 09.997 t0 10.003 V
+ 10.0000 V + 009.98 t0 01002 V
100 V + 50.0000 V + 049.98 to 050.02 V
+ 100.000 V + 09997 to 100.03 V
+100.000 V +0099.8 to 01002 V
1000 V + 500.000 V + 0499.8 to 0500.2 V
*+1000.00 V +0999.7 to 1000.3 V

*If -hp- 740B DC Standard is used, do not apply negative
voltage greater than - 500 V.

connect Stretched Pulse Output (J7 pin 10) to External
Enclode (J7 pin 28).

b. Set 3490A FUNCTION to DC, RANGE to 10V,
SAMPLE/HOLD to TRACK/HOLD, SAMPLE RATE to
HOLD.

c. Set oscilloscope controls for External Trigger,
negative slope, and Main sweep. Set Main sweep to
.1 ms/div., Delayed sweep to 1 us/div.

d. Set function generator to square wave, frequency
to 1 kHz, and adjust output level for 20 V peak-to-peak
signal as displayed on oscilloscope.

e. Adjust oscilloscope delay control so that intensi-
fied trace begins approximately 450 us after negative-
going transition of square wave. Note 3490A reading,
which should be near zero.

f. Adjust delay so that intensified trace begins
approximately 125 us after negative-going edge of square
wave (stated maximum acquisition time for 10 V range
is 128 us). Reading should be within + 0.001 V of the
reading noted in step e.
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FUNTION GENERATOR

OSCILLOSCOPE
hp 180D

PLUG IN PLUG IN
hp IBOIA hp I821A

hp 33I0A/B MULTIMETER
hp 3490A ® O[O0 OO o}
Q Q : Tosawemons |0 5|n81cO6
':] ::Jﬁ AC TRIGGER INPUT o ol® © (2_ Ke
a O s 0 E=EEEES (REAR PANEL, ® oo —a| =0
) ®©0 0 @ @@@@@ bl O 06 ®|Boe ©

1901-0040

e
S

]

TO OSCILLOSCOPE
VERTICAL INPUT
AND EXTERNAL
TRIGGER

3490- B-3442

Figure 5-7. Sample/Hold Response Test.

g. Set oscilloscope main sweep to .5 ms/div.

h. Adjust function generator frequency to 200 Hz,
output level to 2 V peak-to-peak.

i. Set 3490A RANGEto 1V,

j. Adjust intensified trace to approximately 1 ms
after the negative-going edge of square wave. Note
reading; which should be near zero.

k. Adjust intensified trace to approximately 500 us
after the negative-going edge of square wave. Reading
should be within + 0.001 V of reading noted in step j.

5-36. RATIO PERFORMANCE (Option 080).

5-37. The dc and ac voltage measurement performance
of the 3490A must be within specifications before
proceeding with the ratio performance tests. Refer to
Paragraphs 5-9 and 5-11.

5-38. DC/DC Ratio Accuracy Tests.

5-39. Preferred Method. Two dc standards (-hp- 740B)
are necessary for this method, making it possible to
check performance at various levels of EXT REF voltage
and INPUT voltage. Both dc standards must be floating,

since INPUT Low and EXT REF Low terminals are
connected internally. If only one dc standard is availa-
ble, go to Paragraph 540.

a. Set 3490A RATIO switch to EXT REF 1V.
Connect a dc standard to 3490A INPUT terminals and
adjust standard output to + 0.10000 V.

b. Set 3490A FUNCTION to DC, RANGE to 1 V.
Connect a second dc standard to 3490A INPUT termi-
nals and adjust standard output to + 0.10000 V. 3490A
display should be + 0.99955 to + 1.00045.

c. Select EXT REF and INPUT ranges and voltages
listed in Table 5-7. Display should be within limits
shown in each case.

5-40. Alternate Method. A dc standard (-hp- 740B) and
a second voltage source having an output of 10V + 5 %,
stable to within 1 mV/hr, are required for this method.
Both the dc standard and the second voltage source must
be floating. A 9.8 V mercury battery (Mallory TRI77) is -

- & satisfactory source. The following procedure will refer
~ to the second voltage source as the battery.

a. Set 3490A RATIO switch to INT REF, FUNC-
TION to DC, RANGE to 10 V.

Table 5-7. DC/DC Ratio Accuracy Test.

Ext Ref Ext Ref Input Input Display Limits
Range Voltage Range Voltage
1V + 0.10000 V 1V + 0.10000 V + 0.99955 to + 1.00045
1V '+ 0.50000 V 1V + 0.50000 V +0.99979 to + 1.00021
1V + 1.00000 V 1V +  1.00000 V + 0.99982 to + 1.00018
1V + 1.00000 V 1V - 1.00000 v - 0.99982 to - 1.00018
1V - 1.00000 V 1V - 1.00000 V +0.99982 to + 1.00018
1V - 1.00000 V 1V + 1.00000 V - 0.99982 to - 1.00018
1V + 1.20000 V 1V + 1.00000 V +0.83316 to + 0.83350
v + 1.00000 V mnv + 1.00000 V + 09.9955 to + 10.0045
10V + 5.00000 V Vv + 5.00000 V +09.9979 to + 10.0021
v +10.0000 V 100V +100.000 V +099.979 to + 100.021
v +12.0000 V 100 V +100.000 V +083.313 to + 083.353

57
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b. Connect the battery to INPUT terminals, + to
HIGH, - to LOW. Note and record 3490A display.

c. Connect dc standard to EXT REF terminals and
set standard output to positive voltage equal to display
noted in step b.

d. SET 490A RATIO switch to EXT REF 10V.
Display should be + 09.9982 to + 10.0018.

e. Reverse polarity of dc standard output. Display
should be - 09.9982 to - 10.0018.

f. Set RATIO switch to INT REF. Reverse polarity
of battery connections. Note and record display.

g. Set RATIO switch to EXT REF 10 V. Adjust dc
standard output to negative voltage equal to display
noted in step f. Display should now be +09.9982 to
+10.0018.

h. Reverse polarity of dc standard output. Display
should be - 09.9982 to - 10.0018.

i. Reduce dc standard output to 1/10 the output
used in step h.

j- Set RATIO switch to EXT REF 1 V. Display
should be - 09.9982 to - 10.0018.

5-41. AC/DC Ratio Accuracy Test.

5-42. A dc standard (-hp- 740B) and an ac calibrator
(-hp-745A) are required for this test. .

a. Set 3490A RATIO switch to EXT REF 1V.
Connect dc standard to EXT REF terminals and adjust
standard output to + 0.10000 V.

b. Set 3490A FUNCTION to AC, RANGE to 1 V.
Connect ac calibrator to INPUT terminals and adjust
calibrator output to 100 mV at 100 Hz. Display should
be 0.99865 to 1.00135.

c. Select EXT REF and INPUT ranges and voltages
listed in Table 5-8, Display should be as indicated in
each case.

Table 5-8. AC/DC Ratio

PERFORMANCE CHECKS
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5-43. External Reference Input Resistance Test.

5-44. A dc standard (-hp- 740B) and a 10kS2 £ 0.1 %
resistor (-hp- 0698-4157) are required for this test.

a. Set 3490A RATIO switch to EXT REF 10V,
FUNCTION to DC, RANGE to 10 V.

b. Connect 3490A, dc standard and 10 kS2 resistor as
shown in Figure 5-8. Connect jumper across resistor.

¢. Adjust dc standard output to +10.0000 V. Note
3490A display.

d. Remove jumper across resistor. Display should not
change more than 100 counts, verifying an EXT REF
input resistance of > 107 2.

5-45. GPIB OPERATIONAL CHECK (Option 030).

5-46. A General Purpose Interface Bus system controller
and a printer are required to verify the operation of the
3490A Option 030. Two procedures are given. The first,
in Paragraph 5-47, is a general procedure to be used with
any bus controller. The second, in Paragraph 549, is
essentially the same procedure written specifically for
the 9820A calculator. If the 3490A 1/O circuits fail to
operate correctly, refer to the GPIB troubleshooting
information, Paragraph 7-49.

1. Initialize
LEOP - Set End Output Low
HEOP - Return End Output to iligh
LREN - Set Remote Enable LOW

2. Send addresses (see Paragraph 3-104 for 3490A
address codes) v
ILMRE - Set Multiple Response Enable LOW
? (77g) - Universal unlisten command
6 (665) - 3490A listen address (3490A placed in re-

mote mode)
HMRE - Set Multiple Response Enable HIGH

3. Send programming instructions
F
31; Test No. 1
7

Accuracy Test.

Ext Ref Ext Ref Input Input Display Limits
Range Voltage Range Voltage
1V 0.50000 V 1V 0.50000 V 0.99865 to 1.00135
1V 1.00000 V 1V 1.00000 V 0.99865 to 1.00135
1V 1.20000 V 1V 1.00000 V 0.83218 to 0.83448
Vv 1.00000 V oV 1.00000 V 09.9865 to 10.0135
0oV 5.00000 V 0V 5.00000 V 09.9865 to 10.0135
1m0V 10.0000 V 0V 10.0000 V 09.9865 to 10.0135
o0V 12.0000 V 10V 10.0000 V 08.3218 to 08.3448
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DC STANDARD/DIFFERENTIAL
VOLTMETER MULTIMETER
hp 7408 hp 3490A
—]
NS C_J T
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@ .
®
0
@@@@@@ ©) |¢&??‘-§3
34504-8-3049 OUTPUT CABLE ._]£
110558 )
Figure 5-8. External Reference Input Resistance Test.
M . . . R
3 Single Reading with Output 4 10 V Range
T . . E
1 Immediate Internal Trigger
12. Send addresses
E - Execute IMRE
? - Unlisten command
4. E‘éﬁ"dd‘esses V - 3490A talk address
9 . Unlisten command - Address of listener
V (1265) - 3490A talk address HMRE
MRE Address of listener 13. Accept 3490A reading
Check for DC
5. Accept 3490A output 14. Send addresses
Check for logic test sequence LMRE
) ? - Unlisten command
6. I{{Iave 10 rgadmgls been made? 6 - 3490A listen address
Nes ) C° to 0 - Address of talker
(8] - ontinue HMRE
7. ieﬁgEaddresses 15. Send programming instructions
? - Unlisten command ) 12: AC
6 - 3490A listen address -
- Address of talker E
HMRE
16. Send addresses
8. Send programming instruction LMRE
E - Execute ? - Unlisten command
V - 3490A talk address
9. Goto 4 - Address of listener
HMRE
10. Send addresses
LMRE ) 17. Accept 3490A reading
? - Unlisten command Check for AC
6 - 3490A listen address
- Address of talker 18. Send addresses
HMRE LMRE
? - Unlistenr command
11. Send programming instruction 6 - 3490A listen address
F DC - Address of talker
0 HMRE
59
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19.

20.

21.

22.

23.

24.

25.

26.

27.

Send programming instructions

F
1 KO

.1 k€2 Range

m oW

Send addresses

LMRE

? - Unlisten command

V - 3490A talk address
- Address of listener

HMRE

Accept 3490A reading
Check for KO and .1 kQ range

Send addresses

LMRE

? - Unlisten command

6 - 3490A listen address
- Address of talker

HMRE

Send programming instructions
R1 ko Range

5

E

Send addresses

LMRE

? - Unlisten command

V - 3490A talk address
- Address of listener

HMRE

Accept 3490A reading
Check for 1 k2 range

Send addresses

LMRE

? - Unlisten command

6 - 3490A listen address
- Address of talker

HMRE

Send programming instructions

R
4 10 k€2 range
E

28. Send addresses

LMRE
2 Unlisten command
V - 3490A talk address

Address of listener
HMRE

PERFORMANCE CHECKS

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Accept 3490A reading
Check for 10 k2 range

Send addresses

LMRE

? - Unlisten command

6 - 3490A tisten address
- Address of talker

HMRE

Send programming instructions

3 100 k€2 Range

E

Send addresses

IMRE

? - Unlisten command

V - 3490A talk address
- Address of listener

HMRE

Accept 3490A reading
Check for 100 k€2 range

Send addresses

LMRE

? - Unlisten command

6 - 3490A listen address
- Address of talker

HMRE .

Send programming instructjon

'2 1000 kS range

E

Send addresses

LMRE

? - Unlisten command

V - 3490A talk address
- Address of listener

HMRE

Accept 3490A reading
Check for 1000 k2 range

Send addresses

LMRE

? - Unlisten command

6 - 3490A listen address
- Address of talker

HMRE

Send programming instructions

? 10,000 k2 range

E

Model 3490A
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40.

4].

42.

43.

45.

46.

47.

48.

49.

50.

51.

Send addresses

LMRE

? . Unlisten command

V - 3490A talk address
- Address of listener

HMRE

Accept 3490A reading
Check for 10,000 k€2 range

Send addresses

LMRE

? . Unlisten command

6 - 3490A listen address
- Address of talker

HMRE

Send programming instructions
M
7

E

Interrupt single with output

. Check for SRQ LOW after 3490A completes a reading

Send address and command
LMRE
\"/ - 3490A talk address
- Address of listener
(303) - Status Poll Enable command
HMRE

Accept ASCII character from 3490A
Check if LDIO7 is LOW

Send addresses

LMRE

? .- Unlisten command

6 - 3490A listen address
- Address of talker

HMRE et

Send programming instructions

Single reading with output

3
E
Send address and command
LMRE
\' - 3490A talk address
- Address of listener
(305) - Status Poll Enable command
HMRE

Accept ASCII character from 3490A
Check if LDIO7 is HIGH

Send address and command
_ - Universal untalk address
(315) Status Poll Disable command

PERFORMANCE CHECKS
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52. Return to local
HREN

5-47. General Test Procedure.

5-48. This procedure checks the ability of the 3490A
GPIB circuits to accept and process addressing and
remote programming, and to output measurement data.
This procedure may be used with any bus system
controller.

549. Test Procedure Using Model 9820A Calculator.

5-50. This test sequence is written specifically for the
-hp- Model 9820A Calculator, and performs the same
operating checks as the general procedure in Paragraph
5-47. The 9820A must have the 11144A Interface and
the Peripheral Control II ROM Block installed. Refer to
the Operating Manuals for these instruments for opera-
ting instructions. The following test sequence may be
recorded on an -hp- Calculator Program Card and used in
subsequent tests and in troubleshooting. The program is
presented in this procedure in the form that it is printed
by the 9820A. The first statement gives an example of
the 9820A keyboard sequence required.

Initialize the calculator and 3490A by pressing

STOP EXECUTE

(End Output, EOP, is LOW while STOP key is de-
pressed)

Set LREN to LOW.

h
FIT Y2025 WRET 13-

The above sequence requires that the following keys be
pressed

_

Set counter to 1.

11
14Ek
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Address 3490A to listen, calculator to talk. 9820A talk
address is U. This puts 3490A in remote control. Program
3490A to Test No. 1, Single Reading with Output,
Immediate Internal Trigger.

Address calculator to listen, 3490A to talk. Calculator
listen address is 5. Accept 3490A reading.

CHD “OVETSEMT
RED 13y Ak

Instruct calculator to print reading, trigger 3490A, print the
next reading, etc., until a total of 10 readings have been
taken and printed, then go to 6.

41
Fill SiFRT ASIF B
=181 JHE 2F
T+BSEFCMD 760"
- TSI

Address 3490A to listen, 9820A to talk. Program 3490A to
DC function, 10 V range.

£
o
“F

=
=i

Pl TFRESE

5
o

Address 3490A to talk, 9820A to listen. Accept 3490A
reading. Check for DC function.

Address 3490A to listen, 9820A to talk. Program 3490A to
AC function.

00

n
i
T
i

[
i

1
i

Address 3490A to talk, 9820A to listen. Accept 3490A
reading. Check for AC function.

PERFORMANCE CHECKS
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Address 3490A to listen, 9820A to talk. Program Ohms
function, .1 k€ range.

1
CHD el s "FlEek
RN

Address 3490A to talk, 9820A to listen. Accept 3490A
reading Check for KO function.

Instruct 9820A to check last character of output format
(see Paragraph 3-47). Check for .1 k2 range.

O ==

=R i

us e

$de pood pede 2= T g

EOR N R

Address 3490A to listen, 9820A to talk. Program 3490A to
1 kQ range.

141
CMD "PELT TREE R

‘Address 3490A to talk, 9820A to listen.

o5
.

I
L

—

nomewit el

e
I

—_

Accept 3490A reading. Instruct 9820A to check last
character of output format. Check for 1 kS range.

Address 3490A to listen, 9820A to talk. Program 3490A to
10 k£2 range.

3

e

Led

oy
]
Mo T

Address 3490A to talk, 9820A to listen.
i

]
]
A4 R I I o I S R
SR TVET R s O
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Accept 3490A reading. Instruct 9820A to check last
character of output format. Check for 10 k€2 range.

AR

RIE 13+23IF D413
BELET NI
Z1

IF p-48=4iFPRT "I
B+

Address 3490A to listen, 9820A to talk. Program 3490A to
100 k£ range.

]
u..su“
C

SRt rEL e CREE

Address 3490A to talk, 9820A to listen.

3

I K]

—
-3

LA

Accept 3490A reading. Instruct 9820A to check last
character of output format. Check for 100 k€2 range.

FOE 13-+231F C413
RS N HF B b

i e |
DS S ]

ax
M

=
i

!—-

==

s

—

=l

b ]
H i

Address 3490A to listen, 9820A to talk. Program 3490A to
1000 k€ range.

SECE
CHD el TRAETR
Address 3490A to talk, 9820A to listen.

f A
-1

-_ -

1

=i

Accept 3490A reading. Instruct 9820A to check last
character of output format. Check for 1000 k2 range.
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Address 3490A to listen, 9820A to talk. Program 3490A to
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Address 3490A to talk, 9820A to listen.
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Section V

Accept 3490A reading. Instruct 9820A to check last
character of output format. Check for 10,000 k€2 range.
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Address 3490A to listen, 9820A to talk. Program 3490A
operating mode to Interrupt Single with Output.
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Check Service Request line. If line is LOW, go to 36.
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Address 3490A to talk, 9820A to listen. Send Status Poll
Enable. Check 3490A response to SPE on data line LDIO7.
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Address 3490A to listen, 9820A to talk. Program 3490A
operating mode to Single Reading with Output.

Address 3490A to talk, 9820A to listen. Send Status Poll

- Enable. Check 3490A response to SPE on data line LDIO7.

Send universal untalk address and Status Poll Disable
command.

e

CHD b

Set LREN line to HIGH and end program.
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Section V ADJUSTMENT PROCEDURES

551. ADJUSTMENT PROCEDURES.

5-52. Complete adjustment procedures for the Model
3490A Multimeter, including options, are contained in
the following paragraphs. These procedures should be
performed only after it has been determined from the
Performance Tests that the 3490A is out of adjustment.
The adjustments in Paragraphs 5-53 through 5-60 must
be performed in the order given, and before the ac, ohm,
sample/hold and ratio adjustments. If any adjustment
canriot be made correctly, refer to the Troubleshooting
Procedures in Section VII. Location of adjustments in
the standard instrument is shown in Figure 5-9, Sample/
Hold adjustments in Figure 5-10, and Ratio adjustments
in Figure 5-11. All adjustments are shown on the top
guard cover. Turn the 3490A on and allow it to warm up
for at least 4 hours with the covers on before performing
the adjustment procedures. The top cover must be
removed to gain access to the adjustments, which should
be made with the guard (inner) cover on.

Model 3490A

| WARNING I

The inner cover is at Guard potential. Use
caution to prevent shock when high voltages
are connected to the Input.

5-53. POWER SUPPLY ADJUSTMENT.

5-54. A dc digital voltmeter with 4-digit resolution and
an oscilloscope are required for this adjustment.

a. Connect digital voltmeter and oscilloscope be-
tween the + 17 V test point on A1A1 and the input Low

_terminal.

c. Set the sample rate on HOLD and measure the
ripple present with the oscilloscope. If the voltages
specified in Table 5-9 cannot be met, refer to Section
V11, Troubleshooting and Circuit Diagrams.

W ATATR317 &

N A 1ATR106
| 17V

A1R429

VoA A
ATATR210
INT ZERO

ATATR311
+ REF
R A1A1R228 B AGC27 '
TURNOVER 10V HF -AD

ABR27
1V LF ADJ

D

o

Figure 5-9. Location of Adjustments, Standard 3490A.
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d. Check other power supply voltages by connecting
digital voltmeter and oscilloscope to test points listed in
Table 5-9. If any voltage is not correct, refer to Section

VIIL

Table 5-9. Power Supply Voltages.

A1A1

Test Point Voitage Ripple*

+17V +1699 to+17.01V <50 mV p-p
+ 5V + 4,995t0+5.075V < 60 mV p-p
+30V +30.10 to+30.90V <25 mV p-p
- 17V -169 to-171 V < 50 mV p-p
- 5V - 500 to- 585V < 60mV p-p
-30V - 30.10 to- 3090V <25 mV p-p

*Al ripple measurements are with the Sample Rate on
HOLD.

5-55. DC ZERO ADJUSTMENTS.

5-56. A dc standard (-hp- 740B) and a dc voltmeter able
to resolve 10 yV are required for these adjustments.

a. Connect dc voltmeter between A1A1 test point A
and input Low terminal.

b. Set 3490A SAMPLE RATE control fully counter-
clockwise to HOLD position.

c. Adjust A1AIR210 (Int Zero) for voltmeter read-
ing of 0 = 150 uV. Disconnect voltmeter.

d. Set FUNCTION to DC, RANGE to 10V, SAM-
PLE RATE to FAST.

e. Connect dc standard to 3490A input and adjust
standard output to + 0.00100 V.

f. Adjust A1A1R225 (Zero Detect Level) for maxi-
mum reading on 3490A display. Note reading.

g- Reverse polarity of input and adjust A1A1R228
(Tumover) for reading noted in step f. Continue
reversing input polarity and adjusting A1A1R228 until
positive and negative readings are equal.

h. Apply +0.00100V input to 3490A. Adjust -

AlAIR225 (Zero Detect Level) for 3490A display of
+00.0010.

5-57. REFERENCE ADJUSTMENTS.

5-58. A dc standard (-hp- 740B) is required for these

adjustments.

Guard Terminal should be connected to Low
or damage to the instrument may result.

a. Set 3490A FUNCTION to DC, RANGE to 10 V.

ADJUSTMENT PROCEDURES Section V

b. Connect dc standard to 3490A input and adjust
standard output to - 10.0000 V.

c. Adjust A1AIR311 (+ Ref) for 3490A display of
- 10.0000.

d. Set 3490A FUNCTION to TEST, RANGE to 3.
Adjust A1A1R317 (- REF) so that positive and negative
display readings are equal within 1 count. Last digit
must be between 2 and 9 (0.9999x). If not, repeat steps
a through d. Disconnect dc standard.

5-59. DC AMPLIFIER ADJUSTMENTS.

5-60. A dc standard (-hp- 740B) is required for these
adjustments.

a. Set 3490A FUNCTION to DC, RANGE to .1 V.
Short input terminals with a copper bar or heavy solid
copper wire.

b. Adjust A1R429, accessible through hole in rear
panel, for 3490A display of 0 + .000002.

¢. Set 3490A RANGE to 1 V.

d. Remove short from input terminals and connect
dc standard. Adjust standard output to - 1.000000 V.

e. Adjust A2R15 (1 V Adj) for 3490A display of
- 1.00000.

f. Set 3490A RANGE to 100V, and adjust dc
standard output to - 100.000 V.

g. Adjust A2R3 (100 V Adj) for 3490A display of
-100.000. Reduce dc standard output and disconnect.

h. Set 3490A FUNCTION to TEST, RANGE to 6.
Short input terminals and note amount and polarity of

> offset reading.

i. Remove short and apply - 10.0000 V input. Adjust
A2R16 (0.1 V Adj) for display of -1000.00, minus
(algebraically subtracting) the offset noted in step h.

5-61. AC CONVERTER ADJUSTMENTS.

5-62. Adjustment of the dc circuits, Paragraphs 5-53
through 5-60, must be completed before beginning this
procedure. An ac calibrator (-hp- 745A) with a correc-
tion factor chart is required for these adjustments.’
Guard covers must be in place for this procedure.

5-63. 1V Range Adjustments.
a. Set 3490A FUNCTION to AC, RANGE to 1 V.

b. Connect ac calibrator to 3490A input. Set calibra-
tor output to 1.000000 V at 100 kHz (using correction
factor chart as necessary).

5-15




Section V
c. Adjust A6R32 (1 V HF Adj) for 3490A display of
1.00000.

d. Change ac calibrator frequency to 100 Hz and
adjust A6R27 (1 V LF Adj) for display of 1.00000.

e. Repeat steps ¢ and d until both readings are
correct. '

5-64. 10 V Range Ajdustments.
a. Set 3490A RANGE to 10 V.
b. Set ac calibrator output to 10.00000 V at 100 Hz.

c. Adjust A6R28 (10V LF Adj) for display of
10.0000.

d. Change ac calibrator frequency to 100 kHz and
adjust A6C27 (10 V HF Adj) for display of 10.0000. If
maximum limit of adjustment is less than 10.0000,
remove jumper wire in series with A6C28. If minimum
limit of adjustment is greater than 10.0000, jumper wire
probably has been removed and should be replaced.

e. Repeat steps ¢ and d until both readings are
correct.

5-65. 100 V Range Adjustments,
a. Set 3490A RANGE to 100 V.

b. Set ac calibrator output to 100.0000 V at 100 Hz.

c. Adjust A6R3 (100V LF Adj) for display of

100.000.

d. Change ac calibrator frequency to 100 kHz and
adjust A6C6 (100 V HP Adj) for display of 100.000. If
maximum limit of adjustment is less. than 100.000,
remove jumper wire in series with A6C4. If minimum
limit of adjustment is greater than 100.000, jumper wire
probably has been removed and should be replaced.

e. Repeat steps ¢ and d until both readings are
correct.

5-66. OHMMETER ADJUSTMENTS.

5-67. Adjustment of the dc circuits, Paragraphs 5-53
through 560, must be completed before beginning this
procedure. A resistance decade with a correction factor
chart (GR 1433-Z) is required for the following proce-
dure. If a suitable resistance decade is not available, refer
to Paragraph 5-68. The error indicated by the correction
factor chart should be taken into account when adjust-
ing the ohms converter. For example, if the resistance of
the decade is high at 1 k2, the 3490A display should be
adjusted to 1.00000 plus the resistance decade error.

16
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a. Set FUNCTION to TEST, RANGE to 7. Short £
Signal terminals. Adjust A7RS for display of - 9700.0
*100.0 (Instruments with serial numbers below
1211 A00656 may not have this adjustment.)

b. Set 3490A FUNCTION to £, RANGE to 1 k.

¢. Connect resistance decade to 3490A Input and Q2
Signal terminals. Connect 3490A Guard to Input Low,
and decade Guard terminal to Low terminal.

d. Set decade resistance to 1kS2 and adjust A7R14
(1k Adj) for display of 1.00000 (+ decade resistance
error).

e. Set 3490A RANGE to 100 k.

f. Set decade resistance to 100 k2 and adjust A7R16
(100 k Adj) for display of 100.000 (¢ decade resistance
eITor).

g. Set 3490A RANGE to 10,000 k.

h. Set decade resistance to 10 MQ2 and adjust A7R18
(10,000k Adj) for display of 10000.0 (+ decade
resistance error).

5-68. If an accurate resistance decade is not available,
adjustment of the ohms converter may be made using
resistors within 10 % of the full-range value of 1 k%,
100 k2 or 10MS2, whose resistances are known to
within a close tolerance. Table 5-10 shows the resistance
values and the tolerances required for valid adjustment.
The proper adjustment should be made so that the
3490A display reads the known value of the resistor.
Perform step a of Paragraph 5-67 before making adjust-
ments'in Table 5-10.

5-69. SAMPLE/HOLD ADJUSTMENTS.

5-70. Adjustment of the dc circuits, Paragraphs 5-53
through 5-60, must be completed before beginning the
Sample/Hold adjustments. The following adjustments
must be performed in the order given. Figure 5-10 shows
the location of the Sample/Hold adjustments. They are
also shown on the top guard cover.

5-71. Offset Gain Adjustment.
5-72. A dc digital voltmeter having a resolution of

10 1V is required for this procedure, which adjusts the
gain of the Offset Amplifier.

Table 5-10. Ohmmeter Adjustment.

3490A Resistance 3490A
Range Value l Tolerance Adjustment

1k 900 22t0 1.1 kQ2 + 0.0025% A7TR14

100 k2 90k to 110 k2 | + 0.0025% ATR16

10,000 k2 IMQto 11T M| +0.01% A7R18
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a. Remove the top guard cover.

b. Locate the white/black wire just to the rear of the
display cable connector. This wire is labeled “Sth Digit
Blank™ in Figure 5-10. Disconnect this wire from Test
Point L and connect to Test Point M. This restores the
display to five full digits for Sample/Hold measurements,
providing greater resolution in order to make the
following adjustments more accurately.

c. Set 3490A FUNCTION to DC, RANGE to 10V,
SAMPLE/HOLD to TRACK/HOLD, SAMPLE RATE to
HOLD. Short input High to Low.

d. Connect digital voltmeter between A27TP3 and
ground test point on A!Al. Record voltage reading.

e. Connect jumper wire between Test Point LTST on
A28 and ground. :

f. Set SAMPLE/HOLD switch to OFF, then back to
TRACK/HOLD.

g. Adjust A27R14, Gain Adjust, for digital voltmeter
reading the same as that noted in step d + 0.0005 V.

h. Disconnect digital voltmeter and remove jumper
wire between LTST and ground.

i. Replace top guard cover and secure with only two
SCrews.

ADJUSTMENT PROCEDURES Section V

5-73. Offset Adjustment.

5-74. This procedure adjusts the Offset Amplifier so
that there is no turnover error between positive and
negative inputs. A dc standard (-hp- 740B) is required.

a. With 3490A set to 10 VDC RANGE, TRACK/
HOLD, and input shorted as in previous adjustment, set
SAMPLE RATE fully clockwise.

b. Adjust A27R13, Offset, for 3490A display of zero
+ 0.0001 V.

c. Disconnect input short and connect dc standard to
input terminals. Set standard output to + 10.0000 V.
Note 3490A reading.

d. Reverse polarity of input (to -10.0000 V) and
note reading. Disregarding polarity display, adjust
A27RI13 to split the difference between the readings in
step ¢ and step d. e

e. Continue reversing input polarity and adjusting
A27R13 until there is no numerical difference between
readings with positive and negative inputs.

5-75. Dielectric Absorption Adjustment.
5-76. A dc standard (-hp- 740B) is required for this

procedure, which adjusts the dielectric absorption com-
pensation,

5th DIGIT A27R6
BLANK
A27TP3

A27R3
A27R14

LTST
A27R13

Figure 5-10. Location of Sample/Hold Adjustments.
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a. With 3490A set to 10 VDC RANGE, TRACK/
HQLD, SAMPLE RATE fully clockwise, and dc standard
connected to input as in previous adjustment, set dc
standard output to + 10.0000 V.

b. Adjust A27R6, DA Gain, for
+10.0000 V. (Display will be noisy.)

display of

5-77. Response Adjustment.

5-78. This procedure requires a function generator (-hp-
3310A), a silicon diode, a 10k resistor and an
oscilloscope having a delayed sweep and a delayed gate
output (-hp- 180C/D/1081A/1821A). The delayed gate
output must be a negative-going pulse with an amplitude
of 2 to 200 V and a width of at least 30 nanoseconds.

a. Connect equipment as shown in Figure 5-7. If the
3490A has BCD/Remote Expand Option 020, also
connect Stretched Pulse Output (J7 pin 10) to External
Encode (37 pin 28).

b. With 3490A set to 10 VDC RANGE and TRACK/
HOLD as in previous adjustment, set SAMPLE RATE to
HOLD.

c. Set oscilloscope controls for External Trigger,
negative slope and Main sweep. Set Main sweep to
.1 ms/div., Delayed sweep to 1 us/div.

d. Set function generator to square wave, frequency
to 1 kHz, and adjust output level for 20 V peak-to-peak
signal as displayed on oscilloscope.

e. Adjust oscilloscope delay control so that intensi-
fied trace begins approximately 450 us after negative-
going transition of square wave. Note 3490A reading,
which should be near zero.

f. Adjust delay so that intensified trace begins
approximately 120 us after negative-going edge of square
wave. ;

g. Adjust A27R3, Response, for display noted in
step e.

h. Remove top guard cover and move “5th Digit
Blank™ wire from Test Point M to Test Point L.

i. Replace and secure top guard cover.
5-79. RATIO REFERENCE ADJUSTMENTS.

5-80. Adjustment of the dc circuits, Paragraphs 5-53
through 5-60. must be completed before beginning the
Ratio Reference Adjustments. A dc standard (-hp-
740B), a 1M * 10 % resistor (-hp- 0698-1051) and a
stable voltage source between 9.5 V and 10.5 V, such as
a mercury battery (Mallory TR177), are required for
these adjustments. Figure 5-11 shows the location of the
Ratio adjustments. They are also shown on the top
guard cover.

1('
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éﬂl’cln —RIB— N 5
71 7 [10000000000] L * .
3490A-8-3047 A A|3 le

hp Part No. 03490- 66513

Figure 5-11. Location of Ratio Adjustments.

a. Set 3490A FUNCTION to TEST, RANGE to 4.
Set RATIO switch to EXT REF 1V. Connect short
between EXT REF High and Low terminals.

b. Connect dc standard to INPUT terminals and
adjust standard output to + 10.0000 V. If the display
indicates Overload, reverse the polarity of the dc
standard output.

NOTE

Steps ¢ and d adjust the zero setting of the
External Reference Amplifier and the Feed-
back Amplifier. With the 3490A set to Test
4, the integrator charges to the External

- Reference Amplifier output and discharges
to the *10.0000V input. If the zero
adjustments are set so that the amplifier
output and the 3490A input voltage are the
same polarity, the display indicates Over-
load.

c. Adjust A13R17 (Offset 3) for zero display. If the
display goes to Overload, reverse polarity of dc standard
output and slowly adjust A13R17 in opposite direction
for zero display. Continue adjusting A13R17 with
positive and negative 10.0000 V inputs until display
reads zero £ 0.0001 V for either polarity input.

d. Set RATIO switch to EXT REF 1V. Adjust
A13R8 (Offset 1) with positive and negative 10.0000 V
inputs for display of zero + 0.0001 V.

e. Repeat steps ¢ and d until display is zero
+0.0001 V for both positive and negative inputs on
both 1 V and 10 V EXT REF ranges.

f. Remove short and connect 1 MS2 resistor to EXT
REF terminals.
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g. Set RATIO switch to EXT REF 1V. Adjust
A13R7 (Bias. Adj.) with both positive and negative
10.0000 V inputs for display of zero + 0.0005 V.

h. Repeat steps a through g until all readings are
correct.

i Disconnect 1 MQ resistor from EXT REF termi-
nals. Set RATIO switch to INT REF, FUNCTION to

DC, RANGE to 10 V.

j. Connect a mercury battery between 9.5 V. aqd
10.5V, or other floating voltage source stable within
1 mV/hr, to INPUT terminals, - to High, + to Low. Note
3490A reading.

k. Connect dc standard to EXT REF terminals apd
set standard output to positive voltage equal to negative
reading in step j.

1. Set RATIO switch to EXT REF 10 V. Note 3490A
display.

m. Reverse the polarity of the voltage at both the
INPUT and the EXT REF terminals. Adjust A13R17,
repeating steps k through m until the reading in step 1 is
equal to the reading in step m. (Polarity should be - for
both readings.)

n. Reduce EXT REF voltage to 1/10 the voltage
selected in step k. Set RATIO switch to EXTREF 1 V.
With mercury battery connected to INPUT, - to HIGH, +
to LOW, note 3940A display.

0. Reverse the polarity of the voltage at both the
INPUT and the EXT REF terminals. Adjust AI13RS8,
repeating steps n and o until the reading in step o is
equal to the reading in step n. (Polarity should be - for
both readings.)

p- Repeat steps j through o until all readings are -

correct.

q. Connect mercury battery to INPUT terminals, - to
HIGH, + to LOW.

r. Connect dc standard to EXT REF terminals anci

set standard output to positive voltage equal to negative
reading in step j.

ADJUSTMENT PROCEDURES Section V

s. Set RATIO switch to EXT REF 10V. Adjust
A13R14 (10 V Adj) for display of - 10.0000.

t. Reduce EXT REF voltage to 1/10 the voltage
selected in step k (positive). Set RATIO switch to EXT
REF 1V. Adjust A13RI12 (1 V Adj) for display of
- 10.0000. :

u. Set RATIO switch to INT REF, FUNCTION to
TEST, RANGE to 3. This test alternates positive and
negative readings. If the readings are not equal + 1 count
and between * 0.99992 and # 0.99999, adjust
Al1A1R317 (-Ref) to obtain this condition. Record
both readings (after adjustment).

v. Set RATIO switch to EXT REF 10V. Apply
-10.0000V to EXT REF terminals. Readings will
alternate + and - as in previous step. Record positive
reading.

w. Adjust A13R19 (Offset 301) for positive display
equal to

(positive reading, step u) + (positive reading, step v)

2

X. Adjust A1A1R317 for positive display equal to
positive reading in step u.

y. Positive and negative displays should now be equal
£ 1 count, and equal to readings recorded in stepn + 1
count, respectively. If not, repeat this adjustment
procedure (steps a through x).

z. Perform DC Amplifier Adjustment, Paragraph
5-59.

NOTE

In order to operate the 34904 with the
Ratio Assembly A13 removed and the Ratio
Jumper Assembly A26 inserted in its place,
it will be necessary to perform the Reference
Adjustments, Paragraph 5-57.
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PERFORMANCE TEST RECORD

o Heméﬁ“- Pai:karﬂ Model 3490A Tests Performed by
Multimeter . Date
Seriat Number ..
. PARAGRAPH DESCRIPTION READING TEST LIMITS
: DC Voitmeter Accuracy
Range input Pos. Neg. Min. . Max,
1V + 0.01000 V .009995 .010005
+ 0.05000 V .049990 .050010
%+ 0.10000 V 099985 .100015
1V + 0.10000 V 0.09997 0.10003
+ 0.50000 V 0.49994 0.50006
+ 1.00000 V 0.99990 1.00010
v + 1,00000 V ) 00.9997 01.0003
+ 10.0000 V 09.9990 10.0010
100 v + 10.0000 V 009.997 010.003
+100.000 V 099.990 100.010
1000 V +100.000 V 0099.97 0100.03
£ 500.000 V i . 0499.92 0500.08
+ 1000.00 V —_— o 0999.86 1000.14
AC Voltmeter Accuracy
Range Input Freq.
1V 1V 20 Hz . 0.99600 1.00400
1V 10 kHz - - 0.99875 1.00125
1V 100 kHz —_— 0.99875 1.00125
v 1V 100 kHz —_— 00.9965 01.0035
5V 20 kHz —_— 04.9925 05.0075
0V 20 Hz [, 09.9600 10.0400
100 Vv 10V 100 Hz —_—— 009.965 010.035
100 V 50 kHz — 099.875 100.125
1000 V 1000 v 10 kHz — . 0998.65 1001.35
1000 V 100 Hz - 0998.75 1001.25
1v 1V 250 kHz - 0.99190 1.00810
Vv 3V 250 kHz — 029715 03.0285
Ohmmeter Accuracy Gz
Range Inbut s - Min, Max.
Ak 100 2 —_— 099983 100017
1kQ 1k — 0.99988 1.00012
10 k&2 _10k$2 . _— 09.9988 10.0012
100 k2 100 k2~ —_— 099.988 100.012
1000 k2 1MQ - 0999.86 1000.14
10,000 k2 10 MQ _— 09996.3 10003.7
DC Common-Mode Rejection - - 0.00005
AC Common-Mode Rejection - - 00.0001
AC Normal-Mode Rejection —_— - 00.0316
DC Voitmeter Input Resistance
Sl : : 4 10 V Range - - 00.0010
i ) L 100 V Range -_— 000.908 000.910
: i 5-28 AC Voltmeter Input Impedance
Without Rear Terminal
25 Hz - 0.65975 -
250 kHz _ 0.49211 -
With Rear Terminal :
25 Hz - 0.65804 -

250 kHz —_— 041321 -




PARAGRAPH

5-32

5-34

Ext Ref
Range
iV
1V
1v
1v
1V
1V
1V
v
o0V
v
iov

Ext Ref
Range

v
1v

' PERFORMANCE TEST RECORD (CONT'D)

DESCRIPTION

Sample/Hoid DC Accuracy

Track/Hold

Range

1v
1V
1V

10V
v
v

100V
100 v
100 vV

1000 v
1000 V
1000 v

Acquire/Hold

1V
1V
1V

00V
0V
oV

100 vV
100 v
100 v

1000 vV
1000 v
1000 V

Input

+ 0.10000 V
+ 0.50000 V
+ 1.00000 V

+ 1.00000 V
+ 5.00000 Vv
+ 10.0000 V

+ 10.0000 V
+ 50,0000 V
+ 100.000 V

+100.000 V
+ 500.000 V
+ 1000.00 V

+ 0.10000 V
+ 0.50000 V
+ 1.00000 V

+ 1.00000 V
+ 5.00000 V
+ 10.0000 V

+ 10.0000 V
+ 50.0000 V
+100.000 V

+ 100.000 V
* 500.000 V
+ 1000.00 V

Sample/Hold Response

10 Vrange, 1 kHz
1 V range, 200 Hz

DC/DC Ratio Accuracy

Ext Ref
Volitage
0.10000 v
0.50000 Vv
1.00000 v
1.00000 V
1.00000 V
1.00000 V
1.20000 Vv
1.00000 Vv
+ 5.00000 V
+10.0000 V
+12.0000 V

Vot o+ o+ o+

+ + .

Preferred Method

Input
Range
1v
1V
1V
1v
1V
1v
1V
v
0V
100 v
100 v

Alternate Method

READING
Pos. Neg.
’,ln
Input
Voltage Reading
+ 0.10000 V -
+ 0.50000V
+ 100000V ...
- 100000V .
- 1.00000 V
+ 1,00000 v
+ 1.00000V
+ 1.00000 V
+ 5.00000 V
+100000 V
+100.000 V
Pos. Neg.

TEST LIMITS
Min. Max.
+ 0.0998 0.1002
+ 0.4998 0.5002
+ 0.9997 1.0003
+ 00998 01.002
+ 04.998 05.002
+ 09.997 10.003
+ 009.98 010.02
+ 049.98 050.02
+ 09997 100.03
+ 00998 0100.2
+ 0499.8 0500.2
+ 0999.7 1000.3
+.0.0998 0.1002
# 0.4998 0.5002
+ 0.9997 1.0003
+'00.998 01.002
+ 04998 05.002
+ 09,997 10.003
+009.98 010.02
+ 04998 050.02
+ 099.97 100.03
+ 0099.8 0100.2
+ 04998 0500.2
+ 0999.7 1000.3
+ 0.001 v
+ 0,001V
Min. Max.
+0.99955 +1.00045
+0.99979 + 1.00021
+.0.99982 +1.00018
-0.99982 -1.00018
+0.99982 +1.00018
-0.99982 -1.00018
+0.83316 +0.83350
+09.9955 +10.0045
+09.9979 +10.0021
+099.979 +100.021
+083.313 +083.353
09.9982 10.0018
09.9982 . 10.0018



PERFORMANCE TEST RECORD (CONT'D)

DESCRIPTION

AC/DC Ratio Accuracy

Ext Ref
Voltage

0.50000 V
1.00000 V
1.20000 V
1.00000 V
5.00000 V
10.0000 Vv
12,0000 V

External Reference Input
Resistance Test

{nput
Range

1V
1v
1V
mnov
v
10V
v

Input
Voltage

0.50000 v
1.00000 V
1.00000 V
1.00000 V
5.00000 V
10.0000 V
10.0000 V

READING

TEST LIMITS
Max. Min,
0.99865 1.00135
0.99865 1.00135
0.83218 083448
09.9865 10.0135
09.9865 10.0135
09.9865 10.0135
08.3218 08.3448

100 counts change



Model 3490A

6-1. INTRODUCTION.

Section VI

SECTION VI
REPLACEABLE PARTS

6-2. This section contains information for ordering replace-
ment parts. Table 6-1 lists parts in alphameric order of their
reference designators and indicates the description, -hp-
part number of each part, together with any applicable
notes and provides the following:

a, Total quantity used in the instrument (Qty column).
The total quantity of a part is given the first time the part

number appears.

b. Description of the part. (See list of abbreviations

below.)

c. Typical manufacturer of the part in a five-digit code.
(See Appendix A for list of manufacturers.)

d. Manufacturers part number.

6-3. Miscellaneous parts are listed at the end of Table 6-1.

6-4. ORDERING INFORMATION.

6-5. To obtain replacement parts, address order or inquiry
to your local Hewlett-Packard Field Office. (See Appendix
B for list of office locations.) Identify parts by their
Hewlett-Packard part numbers. Include instrument model
and serial numbers.

6-6. NON-LISTED PARTS.
6-7. To obtain a part that is not listed, include:
a. Instrument model number.
b. Instrument serial number.
¢. Description of the part.
d. Function and location of the part.
6-8. PROPRIETARY PARTS.

6-9. Items marked by a dagger () in the reference
designator column are available only for repair and service
of Hewlett-Packard instruments.

ABBREVIATIONS
A silver Hz .............. hertz {cycle(s) persecond) NPO ................ negative positivezero S ...:........ ... ..., slide
Al aluminum {zero temperature coefficient) SPDT ngle-pole double-throw
A ampere(s) 1D ....................... inside diameter ns ........... {s) =109 ds SPST ... .. . single-pole single-throw
AU gold impg ....................... impregnated nsr.............. not separately replaceable
ined . ...l incandescent Ta o tantalum
C o €apacitor NS ................ ... ..., insulationfed) Q... ... .. L L ohmi{s} TC. emperature coefficient
COF L i ceramic obd .................. order by description  TiOz .................... titanium dioxide
coef ... coefficient kA, ............. kilohmis) = 10*3ohms  OD ..................... outside diameter 108 ............................. toggle
COM .\ttt i, common kMz ................ kilohertz = 10%3 hertz tol .. tolerance
COMP .. .., composition peak trim.,................ . ... ... rimmer
CONM L. it connection L ............... ... .ail... inductor pA ..., ... .0 ..y picoampere{s) TSTR ........................ transistor
.o..dineartaper pco.................... ... printed circuit
dep ..., deposited log..................... logarithmic taper pF ............... picofarad(s) 10-12 farads V. . voltis}
DPDT ........... double-pole double-throw PV, peak inverse voltage vacw alternating current working volitage
DPST ............ double-pole single-throw mA . ......... milliamperels) = 103 amperes /0 ............... ..o partof war............................0 variable
MHz .megahertz = 10t6hertz pos ............... ... ... . ... position(s}  vdew . .. .. direct current working voltage
elect ... . ... ..., electrolytic M. .. .megohmis) - 10*6 ohms poly ....................... polystyrene
BNCAP ... ... encapsulated metfim ... ... ... ... ... ..... . metaldilm pot ...................... potentiometer W .
mfr .manufactifer PP S ... peak-to-peak  w/ .
Fo farad(s) ms. .millisecend ppm ........... .. ... parts per million  wiv ing inverse voltage
FET ...l field effect transistor mtg .......................... mounting precisian (temperature coeffient, Ww/o ........................... without
fxd fixed mV . millivolt{s) = 10°3 volts long term stability and/or tolerance} ww ......................... wirewound
MF microfarad(s)
GaAs ...l gallium arsenide  HS ....................... microsecond(s) R................ .l
GHz ............... gigahertz = 10*9 hertz UV . microvolt(s) = 108 valts Rh.......................... ..
9d . guardled) my .............. ... . ....... Mylarl®) s P optimum value selected at factory,
Ge ..o germanium L average value shown {part may be omitted)
gnd ..., groundled) nA........... nanoampere(s) = 109 amperes - R no standard type number assigned
NC ... ........ P normallyclosed Se ..,......................... selected or special type
Ho henrytiess Ne............................... neon sect ...................... ..
Ho .o oo mercury NO ... normally open  Si ... (® Dupont de Nemours
DECIMAL MULTIPLIERS
Prefix Symbols Multiplier Prefix Symbols Muitiplier
tera T 1012 centi 4 102
giga G 109 mili m 103
mega M or Meg 106 micro I 106
kilo Kork 103 nano n 109
hecto h 102 pico p 10-12
deka da 10 femto t 10-15
5 1 -18
deci d 10 atto a 10 STD-8-2734
DESIGNATORS
A assembly FL............................... filter Q............................ transistor TS ... ......... .. ... ..., terminal strip
B motor HR .................. . ... ... . ... heater QCR .................... transistordiode  U.......................... microcircuit
BY battery 1C ....... .. .. ... .. .... integrated circuit i
Co capacitor  J ... L. jack
CR diode K....... ...l relay
;. DL -delayline  L........................... .. inductor .
0s. SIEEREErEY lamp M meter TB....................... fuseholder
E.. . misc electronic part  MP ... ... .. ... ... .. mechanicalpart TC........................ thermocouple Y .. .. crystal
, o fuse P plug TP ... test point - 2 ., F network
6-1




Section VI Model 3490A

Table 6-1. Replaceable Parts

renc e Mfr
Refg €nce 1Hp pPart Number Qty Description Cod Mfr Part Number
Designation ode
Al 03490—66501’ 1 MAIN CIRCUIT BOARD ASSY 28480 03490-66501
AlC1 0150-0093 26 C:FXD CER 0.01 UF +#80-20% 100VDCW 12982 801-K800011
ALC2 0150-0093 C:FXD CER 0.01 UF +80-20% 100VDCW 72982 801-K800011
AlC3 0150-0093 C:FXDO CER 0.01 UF +80-20% 100VDCW 72982 801-K800011
ALC4 0150-0093 C:FXD CER 0.01 UF +80-20% 100VDCW 72982 801-K800011
ALCS 0150-0093 C:FXD CER 0.01 UF +80-20% 100VOCW 72982 801-K800011
AlC6 0150-0093 C:FXD CER 0.01 UF +80-20% 100VOCW 72982 801-K800011
Al1CT 0150-0093 C:FXD CER 0.01 UF +80-20% 100VDCW 72982 801-K800011
ALCS 0150-0093 C3FXD CER 0.01 UF +80-20%2 100VDCW 72982 801-K800011
AlC9 0180-1701 3 C:FXD FLECT 6.8 UF 202 6VDCW 28480 0180-1701
AlC10 * 0160-0134 1 CiFXD MICA 220PF 5% 300VDCW 14655 ROM15F221J3C
Al1C101 0180-2510 & C:FXD 250 UF 30VDCW 28480 0180-2510
AlCl02 0180-2510 C:FXD 250 UF 30VDCW 28480 0180-2510
Al1C103 0180-2509 | 3 C:FXD 125 UF 50VDCW 28480 0180-2509
AlC104 0180-2509 C2FXD 125 UF 50VDCHW 28480 0180-2509
A1C105 0180-2510 C:FXD 250 UF 30VDCW 28480 0180-2510
ALC10¢ 0180-2510 C:FXD 250 UF 30VDCW 28480 0180-2510
A1C107 0180-2509 C:FXD 125 UF 50VDCW 28480 0180-2509
ALC108 0180-0309 2 C3FXD ELECT 4.7 UF 20% 10VDCW 56289 1500475X001042-0YS
AlC10S * 0150-0071 12 C3FXD CER 400 PF +80-20% 500 VDCW 56289 CO168102E401J527—CDH
al1Cc1ic 0180-0197 13 C:FXD ELFCT 2.2 UF 10% 20VDCW 56289 1500225X902UA2-DYS
AlCI111 0180-1746 2 C2FXD FLECT 15 UF 10% 20VDCW 28480 0180-1746
AlC112 01 50-0096 3 C:FXD CER 0.05 UF +80-20% 100VDCW 91418 TA
AlC112 0180-0291 4 C:FXD ELFCT 1.0 UF 10% 35VNCH 56289 150D105X9035A2-DYS
ALC114 0150-0050 C3FXD CER 1000 PF +80-20% 1000VDCW 56289 C067BL02E1022S26-COH
AIC115 0180~1746 C:FXD ELECT 15 UF 10% 20VDCW 28480 0180-1746
ALCLLE 0180-0309 C:FXD ELECT 4.7 UF 20% LOVDCW 56289 1500475X001L0A2~DYS
AlC117 01 500096 C:FXD CER 0.05 UF +80-20%2 100VOCW 91418 TA
AlC118 0180-0291 C:FXD ELECY 1.9 UF 10% 35vICwW 56289 150D105X9035A2-0YS
AlC11S 0180-2507 1 C:FXD 6000 UF 28480 0180-2507
AlC12] 0150-0096 C:FXD CER 0.05 UF +80-20% 100VDCW 91418 TA
AlC122 0180-1704 1 C3FXD ELECT 47 UF 10% 6VDCW 28480 0180-1704
A1C201 0160-0356 1 C:FXD MICA 18 PF 5% 28480 0160-0356
AL1C202 0140-0194 1 C:FXD WTCA 110 A 5% . 72136 ROML5F11143C
A1C203 50809047 1 C3FXD 0.33 UE_ 10% (HAND SELECTED) 28480 50809047
A1C204 0160-0181 2 C:FXD MICA 30%F 5% 300vVDCH 14655 ROM15E30043S
A1C205 0160-2605 4 C:FXD CER 0.02 MFD +80-20% 25VDCW 72982 5835000~V5U 2032
A1C206 0150-0093 C:FXD CER 0.01 UF +80-20% 100VOCW 72982 801-K800011
Al1C207 0160-3133 1 CZFXD MY 2 UF 10% 100VOCHW 84411 663U
AlC208 : 0160-2605 CFXD CER 0,02 MFD +80-20% 25VDCW 72982 5835000-Y54 2032
AlC209 * 0140~-0201 1 C:FXD HMICA i2 PF ST 28480 0140-0201
AlC21C 01 50-0059 CE § C:FXD CER 3.3~0.25 PF S00VDCH 72982 301-000-C0J0~339C
AlC301% 0150~-0121 1 CIFXD CFR 0.1 UF +80-20% SOVDCW 56289 5C508IS~-CML
A1C302 0180-0081 1 CFXD ELFCT 50 UF #20-15% 10VOCW 562 89 1096506C2010C2-0YP
AL1C303 0170-0040 5 CIFXD MY 0.047 UF 10% 200VDCW 56289 192P47392-PTS
A1C304 0160-2605 C:FXD CER 0.02 MFD +80-20% 25VDCW 12982 5835000~Y5U 2037
A1C305 0160~-0820 2 CIFXD CER 0.05 UF +80-20% 25VDCW 72982 5855 YSU 5032
Al1C401 0160-2199 4 CIFXD MICA 30 PF ST 300VDCW 28480 0160-2199
A1C403 0150-0084 A\ 5 C:FXD CER 0.1 UF +80-20% 100VDCW 12982 8131-100-651-1042
A1CS501 0170—0019A 1 C:FXD MY 0.1 UF 5% 200VDCW 28480 0170-0019
A1CS502 0150-0084 C:FXD CER 0.1 UF +80-20% 100VDCW 72982 8131—100—651~1042
A1C503 0160-2207 t C:FXD MICA 300 PF 5% 28480 0160-2207
AL1CS04 0150—(\084/3\ C:FXD CER 0.1 UF +80-20% 100VDCHW 72982 8131-100-651-1042

/.

