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CERTIFICATION

Hewlert-Packard  Company  certifies thar this instriment met irs published
specifications at the time of shipment from the factory. Hewlett-Packard
Company fuerther certifies that its calibration measurements are traceable to the
United States National Bureaw of Standards, to the extent allowed by the
Burcan's  calibration  facility, and to the calibration facilities of other
Liternational Standards ()rgduhdtum members.

WARRANTY AND ASSISTANCE

I'his Hewlett-Packard product is warranted against defects in materials and
workmanship for a period of onc year from the date of shipment. except that
in the case of certain components, if any. listed in Section [ of this operating
manual, the warranty shall be for the specified period. Hewlett-Packard will. at
its option, repair or replace products which prove to be defective during the
warranty period provided they are returned to Hewlett-Packard, and provided
the proper preventive maintenance procedures as listed in this manual are
followed. Repairs necessitated by misuse of the product are not covered by this
wurranty. NO OTHER WARRAN]ILS ARE EXPRESSED OR IMPLIED,
INCLUDING BUT NOT LIMITED T@‘Y’ THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FlIN@S FOR A PARTICULAR PURPOSE.
HEWLETT-PACKARD IS NOT %L@BLF. FOR CONSEQUENTIAL DAMAGES.
N\

It this product is sold as R&?f of a Hewlett-Packard integrated instrument
system, the above warranty shall not be applicable, and this product shall be
covered only by the system warranty.

Service contracts or customer assistance agreements are available for
Hewlett-Packard products.

For any assistance. contact vour nearest Hewlett-Packard Sales and Service
Office. Addresses are provided at the back of this manual.
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Model 3490A

SECTION 1

GENERAL

1-1. INTRODUCTION.

1-2. The Model 3490A Multimeter 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 1000V ac and dc
ranges. Polarity selection and display arc 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,

I-3. This manual contains installation and operating
instructions as well as maintenance information for the
Modcl 3490A Multimeter. Instrument specifications and
procedures for verifying proper operation are included.
Procedures are also included for adjusting the instrument
lo its performance 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

INFORMATION

&L

are available.Instrument and manual identification infor;xs’

mation is also included. A\

1-5. SPECIFICATIONS.

1-6. Table 1-1 is a complete list of the Model 3490A
critical specifications (hat 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.

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

Option 020:
<Option 021:
~Option 022:

~ Option 030:

BCD/Remote Expand

Isolated Data Output (BCD)
Isolated Remote Control
(Options 021 and 022 require
Option 020)

Hewlett-Packard Interface Bus I/O
(HP-1B)

Section |

Option 040 or 045:  Sample-und-Hold

Option 050:
Option 060:

Option 080:
Option 080:
Option 908:
Option 910:

3490A designed for operation on 50 Hz
power source

3490A designed lor operation on 60 Hz
power source

Ratio

Ratio

Rack Mount Kit,
Additional  Operating

P/N 3060-8739
and  Service

Manual

1-10. ACCESSORIES SUPPLIED,

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

Supplied with Option 020:
Rear input cable
36-pin connector

03490-61612

(mates with Remote connector, 17) 12510084
50-pin connector
(mates with Data Output connector, 16) 1251-0086
<’Remote Jumper Assembly, Ad 03490-66504
<& PC Extender (2 x 22) 5060-0630
34 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 0349066524
S/H Logic Jumper Assembly, A23 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 (2 x 10) 5060-6032
14-pin connector
(mates with Trigger connector, 111) 1251-0142
Supplied with Option 080:
Rutio 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 [ront
panel symptoms to isolate [failures. The -hp- 11126A
accessory provides a set of IC reference boards with

1-1
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most of the 3490A logic IC's for use with the -hp-
10529A Logic Comparator. Using these boards with the
Logic Comparator,  faulty IC can be isolated in seconds
without removing it from the circuit. A spare parts sct,
-hp- 11127A, is available for the 3490A. This set
conlains the most critical components of the 3490A
such as integrated circuits, transistors and reed relays.
Three interface cables are available for the HP-IB Option
030. These cables are identical except for length.

10631 A Interface cable, 3-ft.
10631 B Interface cable, 6-f1.
10631 C Interfuce cable, 12-f1.

An HP-1B Service Kit. -hp- Part No. 44090A, is available
for troubleshooting the Hewlett-Packard Interface Bus
1/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.

1-14. Conversion of the 3490A to a rack-mounted

Model 3490A

instrument can be accomplished by using rack mount
kit. Accessory Number 03490-84411.

1-15. INSTRUMENT AND MANUAL IDENTIFICA-
TION.

1-16. Instrument identification by serial number is
located on the rear pancl. 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 = US.A.; G = West Germany:
J = Japan: U = United Kingdom.)

1-17. 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 VII 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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Table 1-1. Specifications.

DC VOLTAGE
Full-Range Display: + 100000 V + 100.0
£ 1.00000 V + 1006 % ¥
+ 10.0000 V ’

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

.1V Range 1V -1000V Ranges

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

30 days 4+ {0.01 + 0.005) + (0,008 +0.002)
(23°c ¢+ 59 ¢C)

90 days +{0.01 +0.005) + (0,01 +0.002)
(23°C + 5°C)

6 months + (0.013 + 0.005) + (0.013 + 0.002)
(23°C £ 5°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 to % of

reading.
Effective C -Mode Rej (with 1 k2 imbalance in
either lead):
AC:
Option 050 (50 Hz power frequency): > 140dB at
S0Hz £t 0.1 %
Option 060 (60 Hz power frequency): > 140dB at
60Hz + 0.1 %
DC: > 140dB

AC Normal-Mode Rejection:
Option 050 {50 Hz power frequency): >50dB at 50 H¥

£01% N
Option 060 (60 Hz power frequency): > 50dB at\@ Hz
£0.1% \Q'\

Input Resistance:

0.1 V through 10 V ranges (< 70% R.H.): >2 x 1010
100 V and 1000 V ranges: 10 M2+ 0.15 %

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

Overrange: 20 % on all ranges except 1000 V range

Frequency Range: 20 Hz to 250 kHz (Guard shorted to Low),
107 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 0.32 +0.05 0.09 + 0.025 0.7 +0.06
(23°c £1°¢)

30 days 0.35+0.05 0.1 +0.025 0.75 + D.06
(23°C £ 5°C)

90 days 0.35 + 0.05 0.1 +0025 | 0.75 +0.06
(23°C £5°C)

6 months 04 +0.06 0.1 +0.03 0.75 + 0.07
{23°C +5°C)

1 year 045 +0.07 0.12 + 0.035 0.75 + 008
(23°C +5°C)

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

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

Voltage Coefficient {1000 V range): Add 0.01 ppm per Volt/
kHz to % of reading
Input Impedance:

2 M2 £ 1 % shunted by:
< 65 pF without rear input terminal
< 90 pF with rear input terminal

OHMS
Full-Range Display:

100000 k2
1.00000 k&2
10.0000 k22
100.000 k22
1000.00 k&2
10000.0 k2

Overrange: 20 % on all ranges

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

1 kit T kil 100k V000 kot 10,000 k!
Range Range Range Range
24 nouts 0.006 + 0001 0.005 + 000 Q002 + Oun R
i23°C - 1%¢C)
30 days 0017 +» 0,005 0.0 +0002 QT e 0002 }035 ¢ ?
1247 ¢ - 8%¢)
90 thays 0012 + 0.005 0.012 « V002 0.015 + 0,002 TR T T
173" C - 8P
fi marthy 0Ms + DODS 0015 + 0002 002 +0002 (L% BT I
23°¢c +5%¢cl
I wear 0,018 + 0.005 0.018 + O OO? 00 » 00 O R L1
12390 + 59 C)

o
((\@ Temparature Coefficient (0° C to 50° C):

0.1 k& range:
range)/° C

1 k£ through 10,000 k&2 ranges (< 70% R.H, on 1000 k2
and 10,000 kf2 ranges): + (0.001% of reauing + 0.0003%
of range)/°C

DATA OUTPUT (Option 021)

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

+ (0,001 % of reading +0.0007 % of

High Level Low Level
Input +39V 15V, [ +03V +03V,
Signals | 100 pA max. 2 mA max.
Output |[+39V +15V, | +03V £03V,
Signals | 400 pA 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 +1bHV, +03V £03V,
Signals | 100 pA max. or 2 mA max., or
open circuit contact closure
to ground
through < 300 £
Output |+39V £15V, +03V £03V,
Signals | 400 pA max. 15 mA max.




Section 1

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 1o Low. Input
Ratio =
Ext. Ref.

External Reference Input Resistance: > 10" 2

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

Ext, Ref. Range

Ext. Ref. Voltage

External Reference Ranges:
1V: +01Vto 212V
10V: £+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 V1o 1000V
AC: 1V te 1000V

x C% of Input Range)

2. EMF's generated external to the 34

DC/DC Temperature Coefficient: o
+ (% of Reading + % of Input Range)/ C

Input Range
AV 1V,10V 100 V, 1000 V
Ext. Ref.

Range A B c A B Cc A B c
24 hours (23°C + 1°C) 10V 003 001 .002 002 .001 .002 003 .001 .002
1v 003 .002 .002 002 .002 .002 005 .003 .002
30 days {23°C +5°C) 10V 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 .00s 002 k& 002 .003 .002 007 .003 .002
1v 008 .015 003 0.0 003 .012 003 008 012 .003
1year (23°C + 5°C) 10V 007 005 . 003 .003 .002 008 003 .002
1v 008 015 O 004 012 .004 009 012 .004

3

N)

Notes: \$

1. On the 1000 V range, add 0.04 PPM/vol stﬁ\the % of reading specification.
may be compensated to achieve the % of range
accuracy specified by utilizing the rear panel Thermal Adjust provided.

Input Range
Ext, Ref.
Range av 1V, 10V 100 V, 1000V
o0V + (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; Input Range =1V
Ext. Ref, Voltage =05 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
L : 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, Fl%nge: &
24 hours (23°C + 1 C!:o Same as AC Voltage accuracy
30 days to 1 year (23 C £ 5 C): Add 0.01 to % of Range
AC Voltage accuracy
(See Tahle 1-1 of main 3490A manual.)

AC/DC Temperature Coefficient:
10V Ext. Ref. Range: Same as AC Voltage 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 3490A manual.)
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Table 1-1. Specifi
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cations (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",

+ 10000V

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

Sample/Hold Measurement Accuracy (DC function, 1V through
1000 V ranges):
+ (% of reading + % of range)

24 hours (23° € £ 1° ¢) + {D.01 4+ 0.015)

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

90 days (23° C + 59 C) + (0.01 +0.015)

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

1 year (23° C £ 5°C) + (0.02 + 0.015)
Temperature Coefficient (0°C to 50°C): + (0.002 % of

reading + 0.001 % of range/° C),

Table 1-2. Gener

al Information.

Maximum Input Voltages:

+ 1000 Vrms (+ 1500 V peak)
+ 200V

Between Input High and Low:
Between either Low terminal and Guard:
Between Guard and Chassis: + 500V

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 Volts 2402 ms+ 5 ms 2001 ms+4 ms
AC Volts 1.26s + .025s 1.05s + .025s
Ohms

dkto

100 k 2402 ms + 5 ms 2001 ms+4 ms
1,000 k 300.2 ms + 6 ms 250.1 ms + 5 ms o
10,000 k 6603ms+12ms | 550.2ms+10ms|

*Sample Rate Control set to FAST position and instrum
not in rl 3
ot in overioad, ,s\\,Q

Response Time (to within rated accuracy for a step input applied
coincident with encode trigger):

DC Volts: < 200 ms

AC Volts: < 2 seconds

Ohms:
0.1 k to 100 k ranges: < 200 ms
1000 k range: < 250 ms
10,000 k range: < 550 ms

Ohms Terminal Characteristics:

Maximum voltage across unknown resistance:
25 V in overload
13 V for valid reading

Nominal current through unknown resistance:
0.1k to 10 kranges: 1 mA
100 k and 1000 k ranges: 10 uA
10,000 k range: 1 pA

Overload protection:
Non-destructive:
Fuse destructive:

+ 250V
+ 1000 V

Power Requirements:

100 V, 120V, 220 V,or 240 V (+ 5%, - 10%); 48 Hz to 66 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

HEWLETT-PACKARD INTERFACE BUS (HP-IB) LOGIC LEVELS
The HP-1B logic levels are TTL compatible, low true logic; i.e.,
True State =0 V dc to + 0.4 V dc, False State = + 25 Vdcto

+5 Vdc.

HEWLETT-PACKARD INTERFACE BUS {outguard) ground is
isolated from inguard circuit common (input Low terminal)
and chassis (power line) ground and may be floated a

o@mximum of 40 V above chassis.

O
@JPL E/HOLD
>

Acquisition Time (Settling time for a full.-range step input):

Maximum Acquisition Time to

Range within 0.01 % of Final Value
1V 512 us
10V 128 us
100 V 512 us
1000 vV 128 us

Aperture Time (Delay between the time a Sample/Hold Trigger
command is received and the tima 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

5126 us + 400 ns
128.4 ps + 400 ns

1V, 100 V ranges
10 V, 1000 V ranges

615 us + 400 ns
154 us + 400 ns

Sample/Hold Trigger Inputs:

Sample/Hold TTL Trigger (dc coupled): Input must go from
HIGH (Z+ 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 us prior to negative-going transition,

n
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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/ps

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

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

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

dVi,

Vv =V, +K
S/H in 1 dt

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

dVv
S/H
Vin = Vg/H - Ky
dt
S
Where: QA
Vs JH= Displayed Sample/Hold measurement. \@*‘\

V; = 3490A input voltage. )\
mn
av; R

n
= Slope of any portion of an input waves\orm.
dt

D>

dVg/uH
dt

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

K.| = Velocity factor., The typical factor for each

range is as follows,

Range Typical Velocity Factor
1V 10 pus
mnov 2 us
100V - 3ps
1000 V + Tpus
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 er -DC/-DC
- for +DC/-DC or -DC/+DC
No polarity display for AC/DC

Ratio Measurement Capability:
Maximum Numerical Display: 120000 on any Input range
Maximum Input Voltage: 1000 Vrms
N

(\9 Maximum Reading Rate:
4 DC/DC: Same as for de voltage measurements
AC/DC: Same as for ac voltage measurements

Input Protection: 250 Vrms (£ 400 V peak) continuous
Envivcpnrnental Requirements:

0 Cto 4D:C, < 95% relative humidity
0 C to 50 C maximum operating temperature range

1-6
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SECTION 1l
INSTALLATION AND INTERFACE

Section 11

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<. This instrument was carcfully inspected both me-
chanicallv and electrically before shipment. It should be
frec 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 supplicd accessories (Paragraph 1-10)
and test the clectrical performance of the instrument
using the performance test procedures outlined in
Section V. If there is damage or deficiency, see the
warranty tn the front of this manual.

2.5, POWER REQUIREMENTS.

The Model 3490A can be operated from any power
source supplying 100V, 120V, 22

maximum. Refer to Paragraph 3
instrument turn-on procedure.

-18 (Section Iw'ur

2-7. Before connecting ac power to the 3490A. make
sure the rear panel line selector swilches are set to
correspond 1o 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.

s JRp |

2-9. Figure 2-2 illustrates the standard configurations
used for -hp- power cords. The -hp- parl number directly
above each drawing is the part number for an instrument
power cord equipped with a connector of that configura-
tion. Il 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
appropriate receptacle, grounds the instrument, The
offset pin on the power plug is the ground connection.

o

0V or240V (- 10%s™
+5%). 48 Hz to 66 Hz. Power dissnp.uion is 60&@@

e 100V
|2G\f |20
‘—240V 240V
—220V 220V
100 Volts 120 Voits
- 100V — 100V
= LEOVi — |20V
240 240V——
220y ——
220 Valts 240 Volts
STC B Jaal
NOMINAL OPERATING RANGE FUSE
VOLTAGE 10%, + 5% of nominal
100 volts 90 to 105 volts 10A
120 volts 108 to 126 volts 10A
220 voits 198 to 231 volts 05 A
o 240 volts 216 to 252 volts 085 A
9] - - -
© Figure 2-1. Line Voltage Selection.

2-12. T'o 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 conncctors meet the safety standards set
forth by the International Electrotechnical Commission
(1IEC).

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

21201351 8120~ 1369 R120 1689
o
N X ‘--...___-_‘
¢ A 3
% | ' -
iy - PR
{ S N, i »
- ":T\_ »
8120-1348 8120-0698
o 125V 6A \‘\ 250V - BA
2
o, P
-y
45 ~ = |
STC B-4195 |
*UL LISTED FOR USE IN THE UNITED STATES OF AMERICA l

Figure 2-2. Power Cord Configurations.
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operated where the ambient temperature is between
0°9C and 40° C and the relative humidity is less than
95 7. The instrument may be stored at temperatures
between - 209 C and + 759 C,

2-16. INSTALLATION.

2-17. 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
tlt stand. The plasuc fect arc 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, Option 908. Part Number 5060-8739 or
Accessory  Number  03490-84411. 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 al
the rear of the instrument. The dimensions of the Model
3490A are shown in Figure 2-3,

Figure 2-3. Model 3490A Dimensions.
2-21. INSTALLATION OF OPTIONS.

1.3

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).

224, Use the following procedure for installing the
[solated Data Output. If the Isolated Remote option is
to be installed at the same time, refer also Lo Paragraph
2-25.

4. 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

2.2

1 L.-Aﬂmﬁubﬁ_.l_cb[
DIMENSIONG IN INCHES I J
AND MILLIMETERS
o ﬁ'@
4887
| )
! A\
2l
1 _*__]-4—15} 1428,4) -—h
I!% s5 .
I-“f-] :_n.al| ==

&

N
P

Model 3490A

instrument between the Inguard Motherboard Al and
Outguard Motherboard AK.

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

d. If lIsolated Remote (11122A) is not installed at
this time, install cover plate 0349004117 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 2-4).

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 (sce Figure 2-4).

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

h. Replace top shicld and top cover of the instru-

dq%nt.
d
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.

c. Install 03490-60308 lsolated 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 o the right of the Remote Module (see Figure
2-4).

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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OUTGUARD REMOTE

| ABVIO

03490- 66512

] OUTGUARD BCO

| ABJ9
|—— CABLE W7

e «—— GUARD

03490-66510

L
ISOLATED REMOTE

J. L |
"ISOLATED BCD MODULE
MODULE 03490-60308 ' 03490- 60306

iﬁ:

] INGUARD REMOTE

AlJT

I

I = —
e i e s s i s o s e s ! s s ~
| )@ CABLE W4
li-l—CABLE w6
| ; __—”'“:]_:l_I Luel.;zno BCD
3490—66
; AlJe -
|
\

03490-66511

Figure 2-4. Installation of Isolated BCD Output 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.,
s
h. Replace top shield and top cover of the mggh-
ment. ~(’\\

2-27. Option 050 and Option 060.

228, 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 ATR207

Frequency |-hp- Part No.| Resistance | -hp- Part No.

Option 050 | 3.333 MHz | 0410-0466 | 100 k& 075670465
Option 060 | 4.000 MHz | 04100465 | B45 kN 0698-4510

2-29. INTERFACE CONNECTIONS.
2-30. Data Output Option 021.

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

;:ﬁgc, function, polarity and overload information is

tained in ten four-bit groups of 1-24-8 BCD coded

s 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 a 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. Qutguard 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 Qutput
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 Dption 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 lincs 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



Section I

Model 3490A

DATA OUTPUT CONNECTOR J6

¥5y

OPTION 021
S R

w -

z Eg igf_g Mating Connector:
. . 3z BESEIE 3 3 % % ;: -hp- Part No. 12510086
2 2 1 1§ % 3 g 3 : Amphenol No. 57-30500-375
i 2 g, 33 —g§ e 8 ¢ g '
$§f £ 3 3t¥Be<239 3 3 37 3
1B L
$SyE 6f333i88e2z33232

:f[:@&éﬁ% R EEE I T

]
!
F

\_‘. - _éﬂ-_e_&d = = n —— : == __"‘-' /I//
e w-iver §¥222¥8 o 3giv T, 85383838053
S98 ?;-E
R
P 3 g Bk s
SRR
g & "3 ® :

LOGIC LEVELS
Output Lines: HIGH=+39V + 1.5V, 400 pA max.
LOW=+03V £ 0.3V, 15 mA max.
Input Lines: HIGH=+ 39 V + 15V, 100 uA max,
LOW=+03V 0.3V, 2mA max.

High Reference =+53V
Low Reference =0 V - Qutguard ground

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

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

DIGITAL RECORDER PRINT CODES {Usi@ﬁp— 50508 Standard + or - 1248 Print Wheel)

fhrough 5 print numerical value of measurement. Coded output
lected by the HIGH/LOW switch on the Outguard Data Output
Assembly, A10. This switch must be set to correspond g\ e logic true input level required by the digital recorder used.

Printer columns numbered from right to left. Columns
information may be either HIGH true or LOW true,

S
AN
Column &
HIGH Trus LOW True
NE Data z Dsta .
" pcea | Print | pega | Prie
0 LLLL 0 LLLH a
1 LLLH 1 LLLL .
Column 7

HIGH Trus LOW True

Data Range Bit Aanga Bit

Multipiier | DCBA | T"™ | ocea |7
10! LLLH 1 LHHL 9
102 LLML 2 LHLH +
102 LLHH 3 LHLL -
104 LHLL 4 | LLHH v
108 LHLH 65 | LLHL A
108 LHHL | 8 | LLLA | n
Data iu iu N3 N2 NI

| Muttipiior w0 0? 0* 0? 0? !

Data times Data Multiplier gives reasurement in volts or
kilohms except for Ratio messurements.,

Column 8
HIGH Trus LOW True
Function Bit . Funetion Bit
Function DCBA Print DCHA Print
DC, Remote, Ratio LLLL o HHHH o
I, Hemote, Ratio LLLH 1 HHHL 1
AC, Hemote, Ratio LLHL 2 HHLH 2
Teat, Remote, Hatio LLHH 3 HHLL 3
DC, Remate LHLL 4 HLHH 4

(\.cPamg'aph 3-64.
Q"

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
imum of 240 ps initiates one reading cycle, See

Column 8 (Cont'd)

HIGH Trus LOW True
Function Bit " Function Bit
Function Dcea Feiiy pcea | ™
1, Remots LHLH -] HLHL 5
AC, Remote LHHL 6 HLLH 6
Test, Remom LHHH 7 HLLL 7
DC, Ratio HLLL 8 LHHH B
n, Rstio HLLH 9 LHHL 9
lnot valid)
AC, Rauo HLHL + LHLH +
Ten, Ratio HLHH - LHLL .
oc HHLL v LLHH v |
o HHLH A LLHL A
AC HHHL a LLLH n |
Test HHHH . LLLL * |
= Cotnim§
HIGH Trus LOW True
Polarity, Data Print Dot Print
Oweroad | DCHA oCcBA
+ LLLL 0 LLHH v
- LLLH 1 LLHL A
+,0L LLHL 2 LLLH a
- oL LLHH 3 LLee .
Calumn 10
[ HIGH Trus LOW Trus
Sampile/Hold Deta Daws
Mode ocea | ™ | pcea | P
ON HLHH - HHHH [
OFF HHHH . HLHH 4

Figure 2-5, Data Output Connections, Option 021.
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REMOTE INPUT CONNECTOR J7
OPTION 022
g
e & )
B & a -
2333
s ZESHbEIRZZ
=] = w m < =
Isgicgiassis
=3 EJYREESEEY
! Eiysifiiii
v —— —_———— =
i Y R0 [m 8 il = W I OO0 W,
( =\ ! "'_f‘_‘_':_k_ ;’_'-"
N F 2 g8 // '
N \EHE EOEEEYRAEAR |
—————— 3 4 - =~ L 0 4 3T T
14NCA B Jagh g 'ﬁQE g §‘-3:33
< 2E 8z Zauz®
: = §33221%
5 3 8% % e Mating Connector:
z EE33° -hp- Part No. 1251-0084
x x ; z Amphencl No. 57-30500-375
33
a3
LOGIC LEVELS INPUT SIGNALS (Cont’'d)
Input Lines: HIGH = + 39 V ¢+ 15 V, 100 gA max; or Sample/Hold Programming (Option 040):
open circuit Mode  Delay
LOW=+03V + 03V, 2mA max.. or contact Track/Hold L H
closure to ground through < 300 2. Acquire/Hold L L
Output Lines: HIGH=+39V + 15V, 400 pA max.
LOW=+03V £ 0.3V, 15 mA max. 'Program Execute: LOW input level for minimum of § ms
@(\’ initiates outguard-to-inguard transter of Range, Func-
H after signal name means HIGH is true. ’b& tion, and Sample/Hold program information,
L after signal name means LOW is true. Q‘JO
. L & Hold: Continuous LOW input level disables automatic
Outguard ground is isolated from inguard circuit co n sampling and permits external triggering,
and chassis {power line) ground and may be floatedcup to
40 V above chassis. {\\
External Encode (Trigger: When "Hold’ mode is selec-
INPUT SIGNALS ted, "0"‘ input level for minimum of 240 us initiates
Remote Enable: Continuous LOW input level disables one reading cycle.
front panel Range, Function, and Sample/Hold con-
| i - .
:fonss und énsbies remote’ programming of these fune Sample/Hold Trigger (Option 040): LOW input level for
1a0s; minimum of 30 ns triggers Sample/Hold circuits and
Stretched Pulse Output circuit,
Range Programming:
Range Input Logic Levels Test No.
C B A S/H AC Trigger (Option 040): Negative-going edae of an
AV, .1k H H L 2 input pulse at least 30 ns wide and having an ampli-
1V, 1k H L H 3 tude from 2 V to 15 V triggers Sample/Hold circuits
10V, 10 k2 H L L 4 and Stretched Pulse Qutput circuit,
100 V, 100 k£2 L H H 5
1000 V, 1000 k&2 = H L 6 OUTPUT SIGNALS
10,000 k12 L L H 7 L
Program Flag: Changes from LOW to HIGH at beginning
Autorange: HIGH input level selects autorange and dis- of Gu!‘gua'rd-to-mguard |Informanan transfer. Return to
ables range programming. In Test Function, autorange LOW indicates transter is complete,
selects Test No. 1.
. _ Data Flag (Print Command): Changes from LOW to
Functlon_Programmmg: ) HIGH at beginning of measurement, and returns to
Function lnptét Logic :wels LOW at completion of a reading cycle,
DC L L
2 L H Stretched Pulse Output (Option 040): Changes from
AC H L HIGH to LOW for a minimum of 240 ps for each
Test H H Sample/Hold Trigger or S/H AC Trigger input.

-

Figure 2-6. Remote Input Connections, Option 022.
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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{ £2 Signal or White

B Low} Ext. Ref. Green

Cc 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 \\j‘

Figure 2-7. Rear Input Connector and Cable, x’\\w

Model 3490A

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

2-36. Hewlett-Packard Interface Bus Connections.

2-37. Figure 2-9 shows the signal connections at the rear
panel HP-IB connector, J12, and gives a brief description
of each signal. Additional signal information is included
in Section IlI, Operating Instructions (see Paragraph
3-90). 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 |5 instruments can be connected in
parallel to the same Hewlett-Packard Interface Bus;
however, the following restrictions must be observed.
Figure 4-20 shows the cabling for a typical Hewlett-
Packard Interface Bus system.

I B The cable length between two instruments
Q

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.

30404 8- D186

CABLE PART NO. LENGTH
10631A 3ft
106318 6 ft
10631C 12 ft

Figure 2-8. Interface Bus Cables.
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Table 2-2. Hewlett-Packard Interface Bus Connectors.

Description Mates with -hp- Part No. Amphenol No.
A Cable to chassis plug Rear panel or 1251-0293 57-30240
with hood and clamp with B or D.
B. Cable to chassis Receptacle | AorC 1251-0431 57-60240
with hood and clamp
C. Rack and panel plug Rear panel or 1251-0389 §7-10240
with B or D.
D. Rack and panel Receptacle | A or C 1251-0388 57-20240
HP-IB CONNECTOR J12
OUTGUARD
GROUMND*
wIog o~ @
0003 A
o oooe \ Mating Connector:
/ e r————— — ™ -hp- Part No, 1251-0293
/ 1 LA 1 '|E'1 | = \ R Amphenol No. 57—30240
= = o - =T G T odf \ —
{, l’/.__\ i L L J ol _.J;:| \‘.\ ,1'( . :
NN MAr 1 T M 1Y M T \ S Maling Cables:
HHAHA e ) /
\ ;}'-‘-QI"EHEJ_E’"E}&I}—.G}TQ“&’_! s )/, p 10631A 31t
\ , — = 5 Z S 106318 6 It
’ - ) o LR RE 10631C 12 ft.
[a Y] .
- N m - > w g z H
8888 s5za0pgiisS
0000 UuWUDODZ Z = un g @
(Q@
LOGIC LEVELS éo(b by the Acceptors or Listeners, When NRFD is false,
The HP-IB logic levels are TTL compatible; & the Acceptors or Listeners indicate to the Source that
ie.,, TrueState=0Vdcto+04 Vdc \@*‘\ they are ready to receive data.
False State =+ 25 Vdcto+ 5Vdc 2\
a’\\.Q ATN (Attention)
SIGNALS AN Mnemonic referring to the control line ““Attention’ on
DIO (Data Input/Qutput) the HP-IB. The state of this line determines whether
Mnemonic referring to the eight “‘Data Input/Output™ the HP-IB is in the “Command Mode" or the “Data
lines of the HP-IB (DIO1 thru DIOB8). Seven DIO lines Mode” of operation. A true state indicates the
transmit the data bits which comprise an HP-IB "Command Mode” and a false state indicates the
character (one byte of information). The eighth DIO "Data Mode"”.
line is available to transmit a bit for use as a parity IFC (Interface Clear)
check, < " . "
Mnemonic referring to the control line “Interface
DAV (Data Valid) Clear” on the HP-IB. Only the system controller can
Mnemanic referring to the control line “Data Valid"™” activate this line. When \FC is true, all talkers and
on the HP-IB. This line is used in the HP-IB ""Hand- listeners on the HP-IB are unaddressed and controllers
shake” sequence. The DAV line is controlled by the go to the inactive state.
l$‘?(.'cur(?s\2 or.TaIker, When DAV is true, data on the DIO SRQ (Service Request)
ines is valid. : : ; "
Mnemonic referring to the control line “'Service
NDAC (Data Not Accepted) Request’”” on the HP-IB. This line is set true by the
Mnemonic referring to the control line “Data Not instrument on the HP-| B requesting service.
Accepted” on the HP-IB. This line is used in the HP-1B
“Handshake’ sequence. The NDAC line is controlled REN (Remote Enable)
by the Acceptors or Listeners, When NDAC is faise, Mnemonic referring to the control line “Remote
the Acceptors or Listeners indicate to the Source that Enable” on the HP-IB. This line is used to enable
the data on the D10 lines has been accepted. addressed Acceptors to operate in the remote mode.
NRFD (Not Ready For Data) EOI {End Or Identify)
Mnemonic referring to the control line "Not Ready Mnemonic referring to the control line “End Or
For Data®” on the HP-IB. This line is used in the HP-IB Identify” on the HP-1B. This line is not used in the
"“Handshake’ sequence. The NRFD line is controlled 3490A.

*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 2-9. Hewlett-Packard Interface Bus Connections.

I*IJ
~J
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TRIGGER CONNECTOR J11

-4
uw ow

O w

Q (V)

T ) Sample/Hold TTL Trigger:

= & Mating Connector: LOW input level {§+ 0.4 V) for at least 30 ns triggers
l__, s -hp- Part No. 12510142 ?:;E::r:e,-‘l"lold circuits and/or triggers 3490A to take a
- w < Amphenol No. 57-30141 e

T

3 ‘2’ % w o 2 -E 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),

L

ST0 B 1A

*GROUND
*GROUND

=]
Z
2
]
e«
Q
*

* 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 2-10. Trigger Connections, HP-1B Option 030,

2-40. Trigger Connections, HP-1B Option 030. Hold without Option 020 or Option 030. The mating
. ] , tor J11 is -hp- P 3
2-41. Figure 2-10 shows the rear panel Trigger con- (;gr.‘—:}c_;l](:;z f(‘(:m-glgﬁz 5——2 23{;3;’; 4 e g P No

nector, J11, and lists the External Trigger signals. The
mating connector for J11 is -hp- Part No. 12510142

(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. Figurc 2-11 shows the externab Input Connector, J7. Figure 2-6 shows this connector
trigger connections for Option 045, which is Samyple/ and describes the trigger signals. The mating connector

TRIGGER CONNECTOR J11

w
& 3 «
Q 2 w
o g Q Sampte/Hold TTL Trigger:
x T ‘ﬂ-_c’ Mating Connector: LOW input level (<+04V) for at least 30 ns triggers
’__J é ,5 ~  _hp-Part No. 1251.0142 :qam:::;ﬂ:::lg;it:t:its;mr trig_gerst349_0A tlt—)c;:\:(e a reading.
us rior n i

- W& S Amphenol No. 57-30141 Gl cedab b
ToouE>Sovouzx .
wZZpnozzg Samphe/Hold AC Trigger:

T 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, Must be
stable at least 2 us prior to negative transition.
Stretched Pulse Qutput:
Changes from HIGH (+2.4 V) to LOW (<+ 04 V) for a

= N, minimum of 240 us for each Sample/Hold TTL Trigger or
% g g g t.z: g Ssmpie/Hold AC Trigger input.
2
0 8 The mating connector for J11 is -hp- Part No. 12510142
g g {(Amphenol 57-30141) supplied with Option 045 or Option
. . 030.

*GROUND [ | 18]

* 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 17 is -hp- Part No.

57-30360-375).

1252-0084 (Amphenol

2-45. Sample/Hold with HP-1B 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
number. Il you have any questions, contact your nearest
-hp- Sales and Service Office.

247, The following is a4 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:

Section 11

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.

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

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

NOTE

If the mstrument is to be shipped 1o
Hewlett-Packard for service or repair, attach
a tag to the instrument identifving the
owner and indicating the service or repair to
be accomplished. Include the model mumber
and full serigl number of the instrument. In
any correspondence, identify the instrument
by model number and full serial number. If
You have any questions, contact vour near-
est -hp- Sales and Service Office.
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7.

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), Selects Sample/
Hold mode,

Ratio Switch (Option 080). Selects internal or external
reference,

Range Switch keys.

§CAUTION3

AAAAAMASMRN,

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 or External Reference (Option 080) input
terminals.

9.

DA = i, PRSP T e W= o

PRESaD SO

Guard terminal.

Input terminals.

10. Function Switch.

1.

12,

13.
14.

15,

16.

17.

18.

19,

Thermal Adjust. See Paragraph 341,

Rear Panel input connector in parallel with front
terminals. Included with Options 020 or 030. See Figure
27.

Line voltage selection switch, See Figure 2-1,

Remote Input connector J7 (Option 020). See Figure
26.°

Line fuse,
AC power connector.
Data Output connector J& (Option 020), See Figure 2-5.

Hewlett-Packard Interface Bus connector J12 (Option
030). See Figure 2.9,

Trigger Input connector J11 (Option 030 or 045). See
Figures 2-10 and 2-11.

3-0

Figure 3-1. Front and Rear Panel.
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SECTION 1l
OPERATING INSTRUCTIONS

3-1. INTRODUCTION,

3-2. This section contains instructions for using the
Model 3490A Multimeter to make dc vollage, ac voltage
and resistance measurements. It also includes instruc-
tions for sumple/hold and ratio measurements, remote
control and data output. Basic opcrating 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
S-digit resolution and up to 120 % of range on all ranges
except 1000 Vac to de. The 3490A has five dc voltage
ranges, .1V to 1000V: 4 ac voltage ranges, 1 V to
1000 V: and six resistance ranges, | k&2 to 10,000 k€.
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.

Option 022. Option 021 provides ten columns of binary
coded decimal (BCD) output data. This data may be
cither 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. Hewlett-Packard Interface Bus 1/0 Option
030. The Hewlett-Packard Interface Bus 1/O (HP-IB)
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 1s 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 HP-IB 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

3-7. Data Output Option 021 and Remote Cont gl?‘\

o

voltage and hold that sample long enough to measure its
amplitude. This permits pulse height measurements and
digatization of changing waveforms such as ramps or sine
waves. The extemnal trigger circuits are isolated from the
signal input Low terminal and from chassis ground.
which allows the voltmeter to make guarded fNoating
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
HP-IB 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
mieasurement. Two External Reference ranges are pro-

.éaided. the 1V range accepting reference voltages of

01V to £1.2V, and the 10V range accepting
voltages from + | Vo + 12 V.

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 ecach.
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,

| WARNING I

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

3-1
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Table 3-1. Maximum Voltages.

Maximum
Volitage
Between Input HIGH and LOW 1000 Vrms
Between £ Signal HIGH and LOW 250 Vrms
Between either LOW terminal and Guard 200 V peak
Betwee:) 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

RS pws
[, Ii»@-:- A— lﬁ"‘:@. -
! i
4 ' .
QO BEST CONNEDT D%
& iRy

. X0
error in measurement results because of the voltage . ©

drop in the measuring circuit. In systems measuremcntﬁ,;\\
the resistance of long input leads may become signifi-
cant, Wide separation between the 3490A poweq%nc
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 crror. 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.

32
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The Guard Terminal must always he con-
nected to Low or to a corresponding
point in the source circuit or damage 1o
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 Mcasurcments
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,

NO COMMON MODL ZymMisy
GOES "HROLGH By

SOURCE GHOUND

B. Guard Connected To Low At Voltmeter,

oy T
WL Sy
-

1 GLEAD B LOw At
Ip]  teME vo.Tast

| COMMCH MOLE CmeEnT
44— GOES TwECUGe By

CAUSNG LHmIhs

SOURCE GROUND

C. Guard Connected To Earth Ground.

FLOATNG
“h!l R SukiLy 34504
= X -

TTE CONNEL N
GEFEATS CUARD, MaY
DEMAGE ETEIWENT

SO_IC £
MoTw OF COMMGN WOTE
C_BALNT Awav FROV Ry,
FAONDED Tra” Ecy §
NOSTLY BETWEEN SHOUNGS

SOURLE GROUND UNSTRNENT GHOUND
Heete B YW

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

3-27. Measurements within raled 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 **17 as the sixth digit.

3-28. Overload Indication.

3-29. If the measurement is 120 % of range or grealer,
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 (excepl 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, K2 and
TST annunciators to indicate the function sclected.

3-34. Autoranging.

3-35. In the autorange mode, upranging occurs al 1 20.%
of range and downranging at 10 % of range. A rne;@ -
ment sequence is not completed unless the reading is on
the proper range. For cxample, 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 cach 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 Il

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

. Select RANGE 2. The display should be .000000
.02 counts. This verifies the 10 V range zero.
S
e. Select RANGE 3. Difference between + und -
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 Relerence
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, verifving 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 de input 0.01
attenuation and the dc amplificr x 100 gain.

i. Select RANGE 7. Short S SICNAL terminals.
Display should be - 09700.0 + 7000 counts. Ths verifies
proper operation of the Ohms Converter.

3-40. DC VOLTAGE MEASUREMENTS.

341. For optimum accuracy of measurements on the
.1 V range, first short the input terminals with a copper

3-3
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bar or a large solid copper wire, and adjust A1R429
(Thermal Adj) for zero display. AIR429 is accessible
through the rear panel. If the 3490A has the rear input
connector, loosen the hinged cover to gain access to

A1R429.
§CA unoui
Be sure rto connect the Guard Terminal

and ro 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.

Model 3490A

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
i1s 20Hz to 250 kHz, but the maximum frequency at
100 V is 100 kHz. and at 1000 Vit is 10 kHz.

3-52. Input Impedance.