Al1CS505 0170—0071@ 3 C2FXD MY 4T700PF 10% 400VDCHW 84411 663UN4T 294
AL1CS50¢ 0180-0291 A& C:FXD FLECT 1.0 UF 10% 35VDCW 562 89 1500105X9035A2~DYS
A1CSO7 0180—0291&& C:FXD ELECT 1.0 UF 10% 35VDCHW 56289 150D105X9035A2-DYS
Al1CS08 0170-0021 A\ CIFXD MY 4700PF 10% 400VDCHW 84411 663UN4T 294
A1CP1 1901-0040 52 DIODE:SILICON S0 MA 30 WV 07263 FDG1088
ALCR2 1902-0041 4 DIDDE:BREAKDNIWN 5.11V 5% 04713 $210939-938
A1C53 1902-0046 3 DINDE:BREAKDOWN 6.19V 5% 04713 $210939-122
L Fefer 2 Zaceaating Seco Vii

See introduction to this section for ordering information




Section
Model 3490A on VI
Table 6-1. Replaceable Parts{Cont’d)
. Mfr
Reference |p part Number Qty Description Code | Mfr Part Number
Designation
ALCR4& 1902-0041 DIDDE:BREAKDOWN 5.11V 52 04713 $710939-98
ALCRS 1901-0040 OIODE:STLICON 50 MA 30 WV 07263 FDG1088
AlCR®& 1901-0040 DIODE:SILICON 50 MA 30 WV 07263 FDG1 088
A1CR7 1901-0040 DIODE:SILICON 50 MA 30 WV 07263 FDGl1088
ALCR101 1901-0028 10 DIODE:SILICON 0.75A 400PIV 04713 SR1358-9
ALCR102 1901-0028 OIODE:SILICON 0.75A 400P1V 04713 SR1358~-9
ALICR103 1901-0028 DIODE:STLICON 0.75A4 400PIV 04713 SR1358-9
ALCR104 1901-0028 DIDDE:SILICAN 0.75A 400PIV 04713 SR1358-9
ALCR105 1901~0028 DIODE:SILICON 0.75A 400PIV 04713 SR1358-9
ALCR106 1901-0028 DIODE:SELICON D.75& 400PIV 04713 SR1358-9
ALCR1C7 1901-0028 DIODE:SILICON 0.75A 400PIV 04713 SR1358-9
Al1CR108 1901-0028 DIODE:SILICON 0.75A 400PIV 04713 SR1358~-9
ALICR1CY 1901-0040 OIDDE:SILICON 50 MA 30 Wy 07263 FDG1088
AICR110 1902-0184 1 DIODE BREAKDOWN:SILICON 16.2V 5% 28480 1902-0184
AlCRI1L 1902-0594 2 DINDE BREAKDOWN:18.2V S% 1w 04713 $211213-215
A1CR112 1901-0040 DIGDE:SILICON 50 MA 30 Wy 07263 F0G1088
AlLCR113 1902-0654 2 DIODE BREAKDDWN:33.2V 5% 28480 1902-0654
A1CR114 1902-0594 DICDE BREAKDOWN:18.2V 5% 1W 04713 5711213-215
A1CR11S 1902-0514 1 DIDDE:ZENER 5.62V 2% LW 28480 1902-0514
AlCR116 1902-0559 1 DIODE BREAKDOWN: 6.19V +2% 04713 $711213-81
ALCR117 1901-0040 DINDE:SILICON SO MA 30 Wy 07263 FDG1088
A1CR118 1902-0654 DIODE BREAKDOWN: 33,2V SX 28480 1902-0654
A1CR119 1901-0200 2 DINDE:ST 3 A 100 PRRV 28480 1901-0200
AlCR120 1901-0200 DINDE:ST 3 A 100 PRRV 28480 1901-0200
ALCRLZ1L 1901-0040 OIDDE:SILICON 50 MA 30 WV 07263 FDG1 088
AlCRY22 1901-0040 DIODE: SILICON 50 MA 30 wv 07263 FDG1088
AlCR122 1901-0040 DIODE: SILICON 50 MA 30 Wv 07263 FDG1088
Al1CR201 1901-0040 DIODE:STILICON S0 MA 30 WV 07263 FDG1088
A1CR202 1901-0040 DIODE:SILICON SO MA 30 WV 07263 FDG1088
AlCR2C3 1901-0040 DIODE:SILICON S0 MA 30 WV 07263 FDEL 088
A1CR204 1902-3104 2 DIODE:BREAKDOWN 5.62V 5% 04713 $210939-110
ALCR2CS 1901-0040 DIODE: SILICON 50 MA 30 Wv 07263 FDG1088
ALCR206 1901-0040 DIODE: SILICON 50 MA 30 WV 07263 FDG1088
A1CR301 1902~0761 1 DINDE:BREAKDOWN 5.9 TO 6.5V 12954 1IN82)
A1CR401 1901-0040 DIODE:STLICAN 50 MA 30 Wy 07263 FoGlLo88
ALCR4C2 190i1-0040 DIDPE:SILICON 50 MA 30 wy 07263 FD61088
AICR4C3 1902-0025 1 DIODE.BREAKDOWN:10.0V 5% 400 MW 28480 1902-0025
ALCRSCY 1902-3190 a DIODF BREAKDOWNzZ13.0V 5% 400 MW 28480 1902-3190
ALCRS5C2 1901-0040 DIODE:SILICON S0:#4A 30 WV T 07263 FDG1 088
A1CR503 1901-0040 OIODE:SILICON 50 MA 30 WV 07263 FDG1088
AL1CR504 1902-3190 DIODE BREAKDOWN: 13-0V 5! 600 MW 28480 1902-3190
ALCRS05 1901-0040 DIODE:SILICON S0 30 07263 FD61088
ALCR5Cé 1901-0040 DIGDE:S ILICON 50 HA 30 HV 07263 FDG1 088
ALCR5C? 1901-0040 DIODE:SILICON 50 MA 30 wy 07263 FDG1088
ALCR5(C8 1901-0040 DIODE:STLICON 50 MA 30 WV 07263 FD61088
AICRSCS 1901~0040 DIODE:STLICON S50 MA 30 WV 07263 FDG1088
AL1CRS10 1901-0040 DINDE:SILICON 50 MA 30 WV 07263 FDGL08S
Al1CRS11 1901-0040 DIODE:SILICON 50 MA 30 wv 07263 FDG1088
ALCRS12 1901-0040 DIDDE:SILICON 50 MA 30 WV 07263 F0OG1 088
A1CRS13 1902-0049 DIDDE:BREAKDOWN 6.19V S% 04713 $710939~122
AlJit 1251-2134 4 CONNECTOR:PC (2X18)136 CONTACTS 71785 252-18-30-340
AlrJ2 1251-2292 2 CONNECTOR:PC {1 X 18) 18 CONTACT 71785 252-18-30-350
AlJ3 1251-2292 CONNECTOR:PC (1 X 18) 18 CONTACT 71785 252-18~30~-350
AlJ5 1251-2134 CONNECTOR:PC (2X18)36 CONTACTS 71785 252-18-30-340
AlJs 1251-2034 1 CONNECTOR:PC EDGE {2 X 10) 20 CONTACT 71785 252-10~30-300
A1J7 1251-2134 CONNECTOR:ZPC (2X18)36 CONTACTS 7.785 252—-18-30-340
AlJg 1251-2134 CONNECTOR:PC {2X18)36 CONTACTS 71785 252-18-30-340
AlK401 0490-0740 1 RELAY:REED 28480 0490~-0740
AlK402 0490-1105 3 SWITCH:REED 28480 0490-1105
AlMPL 1200-0469 5 SOCKET:IC 28 CONTACY DUAL-INLINE TYPE 28480 1200-0469
AlMpP2 1200-0469 SOCKET:1C 28 CONTACT DUAL-INLINE TYPE 28480 1200-0469
AlMP3 1200-0431 5 SOCKET:IC 24 CONTACT 28480 1200-0431

A Refer to Backdating Sec. Vil

See introduction to this section for ordering information
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Section VI Model 3490A

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

. L. Mfr
Reference |i,p part Number| Qty Description Code | Mfr Part Number
Designation ode
Al1MP4& 1200-0473 20 SOCKET:1IC 16-~PIN 28480 1200-0473
AIMPS 1200-0474% 33 SOCKET:IC 14-PIN 28480 1200-0474
ALMPH 0340-0060 20 FEEOTHRUZINSULATED MOUNT ING 28480 0340-0060
ALMPT 0340-0060 FEEDTHRULINSULATED MOUNTING 28480 03400060
AlMPa 1200-0437 14 SOCKET:=IC 8 PIN 17117 5566—-235~5
ALMPY 1200-0437 SOCKETZIC 8 PIN 17117 5566~235-5
Al1MP1C 1205-0033 2 HEAT SINK:SEMICONDUCTOR 05820 207-C8
AlMP11 1205-0033 HEAT SINK:SEMICONDUCTOR 05820 207-Cs
AIMPLI2 1400-0760 21 CLIP:MOUNTING ASSY(SEFT OF 3} 28480 1400-0760
AIMPL3 1400-0760 CLIP:MOUNTING ASSY(SET OF 3) 28480 1400-0760
AlPl 1251-3234 1 CONNECTOR STRIP: 14~-PIN 28480 1251-3234
AlP2 1251-3236 1 CONNECTOR STRIP:18-PIN 28480 1251-3236
Al1Q01 1853-0010 19 TSTR:SI PNP(SELFCTED FROM 2N3251) 28480 1853-0010
A3Q2 1854-0071 47 TSTR:SI NPN{SELECTED FROM 2N37041) 28480 1854-0071
A103 1854-0071 TSTR:SI NPN(SELECYED FROM 2N3704) 28480 1854-0071
A10101 1854-0569 2 TSTR:ST NPN 28480 1854-0569
AlQlo2 1854~-0087 17 TSTR:SI NPN 80131 2N3417
AlQ102 18 54-0087 TSTR:SI NPN 80131 2N3417
A1Q104 1853-0051 1 TSTR:SI PNP 80131 2N4037
A10105 18530086 5 TSTR:SI PNP 80131 2N5087
Al1010¢ 1854-0071 TSTR:SI NPN{SELECTED FROM 2N3704) 28480 1854-0071)
Al1Q101 1854-0569 TSTR:SI NPN 28480 1854-0569
Atol108 1853-0086 TSTR:SI PNP 80131 2N5087
AlQ10¢% 1853—~0086 TSTR:ST PNP 80131 2N5087
AlQ11¢ 1854-0039 2 TSTR:SI NPN 80131 2N3053
Al10111 18564-0039 TSTR:ST NPN 80131 2N3053
AlQ112 1854~-0071 TSTR:SI NPNISELECTED FROM 2N3704) 28480 1854-0071
A10201 1853-0010 TSTR:ST PNPU{SELECTED FROM 283251} 28480 1853-0010
A1Q202 1854—-0215 9 TSTR:ST NPN 80131 2N3904
At0203 1854-0215 TSTR:SI NPN 80131 2N3904
AlQ204 1855-0093 9 TSTR:FET N-CHANNEL 28480 1855-0093
Al1Q205 1855-0093 TSTR:FET N-CHANNEL 28480 1855-0093
Al020¢ 1855-0308 S TSTR:SlnyPN DUAL 28480 1855-0308
Al1Q0207 1855-0308 TSTRzSI NPN DUAL™ . 28480 1855-0308
Al10208 1855-0093 TSTRIFFET N—CHANNEL - 28480 1855-0093
A1Q20¢% 1855-0410 1 TSTRIFET 28480 1855-0410
AlQ210 1853-0010 TSTR:SI PNPISELECTED FROM 2N3251) 28480 1853-0010
Al10211 1854~0215 TSTR:SI NPN 80131 2N3904
A1Q3013 1854-0071 TSTR:SI NPN(EELECTED FROM 2N3704) 28480 1854-0071
AlQ302 1854~-0071 : TSTR:SI NPN{SELECTED FROM 2N3704) 28480 1854-0071
A10303 1854-0475 1 TSTR:SI NPN 28480 1854—-047T5
Al10401 1853-0036 A 4 TSTR:zSI PNP 80131 2N3906
Al10402 1853-0010 TSTR:SI PNP{SELECTED FROM 2N3251) 28480 1853-0010
Al10403 1854-0087 TSTR:SI NPN 80131 2N3417
AlQ404 1853~0010 TSTR:ST PNP(SELECTED FROM 2N3251) 28480 1853-0010
Al10405 1854-0087 TSTR:SI NPN 80131 2N3417
Al1040¢& 1863-0010 TSTR:SI PNP{SELECTED FROM 2N3251) 28480 1853-0010
AlQ407 1854-0087 TSTR:SI NPN 80131 2N3417
A1Q408 1853-0036 & TSTR:SI PNP 80131 2N3906
Al0409 1853~-0010 TSTR:SI PNP(SELECTED FROM 2N3251) 28480 1853-0010
Al041¢C 1854~0087 TSTR:SI NPN 80131 2N3417
AlQ411 1853-0010 TSTR:SI PNPISELECTED FROM 2N3251) 28480 1853-0010
Al1Q4l2 1854-0087 TSTR:zST NPN 80131 2N3417
ALD413 1853-0010 TSTR:SI PNP(SELECTED FROM 2N3251) 28480 1853-0010
Al1041 4 1854~0087 TSTR:SI NPN 80131 2N3417
Al0415 1853-0010 TSTR:S1 PNP(SELECTED FROM 2N3251) 28480 18%3-0010
AlQ4LE 1854-0087 TSTR:SI NPN 80131 2N3417
AlQ417 1853-0010 TSTR:SI PNPISELECTED FROM 2N3251) 28480 1853-0010
Al04l8 1854-0087 TSTRzSI NPN 80131 2N3417
AlQ42C 1853-0010 TSTR:ST PNPISELECTED FROM 2N3251) 28480 1853-0010
A10421] 1854-0087 TSTR:SI NPN 80131 2N3417
A10422 1853-~0010 TSTR:SI PNP{SELECTED FROM 2N3251) 28480 1853-0010
AlC423 1854-0087 TSTR:SI NPN 80131 2N3417
AlQ424 1853-0010 TSTR:ST PNP(SELECTED FROM 2N3251) 28480 1853-0010
< Reder tc Backdating Sec. VII|
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Model 3490A Section VI
Table 6-1. Replaceable Parts(Cont'd)
. Mfr
Reference |.p part Number| Qty Description Cod Mfr Part Number
Designation ode
A1042% 1854-0087 TSTRzSI NPN 80131 2N3417
ALQ42¢€ 1853-0010 TSTR:SI PNP(SELECTED FROM 2N3251) 28480 18530010
A10427 1854-0087 TSTR:SI NPN 80131 2N3417
A10501 1853-0036 TSTR:S1 NP 80131 2N3906
410502 1853-0036 TSTR:SI PNP 80131 2N3906
1854-0215 TSTR:SI NPN 80131 N39
iigigi 1854-0215 TSTR:SI NPN 80131 3333
410505 1854-0215 TSTRzSI NPN 80131 2N3904
AlQ50¢ 1853-0235 3 TSTR:S1 PNP 28480 1853-0235
A10507 1853-0235 TSTR:SI PNP 28480 1853-0235
A10508 1854-0215 TSTR:SI NPN 80131 2N3904
A10509 1854-0221 1 TSTR:ST NPN(REPL.AY 2N4044) 28480 1854-0221
A1G510 1854-0215 TSYR:SI NPN 80131 2N3904
A10511 1853-0235 TSTR:SI PNP 28480 1853-0235
A10512 1854-00T71 TSTR3ISI NPNISELECTED FROM 2N3704) 28480 1854~0071
A1QCR301 1 RE;SGREQSE;,A(;“;GSSY: INCLUDES
R306, 308, 310, 313, 314, 315 28480 5060—6000
AlR1 0684-1531 39 RIFXD COMP 15K OHM 10X 1/4W 01121 c8 1531
Al1R2 0684~1531 RIFXD COMP 15K OHM 10% 1/4W 01121 C8 1531
1
ALR3 0684-1531 RIFXD COMP 15K DHM 10% 1/4W 01121 cB 1531
AlR4 0684-1531 R:FXD COMP 15K OHM 10% 1/4W 01121 €8 1531
A1RS 0684~1531 RIEXD COMP 15K OHM 10X 1/4W 01121 €8 1531
AIR6 0684~1531 RIFXD COMP 15K OHM 10X 1/4W 01121 €8 1531
AIR7 0684-2231 9 RIFXD COMP 22K OMM 10Z 1/4W 01121 C8 2231
AlRB . 0684-2231 RIFXD COMP 22K DHM 10X 1/4W 01121 c8 2231
ALR9 0684-223) R:FXD COMP 22K OHM 103 1/4W 01121 B 2231
AlR10 0684-2231 RIFXD COMP 22K OMN 10X 1/4W 01121 CB 223}
ALR11 0684-1231 6 RIFXD COMP 12K OHM 10% 1/4W 01121 €8 1231
AIR12 0684-3321 11 RIFXD COMP 3300 OHM 10% 1744 01121 C€B 3321
AlR13 0684-3331 7 R:FXD COMP 33K OHM 10X 1/4W 01121 c8 3331
AlR14 0684—3331 RIFXD COMP 33K OHM 10X 1/4W 01121 €8 3331
AlR15 0684~6821 71 RIFXD COMP 6.BK OHM 10% 1/4M 01121 CB 6821
AlR16 0684~3331 RIFXD COMP 33K OHM 10X 1/4W 01121 8 333}
i prrsat 2| RiEKD EBNR doeomagT, M A | aiml
AlR19 0684-1531 RIFXD COMP 15K OHM 10X 1/4W 01121 €B 1531
A1R20 0684-1531 RIFXD COMP 15K OHM 10X 1/4W 01121 CB 1531
AlR21 0684-1531 R:FXD COMP 15K OHM 10X 1/4W 01121 €8 1531
AIR22 0684~1531 RIFXD COMP L5K OWM 10% 1/4W oLl B
AlR23 0684~1531 RIFXD COMP 15K OHM 10X 1/74M 01)12'{ E’D {gg{
AlR24 0684-1531 R2:FXD COMP 15K OHM 10% 1/4W orL121 C8 1531
ALR25 0684-1531 RIFXD COMP 15K OHM 10% 1/64W 01121 c8 1531
AlR26 0684-1531 R:FXD COMP 15K OHM 10% 1/4&W 01121 CB 1531
ALR27 0684~1531 RIFXD COMP. 15K OHM 10% 1/4W 01121 c8 1531
AlR28 0684~1531 R:FXD COMP-E5K OHM 10X 1/4W 01121 cB 1531
AlR29 0684~1531 RIFXD COMP 15K OHM 10% 1/4W 01121 CB 1531
AlR30 0684-1531 R:FXD COMP LSK OHM 10Z 1/4W 01121 c8 1531
A1R31 0684-1531 R:FXD COMP 15K OHM 10% 1/4W 01121 €B 1531
A1R32 0684~153]1 R2FXD COMP 15K OHM 10X 1/4W 01121 €8 1531
A1R33 0757-04569 1 R3FXD FLM 150K OHM 1% 1/8W 28480 0757-0469
AlR34 0757~0465 11 R3FXD MET FLM 100K OHM 1% 1/8W 28480 0757-0465
A1R35 0684-6821 RIFXD COMP 6.8K DHM 10X 1/4M 01121 CcB 6821
A1R36 0684-6821 RIFXD COMP 6.8K OHM 10X 1/74W 01121 €8 6821
ALR37 0684~6821 R:FXD COMP 6.8K OHM 10% 1/4M 01121 [
: . 8 6821
Al1R38 0684-6821 R:FXD COMP 6.8K OHM 10% 1/4M 01121 cB 6821
A1R39 0684~6821 R:FXD COMP 6.8K OHM 10X 1/4W 01121 B 6821
:l:40 0684-6821 RIFXD COMP 6.8K OHM 10% 1/4W 01121 CB 6821
1R41 0684~6821 R:FXD COMP 6.8K OHM 10% 1/4W 01121 CB 6821
::::g 0684-6821 R:FXD COMP 6.8K DHM 10X 1/4W 01121 8 6821
AlRes 06846821 RIFXD COMP 6.8K OHM 10% 1/4W 01121 CB 6821
R 0684-6821 RIFXD COMP 6.8K DHM 10T 1/4W 01121 c8 6821
:::45 0684-6821 RIFXD COMP 6.8K OHM 10Z 1/44 01121 CB 6821
46 0684-6821 RIFXD COMP 6.8K OHM 10X 1/4W 01121 c8 6821
:}::; 0684-6821 RZFXD COMP 6.8K DHM 10X 1/4M 01121 CB 6821
PP 0684-6821 RIFXD COMP 6.8K OHM 10X 1/4M 01121 Cc8 6821
Alnas 0684-6821 R2FXD COMP 6.8K OHM 10X 1/4W 01121 c8 6821
Alaso 0684-682] RIFXD COMP 6.8K OHN 10X 1/4W 01121 CB 6821
0684-6821 R:FXD COMP 6.8K OHM 10% 1/4M 01121 c8 6821
::::g; 0757-0438 6 RIFXD MET FLM S.11K OHM 1% 1/8W 28480 0757-0438
ALR103 0757-0438 RIFXD MET FLM 5,11k OHM 1% 1/8W 28480 0757-0438
0757-0392 1 RIFXD MET FLM 43.2 OHM 1% 1/8W 28480 0757-0392

See introduction to this section for ordering information
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Section VI Model 3490A
Table 6-1. Replaceable Parts(Cont'd)
. L. Mfr
Refgrenc_e HP Part Number; Qty Description Cod Mfr Part Number
Designation oae
AIR104 0683-0335 2 R2FXD COMP 3.3 OHM 5% 1/4W 01121 cB 0335
AlR105 0698-3264 2 RIFXD FLM 11.8K OHM 1% 1/8W 28480 0698-3264
AIR107 0698-4474 2 RIFXD FLM 8450 OHM 1X 1/8W 28480 0698~4474
AlRl08 0684-2721 4 R2FXD COMP 2700 OHM 10% 1/4W 01121 cB 2721
Al1R109 0757-0429 2 RIFXD MET FLM 1.82K OHM 1% 1/8W 28480 0757-0429
AIR1LC 0757~0441 4 RIFXD MET FLM 8.25K OHM 1% 1/8W 28480 0757-0441
AlIRIL1 0757-0709 1 RIFXD MET FLM 68.1 OHM 1% 1/4H 28480 0757-0709
AIR112 0698-3259 2 RIFXD FLM 7.87K OHM 1% 1/8W 28480 0698-3259
AIR1L3 0757-0442 12 R:FXD MET FLM L0.OK OHM 1% 1/8W 28480 07570442
ALR1L4 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W 28480 0757-0442
AlR115 0757-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W 28480 0757~0442
ALR11& 0684-2221 15 RIFXD COMP 2200 OHM 10X 1/4M 01121 c8 2221
AlR117 0684-3911 i R3IFXD COMP 390 OHM 10X 1/4W 01121 €8 3911
AlR118 0683-0335 RIFXD COMP 3.3 OHM SZ 1/74W ori21 c8 0335
AIR119 0686-4711 2 COMP 470 OHM 10X 1/4W 01121 CB 4711
AlR120 0684~47131 5 COMP 47K OHM 10T 1/4W 01121 CB 4731
AlR121 0684-2221 COMP 2200 OHM 10% 1/4M 01121 cB 2221
AlR122 0684-2721 COMP 2700 OHM 10T 1/74% 01121 cB 2721
AlR123 0757-0429 MET FLM 1.82k OHM 1% 1/8w 28480 07157-0429
AlR124 0757-0441 MET FLM 8.25K DHM 1% 1/8W 28480 0757-0441
AlR12S 0757-0711 A\ 1 RIFXD MET FLM 82.5 OHM 1% 1/4W 28480 0757~0711
AlR12€ 06983259 RIFXD FLM 7.87K OHM 1% 1/8W 28480 0698-3259
AlRLI27 0T157~0442 RIFXD MET FLM 10.0K DHM 1X 1/8W 28480 0757-0442
AlR128 0684-2221 RIFXD COMP 2200 OHM 10% 1/4W 011231 B 2221
AlR12S 0684-1811 L3 R:FXD COMP 180 OHM 10% 1/4W oli21 c8 1811
AlR13C 0698-44T1 1 RIFXD FLM 7.15K OHM 1% 1/8W 28480 0696—4471
AlR131 0757-0273 3 R2FXD MET FLM 3.01K OHM 1% 1/8W 28480 0757-0273
A1R201 0684-1531 RIFXD COMP 15K OHM 10T 1/4MW 01121 €8 1531
A1R202 06844721 25 RIFXD COMP 4700 OHM 10X 1/4% 01121 cB 4721
AlR203 0684~1021 RIFXD COMP 1000 OHM 10Z 1/4W 01121 CB 1021
AlR204 0684~-3331 RIFXD COMP 33K OHM 10T 174W ol1121 €8 3331
A1R205 0684-1021 R:FXD COMP 1000 OHM 10% 1/4W 01121 €8 1021
Al1R20¢ 0698-3155 1 RIFXD MFT FLM 4.64K OHM 1% 1/8W 28480 0698-3155
AlR207 (OP 060) 0698-4510 2 RIFXD MET FLM 84.5K OHM 1% 1/8w 28480 0698-4510
AlR207 {OP050) 0757-0465 RIFXD MEY FLM 100K OHM 1% 1/8W 28480 07570465
ALR208 0757-0448 2 RIFXD MET FIM 18.2K OHM 1% 1/8W 28480 0757~0448
ALlR20S 0757-0448 RE:FXD MET FLM 18.2K OHM 1% L/8W 28480 0757-0448
AlR211 0757-0442 R3FXD MEY,FLM 10.0K OHM 1X 1/8W 28480 0757-0442
AlR212 07570442 R:FXD MET FLM 10.0K DHM 1% 1/8W 28480 0757-0442
AIR213 0698-3279 2 RIFXD MET FLM 4990 OHM 1% 178W 28480 0698-3279
AlR214 06984510 1
AlR21S 0698-4510 RIFXD MET FLM 84.5K OHM 1Z 1/8wW 28480 0698-4510
ALR21LE 0757~0465 RIFXD MET FLM 100K OHK 1% 1/8W 28480 0757-0465
AIR217 0757-0401 5 R3FXD MET FLM 100 NDHM LX 1/8W 28480 0757-0401
AlR218 0698-3700 1 REFXD FLM 715 OHM 1% 1/8W 28480 0698-3700
AlR219 0698-0077 1 RIEXD MET FLM 93.1K OHM 1% 1/8W 28480 0698-0077
AlRZ20 0684~4721 ‘ RIFXD COMP 4700 OHM 10Z 1/4M ot121 c8 4721
AlR221 0684~1531 RIFXD COMP 15K OHM 10% 1/4W 01121 c8 1531
AlR222 0684-4721 RIFXD COMP 4700 OHM 10X 1/4W 01121 €8 4721
AlR223 0684-1231 R3IFXD COMP 12K OHM 10% 1/4W o112t B 1231
AlR22 4 0698~-4474 R:FXD FLM 8450 DHM 1% 1/84W 28480 0698—4474
AlIR226 0757-0401 RIFXD MET FLM 100 OHM 1% 1/8W 28480 0757-0401
ALR2217 0684~1541 13 R3IFXD COMP 150K 'OHM 10X 1/4W 01121 €8 1541
AIR301 0757-0280 3 R:FXD MET FLM 1K OHM 1% 1/8W 28480 0757-0280
AlR302 0698-3457 1 RIFXD MET FLM 316K OHM 1% 1/8M 28480 0698-3457
AlR303 0811-0920 1 RIFXD WW 1200 OHM 3% 3w 28480 0811-0920
A1R304 0811-1335 2 R: FXDWW 11K OHM 3% 3w 28480 0811-1335
A1R305 0698—4518 1 R: FXD FLM 137K OHM 1% 1/8W 28480 0698-4518
A1R306 * SEE A1QCR301
A1R307 0757-0439 1 R: FXD MET FLM 6.81K OHM 1% 1/8W 28480 0757-0439
A1R308 * SEE A1QCR301
A1R309 0757-0441 R: FXD MET FLM 8.25K OHM 1% 1/8W 28480 0757-0441
A1R310 * SEE A1QCR301
AlR312Z 0698-4509 1 RIFXD FLM 80.6K OHM 1T 1/8W 28480 0698-4509
ALR313 * SEE A1QCR301
AlR314 ¢ SEE A1QCR301
AIR315 * SEE A1QCR301
AlR31eE 0811-3173 1 R:MATCHED SET WITH A1R318 28480 0811-3173
AlR31E 0811-3173 R:MATCHED SET WITH A1R316 28480 0811-3173
AlR31S 0698-3279 R3FXD MET FLM 4990 OHM 13 1L/8W 28480 0698~3279
AlR32C 0757-0391 1 R:FXD FLM 39.2 OHM 1% 1/8W 28480 0757-0391
ajR32] 0757-0346 3 REFXD MET FLM 10 OHM 1T 1/8W 28480 0757-0346

L Spbay o Sacxgating Sec. VIl

See introduction to this section for ordering information



Section VI

Model 3490A
Table 6-1. Replaceable Parts(Cont’d)
. L. Mfr
Reference |ip part Number| Oty Description Code | Mfr Part Number
Designation
AIR401 0684~6T721 RIFXD COMP 4700 OHM 10% 1/4M 01121 cB 4721
AlR&02 06844721 R2FXD COMP 4700 OHM 10X 1/4W o121 CB 4721
ALR403 0684-1531 RIFXD COMP 15K OHM 10T 1/4W 01121 c8 1531
ALR404 06844721 RIFXD COMP 4700 OHM 10X 1/4W 01121 CB 4721
AlR40% 06841541 RZFXD COMP 150K DHM 10X 174M 01121 CB 1541
ALR4DE 0684-1531 RIFXD COMP 15K OHM 10X 1/4W 01121 €8 1531
ALR407 0684-4721 R:FXD COMP 4700 DHM 10% 1/4M o1121 CB8 4721
ALR408 0684-1541 R:FXD COMP 150K OHM 10% 1/4M 01121 CB 1541
meri RIEXD E0I L7508, 0, sz | e
ALRALO 0684—-4721 H 01121
AIR&L1 0684~1541 RIFXD COMP 150K OHM 10T 1/4W 01121 CB 1541
AlR4L 2 0684-4721 R:FXD COMP 4700 OHM 10T 1/4W 01121 CB 4721
AlR%413 0684~4721 R3FXD COMP 4700 OHM 10X 1/4W 01121 CB 4721
ALRAL 4 0684-1531 RIFXD COMP 15K OHM 102 1/4W 01121 CB 1531
AlR415S 06844721 RIFXD COMP 4700 OHM 10% 1/44 o1121 CB 4721
ALR4L 6 0684-1541 RIFXD COMP 150K OHM 10X 1/4% or121 €8 1541
ALR4LT 0684-153) RIFXD COMP 15K OHM 10X 1/4W 01121 €8 1531
AlR418 0684~4721 RIFXD COMP 4700 OHM 10X 1/4M 01121 CB 4721
ALR4LS 0684-1541 RIFXD COMP 150K OMM 10% 1/4W 01121 €8 1541
AlIR420 0684-1531 RIFXD COMP 15K OHM 10X 1/4W 01121 CB 1531
AlR42) 0684~4721 RIFXD COMP 4700 DHM 10X 1/4W o121 CB 4721
AIR4&22 0684-1541 RIFXD COMP 150K OHM 10X 1/4W 01121 CB 1541
AlR423 06841531 RIFXD COMP 15K OHM 10% 1/4W 01121 €8 1531
uiuu 0684~4721 RIFXD COMP 4700 OHM 10X 1/4W 01121 CB 4721
ALR425 0684-1541 RIFXD COMP 150K OHM 10X 1/4W 01121 8 1541
AlR&2¢ 0684-1531 RFXD COMP 15K OHM 10X 1/4M o1121 €B 1531
AlR421 0684~4721 RIFXD COMP 4700 OHM 10% 1/4W 01121 €8 4721
AlR428 0684-1541 R:FXD COMP 150K OHM 10T 1/4W ol121 €8 1541
AlR&2% 21003257 3 RIVAR 20K OHM 10X 28480 2100-3257
AlR430 0684~3931 & 1 RIFXD COMP 39K OHM 10T 1/4W ot121 C8 3931
AlR431} 0684-1531 R2IFXD COMP 15K OHM 108 1/4W 01121 €8 1531
AlR432 0684-4721 RIFXD COMP 4700 OHM 10X 1/4W 01121 CB 4721
AlR433 06864~5621 s R2FXD CONP 5.6K OHM 10X 1/74W 01121 8 5621
AlR434 0684-1541 RIFXD COMP 150K OHM 10X 1/4W 01121 CB 1541
AlR435 0684-1531 RIFXD COMP 15K OHM 10% 1/4W 01121 €8 1531
AlR43¢ 0684-4721 RIFXD COMP 4700 OHM 103 1/4M ol121 CB 4721
ALR437 0684-1541 R2FXD COMP 150K OHM 10X 1/4W 01121 €8 1541
AlR438 06841531 RIFXD COMP 15K OHM 108 1/4M 01121 CB 1531
AlR43S 0684-4721 R3FXD COMP 4700 OHM 10% 1/4M 01121 CB 4721
AlR440 0684~1541 R:FXD COMP 150K OHM 10T 1/4M 01121 CB 1541
AlR&4] 0684-1531 RIFXD COMP 15K OHM 10X 1/4W 01121 €8 1531
AlR442 0684~4721 RIFXD COMP 4700 OMM 10X 1/4M oL12} CB 4721
AlR&43 0684-1541 R3FXD COMP 150K OHM 10X 1/4M 01121 €8 1541
AlR444 0T57-0672 2 RFXD MET FLM 200K ONH 12 1/8w 28480 0757-0472
AlR4&4S 0757-0465 RIFXD MET PM 100K .OHM 12 1/8% 28480 0757-0465
AlR44¢ 0684~1531 RIFXD COMP 15K OHM 10T 1/4W ° 01121 CB 1531
" -
AlRS501 06984494 2 RIFXD FLM 35.7K OHM 1% 1/8W 28480 0698-4494
AIR502 0757-0441 R:FXD MET FLM 8.25K OHM 13 1/8W 28480 07570441
AIRS03 0757-0273 R2FXD MET FLM 3.01K OHM 1X 1/8W 28480 0757-0273
AIRS504 0757-0457 2 RIFXD MET FLM 47.5K OHM 1% 1/8W 28480 0757~-0457
A1R505 0757-0453 10 R3FXD MET FLM 30.1K OHM 1% 1/84 28480 0757-0453
Al1RS0é& 0757-0453 MET FLM 30.1K OHM 1% 1/84W 28480 07570453
AlIRS507 07570453 MET FLM 30.1K OHM 1% 1/8W 28480 0757-0453
AlRS09 0698-4496 2 FLM 45.3K OHM 1% 1/8W 28480 06984496
AIRS10 0698-4496 FLM 45.3K OHM 1T 1/8wW 28480 0698-4496
AIRS11A 0698—4626& 1 FLM 1580 DHM 1 1/8W 28480 0698-4426
AIRS511B 0698-3497 2 FLM 6.04K OHM 1T 1/8W 28480 0698-3497
AlR512 0698-3179 1 FLM 2550 OHM 1T 1/8W 28480 0698-3179
AlRS13 Q757-0465 MET FLM 100K OHN 1% 1/8W 28480 0757-0465
AlRS14 0T57-0465 MET FLM 100K OHM 1% 1/8W 28480 0157-0465
AlRS51S5 0698-4494 FLM 35.7¢ OHM 1% 1/8W 28480 0698-4494
AIRS516 06984499 2 FLM 54.9K OHM 1T 1/8W 28480 0698-4499
:::217 0698~4499 FLM 54.9¢ OHM 12 1/8W 28480 06984499
AlRS:: 0;’57—0665 MET FLM 100K DHM 1% 1/8W 28480 01570465
0757-0283 A\ 2 MET FLM 2.00K OHM 1% 1/84 28480 0757-0283
ALRS20 0757-0388 3 FLM 30.1 OHM 1% 1/8W 28480 0757-0388
AlR521 0757-0388 RIFXD FLM 30.1 OHM 13 1/8W 28
: . 480 0757-0388
:uﬁzz 2100-3270 RIVAR CERMET 100 OHM 10% 1/2% 28480 2100-3270
‘:::523 0757-0446 3 RIFXD MET FLM 15.0K OWM 1X 1/8W 28480 0757-0446
i 524 0757T-0446 RSFXD MET FLM 15.0K OHM 1% 1/8W 28480 0T57-0446
1R52% 0698-6326& 1 R3FXD FLM 187 OHM 1X 1784 28480 06986324
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Section VI

Table 6-1. Replaceable Parts{Cont’'d)

Model 3490A

. Mfr

Reference |11p p5rt Number| Oty Description Cod Mfr Part Number
Designation ode
AlRS2¢€ 0757-0346 RIFXD MET FLM 10 OHM 1% 1/8wW 28480 0757-0346
AlR527 0698-4196 1 RIFXD FLM 1.07K QMM 1.0% 1/8W 28480 0698-4196
ALRS2E 0757-0346 R3IFXD MET FLM 10 OHM 1% 1/8W 28480 0757-0346
AlUL 1870-0511 2 1C:TTL OUAD 2-INPT AND GATF 01295 SN7408N
ALU2 1820~-0798 1 ICsTTL SIX DECANE 28480 1820-0798
Alu3 1820-0567 2 IC:TTL DUAL VIR TAGE-CONTROLLED MULTIVE 04713 MC4024P
AlU4 1820-00177 8 ICsTTL DUAL D F/F 01295 SNT74T4N
AlUS 1820-0099 3 IC:TTL 4-BIT BINARY COUNTER 01295 SN7493N
AlU6 1820-0077 IC:TTL DUAL D F/F 01295 SNT4T4N
ALUT 1820~-0788 4 JC:TYL HEX O-TYPE FLIP/FLOP WITH CLFAR 01295 SN35431
Alu8 1820-0125 1 IC:DUAL COMPARATOR AV=T700 MIN. 12040 LM711C

t AlUS 1818~2055 1 IC:BIT—=ROM (4096) 28480 1818-2055
AlU10 1820-0174 8 IC:TTL HEX INVERTER 01295 SNT7404N
Alull 1820~-0077 TC:TTL DUAL D F/F 01295 SNT4 74N
AlUl2 1820--0099 TC:TTL 4-BIT BINARY COUNTER 01295 SN7493N
AlU13 1820-0591 & IC:TYTL LP 4W 3-2-2-3 INPT,AND OR GATE 12040 DMT4L54N
AlUL4 1820-0077 IC:TTL DUAL D F/F 01295 SNT74T74N
AlUlS 1820-0622 3 IC:TTL B-INPT MULTIPLEXER W/ ENABLE 01295 SN74151N
AlULl6 1820-0702 1 IC:TTL LOW POWER 1 OF 16 DECODER 07263 UG6N93L.1159X
AlU1T 1820-0077 IC:TTL DUAL D F/F 01295 SNT4T4N
Aluis 1820-0591 IC:TTL LP 4W 3-2-2-3 INPT.AND OR GATE 12040 DMT4L54N
AlU19 1820-0622 IC:TTL 8~INPY MULTIPLEXER W/ ENABLE 01295 SNT4151N
a1u20 1820-0077 IC:TTL DUAL D F/F Q1295 SNT4T4N
AlU21 1820-0233 1 IC:¥TL SYNUP-ON 4~-BIT BINARY COUNTER 01295 SNT4193N
AlU22 1820-0077 IC:TTL DUAL D F/F 01295 SN74 74N
Alu23 1820-0586 15 IC:TTL LP HEX INVERTER 12040 DMT4LO4N
AlU24 18 20-0622 TC:TYL B8-INPT MULTIPLEXER W/ENABLE 01295 SN74151N
Alulotl 1820-0196 1 ICSLINEAR VOLTAGE REGUL ATOR({INPUT) 28480 1820-0196
AlUl02 18 ?0-0223@3& 3 INTEGRATED CIRCUIT:=OPERATIONAL AMPL. 28480 1820—-0223
Al1U102 1820-0203 2 IC:OPERATIONAL AMPLIFIFER 07263 SLB940
AlU201) 1826~-0038 1 IC:LIN OPERATIONAL AMPL 04713 MC 14366
AlU202 1820~0223 INTEGRATED CIRCUITV:NPERATIONAL AMPL. 28480 1820-0223
AlU203 1820-0321 1 INTEGRATED CIRCUIT:HI-SPEED COMPARATOR 0129% SN72 710L
Alu301 1826-0009 1 lC:LlNﬁAE. 0P, AMPL. 28480 18260009

1 AlU40l 1818-2056 1 MOS :N—CHANNEL..ROM - 28480 1818-2056
AlU402 1820-0583 6 IC:TTL LP QUAD 2-INPT NAND GATE 12040 DM74L00N
AlYl 0410-0465 1 CRYSTAL:2QUARTZ 4 MHZ (60 HZ OPTION} 28480 0410-0465
AlY2 0410-0466 1 CRYSTAL : QUARTZ 3.333 MHZ (50 HZ OPTION) 28480 0410-0466

1

AlAl 03490-66521 1 BOARD ASSY:IVERTICAL 28480 03490-66521
AlA1R106 2100-~-3263 1 R:VAR 1K OHM 10% 28480 2100-3263
AlAlR210 2100-3310 1 R:VAR CERMEY 1K OHM 10% TYPE P 3/4W 28480 2100-3310
Al1A1R225 2100-32517 R3:VAR 20K OHM 10% 28480 2100-3257
AlAlRZ28 2100-3257 RIVAR 20K OHM 10% 28480 2100~3257
AlALRZ11 2100-3307 1 RIVAR CFRMET 20K OHM 10X TYPE P 3/44 28480 2100-3307
A1AIR217 2100-3315 1 RIVAR CERMET 20 OHM 10% TYPE P 3/4W 28480 2100~-3315%
t A2 03490-66502 1 HIGH IMPEDANCE ASSY 28480 03490-66502

1 A2 03490-69502 HIGH IMPEDANCE ASSY: REBUILT 28480 03490-69502
A2C1 01 40-0204 1 C3:FXD MICA 47 PF S% NPO S0OVDCW 14655 ROM1SE4TOJSC
A2C2 0160-2218 1 C3FXD MICA 1000 PF 5% 28480 0160-2218
A2C3 0160-3190 1 C3FXD MY 5 UF 10% S0VDCW 28480 0160-3190
A2CS 0140-0191 & 1 C:FXN MICA 56 PF 5% 300VDCHW 19701 RDM15E5604 300V
A2Cé 0150-0050 & CIFXD CER 1000 PF +80~20% 1000VOCW 56289 C067B102E1022526—C0H
AR 1901~0586 6 REPL DINDE ASSY(MATCHED PAIR) 28480 1901- 0586
A2Ck2 1901-0574 1 DIODE:ST 28480 1901~-0524
A2CR3 1901-0586 RFPL DIODE ASSY{MATCHED PAIR) 28480 1901-0686
A2CF4 1901-0586 REPL DIODE ASSY(MATCHED PAIR) 28480 1901-0586
A2C RS 1901-0586 REPL DINDE ASSY(MATCHED PAIR) 28480 1901-0586
A2CwE 1901-0586 REPL DIODE ASSY{MATCHED PAIR) 28480 1901-0586
APCRT 1901 -0586 REPL DIODE ASSY(MATCHEND PAIRY) 28480 1901-0586
A2Ck8 1902-3190 DINDE BREAKDOWN: 13.0V S%Z 400 MW 28480 1902-3190
A2CkS 1902-3190 DINDE BREAKDOWN: 13.0V 5% 400 MW 28480 1902-3190
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Model 3490A Section VI

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

. L. Mfr
Reference |yp part Number| Qty Description Code | Mfr Part Number
Designation
A2L1 9170-0894 A 3 BEAD:SHIELDING 28480 9170-0894
A28 2 9170-0894 A READ: SHIELDING 28480 9170~0894
AZMPL 4040-0748 14 EXTRACTOR:PC BOARD, BLACK 28480 4040-0748
AZMP2 40400749 1 EXTRACTOR:PC BDARD, RROWN 28480 4040~0749
A2MP3 1200-0437 SOCKET:IC 8 PIN 17117 5566-235-5
201 1855-031 1 1 TSTR:ST NPN FET DUAL 28480 1855-0311
A202 1855-0399 1 TSTR: 28480 1855-0399
A2R1 0811-2583 3 R: MATCHED SET WITH A2R2 AND A2R4 28480 0811-2583
A2R2 0811-2583 R: MATCHED SET WITH A2R1 AND A2R4 28480 08112583
A2R3 21003314 2 R:VAR CERMET 50 OHM 10X TYPE P 3/4W 28480 2100-3314
A2R& 0811-2583 R: MATCHED SET WITH A2R1 and A2R2 28480 0811-2583
AZ2RS 0813-0032 3 R:FXD WW 50K OHM 10% 5w 28480 0813-0032
A2RS 0813-0032 RIFXD WW 50K OHM 10Z SW 28480 0813-0032
A2RT 0811-1335 RIFXD WW 11K OHM 3% 3w 28480 08111335
A2R8 0812-0015 1 R3FXD WW 8 OHM 3X 3w 28480 0812-0015
A2R9 0698-3215 1 RZFXD FLM 499K OHM 1.0% 1/8% 28480 . |. .,0698-3215
A2R10 0757-0442 R:FXD MET FLM 10.0K OHM 1X 1/BW 28480 0T757-0442
A2R11 0757-0442 REEXD MET FLM 10.0K OHM 1% 1/8W 28480 0757-0442
AZR12 0698-3228 3 R3FXD MET FLM 49.9K OHM 1% 1/8W 28480 0698-3228
AZR13 0698-4497 1 R2FXD FLM 48.7K OHM 1Z 1/8W 28480 0698-4497
A2R15 2100~3313 2 RIVAR CERMET 100 OHM 10% TYPE P 3/4M 28480 2100-3313
A2R16 2100-3316 1 RIVAR CERMET 10 OHM 10X TYPE P 374N 28480 2100-3316
A2R1T. DT57-0442 RIFXD MET FLM 10.0K OHM 1X 1/8W 28480 0757-0442
A2U1 1826-0018 A 2 IC:LINEAR NPERATIONAL AMPLIFIER 28480 1826-0018
t A2U2 1813-0003 1 IC:HYBRID FET 28480 1813-0003
A3 0349066503 1 BOARD ASSY:DISPLAY 28480 03490-66503
A3c1 0180-0197 C:FXD ELECT 2.2 UF 10T 20VDCW 56289 1500225X9020A2-0YS
A3C2 0180-0376 1 C:FXD ELECT 0.47 UF 10T 35VDCW 56289 150D474X9035A2-DYS
A3DS1 1990~0330 6 NUMERICAL DISPLAY:SOLID STATE 28480 1990-0330
A30S2 1990-0330 NUMERICAL DISPLAY:SOLIO STATE 28480 1990-0330
A3DS3 19900330 NUMERICAL DISPLAY:SOLID STATE 28480 1990-0330
A3DS4 1990-0330 NUMERICAL DISPLAY:SOLID STATE 28480 1990-0330
A3DS5 1990~-0330 NUMERICAL DISPLAY:SOLID STATE 28480 1990-0330
A3DS6 1990-0330 NUMERICAL BISPLAY:SOLID STATE 28480 1990-0330
A3DS7 1990-0405 1 NUMERIC DISPLAY :LED(PLUS-MINUS) 28480 1990-0405
A30S8 1990-0406 2 DIODE:VISIALE LIGHT EMIVTER 284380 1990-0406
A3DS9 1990-0406 DIODE:VISIBLE LIGHT EMITTER 28480 1990-0406
A3NP1 03490-24301 1 MASK2 ANNUNCIATOR 28480 03490~24301
A3mMP2 5040-5914 1 HOUS ING: ANN 28480 5040-5914
A3MP3 7200-1271 1 HEAT SINK:DISPLAY 28480 7200-1271
A3NP4 1200-0462 1 SOCKET:1C CONTACT 00779 3-116141-2
A3R1 0684-2211 1 RIFXD COMP 220 DHM 10T 1/4W 01121 €8 2211
A3R2 0684-1011 5 R:FXD COMP 100 OHM 10X 1/4W o1121 €8 1011
A3R3 0684~1811 R:FXD COMP 180 OHM 10% 1/4W 01121 cs 1811
A3R4 0684-1811 R2FXD COMP 180 OHM 10% 1/4W o1121 c8 18t1
A3RS 0684-4701 17 RIFXD COMP 47 DHM 10T 1/74W 01121 CB 4701
A3RE 0684~1531 A\ RIFXD COMP 15K OHM 10X 1/4W o1121 CB 1531
A3U1 1820-0537 1. ICZTTL DUAL 4=INPT NAND GATE 28480 1820-0537
A3U2 1820-0716 1 ICSTTL SYNC PRESET 4-81T BINARY COUNTER 01295 SNT4161N
A3u3 1820-0586 IC:TTL LP HEX INVERTER 12040 DMTALOGN
A3U4 1820-0587 1 IC:TTL LP TRIPLE 3-INPT NAND GATE 12040 DMT4L1ON
A3US 1820-0627 3 1C2TTL LP BCD TO DEC. DECODER 07263 UTB93LO159X
:306 1820-0054 4 ICITYL QUAD 2-INPT NAND GATE 01295 SN7400N
3u7 1820—-0054 IC:TYL QUAD 2-INPT NAND GATE 01295 SN7400N
‘3“: 18 20-0583 IC:TTL LP QUAD 2~INPT NAND GATE 12040 DM74L00N
A3U10 18200583 A\ IC: TTL LP QUAD 2-~INPUT NAND GATE 12040 DM74LOON
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Section VI Model 3490A
Table 6-1. Replaceable Parts(Cont'd)
_n Mfr
Reference |ip part Number| Qty Description Cod Mfr Part Number
Designation ode
A3W3 03490-61601 1 CABLE ASSY:DISPLAY 28480 0346490~-61601
AL 03490-66504 1 BOARD ASSY:REMOTE JUMPER 28480 03490-66504
A4MP] 4040-0748 EXTRACTOR: PC BDARDe BLACK 28480 4040-0748
AGMP2 4040-0755 3 EXTRACYOR:PC BOARD, VIOLEY 28480 4040-0755
AS 03490-66505 1 BOARD ASSY:RANGE SWITCH 28480 03490-66505
ASRL 0684—2221 R:FXD COMP 2200 OHM 10T 1/4W 01121 c8 2221
AS5R2 0684-2221 R2FXD COMP 2200 OHM 10T 1/74W 01121 c8 2221
AS5R3 0684-2221 RIFXD COMP 2200 OHM 10% 1/4W 01121 ca 2221
ASR4 0684-2221 R2FXD COMP 2200 OHM 10X 1/4W 01121 ce 2221
ASRS 0684-7221 RIFXD COMP 2200 OHM 10Z 1/4W 01121 €8 2221
ASR6 0684-2221 RIFXD COMP 2200 OHM 10% 1/4% 01121 €8 2221
ASR7 0684-2221 R:FXD COMP 2200 OHM 108 1/4W 01121 c8 2221
ASRS8 0684-2221 RIFXD COMP 2200 OHM 10% 1/4W 01121 €8 2221
ASRS 0684-2221 R:FXD CONP 2200 OHM 10T L1/4W 01121 CB 2221
A5S4 3101-1719 1 SWITCH: PUSHBUTTON 28480 3101-1719
ASW2 03490-61605 1 CABLF ASSY:RANGE 28480 03490~61605
A6 03490-66506 1 BOARD ASSY:CONVERTER AC 28480 03490-66506
AsC1 0160-0904 && 1 C:FXD CER 0.05 UF 20% 1000VDCH 56289 41C 169A4—COH
A6C2 0160-3976 1 C:FXD 10 PF 500VDCW 286480 0160-3976
A&C3 0160-3930 1 C:FXD 10 PF 2500 YOCW 28480 0160-3930
Ab6C4 0140-0202 1 C:FXD MICA 15 PF SZ 500VDCW 28480 0140-0202
A6CS 0160-3977 1 C:FXD 970 PF 01 28480 0160-3977
A6C6E 0121-0436 1 C:VAR AJR 2.4-24.5 PF T4970 189-509~-105
A6C? 0160-3622 6 C:FXD CER 0.1 UF +80-20% 100VOCW 72982 8131-100-651-1042
A6L8 0160-3622 C:FXD CER 0.1 UF 480-20% 100VDCW 72982 8131-100-651-1042
A6CS 0160-3622 C3FXD CER 0.1 UF +80-20% 100VOCW 712982 8131~-100-651—1047
A6C10 0160-3622 C:FXD CER 0.1 UF +80-20% 100VDCW 72982 8131-100-651-1042
A6CLE 0160-3622 C3FXD CER 0.1 UF +80-20% 100VOCW 72982 8131-100-651~10412
A6C12 01 50-0084 C:FXD CER,0.1 UF +80-20% 100VOCW 72982 8131-100-651-1042Z
A6C13 0150-0084 C:FXD CER Q.1 UF +80-20% 100VDCW 72982 8131-100-651—10412
A6Cl4e 0150-0093 C2FXD CER 0.01;4F +80-20% 100VOCW 72982 801—-K800011
A6CLS 0150-0093 C:FXD CER 0.01 UF +80-20% 100VDCW 72982 801-K800011
AsClée 0160-2134 2 C:FXD MY 0.82 UF 10% SOVDCW 56289 148P350
A6CLT 0150-0093 C:FXD CFR 0.01 UF +80-20% 100VDCHW 12982 801-KB00O11
A6C18 01 50~-0093 C3FXD CER 0.01 UF +80-20% 100VDCW 12982 801-K800011
A&C19 0160-0181 C:FXD MICA 30PF 5% 300VDCW 14655 ROM15€300J3S
A6C20 0150-0093 C:FXD CER 0.0 UF +80-20% 100VDCW 72982 801-K800011
A6C21 0160-0229 3 C:FXD ELECT 33 UF 10T 10VDCW 28480 01800229
A6C22 0180-0229 C:FXD ELECT 33 UF 10% 10VDCW 28480 0180-0229
A6C23 0180-1835 2 CiFXD TA 68 UF 20Z 1SVDCW 56289 150D 686 X00L5R2~-DYS
A6C24 0180~-1835 C:FXD TA 68 UF 20% 15vDCW 56289 1500686 X0015R2~DYS
A6C25 0160-3945 1 C:FXD PORC 39 PF 1% SO0VDCW 28480 0160-3945
A6C26 0160-3949 1 C:FXD PGRC 346 PF 12 S500VDCW 28480 0160-3949
A6C27 0121-0432 2 C3VAR AIR 1.7-14.1 PF 74970 189-505-105
A6C28 0L60~-0763 1 C:FXD MICA 5 PF 10% 500VDCW 00853 RDM15C050KSS
A6C29 0160-0859 2 C:FXD MY 1 UF 10X SOVDCW 562489 148P335 PUM
A&C30 0160-2134 C:FXD MY 0.82 UF 10% SOVDCW 562 89 148P350
A6C31 0160-3501 1 C:FXD POLY & tF 10% S0VDCW 84411 HEW 138
A6C32 0160-0859 C:FXD MY 1 UF 10% 50VDCH 56289 148P335 PUM
A6CR1 1501-0040 OIODEzSTILICON SO MA 30 WV 07263 FDGl 088
A&CR2 1901-0040 DIODE:STLICON 50 MA 30 WV 07263 FDG1088
A6CR3 1901-0040 DIODE:SILICON 50 MA 30 WV 07263 FDE1088
A6CR4G 1901 -0040 DIODE:STILICON 50 MA 30 WV 07263 FDG1088
AG6CRS 1901-0047 6 DIODE JUNCTION:SILICON 20PIV 28480 1901-0047
A6CRE 1901-0047 DIODE JUNCTION:SILICON 20P1IV 28480 19010047
ABCRT 1901-0047 DIODE JUNCTIONsSILICON 20P1V 28480 1901-0047
A6CRB 1901-0047 DIODE JUNCTIDGN:STLICON 20PIV 28480 1901-0047
ASCRI 1902-0041 OIODE:BREAKDOWN S.11V 5% 04713 $210939-98
ASCR]C 1902-0041 DIODE :BREAKDOWN S.11V 5% 04713 SI10939-98
‘“all 1901-0047 DIODE JUNCTION:STLICON 20P1V 28480 19010047
A6LR1Z 1901-0047 DIONDE JUNCTION:SILICON 20PIV 28480 1901-0047
A&CR12 1902-3182 1 DIODE BREAKDOWN:SILTICON 12.1V 5% 28480 1902~-3182
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Model 3490A Section VI

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

.. Mfr
Reference Iy part Number| Qty Description Code | Mfr Part Number
Designation
A6LR14 1901-0518 3 DIODE:HOY CARRIER 28480 1901-05138
AGCR]1S 19010518 DIODE:HOT CARRIER 28480 1901-0518
A6CR1 & 1901-05886 3 OINODE:S1 30 WV 10 PA LEAKAGE 28480 1901-0586
A6CR17 1901-0040 DIGDE:SILICON SO NA 30 WV 07263 FDG1088
AGCR1E 1901-0040 DIODE:SILICON 50 MA 30 WV 07263 FDG1088
AGER1S 1901-0040 DIODE:SILICON 50 MA 30 WV 07263 FOG1088
A6K1 0490-1105 SWITCH:REED 28480 0490~1105
A6K2 0490-1105 SWITCH:REFD 28480 0490~1105
A6K 3 0490-1106 1 RELAY/SWITCHe REED 28480 0490-1106
AbK4 0490-0778 6 SWITCHIREFED MAGNETIC, MINIATURE 28480 0490-0778
A6t L 0490-1083 3 COIL ASSYSREED RELAY 09026 P»S43001-55
A6MP1-17 0340-0060 FEEDTHRUZINSULATED MNUNT ING 28480 0340-0060
A6MP138 0380-0938 1 SPACER:TEFLON 0.128" DIA HOLE 98291 8-1451-1
A6MP1S 1200~-0437 SOCKET:IC 8 PIN 17117 5566-235-5
A6MP2C 1400-0760 R CLIP:MOUNTING ASSY(SEY OF 3) 28480 1400-0760
A6MP21 1400-0760 CLIP:MOUNYING ASSYISEYT OF 3) 28480 1400-0760
AGMP22 1400-0760 CLIP:MOUNTING ASSY{SET OF 3} 28480 1400-0760
A6MP213 1400-0760 CLIP:MOUNT ING ASSY{SEYT OF 3) 28480 1400~0760
A6GMP24 1400-0760 CLIP:MOUNTING ASSY{SET GF 3) 28480 1400-0760
A6MP25S 1400-0760 CLIP:MOUNTING ASSY(SET OF 3) 28480 1400-0760
AGMP26 1400-0760 CLIP:MOUNTING ASSY(SET OF 3) 28480 1400-0760
AGMP27 1400-0760 CLIPZMOUNTING ASSY{SET OF 3) 28480 1400-0760
A6MP28 1400-0760 CLIP:MOUNTING ASSY(SET OF 3) 28480 1400-0760
AbMP2S 1600-0273 1 STAMPING:=BRASS 28480 1600-0273
ABMP30 1600-0274 1 STAMPING:BRASS 28480 1600-0274
A6MPI] 1600-0275 3 SHIELD: POT 28480 1600-0275
A6MP32 1600~-0275 SHIELD: POT 28480 1600-0275
A&MP33 1600-0275 SHIELD: POT 284R0 1600-0275
AGNP34 4040-0748 EXTRACTOR:PC BOARDs BLACK 28480 40400748
A6MP35 4040—-0750 1 EXTRACTDR:PC BOARD, RED 28480 4040~-0750
A6MP3 & 0360-1803 13 TERMINAL :SOLDER L UG 00000 OBD
AGMP3 7 0360-1803 TERMINAL:SOLDER LUG 00000 0BD
A6MP33 0360~-1803 TERMEINAL:SOLDER LUG 00000 0BD
AGMP3 S 0360-1803 TERMINAL:SOLOER LUG 00000 08D
A601 1853-0010 TSTR:SI PNP(SELECTED FR(OM 2N3251) 28480 1853-0010
A6Q2 1855-0383 i TSTR:DUAL FEY ST N-CHANNEL 28480 1855-0383
A&603 1854-0071 TSTR:SI NPN{SELECYED FROM 2N3704) 28480 1854-0071
A604 1853-0010 TSTR:S1 PNP(SELECTED FROM 2N32511) 28480 1853-0010
A6Q5 1854-0071 TSTR2ST NPNISELECTED FROM 2N3704) 28480 1854—-0071
A&O6 1854-0071 TSTR:SI NVN(SELECTEb FROM 2N3704) 28480 1854-0071
A607 1855-0377 2 TSTRIFET ST..N~CHANNEL 28480 1855-0377
A608 1853-0010 TSTR:SI PNP{SELECYED FROM 2N3251) 28480 1853-0010
A609 1855-0377 TSTR:FET ST N-CHANNEL 28480 1855-0377
A6Q10 1853-0010 TSTR2SI PNP(SELEGTED FROM 223251) 28480 1853-0010
A6R1A, RIB 0698-8216 1 R:MATCHED SEV 28480 0696-8216
A6R3 2100-3311 2 R3VAR CERMET 500 OHM 10X TYPE P 3/4W 28480 2100-3311
A6R4A, R4B, RAC 0698-8215 1 RIMATCHED SET . 28480 0698-8215
A6RS 0684-4721 ’ R3FXD COMP 4700 OHM 10% 1/4W 0112} CB 4721
A6R6 0684-4T21 R:FXD COMP 4700 OHM 10% 1/74M 01121 C8 4721
A6R7 06983558 2 R3FXD MET FLM 4,02 OHM 1% 1/8W 28480 0698-3558
A6RB 0698-3558 R:FXD MET FLM 4,02k OHM 1X 1/8W 28480 0698-3558
A6RY 0757-0410 3 R:FXD MET FLM 301 OHM 1Z 1/8W 28480 0757-0410
A6R10 07570410 R:FXD MET FLM 301 OHM 1% 1/8W 28480 0757-0410
A6R11 0698-3497 RIFXD FLM 6.04K OHM 1% 1/8W 28480 0698-3497
A6R12 0698-4489 1 RIFXD FLM 28K OHM 1X 1/8W 28480 0698—-4489
A6R13 0757-0430 1 RFXD MET FLM 2,.21K OHM 1% 1/8W 28480 07570430
A6R14 0684-1021 R:FXD COMP 1000 OHM 10X 1/4W 01121 €8 1021
A6R15 0684~-1021 R:FXD COMP 1000 OHM 10% 1/4W 01121 B 1021
A6R16 0698~4467 2 RIFXD FLM 1.05< OHM 1T 1/8W 28480 06984467
A6R17 0757-0449 i0 R2FXD FLM 20K OHM 1% 1/8W 28480 0757-0449
ABR18 0698-4308 1 R3FXD MET FLM 16.9K OHM 11X 1/8W 28480 0698-4308
ABR19 0757-0200 1 R2FXD MET FLM 5.62 OHM 1% 1/8W 28480 0757-0200
A6R20 0757-0401 RIFXD MET FLM 100 OHM 1IZ 1/8W 28480 0757-0401
A6R21 0698-4488 2 RIFXD FLM 26.7K OHM 1% L/8W 28480 06984488
A6R22 0757-0453 R2FXD MEY FLM 30.1K OHM 1% 1/8M 28480 07570453
A6R23 0757-0270 1 RIFXD MET FLM 249K OHM 1% 1/84W 28480 0757-0270
ASR24 0698-4488 R2FXD FLM 26.7K OHM 1% 1/8M 28480 0698—4488
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Section VI Model 3490A
Table 6-1. Replaceable Parts(Cont'd)
_ Mfr
Reference [.p part Number| Oty Description Cod Mfr Part Number
Designation ode
A6R2S 0757-0453 R:FXD MET FLM 30.1K DHM 1% 1/8W 28480 0757~0453
A6R26 0698-3548 1 R2FXD FLM 732 OHM 1% 1/78W 28480 0698-3548
A6R2T 2100-3306 2 RIVAR CERMET 50K OHM 10X TYPE P 3/4w 28480 2100-3306
A6R28 2100-3308 i R:VAR CERMET 5K OHM 10X TYPE P 3/4MW 28480 2100-3308
A6R29 A, R298 0698-8214 1 R:MATCHED SET 28480 0698-8214
A6R30 0698-3495 1 R:FXD MEY FILM 866 OHM 1X 1/8W 28480 0698-3495
A6R31 0698-4467 R:FXD FLM 1.05K OHM 1% 1/8W 28480 0698-4467
A6R32 2100-3309 2 RIVAR CERMET 2K OHM 10% TYPE P 3/4W 28480 2100-3309
A6R33 0757-0457 RIFXD MET FLM 47.5K DHM 1% 1/8W 28480 0757-0457
A6R34 0757-0453 R:FXD MET FLM 30.1K DHM 1% 1/8W 28480 0757-0453
A6R 35 0698-4514 1 R:FXD FLM 105K OHM 1% 1/8W 28480 0698-4514
A6R36 0757-0454 1 R:FXD MET FLM 33.2K DHM 1% L/6W 28480 0757-0654
A6R37 0698-3228 RIFXD MET FLM 49.9K (HM 1% 1/8W 28480 0698-3228
AG6R38 0757-0436 2 RIFXD MET FLM 4.3k (HM 12 1/8w 28480 0757-0436
A6R39 0698-3540 2 RIFXD MET FLM 15.4K OHM 1% 1/8W 28480 0698-3540
A6R40 0684-1531 RIFXD COMP 15K OHM 10% 1/4% 01121 €8 1531
AR 41 0698-3278 RIFXD MET FLM 49.9K OHM 1% 1/8W 28480 0698-3228
Ab6R42 0757-0436 R2FXD MET FLM 4.32kK THM 1% 178w 28480 0757-0436
A6R43 0698-3540 R:FXD MET FLM 15.4K OHM 1% L1/8W 28480 0698-3540
A6RGE 06984497 1 R: FXD MET FLM 48.7K OHM 1% 1/8W 28480 0698—4497
a6U1 1820-0054 IC:TTL GUAD 2-INPT NAND GATE 01295 SNT400N
A6U2 1820-0069 1 IC:TTL DUAL 4—-INPT PNS NAND GATE 01295 SNT420N
A6U3 1826-0089 1 AMPLIFIER-LINFAR 28480 1826-0089
a6U4 1820-0203 IC:DPERATIONAL AMPLIFIER 07263 SL894O
AT 03490-66507 1 BOARD ASSY:OHM CONVERTER 28480 03490-66507
a7 03490—69507 REBUILT OHMS CONVERTER ASSY 28480 0349069507
A7C1 0150—0073 2 C: FXD CER 100 PF 10% 1000VDCW 56289 C028B102E101K $27—CDH
A7C2 0150-0073 C: FXD CER 100 PF 10% 1000VDCW 56289 CO28B102E101KS27—-CDH
A7C3 0L80-1701 C:FXD ELECT 6.8 UF 20X &6VDCW 28480 0180-1701
ATC4 0170-0021 C:FXD MY 4TOOPF 102 400VDCMW 84411 663UW4T 294
ATCS 0180-0230 A 1 C:FXD ELECT 1.0 UF 20T SOVDCW 56289 1500 105X0050A2-DYS
ATC6 0160-0194 é 4 C:FXD MY 0.015 UF 102 56289 192P15392-PTS
ATCT 0150-0071 1 C:FXD CER 400 PF 52 1000VDCW 56289 €0168102E401J527-COH
ATCR1 1901-0040 DIODEZSFLICON 50 MA 30 WV 07263 FDGL088
ATCR2 1901-0040 DINDE:SILICON 50 MA 30 WV 07263 FNG1088
ATCR3 1902-3104 DIODE:BREAKDOWN 5.62V 5% 06713 $Z10939-110
ATCR4 1901-0040 DIODE:SILICON SO MA 30 Wv 07263 FD61088
ATCRS 1901-0040 OIODE:SILICON 50 MA 30 WV 07263 FDG1088
ATCR6 1901-0040 DIODE:S ILICON SO MA 30 WV 07263 FDG1088
ATCR7 1901-0040 DICDE:SELICON 50 MA 30 WV 07263 FDG1088
ATCRS 1901-0040 DIODE:SILICON 50 MA 30 WV 07263 FDG1088
ATCR9 1901-0040 DIODE:STLICON 50 MA 30 WV 07263 FDG1088
ATCR10 1901-0040 DIGDE:S ILICON 50 MA 30 WV 07263 FD61088
ATCR11 1901-0028 DIODE:SILICON 0.754 400PIV 04713 SR1358-9
ATDS1 1970-0052 1 TUBE:VOLTAGE PROTECTOR 90V 20% 28480 1970-0052
ATK1 0490-0778 SWITCH: REED MAGNETIC, MINIATURE 28480 0490-0778
ATK2 0490-0778 SWITCH:REED MAGNETIC., MINIATURE 28480 0490-0778
ATK3 0490-0778 SWITCH:REED MAGNETIC, MINIATURE 28480 0490-0778
ATK4 04900778 SWITCH:REED MAGNETIC, MINIATURE 28480 0490-0778
ATKS 0490-0778 SWITCH:REED MAGNETIC. MINIATURE 28480 0490-0778
ATL1 0490-1033 3 RELAY/COIL, REED 28480 0490-1033
ATL2 0490~1033 RELAY/COIL, REED 28480 0490-1033
A7L3 0490-1033 RELAY/COIL, REED 28480 0490-1033
ATL&4 0490~-1083 COIL ASSY:ZREED RELAY 09026 P.S.3001~-5S
ATLS 0490-1083 COIL ASSY:IREED RELAY 09026 Pe$.3001-5S
ATMPY 1400-0760 CLIP:MOUNTING ASSY(SET OF 3) 28480 1400-0760
ATHP2 1400-0760 CLIP:MOUNT ING ASSY(SET OF 3) 28480 1400-0760
ATMP3 1400-0760 CLIP:MOUNTING ASSY(SET OF 3) 28480 1400-0760
ATHP4 1400-0760 CLIPIMOUNTING ASSY(SET OF 3) 28480 1400~0760
ATHPS 1400~0760 CLIP:MOUNTING ASSY(SET OF 3) 28480 1400-0760
ATHPE 1400-0760 CLIP:NOUNTING ASSY(SET OF 3) 28480 14000760
ATWPT 1400-0760 CLIP:MOUNTING ASSY(SET OF 3) 28480 1400-0760
ATHPS 1400-0760 CLIP:MOUNTING ASSY(SET OF 3) 28480 1400-0760
ATHPY 1400-0760 CLEP:MOUNTING ASSY(SET OF 3) 28480 1400-0760
ATHPLC 1400-0760 CLIP:MOUNTING ASSY{SET OF 3) 28480 1400-0760