3-53. Input impedance n the ac function is the same on
all ranges, and is 2 M2 + | % 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 avecrage-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-

Minimum Sampie Period * Responis ments as shown in Table 3-3.
Function Option 050 Option 060 Time
DC Volts  |2402ms+5ms |[200.1ms+4ms | 200.1 ms Table 3-3. Distortion Error.
AC Volts 1.26s+ .0255 1.05s+.025s 1055
Ohms % Errar
.1 k thru {*Fundamental)
100 k§2 |240.2 ms + 5 ms 200.1 ms+4 ms 200.1 ms H ni % Di .
1,000k (3002 ms+6ms [ 260.1 ms+5ms | 2501 ms & [ Hrartion
10,000 k£2 |660.3 ms + 12 ms | 550.2 ms + 10 ms | 550.2 ms o Max. Max.
S Positive Negative|
*Sample Rate Control set to FAST position and instrument ‘?}6\
not in overioad. Each counterclockwise step adds 240 ms in P Any 0.1 0.000
Option 050 instruments, 200 ms in Option 060 instruments. \‘\S’ éven 05 0.001
: .\\$ 1.0 0.005
3-44. Input Resistance. \(,\\\Q 2.0 0.020
345. Input resistance in the de function is greater than Third 0.1 0.033 0.003
10'° ohms on the .1 V, 1V, and 10 V ranges, and 10 0.5 0.168 0.167
megohms * 0.15 % on the 100 V and 1000 V ranges. 1.0 0.338 0.328
20 0.687 0.667
3-46. AC VOLTAGE MEASUREMENTS.
Fifth 0.1 0.020 0.020
bv'vvvv'vvv 05 0101 0099
L CAUTION 3 10 0205 0.195
o 2.0 0.420 1.380
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 eror,

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.

34

*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 k€2 range, first set Range and
Function to .1V dc, short the input terminals with a
copper bar or large solid copper wire, and adjust
A1R429 (Thermal Adj) for zero display. AIR429 is
accessible through the rear panel. I 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 (o the instrument
may resulrt.

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.

N SIGNALT

Hi ua INPU
EXTHEF GUARD [— F"

=)

Figure 3-3. Ohmmeter Input Connections.

-

sgrial corrent ———

3-60. Ohms Signal Voltage and Current.

3-61. The maximum voltage across the resistance being
meusured is 13V for valid measurements and 25V in
overload. Table 34 lists the approximate short circuit

currenl for each range. Accurate voltage and x.urrcnls

sources are not required, since a resistance measureme

is the ratio of the voltage across the unknown ruls@luc
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
d ko 1 mA
1k 1 mA
10 kR 1 mA
100 k2 10 pA
1,000 k$2 10 pA
10,000 k2 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
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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 3-4. The High
to Low transition of External Encode and Data Flag can
occur simultaneously.

HOLD —]
DATA Busy ﬁ I—
FLAG  opapy —
! ]

EXTERNAL T i
ENCODE I |

o= -

SRS FpS—— e
1

ssca Wz m— T2 == S S —

T1 — External Encode must be HitH at least 16 us betore
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 least 48 us
before it goes LOW to initiate a measurement. If
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,

9“’ T4 — Data Flag will go HIGH within 230 us of receipt of a
6‘@0 valid HIGH to LOW transition of External Encode.
2 " - -
P Figure 3-4. External Trigger Sequence (Option 020).

3-66. DATA OUTPUT (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.
251-0086 (Amphenol No. 57-30500-375) is supplied
with Option 021. A cable terminated at each end by a
50-pin connector, -hp- 562A-16C, is available for con-
nection to -hp- digital recorders.

3-68. Output Signals and Levels.

3-09. 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 + |5V, 400 uA max. The LOW level
=03V £03V, 15mA max. Columns | 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
truc 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 76 5 4 3 21
* 0OVv 3012 300
Numerical
Reading
Range
Function
Polarity /[Overload
Sample/Hold Mcde

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 =+ 0.3V £ 0.3V, 2mA max, or contact closure to
ground through <300 Q. A HIGH input at the Printer
Hold connection causes the 3490A to stop automatic
sampling until the line returns to LOW. A continuous

2
o

LOW connection at the Hold input prevents aulomalicq\s'

sampling and permits external triggering. When Hold,\@
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. Qutguard 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
output is HIGH during a measurement sequence. A
malting connector, -hp- Part No. 1251-0084 (Amphenol
No. §7-30360-375) is supplied with the Remote Control
option.

3-6
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3-77. Input Signal Requirements.

3-78. The Remote Control option permits remote sclec-
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 pA max: LOW=+03V £ 0.3V, 15 mA max.

1. Remote Programming Procedure.
38

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 - 10V
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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REMOTE _l
ENASLE

PROGRAM - .~ | = FTTTTTTTTTT
LINES

PROGRAM
EXECUTE 1

PROGRAM
FLAG

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 simultaneous.

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,

TS - 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 uniess required by a
subsequent program change.

\\

- Program Execute must return to HIGH before a subﬁX

quent program change can be made, {\’\\'

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

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

3-87. HEWLETT-PACKARD 1/0

(Option 030).

INTERFACE BUS

NOTE

Read Paragraphs 3-107 and 3-134 through
3138 before writing  programs  for the
I490A.

3-88. The Hewlett-Packard Interface Bus I/O option [or
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,

Section 1

polarity, magnitude, and range, in the format given in
Paragraph 3-126. Scveral 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 HP-1B option include the
-hp- 9800 series calculators and the -hp- Model 3260A
Marked Card Programmer.

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

3-90. HP-IB Signals.

3-91. For convenience and brevity, each bus signal line
is identified by a mnemonic, which is an abbreviation ol
the signal name. Table 3-5 lists the signals used on the

HP-IB.
NOTE
The Hewletr-Packard Interfuce Bus uses
LOW true logic.
& : .
IS Table 3-5. HP-1B Signal Mnemonics.
&
<
‘0(0 Mnemonic Signal Name
@ NDAC Data Not Accepted
DAV Data Valid
DIO (1-8) Data Input/Output
IFC Intertace Clear
ATN Attention
REN Remaote Enable
NRFD Not Ready For Data
SRQ Service Request

392. Data Lines DIO1 through DIO8. All eight Data
Input/Output lines are LOW true. In the 34904, DIOS is
always HIGH, or false.

3-93. Attention, ATN. When the Attention line is
LOW, all units connected to the bus must respond to the
controller and interpret the data on lines DIO] through
DIO7 as an address or command. When ATN is HIGH,
only the unit which has been addressed us the talker and
the unit (or units) addressed as listener(s) muy and are
required to respond on the DAV. NDAC, and NRFD
lines.

3-94. Handshake Signals. Three lines are used for what
is called a “Handshaking” technique. The listener (o1
listeners) set NRFD to HIGH toindicate readiness to
accept data. The NRFD 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 (NRFD goes HIGH).
the talker puts the first character on the datu lines,
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DIO1-8. When the data is valid, the talker sets DAV 10
LOW. As each listener receives and has completed
processing this data, it allows its NDAC output to go
HIGH. This line is also wire OR’d to cach unit, and the
line does not actually go HIGH until all listeners have
accepted the data. The talker may not change the data
on DIOI -8 until NDAC goes HIGH.

3-95. NRFD. Each listener may set NRFD 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.

3-96. 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 NDAC gocs
HIGH. indicating that all listeners have finished proces-
sing the data.

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

3-98. SRQ. 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. SRQ does not
hinder other normal operations on the bus.

N

30
3-99. IFC. When the controller sets the Interface Clear S’Q}

line LOW, ull units immediately stop driving DIO1
ATN, DAV, NRFD, aund NDAC. When IFC is H]GH\Q’}I
units may operate according to the normal bus rules

3-100. 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 scending its
listen address. It may be returned to local (front panel)
control by setting REN HIGH. An exception is noted in
Paragraph 3-107. Normally, 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 HP-IB option may bec 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 to handshake with the 3490A on the
NRFD, DAV, and NDAC 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 [or selection of
function, range, Sample/Hold, and Trigger mode. The
3490A may be triggered through the rear panel Trigger
Connector, JI1, 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.

3-8
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3-103. HP-1B Control of 3490A.

3-104. Listen and Talk Addresses. The 3490A may be
addressed to listen or to talk by setting ATN LOW und
sending the proper listen or talk address. Each 3490A
HP-IB 1/0O is normally programmed at the factory for a
listen address of 6 and a talk address of V. If two or
more instruments are to be operated on the saume bus,
they should not have the same address. Table 3-6 lists
the address codes possible. Address is sclected 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 arc 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 ol
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.

3
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- TRieT ce- ||| vuweeRs
RI2 H H
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Figure 3-7, Position of Jumper Wires on Outguard
Mother Board Assembly A31.

3-105. Addressed to Listen. When the 3490A s first
turned on, the HP-1B programming circuits will conform
to the front panel control settings. It must be placed in
remote control before programming,.

3-106. Remote Control. To place the 3490A in remote
control, sct ATN and REN to LOW and transmit the
3490A listen code. REN must be held LOW continu-
ously to maintain remote control. When the instrument
1s first set to remote control, the HP-IB circuits store the
front panel range and function selections. Sample/Hold
mode is Off (SP), 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. ATN 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 lister, by sending the character 7. Figure 3-8 is a
timing diagram for data and handshake lines when the
3490A is addressed to listen.
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Table 3-6. Address Codes.

ASCII CODE CHARACTER BINARY CODE OCTAL CODE

Listen Talk Jumper — A5 A4 A3 A2 A1 Listen  Talk
Address Address b+ by bs by by by by

sp @ 0 0 0o o0 o 040 100
I A See 0o o 0o o 1 041 101
o B note 0 (1] 0 1 0 042 102
#* c below 0o 0 0 1 1 043 103
$ D 0o o 1 0o 0 044 104
% 3 0 0 1 0 1 045 105
& F 0o o 1 1 0 046 106
. G 0 o 1 1 1 047 107
( H 0 1 0o 0 o 050 110
) [ | 0 1 0 0 1 051 1M1

. J 0 1 0 1 0 052 12 |
+ K 0 1 0 1 1 053 113
L 0 1 1 0 0 064 114
M 0 1 1 0 1 055 115
: N 0 1 1 1 ) 056 16
/ o 0 1 1 1 1 057 17
0 P 1 0 o 0 o 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
a T 1 0 1 0 0 064 124
5 U 1 0 1 0 1 065 125
6 v 1 0 1 1 0 066 126
7 w 1 0 1 1 1 067 127
8 X 1 & 0 0 0 070 130
9 Y 1 4 0 0 1 071 131
: z 171 0 1 0 072 132
; [ édb 1 0o 1 1 073 133
< 3\ 1 1 1 0 0 074 134
- | \g“ T 11 075 135
> ~ o;\ 1 1 1 10 076 136

<
S
Note:

Only first five bits of binary code are give},\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).

3-107. Return to Local Control. The 3490A may be
returned to local control by setting REN HIGH. How-
ever, it cannol be returned (o local during output of a
reading. 1f REN goes HIGH then LOW again while a
reading output is in progress, the 3490A will stay in
remote. In order Lo 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.

NOTE

If the 3490A is returned to local by setting
REN HIGH, but is not unaddressed to ralk,
it will continue to output readings. If there
is a listener such as a 9800 series calculator
on the bus that iy addressed to listen but is
not able to receive data, the 3490A will stop
sampling, since it cannot outpur data. This
condition may appear to be a failure, since
the 34904 would typicallv 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 [ command to cxccute the program. The
normal programming scquence is onc alpha identifier
followed by one digit. For cxample, the program
F2R4SIT2MIE selects AC volts, 10V range, Sample/
Hold off, Next External Trigger, Addressed Multi with
Output (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,
FRIST2QSME3E will be accepted as RSTQF3E. Para-
graph 3-131 gives a programming example using the -hp-
Y820A Culculator 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. T0O, Internal Sample Rate, The 3490A rcicases
the Hold line when ready for a new measurement to be
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Table 3-7. Program Codes.
CHARACTER USE OCTAL BINARY CODE

CODE b'} bb hS hq b3 h'z b]
R Range Program ldentifier 122 1 0 1 0. 0 1 0
1 10,000 k£2; Test 7 061 0 1 1 0 0 1] 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 o 1 1
4 10kE% 10 V; Test 4 064 1] 1 1 0 1 1] 0
5 1 k€1 V; Test 3 065 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 ldentifier 106 1 0 0 0 1 1 0
0 DC Volts 060 a 1 1 4] 0 0 0
1 K Ohms 061 a 1 1 0 0 0 1
2 AC Volts 062 0 1 1 0 0 1 0
3 Test 063 ] 1 1 0 a 1 1
s Sample/Hold Program |dentifier 123 1 0 1 0 4] 1 1
0 Sample/Hold O 060 0 1 1 0 4] 0 0
1 Sample/Hold Off 061 0 1 1 0 0 0 1
2 Track/Hold 062 ] 1 1 0 0 1 0
3 AcquirefHold 063 0 1 1 0 0 1 1
T Trigger Source Program ldentifier 124 1 0 1 0 1 0 0
] Internal Sample Rate * 060 0 1 1 0 0 0 0
1 Immediate Internal 0861 0 1 1 0 0 0 1
2 Next External Trigger 062 0 1 1 0 0 1 0
3 None 063 0 1 1 0 0 1 1
M Mode of Operation Program Identifier 1180 [ 1 o 0o 1 10 1
0 Addressed Multi with No Output 060 0 1 1 0 o o0 0
1 Addressed Multi with Output 061 0 110 o o 1
2 Addressed Single with No Output o0 062 0 1 1 0 0 1 0
3 Addressed Single with Output & 063 0 1 1 0 0 1 1
4 Interrupt Multi with No Output % 064 0 1 1 o 1 0 o0
5 Interrupt Multi with Qutput v\\.Q 065 0 1 1 0 1 0 1
6 Interrupt Single with No Output 066 0 1 1 0 1 1 0
7 Interrupt Single with Qutput 067 0 1 1 0 1 1 1
E E xecute 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.

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
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 4 new measurement to
begin. 1t 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 HP-IB 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 Lo 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 Output. 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 HP-IB I/O returns
to the beginning of the program to dctermine 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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ATN
COMMAND MODE DATA MODE
Data Lines
Controller talks to 3490A Program data from
giving Listen Address. controller to 3490A
DAV
Indicates to 3490A Data is Data is valid
that data is valid not valid
NRFD
3490A will 3490A is busy processing data 3490A will 3490A
accept data and will not accept new data accept new busy
data
3490A has accepted data 3490A processing Accepted
I
NDAC data ast data

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

not output the reading. A new reading is initiated by
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 la]k,\‘ﬁ\

wailts for its talk address to output or its listen addres&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 Qutput. Pro-
gramming of No QOutput overrides that of Interrupt, so
this mode is the same as M0,

3-120. M5, Interrupt Multiple with Output. This mode
is the sume 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. Sce 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 Qutput. This mode is
the same as M3 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 tuken
HIGH after output of the reading data or when new
programming data is received. See Paragraph 3-118.

og&’izs. Repeating an Output. The 3490A can be made

S 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 “TIE" initi-
ates a new reading.

3-124. Addressed to Talk. The 3490A may be ad-
dressed to talk by setting ATN LOW and transmitting
the 3490A talk address. It may be unaddressed to ralk
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. [f not addressed to talk. it will
wail 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 cach reading and proceed to
output data.

3-126. Qutput Format. Alter the 3490A has been
properly put into an ontput mode. the data will be

3-11
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ATN
DIO
Data Lines
- ] Listen address Talk address 1o 3490A Measurement data
to printer from from controller from 3490A
controller _
DAV
Controller indicates Controller indicates 3490A indicates
data is valid data is valid data is valid
NRFD
Printer and 3490A | 3490A and printer process | 3490A and 3490A and printer pro- | Printer will | Printer processes data and
will aceept data data and will not accept printer will cess data and will not accept data | will not accept new data
new data accept data accept new data
Printer and 3480A and Printer accepts data
3490A printer
NDAC accept data accept data

Figure 3-9. Timing Diagram, 3490A Addressed to Talk.

outputted in the following format: (Example listing:
N DCHXXXXXXE-Y).

Status Code Alpha*

N Normal Operation
OL  Overload

R Ratio Mode &

S Sample/Hold Mode N
RS Ratio and Sample/Hold Mode &5

Function Code*

AC  AC Volts
DC DC Volts
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 tormat 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 ldentifier

- Polarity of Exponent

Y Exponent (Range Digit)
CR Carriage Return

LF Line Feed

3-12
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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 (MS or
M7) is programmed and 3490A is not programmed to
talk, it will pull the Service Request (SRQ) line LOW
alter each reading.

3-128. For serial polling, the controller must pull the
Attention (ATN) 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 talk address, it will transmit the
ASCII character x1xxxxxx. The seventh bit being a 1™
signifies that the 3490A did request scrvice. 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 datareading, 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 outpat or its listen address to be reprogrammed. It
will set SRQ HIGH if it is reprogrammed.

3-129. II 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 transmitled if the 3490A is n 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. II' 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 it programmed for output (M1, M3, M5. or M7).

3-131. HP-IB Operating Example.

3-132. The following example uses u 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-
10631 A/B/C. is needed to connect the 3490A to the
9820A.

3-133. This program places the 3490A 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:

) )

Initializes calculator.

TQ@@E@
2000

Sets REN LOW on bus.

H..( m-n.ln.ﬁ,l | TRANSHER | U
@ e

Addresses 3490A to listen. 3490A should go to remote
control. REM annunciator should be ON.
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6 = 3490A listen address:

U= 9820A talk address.

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

Q. =l ==
)t 6t

C % AR
FORMAT RFAD \ |
‘?}0 , N ,f

JQ.@@*
() (a) e )

5 = 9820A listen address:

V = 3490A talk address.

Programs the 3490A to output data and programs
9820A 1o print.

S0E0E0
D@?@@@
(2)Cm

Programs 3490A to take another reading and retumn
sequence 2 to outpul new data.

3-13
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Ends calculator program.

To run this program, press

f’ IRV
\END ] @ Pnoitin’lj
To halt program, press
N
{ STOP ]
~

To list program (print out stored program), press
(o )

NOTE

LIST

Read Paragraphs 3-107 and 3-134 through
3-138 before writing programs for the
3490A.

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.

2
o

Because of this, one programming technique is to nmit\‘xs’

the E when the programming instructions are sent, an
then transmit the E when it is desired that the ! A
make a reading. However, if the E is not sent with the
programming instructions, the 3490A will take a reading
either when ATN goes LOW or when an E is sent,
whichever occurs first. Consequently, if the 3490A was
programmed with *M3TI1....” 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 programmming instructions, don’t
change the listen and talk addresses until the E is sent.
For example:

CMD *?7U6™, “F3R7TM3T1™

CMD “E”, “?5V™

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 *“?U6”, “TIE”, “25V"

3-14
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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 *?U6™; FMT “M3R7FQE” Z. WRT 13
9830 example:

19 CMD “?U6”
20 OUTPUT (13, 30) “M3R7FQE";
30 FORMAT B

3-136. Invalid Programming Sequences.

3-137. The 3490A should not be programmed to an
output mode (MI, M3, etc.), triggered and placed in
local before being addressed to talk. A program which
illustrates this invalid programming procedure is shown
below. The 3490A is first placed in remote, then
programmed to output (M3) and triggered (TIE). It is
o&{i‘en placed in local and the program is repeated.

((\‘bo 0: FMT Y3,Z,WRT 13 REMOTE
1: CMD "?U8","FORAM3TI1E"” OUTPUT MODE & TRIGGER
2: (Delay statement]
3: FMT Y4,ZWRT 13 LOCAL
4: (Delay statement)
5 Goto® LOOP BACK
6: END

The following statements validate the above program.

1. Initially program a no-output mode (M@, M2)
when the reading is not to be placed on the HP-IB:
Substitute M2 for M3 in line 1 in the above
program.

2. “Untalk™ the 3490A before going to local control:
Insert CMD "?-#' before line 3 in the above
program.

3. Take reading before going to local:

Add CMD "?5":FMT *RED 13,A before line 3
of the above program.

3-138. If the 3490A is connected to the HP-IB and
under local control, it will respond to its talk address
and output data on the HP-IB. If the calculator is
addressed to listen but not programmed to input
readings, the situation described in Paragraph 3-107 will
occur (see Paragraph 3-107).

3-139. Control by Marked Card Programmer.

3-140. The 3490A with Option 030 may be pro-
grammed by using a Marked Card Programmer such as
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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 cach 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 ATN line
LOW, and should be used only for addressing.

3-141. The following instructions must be observed for
reliable programming.

. The 3490A cannot receive programming data
while it is making a reading. Therefore, if the 34904 is
allowed to sample, programming instructions from the
card rcader 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

2
o

effect. In order to reprogram the 3490A under these &

conditions, the 3490A Line switch should be tu
OFF and back ON again. This returns the m:,tru@nl
to local (front panel) control.

{({(}
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2. The line on the marked card immediately fol-
lowing the last line in which ATN 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.

3-142. SAMPLE/HOLD MEASUREMENTS (Option
040 or 045).

3-143. Definition of Sample/Hold Terms.

3-144. Track/Hold. This term describes the mode of
operation in which the “Hold” mode (see Paragraph
3-146)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.

3145. 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.

46. 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.

( *’F | PROGRAM ™
I SAND Caro NO._[  OF_] T~
SEE TABLE 37| lmz 3490A PROGRAM

m‘caca 200 w0740 20 ;4 2 1 |
| CLEAR 277 W - wm mm mmmm -
2 DDRES]_EQLQ-- _..:- m _m m. :_

BLANK LINE — = | 3 = 8l=0 o= = =
—
4 T ligg (= -;._ -m . :_
5 | OGl | = -|mm W 0= — -_
s | F 106 - — e om
T @ lopoiT - mm om0 =
uER fia2 1l == -i“-'_':-:_
E { 4 |Opd == = M = T - __ e
;!o-M “5_!“ ?_ — :[- T_ -_
i ] 061 = .. == = .

Pzl E, 105 | - s =
I - /;_‘___:_: = e e e

Figure 3-10. Example of Marked Card Programming.
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3-147. Track Mode. After completion of a measure-
ment, the Sample/Hold amplificrs follow. or track. the
input voltage until they are pluced in the Hold mode by
a subsequent Sumple/Hold Irigger commaund. This con-
dition is referred 1o as the Track mode.

3-148. Aperture Time. This is defined as the period
between receipt of a Sample/Hold Trigeer command and
the time ut which the Sample/Hold switching circuits
place Amplitier A in the Hold mode.

3-149. Maximum Acquisition Time. Tlus is the time
required for the DC Input and Sample/Hald amplificrs
to respond to a full-range step input voltage.

3-150. Delay. This term. us used in connection with
Acquire/Hold vperation, refers to the delay added in the
Sumple/Hold trigger path which extends the aperture
time o include the acquisition time.

3-151. 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 Irom HIGH to LOW
for a minimum of 30 nunoseconds. It must go HIGH at
least 600 microseconds prior to going LOW (see Figure
2-11). This command will initiate a 3490A measurement
only under certain conditions (see Paragraph 2-168). The
term “Sample/Hold Trigger™ 1s used as a general term in
this manual, referring either to a de coupled or ac
coupled trigger signal.

3-152. Sample/Hold AC Trigger. This ac coupled com-

o
mand has the same effect as the Sample/Hold Trigger &
command (TTL). This signal must be a negatl\’c-goi’@

pulse at least 30 nanoseconds wide with an amplitide
hetween 2V oand 200 V. The signal must be stafic at
least 2 s prior to the negative transition,

3153. 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 swilches
Amplifier B. Both commands are generated in the
Sample/Hold logic circuits.

3154. External Encode. Ihis command initiates a
3490A measurement when the Sample Rate control is
sel to HOLD. This signal must be from HIGH 1o LOW
for a minimum of 240 ps.

3-155. Special S/H Operating Considerations.

3156. 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 *17. This is done because
of the uncertainty in the fifth digit due to noise.
However, il the instrument is equipped with the Data
Output (BCD) Option 021 or the HP-IB Option 030, the
output data includes the fifth digit. The fifth digit can
be restored to the display if desired by changing the
connection ol the white/black wire from the display
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assembly. For a 4-digit S/H display, this wire is
connected to Test Point L on the Main Circuit Assem-
bly, Al, 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.

3-157. .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 noisc.

3-168. Autoranging. Autoranging requires successive
readings (initiated internally) when changing ranges.
Consequently. the final reading loses its time relation-
ship to the external trigger and thercfore is not useful
Sample/Hold information.

3-159, Guard Connection in Sample/Hold Measurements.

3-160. 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.

S T
0@161. Input Signal Limitations,
@

N
P

3-162. 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
Amplificrs restrict the rate at which the voltage to be
measured can change. The Sample/Hold circuits are able
(o maintain tracking enly if the rate ol change of the
input voltage is within the following limits:

2.5 % range/us on the 10 Vand 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 mstrument 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 4 full-range
sine wave 1o be measured within the accruacy given. The
input signal is also limited o & maximum dV/dt during
digitization of 50 V/us.

3-163. Sample/Hold Trigger Signal Requirements.
3-164. 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
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Table 3-8. Ability of Sample/Hold to Digitize a Ramp or Sine Wave.

Section 111

RANGE
Accuracy* v 1V,100V, 1000V
(% of Range)
Sine Wave Sine Wave Sine Wave Sine Wave
Ramp (Zero Crossing) {Peak Reading) Ramp (Zero Crossing) {Peak Reading)
01 % 30V/sS 5 Hz 750 Hz 125 V/5 2 Hz 300 Hz

1% 300 V/s 650 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.

course, is ac coupled. The term “Sample/Hold Trigger”
is used as a general term in this manual to reler to either
signal. In some option combinations, a Sample/Hold
Trigger does not initiate a 3490A measurement (see
Paragraph 3-168).

3-165. Sample/Hold Trigger (TTL). Compatibility with
ITL logic circuits requires this signal go be from HIGH
(=Z+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
I mAal<+04V.

3-166. AC Trigger. The leading edge of a negative-going
pulse at least 30 nanoseconds wide and 2 V1o 200 V in
amplifude initiates a Hold mode. The signal must be
stable for at least 2 us before the negative-going transi-
hon.

3-167. Termination of Unused S/H Trigger Input Con-
nections. When operating in a Sample/Hold mode, so
precautions are necessary to prevent unwanted Irig%x
of the Sample/Hold circuits. which can be causéd by
cross talk within an external cable attached o the trigger
put connector. Only onc 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:

I. 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 al the other
end of the cable. The TTL Sample/Hold Trigger (dc
coupled) input line should be connected to a HIGH logic
level (2+2.4 V). The AC Trigger input line should be
connected to a LOW logic level (<+ 04 V).

3-168. Initiating a Sample/Hold Measurement.

3-169. The Sample/Hold option is available in three
different configurations which emplov 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 Control
Option 022 or both may also be installed with Option
020.) Sample/Hold is also available with the General
Purposc Interface Bus 1/O Option 030. In the third

o
R

2

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 avaiiable
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.

3-170. Internal Sample Control, Option 045 and Option
040 with Option 020. When the front panel Sample
Rate control is set Lo 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 rale selected. However, this method of
operation provides only random sampling. since it is not
possible to synchronize the measurement to any specific

g\oinl in the inpul signal.
o

(‘\@Q. 3-171. Internal Sample Control, Option 040 with Op-

tion 030. The 3490A with the HP-1B Option 030 may
be programmed for internal sample control. If so, the
instrument will automaltically 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.

3-172. External Triggering, Option 045. When Samplc/
Hold is present in an instrument with neither BCD
Remote Expand Option 020 or HP-1B Option 030, it is
designated as Option 045. In this case, either Sample/
Hold Trigger command automatically initiates a mea-
surement.

Table 3-9. Initiating S/H Measurements by
External Triggering.

Sample/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 Trioger
or 030
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3-173. 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-
facc Hold line may be held LOW. One method of
initiating a Sample/Hold measurcment requires two
scparate 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

Model 3490A

programmed for Next External Trigger (T2). When Next
External Trigger is programmed, upon completion of a
measurement the HP-IB 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.

3-175. Acquisition Time. The maximum lime 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 Lo a step input voliage.

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

any effect if applied _whﬂe 4 measure_mcpl is in progress. Settling Time to Within
If @ Sumple/Hold Trigger command is given without an & :
. . ange 0.01 % of Final Value
External Encode command. the Sample/Hold circuits
will be locked in the Hold mode. This condition can be 1v 512 us
terminated by applying an External Encode command or 10V 128 ps
by setting the Sample/Hold switch to Off. 100 V 512 us
1000 v 128 ps
3-174. External Triggering, Option 040 with Option Q&
030. When the operating Sample/Hold with Hewlett- & NOTE
Packard Interface Bus control, the 3490A should be & .1 V range is not specified (see Paragraph 3-157).
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Figure 3-11. Typical Response to a Step Input Voltage.
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3-176. Using the Track/Hold Mode. $
~
3-177. Digitizing a Ramp. The output of the Sample/
Hold amplifier circuits lags the 3490A input Yollage by a
delay which is approximately equal to W where

f3dB is the 3 dB bandwidth frequency shown in Table
1-2. When measuring a stable de 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 deler-
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 3-161 and Table
3-8 must be observed.

Figure 3-1 Z.ﬁg\itizing a Ramp.
&

3-178. Reconstructing an Input Waveform.  An nput
waveform may be reconstructed from a series of
Track/Hold measurements by using the second equation
shown in Table 1-2 under the “Time Response Chara-
cteristics™ heading. The shorter the time between meu-
surement points. the greater the accuracy of the recon-
structed waveform will be.

3-179. Digitizing a Sine Wave. The rules that apply
when digitizing a ramp (Paragraph 3-177) also upply to
measurement of a sine wave. Keep in mind that the
dV/dt and frequency limits given in Paragraph 3-161 and
Table 3-8 must be observed. The waveform may be
reconstructed from the Track/Hold measurement infor-
mation as discussed in Paragraph 3-178.

3-180. 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 measurcments of a repetitive waveform.
For example. lincarity 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 1821 A Time Base/Delay
Generator plug-in unit. Be sure the Delayed Gate output
from the oscilloscope meets the Sample/Hold Trigger
input signal requirements given in Paragraph 3-163.
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b. Connect the Delayed Gate output [rom the
oscilloscope to the S/H AC Trigger input. If the 3490A
has Option 020 installed. connect the S/H Stretched
Pulse Qutput to the External Encode input (sce Para-
graph 3-173).

¢. 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
Puragraph 3-161 and Table 3-8. Trigger the oscilloscope
main sweep at the beginning of the ramp.

¢. 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 intensificd 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:

VB = VA
Slope AB = = o
Ig-Ty a\
&
Ve-Vp
Slope BC = ——
Te-Tg
Slope BC - Slope AB
% Non-Linearily = X 100
Slope AB
A Ve : \
% |  DELAYED SWEEP
________ B | GATE OUTPUT
A v o]
4 I
“““ A :
' |
I 1 |
I | |
H ! !
AT ATz

Figure 3-13. Using Delayed-Sweep Oscilloscope in
Ramp Linearity Measurements,
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3-181. 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 4 time interval
counter. The following procedure tests the response time
of a filter,

a. Choose an oscilloscope with delayed sweep, such
as the -hp- Model 180C with the 1821A Time Basc/
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 sume time. Be sure the Delayed Gate
output from the oscilloscope meets the Sample/Hold
Trigger input signal requirements given in Paragraph
3-163.

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 3-173).

¢. Connect both the Main Gate and Delayed Gate
outputs from the oscilloscope to an interval timer, such
as the -hp- Model 3300A/5302A Counter, to determine
the time delay accurately.

&d. Connect a square wave generator, such as the -hp-
o q £ p

@Qg’Modcl 3311A Function Generator, to both the filter

inpul and the oscilloscope nput. Set the square wave
output to 10V at a frequency such that the duration ol
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. Sel the 3490A to the 10 V range, DC function and
Track/Hold operation. Conneet 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 [. 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.

3182, Using the Acquire/Hold Mode.

3-183. Measuring a Step Input Voltage. The Acquire/
Hold mode of operation 1s 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
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Figure 3-14, Filter Output Measurement.

between receipt of a Sample/Hold Trigger and the
beginning of ¢ Hold mode. is ol sufficient length to
include the acquisition time. as shown in Figure 3-15.
The step inpul voltage must remain stable for at least the
duration of the Acquire/Hold aperature time shown in
lable 1-2.

3-184. 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 applicd coincident with the
lcading edge of each input pulse.

3-185. Using 50 Hz or 60 Hz Power Source (Options
050 or 060).

3-186. The 3490A hus the capability of operating from

a4 50 Hz or 60 Hz power source. Option 050 is availablc\e@'

for 50 Hz operation and consists of using a 3.333 Ml
crystal (Y2) in the clock and A1R207 = 100 k2. Option
060 provides l'or 60 Hz operation and uses a 4 MHz crys-
tal (Y1) in the clock and ATR207 = 84.5 k2. See Table
2-1.

+ FULL  STEP INPUT

SCALE P
v I

!’ INPUT AND S/H

! AMP. RESPONSE

f]
-FULL
SCALE 7

SAMPLE/HOLD.)

TRIGGER L]

1
l BEGINNING OF

HOLD MODE

~—
APERTURE TIME =
ACQUISITION TIME

Figure 3-15. Measurement of a Step Input.

3-187. RATIO MEASUREMENTS (Option 080).

3-188. Instructions for making ratio measurements with
the Model 3490A. Option 080. are contained in the
following paragraphs. DC-to-dc and uac-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 mecasurements and for Ratio measure-
ments, these two functions are mutually exclusive.

3-189. External Reference Voltages.

3-190. The front panel RATIO switch selects either the
gﬁcrnul Reference or the 1 V or 10V External Refer-

“ence range. If' the 1V range is selected, the external

reference voltage may be either a positive or negalive
voltage between 0.1 Vand 1.2 V. On the 10 V range, the
reference may be positive or negative, | Vto 2V,

3-191. Input Connections.

3-192. The de external reference and unknown input
voltage should be connected as shown in Figure 3-10.

Extemmal Reference low and Input Low
must be at the same potential; these ter-
minals are connected internally. Connecr
Guard to Inpur Low.,

OSIGNAL
EXT REF GUARD INPUT
\
\
N — —
et INTERNAL ) Ey
DC only CONNECTION
34904 - B -3046

Figure 3-16. Ratio Input Connections.
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3-193. Ratio Display.

3-194. If the 1V External Reference range is selected,
the display rcads 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 inputl 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,

3-195. Ratio Measurement Procedure.

a. Set RATIO switch to 1V or 10V EXT REF
range. If the external reference voltage is between 1.0V
and 1.2V, the 1V range should be used for greater
accuracy.

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

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

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

Model 3490A

Table 3-11. Ratio Polarity Display.

External
Reference Input Displayed
Input Signal Polarity
+ + +
-+ -
+ =
+
+ ac none
ac none

e. Connect input signal (dc or ac). Input signal Low
and External Reference Low must be at same potential,
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 sclected. multiply
display by 0.1.

NOTE

When operating in Autorange mode with less
than full-scale External Reference input
(<1 Vor <l0V), the first reading follow-

oo& ing an uprange will be incorrect.
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SECTION IV
THEORY OF OPERATION

4-1. INTRODUCTION. measurement sequence. The proper reference is selected
by the Logic circuits according to the function selected
4-2. This section describes the methods and circuits and/or the polarity of the input signal.
used in the Model 3490A Multimeter 1o make dc
voltage, ac voltage, and resistance measurements. The 4-9. DC Amplifier.
circuits needed for ratio measurement, sample-and-hold
measurements, remote control, and data output are also 4-10. The DC Amplifier output is 10 Vde for a full-
described. A general theory of operation is followed by a range inpul on any range in any function. For any
more detailed explanation of the circuits used. measurement except Sample/Hold. this output goes to
the Analog-to-Digital Converter circuits. In Saumple/Hold
4.3. GENERAL THEORY OF OPERATION. measurements, the DC Amplitier output is applied to the
Sumple/Hold circuits (see Figure 4-21). and the Sample/
4-4. The Model 3490A Multimeter uses the dual-slope Hold output is applied to the A-to-D Converter.
ntegration technique for measurement (see Figure 4-1),
in which an integrator charges for a fixed length of time 4-11. Analog-to-Digital Converter.
to a voltage proportional to the input signal, and then is
discharged at a fixed rate determined by a known 4-12. The Analog-to-Digital (A-to-D) conversion circuits
reference voltage. The measurement display is deter- consist of an Integrator, followed by a x20 Amplifier
mined by the discharge time, which is proportional to and a Zero Detect Amplifier. If the Integrator input is
the input signal. The integrator is part of the Analog-to- positive during run-up, the A-to-D output goes HIGH
Digital Converter shown in the Basic Block Diagram in (near +5 V) during run-up and returns to LOW (near
Figure 4-2. A description of the basic operation of the OV) when the Integrator is discharged to zero. If the
3490A is contained in Figure 4-2 and Paragraphs 4-3 & input is negative, the A-to-D output goes LOW during
through 4-18. A& run-up and TIGH at the zero detect point. Input signal
& polarity, as well as “end of measurement™ mformation.
4-5. Signal Conditioning Circuits. & is derived from this output signal. The length of time
.\\$ between the start of run-down and the zero detect point
4-6. The signal conditioning circuits include theDC determines the numerical value of the display.
Input Attenuator, the AC Converter, and the Ohms
Converter circuits. The output of one of these circuits is 4-13. Logic.
applied to the DC Amplifier for the run-up portion of
the measurement sequence. 4-14. The timing of the measurement sequence is
controlled by the logic circuits. This timing may be
4-7. Reference Voltages. influenced by the range and function selected. The basic
clock is a crystalcontrolled oscillator, from which a
4-8. One of three reference voltages is applied to the DC number of timing signals are derived through dividing
Amplifier input for the run-down portion of the counters. The sample rate is controlled by the logic

GREATER INPUT — — — — — — — — — —

SMALLER INPUT — — — — -

I I
i %l
|29 ! ZERD
| T= perect |
| szl [
INTEGRATOR CHARGES 1351 INTEGHATOR DISCHARGES
| FOR FIXED TIME 7% AT FIXED RATE. |
I | | |

3490-8 -3584

Figure 4-1. Dual-Slope Integration.

4-]
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Prior 10 the run-us portion of the measurement sequence, the 34304 nserts any delay requred by the
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 A 5 g ded and this and the Integrator are
in the Auta.Zero state (see Paragraphs 437 and 4.50)

Fellowing any delay required, the input sgnal is applied the DC Amplifier and sufficient time is
allowed for the amphilier to wttle before the runup pﬂm&&gim

The Integrator charges for a fixed period of hime to ab%’lago propoctional 1o the input signal

Swgnal polarity 15 determined and the proper r
the DC Amplifier in place of the input signal o)

nee voltage is selected. The relerence s apphied to
Tre lntegrator discharges at a fixed ulgg\nch is determined by the reference voltage

upranges or dawnranges one r. initiates another reading,

3490 -8-3503

H the (nstrument 15 in autorange, g%trrmmn whether the reading s on the correct range. Il not, it

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 rale switch
serting, 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.

415, Display.

4-16. The display consists of six digits; however, the
most significant digit is cither 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 Control option, a “*REM” annunciator also
lights when remote operation is sclected.

42

4-17. Range and Function Control.

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 1/0 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, | Vand 10 Vde
Ranges. Attenuation of 100 is used on the 100 V and
1000 V ranges. No atlenuation 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
applicd to the DC Amplifier through a FET (Field Effect
Transistor) switch, and the dc aticnuator is not used.

4-23. DC Amplifier.

4-24. The DC Amplifier is a differential amplifier circuit
using 4 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 M£2, 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 oplional 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 cqual to %&2 as

shown in Figure 4-3. FR2 &
N
N
&
Xl
INPUT >—_§/
p—= DUTFUT
- =X o= = =
AMPLIFIER GAiN+ F_ﬂﬁ';-.;z
ARI
9.9M l
sFRI
ARZ
OsiM
FR2 GAlN  FR1  FRZ
— Xl o 100K
v oo S K

aRE
atTENUﬂhDN-m $ é

34904-8- 2928

Figure 4-3. Simplified Diagram, DC Amplifier.

4-27. 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 [rom the DC Switching Logic circuits.

Section 1V

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 de
measurements, if the input voltage is positive. the - 10 V
reference is used; and if’ the input is negative. the + 10V
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 hmited by breakdown
diodes to approximately + 13V, On the I Vand | 'V
ranges, the protection circuits are switched to limit the

put to the amplifier to approximately + 2 V. Overload

5 protection s also provided at the amplifier output by a

diode circuit in parallel with the feedback attenuator. If,
for example, the amplifier is operating with u gain of 10
or 100 and the output voltage exceeds approximately
+ 16 V, the diode circuit begins (o conduct, reducing the
amplifier gain, with a corresponding reduction in outpul
voltage. IT the amplifier is operating with a cain of 10 or
100, the gate of the x1 gain FET (K in Figure 4-4)is at
- 17 V. If the amplificr output goces excessively negative,
as it approaches - 17V, the x1 gain FET begins to turn
on, reducing the amplifier gain and its output voltage.
Consequently. the amplifier output is limited to approxi-
mately = 16 V.

4-35. Leakage Control.

4-36. A FET switch (B in Figure 4-3)1s ulso provided
which disconnects the three reference FETs (F. G, H),
the AC Converter output FET (E), und the .01 Attenua-
tor FET (D) from the amplifier input during run-up
when the x1 Attenuator line s being used. This reduces
the possibility of leakage from these circuits into the
high impedance DC Amplifier input circuit.

4.37. DC Amplifier Auto Zero.

4-38. During certain portions of the measurement se-
quence, as shown in Figure 44 the DC Amplifier circuit
is automalically 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

4-3
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Model 3490A

Section IV

ATTENUATOR

K

DC AMPLIFIER

INFPUT B
i — e - - —
¢4 (1]
le.su

Q9EF AT CONY
MaIE W PRNS =) OUTPUT

The following notes refer to waveforms on preceding page:

A. 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
selected, uprange and downrange as necessary,

B. AUTO ZERO: Insert response time delay required for
range and function selected. DC = 0 delay; AC = 85 ohms
delay; 10 M$2 = 350 ms delay; 1 M£2 = 50 ms delay; other
ranges = 0 delay,

C. Range gain with input short (FET C). Gain can be either
FETK, L,or M,

D. Input signal applied to input eamplifier.
E. Reference applied to input amplifier. \(&\Q
F. Reference gain with input shorted (FET K).

G. Aurto Zero (65 ms of auto zero).

H. Integrator run-rup (50 ms).

J. Integrator run-down (0 - 60 ms).

ANPUT SHORT = MTC

CUTPUT

K. Select reference peolarity or ohm'’s reference.
HIGH TRUE WAVEFORM INFORMATION

AUTO ZERO = MTB

SIGNAL VOLTAGE GAIN = MTA, MTB

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

MTA, B AND C ARE SAME
AS MDA, B AND C IF THERE
ISNO SAMPLE/HOLD.

NOTE 1. MODE PULSE INTERVAL

DC 65 ms
AC 915 ms
21M 115 ms
Q10m 415 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.

442, Integrating Amplifier.

443, 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 Integruting 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.

4435, 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 purallel
complementary diode connection between its input and

output. This output is then applied to the Zero Detect S’Q}

Amplifier. A feed-forward connection is made from t
Integrator input to the non-inverting input of thc\,&z
Amplifier. This reduces noise and switching trarSients
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 Quiput goes HIGH
during run-up and returns to LOW at the Zero Deltect
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.,

449. Two FET swilches 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.

4-6

4-50. Integrator Auto Zero.

4-51. Any charge remaining on the integrating capacitor
the end of run-down must be removed before the

L beginning of the next measurement. The Auto Zero

N

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 u
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 outpur is + | 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.

a gain of | or gain of 0.1 may be selected. DC leedbac
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.

4-59. The output of the Converter Amplifier is rectitied
by a half-wave rectifier, resulting in a positive output. A
complementary diode in parallel 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 £ Reference is used for run-down. A
resistance measurement, then, is the ratio of the voltage
developed across the unknown resistance, to the £

2
o

Input Amplifier Total

Range Attenuator Gain Gain

N 1 1 1
mnov 1 01 0.1
100 v 0.01 1 0.01
1000 Vv 0.01 01 0.001 Q
$x\
N

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

g;sz. Current Source.
J

00 463, One input of the operational amplifier in the

current source is referenced to ground. The £ Reference
voltage (approximately -1 V) is applied o the other
mnput through a reference resistance, Ryop, whose value is
selected according to the ohmmeter range. The nature of
an operational amplifier is such that it tends to maintain
both inputs at the sume 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 resistunce being
measured. Ry. As the amplifier output goes negative
because of the negative input. the transistor at its outpul
is forward biased. The resulting feedback current is
automatically adjusted by the amplifier to cause a 'V
drop across Rpef. The value of the current, then. is
inversely proportional to the value of Ryey.

4.64. Ohmmeter Power Supply.

4-65. An output from the State Clock (sce Logic
Circuits) is applied to a divide by six counter. The
counter outpul 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 resislance measurements.

4.7
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Figure 4-7. Simplified Diagram, Ohms Converter.

4.66. Ohmmeter Reference.

4-67. An cmitter 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 Rpep (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 Rpef. both voltages being determined by the
current resulting from the reference voltage.

4.68. Input Protection.

S

4-69. Protection against excessive voltage which may |
accidentally applied to the front panel 2 Signal tefmi-
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 k€2 series resistor.

4.70. DISPLAY ASSEMBLY (Figure 7-27).
4.71. Display Units.

4-72. The display consists of six seven-segment numeri-
cal display units, each containing & decimal point 1o the
left of the segments. The display also contains a polarity
and sample rate unit. Individual LED annunciators arc
located to the right of the seven-segment display units.

4-73. Scan Generator.

4-74. The Scan Generator develops the three scan
signals SCAN A, SCAN B and SCAN C. The Scan
Generator contains an oscillator (A3U1) and a divide-
by-three counter (A3U2). The oscillator develops a
1 kb7 SCAN A signal which is applied 10 the divideby-
three counter. The divide-by-three counter develops the
SCAN B and SCAN C signals each at a frequency of
667 Hz. The scan signals A, B and C are applied to the
Scan Decoder, A3U4, which activates one digit of the

4-8

display at a time scanning from the least significant digit
to the most significant digit. The scan signals A, B and C
are also used in the Data Output and Remote circuits.

4.75. BCD—to—Seven-Segment Decoder.

4-76. BCD count information is transmitted from the
Data Counter to the BCD—to—Seven-Segment Decoder,
A3U5, by datu lines A, B, C and D. The BCD data is
converted to a seven-segment code and applied to all
o«i&phys simultaneously. The Scan Decoder activates one

4O digit at a time to display the seven-segment code present

at that time. The RBI input of the decoder (A3US pin 4)
is driven by the Sample/Hold line and the DSMI scan
line applied thru inverters and a NAND gate. This blanks
DSMI in the Sample/Hold function.

4.77. 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 ecnabled, the minus sign is on continuously,
and the vertical bar is turned on when the reading 1s
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



Mode! 3490A

Section IV

STATE CLOCK

I~
&

$2

CLOCK DATA BUFFERS
COUNTER
+ié£z_{::>__ﬁ
-J !
GECILLATOR i D;::[.‘:[-SE
| | I l | $100,000
cCcCea
TO DISPLAY AND
Cata ouTFul

EMITTER
FOLLOWER

TIMING
COUNTER

' RN

—— h"l 2

,o-<l>—l— 12 |+ 46 [—MTC8
}|— nre 22

O5CILLATOS FREQUENCY FOR

60Hz LINE  aMHz
SOH: LINF 3. 233WHz

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-

o

N

. : . ; 0
taining six decade counters, six 4-line latches, and S’Q}
output multiplexing. At the end of run-down, a Truns\‘i:@‘A

pulse from the Transfer and Zero Detect logic trangfers
the count information in BCD form into the ‘@ine
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 amplificrs are two intermedi-
ate oulputs 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. It HSHC
is HIGH and LSHC is LOW, the Divide by 100.000
output is selected. and if HSHC is LOW and LSHC is

GH, the Divide by 10,000 vutput is selected. The

Buffer output is applied through un 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
signals go to the Qualifier Multiplexer, and are used to
control run-up time, overload point. sample rate delay,
and function delay.

NEXT.STATE PRESENT OUTPUT
FUNCTION STATE FUNCTION
INPUTS — g COME(')“{‘S‘TE'O"A" P COMBINATIONAL
I MEMORY OUTPUT = OUTPUTS
sl (GATES. ROM, etc.) 2 LOGMC
cLOCK

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

4-91. The 3490A main logic circuits employ a logic
system called an Algorithmic State Machine (ASM).
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 (o
change the state of the ASM. Each new state provides a
different combingtion of outpults.

4-92. 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
(Figurc 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 Iu%@\\
uses a Read Only Memory. Seven of the memory u;&b 5
&

Section 1V

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 Output 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. I'he 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 qualifiecr input. toney
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 s later to
prevent uncerlainty in the ROM next state decision.

4.96. State Identification. Each stute mav be identified
by a three-digit octal coded number determined by the
levels of D flip—flop outputs YMA through YMG, shown
in Figure 7-24. For example, in state 000, all seven
outputs are LOW (“0™). I only YMA goes HIGH (*17),
the state is then 001. In the state where YMG = 1: YMF
=0YME=1:YMD= 1. YMC =1:YMB=1:YMA = |
(1 0011 111), the state identification number is 137. A
total decimal number of 128 states are possible, with the
cRighest state identification number being 177.

o
Q
ra& 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
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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,
LMQD and LMQE, are inverted and both HIGH and
LOW true signals arc used at the AND/OR Invert Gate to
select one of the three decoder outputs. The output
from the Invert Gale is applied to a D flip-flop, which is
clocked by State Clock signal HSCK. and whose output
is the Qualificr 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-l0-16 line decoder

uses four inverted enable signals from ROM, HMQA-D, éo
to select the proper output. In addition, the Outpuls

Enable signal from the ROM, and the State Clock si
LSCK must both be LOW to obtain an output fromrihe
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 operale the Range Counter, and to
clock the Polarity and Overload storage flip-flops.

4-99. Logic Storage. The input level 1o the D inputs of
the six Logic Storage flip-flops is determined by the
inverted Memory Output signal from the ROM. Each
flip-Nlop is clocked to change its output at a different
time (or times) during the measurement scquence.

4-100. Main Timing Flip-Flops. Three Main Timing Bits
are produced by Logic Storage flip-flops. All of these are
used n 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-lop 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

4-12
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remains HIGH until after Zero Detect on the correct
range. After going LOW. End of Reading goes HIGH al
the end of the measurement sequence. The HIGH to
LOW transition signals to the Data Qutput 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
Remole 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.

ogﬂ 05. Input Polarity Storage.

4-106. The input to this D flip-flop is the inverted
output of the Analog Zero Dectect Amplificr 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 cifcuits in the counter. Zero Detect is one inpul 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 gocs 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 1o 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

Section IV

output will be LOW. If Time Count 32 is HIGH.
indicating a measurement of greater than 120% of
range, the Aip-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 threc main
Time Bits to control all inputs to the DC Amplificr
during both run-up and run-down. This includes input
protection on the two lower dc Ranges, inpul attenua-
tion on the two higher dc ranges, and the output of the
AC Converter in ac measurements. The DC Amplifier
guin 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

measurement is less than 120 % of range, the flip-flop 0.0 + 10V Reference from a voltage regulated power supply
Q
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Figure 4-13. Simplified Diagram, Reference and Ratio Circuits.
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circuit [urnishes the positive reference which is used in
negative dc voltuge 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
cmitter circuit of a feedback amplifier transistor. The
diode and transistor are in the same package, for
improved temperature stability. The amplifier gain is
adjusted (o provide an accurate + 10 V output.

4-121. Minus Reference. Thc - reference, used in ac and
positive d¢ measurements, is supplied by an inverling
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 de-to-de and ac-to-de 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 +

Modei 3490A

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. Refl. 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 10V
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 currenl 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
Q{mllage, so that the voltage at the inverting (feedback)
Cinput is essentially equal to the External Reference

and - 10 V references are used. Figure 4-14 is a simpli- (Q@Q. input. This voltage is connected to the non-inverting
fied diagram of the external reference amplifier circuits. éo(b input of the input Compensation Amplifier, U2, which
\‘\S’ has a gain of 1. The output of U2, then, is essentially
4-124. External Reference Amplifier. A microcircyit equal to the External Reference input voltage. and may
operational amplifier, connected in the :mn-inw:%q‘ng be + 0.1 V 1o £ 12V, The amplifier offset is adjusted
\(\
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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 inpul
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 Ih‘§
external reference is negative. Figure 4-16 shows OW
this is accomplished. The External Reference A er
output is inverted and applied to one input ol an
Exclusive OR Gate. The other inpul 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 onc input is HIGH. If both inputs are
either HIGH or LOW, the output is LOW. Because the
output ol the AC Converter is positive, a negative
reference is selected in all ac measurcments. The front
panel display polarity symbol is + if the input signal and
external reference are of the same polarity, and - if they
are ol opposite polarity. No polarity symbol is displayed

o

for ac/dc ratio measurcments. 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
odﬁ\)w true. If the 3490A has a Remote Control option.
2 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 + 5V 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
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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 Output Used
+ + HIGH - Invert, Amp.
t . 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 - 30 V regulator uses - 17V as a RunUp HoDi
reference. U102 in the - 17 V supply is operated off raw
supply thru CR123 until the - 30V supply comes up :I“‘ Df Amp. DCGA_W- D‘I: Amp. DC Am.
after turn-on. It is then operated off - 30 V thru CR122. 2 npus e o Qi
The -5V supply is zener regulated from the - 17V 2 Ground 1 + Ret/- Ref %1
supply. All supplies except the - 5V supply are voltage | 3 + Ref/- Ref x1 - Ret/+ Ref x1
regulited 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 %100 + Ret/- Ref x1
cireuits it supplies 6 Input x 0.01 x 100 + Ref x 1
; PPHES. 7 52 Ref x 10 +Ref X1

4.132. SELF-TEST FUNCTION.

4-133. Seven tests, which may be selected by front
panel switch scttings 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

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
¢ circuits are operating correctly. Note that the

<vinstrument autoranges one step for each reading, uprang-
o) g g, up
,b(“ ing through all ranges, then downranging through all

circuits as explained in the following paragraphs and in S’é}o ranges. Note also that the numerical display changes for
Table 4-3. \@k each range. In Jogic test, two factors determine the
O
! I
@iy
+30V e
REGULATOR 30V
[EF
FUL - WAVE +5v
RECTIFIER REGULATOR [ +3V
REF
+17V L
REGULATOR T HTY
BRIDGE BRIDGE |
RECTIFIER RECTIFIER .
LRICS-108 CRI0I-104 l
RE®
~ITV -
- | rRecuLaTor | iy
) L0
-5V
suppLY [ 5V
1
REF
-30V -
149748251 T 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 rcaches 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
+ 800024
+ 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 predictabl

because ol known transition times during the rcadin}ké\\

<

\(\
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 10V 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 de¢ 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 measurcment. 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 measurcment. In the Adjustment Proce-
dures, after the + Reference has been adjusted. Test No.
3 is used to adjust the - Reference.

2
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4-141. + Reference Check, Test No. 4,

4-142. This test compares the voltage al the + Ref FET
switch (F in Figure 4-4) to a precise inpul voltage. The
voltage through the + Rel 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 Mo. 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 cither the + or - Reference is
used for run-down as in a normal voltage measurement.
Test No. 5 checks operation of the auto zero cireuits in
the DC Amplifier.

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

4-146. In Test No. 6, a preeise - 10V input voltage is
;%\g divided by 100 in the attenuvator, then amplified by
in the DC Amplifier. The + Reference is used for

@(\’run-duwn 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) 1s amplified by 10 and compared to the
+ 10V Ref. The 2 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
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. BBDIREMDTE 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 ol 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 1o photo-isolators, consisting of a light-
emitting diode which drives a pholosensitive 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 (rigger
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 al 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 least 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 [rom
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 simultancously with the Sample/Hold tri

aer. \{\\\Q
4-158. DATA QUTPUT OPTION 021.

4-159. The Data Outpul connections at the rear panel
are isolated from the internal circuits of the 3490A.
Power for the outguard circuits is supplied by the
outguard + S5V 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 circuils.

4-160. Data Multiplexers,

4-161. Three multiplexers, each having & 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™ (Sg) connection (o each
multiplexer selects one set of four inputs if the Sy, input
is HIGH, and the other set of four inputs if Sy is LOW.
The outputs from two multiplexers are applied to the
inputs of the third, or “master” multiplexer. The
outpuls of the master multiplexer are enabled for only
the eights periods of time necessary to transfer all the
Data Output information, as shown in Figure 4-18. The
Sequential Logic determines the time and sequence of
mformation transfer.

4-18
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SEQUENTIAL LOGIC INPUTS
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Figure 4-18. Data Output Timing Diagram (Option 021).

4-162. Data Output Sequential Logic.

4-163. Figure 4-18 shows the liming 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

rate the Logic to correlate the multiplexer outputs

@opwilh the outputs from the Data Counter. The Sequential
&7 Logic consists basically of three JK flip-flops. The scan
2 p-

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
clectrical connection is made belween 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 accepled.
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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cither 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 inpul, 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.

S

4-174. REMOTE CONTROL OPTION 022. N

R
4-175. The Remote Control Option permits rémote
control of range, function, autorange selection, and
Sample/Hold operation. All connections at the rear
panel Remole Input connector are isolated from the
3490A internal circuits. Power to the outguard circuits is
supplied by the + 5V outguard power supply. Outguard
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
clectrical 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

SCAN & !S5,) | | | |
SCAN & +2 (5 ) [_‘_|
t - - 2
*Q -a_!n-'-l";g
O OUTGUARD MULTIPLEXER “&™5 "4 if
¢ OUTPUTS Il es
i2123aal

DATA CLICK | I | |
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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-t0-1 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 linc, and Scan A divided by 2 is applied to the
other line. Figure 4-19 shows the multiplexer outpul
sequence.

SEQUENTIAL LOGIC INPUTS

PROGRAM EXECUTE W _F S N r——— _:\-—
SCaN C ! I. —f_

SEQUENTIALLOGIC ——  —
OUTRUT
PROGRAM FLAG )
OUTPUT

MULTIPLEXER SELECT INPUTS

411 Bgmore program
D i LTI S -
R Gead Buring

LA R " pered ot ¢t ve.

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 Exccute 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 flip-flops 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
disubles 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
pulsc 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 hit. 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 cither of two sets of four inputs. One set of

front pancl switches. The logic level of the “outp
select™ connection to the multiplexer selects cilh@"*
local or remote program information. The “oulput
sclect™ 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 fo 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

420
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is operating in the autorange mode, Data Flag remains
HIGH until a reading on the corrcct range has been
completed.

4196. HEWLETT-PACKARD INTERFACE BUS 1/0
(OPTION 030).

4-197. The Hewlett-Packard Interface Bus /O 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 Lo instruct the 3490A (o 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 HP-IB option is compatible with the -hp- 9800
series calculators.

4198. HP-IB 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-

r to determine which instruments will be communica-

& ting on the bus at any given time. An instrument will

N
: : : 3 . O
four inputs is the remote program information bits, and @
the other set is the corresponding information from !h\%\k

h

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 arc done on

3490A
9820A DVM
CALCULATOR
(CONTROLLER) (TALKER)
(LISTENER)
; ||
12 f1, MAX,
ASCII BUS CABLES
1" 6. max.
FREQUENCY
COUNTER PRINTER
(TALKERI (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 HP-IB 1/0 Circuits.

4-202. The 3490A HP-IB circuits employ two separate
logic systems called Algorithmic State Machines (ASM).
A briel explanation of 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
sepurate Iree-running clocks: consequently, communica-
tion between the two machines is asynchronous. Figure
7-36 is a block diagram of the HP-IB 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 s

is addressed to talk, the measurement output dat.: Jg
transferred across guard one digit or character at ali

Data is then placed on the bus data lines DIOI th‘ﬁ)ugh
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. HP-1B System Operation.

4.-205. Reset. When power s 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 function 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 Ratc and Sample/Hold (option-
al) are controlled from the front pancl. This information
may be updated at any lime by changing the control
settings. If the Sample Rate control is set to HOLD, the

‘0(0
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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 ATN line is LOW, it waits for
DAV to go LOW indicating that the data information is
valid. When DAV is LOW, data lines DIOS5 through DIO]
are compared to the 3490A address bits. If they match,
DIO7 is checked to determine if the address is to talk or
ta listen. If DIO7 is HIGH, the 3490A is addressed 1o
listen. It then checks REN to see il it 1s 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 huve been
checked, the NDAC output is allowed to go HIGII,
indicating that the data has been accepted.

4-208. Remote Programming. Alter the 3490A has
been instructed to listen and placed in remote control,
the controller sets ATN HIGH so that the 3490A can
receive remote program data. This data is placed on the
seven data lines DIOL -7 by the controller, one character
at a time. After cach character is pluced on the data
lines, the controller sets DAV to LOW, indicating to the
490A Outguard State Machine that this data is ready.
e Outgurad State Machine checks to see if the data is

o0 valid for the 3490A and then transfers the data ucross

guard to the Inguard State Muachine. It also sets the
NDAC line HIGH and NRFD LOW (o indicate that the
data has been uaccepted and is being processed. The
Inguard State Machine then interprets the data and takes
appropriate action. For example, if the character re-
ceived is the alpha identfier R, the inguard circuits are
set so that the next character (if it is a digit) is routed to
the runge storage circuit. (See Paragruph 3-106 for the
remote programming sequence.) Alter a data character
has been processed, NRFD s 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, alter which it
may address the 3490A (o 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 ATN 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 oulput sequence is
controlled by the Inguard State Machine through a
multiplexer and a storage unit. As each output data
character is transferred uacross 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 NDAC HIGH. indicating
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that the data has been uccepted, the Outguard ASM
signals 1o the Inguard ASM that new data may be
transterred 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 1o the TALK ONLY position, the 3490A may be
operated with a printer without the use ol a controller.
This switch sets the internal Talk Only line LOW,
enubling the 1/0O 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 D45.

4-213. When the Sample/Hold option is installed in the
3490A, il occupies u position between the DC Input
Amplitier 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 charactesistics.  Either of two modes of
operation may be used; Acquire/Hold (delayed trigger),
or Track/Hold (non-delayed).

SAMPLE/ HoLD | S/H ON “%‘?@;.?gé_m' e
CIRCUITS S/H CONVERSION
OFF T CIRCUITS

34304-8-3429

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

&
&
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4-215. The Track/Hold Mode is useful in determining
the value of a varving input voltage at a specific time,
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INPUT—{AMPLIFIER SAMELEHOCD DIGITAL
CIRCUITS CONVERSION
CIRCUITS
oV
VOLTAGE
vd LEVEL MEASURED

AT THIS TIME
OV =

=—THACK MODE —t———

— HOLD MODE —————f

s

I"\f‘HOLEﬂ MODE_BEGINS WITHIN
400 NANOSECONDS AFTER
RECEIPT OF THE S/H TRIGGER

{rs}

3
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TRIGGER
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Figure 4-22. Waveforms Illustrating Track/Hold Mode.
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measurement, the Sample/Hold amplifiers are again
allowed to track the input signal.

@ [3s20 ®
ANA| T
INPUT—INPUTFlER SAMPLE/HOLD Bic, ?\L 2
AMPLIF| CIRCUITS CONVERSION
CIRCUITS
+V
vo
ov
l—TRACK MODE HOLD  MODE ————f
—+{DELAY fo—
W {
ve
ov
=——— MEASUREMENT PERIOD ——f
e A AR .
EXTERNAL SAMPLE/HOLD
TRIGGER 34904-B-343)

Figure 4-23. Waveforms Illustrating Acquire/Hold Mode.
4-216. Acquire/Hold Mode.

:]lé’l?. Acquirc/Hold operation is essentially the same as
Track/Hold operation, except that a delay is added

2" between receipt of an external Sample/Hold Trigger
‘0‘?}6\ command and the time the Hold Mode begins, as shown
52 in Figure 4-23. This delay permits the DC Input and

S.

Sample/Hold amplifiers to respond fully to a step input
voltage before holding and taking a measurcment,
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 615.0 us + 400 ns 512.6 us + 400 ns
nov 154.0 ps + 400 ns 128.4 pus + 400 ns
100V 615.0 us + 400 ns 512.6 us + 400 ns
1000 V 154.0 us + 400 ns 1284 us + 400 ns

4-218. Sample/Hold Measurement Sequence.

4-219. Figure 4-31 shows a simplified diagram of the
Sample/Hold circuils and describes the measurement
sequence. Sample/Hold Circuit A can respond quickly to
a change in voltage at point 2. However, this circuit
cannotl 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 measurcment. 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 measurcment
until the reccipt 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
5. The voltage at point 4 is the sum of the input signal

Section IV

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 cqual to the input signal held by
the Samplc/Hold circuits (V4 + Vs = 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 al 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
operation.

R28
20K

AMPLIFIER A

® g7
DUTPUT 20K ®
oF ?C
INFU
AMPLIFIER

P I
<

CLOSED IN
HOLD MOCE

NOTE. SI,52,8 53 ARE FET ,s\\Q
SWITCHES, AND ARE
SHOWN IN THE TRACK
MODE STATE

" INTERNAL
CAPACITANCE

HOLD

integrator.

|
I R20¢ ¢R2|
| TIKS 2TIK
l -tV =17V |
. *_:l
| cio
$2 8 53— — ;53 T
OPEN IN 0056
HOLD MODE {L’
1490 B - 349

a. Inthe 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. S1is 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.

c9
d%Fﬁ
AY
R
+1TVaITV “
AQ2 B ®
5 s

il
uz QUTPUT

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 AL Circuit B responds more slowly than A and is
able to hold a constant output level long enough for an

o

N

&

aecurate measurement to be completed. To allow timest

for Circuit B to respond to the output of A, the B Hol

command oceurs about 2 milliseconds after the AHold
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.

. Disconnect the load resistor.

aa

. 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 m the Sample/Hold measure-
ment.

This phenomenon becomes significant in the Sample/
Hold integrator circuit when the voltage applied to this

4-24

circuit changes from the input signal to the reference
c\’(ﬁt\lagc. 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 Diclectric Absorption
{DA) Compensation circuit. During the Track Mode, 85
and S6 (Figure 4-25) are closed. Any change in the
output voltage at point D causes current to flow through
the re circuit R34, C16 and R6. This current decreases as
Cl16 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 al point F is the voltage developed across C18,
As the lime increases between a voltage change al 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 voltage may be
present in the amplifier output. This offset will be
included in the voltage held by Sample/Hold Amplitiers
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 (he 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/l Output Amplifier. The
purpose and action of the Offset Amplifier are also
mentioned in Paragraph 4-220,
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Offset Amplifier output) and applies this voliage to the

HUN-DOWN
pay HOLD T EOD Y Integrator (A - to - D Conversion) circuit through K1, as
HOLD B e — \_ Lm't | shown in Figure 4-31. If Sample/Hold opecration is not
: = selected, the DC Input Amplifier output signal by-passes
crcur 8 1OV : 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 ecach block is
discussed in the following paragraphs. The sequence ol
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 lor 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 put to the
mple/Hold State Clock comes from the 3490A crys-
Hal-controlled Clock Oscillator, A1U3. This signal is

4.-227. Output

Amplifier. This

unity-gain &
amplifier inverts the output from Circuit B (less lhe‘\$~

2 divided by 16, so that the Sample/Hold State Clock

inverting % signal  has 2

frequency of 250 kHz in instruments
designed for 60 Hz line operation, and 2083 kHz in

i - e e A
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Figure 4-27. Sample/Hold Logic Block Diagram.
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Figure 4-28, Block Diagram of S/H Timing and Trigger Circuits,

50 1z instruments. Two Sample/Hold State Clock sig-
nals which are opposite in phase. HSHC and LSHC, arc
used to clock the State Storage and Memory Storage
Mlip-Nops. 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/Tlold Trigger circuit.

4-232. Timing Counter and Level Transiator. The Tim-
ing Counter is a l4-stage binary counter/divider. Four
outputs from this counter are applied to the Level

Range |DC Amp. Delay Select| Nominal Delay (us)
Gain
HDSB|HDSA |Option 080 | Option 050
.1 V*| x100 L L | 20488 24585
1V [x10 H L 512.6 615.0
10V |x1 L | H 128.4 154.0
| 100 V| x10 H L 512.6 615.0
QSJ 1000V | x1 L H 128.4 154.0
6‘@
)

&L

Translator, which converts the counter output logics®

levels to the OV to +5V levels used by subsequei
circuits. Three outputs from the Level 'I'rauslal@’&arc
applied to the Delay Multiplexer 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 declay)
operation is sclected, the multiplexer selects the Sample/
Hold Trigger Circuit output and issues 1 Hold A
command immediately. When operaling 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. Figurc 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-

4-26

Table 4-5. Gain Delay Relationship.

* 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 un
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

EXTERNAL TRIGGER, B
ENABLE LXEN TRIGGER COMMANDS

INHIBITED

| ENABLED
30ns
MIN,
EXTERNAL HOLD H
HEHS 40 us —=

EXTERNAL
SAMPLE /HOLD
TRIGGER INPUT

INTERNAL HOLD e
COMMAND H e— 130 ps——
HIHC i)
34%0-8- 3424

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
il 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 circuils. Six memory inputs
in the “present’ slate, 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 measurcment
sequence.

4-236. State and Memory Storage. The State Storage
circuits are cleared when the 3490A is first tumed on, so
that all six of the State Storage outputs arc LOW. Two
of the next state outputs are stored in D Flip-Flops
which arc 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 (wo qualifier inputs™

to the ROM, along with the six present-stale inputs,
determine the next-state outputs from the ROM. These
qualifier inputs are selected by two 8-line to Iine
multiplexers. Selection is determined by three of the
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present-state outputs from State Storage HPA, [1PB 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, Band 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 measurcment is then
modified as shown. During a normal mcasurement (with
Sample/Hold in the 3490A), the timing bit sequence is
not modified; however, there is a delay in the Storage
circuit cqual 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

te output is HIGH if onc and only onc of its inputs is

,‘}(\’OHIGH. 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 ai 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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NOTES

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

2. IF 34804 15 IN HOLD (FOR EXAMPLE, SAM-
PLE RATE S5ET TO HOLD) AND AN EXTERANAL
ENCODE COMMAND WAS NOT APPLIED DUR-
ING THE PREVIOUS PERIDD, 34904 WAITS FOR
AN ENCODE COMMAND BEFORE GOING TO
NEXT FERIOD AND PROCEEDING WITH MEA.
SUREMENT.

3 MAIN TIME BIT STATES SHOWN FOR NOA-
MAL MEASUREMENT ARE THE STATES OF
THESE SIGNALS AS APPLIED TO THE SAMPLE/
HOLD LOGIC. TIME BIT SEQUENCE 15 THEN
MODIFIED TO THE STATES SHOWN FOR SAM.
PLE/HOLD MEASUREMENTS,

3490-C- 3388
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Figure 4-30. Sample/Hold Measurement Sequence.
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a. During the period T4, circuits are in the Track Mode and input switch S is connected to the

Input terminal.

b. Att; a S/H Trigger command is received. Circuit A holds within 400 nanoseconds, and Circuit B
holds about 2 milliseconds later,

€. Atty, Sy is switched to ground. 5T 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. Fromtg to ty, SB is closed to ground and no current is supplied to the Integrator.

f. Attg, Sy is switched to the - Reference. 5Tg is about 4 ms long. Hold A occurs 2 ms after tg and
Hold B occurs at tg.

g. Sp isswitched to ground at tg, and gT 5 is used for amplifier settling time.

h. Sg is switched to the Integrator input during 5Tg. tg is the zero detect point,

i. At 1g, all circuits are returned to the Track Mode and S 4 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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Figure 4-31. Sample/Hold Simplified Diagram And

Measurement Sequence.
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Table 5-1. Recommended Test Equipment.

Model 3490A

Instrument
Type

Reguired

Characteristics

T

|
| Use

Recommended Model

DC Voltage Standard

Voltage: 1 mV 10 1000 V

Accuracy:

+ 0,005 %

Performance Checks
Adjustments
Troubleshooting

-hp- Model 7408 DC Standard/
Differential-Voltmeter

AC Calibrator Frequency: 20 Hz to 100 kHz Performance Checks “p- Model 745A AC Calibrator
Output Level: 1 mV to 1000 V Adjustments -hp- Model 746A High Voltage
Accuracy (mid-bandl: £ 0.1 % Troubleshooting Amplifier
Voltage Stability: = 0,02 % |

for six months
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Section V

SECTION V
MAINTENANCE

51, 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,

54, Test equipment required for the performance tests
und 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-
s10n.

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 .
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,
1Ecnmon§

Connect Guard to fnput Low or damage 1o
the instrument may result.

a. Set 3490A FUNCTION to DC, RANGE to .1 V.

b. Connect dc standard between INPUT HIGH and
LOW terminals.

N
2
&

c. Select 3490A ranges and dc standard positive and
negative outputs listed in Table 5-2. Display should be
within limits shown in each case.

&

2811, 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 + .009994 to .010006 V
1V + 0.05000 V +.049990 to .050010 V
+ 0.10000 V +.,099985 o .100015 V
+ 0.10000 V + 0.09997 to 0.10003 V
1V + 0.50000 V + 0.49993 to 0.50007 V
+ 1.00000 V + 0.99988 to 1.00012 V
10V + 1.00000 V + 00.9997 1o 01.0003 V
+ 10.0000 V + (09 9988 10 10.0012 Vv
100 v + 10.0000 V + 009.997 10 010.003 V
+ 100.000 V + 099.988 t0 100.012 Vv
+ 100.000 V £ 0099.97 10 0100.03 V
1000 V + 500,000 V + 0499.93 to 050007 V
*+ 1000.00 V + 0999.88 to 1000.12 V

*If -hp- 7408 DC Standard is used, do not apply neg-
ative 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- 745SA/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 1 V output by setting the 745A voltage set
controls to 1.000000 V and adjusting the error measure-
ment control to +0.04 %. The corrccted voltage will
then be sufficiently accurate to test the 3490A at 1V,
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 110kllz, 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
de 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 cach check. If the equipment required

for some checks is not available. a good indication of Ny

performance can still be obtained by checking the poin
for which suitable equipment is available. <

PERFORMANCE CHECKS
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Model 3490A

JECAUTIONi

Connect Guard to Input l.ow or damage to
the instrument may result.

5-15. OHMMETER ACCURACY TESTS.
5-16. Preferred Method.

S-17. A resistunce decade with settings from 100 £ to
10 M£2 15 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 5-4. 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. It 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 10
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
ogibwn 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

MULTIMETER

hp 3490A
{ i n
- O R

hp 8524
) -
-
W ) =1 = I[
DC STANDARD
hp 7408
S{

4,
Tﬁﬂ_ |:K;p-::
ogy, -

4904 -8 237"

Qulegt

CC DIFFERENTIAL
YOLTMETER / RATIOMETER
hp 34208

THERMAL
CONVERTER

i
| TC 0O o0
ssaasaa

Figure 5-1. AC Voltmeter High Frequency Accuracy Test.
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PERFORMANCE CHECKS

Table 5-3. AC Voltmeter Accuracy.

Section 'V

3490A Test Signal 3490A Max Test Signal Other Equipment
Range Voltage 1 Frequency Display Error Source Required
1V 1V 20 Hz + 400 counts AC Calibrator
1V 1V 10 kHz + 125 counts
1V 1V 100 kHz + 125 counts
v 1V 100 kHz t 35 counts
nov 5V 20 kHz + 75 counts
1m0V 10v 20 Hz + 400 counts
100 v 10V 100 Hz + 35 counts
100V 100V 50 kHz + 125 counts
1000 V 1000 V 10 kHz + 135 counts
1000 V 1000 vV 100 Hz + 125 counts
1V 1V 250 kHz + 810 counts Test Oscillator 1V Thermal
Converter
DC Differential
Voltmeter
10V 3v 250 kHz + 285 counts Test Oscillator 3 V Thermal
Converter
DC Differential
Voltmeter

Table 5-4. Ohmmeter Accuracy.

¢. Connect dc standard between High terminal and
the 3490A chassis.

@@@@@@@0

3490A Range Decade Setting Display Limits
1 k2 100 @ 099983 to 100017 d. Set dc standard output to +500.00 V. 3490A
1 k2 1 k2 0.99988 to 1.00012 reading should not change more than 0.00005 V, verify-
10 k2 10 k2 09.9988 to 10.0012 QQ%g dc common-mode rejection > 140 dB, where:
; 100.01
1 é% g 10? ﬁ:z g;gﬁ :g 1&?15 ’b&@ ECMR = 20 1o Peak common-mode voltage
10,000 k§2 10 MQ 09996.3 to 10003.7 S‘é}o - =108 Effect on reading (volts)
& Table 5-5. Alternate Ohmmeter Accuracy T
. . 2 cy Test.
with Guard connected to High. A dc standard (-h{’@$
740B) is required for this test. \(*\\\Q 34904 Resistor Display
Range Value Tolerance Tolerance
a. Connect a 1 k€2 resistor between input High and
Low terminals, and connect High to Guard as shown in 1 k2 90 to 110 &2 £ 0.0025% | « 17 counts
Ei 5.2 1 k&2 900 to 1.1 k2 + 0.0025% | = 12 counts
1gure o-2. 10k | 9k2to11ke + 0.0025% | = 12 counts
100 k2 | 90 k2 to 110 kst + 0.0025% | = 12 counts
b. Sct 3490A FUNCTION to DC. RANGE to 1 V. 1,000 k2 | 900 k2 10 1.1 MS2 +D.005% | + 14 counts
Note 3490A djsplay. 10,000 k2 9Mto 11 M2 +0.01% ¢ 37 counts
DC STANDARD / DIFFERENTIAL
VOLTMETER
hp 7408
MULTIMETER
S 490A
[ T ; hp 3
©F 1 < CONNECTED TO
. e e | I e—
@ ® ~X[| = © o0bg

|

KR
Na504 -8 2949 s:q'
OUTPUT CABLE A
hp 110558 i = i
Figure 5-2. DC Common-Mode Rejection Test,
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522. 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 | k&2 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 linc operation, 50 Hz
£ 0.1 %if itis a 50 Hz model.

¢. Before connecting ac calibrator output to 3490A,
set 3490A FUNCTION to DC, RANGE to 1 V. 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 2140 dB at the frequency
specified (50 Hz or 60 Hz), using the formula given in
Paragraph 5-21.

5-24. AC NORMAL-VMODE 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. A\
K
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 4 50 Hz model.

PERFORMANCE CHECKS

Model 3490A

c. Set 3490A FUNCTION to DC, RANGE to 10V,
short Input. Note 3490A reading.

d. Disconnect input shortandconnect calibrator to
3490A input. Adjust calibrator amplifier to 7.07 Vrms
(10 V peak).

e. 3490A reading should not wvary more than
+ 00.0316 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
“® TEr fect on reading (volts)

5-26. DC VOLTMETER INPUT RESISTANCE TEST.

5-27. A dc standard (-hp- 740B) and a 1 MQ + 0.1 %
resistor (-hp- 0698-6369) arc required for this test.

;CAUT!ON}

Connect Guard ro Input Low or damage to
the instrument may result.

a. Connect 3490A, dc standard and resistor as shown
ift Figure 5-5.

&

N

b. Set 3490A FUNCTION to DC, RANGE to 10 V.

c. Connect jumper across 1 M resistor as indicated.
Adjust dc standard output to 10.0000 V. Note 3490A
reading.

d. Remove jumper from | M2 resistor. 3490A read-
ing should not change more than 00.0010 V, verifying
input resistance > 10 1% Q,

¢. Set 3490A RANGE to 100 V. Reduce input to
1.00000 V.

AC CALIBRATOR

hp T45A
o o o @6 £ t ao00
ELECTRONIC
L 8 @ © ®8 & @ COUNTER
. ) hp 5300
1) = T 65 i @) 5
T I M -
@ ﬂ@ﬂ-? e QQOC

[+]

MULTIMETER
hp 34904
CONNECTED TO 1 - r
CHASSIS GROJND L J C ——TD' ¢
s N ISERRE=E]
{° O soéod
|
IK0

— )

3492 N 4N

Figure 5-3. AC Common-Mode Rejection Tast.
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Section V

AC CALIBRATOR

hp 7454
0 U O O O O @30 S
2 ® @ 8 B @ “COUNTER
. hp 5300

1) o1 O o
°®000

__

MULTIMETER
hp 34804

I ———Y
e O eoddae

e

249C-8 45D

Figure 5-4. AC Normal-Mode Rejection Test.

f. Connect jumper across | MQ resistor and note
3490A reading.

g. Remove jumper. 3490A reading should change
between 000.908 V and 000910 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 MQ2 £ 0.1 % (-hp- 0698-6369) and 10 k2
+ 0.1 % (-hp- 06984157), are required for this test.