= Reter to Backdating Sec. VII|
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Model 3490A Section VI

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

. L. Mfr
Reference L1p part Number| Qty Description Code | Mfr Part Number
Designation
ATHPLI 0360-1803 TERMINAL :SOLDER LUG 00000 08D
ATHP12 0360~1803 TERMINAL:SOLDER LUG 00000 08D
ATHP13 0360-1803 TERMINAL :SOLDER LUG 00000 08D
ATNPL4 0360-1803 TERMINAL :SOLDER LUG 00000 08D
ATNP1S 0360-1803 TERMINAL:SOLDER LUG 00000 08D
ATHPLE 0360-1803 TERMINAL:SOLDER L UG 00000 08D
ATHPLT 0360-1803 TERMINAL :SOLOER LUG 00000 08D
ATNPLS 0360-1803 TERMINAL :SOLDER LUG 00000 08D
ATHP1S 0360-1803 TERMINAL :SOLDER LUG 00000 08D
ATHP20 4040-0T748 EXTRACTOR:zPC BODARD. BLACK 28480 4040-0748
ATHP21 4040-0751 1 EXTRACTOR:PC BOARD. ORANGE 28480 4040~0751
aT01 1854-0087 TSTR:ST NPN 80131 2N3417
A702 1854-0087 TSTR:SI NPN 80131 283417
A703 1853-0086 TSTR:SI PNP 80131 2N5087
AT04 1853-0012 é 1 TSTR:S1 PNP 80131 2N2904A
A705 1854-0087 A TSTR:SI NPN 80131 2N3417
AT06 1855-0308 TSTR:ST NPN DUAL 28480 1855-0308
A707 1853~-0086 TSTR:SI PNP 80131 2N5087
ATR1 0684—4721 R2FXD COMP 4700 OHM 10Z 1/4MW o1121 CB 4721
ATR2 06844721 RIFXD COMP 4700 DHM 10% 1/4wW 01121 ca 4721
ATR3 0698-3264 R3FXD FILM 11.8K OHM 1% 1/8w 28480 0698-3264
ATRS 07157-0280 RSFXD MET FLM 1K DHM 1X 1/8W 28480 ,0757-0280
ATRS 2100~1738 && 1 RIVAR FLM 10K OHM 10% LIN 1/2w 28480 2100-1738
ATR6 0698-4430 1 R2FXD FLM 1.91K NH4 1X 1/8W 28480 0698-4430
ATRT 0757-0465 R3FXD MET FLM 100K OHM 1% 1/8W 28480 07570465
ATR9 0684-1031 32 R3FXD COMP 10K OHM 10X 1/4W 01121 c8 1031
ATR10 0684-1031 RIFXD COMP 10K OHM 10X 1/4W o1121 CR 1031
ATR11 0684—4711 A RIFXD COMP 470 OHM 10X 1/4M 01121 CB 4711
ATR12 0757~-0472 RIFXD MET FLM 200K (OHM 1X L/8W 28480 07157-0472
ATR13 0811-3216 1 RIFXD WW 1.0040K OHM 0.02% l/8wW 28480 0811-3216
ATRi4 2100-3304 1 R:VAR CERMET 200K NHM 10% TYPE P 3/4W 28480 2100—-3304
ATR15 0811-3217 1 RIFXD WW 98.90K OHM 0.02% 1/8W 28480 0811-3217
ATR16 2100-3312 1 RIVAR CERMET 200 OHM 10X TYPE P 3/4W 28480 2100-3312
ATR17 0811-3215 1 R3FXD WW 899K OHMN 0.05% 1/4W 28480 0811-3215
ATR18 23100~-3309 R3IVAR CERMET 2K OHM 10T TYPE P 3/4W 28480 2100-3309
ATR19 0757-0453 R2FXD MET FLM 30.1K OHM 1X 1/8W 28480 0757-0453
ATR20 0757-0453 R:FXD MET FLM 30.1K OHM 1% 1/78W 28480 0757-0453
ATR21 0757-0453 RIFXD MFT FLM 30.1K OHM 1% 1/8W 28480 07570453
ATR22 0684-2721 RIFXD COMP 2700 OHM 10X 1/4W ori21 cB 2721
ATR23 0684-6821 R3FXD COMP 6.8K OHM 10X 1/4M o112t CB 6821
ATR24 0811~0006 1 R2FXD WW 5000 OHM 1% SW 28480 0811-0006
ATR25 0684-1021 RFXD COMP 2000 OHM. 10% 1/74M 01121 c8 1021
ATT1 9100-1441 1 TRANSFORMER: STEPLUiP ) 284380 9100-1441
ATUL 1820-00%56 1 TC:TTL DIVIDE BY 12 10 MHZI MIN. 01295 SN7492N
ATu2 18 20-0054 IC:TTL QUAD 2-INPT NAND GATE 01295 SNT400N
ATU3 1820~0094 1 IC:DTL QUAD 2-INPUT GATE 04713 $C6903PK
ATus 1820~0478 & 1 [CzL INEAR OPERATIONAL AMPLIFIER 12040 LM 308H
A8 03490-66508 1 OUTGUARD POWER SUPPLY BDARD ASSY 28480 03490-66508
ABC1 0180-0197 C3FXD ELECT 2.2 UF 10X 20vDCW 562 89 1500225X9020A2-DYS
ABC2 0180-2511 5 C3FXD AL ELECT 370 UF 20VDCW 28480 0180~2511
A8C3 0180-2511 C:FXD AL ELECT 370 UF 20VDCM 28480 0130-2511
ABC4 0150~-0050 C:FXD CER 1000 PF +80-20% 1L000VDCK 56289 C067B102E1022526-CDH
A8CS 0170-0040 & CiFXD MY 0.047 UF 10% 200VDCW 562 89 192P 47392-PTS
ABCSH 0150-0050 C:FXD CER 1000 PF +80-20% 1000VDCW 56289 CO6TBLO2EL102ZS26~COH
ASCR1 1901-03563 3 DIODE ASSY:SI 100 PIV PER CFLL 28480 1901~-0363
ABCR2 1901-0040 DIODE:SILICON 50 MA 30 WV 07263 FD61088
ASCR3 1901-0158 1 DICDE:SILICON 0.75A 200 PIV 28480 1901-0158
A8J9 1251-1365 5 CONN:PC &4 (2X22) CONTACTS 71785 252-22-30-300

2 Reter o Backdating Sec. V11 See introduction to this section for ordering information
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Section VI Model 3490A
.
Table 6-1. Replaceable Parts(Cont'd)
- Mfr

Reference |pp part Number| Qty Description Code | Mfr Part Number
Designation oae
ABJ10 1251-1365 CONN:ZPC 44 (2X22) CONTACTS T1785 252-22-30-300
ABMPL 5040-0170 8 GUIDE:PLUG~EN PC BOARD 28480 5040-0170
ABMP2 5040-0170 GUIDE:PLUG~IN PC BOARD 28480 5040-0170
ABMP3 5040-0170 GUIDE:PLUG~IN PC BOARD 28480 S040-0170
ABMP4 5040-0170 GUIDE:PLUG-IN PC BOARD 28480 5040-0170
ABMPS 03490-01209 1 BRACKET : MOUNTING CONNECTOR 284 80 03490-01209
ABMPS 1251-2551 18 CONNECTOR:SINGLE CONTACT MINIATURE 00779 332070
A8BMPT 1251-2551 CONNECTDR:SINGLE CONTACT MINIATURE 00779 332070
ABMPSB 1251-2551 CONNFCTOR:SINGLE CONTACT MINIATURE 00779 332070
ABMPS 1251-2551 CONNFECTOR:SINGLE CONTACT MIN IATURE 00779 332070
A8MPLO 1251-2551 CONNECTOR:SINGLE CONTACT MINIATURE 00779 332070
ABMP11 1251-2551 CONNECTOR:SINGLE CONTACT NIN;ATURE 00779 332070
ABQ1 1854-0071 TSTR:SI NPN{SELECTED FROM 2N3704) 28480 1854-0071
ABR1 0757-0410 RIFXD MET FLM 301 OHM 1Xx 1/8W 28480 0757-0410
ABR2 0698-4355 1 R:FXD FIM 12,4 OHM 1Z 1/8W 28480 0698-4355
ABR3 0684-8221 9 R3:FXD COMP 8200 OHM 10% 1/4W 01121 8 8221
ABRA 0684-8221 R2FXD COMP 8200 OHM 108 1/4W 01121 CB 8221
ABRS 0684-8221 R:FXD COMP 8200 OHM 10% 1/4W 01121 Cc8 8221
ABRGE 0684-1011 R:FXD COMP 100 OHM 10% 1/4W o1121 €8 1011
ABR7T 0684-2231 RIFXD COMP 22K OHM 10X 1/4% 01121 c8 2231
ABRSB 0684-1231 R:FXD COMP 12K OHM 10% 1/4W 01121 c8 1231
ABRS 0684~1021 RSFXD COMP 1000 OHM 10% 1/4W 01121 c8 1021
ABR10 0684-1021 A R:FXD COMP 1000 OHM 10Z% 1/4W 01121 CB 1021
ABRL1 0684-8221 R3FXD COMP 8200 OHM 10% 1/4W 01121 cB 8221
A8ul 1820-0430 2 TC:LINEAR, VOLTAGE REGULATNR SV 28480 1820-0430
ABU2 1820-0586 IC:TTL LP HEX INVERTER 12040 DMT74L04N
ABW4 0349061603 1 CABLE ASSY:REM 28480 0349061603
ABWS 03490-61604 1 CABLE ASSY:BCD 28480 0349061604
A9 03490-66509 1 INGUARD DATA QUTPUT ADARD ASSY 28480 03490-66509
A9C1 0160~2009 2 C:FXD MICA 820 PF 5% 300VDCW 00853 RDM15F821J43C
A9C2 0180-0197 C:FXD ELECT 2.2 UF 10% 20VDCH 56289 1500225X9020A2-0YS
A9C3 0160-0194 C:FXD MY 0.015 UF 10X 562 89 192P15392-PTS
A9C4 0160-0194 C:FXO MY 0.015 UF 10% 562 89 192P15392-PTS
A9CS 0160-0194 C:FXD MY 0.015 UF 10% 56289 192P15392~-PTS"
AgmP1l 1200-0424 4 SOCKET:1C BLK L4 CNANTACT 23880 CSA2900-148
AQMP2 4040-0747 2 EXTRACTOR: PC'B0ARD, GRAY 28480 4040-0747
A9MP3 4040-0748 EXTRACTOR:PC BOARD, BLACK 28480 4040-0748
A9R1 0684~3321 R:FXD COMP 3300 OHM 10% 1/4W 01121 Cc8 3321
A9R2 0684-3321 R2FXD COMP ‘3300 OHM 10% 1/4W o1121 €8 3321
A9R3 0684-3321 RIFXD COMP 3300 OHM 10% 1/4W 01121 €B 3321
A9R4 06841521 3 R:FXD COMP 1500 OHM 10% 1/4W 01121 €8 1521
A9RS5 1810-0049 2 RESISTIVE NETWIRK:10 X 6.8K OHM 10% 28480 1810~0049
AQul 1820-0584 5 IC:TTL LP QUAD 2—INPT NOR GATE 12040 DNT4LOZN
A9U2 1820-0595 3 IC:TTL LP DUAL J-K MASTER SLAVE F/F 12040 DM74L73N
ASU3 1820~0584 IC:TTL LP QUAD 2-INPT NOR GATE 12040 DMT4L 02N
A9U4 1820-0594 1 IC:TTL J—K MASTER SLAVF F/F 12040 DMTALT2N
A9US 1820-0586 ICsTTL LP HEX INVERTFR 12040 DM T74L04N
A9U6 1820-0710 5 IC:DIGITAL TYL+LOGIC SV 5% 07263 SL17315
A9uU7 1820-0710 IC:DIGITAL YTL+LOGIC 5V 5% 07263 SL1731S5
A9uU8 1820-0583 IC:TTL LP QUAD 2-INPT NAND GATE 12040 DM74LOON
ASUS 1820-0710 IC:DIGITAL TTL+LNGIC SV 5% 07263 SL17315
Alo 03490-66510 1 OUFGUARD DATA DUTPUT BOARD ASSY 28480 03490-66510
Al10C1 0180-0197 C2FXD ELFCY 2.2 UF 10X 20VDCW 56289 1500 225X9020A2-0YS
A10C2 0160-0798 2 C3FXD MY 0.0015 UF 10% 200VDCW 56289 192P15292—-PTS
Al0MP) 0403-0189 4 EXTRACTOR:PC, BLACK 28480 0403-01 89
Al0OMP2Z 0403-0189 EXTRACTOR:PCy BLACK 28480 0403-0189
ALlORP 2 1200-0424 SOCKET:IC BLK 14 CONTACT 23880 CSA2900-148
Al0C1 1854-0071 TSTR3:SI NPN{SELECTED FROM 2N3704) 28480 1854-0071

'

1 AlCQ"-33 0684-6871 R:FXD COMP 6.8K DHM 102%2 1/4W ot1121 CB 6821

i
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Model 3490A Section VI
Table 6-1. Replaceable Parts{Cont’d)
— Mfr
Reference |pip part Number| Oty Description Code | Mfr Part Number
Designation o]
A10S1 3101-1341 2 SWITCH: SLIDE SPDT 0.5A 125V AC/DC 79727 C~111-0004
A1082 3101-1341 SWITCH:SLIDE SPDT 0.5A 125V AC/DC 9727 €-111-0004
Aloul 1820-0586 IC:TTL LP HEX INVERVER 12040 DMT4LO4N
AlOU2 1820-0174 IC:TTL HFX INVERTER 01295 SNT404N
Al0U3 1820-0294 4 IC:TTL 8~BIT SER-IN PAR OUT SHIFT REG 12040 $09935
A10U4 1820-0294 IC:TTL 8-BIT SER-IN PAR OUT SHIFT REG 12040 SD9935
AlOUS 1820-0294 TC:TTL B-BIT SER-IN PAR OUT SHIFT REG 12040 5D9935
AlOUs 1820-0294 IC:TTL 8-BIT SER~IN PAR OUT SHIFT REG 12040 509935
ALOUT 1820-0282 1 1C:TTL OQUAD 2-INPT EXCL. OR GATE 01295 SN7486N
All 03490-66511 & 1 INGUARD REMOTE ASSY 28480 03490-66511
AllC1 0180-0197 C3FXD ELECY 2.2 UF 10T 20VDCW 56289 1500225%X9020A2-DYS
Allc2 0160-2009 C:FXD MICA 820 PF 5% 300VDCW 00853 RDM15F82143C
AllC3 0170-0066 2 C:FXD MY 0.027 UF 10Z 200VDCW 56289 192P27392-PTS
AliCée 0170~0066 C:EXD MY 0.027 UF 10T 200VDCW 56289 192P27392-PTS
ALLCS 0160-0164 1 C:FXD MY 0.039 UF 10% 200VDCW 56289 192P39392-PT1S
Al11C6 0160-0298 A C:FXD MY 0.0015 UF 10X 200VDCW 56289 192P15292-PTS
Al1NP1 1200—-0424 SOCKET:1IC ALK 14 CONTACT 23880 CSA2900-148
Al1MP2. 4040-0748 EXTRACTOR:IPC BOARD, ALACK 28480 4040-0748
All1MP2 4040-0755 EXTRACTOR:PC BOARD, VIDLET 28480 40400755
Al101 1854-0071 TSTR:SE NPNISELECTFD FROM 2N3704) 28480 1854-0071
Al1R1 0684-4701 RIFXD COMP 47 DHM 10% 1/4W 01121 C8 4701
AllR2 0684-1031 RIFXD COMP 10K OHM 10X 1/4W 0LpL121 C8 1031
Al1R3 0684-3321 R:FXD COMP 3300 DHM 10Z 1/4W 01121 C8 3321
AllR4 0684-6821 A RIFXD COMP 6.8K OHM 10X 1/4M 01121 €8 6821
Al1RS 0684-3321 R:FXD COMP 3300 DHM 10X 1/4MW 01121 c8 3321
Al1R6 0684-3321 RIFXD COMP 3300 DHM 10X 1/4W 01121 €8 3321
ALLIRT 0684-1521 R:FXD COMP 1500 OHM 10% 1/4W 01121 €8 1521
Al1R8 0684-6821 RIFXD COMP 6.8K OHM 10% 1/74W 01121 CB 6821
Al11R9 0684~6821 RIFXD COMP 6.8K OHM 10T 1/4W 01121 C8 6821
Al1R1C 0684-6821 RIFXD COMP 6.8K OHM 108 174 01121 €8 6821
AllR11 0684-6821 & RIFXD COMP 6.8K OHM 10Z 1/4W 01121 C8 6821
AlluUl 18 20-0586 TC:TTL LP HEX INVERTER 12040 ONT4LOAN
Aliuz 18 20-0586 IC:TTL LP HEX INVERTER 12040 DMT74LO4AN
Allu3 1820-0583 IC:TTL LP QUAD 2-INPT NAND GATE 12040 DM74L00ON
AllU4 1820-0584 IC:TTL LP QUAD 2-INPY NOR GATE 12040 DOMT74L02N
Al1US 1820~-0584 JE3TTL LP OUAD 2-INPT NOR GATE 12040 DM74L02N
Allus 1820-0595 TC:TTL LP DUAL JTK MASTER SLAVE F/F 12040 DMT4LTIN
Allur 1820-0599 2 1€3TTL 4=BIT RT/( SHIFT REGISTER 12040 DMT4LISN
Allua 1820-0599 % IC3TYL 4-BIT RT/LY SHIFT REGISTER 12040 DMT4LISN
Allu9 1820-0596 11 IC:TTL LP DUAL EDGE TRIG, D F/F 12040 DMTALTAN
Allulc 1820-1100 1 TC:sTTL 01295 SN74298
Allull 1820-0656 & 7 TC3TTL LP &4—BIT 2~INPT MULTIPLEXER 01295 SN74L98N
Allul2 18 20-0586 A IC:TTL LP HEX INVERYER 12040 DMT4LO&N
Al2 03490-66512 1 OUTGUARD REMOTE BOARD ASSY 28480 03490-66512
Al2C1 0160-0154 1 C:FXD MICA MY 0.0022 UF 10% 200VDCW 56289 192P22292-PTS
Al2c2 0160-0157 1 C3:FXD MY 0.0047 UF 10T 200VDCW 56289 192P47292-pPTS
Al2C3 0180-0197 C2FXD ELECT 2.2 UF 10X 20VDCW 56289 150022%5X9020A2~DYS
AL2NMP] 0403-0189 EXTRACTOR:PCy BLACK 28480 04030189
Al2MpP2 0403-0189 EXTRACTORIPC,y BLACK 28480 0403-0189
AL2MP3 1200~0424 SOCKET:IC BLK 14 CONTACT 23880 CSA2900-148
Al2R) 1810-0049 RESISTIVE NETWORK:10 X 6.8K OHM 10% 28480 1810~-0049
AL12R2 0684-1521 R3FXD COMP 1500 OHM 10X 1/4M 01121 cB 1521
Al2R3 0684-223) RIFXD COMP 22K OHM 10X 1/4W 01121 c8 2231
AL2R4 0684-2231 RIFXD COMP 22K OHM 10X 1/4W ot121 €B 2231
AL2RS 0684-1031 RIFXD COMP 10K OHM 10X 1/4W 01121 €B 1031
Al2Ré 0684-1031 RIFXD COMP 10K OHM 10X 1/4W 01121 €8 1031
A12R7 0684-1031 R:FXD COMP 10K OHM 10% 1/4M 01121 €8 1031
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Section VI Model 3490A
Table 6-1. Replaceable Parts(Cont'd)
. Mfr
Reference |1ip part Number| Qty Description Cod M#r Part Number
Designation ode
Al12Ul 1820-0708 2 IC:TTL LOW POWER DUAL 4—1INPT MULTIPLEX 07263 UsB893L0959X
Al202 1820-0584 IC:TTL LP QUAD 2-INPT NOR GATE 12040 DMT4LO2N
Al2V3 1820-0595 IC:TTL LP DUAL J-K MASTER SLAVE F/F 12049 DMT4LT3N
Al2U4 1820-0128 1 1C:DTL HEX INVERTER RL:ZK 04713 MCB3 TP
AL2US 1820-0328 2 TC:sTTL QUAD 2-INPT NOR GATE 04713 SNT4 02N
Al3 03490-66513 1 RATIO REFERENCE BOARD ASSY 28480 03490-66513
Al13C1 0150-0050 C3:FXD CER 1000 PF +80-20% 1000VDCW 56289 CO6TRLI02E10272526-COH
Al3C2 0150-0093 C:FXD CER 0.01 UF +#80-202 100VDCW 72982 801-K800011
Al13C3 0150-0093 C:EXD CFR 0.01 UF +80-20% 100VDCW 72982 801-K800Q11
Al13C4 0180-0197 C:FXD ELEC 2.2 UF 10% 20VDCW 56289 150D225X9020A2-DYS
Al3CR1 1902-0671 2 DIONE BREAKDOWN 28480 1902-0671
Al13CR2 1901-0586 DIONE:ST 30 WV 10 PA LEAKAGE 28480 1901-0586
A13CR3 1901-0586 DIODE:SI 30 WV 10 PA LEAKAGE 28480 1501-0586
A13CR4 1902-0671 DINDE B8R EAKDOWN 28480 1902-0671
Al13CRE 1902-3190 DIODE BREAKDOWN:13.0V 5% 400 MW 28480 1902-3190
A13CR1? 1902-3190 DINDE BREAKDOWN: 13,0V 5% 400 MW 28480 1902-3190
A13CRE 1902-3085 1 DIONE BREAKDOWN:4.T5V 5% 400MuW 28480 1902-3085
Al3MP1 1200-0424 2 SNCKET: INTFGRATED CIRCUTT 14 CONTACT 23880 CSA2900-14B
Al13MP2 4040-0748 EXTRACTOR:PC BOARD, BLACK 28480 4040-0748
Al3MP3 4040-0754 2 EXTRACTOR:PC BOARD, BLUF 28480 4040-0754
Al3MP4 1200-0437 SOCKET:IC 8 PIN 17117 5566-235-5
Al13MPS 1200-0437 SOCKET:1C 8 PIN 17117 5566-235-5
A13MPE 1200-0437 SOCKFET:IC 8 PIN 17117 5566-235-5
AL3NPT 1200-04T4 SOCKET:IC 14~PIN 28480 1200-0474
Al13R1 0813-0032 R:FXD WW 50K OHM 10% SW 28480 0813-0032
A13R2 0684-2731 2 RIFXD COMP 27K NHM 10% L/4W 01121 €8 27131
A13R3 0684-21731 R:FXD COMP 27K OHM 10% 1/4W oit21 CB 2731
AlL3R4 0698~-7962 1 RIFXD . F'M 976K GHM 1.0% 1784 28480 0698-7962
A13R7 2100-3305 4 RIVAR CERMET 100K OHM 10% 3/4W 1/2 TURN 28480 2100-3305
Al3R8 21003305 R:VAR CERMEF“ 100K OHM 10T 3/74W 1/2 TURN 28480 2100-3305
Al3R9 0698-4202 1 R:FXD FLM 8.87K 0HM 1% 1/8W 28480 0698-4202
Al13R10 07571-02717 1 RIFXD MET FLM 49.9 OHM 1% 1/78W 28480 0757-0271%
AL13R11A, R11B 0A11-3223 1 R: MATCHED SET 28480 0811-3223
Al13R12 2100-3314 R:VAR CERMET 50 OHM 10% TYPE P 3/4W 28480 2100-3314%
Al3R12 0698-8271 1 R3FXD METAL GLAZE 1.1 OHM 5% 1/4W 28480 0698-8271
Al13R14 2100-33113 R:VAR CERMET 100 OHM 10% TYPE P 3/4W 28480 2100-3313
AL3R1S 07570442 RFXD MET FLM 10.0K OHM 1X 1/8W 28480 0757-0442
AL13R1E 0757-0378 1 R:FXD MET FLM 11.0 OHM 1% 1/8wW 28480 0757-0378
AlL3R17 2100-3305 R:VAR CERMET 100K OHM 10% 3/4W 1/2 TURN 28480 2100-3305
Al3R1E 0684—-3921 1 R:FXD COMP 3900 OHM 10X 1/4W o1121 €8 3921
Al3R1S 2100-3305 RzVAR CERMET 100K OHM L0% 3/74W 1/2 TURN 28480 2100-3305
Al3uUl 1826-0110 3 _INEAR OP., AMPL. 28480 1826-0110
Al3U2 1826~-0110 . INEAR OP. AMPL. 2B480 1826-0110
Al3u3 1826-0110 IC:LINEAR OP. AMPL. 28480 1826-0110
Al13U4 1820-0223 INTEGRATED CIRCUIT:OPERATIONAL AMPL. 28480 1820-0223
A13US 1820-0598 2 IC:TTL LP QUAD 2-INPT EXCLe OR GATE 12040 DMT4LBON
AlS5 03490-60306 1 DATA OUTPUT ISOLATIDN ASSY 28480 03490-60306
Al15mp] 03490-04115 1 PLATE:LI MOUNTING 28480 03490-04115
AlSul 1990-0402 a6 TSTR:PHOTO 28480 1990—-0402
A15U2 1990-0402 TSTR:PHOTOD 28480 1990-0402
A150U3 1990-0402 TSTR:PHOTO 28480 19%0-0402
Al5. 4 1990-0402 TSTR:PHOTO 28480 1990-0402
(381809 1990-0402 TSTR:PHOTOD 28480 1990-0402
AlSué 1990-0402 TSTR: PHOTO 28480 1990-0402

See introduction to this section for ordering information



Model 3490A

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

Section VI

A Mfr
Reference |ip part Number| Qty Description Code | Mfr Part Number
Designation
A15A1 03490-66515 1 INGUARD BCD 1SOLATIGN BOARD ASSY 28480 03490-66515
A15A101 1854-0071 TSTR:S1 NPNISELECTED FROM 2N3704) 28480 1854-0071
A15A1C2 1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071
A15A103 1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071
A15A1C4 1854-0071 TSTR:SI NPN{SELECTED FROM 2N3704) 28480 1854-0071
A15A105 1854-0071 TSTR:SI NPN{SELECTED FROM 2N3704) 28480 1854-0071
A15A1CH 1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071
ALSALR1 0684=-4701 R:FXD COMP 47 OHM 10T 1/4W 01121 CB 4701
A1581R2 0684-4701 RIFXD COMP &7 OHM 10% 1/4M 01121 C8 4701
A1581R3 0684-4701 R2FXD COMP 47 OHM 10% 1/4MW o1121 8 4701
A15A1R4 0684-4701 RIFXD COMP 47 OHM 10Z 1/4W 01121 €8 4701
A1SALRS 0684-4701 RIFXD COMP 47 OHM 10X 1/4W 01121 C8 4701
A15A1R6 06844701 R:FXD COMP 47 OHM 10X 1/4W o1121 C8 4701
A1S5A1WS 8120-1855 4 CABLE:RIBBON 28480 8120-1855
A15A2 03490~ 66516 1 OUTGUARD BCD ISOLATION BOARD ASSY 28480 03490~66516
A15A2R1 0698-4123 12 RIFXD MET FLM 499 OHM 1% 1/8W 28480 0698-4123
ALSAZR2 0698-4123 R:FXD MET FLM 499 OHM 1% 1/8W 28480 0698-4123
AL5A2R3 0698-4123 R:FXD MET FLM 499 OHM 1% 1/8W 28480 0698-4123
ALS5AZR4 0698-4123 RIFXD MET FLM 499 OHN 1% 1/8W 28480 0698-4123
ALEAZRS 0698-4123 R:FXD MET FLM 499 DHM 1% 1/8W 28480 06984123
A15A2R6 0698-4123 RIFXD MET FLM 499 OHM 1% 1/8W 28480 0698~4123
A15A285 8120-1855 CABLEZRIBBON 28480 8120-1855
AT 03490-60308 1 REMOTE ISOLATION ASSY 28480 03490-60308
ALTMP1 03490~04116 1 PLATEzL] MOUNTING 28480 03490-04116
Al7UL 1990-0402 TSTR: PHOTO 28480 1990-0402
ALTU2 1990-0402 TSTR: PHOTO 28480 1990-0402
AI7U3 19900402 TSTR: PHOTOD 28480 1990-0402
A1TU4 1990-0402 TSTR: PHOTO 28480 1990-0402
A17US 1990-0402 TSTR:PHOTO 28480 19900402
Al17Ub 1990-0402 TSTR: PHOTO 28480 19900402
Al17A1 03490-66517 1 INGUARD REN~ESOLATION BOARD ASSY 28480 03490-66517
Al17A101 1854-0071 TSTR:ST NPNISELECTED FROM 2N3704) 28480 1854-0071
A17A2Q2 1854-0071 TSTR:SI NPNUSELECTED FROM 2N3704) 28480 1854-0071
Al7A103 1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071
A17A1R) 0698-4123 R:FXD MET FLN 499 OHM 1% 1/8W 28480 0698-4123
A1TALR2 0684-4701 RIFXD COMP 47 OHM 10% 1/4W 01121 CB 4701
A17A1R3 06844701 R:FXD COMP 47 OHM 10% L/4W 01121 CB 4701
ALTALR4 0698-4123 R3FXD MET FLM 499 DHM 1% 1/8W 28480 0698-4123
A17A1RS 0698-4123 RIFXD MET FLM 499 OHM 1% 1/8W 28480 0698-4123
AlTAIRG 0684-4701 R:FXD COMP 47 OHN 10% 1/4W 01121 CB 4701
Al7Alué 8120-1855 CABLE:RIBBON 28480 8120-1855
ALTAZ 03490-66518 1 OUTGUARD REM ISOLATION BOARD ASSY 284 80 03490-66518
A17A201 1854-0071 TSTR:zSI NPN{SELECTED FROM 2N3704) 28480 1854-0071
A17A202 1854-0071 TSTR:ST NPNISELECTED FROM 2N3704) 28480 1854~-0071
ALTA203 1854-0071 TSTR:SI NPNISELECTED FROM 2N3704) 28480 18540071
Al742R1 0684-4701) R:FXD COMP 47 OHM 10T 1/4W or121 CB 4701
A1TA2R2 0698-4123 RzFXD MET FLM 499 OHM 1% 1/8W 28480 0698-4123
ALTA2R3 0698-4123 R:FXD MET FLM 499 DHM 1% 1/8W 28480 0698-4123
ALTA2R4 0684-4701 R:FXD COMP 47 DHM 10% 1/4W 01121 CB 4701
A1TA2ZRS 0684-4701 RIFXD COMP 47 OHM 10% 1/4W 01121 CB 4701
ALTAZRS 0698-4123 RIFXD MET FLM 499 OHM 1% 1/84 28480 0698-4123
Al1TAZN7 8120-1855 CABLE:RIBBON 28480 8120-1855
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A22 03490-60302 1 SYSTEM TSOLATION ASSY 28480 03490-60302
A22MP 1 03490~-04114 1 PLATE:SYSTEM L1 28480 03490-04114
A22U1 1990-0402 TSTR:PHOTO 28480 1990-0402
A220U2 1990-0402 TSTR: PHOTO 28480 1990-0402
A22A1 03490-66522 1 INGUARD SYSTEM TSOLATION BOARD ASSY 28480 03490-66522
A22A1R1 0684-8221 RIFXD COMP 8200 OHM 10% 1/44W 01121 cn 8221
A22A1R2 0684-1021 RIFXD €COMP 1000 OHM 10X 1/4W 01121 c8 1021
A22A1U1 1820-0586 IC€:TTL LP HEX INVERTER 12040 DM74L04N
A22A2 03490-66523 1 OUTGUARD SYSTEM [SOLATION BOARD ASSY 28480 0349066523
A22A2C1 1854~-0071 TSTR:SI NPNISELECTED FROM 2N3704) 28480 1854-0071
A22A2¢2 1854-0071 TSTR:SI NPNISELECTED FROM 2N37041) 28480 1854—-0071
A22A2R1 0684-4701 R:FXD COMP 47 OHM 10X 1/4W ot121 CB 4701
A22A2R2 0684-4701 RIFXD COMP 47 OHM 10% 1/4MW 01121 B8 4701
A24 0349066524 1 S/H ANALOG JUMPER ASSY 28480 03490-66524
A24MP]) 4040-0748 EXTRACTOR:PC BOARN, BLACK 28480 4040-0748
A24MP2 4040~-0752 2 FXTRACTOR:PC BOARD, YELLOW 28480 4040-0752
AZ4R1 0698-0084 1 RIFXD MET FLM 2,15 (HM 1% 1/8W 28480 0698-0084
A25 03490~-66525 1 S/H LOGIC JUMPER ASSY 28480 03490-66525
A25MP1 4040-0T748 EXTRACTOR:PC BOARD, RLACK 28480 4040~0748
A25MP2 4040-0753 2 EXTRACTHRR:PC BOARDs GREEN 28480 4040~-0753
.
A26 03490~ 66526 1 RAT IO JUMPER ASSY 28480 0349066526
A26MP 1 1200-0768 SOCKET: INTEGRATED CIRCUIT 14 CONTACT 91506 314-AGSD-3R
A26MP 2 4040-0748 EXTRACTOR:PG BOARD. BLACK 28480 4040-0748
A26MP3 4040-0754 EXTRACTOR:PC BNARD, BLUE 28480 4040~0754
A7 03490-66527 1 SAMPLE/HOLD ANALOG BOARD ASSY 284 80 03490-66527
A27C1 0160-2198 2 C:FXD MICA 20 PF S% 72136 RDM15C200J3C
A27C2 0160~-2198 C:FXD MICA 20 PF S% 721386 RDM15C20043C
A27C5 0l180~-0197 C:FXD ELECT 2.2 UF 10% 20VDCW 56289 150n225X9020A2-DYS
A27C6 0180-0197 CIFXD ELECT 2.2 UF 10Z% 20VDCW 56289 1500225X9020A2-DYS
A27CT 0180-0197 C:FXD ELECY 2.2 UF 10Z 20VDCW 562 89 150D0225X9020A2-DYS
A27C8 0180-0197 C:FXD ELECT 2.2 UF 10% 20VDCW 56289 1500225X9020A2~DYS
A27C9 01 60-0679 1 C:FXD TEFLON 5600 PF 5% 100VDCW 28480 0160-0679
A27C1C 0160-385% 1 C:FXD POLY 5600 PF 5% 100VOCW 28480 0160-3855
A27C11 0160-3077 2 C:FXD MY 0,027 UF 10% LOOVDCW 562 89 225P2739WB1~-PNM
A27CY2 0160-3419 1 C:FXD 0.1 UF 100VDCW 28480 0160-3419
A2T7C1 4 0160-2199 C:FXD MICA 30 PF 5% 300VDCW 28480 0160-2199
A27C1S 0160-3622 C:FXD CER 0.1 UF +80-20% 100VDCW 72982 8131-100-651-1042
A27ClL & 01 60-3183 2 C:FXD MY 0.47 UF 20% SOVDCW 84411 HEW 101
A27C1 7 0160-2199 C:FXD MICA 30 PF 5% 300VDCW 28480 0160-2199
A27CLE 0160-3183 C:FXD MY 0.47 UF 20T SOVDCW 84411 HEW 101
A27C1S 0160-2199 C:FXD MICA 30 PF 5% 300VDCW 28480 0160-2199
AZTR1L 1901-0040 DINDE:SILICON SO MA 30 WV 07263 FDG1088
A2TCR 2 1901-0040 DIODE:STLICON 50 MA 30 WV 07263 FDG1 088

By
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A27CR3 1901-0376 15 DIODE:SILICON 35V 28480 1901-0376
A2TCR4& 1901-0376 DIODE:SILICON 35v 28480 1901-0376
A27CRS 1901-0376 DIODE:SILICON 35V 28480 1901-0376
A2TCR6 1901-0376 DIODEsSILICON 35V 28480 1901-0376
AZTCR7 1901-0040 DIDDE:SILICON S0 MA 30 WV 07263 FDG1088
A2TCR8 1901-0376 DIODE:SILICON 35V 28480 1901-0376
A2TCRS 1901~-0376 DIODE:SILICON 35v 28480 1901-0376
A27CR1C 1901-0376 DIODE:SILICON 35V 28480 1901-0376

1902-3180 2 DIOCDE BRFAKDOWN:11.8V 2% 400 MW 28480 1902-3180
A2TCRI2
A27CR13 1902-3180 D I0DE BREAKDOWN:11.BV 2% 400 MW 28480 1902-3180
A27CR14 1901-0040 DINDE:SILICON 50 MA 30 WV 072463 FDG1 088
A27CR15 1901-0376 DIODE:SILICDN 35V 28480 1901-0376
A27CR16 1901-0376 DIODE:SILICON 35v 28480 1901-0376
A2ICR17 1902-3191 4 DIODE BREAKDOWN:13.0V 2% 28480 1902-3191
A27CR18 1902-3191 DINDE BREAKDOWN:13.0V 2% 28480 1902-3191
AZTCR1S 1901-0376 DIODE:SILICON 35V 28480 1901-0376
A27CR20 1901-0376 DIODE:S ILICON 35V 28480 1901-0376
A2TCR22 1901-0376 DIODE:SILICON 35y 284480 1901-0376
A27CR23 1902-3191 DIODE BREAKDOWN:13.0V 2% 28480 1902-3191
A27CR 24 1902-3191 DIODE BREAKDOWNZ13.0V 2% 28480 1902-3191
A27CRZ25 1901-0376 DIODE:SILICON 35v 28480 1901-0376
A27CR26 1901-0376 DIOGDE:SILICON 35V 28480 1901-0376
A27CR27 1901-0376 DIDDE:SILICON 35V 28480 1901-0376
A27K1 0490-0373 2 RELAY:RFED 28480 0490-0373
A2TK2 . 0490-0373 RELAYZREFD 28480 0490-0373
A27L1 91 70-0894 BEAD:SHIELDING 28480 9170-0894
A2T71L2 9170-0894 READ:SHIELDING 28480 91 70-0894
A27L3 91 70-0894 BEAD:SHIELDING 28480 9170-0894
A27L4 9170-0894 READ:SHIFLDING 28480 91 700894
A27MP1 4040~-0748 EXTRACTOR:zPC BOARD, BLACK 28480 4040-0748
A2TMP2 4040-0752 EXTRACTOR:PC BOARD., YELLOW 28480 4£040-0752
A2TMP3 1200-0437 SOCKET:IC 8 PIN 17117 5566-235-5
A2TMP4 1200~0474 SOCKET: IC 14-PIN 28480 1200-04174
A27MPS 0340-0060 FEEDTHRUSIINSULATED MOUNT ING 28480 0340-0060
A2701 1855%~0093 TSTR:FET N-CHANNEL 28480 1855-0093
A27Q2 1855-0308 TSTR:SI NPN DUAL 28480 1855-0308
A2703 1855-0093 TSTR:FET N-CHANNEL 28480 1855-0093
A2704 1855-0093 TSTR:FET N-CHANNEL 28480 1855-0093
A2705 1855-0093 TSTR:FET N-CHANNEL 28480 1855-0093
A2706 1855-0308 TSTR:SI NPN DUAL 28480 1855-0308
A27C7 1855-0093 TSTRIFET N-CHANNEL 28480 1855-0093
A27Q8 1854~0215 TSTR:SI NPN 80131 2N3904
A2709 1855~-0093 TSTR:FET N~EHANNEL . 28480 1855-0093
A27011 1855-0341 1 TSTR:SI FET N-CHANNEL 13327 2N4338

" .

A27R1 0757-0280 R2FXD MET FLM 1K OHM 1 1/8W 28480 0757-0280
A27R2 0157-0273 RIFXD MET FLM 3.01K OHM 1% 1/8W 28480 0757-0273
A2TR3 2100-2489 1 R:VAR FLM 5K OHM 10% LIN 1/2W 28480 2100-2489
A2TRS 0698-4460 1 REFXD FLM 549 OHM 1Z 1/8BW 28480 06984460
A2TRS 0698-3445 2 R2FXD MET FLM 348 OHM 1% 1/8W 28480 0698~3445
A2TRG 2100-3103 1 RIVAR CERMET 10K OHM 10X TYPF P 3/4W 28480 2100-3103
A27R8 07570449 R:FXD FLM 20K OHM 1% 178w 28480 0757-0449
A27R9 0757-0449 R:FXD FLM 20K OHM 1% 1/8W 28480 07157~-0449
A27R10 0757-0453 RIFXD MET FLM 30.1K OHM 1% L/8W 28480 0757-0453
A2TR11 0757-0442 RIFXD MET FLM 10.0K OHM 1% 1/8W 28480 0757-0442
A27R13 2100-3306 RIVAR CERMET 50K OHM 10T TYPE P 3/4W 28480 2100-3306
A27R14 2100-3311 RIVAR CERMET 500 OHM 10X TYPE P 3/4W 28480 2100~-3311
A27R15S 0757-0449 R:FXD FLM 20K OHM 1% 1/8W 28480 07570449
A27R17 0757-0449 RFXD FLM 20K OHM 1Z 1/8W 28480 0757-0449
A2TR1 & 0684-4731 RIFXD COMP 4TK OHM 108 1/4W 01121 C8 4731
A2TR1S 0684-4731 RIFXD COMP 47K OHM 10X 1/4W 01121 CB 4731
A27R20 06984505 4 RIFXD MET FLM 71.5K OHM 1X 1/8wW 28480 06984505
A27R21 0698-4505 R2FXD MET FLM 71.5K OHM 1% 1/8W 28480 0698-4505
A27R22 0698-3445 R3FXD MET FLM 348 UHM 1% 1/8W 28480 0698~3445
A27TR23 0757-0438 R2FXD MET FLM S5.11K OHM 1% 1/8W 28480 0757T-0438
‘27R2: 0757-0438 R:FXD MET FLM 5.11K OHM 1% 1/8W 28480 0T57-0438
A27R2S 0757-0465 R:FXD MET FLM 100K OHM 13X 1/8W 28480 0757-0465
A2TR2 € 0757-0449 R3FXD FLM 20K OHM 1% 1/8W 28480 0757-0449
A2TR29 0757-0438 RIFXD MET FLM S.11K DHM 1IX 1/8W 28480 0757-0438
A27R30 0757-0465 R:FXD MET FLM 100K OHM 1ZX 1/8W 28480 07570465
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A27TR31 0757-0449 RIFXD FLM 20K OHM 1X L/8MW 28480 07570449
A27R32 0757-0401 RIFXD MET FLM 100 OHM 1% 1/8W 28480 0757-0401
A2TR33 0757-0465 RIFXD MET FLM 100K OHM 1X 178w 28480 07570465
A2TR34 0698—-3162 2 RIFXD MET FLM 46.4K DHM 1% 1/8W 28480 0698-3162
A2TR3S 0757~-0442 R:FXD MET FLM 10.0K OHM 1% 1/8W 28480 07570442
A2TR3 & 0757-0401 RIFXD MET FLM 100 OHM L% 1/8W 28480 0757-0401
A2TR37 0698-3162 RIFXD MET FLM 46.4K OHM 12 1/8w 28480 0698-3162
A27R3E 0698-4505 RIFXD MET FLM 71.5 OHM 1% 1/8W 28480 0698-4505
A27TR39 0698-4505 RIFXD MET FLM 71.5K OHM 1% 1/8uW 28480 0698-4505
A2TR40 0684-4731 RIFXD COMP 4TK OHM 10X 1/4W 01121 CB 4731
A2TR43 0T757-0449 R2FXD FLM 20K OHM 1% 1/8W 28480 07157-0449
A2TR& 4 0757-0438 RIFXD MEY FLM 5.11K OHM 1Z 1/8W 28480 0757-0438
A2TR4E 0757-0449 RIFXD FLM 20K OHM 1% 1/8wW 28480 0757~-0449
A2TRA4 € 07570449 R2FXD FLM 20K OHM 1% 1/8W 28480 0757-0449
A2TR4T 0684~4731 REFXD COMP 47K OHM 10X 1/4MW 01121 C8 4731
A27TUl 1826-0059 5 IC:LIN. OPERATIONAL AMPLIFIER 12040 LM201ANM
A27U2 1826-0018 IC:LINEAR OPERATIONAL AMPLIFIER 28480 1826-0018
A27TU3 1826-0059 IC:LIN. NPERATIONAL AMPLIFIER 12040 LM201AM
A2TU4 1826-0059 IC:LIN. DPERATIONAL AMPLIFIER 12040 LM201AM
A27US 1826-0021 1 JC:VOLTAGE FOLLOWER O TO 70 C T0O-99 12040 LM310H
A27U6 1826-0059 IC3LIN. OPERATIONAL AMPL IFIER 12040 LM201AM
A27U7 1826-0059 1C:LIN. OPERATIDNAL AMPLIFIER 12040 LM201AM
A2708 1820-1021 2 IC:DIGITAL 28480 1820-1021
A27TU9 1820-1021 1C:DIGITAL 28480 1820-1021
A2TU10 18200174 IC:TTL HEX INVERTER 01295 SNT404N
A28 03490-66528 1 SAMPLE/HOLD LOGIC BOARD ASSY 28480 03490~-66528
A28C1 0160-3077 C:FXD MY 0.027 UF 10T 100VIXCW 56289 225P27T39WB1-PHNM
A28C2 01 50-0084 C:FX0 CER 0.1 UF +B0-20% 100VDCW 72982 8131-100~651-104Z
A28C3 0160-2605 C:FX0 CER 0.02 MFD +80-20% 25VOCHW 72982 5835000-Y5U 2032
A28CR1 1901-0518 OIODE:HOT CARRIER 28480 1901-0518
A28CR2 1902-3183 1 DIODF:BREAKDONN 12.1V 2% 400nu 28480 1902-3183
A28MP 1 4040-0748 EXTRACTOR:PC BOARD. BLACK 28480 4£040-0748
A28MP2 4040-0753 EXTRACTOR:PC BOARD. GREEN 28480 4040-0753
A28MP3 1200-0474 SOCKET: IC 1&-PIN 28480 1200-0474
A28MP 4 1200-0473 SOCKET: IC 16-PIN 28480 1200-0473
A28MPS 1200~-0469 SOCKET:IC 28 CONTACT DUAL-INLINE TYPE 28480 1200-0469
A28MPE 0380-0832 4 STANDOFF:SWAGE TYPE 0.500%" LG 00000 OBD
A28Q1 1854~-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071
A28R1 0684-1031 RIFXD COMP 10K OHM 10T 1/4W 01121 CB 1031
AZ8R2 0684—-332] R:FXD COMP 3300 OHM 10% 1/4W or121 C8 3321
A28R3 0684~5621 RIFXD COMP 5.6K OHM 10T 1/74W o1121 CB 5621
A28R4 0684~6821 RIFXD COMP 6.8K OHM 10% 1/4W 01121 CB 6821
A2 8RS 0684~-1011 R2FXD COMP 100 DHM 10% 1/44W 01121 €8 1011
A28R6 0684-3321 RIFXD COMP 3300 OHM 10% 1/4W 01121 €B 3321
‘28@7 0684~-1031 R2FXD COMP 10K OHM 10% 1/74W 01121 c8 1031
A28R8 0684-5621 RIFXD COMP S5.6K OHM 10Z 1/4W 01121 CB 5621
A28R9 1810-0050 3 RESISTIVE NETWORK 10 X 15K OHM 102 28480 1810-0050
A28R10 1810-0050 RESISTIVE NETWORK 10 X 15K OHM 102 28480 1810-0050
A28R11} 0684-5621 R:FXD COMP S.6K OHM 10X 1/4M 01121 CB 5621
A28R12 0684-5621 R:FXD COMP S.6K DHM 10X 1/4W 01121 8 5621
A28R13 07570446 R:FXD MET FLM 15.0K OHM 1% 1/8W 28480 0757-0446
A28R14 0757-0283 R3FXD MET FLM 2.00K OHM 1X 1/8M 28480 0757-0283
A2BR1S 0684-1021 R:FXD COMP 1000 OHM 10T 1/4W 01121 €8 1021
A28U1 1820-0583 IC:TTL LP QUAD 2-INPT NAND GATE 12040 DMT74LOON
A28U2 1820-0658 2 IC:TTL LOW POWER 8~INPUT MUL TIPLEXER 07263 SL17146
A28U3 1820~0596 IC:TTL LP DUAL EDGE TRIG. D F/F 12040 DMT4LT4N
A28U3 1820-0658 IC:TTL LOW POWER 8~INPUT MUL TIPLEXER 07263 SL17146
A28U4 1820~-0656 TC:TYL LP 4-BIT 2-INPT MULTIPLEXER 01295 SN74L98N
A28US 1820-0656 IC:TTL LP 4~BIT 2-INPT MULTIPLEXER 01295 SN74198N
A28U6 1820~-0708 TC:TTL LOW POWER DUAL 4-INPT MULTIPLEX 07263 U6B93L0959X
A28UT 1820-0471 1 IC:TTL HEX INVERTER W/ OPEN COLL.(30V) 01295 SN7406N

o
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A280U9 1820-0099 1C:TTL 4-BIT BINARY COUNTER 01295 SN7493N
A23U1C 1820-0656 IC:TTL LP 4-BIT 2-INPT MULTIPLEXER 01295 SN74L98N
228011 1820-0980 1 [C:DIGITAL CMDS HEX BUFFER/TRANSLATOR 28480 1820-0980
h28012 1820-0598 IC:TTL LP OUAD 2-INPT EXCL. OR GATE 12040 DMT4LB6N
AZ8U13 1820-0077 IC:TTL DUAL D F/F 01295 SNT474N
818-2094 1 1C:N-CHANNEL ROM 28480 1818-2094
TazEng S otane 1C:TTL LP 4-BIT 2-INPT MULTIPLEXER di295 SN74L58N
Asaule 1820-0935 1 IC:DIGITAL CMOS 14-BIT BINARY COUNTER 28480 1820-0935
A29 11118-66501 1 OUTGUARD TRIGGER ASSY 28480 11118-66501
Az9c1 0180-2511 C:FXD AL ELECT 370 UF 20VDCW 28480 0180-2511
429C3 0180-0228 1 C:FXD ELECT 22 UF 10X {5VOCH 56289 1500226 X901562~DYS
A29C4 0150-0050 C:FXD CER 1000 PF +80-202 1000VOCH 56289 C0678102E1022526-COH
A29C5 0170-0040 C:FXD MY 0.047 UF 10% 200VDCM 56289 192P47392-PTS
A29C6 0150-0050 C:FXD CER 1000 PF +80-20% 1000VOCH 56289 CO67B102E1022526-CDH
A29CR1 1901-0028 DIODESSILICON 0.754 400PTV 04713 SR1358-9
A29CR 2 1902-0049 DIGDE:BREAKDOWN 6.19V 5% 04713 §2190939-122
A29CR3 1901-0040 DINDE:SILICON 50 MA 30 WV 07263 FDG1088
AZ9NP1 1251-2551 CONNECTOR:SINGLE CONTACT MINTATURE 00779 332070
A2901 18540022 1 TSTR:SI NPN 07263 S17843
42902 1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071
42903 1854-0071 TSTR:SI NPNISELECTED FROM 2N3704) 28480 1854-0071
A29R1 0684-1031 RIFXD COMP 10K OHM 10Z 1/4W 01121 CB_103)
A29R2 0757-0388 REEXD FLM 30.1 OHM 12 1/8W 28480 0757-0388
A29R3 0684-8221 RIFXD COMP 8200 OHM 108 1/4W o112t c8 8221
A29R4 0684-1011 RIFXD COMP 100 OHM 10% 1/4W oriz1 B 1011
A29RS 0684-1231 RIEXD COMP 12K OHM 10X 1/4W o121 c8 1231
A29R6 0684-2231 RIFXD COMP 22K OHM 105 1/4W 01121 cB 2231
A29R7 0684-1021 R:FXD COMP 10300 OHM 10% 1/4M 01121 €B 1021
A29R8 0684-1021 RIFXD COMP 1000 OHM 10% 174K o1121 €8 1021
A29R9 0684-8221 R:EXD COMP 8200 OHM 10% 1/4M o121 ce 8221
A29T1 9100-3273 2 TRANSFORMER: PULSE 28480 9100-3273
A29U1 1820-0586 IC:TTL LP HEX INVERTER 12040 DMT4L04N
A29W6 0349061617 1 CABLE ASSY:TRIG 28480 0349061617
A30/A35 0349060313 1 ASCII ISOLATION ASSY: INCLUDES 28480 0349060313
A30, A35 AND U1 THRU U11
A30/A35U1-UT1 1900-0402 A TSTR:PHOTO , 28480 19900402
A30 03490-66530 1 ASCIl OUTGUARD 1SOLATION ASSY 28480 03490~ 66530
" ;
A3o0c1 0180-1701 C:FXD ELECT 6.8 UF 208 6VDCW 28480 0180-1701
A30€C2 0160-0156 1 C:EXD MY 0.0039 UF 108 200VDCW 56289 192P39292-PTS
azoc3 0150-0093 C:FXD CER 0.01 UF +80-20%. 100VDCW 72982 801-K800011
A30C4 01500093 C:FXD CER 0.01 UF +80-20% 100VDCW 72982 801-K800011
A30CR1 1901~-0040 DIODE:SILICON 50 MA 30 WV 07263 FDG1088
A30(R2 1902-3030 2 OINDE BREAKDOWN:3.01V 5% 400 Mu 28480 1902-3030
A30CR3 1901-0040 DIGDE:SILICON 50 MA 30 Wv 07263 FDG1088
AzoMp1 1200-0431 SOCKETZIC 24 CONTAGT 28480 1200-0431
A3QMP2 1200-0473 SOCKETz 1C 16-PIN 28480 1200-0473
A30MP3 1200-0474 SOCKET: IC 14-PIN 28480 1200-0474
A3001 1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071
A3002 1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071
A3003 1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071
43004 1854-0071 TSTR:ST NPNISELECTED FROM 2N3704) 28480 1854-0071
A3005 18540071 TSTR:SI NPN{SELECTED FROM 2N3704) 28480 1854-0071
43006 1854-0071 TSTR:SI NPNUSELECTED FRON 2v3704) 28480 1854-0071
A3007 1854-0071 TSTR:SI NPN{SELECTED FROM 2N3704) 28480 1854~0071
A3008 1854-0071 TSTR:SI NPNISELECTED FROM 2N3704) 28480 1854-0071
43009 1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071
A30R1 0684-1021 RIFXD COMP 1000 OHM 10% 1/4W o121 B 1021
A30R2 0684-333] RIEXD COMP 33K OHM 10X 1/4W 01121 8 3331