(Rg) as shown in Figure 5-6. Connect jumper ac
resistor as indicated.

a. Connect 3490A, test oscillator, and 1 MQ2 rcms@gss‘\

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 il the instrument does
not have the rear inpul connector. or not less than
0.65804 if it does have a rear input connector in parailel
with the front input terminals.

e. Replace the 1| M2 resistor (Rg) with a 10k
resistor. Connect jumper across resistor.

oﬁ(\f Adjust test oscillator frequency to 250 kHz. Ad-

@Q just output amplitude for 3490A reading of 1.00000 V.

g. Remove jumper from 10 k82 resistor. 3490A dis-
play should be not less than 049211 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 must be within specification before proceeding

DC STANDARD/DIFFERENTIAL
VOLTMETER
hp 7408

o[>

O] .

RBBABRB ]

—

Ska b e OUTPUT CABLE
hp 110558

MULTIMETER
hp 3490A

Figure 5-5. DC Voltmeter Input Resistance Test.
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TEST OSCILLATOR

hp €52A
i MULTIMETER
hp 34904
L =
2 P ( )
o~ R S I°T
® A ™ ) b= RN .?
]\

304 G4 7 Re

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 de 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.

ECAUHONE

Connect Guard to Input Low or damage to
the instrument may result.

a. Set 3490A FUNCTION to DC, RANGE to
SAMPLE/HOLD to TRACK/HOLD, SAMPLE R@\I
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 10 k2
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
pulsc 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

5-6

Table 5-6. Sample/Hold DC Accuracy Check.

3490A DC Standard
Range Output

Display Limits

v

+ 0.10000 V + 0.0998 to 0.1002 V
1V + 0.50000 Vv + 0.4998 10 0.5002 V
+ 1.00000 V + 09997 to 1.0003 V

+ 1.00000 V + 00998 to 01.002 V
mnov + 5.00000 v + 04998 10 05.002 V
+ 10.0000 V + 09997 to 10003 V

+ 10.0000 V + 0099810 010.02 V
& 100V + 50.0000 V + 04998 10 050.02 V
9 + 100.000 V + 099.97 10 100,03 V

+100.000 V + 00998 to 01002 V
1000 V + 500.000 V + 0499810 0500.2 V

*+1000.00 V + 0999.7 10 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.

¢. 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. Sct function generator Lo square wave, frequency
to | kHz, and adjust output level for 20V 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 ps). Reading should be within £ 0.001 V of the
reading noted in step e.
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FUNTION GENERATOR OSCILLOSCOPE  PLUG IN PLUG IN
hp 32I0A/B MULTIMETER hp 180D hp IBOIA hpl821A
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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 RANGE to | V.,

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).

A

5-37. The dc and ac voltage measurcment performafice
of the 3490A must be within specifications beforce
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 de¢ standard to 3490A INPUT terminals and
adjust standard output to + 0.10000 V.

b. Set 3490A FUNCTION to DC, RANGE to 1V.
Connect a second dc standard to 3490A INPUT termi-
nals and adjust standard output to + 0.10000 V. 3490A
oé?play should be + 0.99955 to + 1.00045.

o
?
N

X
N

¢. Sclect 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 vollage source having an output of 10V £ § %,
stable o 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
a satisfactory source. The following procedurce 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 Valtage
1V + 0.10000 V 1V +  0.10000 V +0.99955 10 + 1.00045
1v + 0.50000 V 1v +  0.50000 V +0.99979 1o + 1.00021
1V + 1.00000 V 1V + 1.00000 V +0.99982 10 + 1.00018
1V + 1.00000 V 1V - 1.00000 Vv - 0.99982 10 - 1.00018
1V - 1.00000 V 1v - 1.00000 V +0.99982 to + 1.00018
1V - 1.00000 Vv 1V + 1.00000 V - 0.99982 to - 1.00018
1V +1.20000 V 1V t  1.00000 V + 0.83316 to + 0.83350
10V + 1.00000 V v + 1.00000 V + 09.9955 10 + 10.0045
mnov + 5.00000 V nov + 5.00000 V + 09.9979 to + 10.0021
10V + 10.0000 V 100 V +100.000 V +099.979 to + 100.021
10V + 12,0000 V 100V +100.000 V +083.313 10 + 083.353

5-7
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b. Connect the battery to INPUT terminals, + to
HIGH, - to LOW. Note and record 3490A display.

¢. 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.

¢. 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.

CHECKS Model 3490A

5.43. External Reference Input Resistance Test.

544. A dc standard (-hp- 740B) and a 10kQ2 + 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 k€2 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 €.

5-45. HP-IB OPERATIONAL CHECK (Option 030).

5-46. A Hewlett-Packard Interface Bus system control-
ler 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 5-49,
is essentially the same procedure written specifically for
the 9820A Calculator. If the 3490A I/O circuits fail to
operate correctly, refer to the HP-IB troubleshooting
<i§§‘0rmalion, Paragraph 7-49.

o
o
<2 1. Initialize
541, AC/DC Ratio Accuracy Test. & IFC Set Interface Clear LOW
\‘\S’ IFC Return Interface Clear HIGH
5-42. A dc standard (-hp- 740B) and an ac calihra,b(sﬁ REN Set Remote Enable LOW
Chp+T454) ave.voquived for his test, ‘(’\\\Q 2. Send addresses (see Paragraph 3-104 for 3490A
a. Set 3490A RATIO switch to EXT REF 1V. aildrens codes):
Connect dc standard to EXT REF terminals and adjust ATN - Set Attention LOW
standard output to + 0.10000 V. ?7(77g) - Universal unlisten command
6 (665) - 3490A listen address (3490A placed in
b. Set 3490A FUNCTION to AC, RANGE to | V. remoteniode)
Connect ac calibrator to INPUT terminals and adjust ATN - Set Attention HIGH
calibrator output to 100 mV at 100 Hz. Display should
be 0.99865 to 1.00135. 3. Send programming instructions
F
¢. Select EXT REF and INPUT ranges and voltages 3 U Test No. 1
listed in Table 5-8 Display should be as indicated in R ’
each case. 7N

Table 5-8. AC/DC Ratio 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
LAY, 1.00000 V v 1.00000 V 09.9865 to 10.0135
0V 5.00000 V L[ AY; 5.00000 V 09.9865 to 10.0135
0V 10.0000 V L[RY 10.0000 V 09.9865 to 10,0135
0V 12,0000 V v 10.0000 V 08.3218 to 08.3448

5-8
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PERFORMANCE CHECKS

Section V

DC STANDARD/DIFFERENTIAL

VOLTMETER

hp 7408
T T
o

i\ JTI

N
Hi

N4SCA-B-304%

10558

OUTPUT CABLE

MULTIMETER

hp 34904
————— "
( N ff ===y
° O padde

X
10KQ
£041%

10.

1.

Figure 5-8. External Reference Input Resistance Test,

;4 } Single Reading with Output

IT} Immediate Internal Trigger

E - Execute

. Send addresses

ATN - Set Attention LOW
? - Unlisten command
V(1264)- 2490A talk address
- Address of listener
ATN - Set Attention HIGH

. Accept 3490A output

Check for logic test sequence

. Have 10 readings been made?

Yes - Gotol0
No - Continue

. Send addresses

ATN - Set Attention LOW

? - Unlisten command

6 - 3490A listen address
- Address of talker

ATN - Set Autention HIGH

. Send programming instruction

E - Exccute

.Goto4

Send addresses
ATN - Set Attention LOW

7 - Unlisten command
6 - 3490A listen address
Address of talker

ATN - Set Attention HIGH

Send programming instruction

F
DC
0]

12.

15.

16.

17.

18.

R
4 } 10 V Range

E

Send addresses

ATN - Set Attention LOW

? - Unlisten command

Vv - 3490A talk address
- Address of listener

ATN - Set Attention HIGH

. Accepl 3490A reading

Check for DC

. Send addresses

ATN - Set Attention LOW

? - Unlisten command
6 - 3490A listen address
Address of talker

ATN - Set Attention HIGH

Send programming instructions
¥ AC

2
E

Send addresses

ATN - Set Attention LOW

? - Unlisten command

A% - 3490A talk address
- Address of listener

ATN - Set Attention HIGH

Accept 3490A reading
Check for AC

Send addresses

ATN - Set Attention LOW
? - Unlisten command
6 - 3490A listen address

- Address of talker
ATN - Set Attention HIGH

59



Section 'V

19. Send programming instructions

|
R L
O f

F} KO

.1 k€2 Range

E

20. Send addresses

ATN - Set Attention LOW
? - Unlisten command
\% - 3490A talk address
- Address of listencer
ATN - Set Attention HIGH

29.

30.

3.

PERFORMANCE CHECKS

Accept 3490A reading
Check for 10 ke range

Send addresses

ATN - Set Attention LOW

2 - Unlisten command

6 - 3490A listen address
- Address of talker

ATN - Set Attention HIGH

Send programming instructions

? } 100 k€2 Range

E

Model 3490A

21. Accept 3490A reading
Check for KO and .1 ke range 32. Send addresses
ATN - Set Attention LOW

22, Send addresses ? - Unlisten command

ATN - Set Attention LOW A 3490A talk address

g - Unlisten command - Address of listener

6 - 3490A listen address ATN - Set Attention HIGH
- Address of talker

ATN - Set Attention HIGH 33. Accept 3490A reading

Check for 100 ke range

23. Send programming instructions 34. Send addresscs
? } I k2 Range o ATN - Set Auention LOW
_# & ? - Unlisten command
t X 6 - 3490A listen address
\o«’a@ - Address of talker
24. Send addresses N ATN - Set Attention HIGH
ATN - Set Auention LOW \§\\
2 - Unlisten command Q\\ 35. Send . o -
v - 3490A talk address N 35. = r; programming instruction
- Address of listener 3 1000 k&2 range
ATN - Set Arrention HIGH B

m

23, Accept 3490A reading
Check for | ke range 36. Send addresses
ATN - Set Attention LOW

26. Send addresses ? - Unlisten command
ATN - Set Attention LOW v

3490A talk address
? - Unlisten command - Address of listener
6 - 3490A listen address ATN - Set Attention HIGH

Address of talker
ATN - Set Attention HIGH 37. Accept 3490A reading
Check for 1000 ke range
27. Send programming instructions 38. Send address

R I ATN - Set Artention LOW
4. 10tk range ? - Unlisten command

3490A listen address
- Address of talker
ATN - Set Attention HIGH

E 6

28. Send addresses
ATN - Set Attention LOW
9

Unlisten command 39. Send programming instructions

V. 3490 talk address ¢ 10,000 K€ range
- Address of listener
ATN - Set Attention HIGH E
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40. Send addresses

41.

43.

46.

47.

48.

ATN
?
Vv

ATN

Set Attention LOW
Unlisten command
3490A talk uddress
Address of listener
Set Attention HIGH

Accept 3490A reading
Check for 10,000 ke range

ATN
K
6

ATN

. Send addresses

Set Attention LOW
Unlisten command
3490A listen address
Address ol talker

Set Attention HIGH

Send programming instructions

M
7

E

ATN
v

(303) -

ATN

Interrupt single with output

. Send address and command

Set Attention LOW

3490A talk address

Address ol listener

Status Poll Enable command
Set Artention HIGH

Accept ASCII character from 3490A
Check if DIO7 is LOW

Send addresses

ATN
2
6

ATN

Set Attention LOW
Unlisten command
3490A listen address
Address of talker
Set Attention HIGH

Send programming instructions

M
3
E

Single reading with output

49, Send address and command

ATN
A%

(304)
ATN

Set Attention LOW
3490A ralk address

- Address of listener

Status Poll Enable command
Set Attention HIGH

50. Accept ASCII character from 3490A
Check if DIO7 is HIGH

51. Send address and command

(31s)

Universal untalk address
Status Poll Disable command

PERFORMANCE CHECKS

. Check for SRQ LOW after 3490A completes a reading

Section V

52. Return to local
REN - Set Remote Enable HIGH

5-47. General Test Procedure.

5-48. This procedure checks the ability of the 3490A
HP-IB circuits to accept and process addressing and
remote programming, and to output measurement data.
This procedure may be used with any bus system
controller.

5-49. 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
547, The 9820A must have the 11144A Interfacc and
the Peripheral Control 1l 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.

Ir&uialize the calculator and 3490A by pressing
o

R
‘?}6\@
&
QA STOP EXECUTE
\@‘
A

Interface Clear,
depressed)

IFC, is LOW while STOP key is

Set REN to LOW.

Y0 ZaWMET 1EF

The above sequence requires that the following keys be
pressed

=) .D 00

C“w’ M

Snoes

WRITC

Set counterto 1.

i3 E: !,.,

5-11



Section V

Address 3490A to listen, calculator to rtalk. 9820A talk
address is U. This puts 3490A in remote control. Program
3490A to Test No. I, Single Reading with Output,
Immediate Internal Trigger.

CMD "TEU", "FIRTH
ZTIE"F

Address calculator to listen, 3490A to talk. Calculator
listen address is 5. Accept 3490A reading.

CMD “7YE SEMT %1
FED 13.8F

Instruct calculator to print reading, trigger 34904, print the
next reading, ctc., until a total of 10 readings have been
taken and printed, then go to 6.

41

FAD 5,ka B 1F E
=18 2t

§+E ABICHD “SEUY
NECL NP -2k

Address 3490A to listen, 9820A to talk. Program 3490A to
DC function, 10 V range.

s "FARE4E

=

T e
=i

Address 3490A to talk, 9820A to listen. Accept 3490A
reading. Check for DC function.

CHD "TWETIREDE 13
+osRIOE 13+2yRIOE
L3225 IF Z=pEs
FET "DC"F

Address 3490A to listen, 9820A to talk. Program 3490A to
AC function.

a0

CMD "26L" s "FZE"F

Address 3490A to talk, 9820A to listen. Accept 3490A
reading. Check for AC function.

a3

CHD “7%S"iRIE 13
2a kB 122 FIE
13475 1F 7=65}
PRT "AC'F

5-12

PERFORMANCE CHECKS

Address 3490A to listen, 9820A to talk. Program Ohms

function, .1 k2 range.
183
CMD "Tel"y "FlreE

Model 3490A

& 204

Address 3490A to talk, 9820A to listen. Accept 3490A
reading Check for KO function.

111
CHI o

Instruct 9820A to check last character of output format
(see Paragraph 3-47). Check for .1 k2 range.

FOE (3=+23IF Cd1w
Y1400 MP AF

Eﬁ S=dG=ptFRET .
1) el

Address 3490A to listen, 9820A to talk. Program 3490A to
lo@ﬂ range.

K
& 14

CM

i .?. E: |_| 'y "

Address 3490A to talk, 9820A to listen.

151

CHD "oya”

3 1+CH

Accept 3490A reading. Instruct 9820A to check last
character of output format. Check for 1 k€2 range.

i

RDE 1:+E=Ir Cil3

s 1+C408 MP B

173

IF Z-48=58iFET '

A

Address 3490A to listen, 9820A to talk. Program 3490A to
10 k€2 range.

CMD "2WE"3 150k
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Accept 3490A reading. Instruct 9820A to check last
character of output format. Check for 10 kQ range.

el 5 H

FOE 132+251F Co13
s1+C+08 IMF @k
21

IF Z2-48=43FET 1
FE -

Address 3490A to listen, 9820A to talk. Program 3490A to
100 kL2 range.

CMD "7?elU"s "RIE"E

Address 3490A to talk, 9820A to listen.

2
ol s

CHD "2¥5"51=+CF

Accept 3490A reading. Instruct 9820A to check last
character of output format. Check for 100 k<2 range.

Zd

RIOE 1:3+2i IF CL13
P1+CCT NP BR

IF Z-48=3iFRT "1
ek "

Address 3490A to listen, 9820A to talk. Program 3490A tg

1000 k<2 range. \\@
261 &
CMD "9elU"s "EZE"F

Address 3490A to talk, 9820A to listen.
27

CMD "9V5"s 1+CH

Accept 3490A reading. Instruct 9820A to check last
character of output format. Check for 1000 k€2 range.

RDE 13+23IF C<13
s1+0403 JMP @k
IF 7-48=23FRT "1

i

A ]

ot

e

T B

Fac
i

Address 3490A to listen, 9820A to talk. Program 3490A to
10,000 k€2 range.

15 H

CHI "Pel"« "REIE"F
Address 3490A 10 talk, 9820A to listen.

I HI TEUS Sy 120k

PERFORMANCE CHECKS

Section V

Accept 3490A reading. Instruct 9820A to check last
character of output format. Check for 10,000 k€2 range.

FOE 13+4711F Coi3
s 14030 |I1F (Gl
33

IF Z-42=13PRT "1
By BB " -

Address 3490A to listen, 9820A to talk. Program 3490A
operating mode to Interrupt Single with Output.

34

CHIO "l "MYE"F
Check SRQ, Service Request line. If line is LOW, 2o to
36.

S 13+Rs JMF AL

=on

F
}__
Address 3490A rto talk, 9820A to listen. Send Status
Poll Enable. Check 3490A response to SPE on data line
DIO7.
36
CMD "WEZES"SRIE 1
& 3+B3IF BXe3iFRT

& CLDIOY IS LOW"F

Address 3490A to listen, 9820A to talk. Program 3490A
operating mode to Single Reading with Qutput.

Lo B 1
o i ol

CMD "2all"s "MRE"H

Address 3490A to talk, 9820A to listen. Send Status
Poll Enable. Check 3490A response to SPE on data line
DIO7.

ag

CMD "¥3Zg"sEDE 1
3+C3IF CLe3iPRT
‘LDIOY? IS HIGH"F

Send universal untalk address and Status Poll Disable
command.

(5u]

ﬁ 29

v

L ]
—_
=

Set REN line to HIGH and end program.

4

FHMT %4 280WET 13K
41t

EHD -



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
cannot 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 + 17V 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
VII, Troubleshooting and Circuit Diagrams.

e

#

ATR429
THERMAL ADJ

\,./’/mnx ADJ

e r
- ATATR228 ]
g TURNOVER ™ 10V HF ADJ
g+ WL
ABR27
=t IV LF ADJ

ABCE 4
100V HF ADJ

Figure 5-9. Location of Adjustments, Standard 3490A.

5-14



Model 3490A

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
VIL

Table 5-9. Power Supply Voltages.

AlAl

Test Point Voltage Ripple®

+17V +1699 to+17.01V < 50 mV p-p
+ BV + 499510 +5075V < 60 mV p-p
+30V +30.10 to+3090V < 25mV pp
-17V - 16.925t0- 17175V < 50 mV p-p
- BV - 500 w- 585V <60 mV pp
- 30V - 30,10 to- 3080V <25 mV p-p

*All 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 gV are required for these adjustments.

a. Connect de voltmeter between ATAT test point A
and input Low terminal.

b. Set 3490A SAMPLE RATE control fully counter-
clockwise to 11OLD position.

c. Adjust AlAIR210 (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. &
A

e. Connect de standard to 3490A input and adjuist
standard output to + 0.00100 V. ©

f. Adjust AIAIR225 (Zero Detect Level) for maxi-
mum reading on 3490A display. Note reading.

8. Reverse polarity of input and adjust A1ATR228
(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
ATAIR225 (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.
ECAunoné

Guard Terminal should be connected to Low
or damage to the instrument may result.

a. Set 3490A FUNCTION to DC, RANGE to 10V,

ADJUSTMENT PROCEDURES

S.

Section V

b. Connect dc standard to 3490A input and adjust
standard output to - 10.0000 V.

c. Adjust ATAIR311 (+ Ref) for 3490A display of
- 10.0000.

d. Set 3490A FUNCTION to TEST, RANGE to 3.
Adjust AIAIR317 (- 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.

c. Set 3490A RANGE to 1 V.,
d. Remove short from input terminals and connect

dc standard. Adjust standard output to - 1.000000 V.
&

o
@Q.O e. Adjust A2R1S (1V Adj) for 3490A dispiay of

- 1.00000.

. 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
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c. Adjust A6R32 (] V HF Adj) for 3490A display of
1.00000.

d. Change ac calibrator frequency to 100 Hz and
adjust AGR27 (1 V LF Adj) for display of 1.00000.

e. Repeat steps ¢ and d until both rcadings 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.

565. 100 V Range Adjustments.

a. Set 3490A RANGE to 100 V.

&
b. Set ac calibrator output to 100.0000 V at IOOIQJ{x@

S
c. Adjust A6R3 (100V LF Adj) for displé;' 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.

566. OHMMETER ADJUSTMENTS.

5-67. Adjustment of the dc circuits, Paragraphs 5-53
through 5-60, 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 k&2, the 3490A display should be
adjusted to 1.00000 plus the resistance decade error.

5-16
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a. Set FUNCTION to TEST, RANGE to 7. Short {2
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 £2, RANGE to 1 k.

¢. Connect resistance decade to 3490A Input and £2
Signal terminals. Connect 3490A Guard to Input Low,
and decade Guard terminal to Low terminal.

d. Set decade resistance to | k€2 and adjust A7R14
(1 k 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
error).

g. Set 3490A RANGE to 10,000 k.
h. Set decade resistance to 10 M€ and adjust ATRI18
(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

~fesistors within 10 % of the full-range value of 1 k&2,
Q}é\ 100 k2 or 10 M2, whose resistances are known Lo

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 uV is required for this procedure. which adjusts the
gain of the Offset Amplifier.

Table 5-10. Ohmmeter Adjustment.

3490A Resistance 3490A
Range Value I Tolerance Adjustment

1 k2 900 2to 1.1 k2 + 0.0025% ATR14

100 k2 90 ki2 to 110 k2 + 0.0025% ATR16

10,000 k2 9Mstto 11 M| £ 0.01% ATR18
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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 A1Al. 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.,

¢. 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
A27R13 to split the difference between the readings in
step ¢ and step d.

¢. Continuc reversing input polarity and adjusting
A27R13 until there is no numerical difference between
readings with positive and negative inputs.

5-75. Dielectric Absorption Adjustment.

0&6. A dc standard (-hp- 740B) is required for this
;& procedure, which adjusts the dielectric absorption com-
pensation.

5th DIGIT/ '

BLANK

A27TP3 — EE

A27R14 / -

A27R13 /

LTST

Figure 5-10. Location of Sample/Hold Adjustments.
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Section V

a. With 3490A set to 10 VDC RANGE, TRACK/
HOLD, SAMPLE RATE fully clockwise, and dc standard
connecled Lo 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 10kQ 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 210 200 V und a width of at least 30 nanoscconds.

a. Connect equipment as shown in Figure 5-7. If the
3490A has BCD/Remote Expand Option 020, also
connect Stretched Pulse Qutput (J7 pin 10) to External
Encode (J7 pin 28).

b. With 3490A set to 10 VDC RANGE and TRACK/
HOLD as in previous adjustment, set SAMPLE RATE to
HOLD.

¢. Set oscilloscope controls for External Trigger,
negative slope and Main swecp. Set Main sweep to
.1 ms/div., Delayed sweep to 1 us/div,

d. Set function generalor to square wave, frequency
to 1 kHz, and adjust outpul level for 20 V peak-to-peak
signal as displayed on oscilloscope.

¢. Adjust oscilloscope delay control so that intensi
fied trace begins approximately 450 ps after negative-
going transition of square wave. Nole 3490A mﬁing.
which should be near zero.

f. Adjust delay so that intensified trace begins
approximately 120 ps after negative-going edge of square
wave.

g. Adjust A27R3., Response. for display noted in
step e.

h. Remove top guard cover and move “Sth Digit
Blank™ wire from Test Point M to Test Point L.

i. Replace and sccure top guard cover.
5-79. RATIO REFERENCE ADJUSTMENTS.

5-80. Adjustment of the dc cireuits, Paragraphs 5-33
through 560, must be completed before beginning the
Ratio Reference Adjustments. A dc standard (-hp-
740B), a I M + 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.
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Model 3490A

oe =
o
0
5
N

2% (10000000000 [ ]

B9CH B 20AT
O .

Al3
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 10 V. 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 outpul.

90
NOTE

Steps ¢ and d adjust the zero setring of the
External Reference Amplifier and the Feed-
back Amplifier. With the 3490A sct ro Test
4, the integrator charges to the External
Reference Amplifier output and discharges
to the * 10.0000V input. If rthe zero
adjustments are set so that the amplifier
output and the 3490A input voltage are the
same polarity, the display indicates Over-
load.

¢. Adjust AI3RI17 (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 AI3R17 with
positive and negative 10.0000 V inputs until display
reads zero + 0.0001 V for either pdlarity input,

d. Set RATIO switch to EXT REF 1 V. Adjust
A13R8 (Offset 1) with positive and negative 10.0000 V
nputs 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 I Vand 10 V EXT REF ranges.

f. Remove short and connect | MS2 resistor to EXT
REF terminals.



Model 3490A

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 M 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 9.5V and
10.5V, or other floating voltage source stable within
I mV/hr, to INPUT terminals, - to High, + to Low. Note
3490A rcading.

k. Connect dc standard to EXT REF terminals and
set standard output to positive voltage equal Lo negative
reading in step j.

I. Set RATIO switch to EXT REF 10 V. Note 3490A
display.

m. Reversc 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 | is
cqual 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 EXT REF | V.,
With mercury battery connected to INPUT, - to HIGH, +
to LOW, note 3940A display.
A
0. Reverse the polarity of the voltage at bothahe
INPUT and the EXT REF terminals, Adjust AT3RS,
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 and
set standard output to positive voltage equal to negative
reading in step j.

S

ADJUSTMENT PROCEDURES Section V

s. Set RATIO switch to EXT REF 10V. Adjust
AlI3RI14 (10 V Adj) for display of - 10.0000.

L. Reduce EXT REF voltage to 1/10 the voltage
selected in step k (positive). Sct RATIO switch to EXT
REF | V. Adjust AI3RI2 (1V Adj) for display of
- 10.0000.

u. Sct 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
AlAIR317 (-Refl) to obtain this condition. Record
both readings (after adjustment).

v. Set RATIO switch to EXT REF 10V. Apply
-10.0000V o EXT REF terminals. Readings will
alternate + and - as in previous step. Record positive
reading.

w. Adjust AI3RI19 (Offset 301) for positive display
equal to

(positive reading, step u) + (positive reading, step v)

a4

<Ox. Adjust AIAIR317 for positive display equal 1o

@Q\ppusilive reading in step u.

y. Positive and negative displays should now be equal
+ | count, and equal 1o 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 ovperate the 34904 with the
Ratio Assembly A 13 removed and the Ratio
Jumper Assembly A26 inserted in its place,
it will be necessary to perform the Reference
Adjustments, Paragraph 5-57.

5-19



PERFORMANCE TEST RECORD

Hewlett-Packard Model 3490A

Multimetér
Serial Number
PARAGRAPH DESCRIPTION
59 DC Voltmeter Accuracy
Range Input
av + 0.01000 V
+ 0.05000 vV
+ 0.10000 V
1V + 0.10000 V
+ 0.50000 v
+ 1.00000 V
1oV +1.00000 V
+ 10.0000 V
100V + 10.0000 V
+ 100.000 V
1000 V + 100.000 Vv
+ 500.000 V
+ 1000.00 V
5-11 AC Voltmeter Accuracy
Range Input Freq.
1V 1v 20 Hz
1V 10 kHz
v 100 kHz
1nov 1v 100 kHz
5V 20 kHz
v 20 Hz
100 v 0 V 100 Hz
100 Vv 50 kHz
1000 V 1000 vV 10k
1000 Vv 100'Hz
R
1V 1V 250 kHz
10V 3v 250 kHz
5-15 Ohmmeter Accuracy
Range Input
1k 100 Q
1 k&2 1 ka2
10 k&2 10 ks2
100 k2 100 kil
1000 k&2 1 MQ
10,000 k2 10 M
5-20 DC Common-Mode Rejection
5-22 AC Common-Mode Rejection
5-24 AC Normal-Mode Rejection
5-26 DC Voltmeter Input Resistance
10 V Range
100 V Range
528 AC Voltmeter Input Impedance
Without Rear Terminal
25 Hz
250 kHz
With Rear Terminal
25 Hz
250 kHz

&

2

Pos.

Tests Performed by

READING

Neg.

oo&

&

041321

Date
TEST LIMITS
Min, Max.
009995 010005
049390 050010
099985 100015
0.09997 0.10003
0.49994 0.50006
0.99930 1.00010
00.9997 01.0003
09.9990 10.0010
009.997 010.003
099.990 100.010
0099.97 0100.03
0499 .92 0500.08
0999.86 1000.14
0.99600 1.00400
0.99875 1.00125
0.99875 1.00125
00.9965 01.0035
04.9925 05.0075
09.9600 10.0400
009 .965 010.035
099 .875 100.125
0998.65 1001.35
0998.75 1001.25
0.99190 1.00810
02.9715 03.0285
Min. Max.
099983 100017
0.99988 1.00012
09.9988 10.0012
099.988 100.012
0999.86 1000.14
09996.3 10003.7
0.00005
- 00.0001
- 00.0316
- 00.0010
000.908 000910
0.65975
049211 -
0.65804 -



PERFORMANCE TEST RECORD (CONT'D)

Reading

PARAGRAPH DESCRIPTION READING
5-32 Sample/Hold DC Accuracy
Track/Hold
Range Input Pos. Neg.
1N + 0.10000 V
1V + 0,50000 Vv
1v + 1.00000 vV
v + 1.00000 V
1oV + 5.,00000 v
10V + 10.0000 v
00V + 10.0000 vV
100 v + 50.0000 V
100 V + 100.000 vV
1000 V + 100.000 V
1000 V + 500.000 V
1000 V + 1000.00 V
Acquire/Hold
1V + 0.10000 V
1V + 0.50000 V
1V + 1,00000 V
1oV + 1.00000 V
1oV + 5,00000 V
10V + 10,0000 V
oo&
100 V + 10.0000 V o
100 Vv + 50,0000 V R
100 v + 100.000 V S?*’
1000 v + 100,000 V .\\\@\
1000 V + 500.000 vV ,s\\Q
1000 V £1000.00 v
5-34 Sample/Hold Response
10 V range, 1 kHz
1 V range, 200 Hz
5-38 DC/DC Ratio Accuracy
Preferred Method
Ext Ref Ext Ref Input Input
Range Voltage Range Voltage
1V + 0.10000 V 1v + 0.10000 V
1V + 0.50000 V 1V + 0.50000 Vv
1V + 1.00000 vV 1V + 1.00000 V
1v + 1.00000 V 1v - 1.00000 V
1V - 1.00000 V 1V - 1.00000 Vv
1V - 1.00000 V 1V + 1.00000 Vv
"N + 1.20000 VvV 1\ + 1.00000 Vv
0oV + 1.00000 VvV v + 1.00000 V
10V + 5.,00000 Vv mnov + 5.00000 v
oV +10.0000 V 100 VvV +100000 V
10V +12.0000 V 100 v + 100000 Vv
Alternate Method
Ext Ref
Range Pos. Neg.
v
v

TEST LIMITS
Min Max,
+ 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
+ 049.98 050.02
+ 09997 100.03
+0099.8 01002
+ 04998 0500.2
+ 09997 1000.3
+ 0.0998 0.1002
£ 0,4998 0.5002
+ 0.9997 1.0003
+ 00998 01.002
+ 04998 05.002
+ 09997 10.003
+ D09 98 010.02
+ 049 98 050.02
+ 099.97 100,03
+ 00998 0100.2
+ 04998 0500.2
+ 0999.7 10003
£ 0001V
+ 0001V
Min, Max.
+ 099955 + 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
+ 099979 + 100021
+083.313 +083.353
09.9982 10.0018
09.9982 10,0018



PERFORMANCE TEST RECORD (CONT'D)

PARAGRAPH DESCRIPTION READING
5-41 AC/DC Ratio Accuracy
Ext Ref Ext Ret Input Input
Range Voltage Range Voltage
1V 050000 v 1V 050000 v
1v 1.00000 V 1v 1.,00000 V
1V 1.20000 vV 1v 1.00000 vV
v 1.00000 V 10V 1.00000 Vv
v 5.00000 vV v 5.00000 V
1oV 10.0000 Vv 10V 10.0000 V
nov 12.0000 Vv 1oV 10.0000 Vv
543 External Reference Input

Resistance Test

TEST LIMITS
Max, Min,
0.99865 1.00135
0939865 1.00135
0.83218 0.83448
09.9865 10,0135
09.9865 100135
099865 100135
08.3218 08,3448

100 counts change



Model 3490A

Section V1

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION,

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. [nstrument model number,
b. Instrument serial number.
c¢. 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.

ABBREVIATI l
ag veverna . s .. silver Hr .., nartz (cyclels) per second) N cere e e . o EgALive pOsilive zera o ¢ . ... slice
Al d ceee s aaas . Jluminum (rwro temgeature coulficient)  SPOT ... single-pole double-throw
A amperelst 1D sk ciamel Dns ... . nanosecondis) = 10°9 seconds  SPST .. vingle-pole single throw
Ay R R A ...gold  impg ... . impregna nsr AN ... notseparately replacesble

incd . ., o s oa i 4INVE t Ta . . Atantalum
c capacitor  ins vl vied) £ o s Y . | " U terroeratute cosllicient
= CRIANTIC obd . ..... R . .order by description T3 ... titaniur dioxude |
coet A ... coefficient  RED ... .. lilohmis) ‘\,1\0'“ ohew 0D ..o ... outside dismeter  tog . roggie
cem s : vieo....common kHz \II:MAQ& 10* 3 heety ol tokerance
cong OOt 0N ‘(\ B g g . .peak  thim ., .. BT
cony ... .. : —aocconapetion: LLLliladdliddididaan co...inductor pA ... ... - 2 . .picosmpereis) TSTR . trangstne
hn .. hnear taper . printed circant
dep: deposited 109 .................... logsrithmictaper oF .. .. ... ... picolersdis) 107 fareds v ... ... ..., . _ woltish
DPOT . ... doubie-pole double-throw oiv e e . peak inverse voltage  vacw .. .. alternating current working voltsge
oPST doutsle pole single-throw  mA millamperels) - 10°2 amperes  plo partol  wm wiabiln
MHE e . megahertz = 10°6 herez  pos . .. faeesiaaes s oo, DOSITHOOIS)  vdew .. ... direct current working voltage
elect wectralytic MO . .megonmisl - 10*6 ohms  poly polystyrens
encap encapsulated  met lim .metol film  pot potantiometer W . . waattisl
mir . manufacturer oo . . peak-to-peak  w' ... .. o A with
F faradis) M3 .. .millissccnd  pom oL - parts per million  wiv . - . working inverse wolioge
FET .. Tiald effect transistor g moynnrg  prec . precision {temperature coellient, wie .. s R p without
fudd . . L Hixed  mV millivaltis) = 10 vals long term stability and/or tolevance) ww ..., L. - wirgwonng
WF .. microfaradis)
Gads gallum asenude  J8 . microsecond(sl R FEmasOn
GHz _gigaherts = 10*9 hertz MV mucrovaltis) - 108 wolts  Rh . vove e rthodium
™ 2 quardled) My Myl ot | toot-mean square aptimum value selected at factory
Ge ger AT rot _, Tty average value shown [part muy e omitted)
ang . .groundled) nA rumoampereis) -~ 109 gmpares no standard type number assigned
NC normally closed  S5e . slenium swlected or special type
I w heery (i) Ne . .. ..neon  wct . . wection(s)
Hg mercury NG .. normally open S silicon @ Dupont de Nemours
DECIMAL MULTIPLIERS
- - —
Prefin Symbals Multipher Prefix Symbols Multiphar |
tera T 1012 cent| e 10?
gge G 102 milli m 103
megs M or Meg 106 micro u li.'}'6
Kilo Kork 10° nang n w02
hecto n 102 pico P 1012
deka da 10 femto [ ID";
. -1
dec d 10 atto a w . STD.B-2734
DESIGNATORS
A assembly  FL filer 0 trarsistor TS ter el st
2] ..matar  HR heater  OCA ransistordiode U . ...... .... iy v mecroc et
BT battery IC .. .. integrated cirewit R . ... ... resistor V. vecuum tube, neon bulb photocell, e1c
| € CIOBCIIOr d Liuauudai dedicaaens . cojeck AT L thermistor W cable
CR ... diode K, Jaehy 5 waitch X . . ancket
o] deluy line L .. dnducter T ..., L., transformer  XDS o T2 i lampholder
ns = ceecdamp MO meter TB ., . .. werminal bowg  XF LS o % fuseholder
E misc electronic part MP | mecnanical part TC ... thermocouphe ¥ erystal
F fuse P plug TP et point 2 r P . ‘ netwark

6-1



Section VI Model 3490A

Table 6-1. Replaceable Parts

Reference ‘ol Mfr
; . HP Part Number| Qty Description Cod Mfr Part Number

Designation ode

Al 03490- 66551 && 1 MAIN CERCHIY ROARD ASSY 78480 03490~ 66541

AlC1 01 500093 26 C:FXD CER 0.01 UF +H0-20% 100VOCW 12982 801-K8040011

AlC? oL50-00913 C:FXD CFR Q.01 UF +80-20% 100VDCHW 12982 801-KBOON1]

ALCY 0150-0093 C:FX0 CEK 0-01 UF +H0-20% 100VDCW 12982 80)-KB0OO L1

AlC4 0150~0093 C:FXD CER D.01 UF +80-20% 100VDCW 12982 801-K800011

Al1CS 0L50=-(1093 CzFXD CER 0.01 UF +AD-20% 100VOCW 17987 RO1-KARNOOLL

AlCé& 0150-0093 C:FXD CER 0.01 UF +RO-20% 100VDCW 12982 801-KB10Q11

ALCT 0LS50-0093 C:FXD CER 0.01 UF +80-20% 100VDCH 12982 801-K800011

AYCE 0150-0093 C3FXD CER D401 UF +80-20% 100VDCW 12982 801-K830011

AlCS 0180-1701 3 CIFXD FLECT A8 UF 20X 6VDONW 28480 0180-1701

AlCI2* 0140-0199 & A%X C:FXO MICA 240 PF 300VDCW 72136 DM15F241J0300WV 1CR

A1C13* 0140-0208 @\ 1 C:FXD MICA 680 PF 300VDCW 72136 DM15F681J0300WV ICR

A1C101, C102 0180-0582 C:FXD 270UF 30VDCW 56289 6720277H0400T27

A1C103,C104 0180-0581 C:FXD AL 120 UF 58VDCW 56289 6720127H0500T2C

A1C105,C106 0180-0582 C:FXD 270 UF 30VDCW 56289 £720277H0400727

a1C107 01800581 C:FXD AL 120 UF 50VDCW 56289 6720127H050072C
1200-0185 7 INSULATOR: PLASTIC (FOR C101-C107) 13103 7717-86N Red