See introduction to this section for ordering information
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Section VI

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

Model 3490A

_ Mfr

Reference |lip part Number| Qty Description Code | Mfr Part Number
Designation ode
A30R3 0684—6821 RIFXD COMP 6.8K OHM 10% 1/4W 01121 B 6821
A30R4 0684-3331 RIFXD COMP 33K OHM 1O% 1/4M 01121 ce 333t
A30RS 0684-3331 RzFXD COMP 33K NHM 10% 1/4W ot121 c8 3331
A30R6 0684-5611 1 RIFXD COMP 560 OHM 10X 1/4W 01121 c8 5611
A30R12 0684~-6821 RIFXD COMP 6.8K OHM 10% 1/4W o121 €8 6821
A30R13 0684-6821 R:FEXD COMP 6.8K OHM 10X 1/4W 01121 cB 6821
A30R14 0684-6821 R:FXD COMP 6.8K OHM 10% 1/4W 01121 cB 6821
A30R15 0684-6821 R:FXD COMP 6.8K OHM 10% 1/4W 01121 B 6821
A30R16 0684-6821 RIFXD COMNP 6.8K OHM 10% 1/4W 01121 CB 6821
A30R17 0684-2211 A 11 R:FX0 COMP 220 OHM 10% 1/4W 01121 cB 2211
A30RLE 0684-2211 /A RIFXD COMP 220 oHM 16% 1/4W 01121 CB 2211
A30R1S 0684—2211 RIFXD COMP 220 OHM  10% 1/4W 01121 CB 2211
A30R20 0684—2211 RIFXD COMP 220 OHM 10% 1/4W 01121 c8 2211
A30R21 06842211 R:FXD COMP 220 OHM 10% 1/4W 01121 c8 2211
A30R22 0684-1031 R:FXD COMP 10K OHM 10X 1/4MW o1121 c8 1031
A30R23 0684-1031 R:FXD COMP 10K OHM 10% 1/4W 01121 CB 1031
A30R24 06841521 11 R:FXD COMP 1500 OHM 10% 1/4W 01121 CB 1521
A30R25 0684—1521 RIFXD COMP 1500 OHM 10% 1/4W 01121 CB 1521
A30R26 0684—1521 R2FXD COMP 1500 OHM 10% 1/4W 01121 CB 1521
A30R27 0684-1521 A\ R:FXD COMP 1500 OHM 10% 1/4W 01121 CB 1521
A30R2 € 0684-1521 A R:FXD COMP 1500 OHM 10% 1/4W 01121 cB 1521
A30R2S 0684-6821 RIFXD COMP 6.8K OHM 10% 1/4w 01121 8 6821
A30R30 0684-2211 A\ R:FXD COMP 220 OHM 10% 1/4W 01121 CB 2211
A30UL 1820-0710 1C:DIGITAL TTL#LOGIC 5V 5% 07263 SL17315
A30U2 1820-0621 3 TC:TTL QUAD 2-INPT NAND BUFFER W/OPEN C 01295 SNT438N
A30U3 1820-0586 IC:TTL LP HEX ENVERTER 12040 DMT4LO4N
A30U4 1820-0640 3 IC:TTL DATA SELECTOR/MULTIPLEXER 01295 SNT4150N
A30US 1820-0174 IC:TTL HEX INVERTER 01295 SNT4 04N
A30U6 1820-0590 1 IC:TTL LP DUAL 2W 3-3,2—-2 IN AND-OR INV 12040 DMT4L51IN
A30U7 1820-0710 IC:DIGITAL TTL+LOGIC 5V 5% 07263 SL17315
A30U8 1820-0586 1C:TTL LP HEX INVERTER 12040 DMT4LO4N

e B
A3l 03490-66531 1 OUTGUARD MOTHER BDARD ASSY 28480 03490-66531
A31C1 0180-2511 C:FXD AL ELECT 370 UF 20VDCW 28480 0180-2511
A31C2 0180-2511 C:FXD AL ELECT 370 UF 20VDCW 28480 0180-2511
A31C3 0180-0197 C:FXD ELECT 2.2 UF 10% 20VDCW 56289 150D225X9020A2-DYS
A31C4 0180-0229 C:FXD ELECT 33 UF 10% 10VDCW 28480 0180-0229
A31C5 0150-0050 C:FXD CER 1000 PF +80-20% 1000VOCW 56289 C067B102E1022526~CDH
A31C6 0180-0197 C:FXD ELECT 2.2 UF 10% 20VDCHW 56289 1500225X9020A2-DYS
A31C7 0150-0050 C:FXD CER 1000 PF +80-20% 1000VDCW 56289 C067B102E1022526~COH
A31C8 0170-0040 C:FXD MY 0.047 UF 10% 200VDCW 56289 192P47392-PTS
A31C9 0150-0050 C:FXD CER 1000 PF +80-20% 1000VDCW 56289 CO6TB102E1022526-COH
a3icic 0150-0093 C:FXD CER 0.01 UF +80-20% 100VDCW 72982 801-KB00O11
A31CR} 1901-0363 DIODE ASSY:SI 100 PIV PER CELL 28480 1901-0363
A31CR2 1901-0363 DIODE ASSY:S1 100 PIV PER CELL 28480 1901-0363
AZ1Ck3 1901-0040 DIBOE:STLICON 50 MA 30 WV 07263 FDG1088
A3lCR& 1901-0040 OIODESSILICON 50 MA 30 WV 07263 FDG1088
A3nces 1902-3190 DIODE BREAKDOWN:13.0V S% 400 MW 28480 1902-3190
A31CRe 1901-0040 DIODE:STLICON SO MA 30 WV 07263 FDG1088
A31J1 1251-1365 CONN:PC 44 (2X22) CONTACTS 71785 252-22-30-300

See introduction to this section for ordering information
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Model 3490A

Section VI

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

Reference |pp part Number| Qty Description Code Mfr Part Number
Designation
A3142 1251-1365 CONN:zPC 44 (2X22) CONTACTS 71785 252-22-30-300
A3103 1251-1365 CONNIPC 44 (2X22) CONTACTS 71785 252-22-30-300
AT 1205-0259 ! HEAT DISSIPATOR:FOR ¥0O-3 CASE 13103 6104C-TOP
A3LMP2 1251-0615 1 CONNECT OR: L4~PIN, DUAL-IN-LINE 28480 12510615
A31MP3 1200-0474 SOCKET:1C 14-PIN 28480 1200-0474
A3LMP4 0380-1036 1 STANDOFF :STUD MQUNT 00000 BD
PETAS 12512551 CONNECTOR:SINGLE CONTACT MINIATURE 00779 332070
ABLNPE 2260-0001 2 NUT:HEX SSTL 4-40X1/4X3/32 80120 08D#
ABINP 5040-0170 GUIDE:PLUG-IN PC BOARD 28480 5040-0170
43101 1854-0071 TSTR:SI NPNISELECTED FROM '2N3704) 28480 1854-0071
22102 1854-0071 TSTR:SI NPNISELECTED FROM 2N3704) 28480 1854-0071
A31R3 0684-3321 R:FXD COMP 3300 OHM 10T 1/4W 01121 c8 3321
A31R% 0684-1011 R:FXD COMP 100 OHM 108 1/4W 01121 €8 1011
A31RS 0684-8271 R:EXD COMP 8200 OHM 103 1/4W 01121 c8 8221
231R6 1810-0135 1 RESISTIVE NETWORK 5 X 10K OHM 5T 1/4W 28480 1810-0135
A3IRT 1810-0136 2 RESISTIVE NETWORK 2 28480 1810-0136
A31R8 1810-0136 RESTSTIVE NETWORK: 28480 1810-0136
A31R9 0684~6821 RIFXD COMP 6.8K OHM 10% 1/4wW 01121 CB 6821
A3IRIC 0684-2231 RIFXD COMP 22K OHM 10% 1/4W 01121 ce 2231
A31R11 0684-1231 RIFXD COMP 12K DHM 10% 1/4W 01121 €8 1231
A3LRA2Z 0684-1021 RIFXD COMP 1000 DHM 10% 1/4H 01121 €8 1021
A31R13 0684-8221 R:FXD COMP 8200 OHM 10X 1/4W 01121 CB 8221
A31RL4 0684-1021 R:FXD COMP 1000 OHM 103 1/4% 01121 €B. 1021
A31R1S 0684-2221 R:FXD COMP 2200 OHM 10% 1/4W o121 c8 2221
A317} 9100-3273 TRANSFORMER: PULSE 28480 9100-3273
A31UL 1820-0430 IC:LINEAR, VOLTAGE REGULATOR 5V 28480 1820-0430
A31U2 1820-0174 1C:TTL HEX INVERTER 01295 SN7404N
A31U3 1820-0621 1C:TTL OUAD 2-INPT NAND BUFFER W/OPEN C 01295 SN7438N
A31U4 1820-0586 IC:TTL LP HEX INVERTER 12040 DMT4L04N
A31WE 0349061617 1 CABLE ASSY:TRIG 28480 03490-61617
A3W7 0349061618 1 CABLE ASSY:ASCII 28480 03490-61618
A32 03490-66532 1 OUTGUARD ROM ASSY 28480 03490-66532
A32C1 0160-0299 1 C:FXD MY 1800 PF 102 200VOCW 56289 192P18292-PTS
A32C2 0180-1743 1 C:FXD ELECT 0.1 UF 10% 35VDCW 56289 1500104 X5035A2-DYS
A32¢3 0160-3847 1 C:FXD CER 0.01 UF +100-10% 25VDCW 72982 8005-01ACB~WSR—103P
A32C4 0150~0093 C:FXD CER 0.01 UF +80-20% 100VOCW 72982 801-K800011
A32CR1 1901-0040 DINDE:SILICON 50 MA 30 WV 07263 FDG1088
A32CR2 1901~0040 DIODE:STLICAN 50 MA. 30 WV 07263 FDG1088
A32MP1 4040-0713 1 EXTRACTOR:PC BOARD, ORANGE 28480 4040-0713
A32MP 2 1200-0431 SOCKET: IC 24 CONTACT 28480 1200-0431
A32MP3 1200-0469 SOCKET:1C 28 CONTACT OUAL~INLINE TYPE 28480 1200-0469
A32MP4 1200-0473 SOCKET: IC 16-PIN 28480 1200-0413
A32MPS5 1200-0474 SOCKET: IC 14-PIN 28480 1200-0474
A32R1 0684-1231 RIFXD COMP 12K OHM 10% 1/4W 01121 c8 1231
A32R2 0684-2221 R:FXD COMP 2200 OHM 10T 1/4W 01121 CB 2221
A32R3 1810-0050 RESISTIVE NETWORK 10 X 15K OHM 10% 28480 1810-0050
A32R4 1810-0055 3 RESISTIVE NETWORK:8 ALL 10K OHM 5% 28480 1810-0055
A32R5 1810-0055 RESISTIVE NETWORK:8 ALL 10K OHM 5% 28480 1810-0055
A32R6 0684-1031 RIFXD COMP 10K OHM 10% 1/4W 01121 €8 1031
A32RT 0684-1031 RIFXD COMP 10K OHM 10% 174w 01121 C8 1031
A32R8 0684-1031 R:FXD COMP 10K OHM 10% 1/4W 01121 C8 1031
A32R9 0684-1031 RZFXD COMP 10K OHM 10% 1/4W 01121 CB 1031
A32R10 0684-1031 R:FXD COMP 10K OHM 10X 1/4W o1121 CB 1031
A32R1) 0684-1031 R:FXD COMP 10K OHM 10% 1/4W oLi21 CB 1031
A32R12 0684-1031 RIFXD COMP 10K OHM 10% 1/4W o1121 C8 1031
A32u1 1820-0567 IC:TTL DUAL VOLTAGE-CONTROLLED MULTIVI 04713 MC4024P

t A3202 1816-2097 1 ROM: N-CHANNEL 28480 1818-2097

1 A32u3 1818-2098 1 ROM: N-CHANNEL 28480 1818-2098
A32u4 1820-0788 IC:TTL HEX D-TYPE FLIP/FLOP WITH CLEAR 01295 SN35431
A32u5 1820-0586 IC:TTL LP HEX INVERTER 12040 DMT74L04N
A32us 1820-0788 IC:TTL HEX D-TYPE FLIP/FLOP WITH CLEAR 01295 SN3543]

See introduction to this section for ordering information
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Section VI Model 3490A
Table 6-1. Replaceable Parts{Cont'd)
L Mfr
Refgrenqe HP Part Number| Qty Description Cod Mfr Part Number
Designation oae
A33 03490-66533 1 OQUTGUARD DATA ASSY 28480 03490-66533
A33C1 01 50-0050 C:FXD CER 1000 PF +80-20% 1000VOCW 56289 CO0678102E1022526—-CDH
A33C2 0150-0093 C3FXD CER 0.01 UF +80-20% 100VDCW 72982 801-K800011
A33C3 0150-0093 C:FXD CER 0.01 UF +80-20% 100VDCH 72982 801~-K800011
A33CR1 1302-3030 DIODE BREAKDOWN:3 .01V 5% 400 MM 28480 1902-~3030
A33MP1 0403-0186 1 EXTRACTOR:PC BOARDs VIOLET 28480 0403-0186
A33MP2 1200-0431 SOCKET:IC 24 CONTACT 28480 1200-0431
A33MP3 1200~-0473 SOCKET:1IC 16—-PIN 28480 12000473
A33MP 4 1200~-0474 SOCKET: IC 14-PIN 28480 1200-0474
A33R1 06844721 R:FXD COMP 4700 OHM 10X 1/4W 01121 CB 4721
A33R2 0684~-2721 R:FXD COMP 2700 NHM 10X 1/74W 01121 CB 2721
A33U1l 1820-0640 IC:TTL DATA SELEC TOR/MUL TIPL EXER 01295 SN74150N
A33U2 1820-0627 IC:TTL LP BCD TO DEC. DECODER 07263 U7B93LQ159X
A33u3 1820~-0627 IC:TTL LP ACD TO DEC. DECODER 07263 UTB93L0159X
A33U4 1820-0596 IC:TTL LP DUAL EDGE TRIG. D F/F 12040 DMT4LT4N
A33U5 1820~-0596 IC:TTL LP DUAL FDGE TRIG, D F/¥ 12040 DMT4LT&N
A33U6 1820~0596 TC:TTL LP DUAL EDGEF TRIGe D F/F 12040 OM74LT74N
A33u7 1820-0591 IC:TTL LP 4W 3-2-2-3 INPT,AND DR GATE 12040 DMT4L54N
A33us8 1820-0839 3 IC:TTL QUAD D-TYPE F/F 01295 SN74175N
A33U9 1820-0839 IC:TTL QUAD D-TYPE F/F 01295 SNT4175N
A33U10 1820-0583 IC:TTL LP QUAD 2-INPT NAND GATE 12040 DMI4LOON
A33Ull 1820-0174 IC:TTL HEX INVERTER 01295 SN7404N
A33U12 1820-0621 IC:TTL QUAD 2-INPT NAND BUFFER W/OPEN C 01295 SNT438N
A33U13 1820-0591 IC:TTL LP 4W 3-2-2-3 INPT.AND OR GATE 12040 DMT4L54N
A33U14 1820~-0596 IC:TTL LP NUAL EDGE TRIGe D F/F 12040 DMT4LT4AN
A34 03490-66534 1 INGUARD ROM ASSY 28480 03490-66534
A34C1 01 50-0093 C:FXD CER O.QA,UF +80-20% 100VDCHW 72982 801-k800011
A34CR1 1902-3190 DIODE BRFAKDOWN:13.0V 5% 400 MW 28480 1902-3190
. \
A34MP 1 4040-0748 EXTRACTOR:PC BOARDs BRLACK 28480 4040-0748
A34MP2 4040-0747 EXTRACTOR:PC~BOARD. GRAY 28480 4£040-0747
A34NP3 1200-0469 SOCKEY:1C 28 -CONTACT DUAL-INLINE TYPE 28480 1200-0469
A34MP 4 1200-0473 SOCKET:IC 16-PIN 28480 1200-0473
A34MPS 1200-06474 SOCKET:IC 14-PIN 28480 1200-0474
A34R]1 06842221 R2FXD COMNP 2200 OHM 10T 1/4M 01121 €8 2221
A34R2 0684-3321 R:FXD COMP 3300 OHM 10X 1/4W ol121 8 3321
A34R3 0684~-1531 R:2FXD COMP 15K OHM 103 1/4W o121 B 1531
A34R4 1810-0055 RESISTIVE NETWORK:8 ALL 10K OHM SX 284380 1810-005%5
A34R5 0684-1831 8 RIFXD COMP 18K OHM 10T 1/4W 01121 Ch. 1831
A34R6 0684-183]1 RIFXD COMP 18K OHM 10% L1/4W 01121 CB 1831
A34R7 0684-1031 R:FXD COMP 10K OHM 10% 1/74W 01121 CB 1031
A34R8 0684-1031 RIFXD COMP 10K DHM 10X 1/74W 01121 cB 1031
A34R9 0684~1031 RIFXD COMP 10K OHM 10T 1/4W 01121 CcB 1031
A34R1C 0684-1031 R:FXD COMP 10K OHM 10% 1/4W 01121 €8 1031
A34R11 0684-1831 R:FXD COMP 1BK OHM 10 1/74W 01121 CB 1831
A34R12 0684-1031 RIFXD COMP 10K OHM 10T 1/4W or121 CcB 1031
A34R13 06841031 RIFXD COMP 10K OHM 10% 1/4W 01121 c8 1031
A34R14 0684-1031 R:FXD COMP 10K OHM 10X 1/4W 01121 CB 1031
A34R1S 0684-1831 R:FXD COMP 18K OHM 10X 1/4u 01121 CB 1831
A4R1E 0684-1031 REFXD COMP 10K OHM 10% 1/4W 01121 CB 1031
AI4R17 0684-1831 R:FXD COMP 18K OHM 10Z 1/4W 01121 Cc8 1831
A3I&R1 E 0684-1031 R:FXD COMP 10K OHM 10Z 1/74W o121 €8 1031
A34R1S 0684-1031 R:FXD COMP 10K OHM 10% 1/4W 01121 CB8 1031
A34R20 0684-1031 R:FXD COMP LOK OHM 10X 1/4W ni121 CcB 1031
13482} 3684-1831 R:FXD COMP 18K OHM 10% 1/4W 01121 c8 1831
A3&R22Z 0684-183) R:FXD COMP 18K OHM 10% 1/4W 01121 CcB 1831
A3MR23 0684-1831 RIFXD COMP 18K OHM 10% 1/4M 01121 C8 1831
AJMR2Z4 0684~-1031 R2FXD COMP 10K OHM 10X 1744 01121 €8 1031

See introduction to this section for ordering information




Model 3490A

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

Section VI

i Mfr
Referenc_e HP Part Number| Qty Description Code Mfr Part Number
Designation
A34U3 1820-0596 IC:TTL LP DUAL EDGE TRIGw D F/F 12040 DMT4LT4N
A34Us 1820-0777 2 IC:TTL LOW POWER BCD TO DECODER 28480 1820-0777
t A34US 1818-2096 1 ROM:N-CHANNEL 28480 1818-2094
A34U6 1820-0620 2 1C:TTL DUAL 4-INPT MULTIPLEXER 01295 SN74153N
18200620 IC:TTL DUAL 4-INPT MULTIPLEXER 01295 SN74153N
2?233 1820-0596 IC:TTL LP DUAL FDGE TRIGe D F/F 12040 DHT4L74N
A34U9 1820-0788 IC:TTL HEX D-TYPE FLIP/FLOP WITH CLEAR 01295 SN35431
A34U10 1820-0328 IC:TTL QUAD 2-INPT NOR GATE 04713 SNT402N
A34W1 03490-61619 2 CABLE ASSY 28480 03490-61619
A30/A35 03490—60313 ASCH ISOLATION ASSY:INCLUDES A30, A35, AND U1-U11| 28480 03490-60313
A30/A35U1-11 19900402 TSTR:PHOTO 28480 19900402
A3S 03490-66535 1 ASCIl  INGUARD [SOLATION BOARD ASSY 28480 03490-66535
A35¢C1 01500093 C:FXD CER 0.01 UF +80-20% 100VDCW 72982 801~K800011
A3SHP 1 1200-0473 SOCKEY:IC 16-PIN 28480 - 1200-0473
A35MP2 1200-0474 SOCKET: IC 14-PIN 28480 1200~-0474
43501 1854-0071 NPN(SELECTED FROM 2N3704) 28480 1854~0071
43502 1854-0071 NPNISELECTED FROM 2N3704) 78480 1854-0071
43503 1854-0071 NPN{SELECTED FROM 2N3704) 28480 1854-0071
A3504 1854-0071 TSTR:SI NPN{SELECTED FROM 2N3704) 28480 1854~0071
A3505 1854-00T1 TSTRzSI NPN(SELECTED FROM 2N3704) 28480 1854-0071
A3SR1 . 0684—1521 A RIFXD  COMP 1500 OHM 10% 1/4W 01121 cB 1521
A35R2 06841621 % R:FXD COMP 1500 OHM 10% 1/4W 01121 cB 1521
A35R3 0684—1521 R:FXD COMP 1500 OHM 10% 1/4W 01121 CB 1521
A35R4 0684-1521 A\ R:FXD COMP 1500 OHM 10% 1/4W 01121 CB 1521
A35RS 0684—1521 A\ RIFXD COMP 1500 OHM 10% 1/4W 01121 CB 1521
A35R6 06844721 RIFXD COMP 4700 OHM 10% 1/4M 01121 CB 4721
A35R7 0684-6821 RIFXD COMP 6.8K OHM 10% 1/4% 01121 ce 6821
A35RS 0684-6821 RIFXD COMP 6.8K OHM 10% 1/4H 01121 CB 6821
A35R9 0684-6821 R:FXD COMP 6.8K DHM 10% 1/44 01121 C8 6821
A35R1C 0684-6821 RIFXD COMP 6.8X OHM 10% 174N 01121 CB 6821
A35R11 0684-6821 R:FXD COMP 6.8K OHM 10% 1/4W 01121 €8 6821
A35R12 0684-2211 /A R:FXD COMP 220 OHM 10% 1/4W 01121 cB 2211
A35R13 06842211 R:FXD COMP 220 OHM 10% 1/4W 01121 CB 2211
A35R14 0684—2211 RIFXD COMP 220 OHM 10% 1/4W 01121 cB 2211
A35R15 0684-2211 &) RIFXD COMP 220 OHM 10% 1/4W 01121 cB 2211
A35R16 0684—2211 R:FXD COMP 220 OHM 10% 1/4W 01121 cB 2211
A35R17 0684—1521 R:FXD COMP 1500 OHM 10% 1/aW 01121 CB 1521
A350U1 1820-0174 TC:TTL HEX JINVERTER 01295 SNT4 04N
A35U2 1820-0876 1 IC:DIGITAL tP OUAD 4817, TTL 61295 SNT4LT5N
A350U3 1820-0586 [C:TIL LP HEX INVERTER 12040 NM741L.04N
A35U4 1820~0513 1 1C:TTL QUAD 2-INPT AND GATE(OPEN COLL) 01295 SNT409N
A35u1 03490~61619 CABLE ASSY 28480 03490-61619
A36 03490~ 66536 1 INGUARD PROGRAM ASSY 28480 03490-66536
A36C1 0150-0091 C:FXD CER 0.01 UF +80-20% 100VOCHW 72982 801-K800011
A36MP1 4040-0748 EXTRACTOR:PC BOARD, BLACK 28480 4040~0748
A3EMP 2 4040-0755 EXTRACTOR:PC BOARD, VIOLET 28480 40400755
A36MP3 1200-0431 SOCKET:IC 24 CONTACT 28480 1200-0431
A36MP4 1200-0473 SOCKET:IC 16-PIN 28480 1200-0473

4 Refer 10 Backaating Sec. Vil
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Section VI

Model 3490A

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

Refgrenc_e HP Part Number{ Qty Description Cod Mfr Part Number
Designation ode
A36MPS 1200-0474 SOCKET: IC 14-PIN 28480 1200-0474
A3601 1854-0071 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071
A36R1 0684-4701 RIFXD COMP 47 OHM 10Z 1/4W 01121 CB 4701
A36R2 0684-1811 R2FXD COMP 180 OHM 10% 1/4W 01121 C8 1811
A36R3 0684-1031 R:FXD COMP 10K OHM 10T 1/4W oi121 Ce 1031
A36R4G 0684-1031 RIFXD COMP 10K OHM 10% 1/4W 01121 CcB 1031
A3sUl 1820-0600 1 IC:TTYL LP DECADE COUNTER 12040 DM851L 90N
A36U2 1820-0777 IC:TTL LOW POWER BCD TO DECODER 28480 1820-0777
A36U3 1820-0511 IC:TTL QUAD 2-INPT AND GATE 01295 SN7408N
A36U4 1820-0839 IC:TTL QUAD D-TYPE F/F 01295 SNT4175N
A36U5 1820-0174 IC:TTL HEX INVERTER 01295 SNT40AN
A36U6 1820-0656 TC:TTL LP 4=BIT 2-INPT MULTIPLEXER 01295 SN74L98N
A36u? 1820-0640 TC:TTL DATA SELECTOR/MULTIPL EXER 01295 SNT4150N
A36uU8 1820-0656 IC:TTL LP 4-BIT 2-INPT MULTIPLEXER 01295 SN741L.98N
A36U9 1820-0596 TC:TTL LP DUAL EDGE TRIG, D F/F 12040 DM74LT4N
A36Ul1 1820-0596 IC:TTL LP DUAL EDGE TRIG. D F/F 12040 OM74LT74N
A36U12 1820-0596 IC:TTL LP DUAL EDGE TRIG, D F/F 12040 DM74LT74N
A37 11118-66502 1 SAMPLE/HOLD TRIGGER GATE ASSY 28480 11118-66502
A37MP1 40400748 EXTRACTOR: PC BOARD BLACK 28480 40400748
A37MP2 40400755 EXTRACTOR: PC BOARD V10 28480 4040--0755
A37U1 18200583 IC: TTL LP QUAD 2-INPUT NAND GATE 12040 DM74LOON

It

m

h
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Section VI

Model 3490A
.
Table 6-1. Replaceable Parts{Cont’d)
L Mfr
Reference 1pp part Number| Qty Description Code | Mfr Part Number
Designation
CHASSIS €& MISCELLANEOUS PARTS
Al 03490-66501 MAIN CIRCUIT BNARD ASSY 28480 03490-66501
A2 03490-66502 HIGH IMPEDANCE ASSY 28480 03490-66502
A3 03490-66503 BOARD ASSY:DISPLAY 28480 03490-66503
As 0349066504 BOARD ASSY:REMOTE JUMPER 28480 03490-66504
AS 03490-66505 BOARD ASSY:RANGF SWITCH 28480 03490-66505
A6 03490-66506 BOARD ASSY:CONVERTER AC 28480 03490-66506
AT 03490-66507 BOARD ASSY:0OHM CONVERTER 28480 03490-66507
A8 0349066508 OUTGUARD POWER SUPPLY BOARD ASSY 28480 03490-66508
A9 03490-66509 INGUARD DATA OUTPUT BOARD ASSY 28480 03490-66509
Al0 03490-66510 OQUTGUARD DATA NUTPUT BOARD ASSY 28480 03490-66510
All 03490-66511 INGUARD REMOTE ASSY 28480 03490-66511
Al2 03490-66512 UUTGUARD REMOTE BOARD ASSY 28480 03490-66512
Al3 03490-66513 RATIN REFERENCE BNARD ASSY 28480 03490-66513
Al4 NOT ASSIGNED
AlS 03490-60306 DATA OUTPUT LSOLATION BOARD ASSY 28480 03490-60306
A6 NOT ASSIGNED
AlL7 03490-60308 REMOTE ISOLATION BOARD ASSY 28480 03490-60308
Als NOT ASSIGNED
Al9 NOT ASSIGNED
A20 NOT ASSEGNED
A21 NOT ASSIGNED
A22 03490-60302 SYSTEM ISDLATION BNARD ASSY 28480 03490-60302
A23 NOT ASSIGNED
A24 03490-66524 S/H ANALGG JUMPER ASSY 28480 03490-66524
A25 03490-66525 S/H LOGIC JUMPER ASSY 28480 03490-66525
A26 03490-66526 RATTO JUMPFR ASSY 28480 03490~-66526
A7 03490-66527 SAMPLE/HOLD ANALOG BOARD ASSY 28480 03490-66527
A28 03490-66528 SAMPLE/HOLO LOGIC BOARD ASSY 28480 03490-66528
A29 11118-66501 OUTGUARD TRIGGER ASSY 28480 11118-66501
A30 03490-66530 ASCIL OUTGUARD ESOLATION ASSY 28480 03490~-66530
A3l 03490~66531 NUTGUARD MOTHER BDARD ASSY 28480 03490-66531
A32 03490-66532 OUTGUARD ROM ASSY 28480 03490-66532
A33 03490-66533 QUTGUARD DATA ASSY 28480 03490-66533
A34 0349066534 INGUARD RNM ASSY 28480 03490-66534
A3S 03490-66535 ASCIL INGUARD ISOLATION BOARD ASSY 28480 03490-66535
A36 0349066536 INGUARD PROGRAM ASSY 28480 03490--66536
A37 11118—-66502 SAMPLE/HOLD TRIGGER GATE ASSY 28480 1111866502
Ct 0160-3333 2 C:FXD CER 5000 PF 20% 250WVAC 28480 0160-3333
c2 0160-3333 C:FXD CER 5000 PF 20% 2S0WVAC 28480 0160-3333
CR1 1902-1232 1 DINDE BREAKDOWN:S .6V 10T 445 MA 80131 1N3997R
F1 2110-0312 1 FUSE:CARTRIDGE 1 AMP 250V SLOW-BLOW 71400 MDL-1
F2 2110-0202 1 FUSE30.50A 250V SLOW-BLOW 75915 313,5008
Ji 1510-0085 4 BINDING POSY¥--ASSY. 28480 1510~-0085
J2 1510-0085 BINDING POST ASSY 28480 1510-0085%
J3 1510-0086 1 BINDING POST. ASSY 28480 1510—-0086
J& 1510~0085 BINDING POST ASS¥« h 28480 1510-0085
J5 1510-0085 RINDING POST ASSY 28480 1510-0085
J6 1251-0087 1 CONNECTORSFEMALE S50-PIN MINAT 28480 1251-0087
J7 1251-0085 1 CONNECTORZFEMALE 36-PIN MINAT 28480 1251-0085
J10 L251-1232 i CONN:MALE 4 PIN SPL PURPOSE 28480 1251-1232
J1k 1251-0143 1 CONNECTORIFEMALE: 14~CONTACT JACK 28480 1251-0143
Ji2 1251-3283 1 CONNECTOR:24~PIN 28480 1251-3283
MPL 4040-0914 1 PANEL :FRONT 28480 £040-0914
MP1A 03490-04301 1 DECAL :FRONT PANEL (STANDARD) 28480 03490-04301
MP1B 03490-04302 1 DECAL:FRONT PANEL S/H 28480 03490-04302
MP1C 03490-04303 1 DECAL:FRONT PANEL RATIO 28480 03490-04303
MP1D 03490-04304 1 DECAL :FRONT PANEL, RATIG/S/H 28480 03490-04304
Mp2 4114-0717 1 WINDOW: DISPLAY 28480 4114-0717
MP3 03490-04102 1 GUARD—-CDVER-BOTTOM 28480 03490-04102
MP4 03490-04402 1 COVER:BOTTOM 28480 03490-04402
MP5 03490-28301 1 TRIM: BOTTOM 28480 03490~-28301
MPE 03490-~-22001 1 FRAME:SIDE 28480 03490-~22001
MPT 03490-23701 1 EXTENDER ROD SWITCH 28480 03490-23701
MP8 03490-60312 1 PANEL ASSY:REAR 28480 03490~-60312
MpP9 03490-00601 1 SHIELD: PONER INPUT 28480 03490-00601
MP10O 03490-60401 1 CHASSIS ASSY 28480 03490-60401
MP11 03490-04101 1 GUARD-COVER-TOP 28480 03490-04101
"p12 03490-04401 1 COVER:TOP 28480 03490-04401
NP1 03490~-21101 1 HEAT SINK:YRANSISTOR 28480 03490~-21101
P14 0340-0782 1 INSULATOR:TRANS ISTOR 28480 0340-0782
MPL1S 4040-0921 1 TRIM:TOP 28480 4040-0921

See introduction to this section for ordering information
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Table 6-1. Replaceable Parts{Cont'd)

Model 3490A

i Mfr
Reference |lip part Number Qty Description Mfr Part Number
Designation Code
MP16 5000-8593 3 COVER:SIDE 3 X 16{0LIVE GRAY) 28480 5000-8593
MP17 5000-0050 1 TRIM:SIDES 28 480 5000-0050
MP18A 03490-28302 1 FOOT:CENTER 28480 03490~28302
MP1R 5060-0767 1 FOOT ASSY:FM 28480 5060-0767
MP19 1490-0030 1 STAND:TILTY 28480 14%0-0030
MP20 0370-0929 1 KNORILEVER, JADE GRAY(ALC) 28480 0370-0929
P21 0370-2112 1 KNOB:ONE~HALF POINTER 28480 0370-2112
MP23 0370-2248 1 KNOB: ON/OFF 28480 0370-2248
nP24 0370-2367 |3 KNOB: PUSHBUTTON MANUAL TRIGGER 28480 0370-2387
MpP25 05101165 1 RING: RETAINER 00000 0BD
MP26 9320-1646 1 CARD: OPERATING, 60 HZ - 28480 9320-1646
MP27 9320-1647 1 CARD: OPERATING, 50 HZ 28480 93201647
mMp28 0340~-0724 1 INSULATOR:BINDING POST JADE GRAY 28480 0340-0724
MP29 0340-0481 1 INSULATOR 00000 OBD
MP30 0360-1758 1 NUT: TERMINAL 00000 08D
MP31 03490-84401 1 KIT:RACK MOUNT 28480 03490~-84401
MP32 03490-90013 1 MANUAL 28480 03490-90013
MP33 5060~-0630 1 BOARD:EXTENDER 22 PIN {2x22) 28480 5060-0630
MP34 5060-5983 1 PC ASSY:EXTENDER 18PIN {2X18) 28480 5060-5983
MP35 03490-04118 1 PLATE 28480 03490-04118
Hp36 4040-0916 1 LEVERZFUNCTION SWITCH 28480 4040-0916
MP3T7 0370-0914 1 B8EZEL:PUSHBUTTON KNOB, JADE GREY 28480 0370-0914
MP38 0370-1099 2 KNOB: JADE GRAY 28480 0370-1099
MP39 0370-1099 KNOB: JADE GRAY 28480 0370-1099
MP4O 5060-6032 1 PC BOARD EXTENDER 28480 5060-6032
MP41 0349064101 i COVER: REAR TERMINAL 28480 03490-64101
MP42 0340-0744 4 INSULATOR: SUPPORT 28480 03407044
MP43 03461-24701 5 SUPPORT: BINDING POST 28480 03461-24701
MP44 0349001208 1 BRACKET: FRONT TERMINAL . 28480 0345001208
P1 1251--2357 1 SOCKET: 3—PIN MALE POWER RECEPTACLE 82389 EAC-301
P6 1251-0086 1 CONNECTOR: 50 CONTACT R & P 28480 1251-0086
P7 1251--0084 1 PLUG: 36—CONTACT MALE W/HOOD & CLAMP 28480 1251-0084
P10 1251-1233 1 CONNECTOR: GUARDED CABLE PLUG 28480 1251-1233
P11 1251-0142 1 CONNECTOR: MALE 14 CONTACTS 28480 1251-0142
Qt 18540063 1 TSTR: Si NPN 80131 2N3055
R1 0811-2771 1 R: FXD WW 0.18 OHM 3% 3w 28480 0811-2771
S1 31011720 1 SWITCH: PUSHBUTTON DPDT SINGLE STATION 28480 3101-1720
S2 3101-1609 1 SWITCH: SLIDE 2—-DPDT 82389 11E-1036
53 3100-3078 1 SWITCHI FUNGCTION 28480 3100-3078
S4 SEE AS.
s5 3100-3076 1 SWITCHIROTARY 28480 3100-3076
S6 3100-2735 1 SWITCH: ROTARY 28480 3100-2735
s7 3100-2734 1 SH[TCH:BAT[O 28480 3100-2734
S8 3101-0045 1 SWITCH:SLIDE DPOT 0.5 AMP 125 VDC 42190 11238
T1 9100-3281 1 TRANSFORMER . 28480 9100-3281
Wi 8120-1348 1 CABLE ASSY:POWER, DETACHABLE 70903 KHS-T041
w2 03490-61610 1 CABLE ASSY:AC 28480 03490-61610
w3 0349061612 1 CABLE:REAR INPUT 28480 03490-61612
w4 03490-61613 1 CABLE ASSY 28480 03490-61613
XF1 1400—-0085 1 FUSEHOLDER 75915 342004
xXa1 12000479 1 SOCKET:TSTR, NYLON INSULATOR 75263 4601
0349080009 1 ASCII REPAIR KIT 28480 03490--80009
INCLUDES:
9211-1682 1 CARTON:SELF LOCKING 28480 9211-1682
9220-2067 1 BOX LINER 28480 9220-2067
03490-60313 1 ISOLATION BOARD ASSY 28480 03490-60313
0349066532 1 OUTGUARD ROM ASSY 28480 0349066532
03490-66533 1 OUTGUARD DATA ASSY 28480 03490-66533
03490-66534 1 INGUARD ROM ASSY 28480 03490-66534
03490-66536 1 INGUARD PROGRAM ASSY 28480 0349066536
03490-80013 1 PARTS KiT FOR ISOLATION ASSY 28480 0349080013
CONSISTING OF:
1540--0249 1 PLASTIC BOX 28480 15400249
1820~-0174 2 IC:TTL HEX INVERTER 01295 SN7404N
18200513 1 IC:DIGITAL 01295 SN7409N
18200586 3 IC:DIGITAL 12040 DM74L04N
1820-0590 1 IC:TTL LP DUAL 12040 DM74L51N
1820-0621 1 {C:TTL QUAD 01295 SN7438N
1820-0640 1 IC:DIGITAL 01295 SN23623
1820-0710 2 IC:DIGITAL 07263 SL17315
1820-0876 1 IC:DIGITAL 01295 SN21957
1854—0071 5 TSTR:SI NPN 28480 1854—0071
1980--0402 5 TSTR:PHOTO 28480 19900402
03490--80031 1 PARTS KIT FOR QUTGUARD MOTHER 28480 0349080031
BOARD CONSISTING OF:
1540-0248 1 PLASTIC BOX 28480 1540-0248
18200174 1 IC:TTL HEX 01295 SN7404N
18200430 1 IC:LINEAR 28480 18200430
1820-0586 1 IC:TTL LP HEX INVERTER 12040 DM74L04N
1820-0621 1 IC:TTL QUAD 01295 SN7438N
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Table 6-1. Replaceable Parts(Cont'd)

Section VI

. Mfr
Refgrenc_e HP Part Number | Qty Description Code Mfr Part Number
Designation
1901-0363 1 DIO ASSY:S! 28480 1901--0363
0349080032 1 PARTS KIT FOR OUTGUARD ROM ASSY 28480 0349080032
CONSISTING OF:
15400248 1 PLASTIC BOX 28480 15400248
1818-2097 1 MOS N CHAN ROM 28480 18182097
1818-2098 1 MOS N CHAN ROM 28480 1818-2008
1820-0567 1 IC:DIGITAL 04713 SC13241PK
18200586 1 IC:TTL LP HEX INVERTER 12040 DM74L04N
1820--0788 2 IC:DIGITAL 01295 SN35431
0349080033 1 PARTS KIT FOR OUTGUARD DATA ASSY 28480 03490--80033
CONSISTING OF:
15400248 1 PLASTIC BOX 28480 15400248
1820-0174 1 IC:TTL HEX INVERTER 01295 SN7404N
18200583 1 IC:TTL LP QUAD 12040 DM74LOON
18200591 2 IC:TTL LP 12040 DM74L54N
1820--0596 4 IC:DIGITAL 12040 DM74L74N
18200621 1 IC:TTL QUAD 01295 5N7438N
1820-0627 2 IC:TTL LP 07263 U7B893L0159X
1820—-0640 1 IC:DIGITAL 28480 18200640
1820—0839 2 IC:DIGITAL 01295 SN35872
19023030 1 DIO:BKDN 3.01 V 28480 1902-3030
03490—80034 1 PARTS KIT-FOR INGUARD ROM ASSY 28480 0349080034
CONSISTING OF:
15400248 1 PLASTIC BOX 28480 15400248
1818—2096 1 MOS N CHAN ROM 28480 1818—2096
18200328 1 IC:TTL QUAD 04713 SN7402N
18200596 2 IC:DIGITAL 12040 DM74L74N
1820-0620 2 IC:TTL DUAL 01295 SN74153N
18200777 1 IC:DIGITAL 28480 1820-0777
18200788 1 IC:DIGITAL TTL HEX 01295 SN35431
1902-3190 1 DIO:BKDN 13 V 28480 1902-3190
0349080036 1 PARTS KIT FOR INGUARD PROGRAM ASSY 28480 0349080036
CONSISTING OF:
15400248 1 PLASTIC BOX 28480 1540--0248
1820-0174 1 IC:TTL HEX INVERTER 01295 SN7404N
18200611 1 IC:TTL QUAD 01295 SN7408N
1820--0596 3 IC:DIGITAL 12040 DM74L74N
1820-0600 1 IC:TTL LP 12040 DMB85LION
18200640 1 IC:DIGITAL 28480 18200640
18200656 2 IC:TTL LP 01295 SN74L98N
18200777 1 IC:DIGITAL 28480 1820-0777
18200839 1 IC:DIGITAL 01295 SN35872
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3430-0-3445

MP4
MP19
MP18
Designator Description
MP1 Panel: front
MP1A Decal: front panel (standard)
MP1B Decal: front panel (sample/hold)
MP1C Decal: front panel (ratio)
MP1D Decal: front panel (s/h and ratio)
MP2 Window: display
MP3 Guard cover: bottom
MP4 Cover: bottom
MP5 Trim: bottom
MP6 Frame: side (2 required)
Nut: sheet metal
MP7 Extender rod: on/foff switch
MP8 Panel Assy: rear; includes ac power connector P1 and switch S2
MP10 Chassis Assy o
MP11 . Guard cover: top -
MP12 Cover: top
MP15 Trim: top
MP16 Cover: side (2 required)
MP17 Trim: side (2 required)
MP18 Foot Assy -
MP18A Foot: center
MP19 Stand: tilt
MP21 Knob: 1/2 in. pointer
MP23 Knob: on/off switch
MP24 Knob: pushbutton, trigger
MP37 Bezel: on/off switch
MP38 Knob: jade gray
MP39 Knob: jade gray
MP41 Cover: rear terminal
MP42 Insulator: support
Machine Screws
Item Description
1 6-32 x 1/4 flat head
2 6-32 x 1/4 fiat head
3 4-40 x 3/16 pan head
Lock Washer: helical
4 6-32 x 1/4 flat head
5 6-32 x 1/4 flat head
6 6-32 x 5/16 flat head
7 8-32 x 5/16 pan head
Lock washer: helical
8 8-32 x 7/16 pan head
Lock washer: helical
Flat washer
9 6-32 x 3/16 flat head
10 10-32 x 3/8 flat head
1 6-32 x 5/16 flat head

-hp- Part No.

4040-0914
03490-04301
03490-04302
03490-04303
03490-04304

41140717
03490-04102
03490-04402
03490-28301
03490-22001

0510-0075
03490-23701
03490-60312
03490-60401
03490-04101
03490-04401

4040-0921

5000-8593

5000-0050

5060-0767
03490-28302

1490-0030

0370-2112

0370-2248

0370-2367

03700914

0370-1099

0370-1099
03490-64101

0340-0744

-hp- Part No.

23700012
23700012
22000137
21900913
2370-0012
23700012
23600194
25100101
2190-0087
2510-0105
21900087
3050-0228
2360-0190
26800116
2360-0194

Figure 6-1. Chassis Parts.
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MP29 MP30
INSULATOR TERMINAL NUT
MP43 0340-0481 0360-1758
BINDING POST SUPPORT
MP28 03461-27401
INSULATOR
0340-0724
BINDING POST
1510-0085 “_
LOCK WASHER
2190-0034
FLAT WASHER
Mpag 21900402
BRACKET:FRONT TERM
LOCK WASHER
2190-0054
HEX NUT
2950-0054

Figure 6-2. Binding Post Assembly.

RANGE DRUM

4040-0915 GEAR LEVER

4040-0916

FUNCTION SWITCH BRACKET
03490-21202

RETAINER RING
0510-0083
(2 REQUIRED)

DRUM BEARING
03490-21201

FUNCTION LEVER SHAFT
03490-23703

RETAINER RING
0510-1165

FUNCTION SWITCH s3
3100-3078

RANGE LEVER SHAFT
03490-23702

RANGE SWITCH LEVER LOCK WASHER

0370-2198 RANGE SWITCH HEX NUT 3/8IN.
BRACKET FUNCTION 21900016
SWITCH 3/8 x 32
03490-01207 GEAR 29500043
03490-63601

Figure 6-3. Switch Assembly.
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Section VII

SECTION ViI
TROUBLESHOOTING AND
CIRCUIT DIAGRAMS

7-1. INTRODUCTION.

7-2. This section contains information necessary for
repairing the Model 3490A. Schematic diagrams, trouble-
shooting trees, and other troubleshooting and repair
information are included. Figure 7-17 shows the location
of assemblies within the 3490A. Additional trouble-
shooting notes are located on schematics.

7-3. PRELIMINARY TROUBLESHOOTING.

74. If the Model 3490A operates incorrectly and the
trouble cannot be corrected by the Adjustment Proce-
dures, the following troubleshooting information should
be used. Check for loose wires or other obvious sources
of trouble, such as burned or loose components. Make
sure printed circuit boards are seated firmly in connec-
tors. Also make sure those microcircuit packages that
mount in sockets are filmly seated.

7-5. TROUBLESHOOTING TREES.

7-6. Troubleshooting information for various circuits or
operations of the 3490A is contained in several trouble-
shooting trees and associated information. The General
Troubleshooting Tree, Figure 7-4, may be used to isolate
the problem to a particular area of the instrument. The
following list indicates the circuits to which each tree
applies:

Troubleshooting Tree Title Figure No.
Standard 3490A Circuits

General 74

DC Analog 7-5

AC Converter 7-6

Ohms Converter 7-7

Display 7-8

Logic Test 79

Logic Clock 7-10
Option 021

Data Qutput 7-11
Option 022

Remote 7-12
Option 030

GPIB I/O 7-13
Option 040 or 045

Sample/Hold General 7-14

Sample/Hold Logic 7-15
Option 080

Ratio 7-16

7-1. ACCESS FOR SERVICING.

7-8. Access to most areas of the instrument may be
gained by removing the top cover and the top guard
cover. It should not be necessary to remove the bottom
covers unless components on the Main Circuit Assembly,
Al, must be replaced. Remove the top trim strip to gain
access to the Display Assembly. The three vertical screws
which secure the Display Assembly heat sink to the
guard shield must be removed in order to remove the
Display Assembly.

The High Impedance, AC Converter and the
Ohms Converter printed circuit boards and
components must be kept clean and free
from fingerprints or other contamination, or
performance may be degraded. Handle these
assemblies by the board extractors.

7-9. POWER SUPPLY CHECKS.

7-10. Check the power supply voltages at the points
listed in Table 7-1 using an oscilloscope and a dc digital
voltmeter with 4-digit resolution. Voltage and ripple
specifications are as shown. All ripple measurements are
to be made with the sample rate in the HOLD position.
Voltages are listed following the supply used as its
reference. Therefore, power supply voltages should be
checked in this order. The first supply checked which
fails to meet the voltage specified is the faulty supply.
All supplies referenced to the faulty supply will also
indicate readings out of specification. With the faulty

' “supply identified proceed to troubleshoot as follows:

a. Pull options and install required jumper boards. If
problem disappears, determine which option is at fault
and proceed to its troubleshooting section.

Table 7-1. Power Supply Voltages and Current Limit Values.

Base Supply
AlAl Current Limit
Test Point Voitage Ripple {Approx. Voltages)
+17V +1699 tw+17.01V <50mV p-p A1R104 = 433V
+ 5V + 4995t0+5.075 Vv <60 mV p-p Al1R1 = 448V
+30V +30.10 to+ 3090V . <25mV p-p AlR111=134 V
-17v -169 to- 171 V <50mV p-p A1R118= 54 V
- 5V - 500 to- 585V < 60 mV p-p
- 30V - 30.70 to-30.80 V <25mVpp A1R125 =130 Vv
Raw Supply
Ripple
Test Point | Supply Voltage {Approx. Voltage}
TPD +24Vv +24t10+28V 1 Vpp
-24v -24t0- 28V 1.2Vpp
+38V +38t0+44V S5Vpp
TPA - 38V -38t0- 44V 5Vpp
. TPC + 9V + 9o+11V 15Vpp

1-1
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b. If the problem is not with an option, determine if
the faulty supply is in current limit (see Paragraph 7-12).
If so, determine where the short is by use of the power
supply jumpers and troubleshoot that section.

c. If the faulty supply is not in current limit,
determine if the faulty supply has the correct raw supply
voltage (see Table 7-1). If the raw supply does not meet
specification, troubleshoot this section.

d. If the faulty supply is not in current limit and the
raw supply is within specification, troubleshoot the
faulty supply.

7-11. If the + 17V supply is out of specification and
cannot be adjusted per Paragraph 5-54, troubleshoot
according to Paragraph 7-10, steps a, b, ¢ and d. It is
essential that the + 17 V supply be within specification
since all other supplies are referenced to this supply and
will be affected. If oscillation problems are encountered
on the +17V supply, change A1C109 to 1000 pF,
400 pF or remove from circuit. If there are ripple
problems on the + 17V supply or any other supply,
check to assure the line voltage selection switches are set
to correspond with available line voltage. If ripple still
exists, replace the filter capacitor of faulty supply.
Ripple problems on the - 17 V supply can be caused by
ripple or low voltage of the - 30 V supply (lower voltage
than the - 24 V raw voltage supply).

7-12. All power supply regulaters are current limited so
that if an excessive load is applied, the regulator voltage
output goes to near zero. If this is suspected to be the
problem, the supply in current limiting can be deter-
mined by measuring for the current limit voltage across
the resistor which are both specified in Table 7-1.
Provision has been made for isolating certain areas of the
Main Circuit Assembly by removing designated jumper
wires in order to locate the area where excessive loading
occurs. Table 7-2 lists the jumper wire designations and
the circuits supplied through each. These jumpers are
located on the Main Circuit Assembly, Al and the
vertical board, A1Al. All of the Logic circuits are
supplied through only one jumper wire for each voltage.
Consequently, jumper wires are provided in the ground
circuits to isolated portions of the logic circuits. These
ground jumpers are shown on the schematic diagrams,
Figure 7-23 and 7-24.

7-13. DC ANALOG CIRCUITS.

7-14. The DC Analog Troubleshooting Tree, Figure 7-5,
covers the DC Amplifier, Integrator and Zero Detect
circuits, + 10 V References, the DC Switching Logic and
Level Translators and the Power Supplies.

7-15. A2 Assembly Exchange.

7-16. Cleanliness of the A2 High Impedance Assembly
and the proper positioning of components on the
assembly are highly important to the performance of the
instrument. Also, A2U2 is very difficult to replace.
Consequently, a rebuilt High Impedance Assembly, -hp-
Part No. 03490-69502, has been made available to

-~
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Table 7-2. Power Supply Jumper Wires.

Voltage Wire | Location I Circuits Supplied

+17V WH A1l ' Logic
+17 V w2 A1A1 + 10 V Reference
+17V W6 A1A1 Integrator, Zero Detect

17V Wi Al Logic
17V WEE At DC Switching Level Translators
-17V w3 Al1A1 £10 V Reference

-17V w8 A1A1 Integrator, Zero Detect
+30V 74 Al Integrator, Zero Detect
+30V WBB| A1 DC Ampilifier

+30V w4 A1A1 + 10 V Reference

-30V WAA| A1 Integrator, Zero Detect

-30v WCC| A1 DC Amplifier

-30V WFF A1l DC Switching Level Translators,
A1CR403

+5V wJ A1l Logic, Display, Switches

+5V W1 At1A1 A1U401, Overload Protection,
DC Switching Logic

+5V w7 A1A1 Integrator, Zero Detect

-5V WG A1l Logic

-5V W5 At1A1 Integrator, Zerc Detect.

facilitate repair of your 3490A when the trouble is on
the A2 Assembly. Contact your nearest -hp- Sales and
Service Office for details.

7-11. DC Amplifier Checks.

7-18. To check the DC Ampilifier zero, set the Function
switch to TEST and select Range 5. This grounds the
amplifier input and sets the amplifier gain to 100. The
front panel display should be 000.000 + 15 counts. To
check for leakage current in the input circuits, compare
the numerical reading in Test 5 to the reading in Test 6
with the input terminals shorted. If the reading in Test 6
is somewhat higher (ignoring the decimal point), check
for leakage current. Remember that no soldering should
be done on the A2 Assembly (see Paragraph 7-14).

7-19. If the DC Amplifier cannot be adjusted to zero in
Paragraph 5-60 step b, it is possible that there may be
leakage to Guard from some point in the circuits.
Disconnect the Guard shorting strap from the input Low
terminal. If the offset is removed or can then be adjusted
to zero, leakage to Guard is probable. Some of the
possible causes are: 1) Breakdown of the insulation for
power transistor Q1 or CR1.2) Leakage to Guard in the
power transformer. Disconnect the small orange wire
from the transformer cable to the solder lug on the
Guard shield to check this. 3) If the instrument has one
of Options 020, 021, 022, 030 or 040, there may be
leakage to Guard on the isolation assembly. 4) A wire
clipping or other metal chip may be wedged between the
Guard shield and the Main Circuit Assembly Al.

7-20. Normal operating voltages within the DC Ampli-
fier are shown on the schematic diagram, Figure 7-20.
To check the operation of various stages of the
amplifier, first set the Sample Rate control to HOLD
and disconnect the Bootstrap Amplifier (white jumper
wire, labeled “Bootstrap” on the A2 Component Loca-
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tion drawing). Connect the gates of both A2Q1A and B
to ground. Connect a dc null meter (-hp- 419A) between
A1TPR and ground, and adjust AIR522 from one
extreme to the other. If this point adjusts both positive
and negative, the amplifier is probably operating cor-
rectly, and the Bootstrap Amplifier should be checked.
If AITPR will not adjust both positive and negative,
connect the dc null meter between the source of A2Q1B
and add adjust A1R522 to both extremes. The voltage
should adjust both positive and negative. Each stage of
the amplifier can be checked in the same manner,
connecting the dc null meter between the collectors of
A1Q509A and B, the emitters of A1Q505 and A1Q508,
the collectors of A1Q506 and A1Q507, or the emitters
of A1Q510and A1Q511.

TRIGGER SCOPE AT A1TPK, + SLOPE.
CHECK WAVEFORMS TO SEE ONLY tF
-17V AND - 20 V LEVELS OCCUR AT
THE CORRECT TIMES. DURING ALL
OTHER INTERVALS, WAVEFORMS
SHOULD CORRESPOND TO THE BOOT-
STRAP VOLTAGE.

TIME {ms)*

40 80 120 160 200
A2U2 RANGE
PIN-

1 ALL

2.5 ALL =20V I l

3 011,100V M

3 101KV | — {7V I

8 100 1KV -] [ —I7v

9 AL 1 ndiAd |

0 81,0V M
| —17v

101,10V -I L ~i7v

=17V

=17V

10 100 V, 1 KV J

~ 7V

18 ALL =17V I | —i7y
- input)

21 ALL ~17v I I -7V
{+ input)

23 oav l —17v I_
26 1V.100V L 17y r

*

34904 B-2944 TIME SHOWN APPLIES TO INSTRU-
MENTS DESIGNED FOR 60 Hz LINE
OPERATION. FOR 50 Hz INSTRU-
MENTS, INCREASE TIME BY 20%.

Figure 7-1. Switching Inputs to A2U2.
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TRIGGER SCOPE AT A1TPK, + SLOPE.
TIME {ms)*

[ 40 80 120 160 200
AI1U401 RANGE
PIN-

+5v

6 arv l_
(0V, other) | ov
+5v
7 100V, t KV
5V, other) I.___IOV

+5v 3V

8 ALL l l
(+ inputs} ov

45V +5v

9 010,10V | ___0"_]

+5v
9 100V, 1KV L ov |
10 +5VFORO0.1VAND 1V RNGS; 0V FOR 10V, 100V, 1 KV RNGS

1 +5VFOROQ.IV, 1V, 10V RNGS; 0V FOR 100 V AND t KV RNGS
12 +5V ALL RNGS
13 +5V ALL RNGS
17 +5V ALL RNGS
18 + 5V ALL RNGS

18 OVFORG.TV, 1V, 10V RNGS; + 5V FOR 100V, 1 KV RNGS

20 ALL _I
21 ALL
(- inputs) oV
23 01,1,10V
+5V, other) oV
23 10V, 1KV
©Vsothert o OV __l L
+5v

24 1V, 100V '_
10V, other} I ov

34904 - 8- 2946

*TIME SHOWN APPLIES TO INSTRUMENTS
DESIGNED FOR 60 Hz LINE OPERATION.
FOR 50 Hz INSTRUMENTS, INCREASE
TIME BY 20%.

Figure 7-2. Switching Outputs of A1U401.

7-21. After these checks and following repair of the D
Amplifier, the DC Amp. Zero control should be adjusted
using the following procedure:

a.- Set 3490A FUNCTION to TEST, RANGE to 2,
SAMPLE RATE to FAST.

b. Connect a clip lead across A2C3.

¢. Adjust A1R522 for a display of +.000010 to
-.000026.

1-22. DC Amplifier Switching Circuits.

7-23. Figure 7-1 shows the inputs to the DC Amplifier
input switching FET’s. Waveforms at the connections to
A2U?2 should be compared to the bootstrap waveform at
the white jumper on A2 (labeled “Bootstrap” on the
Component Location drawing). The “OFF” voltage level
of -17V or - 20V must be correct. During the “ON”
time, when the waveform is more positive than - 17 V,
the waveform should correspond to the bootstrap
waveform,

7-24. The switching outputs of the DC Logic ROM,
shown in Figure 7-2, should be as shown in each case.

7-3
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7-25. Replacement of QCR301.

7-26. 1If it is necessary to replace the reference transis-
tor diode package A1QCR301, it is also necessary to
replace resistors A1R306, 308, 310, 313, 314 and 315,
which are matched to QCR301. Matched resistors are
supplied with the replacement reference, QCR301.

1-27. A-to-D CONVERSION CIRCUIT CHECKS,

7-28. The Analog-to-Digital (A-to-D) Conversion circuits
consist of the Integrator, the x20 Amplifier, and the
Zero Detect circuits. Some problems in these circuits
may be detected by applying a full-range input voltage.
For example, the Integrator output waveform at A1TP]
may be checked with a -10V input on the 10 Vdc
range. The center portion of the waveform (10 ms
between run-up and run-down) should be flat. If this
portion decays, this may indicate leakage in the Integra-
tor capacitor, C203. If the waveform continues to rise,
the input switches Q204 and Q205 may not be
completely cut off during this period.

7-29. Some types of problems, such as amplifier offset
or failure, may be found by setting the Sample Rate
control to HOLD and making dc voltage measurements
within the circuits. For instance, both inputs to an
operational amplifier should be equal and near zero. To
check the balance of a dual FET, such as Q206 for
example, first remove the microcircuit amplifier (U201
in this case) from its socket. Connect both FET gates to
ground, and measure the source voltages, which should
be equal. These voltages may be measured at pins 2 and
3 of the open U201 socket.

7-30. With the instrument sampling and with a full-
Tange input, the x20 Amplifier output should not exceed
1.2 to 1.4 V because of the diodes between the amplifier

input and output. Also with a full-range input, thezero -
detect reference voltage at pin 3 of U203 should be ..
approximately * 50 mV during run-up and run-down.

Non-linearity of negative readings may be caused by a
defective amplifier, U201.

7-31. INTEGRATOR TROUBLESHOOTING.

7-32. The integrator may cause noise on full scale
readings in the dc mode. If this occurs, check A1R207,
Q206, Q207, U201 and U202. If there is noise at low
input levels (ie., 100 mV input on 10V dc range), check
A1C207. A1Q209 will be very noisy if pinch-off voltage
is not correct. To check for a noisy Q209, increase the
+ 17V supply and observe noise. The increase in the
+ 17V supply increases the bias on Q209. If the noise
disappears at a higher + 17V supply voltage, Q209
should be replaced. Readjust the + 17V supply per
Paragraph 5-54.

7-33. AC CONVERTER TROUBLESHOOTING.
NOTE
The indication on all ranges with the input

shorted will not be zero but should be less
than 50 counts,

4

Model 3490A

Table 7-3. AC Reed Relay Checks.

Ranges Symptoms Possible Causes

Affected

100 V [Overtoad — 1 V input on 100 V range K2 Shorted
1000 V |results in 100 V display

1V | Display is one-haif the input value K2 open
10V

1V lHowinput impedance, approx. 20 k2 K3 shorted
1oV

100V [Overload — 1 Vv input on 100 V range K3 open
1000 V [results in. 50 V display.

1V |Display is 1/10 the input value K4 shorted
100 v
10V |[Overioad K4 open
1000 v

7-34. Operation of the AC Converter circuits may be
checked using the Troubleshooting Tree, Figure 7-6.
Table 7-3 lists a number of symptoms associated with
reed relay failures.

7-35. Cleanliness of certain components and areas of the
AC Converter Assembly are critical to the performance
of the AC Voltmeter circuits. The assembly should be
handled only by the board extractors, and should be
cleaned thoroughly following any repair.

7-36. Certain components on the AC Converter Assem-
bly must be spaced the correct distance from the printed
circuit board for proper operation of the circuit. Table
7-4 lists these components and the proper spacing that
must be observed during repair. »

Table 7-4. Component Spacing.

" | Designator Spacing from Component Center
A6- to Printed Circuit Board
Minimum ] Maximum
C1 0.1in 0.2in
Cc2 0.1in 0.2in
C3 0.1in 0.2in
C5 0.1in 0.2 in
R1A 04in 05 in
R1B 0.1in 0.2in
R4A 04in 05in
R4B 0.1in 0.2in
R4C 0.1in 0.2in

71-37. OHMS CONVERTER TROUBLESHOOTING,

7-38. The Ohms Converter Troubleshooting Tree, Fig-
ure 7-7, may be used to locate the trouble if the Ohms
Converter does not operate correctly. Make sure the DC
Voltmeter operation is correct before beginning the
Ohms Converter checks.

7-39. The cleanliness of some areas of the Ohms
Converter Assembly is important to proper operation.
Handle the printed circuit board only by the extractors,
and clean the repaired area thoroughly.
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7-40. DISPLAY TROUBLESHOOTING.

7-41. The Display Troubleshooting Tree, Figure 7-8,
may be used to troubleshoot a defective display. The
numerical display units and the polarity unit may be
most easily checked by substituting a known good unit.
Access to the Display Assembly is gained by removing
the 3490A top trim strip and the three vertical screws
securing the display heat sink to the guard shield.

7-42. LOGIC TROUBLESHOOTING SUGGESTIONS.

7-43. Several microcircuits in the logic section may be
checked by observing the inputs and outputs of the

‘device. The “Q” output of a D flip-flop, for example,

should agree with the “D” input if the flip-flop is being
clocked. (See A1U6, 7, 11, 14, 17, 20 and 22.) The
output is changed by the “0” to “1” transition of the
clock input. Also, the output of an inverter (A1U8 and
10) should be the logical inverse of its input.

7-44. If incorrect readings are observed on the logic test,
pull A1U2, 3, 9 and 16 and reinstate, taking care to seat
leads properly in their sockets. A1U2, 3, 9 and 16 may
be checked by substituting a known good device.

7-45. Certain microcircuits may be associated with
particular malfunctions. A1U19 and 21 deal with pro-
gramming the 3490A range and function. A1U15 and 24
are associated with sampling and sample rate delays.

A1U1S5 also deals with function delays.

746. If decimal point or ranging problems cannot be
located by using the troubleshooting trees, the trouble
may be in the display, the front panel switching, or the
optional Remote Assembly. The decimal points in the
display are switched during the LOW true enable signals
to the display units (see Figure 7-8).

747. If the instrument does not sample, the logic
circuits may be locked in a certain state or sequence.
Turn the instrument off. While holding the manual

pushbutton depressed, turn the instrument back on and-

observe the states of logic signals YMA through YMG
with an oscilloscope (see Figure 7-24). These are found
at test points O, T, P, S, Q, N and J in the logic section
of .the main circuit board. Test point O should be a
steady HIGH, and all others LOW. If these levels are not
correct, the Read Only Memory, A1U9, or one of the
State Storage flip-flops may be defective. If all seven
signals are correct, release the pushbutton and check the
test points again with the oscilloscope. If all levels are
the same as before (TPO HIGH and all others LOW), the
normally closed contacts of the pushbutton switch may
not be making contact. Check to see if the pushbutton is
binding in the center of the Sample Rate knob.

7-48. DATA OUTPUT TROUBLESHOOTING
(Option 021).

7-49. Certain types of failures in the output information
may be traced to certain circuits in the Data Output
Assemblies. Table 7-5 lists a number of symptoms and
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Table 7-5. Data Output Troubleshooting Tips.

Symptoms Probable Cause

Measurement Information:
No data output AgU9
No data output and no polarity, overload,

or overrange A9UE

No odd numbers in any digit A10U1,2,3,7

No 2's, 3's, 6's, or 7's in any digit A10U1,2,4,7

No 4's, 5's, 6's, or 7’s in any digit A10U1,2,5,7

No 8's or 9's in any digit A10U1,2,6,7
Range Information:

No range data output ASU7

No range and no function data output A9UB

No odd numbered range data A10U3

Ranges 2, 3, and 6 do not print correctly A10U4

Ranges 4, 5, and 6 do not print correctly A10US
Function Information:

No function data output A9U7

No function and no range output A9U6

Functions 1,3,5,7,9, -, A,and * not correct | A10U3
Functions 2, 3,6, 7, +, -, §1,and * not correct | A10U4
Functions4,5,6,7, V, A, 2, and * not correct | A10US
Functions 8,9, +, -, V, A, £, and * not correct | A10U6

Polarity, Overload, Overrange, Sample/Hold,
and Remote Mode Information:
None of the above outputs correct A9U7
None of the above and no range output A9U6

No polarity output A10U5
No overload output A10UB
No overrange output A10U3
No Sample/Hoid Mode output A10U6
No Remote Mode output A10U6

their probable causes. Refer also to the Data Output
Troubleshooting Tree, Figure 7-11.

7-50. REMOTE CONTROL TROUBLESHOOTING
(Option 022).

7-51. Refer to the Remote Troubleshooting Tree, Fig-
ure 7-12, for information for troubleshooting the remote
control circuits.

7-52. GPIB TROUBLESHOOTING (Option 030).
1-b3. General Checks.

7-54. If the 3490A with Option 030 does not operate
correctly, first determine whether the trouble is in the
I/O circuit or the main 3490A circuits. The performance
checks in Section V may be used to determine whether
the instrument operates properly in standard multimeter
operation. Make sure the I/O plug-in printed circuit
boards are seated properly in their sockets, and that the
ribbon cable connectors are inserted properly. Also
make certain that all microcircuit packages are seated
firmly in the sockets.

1-55, Troubleshooting Method.

7-56. The logic circuits which make up the GPIB option
are very difficult to troubleshoot by the normal compo-
nent method of troubleshooting. Consequently, a GPIB
Repair Kit, -hp- Part No. 03490-80009, has been made
available to facilitate fast and efficient on-site and bench
repair of the GPIB 1/O Interface Option. The GPIB
Repair Kit consists of five assemblies (-hp- Part No.
03490-60613, 66532, -66533, -66534 and -66536), and
six parts kits (-hp- Part No. 03490-80013, -80031,
-80032, -80033, -80034 and -80036), which are indi-
vidually available. See Table 6-1 for description of
assemblies and parts kits. This table also provides a

7-5
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breakdown of individual components contained in the
Repair Kit and their respective parts kits. The printed
circuit assemblies provided in the repair kit may be
substituted for assemblies in the instrument in order to
isolate the trouble. A kit of microcircuit packages for
each assembly is provided so that once the trouble has
been isolated to an assembly, the defective microcircuits
on that assembly may be replaced. A system controller
and a printer are required for troubleshooting the I/O
circuits. These may be the controller and printer in the
system ‘in which the 3490A is used. A dc voltmeter is
also required. The GPIB Troubleshooting Tree, Figure
7-13, checks most of the 3490A I/O circuits.

7-57. External Trigger Circuit Check.

7-58. The external trigger circuits may be checked by
the following procedure.

a. Place 3490A in local control by setting the
Remote Control Enable line (LREN) to HIGH.

b. Set front panel SAMPLE RATE control to HOLD.
Check logic level of External Trigger Flag (LETF) at J11
pin 4. Measure to outguard ground at pin 8 or 14 of J11,
or on QOutguard Data Assembly A33. LETF should be

LOW until an external trigger command is given. If not,
check A31Q1.

¢. Momentarily connect J11 pin 7 to outguard
ground. 3490A should sample each time pin 7 is
grounded. If not, check A31Q2 and associated compo-
nents, including pulse transformer T1. If the instrument
does not have the Sample/Hold option, a jumper should

be installed in place of T1. Make sure this jumper is..

seated properly in the correct sockets.

7-59. SAMPLE/HOLD SERVICING.
7-60. Access to Sample/Hold Circuits.

7-61. The Sample/Hold Analog and Logic printed cir-
cuit assemblies, A27 and A28, are fastened together and.
must be removed from their sockets as a unit. Printed
circuit extender boards (Part Nos. 5060-6032 and
5060-5983, supplied with the 3490A Option 040/045)
may be used to mount the Sample/Hold assemblies high
enough for access to the circuits. The metal shield
covering the Logic assembly may be removed without
separating the two assemblies. Do not separate these
assemblies unless it becomes necessary in order to

replace components.

The Analog Assembly, A27, especially those
areas in the vicinitv of the teflon insulators,
must be kept clean and free from finger-
prints or other contamination, or Sample/
Hold performance may be degraded.

7-6
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7-62. If it becomes necessary to separate the Sample/
Hold printed circuit assemblies in order to replace
certain components, it is preferable not to disassemble
more than necessary. For example, if a repair is to be
made to the Analog Assembly, A27, the flexible shield
should not be removed from A28. If the unit has been
disassembled, use the following procedure and Figure
7-3 for reassembly.

a. Place Logic Assembly A28 (item 3 in Figure 7-3)
component side down on work surface. Place 4 spacers
(item 4) over the four captive spacers in A28.

b. Carefully put flexible shield in place, aligning
‘holes in shield with the spacers.

c. Secure shield to A28, using two nylon screws
(item 6) in the two holes nearest the bottom edge of
A28. These screws must be non-metallic.

d. Place two spacers (item 4) on top of the other two
holes in flexible shield.

e. Place Analog Assembly, A27, component side up
over the two spacers in step d and secure with the screws
(item 8).

f. Secure aluminum shield (item 2) over component
side of A28, using four screws (item 1).

g. Connect brown, red and orange wires from A28 to
pins 1, 2 and 3, respectively, on A27.

7-63. Operating the 3430A with Sample/Hold Assem-
hlies Remaved.

7-64. If a problem exists in the Sample/Hold circuits
which affects operation of the 3490A with Sample/Hold
off, the S/H Analog and Logic Assemblies, A27 and
A28, may be removed and replaced by jumper boards,
which are supplied with the Sample/Hold option. These
boards complete the circuits necessary to allow the
3490A to operate (see Figure 4-27). The wire discon-
nected from the Analog assembly must be connected to
the pin on the Analog Jumper Board for proper
operation. Five pins are also provided at the left end of
the Logic Jumper Board for terminating the wires
disconnected from the Logic assembly. These pins are
not connected to any circuitry.

7-65. SAMPLE/HOLD TROUBLESHOOTING TREES.

7-66. Two troubleshooting trees are provided to assist in
isolating problems in instruments with Sample/Hold.
The S/H General Troubleshooting Tree, Figure 7-14, is
designed to determine if the trouble is in the Sample/
Hold circuits or in other circuits in the 3490A. If it is
determined that the trouble is indeed in the Sample/
Hold circuits, this tree will also help determine whether
it is in the analog or logic circuits. The Logic Trouble-
shooting Tree, Figure 7-15, provides further assistance in
isolating trouble in the Sample/Hold logic circuits.
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Description

4 - 40 X 1/4 pan head machine screw
Shield, aluminum

Logic Assembly, A28

Spacer, .156 L.ong X .125 ID X .250 OD
Shield, flexible

4 - 40 X 3/8 nylon pan head machine screw
Analog Assembly, A27

4 - 40 5/8 pan head machine screw

3490-C-3441

-hp- Part No.

22000139
03480-00604
03490-66528

0380-0520
03490-27301

2200-0704
03490-66527

22000149

Figure 7-3. Sample/Hold Assembly.

7-1




Section VII

7-67. RATIO TROUBLESHOOTING.

7-68. If ratio measurements are not correct and the
trouble cannot be corrected by the Adjustment Proce-
dure, or if the adjustments cannot be made correctly,
the following troubleshooting information should be
used. Check for obvious sources of trouble, such as
burned or loose components or loose wires. Make sure
the printed circuit board, A13, is seated firmly in its
connector, and that the cable, W8, and the three
operational amplifiers are seated firmly in their sockets.

7-69. External Reference Amplifier Checks.

7-70. The Ratio Troubleshooting Tree, Figure 7-16,
checks the External Reference Amplifier circuits. How-
ever, correct interpretation of the display symptoms is
needed to determine if the trouble is in the amplifier or
logic circuits. For example, if the display reads approxi-
mately 75 % of normal (10 V Input/10 V Ext. Ref.
=07.5000), the trouble is probably in the amplifier
circuits. If the display reads Overload for both positive
and negative inputs (at INPUT terminals), the trouble is
probably in the amplifier circuits, but if it reads
Overload for only one input polarity, the trouble is more
likely in the logic circuits. If the displayed polarity is
incorrect and the display reads Overload, check the
polarity logic circuits.

1-711. Amplifier Zero Offset,

7-72. If the Reference Amplifier zero adjustments in
steps a through h of the Ratio Adjustment Procedure
cannot be made correctly, the trouble may be leakage in
either A13CR2 or 3. This condition can be most easily
checked by unsoldering one lead of each diode and
trying the zero procedure again. If the amplifiers can be
zeroed with the diodes disconnected, one or both of
them is defective.

1-73. Reference Polarity Logic Checks.

7-74. In the 3490A measurement system, if the Input
voltage is positive, a negative reference is required for
run-down, and vice versa. In ratio measurements, the
applied External Reference voltage is inverted and these
two voltages are substituted for the positive and negative
internal reference voltages. The Reference Polarity Logic
on the Ratio Assembly, A13, makes it possible to use
either polarity External Reference input with either
polarity Input voltage by selecting the correct reference
polarity for run-down. If a failure in the Reference
Polarity Logic causes the reference voltage used for
run-down to be the same polarity as the Input, the
display will indicate Overload. If the 3490A operates
correctly in dc voltage measurements with inputs of
both polarities, but reads Overload with one polarity
input in ratio measurements, check the Reference
Polarity Logic as follows:

a. Set RATIO switch to EXT REF 10V and apply
10 V 10 EXT REF terminals.

-
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b. Set FUNCTION to DC and apply full-range input
on either the 1 V or 10 V range. Select the combination
of INPUT and EXT REF polarity that causes the display
to read Overload.

c. Set SAMPLE RATE to HOLD. Check logic levels
within Reference Polarity Logic circuits as indicated on
the schematic diagram, Figure 7-22. Logic
HIGH=+24Vto+5V;LOW=0to+0.6 V.

7-75. SCHEMATIC NOTES.

7-76. The following notes apply in general to all
schematic diagrams:

a. Partial reference designations are shown. Prefix
with assembly or subassembly designation(s) or
both for complete designation.

b. Component values are shown as follows unless
otherwise noted:

Capacitance in microfarads
Resistance in ohms

¢. * Average value shown. Optimum value selected
at factory.
d. + Denotes earth ground.

e. == Denotes chassis or frame ground.

f. v Denotes floatable circuit ground.

g W Denotes printed circuit assembly ground.

h, — = — Denotes assembly outline.

L p— Denotes subassembly out-
line.

j. Denotes main signal path.

k. Denotes feedback path.

L. : Denotes front panel markings.
R

n.92% Denotes wire color. Color code is the same
as the resistor color code. First number
identifies the base color; second identifies
the wider strip; and third number identifies

Denotes screwdriver adjust.

the narrower strip (e.g. 924 = white, red,
yellow).
0. Denotes schematic number on which con-

nection is made.

p. A Refer to manual backdating, Section VIII.
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7-77. LOGIC GATE SYMBOLS.

7-78. A humber of logic gate integrated circuits are used
in the 3490A. Most of these are TTL circuits, in which
the HIGH logic level is >+ 2.4 V and LOW is <+ 0.5 V.
The normal symbol used to indicate a 2-input NAND
Gate is shown below, accompanied by the truth table.

A—— Truth Table
A [0
C
B —

NAND GATE

Ir-rITr
I rr - ™
r T IXI

As the truth table indicates, both inputs must be HIGH
(true) to obtain a LOW output. The purpose of the circle
(invert symbol) at the gate output might then be
assumed to indicate that the signal is LOW true at that
point. The truth statement for this NAND Gate may be
restated to read, “A LOW signal at either input results in
a HIGH output,” and the same truth table applies. In
keeping with this statement and the use of the circle to
indicate a LOW true signal, the following “OR” function
symbol may be used.

A
C
B
In some cases, a NAND Gate circuit may be used to
invert a logic signal. This may be done by connecting the
same signal to both inputs. If this is done, the following

symbol may be used, indicating that the circuit merely
inverts the signal.

A,B—-{>O—c

If the input signal is LOW true, the circle may be placed
on the input side of the symbol.

A,B‘C{>—c

Section VII

The NAND Gate may also be used as an inverter by
connecting one input permanently to HIGH (+ 5 V). In
this case, the circuit may be shown as follows.

+5V

B

Note that the same truth table applies, and that if one
input is held HIGH, the output is the inverse of the
other input.

7-76. Another gate circuit used is the Exclusive OR
Gate, normally drawn:

A Truth Table
A B C

C L L L

B H L H
L H H

Exclusive OR Gate H H L

Note from the truth table that the output is HIGH if
one, and only one, input is HIGH. When both inputs are
either HIGH or LOW, the output is LOW. If one input is
held LOW (connected to ground, for example) at all
times, the output follows the other input. When used in
this manner, this symbol may be used.

A C
B

- If one input is held HIGH (+ 5 V), an inverter symbol

: may be used, because the output becomes the inverse of

the input.

+5V
B
A C

79
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Table 7-6. Alphabetical Listing of 3490A Mnemonics.

Model 3490A

Mnemonic

LACI

Description

AC input enable

LACO AC converter output switch
HAUT Internal autorange

HAZD Analog zero detect

LCDC Clear data counter

HCDC Clear data counter

LCDF Change data flag (HDF L)

LCER Change end of reading (LEOR)
HCES Close electronic switch

LCHC Change hundred thousand count select {HSHC)
LCMA Change main time bit A (HMTA)
LCvMB Change main time bit B (HMTB)
LCMC Change main time bit C (HMTC)
LCcov Clock overload

HCRA Combined range bit A

HCRB Combined range bit B

HCRC Combined range bit C

LCSO Clear stored outputs

LCTC Ciear time counter

HDCA Data Counter bit A

LIR X1 Atten reed

HIRA Internal range bit A

HIRB Internal range bit B

HIRC Internal range bit C

LLEC Leakage controf

HMA Machine state bit A

HMB Machine state bit B

HMC Machine state bit C

HMD Machine state bit D

HMDA Main time bit A delayed

HMDB Main time bit B delayed

HMDC Main time bit C delayed

HME Machine state bit £

HMF Machine state bit F

HMG Machine state bit G

LMNC Manual button normally closed contact
LMNO Manual button normally open contact
LMOT Memory output

HMQA Machine qualifier selection bit A
HMQB Machine qualifier selection bit B
HMQC Machine qualifier selection bit C
HMQD Machine qualifier selection bit O
LMQD Machine qualifier selection bit D
HMQE Machine qualifier seiection bit E
LMQE Machine qualifier selection bit E
LMRF — Ref seiect

HDCB Data Counter bit B

HDCC Data Counter bit C

HDCD Data Counter bit D

HDFL Data Flag

LDNR Downrange

HDPP Display polarity

Source

A1U401

A1U401

From HFAT or AT1U11
A1U203

AtU16

A1U23

AlU16

AlU16

ATU9

u1e

ute

ui1e

uie

uie

S4 or A11UN

S4 or A11U11

S40r A11U11

uie

u1e

U1

U401

u21

u21

u21

U401

Next state outputs from
ROM U9, present state
outputs from state
storage U7, U17.

From Sample/Hold option
if not installed these signals
are same as HMTA, B, C,
(See HMA)

(See HMA)

(See HMA)

S58

S58

U9

u1o

u10

u10

u10

u1o

Lt

ule
U22 or Ratio or
S/H Option

Mnemonic

LEOR
LEXE
HFAT
HFFA
HFFB
HFRA
HFRB
HFRC
HFSC
LFTX
LHNG
LHLD
LiA
HIFA
HIFB
LIG
HINP
LINS
LIOG
HMTA
HMTB
HMTC
LOIA
LOIR
LOMR
LOTE
HOVP
HOVL
LPRF
LPRG
HRAP
HSA
HSB
HSC
HSCK
LSCK
LSHC
HSHC
LSPL
HSSA
HSSB
HSSC
LT
HTC2
HTC4

. HTC8

HTC16 -
HTC32
HTFE
LTXF
LTON
LUPR
HZDT

Description

End of reading
External encode

Front panel autorange
Front panel function bit A
Front panel function bit B
Front panel range bit A
Front panel range bit B
Front panel range bit C
Fast state clock

Faise transfer

X100 Gain

Hold (stops interval sampling)
X1 Atten

Internal function bit A
Internai function bit B
X1 Gain

input polarity

input short

X10 Gain

Main time bit A

Main time bit B

Main time bit C

X0.01 Atten

X0.01 Atten, reed

Ohms ref select

Output enable to decoder
Overload protection
Overload

+ Ref select

Preset range

Ratio polarity

Display scan A

Display scan B

Display scan C

State clock

State clock

Select <~ 100,000 counts
Select + 100,000 counts
Store potarity

Sample rate switch bit A
Sample rate switch bit B
Sample rate switch bit C
Time count 1 (- 10,000 or <100,000)
Time count 2

Time count 4

Time count 8

Time count 16

Time count 32

Transfer enable

Transfer

Turn-on, low for approx. 100 ms after turn-on
Uprange

Zero detect

Source

ui4g

A22U1

S4A

S3

S3

S4 or A11U11
S4 or A11U11
S84 or A11U11
u3

u1ié

U401

S5A or A22U1
U401

From S3or A11U10
From S3or A11U10
U401

u22

U401

U401

U14

umn

Ut

U401

U401

U401

u9

U401

u22

U401

u1e

U22 or Ratio option
A3U2

A3U2

A3U2

U4

U4

us

ue

ute

S5A

S58

S5C

Q1

ue

u12

u12

U12

u12

usg

[VaF:

Q3

uie

u23

H preceding mnemonic means HIGH is true;
L means LOW is true.
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Comply with Note 1
before

foltowing
+30V, £17V,and £t5V
power supply voltages at
test  points on
assembly AtA1.
voltages shown below.

performing  the

tests.  Check Are ail

voltages

a correct?
vertical

Correct

3490A-D-3003

Troubleshoot power sup-
plies. See Paragraph 7.9,

NOTES

1

w

. Before following this Troubleshooting Procedure, remove the

Obms Converter from its connector. It is not necessary to
disconnect its input or output leads. If the Ohms Converter is
left in its connector, a faifure in the Logic Clock may damage
the converter, or 3 failure in the converter may disable the
clock and prevent valid troubleshooting.

A dc .an il and adc are required
for these checks. The Low terminal of the dc standard must
be capable of floating at least 500 V above its chassis ground,
since the oscilloscope ground {chassis) must be connected to
the 3490A circuit common.

. The time shown on waveforms is the correct time for

instruments designed for 60 Hz line operation. For 50 Hz
instruments, increase the time shown by 20%.

Power Supply Voitages:

AlA1
Test Point Voltage

+17V +1699t0+17.01 V
+30V +30.10 to + 3090 V
+ 5V +4995t0 +5075 V
-5V -500t0-585V
7V -16951t0 - 1705 V
-3V -30.10 to - 30.90 V

Set Sampie Rate to HOLD.
Observe decimal  point
while selecting each vaiid
range in all functions.
Decimal  point  should
correspond to range
selected in all cases.

Do

range?

decimals
agree with

Proceed
Troubleshooting,
7410.

to Logic Clock

Figure

Correct Tist" of Logic Test read-
ings. Numbers, polarity symbol,
and sequence must be exactly as
shown, but readings may begin at -

any paint in the list.

+080.024
+04.0024
+0.20024
+.010024
+ 0.09032
+10.0024
+200.024
+4000.24
+80002.4

+ 6000.xx OL

YES

Set Function to TEST,
Range to 1 and perform
Logic Test as outlined in
Paragraph 3-38.

displays match

D
sampl
flash once
trige

correct {ist
below?

NO

Proceed

Troubleshooting.

79.

to Logic Test Troubleshoc
Figure A1U16, and
LED.




Set Function to TEST,
Range to 1 and perform
Logic Test as outlined in
Paragraph 3-38.

displays match

correct list
below?

Does
sample light
flash once for each
trigaer?

Proceed

to lLogic Test

Troubleshooting. Figure

79.

Troubieshoot AlU14,
A1U16, and Sample Rate
LED.




Mo A1TPK  with
scope - (int. sync, +siope)
rect waveform:

FEV =

~{ 8=
R ms

ov

qy

Proceed to Logic Trouble-
shooting Tree, Figure 7-10.

Set Function to DC,
Sample Rate to FAST.
Monitor pin 12 of ATU9.
Externally sync scope to
A1TPK, + slope.

Correct waveform:

+4v

ov
50
Varie:-| ms }.— L
with input

or displayed
voltage.

Refer to Logic Trouble-
shooting Tips, Paragraph
7-39.

Apply 1/2 full range + and
- input on each range. Mon-
itor test point B on A1A1,
Scope sync to AI1TPK,
+slope.

Correct waveforms:

+INPUT
+3V —————
nEg =
ms H
- 93V -————
| ]
i |
—INPUT !
Ve -
]
-3V bmcmn

Observe waveforms for cor-
rect polarity and pulse
width as indicated. Last
part of waveform may
foliow either dotted line.

Instail Ghms Converter and
proceed to Ohms Con-
verter Troubleshooting
Tree, Figure 7-7.

Proceed to DC Analog
troubleshooting, Figure
75.

Figure 74. General Troubleshooting Tree.
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Remove A1U202. Alter-
nately connect +5 V and
-5V to A1A1 TPA. Polar-
ity display should be + for
+5V and -for-5 V.

34904 -D- 3004

BOOTSTRAP
[

Is
polarity
symbol

correct?

With A1U202 out, connect
+5V to ATAT1TPA. Apply
full range positive input on
.1V through 100 V ranges.
Monitor A1TPR with scope
(Trigger on AI1TPK, +
slope, 20 msfem). Correct
waveform for each range:

+iov w
i
x
t

INPUT

Monitor A1A1 TPB with
dc voltmeter or scope and
repeat previous test. Volt-
age should be approx.
+3V for +5V in, and
approx. -04 Vfor-5Vin

-lov

Connect -5V to
ATA1TPA and repeat test,
negative full range input on
.1 V through 100 V ranges.

Correct waveform for each
range:

+IOV

INPUT
+REF

+iov

Are
voltages
correct?

Troubleshoot Palarity
Storage logic and Polarity
Display.

Check voltage at pin 8 of
A1U203. Should be
+11.4V £ 10%.

Is
voltage
correct?

Replace A1U203 and per-
form DC Zero Adjust-
ments, Paragraph 555,

YES

Replace A1CR204.

NOTES:

1. Set FUNCTION to DC. if
Sampie/Hold option, set
SAMPLE/HOLD to OFF,

instrument has
RATIO

Ratio or
INT REF and

. A dc standard, a dual-trace oscilloscope, a 5-digit voltmeter,

and a dc null voltmeter are required for these checks.

. The time shown on waveforms is correct for instruments

designed for 60 Hz line operation. For 50 Hz instruments,

increase time by 20%.

Are
waveforms
correct?

NO

Disconnect -5V from
ATA1TPA and replace
A1U202 in socket. Check
+ 17 V and * 30 V power
supply voltages to DC
Amplifier circuits,

Are
voltages
correct?

Set Sample Rate to FAST.
Using dual input scope,
compare waveforms at all
inputs to A2U2 with Boot-
strap  waveform. Wave-
forms should be as in-
dicated in Figure 7-1, Trig-
ger scope on A1TPK. Ob-
serve display while
performing this test. Prob-
lem may clear temporarity
while scope probe is con-
nected to A2U2.

Are ali
waveforms
correct?

Set Sample Rate to FAST.
Trigger scope on A1TPK,
+slope. Check ali outputs
of A1U401. Waveforms
should be as shown in
Figure 7.2,

Are al}
waveforms
correct?

Replace A1U401.

YES

YES

YES

With ¢
ATATT
-8V.C
gates o©
and (¢
A1TPK

Q204:
ov+.

L

Q205:
ov l-—

Q208:

fo

See Pow
shooting

Apply in
and  me
right
Voltages
shown
column.

RNG.
1v
1v

v

1oV

*Nomin.

Troubles
translato
incorrect
forms. Se




With -A1U202 out, connect
+5V to ATAI1TPA. Apply
full range positive input on
= § {1V through 100 V ranges.
Monitor A1TPR with scope
{Trigger -.on. A1TPK, +
stope, 20 msfern). Correct

Connect -8V to
ATA1TPA and repeat test,
negative fuil range input on
.1V through 100 V ranges.

Correct waveform for each

waveform for esch range: range:
+10V A +HOV

=) i ™
: z2|% gl
: zl! Z| 5
=iov +10V

Troubleshoot Polarity
Storage logic and Polarity
Display.

Replace .A1U203 and per-
form- DC Zero Adjust-
ments, Paragraph 5-65,

1;/Set - FUNCTION _ to- DC. .
. Sample/Hold . option,
SAMPLE/HOLD to OFF, *

9.°A dc standard, a dual-trace o scope, a 5-digit voltmeter,
and a dc null voltmeter are required for these checks.

o 3./The time shown on waveforms is correct for instruments
- designed for 60 Hz line operation. For 50 Hz instruments,
increase time by 20%. : .

NO
Disconnect -5V from
A1A1TPA and replace

A1U202 in socket. Check
+ 17V and + 30 V power
supply voltages to DC
Amplifier circuits,

Are
voltages
correct?

Set. Sample Rate to FAST.
Using dual input scope,
compare waveforms at all
inputs to A2U2 with Boot-
strap  waveform. Wave-
forms should be as in-
dicated in Figure 7-1. Trig-
ger scope on A1TPK. Ob-
serve display while
performing this test, Prob-
jfem may clear temporarily
while scope probe is con-
nected to A2U2,

Set Sample Raté to FAST.
Trigger scope on A1TPK,
+slope. Check all outputs

of A1U401. Waveforms
should be as shown in
Figure 7-2,

Areall
waveforms
correct?

Replace A1U401. -

With A1U202 out and
A1A1TPA connected to
-8 V. Check waveforms at
gates of A1Q204, Q205,

and Q208 (Sync to
A1TPK)
Q204:
OV 50
ms
-5V I+ Varies
Q20s:  *1 {ewith
inpu
—5y4 ms
Q208:
fe—136ms —|_gy
1V S

Set Sample Rate to HOLE
Monitor A1TPI with scop
trigger to AUTO. Connec
jumper across A1C20;
Adjust A1A1R210 fror
one extreme to the othe
Voitage should vary slow!
>+22V.

NO

Troubleshoot dc  fevel
translators, A10201,

Q202, Q203, Q210, Q211.

YES

See Power Supply Trouble-
shooting, Paragraph 5-52.

Apply input voltages beiow
and measure voltage at

right end of A2R6.

Voltages should be as

shown in right hand

column,

BNG. V)N VOLTAGE
1V 21V iV
1V 23V +19V*

10V 10V 10V

10V 220V £13V*

*Nominal voltage

Are all
voltages
correct?

YES

P —————

Set Sample Rate to HOLE
With 5-digit DVM, measur
-Ref voltage at test poin
on A2, Shouid be - 10
+00.020 V.

Set Sample Rate to HOLD.
Apply +1V input.
Measure  voltage drop

across A2R7. Should be
Zero voltage drop.

YES

Troubleshoot dc  level
wranslators associated with
incorrect A2U2  wave-
forms. See Figure 7-20,

Troubleshoot  Overloa
Protection circuits.

Replace: A2 with exchange
assembly. See -Paragraph
7:14, =




o HOLD,
ith scope
Connect
A1C207.
10 from
he other.
ry siowly

Is
voltage

variation
correct?

NO

| scope.

Disconnect -5V from
AlA1 TPA. Replace
A1U202 in socket. With
Sample ‘Rate in HOLD,
monitor A1A1TPA  with
{A1C207 shorted)
Adjust A1A1 R210 from
one extreme to the other.
TPA should vary from
-06V  {fully ow) to
+0.6 V (fully ccw).

Disconnect -5V  from
A1A1TPA and connect
TPA to Ground.

Remove A1U201, Connect
de null voltmeter between
source of A10206A and
source of A1Q206B. Volt-
age should be 0 + 40 mV,
If yes, adjust A1A1 R210
for voltage as near zero as
possible. Measure gate-to-
source voltage of
A1Q206A and B. Gate
should be approx. -15V
with respect to source.

Are all
voltages
correct?

Replace A1U201 with new
part and perform DC Zero
Adjustments, Par. 5-55,

Measure voltage at + Ref
test point on A2 with
5digit DVM. Should be
+10V £ 00.0030 V.

Troubleshoot + Ref Sup-
ply. Figure7-22, See. Para-
graph 7-24,

Is
voltage

variation
cofrect?

Remove A1U202 from
socket. Connect A1TP| to
Ground. Connect dc null
meter between source of
A1Q207A and source of
A1Q2078. Voitage should
be 0 +10mV. If ves,
adjust A1A1 R210 for
voitage as near zero as
possible. Measure gate-to-
source voltage of
A1Q207A and B. Gate
should be approx. - 1.5V
with respect to source.

YES

Replace A1Q206 and per-
form DC Zero Adijust-
ments, Paragraph 5§55

Are all
voltages
cofrect?

Replace A1Q207 and per-

YES

form bC Zero
Adjustments, Paragraph
565,

Connect dc null meter
between A1TPR  and
Ground. Voltage should be
0 +30mv.

Is
voltage
correct?

NO

Troubleshoot - Ref {Invert-
ing Amp) Figure 7-22.

Disconnect Bootstrap
jumper on A2. Connect
dip lead from A1TPR to
pin 6 of A2Q1 (Q18B gate).
Connect another dip lead
from pin 3 of A20Q1 (Q1A
gate) to Ground. Measure
woitage between A1TPR
and ground with dc null
meter. Should be 0 =
30 mv.

Is
voltage
correct?

YES

Troubleshoot DC Ampli-
fier. See Paragraph 7-16,

Troubieshoot FET
switches A1Q204, 205,
208, and 209 by measuring
gate-to-source  voltages,
with Sample Rate set to
HOLD.

Voltages should be:

Q204 ov
Q205 -5V
Q208 LAY
Q209 av

Perfarm DC Zero Adjust-
ments, Paragraph 555,
after repair.

Replace A1U202 with new
part and perform DC Zero
Adjustments, Paragraph
555,

Adjust A1R522 from one
extreme to the other, Volt-

age at ATTPR should vary
approximately from
+30'mV to - 30 mV,

Is

voltage
variation
correct?

Replace A2 with exchange
assembly. See Paragraph
7-14, Also see Paragraph
7-16.

Troubleshoot DC Ampli-
fier. See Paragraph 7-16.

Figure 7-5. DC Analog Troubleshooting Tree.
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o

Frequency-Related Accuracy Problems

Frequency at which
Specification is

Range on which
Error Occurs

Possible Cause

Exceeded

100 Hz (jow All ranges R4A or R4B

frequency only) 1Vand 100V R4B or R27
10 V and 1000 V R4C or R28
100 V and 1000 V R1A, B or R3

20 kHz - 30 kHz All ranges . C3

{mid-band only} 1 Vand 100 V C3orC25
10 V and 1000 V C3orC26
100 V and 1000 V C2orCs

100 kHz (high
frequency only)

All ranges
1Vand 100V
10 V and 1000 V
100 V and 1000 V

C3,R29A, B, or R32
C25

C26,C27,0r C28
C2,C4,C5,0r C6

Al
Bp Part No. 0343066501
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SEE NOTES

Set FUNCTION to AC.
Apply full-range input at
100 Hz on each range.
Monitor converter output
at white wire. Should be
+1V £0.002V for full-
range input on each range.

3490A-C - 2998

NOTES:

1. DC voltmeter circuits, including logic, must be operating correctiy
procedure is attempted. g

2. An ac calibrator, an osciltoscope, and a dc voltmeter are fequired.for theqe

checks.

3. The time shown on waveforms is correct for instruments designed for. ﬁOHZ
line operation. For 60 Hz instruments, increase time shown by 20%;

4. After repairing the AC Converter, check the overload protection circuits inthe

following manner:

a. Set 3490A FUNCTION to AC, RANGE to 1V, SAMPLE RATE toFAST

Is R
correct voltage
present?

Is
voltage
correct on any
range?

Select 1 V range and apply
input of 1V at 100 Hz,
Monitor signal at white
wire connected to lower
end of AGK1 with scope.
Should be the same as in-
put signal at top end of
ABK1

Is
signal
correct?

P
Monitor
with sc
Slope).

Correct !

~4 4V,

ov

Troubleshoot AGK1  andd
driver circuit. See Note 4.

b. Apply input of 10 V at 100 Hz.

“6Vio-7V

Troub
ABQ2,
Note 4,




[ 1]

—R33-

29

c30

"Rz~

~R36—

SEE NOTES

Set FUNCTION to AC.
Apply full-range input at
100 Hz on each range.
Monitor converter output
at white wire. Should be
+1V £0.002V for fuli-
range input on each range.

3490A-C - 2998

NOTES:

Is
correct voltage
present?

Is
voitage
correct on any
range?

Select 1 V range and apply
input of 1V at 100 Hz.
Monitor signal at white
wire connected to lower
end of ABK1 with scope.
Should be the same as in-
put signal at top end of
ABK1

On High Impedance Assy.
A2, monitor pin 18 of
A2U2 and repeat previous
test. Voltage should be the
same as AC Converter out-
put, +1V +0002V for
full-range input.

Troubleshoot A6 reed re-|
| lays using Table 7-3. See
Note 4.

Is
signal
correct?

Apply fulltange input at
100 Hz on each range.
Monitor ABTP2 with
scope.

Correct waveform:

~+3e5V

WAWA!

~=—0e4V

‘correct ilol!ag
present?

Check - connection”
wire) between’ A6 a

et

Troubleshoot A6K1 and
driver circuit. See Note 4,

1. DC voltmeter circuits, including logic, must be operating correctiy before this

procedure is attempted.

2. An ac calibrator, an oscilloscope, and a dc voltmeter are required for these

checks.

3. The time shown on waveforms is correct for instruments designed for 60 Hz
line operation. For 50 Hz instruments, increase time shown by 20%.

4. After repairing the AC Converter, check the overload protection circuits in the

following manner:

a. Set 3490A FUNCTION to AC, RANGE to 1V, SAMPLE RATE to FAST.

b. Apply input of 10 V at 100 Hz.

Troubleshoot
Filter
Circuit.

See Note 4.

c. Monitor AGTP1 s

d. if waveform is
A6R14,15.

e. Measure voltage ;

f. If voltage s not ¢



is
2ct voltage
resent?

Set RANGE to 1V and
apply input of 1 V at
100 Hz. Monitor A2U2 pin
17 with scope {Int. Sync, +
Slope) correct waveform:
See Note 6.

oV

anection  {white
een AG and A2.

is
correct
waveform
present?

Monitor A1U401 pin 17
with scope (Int. Sync. -
Slope).

Correct Waveform:

~+ 4y

ov

is
correct
waveform
present ?

Monitor A2Q1 pin 3 (Q1A
gate} with scope triggered
on A1TPK, + slope. Sweep
0.1 sec/cm. Correct wave-
YES | form:

fe—=4-60ms

ov XNV
65ms—ﬂ
-0V

YES [|Troubleshoot DC Level
Translator A10Q411 and
QiQ412

Replace A1U401

Apply 1V input at 100 Hz
on 1V range. Jumper!
ABTP1 to A6 shield.
Jumper top end of A6R16!
to A6 shieid. Monitor
lower end of AGCR13.
Correct waveform:

Is
correct
waveform
present ?

Monitor left end of AGC16
with scope (tine sync).
Connect right end of
ABC16 alternately thru
1k to +and -5 V. Volt-
age should be >-15V
with +5V in, and
>+ 15 Vwith-5Vin,

j~+15V
ov
, ~=I5V
e
<~ D01 Troubleshoot ABU3,
y A6Q2, and A6Q3. See
5

¥ —

o522 20 AGTP3 with scope. Shouldbe + 2 Vto + 2.5 V.

e =

* with scope, Correct waveform:

+6Vto+7V

-6Vto-7V

sorrect, troubleshoot A6CR16-19, AGRA40.

Note 4,

s not cipped at proper levels, troubleshoot ABCR5-12,

e -

h

Is
correct
waveform
present?

YES

Replace A2 with rebuilc
assembly. See Par. 7-14.

Are
voltages
correct?

Replace
ABU4
See Note 4.

Replace A1U401

Troubleshoot A6Q4, Q5,
and Q6, confirming that

| each is forward biased by

checking dc voltages shown
on schematic Figure 7-29.
See Note 4.

5. i the AC Converter operation is out of specifications only at certain

frequencies, refer to the table of Frequency-Related Accuracy Problems.

6. Pin18i the reverse

Figure 7-6. AC Converter Troubleshooting Tree.

7-13/7-16



Monitor {1 Ref connaction Connect O Signal High to
10 A2 (white wire at lower Input High, 21 Signat Low|
left of A2U2) with scope, © tnput Low. Using de|
Int. Sync, + Slope. Con’ voltmeter with 1010 input
nect @ Signal High Ter- resistance, meniyre voltage
minat to Input High, input at connection of red wire|
High to Input Low. 0 AZ. Apply input re-
Correct wavetorms: sistances below on fanges
Ase shown. Voltige sthould be Are
-V o5 :; waveforms YES Ja Nsred. voltages
- 7V-| ms k 10K corvect? RNG INPUT VOLTAGE comeet
N 1
“Wi 1K 1K IV10%
m MoK No K 1K IVai0% N0
-7V ! 10K K IV210%
rv: [ Ioo: 100K 1V210%
- y 4 1000k 100K 1V 10%
[ Nows | i LR NS
sl from 0 Signal Low

w fnput Low. Voltage at
white wire should be!
steady between - 09 V and
- 1.1 V for all ranges.

'ﬂ:;m YES | Trowdishoot reed relay
comect? ATKY and driver A705.
NO

Measum woitage acros
ATCS. Shauld be 12V 2

2v. "
el
Troubleshoot  ohmmeter
powsr supply. Fig. 7-30. : e
34304 -0-299¢
NOTES:
1. DC oreuits, lagic, must be aperating eomectly before
attempting this procedure. .

2. An axcilioscope; & de oltmeter with input resistance of 1010 ohms, and an
chmmeter are required for these checks.

3. The time shown on wavefarms is correct for instruments designed for 60 Hz
{ine operation. For 50 Hz instruments, increase time by 20%.




== A2U2 pin 16.

Disconnect previous ter-
eral connections and con-
nect short across §3 Signal

and Low terminals.
Set FUNCTION 10 TEST,
RANGE to 7. Monitor

Corsect waveform:

ms
-7V

Replace A2 with exchange
a;-mbly. See  Paragraph
14,

ohmmeter

Troubieshoot
reference.

Monitor A1U401 pin 18
with scope sync to A1TPK,
+ slope. Same sstup as pre-
wious test. Correct wave-
form:

+4
v|60|
ms
ov

Measure with an ohmmeter
asoss reed contacts of
A7K2 through AT7KS.
Table on Figure 7-13
shows ranges in which 2|
through 4 are closed.
A7PKS is closed on all ex-
cept 10,000 K range.

Are
relays
opersting correctly ?

Trouvbleshoot relays and
drive circuits.

YES

pres

Troubleshoot dc level
transiators A10409 and
410, See Figure 7-20,

Measure voitage of pins 14
and 15 of A1U401. Both
shouidbe +5 V.

YES

resistance from $ Signai
Low to wire connections
X, Y, and Z on A7. Resist-
ances should be:
Lowto X =1 ki2
Lowto Y = 100 k3
Lowto Z=1 MQ2
Tolerance t 0.05%

Turn 3490A off. Measure]

Troubleshoot procision re-
sistor circuit, ATR12|
through A7R18.

Replace A1V

3F
i
8

H
!

1
il

1
|




Monitor {1 Ref connaction Connect O Signal High to
10 A2 (white wire at lower Input High, 21 Signat Low|
left of A2U2) with scope, © tnput Low. Using de|
Int. Sync, + Slope. Con’ voltmeter with 1010 input
nect @ Signal High Ter- resistance, meniyre voltage
minat to Input High, input at connection of red wire|
High to Input Low. 0 AZ. Apply input re-
Correct wavetorms: sistances below on fanges
Ase shown. Voltige sthould be Are
-V o5 :; waveforms YES Ja Nsred. voltages
- 7V-| ms k 10K corvect? RNG INPUT VOLTAGE comeet
N 1
“Wi 1K 1K IV10%
m MoK No K 1K IVai0% N0
-7V ! 10K K IV210%
rv: [ Ioo: 100K 1V210%
- y 4 1000k 100K 1V 10%
[ Nows | i LR NS
sl from 0 Signal Low

w fnput Low. Voltage at
white wire should be!
steady between - 09 V and
- 1.1 V for all ranges.

'ﬂ:;m YES | Trowdishoot reed relay
comect? ATKY and driver A705.
NO

Measum woitage acros
ATCS. Shauld be 12V 2

2v. "
el
Troubleshoot  ohmmeter
powsr supply. Fig. 7-30. : e
34304 -0-299¢
NOTES:
1. DC oreuits, lagic, must be aperating eomectly before
attempting this procedure. .

2. An axcilioscope; & de oltmeter with input resistance of 1010 ohms, and an
chmmeter are required for these checks.

3. The time shown on wavefarms is correct for instruments designed for 60 Hz
{ine operation. For 50 Hz instruments, increase time by 20%.




Troubleshoot dc level

—f transiators A10409 and

410_ See Figure 7-20,

Are

correct?

NO

YES

Troubteshoot function]
sweitching circuits,

Troubleshoot precision re-
sister  circuit, A7R12|
wwough ATR18.

Replace A1U401

| Measure voltage across in-

Turn 3490A on. Select
1 ki3 rangs and connect
1kl resistor 10 input.

put resistor with dc volt-
meter,

Measwre wvoltage between
top ends of A7R22 and 23,

Measure voltage between

top ends of A7R22 and 23.

Check A7Q7.

Measure voltage  across
ADS1.

Troubieshoot A7Q7,
ATCR10and 11,

>8v

<7V

Check ATDS1 for leakage.

Troubleshoot A70Q6 and|
ATUM circuits.

Check A7TR24 and 25.

Figure 7-7. Ohms Converter Troubleshooting Tree.

7-17/1-18
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Monitor display enablie sig-
nals at pin 5 of DS1
through DS6.. Ext. Trig.
scope at A1U2 pin 8,
slope.

Correct waveforms:

|~—I.2ms

4V |
ovil DSt |
ﬂr—O.lms :

+

Are all
waveforms
correct?

Replace A3US

Replace A3U2

Replace A3U1

NOTES:

1. If the 3490A has the special

YES

Troubleshoot display units
DS1 through DS6 by sub-

|stituting a known good

unit for one which appears
10 be defective.

display, the y i ion is

A20. All A3 component designators also apply to the A20 assembly.

2. An oscilloscope is required for these checks.

Figure 7-8. Display Troubleshooting Tree
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- otng

Are all

YES

readings
correct?

If not all readings are cor-
rect, compare readings
with lists of possible erro-
neous readings shown be-
low, to determine if the
readings obtained are iden-
tical to any set of readings
listed.

Do
readings
match any
set?

Set Sample Rate to HOLD,
Function to TEST, Range
to 2. Initiate one sample
with MAN Trigger, then
select Range 1 and initiate
one sample.

-ator, -hp- 10529A, may be used to check certain

ra shield to be checked in this way.

3490A. This instrument compares the logic
~ce unit of the same type. Two logic packages,
23 are Jow power units and cannot be checked
Comparator. A1U4,5,and 6 are mounted too

Follow
suggestions
readings.

given

troubleshooting

below

Is
Display

Is

+ 00903237

YES

Select Range 3, initiate one
sample then select Range 1
and initiate one sample.

Check ATU20 and A1U24

Is
Display
+.0100247

YES
sample, then

Select Range 4, initiate

1 and initiate one samp!#

select Ra

Is

YES

Check A1U15 and ATLZ

Display with Logic Comparator. Display with Logic Comparatc’
+ 0000727 See Note 1. +.000168? See Note 1.
NO
Dis'pslav YES |check ATU15 with Logic
+0.002007 Comparator. See Note 1.
— — -
Correct Readings for Test No. 1
+080.024
+04.0024
+0.20024
+.010024 If the instrument displays a repeatable
+0.09032 sequence of partially correct numbers in
+10.0024 Test No. 1, use the following lists to
+200.024 isolate the problem
+4000.24
+80002 .4
+6000.xx OL — Arrow indicates incorrect reading.

Troubleshc2?
Logic Cor




Select TEST No. 1. Set
Sample Rate to HOLD.
Initiate readings with MAN
trigger and compare to list
of correct readings shown
below.

NOTE:

Are all
readings

YES

correct?

if not afl readings are cor-
rect, compare readings
with lists of possible erra-
neous readings shown be-
low, to determine if the
readings obtained are iden-
tical to any set of readings
listed.

1. A Logic Comparator, -hp- 10529A, may be used to check certain
logic units in the 3490A. This instrument compares the logic
package to a reference unit of the same type. Two logic packages,
A1U18 and A1U23 are low power units and cannot be checked
with the Logic Comparator. A1U4,5,and 6 are mounted too
close to the guard shield to be checked in this way.

3490A-0- 2999

Do
readings

match any
set?

Set_Sampte Rate to HOLD,
Function to TEST, Range
to 2. Initiate one sample
with MAN Trigger, then
select Range 1 and initiate
one sample.

Foliow troubleshooting
suggestions given below
readings.

is
Dispiay
+0.09032?

YES

Is
Display
+ 0000727

YES

. YES
Display

+0.00200?

Select Range 3, ir
sample then selec
and initiate one s

Check A1U20 ar
with  tLogic Co
See Note 1.

Check A1U15 w
Comparator. See

Correc



is
Display
+.010024?

YES

Select Range 4, initiate one
sample, then select Range
1 and initiate one sample.

YES [ Check A1U

Display

with Logic Comparator.

15 and A1UB

Is
Display
+0.200247

YES

Select Range 5, initiate one
sample, then select Range
1 and initiate one sample.

Display

Check ATU15 and A1U12
with Logic Comparator.

ts
Display
+04.0024?

Display

YES

Select Range 6, initiate one
sample, then select Range
1 and initiate one sample.

<

Check A1U16 and A1U12
with  Logic Comparator.

.
J +.0001687 See Note 1. +0.00168? See Note 1. - +00.0168? See Note 1.
NO NO NO
[
1.
— — —
o
gs for Test No. 1
1024 080.024 080.024 080.024 > 800.024 080.024 080.024 o
0024 04.0024 04.0024 04.0024 + 40.0024 04.0024 04.0024 -0
0024 0.20024 0.20024 0.20024 * 200024 > 0.00168 020024 o
0024 If the instrument displays a repeatable 010024 - 000168 010024 -+ 100024 010024 010024 £
9032 sequence of partially correct numbers in -+ 0.00200 0.09032 0.09032 0.09032 0.09032 0.09032 0
0024 Test No. 1, use -the following lists - to 10.0024 -+ 000184 - 01.0024 10.0024 10.0024 10.0024 1
1024 isolate the problem. 200.024 200.024 -« 020.024 200.024 - 000.184 200024 2
)0.24 400024 400024 -+ 040024 4000.24 4000.24 4000.24 - O
024 80002.4 80002.4 -+ 080024 80002.4 800024 80002.4 &
0.xx OL = Arrow indicates incorrect reading, 6000.xx OL 6000.xx OL 6000.xx OL 6000.xx OL 6000.xx OL. - 0002.08/9 &
Troubleshoot A1U15 with Troubteshoot A1U1S,

Logic Comparator.

A1U16 with Logic Com-
parator.

\ Troubleshoot ATUTE, ATU1T, /

A1U6 with Logic Comparator,

\“Troubleshoot A1U15 and ATU12 wat!



Is
Display
+080.024?

Select Range 7, initiate one
sample, then select Range
1 and initiate one sample.

YES

Check A1U15 and A1U12

Is
Display
+6000.xx OL?

YES

should read:
+080.024
+04.0024
+0.20024
+.010024

Initiate 4 samples. Display

Check A1U15 and A1U12

Are
Displays
correct?

Check A1U21 with togic
Comparator, See Note 1.

YES

Initiate & more samples.
Display should read:
+0.09032

+10.0024

+200.024

+4000.24

+80002.4

+6000.xx OL

Check A1U21
Comparator. ¢

Display with Logic Comparator. Display with Logic Comparator, Also check A1U16 pin 15 Also check A1
+000.168? See Note 1. +0002.08? See Note 1. :\:11 Downrange output sig- for Uprange o
NO NO
—» -
s
] P b P
A4
324 -+ 000.168 080.024 > 200024 -+ 0.20024 -+ 009.032
158 04.0024 > 0.40024 0.08032 -+ 010024 4000.24
224 0.20024 - 5000xx OL 10.0024 -+ 0.20024 80002 .4
4 010024 + .0.80.024 -+ 2000.24 -+ 010024 + 400024
2 0.09032 -+ 040024 - 009032 -+ 600.0xx OL - 800024
4 10.0024 6000.xx OL - 10.00.24 - 60.00xx OL -+ 00,9032
4 200.024
X 4000.24 ; L— l*
: -+ 00018.4
6000.xx OL L*——Trc)ubles?\oming ATU19 and A1U21 with Logic Comparator, ——————/

© _Ip: Zomparator ————/

Figure 7-9. Loy



Is
Display

+6000.xx OL?

should read:
+080.024
+04.0024
+0.20024
+.010024

Initiate 4 samples. Display

Are
Displays
correct?

YES

Check A1U21 with Logic

Initiate 6 more samples.
Display shouid read:
+0.09032

+10.0024

+200.024

+4000.24

+ 800024

+6000.xx OL

Are
Displays
correct?

Check A1U21 with Logic

YES

Proceed

to  Display

Troubleshooting. if display

is good,

Troubleshooting

gestions,

refer to Logic
sug-

Paragraph  7-39.

21012 Is YES Check A1U15 and A1U12 Comparator, See Note 1.
——arator., Display with  Logic Comparator. Also check A1U16 pin 15 Cumparatc:(r. SSESN'?‘::
+0002.08? See Note 1. for Downrange output sig- Also check ATU1 pin
nal. for Uprange output signal.
NO
—
ph

- 200024 - 0.20024 -+ 009.032

0.09032 - 010024 4000.24

10.0024 -+ .0.20024 80002.4

- 200024 - 010024 -+ 40.00.2.4

<+ 00903.2 - 600.0xx OL - 800024

-+ 100024 = 60.00xx OL -+ 00.9032

; 7oz ateshooting ATU19 and ATU21 with Lagic Comparator.———j

Figure 7-9. Logic Test Troubleshooting Tree.
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Connect oscilloscope to
A1TPU and monitor State
Clock output. Set scope to
int. Sync +Slope.
Correct waveform:

oo -

ov

NOTES:

is
waveform
correct?

SEE NOTE 1. Monitor pin
11 of ATU1I2.
Correct wavetorm:

[*—le6Sec—

+4V i—-\_-l-—
ov

Monitor pin 11 of A1U4,
Correct waveform:

——'4,u.s|~—

oV

Is
waveform
correct?

Replace A1U4.

Monitor pin 14 of A1US.
Correct waveform:

Oe25us
Ot

WAVA

Is
waveform
correct?

Repl‘ace Al1U5,

is
waveform
correct?

SEE NOTE 1. Monitor pins
Gand 7 of AT1U2.
Correct waveforms:

PIN 6
Sms
+4vr

—5v
PIN 7

50ms
My il

-5V

Are
waveforms
cofrrect?

YES

SEE NOTE 1. Monitor pin
6 of A1U4. Correct wave-
form:

—-10.5#5I-—

ov

Replace A1U3

1. To monitor waveform or voitage, first turn 3430A OFF, then while holding
MANUAL TRIGGER button depressed, turn instrument ON and measure the
necessary waveform or voltage. The pushbutton must be held in while the
measurement is taken. This procedure applies only to those tests which refer to

Note 1.