Al1C10¢8 0180-0309 2 C:FXD FLFCT 4.7 UF 20% 10VDCW 56289 150D475XQ01DA2-DYS

AIC10S 0150-0071 12 C:FXD CER 400 PF +80-20% 500 VOCM 56289 C0168102E401J527—COH

AlC110 01L80-0197 13 C:FXDN ELFCT 2.2 UF 10% 20VDCW 56289 150D225X9020A2 -DY S

Al1Ci11 0180-1746 ? C:FXD FLFLT 15 UF 10% 20VDCHW 28480 0180-1746

AlC112 0150-0096 3 C:FXD CFR 0.05 UF +80-20% 100VYDCW 91418 TA

AlCL12 0180-0291 4 C:FXD ELFCT 1.0 HF 10% 3ISVICW 562 89 1500109X3035A2-0Y5

AlC114 0150=-0050 CiFXD CFR 1000 PF +#80-20% 1000VOCW 56289 CO67BL02E1022526-CDH

ALC115 0180-1746 CIFXD ELECT 15 UF 10% 20VDCK 28480 0180-1746

AlCL1L & 0L80-0309 C:FXD ELECT 4.7 UF 20% 1LOVDCW 56289 150D4T5X0010A2-DYS

AlC117 0150~-0096 C:FXD CER 0,05 UF #80-20% 100V0OCW 91418 TA

AlCl18 0180-0291 C:FXD FLECT 1.) MFE 10% 3SVOCHKW 56289 1500109 X5035A2-0YS

AICILS a180-2507 1 C:FX0 6000 UF 28480 Q0180-2507

ALCLI?2] 0150-0096 C:FX0 CER 0.08)UF +80-202 100VDCW 9L414 TA

AlCL22 OLBO-1 704 1 CiFXD FLECTF 47 UF 10X AVDCW 28480 0180—-1704

ANC201 0160-0356 1 CsFXDCMICA 18 PF 52 28480 0160-0356

ALC202 0140-0194 1 CiEXP MICA 110 PF 5% 12136 RDM15F11143C

AlC2013 5080—9047 1 C:FXD 0.33 UF 10% {HAND SELECTED) 28480 5080-9047

ALC204 0160-0181 2 C:FXD MICA 30PF 5% 300VNCwW 14655 ROM1SE300035

ALC20S 0160-2605 4 CtFXD CER Q.02 MFD +80-20% 25VDLN 12982 S$835000-Y5U 2032

ALC20¢ 0150-0093 C:FXD CER 0.01 UF +80-20% 100VDCH 12982 80}-K800011

AlLC207 oL60-3133 1 C:FXD MY 2 UF 10% 100VDCH 864411 663U

ALC208 0L&0-2605 CFXD CFR 0.32 MFD +80-20% 25VDC W 72982 5835000-Y5U 2037

ALC209 ~ NL40-03201 L C:FXD MICA 12 PF 5% 284380 0140-0201

AlC?1C 01 50-00%9 1 C:FXD CER 3.3-0.25 PF SOOVOCW 72982 301-000-C0J0-339C

ALC302 0180-0374 L C:FXD 10 UF 20 VDC 56289 150D106X902082

ALC304 0L60-2605 C:FXD CER Q.02 MFD +80-20% 25VOC W T2982 $835000-Y5U 2032

ALC305 0160-0820 2 CiFXD CFR Q.05 UF +#80-20% 25Vl 72982 5855 YSU 5037

A1C306 0150-0024 A& C:FXD .02 UF 600 VDCW CER 71590 DD203-Z5U— +80— 20

A1C307 0150-0098 A\ C:FXD .05 UF 100 VDCW CER 28480 01500096

Al1C401 0l60-2199 4 C2FXD MICA 30 PF 5% 300VOCW 28480 v160-2199

AlC403 0150-0034 5 C:FXD CER 0.1 UF +80-20% 100VDCW 72982 8131-1N0-651-1042

A1CS01L 0[10-0019& 1 C:FXD MY 0.1 UF ST 200VOCNW 28480 0170-0019

ALCS502 01500084 C:FXD CER 0.1 UF +80-20% 100VDCW 72982 8131-100-651-1042

ALCS503 0160-2207 i C:FXD MICA 300 PF S2 28480 0160-2207

Al1C504 0150-0084 B C:FXD CFR Q.1 UF +80-20% 100VDCW 72982 8131-100-651-10417

ALCS0S5 0170-0021 /3\ 3 C:FXD MY 4700PF 10% 400VOCW 84411 H63UNLT 2%4

ALCS50¢& 0180-0291 é& C:tFXD FLECT 1.0 UF 10% 35VDCK 562 89 150D105%9035A2-DYS

A1CS507 0180—0291@5 C:FXD FLECT 1.2 UF 1D0% 35VDCW 56289 150D0105X9035A2-DYS

AlLCSOR 0170-0021 A\ C:FXD MY &700PF 10X 400VOCH 84411 663UNGT 294

AlCR1 1901-0040 52 DIODE:SILICAN S0 MA 30 WV 07263 FDG108A

ALCR2 1902-0041 4 OIODE:BREAKDOWN S.11V 52 06713 S$710939-98

ALCR3 1902-0049 3 DIGDF:BREAKDOWN 6£.19V S% 04713 SZ10%35-122

4 Refer to Backdating Sec. VIII See introduction to this section for ordering information

6-2



Model 3490A

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

Section VI

A Mfr
Reference o part Number| Oty Description Mfr Part Number
Designation Code
ALCR4 1907=-0041 DINDEIRRFAKDNWN S.11V 5% 04713 $210939-98
AlCRS 1901-0040 DINNF:STLICUN 50 MA 30 WV 07243 FDG1IR8
AlCRE 1901-0040 QINNE:STLICON 50 MA 30 wv 01263 FDG1 088
ALCRTY 1901-0040 DIOOE:SILICON 50 MA 30 WV 07263 FDG10OB8
ATCRS 1901-0518 DIODE:HOT CARRIER 28480 1901-0518
AICRICT 1901-0028 to DIODE:STLICON 0.75A 400P1YV 04713 SR1358-9
A1CR102 1901-0028 DIODE:STLICON 0.7%9A 4JDPLV 4713 SR1358-9
AICRIC3 1901~00728 DIODF:STLICON 0.754 400P1V 04713 SR1358~9
AlCR1C4 1%01-0028 DEODEISTLICON D.75A 400PIIV 04713 SR1358-9
ANCRLICS 1301-0028 DIDDEISTILICUN 0,754 400PIV 0%713 S5R1358-9
AlCRICE L90i-0028 DINDEF:SILICON 0.T5A 400P1IV 04713 SR1358-9
AICRICT 1301-00248 DIODE:STLICON 0,758 400P1V 04713 SR1358-9
AlCR1C8 1L901-0028 DIMME:SILICON 0.T5A 400PIV 04713 SR1358-9
AICRI(CSY 1901-0040D DIODE:SILICON 50 MA 30 WV 07263 FNG1 088
AICRL 1O 1902-0184 1 DINDF BRFAKNDDWNISILICON 16.2V 5% 28480 1902-0184
AICRL11 1902-0594 2 DIGNF BRFAKDOWNZz18.2V 5% 1W 04713 SZ11213-215
AlCR112 1901-0040 DIDDE:SELICON SO MA 30 wy 071263 FOGLORAA
A1CR113 1902-0654% 2 DIONE BREAKDOWN:33.2V 53 7?8480 19020654
A1CRI 14 1902~-0594 DINDF BRFAKDOWN:I L8.2Y 5% 1W 04713 $711213-215
AlICRI1S 190?2-0514 1 DIONEIZFNER 5.62V 2Z 1W 28480 1902-0514
AlCRL1E 12072-055% 1 DINNE BREAKD(IWN: H.19V +27 04713 SZ11213-81
ALCRILT 1901-0040 DINDE:STILICAN 50 MA 30 wV 07263 FDG1 088
AICR1I1R 1902-0654 DINNE ARFAXKDOWN: 33,2V 5% 28480 1902-0654
AlCR119 1901-0200 2 DINDE:S1 3 A 100 PRRY 28480 1901-0200
AlCR120 1901-0200 DIIDE:ST 3 A 100 PRRV 28480 1901-02900
AICRLz1 1501-0040 DIODE:STLICON 50 MA 30 WV 07263 FDG1 084
ALCR122 190 t-0040 DIODE: SILICON 50 MA 30 wy 07263 FDG1088
A1CR122 1901 -0040 DIODE: SILICON 50 MA 30 Wv 07263 FDG1088
AlCR2C] 1501-0040 DIODE:STLICON S0 MA.-30 WV 07263 FDG1 088
AICR2C2 1901-0040 DINDE:SILICON 50./MA 30 WV 07263 FDG10848
AlCR2C3 1301-0040 DIGDE:SILICON S0 MA 30 wWV 07263 FDG1 088
ALCR204 1902-3104 2 DINDNE:RREAKNOEN 5 .62V 5% 04713 $210939-110
ALCRZCS 15901-0040 DIODE: SILICON 50 MA 30 WV 07263 FDG1088
ALICR2CE 19010040 DIODE: SILIGON 60 MA 30 WV 07263 FDG1088
A1CR4C1 1901-0040Q DINDF:STLICNAN 50 MA 30 WV 07263 FDG10KE
ALCR4C2 1L301-0040 DIONE:STLICON SO MA 30 Wy 07263 FDG108A
Al1CR4C3 1%802-0025 1 DIONE+BREAKDOWN:10.0V S¥ 400 MW 28480 1902-0025
ALCRS(O) 19307-3190 8 DYDAF BRFAKDOWNz 13.0V 53 400 MW 28480 1902-3190
A1CRSC2 1901-0040 NINNE:SILICON 50 MA 30 WV 07263 FDG1088
AlCRSC3 1901-0040 DIODE:SILICOIN SO MA 30 WV 07263 FDG1 0838
AICR5C4 19072-3190 NIOOF BRFAKDOMWN:L13.,0V 5% 400 MW 28480 1902-3190
ALCRSCS 1901-0040 DIODF:STLICON S0 MA 3D WV 07263 FDG1U88
ALCRS5CE 1901-0040 NIONF:STLICON S50 MA 30 WV 07263 FDG1 088
ALCRSC? 19201-0G04Q DINDE:STLICON 50 MA 30 Wy 07263 FDG1 0OBE
ALCRSCSB 1901-0040 DIODE:STILICON SO MA 30 WV ar2é3 FDG10B8
AICRSCS 1901-0040Q DIODE:STILICON S0 MA 30 WV 07263 FOG1088
ALICRS1C 1901-0040 DINDE:STLICON SO MA 3D WV 0Tr263 FDG1088
AICRS1) Le0L-0040 RIODE:SILICON SO MA 30 wWv 0r1263 F0G1088
AL1CRS512 1901-0040 DIONE:SILICON 50 MA 30 wVv 07263 FDG1088
Al1CRS13 1902-Q049 DIODF:BREAKDOWN 6.19V 5% 04713 $210939-122
AlJl 1751=-2134 4 CONNECTOR:PC 12X18136 CONTACTS 71785 252-18-30-340
ALJ2 1251-2292 2 CONNFCTOR:PC {1 X 18) 1B CONTACY 7L 785 252-18-30-3150
Al1J3 1251-2292 CONNECTOR:z2PC {1 X 183 18 CONTACT 71785 252-18-30~350
AlJs 1251-2134 CONNFCTOR:PC {2X18)35 CONTACTS 71785 252-18-30-340
AlJé6 1251-2034 1 CONNECTOR:PC FOGF (2 X 10) 20 CONTACT TLHT8S 252-10-30~-300
AT 1251-2134 CONNECTOR:PL (2X18136 CONTVACTS T1 185 252+-18-30-340
AlJ8 1251-2134 CONNECTOR2PC 12X18)36 CONTACTS 71785 252-18-30-340
AlK401 0430~-0740 1 RELAYIRFFD 28480 0490-0T40
AlIK402 0490-1105 3 SWITCH:REED 28480 0490-110%
AlMPL 1200-046% 5 SOCKET:IC 28 CONTACT DuUAL-INLINE TYPE 28480 1200-0469
AIMP2 1200~046%9 SOCKET:IC 28 CONTACT DUAL-INLINE TYPE 28480 1200-0469
AL1MP3 12G60-0431 5 SOCKET:IC 24 CONTACT 28480 1200-0431

A Refer to Backdating Sec. VI
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Section VI

Taoble 6-1. Replaceable Parts(Cont'd]

Model 3490A

s Mfr
Reference 1o part Number Qty Description Cod Mfr Part Number
Designation ode
ALMP4A 17200=0473 20 SOLKEFT:IC 16-=PIN 24480 1200-0473
A1MPS 1200-04T4 33 SOCKFTIIC 14=PIN 28480 L200-D4T4
AlMPE 0340-0060 20 FEFDTHRUzZ TNSULATED MOUNT [NG 28480 03 40-0960
ALIMPT 0340-0040 FEFNTHRU:z INSULATFD MOUNT [NG 28480 0340-0060
AlMPB 1200-0437 14 SOCKET:IC 8 PIN 17117 5566-235-5
ALMPG 1200-0437 SOCKFTzIC & PIN 17117 55&66-235-5
ALMPLC 1205-0033 2 HEAT SINK:SEMICONDUCTOR 05820 207-CAR
ALMPY L 1705=00133 HEAT SINK:SEMICONDUCTOR 05820 207-CB
AIMP]L 2 1400-0760 21 CLIP:MOUNTING ASSY(SET OF 3) 28480 1400-0760
AIMP12 1400-0760 CLIP:MOUNTING ASSY(SET DF 3) 28480 1400-0760
AIPL 1251=-3234 1 CNNNFLCTNR STRIP: L&4=PIN 78480 1251-3234
ALP2 1251-3238 1 CONNECTOR STRIP:z LA-PIN 2480 1251-3236
AlD1 1A53-00L0 15 TSTR:SI PNPISFLFCTED FROM 2N32511 28480 18453-0010
AlQ? 1B54=-0GT1 47 TSTR:ST NPNISELECTFD FROM 2NITO&) Z84R0 1854-0071
Al03 1854=00T1 TSTR:zSI NPNISELFCTED FROM 2N3TO4&) 28480 1854-00T1
AlQlol 1854-0569 2 TSTRz ST NPN 28480 1854-0569
A10102 1854-0087 17 TSTR:ST NPN #0131 2N3417
AlQl02 1854-D0A7 TSTR:zS1 NPM 80131 FLETS W
AlO104 1853-0051 1 TSTR:SI PNP RD131 2H&403T
410105 1853-0086 5 TSTR:S1 PNP BO131 2NS508T
410108 1854-00T71L TSTR:ST NPNISELFCTED FROM 2N3T04) 28480 18%4-0071
&41Q107 1854-0569 TS5TR:zS51 NPN ZBAHO 1854-0549
AlO108 1853-0086 TSTR:SI PNP BOL3L 2ZNS08T
AlQlos 1853-00Ra TSTR:zSI PNP BO131 2NS0aT
algtlc 1854-0039 2 TSTRzST NPN 80131 2N3053
AlQ111 1854-0039 TSTR:zS1 NPN 80131 2N3053
AlQll2 IRS4=-00T1 TS5TA:zS] NPN{SELECTEN FRDM 2NITO4) 28480 1854-0071
AlQ2010 1853-0010 TSTR:z 51 PNPUSELECTED FROM 232511 284R0 1853-0010
AloZoz LBS54-0215 9 TS5TR:ST NPN B0Ll31 2ZN39 04
algz2o3 1854-0215 TSTR:SI NP ROL131 2NI904%
AlQ204 LB55-0093 9 TSTR:FFET N-LHANNEL 28480 LASS-0093
A1020% IAS5-0093 TSTR:FFT N=CHANNEL 28480 185%-0093
AlQ20¢ 1855-0108 L3 TSTR:zS1 NPN DUAL 28480 1855-0308
Ak0207 1855-0308 TSTAYSI NPN DuUAL 2B480 18%5-0308
Aloz0a 1855-0093 TSTR:FFT N-LCHANNEL 28480 1855-0093
AlQ20% 1A55-0410 1 TSTR:FFT 2B 480 18550410
AlQ210 1853-0010 TSTR:S51 PNPISELECTED FROM 2n3251) 28480 1853-0010
AlQ211 1854-0215 TSTR:51 WPN 80131 2N3G 04
410401 1853-0036 & 4 TSTRISI PNP 80131 2N3906
AlD4D2 1853-0010 TSTR:zS51 PNPISELECTED FROM 23251) 28480 1853-00L0
AlD40D3 1854-0215 TSTR:S51 NPN 04713 SPS 3611
AlOADS LAS53-0010 TSTR:S1 PNPU{SELECTED FROM 2N3251) 28480 1853-0010
A10405 1854-0215 /B, TSTRzSI NPN 04713 SPS 3611
AlLO4DE L853-0010 TSTR:SI PNP(SELECTED FROM 2N3251) 28480 L853-0010
A10407 1854 -0215 & TSTRzSI NPN w713 5PS 3611
Al1O40R IEE]-O[H&& TSTR:zSI PNP 80131 2N3506
AlD&0% 1853-0010 TSTR:ST PNPISFLECTED FROM 2N3251) 2B4R0 1853-0010
Al1041C 18540215 TSTR:S1 NPN 04713 5P5 3611
AlO411 1853=-0010 TSTH:SI PNPISELECTED FROM 2M3251) 2B4R0 1853-0010
Al0412 18540215 TSTR:zSI NPN 04713 SPS 3611
AlO&13 1853-0010 TSTR:SI PNP{SFILFCTED FRMAM 2N3251) 2BABO 1853-D010
AlC&L4 1854-0215 A@.\. TSTR:SI NPN 04713 SPS 3511
AlO4&LS 1853-0010 TSTR:SI PHNPISELECTED FROM 2M3251) 28480 1853-0010
al04l e 18540215 TSTR:ST NPN 04713 SPS 3611
ALOALT 1853-0C10 TSTR:SI PNPISELECTED FROM 2M3251) 28480 1853-0010
410418 1854-0215 TSTRISI NON 04713 SPS 3611
AlQ420 1853-0010 TSTR:SI PNPISELFCTED FROM 2N32511) 83450 53-0010
A10421 1854-0215 A\ TSTR:ST NEN n 3611
AlO&?2 IBRS3-0010 TSTR:SI PNPISELECTED FROM 2N325L) 28480 1853-0010
AlO423 18540215 TST :51 NPN 04713 SPS 3611
AlO&24 1853-0010 TSTR:S5T PNPISFLFCTED FRDOM 2N32511) 2RHAB0 1853-0010
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Table 6-1. Replaceable Parts(Cont'd)

Section V1

I Mfr

Reference |1p oot Number Qty Description Mfr Part Number
Designation Code
L1042% 18540215 {3, TSTR:SI NPM 04713 SPS 3611
ALO4ZE AS3=0010 TSTR:S1 PNP{SELFCTED FRNM M 3I75L10 28480 L853-0010
Alc427 18540215 & TSTR:SI NPN 0a71d SPS 3611
AlCS01 1A%31-00346 TSTR: ST PNP HO131 2ZN390D6
Al10502 1853=-n036 TSTHR:ST BNP 80131 2N3506
AlQS503 1854=-0215 TSTR:SI NPN 8013l 2N39
410504 LE54-0215 TSTR:ST NPN #0131 7N3908
410505 1854=-0215 TSTR:ISI NPN 80131 2ZN3904
ALOS0¢ 1853-0235 3 TSTR:ST PNP 28480 1852-0235%
AlC507 1854-02135 TSTR:ISL PNP 2B 480 18%3-0235
alcsoe 1854=0215 TSTRISI NEN HOL 3L 2N3904
410505 1854-0221 1 TSTRIST NPNIRFPL.AY 2N&4D44) 2R480 1854-0221
At0S1C LA54=0215 TSTR:S1 MNPN 80131 2N3904
410511 1853-0235 TSTR:5T PNP ?B480 1853-0735
Al0512 LR54=0071 TSTRISI NENISFIFCTEN FROM 2N3704) 28480 1854=0971
A1QCH301 50806000 1 REFERENCE AMP ASSY: INCLUDES

R306, 308, 310, 313,314 315 28480 50606000
AlR1 O6a4-1531 39 RIFXD COMP L5K GHM 10T L/4W 01121 CB 1531
AlR2 N6 fRs - 1821 & RIFXND COMP T BE MNHM 108 1/4W o1r21 CcR 1821
ALR3 0L84-1531 RIFXD CAMP 15K DHM 10E 1/74W a1zt cB 1531
AlR & O6Ra=1531 RIFXD COMP 15K DHM 10T 174K o112l CB 1531
ALRS 0684-1531 RIFXD COMP 15K DHM 10T L74W o121 CR 1531
ALRE 0684-1531 RIFXD COMP 1SK MHHM 10T 174 o121 CB 1531
BIRT 06R4-2231 9 RIFXD COMP 22K NHM 10T 1/4M 01121 CR 2231
ALRB N6AR4=-2731 RIFXND COMP 22K (HM 10T 1/4W ozl CB 2231
ALRY 0684=2231 RIFXD COMP 27K NHH 102 174 o1121 €8 2231
A1F 10 0684-2231 RIFXD COMP 22K [HM 10X 1/4W nmizi Ch 22311
AIR1I O8A4=1231 6 RIFXD COMP 12K NHW 10T 1 /4W o112t ce 1231
ALR12 UhH4—3321 1 RIFXD COMP 3300 OHM Q0T 1/4M 01121 €8 332)
AlR13 06R4=3331 7 RIFXD COMP 33K NHROIDT 174w 01121 CB 333)
AlR14& 0684-3331 R:FXD CNMP 33K OHW 10T 1/4W o1121 ca 3331
ALR1S 0684-6821 71 RIFXN COMP 6.8% (HHM 10% 1/4W ot12t €8 6821
AIR1A 0684-3331 RIFXD COMP 3ODHM 10X 1 /4K 01121 ca 3331
AIRLT 0684-1021 15 RIFXD COMBI1000 (HM 10T 1/4W nL121 c8 1021
AlRLB 0684-1531 RIFXD CONP 156 OHM 10X 1/4W o112 C8 1531
ALIRL9 0684-1531 RIFXD COMP L5K NHM 10X 174w oL121 CB 1531
A1R20 06B4-1531 RIFXOCCOMP 15K NHM 102 1/4W 01121 CH 1531
a1R21 0684-1531 R:FAD COMP 15K OHM 10% 1/4M or121 CB 1531
alR22 0684-1531 R:FXD COMP 15K DHM LOX 1/4W o112 ca 1531
air23 0684-1531 RIFXD COMP ISK MHM 10% 174w 1121 CA 1531
ALR24 0684-1531 RIFXD COMP 15K DHM 10T 1/4M o121 ca 1531
AlR2S 0684-1531 RIFXD COMP LSK DHM LOT 1/4M oL121 ca 1531
A1R26 N6R4=1531 RIFXD COMP 15K NHM 10X 1/4W 01121 CA 1531
ALR27 0684-1531 RIFXD COMP 15K OHM 10T 1/4W oL121 CB 1531
ALR28 0684-1531 RIFXD COMP 15K NHM 10T 1/4M 01121 ce 1531
ALRZ9 O6A&=1531 RIFXD COMP 15K OHM LOX 1/4W oL121 CB 1531
AlR30 0684-1531 RIFXD COMP 15K DHM 10X 1/4M 01121 ca 1531
Al1R3L 06R4-1531 RIFXD COMP 15K NHM 102 174w 01121 £8 1531
aLrR3? 0684-1531 RIFXN COMP 15K NHM 10X 1/4K o121 CR 153)
AIR33 0T57-046%9 1 RIFXD FLM 150K OHM 13 L/8M 28480 0757-0469
AlR34 0757-046% 1 RIFXD MET FLM 100K DHM 1T 1/78W 78480 A757-0465
A1R35 0684-6821 RIFXD COMP &.8K DHM 10T 1/4W oL121 8 6821
AlR36 0684-6621 RIFKD COMP 6.8K OHA 10T 1/4W 01121 CB 6821
ALR37 DEB4-6B21 RIFXD COMP 6.8K OHM 10T 1/4# o1121 L8 6821
AlR38 06B4-682 1 RIFXD COMP 6.8K DHM 10T 1/4W 01121 CA 6A21
Al1R39 0684-6821 RIFXN COMP 6.RK (HM 10T 1/4W o121 LB &821
ALR4O 0684-6821 RIFXD COMP 6.8K (IHM 10T 1/44 oL121 CB 6821
AlR4L 0684—6821 RIFXD COMP 6.8K OHM 10T 1/44 oL12L CB 6821
AIR&? 0684-6821 RiFXD COMP 6.8k OHM 10T 1/4W 01121 CB 6821
A1R43 0684—6621 RIFXD COMP 6.8K DHM 10T 1/4M or121 CR &821
AlR4&4 06B4-6821 RIFXD COMP 6.8K OHM 10% 1/4W 01121 8 6821
ALR4S 06B4-6821 RIFXD COMP 6.8K NHM 10T 1/4M 01121 ca 6821
ALR46 0684-6821 RIFXD COMP 6.8k OHM 10X 1/4M 01121 ca 6821
ALR&T 0684-46821 RIFXD COMP 6.8K DHM 10X 1/4W 01121 CH &821
AlR4a 0684-6621 RIFXD COMP 6.8 OHM 10T 1/4W 01121 ce 6821
AlR4S 0684-6821 RIFXD COMP 6.8K DHM 10T 1/4W 01121 ca 6821
ALRSO 06R4-6821 RIFXD COMP &6.8K NHM 10T 1744 o112} CR 6A21
ALRSL O8R4=6R21 RIFXD COMP 6.8k DHM 10T 1/4W 01121 ca s821
Al1RE2 DEB4-3331 éh R:FXD COMP 33K OHM 10% 1/4W D121 CB 3337
ALR1O1 0757-0438 & RIFXD MFT FLM S.11K OHM 1T 1/8W 28480 0757-0438
AlR102 0757-0438 RIFXD MET FLM S.11K MHM 1% 178w 28480 0757-0438
AlR101 0757-0392 1 R:FXD MET FLM 3.2 NHM LS 1/78W 28480 0757-0392

See introduction to this section for ordering information
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Reference . Mfr

Ererone HP Part Number| Oty Description Cod Mfr Part Number
Designation ode
AIR104 O6H3I-03345 2 RIFXD COMP 3.3 OHM 5% 1 /4M oLzt €A 0335
ALRIOS 0698=3264 2 RIFXD FIM L1.AK (M4 1% 1/8W 2R 487 06983264
ALRIOT 069644 T4 2 RzFXD FLM 8450 NHM LT 1/8W 2B4A7 DEGR=-64T4
ALR10E 06R&—2721 “ RIFXD COMP 2700 0OHM 10T L/4W a1121 B 2721
ALR10S 0757-0429 2 RIFXD MET FLM L.H2K NHH 1T 1 /84 ZB4R) 0757-0429
AlRLLIC 0757-0441 4 RIFXND MET FLM A.25K (HM 1% 1/aw 28480 0757-0441
AlRLN1 n7s1-0709 1 RIFXD MFT FLM 68.1 OH4 12 1/74W ZB4EN 0757-0709
AlR117 DaYHE=3259 2 RIFXD FIM T.HTK NHM 1% 1/8wW 28460 0698-3259
AlRLLZ 075T=0442 12 RIFXD MFT FLM 10.0K OHM 1% 1/8wW 28480 075T-0442
AlR114 UT57-0442 RIFXD MFT FLM LO.OK OHM 1T 1/8W 26480 0TST-0442
AlELLS 075T=0442 RIFXD MET FLM 10.0& OHM 1% 1/68W 28480 AI57-0442
Al1R1LE 06R4=2221 15 RIFXN COMP 2200 (HY 10T 1744 oL121 ca 2221
AIRNLT O&R4=491 1 1 RIFXD LOMP 390 (IHM 102 1/4M o121 CB 3911
AIRILE 06R3-01335 R:FXD COMP 3.3 OHM 5% L/4W oL121 Ca 03135
BIRILS 0684-4711 ? RiFXAD COMP 470 NHM 10X 1/4M 01121 CA 4711
AlRL2C 06A4-4T31 5 RiFXD COMP &TK OHM 10T 1/4W 01121 CR 4711
AIR12) CoHa=2771 RIFXD COMP 2207 OHM 10F 1/4w oL121 CH 2221
AIRIZZ 06R4=2121 RIFXD COMP 2700 UMM 10X 1/4W aL1zi c8 2721
ALRL?2 07S7-0425 RIFXND MFT FLM 1.82¢ MMM 1T 1/8W 28480 075T=0429
AR 124 0757=-0441 RIFXD MFT FLM B.795% HW 12 1/8uW 28480 07570441
AlRLZ2S 07S7T-0TIL /A& 1 RIFXD MFT FLM B82.5 N 1T 1/ 4W 28480 Q7571-0711
AIR12E O69KR=175% RFXN FLM T.8TK UHe 1% L/8W 28480 069R-3759
aLlR121 N757=-0447 RIFXD MFT FLM 10.0k DHM 1% 1/8W 28489 0757-0442
BIRIZR O6R4=2221 RIFXD LOMP 2200 NHM LOX 1/74M o121 CR 2221
AlRr2e D6R4=18H11 4 RIFXD COMP LBO OHM 10T i/4W a2t CA 1811
ALRL3C 0698-4471 1 RIFXD FLM 7.15k OHM LY L/8M 28480 0698-44T1
AlR1LY) 0757-0273 3 RIFXD MFT FLM 3.01K DMM 13 L/8W 28480 0Is7-02713
alR201 06Re—1531 RIFXD CAMP L5K NHM LOT 1/4MW oLL2t CR 1531
AlRZ202 064 —4T21 25 REFXUD COMP 4700 04 (LOT 174w o121 CB 4771
AlR2072 06B4=1071 R:FXD COMP 1000 OHAIOX /4 arizi ca 1021
ALHZ204 0684=3341 RIFXD COMP 33K QMW 102 L1/74W o121 CB 33131
ALR2DS O6B4=1021 RIFXD COMP 1000 0HM LOT 1/4M 01121 ca 1021
ALR20€ 069A-IL5S 1 RIFED MFT FLMB.64K OHM LE 1/8W 28480 069R-3155
ALRZ2CT (OPOBOY 06968-4510 3 RIFXD MET FLM B4.5K OHM LS L/8W 28480 0698-4510
alR207 (0P 0OS0) 0157-0465 R:FXD MEXFLM 190K OHM 1% 1/ 8W 28480 0T57-0465
ALRZOE 0757-0448 2 RIFXD MET FIM 18.2X OHM 1X | /8w 28480 0757-D448
ALR205 NIST-04bH RIFXDOMFT FLM 1B.2% (MM LT 178w 28480 0757-04448
ALR211 0757-0442 RFXD MET FLM 1D.0K DHM 1T 1/8KW 2R &80 07157-H42
ALR21 7 0TST=0442 RIFXD MET FLM 10.0K OMM 1X 1/8W 284 80 0757-0442
AlR2112 0698=-3279 2 RIFXD MET FLM 4990 OHM 1% L/ 8w 28480 0698-327%9
ALR214 0698-4510 1
AlR21% 0658-4510 AIFXD MET FELM 84,56 DHM 1X L/8w 268480 0698~-4510
ALRZ1€ 0757-04b5 RIFXD MFT FLM LOOK OHM 1% L1/8W 28480 07157-0465
ALRZ217 aT57-0401 5 RZFXD MET FLM 100 NHN 1T L/RW 28480 0757-04u1
AlR21F 0698-3700 1 R:FXD FLM 715 OHM 1T 178w 28480 0698-3700
AlRZ19 0698-0077 1 RIFXD MET FLM 93.1K OHM 1% 1/8uW 24 ED 0698-0077
ALRZ2C 06Ba=4721 RIFXD COMP 4700 OHM 10T 1/4w ort2t CA 4721
AIR?21 O684=15311 RIFXD COMP 15K DIHM 10Z 1/4w o121 CA 1531
BIRZ27 06R4=4721 RIFXD COMP 4700 NHM INT 1/4M 01121 €A 4721
AlR223 06A4=1231 R:FXD COMP 12K (HM 10% L/4M o121 ca 1231
AlR224 0A9H-44T4 RFXD FLM 8450 OHM 1T L/BW 28480 08 9H=44 14
AIR22¢ aTs7T-0401 RIFXD MET FLM 100 OHM IX L/8wW 28480 Q757-0401
AIR2Z217 06R4=1541 13 RIFXD COMP 150K NHM 10X | /44 01121 CB 1941
ATR306 SEE AIQCR3O
ATR3INE SEE AIQCRIM
ATR310 * SEE ATQCR3ON
ALR3)Z 0698-4509 1 RIFXD FLM BO.6K NHM 1T 1/8W 28480 0658-4509
AlR313 ' SEE A1QCR301
AlR314 * SEE A1QCR30
AlR3LS ¢ SEF A1QCR3IM
ALR3LE 6a11-3173 1 RIMATCHEN SET WITH A1R318 28480 0811-3173
AlR3LE 0811-3173 R:MATCHED SET WITH ATRI16 28480 0811-3173
ALR31S 0698-3279 R:FXD MET FLM 4590 OHM 1T 1/8W 28480 0698-3279
AlR32¢C 0757-0391 1 RIFXD FLM 39.2 OHM 1T L/8W 28480 0757-0391
A1R321 0157-0344 3 RIFXD MET FLM 1) (HM LT 1/8M 28480 0757-0346
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Model 3490A

Table 6-1. Reploceable Parts{Cont'd)

Section V1

5 Mfr
Reference | 1o part Number| Oty Description Mfr Part Number
Designation Code
ATR322 0757 0472 .'_@3 R: 200K 1% 126W 24546 C4-1/8-TO-2003-F
ATR3Z23 0698-8182 R: 221K 1% 125w 190 MFAC1/B-TO=-2211=F
ATR324 0757-0331 tﬁ‘\ A 392 OHW 1% 125W 24546 CA-1/B-TO 39R2 F
A1IA325 07570346 /3, RFXD 10 OHM 01 28482 07670346
Alkan | Dhdb=h 12| KIF X CUMP 4700 UMM 10E 1/4W 01121 L atzl
LR CE Vids=5T21 RIFX COMP 4703 1M 1IT | faw oLy A &72)
AlR&C* M= 5410 RFul) CHUMP 19K MHY 10T 1 /4w o112 CLH 152
dlvane WG =4 12 ) KIF X COMP 6700 1HM 10X 1/4w oL A &r21
AlRae ka=] 5l RIFXI COMP 150K (MM 13T | /4w 01121 CH 1541
AlR&nE Mhra=1541 Ki) COMP 15K (OnM LOE 1 /4w oLL?1 CA 1531
Alk&CT Toda=4721 SFAD COMP 4700 NHY 102 1/4W oLzt CR 4721
alk4rt Neafs=154 1 RIFAD LOMP LSOR HE 10E 1/4M a2y CB 1541
AlFanc Otbia=1541 RIFXD CUOMP L5K [HM 10T §/74W o121 CR 1531
Ak &) Madd=a 721 RIFXD COMP &700 MM 192 | /4w oLzl Ch %7121
Alkall ORAL-1441 HIFXRD COMP 150K (MM 10T 1744 o112y CR 1541
Al=417 LhHe=4 121 RIFXD COMP 4700 (1M 192 1 74W a2 Ch &T721
alE4] 3 HELTELY FAl RIFx0 LUMP 4T0) NOHY 10T 1 /4w a2l Ch 4721
IYEET RS Ushid =} 53 | HIFXN LOMP 15K (HE 10FE 1/dk 01121 CH 1531
AlE&L S nA4-a721] HIFXID CLMP 4707 OHs 132 | /4w atezl Ch 4721
LI NS tihHa=15&1 HIFXD COMP IS ulM 10X ] /44 izt CB 1541
AlF&ld thAs=1 53] HIFX CHOMP 19K (RM JOX 1/4k izt Ch 1531
AlR&IP Ohte=3721 BiF XD COMP @730 0OHY IDF 1/4W o112zl CB 4721
Alkalc (ida=] b4l RiFal COMP 150k (WM I0Z 174w o1z ChR 1541
AlR&20 hha=1431 WIF XD LIMP 15K DHM 10f 176K 01121 CB 1531
MF42 ] Hhda=4721 RIFXD CIMP 4703 NHY 102 1/ 6w nirzi Ch 4721
AlR&?y b Ma=1241 HIFXD COAP 190K (T I0T L/4M o121 CR 1541
AlF47 2 dhrg-] 511 HibXEn LOMP 15K OnM 13T 1 /4W 01121 CR 1531
Alka2 & Q6RG=4721 KIFXD COME 4700 04 10T 174K 01121 LK &721
AlF47E b=l 541 RIrFXi LUMP 1SOK (HM 10% 1/4W a1zl CR 1541
AIR&Z¢ IR RS KIF XL CHME LSK NHM 132 1 /aw oLz CR 1531
AlE4aZ i OhHu=a47/1 HIFXD COMP 4730 [FM 10T 1 /40 alLizl ChR 4721
LIRWP8 a1 541 KIFXD COMP 150K (M 10T L /4w ozl CR L1541
BlERFC 2100=4251 4 RIVAR 208 (HM 10T O 28480 2100-3257
AlR&AD unAs=1331 M 1 HIF XN COMP 49K NHPOAIE 1/ 4W o121 Ce 3931
AlFal] Oubd=15841 RzFXD COMP LSK 1 102 174w aLL2i CH 1531
Alkalp ddle-4721 RIFXI COMP 470 HM 102 1/ 4W oLz CB 4721
FLEEE] NhHs=5671 5 KiFXD COMP 5%@ MHM 10X | /4K oLLe) CRA 5621
L1F&34 Qtata=1 54| KIF XD COMBITSOK (MM 10E 1/4W o112 CH 1541
ALF&1S Drfs=1411 WEF KD c.n@l'in NMHM 1% 1 /4w o1rzi CR 1531
AlFady MNalle=al21 Wik XN P 4707 DHM 10X 1 /4N alrzi Ch 4721
MIR417 OfAa=1 4941 XOQCUMP 150K THM 10E | /4w o1zl CB L9541
ME41E UtHa=1511 RIFAD COMP LSK DHM LIZ 1/ 4w o121 CH 153]
LR L Otalin=&7/1 HIFXKD COMP 4700 (HM 10X 1 /4w ol1zl LB 4721
LLIR&GT Unda=1541 RIFLD COAMP 1SOK NHY 10T | /4w ort21 LA 1541
A1F &g OtHa=| 53] COMP 16K OAM 10T 1 /48 01121 €8 L1531
ANF 447 Ohda-aTsl LOMP 4700 OFM 12T /4w o2 CH 4721
AlR&4 HHA4=154) CliMP 150K OHM 10T | /4K izl CR 154]
Y EETTY ursT-a 2 7 RIFXKD MFT L™ 200K (IHM 12 1/ An 2H& 0 0TI51=0472
AR 44s uISI-n4ns HIFXI MET FI M 100K DHM 12 1/ Ak ZB4H) 0T57-N465
ALF 44 dods=1 4531 KIF KN GAMP 1SK MHM 1JE | /4w o121 CR 1531
aAlREC) i H=h a9 b 2 RzFXD FIM A5.TK NHY 12 1/An 28480 0698-4494
alRa0Z REY SR HIFXD MET FIM R.75K OHM 1T 1/8H ZR4HD 0I5T-0441
s1Ren ATHT=U2 T4 RIFXI MFT FL™ 301K IHM 13 1 /AW FR&ED AIS7T-0273
AlRBO& arsi=daal ? RIFKD MET FLM 47.5K WM 12 ] /8w R4 R NIST=0457T
B1K5itY OTeT-04513 n RIFXN MFT FI M 3D.1k MM 17 1 /Hw 28480 n757-06453
alrane UREY ST S RiFX MET FIM 33.1K 1HM 12 [ /8w 2R% 80 0757=-0453
AIEAGT OT5T=4%4 RIFXD MFT FIM 30.1K (MM 1X 1 /AW 8480 0757-0453
ALRSOE Ut H=%4 5 2 RIFAD FI M 45,3 OH4 1% L/8W 2R4 8D 0698-4496
ALIRSLC Debn-44496 RIFXD FIM™ 45,3k NH4 1T 1/AW 2R48D 0A9B-6496
aIR&1 1A n'.wl-‘-l.)r-& 1 HiF XN FLM L5H] NHM 1L | /4w 7R4A1 D6FE-6426
ANEELIB GhER= 349 7 ? RIFAD FIM™ A6.04K NHM 1T 1/ Rk 8481 0698=-3497
a1P5) - Whbd=31 7Y 1 RiEXD FI® 2550 NH™ 1L 1/8m R4 B D698-3179
alk€l3 OTaT-0465 MET FLM 130K NHM 1T 1/ AW ZR4AN 075T-0465
BIREL4 UTaT=-04ns MFET FIM 170K NHY 1X 1/ RW 78480 UTIsT-046%
B1HS51E DhY =494 FIM 35,76 (KM 1T 1/AW 2R & RO 06 TH=-4494
LT OuyA=ka9y ? FLM S4.9% (1H4 1T 1/8W 28440 0698=-4499
alRs] 7 OhYA=4445 FLM 5%.95 0OH4 1T | /AW ?A480 D69R-4499
AlRSIE NS i=04n5 MET FLM 100K (144 1T 1/ 6MW ZR4 AT OTST-N465
BIFSIE lr.'"ﬂ-vﬂ.’ﬂ!& g MET FLM 2.00% MMM 11X 1/A9 Za480 ATS5T-0283
SIRERC UTST-0180 3 RIFAN FLM 30,1 LHM LL L/AW 28480 OTS5T-23H4A
alFaz| 075 1=-0%kb RIFXD FLM 30.1 NHM LT 178w 28489 07ST-N38H
ARE22 2000=3270 RIVAR CORMFT Lud (MM 1OZ 1/2wW 28480 2100=-3270
ALR523 GBIGT=Nab4h 3 RIFXN MFT FIM 15.04 THM [T 1/8W 284A0 0TST=N4 6tk
AIRE2 4 NIST-04486 RiFXI MET FIM 15.% (OHM 1% 1 /8w 26480 0T57-0446
AlRE2S Dhak=h 32 4 B 1 RIFXD FIM IRT (WM 12 1/ AW 28480 D69R-6324
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Section VI