2. The time shown on waveforms is correct for instruments designed for 60 Hz
line operation. For 50 Hz instruments, increase time by 20%.

w

sufficient accuracy with an oscilloscope.

3490A-D- 2997

. An oscilloscope is required for these checks. Voltages may be measured with

is
waveform
correct?

NC

SEE NOTE 1. Measure
voltages at pins 1 and 4 of
A1U4. Both pins should be
>+27V.

Are
voltages
correct?

Refer to Logic Trouble-
shooting suggestions in Par-
agraph 7-39.




Iloscope  to
onitor State
Set scope to
pe.

rm:

N

SEE NOTE 1. Monitor pin
11of ATU12,
Correct waveform:

|'—l.6 Sec—-[
+4v

o LT

ts
waveform
correct?

Monitor pin 11 of A1U4.
Correct waveform:

4us
o io

ol L LT

is
waveform
correct?

Replace A1U4.

Monitor pin 14 of A1US,
Correct waveform:

Oe25us
4»4\/_.| : l‘—

WAVA

is
waveform
correct?

Replace A1US.

is
waveform
correct?

SEE NOTE 1. Monitor pins
6and 7 of A1U2,
Correct waveforms:

+4av

Monitor pin 1 of A1U7.
Scope trigger to +5 V test
point on A1A1, Ext Sync,
+ Slope. Turn 3480A OFF
and back ON. Voltage at
pin 1 should remain low
for approx. 100 ms, then
go High (+5 V).

Are
waveforms

Is
waveform
corfrect?

Troubleshoot turn-on cir-
cuit, A1Q2, A1Q3.

SEE NQOTE 1. Monitor pin
3of A1UB.
Correct waveform:

correct?

SEE NOTE 1. Monitor pin
6 of A1U4, Correct wave-
form:

—\710.5#-5"—

+4
J L

Replace A1U3

or waveform or voltage, first turn 3490A OFF, then while hoiding
- TRIGGER button depressed, turn instrument ON and measure the

waveform or voltage. The pushbutton must be held in while the
ent is taken. This procedure applies only to those tests which refer to

shown on waveforms is correct for instruments designed for 60 Hz
ition. For 50 Hz instruments, increase time by 20%.

oscope is required for these checks. Voltages may be measured with
accuracy with an oscilloscope.

Is
waveform 74
correct?

NO

SEE NOTE 1. Measure
voltage at pin 11 of A1U2.
Should be < +0.5 V.

SEE NOTE 1. Measure
voltages at pins 1 and 4 of
A1U4, Both pins should be
>+27V.

Are
volitages
correct?

Replace A1U4,

Refer to Logic Trouble-
shooting suggestions in Par-
agraph 7-39.

Check A1U19 and A1U21
with Logic Comparator.
See Figure 79, Note 1.

-v-1 50ms }n-

+5

ol |

Is
voltage
correct?

Measure voitage at pin 5 of
A1U2. Should be - 11V +
10%.

Is
voltage
correct?

Troubleshoot - 11V sup-
pty, AICR3.

Refer to Logic Trouble-
shooting suggestions in Par-
agraph 7-39.

Replace A1U2.




Do
both check
good?

Replace defective part.

is
waveform
correct?

SEE NOTE 1. Monitor sig-
nal at base of A1Q1.
Correct waveform:

—-l 50ms "—

-0e2V'

Is
waveform
correct?

SEE NOTE 1. Measure
voitage at pin 2 of A1US.
Should be > + 3V,

Is
voltage
correct?

Sefer to Logic Trouble-
s~ooting suggestions in Par-
agraph 7-39,

Replace A1U16 with
known good part. Switch
ranges and functions, ob-
serving decimal

YES

point.
Should correspond to
range.

SEE NOTE 1. Monitor pin
5 of A1US.
Correct waveform:

—-' IOOms’-—

ov

Replace A1Q1.

Are
decimal points
correct?

Return to General Trouble-
shooting Tree, Figure 74,

Is
waveform
correct?

SEE NOTE 1. Measure
voltage at pin 1 of ATUG.
Should be > +2.7 V.

Is
voltage
correct?

Measure voltages at pins 5
and 10 of A1U8. Pin 5
should be -5.7 V, pin 10
should be +12V. Taler-
ance + 10%.

Refer to Logic Trouble-
shooting suggestions in Par-
agraph 7-39,

Are
voltages
correct?

Troubleshoot supply velt-
ages through A1CR2, 3,
and 4,

YES

Refer

agraph 7-39,

to Logic Trouble-
shooting suggestions in Par-

SEE NOTE 1.

vottage at pin 2 of A1U12.
Shouid be < +0.5 V.

Is
voltage
correct?

Measure

Replace A1U23.

L Replace‘A1 U6,

should be - 0.6 V.

Measure voltages at pins 3
and 7 of A1U8. Both pins

Are
voltages
correct?

Replace A1CR1.

YES

Replace A1U12.

Replace A1U8.

Figure 7-10. Logic Clock Troubleshooting Tree.
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Set Function to TEST,
Range to 1, Sample Rate
to HOLD. Inititate at ieast
10 samptes and compare
readings to Logic Test
readings on puli-out oper-
ating card.

Are
all readings
correct?

Megsure voltage: ;«psﬁs ;
A10CH. Shouid be + 5.V 1o

738.

Proceed 10 Disptav‘r
Troubieshooting, = Figure}..:

Monitor pin 8 of A10U2|
with scope set to Int sync,
+ slope. Connect scope
ground to lower end of
A10C1.

Correct waveform:

I‘-l.&- 240ms —-’

ov

Set Sample Rz
Monitor A10L
8, and 11, C
form for all

YES {wue):
I-—ZC

+5v
” M
OV Ye- se

P

Is
waveform
correct?

Troubleshoot outguard
powét supply on A8.

2nd & dc.voltmeter are

kS,

Waveform  she
) verted for LC

Monitor pin 13 of AT10U1. put.

Correct waveform is same

as in previous test except

High level is +2 V.

Menitor pin 1
YES Jorpingof At
waveform is
previous test.

is
waveform
correct?

Monitor pin 1 of ASU3.
Ground scope to input
Low or Inguard ground
point. Correct waveform is|
same as in previous test
except High level is +4 V|

Tls
waveform
correct?

Troubleshoot
and A15U5.

Monitor pin 3 of A9U3.
Correct waveform:

S

+0q5V

Set Sample R:
Monitor pin 2
Correct wavef

2(
av -

Ea
oV

Is
waveform
correct?

Troubleshoot Frequency
Doubler, ASU3 and ASUS.




is
waveform
correct?

YES

Monitor pin 13 of A10U1.

Set Sample Rate to FAST.
Monitor A10U7 pins 3; 6,
8, and 11. Correct wave-
form for all pins {HIGH

true):
|-—200ms—-'

+5v
” Moy be ”
OV Ya- several

puises
Waveform should be in-
verted for LOW true out-
put.

Are
waveforms
correct?

Monitor pin 3 of ASUS.
Ground scope to input
Low or Inguard ground.
Correct waveform:

|-zl.3m9|

ov

Troubleshoot light isolator

Correct waveform is same
as in previous test except
High level is + 2 V.

circuit and gates associated
with incorrect signal.

Is
waveform
correct?

YES

Monitor pin 12 of A10U1

|or pin 9 of A10U2. Correct
jwaveform is inverse of

previous test.

Is
waveform
correct?

Monitor pin 15 of ASUG,|
Correct waveform:

fe—200ms
+5V ) —
—o

ov

Replace ASUB

is
waveform
correct?

Replace A10U2

Monitor pin 1 of ASU3.
Ground scope to input
Low or Inguard ground
point. Correct waveform is
same as in previous test
except High level is +4 V.

Heplace A10U1

Is
waveform
correct?

Troubleshoot A15A1Q5
and A15U5.

Monitar pin 3 of AQU3,
Correct waveform:

- o

IAVAVAVAY
+0q5V

e

Is
waveform
correct?

Set Sample Rate to FAST,
Monitor pin 2 of AQU3.
Correct waveform:

200
4V"— "'5"’1

+
_m
ov

Is
waveform
correct?

Replace ASU3

Troubleshoot Frequency
Doubter, AGU3 and A9US.

Troubleshoot
Sequential Logic

3490-D-2995

wawvi

Troubk
Sequen




Set Sample Rate to FAST.
Monitor A10U7 pins 3; 6,
& ‘and .11, Correct wave-
for. all pins (HIGH

o 200ms—~|

v
" May be “
QV.Ue- severol

- pulses
efor should be in-
d: for LOW true out-

Are
waveforms
correct?

Troubleshoot light isolator
circuit and gates associated
with incorrect signal.

Monitor pin 12 of A10U1
or pin 9 of A10U2. Correct
waveform is  inverse of
prévious test,

Troubleshoot A15A1Q5,
and A15U5.

Set Sampie Rate to FAST.
Monitor pin 2 of AQU3.
Correct waveform:

200
4V,‘— "‘5-"

+
oV

Is
waveform
correct?

Replace A10U1

Is
waveform
correct?

Troubleshoot
Sequential Logic

Monitor pin 3 of
Ground scope 10
Low or Inguard gro
Correct waveform:

|-z le3ms

+5v”——
ov

e ————

Replace A10U

e ———

e ————————

Replace AGU3

L e —

3490-0-2995



—— ey
or pin 3 of ASUS.

vl scope to  Input
>r Inguard ground.
ct waveform:

Xle3m
(t. "

——
Replace A10U2

b——————

eolace ASU3

2995

Is
waveform
correct ?

Replace A9US

Monitor pin 15 of AQUS |

Correct waveform:

+5V

o

r—ZOOms —-1

Tms

Is
waveform
correct?

Troubleshoot
Sequential Logic

Sompt

Monitor pin 1 of AQUK
Correct waveforin;

Figure 7-11. Data Output Troubleshooting Tree, Option 021,
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SEE NOTE 1.

Set Function to TEST,
Range to 1, Sample Rate
to HOLD. Initiate at least
10 readings with MAN
Ipushbutton and compare
with list of correct readings
shown on pull-out oper-
lating card.

NOTES :

+5to+55V,

Measure voltage
A12C6. Voltage should be

ACOTsS:

fProceed to Logic Test

troubleshooting.
79.

Figure

1. Front panel range and function selection must operate
correctly before this procedure is attempted

2. An oscifloscope is required for these checks.

3490A-D - 2993

is
voltage
correct?

Monitor Data Fiag signal at|
output {J7 pin 23} while
applying a Program Ex-|
ecute command {Prog.
Exec. input LOW for
> 5 us).

Correct waveform:

+5v
ov

Is
Program Flag
output
correct?

Troubleshoot Outguard
Power Supply on A8.

Monitor pin 11 of A11U3
while applying a Program

Correct waveform:

+5v
e
ov

is
waveform
correct?

Troubleshoot Sequential
Logic circuits, A11U5,
A11U2, A11U3, AT1U4,
land Input signals.




e voitage acorss
Voitage should be]
55V,

Monitor Data Flag signal at
output (J7 pin 23) while
applying a Program Ex-|
ecute command {Prog.
Exec. input LOW for|
> 5 us).
Correct waveform:
+5v
= Ims
ov

Is
Program Flag
output
correct?

Troubleshoot
Power Supply on A8.

Qutguard

Monitor pin 11 of A11U3
while applying a Program
Execute command.
Cosrect waveform:

+5v
ov

is
waveform
correct?

Troubleshoot Sequential
Logic circuits, A11U5,
A11U2, A11U3, At1U4,
and Input signals.

YES

Connect Remote Enable
{J7 pin 6) to ground. REM
light in display should bef
on only while Remote En-
able is LOW,

Remote
Annunciator

Remotely program TEST
{Function A and B HIGH),
Test No. 2 (Range C
HIGH, B LOW, A HIGH).
Monitor pins 2-and 14 of
A12U1 while applying Pro-
gram Execute.

Correct waveforms:

Trace Data Flag signal
through light isolator cir-|
cuit and inverters,

PIN 2 4
+ 5V
(]
ov
PIN 14
1*0eEms |
+5v -
Monitor pin 3 of A11U1 ov :
should be OV when Rem| '
Enable is LOW and +3 V| ‘
when Rem Enable is| (
HIGH,
Troubleshoot Local/
Remote Flip-Flop and its
input gating circuits. 1

Trace Remote Enable sig-
nal through outguard in-
verters and gates and
through fight isolator cir-
cuit.




lemotely program TEST‘

Function A and B HIGH),
est No. 2 {Range C
IGH, B LOW, A HIGH).
bonitor pins 2-and 14 of
12U1 while applying Pro-
am Execute.
orrect waveforms:
PIN 2
+ 5V

Oedms|

i

PIN 14
t#0eEms =

ME
ov

roubleshoot Local/
emote Flip-Flop and its
WUt gating circuits.

Repeat previous check,|
monitoring pins 3 and 13|
of At2U1.

Correct waveforms:

PIN 3

v
ov

PIN 13
a6ms
+5V'.0 A

ov

Repeat previous check,
monitoring pin 7 of
At1U7 and 8. Correct
waveforms:

PIN 7

+
ov

PIN 15 0uE
obms
+5VP Ny

ov

Are
waveforms
correct?

Are
waveforms
correct?

Trace signals through light
isolators and associated
circuits.

Leaving program as in
previous check, measure|
voltages at inputs of|
A11U10 and AT1UI1,
togic jevels should be as
follows:

A11U10 pin 7 = Low
pin 9 = Low
pin 4 = High
pin 3 = High

A11U11 pin 12 = Low
pin 6 = High
pin 3 = Low
pin 2 = High

logic levels

Are

correct?

Replace A12U1,

Troubleshoot
A12U4,  light
circuit, and A11U6.

A12U3,|
isolator

A11U8

A11U7 and

YES

Replace
At1U11.

A11U10 or

Figure 7-12. Remote Troubleshooting Tree, Option 022.
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START

REMOVE ASCIl INGUARD ASSEMBLIES

A34 AND A36. INSTALL REMOTE JUMP-
ER BOARD A4 (SUPPLIED WITH OPTION
030} IN CONNECTOR A1J7 IN PLACE OF
A36. SET 3490A RANGE AND FUNC-
TION TO TEST 1 TO VERIFY CORRECT
OPERATION OF MAIN LOGIC.

@ST CORRECT?

NO

TROUBLESHOOT 3490A MAIN LOGIC
CIRCUITS.

REMOVE A4 AND REPLACE A34 AND
A36. MEASURE +12V, +5V, and -2V
OUTGUARD VOLTAGES. +12V AND
-2V TEST POINTS ARE ON A32 AND
+5V TEST POINT IS ON A33. VOLT-
AGES MUST BE MEASURED TO OUT-
GUARD GROUND TEST POINT ON A33
OR A30. ALLOW +/- 10% TOLLERANCE.

ARE VOLTAGES CORRE

—

NO

TROUBLESHOOT OUTGUARL
AGE SUPPLIES. +12V and +
PLIES ARE LOCATED ON QU
MOTHER BOARD A31. -2V Sl
DEVELOPED FROM SYSTEM
MULTIVIBRATOR ON A32,

MEASURE +12V AND -2V SUPPLIES
ON INGUARD ROM ASSEMBLY A34.
THESE ARE ON TEST POINTS ON A34.
MEASURE TO INGUARD GROUND AT
TEST POINT ON A36.

ARE VOLTAGES CORRECT?

NO

CHECK OPERATION OF ISOLATING
PHOTO-TRANSISTORS U1 THROUGH
U11 WITH A LOGIC PROBE OR BY
CONNECTING A KNOWN GOOD UNIT IN
PARALLEL WITH THE SUSPECTED
PHOTO-TRANSISTOR IN THE 3490A.
ALSO CHECK DRIVE TRANSISTORS
A3004 THROUGH Q9 AND A35Q1
THROUGH Q4. See Note 1.

TROUBLESHOOT SUPPLIES ON iIN-
GUARD ROM ASSEMBLY A34.

NOTES:

N

1. THE ISOLATING PHOTO-TRANSISTORS UT—11 MAY BE
CHECKED BY CONNECTING A NEW PART IN PARAL-
LEL (ALL FOUR CONNECTIONS) WITH THE SUS-
PECTED PART. THE NORMAL VOLTAGE DROP ACROSS
THE DIODE PORTION OF THE PHOTO-TRANSISTOR
UNIT SHOULD BE APPROXIMATELY 1.75 V WHEN THE
UNIT 1S BIASED ON, A30L4-8 AND A35L1-5 ARE
FERRITE BEADS.

. EACH TIME AN ASSEMBLY OR PART IS SUBSTITUTED
OR A REPAIR IS MADE, THE OPERATION OF THE GPIB
CIRCUITS SHOULD BE CHECKED USING THE PERFOR-
MANCE CHECK IN PARAGRAPH 5-45, THE COMPLETE
CHECK MAY BE RUN, OR ONLY THAT PORTION
WHICH THE INSTRUMENT FAILED PREVIOUSLY.

3490-D-338!t

USE CARE tN HANDLING {SOLATION
ASSEMBLIES. PHOTO-TRANSISTORS U1
THROUGH U11 ARE VERY SENSITIVE
TO MECHANICAL STRESS.

ARE ISOLATION CIRCUITS OPERA-
TING CORRECTLY?

NO

REPLACE DEFECTIVE COMPONENT.

THIS CHECK ASSUMES TH/
ONE GPIB PRINTED CIRCUI"
BLY IS DEFECTIVE. USING
BLIES IN GPIB REPAIR

03490-80009, SUBSTITUTE ASS
ONE AT A TIME IN THE FO
ORDER: A32, A33, A36, A34,
LATION ASSEMBLIES A30 .
TOGETHER, AFTER SUBS®
EACH ASSEMBLY, PERFO
OPERATING CHECK GIVEN
GRAPH 57 OR 59 TO DETE
PROBLEM {S CLEARED. See No




REMOVE A4 AND REPLACE A34 AND
A36. MEASURE +12V, +5V, and -2V
OUTGUARD VOLTAGES. +12V AND
-2V TEST POINTS ARE ON A32 AND
+5V TEST POINT IS ON A33. VOLT-
AGES MUST BE MEASURED TO OUT-
GUARD GROUND TEST POINT ON A33
OR A30. ALLOW +/- 10% TOLLERANCE,

ARE VOLTAGES CORRECT?

NO

TROUBLESHOOT OQUTGUARD VOLT-
AGE SUPPLIES. +12V and +5V SUP-
PLIES ARE LOCATED ON OUTGUARD
MOTHER BOARD A31. -2V SUPPLY (S
DEVELOPED FROM SYSTEM CLOCK
MULTtVIBRATOR ON A32.

SEMBLIES

OTE JUMP- 1S LOGIC TEST CORRECT?

“H OPTION

PLACE OF

ND FUNC-

CORRECT

NO
TROUBLESHOOT 3480A MAIN LOGIC
CIRCUITS.
CHECK OPERATION OF ISOLATING
. YES PHOTO-TRANSISTORS 1 THROUGH

ECT? U1l WITH A LOGIC PROBE OR BY
CONNECTING A KNOWN GOOD UNIT IN
PARALLEL WITH THE SUSPECTED
PHOTO-TRANSISTOR IN THE 3490A.
ALSO CHECK DRIVE TRANSISTORS
A30Q04 THROUGH Q9 AND A35Q1
THROUGH Q4. See Note 1.

3
USE' CARE IN HANDLING ISOLATION
ASSEMBLIES. PHOTO-TRANSISTORS U1
THROUGH U11 ARE VERY SENSITIVE
TO MECHANICAL STRESS.

L-

s-

3

R

IE

€

2]

5

3

E

N

3490-D-338!

ARE ISOLATION CIRCUITS OPERA-
TING CORRECTLY?

NO

REPLACE DEFECTIVE COMPONENT.

THIS CHECK ASSUMES THAT ONLY
ONE  GPIB PRINTED CIRCUIT ASSEM-
BLY IS DEFECTIVE, USING ASSEM-
BLIES IN GPIB REPAIR KIT NO.
03480-80009, SUBSTITUTE ASSEMBLIES
ONE AT A TIME IN THE FOLLOWING
ORDER: A32, A33, A36, A34, AND ISO-
LATION ASSEMBLIES A30 AND A35
TOGETHER. AFTER SUBSTITUTING
EACH ASSEMBLY, PERFORM THE
OPERATING CHECK GIVEN IN PARA-
GRAPH 5.7 OR 59 TO DETERMINE IF
PROBLEM IS CLEARED. See Note 2,

WAS AN ASSEMBLY FOUND TO BE
DEFECTIVE?

NO

USE APPROPRIATE R
NOTED IN THE FOLLO
REPAIR DEFECTIVE AS

PROBLEM MAY BE ON OUTGUARD
MOTHER BOARD A31 OR IN ASCII BUS.
SUBSTITUTE NEW PARTS (KIT NO.
03490-80031) FOR A31U2 AND 3. THIS
CHECKS DATA AND CONTROL LINE
BUFFERS AND GATES. See Note 2.

DOES ASCHl OPERATE CORRECTLY?

NO

RUN COMPLETE OPERA
PARAGRAPH 545 TO VI
MANCE,

CHECK PULL-UP RESISTOR PACKAGES
A31R7,8.




7IATE REPAIR KIT AS
E FOLLOWING STEPS TO

See Note 2.

ZTIVE ASSEMBLY,

E OPERATING CHECK IN
45 TO VERIFY PERFOR-

IF ISOLATION ASSEMBLY A30 AND A35
IS DEFECTIVE, USE REPAIR KiT NO.
03490-80013 TO REPAIR BY REPLAC-
ING DEFECTIVE COMPONENT(S),

1S PROBLEM CORRECTED?

RUN COMPLETE OPERATING CHECK IN
PARAGRAPH 5-45 TO VERIFY PERFOR-
MANCE.

NO

IF INGUARD PROGRAM ASSEMBLY A36
IS DEFECTIVE, USE REPAIR KIT NO.
03490-80036 TO REPAIR B8Y REPLAC-
ING DEFECTIVE COMPONENT{S}.

CONNECT LEOP LINE AT REAR PANEL
CONNECTOR TO GROUND (412 PIN 9
TO PIN 24] AND MONITOR LRST AT
COLLECTOR OF A30Q1. LRST SHOULD
BE LOW WHEN LEOP IS LOW.

DOES LRST GO LOW?

NO

CHECK INVERTER A30U8 PINS 8 AND
9, AND INGUARD INVERTER A35U3
PINS 8 AND 8.

IF OUTGUARD DATA ASSEMBLY A331S
DEFECTIVE, USE REPAIR KIT NO.
0349080033 TO REPAIR BY REPLAC-
ING DEFECTIVE COMPONENTI(S}.

TROUBLESHOOT RESET CIRCUIT,
A30Q1-3 AND A30U4 PINS 3 AND 4.

IF INGUARD ROM ASSEMBLY A34 IS
DEFECTIVE, USE REPAIR KIT NO.
03490-80034 AND REPLACE ALL
MICROCIRCUNTS EXCEPT ROM, A34US5,

e

IS PROBLEM CORRECTED?

RUN COMPLETE OPERATING CHECK IN
PARAGRAPH 5-45 TO VERIFY PERFOR-
MANCE,

NO

REPLACE ROM A34U5. See Nate 2,

IF OUTGUARD ROM ASSEMBLY A32 15
DEFECTIVE, USE REPAIR KIT NO.
03490-80032 AND REPLACE ALL
MICROCIRCUITS EXCEPT TWO ROM'S
A32U2 AND 3.

1S PROBLEM CORRECTED?

RUN COMPLETE OPERATING CHECK IN
PARAGRAPH 5-45 TO VERIFY PERFOR-
MANCE.

NO

REPLACE ROM A32U2. See Note 2,

IS PROBLEM CORRECTED?

NO

RUN COMPLETE OPERATING CHECK IN
PARAGRAPH 5-456 TO VERIFY PERFOR. ,
MANCE.

ROM AND MOS DEVICES ARE EASILY
DESTROYED BY STATIC CHARGE.
KEEP PINS SHORTED WITH CONDUC-

TIVE FOAM OR METAL fOIL WHEN

REPLACE A32U3. IF THiIS CORRECTS
PROBLEM, REPLACE A32U2 WITH ORI-
GINAL PART, tF OPERATION IS COR-
RECT, SEE NOTE 2.

PART IS NOT IN INSTRUMENT.

Figure 7-13. GPIB I/O Troubleshooting Tree, Option 030.
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WITH SAMPLE/HOLD SWITCH SET TO
OFF, VERIFY PROPER DC VOLTMETER
OPERATION OF 3480A.

IS DC FUNCTION OPERATING COR-
RECTLY?

1S POLARITY CORRECT?

NO

SET S/H SWITCH TO TRACK/HOLD,
FUNCTION TO DC, RANGE TO 10V,
A27K1 SHOULD BE CLOSED. SET SAM-
PLE RATE FULLY CLOCKWISE. APPLY
10 Vdc INPUT.

SET S/H SWITCH TO TRACK/HOLD OR
ACQUIRE/HOLD. SELECT 10 V RANGE,
APPLY 10Vdc INPUT. SET SAMPLE
RATE FULLY CLOCKWISE. A27K1
SHOULD BE CLOSED.

CHECK REFERENCE POLARITY LOGIC,
A28U1,U12.

NOTE

ALL TIMES SHOWN APPLY TO OPTION
060 INSTRUMENTS (60 Hz LINE). FOR
OPTION 050, INCREASE TIMES BY 20 %.

IS READING CORRECT?

NO

CHECK VOLTAGE AT PIN 1 NEAR TOP
CENTER OF A27, SHOULD BE NEAR
ZERQ. CHECK WAVEFORMS AT PINS 2
AND 3 IN SAME LOCATION. EXTER-
NALLY TRIGGER SCOPE ON TEST
POINT K IN LOGIC SECTION OF 3480A
MAIN CIRCUIT BOARD. SHOULD BE:

PIN 2 +45V
HHDA ov
PIN 3 I I I ] +45V
HHOB ov

1S READING CORRECT?

YES

REMOVE A27 AND A28. REPLACE WITH
JUMPER BOARDS A24 AND A25. SET
S/H SWITCH TO OFF. CHECK DC OPER-
ATION,

DOES DC FUNCTION OPERATE COR-
RECTLY?

NO

TROUBLESHOOT MAIN 3490A CIR-
CuUITS.

APPLY FULL-RANC
RANGES IN BOTH
ACQUIRE/HOLD OF

ARE VOLTAGE .
CORRECT?

GO TO LOGIC
TREE,

TROUBLESHOOT 4
CIRCUITS IN A27U1

REINSTALL A27, A
CONNECT CABLES
LOGIC TROUBLESH




e cor- }YES
. YES
€T?

UTY LoGIC,

TE

APPLY TO OPTION
(60 Hz LINE). FOR
ASE TIMES 8Y 20 %,

SET S/H SWITCH TO TRACK/HOLD,
FUNCTION TO DC, RANGE TO 10V.
A27K1 SHOULD BE CLOSED. SET SAM-
PLE RATE FULLY CLOCKWISE. APPLY
10 Vdc INPUT,

1S READING CORRECT?

NO

YES

APPLY FULL-RANGE INPUT ON ALL
RANGES IN BOTH TRACK/HOLD AND
ACQUIRE/HOLD OPERATION.

CHECK VOLTAGE AT PIN 1 NEAR TOP
CENTER OF A27. SHOULD BE NEAR
2ERQ. CHECK WAVEFORMS AT PINS 2
AND 3 IN SAME LOCATION. EXTER-
NALLY TRIGGER SCOPE ON TEST
POINT K IN LOGIC SECTION OF 3490A
MAIN CIRCUIT BOARD, SHOULD BE:

PIN 2 +45V
HHDA ov
PIN 3 +45V
HHOB ov

CORRECT?

NO

SET S/H SWITCH TO TRACK/HOLD OR
ACQUIRE/HOLD. SELECT 10 V RANGE,
| APPLY 10 Vde INPUT. SET SAMPLE
RATE FULLY CLOCKWISE, A27K1
SHOULD BE CLOSED.

1S READING CORRECT?

GO TO LOGIC TROUBLESHOOTING
TREE.

YES

TROUBLESHOOT A27K2 AND DRIVE
CIRCUITS IN A27U10.

REMOVE A27 AND A28. REPLACE WITH
JUMPER BOARDS A24 AND A25. SET
S/H SWITCH TO OFF. CHECK DC OPER-
ATION.

DOES DC FUNCTION OPERATE COR-
RECTLY?

NO

REINSTALL A27, A28. MAKE SURE TO
CONNECT CABLES CORRECTLY, GO TO
LOGIC TROUBLESHOOTING TREE,

TROUBLESHOOT MAIN 3430A CIR-
CUITS.

ARE ALL READINGS CORRECT?

NO

SELECT 10V .RANGE, TF
CHECK LINEARITY BY AP
PUTSOF1V,3V,5V,7VA

ARE VOLTAGE AND WAVEFORMS YES

SET S/H SWITCH OFF, SAMPLE RATE
FULLY CLOCKWISE, RANGE TO 1 V.
SHORT INPUT TERMINALS. CONNECT
TEST POINT LTST ON A28 TO INGUARD
GROUND. THEN SET S/H SWITCH TO
TRACK/HOLD OR ACQUIRE/HOLD.
CHECK VOLTAGE AT A27TP1,

ARE K2 AND U10 OPERATING COR-
RECTLY?

1S VOLTAGE DRIFTING M(
10 mV/s?

—
NO

e —

IS VOLTAGE LESS TH,
+ 12V AND DRIFTING |
05 mV/s?

NO

REPLACE DEFECTIVE COMPONENT,

TROUBLESHOOT AMPLIFIE!
U2,Q2).

S ———— e —

SET S/H SWITCH TO O
WAVEFORMS ATPINS 1,2 A
EXTERNALLY TRIGGER
TEST POINT K IN LOGIC S
3490A MAIN CIRCUIT BOAR
SHOULD BE:

PIN 2
HMDA '!M

PIN1
HMDB 135 ms
he
*5ms
PIN 3 ‘f

HMDC 1J*125ms

IF WAVEFORMS ARE NOT
A28U14 1S PROBABLY DEFE

U —



—

IGE, TRACK/HOLD.
&Y APPLYING iIN-
V.7 VANDI V.

—_— e

ARE ALL READINGS CORRECT?

WG MORE THAN YE

NO

8 THAN ABOUT\YES
T™G LESS THAN

NO

PLIFIER A (A27U1,
— el
—e

O OFF. CHECK
1,2 AND 3 OF J5,
GEF  SCOPE ON
GIC SECTION OF
@OARD, + SLOPE,

CHECK FET'S A2701, Q2 AND Q3 FOR
LEAKAGE. ALSO CHECK A27C3 AND
C10 FOR LEAKAGE.

CHECK VOLTAGE AT A27TP2,

IS VOLTAGE DRIFTING MORE THAN
05 mVis?

S VOLTAGE LESS THAN ABOUT
$+12V AND DRIFTING LESS THAN
95 mV/s?

TROUBLESHOOT AMPLIFIER B (A27U3,
U6, a6, Q7).

L

- wOT CORRECT,
DEFECTIVE.

—_—

WES

CHECK SAMPLE/HOLD EXTERNAL
TRIGGER CIRCUIT, A28Q1, U1, U7 AND
ui2,

CHECK FET'S A27Q6, Q7 AND Q8 FOR
LEAKAGE. ALSO CHECK A27C12 AND
C18 FOR LEAKAGE.

REMOVE GROUND CONNECTION FROM
LTST. WITH INPUT SHORTED, SELECT
10V RANGE, SET SAMPLE RATE TO
HOLD. MEASURE VOLTAGE AT
A27TP3.

IS VOLTAGE NEAR ZERO?

| TROUBLESHOOT A2708 AND DRIVE
CIRCUITS.

1S VOLTAGE NEAR ZERO?

TROUBLESHOOT OUTPUT AMPLIFIER
A27U7 AND ASSOCIATED COMPO-
NENTS.

NO

TROUBLESHOOT OFFSET AMPLIFIER

A27U4 AND ASSOCIATED COMPO-
NENTS.

3490-D-3437

Figure 7-14. Sample/Hold General Troubleshooting Tree.
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$SET SAMPLE/HOLD SWITCH TO TRACK/
HOLD, SAMPLE RATE TO HOLD,
OPERATE FROM AN EXTERNAL TRIG-
GER SOURCE. MONITOR WAVEFORM
{HHDA) AT RED WIRE, PIN 2, NEAR
TOP CENTER OF A27, EXTEANALLY
TRIGGER SCOPE ON NEGATIVE-GOING
EDGE OF SAMPLE/HOLD TRIGGER $1G-
NAL INPUT. WAVEFORM SHOULD BE:

+45V
ov
H 2 me!

P—l&)m—os

1S WAVEFORM CORRECT?

+ | AND "MONITOR SAME POINT AS IN

MONITOR WAVEFORM AT A28U3 PIN
11, SHOULD BE 260 kHz SOUARE WAVE
IN OPTION 060 INSTRUMENTS,
208.3 kHz IN OPTION 0650.

1S WAVEFORM CORRECT?

NO

YES

TROUBLE IS PROBABLY IN;A28U8, BUT
ANY CIRCUIT USING HSHC COULD BE
LOADING THIS SIGNAL LINE,

NO
ALL TIMES SHOWN APPLY TO OPTION
0600 INSTRUMENTS (60 Hz LINE), FOR
OPTION 050, INCREASE TIME BY 20 %.

SET 8/H. SWITCH . TO ACQUIRE/HOLD
PREVIOUS TEST. WAVEFORM SHOULD
BE ' THE SAME EXCEPT FOR DELAY

ADDED AT BEGINNING OF TRACE BE- |
FORE SIGNAL GOES HIGH, !

10V ANG S 128.4 s
1VRNG-512.6m
V RNG 2048 ju

MONITOR WAVEFORM AT A28U4 PIN
| 10. SHOULD BE SAME AS IN PREVIOUS
TEST.

1S WAVEFORM CORRECT?

NO

TROUBLE IS PROBABLY IN A28U12, U4
OR U13 MIGHT BE LOADING THIS SIG-
NAL LINE,




H-SWITCH TO ACQUIRE/HOLD
‘AND 'MONITOR SAME POINT AS IN|
PREVIOUS TEST. ' WAVEFORM SHOULD
6E. THE SAME "EXCEPT FOR DELAY
ADDED AT BEGINNING OF TRACE BE- |
| FORE SIGNAL GOES HIGH.

16V ANG - 128.4 s
1VANG 61264

ES|

ALL RANGES?

NO

+3 VRNG:2048 s

ARE WAVEFORMS CORRECT FOR YES

TROUBLESHOOT A28U11, U13'AND U16
BY SUBSTITUTING NEW PART,

ITOR WAVEFORM AT A28U4 PIN
HOULD BE SAME AS IN PREVIOUS

1S WAVEFORM CORRECT?

NO

YES

TROUBLE IS PROBABLY IN A28U12. U4
OR U13 MIGHT BE LOADING THIS SIG-
NAL LINE,

SET S/H SWITCH TO OFF, RANGE TO
10V, SAMPLE RATE FULLY CLOCK-
WISE. DISCONNECT EXTERNAL TRIG-
GER. MONITOR WAVEFORMS AT PINS
1, 2 AND 3 OF J5. EXTERNALLY TRIG-
GER SCOPE ON TEST POINT K IN LOGIC
SECTION OF 3480A MAIN CIRCUIT
BOARD, + SLOPE. SHOULD BE:
ek

YES

ARE WAVEFORMS CORRECT?

RECHECK SYMPTON
TURE OF MALFUNC

NO

GROUND PIN 13 OF A28U3. MEASURE
VOLTAGE AT PINS 11, 12 AND 13 OF
A28U2. ALL 3 PINS SHOULD BE LOW
K+04V).

ARE LOGIC LEV

REPLACE A28U3 O
UPON WHICH SIGN.

MONITOR WAVEFORM AT A28UG PIN 9.
SHOULD BE:

YES

IS WAVEFORM CORRECT?

NO

TROUBLESHOOT SAMPLE/HOLD TRIG-
GER CIRCUIT.

MONITOR WAVEFO!

3 AND 13. BOTH St
TO:

1
o— 65 ms —a

ARE WAVEFOR

MONITOR WAVEF
PINS 13 AND 17. §
TO THOSE OBSER\
13 OF A18U6.




YMPTOMS AND VERIFY NA-

ALFUNCTION.

YES | MonITOR VOLTAGE AT A28U2 PIN 15
WHILE CHANGING S/H SWITCH FROM
OFF TO TRACK/HOLD,

GIC LEVELS CORRECT?

—[NO

YES WITH A28U3 PIN 13 GROUNDED, MONI-
TOR VOLTAGE AT A28U8 PIN 15 WHILE
CHANGING S/H SWITCH FROM OFF TO
ACQUIRE/HOLD.

\28U3 OR U4, DEPENDING
H SIGNAL IS INCORRECT.

DOES VOLTAGE CHANGE WHEN
SWITCH POSITION IS CHANGED?

NO

MONITOR VOLTAGES AT PINS t1 AND
13 OF A28U10 WHILE REPEATING THE
TWO PREVIOUS TESTS.

A28U2 IS PROBABLY DEFECTIVE.

DOES VOLTAGE CHANGE WHEN
SWITCH POSITION CHANGES?

NO

NAVEFORMS AT A28U6 PINS

#OTH SHOULD BE SIMILAR

o

A28U8 IS PROBABLY DEFECTIVE.

DO VOLTAGES CHANGE? YES TAOQUBLE IS PROBABLY IN A28U14 OR
u1s,

L , NO
g
YES REPLACE A18U10.
AVEFORMS CORRECT? AZBUS 15 PROBABLY DEFECTIVE.

0

WAVEFORMS AT A28U14
%0 17. SHOULD BE SIMILAR
OBSERVED AT PINS 3 AND
5.

ARE WAVEFORMS CORRECT? A28U14 1S PROBABLY DEFECTIVE,

REPLACE A28U10 OR U15 AS INDI-
CATED BY INCORRECT WAVEFORM AT
A28

3490-D-3436

Figure 7-15. Sample/Hold Logic Troubleshooting Tree.
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Select Test 4. Set RATIO

switch- to  INT REF,
Connect dc standard to
INPUT terminals and
apply - 10.0000 V. Disptay
should be +09.9995 ¢ {10

Is

display
correct?

YES

3490A~D - 3048

counts + dc standard
error).
With conditians same as
previous test, check logic
levels as follows:
Test Point Level
D Low
U5 pin 12 HIGH
U5 pin 11 HIGH
(Note 2)
NOTES

1. A dc standard and a dc voltmeter
are required for these checks.

2, Logic HIGH=+24V to +5V
Logic Low=0to+ 06V

3. Perform Ratio Adjustment Proce-
dure after completing repairs.

Are
voltages
correct?

YES

Remove A13U3, Set RA-
TIO switch to EXT REF
10 V. Disconnect dc stan-
dard from INPUT and con-
nect to EXT REF term.
Monitor voltage at A13
test point C while applying
EXT REF voltages below:
EXT REF TPC

+20V +13610+143V
-20V - 136to- 143V

Are
voltages
correct?

YES

NO

Refer to General Trouble-
shooting Tree, Fig. 74,
main 3490A manual.

Check Input Protection
Circuit A13CR1-4,
A13R1-3. After repair, go
10 next step.

e —
Replace A13

Disconnect

from EXT R
nect to INPI
Apply - 10.00
TEST 4. She
terminals. Wi
to EXT REF
shouid be 00.




Are
voltages
correct?

YES

Remove A13U3. Set RA-
TIO switch to EXT REF
10 V. Disconnect dc stan-
dard from INPUT and con-
nect to EXT REF term.
Monitor voitage at A13
test point C while applying
EXT REF voltages below:
EXT REF TPC

+20V +136t0+143V
-20V - 136to- 143V

Are
voltages
correct?

NO

Refer to General Trouble-
shooting Tree, Fig.7-4,
main 3490A manual.

Check Input Protection
Circuit A13CR1-4,
A13R1-3. After repair, go
t0 next step.

YES

Repiace A13U3 in socket,
Disconnect dc  standard
from EXT REF and con-
nect to INPUT terminals,
Apply - 10.0000 V. Select
TEST 4. Short EXT REF
terminals. With RATIO set
to EXT REF 10V, display
should be 00.0000 +.

is
display
correct?

Disconnect front panel ca-
ble W8 from Ratio Assem-
bly A13. Ground pin 2 of
W8 connector on A13. Re-
move A13U2. Connect dc
standard to A13TPC and
monitor voltage at cathode
of A13CR6 while applying
10V
TPC A13CR6

+10V +129t0+ 143V
-10V - 129to- 143V

Are
voltages
correct?

Check A13CR6,7 and re-
place if defective. If diodes
are good, replace A13U1
with new part. After re-
pair, go to next step,

YES

YES

Perform Ratio Adjust-
ments, Paragraph 5-79,

With cable W8 disconnected, pin 2 of ¢
grounded, and U2 removed, set FUNCTIC
RANGE to 10 V. Apply any INPUT vol
polarity shown below, and apply + 10V
checking logic levels as shown: (Note 2}

INPUT TPC TPD Us(12)
+ +10V LOW HIGH
- +10V Low Low
- -1V HIGH LOW
+ 10V HIGH HIGH




e
Ratio  Adjust-
ragraph 5-79.

e W8 disconnected, pin 2 of connector
,and U2 removed, set FUNCTION to DC,
to 10 V. Apply any INPUT voitage with
hown below, and apply + 10V to TPC,
ogic levels as shown: (Note 2)

TPC
+ 10V
10V
-10V
-0V

—

TPD
Low
Low
HIGH
HIGH

Us(12)
HIGH
Low
Low
HIGH

HIGH
Low
HIGH
Low

Monitor voitage at W8 con-
nector pin 5 white_apply-
ing+and -10V at “TPA.
Voltage at pin 5 should
be+10V and-10V re-
spectively.

Replace A13U4 or 5 as
indicated by previous
checks. After repair, go to
next step.

Monitor voltage at W8 con-
nector pin 13 while apply-
ing+ and-10V at TPA.
Voltage at pin 13 should
be+1V and-1V respec-
tively.

Check A13U3 by substi-
tuting a new part. Also
check A13R9,10 and feed-
back circuit A13R13 thru
16.

Check A13R11A,8
and A13R12,




Are
woitages
correct?

NO

A13U3 by substi-
) new part. Also
13R9,10 and feed-
cuit A13R13 thru

YES

Monitor voltage at W8 con-
nector pin 13 while apply-
ing+ and-10V at TPA.
Voltage at pin 13 should
be+1V and-1V respec-
tively.

Are
voltages
correct?

Replace A13U2 in socket.
Monitor voitage at pin 1 of
W8 coennector whilg apply-
ing+and - 10V at pin 2.
Voltage at pin 1 should
be+10V and-10V re-
spectively.

Check A13R11A.B
and A13R12,

Are
voltages
correct?

Replace A13U2 with new
part.

YES

| Check RATIO switch con-
tacts and wiring.

Figure 7-16. Ratio Troubleshooting Tree.
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A8

A12

A10

A17

A22
Al15
A9

A1

Al

A13
or
A26

A3

u11

&

Rear of Instrument

7-36

Figure 7-17. Location of Assemblies.
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Assembly

A1l

Description

Main Circuit Assembly

High Impedance Assembly

Display Assembly

Remote Jumper Board

Range Switch Assembly

AC Converter Assembly

Ohms Converter Assembly
Qutguard Power Supply

inguard Data Output Assembly
Qutguard Data Output Assembly
Inguard Remote Assembly
Outguard Remote Assembly

Ratio Reference Assembly

Data Output Isolation Assembly
Remote Isolation Assembly

Trigger Isolation Assembly
Sample/Hold Analog Jumper Board
Sample/Hold Logic Jumper Board
Ratio Jumper Board

Sample/Hold Analog Assembly
Sample/Hold Logic Assembly
Outguard Sample/Hold Power Supply
GPI18 Outguard Isolation Assembly
GPI8 Outguard Mother Board
Qutguard ROM Assembly
Outguard Data Assembly

Inguard ROM Assembly

GP1B Inguard Isolation Assembly
Inguard Program Assembly
Sample/Hold Trigger Gate Assembly

Figure No.

7-20
7-21

7-22
7-23
7-24
7-25
7-26
7-20
7-27
none
7-28
7-29
7-30
7-26
7-32
7-32
7-33
7-33
7-22
7-32
7-33
7-31

none
none
none
7-34
7-35
7-31

7-38
7-40
7-39
7-39
7-37
7-38
7-37
7-31
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DATA
COUNTER

DISPLAY

—

DATA
OUTPUT
{OPT 021 or 030}

CLOCK

AC
CONVERTER
SAMPLE / ANALOG
l——- HOLD
INPUT oc ont 040 v oust beTECT
ATTENJJATDR T N N:g:lym INTEGRATOR

t IFI

1

1

(

4

+REF
RATIO bC
REFERENCE
(OPTION 080} REFERENCE | _per ‘%l(\;lll‘é
! [
- SWITCHING
LOGIC
OHMS OHMS REF
CONVERTER
FRONT REMOTE
PANE L CONTROL
CONTROL 10PT 022 or 030}

Figure 7-18. 3490A Block Diagram.
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REFERENCE DESIéNATIONS

JACK XA2 IS MOUNTED ON
CHASSIS OR ANOTHER ASSEMBLY.

L

2

ASSEMBLY ASSEMBLY
REFERENCE ASSEMBLY PART NUMBER
DESIGNATION NAME  (INCLUDES A2A! SUBASSEMBLY)

— N A ~

A2 |POwER suppLY (00XXX-66501)

PLUG Pl IS MOUNTED ON ASSEMBLY OR IS PART
KV OF THE ASSEMBLY BOARD (COMPLETE DESIGNATOR IS A2PI}

Pl

I
|
3

NOT BE NUMBERED

2 DENOTES SIGNAL
] | CONNECTION
PI IS NOT MOUNTED | I gR3 TEST VOLTAGE
ON A2 ASSEMBLY . Xa2
(COMPLETE DESIGNATOR IS PI) P! 2092V 70— 2
P g COMPLETE DESIGNATOR IS A2R4
! )
] ' 9
A, P SUBASSEMBLY OF A2 DENOTES SCHEMATIC
< & e (COMPLETE DESIGNATOR IS A2A1) ON WHICH CONNECTION
PN N \§ - | IS MADE
—“<é‘__] NUMBER INDICATES Al e i
PIN OF XAz AND I (BUST0-CHOPPER 08C |
I O I
924 te : R _ : . 6 92,
Ri R2 MALE STANDGFF I FEM, PIN
WIRE COLOR: COLOR CODE IS THE SaME I EveLer or stanp- | ‘§ | PN cONNECTOR CONNECTOR ON
P o R
NUMBER INDICATES BASE COLOR, SECOND | OFF TERMINAL, MAY OR | May OR MAy A WHT/RED WIRE

NUMBER INDENTIFIES WIDER STRIP, AND | MAY NOT BE NUMBERED I COMPLETE
THE THIRD INDICATES THE NARROWER P DE SIGNATOR

STRIP. (924, DENOTES WHT/RED/YEL WIRE) l ]

PARTIAL REFERENCE DESIGNATIONS ARE SH

DESIGNATION(S) OR BOTH FOR COMPLETE DESIGNATION

i

A
S

OWN: PREFIX WITH ASSEMBLY OR SUBASSEMBLY

STD-B-2192

Figure 7-19. Reference Designations.
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LOwW

GUARD

| (HOVP) OVERLOAD PROTECTION H
8 From ‘L4t (10)

Po Al lMAlN CIRCUIT ASSEMBLY (03490-66501)

OVERLOAD PROTECTION
+5v

8
{LOIA) X+Ot ATTEN L
FROM U40I(7)

R405
150K

8

FROM U40I (9)

(LLEC) LEAKAGE CONT L

(LOIR) XoOl ATTEN REED L
FROM U40I (11}

8

1

E] &
T

GUARD

50
506
3.01KS CR50I >
) ([t 5 1.0 R408
150K
(LIA)
FROM
R504 ¢
475K |7
-30v TO S/H
ANALOG A27 Qll
\9/]
2 H—g— o —— A D I
K40i —— - — 2 4 4 R
A D [ HIGH IMPEDANCE ASSEMBLY
l(03475—66502) votE 7
RS o
INPUT 500K \VA
Kaoz ATTENUATOR c2
™ 3 50.5¢ CRIA Y. CR2 IOOOpF’I\ R7
P .
) | 11K X! AT
RI *
4,95M
ACR3 CR4 Y £ L
R23 100V
4.95M 3 ADJ P/O U2
| R3 o
| 50 X0e Ol ATTEN
C|-£ <R4
479F$ 99.975K
A
SR8 o
) I 8
=
F
| | Va
|
! -
¢ ATAd I7Y i6 15 17 8 19 2
v J
{5 e § === D —_——-—f— ] — ——— —— H ——
N/ \Y/
=Y . J._____EF ______ ¥____
FITV -7V OHMS_REF AC CONV +REF +REF I
40 13 outPUT T0 J6 (J) TO U6 (H) 4
8
(LOMR)  REF SELECT L (LACO) AC OUT SW L (LPRF) +REF SELECT L (LMRF)
FROM U40I (18) FROM U40I (17) FROM U401 (21) FROM
R422
150K

COPYRIGHT 1372 BY HEWLETT-

PACKARD COMPANY



e —
DC AMPLIFIER L/L |F70A27|
+30V + 30V L cs08 |
I 0.0047 | SAMPLE /HOLD OPTION
RS09 R51 I
45.3K 45,3k $R525 | R3 17
187 I 5K
/e
L — emem
NOTE 11 A
+25.8V ¢ p+25.8v
+30V
+0u6V l
R408
39K Y CRs07 i g52P
R5!15 W CRS R521
35,7k Y008 CRSII 30,1
vy 0.6V
8 o P
+30V asH
(LIA) X} ATTEN L NOTE 12 VAYAN =N
FROM U401(22) RS|6 BSIT G504
54,9K 54.9K$ ol 30V
»—6 A Q509 8 ) -
+20v 120V A ;:ggggf__
[ ]
R526 R528 R527
CR509 10 10 1s07K
»i R58
'lcsos 00K A v
RS 0.0047
LAY
CR5I0 _J
Jt— l¢ Ji-
s [4 R — — —— —— — — — — o~
— 5 ] I —— 8 /]7[\
I rle BOOTSTRAP
KN AMPLIFIER
X) ATTEN /A\ 13
12
- | - +17V +17v
¢ le 2
6 3
p/o Al 7 8 Q2 A 3
—
5 |
DC AMP CR5I3 RIO Ril
A ZERO 10K 10K
G -30v
+17V | RI2 RI3S
R9 2 49,9K 48.7K
RSN LR429 I
i - _—
= TZOK 17v 17V
! I -30V
-7V
H NOTE
THERMAL
ol ADJ _
21 22 4|7 9 3
Va O
k— L — | f — 14 - —_—— - T 12 -—— ———
—————————————— — == Ji—- G- ———— wY
! -7V
INPUT TO INV ~REF TO R430
AMP TO J6(K) U301(6) Ky vam
5 5 NOTE |
8
‘LMRF) ~REF SELECT L (LINS) INPUT SHORT L (HMDB ) |
ROM U40I (8) FROM U401(20) FROM L
$—— TO J4(6)
R425 R428 R4
150K 150K 4e
R4;
v S
T BOOTSTRAP




!

K

Ja

0,0047 |

f

o]
Lcsos !

RS2S | |
|

SAMPLE/HOLD OPTION |
R3 17
5K
E
L

A7

§+25.8v

+30V

&

+0.6V

i

R520
30l

CRS512

WEE

17V TO SWITCHING #——d ™ o—— — |7V
WEF

—30V TO CR403 —¢ ™ >—— —30V

+5V TO REED DRIVE AND
OVERLOAD PROTECTION CIRCUTS

+30V TO DC AMP =———< > 430V
wce
—30V TO DC AMP +——& ~>—— —30v

FROM
POWER
SUPPLIES

AMPLIFIER
ouUTPUT ‘

R

R52I

CR5H 301

L

Ji—

+ 30V +0.6V

____TES
s |
| A Lcsos

300pfF

Qs

+20V

sR527
107K

-

BOOTSTRAP
AMPLIFIER

3l

-
T

—30V

RIO
10K

Rl
10K

RI2 RI3 <
4949K 4847K S

—i7v =17V

30

NOTE 13

FEEDBACK ATTENUATOR

XIGAIN o~

G

&

X0 GAIN

89.95K‘L

2N

&

5
89958

27

24

X100 GAIN /';\

995

25

d

-7V

Ja(A) Ja )
NOTE |

R430
39K

p— TO J4(6)

Jdi—

7

(HMDB) AUTO ZERO L
FROM Ul (5) or y5(1)

C40l4
30pF

P4l

8
(LIG) XI GAIN L
FROM U402 (8)

R435
15K

23

% 1L ¥
[ d5 U L2
1000 pF

(LIOG) XI0 GAIN L
FROM U402 (3)

Q422

Q423

R436
47K

—17v A

(LHNG) XIOO GAIN L
FROM U402 (6)

/2

R443
150K




/BLANK SPACE

2 3 |
A2 U2 |
5 28
3 27
|
WX NOTE |

AMPLIFIER
OUTPUT

0
e — — — — — a4 INTEGRATOR

| - - J 4

NOTES: i

le JUMPER IS REMOVED IF SAMPLE/HOLD
OPTION IS INSTALLED.

24 R429 LOCATED NEAR REAR OF INSTRUMENT
AND ACCESSIBLE THROUGH REAR PANEL.

3« WI LOCATED ON AlAI

4. VOLTAGES WITHIN AMPLIFIER MEASURED |
WITH INPUT SHORTED, tOV DC RANGE, i
SAMPLE RATE TO HOLDe.

Se IF SAMPLE/HOLD (S INSTALLED, RSIl IS
6e04Ke

©e IF THE U2 DATE CODE 'S PRECEDED BY A
NUMBER SYMBOL (#), AN EXTERNAL 7501
RESISTOR, PART NO. 0698-3380 IS REQUIRED
IN SERIES WITH U2 PIN 29, |

¢ I\cRs
(BEe
| |
|
| Lcs ¥)CR2
NUATOR T 56pF A QQ'W
SEE NOTE 6
89495K v i
29 ADY
RIS |
5 5100
8995%
QelV
. 27 ADJ
X100 GAIN 2
L ) 25 ¢ ¢ e | |
] : GRS CR6 CR7 LRI7 |
995 10K
PR N N VX 3
St Ve
1000 pF Va
- - — i —-— -— .
___________ 7% ON A2 PC LAYOUT THIS PAGE: IF THE SAMPLE/
HOLD OPTION IS INSTALLED, JUMPER WS IS |
REMOVED. THE SHIELDED CABLE FROM SAMPLE/ |
HOLD BOARD (A27) CONNECTS TO THESE
TERMINALS; BLACK LEAD TO LEFT TERMINAL,
WHITE LEAD TO RIGHT TERMINAL.
X 00 GAIN L 8. BOOTSTRAP CONNECTION IS WHITE WIRE FROM
202 16) A2U2 PIN I34
Raal 9. CONNECTION TO £ REF AND AC OUT IS AS I
£k FOLLOWS: 0 REF-WHITE HEAT SHRINK LEAD.

@ A

gmxaz R443

447K 150K

_ oy ~17v

AC OUT - BLACK HEAT SHRINK LEADs !

10s IF READING IN OHMS IS LOW, CHECK K402
FOR SHORTINGa

lle DEFECTIVE Q505-8,10 &1l MAY CAUSE
OVERLOAD SIGNAL OR POLARITY TURNOVER
READINGSs

124 IF OslV RANGE IS NOISY CHECK RS516, R5I7,Q509
8 CR5I9 1

13, FET"I" MUST BE AT -20V IN THE "OFF" CONDITION
OR POLARITY TURNOVER AT FULL SCALE AND
ZERO VOLTS WILL EXISTe

T T 3a50A-E-2810A

3

Figure 7-20. Schematic Diagram, DC Amplifier and

Switching Circuits, Al, A2.
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+
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100K IN OPTION 050.

NOT CORRECT.