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

Model 3490A

Reference - Mtr
eterenc HP Part Number| Qty Description Cod Mfr Part Number

Designation ode
ALRS2¢ C757-0346 RIFXD MEY FLM 10 OMM 1% 1/84 28480 07570346
ALRS21 N69H-4196 1 R:FXOD FLM 1.07Kk OHM 1.0% 1/8W 28480 0698-4196
ALRS? B 0757-0346 RIFXD MET FLM 1D CHN 1T 1/8W 26480 0757-9346
AlUL 1820-0511 2 IC:TTL QUAD 2-INPT AND GATF 01295 SN74 08N
AlUZ2 1820-0798 1 1C:TTL SIX DECADE 28480 1820-0798
Alu3 1870-0567 2 IC:TTL DUAL VOL TAGE-CONTROILED MULTIVI 04713 MC4024P
A104 1820-0017 8 1C:TTL DUAL D F/F 01295 SNT4T4N
AlUS 18720-0099 3 IC:TTL 4-BIT BYNARY COUNTER 01295 SN7493N
Alue 1820-0077 IC:TTL DUAL © F/F 01295 SNT4T4N
AlUT 1820-0788 4 TC:TTL HEX D=-TYPE FLIP/FLOP WITH CLFAR 01285 SN35431
Alus 1820-0125% 1 [C:0UAL COMPARATOIR AV=TOO0 MIN, 12040 LM711C

t ALUS 1818-2055 1 TC:RIT=-ROM (4096) 28480 1818-20%5
AlULO 1820-0174 8 EC:sTTL HFX INVERTER 01295 SN7404N
Atutt 1870-0077 IC:TTL DUAL D F/F 01295 SNT4T4N
ALz 1870-0099 1€:TTL -BIT BINARY COUNTER 01295 SNT493N
AlUL3 1820-0%91 4 IC:TTL LP 4w 3-2-2-3 INPTLAND OR GATE 12040 DM74L54N
AlUl4 1820-0077 IC:TTL DUAL D F/F 0129% SNT4 74N
AlUlS 1820-0622 3 TC:3TTL B-INPT MULTIPLEXER W/ ENABLE a1295 SN74151N
Aluts 1820-0702 1 IC:TTL LOW POWER 1| OF 16 DECODDER 07263 YENI3L L1 59X
ALUL? 1820-0077 IC:TTL DUAL O F/F 01295 SN74 74N
AlulLs 1820-0591 IC:TTL LP 4w 3-2-2-3 INPT.AND QR GATE 12040 OMT4L54N
AlUls 1820-0622 TC:TTL B—INPT MULTIPLEXER W/ ENABLE 01295 SN74151N
Alt)20 1820-0077 IC:TTL OUAL D F/F 01295 SNT4 TaN
AlUL21 1820-0233 1 TC:TTL SYNUP—ON 4-BIT RINARY COUNTER 01298 SN74193N
Alu22 1820-0077 1C:TTL Duat D F/F 01295 SNT7474N
AlU23 1820-0586 15 IC:TTL LP HEX INVERTER 12040 DM7T&LOAN
AlU24 1820-0622 IC:TTL 8-INPT MULTIPLEXER W/ ENABLE 01295 SN74151N
AlUl01 1820-0196 1 ICILINFAR VOLTAGE REGULATOR{ INPUT) 28480 1820-0196
awia2 1820-0223 4 3 INTEGRATED CIRCUIF:OPFRATIONAL ANPL. 28480 18200223
Al1i02 1320-0203 2 IC:OPFRATIONAL AMPLIFIFR 07263 SL 8940
AlU201 1826-0Q038 18 IC:LIN OPERATIONAL AMPL a4T13 MC 14366
Aly202 1820-0223 INTFGRATED CIRCUIT:NPFRATIONAL AMPL. 28480 1820-0223
A10203 1820-0321 1 INTEGRATED CIRCUIT:HI-SPEED COMPARATOR 01295 SN72 710U
21030 1826-0099 1 IC:ETNEAR OP. AMPL. 28480 1826-0009
A1U302 1826-0330 A\ IC: LM 299 REF AMPL 27014 LM299H
A1U303 1826--0009 /&\ IC: UA 725C OP AMP 07263 725 HC

T ALU40L 1818-2056 1 MOS:N-CHANNEL ROM 28480 1818-205%6
ALU4OZ 1820-0583 & IC:TTL LP QUAD 2-INPT NAND GATE 12040 OM74L0OON
AlYL 0410-0465 1 CRYSTAL: QUARTZ 4 MHZ {60 HZ OPTION} 28480 0410-0465
AlY2 0410-0466 1 CRYSTAL : QUARTZ 3.333MHZ (50 HZ OPTION) 28480 0410-0466

1

ALAL 03490~-66521 i BNARD ASSY:VERTICAL 28480 03490-66521
AlAIR1CE 2100-3263 ] R:VAR 1K (HM 10% 28480 2100~3263
AlalR210 2100-3310 1 R:VAR CERMET 1K DHM 10% TYPE P 3/4w 28480 2100-3310
ALALR22S 2100-3257 RIVAR 20K OHM 10T 28480 2100-3257
AlAlR?228 2100-32587 R:VAR 20K OHM 10Z 28480 2100-3257
ALAIR 211 2100-3307 L R:VAR CERMET 20K OHM 10% TYPE P 3/4W 28480 2100-3307
AlLALRLT 2100-3315% 1 RIVAR CERMET 20 OHM 10X TYPE P 3/4W 28480 2100~3315

A Refer to Backdating Sec. Vi1
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Muodel 3490A

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

Section VI

Reference .. Mfr
. . HP Part Number | Qt Description Mfr Part Number
Designation A\ p Code
A2 ASSEMBLY SHOULD NOT BE REPAIRED TO
COMPONENT LEVEL. THIS ASSEMBLY IS A RE-
PAIR EXCHANGE ASSEMBLY.
A 03090-86543 A 28430 28480
Al 03490-66543 PC ASSY-DISPLAY 28480 03490-66543
A3Ct 0180-0197 C:FXD 22UF 10% 20vDCW 56289 1600225X9020A2 CYS
A3C2 0180~0197ﬁ C:FXD 2.2UF 10% 20vDC 58289 1600225X48020A2 CYS
03490-24302 MASK-—-ANN 2B480 03490-24302
(03490 26543 PC BD-DISPLAY 28480 03490-26543
03490 61601 CBL ASSY--DSPL 28480 03480 61601
A3DSH 1990-0533 LED-HI EFF 28480 1990-0533
A3DS3 1990-0533 LED-HIEFF 28480 1990-0533
HOUSING--ANN
A30SMi-6 1990-0531 7 SEG: DIGIT 28480 1990-0531
A3OSMT 1990-0532 POLARITY DSPL 28480 1990 0632
A301 & 1853-0016 TSTR:PNP SCHMITT 2N3638 SI 80131 IN3636
A3U1 1820—-1416 IC:DIGITAL SN74LS14N 01285 SN74LST4N
A3U?2 1820—-0595 IC:FLIP~FLOP 27014 DM74L73N
A3U3 1820- 1416 IC:DIGITAL SN74LS14N 01235 SN74LS14N
A3U4 1820-0491 IC:TTL BCD/DEC 01295 SN741456N
A3US 1820-0995 IC:TTLOECODER 01295 SN7447AN
A3UG- 8 1820—1137& 1C:DIGITAL SN74LS00N 01295 SN7ALSOON
A3RI-R8 0683-1215 R:FXD COMP 120 OHM 5% 1/4W 0112 CB 1215
A3R9-R14 0683-1015 R: 100 5% .25W 01121 CB 1015
A3R15 0683-3015 R: 300 5% .25W a2 CB 3015
A3RIE 0683 1215& R: 120 5% .25W 01121 CB 1218
A3R1? 0583-1815 A8, R. 180 5% .26W 01121 8 1815
A3RI18 0683-5205 A7 R: 62 5% .25W 01121 C8 620%
A3RI19 0687-2211 R:FXD COMP 220 OHM 10 1/2w [ARPAI EB 2211
A3R20-RZ5 0683-1215 A:FXD COMP 120 OHM)»5% 1/4W 01121 c8 1215
A3RB3) 0683-8205 R:FXD COMP B2 QHM 5% 1/4W 01121 CB 8235
A3CR1 IG‘\O-UU!G& DIODE: GE 60VWEONA 1US 28480 1510-0016
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Sertion V1

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

lodel 34904

Reference e Mfr
: : HP Part Number| Qty Description Cod Mfr Part Number
Designation ode
s DLeG0- 66504 i ANARD ASSY:RFMNTF JUMPFR 28480 034590-66504
ALME] 4040-0T4H FATRACTIRIPL BNARM. Al ACK 28480 4040-0744
AaMp 4040=0175% 3 EXTRALTORIPC ANARD, VINLFT 2R4R0 4040-0755
As 0349 U—hAa50Y 1 ANAKND ASSY:RANGF SwiTOH 28B4 B0 0349 0-66505
asni OBA4-2271 RIFXD COMP 2200 NHY 10E 1/4W ore2t R 2221
asez 06HL-2221 REIFXD COMP 2200 DM 10T 174w oLl cR 2221
45R3 BhR4=222 | RIFXD COMP 2200 OHM LO% 1 /4 oLtzi ce 2221
A5F4 ObRe=27221 HIFXD LOWP 2730 (M4 10% | /74M Mz ce 2221
ASRS 0aHG=2221 COMR 2200 OHM 10L | 74W oLzt CB 7271
ASRA 06R&-2721 COMP 2200 NH4 LIT 174W o1z B 2221
&5R T OhH&4-2271 COMP 2200 NHY 10T 1 /%W 01121 CB 2221
A5HH DhHa=2221 COMP 2200 NHM 102 124W oLz R 2221
a5R %G ObE&—2221 COMP 2200 NHM 17T L/4W otizi ca 2221
4554 NoL=1719 1 Swl 10 PUSHAUTTON 28480 3101-1719
ASw? 13490=6160% 1 CARLF ASSYIRANGH ZHR4HO 03490-61605
An J4490=-H65906 1 HMAKD ASSYICONVERTFR AL 284 B0 03490-K4506
an | 01h0=-n904 A8, | CIFXD CFR 0.05 UF 22% 1000VDCH 56289 41C L6FA&G-COH
AGCY Ul e0=-3976 1 CEXD L0 PE SOIVICW 28480 0160-3976
AGC Y 01460-3930 1 FED L0 PF 2500 WG R4 B0 0160-3930
A& 4 O &u=0202 i KD MICA 15 PF 52 .500WDCK 2R%A0 0140-0202
ABLS NLAN=-1977 L CIFXD 970 PF DL D 28440 0160=3977
A6CE M2 =434 1 (IVAR AIR 7.4-2 PF T4970 LAS=509=105
AsCt n1an=36272 & CIFXN CER 0. +80-20% 100VNCH 72982 B131=100-651-1042
aAsCE 0160=3622 C2F XN cru\‘gﬁi U #80=202 100VICW 124982 B131-100=651-104Z
Asf 10 a1 6o—31622 CiF XN :\\ O«1 UF #RJ-20% 1NOVDCW 72982 B131-100-651-1041
AL 01&N=-3822 gQ‘ R Dal UF 4A0=-70% 100VDCW 17987 A131=100=-651-1047
AbC12 U1 50=00H4 t..k&a EH 0L UF #8N-20% LOJVOLW 72982 B131-100-6%91=1042
A6C13 0150-n0&a CER Yol UF #80=20% 100VOCK T798? BL31=-100=-851=1042
ARC14 a1 S0=-0093 CER O.U1 UF #80-20% 100VDCH 77982 A01-KB00011
A6C15 a150-6093 CFR 0.01 UF #RO-20% 10OVAOW 12982 801-K800011
ABLIA N60=-2134 E MY 0.82 IIF 10% SOVOCM 562 B9 L4BP 350
asC17 0150-00913 LER D.01 UF #R0O=20% 100VDCH 172982 801-KA0001L1
A&C 1A 01 50-0093 CIFED CFR .01 IIF #AG-20% LOGVOCW 77987 B01=KROON]1
ABCLY 01 60-01481 CIFXND MICA 33PF ST 300VDCW 14555 ROMLSEIN0IIS
AGC20 a1 50-0093 CIFAD CFH 0.01 UF +A0-20T 100VDCW 72982 A01-KAD0011
ARL21 NBA=-0229 £) X0 OFLECT 33 UF 10T 1OvDOW 78480 0180-0229
AHC22 0L EU=0229 CIFXD FILFCT 33 UF LOE 10VOCH 2H4HD 0180-0279
AKCZ3 024 GLE0-06TE 2 LiFXn Te B2 UF 202 10VOCW 28480 01800678
a6L25 01 6H0=-3945 1 CIFXD PNRGC 39 PF O RE SIOVOGW 28480 M 60=-3945
AKL 26 M BU=-1945 1 CIFXD PLRG 346 PF LE STOVICH 78480 0160-3949
AsC27 Q121-0432 2 CIVAR ALK 1.7=l4.L1 PF 74970 189-50%-105
AKC2A 0160=0763 1 MICA 5 PF 10F S00VDOW 22853 ROML SC050K5S
A6C29 01 bU-NASY ? MY 1 UF 19T SO¥NCW 562 A9 148P335 PUM
846030 Ulsu=-£174 MY D.H2 UF 14T SOVDOM Sh7 RS L4AP 350
&L OlAN-3501 1 CIEXD POUY & UF 10T SOVIICW Ha411 HEW 138
AKC3? 01 HO=0RS 4 CIFXI MY 1 UF 1JT S0VN0HW 562 A9 148P 335 PUM
AEC33, 032 0160 0127 2 CFXD CER 1UF 20% 25VDCW 56289 5C13C5-DML
ABC3S5 D160 3822 1 C:FXDCER DTUF 100VDCW 28480 0160-3622
BECFL 190 1=0040 DUIDFESTIICON S0 Ma 30 WV 07263 FOGIORR
A&CK? 1SUL=0040 BIADFISTLIGON S0 MA 30 WV 071263 FOGIIRA
AHCHA 1901 =0040 NINPDF:STLICON SO MA 30 wv 071263 FNi1 J8R
AGCRG 1901 =1040 DIANF:STIIGON 53 MA 30 WV atzel FRGEN8A
B&CKS 190 1=-004 7 & NIODE JUNCTIONESTLICIN 20PIV R4 80 1901 =004 1
aafre 190 L=0047 DINDF JUNCTINNZSTLICON 70PIV 28481 1901-9047
ABCR T 190 1=0047 OMIDE JUNCTLONZSTLIGION 20R1V 28480 1901=0047
ABCRA 1501-0047 DENNE JUNCTIONZS T TEON 20P 1V 28480 1901-0047
ABLRG 1902=0041 DITIESRRFAKDUWN 5,110V 5% 04713 $710939~98
A&CRIC 1902 =1H4 | DUINE tARFAKDINN S.11V 5% 047113 SIINY39-58
A&LKT ) 190 1=00&7 DEINF JUNCTIONZSTHICON 20PIV 28480 1901-0047
A6GR) 7 1901=004T DTNF JUMTIONESTIICN Z0P1IV 28480 1901-004T
ABCR]2 1902=41b? 1 NIANE A FARDUMWNISILICON 12,1V 52 2R480 1902-3187

A Refer 1o Backdating Sec. VI
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Model 3490A Section VI

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

;i Mfr
Reference |1p part Number Qty Description Mfr Part Number
Designation Code
ASLRL 4 1901-0518 3 DIODF:HOT CARRIER 7?8480 1901-0518
A6CRIS 1901-0518 DIODE:HOT CARRIFR 2R480 1901-0518
AGCRLE 190 1-05RA 3 NINDE:S] 30 WY 10 PA LEAKAGE 28480 L1901-0586
ASCRIT 1901-0040 OIODE:SILICON 50 MA 30 WV a1263 FNG108R
A6CR1E 1920 1-0040 DINPE:SILICON 50 MA 30 WV 07263 FDG10B8
ASCR1S 1901-0040 DINDE:SILICON S0 MA 30 WV 07263 FOGLINRA
ABK 1 0490-1105 SWI TCH:REFD 28480 0490-1105
A6K2 0490-1105 SWITCH:RFED 28480 0490-1105
ASK 3 04901105 A'_é, 1 RELAY-REED 1A S0OMA 1200VAC 3.5VDC - COIL 2R 480 0480-1105
REKS 0450=-0718 & SWETCHIRFED MAGNETIC, MINIATURE 28480 0490-0778
A6l L 0490-1083 ] COIL ASSY:RFFD RFLAY 09026 Pa5.3001-55
AaMpl-17 0340-0060 FEFNTHRUZINSULATED MNUNT ING 28480 0340-0040
AGMPLH 0380-N938 1 SPACFR:ITEFLON 0.128" DIA HOLE SA291 A=-1451-1
ABMPLS 1200-0437 SOCKET:IC & PIN 1717 5566-235-5
A&MP2O 1400-0760 CLIP:HOUNTING ASSY(SET NF 3) 28480 1400-0760
AGMP 2 | 1400=-0T60 CLIPIMOUNT ING ASSY(SET OF 3) 28480 1400-0760
AGMP? 1400-0760 CLIP: MOUNTING ASSY(SET OF 3) 24 R0 1400-0760
AE6MP? 3 1400-0760 CLIP:MOUNT ING ASSY(SET OF 3) 78480 L400-0760
AEMP24 14D0-0760 CLIP:MOUNTING ASSY(SET OF 31 28480 1400-0760
AGMP2S 1400-0760 CLIPIMOUNT ING ASSY{SET OF 3) 28480 L400-0760
AGMP2¢ 1400-0760 CLIP:MOUNTING ASSY(SET OF 3) 28480 140G-0760
AGMP2T 1400=-0760 CLIPIMOUNTING ASSY(SET OF 3) 78480 1400=0760
AEMP28 1400-0760 CLIP:MOUNTING ASSY(SET OF 3) 28480 1400=-N760
ABMPZS 1600-0273 1 STAMPING:zBRASS 78480 L600~-D273
ABMPAC 1600-02T4 1 STAMPING:BRASS 28480 1600-0274
AGMPI] 1600-0275 3 SHIELD: POT 28480 L600-0275
AGHPAZ 1600-02T75 SHIELD: POT 284B0 1600-D215
T LEE] 1600-0275% SHIELD: POT 28480 L600-0275
AEMP34 4040-074R EXTRACTOR:PC BOARD:Y ALACK 28480 4040-0T748
AGMP3S 4040-0750 1 FXTRACTNR:PC BOARD, RED 28480 4040-0750
AEMP3E 0360-1803 13 TERMINAL 2 SOLDER™ LUG 00000 aeo
AGMP3 T 0340-1803 TERMINAL : SOLDER LUG 00000 08D
AEMPIR 0360-1801 TERMINAL 3SOLDER LUG 00000 arp
A&MP3S 0360-18013 TERMINALISOLDER LUG 03000 Deo
601 1853=-0010 TSTR:S51 PNP(SELFCTFD FROM 243251) 28480 1853-0010
602 1R55-03A3 1 TSTR:DUAL FFT SI N-CHANNEL 28480 L855-0383
A603 1854-0071 TSTR:S] NPNISELECTED FROM 2N3704) 28480 1L854=-00T1
ABOS 1B53-0010 TSTR:S1 PNPISELECTFD FROM 2N3251) 28480 1853-0010
A605 1854-0071 TSTR:S1 NPNISELECTED FROM 2N3794) 28480 LB54-0071
A6BCEH 1854=0071 TSTR:S1 NPMISELFCTED FROM 2N3704) 28480 1854-0071
ABD7 1855-0377 2 TSTRIFFT SI N-CHANNEL 28480 1B55-0377
608 1853-0010 TSTR:S1 PNPISFLECTFD FROM 243251) 28480 1853-0010
4609 1B55-0377 TSTRIFET S1 N—CHANNEL 28480 1855-0377
A6010 1853-0010 TSTR:S1 PNPISELECTED FROM 243251) 28480 1853-0010
A6R1A RIB 0698-8216 1 R:MATCHED SET 28480 0698-B214
AGR 3 2100-3311 ? RiVAR CERMFT S00 OHM 10X TYPE P 3/4W 20480 2100-3311
A&R4A, R4B, R4C 069R-R215 1 R:IMATCHED SET 28480 0698-8215
A&RS 06R4~4721 RIFXD COMP 4700 OHM 10T 1/4W 01121 CB 4721
ABRSE 06R&=4T21 RIFXD COMP 4700 OHM 10T 1/4W o1121 CB 4721
AGRT 06968-3558 H RIFXN MET FLM 4.0 (HM 1T 1/84 28480 0698-3558
A6REA 069H=1558 RIFXD MET FLM &.02¢ DHM 1% 1/8w 2B4 80 0698-1558
A6RY 075T-0410 3 RIFXD MFT FLM 301 OHM 1% 1/BW 28480 0757-0410
ABRI0O 0757-0410 RIFXD MFT FLM 301 DHM 1T 1/8W 2B4 B0 0757T-0410
ABR 1L 069B-3497 RIFXD FILM 6.04K DHY 1T 1/8W 28480 0698-3497
A6R12 069 8-448Y9 1 RIFXD FLM 28K OHM 1T 1/8W 28480 0698—4489
AGR13 0157T-0430 1 RIFXD MET FLM 7.21K 0OHM 1X 1/8W 28480 075T-0430
AsR 14 06R4=1021 RIFXD COMP 1000 DHM 10T 1/4M o121 Ce 1021
AGR1S G6H4—-1071 RIFXN COMP LOOD OHM 10T 1/4W o121 CB 1021
AGR16 0698-44617 2 RIFXD FLM 1.05K OHM 1T L/8W 28480 06984467
A6R17 aTST-0449 10 RIFXD FLM 70K (HM 13 1/8K 28480 0T57-0449
AGR18 0&698=4308 1 RIFXD MET FLM 16.9 OHM 1% 1/8W 28480 0698-4308
A6R19 0757-0200 1 RIFXD MET FLM S.62¢ (HM 1T 1/8% 28480 0757-0200
A6R20 0757-0401 RIFXD MET FLM 100 OWM LT L/8BW 28480 0TST-0401
A6R21 0698-44R88 2 RIFXD FLM 26.7K DHM 1T 1/8W 28480 06984488
ABR27 0757-0453 RIFXD MET FLM 30.1K OHM 1% 1/8W 28480 0757-0D453
A6R23 0157-0270 1 RIFXD MFT FLM 249K (HM 1T 1784 28480 075T-0270
ABR24 0698-4488 RIFXD FLM 26.7% DM 1X 1/8W 28480 06984488
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AGBRZS ral=tans HIFXD MFT FIM 30.0K (kM 1T ] /AW /B&EG NI5T-04513
ARR 26 NeYA— 1564 1 HIFKN FIM 732 [HM 1 £ 17 AW 28460 08 9E-3548
AeR 2T 210u=-3304 Pl FIVAR MHEMET SDK (HM 13X TYPE P 1/4W PH&HD 2100=330hA
AR /K ZI00= 4304 [} AIVAR CFRRMET SK kM 1JE TYPF P 3 746W JRA&ROD 2100-330AR
AKR IS A, R298 LOELERPS Y i RIMATCHFD SFT ZA4EN NEAR-AZ14
AER 30 HhuA-1495 1 R:FXN MFT FIM R66 NHM 1T 178w 2H&R0 IESH-3495
a6R I LI HETTTN § HIFXMN FLM 1.0% HM 1% 1 /Rk FH4 RO NbGh-a4 b T
AR L= 30Y ? HIVAR CHRMeT 26 (HM 11% TYPF P 3/4MW 2H &R0 219n-3399
ABF 1T AIRT-04s57 KIFXN MET FL# S7.5 (MM 12 1 /78w 7RG B AIBT-045T
A&F 34 0757-0451 IFEN MFT FLM 40204 MeM 1 ) /AW 2R4640 ITRT-0653
A&F 35 0R9A-4514 1 RIFRD FLM 109K 1IHM 1L 1/Hw 2A6R0 UHSR-4514
ABR AN OI5T =454 1 HIFXIY MFT FLM 33,78 1M 1T 1/8W PH4 R0 ATST-04%4
a6k T 9H-1224 HiFKI) MET FLM 49.9% fHM 1E 1 /AW 2R4FD WYR-3278
ALRIB 075 T-0s%6 2 HIFXD MFT FIM 4.32% WM 1T 1 /80 PHSHO GTHT=1 Ak
A6R 3G e -154 (] F HIFXIT MET FI M 1% 4K 11H4 (X L/8w ELEN.L WGHA-1540
ABR4L OuHa-1441 KIFXD (MNP 1SK (hH 102 174w ALzl oo 153
Abk 41 NaYr=-327 8 AFXD MET FIM 35,496 1104 1% | /8w FAGEN O69R—427R
AeRa? 0157-i4k36 HIFKI MET FIM 4,37k (MM 1T | /AW ZRAHO nrar=0n4as
A&k 43 N69A-31550 Kb XD MET FIM 15,46 kM 1E | /6w 78480 JEYH-154 ]
Lt kG4 0698-4497 1 R: FXD MET FLM 48.7K OHM 1% 1/8W 28480 DE98-4497
ABRAE A4E 0683-13325 B R.FXD COMP 3300 OHM 5% 1/4W arz B 3325
2atil 142 d=0054 TC2TTL wilAN 2=TNET NAND GATF w295 SN T4I0N
Aali? 1H20=-004% 1 ICLITL MBI &=TNPT PIS NAND GATF o295 SNT420N
FYITE] LH26=00d9 1 AMPL TFIFR=-1 INFAR 2R4AN LH26=10H9
Lelig 16 20=-02073 ICIOPFRATIINAL AMPL IFIFR nr261 SLAYAD
AGUS 1820-0573 1 IC:RCVA 28480 1820-0579
AT DAsS0- 66507 1 BMARN &AS5Y:anM CONVFRTFR ZB& A0 03490~ 66507
AT 0349069507 REBUILT OHMS CONVERTER ASSY 28480 0349069507
ATC1 0150-0073 ? C: FXD CER 100 PF 10% 1 HVDCW 56288 COZBBI0ZE1DIKS2Y- COH
AjC2 01500073 CER 100 PF 10%\1000VDCW 56289 COZ8BI02E101KS27-C0OH
ATCH DLHa=1 701 FLFCT &oH I.\g} 208 &VDEW R4RA0 OlHA-1Tul
A7C4 o1 Tu=0021 MY 47-.1.1Pﬁ:{1' 2 HLIVOLH Haall LYY FUTY
ATCS 01an=-n230 & 1 FLEEY BOYUE 202 SaVicw S567 89 15N 105 X0ISTA2 -TIY S
27CE olLAD-0194 /A & MY 0s01S UF 1ok 567 89 192P 1594 7-PT5S
arce 0La=00T1 1 CRRN&0D PE 5T 1210VICMW Gk HY COIBATDZEANLIS2 1=(0H
arcel 150 1=11040 nlngf@:?!t”nu 50 MA W0 WV 07263 FOGI 0HE
ATLR? 1901 =0040 NIODFzS ILICON SO MA 30 WV n7263 FNGL A
ATLP3 1907=3104 NIANE tAREAKNDTINN 567V 52 JaT13 S210939-110
ATLHAG 1301-0040 DIINESS TLICUN 50 MA 40 WY A71763 FNGL A
ATCKS N0 1I=0040 GENDESSTLICON 50 Ma 30 WV 17263 FINGL M
ATCRE 1S90 1=-N040 DINOF:STLICON S0 MA 3] Wy nT263 Flatil ind
ATCRT L9011 =004 0 NIMNETSILIGCAN 50 MA 1) Wy aT263 FOGLORA
ATCRA 1501-0040 NINDF:STLICAN 50 M& 30 WY 07263 FDGLOAA
ATLRG 1501=-0040 DINFzSTIICUN S0 Ma 30 wv 17263 FDG1 RS
ATCRIC 19 1=i140 GIONE:STLICON S50 ™Ma 30 Wy WT263 FDG1 AR
aTCALL 1901 -002R NIANE S TLIRON N.T5A 420P IV T3 SR1358-9
arcsi 1973-0052 1 TUBF Wil TAGE PROTFCTIR 90V 20T ?R4R0 14 70-0052
ATK1 n49n-n778 SHITLHIRFEFN MAGNFTIC. MINIATURF 2R&AD 0490-0778
AT ? 0490=0774d SwiTOHzZAFFD MANKFTIC. MINIATURE 2R480 %90-0778
ATk GG4nN=07TA SWITCH:KEFD MARNFTIC, MINTATURF ?R4A0 B493-D778
LK 4 N490-0778 SHITCHIRFFD MAGNFTIG, MINIATURF 28480 -7 18
ATES 0&90=-0778 SHWITCHIHEFD MAGNETIC. MINLATURF FALAD 049)-0778
a1 0490-10413 3 REL AY/COIL, RFED FH4R0 0490-1033
AT 2 AH90=1033 RFI AY/COILs RFFD JR4AN 0490-10313
AT 0&90-1033 AFLAY/COTL, RFFD ZR4 B0 0490~1033
alLs 0490-10483 COIL ASSY:RFEN RFLAY ErLENS P.5.3001~55
ATLS 0e90-10873 GOLL ASSYZRFFD RELAY ne0?e PaSe 3001-55
ATHMP L 1400-0760 CLIPIMMINTING ASSY(SFT 0OF 3) ZR&HD 1400-0760
ATHP? L&00=-NT&HO CLIP:MOUNT ING ASSYISFET 0OF 3) PB48D 1400=-0T60
ATFPR 140-0T60 CLIPzMOUNTING ASSY(SET NF 3) 7B&R0 1400=0TAO
ATHP4 L&N0-0760 CLIPIMOUNTING ASSY(SFET OF 3 ZR4RAN 1403-0740
ATHPS 1400-0THD CLIPIMUOUNTING ASSYISET NF 3) 78480 147M-0T760
aTHEA 1400-0THD CLUP:MMINTING ASSYISFET 0IF 3) FB4BO 1400-0760
ATMPT 1400-nT60 CLIPZHMOUNTING ASSYISFT NF 3) ZR&AD 140HI=JdTHD
ATHER 1400-0Ted CLIPIMAUNTING ASSY(SET OF 3) 284AD t403-0760
ATHPY Letn-0T60 CLIPIMOUNTING ASSY(SET OF 3) 2R&HD 1407=0T4D
aTMEIC 1400=0T60 CLIP:MOUNTING ASSYI(SET 0F 3) PH480 1400-0760

4 Refer to Backdating Sec. VIII
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Model 3490A

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

Section VI

Referen T Mfr

€Ierence 1uip part Number| Qty Description Cod Mfr Part Number
Designation ode
ATMPL] 236N=1493 TERMINAL :SOLDER LUG 02000 NeD
atMp 2 0360-18N03 TFRMINAL :SOLDER LUG 20000 ORD
A7MPL 3 0360-1803 TERMINAL :SOLDER LUG 0anoa nap
ATEP14 N3AN-1A0D3 TERMINAL2STLDER LUG 02003 0D
ATuPLS 0360-18013 TERMINAL:SOLDER LUG aonoon 08D
ATKPIE 0340-1303 TERMINAL :SOLNER 1 UG 00000 [s:113
ATMPLT U36U-1803 TERMINAL :S50LDER LUG oonon 0ORD
ATMPIA 0360-1403 TEKMINAL :SOLOER LUG 00000 0aD
ATMPL S 0360-18013 TERMINAL :SOLDER LUG aenoo ORD
ATHRZC 4040-0T48 FXTRACTGR:PC BNARD, BLACK 78480 4040-0748
ATMPZ21 4040=-0751 1 EXTRACTOR:PC BOARD. DRANGE 28480 4040-0751
ATO1 1854=-0087 TSTR:SI NPM 80131 2N34LT
ATO2 1R54-00R7 TSTR:S51 NPN 80131 2N3ALT
ATO3 1853-00R6 PNP 80131 zusugz
AT04 1853-0012 A 1 PNP 80131 ZN2904A
atos 1854=0087 /& NEN 80131 2N34LT
A706 1855-0308 NPN DUAL 28480 1855-0308
ATOT 1853-0086 TSTR:51 PNP 80131 2N5087
ATR] 068446771 RIFXD COMP 4700 NHM 10X 1/4W oL121 C8 4721
ATR? DAB4=4&T21 RZFXN COMP 4700 OHM IDE 1/4W oLL2l CB a721
ATR3 069R- 3264 RIFXD FIM 11.8K DHM 1T 1/BW 28480 0698-3264
ATR4 a757-0280 RFXN MFT FLM LK MHH 1% 1/6w 28480 0757-0280
ATRS 2100-1738 /A A 1 RIVAR FILM 10K OHM 10X L IN 1/2W 28480 2100-1738
ATRE N69A-4430 1 RIFXD FIM 1.91K NHY 1T 1/8W ZR48N 0698~-4430
ATRT 0757T-0465 RIFXD MET FLM 100K MMM 1T 1/8M 28480 0T57-0465
ATRY 06R4-1031 32 RIFXD COMP LOK 0OHM LOT LW oL121 CA 1031
ATRIO 0684-1031 RIFXD COMP LOK OHM 10X L/4W o112zl A 1031
ATRIN D6B4-4TLL /B RIFXN COMP 470 OHA 10T 1/4M o121 CR 4711
ATRI2 075T-0472 R:FXD MET FLM 23DK NHM 1% 1/BW 28480 AT57-0472
ATR1Z 0R1L-3216 1 RIFXD WW 1.0040K OHM 0.02% 1/78W 28480 0811-3216
ATR14 2100-31304 1 R:VAR CERMET 200K NHM 103 TYPE P 3/4W 28480 2100-3304
ATHIS 0811-3217 1 RIFXD WW . GB.90K NHA  0.02T 1/8W 28480 0811-3217
ATR1E 2100=-3312 1 RIVAR CERMET 200 MHM 10X TYPF P 374 28480 2100-3312
ATRIT 08LL-3215 1 AFXD-WW BIIK DHM 1.05% 1/4M 2B4 A0 0811-3215
ATRLR 2100-3309 HIVAR CERMET 2k NHM 10T TYPE P 3/4M 28480 2100-3309
ATR19 0757-0453 RzFXD MFT FLM 30,1k DHM 1% 1/8W 28480 0757-0453
ATRZ0 0757-0453 IFXD MET FLM 300K MHM 1X L/8wW 28480 0757-0453
ATRZ1 0757-0453% BzFXND MET FLM 30,1k NHM 1X 1/8W 28480 0757-0453
ATR22 0644~-2721 RIFXD COMP 2700 NHY 10T L/ 4M a1izi cB 2721
ATR 23 06R4-KAZ1 R:FXD CNMP 6.8K [IH4 10T 1/4W oLz CB 6821
ATRZ4 AB11-N00DA 1 R:FXD WW 5000 NHM 1T SW 28480 0811-D006
ATR2S N6R4-1021 RIFXD CNMP 1007 NHM LOT 1/4w 01121 ca 1021
ATTY 9100=1441 1 TRANSFIIRMER: STEP=LP 28480 9100~ 1441
ATHL LE20-0056 1 IC:TTL DIVINE BY 12 10 MHZ MIN. a1295 SNT492N
ATUZ 1B 20-0054 IC:TTL QUAD 2-INPT NAND GATE 01295 SNT4 00N
ATU3 1820-0094 1 IC:0TL QUAD 2-INPUT GATE 04713 SLE903IPK
ATU4 1820-0478 1 [C:LINEAR DPERATIONAL AMPLIFIER 12040 LM 308H
a8 N3490-66508 1 OUTGUARN POWER SHIPPLY ADARD ASSY 28480 03490-66508
ABCL 01K0-0197 C:FXD ELECT 2.2 UF LOT 20VNCHW 56289 150D225X9020A2-0Y5
A8C2 08100650 | 5 C:FXD AL FLECT 330MF 20VDOW 28480 08100650
ABC3 0810 DB50 A C:FXD AL ELECT 390 MF 20VDCW Z84R0 0810-0650
ABCS 0150-0050 C:FXD CER 1000 PF +80-20% LO0OVDCW 56289 CO6TB102F1021526—CDH
a8CS a1 70-0040 A C:FXD MY 0.04T7 UF 10X 200VDCW 56289 192P4T392-PTS
A8CE 0150-0050 C:FXD CFR 1000 PF +80-20% L0OOVDCW 56289 CO6TRLO2ELD22526-COH
ABCRI 1901-0363 3 NIODE ASSY:S1 LOO PIV PER CELL 28480 1901-0363
ABCRZ 1901-0040 DIDDE:STHICON S0 MA 30 WY 077263 FDG1 088
ABCR3 1901-0158 1 DIODE:SILICON O.T5A 200 PIV 28480 1901-0158
ABJY 1251-1365 5 CONNIPC 44 (2X22) CONTACTS 7178% 252-22-30-300

4 Refer to Backdating Sec. VIII
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Reference o Mfr

> ¢ HP Part Number| Oty Description Cod Mfr Part Number
Designation ode
ABJ1O 1751-1365 CONN:PC 44 (2X22) CONTACTS nias 252-22-30-300
ABMP] 2N&0=0170 A GUIDF:PLIG-IN PC BIIARD 28480 5040-0170
ABWP2 5040-0170 GUIDEIPLUG-IN PL BOARD 28480 5040-0170
ABMP3 5040-0170 GUINE:PLUG-IN PC BIARD 28480 5040-0170
ABNPG 5040-0170 GUINE:PLUG-IN PC BOARD ZH&RD 5040-0170
ABMPS 03490-01209 1 BRACKFT : MOUNTING CONNFCTOR 28480 03490-01209
ABMP& 1251-2551 18 CONNFCTNR:SINGLE CONTACT MINIATURE onT79 332070
ABMPT 1251-2551 CONNFCTIIR:SINGLE CONTACT MINIATURE 00779 332070
ABMPA 17251-2551 CONNFCFOR:SINGLE CONTACT MINIATURE 00779 332070
ABMPY 1251-7551 CONNFCTOR:SINGLF CONTACT MIN IATURE 00119 337070
ABFPLO 1251-2551 CONNECTORESINGIF CONTACT MINIATURE 00719 332070
ABMPLI 1751-2%51 CONNECTOR:SINGI E CONTACT MIN [ATURE 00779 332070
aRQ1 1BS4-0NT1 TSTR:ST NPNUSFLFCTRD FROM 2N3704) 28480 1 854-00T1
ABR 1 0757-0410 RIFXD MFT FLM 301 OHM 1T 1/8M 28480 0757-0410
ABR? DRFA=41455 1 RIFXD FIM 12.4 OHM LE 1 /6W 28480 0698-4355
ABR3 0h84=-A271 9 R:FXD COMP 8200 O 10 1/4K 01121 Ch 8221
ABRG 06R4-8221 RIFXN COMP RZ07 NHM 10X 1/4W 01121 CR B221
ABRS 06A4-8221 RIFXD COMP 8200 OHM 10X 1/4M 01121 cR 8221
ABR& OhRa=1011 RIFXD COMP 100 OHM LOX L/74W 01121 €8 1011
ABRT 0684-2231 RIFXD COMP 22K (IHM LOX 1/4M orzi ca 2231
A8RS N684-1231 RIFXD COMP 12k OHM 10T 1/4M 01121 cB 1231
ABRS 0684-1071 /) RIFXD COMP 1003 OHM 10T 1/4W 01121 CR 1021
ABR10 06A4=1021 /N RIFXD COMP 1000 NHM 10X 1/4W o1i21 €8 1021
AARILL 06A4-8221 RIFXD COMP 8200 NHM LOT L/4W 01121 cB azz1
ARUL 1R20-0430 2 IC:LINFARs VOLTAGF RFGULATOR 5V 28480 1820-0430
ARU? 1H70-0586 IC:TTL | P HEX INVFRTFR 12040 DHT4LO4N
ABWA 0349061603 1 CABLE ASSY:REM 28480 03490-51603
ABWS 0349061604 1 CABLE ASSY:BCO 28480 0349061604
a9 03490-66509 1 INGUARD DATA OuTPuT CANAKRD ASSY 28480 03490-66509
AqCl 0160-7009 ? C:FXD MICA B207PF 5% 300VOCH 00853 RDM15FB2143C
ASC2 0180-0197 CI1FXD FLFCT @52 UF 10% 20VDCW SE709 1500225X902 D42 -DYS
ASC3 0160-0194 C:FXN MY 0,015 UF 10% 562 89 192P15392-PTS
ASL4 0160-0194 CIFXD M¥'0.015 UF 10% 562 89 192P15392-PTS
A9CS 0160-0194 CiFXNMY 0.015 UF 10% 562 A9 192P15392-PTS
ASMp) 1200-0474 4 SOCKFTZIC BLK L& CONTACT 23880 CSA2900- 14
AGMP2 4040-0747 2 FXTRACTMR:PC BOARD, GRAY 28480 404D-0747
A9ME3 4040-0T48 FXTRACTINR:PC ANARD, BLACK 78480 4040-0748
a9R1 0684-3321 RIFXD COMP 3300 NHM 108 1/4M o1121 CB 3321
A9R2 06R4-1321 RIFXN COMP 3300 DHY 10X 1/4M o121 CR 3321
A9R3 0684-3321 RIFXD COMP 3300 DHM 10X 1/4M olL121 cB 3321
AR 4 0684-1571 3 R:FXD COMP 1500 DHH 10% 1/4M oL121 CB 1521
A9RS 1810-0049 2 RESISTIVE NETWIRKZIO X &.BK OHM 10% 28480 1810-0049
AsulL LAZ0-0584 H [C:TTL L¥P QUAD 2-INPT NOR GATE 12040 DHT4LOZN
aqu? LBZ0-0595 3 IC2TTL LP DUAL J—K MASTER SLAVF F/F 12040 DMT4LTIN
ASU3 1820-0584% ICETTL LP OUAD 2-INPT NOR GATE 12040 DMT4LOZN
A9u4 1820-0594 1 1C3TTL J-K MASTER SLAVF F/F 12040 OHT4LT2N
Asus 1R?0-0586 1C2TTL LP HFX INVERTFR 12040 OMT4LO4N
AStie 1820-0710 5 IC:DIGITAL TTL+#IOGIC 5V 5% 07263 SL17315
A9y7 1820-0710 1C:DIGITAL TTLHLUGIC SV 5% 071763 SL1T31S
Agus 1B20-05R3 T1C:TTL LP QUAD ?=INPT NAND GATF 12040 DHT4LOON
a9U9 1820-0710 1C:DIGITAL TTLHLNGIC 5V 5% 07263 SL17315
AlD 03490-66510 1 NUTGUARD DATA NUTPUT BNARD ASSY 28480 03490-66510
Aloct 01R0-0197 C:FX0 FLFCT 2.2 UF 108 20VOCW 56289 1500 225X 902042 ~0Y S
Al06? 01 h0-029R 2 C:FXD MY 0.0015 UF 10X 200VDCW 567 89 192P15292-P1S
A10NP1 0403-01R9 4 FXTRACTORIPC. RIACK 78480 0403-0189
A1OMP 2 0403-0} 89 EXTRACTNRIPC, RLACK 28480 0403-0189
ALOMP 3 1200-0424 SNCKET: 1€ ALK 14 CONTAGCT 23880 CSA290D-148
41001 1854~007 1 TSTR:SI NPNISFLECTED FROM 2N37041 28480 1854-0071
A10R1-33 Qb R&-8R7 | RIFXD COMP 6.8K NHM 10X 1/4MW o1121 cB 6821

4 Reter 1o Backdating Sec. VIII
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Reference e Mfr

eference \pyp part Number Qty Description Cod Mfr Part Number
Designation ode
A10S1 3101-1341 2 SWITCH: SLINDE SPAT 0-5A 125V AC/DC 79727 C-111-0004
410S2 21011341 SWITCHISLINE SPDT 0.SA 125V AC/OC 19727 C-111-0004
alcul 1820-0584 1C2TTL LP HEX INVERTFR 12040 DNT4LO4N
Alou2 1820-0174 ICITTL HFX INVERTER 01295 SNT474N
PYTIES 1820-0294 4 1C:TTL B=RIT SER-IN PAR NUT SHIFT REG 12040 $N9935
Alous 182002 94 [C3FTL A-RIT SER—-IN PAR OUT SKIET REG 12040 SD9915
A10U5 1820-0294 [C:TTL 8—RIT SER-IN PAR OUT SHIFT REG 12040 SN9935
Al0Ue 1820-02 94 TCITTH R—RIT SER-IM PAR DUT SHIFT REG 12 040 9935
A10UT 1870-0282 1 IC:TTL GUAD 2-(NPT EXCL. OR GATE 01295 SNT7486N
Al 031450-86511 & 1 INGUARD RFMOTE ASSY 28480 03490-66511
Al1C1 0180-0197 CIEXD FLECT 2.2 UF 10T 20VDCW 56289 1500225X9020A2-DYS
AllC2? 01607009 C:FXD MICA 820 PF 5% 300VDCW 0aR53 ROMLSER 2 LI3C
Alic3 0170-0066 2 C:FXD MY 0.077 UF 10% 203VDCW 56289 192P271972-PTS
ALIC4 0170-00866 C:FXD MY 0.327 UF 10% 700VOCwW 56289 192P27392-PTS
ALICS 0160-0164 1 C:FXD MY 0.039 UE 10% 2J0VICW 562RS 192P39392-PTS
ALLCE 0160-0298 & CiFXD MY 00015 UF LJT 200VDCW 562 89 192P 15292-PTS
AtIMPL 1200-0424 SOCKET: 1C ALK L4 CONTACT 23800 C542900-148
A1LMP? 4040-0748 FXTRACTOR:PC BOARD. Al ACK 28480 4040-0T48
AlLMP3 4040-075% EXTRACTOR:PC RIARD, VIAOLET 28480 4040-0755
All01 1B54-00T1 TSTRESE NPNISEIECTED FROM PN3T04) 28489 1854-0071
AlLRL 06R4-4T701 RIEXD COMP 47 OHM 10E01/ 4w 01121 €8 4701
A11R? 0684-1031 RIFXD COMP 10K NHMALIE 174w 01121 €8 1931
ALIR3 06843321 R:FXD COMP 3300 QAM 1D% 174w 21121 ce 3321
Al1R4 06R4=6821 RIEXD COMP 6.8K.(0HM 10X 1/4W 01121 €8 6821
A11RS 0684-332] RIFXN COMP 33907 0HM 10X 174w G112t c8 3321
AllRA 0684-3321 RIFXD COMPCF3I00 OHM 10% 1744 01121 ca 3321
ALLIR7 O6B4-1521 R:FXD COMP 1500 UOHM T0% 1/4W a1zl €B 1521
ALLRA 06R4~6821 REFXD CHMP 6.BK MHM 10X 1/4W 01121 CB 6821
Al1RS 0684—6821 RIFXDCEUMP 6 RK NHM 10Z L/4W o112l c8 6az2i
ALIRIC 06H4—hB2 | RIEXDCOMP 6.8k OFM 10T 174w o121 CR 821
ALIRL1 0684-6821 A, RIEXD COMP &.BK OHM 105 L/&M atLat ce 6821
Aol 18200586 TCITTU LP HEX INVEKTER 17040 DMT4L0&N
AL1U? 1R20-0586 IC:TTL LP HEX INVERTER 12049 DNT4LO4N
A11u3 1R70-0583 IG:TTL LP QUAD P-1INPT NAND GATE 12040 DR T4LOQN
Alluk 1820-0584 TC:TTL 1P QUAD 2- INPT NOR GATE 12044 OMT4LO2N
ALLUS 18200595 1C:TTL LP DUAL J-K MASTER SLAVE F/F 17042 DMT4LTIN
ALlU6 14 20-0584 IC:TTL LP QUAD 2-INPUT NOR GATE 12040 DHT&L02N
ALy 1820-0599 /A 2 1C:TTL 4-RIT RT/LT SHIFT REGISTER 12040 DMT4LISN
At1us 18200599 % 16:TTL 4—BYT RT/LT SHIFT REGISTFR 12040 DMT4LISN
Allus 1870-0596 1 IC:TTL LP DUAL EDGF TRIG, D F/F 12040 DMT4LTaN
AllulC 1820-1100 /A 1 1c:TTL 21295 SNT4298
A11U11 1870-0656 /A, 7 TC:TTL LP 4=RIT 2-INPT MULTIPLEXER 0129% SNT4L98N
AriuLZ 1R20-D586 A4 [C:TTL LP HFX INVERTER 12049 DMT74L0&N
Al2 03490-665172 1 OQUTGUARD RFMNOTF BNARD ASSY 26480 03490-656512
azct 0160-0157 . 1 CIFXD MICA MY (0047 UF 10 200VOCHW 28480 0160-0157
A12¢3 0180-0197 C:FXD ELECT 7.7 UF 10 20VDCW 56289 1500225X902042-DYS
ALZNP] 0471-0189 EXTRACTOR: PG, L ACK 28480 0403-0189
A12¥P? 0403-0189 FXTRACTOR:IPC, ALACK 28480 0403-0189
AL2%P3 1200-0424 SOCKFT:IC ALK 14 CONTAGT 23880 C5A2900-148
ALZRI 1810-0049 KESISTIVE NETWNRK:I1D X 6.8BK OHM 10% 28480 1810-0049
Al2Rr? 0683-4715 (ﬁ RIFXD COMP 470 OHM 5% 1/4w Q1121 LR 4115
AL2K3 0684-2211 RIEXD COMP 22K OHM 10X 1/4W arizi cB 2231
A12R4 V6142231 RIFXD COMP 22K DHM 10% 1/4w 01121 cB 2231
Al2us 0684-1031 RIFXD COMP 10K OHM 10% 1/4wW oKLzl €8 1031
AL2R6 R7 0683-6825 RIFXD COMP BgK OHM 5% 1/4W 01121 CB 6825

A Refer to Backdating Sec, VI
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Table 6-1. Replaceable Parts(Cont'd)

Muodel 34904

Reference o Mfr

; : HP Part Number| Qty Description Cod Mfr Part Number
Designation ode
AL LB20-0708 2 IC:TTL LOW POWFR TiiAL &—INPT MULTIPLFX 07263 UsBIILOISIN
al2uz 1d20=05H% IC:T0 1P QUAD ?-INPT NOR GATF 17040 OMT4LA2N
AL203 1R20=0595 ICETTL 1P IMIAL J=K HASTFR SLAVE F/F L7149 OM74L 73N
Al 2u4 1A20-1053 1 IC:SCHMITT 14N 01295 SN741aN
A1208 LB 20-0324 2 TCTTL QUAD 2=-INPT NOR GATE 04713 SNT4 07N
Al3 J3440-66513 1 RATIN FFFERFNCF BDARD ASSY 24480 03450-46%13
a1 2150-3953 C:FXD CER 1000 PF #A0-20% 1D00VDCHW 567 A9 COATBIOZELND22526-COH
A13C? 0150-0093% CIFXN CFR 0.01 UF +A-20% 100VDCW 72982 BOL-KAOD2011
Al13C3 gl 50-0093 CIFXND CFK Ua0L UF +A0=-20% LOOVOGW 12982 801-KB00A11
A1304 0180-0197 C:FXD ELEC 2.2 UF 10% 20VDCW 56289 1500225X9020A2-DYS
AL3CR] 1502=0671 ? NIONF BRFAKDOWN 284 R0 1902-0671
Al3Ck2 1901-0586 DIANE ST 30 Wy L0 PA LFAKAGF B4 A0 1901 =75 88
Al13CK1 LYynI-0586 NIONE:ST 30 WV 10 PA LEAKAGE 28480 1901-0586
A13CR4 1502-046T1 DINDE BREAKDOWN 28480 1902-0671
Al3CRE 1902-3150 DIONE AREAKDIWNE L 3.0V 52 400 MW 78480 1902-3190
Al3CKI 1302=-3190 NINOF BROAKDNWNI 13,0V 53 400 MW 28480 1902-31912
ALICKE 1502=3085 1 NIONE RREAKDNWNIS .75V SE 4D0MW 2R4&RD 1902-3085
AL3NP 1200-0424 2 SNCKET: TNTFGRATED CIRCUTT L4 CONTACT 23880 CSA2900-148
ITELLF 4uaD=0748 FATRACTNR:PC ANARD. BLACK 28440 4040-0T48
Al3MPZ 4040—11754 ? EXTRACTOR:PC AIARD, (WUF 28480 4040-D754%
AlIMP & 1700-0437 SOCKET:T1C & PIN - irier 5566-235-5
Al3mps L200-0437 SOCKET:1C & PIN 17117 5566-235-5
ALIMPE 1200-0437 SOCAFTzIC 8 PIY, i B e g 5566-235-5
ALIMPT 1200-04T4 SOCKFT:IC 1&=-¥IN 2R&4 B0 1200-0474
a13R1 NH13-0032 RIFXI Ww, $n¢( OHM 10T SW 28480 0813-0032
a13r7 VBRA=2T31 2 RIFXD LEYP 27K NHM 13% L/74K o121 ce 2131
AL3RTY O6bB4-2731 RIFXDCLIIMP 27K (IHM 10X L/4W oL 21 ca 2731
AL3R4 0694=7962 1 RIFAT FIM 976K (1HM L.0T 1/8W 28480 0698-1962
AL3RT 2100-3305 & RIVAR CFRMFT 13)X DHM 10X 3/4d 172 TURN ?R4B0 2100-330%
AlL3RA 21003305 KIVAR CFRMET 107K (HM 10T W 4W L/2 TURN 2B4HO 2100-3305
Al3RS D6IR-42027 L RIFXD FIM B.B7< NrM 1T 1/BN 28480 069R-4202
Al13KIO a757=-0277 i RIFXD MET FIM 9.9 OHM 1% 1/ 6W 28480 0757-02177
AL3RLIA RIIB nal1-3223 1 A: MATCHED SET 28480 o0B11-3223
AL3R1? 2100-3114 R:VAR CERMET S0 [IHM 10% TYPF P 3/4uW 28480 2100-3314
Al3R12 O6H=A2 T1 L HIFXD METAL GLAZF 1.1 NHM 5% 1/4w 28489 0658-8271
AL3R1 4 Z100=4313 HIVAR CFRMFT 130 O4M 132 TYPE P 3/4M 28480 2100-3313
Al3PIE 0757-04472 REIFXD MET FLM L0OLOK OHM LX 1 /8w 284 R0 0T5T-0442
AL3R1E 0757-0378 1 RIFXN MET FLM 11.0 NHM 1T 1/ AW 28480 0T57-0378
AL3KLT 2100-31305 HIVAR CERMFT 100K NHM 10T 3/4W 1/2 TURN 28480 2100-3305
ALIRILE ObH&=397] 1 HIFXD CHMP 3900 NHM 10T 1/4k a2 €8 3921
Al3RIS 2100-330% HIVAR CERMET LOUK [HM 102 3/4W 1/2 TURN 28480 2100-3305
A13in 1A26-0110 3 IC:L INEAR MP. AMPL. 2480 1826-0110
AL3U2 LA26-0110 (C:l INEAR 1P, AMPL. 28480 LB26=0110
Al3u3 1A26=0110 TCILINEAR 7P, AMPL. ZA4B0 L826-0110
Al 1A20-0223 INTFGRATED CTRCUITZOPERATIONAL AMPL. 7H480 1820-0223
AL3LS LA 20-0538 ? IC:TTL L¥ QUAD 72=INPT FXCL. MR GATF 12049 NMTALREN
Al5 03690-60306 1 DATA OUTPUT TS0E ATINN ASSY 284430 03490-60306
ALSKP 1 03490-04115 1 PLATF:zL1 MOUNTING 78480 03450-04115
AlSUL -UE 1990~-0514 b OPTINSCLATOR-LAMP-PHOTOCHOPPER 32694 DPi 1085
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Table 6-1. Replaceable Parts(Cont'd|

Scction VI

Reference ‘o Mfr
; : HP Part Number| Qty Description Mfr Part Number

Designation Code
A15SAT Diadu=hasl s 1 TNGHART RGO TSOLATION BOARD ASSY 28480 03490-66515
AlSalal 1H%4-00T1L TSTR:zSD SPNISEIECTEDR FunMm 2ZN3ITIA) 2A4RD Lu54=-0071
ALSALC? 1894=00T1 TSTHzST WPNISFLFCTEN FRUM NITIH) 2A&AI 1A5%-0071
AlS5a1C3 1H54=0071 TSTRIS! NPNISFIFOTFD FROM 2M17J4) 28480 1854-00T1
41548104 1H9%=0071 TSTRISD NPAISFIFCTED FROM 2M3734) 28440 LE54-0a71
AlSALLS LA 94=00G11 TSTRIST NPNISH FCTRD FRGM MNATO4G) JHARO 185%4-0071
AlSAICH 1A54=00T1 TSTH:ST NPARISFIFCTFI) FROM 2N3ATO4) PR&87 1854-0aT1
AlSAlK] -RE 0EBI-1215 HIFXD COME 120 THM 5% 1/ awW 0z CB 1215

RIbFXD COMP &7 NHM 132 | /4W a1Lzt Ce 4701
A1581k4 H1Z20=1A%5 4 CARLF:RTARON 7R4RB0 A120-1855
ALSE? 03490- 06514 1 NUTGUARD ACD TSTLATIDN BOARD ASSY 2H4 BO C3490-64514
AlSA7RI Dhur—4l73 2 HIFXD MFT FLM 499 (IHY 1T 1/8m 78480 N498=-41773
AISAPK2 Nh9A=41213 RIFXD MET FLM &95 (IHY 1% 1/HW 2a48n 0698-4123
ALSAZF3 NL9A-4123 RIFXN MFT FIM 499 [iHM 1% 1/8w ZRARD JbHE-4123
ALSAZRA OnS9d-4121 RIFXD MET FLM 495 MHY 1% 1/AW A4 a0 N69R-41713
ALEAZES 069R=-41213 RIFXD MET FLMN 499 [HM 1T 1/8K 28480 0698-4123
ALSAZRE ORGH-4121 RIEXD MFT FIM 499 (HM 1¥ 1/HW 2A4R) 069R-4123
ALSAPWE RLZ7-1A55 CARL EzKTRALN 2d4H0 B120-1A55

90
@0
aL? 045 0-60308 1 RFMATF l.tni..uép% ASSY 284 A0 03490-40308
A1THE] 03490-04116 1 nLnnR(Snmmnm ?RGLA0 03490-04116
ALTUl —UEB 1990~ 0514 ﬂPTIQ&LATUH—LAMP—-PI—"JTQCHGPPEP. 32634 OFI 1088
X
Q

ANTAL H&=-66517 1 [NGUHARD RFM TSOLATINN BOARD ASSY 2H4 A0 N3490-6651T
ALTalgl 1u5&4-0uTl THTa:80 NPNISFILFCTREN FHROM 2N3T 4] A48T 1AS4=-NIT1
AlTalIC? 1354-00T1 TSTRIST NPNISFLEGCTED FHOM 2N 37040 ZR&4AT 1854-0371
Al7AlC3 1856-00T1 TSTR:SI NPNISFLECTFD FRilM 2N3T41 2B4 80 1854-00171
ALTALE] RUEEELY R ] RzFXN MFT FIM 499 [IHY 1% 1/4w 28480 069A=-&1 23
AlTALRZ R3 06B3-1215 AEXD COMP 120 ITHM 5% 1 /74M 01121 CR 1218
ALTALR& Oh9R=-4123 R:FXD MFT FLM 499 [IHM 12 1/AW 28480 0698-4123
A17ALKS O69R-4121 RiFXN MET FIM 4499 NHM 1T /AW 2R4BU 26984123
ALTRLEA 06E3-121% Kikxh Cnmp 120 0HM 5% 1 /aW a1 ca 171%
AlTAlWE AlI2N=1455 CARL F2A 1 ARIIN 28480 A120-1855
ALTAZ 03490-44518 ] AUTGUARD RFM ISOLATION BOARD ASSY 7A4 A9 D3490-A651F
al742¢C1 TR S4=00T1 TSTRIST APNISFLEGTFD FRON 2N3T04) 2A480 1454-0071
AlTarc? IH54=0071 TSTR:S1 NPNISELECTED FROM 2N3704) 2R4E0 1854-0071
ALTARCE 1#54-00T) TSTRIST NPNOSFILELTEN FROM 2N3T04) 284 A0 1A54=-0071
ALTAPHL 0683-1515 AFXD GOMP 150 NHM 3% 1/4wW oti1z1 CB 1514
L1TAPRD OhH9R=4123 HIFX( MFT FLM 499 NKY 12 L/AM 28480 0698-4123
ALTAPERT OAY4-4123 RIFXN AFT FILH 499 MHM 1X 1/4W 2H 480 A6IR-4123
ALTAZR4 Ry 0683 121% RaFXD COMP 120 NHH 5% 1 /4w a2 CH 1215
ALTAPRE DAGA=4l173 AFAD MFT FLM 99 UHM 12 L/AMW n28480 2698-4123
ALTAZW1T A12N-1H55 TARLF:RIBRON 2R4A0 8120-1855

See introduction to this section for

ordering information
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Table 6.1. Replaceable Parts(Cont'd)
Reference - Mfr
: 3 HP Part Number| Qty Description Cod Mfr Part Number
Designation ode
az? 03490-60302 1 SYSTFM TSOLATIN ASSY 784 RO N349M-A0302
[FFL LN 0149 0=l L4 1 PLATFISYSTEM L] FLTY JA4AG =041 14
AL7GL U7 aan- 0514 OPTIOSOLATOR-LAMF-PHOTOCHOPPER 32534 OFI 10B%
az2al Nia50-66527 1 INGUARD SYSTEM TSOLATINDN BOARD ASSY 28480 03490- 66522
AZIALIR U HE-H2 7| RIFKD CUMP 8200 (M4 10T 1/4W Mz CR 8221
APZB1k2 ARE=110271 HIFXD COMP 1100 NHM 10T 1/4W o121 ca 1021
A22ALLI LE20=05H6 TCETTL 1P HFX INVERTER 17040 DHT4I 04N
AZ2AD 131450-66523 1 OUTRIARD SYSTEM [SOLATION BOARD ASSY 24480 03490-66523
azzazc ThS4=0071 TSTR:ST NPNISFIFCTRID FROM 2N3T04) 2480 LES4—00TL
AZ2A2C7 LH34=0071 VTSTR:ST NPNISFLFECTFD FROM 2N37041 28480 1854=-0071
A2202K1 R2 0E83-1515 BIFXD COMP IS0 MMM 5% | /4N S| R 1515
a24 C3490-60574 1 S/H ANALNG JUMPFR ASSY 28480 03490-66524
A24MP ) 4040-074H FXTRACTOR:PC ROARD. HLACK 28480 4040-0748
AZ4Mp: LUs0-0T52 ? FXTRALTNRIPL ATART. YFI 78487 4040-0752
a24R1 a6SA-D0A& 1 KiFXID MET FIM .15 1% 1/8wW 28480 0696-0084
&
[4)
A2S N3&9D-6L525 1 S/H I_lutﬂ[.gﬁlpfhﬂ ASSY 2848C D3490-66525
A25mp) G04D=0T4H EXTR q TR PG ROARD. ALACK 28480 4040-0748
AZSHPZ A 40-0T%3 ? EX fH:PC RNARD. GRFFM PA4AN0 404N-0753
[¥2) 03690~ 66576 1 RATIN JUMPFE ASSY 28480 0340 0-4A526
AZaMP] 1200-0T64 SOLKF T2 INTEGRATFD CIRCULT 14 CONTACT 91506 31 4-AGSD-3R
AZGKMPZ 4UsN-0748 FXTRACT(#:PC HNARD, ALACK PR&RD 4040-0744
aZEMP 3 A04aN-0754 EXTRACTAR:PC RNARDN, ALUF 284680 40L0-0T54
a2 03490-6R52T ] SAMELF/HOLD ANAL UG HUARD ASSY 7840 03490-66527
A27C1 NHH-2198 2 CIFXD MICA 20 2k 5K 1as RDMISC20043C
aZics O1AN=2 198 C:FXD MICA 2] PF 53 72136 RNMI5C20043C
a21705 GLAG=0197 CIFXN FLECT 2.2 UF L2 20V00W 567 A9 150N225X5020A2-DY5
AZ1CH alEn-0197 CIFXOD FLFCT 2.7 UF 132 20¥00w H62RG 150022 5X9020A2~DYS
A7 G1AN-1197 CEFXN FILFLT 2.2 1F LI Z0VICwW “h7BY 150N225X902042-DY5
A2TCA CLAN-0197 CLFRN FLEGT 2.2 UF 137 20VD0W L6272 8Y 15002254902 0A2-0Y5
A27CS 0l &0-n6T79 1 CiFXD TEFION 5h00 P 5% 1OOVDCH PR&ERAG 0160-26T9
AZTCLC H6O-3455 i CIEXD POLY S67) BF 52 1JOVDCW ZRAALD O1b0=3855
AZTCLY Oleu-3077 H X0 MY 0.027 Uk LOE LOOVOCW 562 Ay 225P2TIGWRL-PHM
a2701 2 Q1aN-341 4 1 CIFXD L1 UE LIOVRGW 28480 0160-3415
A27C14 0le0=-2199 CirxD MICA 30 BPF 52 3J9VOGW 28480 0160=7199
AZICLS DL60-3627 C:FXD CFR 0.l UF #R2-20% 100VNCW 72982 8131 -100-651-10641
A27C1 8 01 60=-3143 7 CIEXIY MY 0.47 1IF 21F SOVNGW Aball HFW 101
azicL U1&N-2195 CIFXO MICA 30 PF 5% 330VNCW 28482 0160=7199
A27C1F Olsn-4143 CFXN MY 0.47 UF 20T SOVNCK LTSS HFW 101
AZTCLY 0160-2199 CiFXd MICA 30 PF 5€ I1D0VOGCW 78440 0lanN=2199
A27CR1 1901 -0040 OINNF:STLICAN 50 ™A 30 Wy 07263 ENG1088
AZTCR T 190 1=3040 ALE:S THICAN 50 M8 13 wW 07243 FOGLORA

See introduction to this section for ordering information




Model 3490A

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

Section VI

. Mfr
Reference |.p pyrt Number| Qty Description Mfr Part Number
Designation Code
A2TCR3 1901-0376 15 DIONE:SILICON 35V 28480 1901-0376
A27CR4 1901-0376 DIDDE:SILICAN 35V 28480 1901-0376
A27CRS 1901-0376 DIDDESSILICON 35V 284 B0 1801-0376
AZT7CR & 1901-0376 DINDE:SILICON 35V 28480 1901-0376
A2TCRT 1901-0040 ODIONEISTILICON SO MA 3D WV 07263 FDG1 088
A2TCREB 1901-03746 DIODE:SILICON 35V 284R0 1901-0376
AZICRS 1901-0376 DINNE:SILICON 35V 28480 19010376
AZ27CR10C 1901-0376 DIDOE:SILICON 35V 28480 1901-0376
A27CR12 1902-3180 2 DINDE BRFAKDOWN:11.8V 2% 400 MW 28480 1902-3180
A27CR13 1902-3180 DINDE BREAKDOWN:1 1.8V 2% 400 MW 28480 1902-3180
A2TCR 14 1901-0040 DINDEISTLICON 50 MA 3D Wy 07263 FDG1088
A2TCR1S 1501-0376 QDIONE:SILICON 35V 284 R0 1901-0378
A27CR 16 1901-037¢ DIONDE:SILICON 35V 28480 1901-0376
A27CR17 1902-3191 & OI0DF BRFAKDOWN:13.0V 2% 28480 1902-3191
A27CRI1B 1902-3191 DINDE BREAKDOWN:13.0V 2% 28480 1902-3191
AZICR1S LS0L-0378 DIDDE:SILICON 35y 28480 1901-0376
A27CR 20 1901-0376 DIONE:SILICON 35V 284 B0 1901-0376
A27CR22 1901-0376 DINOF:SILICON 35V 28480 1901-0376
A27CR213 1902-3191 DIDDF RRFAKDOWN:13.0V 2% 28480 1902-3191
A27CR 24 1302~3191 DINDE RRFAKNDAOWN:I13.0V 2% 28480 1902-3191
A2TCRZS 1501-0376 DIDDEzS ILICAON 35y 284860 1901-0376
AZ27CR26 L901-0376 DIODE:SILICON 35V 28480 1901-0376
A2TCR2T 1901-0376 OIODE:SILICON 35V 28480 1901-0376
A27KL 0490-0373 2 RELAY:RFED 28480 D490-0373
A27K2 0490-0373 RFlL AYtRFFD 28480 0490-0373
A2711 91 710-0894 BEAD:SHIELDING 28480 9170-0894
A27L2 9170-0894 AFAD:SHIELNING 28480 9170-0894
A27L3 91 70-0K94 RFADISHIFL DING 28480 9170~-0894
A2TL 4 LT0~-0894 REAN:SHIFLDING 28480 9170-0894
A27MP L 4040-0748 FXTRACTOR:PC BOARDe BLACK 28480 #040-0748
A2TMP2 4040-0752 FXTRACTORTPC BOARD. YEI L OW 28480 4040-0752
A27MP3 1200~0437 SOCKEY:IC 8 (PIN 17117 5566~235-5
A2THP 4 1200-0474 SOCKETz 1L 14-PIN 28480 1200-0474
A2TMPS 0340-0060 FEEDTHRUIINSULATEDN MOUNT ING 28480 0340-0060
AZ27101 1R55-0093 TSTR:FET N-CHANNEL 78480 1855-0093
A27Q2 1855-0308 TSTR:ST NPN DUAL 28480 1855-0308
A2703 1855~0093 TSTRzFET N-CHANNFL 28480 1855-0093
A2704 1855-0093 TSTRzFFT N-CHANNEL 28480 1855-0093
A27CH 1855-0093 TSTRSFET N-CHANNEL 28480 1855-0093
A2706 1R55-030R TSTR:SI NPN DUAL 28480 1855-0308
AZ27107 18%5-0093 TSTR:FET N-CHANNFL 28480 1855-0093
A2708 1854-0215 TSTR:SI NPN 80131 2N3904
A2709 1655~-0093 TSTR:FET N-CHANNEL 28480 1855-0093
A27C11t 1855-0341 1 TSTR:=SI FET N-CHANNF1L 13327 2N&338
A2TRY a157-02A0 RIFXD MET FLM 1K OHM 1% 1/8W 28480 0757-0280
A27TR2 01571-0273 R2FXD MFT FLM 3.01K DHM 1% 1/8wW 28480 oT757-0273
AZTR3 2100-2489 1 R:VAR FLM 5K OHM 10% LIN 1/2W 28480 2100~2489
A2TR4 0698-4460 1 RZFXD FLM 649 OHM 1% 1/8W 28480 0698-4460
A2TRS 0698-3445 2 R3FXD MET FLM 348 OHM 1T 1/8K 28480 0698-3445
AZ2TRE 2100-3103 1 RIVAR CFERMET 10K OHM 10R% TYPF P 3/4W 2848Q 2100-3103
A2TRB 075T-0449 RIFXD FLM 20K DHM 1T 178K 284B0 07570449
A27IR9 0757-0449 R:FXD FLM 20K NHM 1X 1/8W 28480 0757-0449
A27R10 0757-0453 R2FXD MFT FLM 30,1K OHM 1% L/8W 28480 0757-0453
A2TR11L QAT57-0442 RIFXD MFT FLM 13.0K DHM 1% 1/8w 28480 0757-0442
A27R112 2100-3306 RIVAR CERMET 50K DHM 10T TYPE P 3/44 28480 2100-3306
A2TR14 2100-3311 RIVAR CERMET 500 OHM 10% TYPE P 3/4M 28480 2100-3311
A27R1E Q757-0449 RIFXD FLM 20K OHM 1% 1/8W 28480 a757-0449
A2TR1T 0T757-0449 KRIFXD FLM 20K OHM 1% 1/8W%W 28480 0757-0449
A2TR1E 0684—4731 RZFXD COMP 4TK OHM 10X 174MW a1121 CB 4731
A2TR1S 0684-4731 RIFXD COMP 47K OHM 10T 1/4W 01121 €8 4731
A27TR24Q 0698-450% 4 RIFXD MET FLMN 715K OHM 1X 1/8W 28480 0698-4505
A2TR21 06%98-4505 RFXD MET FLM T1.5K OHM 1% 1/8w 28480 0698-450%
A2TR22 0698-3445 R:FXO MET FLM 348 OHM 1X 1/BW 28480 0698~3445
A2TR22 0757-0438 RIFXD MFT FLM S.11K OHM 1X 1/8W 28480 0757-0438
A2TR2 4 0757-0438 R2ZFXD MET FLM 5.11K OHM 1% }/8W 2B 480 AT57~-0438
A2TRZ2E Q757-0465 RIFXD MFT FLM 100K OHM 12 1/78W 28480 0757-0465
A2TR2E 0757-0449 R:FXD FLM 20K OHM 1% 1/8k 28480 Q157-0449
A2TRZ2S 0757-0438 RIFAD WET FLM S.11k OHM 1X 1/8W 284 80 0757—-0438
A27R30 0757-0465 R:FXD MET FLM 100K OHM 1% 1/8W 28480 01570465

See introduction to this section for ordering information
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Refgren . HP Part Number| Qty Description Cod Mfr Part Number
Designation e
A2TR3I1 0757-0449 HIFXD FILM 20K NHK LT L/Bk 28480 0757-0449
A2TR32 0757-0401 RIFXD MFT FLM 100 DHM 1% 1/8W 28480 0757-0401
A2TR33 075T-0465 RIFXD MET FLM 100K DHM 1X 1/8wW 28480 0757-0465
A2TR34 0698-1162 2 RIFXD MET FLM 44.4K (HM 1% L/8W 28480 0698-3162
A7TRIE 0T57-0442 RIFXD MET FLM 1J.0K (HM 1X 1/8W 284 80 07570442
A?TR3E D757-0401 RIFAD MET FLM 100 OHM 1T L/BW 28480 A757-0401
A2TR3T 0698-3162 HIFXD MFT FLM 46.4K OHM 12 1/8w 28480 0698-3162
A2TH3F N6EIH=4505 RIFED MET FLM T1l.% (MM 1% 1/8W 28480 0698-4505
A2TR3S 0698-4505 RIFXD MFT FLM T1.5 0OHM 13 1/8W 28480 0698-4505
AZTR4O ObR4=4T31 RIFXD COMP 47K DHM INX 1/4W 01121 CB 4731
A2TR4D 0767-0449 RIFXD FLM 20K (HW L% 1/RW 28480 0757-04%9
A2TRG4 0757-0438 RIFXD MET FLM S.10K NHM 1Z 1/8W 78480 0757-0438
A2TRGLE 0757-0449 RIFX0D FLM 20K OHM 1L L/8W 28480 0757-04%9
AZTRG & 0T57=-0449 REIFXD FLM 20K OHM LX L/AN 28480 0TS T-0449
AZTR& T DAB&-4T31 RIFXD COMP 47K OHM 10% L/4W 01121 CB 4731
A2TU1 1B26-0059 5 IC:LIN, NPERATINNAL AMPLIFIFR 12040 LM20 1AM
A27TU2 1826-0018 TC:LINEAR OPERATIONAL AMPLIF LER 28480 L826-0018
A2TU3 1876-0059 TC:LIN, NPERATIONAL AMPLIFIFR 12040 LMZOLAM
AZTU4 1826-00549 TC:LIN. OPFRATIONAL AMPI IFIFR 12 040 LM20 LAM
A2 75 1826~-0021 1 IC:VOLTAGE FOLLOWER O TN 70 € TD-99 12040 LM310H
AZT06 1826=0059 JCILIN. NPEHATIUNM AMPL IFIEN 12040 LM20 1AM
A27u7 IR 26-0059 TC2LIN. 1IPFRATINNAL AMPI ITFIER 12040 LM20LAM
A2Tu8 1820-102 1 2 1C:DIGITAL 28480 1820=-1021
A27TUS 1R20=1021 1C:DIGITAL 28480 1820~-1021
A2TULO 18200174 IC:TTL HFX INVERTER 0L29% SNT4J4N
A28 03490~66528 1 SAMPLE/HOLD LOGIC, BriaRn aSSY 78480 03490-66528
A28C1 0160-3077 CiFX0 MY 0.02F UF LOT LOOVDCW 56289 225P2T39WBL-PWM
A28C2 01 50-0084 C3iFXD CERYD.1 UF +B0-20% 100VOCW 12982 8131~-100~651-1042
AZBC3 0LAD=24605 CiFXD CER 0.02 MFD +BI-20% 25V0CW 12982 5835000-Y51 2031
AZACKI1 1991=0%18 OTORELHNT CARRIFR 28480 1901-0518
AZBCR2 190 2=4183 1 DICNIFZ AR FAKDOWN 12.1V 2T 400MW 28480 1902-3183
A2BNP] 4063-0T48 EXTRACTUHIPC BNAKD. ALACK 84RO 4040-0748
A2BMP 2 4040-075%3 FXTRACTOR:PC ROARD. GREFN 28480 4040-0753
A28MP3 17200-04 T4 SOCKET:IC 14-PIN 28480 1200-0474
A2 EMP4 1200-04713 SOCKFT:IC 16-PIN 78480 1200-0473
AZBMPS 1200-0469 SOCKET:IC 2R CONTACT DUAL-INLINE TYPF 28480 1200-0469
AZRMP & 03R0=DASZ? 4 STANDOFF:SWAGE TYPE D.500% LG 00000 ORD
A2801 1854-0071 TSTR:SI NPNISELECTED FROM 2N37041 28480 1854-0071
A2BR1 06H&-1031 KIFXND COMP LOK OHM 10T 1/4W 0L12i c8 1031
AZBRZ 0hH4=3371 RIFXD COMP 3300 OHM 10T 1/4M oL121 CB 3321
AZEBR3 NbR4=5621 RIFXD COMP 5.6K OHM 10T 1/4M 01121 B 5621
AZBR& 06A4-6821 RIFXD COMP 6.8K OHM 10K 1/4M 01121 CB 6821
A2ERS ObRG=1011 R:FXD COMP 100 OHM 10X 1/4W nD1121 cB 1011
A2BRE 06B4=3371 RIFXD LOMP 3300 NHM LOX 1/4W o112l 8 3321
AZBRT OBA4=1031 RzFXD COMP 10K DOHM 10T 1/4W 01121 CB 1031
A2BRA 06B4-54621 RIFXD COMP S.6K NHM 10T 1/4W o121 CB 5621
AZHRY 1810-0050 3 RESISTIVE NETWIRK 10 X 15K NHM LOX 28460 1810-0050
A2BRIC 1810-0050 RESISTIVE NFTWORK 1O X 15Kk OHM 10% 28480 1810-0050
A2BR11] ObAL—5621 RzFXD COMP S.6K OHM 10X 1/4M ollzl ce 5621
A28R12 06B84-5621 RZFXN (OMP 5.6K NHM 10T 1/4W o1zl ce S621
A28R13 0757-0446 RIFXD MFT FLM 15.0K (HM LT 1/8W 2B4 80 0757-0446
AZ8R14 0757-0243 RIFXD MET FLM 2.00K OHM 1T 1/8W 78480 0757-0283
AZBR1E 06H4-1021 R:FXD COMP L1000 OHM 10X 1/4W 01121 8 1021
A2BUY 1820-0583 [C:TTL LP QUAD 2=INPT NAND GATF 12040 DM 741 OON
A28U2 1820-06548 2 IC:TTL LOM POWFR A-INPUT MULTIPLEXFR 07263 SL1T146
A28U3 1820-0596 1C:TTL LP DUAL EDGE TR1Gs O F/F 12040 DMT4LT4N
A28U3 18 20-0654 IC:TTL LOW POWER 8~ENPUT MULTIPLEXER 07263 SLLTL46
A2BU4 1820-0655 ICITTL LP 4~BIT 2-INPT MULTIPLEXER 01295 SNT74LIBN
AZBUS 1820-0656 ICiTTL LP 4-BIT 2~INPT MULTIPLEXER 01295 SNT4L38N
A28U6 1870-0708 1C:TTL LOM PAWFR DUAL 4= INPT MULTIPLEX 07263 VaRS I 0959X
A2BUT 1B20~0471 1 1C:TTL HEX INVERTER M/OPEN CIMHL.(30V) 01295 SNT406N
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Model 34904