JUMPERS W5- w8 LOCATED ON Al Ale
24 R207 IS B4e5K iN OPTION 060

3« IF NOISY ON FULL SCALE READINGS IN DC MODE,
CHECK R207, Q2086,U201,Q207, AND U202,
| 4, Q209 IS VERY NOISY IF PINCH-OFF VOLTAGE
SEE PARAGRAPH 7-3le

5 F THERE IS NOISE AT LOW INPUT LEVELS (ie: I0OmV
INPUT ON 10V DC RANGE} CHECK FOR DEFECTIVE C207e

INSTRUMENTS ;

7

{HMTB) AUTO ZERO L
FROM U1l {5)

R220
447K

P/o Al IMA!N CIRCUIT ASSEMBLY (03480-66501) - - - L —
p wz
+30V —— " —— 430V
WAA
—30v —a " >—— —30v
i W5 NOTE!
FROM -5V ~-5v
I POWER we INTEGRATOR
SUPPLY | 417V —— " >— +17v
w7 €203
+5v —— " o—— 4 5v 6.3
w8 iy R
— 17V — N 7V
’ “
|
®
3,17 R207
FROM DC AMP OR NOTE 2 g4u5K NOTE 3
SAMPLE/HOLD +30v
| R21I . 1
! X 23 T R213
PPRNG 4.99K  of
D
3, \
] b R212 4
‘- R206 R208 R209 10K
4.64K  $1842K 1842K _30v
S
R2I10
] WV 22 1K
! P f NOTE | R
—17v 84,
ZERO
7
| (HCES) SERIES SW H __
i FROM Al U9 (12)
L
| NOTE 4
W+
| Bor { r2ls
¢ b NS 715
Jios
b c207 4
WR 2
c2i0
3.3pF 1 W noteSs
I o NOISE REDUCT]
| NOTE: o
le Al R2I0, AIR225, Al R228, TEST POINTS A,B, AND

COPYRIGHT 1972 BY HEWLETT-PACKARD COMPANY




INTEGRATOR

€203
033
— ——

X20 AMPLIFIER

ZERO DETECT

NOTE 3
+30v
2 1 +5v +5v ¢208
K 2N T’ R213 > 2
4.99K
uzol D " < 2 Q207 B
3, k T A NOTE |
R212 4 s S 2N
R209 10K TNy f8g
1842K -
| . 3ov u202 >
3
z + A
NOTE ) R214 R2I5
: 84.5K 8445K —17v
—17v —i7v
INT
ZERO
CR202
it
L
& CR205
R216
100K
CR206
cR203 x
NOTE 4 »
e
D aQ S
lz_os
c207 .k k&
2
C
V¥ notes
. NOISE REDUCTION —+
R219.
857«

ZERQ DETECT

LEVEL
R224 NOTE |
8e45K 5[ }

Y

B NOTE |

7

HAZD
ANALOG ZERQ_DETECT
TO UIB(5), u23(1)

+I7V

l TURNOVER
9  tRa2s

R225
20K

20K
NOTE

-17v

—

3490A-€ 2811

4

Figure 7-21. Schematic Diagram, Integrator and Zero
Detect Circuits, Al.
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P/0 Al IMAIN CIRCUIT ASSEMBLY (03490-66501)

J6

Al3 IRATIO REFERENCE ASSEMBLY OPTION OB0 (03490-66513)

NOTE |
w |
v CRE—+sv PROTECTION
I ) EXTERNAL REFERENCE AMPLIFIE
+17v—< 3 &——+iry 1TV
| [}
OFFSET » +I7V
: v —L 0 e mi7v B2, | \
2 SIGNAL
EXT REF 13 CRI cR2
S74 Q HIGH 1335V
6 5 iINT w8 ®c
HIGH | Rl [
710V Sy 2 50K 3
7 [
] | o cR3 INPUT
31 i COMPENSATION .
s7a aLow 10 s7A8-Y 11y, : AMPLIFIER
2 1 NT | : : CR4 R3 R4
Low 13435V 27K S976K
3 10V | : : I
95 A —i7v
v AR AN
Ja
| l
) B
P B
A
A
| I, .
| < % ®
I
S7A
7 NT
12 JoV we
v ] = k/“ +5v
BEAP ‘;1 !
o ‘ R %%‘.‘2
=7} 1| 4 7
N/ I
I
|
! I
|
W2 NOTE |
s7 +17V — + 17V TO R301, U30I(7) (LDFC)
: RATIO L TO
A B FROM W3 ot DATA OUTPUT
9 POWER < —I7V —17V TO U301 (4) 15
) | SUPPLY W4 NOTE |
| +30V +30V TO R307 cson
I(
R30I
NOTES: +17V +1344V
e R3!l, R320, AND JUMPERS WI- W4
A LOCATED ON AlAls
iz | 2. JUMPER WIRES WN-WQ ARE REMOVED IF
[l ? | RATIO OPTION IS INSTALLED. PRINTED Q3
CIRCUIT BOARD,-hp- PART NO. 03490 - 66526
3 SUPPLIED WITH RATIO OPTION, MUST BE §|360K2
INSERTED IN J6 TO MAKE THESE CONNECTIONS
IN ORDER TO OPERATE INSTRUMENT WiTH 1Y
B RATIO ASSEMBLY REMOVED.
T 3. +REF, +REF SENSE, AND INPUT TO INVERTING
R AMP ALL CONNECT TO SAME POINT ON A2 (A2U2 PIN 20)e /303
2" | 4. IF IT IS NECESSARY TO REPLACE QCR30l, R306, 308,300, fe2K
"¢ 2 i 33, 314, AND' 315 MUST ALSO BE REPLACEDs THESE A
5 MATCHED RESISTORS ARE SUPPLIED WITH THE
REPLACEMENT REFERENCE QCR30le R304 ¢
9 4 Se IF Ul IS NOISY, READINGS WILL BE OUT OF
g s TOLERANCE AT THE LOW ENDs g
7

VIEW FROM FRONT

{F RATIO BOARD IS
OVERLOAD, REPLACE

PUTTING READING
USe

INTO

COPYRIGHT 1972 BY HEWLETT- PACKARD COMPANY




REFERENCE POLARITY LOGIC

+iTV 0 |
- AMPLIFIER
POSITIVE FOR INT REF _ 7
LOW FOR + REF INPUT NOTE 6
Tty va 6 HIGH FOR - REF INPUT i3, |
Il
\ — ] LOW FOR INT REF =1 us 0>
[ I CR8
| 4e75v
| we | 0>
s78 P
I w8 INT I 12 e ! N
|, ov i
3 T ? | I
1 le IV g |
I | I |
Y ‘ $78 b
Rt i INT
FEEDBACK 9 & o0 oy |
c cr7  AMPLIFIER P _lov_
13v ! 7 v | ! |
17V Romm—
A A N ! SAR
OFFSET o +17V : ! 578 i i
3 \ | g 7 INT
0+01 A | L——W—'m;jL} 8 >—— |
B )
: hos - Al U301
pavc ! 4 +5v
L 4 2 &+ A3 04 Y
13 S78 i , 8., — ;J(;Z'z
CL'—’& l ZOS us p— l
RIO S sRI3 ° 3 (] -
R9 49492 |0V le! 4 - - |
8487K ADJ ° —
L L] L - T
RIIA RI6 . -——
894975K R4 Sl ;;A (TOP VIEW)
[ 100
e
3R OFFSET I
2RI5 301
R o +17V f |
v $9.975K & RI9
ADJ 'j& VA 100K
) NN
—_—— —_—— — -—— 7 — H = K -
06 ¥ f"““”Y_" _____ S,
+REFERENCE SUPPLY ] o
+30v h : INVERTING
NOTE 2
AMPLIFIER
2R307
6e8iK )
F16e2
C03(|)| e R3(7 o
. +10V 317
- D\Cr301 .
A5V NOTE |
Rﬁ?' WP NOTE 2 {
+13e4V @ R320
l 33,2
302 -REF
8 L c3o4
0.02
Q302 wa
or NOTE 2 A§305
+i1V | +REF\ .
+10V 2 R32I
10
13033 R306" R3!|
re2KQ 71e8K 20K 2 NOTE | Yj
13
A 30 B * .
303 3 R308* R3/0¢ R3I2 —* _ _REF
304 1.c303 le31K R309 10486KS 8046K
11K +845V 04047 facr 2 8425K — NPUT T
W v > X FROM J
R305 R3]34
137K ' Jisy 20662K «— +REF S
* FROM J|
N R34
200 .
a NOTE 4 * + REF
R3I5
50

Figt



|
REFERENCE POLARITY LOGIC
|
+17V |
-~ FOR INT_REF
— LOW FOR +REF INPUT NOTE & " (HRAP) |
HIGH FOR - REF INPUT i3 | 4 RATIO POL TO Al U40I(27) 8 |
LOW FOR INT REF 2 Jus L THRU S/H OPTION |8
I t
| 1‘ WN NOTE 2
| (HINP)
we | 10 INPUT POL FROM AlU22(8) T
- HIGH FOR + INPUT
& | LOW FOR ~— INPUT '
e
t
N ' |
i |
Lt
NTO
oV :
|
als . I
ar L1t : |
o] 8
R ZAtam
oV =
.L.*.
Al U30I ( 14
—d ? +5v
AKSBUI 4 ‘—l;
| , + %2.2 |
— zOs us — [ |
3 Y 5 — I
| 7 8
{TOP VIEW)
1
OFFSET ) I
+I7V 301 |
RI9
100K
- - 7 — H == K — -
3 |
,,,,,,,,, (Y XY Y Y _______
] |
wo .
INVERTING
NOTE 2
AMPLIFIER
Fo.
Ry ® |
NOTE | N6 |
R320
39,2
-REF
1¢304
T 0.02
wQ |
o] Lesos !
+REF\ T 005
2 SR321
10
R3I|
20K2 NOTE | :7
13
#*|
R310s R3I2 " —REF TOJI(L) !
«486K3 80e6K |
<— INPUT TO INVERTING AMP
FROM J1(9)
2.860k% 3
. +—_ +REF SENSE
) FROM J1(4) SEE NOTE 3
R3(4
200 ™ +REF TOJI(J) " !
R3I5 |
50

. — —_—— —— —— —_—— - -_—— T T S330ATE-z2817A 5

Figure 7-22. Schematic Diagram, Reference and Ratio
Circuits, A1, A13.

743744



—5V GTUWG
+HITVE OWH
4321 AL
[ XXX J +5V @G VoW
W(ﬂ)wx
TR T T T T T T T T T TN
; | 8 (|
| N S __
I ay¥ Y-y - -
| 1'CCCEEE
C_@vedvee

—R21—
ue3
uze

e
[}
£
-
uz0
vz
-R20—

om

o
T
16
T

<
) ¥1¢
o o~ o \
| 2
£ 5 3 o 3 &
& © P El 3
] > o I el -
= _ [ 13
[ X} -
o
J’lw"l"}’ F oL
B
L IINY ¢ [m < 2| oM
= Tele & 3 E 5
« Vil
K : )
ELIEE R #
NE@ *
L ws
6% ” o— | o — hp Part o, 03430 66501
alJc“ B4 Ly dl ©
0w e
e EER e & |z o
Tr oo B 3 ES
re (R g
. o | -
e £ - T . N
L) g Pty g Y
CowenM T ~ © =
RBEYIIININS gL o goo x
rrrrrrXre e ~ TrEFeSme SO oa )
CEUEL b > ey vyerivy it
NN )
o BIsye o " |
BoECT S
Woo EEOGO 7 ~
[ o .
oy 0

GROUND CIRCUIT JUMPER WIRES ON MAIN CIRCUIT ASSEMBLY A1

WK TO AI1U1.9. 19,23, 24;
CIRCUIT S AP (71, ATP2 (15}
% A7 (15), A1IB(18),
K

COMMON
o YI7 TRIGGER ISOLATION (4}
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7 El
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—R3—
“Ri—

—RIO—
16
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hp Part No. 03490-66501 GROUND SYMBOL ON AIC4, 5
Seson c zmITR SCHEMATIC INDICATES
Rev E JUMPER WIRE OESIGNATION L
WM
. TO ATU10,13 15,
ATCE
™
WS
TO AMUG-8. 11,12,

A1£2,3,7, 9. AICRY,
AIR14; A101 -3
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DURING TROUBLESHOOTING

TO 1SOLATE INDICATED POR WDD

T!ONS OF THE CIRCUIT TO A1U2,3; A1R34;
AICH 8
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0 Al ‘ MAIN CIRCUIT ASSEMBLY (03490-6650!)

DATA
COUNTER BUFFER
CLOCK
+5v +5v
+5V 7 ] | oy | voy
(LTXF) R23 R3 R7 SR8 3 SRIO
¢ ISA&:SFER L 15K 15K S I|3 22k Seek 22K rz2k &
0.0l OM U8 (6) 7 (HCDC) CLEAR DATA COUNTER H It 2 el N3
R FROM U23(8)
oo’ 4
(LTXF) TRANSFER L
—2[PRESET ] 45y 7 FROM UIB (6)
(s | 454, [3
3 u4 SRI v
NOTE | I 2 215K
M) us e 3lclock gle 12
4MHz 0SCe CLEAR
U2 16 12,13 1]
T ‘i’, ul
3.333m01 FOR /\/ HEX
. z DECADE
50Hz OPERATION P[P
(LEDC) +5v COUNTER
W CLEAR DATA 15 siol N\ 8
oo COUNTER L
FROM U16{4) R4 R5¢ R6$ !
7 5KS  I5KS 15K S
SCAN C H 8 DD
FROM wJ FROM DISPLAY 9 6 10,000 6
POWER +5V ——d "o o 45y TO LOGIC 10 Assemaly a3 SCAN B H +
SUPPLY ) ) ~ CIRCUITS SCAN A H i 7 -8V us
A8, 5 68 Lo Kt FFE el
$ o . o.o;%o.oq;o.oa v o b
OM U6 (
=11V
L L <7M s oD FROM 7
CR3
STATE CLOCK
FROM w6 | gys fo-
P —8V —— g™ _ =y TO LOGIC +av
BONER —8v 5V circuiTs "
(HSHC)
+5v FROM U6(
J—i—l 7
3 S
1§ SAMPLE/HOLD CLOCK == 14 " (HSCK) STATE CLOCK H
TC Al J5(E) TO UI7(3), ALJ3(4), ALIT (13}, ALJB(10)
us us 7 13 16 15
tie 32
1 12 e g 8 {LSCK) STATE CLOCK L 7
TO U7(9), UIS (18], UIT(I1)
2 10 7
NOTES :
s

le IF CRYSTAL NOISY, MAY CAUSE NOISE
IN DC MODE. s

2. IF INSTRUMENT COUNTS CONTINUOUSLY
IN TEST #I, U8 MAY NOT BE SWITCHING
TO LOW STATE.

FROM POWER SUPPI

COPYRIGHT 1972 BY HEWLETT- FACKARD COMPANY




SUFFERS
— ~5y
.
1 > DATA BIT D H
< £ . €
. DATA BIT C H
L, TO_DISPLAY AND TIMING COUNTER
DATA OUTPUT T
——4' DATA BIT B H 19,990 08
COUNTS
3000 OR +5v
90,0004‘ 7
COUNTS
CATA BIT A H — T'M%H%%%?T 2 3 s
- \r\ TO UIS(13) ! a2 (HTC4) TIME COUNT 4 TO UI5(4)
— 7 l s
B HTC8) TIME COUNT 8 TO Ui5(14
TIME COUNT | L (HTC8) te) 7
(Lten “16 c}e (HTCI6) TIME COUNT 16 TO UI5(IS)
RI2 TO UI5(1) ue
343K J 2 Zlcear o Pl (HTC32) TIME COUNT 32 TO UIS(I2),
ute (13), u22(2)
3lcock  gp ‘}77"0
7 4 s
‘175 T 53u23>ob
(LeTe)
7 CLEAR TIME COUNTER L
FROM UI6 (1)
TIMING COUNTER OUTPUTS
T COUNTS PERIOD
SIGNAL 60Hz LINE 50Hz LINE
+17V FROM $10,000 | 41
(HSHE) POWER SUPPLY i : 00,000 15500 [ +100,000 | £10,000 | £ 100,000
SROM U6(8) HTC ! 10,000 100,000 5mS 50mS 6mS 60mS
7 HTC2 20,000 200,000 | 10mS | 100m3 2mS | 120m$
HTC4 40,000 | 400,000 | 20mS | 200mS | 24mS | 240mS
HTC8 80,000 | 800,000| 40mS | 400mS | 48mS | 480mS
HTCl6 | 160,000 | 1,600,000 80mS | 800mS | 96mS | 960mS
HTC32 | 320,000 | 3,200,000 160ms 1.6S | 192ms 14925
+12vV TO U9(28), T
. u40i(28) 8 , ©
%0.0I
S uz2
8 9
B2\ POWER SUPPLY —(7V S, -6V TO RII,R44 8
(TOP VIEW
SellV $C !
-tV s
TO u2(5)
- - - haan - = - = - - - = = 3as0A-E-280

Figure 7-23. Schematic Diagram, Clock and Counters,

745/
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Al

Al
hp Part No. 0349066801

GROUND CIRCUIT JUMPER WIRES ON MAIN CIRCUIT ASSEMBLY A1

CIRCUIT
COMMON

WK

hp Part No. 03490-66501

Rev

E

LETTER SHOWN BESIDE
GROUND SYMBOL ON
SCHEMATIC INDICATES

JUMPER WIRE DESIGNATION

JUMPERS MAY BE REMOVED
DURING TROUBLESHOOTING
TO ISOLATE INDICATED POR-
THONS OF THE CIRCUIT.
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wDD

Do

TO AIU1, 9,19, 23,24
AP (7), AIP2 (15).
A7 (15). A1JB{18)
TRIGGER tSOLATION (4}

TGO ATU16 .18, 20 - 22;
Al1C4,5

TO A1U10. 13 - 15;
A1CB

TOAIU4-8,11,12;
A1C2,3.7.9. AICR),
AIRM; A1QY -3

TO A1U2, 3 A1R34;
AlC1,8



14 EXT ENCODE L (LEXE)

Po A (] MAIN CIRCUIT ASSEMBLY (03490-6

+5V FROM Y

POWER SUPPLY

501)

wJ

+5V TO LOGIC CIRCUITS

TURN-ON CLEAR

QUALIFIER MULTIPLEXER

CIRCUIT
+5V
INSTRUMENT
TURN-ON
RI3 TURN-ON
CR5 0% TO
3 +TV +5v ANTINY |6 je—ABEROX
AlUS(F) |8
€91+ RISS RIT
6.8T ¥CR6gk3 Rmi6 3K
33K
S !7
yCrR? ‘@
Q2
/A
R4
33K
(LSCK) STATE CLOCK o
7 s FROM U4 (8) ——
‘1‘ S HMA _'é
HmMB —
FrOM | HMC —2
U9 ROM|} ymp 2
HME —2
HMF —8
HMG FROM
U9 (13) ROM —
(LSCK) STATE CLOCK _
6 FROM U4 (8)
+5v
lua
2 uI3
AND-OR
LMeE — IRYERT
9
LMap —2
HMQE S—
6 D Q
HMQD —>
HMQE —2 o
3 [
2 (HSCK) 1.4,
3 1 STATE CLOCK
FROM U4(9) +5V
A 6

HMQB
HMQC | HMQA
19 10 lll
FROM U6 END OF READING (LEOR) —2
FROM Ull MAIN TIME BIT B H(HMTB) —3]
TIME COUNT | (LTCH) —H 5
TIME COUNT 2 (HTc2) — g 701 |s
6 TIME COUNT 4 (HTC4) — Dgéggfm
TIME COUNT 8 (HTC8) —2
TIME COUNT 16 (HTCI6) —
TIME COUNT 32 (HTC32) —&
lre 7 |8
+5v
M
+5Vv
HMQB
HMQC | HMQA
R20¢ R2is R22$ R23¢ R24
I5KS 15K3 (5KS I5KS I5K 9 Jio |n
8 11.16 { FUNCTION AH (HIFA) =
’ ' FUNCTION B H (HIFB) 2
RANGE A H (HIRA) : :2 .
FROM U219 RANGE B H (HIRB) 8BTO! Is
RANGE C H (HIRC) 2 beaNE
11,16 AUTORANGE H (HAUT) —3
ZERO DETECT H (HZDT) —H
MAIN TIME BIT CH (HMTC) —H
: lvs 7 |8
+5v
K
HMQB
HMac | HMQA
19 10 ’H
MAN NORM OPEN L (LMNO) —
vsy SAMPLE RATE CH (HSSC) —2
| SAMPLE RATE BH (HSSB) —2 uza
RSO RS SAMPLE RATE AH (HSSA) I—: at0 1 Is
648K 648K 2] “UNE
MAN NORM CLOSED L (LMNC) —t&f | LINE
11,14 HOLD L (LHLD) 14
DATA FLAG H (HDFL) —]
s 17 B
+5v

%

NOTES

le IF
DOWN

RANGE

DEFECTIVE U2le

2 IF INSTRUMENT COUNTS BY EVEN NUMBE
IN THE TWO LEAST SIGNIFICANT DIGITS I
THE DC OR OHMS AUTO MODE, CI0 SHOULI
BE REMOVED OR REPLACED WITH A VALUE

NOT

TO EXCEED

INSTRUMENT REFUSES TO UPRANGE OR
IN AUTO MODE, CHECK FOR

1000 pfFe

COPYRIGHT 1972 BY HEWLETT -PACKARD
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LOGIC STORAGE

LMOT _13 A . .
FROM U9 (i7)
+5v +5V
+5V +5V
H
- 4,10,14 4,10,14 15K
£ 2 9 (HMTC) (HMTB) MAIN 2 (HMTA) MAIN [ 2[5
Y D Q B”Iré TIME D Q5 TIME BIT B D Qs TIME BIT A
uil Uil ula K ul4
STy FF FF FF FF e
v LCMC _ 1 LCMB 3 LCMA LCER __ 3] sle
*5v FROM U16 (2) — | CLEAR FROM UI6 (I6) CcLear FROM Ulg (3) — LScLEar | FROM UI6 (6) CcLEar ?g
o T:s IT J; 139 i Al
s S
LOGIC OUTPUT
s%ézgs DECODER RANGE COUNTES
HMQA _23] 2
FROM U10 (6} o LeMc To Ll +sv
+5v 0o T P s o N o 2 [, LcMB To Uil (3)
® ® HMQB 2] =— LCMA TO UI4(i1) 6 N
lle FROM U10 (4) s TO STORAGE isf,, UP-DOWN
) i P— LCER TO UI14(3) 1 RANGE [(HCRA) —1'A COUNTER
— YMA HMQC _ 21| 13 LcoF TO U20(3) PROGRAMMING ],
H 10 FROM UIO (2) 5 |6 FROM REMOTE (HCRB) — '8 N
— YMB =— LCHC TO U6 (1) or FRONT PANEL | (ycre) —2] Ic vai AL
vz ] 2 ymc L To us HMQD _20] U168 ;1 (LCSO) CLEAR STORAGE L 0g 12—
IV a7 15 YMD ROM FROM UIO (8) 4LT|3E'6 7__(LPRG) PRESET RANGE L " oao 0. }__6
< 2
VERLS wEx D 5 YME DECODER |14 (LUPR) UPRANGE L 4 CoUNT
-wz 4 Fr 14 YMF 15 (LDNR) DOWNRANGE L COUNT UP
- < 10 CLEAR
—vs H —— (LSPL) STORE POLARITY L TO U22 (11) a 3
T5 -2 (LCOV) CLOCK OVERLOAD L TO U22 (3]
AV 6 (LSCK) STATE CLock 18] S (LFTX) FALSE TRANSFER L TO U23(3)
J H— (LCTC) CLEAR TIME COUNTER L TO U6 (1), U23(5) 6 -
(LOTE} OUTPUT ENABLE L _19 4 LcDC
FROM U9 (20) TO U4 (1)
o2 YMG TO 12 24 CLEAR DATA 6
U9 (i14) ROM s 8 _ HeDe COUNTER
ui7 Lo4sv TOU2 (11)
FF
£ c_oic e 7
L Sgan _‘}7 READ ONLY
' L MEMORY
+12V FROM
WG 6 +5V
-5V FROM CR2
POWER SUPPLY +5v
R33 R35 $R36 SR37 SR38 CR39 SRA0 $R4| SR42 SR4A3 R44 IRA5 LR4A6 SRAT <R
150K lz 28 6eBK T608K 648K >648K T608K T64BK $6eBK $648K 368K $648K S648K $608K S 6e8K 36
[ e 10
|
R34
100K 6
19
+5v VDo 7
| 8
3
R25¢ R26¢ R27< R28¢ R294 R30$ R3ls R324 us [2a
(NQ1) I5KS ISK3 I5K$ 15KS 15KS I5KS I5KS I5KS
[ Sle_ QUALIFIER iNPUT 5| mom |23
4 YMA 25 22
k]
%g Y M8 4 8
:]. FROM | YMC 2
_ u7 YMD 3 20
1,4,10,14 ME 27 7
+5V YMF 15 21
12
FROM UI7 YMG E
%IG Z
K
==ANGE OR
€7x FOR

vEN  NUMBERS
T 2:5ITS N
SHOULD
% VALUE

-




+5V
+5V +5V
RI9
4,10,14 15K ( . , 410,14
2 HMTA} MAIN 2 s
o o5 TIME BIT A ® 0 0 o LSHC
E r
U4 K ur4 u20 DATA FLAG (HOFL) ueé Z
FF FF (LEOR) END FF TO U24 (15) FF
MA D LCER 3. 3 BEA LCDF _ 3], ale LCHC | sls
(3) T 1ScLEAR FROM i€ (6) — LCcLear [ OF RES a6 FROMUIB(IZ) | CcLEar AlJ7U6) |6 FROW —(C cLearS— HSHC
J , : u
137 ! Aus(2) |5 T' Bk alsBli) 15 i ]713
s L
RANGE COUNTER
+5V
2 NOTE 1
) STORAGE
s, UP-DOWN (HAZ
1 RANGE [(HCRA) —H 'A COUNTER ANALOG ZER
PROGRAMMING 1] 4 FROM
|6 FROM REMOTE 7 (HCRB) —1'8 3
R or FRONT PANEL | (Hcre) =2 1c . OpF—(HIRA) RANGE BIT AH
Y 0g%— (HIRB) RANGE BIT BH TO UI9
ik i oap 0c|— (HIRC) RANGE BIT CH U401 3
4] COUNT
. SOy A2 2
COUNT UP A3 13
CLEAR
TY L TO U22 (1) ] 3 A5 18
IAD L TO u22 (3} Aly7 16
ER L TO U23(13) . 4 ag 15
OUNTER L TO U6(I),U23(5) & APz 10
)]
CLEAR DATA g
COUNTER
N
+5v
14
20002 HMea
+5v
3 SR33 SR40 SR4! <RA2 SR43 SR44 SRA5 SRA6 SRAT SRAB SR49 2u10 >0~ HMeB
IK $6e8K $608K $648K $608K S 6e8K $608K 648K $648K S 648K 3 648K S 648K
HMA
HMB
HMC
o [ 7O V7 Huio>>o%— Hmac
HME
HMF
HMG TO UI7
—Hui0>02— HMaD
LMQD
- LMQE
(LOTE) OUTPUT ENABLE L TO UI6 (19)
(LMOT) MEMORY OUTPUT L TO UIO (13) L 310502~ imMae
(HTFE} TRANSFER ENABLE H TO UI8 (3,9,12) 7
(HCES) CLOSE ELECTRONIC SWITCHH TO R201 4 M

1cio*
T 220pF NOTE 2

N\




'
1
2{o ol — {sHC
TRANSFER AND ZERO DETECT
Ue SELECT +100,000 &
SiTi T_AG (HDFL) Fe COUNTS TO U8 : 1
s LCHC _ 1) sl8 +5v I
L 78 |6 FROM ~|© cLEARQ|™ HSHC lia
s 5015 uI6(5) TB
+5V—' uis
FALSE TANSFER (. —12 2 (VERT Bp !
A
FROM UI6 (8) INVERT GATE |
TIME COUNT 32 (HTC32) —2]
(HTFE) 2
TANSFER ENABLE H (LTXF)
FROM U9 (21) 3 TRANSFERL 6
(HAZD) 3 T 1
ANALOG ZERO DETECT 3
4 ' (HZDT) i
FROM U203 (7) a1 ! 2 ZERO DETECT H
TO W19 ()
9
1 10 ol ]
T
INPUT !
POLARITY - !
STORAGE §17L
12 o Q 9
u2z 1
FF
(LSPL) |, s (HINP) 1
STORE POLARITY —c .5 INPUT POLARITY 5,8
FROM UI6 (i0) = TO A1J6(10)
+5V
(LFTX)
4 FALSE TRANFER L )
5 of— Hmaa FROM U16 (8) '
3 o*— Hmas )
i
, . QUALIFEIER NALS . 28
o HMQC > ENABLE SIGNAL T
TO U13,15,16,19,24 OVERLOAD — — .
STORAGE — - '
(HTC32) > 5 (HOVL) —] —
—=&p o>~ OVERLOAD H ] —
TIME COUNT 32 TO P2(1) AlJ8(I) ve —
— U002 Hmap y22 10 I15 —]
(eovy Lo ] _
CLOCK OVERLOAD L —3{¢ h - !
LMQD FROM UI8(9) ‘177 lm.lo,m ] [ )
LMQE L i ia 5~
. +5V — =
S L0002 vmee |
> .2 3,9,12) 7 |
T~ =~ TO R20I 4 M - ;
ALL IC's VIEWED FROM TOP
- 114 — 116 1 129
~Jus,i0, [— ] — ] - i
"7.‘3.12‘(‘) u7,15 |
—17,18,20 - — —
T — e — —_] I
7 _T_ : __ _ Ui __
8] CH ] [
] [ 1
] 5 ;

3490A-E -282!

7

Figure 7-24. Schematic Diagram, Main Logic, Al.
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Po Al IMAIN CIRCUIT ASSEMBLY (03490-6650I)
|
NOTE 3 F
R4
20
I R4
I 10
11 FroM FRONT paner [ (HIFB) FU
16 OR REMOTE ASSY | (. roni el
| (HIRC)
! 7 FROM RANGE COUNTER U2! (HIRB)
(HIRA)
NOTE I WN NOTE 2 WW
i [RATIO OPTION 7 ISAMPLE/HOLD OPTION —I
J6 J6 J5 S
| INPUT POLARITY (HINP) 4 1¢10& — — Mo 4
7 From u22(8) ";é 9'1‘ {HRAP) lé 9| >
_ - IS
NOTE 2 WV 0
I HTC) [SAMPLE/'HOLD OPTION —I
J5 J5
.. TIME BIT CH __| —
! T From Ul (9) <C|é 9?
NOTE 2 WU
i ISAMPLE/HOLD OPTION |
THE BIT & W_ | % i
— (s ——— — —— 2
| 7 FrOM UI4(9) BLé 9| '
NOTE2 WT
NOTES: -
I le IF RATIO OPTION IS INSTALLED, (HMTB) s ISAMPLE/HOLD OPTION 1 s
l JUMPER WIRE WN IS REMOVEDs 7 TIME BITB H —4——L<Aé ________ 9| >_|_
2. IF SAMPLE/HOLD OPTION IS INSTALLED, FROM UII(5) L |
JUMPER WIRES WT THRU WW ARE -
REMOVED.
3. IF INSTRUMENT WORKS IN TEST #|
BUT NOT OTHERS, RESET U4l

COPYRIGHT I97_2 B—Y HEWLET T-PACKARD COMPANY



6 6

-6V +12V

NOTE 3 FROM CR4 FROM

+5V  CR2

R444 I
200K 2 28
-2V i 12 NC

R445 18 ™ R
445 OHMS REF SELECT L (LOMR)

16 CR REMOTE ASS'Y

11 RoM FRONT PaNEL | (HIFB) FUNCTION B H—t4
(HIFA) FUNCTION A H -2

(HIRC) RANGE C H —}]

U40l

READ

ONLY
MEMORY

[T TOR4I4 3  AND J3(8) |3

13 X ATTEN REED L (LIR)
TO RA40I

[/l XOeOf ATTEN REED L (LOIR)
TO R4I2

22_ XI ATTEN L {(L1A)
TO R409

7__X0e0l ATTEN L (LOIA)
TO R403

|9 _ LEAKAGE CONTROL L (LLEC)
TG R406

10__ OVERLOAD PROTECTION H (HOVP)
TO R501

21 +REF SELECT L (LPRF)
TO R420

18 _ — REF SELECT L (LMRF)
TO R423

[13 _ AC INPUT ENABLE L {LACI)
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Figure 7-25. Schematic Diagram, DC Switching Logic, Al.
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Figure 7-27. Schematic Diagram, Display, A3.
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Figure 7-28. Schematic Diagram, Function, Range, and Sample
Rate Switches, AS.
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Figure 7-29. Schematic Diagram, AC Converter, A6.
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Figure 7-30. Schematic Diagram, Ohms Converter, A7.
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Figure 7-34. Schematic Diagram, Sample/Hold Analog Circuits, A27.
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Figure 7-35. Schematic Diagram, Sample/Hold Logic Circuits, A28.
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Table 7-7. Alphabetical Listing of 3490A GPIB 1/O Mnemonics.
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AAB
AAC
AAD
AAE
ADT
AOH
ATR
AUT
CDS
CLK
CRA
CRB
CRC
CRS
DAC
DAV
DCA
DCB
DCC
DCD
DFC
DFL
DIO1
DI02
DIO3
DI04
DIO5
DIO6
DIO?7
DIO8
DMA
DMB
DMC
DMD
DOA
DOB
poc
DOD
DPP
EOP
ETF
ETR
EXE
FAT
FFA
FFB
FRA
FRB
FRC
GTI
GTR
HLD
IDS
IFA

H preceding mnemonic means HIGH is true; L means LOW is true.

Assigned Address Bit A
Assigned Address Bit 8
Assigned Address Bit C
Assigned Address Bit D
Assigned Address Bit E
Addressed to Talk
ASCII Output Bit H
Autorange Programmed
Internal Autorange
Clear Designator Counter
System Clock
Combined Range Bit A
Combined Range Bit B
Combined Range Bit C
Clear Remote Storage
Data Accepted

Data Valid

Data Counter Bit A
Data Counter Bit B
Data Counter Bit C
Data Counter Bit D
Data Function C (Ratio)
Data Flag

Data Input/Output Bit 1
Data Input/Qutput Bit 2
Data Input/Output Bit 3
Data Input/QOutput Bit 4
Data Input/Qutput Bit 5
Data input/Output Bit 6
Data Input/Output Bit 7
Data Input/Qutput Bit 8
Decoder Bit A

Decoder Bit B

Decoder Bit C

Decoder Bit D

Data Qutput Bit A

Data Output Bit B

Data Qutput Bit C

Data Output Bit D
Displayed Polarity

End Qutput

External Trigger Flag

E xternal Trigger
External Encode

Front Panel Autorange
Front Panel Function Bit A
Front Panel Function Bit B
Front Panel Range Bit A
Front Panel Range Bit B
Front Panel Range Bit C
Guard Transfer Initiate
Guard Transfer Receive
Hold

Increment Designator Counter
Internal Function Bit A

IFB
I0A
108
loC
10D
IRA
IRB
IRC
ISH
ITK
MRE
MRO
MXA
MXB
MXC
MXD
MXE
NPD
ODE

oDs
OEN
OEO
OlA
olB
olIc
oD
OIM
ovL
PSA
PSB
PSC
PSD
PSE
PSF
PSG
PSH
QF1
QLF
REN
RFD
RLD
RMT
RST

Internal Function Bit B
Inguard to Outguard Data Bit A
Inguard to Qutguard Data Bit B
{nguard to Qutguard Data Bit C
Inguard to Outguard Data Bit D
Internal Range Bit A

Internal Range Bit B

Internal Range Bit C

Inhibit Sample/Hold

tnhibit Talk Only

Multiple Response Enable
Multiple Response Override
Multipiexer Select Bit A
Multiplexer Select Bit B
Muitiplexer Select Bit C
Multiplexer Select Bit D
Multiplexer Select Bit E

New Programming Data

Output Data Enable

Qutput Data Select

Qutput Enable

Output Enable Override
Outguard to Inguard Data Bit A
Outguard to Inguard Data Bit B
Outguard to Inguard Data Bit C
Outguard to Inguard Data Bit D

Outguard to Inguard Multiplexer Select Bit

Overload

Present State Bit A
Present State Bit B
Present State Bit C
Present State Bit D
Present State Bit E
Present State Bit F
Present State Bit G
Present State Bit H
Qualifier Bit 1
Qualifier Bit

Remote Enable
Ready For Data
Remote LED

Remote Operation
Reset :
Scan A

Scan B

Scan C

State Clock

Store Data for Qutput
Sample/Hold Delay
Sample/Hold Mode
Sample/Hold Program
Store Programming Data
Service Request

Set Stored Data Flip-Flop
Talk Only




FRONT PANEL
RANGE AND FUNCTION
SELECTION
A36U6, US
UTGUARD TO INGUARD DATA
RANGE AND o
FUNCTION
RANGE AND :ERLOE‘E:?:B'\:“ STATE
FUNCTION PROGRAM gt
TO 3490 LOGIC AND STORAGE cLock RESET
CLK
LOCAL/REMOTE
SELECTION STATE le———
STORAGE
A34U8,US
MPX
OUTPUT
SELECTION
GUARD
TRANSFER o gl —
INITIATE
OUTPUT DATA
TIMING
FROM 3430
FRONT PANEL 16 LINE
SAMPLE/HOLED: TO 1 LINE
SELECTION MULTIPLEXER INGUARD
PROGRAM
ROM
SAMPLE/HOLD MODE OF
SAMPLE/HOLD PROGRAM OPERATION ——
PROGRAM TO @@= SELECTION AND TRIGGER
S/H LOGIC AND STORAGE STORAGE
A38UT A36U4, U9
CLK
CLK A38U7 A34U5
HOLD TO HOLD
34904 _
LOGIC
LCRS CLEAR REMOTE STORAGE
REMOTE
ANNUNCIATOR e
DRIVE
STORAGE CLOCKS
REMOTE {5 LINES) COUNTER
CONTROL AND
STORAGE DECODERS
REMOTE
SELECT TO EXTERNAL TRIGGER
SAMPLE/HOLD A34Us ENABLE TO 3430 e
A36UI2 A36U1, U2 Loaic

INHIBIT SAMPLE/HOLD
TOS/H LOGIC

—



GUARD

—
OUTGUARD TO INGUARD DATA
EAND
TION MUL|
ﬁ:)”:{ STATE
ORAGE cLocK RESET
i o
GUARD OUTGUARD GUARD TRANSFER
S reatoTE TRANSFER | To INITIATE FROM
SELECTION STATE i INGUARD [ DECODER ROM
STORAGE ISOLATION
{6 LINES)
A34UB, U9
- RESET tlimamerremmad} j—— + 5V
RESET
Ui CIRCUIT
fo——
: A30Q1-Q3
MPX |
ouTPUT
SELECTION ]_
MPX OUTPUT '
SELECTION |
guarD GUARD TRANSFER RECEIVE [
TRANSFER o _ o] |
INITIATE
I GUARD TRANSFE
| RECEIVE -~
OUTPUT DATA |
TIMING —_—
FROM 3490 |
cLk
16 LINE
TO 1 LINE
MULTIPLEXER INGUARD MEASUREMENT OUTPUT DATA INGUARD
PROGRAM OUTPUT DATA 16 LINE ouTPUT TO
ROM FROM 3490 ——1 TO4LINE |— DATA OUTGUARD ouTPUT
DISPLAY AND MULTIPLEXER STORAGE ISOLATION
LOGIC CIRCUITS (sLINES)
A34U8, U7 A35U2 U711
MODE OF [
OPERATION
AND TRIGGER |
STORAG
A36U4;Ug [
cLK |
A36U7 A34US |
HOLD TO HOLD |
3490A _
LoGIC GUARD
CLEAR REMOTE STORAGE

'RAGE CLOCKS
5 LINES)

COUNTER

AND
DECODERS

A34U4
A3BU1, U2

EXTERNAL TRIGGER
ENABLE TO 3490
LOGIC

INH{BIT SAMPLE/HOLD
TOS/H LOGIC
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CONTROL LINES

CONTROL
OUTPUT
BUFFER/
DRIVERS

INPUT
MULTIPLEXER
INPUT
DATA
BUFFERS
A30U7
RANSFER
FRTOW
ASCIH 8US
9 DATA LINES
OUTPUT
— DATA
BUFFER/
be—— 51 DRIVERS
END QUTPUT
-J CONTROL
INPUT
BUFFERS
CONTROL LINES
OUTPUT
MULTIPLEXER
A30U1 MPX OUTPUT
SELECTION
- ARD TRANSFER t
=
e v S SYSTEM SYSTEM
cLoCcK CLOCK
l l
== 32 LINE
TO1LINE
OUTPUT DATA MULTIPLEXER QUALIFIER CONTHROL STATE DECODER CONTROL
FLIP-FLOP ROM STORAGE ROM STORAGE
A32U6,
 —— A33U8 A32U2 A32U4, U6 A3203 A33U2-6,89,14
A30U4, A33U1 svstem
cLocK
GUARD TRANSFER
INITIATE TO
/) ISOLATION

RO COMPANY

LISTEN/TALK
ADDRESS
SELECTION

GPIB BUS
CONTROL LINES

Figure 7-36. Block Diagram, 3490A GPIB 1/Q Circuits.
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Figure 7-38. Schematic Diagram, GPIB Isolation Assemblies, A30, A35.
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Figure 7-40. Schematic Diagram, Outguard Mother Board, A31.
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Model 3490A

Section VIII

SECTION VIII
BACKDATING

8-1. INTRODUCTION.

8-2. This section contains backdating information which
adapts this manual to instruments with serial numbers
lower than that shown on the title page.

8-3. CHANGE SEQUENCE.

84, Changes are listed in the serial number order that
they occurred in the manufacture of the instrument.
However, in adapting this manual to an instrument with
a particular serial number, apply the changes in reverse
order. That is, begin with the latest change and progress
to the earliest change that applies to the serial number in
question. Table 8-1 lists the serial numbers to which
each change applies.

- Table 8-1. Manual Backdating Changes.

Instrument Serial Number Make Manual Changes
1211A00130 and lower 8 through 1
1211A00180 and lower 8 through 2
1211A00255 and lower 8 through 3
1211A00655 and lower 8 through 4
1211A00805 and lower 8 through 6
1211A01005 and lower 8,7
1211A01155 and lower 8
1211A00806 thru 9
1211A02255

8-5. PARTS NOT LISTED.

8-6. When replacing a part whose value or part number
differs from the schematic diagram or parts list in this
manual, yet is not listed in the following changes, use
the replacement part number shown in Section VI.

CHANGE NO. 1 (for serial no. 1211A00130 and lower):

Table 6-1 and Schematic Diagram Figure 7-20
Change A1C502 to 0150-0093, 0.01 uF

Table 6-1 and Figure 7-30
Change A7RS to 0698-3154,4220 Q2

Table 6-1 and Figure 7-31

Change A8CS to 0160-0194, 0.015 yF

Change A8R9, 10 to 0684-8221, 8.2 k2
CHANGE NO. 2 (for serial no. 1211A00180 and lower).

Table 6-1 and Schematic Diagram Figure 7-20
Delete A1C506, 507

A CHANGE NO. 3 (for serial no. 1211A00255 and lower).

Table 6-1 and Figure 7-20
Change A1C501 to 01600128, 2.2 uF
Change A1C502 to 0160-0820, 0.05 uF
Change A1C503 to 0140-0198, 200 pF
Change A1C504 to 0150-0093, 0.01 uF
Change A1C505 to 0170-0040, 0.047 uF
Delete A1C508
Change A1R111 to 07570397, 68.1 2 1/8 W
Change A1R125 to 0757-0399, 82.582 1/8 W
Change A1U102 to 1820-0223
Change A1RS511 to 07570280, 1 k2
Change A1R519 to 0757-0410, 301 Q
Delete A1RS525
Delete A1R526
Delete A1R527
Delete A1R528
Delete A2C5
Delete A2R18

A CHANGE NO. 4 (for serial no. 1211A00655 and lower).

Table 6-1
Change A6C1 to 0160-0904, 0.05 uF
Change A7QS5 to 1853-0086
Change A7RS5 to 0757-0463, R: fxd 4320
Add A7R8, 0684-1031, R: fxd 10 k2

Figure 7-30
Change K1 drive circuit as follows:

+5v

OHMS L

& CHANGE NO. 5 (for serial no. 1211A00655 and lower)

Table 6-1
Add A2C4, 01500122, C: fxd 2000 pF
Add A2R14, 0757-0413,R: fxd flm 392 Q1 %
1/8 W
Add A2R18, 07570442, R: fxd flm 10kQ2 1 %
1/8W
Change A2U1 to 1820-0201

8-1



Section VIII

Figure 7-20
Add A2C4, A2R14 and A2R18 to A2U1 circuit
as follows:

A CHANGE NO. 6 (for serial no. 1211A00805 and lower)

Table 6-1

Change A6C1 to 0160-0547, 0.04 uF

Change A11C3-5 to 15,000 pF 200 V part no.
0160-0194.

Change A12C2 to 2000 pF 500V part no.
0150-0122.

Change A15A2R1-6 to 680§ part no.
0684-6811.

Change Al7Al1RI, 4, 5 to 680 part no.
0684-6811.

Figure 7-29
Change A6C1 to 0160-0547, 0.04 uF

Figure 7-32
Change A15A2R1-6 to 680 2

Figure 7-33
Change A11C3-5 to 15,000 pF
Change A12C2 to 2000 pF
Change A17A1R1,4, 5 to 680 2

CHANGE NO. 7 (for serial no. 1211 A01005 and lower)

Table 6-1 and Figure 7-30
Change A7C5 to 01800401, 8 uF
Change A7C6 to 0160-0153,0.001 yF
Change A7Q4 to 1853-0086
Change A7R11 to 0684-1031, 10 k2
Change A7U4 to 18200223

Figure 7-30
Connect center tap of T1 primary directly to
+ 5 V instead of Q4 collector.

CHANGE NO. 8 (for serial no. 1211A01155 and lower)

Beginning approximately with serial number
1211A01156, some printed circuit assemblies were
revised to accomodate certain options or combinations
of options. Some instruments with higher serial numbers
may contain the previous revision of one or more of the
following assemblies:

Earlier Later

Revision Revision
Al Rev.D Rev. E
A3 Rev. A Rev.B
All Rev.B Rev.C

Model 3490A

If your instrument contains one of the earlier revisions,
use the following information applying to that assembly.

Table 6-1
Delete A1C10

Add A1C402, 01500071, C: fxd 400 pF

Delete A1C403

Change A1C501 to 0160-3813,0.47 uF

Change A1C506, 507 to 0150-0084, 0.1 uF

Delete A1CR122, 123

Change A1Q401, 408 to 1853-0010

Change A1R430 to 0684-1541, 150 kQ

Change A1U102 to 1820-0478

Delete A2C6 and A2L1, 1.2

Delete A3R6 and A3U10

Delete A11C6

Add A11CRI1, 1901-0040, Diode, Si

Change A11R4 to 1810-0049, Resistor network
6.8 kQ

Delete A11R11

Change A11U7,U12 to 1820-0979

Change A11U8 to 1820-0976

Change A11U9 to 1820-0583

Change A11U10 to 18200616

.Change A11U11 to 1820-0710

Figure 7-20
Add A1C402, 400 pF, between collector of
A1Q427 and ground
Delete A1C403
Change A1C501 to 0.47 uF
Change A1C506, 507 to 0.1 uF
Change A1R430 to 150kQ
Delete A2C6 and A2L1, L2

Figure 7-24
Delete A1C10

Figure 7-26
Delete CR122, 123 and connect pin 4 of U102
directly to - 24 V line

Figure 7-27
Delete R6, U10 and the two sections of U4
associated with the Sample/Hold
Blanking circuit. Delete the Sample/
Hold Mode input connection. Connect
Data Bit A, C and D lines to DSI in
the same manner as DS2 through DS6.

Figure 7-33
In those instruments having All Rev. B,
substitute the Al1 schematic in Figure
8-2. Use the following component
location drawing:



Model 3490A

Al
hp Part No,03490-665i1

Figure 8-1. Component Location, A11, Serial No.

1211A01155 and Lower.

Section VIl

CHANGE NO. 9 (for approximate serial no’s.
1211A00806 to 1211A02255)

Table 6-1
Change A30R24-28 and A35R1-5,17 t0 4322
part no. 0757-0414.
Change A30R17-21, 30 and A35R12-16 to
90.9 2 part no. 07570400
Change optical isolator part no. in accordance
with the following table:

Optical Isolator
Part Number

PC Board I Resistors 5080-9052 1990-0402
03490-66530 | R17-21,30 90.9 .01 2208 .1
R24-28 432 Q.01 1500 £2 .1
03490-66535 | R12-16 909 .01 2208 .1
R1-56, 17 432 Q.01 1500 22 .1

8-3
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Figure 8-2. Schematic Diagram, A11 Assembly, Serial No. 1211A01155 and Lower.
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The following code numbers are from the Federal Supply Code for
to Name) and their latest supplements. The date of revision

CODE LIST OF MANUFACTURERS

betical codes have been arbitrarily assigned to suppliers not appearing in the H4 Handbooks.

C;:ge Manufacturer Address
00000 U.S. A Common....... Any supplier of U, S,
00136  McCoy Electronics. . .Mount Holly Springs, Pa.
00213  Sage Electronics Corp. . . . . Rochester, N.Y.
00287 Cemco, Inc, ............ Danielson, Conn,
00334 Humidial ................ Colton, Calif.
00348 Mictron, Co., Inc.. .. .. Valley Stream, N.Y.
00373 GarlockIne, ........... Cherry Hill, N.J.
00656 AerovoxCorp.......... New Bedford,Mass.
00719 Amp.Inc. .............. Harrisburg, Pa.
00781  Aircraft Radio Corp.. ....... Boonton, N.J.
00803 Croven, Lid, . ...... Whitby, Ontario, Canada
00815  Northern Engineering

Laboratories, Inc. . . ...... Burlington, Wis,
00853  Sangamo Electric Co. ,

PickensDiv, ............. Pickens, S.C.
00866 Goe Engineering Co. . . .. City of Industry, Cal.
00891 Carl E. Holmes Corp...... Los Angeles, Cal.
00929 MicrolabIne.. . .......... Livingston, N.J .
01002  General Electric Co.,

Capacitor Dept.. . ...... Hudson Falls, N.Y.
01009 Alden Products Co. ........ Brockton, Mass.
01121 Allen Bradley Co.. ......... Milwaukee ,Wis
01255  Litton Industries, Inc. . . .. Beverly Hills, Cal.
01281 TRW Semiconductors,Inc. . . .. Lawndale, Cal.
01295 Texas Instruments, Inc.,

Transistor Products Div...... Dallas, Texas
01349  The Alliance Mfg. Co........ Alliance, Ohio
01538 Small PartsInc. ........ Los Angeles, Cal.
01589  Pacific Relays, Inc. . ....... Van Nuys, Cal.
01670  Gudebrod Bros. Silk Co. . ... . New York, N.Y.
01930  Amerock Corp. ........... « Rockford, NI.
01960  Pulse Engineering Co .. ... Santa Clara, Cal.
02114  Ferroxcube Corp. of

America . ............. Saugerties, N.Y.
02116  Wheelock Signals,Inc.. . . . . Long Branch, N.J.
02286  Cole Rubber and Plastics Inc . .Sunnyvale, Cal,
02660 Amphenol-Borg Electronics

Corp. . ................ Broadview, IIl.
02735  Radio Corp. of America, Semi-

conductor and Materials

Division .............. Somerville, N.J,
02771 Vocaline Co. of America,

C e e Old Saybrook, Conn.

02777  Hopkins EngineeringCo. . . San Fernando, Cal.
02875 Hudson Tool & Die . ......... Newark,N.J .
03296  Nylon Molding Corp. . ...... Springfield,N.J,
03508 G.E. Semiconductor Prod.

Dept. ................. Syracuse, N.Y.
03705  Apex Machine & Tool Co. . ..... Dayton, Ohio
03797 EldemaCorp. ........... Compton, Calif.
03818  Parker SealCo.......... Los Angeles, Cal.
03877  Transitron Electric Corp. . . Wakefield, Mass.
03888  Pyrofilm Resistor Co. ,

Inc. ............... Cedar Knolls, N.J.
03854  Singer Co., Diehl Div. ,

Finderne Plant .. ....... Sumerville, N.J.
04009  Arrow, Hart and Hegeman

Elect. Co.............. Hartford, Conn.
04013 Tarws Corp. ......... Lambertville, N.J.
04062  Arco Electronic Inc.. . . . . . Great Neck, N. Y.
04217 EssexWire............ Los Angeles, Cal.
04222  Hi-Q Division of Aerovox. -Myrtle Beach, S.C.
04354  Precision Paper Tube Co. ... .. Wheeling, N1
04404  Palo Alto Division of Hewlett-

PackardCo. . ........... Palo Alto, Cal.
04651  Sylvania Electric Products,

Microwave Device Div. . .Mountain View, Cal.
04673  Dakota Engr.Inc. . .... ... Culver City, Cal.
04713  Motorola Inc. Semiconductor

Prod. Div. ......... ". . Phoenix, Arizona
04732  Filtron Co. ,Inc. Western

Div. ............... Culver City, Cal.
04778 Automatic Electric Co. . . . ... Northlake, 1.
04796  Sequoia Wire Co. . .. .. .. Redwood City, Cal.
04811  Precision Coil Spring Co. . . .. E] Monte, Cal.
04870 P.M. Motor Company. . .. .. Westchester, 1L
04919 Component Mig. Service

Co. ............ W. Bridgewater, Mass
05006 Twentieth Century Plastics,

Inc. ............... Los Angeles, Cal.
05277  Westinghouse Electric Corp.

Semiconductor Dept. . . . . . . Youngwood, Pa.
00015-49
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Code
No

05347
05397

05574
05593
05616

05624
05728

05729
05783
05820
06004

06090
06175

06402
06540
06555

06666
06751
06812
06980
07088
07126
07137

07138

07149
07233
07256
07261
07263

07322
07387
07397

07700

07829
07910
07933

07980

08145
08289
08358

08524
08664
08717
08718

08727
08792

08806

08984
09026
08097
09134
09145

09250
09353
09569

09795
09922
10214

10411
10646

Manufacturer Address
Ultronix, Inc. .........,.. San Mateo, Cal.
Union Carbine Corp ., Elect.

Div. ........... ...... New York, N.Y.
Viking Ind.Inc. . ......... Canoga Park, Cal.
Icore Electro-Plastics Inc.. . . . . Sunnyvale, Cal.
Cosmo Plastic (¢/o Electrical

Spec.Co.) ........... Cleveland, Ohio

Barber Colman Co.
Tiffen Optical Co.

.......... Rockford, Ill.

......... Roslyn Heights, Long Island, N.Y.
Metro-Tel Corp............. Westbury N. Y.
Stewart Engineering Co. . . ... Santa Cruz, Cal.

Wakefield Engineering Inc. . .
Bassick Co., Div. of Stewart
Warner Corp. ..........

. .Wakefield, Mass.

Bridgeport, Conn.

Raychem Corp. ......... Redwood City, Cal.
Bausch and Lomb Optical

Co. ......... e e Rochester, N.Y.
E.T.A. Products Co. of

America ..........,... . . Chicago, Il1.
Amatom Electronic Hardware

Co.,Inc. ....... . New Rochelle, N, Y,
Beede Electrical Instrument

Co.,Inc. .............. Penacook, N.H.

General Devices Co. ,Inc. . . . . Indianapolis, Ind.
Components Inc. ,Ariz. Div., . . Phoenix, Arizona
Torrington Mfg. Co. ,West Div. . . Van Nuys, Cal.

Varian Assoc. Etmac Div. . . . . San Carlos, Cal.
Kelvin Electric Co. . ........ Van Nuys, Cal.
DigitranCo. .. ............ Pasadena, Cal.
Transistor Electronics

Corp.. ............... Minneapolis, Minn,
Westinghouse Electric

Corp. ,Electronic Tube Div. . . .. Elmira, N.Y.
Filmohm Corp. . . ......... New York, N.Y.

Cinch-Graphik Co.
Silicon Transistor Corp. . . .

City of Industry, Cal.
Carle Place, N.Y.

AvnetCorp.............. Culver City, Cal,
Fairchild Camera & Inst. Corp. ,

Semiconductor Div.. . . .. Mountain View, Cal.
Minnesota Rubber Co. ... .. Minneapolis, Minn,
Birtcher Corp, The .. .... Monterey Park, Cal.

Sylvania Elect. Prod. Inc.,
Mt. View Operations . . .. Mountain View, Cal.

Technical Wire Products

Inc. ................... Cranford, N.J.
Bodine Elect.Co. . ........... Chicago, 1.
Continental Device Corp.. . ... Hawthorne, Cal.
Raytheon Mfg. Co., Semi-

conductor Div. . ....,... Mountain View, Cal.
Hewlett-Packard Co. ,

New Jersey Division. . ... .. Rockaway, N.J.
U.S. Engineering Co. . ... .. Los Angeles, Cal.
Blinn, Delbert Co............ Pomona, Cal.
Burgess Battery Co. . ........ .........
............ Niagara Falls, Ontario,Canada
Deutsch Fastener Corp. . . . . Los Angeles, Cal.

Bristol Co., The
Sloan Compan:
ITT Cannon Electric Inc. ,

Phoenix Div............. Phoenix, Arizona
National Radio Lab.Inc. ... ... Paramus, N.J,
CBS Electronics Semiconductor

Waterbury, Conn
Sun Valley, Cal.

Operations,Div.of CBSInc . . . . Lowell, Mass.
General Electric Co. ,

Miniature Lamp Dept. . .. .. , . Cleveland, Ohio
Mel-Rain ... ........... Indianapolis, Ind,
Babcock Relays Div., . ... ... Costa Mesa, Cal.

Electronic Enclosures Inc.. . Los Angeles, Calif .
Texas Capacitor Co. Houston, Texas
Tech. Ind. Inc. Atohm

Eleet,. .. ................ Burbank, Cal.
Electro Assemblies, Inc., ... .. .. Chicago, 1.
C & K Components Inc.. . . ... .. Newton, Mass,

Mallory Battery Co. of

Canada, Ltd.. .. ... Toronto, Ontario, Canada
Pennsylvania Florocarbon. Clifton Heights, Penn.
Burndy Corp. ............. Norwalk, Conn.

Los Angeles, Cal.
... .. Berkeley, Cal.
Niagara Falls, N. Y.

Al

Code
No.

11236
11237

11242
11312

11314
11453
11534
11711

117
11870
12136
12361
12574

12697
12728
12859
12881
12930
12954
13018
13061
13103
13327
13396
13835

14099
14193
14298
14433

14493
14655
14674
14752
14960
15106
15203
15287
15291
15558
15566
15631
15772

15801
15818
16037
16179
16352
16554
16585
16688

16758
17109
17474
17675
17745
17856
17870
18042
18083
18324
18476
18486
18565
18583
18612
18873
18911
19315

19500
19589

Manufacturers Cataloging Handbooks H4-1 (Name to Code) and H4-2 (Code
and the date of the supplements used appear at the bottom of each page. Alpha-

Manufacturer Address
CTSof Berne, Inc, ........... . Berne, Ind.
Chicago Telephone of
California, Inc. . .. .. ..
Bay State Electronics Corp.
Teledyne Inc. ,Microwave

So. Pasadena, Cal.
-+ - Waltham, Mass

Div........ P - Palo Alto, Cal.
National Seal . ............. Downey, Cal,
Precision Connector Corp. . ... Jamaica, N. Y.

Duncan Electronics Inc. . .
General Instrument Corp. ,
Semiconductor Division Products

.. . Costa Mesa, Cal.

Group . .... ..... ...... Newark, N.J,
Imperial Electronic,Inc. . . . . Buena Park, Cal.
Melabs, Inc. .. . < «.... Palo Alto, Cal.

Philadelphia Handle Co. . ... ...
Grove Mifg. Co., Inc.
Gulton Ind. Inc. ,Data System

Div........ - -« ... Albuquerque, N. M.
Clarostat Mfg.Co. .. .......... Dover, N.H.
Elmar Filter Corp......... W. Haven, Conn.
Nippon Electric Co., Ltd. . .. ... Tokyo, Japan
Metex Electronics Corp......... Clark, N.J.
Delta Semiconductor Inc. . . Newport Beach, Cal.
Dickson Electronics Corp. . . Scottsdale, Arizona
Airco Supply Co., Inc. ... ... Witchita, Kansas
Wilco Products . -+ .. .....Detroit, Mich.
Thermolloy. ... ....... « ... Dallas, Texas
Solitron Devices Inc. .. ..... .. Tappan, N. Y.
Telefunken (GmbH) . . ... . .Hanover ,Germany
Midland-Wright Div. of

Pacific Industries,Inc. . . . Kansas City, Kansas
Sem-Tech . ............ Newbury Park, Cal.
Calif. Resistor Corp . ... .. Santa Monica, Cal.
American Comp ts, Inc.. .Conshohocken, Pa.
ITT Semiconductor, a Div. of

Int. Telephone and Telegraph

Camden, N.J.
Shady Grove, Pa.

Corporation .. .., .. . West Palm Beach, Fla.
Hewlett-Packard Company. . . . . Loveland, Colo.
Cornell Dublier Electric Corp ... Newark, N.J.
Corning Glass Works . ... .. ... Corning, N. Y.
Electro Cube Inc.. .. .. .. ... San Gabriel,Cal.
Williams Mfg. Co. .. ........ San Jose, Cal.

The Sphere Co.,Inc. ...... Little Falls, N.J.
Webster Electronics Co. . . .. . New York, N. Y.
Scionies Corp. . .. ......... Northridge, Cal.
Adjustable Bushing Co. . . . . N. Hollywood, Cal.
Micron Electronics. Garden City, Long IslandN. Y.
Amprobe Inst. Corp. ....... Lynbrook, N. Y.

Cabletronics .. .......... Costa Mesa, Cal.
Twentieth Century Coil

SpringCo. - .. . ........ Santa Clara, Cal.
Fenwal Elect. Ine. .. .. .. Framingham, Mass.
AmelcoInc. .. .....,. Mountain View, Cal.
Spruce Pine Mica Co. ... ... Spruce Pine, N.C.
Omni-Spectralnc. ............ Detroit, 1.
Computer Dijode Corp. .......... Lodi, N.J.

Electroid Co. . ... .....
Boots Aircrait Nut Corp.. ... ..
Ideal Prec. Meter Co. ,Inc.,

De Jur Meter Div. Brooklyn, N.Y.
Delco Radio Div. of G.M. Corp. . . . Kokomo, Ind.
Thermonetics Inc. . ... .. .. Canoga Park,Cal.
Tranex Company . . Mountain View, Cal.
Hamlin Metal Products Corp. Akron, Ohio
Angstrohm Prec.Inc. .. .. No. Hollywood, Cal.
Siliconix Inc. . .. .Sunnyvale, Cal.
Manchester, N.H.
Power Design Pacific Inc. . . . ... Palo Alto,Cal.
Cievite Corp. Semiconductor Div. . Palo Alto,Cal,
Signetics Corp. . .. .. Sunnyvale,Cal.
Ty-Car Mfg.Co.,Inc. . ... ... Holliston, Mass.
TRW Elect. Comp.Div. ... .. Des Plaines, Ill.
Chomerics Plainville, Mass.
Curtis Instrument,Inc. . . .. ... Mt. Kisco, N. Y.
Vishay Instruments Inc.. . . .. ... Malvern, Pa,
E.I. DuPont and Co., Inc. ... Wilmington, Del.
Durant Mfg.Co. . .... ..... Milwaukee, Wis.
The Bendix Corp. ,Navigation &

Control Div. ... . ......
Thomas A. Edison Industries,

Div. of McGraw-Edison .. .. West Orange, N.J.
Concoa , . . Baldwin Park, Cal.

. Union, N.J.
Pasadena, Cal.

Teterboro, N.J.

From: Handbook Supplements
H4-1 Dated January 1970



C?de Manufacturer Address
No.

19644 LRC Electronics . ......... Horseheads,N. Y.
19701 Electra Mfg. Co. ...... Independence , Kansas
20183  General Atronics Corp. .. ... Philadelphia, Pa.
21226  Executone, Inc. ..... Long Island City, N.Y.
21355 Fafnir Bearing Co.,The ... New Britian, Conn.
21520  Fansteel Metallurgica} Corp. . . .N. Chicago, IIi.
23020  GeneralReedCo. .......... Metuchen, N.J.
23042 TexscanCorp. .......... Indianapolis, Ind.
23783  British Radio Electronics Ltd. . .Washington,DC.
24455 G.E. Lamp Division, Nela Park,Cleveland, Ohio
24655 General Radio Co. .. ..... West Concord, Mass.
24681 Memcor Inc. ,Comp.Div. ...... Huntington Ind.
26365  Gries Reproducer Corp. . .. New Rochelle, N. Y.
26462  Grobert File Co.of America,Inc. Carlstadt, N.J.
26851 Compac/Hollister Co. ....... Hollister, Cal.
26992 Hamilton Watch Co. . ... .. ... Lancaster, Pa,
28480 Hewlett-Packard Co. .. ...... Palo Alto, Cal.
28520 HeymanMfg.Co. .. ........ Kenilworth, N.J.
30817 Instrument Specialties Co.,

Inc, ... .o L, Little Falls, N.J.
33173  G.E. Receiving Tube Dept. . . . . Owensboro, Ky.
35434 LectrohmInc. .............. Chicago, 1.
36196  Stanwyck Coil Products,

Lad, ... ... .. Hawkesbury, Ontario, Canada
36287 Cunningham, W.H. & Hill,

Ltd. ........... Toronto, Ontario, Canada
37942 P.R. Mallory & Co.,Inc. ... .Indianapolis, Ind.
39543  Mechanical Industries Prod.Co. .. Akron, Ohio
40920  Miniature Precision Bearings,Inc. . Keene, N.H.
40931 HoneywellInc. .......... Minneapolis, Minn,
42180 Muter Co. . ................ Chicago, I1l.
43890 C.A.NorgrenCo. ........ Englewood, Colo.
44655 Ohmite Mfg. Co. ............. Skokie, Il1.
46384 Penn Eng.&Mfg.Corp. . ..... Doylestown, Pa.
47904 PolaroidCorp. .......... Cambridge, Mass.
48620 Precision Thermometer &

Inst. Co. ............. Southampton, Pa.
49956  Microwave & Power Tube Div. . . Waltham , Mass,
52090 Rowan Controller Co. . . ... .. Westminster, Md.
52983 HP Co ., Med. Elec. Div. . ... Waltham, Mass.
54294 Shallcross Mfg.Co. ........... Selma, N.C.
55026  Simpson Electric Co. . . ........ Chicago, I11.
55833  Sonotone Corp. ........... Elmsford, N. Y.
55938 Raytheon Co.Commercial Apparatus

& System Div. ........ So. Norwalk, Conn.
56137  Spaulding Fibre Co., Inc. . ... Tonawanda, N. Y.
56289  Sprague Electric Co. . ... North Adams, Mass.
58474  Superior Elect.Co. .......... Bristol, Conn.
59446 TelexCorp. .. ........ .+ .. Tulsa, Okla.
58730 Thomas & Betts Co. . . .. .. ... Elizabeth, N.J.
60741  Triplett Electrical Inst. Co. . Bluffton, Ohio
61775  Union Switch and Signal Div. of

Westinghouse Air Brake Co. .. Pittsburgh, Pa.
62119  Universal Electric Co. .. ... .. Owosso, Mich.
63743  Ward-Leonard Electric Co. . . Mt. Vernon, N, Y,
64959  Western Electric Co., Inc. . .. New York, N.Y.
65092 Weston Inst. Inc. Weston-Newark. Newark, N.J.
66295 Wittek Mfg. Co. .. ........... Chicago, Iii.
66346  Minnesota Mining & Mfg. Co.

Revere Mincom Div. .. ..... St. Paul, Minn.
70276  Allen Mfg. Co. . ........... Hartford, Conn.
70309  Allied Control . ........... New York. N. Y.
70318  Allmetal Screw Product Co., Inc.

.................... Garden City, N. Y.
70417  Amplex, Div. of Chrysler Corp. .Detroit, Mich.
70485  Atlantic India Rubber Works, Inc. . . Chicago, Iil.
70563  Amperite Co., Inc. .. ...... Union City, N.J.
70674 ADC ProductsInc. ....... Minneapolis, Minn.
70903 BeldenMfg. Co. ............. Chicago, IIl.
70998  Bird Electric Corp. ... ...... Cleveland, Ohio
71002  Birnbach RadioCo. ........ New York, N.Y.
71034  Bliley Electric Co.,Inc. ... ....... Erie, Pa.
71041  Boston Gear Works Div. of

Murray Co. of Texas ...... Quincey, Mass,
71218  Bud Radio, Inc. .......... Willoughby, Ohio
71279  Cambridge Thermionics Corp. Cambridge, Mass.
71286  Camloc Fastener Corp. ...... Paramus, N.J.
71313  Cardwell Condenser Corp.

................ Lindenhurst, L.1., N. Y.
71400 Bussmann Mfg. Div. of

McGraw-Edison Co. . ...... St. Louis, Mo.
71436  Chicago Condenser Corp. . ... ... Chicago, Il1.
71447  Calif. Spring Co.,Inc. .. ... Pico-Rivera, Cal.
1450 CTSCorp. .......... v Elkhart, Ind.
71468 ITT Cannon Electric Inc. . Los Angeles, Cal.
71471 Cinema, Div. Aerovox Corp. .. .. Burbank, Cal.
00015-49
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CODE

Code
No.

71482
71590

71616
71700
11707
71744
71785

71984
72136

72619
12656

72699

72765
72825
T2928
72962
72964
72982
73061
73076
73138

73293

73445
73506

73559
73586
73682

13734
13743
73793
73846
73899
73905
13957
74276
74455
74861
74868

74970
75042
75263
75378
75382
75818
75915
76005
76210
76433

76487
76493
76530

76545
76703
76854
77068

77075
77221

77252
77342

77630
17638

77764
77969
78189

18277
78283
78290

LIST OF MANUFACTURERS (Continued)

Manufacturer Address

C.P. Clare& Co. ............ Chicago, NI.
Centralab Div. of

Globe Union Inc. . ... .... Milwaukee, Wis.
Commercial Plastics Co. . ... ... Chicago, 1.
Cornish Wire Co., The New York, N.Y.
Coto Coil Co. ,Inc. Providence, R.1.
Chicago Miniature Lamp Works . . .Chicago, Ili.
Cinch Mfg. Co.,

Howard B. Jones Div. ........ Chicago, 111,
Dow Corning Corp. . ........ Midland, Mich.
Electro Motive Mfg. Co., Inec.

................... Willimantic, Conn,
Dialight Corp. ............ Brooklyn, N.Y.
Indiana General Corp. ,

Electronics Div. . .. ........ Keasby, N.J.
General Instrument Corp. ,

Cap Division. .. .......... Newark, N.J.
Drake Mig. Co. Harwood Heights, I11.
Hugh H. Eby Inc. .. . Philadelphia, Pa.
GudemanCo. ............... Chicago, Ili.

Elastic Stop Nut Corp. . ... ..... Union, N.J.
Robert M. Hadley Co. ..... Los Angeles, Cal.
Erie Technological Products, Inc. . . .Erie, Pa.

Hansen Mfg. Co., Inc. . ... ... Princeton, Ind.
H.M. HarperCo. ............ Chicago, I,
Helipot Div. of Beckman Inst. . Inc.

...................... Fullerton, Cal.
Hughes Products Division of

Hughes Aircraft Co. . . . Newport Beach, Cal.
Amperex Elect. Co. .. .Hicksville, L.I.,N. Y.
Bradley Semiconductor Corp.

.................... New Haven, Conn.
Carling Electric. Inc. Hartford, Conn.
Circle FMfg. Co. . .......... Trenton, N.J.
George K, Garrett Co. ,

Div. MSL Industries, Inc.. .

Philadelphia, Pa.

Federal Screw Products, Inc. . . .. Chicago, Ii.
Fischer Special Mfg. Co. . ... Cincinnati, Ohio
General Industries Co., The . . . . . Elyria, Ohio
Goshen Stamping & Tool Co. . . ... Goshen, Ind.
JFD Electronics Corp. . ... ... Brooklyn, N. Y.
Jennings Radio Mfg. Corp. . ... San Jose, Cal.
Groove-PinCorp. ... ...... Ridgefield, N.J.

Signalite Inc. . ............. Neptune, N.J.
J.H. Winns, and Sons . ... Winchester, Mass.
Industrial Condenser Corp. . .. ... Chicago, Ill.
R. F. Products Division of

Amphenol-Borg Electronic Corp.

..................... Danbury, Conn.
E.F. JohnsonCo. . ......... Waseca, Minn.
International Resistance Co. . Philadelphia, Pa.
Keystone Carbon Co., Inc. ., . .St. Marys, Pa.
CTS Knights, Inc. ... ........ Sandwich, Iil.
Kulka Electric Corp. ... ... Mt. Vernon, N. Y.
Lenz Electric Mfg. Co. ... ... .. Chicago, Ill.
Littlefuse, Inc. . ......... Des Plaines, I11.
Lord Mig. Co. . .............. Erie, Pa.
C.W. Marwedel . ....... San Francisco, Cal.
General Instrument Corp. ,

Micamold Division . ........ Newark, N.J.
James Millen Mfg. Co., Inc. .. Malden, Mass.
J.W. MillerCo. . ........ Los Angeles, Cal.
Cinch-Monadnock, Div. of United Carr

Fastener Corp. San Leandro, Cal.
Mueller Electric Co. . ....... Cleveland, Ohio
National Union ... ... ..... .. Newark, N.J.
Oak Manufacturing Co. . ... Crystal Lake, Ill.
The Bendix Corp. ,

Electrodynamics Div. . N. Hollywood, Cal.
Pacific Metals Co. . ... .. San Francisco, Cal.
Phaostran Instrument and

Electronic Co. . ....... So. Pasadena, Cal.
Philadelphia Steel and
WireCorp. . ........... Philadelphia, Pa.

American Machine & Foundry Co.

Potter & Brumfield Div.. . . . . Princeton, Ind.
TRW Electronic Components Div. Camden, N.J.
General Instrument Corp. ,

Rectifier Division . . .. ... .. Brooklyn, N.Y.
Resistance Products Co. . Harrisburg, Pa.
Rubbercraft Corp. of Calif. ... Torrance, Cal.
Shakeproof Division of

Tiiinois Tool Works . .. ... ... ... Elgin, 111,
Sigma.............. So. Braintree, Mass.
Signa! Indicator Corp. ... ... New York, N. Y.
Struthers-Dunn Inc. Pitman, N.J.

A2

Code
No.

78452
78471
78488
78493
78553
78790
78947
79136
79142
79251
79727

79963
80031

80033
80120
80131

80207

80223
80248
80294
80411

80486
80509
80583
80640
80813
81030
810173
81095
81312

81349
81483
81541
81860

82042
82047

82116
82142

82170

82209
82219

82376
82389
82647

82768
82866
82877
82893
83058
83086

83125

83148
83186
83298
83315
83324
83330
83332
83385
83501

83594
83740

83717
83821
83942
84171
84396
84411

Manufacturer Address

Thompson-Bremer & Co. ... .. . Chicago, Il
Tilley Mfg. Co. . . .... .. San Francisco, Cal.
Stackpole Carbon Co. ... . .. . . St. Marys, Pa.
Standard Thomson Corp. . . . . . Waltham, Mass.
Tinnerman Products, Inc. . . . . Cleveland, Ohio
Transformer Engineers . ... San Gabriel, Cal.
Ucinite Co. .. ... ... .... Newtonville, Mass.
Waldes Kohinoor Inc. . . Long Island City, N. Y.
Veeder Root, Inc. Hartford, Conn,
Wenco Mfg. Co. ............ Chicago, I1l.
Continental-Wirt Electronics Corp.
................... Philadelphia, Pa.
Zierick Mfg. Corp. New Rochelle, N. Y.
Mepco Division of Sessions Clock Co.
................... Morristown, N.J.

Prestole Corp. Toledo, Ohio
Schnitzer Alloy Products Co. . . Elizabeth, N.J.
Electronic Industries Association,

Standard tube or semi-conductor device,

any manufacturer.
Unimax Switch, Div. Maxon Electronics

Corp. Wallingford, Conn.
United Transformer Corp. ...New York, N.Y.
Oxford Electric Corp.......... Chicago, Ill.
BournsInc............... Riverside, Cal.
Arco Div. of Robertshaw Controls Co.
Columbus, Ohio
Defiance, Ohio

All Star Products Inc.
Avery Label Co. ... ....... Monrovia, Cal.
Hammarlund Co., Inc. ... ... Mars Hill, N.C,
Stevens, Arnold, Co.,Inc. .. .. Boston, Mass.
DimcoGrayCo. ............ Dayton, Ohio
International Inst. Inc. .. ... .. Orange, Conn,
GrayhillCo. . ............. LaGrange, IIl.
Triad Transformer Corp. ... ... Venice, Cal.
Winchester Elec. Div. Litton Ind. , Inc.
.................... Oakville, Conn.
Military Specification . ...............
International Rectifier Corp. .
Airpax Electronics, Inc. . Cambridge, Maryland
Barry Controls, Div. Barry Wright Corp.
Watertown, Mass,

Carter Precision Electric Co. . . .. Skokie, IIl.
Sperti Faraday Inc., Copper Hewitt
ElectricDiv. ............ Hoboken, N.J.

Electric Regulator Corp. ... Norwalk, Conn.
Jeffers Electronics Division of

Speer CarbonCo. ..........
Fairchild Camera & Inst. Corp.,

Space & Defense Systems Div. .Paramus, N.J.
Magurie Industries, Inc. . . .. Greenwich, Conn,
Sylvania Electric Prod., Inc.

Electronic Tube Division . . .Emporium, Pa.
Astron Corp. . . . .East Newark, Harrison, N. J.
Switchcraft, Chicago, Iil.
Metals & Controls Inc. ,

Spencer Products. . .. .... Attleboro, Mass.
Phillips-Advance Control Co.. . . ... Joliet, I11,
Research Products Corp. Madison, Wis.
Rolton'Mfg. Co., Inc. . .... Woodstock, N. Y,
Vector Electronic Co....... .. Glendale, Cal.
Carr Fastener Co. . . .. ... Cambridge, Mass.
New Hampshire Ball

Bearing, Inc. . ........ Peterborough, N, H.
General Instrument Corp. ,

Capacitor Div.. . ........ Darlington, S.C.
ITT Wire and Cable Div. . . .. Los Angeles, Cal,
Victory Eng. Corp. ....... Springfield, N.J.
Bendix Corp., Red Bank Div.. . Red Bank, N.J.
Hubbell Corp. ... .......... Mundelein, Iil.

Du Bois, Pa.

Rosaninc. ........... Newport Beach, Cal.
Smith, Herman H,, Inc. .. ... Brooklyn, N.Y.
Tech Labs . .. .. ... .. Palisades Park, N.J.
Central Screw Co. .. ......... Chicago, Ill.
Gavitt Wire and Cable Co., Div. of

Amerace Corp. . ....... Brookfield, Mass.
Burroughs Corp., Electronic

Tube Div. .. . ........... Plainfield, N.J.
Union Carbide Corp., Consumer

Prod. Div. ............. New York, N.Y.
Model Eng. and Mig., Inc. ... Huntington, Ind.
Loyd Scruggs Co. . ........... Festus, Mo
Aeronautical Inst. & Radio Co. .. .Lodi, N.J
Arco Electronics Inc. .. . ... Great Neck, N.Y.
A.J. Glesener Co., Inc. . . San Francisco, Cal.

TRW Capacitor Div. Ogallala, Neb.

From: Handbook Supplements
H4-1 Dated January 1970



Code
No.

94870
85454
85471
85474
85660
85911
86174
86197

86579
86684

86928
87034
87216

87473

87664
87930
88140
88220
88698
89231
89473
89479
89665

80179

80763
91146

91260
91345
91418
91506
91637
91662
91673
917317
91827
91886

Mamufacturer Address
Sarkes Tarzian, Inc. ....... Bloomington, Ind.
Boonton Molding Company . . . ... Boonton, N.J.
A B.BoydCo. ......... San Francisco, Cal.

R.M. Bracamonte & Co. . . . San Francisco, Cal.
Koiled Kords, Inc. . .. ....... Hamden, Conn.
Seamless Rubber Co. . ......... Chicago, Nl
Fafnir Bearing Co. Los Angeles, Calif.
Clifton Precision Products Co., Inc.

................... Clifton Heights, Pa.
Precision Rubber Products Corp.  Dayton, Ohio
Radio Corp. of America, Electronic Comp.

& Devices Division ........ Harrison, N.J.
Seastrom Mfg. Co. ......... Glendale, Cal.
Marco Industries .......... Anaheim, Cal.
Philco Corporation (Lansdale Division)

....................... Lansdale, Pa.
Western Fibrous Glass Products Co.

................... San Francisco, Cal.
Van Waters & Rogers Inc. . . San Francisco, Cal.
Tower Mfg. Corp. ........ Providence, R.I.
Cutler-Hammer, Inc. ......... Lincoln, Iil.

Gould-National Batteries, Inc. ., . 8t. Paul, Minn.
General Mills, Inc. .......... Buffalo, N. Y.

Graybar ElectricCo. ......... Oakland, Cal.
G. E. Distributing Corp. . ... Schenectady, N.Y.
Security Co. . ... e Detroit, Mich.
United Transformer Co. . ....... Chicago, Il

United Shoe Machinery Corp. . . . Beverly, Mass.
U. 8. Rubber Co., Consumer Ind. &

Plastics Prod. Div. . ........ Passaic, N.J.
Belleville Speciality Tool Mfg. , Inc.

N Belleville, Ill.
United Carr Fastener Corp. ..... Chicago, Ill.

Bearing Engineering Co. . . . San Francisco, Cal.
ITT Cannon Elect. Inc., Salem Div.
.................... ... Salem, Mass.
Connor Spring Mfg. Co. ... San Francisco, Cal.
Miller Dial & Nameplate Co. . .. El Monte, Cal.

Radio Materials Co. .......... Chicago, Nl.
AugatIne, .............. Attleboro, Mass.
Dale Electronics, Inc. ...... Columbus, Nebr.
ElcoCorp. ............. Willow Grove, Pa.
EpiphoneInc. ............ New York, N.Y.

Gremar Mfg. Co,, Inc. .....Wakefield, Mass.
K F Development Co. . .. .. Redwood City, Cal.
Malco Mfg., Inc. .. ........ . . . Chicago, 1.

CODE LIST OF MANUFACTURERS (Continued)

Code
No.

91929

91961
92180
92367
92607

92702
92966
93332

93369
93410

93632
93929
94137
94144

94148
94154
94197

94222
94330
94375
94682

94696
95023

95146
95236
95238
85263
95265
95275
95348
95354
95566
95712
95984
95987
96067

Manufacturer Address

Honeywell Inc. , Micro Switch Division
...................... Freeport, Ill.
Nahm-Bros, Spring Co. ...... Oakland, Cal.
Tru-Connector Corp. ....... Peabody, Mass,

Elgeet Optical Co., Inc. . ... Rochester, N. Y.
Tensolite Insulated Wire Co. , Inc.

Tarrytown, N.Y.
IMC Magnetics Corp. .. .Westbury, L.1. | N.Y.
Hudson Lamp Co. .......... Kearney, N.J.
Sylvania Electric Prod. Inc.,

Semiconductor Div. . ...,.... Woburn, Mass.
Robbins & Myers Inc. . . . Pallisades Park, N.J.
Stemco Controls, Div. of Essex

WireCorp. .. ........... Mansfield, Obio
Waters Mfg. Co. . Culver City, Cal.
G. V. Controls Livingston, N.J.

General Cable Corp. ...... Bayonne, N.J.
Raytheon Co., Comp. Div.,

Ind. Comp. Operations ... ... Quincy, Mass.
Scientific Electronics

Products, Inc.. . ......... Loveland, Colo.
Wagner Elect. Corp., .

Tung-Sol Div. ............ Newark, N.J.
Curtiss-Wright Corp. ,

Electronics Div. ...... East Patterson, N.J.
South Chester Corp. ......... Chester, Pa.
Wire Cloth Products, Inc. . .. ... Bellwood, 111
A

t tic Metal Prod Co. . Brooklyn, N.Y.
Worcester Pressed Aluminum Corp.
Worcester, Mass,

Magnecraft Electric Co, ....... Chicago, Ill.
George A. Philbrick Researchers, Inc.
............ “..+......Boston, Mass.
Alco Elect, Mig. Co. ...... Lawrence, Mass,
Allies Products Corp. ........ Diania, Fla.
Continental Connector Corp. . . Woodside, N.Y.
Leecraft Mfg. Co., Inc. ... .Long Island, N.Y.
National Coil Co. . .......... Sheridan, Wyo.
Vitramon, Inc, . ......... Bridgeport, Conn.
Gordos Corp. .......... Bloomfield, N.J.
Methode Mfg. Co. ..... Rolling Meadows, I,
Arnold Engineering Co.. . ...... Marengo, 11,
Dage Electric Co., Inc. ...... Franklin, Ind.
Siemon Mfg. Co. ............. Wayne, 11,
Weckesser Co. ............ Chicago, Ill.

Microwave Assoc. ,West, Inc. . Sunnyvale, Cal.

The following HP Vendors have no number assigned in the latest supplement to the Federal Supply Code for Manuf:

0000F
0000Z
000AB
000BB

Malco Tool and Die . .. ... Los Angeles, Calif.
Willow Leather Products Corp. .. Newark, N.J.
ETA ... ... .. ..., England
Precision Instrument Comp. Co. Van Nuys, Cal.

00015-49
Revised: May, 1970

ers H.

000CS Hewlett-Packard Co., Colorado

000MM Rubb

Springs Div. ... Colorado Springs, Colorado

Eng. & D . . .Hayward, Cal.

000NN A "N“D Mfg. Co. .......... San Jose, Cal.

A3

Code
No. Manufacturer Address

96095 Hi-Q Div. of Aerovox Corp. ..... Olean, N.Y.
96256 Thordarson-Meissner Inc. . .. Mt. Carmel, Il
96296 Solar Mfg. Co........... Los Angeles, Cal.
96396 Microswitch, Div. of

Minn. -Honeywell . .. ....... Freeport, 111,
96330 Carlton Screw Co. ..,....... Chicago, Il
96341 Microwave Associates, Inc. . Burlington, Mass.
96501 Excel Transformer Co. ... .... QOakland, Cal.
96508 Xcelite, Inc. .......... Orchard Park, N. Y.
96733 San Fernando Elec. Mfg. Co, San Fernando, Cal.
96881 ThomsonInd. Inc. ....... Long Island, N. Y.
97464 Industrial Retaining Ring Co. . . Irvington, N.J.
97539 Automatic & Precision Mfg. . . Englewood, N.J.
97979 Reon Resistor Corp. ........ Yonkers, N.Y.
97983 Litton System Inc., Adler-Westrex

Commun. Div. . ....... New Rochelle, N.Y,
98141 R-Tronics, Inc. ........... Jamaica, N, Y,
98159 Rubber Teck, Inc. .......... Gardena, Cal.
98220 Hewlett-Packard Co. ,

Medical Elec. Div. . .... ... Pasadena, Cal.
98278 Microdot, Inc. ......... So. Pasadena, Cal.
98291 Sealectro Corp. ........ Mamaronech, N. Y.
98376 ZeroMfg. Co. ............ Burbank, Cal.
98410 Etc Inc. ............... Cleveland, Ohio
98731 General Mills Inc. , Electronics Div.

.................. Minneapolis, Minn.
98734 Paeco Division of Hewlett-Packard Co.

..................... Palo Alto, Cal.
98821 North Hills Electronics, Inc. . Glen Cove, N.Y.
98978 International Electronic Research Corp.

...................... Burbank, Cal.
99109 Columbia Technical Corp. ... New York, N. Y.
99313 Varian Associates. . ........ Palo Alto, Cal.
99378 AtleeCorp. ........... Winchester, Mass.
99515 Marshall Ind., Capacitor Div. . Monrovia, Cal.
99707 Control Switch Division, Controls Co.

of America ............ El Segundo, Cal.
99800 Delevan Electronics Corp. . East Aurora, N.Y.
99848 Wilco Corporation ....... Indianapolis, Ind.
99928 BransonCorp. .......... Whippany, N.J.
99934 Rembrandt, Inc. . .......... Boston, Mass.
99942 Hoffman Electronics Corp.,

Semiconductor Division . . . .. E1 Monte, Cal.
99957 Technology-Instrument Corp.

of California ....... Newbury Park, Cal.
000QQ Cooltron. . ............... Oakland, Cal.
000WW California Eastern Lab . . . . . Burlington, Cal,
000YY S.K. SmithCo. ......... Los Angeles, Cal.
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UNITED STATES

ALABAMA

8290 Whitesburg Dr.. SE.
PO Box 4207

Wuastyille 35802

Tel: (205) 881-4591

TWX: 810-726-2204

ARIZONA

2336 E. Magnolia St.
Pheeniz 85034

Tel: (602) 244-1361
TWX: $10-951-1330

5737 East Broadway
Tucsan 85711

Tel: (602) 298-2313

TWX: 910-952-1162

(Effective Dec. 15. 19731
2424 East Aragon Rd.
Tucson 85706

Tel: (602) 889-4661

CALIFORNIA

1430 East Orangethorpe Ave
Fullerton 92631

Tel: {714) 870-1000

TWX: 910-592-1288

3939 Lankershim Boulevars
Nerth Hellywesd 91604
Tel: (213) 877-1282

TWX: 910-499-2170

6305 Arizona Place
los Angeles 90045
Tek: (213) 649-2511
TWX. 910-328-6148

110! Embarcadero Road
Pale Alts 94303

Tel: (41%5) 3276500
TWX: 910-373-1200

2220 Watt Ave.

Sacramente 95825
Tel: (916} 482-1463
TWX: 910-367.2092

9606 Aero Diive
P.0. Box 23333

COLORADO

7965 £ast Prentice
Engiewood 80110
Tel: (303) 771.3455
TWX: 810-935.0705

CONNECTICUT
12 Lunar Drive
New Haven 06525
Tek: 12031 3§9-6551
TWX: 710-465-202%9

FLORIDA

PO. Box 24210

2806 W. Dakiand Park Bivd.
Ft. Lavderdale 33307

Tel: (305} 731-2020

TWX: $10-955-4099

P.0. Box 13910
6177 Lake Elienor Dr
Ortande, 32809

Tel: 13051 859-2900
TwX: 810-850-0113

GEORGIA

P.0. Box 28234

450 Interstate North
Atlanta 30378

Tel: (404) 436-5181
TWX: 810-766-4890

HAWAN
2875 So. King Street
Henelulu 96514

Tel: (8081 955-4455

ILLINOIS

S500 Howard Street
Skokie 50076

Tel: 1312) 677-0400
TwX: 910-223-3613

INDIANA

3839 Meadows Drive
ndianapelis 46205
Tei: (317, 546-4891
TWX: 810-34}.3253

ELECTRONIC

SALES & SERVICE OFFICES

MARYLAND

6707 Whilestone Road
Baltimare 21207

Tel: (301) 944.5400
TWX: 710-862-9157

20010 Century Bivd.
Germantewn 20767
Tel: {31} 428-0700

PO Box 1648

2 Choke Cherry Road
Rochvilie 20850
Tel: (301) 948-6370
TWX: 710-828-9684

MASSACHUSETTS
32 Hartwell Ave.
Lexingten 02173
Tel: (617: 86]1-8960
TWX: 710-326-6904

MICHIGAN

23855 Research Drive
Farmingten 48024
Tet: (313} 476-6400
TWX: 810-242-2900

MINNESOTA

2459 University Avenue
St. Paul 55114

Tel: (612} 645-9461
TWX: 910-563-3734

MISSOURI

11131 Colorado Ave.
Kansas City 64137
Tel: (816) 763-8000
TWX: 810-771-2087

148 Weldon Parkway
Maryland Meights 63043
Tel: 1314) 567-1455
TWX: 310-764-0830
*NEVADA

Las Vegas

Tel: (702) 382-5777

NEW JERSEY

NEW MEXICO

P.0. Box 8366

Station C

6501 Lomas Boutevard N.E.
Albuquergue 87108

Tel: (505) 265-3712

TWX: 910-989-1665

156 Wyatt Drive
Las Cruces 88001
Tel: (505) 526-2485
TWX: 910-983-0550

NEW YORK

& Automation Lane
Computer Park
Albany 12205

Tel: (518) 458-1550
TWX: 710-441-8270

1219 Campville Road
Endlicott 13760

Tel: (607} 754-0050
TWX: 510-252-0890

New York City

Manhattan, Bronx

Contact Paramus, NJ Office
Tel: (201) 265-5000
Btooklyn, Queens, Richmond
Contact Woadbury, NY Office
Tel: (516) 921-0300

82 Washington Street
Paughkeepsie 12601
Tel: (914} 454-7330
TWX: 510-248-0012

39 Saginaw Drive
Rochester 14623
Tel: (716} 473-9500
TWX: 510-253-5981

5858 East Molloy Road
Syracuse 13211

Tei: (315! 454-2486
TWX: 710-541-0482

1 Crossways Park West

Weedbury 11797
Tek: (516} 921-0300

NORTH CAROLINA
P.0. Box 5188

1923 North Main Street
High Point 27262

Tel: (919) 885-8101
TWX: 510-926-1516

oHIO
25575 Center Ridge Road
an¢ 44145

u (216) 835-0300
TWK: 810-427-9129

330 Progress Rd.
Dayten 45443

Tel: (513) B59-8202
TWX: 810-459-1925

6665 Busch Blvd.
Columbus 43229
Tel: (614} 846-1300

OKLAHOMA

P.0. Box 32008
Okishema City 73132
Tel: -305+ 7210200
TWX: 910-830-6862

OREGON

17890 SW Boones Ferry Road
Tualatin 97062

Tel: (503) 620-3350

TWX: 910-467-8714

PENNSYLVANIA
2500 Moss Side Boulevard
Monroeville 15146
Tel: (412) 271-0724
TWX: 710-797-3650

1021 8th Avenue

King of Prussia Industrial Park
King of Prussia 19406

Tei: (215) 265-7000

TWX: 510-660-2670

RHODE ISLAND
873 Waterman Ave,
East Providence 02914

TEXAS

P.0. Box 1270

201 E. Arapaho Rd.
Richardsen 75080
Tel: {214) 231-6101
TWX: 910-867-4723
P.0. Box 27409

6300 Westpark Drive
Suite 100

Heustea 77027

Tel: (713) 781-6000
TWX: 910-881-2645
231 Bihiy Mitchelt Road
San Anlenis 78226
Tel: (512) 434-4171
TWX: 310-871-1170

UTAH

2830 Soulh Main Street
Sait Lake City 84115
Tel: (801) 487-0715
TWX: 910-925-5681
VIRGINIA

P.0. Box 6514

2111 Spencer Road
Richmond 23230
Tel: (804) 285-3431
TWX: 710-956-0157

WASHINGTON
Betlefield Office Pk,
1203 - 114th SE
Believue 98004

Tel: (206} 454-3971
TWX: 910-443-2303
*WEST VIRGINIA
Charlasten

Tel: (304) 345-1640
WISCONSIN

9431 W. Beloit Road
Suite 117
Milwaukee 53227
Tel: (414) 541-0550

FOR U.S. AREAS NOT
LISTED:

Contact the regional office near-
est you:

San Diego 92123 LOUISIANA 1060 N. Kings Highsay TWX: 510.221-2168 Tel: (401; 434-5535 Atlanta, Georgia . . .
Tei: (714) 279-3200 P. 0. Box 840 Cherry Nill 08034 02 5 TWX: 710-381.7573 g:"::‘ ';olrl‘y:m}:. :Jyah'ovg;: ..
TWX: 910-335-2000 Willi I Tel: (608, 667.4000 ramus, New Jersey . . . Skokie,
103 iﬁ:.r ';:;32‘; Boutevard TWK: 710-892.4845 “TENNESSEE Hiingis. Their complete ad-
Ted: (504! 721-6201 W. 120 Century Rd. Memphis dresses are listed above.
X: ] entury Rd. Tet: (901) 274.7472 *Service Oni
TWX: 810-955-5524 Paramus 07652 et: (90 rvice Only
Tel: (201) 265-5000
TWX: 710-990.4951
ALBERTA BRITISH COLUMBIA MANITOBA NOVA SCOTIA ONTARIO QUEBEC

Hewlett-Packard (Canada- Ltd.
11748 Kingsway Ave
Edmeonten TSG 0X5

Tel: (403) 4523670

TWX: §10-831-2431

Hewlett- Pachard lCanada) Ud.
825 - 8th Ave

Suite 804

Calgary

Tel: (403) 262-4279

Hewlett-Packard (Canada: Lig
837 E. Cordova St.

Vancouver 6

Tel: {604} 254-0531

Hewleit-Packard .Canags (14
513 Cenlury St.

Winnipeg

Tei: 1204. 786-758L

TWX: 610-671-3531

Hewlett-Packard «Canada) Lid.
2745 Dutch Vitlage Rd.

Suite 210

Halitax

Tel: i302, 455-0511

TWX: 610-27)-4482

Hewlett-Packard (Canada) Lid.
1785 Woodward 0r.

Ottawa X2C 0P9

Tel: (6131 255-6180, 255-6530
TWX: 610-562-8968

Hewlett-Packard (Canada) L1d.

50 Gataxy Bivd.
Rexdale

Tel: (416) 677-9611
TWX: 610-492-4246

Hewlett-Packaid (Canada) Ltd.
275 Hymus Boulevard

Pointe Claire HSR 1G7

Tel. (514) 697-4232

TWX: 610-422-3022

Telex: 01-20607

Hewiett-Packard (Canada) Ltd.
2376 Galvani Street

Stetey GIN 4G4

Tel: (418) 688-8710

FOR CANADMN AREAS NOT
LISTE!

Cnnh:t “Wewlett-Packard {Can-
ada) Ltd. in Pointe Claire,

CENTRAL AND SOUTH AMERICA

ARGENTINA
Hewlelt-Packard Argentina
SAC.el

Lavatle 1171-3

Buenes Aires

Tel: 436, 35-0627, 35-0341
Telex: 012-1009

Cable: HEWPACK ARG

BOLIVIA

Stambuk & Mack {Bolivia) LTDA.
Av. Mariscal, Santa Cruz 1342
\a Paz

Tel: 40626, 53163, 52421
Telex: 3560014

Cable: BUKMAR

BRAZIL

Hewiett-Packard Do Brasil
LE.C. Lida.

Rua Frei Caneca 1119
01307-Sa0 Paulo-SP

Tel: 288-7111, 287-5858
Tetex: 309151/2/3

Cable: HEWPACK Sao Paulo

Hewleit-Packard Do Brasil
LE.C. Lida.

Praca Dom FeIICI
80000-Porte Al -RS

Rio Grande do Sul (RS) Brasil
Tel: 25.8470

Cabie: HEWPACK Porto Alegre

0. 78

Hewlett-Packard Do Brasil
ILE.C. Lida.

Rua da Malriz, 29
20000-Rie de laneire-GB
Tel. 266-2643

Telex: 210079 KEWPACK

Cable: HEWPACK Rig de janeiro

CHILE
Hector Calcagni y Cia, Ltda,
Casilla 16.475

Santisgs

Tel: 423 96

Cabie: CALCAGNI Santiago

COLOMBIA
Instrumentacion

Henrik A. Langebaek & Kier S.A.

Carrera 7 No. 4859
Aparhﬂo Aéreo 6287
nn

Tel: 5 7! 06 45-55-46
Cable: AARIS Bogota
Telex: 44400INSTCO

COSTA RICA

Lic. Alfreda Gallexns Gurdidn
Apartado 10159

San José

Tel: 21-86-1

Cable: GALBUR San losé

ECUADOR

Laboratorios de Radio-Ingenieria
Calle Guayauil 1246

Post Office Box 3199

Quite
Tel: 212-496; 219-185
Cabie: HORVATH Quito

EL SALVADOR

Electronic Associates
Apartado Postal 1682

Centro Comercial Gigante

San Salvador, EI Salvador C.A.
Paseo Escalon 4649-4° Piso
Tel: 23-44-60, 23-32-37

Cable: ELECAS

GUATEMALA
PESA

Avenida La Reforma 3-48,
Zona 9

Guatemala

Tel: 63627, 64736

Telex: 4192 YELTRO GU

MEXICO
Hewilett-Packard Mexicana,
S.A. deC.vV.
Torres Adatid No. 21, {1
Col. del Vaile
Mlll” 12, D.F.
Tel: 543-42-32
Teiex: 017.74.507

Piso

NICARAGUA
Roberto Terdn G.
Apartado Postal 689
Editicio Terdn

Tel: 3451, 3452
Cabie: ROTERAN Managua

PANAMA

Electrénico Balboa, S.A.

P.0. Box 492

Ave. Manue! Espinosa No. 13-50
Bidg. Alina

Panama City

Tel: 230833

Teiex: 3481103, Curunda,

Canal Zone

Cable: ELECTRON Panama City

PARAGUAY

2. ). Metamed SR.L.

Division: Aparatos y Equipos
Medicos

Division: Aparatos y Equipas
Scientificos y de
investigacion

P.0. Box

Chile, 482. Editicie Victoria

Asuncion

Tel: 4-5069. 4-6272

Cable: RAMEL

B-1

PERU

Compaitia Electro Médica S.A.
Ave. Enrique Canapal 212
San 1sidro

cﬂ!l”l 1030

Lima
Tel: 22-3900
Cable: ELMED Lima

PUERTO RICO

San juan Electronics, Inc.
P.0. Box 5167

Ponce de Leon 154

Pda. 3.PTA de Tierra

San Juan 00906

Tel: (809) 725-3342, 722.3342
Cable: SATRONICS San Juan
Telex: SATRON 3450 332

URUGUAY

Pabla Ferrando S.A.
Comercial e Industriat
Avenida Italia 2877
Casilla de Correo 370
Mentevides

Tel: 40-3102

Cable: RADIUM Montevideo
VENEZUELA

Newlen Packard de Venezuela

Anivladu 50933

Edificio Segre

Tercera Transversal

Los Ruices Norte
Caracas 107

1!' 35-00-11

1146 HEWPACK

: HEWPACK Caracas

FOR AREAS NOT LISTED,

CONTACY:
Hewlett-Packard
Inter-Americas

Cib

. 3200 Millview Ave.

Palo AI'.. Cllllulmi 94304
Tel: (415

TWX: 9!0 373 1257

Cable: HEWPACK Palo Alta
Tetex: 034-8300, 034-8433

E11/73



EUROPE

AUSTRIA
Hewiett-Packard Gesmb H
Hande!ska 52 3

PO Box 7

A-1205 Yienma

Tel: 10222} 31 66 06 to 09
Cable HEWPAK Vienra
Telex: 75923 hewpak 2

BELGIUM
Hewlett-Packard Benelux
SA/NYV.

Avenue de Coi-vert, |
(Groenkraagiaan:

81170 Brussels

Tet: (02) 72 22 40

Cable: PALOBEN Brussets
Telex: 23 494 paloben bro

DENMARK
Hewlett-Packard &S
Datavej 38

DK-3450 Birkerad
Tet: (01) 81 66 40
Cable: HEWPACK AS
Telex: 166 40 hp as

Hewlett-Packard A/S
Torvet 9

DK-8600 Sitkeberg
Tel: {06) 82-71-66
Telex: 166 40 hp as
Cable: HEWPACK AS

FINLAND
Hewlett-Packard Oy
Bulevardi 26

P.0. Box 12185

SF-00120 Helsinki 12

Tel: (90) 13730

Cable: HEWPACKOY Helsinki
Telex: 12-15363 het

FRANCE
Hewlett-Packard France
Quartier de Courtaboeuf
Boite Postale No. 6
F-91401 Orsay

Tel: (1} 907 78 25
Cabte: HEWPACK Orsay
Telex: 60048

Hewlett-Packard France
Agenee Regional

4 Quai des Etraits
F-6932] Lyen Cedex 1
Tel: (78) 42 63 45
Cable: HEWPACK Lyon
Telex: 31617

Hewiett-Packard France
2one Aéronautique
Avenue Clement Ader
£-31770 Colomiers

Tel- 161: 86 81 55
Telex: 51957

Hewlett-Packard France
Agence Régionale
Boulevard Ferata-Gamarra
Botte Postaie No. 11
F-13100 Luynes

Tel: t47) 24 00 66
Telex: 41770

Hewlett-Packard France
Agency Régionale

63, Avenue de Rochester
£-350C0 Rennes

Tet: (99) 36 33 21
Tetex: 74912 F

Hewlett-Packard France
Agence Reégiopale

74, Allge de la Robertsau
F67000 Strashourg

Tel: 88) 35 23 20+21
Telex: 89141

Cable: HEWPACK STREG

GERMAN FEDERAL
REPUBLIC
Hewlett-Packard GmbH
Vertriebszentrale Frankfurt
Bernerstrasse 117

Postfach 560 140

0-5000 Frankfurt 56

Tel: (0611) 50 04-1

Cable: HEWPACKSA Frankfurt
Telex: 41 32 49 fra

Hewlett-Packard GmbH
Vertriebsbiira Bablingen
Herrenbergerstrasse 110
0.7030 Biblingen, Wiirttemberg
Tel: (07031) 66 72 87

Cable: HEPAK Béoblingen

Telex: 72 65 739 bbn

Hewlett-Packard GmbH
Vertriebshiiro Diisseldorf
Voge(sanger Weg 38
0-4000 Diisseldart

Tel: (0211) 63 80 31/38
Telex: 85/86 533 hpdd d

Hewlelt-Packard GmbH
Vertriebsbiro Hamburg
wendenstr. 23

0-2000 Hamburg |

Tel: 1040: 24 13 93

Cable: HEWPACKSA Hambury
Telex: 21 63 032 hphh o

Hewlell-Packard GmbH
Vertnedsbiro Hannaver
Meilendorfer Strasse 3
D-3000 Hannover-Kieeteld
Tei: 10511 55 06 26

Hewlett-Packard GmbH
Vertriebsburo Nuremberg
Hersbruckerstrasse 42
£-8500 Nuremberg

Tel: 109111 57 10 66
Telex: 623 860

Hewiett-Packard GmbM
Vertriebshiiro Munchen
Unterhachinger Strasse 28
ISAR Cenier

£-8012 Qftobrunn

Tei: (089; 601 30 61 7
Teiex: 52 49 85

Cable: HEWPACKSA Michen

(west Berlin)

Hewlett-Packard GmbH
Vertriebsbiire Berlin
Wilmersdorfer Strasse 113 114
D-1000 Berlin W. 12

ITALY

Hevdelt Packard [tahana S.o A
Via Amenigo Vespucct 2
1:20124 Mitan

fel .2.6251 .10 fines

Cable: HEWPACKIT Milan
Telex: 32046

Hewlelt-Packard Itaiiana S.p A
Piazza Marconi, 25

1-00144 Rame - Eur

Tel: 161 5912544 5. 5315947
Cable: HEWPACKIT Rome
Tetex: 61514

Hewletl-Pachard Ialiana S.p.A
vicola Pastori, 3

i-15100 Padova

Tel: 49+ 66 40 62

Telex: 32046 via Milan

Hewiett-Packard Maliana S.p.A.
via Colli, 2

1110129 Turin

Tel 111553 82 64

Telex: 32046 via Milan

LUXEMBURG
Hewlett-Packard Benetux
SA

Asenue dge Col-Vert, 1,
«Groenkraaglaan)

B-1170 Brussels

Tel: 103.021 72 22 40
Cable: PALOBEN 8russels

Tel: 1030) 3137046 Telex: 23 494
Telex: 16 34 05 hpbin d
NETHERLANDS
GREECE Hewlett-Packard Benelux/N.V.
Kostas K. 117

18. Ermou Street
GR-Athens 126

Tel: 3230-303. 3239-305
Cable: RAKAR Athens
Tetex: 21 59 62 rkar gr

IRELAND
Hewlett-Packard Ltd

224 Bath Road

GB-Stough, SL1 4 DS, Bucks
Tel: Slough (0753) 33341
Cable: HEWPIE Slough
Telex: 848413

Hewlett-Packard Ltd.
The Graftons
Stamford New Road
Altrincham, Cheshire
Tel: (061) 928-9021
Telex: 668068

P.0. Box 7825
NL-Amsterdam, 101}

Tel: 020-42 77 77. 44 29 66
Cable: PALOBEN Amstergam
Tetex: 13 216 hepa nl

NORWAY
Hewlett-Packard Norge A 'S
Nesveien 13

Box 149

N-1344 Haslum

Tel: (02) 53 83 60

Teiex: 16621 honas n

PORTUGAL
Telectra-Empresa Tecnica de

Equipamentos Eléctrics Sar:

Rua Rodtigo da Fonseca !C)
P.G. Box 2511

P-Lisbon 1

Tel: (191 68 60 72

Cable: YELECTRA Lisbon
Telex: 1598

SPAIN

Hewtett-Packard Espanala. S.A
Jerez No 8

E-Madrid 16

Tet: 458 26 00

Telex: 23515 hpe

Hewlett-Packard Espanoia, S.A.
Milanesado 21-23

E-Barcelona 17

Tei: t3- 203 62 00

Telex: 52603 hpbe e

SWEDEN

Hewlett-Packard Sverige AB

Enighetsvigen 1.3

Fack

$-161 20 Bromma 20

Tel: (08: 98 12 50

Cable: MEASUREMENTS
Steckhoim

Telex: 10721

Hewlett-Packard Sverige AB
Hagakersgatan 9C

5-431 41 Mitndal

Tet: (031) 27 68 00:01
Teiex: Via Bromma

SWITZERLAND

Hewlett Packard (Schweizi AG
Zurcherstrasse 20

P.0. Box 64

CH-8952 Schlieren Zurich

Tel: (01} 98 18 21 24

Cable: HPAG CH

Telex: 53933 hpag ch

Hewlett-Packard (Schweiz) AG
9, Chemin Louis-Pictet
CH-1214 Vernier—Geneva

Tel: (D22) 41 4950

Cabte: HEWPACKSA Geneva
Telex: 27 333 hpsa ch

TURKEY

Telekom Engineering Bureau
Saglik Sok NO. 151
Ayaspasa-Beyogiu

PO Box 437 Beyogh

TR Istanbul

Tel: 49 40 40.

Cable: TELEMATION istanbul

UNITED KINGDOM
Hewlett-Packard L1d.

224 Bath Road

©8-Slough, SL1 4 DS, Bucks
Tel: Slough {0753) 33341
Cable: HEWPIE Stough
Telex: 848413

Hewlett-Packard Ud.
“The Graftens™
Stamford New Road
GB-Altrincham, Cheshire
Tel: (DG1) 928.9021
Tefex: 668068

Hewlett-Packard Ltd's registered
address for V.AT. purposes
only:

70, Finsbury Pavement

Lendon, EC2A1SX.

Registered No: 690597

SOCIALIST COUNTRIES
PLEASE CONTACT:
Hewlett-Packard Ges.m. 8.4
Handelskai 52/3

£.0. Box 7

A-1205 Vieana

Ph: (0222) 33 §6 06 to 09
Cable: HEWPACK Vienna
Telex: 75923 hewpak a

ALL OTHER EUROPEAN

COUNTRIES CONTACT:

Hewlett-Packard S.A.

Rue du Bais-du-Lan 7

P.0. Box 85

CH-1217 Meyrin 2 Geneva
Switzerland

Tel: (022} 41 54 00

Cable: HEWPACKSA Geneva

Telex: 2 24 86

AFRICA, ASIA,

ANGOLA
Telectra-Empresa Tecnica
de Ecuipamentos Electricos
. SARL
Rua de Barbosa, Rodrigues
42-1 , 01
P.0. Box 6487

Luanda
Cable: TELECTRA Luanda

AUSTRALIA

Hewlett-Packard Avstralia
Pty. Lid.

22-26 Weir Street

Glen Iris, 3148

Victoria

Tel: 20-1371 (6 lines)

Cable: HEWPARD Meibourne

Telex: 31 024

Hewlett-Packard Australia
Pty. Ltd.

31 Bridge Street
Pymbe,

New South Wales, 2073
Tel: 449 6566

Telex: 21561

Cable: HEWPARD Sydney

Hewlett-Packard Australia
Ply. Lig

97 Churchill Road
Prospect 5082

South Australia

Tel: 44 8151

Cable: HEWPARD Adelaide

Hewlett-Packard Austratia
Pty Ltd.

Casablanca Buildings

196 Adelaide Terrace

Perth, Wk 6000

Tel: 25-6800

Cable: HEWPARD Perth

Hewlett-Packard Austral:a
Ply. Ltd.

10 Woalley Street

P.0. Box 191

Dickson A.C.T. 2602

Tel: 49-8194

Cable: HEWPARD Canberra ACT

Hewlett-Packard Austraiia
Ply. Ltd.

2nd Floor, 49 Gregory Terrace
Brishane, Queensiand, 4000
Tet: 29 1544

CEYLON

United Efectricals Ltd.
P.0. Box 681

60, Park St.

Celambo 2

Tel: 26696

Cable: HOTPOINT Colombo

CYPRUS

Kypronics

19 Gregorios & Xenopowlos Road
P.0. Box 1152

CY-Nicosia

Tel: 4562829

Cable: KYPRONICS PANDEHIS

AUSTRALIA

ETHIOPIA

African Salespower & Agency
Private Ltd., Co

P. 0. Box 718

58/59 Cynningham St

Addis Ababa

Tel: 12285

Cable: ASACO Addisababa

HONG KONG

Schmidt & Ca. (Hong Kongt tid.
P.Q. Baox 297

Connalight Centre

39th Floor

Connaught Road, Central

Hong Kang

Tel: 240168, 232735

Teley: HX4766

Cable: SCHMIOTCO Hong Kong

INDIA

Blue Star Lid
Kasturi Buildings
Jamshedji Tata R¢
Bombay 40C 020
Tel: 29 50 21
Telex: 3751

Cable: BLUEFROST

Blue Star Lid
Sahas

41472 Vi Savarkar Marg
Prabhadevi

8omhay 400 025

Tel: 45 78 87

Tetex: 4093

Cable: FROSTBLUE

Blue Star Ltd
Band Box House
Prabhadevi
Bombday 400 025
Tef: 45 73 01
Telex: 375t
Cable: BLUESTAR

Blue Star Ltd
1440 Civit Lines
Kampur 208 001
Tet: 6 88 82
Cable: BLUESTAR

Btue Star, Ltd

7 Hare Street
P.0. Box 506
Calcutta 700 001
Tel: 23-0131
Teiex: 659
Cable: Qlu{STAR

Biue Star Ltd.
Blue Star Mouse.
14 Ring Road
Lajpat Nagar

New Delhi 119 024
el 62 32 76
Telex: 2453 -
Cable: BLUESTAR

Blue Star, Ltd.

Blue Star House
117114 Magarath Road
Bangalore 560 025

Tel: 55668

Telex: 430

Cable: BLUESTAR

Blue Star, Lid.

117 1

Sarojini Devi Road
Secunderabad 500 003
Tel: 76391,77393
Catle: BLUEFROST
Tetex: 459

Blue Star, Ltd

23 24 Second Line Beach
Madras 600 001

Tel: 23954

Telex: 379

Cadle; BLUESTAR

Ble Star. Ltd
Nathra) Mansions
2nd Froor Bistupur
lamshedpur 831 00
Tel: 38 04

Cable: BLUESTAR
Tetex: 240

INDONESIA
8ah Bolon Trading Coy. N.V.
Oalah Merdeha 29
Bandung

Tel: 4915; 51560

Cable: 1LMU

Telex- 08-809

IRAN

Muiti Corp tnternational Ltd
Avenue Soraya 130

P.0. Box 1212

IR-Teheran

Tel: 83 10 35-39

Cable: MULTICORP Tehran
Tetex: 2893 MCI TN

ISRAEL

Yohog; Hewtett-Packard Ltd. The

Chuo Bldg tions Ltd. {TEIL)

Rm. 603 3. 16th Fioor Cocoa House
2-Chome P.M.B. 5402
1ZUMI-CHO, tbadan

Mito, 310 Tel: 22325

Tel: 0292-25-7470 Cable: THETEIL ibadan
KENYA PAKISTAN

Xenya Kinetics

P.0. Box 1831}

Nairobi, Kenya

Tel: 57726

Cable: PROTON

KOREA

American Trading Company
Korea,

i.P.0. Box 1103

Dae Kyung B1dg.. 8th Floor

107 Sejong-Ro.

Chongro-Ku, Seout

Tel: (4 lines) 73-8924-7

Cabte: AMTRACO Seaul

LEBANON

Constantin €. Macridis

P.0. Box 7213

RL-Beirut

Tel: 220846

Cable: ELECTRONUCLEAR Beirut

MALAYSIA
MECOMB Malaysia Ltd

2 Lorong 13764

Section 13

Petaling Jaya, Selangor

Cable- MECOMB Kuala Luntpur
MOZAMBIQUE
AN, Goncalves, Lla.

2 3
* Div. of Motorala Israei Ltd
17 Aminadav Street

Tel-Aviv

Tel: 36941 (3 lines)

Cable: BASTEL Tel-Aviv
Telex: 3356%

JAPAN
Yokogawa-Hewiett-Packard Ltd
Ohashi Building

1-59-1 Yoyogi

Shibuya-ku. Tokyo

Tel: 03-370-2281/92

Telex: 232-2024YHP

Cabie: YHPMARKET 10K 23.723

Yokogawa-Hewlett-Pachard Ltd.
Nisei Ibaragi 8ldg

2.2-8 Kasuga

Ibaragi-Shi

Osaka

Tel: (0726) 23-1641

Telex: 5332-385 YHP QSAKA

Yokogawa-Hewielt-Packard Ltd.
Nakamo Building

No, 24 Kamisasazima-cho
Nakamura-ku, Nagoya City

Tel: (052) 5715171

Yokogawa-Hewlett-Packard Ltd
Nitte Bidg.

2-4-2 Shinohara-Kita
Kahohu-ky

Yokohama 222

Tel: 045-432-1504

Teiex: 382-3204 YHP YOK

162, Av. D. Luis

P.0. Box 107
Lourenco Marques

Tet: 27041, 27114
Telex: 6-:203 Negon Mo
Cable: NEGON

NEW ZEALAND
Hewlett-Packard (N.Z.1 Lte.
94-96 Dixon Street

P.0. Box 9443

Courtenay Place.
Wellington

Tel: 59-569

Telex: 3898

Cabte: HEWPACK Wellington

Hewlett-Packard (N.2) Ltd
Pakuranga Professional Centre
267 Pakuranga Highway

Box 51092

Pakuranga

Tel: 569-651

Cable. HEWPACK, Auckiand

NIGERIA

The Electronics Instrumenta-
tions Ltd. (TEIL) .

144 Agege Motor Rd.. Mushin

P.0. Box 6645

Lag:

Cable: THETEIL Lagos

B-2

Mushko & Company, t1d.
Oosman Chambers

Abgullah Haroon Road
Karachl 3

Tel: 511027, 512927

Cable: COOPERATOR Karachi

Mushko & Company, Lid
386, Satellite Town
Rawalpindi

Tel: 41924

Cable: FEMUS Rawalpindi

PHILIPPINES

Electromex. fnc

6th §icor, Amaigamated
Development Carp. Bldg.

Ayala Averue, MaKati, Rizal

C.C.P.0. Box 1028

Makati, Rizal

Te): 86-18-87, 87-76-77

87-86-88, B7-18-45, é8-91-71.

83-81-12, 83.82.12
Cabte: ELEMEX Manila

SINGAPORE

Mechanical & Combustion
Engineering Company Pte.,
utd.

10 12, Jalan Kilang

Red Hill Industriai Eslate
Singapore, 3

Tel: $47151 (7 lines)
Cable: MECOMB Singapore

Hewlett-Packard Far East
Area Otfice

P.0. Box 87

Alexandra Post Office
Singapore 3

Tel: 33022

Cable: HEWPACK SINGAPORE

SQUTH AFRICA

Hewlett Packard South Africa
(Pty.), Ltd,

Hewlelt-Packard House

Daphne Street, Wendywood,

Sandton, Transvaal 2001

Tel: 407641 (five lines)

Hewlett Packard South Alrica
Py, Ltd.

Breecastle House

Bree Street

Cape Town

Tei: 26941/2/3

Cable: HEWPACK Cape Towg

Telex: 0006 CT

Hewlett Packard South Africa
Ply.. Lt

641 Ridge Road. Durban
P.0. Box 9%

overport, Natal

Tel B8-6102

Tefex: 567954

Cable: HEWPACK

TAIWAN

Hewlett Packard Taiwan
39 Chung Shiao West Road
Sec. 1

Overseas insurance

Corp. Bidg. 7th Floor

aipei

Tet: 389160,1.2, 375121,
Ext. 240-249

Telex: TP824 HEWPACK
Cable: HEWPACK Taipei

THAILAND

UNIMESA Co., Ltd.

Changkginee Building

56 Suriwongse Road

Bangkok

Tel: 37956, 31300, 31307
375

Cable: UNIMESA Bangkok

UGANDA

Uganda Tele-Electric Co., Ltd.
P.0. Box 4449

Kampala

Tel: 57279

Cable: COMCO Kampala

VIETNAM

Peninsular Trading inc

P.0. Box H-3

216 Hien-Vuong

Saigon

Tel: 20-805, 93398

Cable: PENTRA, SAIGON 242

ZAMBIA

R. } Titbury (Zambia) ttd
.0. Box 2792

Lusaka

Zambia, Centra) Africa
Tel: 73793

Cable: ARJAYTEE, tusaka

MEDITERRANEAN AND
MIDDLE EAST COUNTRIES
NOT SHOWN PLEASE
CONTACY:
Hewlett-Packard
Co-ordination Office for
Mediterranear. and Middie
East Operations

Piazza Marconi 25
1-00144 Rome-Eur, Naly
Tel: (6) 59 40 29

Cable: HEWPACKIT Rome
Telex: 61514

OTHER AREAS NOT
LISTED, CONTACT:
Hewlett-Packard
Export Trade Company
3200 Hitlview Ave.
Palo Alto, California 94304
Tei 1415} 326-7000

{feb. 71 4931501}
TWX- 910-373-1267
Cable: HEWPACK Palo Alto
Telex: 034-8300, 034-8493
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