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

Section VI

Reference e Mfr
: : HP Part Number| Qty Description Mfr Part Number

Designation Code

87819 LB2N=-0099 TE:TTL 4=BIT BINARY COUNTER 01255 SNT493N
a28UIC IB70-0456 IC:TTL LP 4=RIT Z-INPT MULTIPLEXER 01295 SN 74L98N
AZBULL LB20-09480 1 IC:DIGITAL CMNS HFX HUFFER/TRANSLATOR 78480 1820-0960
AZBUL2 18 20-0598 1C:TTL LP QUAD 2-INPT EXCL. DR GATE 120490 DMT4LBEN
AZBUL3 LB20-00T7 TIC:TFL DUAL D F/F oL295 SNT4 TaN
1T AZENL 4 118-2094 1 [CIN=CHANNEL ROM 28480 {a;a-?c%
AZ8UL5 LAZD-0656 1C:TTL LP 4=BIT 2-INPT MULTIPLEXER 01259 SN T4L9RN
AZEULE 1B20-01935 1 [C:MGITAL CHMOS 14=AIT AINAKY COUNTER 28480 1R20-09135
a2s LLL1R=-64501 1 OUTGUARD TRIGGER ASSY ZHGED 11 1L A=6A501
A29c1 0180-0650 48\ CIFXD AL ELFCT 390MF  20vDCW 28480 0180-0650
A25C3 01AN-0228 1 C:FXD ELECT 22 UF 10T 15VD0W 567 89 LSDD226XS01582-0Y5
A29C4 01 50=0050 C:FXD CER 1000 PF +80-2 3% L00OVUCW 56289 CO6TALOZEL022526-COH
A25CS5 0170-0040 CFXD MY 0.047 UF 1UT 230V0CH 56289 192P47392-PTS
A29CH 01 50-0050 C:FXD CFR 1000 PF +80-20% 1000OVOCH 56289 COATBLO2FE1022526-COH
A29CR1L 1901=-0028 DINDE:SILICON 0.TS&8 400P1IV aeTi3 SR1358-9
AZ9CR 2 LHO2=004 9 DINDE:BREAKDOWN 6.19V 5% 06713 5210939-122
A29CR3 150 1=0040 DEODE:STLICON 50 MA 30 WV 1263 FOGL DBA
AZGMP I 1751-2551 CONNFLTOR: SINGLE CANTACT MINTATURE onT79 132070
A2501 1854-0022 1 TSTR:SI NPN 01263 S17843
A2902 1854-0071 TSTR:SI NPN(SELECTEI FROM 2N3704) ZH&B0 1854=0071
A2503% 1854-00T71 TSTR:zST NPNISELECTED FROM 2MN3ITO4) 28480 1A54-0071
AZ9R 1 06R4=1031 RIFXD COIMP 106 DHM LOE | /4w o121 B 103)
AZ9R2 arsT-03i88 RiFXD FLM 30.1 NHMALE L/BW ?R480 0757-03488
AZ9R3 N684-8221 RIFXD COMP A200 (BN 10T 1/4K 01121 LR B221
AZSRS 06R4—1011 RIFXD COMP 100 (K L0 L /4w 01121 e 1011
A29RS 0684-1231 RIFXD COMP 126 \7HM 10T 174w 01121 CB 1729)
A25KE 06R&4=2271 RIFXN COMPLZ2K (HM 1O L/4W 01121 £a 2231
A29R7 OBR4=102 1 RIFXD COME LJO0 NHY 1DT 1/4M a2 CH 1021
AZSRB 0684=1021 RIFXD CAMP 1003 OWM IDT 1/4W a1121 €8 1021
AZ9RY N6B4=H2Z21 REFXOCCOMP 8200 OHM 10X 1/4W 01iz21 ce 8221
a2911 91N-3273 2 TRANSFIIRMFR: PULSF 28480 9100-3273
A29ul LH20=0586 IC:TTL LP HEX INVFRTER 12040 DMT4LO4&N
AZ9WE 03490-61617 1 CABLE ASSY:TRICG 28480 0349061617
A30/A35 03490-69508 1 HP—IB ISOLATION ASSY: INCLUDES 28480 03490-69509

= A30, A35 AND U1 THRU UM

A30/A3EUN-UTT 1990~ 0518 & OPTIOSOLATOR-LAMP-PHOTUCHUPPER 32694 0PI 1085

430 03490-6A530 1 HP-IE QUTGUARD ISOLATION ASSY 28480 03490-66530
A30CL OLB0=-1701 C:FXD FLFCT 6.8 UF ?0% &VOCW 26480 01B0-1701
A30C2 0160-0156 1 C:F X0 MY D.0039 UF LOE 200VDCM 562 89 192P 39292-PTS
4303 0150-0091 C:FXD CER 0.01 UF +80-29% 100VDCW 172982 B01-KA0OOOLL
43004 01 50=-0093 CIFXD CER 0.01 UF +80-20% 100VDCW 72982 B01-KADOOLL
AJOCE] 150 1-0040 DINDE:SILICON SO MA 30 WY 07263 FDG1088
A3OCR 2 1902=3030 2 DINDE BREAKDOWNZ 3.01Y 5% 400 MW 78480 1902-3030
A3OCR3 1901-0040 DIODE:S ILICON S0 MA 30 WY 07263 FDG1OBA
A0MP 1 1200-0431 SOCKET:IC 24 CONTACT 28480 1200-0431
AQMP? L200-0473 SOCKET: IC 16-PIN 28480 1200-0473
A3OMP3 1200-0474 SOCKETZIC 14-PIN 28480 1200-04T4
aA2001 LBS4=0071 TSTR:51 NPN(SELECTED FROM 2N3704) 28480 1854-0071
43002 LB54=-00T1 TSTR:ST NPN{SELECTFD FROM 2N3704) 28480 1854-0071
A3003 1BS4-00T1 TSTR:SI NPN(SELECTED FROM 2N3704) 28480 1854-0071
A3004 LR54=00T1 TSTR:ST NPNISELECTED FROM 2M3704) 28480 1854=-0071
43005 1B54=0071 TSTR:S! NPNISELECTED FROM 243T04) 28480 1854-0071
A3006 L854-00T1 TSTR:ST NPNISELECTED FROM 2N3704) 2H4R0 1854-0071
43007 1854=-0071 TSTR:ST NPNISELFCTED FROM 2M3704) 28480 16854-0071
A3008 1854-00T1 TSTR:SI NPNISELECTED FROM 2N3T704&) 28480 1854-0071
FEL L] 1R54=00T1 TSTR:S51 NPNISELECTFD FROM 2M3TO4) 28480 1854-0071
A30K1 0683-102% RIFXD COMP 1000 DHM 5% 1/74MW 01121 CB 1025
A30R2 0684-3331 RIFXD COMP 33K OHM 10T L/4W o1121 CR 333]

See introduction to this section for ordering information
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section V1

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

Maode] 34804

Reference g Mfr

- : HP Part Number| Qty Description Cod Mfr Part Number
Designation ode
A3ORT CoRG-HH2 L RIF XD CUMP 6 L8R (THM 10T | /4K oLL2l CB 6821
A30K& DhAe-3341 KIFXD COME 33K OHM 19E | /4M oip2t Ca 1331
LET Obbe— 1341 KIFXD COMe 33K NuM 178 1 /ak 1121 LR 3331
AIOFA NbR4=5611 1 RIFXD COMP 567 DKM LIZ 174w 71121 CH 5611
LELd NuAe=6A?1 KIFAD COMP 688 NHA 100 | /oW a2l CB &821
Aokl N&RG—#HAZ ] RIFXD COMP A.HK MY 102 174k nm121 Ch 6821
AI0F1 & NhHa=6H1 HiFXD COMP & HE OHY 10% 1/4w 01121 CR 6821
A30F1 = Boda—082 1 HIFXI) CUMP ALHR B 102 L/6M 01121 Ch 6821
LELTANS Nhda=hd s 1 HIRXD COMP & HE NHM LIE 1/ e o1121 CH 6821
A0ALT-R21 0883-1515 X 11 #iFxo COMP 150 OHN 5% /4w 01121 cB 1575
4308722 NbAs-1031 HIFXD COMP LOK OHM LOZ 1/4W ol121 €8 1031
EELIPE Nbke—t 031 RIFXD COMP L OK NHM 13% 174K 012l CH 1031
A30K?4 -RIR 0683~ 10256 L RiFX0 COMP 1K OHM 5% taw g1121 CB 1028

06841521 9, Fxn COMP 1500 OHM 10% 1/4W oz CB 1521

AIORZS Oaib—hBa1 RIFXD LOMP 6.BK NHM 10T 1/4w oLl CR 6821
A30RIC n5a3-1615 & HIFXD COMP 150 OHM 5% 1/4W [P CB 1515
&30 LR20-0710 IC:0IGITAL TTLH GGIC 5V 5% 07263 SL1T315
A30u? 14 20=0821 El IEETTL QUAD ?—LNPT NAND BUFFER wW/MPEN C 01295 SNT438N
43003 L3 20-05486 IC:TTL LP HFX [NVERTER 12040 OMT4LD4N
A3oH4 A2 =06a 0 3 FCTTL NATA SELFCTUR/MUL TIPLEXER 295 SNT4 150N
A30us WAI=01 14 TC2TTL HEX INVERTER o129% SNT4 04N
A30UG LRZI=01590 1 IC:TTL LP NUAL 2W 1-Q2)-7 IN AND=(IR TNV 12040 NHTALS1N
LEY:H H20-0710 [C:eIGITAL 1lL+lﬂ(‘-§~ N 5% 07263 SLET3LS
A3DUA LH20=0566 IGITTL LP HEX IN Fr 12044 NHT4&LDAN
LET V348 0=ha541 1 OUTGUARTT MOTHFR ROAKD ASSY 78480 03490-84531
A3101 ¢2 JLAG - 0850 fiEXD AL FLEQT 380 ge 10VDCW 28480 0180-0650
AT1C3 Ol Au=0197 FLFCT 2.2 UF LUZ 20VDCW 56289 1500225 9020A2-0Y5
LENTAY HAO-0229 ELFCT 13 UF 132 19v00W PR4AD 0180=0229
431C% O150-0050 CE/ 1ND0 PF +A71-20% 1090VOGH 567 49 COBTRLAZFLINZI526—CDH
43108 Olav-0197 FIFCT 7.2 UF INT ?0VDCW 567 A9 150022 5X5902 JAZ=DYS
LETIa] 01 %1=0050 CFR 1042 PF #A3-207 1002VDCW 56789 CO6TBLI2F1021526-CDH
A3lCH o1 T0-0nN40 MY 0,047 UF 13% 200VDCKW 562 HG 192P473972-P15
a3ics 0150-0105u CER 10NN PF +HO0-20% 1000VOCW 56289 COLTALIZFI022526-COH
a3icic 0150-0097 CER 0.01 UF +683-20% 130VDGw 17987 HO1=KBT0711
a3jce] 1901-01473 NIODE ASSYIST 100 PIV PFR CFLL 784380 1901-0363
AIICR? 1901-0163 A1ODE ASSYIST LOD PIV PFR CFLL 7Rk A0 1901-0343
A7LCRS 19 1=i040 BIADFSILICON S50 MA 30 wV ar2ed EDGY 088
aACkS 108 =0040 NINNE:STITCON 50 Mé 343 wy Q7263 FG1ood
AICRE 19N02-3190 OLONE ARFARDIWNG 13,0V 5% 400 W R4 A0 1902=1190
LERTA 1901 =004%0 DINOFzSTLICON 50 Ma 0 Wy 07263 FOGL 46
AL 1281=116% CONNIPC 4& (7X221 COANTACTS AR L] 252-22-30-300
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Model 3490A

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

Seclion V1

Reference _— Mfr
> A HP Part Number| Qty Description Cod Mfr Part Number
Designation ode
FPEINE 1251=1%65 CUNNIPE a4 12X22) CONTACTS 71765 252-22=-30-300
43101 1759)1=1365 CONNIPL 44 (2X77) CONTACTS 7Lras 252-22-33-330
IETELR 1205=012949 1 AFAT DISSIPATURIFCE TN=-3 GASF 13193 &1 04C-T10P
ATpME 1221-ubl5 1 CONNECTORE L4=PIN, DIAL— IN-L INE 2A4 R0 1751-1615
A3INp 3 L200=14 T & SOCKFT:I0 14-PIN PR&AD 1207=14 T4
ATINP 4 0380-0643 L STANDUFF sSTUID MOUINT 28480 0380 0643
PR 17491=-245] CANNFLTIRISINGI F COGNTACT MINLATUKE WY 1329
LER TS 226.0=0001 E MUTEHEX SSTH 4-6UX1/4X3732 anLzn ARiE
LETLR SU&-0170 CUINEMUG=TK PO HIARD 2R4H0 A040-1170
FERTY 1H5a=0071 TSTE:SE MPNISELFCTEN FROM 2N3T04) ZH4&RA0 1B54-071L
FERTLF] 1A 4=007 1 TSTRIST NPNISFLECTER FROM 2N37041 2R4RD 1B54-3971
A31k3 MRe=3321 KIbXD CIRMP 3300 CHM 102 ) /4W o2 LA 43721
LEI NaKRa—-1011 RIFXD COMP 10U kM 10T | /74W 61121 LR 1911
LET Ghmb-A221 WIFKI COMP R200 NHM 10X 1/4k oM LB 8221
83LFe P =0 135 1 AFSISTIVFE NFTWURK S X 10K (hiM 5% 1/4W 2B 4H0 1RLO=11 35
A31R7 1hla-0) 36 7 HESISTIVF NFTWIRK = 2d6 A0 1819-u136
A31RH TH -0 36 RESISTIVE NETwiRK: #HaEn iRL0O-9136
ARG Doahe=fidl | RIFXD LOMP ALHK (HHM J0E 174k A CLa &A21
LEI N HnHs=2711 KIFX[ COMP 226 Nk 10T L/ 4W 112l W 2231
831k Unka=124] HIFXD CUMP 2K NHM 10T 1/4W o121 CR 1211
A3NKL2 QuHe=1021 HIFX COMP 1000 OHM 134 174MW gt 21 Ca 1021
AILRLE OfhHa=H2 1 HIEXN CHMP 200 N4 138 1/4K IR LB A221
A3MKL & ObA4=1021 RIFXD COMP 100 OHM (0% 1/4W a2l CR 11321
AlLKLE D R&=2221 AIFXD LNMP 2700 NH4 192 1/6W ot LR 2221
PR YIR0=4271 TRANSENHEMER: PULSE 2480 SL00-327%
A3l LH20=0s10 1CILINFAKR, VOLTAGE HEGUL ATOR 5v 2R4A0 1820=-9430
AdLL2 Lt 0-01T4 TCETTI HEX INVERTER C 01295 SNT4 4N
A3lud 1820=-0621 IC:TTL WuAD Z=1NPTOWAND RUFFFR W/ATIPEN © 1295 SNT6 38N
AYILS 18 20=105HA LE:TTL 1P HFX INNERTFR 12043 DMT4L &N
AZIWE 0349061617 1 CABLE ASSY:TRIG 28480 0349051617
A3TWT 0349061618 1 CABLE Ass'r;nsg;i 28480 03490-51618
X\

a3z J34G0-HA532 1 OUTGHARN =ilM ASSY 726480 03440~ bA%32
a3zci I EN=0294y 1 CIFXD MY 1830 PF 1O% 200VICW 562 84 192P 18292-PTS
A3202 O1An-17463 1 CIFX FLFCT 0.1 UF 10T 35VDCW 562 A% 1500104 X503542-N¥5
a3z Ul =3 A6 7 1 CIFRD CFR Do01 UF +10J=-10% 25V0C 4 725982 RODS-01ACA=-WSK—1 03P
A32C4 JL%3-0093 CiFXD CFa .01 HF #30-720% 1OOVOCW 72982 ROL-KADIDLL
A32CK) 1501 =0040 NINDFSTLICON SO MA 30 WV 07261 FNG1oAa
AR LN 1=0040 DINDEZS TGN 50 A 3Y wV A1763 FDGI J88
AYIMP L 4340-07113 1 FXTRALTOA:PC BNARD, NIANGF 7B4RO 4040-0711
LEPd L20u=Uait SNCKFTzIC 24 CONTACT 28480 1200-0431
A32vE 1200=04085 SOEKET: UG 28 CONTACT iHAL-INLINE TYPE 2R4AN 1200469
AA7MP 4 1200-N613 SOLLET: I L6=PIN EL TN 1200-0473
AAZMES 1200=-0%T74 SICKFT:ZIC 14=PIN 78480 1200=-0474
LEFI ILRs=17271 R:FXD CUMP 12K OHM 10X | /4W GINES] CR 1231
A2R7 UhA4=2221 RIFXD COKP 2200 (iMM 10% 4 aLl2i Ch 2221
432K3 18 10-0050 RFSISTIVE NETWIRE 1O X 15K UHM 10% 28480 1810-0050
ARG 181 0-0055 3 RESISTIVE NFTWNKK :4 ALL 10K OHM 5% ZA4 B0 1BL0=-0055
AIZRS 1A10-0055 RFSISTIVF NFTWIKK:R ALL 10K OHM 5% 24480 1810-0755
A47PE 0686-10%1 HIFXD COME LOK NHM 108 1/74W 21 CH 103}
a42r7 0h84-1031 RIFXN COMP 10K MHM LOX 1 74M a1z CB 1031
A3ZRE 06B4=103 1 RIFXD COME LOK NHM 10E | 74W o121 ca 1211
437RG N6R4-1031 R2ZFXN COMP 10K DHM 10% 1 /4W oLL21 €8 1031
A32R10 06RG=1031 RFXD CHMP 10K DHM 102 1/74W opLzl CR 1031
AAZRLL N68&4=-10731 RIFXD CIMP 10K NHM 10X 1/4W niizi €A 1031
A3IR1Z NaRe—1N31 RIFKD COMP 10K [(IHM 10% 1 /4w o121 Ch 1031
A3201 1R20=0547 IC:TTL OUAL V0L TAGE=CONTROLLFD MULTIVI 04713 MC 40 24P

T AI202 LHLB=2097 i ROM: N=CHANNEL 28480 1818=-2097

T AUl 14 18-2098 1 ROM: N=CHANNEL 2A4R0 1BlB=-2098
43204 LAZ0-07848 ICZTTL HEX D=TYPF FLIP/FLOP WITH CIFAR 01255 SN35431
A320U5 LA 2U=05RhA [C:TTL LP HEX TNVERTFR 12040 DM74L06N
LEFI LHZ2U=-07TR8 FC:TTL HFX D-TYPE FLIP/FLOP WITH CLFAR 0129% SN35431

See introduction to this section for ordering information
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Section VI Model 3490A
Table 6-1. Replaceable Parts(Cont'd)
P Mfr
Reference |,y pare Number Qty Description Cod Mfr Part Number
Designation ode
a313 03490-H6513 L UUTGLIART DATA ASSY 28480 03490-56533
A33C1 J150-0050 C:FKD CER 1000 PF +80-20% 1000VDCW 56789 CO&7TBIOZELO22S526—LDH
A33C2 0150-00913 G:FXN CFR D01 UF +80-20% 100VDCW 129862 801-K800011
A33C3 V150-0093 CIFXD CFR 0.01 UF +80-20% 100VDCHW 12982 B01-KBOOO11
A33CR) 1902-3230 DIOGF RRFAKNOWN:3 .01V 5% 400 Mw 28480 1902-3030
A3IMP I 04N3=01RA 1 FXTRACTNR:PC ANARD, VIDLET 28480 0403-0L8s
A3IMP L200=-0431 SOCKETzIC 24 CONTACT 28480 1200-0431
A33MP3 L200-0473 SOCKET:IC 16-PIN 28480 1200-0473
A33IMP4 1200-04T4 SOCKETZ UG L4=PIN 28480 1200-0474
A33K1 NGARL=-4771 HIFXD COMP 4700 DHM 10X 1/4W o121 CR 4721
A33R2 0684-2721 R:FXD COMP 2700 NHM LOX L/4W 01121 ca 2721
33Ul LAZD-0640 IC=TTL DATA SFLECTOR/MULTIPL FXFR 01295 SNT4150N
43302 LA20-0627 IC:TTL LP ACD TN DEC. DECODER 07263 UTR93LO159X
A3313 1820-0627 I1C:TTL LP ACD TN DFC. DECODER 07263 UTAYILO159%
A3304 L820-05%6 TC:TTL P DAL EDGF THIG, D F/F 12040 DMT4LTAN
A330U5 1820-0596 [C=TTL LP DUAL FUGF TRIG. D F/F 12040 DMT4L TN
A33U6 L820-0596 TCTTL (P DINAL EOGE TREIGs D F/F 12040 DMT&4LT4N
A3307 LB20-0591 ICZTTL I P 4W 3=-2-2-3 INPT.AND OR GATF 12040 DMT4LS4N
A33u8 1R20=-0439 3 TC:TTL GUAD D-TYPE F/F 01255 SNTC1TSN
A33u9 LH2U=-0839 IC:TTL QUAD D-TYPE F/F oL295 SNT4175N
A33uLC 1820-05813 IC:TTL LP QUAD 2-INPT NAND GATE 12040 DMT4LOON
A33uUl1 L820-0174 IC:TTL HEX INVERTER' 0L295 SNT7404N
a33uL2 LH20=0621 IC:TTL QUAD 2-TNPE NAND RUFFFR W/NPFN C 01255 SNT43BN
a33u13 1820-0%91 TC:TTL LP 4W 3-#>2-3 INPT.AND OR GATE 12040 DHT4L54N
A3 1R 20-0%596 IC:TTL LP MIALDEDGE TRIGs D F/F 12040 OMT4LTHN
434 03490- 66534 1 INGHARD ROM ASSY 28480 03490-66534
A34C1 01 50=2093 C:FXD CFE 0,01 UF +80-20% 100VDCW 72982 801-K800011
A34CR1 1902=31190 NIONE BRFAKDOWN:13.0V ST 400 MW 28480 1902-3190
A34HP 1 4040-0744 FXTRACTOR:PC BOARD, PLACK 28480 4040-0748
AF4MP 2 4040-0T47 FXTRACTORIPC BNARD: GRAY 28480 4040-0747
A34MP 3 1200-0469 SOCKFT:IC 2R CONTACT DUAL=INLINE TYPE 28480 1200-046%9
A34MP 4 1200-0473 SOCKET:IC 16-PiIN 28480 1200-0473
A34ppS 1200=0474 SOCKET: 1€ 14-PIN 28480 1200-0474
A34R1 NeRa=2221 RFXN CUMP 2201 OHM 10X 1/4M 01121 CB 2221
A34R2 Obda=3321 R:FKD COMP 3300 OWM 10T 1744 01121 CR 3321
A34R2 0684-1531 RIFXD COMP 15K NHM 10T 1/74W oLi21 C8 1531
A34R4 LBLD-0055 RFSISTIVE NETWNHRKZB ALL 1NK OHM S% 28480 1810-0055
A34RS 0684=1831 3 RIFXD COMP 18K DHM 10T 1/4M 01121 C8 183)
A34RE 0684=1A31 COMP IBK NHM 10% 1/74M oLi21 CB 1831
ALK T 06R4=1031 COMP LOK OHM 10T 1/4W 01121 CAR 1031
A3SRB OsH4=1031 COMP LOK DHM LOT 1/4M oL121 c8 1031
A34R9 0684=1031 RIFXD COMP LOK OHM 10T L/4W 0L121 Ca 1031
AGRLC 0684-1031 R:FXD COMP LOK OHM LOX 1/4W o121 €8 1031
AI4R1 L 0684=1831 RIFXD COMP LBK DHM 10T 1/74M oLLzL ce 1831
A34R)2 0684=1031 R:FXD COMP 10K NHM LOT 1/4W o112l Ch 1931
AT4K1 2 0684-1031 R:FXD COMP LOK DHM 10T 1/4M ort2L CA 1031
A4RL4 0bB4=1031 R:FXD COMP LOK OHM 10% 1/4M oL121 cs 1031
A34R1S Oa84-1831 RIFKD COMP 1BK NHM 10X 1/4M o121 CB 1831
A34R1LE 06R4=1031 RIFXD COMP LOK DHM LOT 1/4W 01121 CA 1031
AF4RLT 0684-1831 RIFXD COMP LBK OHM 10T L/4W o1121 CR 1831
AI4RLE 0686-1031 RIFXD COMP LOK DHM 10T 1/4M o112l C8 1031
A34RLS UbH4=1031 RIFXD COMP LOK OHM 10T 1/4W o112t Ch 1031
A34R20 06B4-1031 RIFXD COMP LOK OHM 10T 1/4M a1zt CR 1031
A34R2 1 06584-1831 RIFKD COMP LBK OHM 10T 1/4M oL121 ce 1831
A34R22 0684-1831 R2FXD COMP 18K DHM LOT 1/4M ori2L CB 1831
A3&R23 0684—1831 RIFXKD COMP 1BK OHM 10T L1/4W or121 CR 1831
A34R24 N684-1031 RIFXD COMP 10K (IHM LOX 1/4W oLi21 CB 1031
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Mude! 3490A

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

Section V1

Reference

. : HP Part Number
Designation

Qty

Description

Mfr
Code

Mfr Part Number

1403 1423-04994
Albile LAZO=a117

P ataus LHIR=20va
AdLlie IH2 =062 0
AlsuT LA ZG=08240
A3410A 1A20=111%94
A3504 14 20-1 THH
Adaup LH 20-0328
Ad4wl DI&30=-61 619
A30/A35 03490-63509
A30/A35U1L-1 1990-0402
A5 D144 N=-#K51%
A0 1 Su=N09 3
AiSep | L2Gd=u4 73
LABME D 1200-N4&714&
43501 1854-00T1
&21502 LE94-00T1
43503 1H54-0071
L3504 1A54-NUT1
A15C% LaS&-0CT1
AISR1, RS 0683-1025 /A

AdSRE MnAs-aT21
AARRT Ubde=6H821
ATSEY Ahb=ad21
ANSRY UnA4=n82]
AVSHIL BT TSR |
ARSKRI NhHG-BAZ L
AR 2 RIG 0683-1515 /&
A35R17 0E83-1025 S

A5 1H20=-N174
a3517 LA20-uATA
LERIIEY LAZu-0N%a6
EEE1IEY 14 20-06113
Aiwl WIAS0-61 619
LT DV490- 66534
LELTN G S0=-00v 3
A3GMP ] G 40=0T48
A3EMP 2 4140-0755
A36HMP 3 T2010-043 1
ATEMP & 1200-n4l3

TTI 1P DAL FINGF THTG. 0} F/AE
TTlL Lfw POWFR BCD TO CRCONFR
N
T

TI NUAlL 4=INPT MUl TIPLFYXFR
DAL &-INPT MULTIPI FXFR

L
L LP NUIAlL FOGF TRIG. N F/F
1
L

HEX =TYPE FI IP/FINP WITH CLFAR
OUAD ?=TNPT NIW GATF

LA F ASKY

HP1B ISOLATION ASSY:INCLUDES A30, 435, AND U1=U11

TSTR.PHOTO
HP-1B ITNGUARD TSOLATINN BOAKD ASSY

LIFXi} CFR D.01 F +AD=-20X JOOVHCW
SILEFTZIL TA=FIN
SOEKET2 I 14=PIN

TATA:ST NPMISEIFLTFIN FROM 2N3T04)
TSTE:S1 NPNISFLICTED FaNM 2N3T04)
TSTHEST NPN(SEIFCTFID FROM 2ZN3T04)
TSTAIST NPNISELFCTED FROM 2NIT04)
TSTRIST NPNISFLFOTFI FROM 2N3T04)

Rakxt  COMP 1K OHM 5% 1/4W

PIFXD  COMP 1600 OHMCI0% 1/aw
HIFRD COMP 4707 DHMOVIDE 1/4MW
RIFXN COMP ALAK AHA 10T 1/74W
HIFXD CHMP N 0% 174w
HIFXD COMP 12 1/4M

RIEAD COMRIALEK (MM 10X L/4k
REFAD COMP 6.6K 0HM 112 1/4M
R:FXU COMP 150 OHM 5% 1/4W

R:FXD  COMP 1000 OHM 5% 1/4W

TEITTL HEX [TAVERTER

IC:DIRITAL | & QAN &-ATT, TTL

[C:TIL LP AFX INVFRTER

TC:TTL OUAD 2=INPT AND GATELOPEN COIL )

CARLF ASSY

TNGLIARD PROGHAM ASSY
CiFXD CER 0.01 UF #A0-20% 100VDCwW

FXTHACTOR:PC ROARD. ALACK
FATHACTOH:PL BOAKD VIOLET
SOCKFT:IC 74 CONTACT
SOCKFT: IC 16=-PIN

12340
PRA4&AD
ZHAHTD
295

11295
12 3en
L2995
18 T14

FLER

TP5HZ?
R4/
ZR&RAN

2R4RT
29481
28484
284R0
2R441)

oz

o1
Mmi121
RINTat
Lzl
mLz21

RIS ¥4t
121
01121

o

01785
L2995
12 0440
a1 295

7680

H4& RD

125982

28480
R480
78480
PR4AN

OATLL T4N
1820-0771
LALA=2094
ANTLSIN

SNT4153IN
NETLL TGN
ShNI5431
SHT4IN

3490-61619

0348069509
1990-0402

03490-K6535

ANL=-KARONOTL
1200=1473
1200-0474

1HS4-0JT 1
L% =-9171
IHS54=0171
1AS4=01T1
1RS4-00T71

CB 1025

CB 1521
re &721
CR &A1
LH A871
LR &A1

CH hAZ1
CH nHL

CB 1515

C8 1025

SN T4 Mah
SNTSLTSN
NMTa)1 6N
AN T4 0uN

N3490-61619

BEEL N L LTI

AO1-KADDOLL

4040-NT4A
4040-23755
1202-0431
1200-0473

4 Reler to Backdating Sec. VIl

See introduction to this section for ordering information
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Section VI

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

Model 34904

s Mfr
Reference 1o payrt Number Qty Description Cod Mfr Part Number
Designation ode
AJaMPE 1200-0474 SUCKET:IC l4=PIN 28480 1200-04T4
A3601L 1854-0071 TSTR:SI NPNISELECTED FROM 2N3TO4) Z2B480 1RS54-00T1
A38R1 D6B4-4TT1 RIFXN COMP &7 (HM 102 L/4W o112z CB &#701
AAGR2 NeAs-1A1] RIFXND COMP LAO OHM LOE L/4MW oL1z1 CB 1811
A3BHA DAR4=1031 RIFXD COMP 10K MNHM LOT 1/4W o112l CB 1331
A36R4 ObR&-1031 K:FXD CUMP 10K DKM LOT 1/4W 0li21 CB 1031
A36UL LRZO=0600 ] TCzFTL 1P DECADE CORINTER 12040 DMASL90N
A360L2 LAZO=-0717 IC:TTL LOW POWER BCD TN DECODER 28480 1820-D777
A3eL w20-0511 TC2TTL QUAD 2-INPT AND GATE 0n129% SHT4 08N
LELIIE LB20-0831% ICzTTL Wuay D-TYPE F/F 01295 SNT&1T5N
A3EUS WH20-01T4 TCzTTL HEX [NVFRTER 0L295 SNT40AN
A3sus LA?0-DAS S TC:TTL LP 4—BIT 2-INPT MULTIPLEXER 0129% SNT&L98N
A36UT LB20-0h4ad ICzTTL DATA SELFCTOR/MULTIPL FXER 01255 SNT&150N
A3aUB LBZ20-N&5s IC:TTL LP &=-RIT ?—-INPT MULTIPLFXER n1295 SNT4LIBN
a3sus LR 20-04%96 TCzTTL LP DUAL EDGF TRIG. O F/F 12040 DOMT&LTAN
A36ULL LE20-05986 IC:TT1 LP MIAL FOGF TRIG. D F/F 12040 OMT&LT4N
A36UL 2 1820-05%6 TC:TTI L P WAL EDGF TRIG. 0O F/F L2040 ODMT4LTAN
A37 11118-66502 1 SAMPLE/HOLD TRIGGER GATE ASSY 28430 11118-66502
AITMP1 40400748 EXTRACTOR: PC BOARD BLACK 28480 40400748
AJTMP2 4040-0755 EXTRACTODR: PC BOARD VID 28480 4040-0755
AT 1820-0583 1IC: TTL LP QUAD 2—INPUT NAND GATE 12040 DM74L00N
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Model 3490A Section VI

Table 6-1. Replaceable Parts{Cont’'d)

o Mfr

Refgrenc_e HP Part Number| Qty Description Mfr Part Number
Designation Code

CrASSTS & MISCELLANENUS PARTS
At 03493-66501 MAIN CIRCUIT RNARQO ASSY 23480 03490-606501
. %4 134G0=-66502 HIGH THEEOANCFE ASSY ?84H0 03490-66502
a3 1A490- 66543 ROARD ASSY:DTSPLAY 24480 03490-66543
F- V3490-66504 AROARD ASSY:REMAOTE JUMPFR 28480 03490=-66504
A5 (3a90=-h66509 ROARDND ASSY:HANGF SwiTCH 28480 03497-66505
At N3490~-6650% BNARD ASSY:CONVERTER AC 2 H4 RO 034909-665036
A7 D34690- 66507 RNAKD ASSY:IOHM CONVERTFR 2B4 8N V3490-6650T
A8 N3&yli—hahbHIE OUTGUARG PlwFR SUPPLY ROARD ASSY 28449 03490-66508
AG 13450-66509 INGUARD NDATA OUTPUT HIARD ASSY 28480 03490-66509
210 U3490=-58a511 NUTRUARD DATA NUTPUT RCARD ASSY 28480 C34903-66510
All 03430-66511 INGUARL REMOTFE ASSY 28480 234993-66511
Al2 1349D-6651 7 JUTGUARD REMNITE HCAKD ASSY 24480 03490-66512
Ar3 034690-665113 RATIN RFFFRENCE ADARD ANSY 24RO 0349366513
Al4 NOY ASSTGNED
AlS 134457=6RJ36 NATA CUTPUT { SN ATFON B9ARD ASSY 284380 03490-60306
Al NOT ASSTOAED
ALY 13690-60304 KFMUTFE TSTCAT LN ADARD ASSY 28480 13493-60304
Al8 NOT ASSTIGNFD
AlG NOT ASSTGNED
A20 NGT ASSTGNFD
I- VA NOT ASSIGNFD
A22 D34490-60 302 SYSTFEM TSOLATION ROARD ASSY 28480 03490-60302
A23 NIOT ASS IGNFD
A4 13449N-66524 S/H ANAL GG JUMPFER ASSY 28480 03490606524
A?S W3490=-n6525 S/ L OGIC JUMPFR  ASSY 28480 03490-66525
AZ6 U34G0-46074A RATI( JUMPFR ASSY Z2R4 80 D31490-46526
AT N3 6490-66527 SAMPLF/H D ANAL OGOBTARD ASSY 244 FQ 03490~-66927
428 03490-665%2H4 SAMPLE/HOLD 1 DGLECRANART ASSY 28480 (03490-66528
AZ9 11 118-465801 DUTCUARD TRIGGFR " ASSY 284890 1111 8~6650%
A30 1349=-AK930 ASCIL ODUTGUARDD TISCLATION ASSY 28480 03490-66530
Al NI d=-665321 NUTGUAKD MDTHFR RBCAKD ASSY 28480 C3490-66531
A2 0349056532 OQUTGUARDAROM ASSY 2B46C 03492466532
A33 33490-665933 JUTGUAKD DATA ASSY 284 R0 034G90-66533
L34 03430-60534 TNGUMARLD KOM ASSY 284840 03490-66534
A3S M3490~66934% ASCARE INGUARD ISOLATINAN BOARD ASSY 28480 0149066535
A36 0349066536 INGUARD PROGRAM ASSY 28480 0349066536
A37 11118-66502 SAMPLE/HOLD TRIGGER GATE ASSY 28430 11118-66502
(8] Ula40-33133 Va CIFXD CFR 5000 PF 20% 250wWVAC 28480 140-33313
2 A160-3333 CIFXD) CFR R000 PF 20% ?250WVAC 28480 0160-3333
CR1 1902-1232 1 DINNE RRFAKNOWNIS OV 10T 445 MA BR3131 IN39STR
[ li0-n0312 i CUSEFICARTRINGF 1 AMP 250V SLOW—Rt DW 71400 MDL-1
F? 2LL0-0202 1 FUSF SOA 250V SLOW-BL (W 715915 313.500S8
Jr )2 (1’_35 1510—0536 4 RINDING POST ASSY 284890 1510-0536
43 & 1510-0538 1 RIMDING PNST ASSY 28480 1510--0538
Ja o5 & 1510-0536 RINDING PNST ASSY 284R0 1610-0536
JG6 1291 -00R7 1 CONNFCTMiR:FFMALF 50—-PIN MINAT 28480 1251-0087
J? 1251~0085 1 CONNECTORIFFMAM F 36~PTIN MINAT 28480 1251-1085
410 1751~1232 1 CONN:MALE 4 PIN SP. PURPOSF 28480 1251-1232
Jil 1251-0143 1 CONNFCTORIFEMALE 16-CONTACT JACK 28480 1251-0143
J12 1291-32813 1 CONNFCTORE?24-PIN 2H4 80 1251~3283
MP1 4040=-0914 1 PANEL:FRONT 28480 4040-1914
Mp 1A 03490-04301 1 DFCA RONT PANFL [STANDARDY 28480 33490-04301
MP 1B N13490-04302 1 NECALSFRONT PANFL S/H 2R480 D349 04702
MPIC 03490-04303 1 DFCAL:FRONT PANFEL RATIO 28480 03490-0430%
MPLID J3490-04304 1 DECAL :FRONT PANFEL « RATIOQ/S/H 2R48C 03493-04304
L4 4L14-0717 1 WINDDWENISPLAY 28480 8114-0717
MP3 03490-04119 1 GUARD-COVFR-HOTTOM 28480 03490-34119
MP4 O3430~04402 1 COVFRIBOTTOM 28480 03490-048407
“ps U3490-~28 301 1 TRIMIBAOTTOM 28480 03490-28391
MP& 03490~22001 1 FRAME :SINE 7?8480 03490~-22001
MPT 03490-23701 1 FXTFNDFR RON SWITCH 28480 0349N-23701
»pPa Y4490-607312 1 PANFl ASASY:RFAR 28480 03490-60312
MPQ 03490-000601 L SHIF(D: POWFR INPUT 2R4 80 03497-10601
MPLD 03430-60402 1 CHASSIS ASSY 78430 034960402
MPL1 03450-04101 1 GUARD=CNVER-TOP 29430 03490-04101
MPL2? 03490-04401 1 COVER:TNP 28480 03490-04401
MNP 2 0349%0=-21101 1 HEAT SINKzTRANSISTOR 28480 0349021101
MPLG 0340-0787 1 INSUL ATOR:TRANSISTDR 284380 0340-0782
MPLS 4040-0921 L TRIM:ITOP 2R4BC 4040~-0921

See introduction to this section for ordering information



Section V1

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

Model 34804

P Mfr
Reference |yp pary Number Qty Description Mfr Part Number
Designation Code
ik LRI ST AR 1 COVERISTOE 4 X TAITN IVF CRAY) FHGAD SO00-4593
AN SOTMI= 05 1 THIMz S L & FLET S000=-11%0
MR IHA Dhew =243 00 i FONTIOFNIFA PA&ALG D3&90-2R307
Ll ] = T8 T 1 FIE!T ASSY:im FOLY. U SABEI=ATAT
LR l4% i=Nasn 1 STann:T| T Z2daaAn 1490=-9030
M3 AT =392 ] KNORILFVEHJANF GHAYIAL L) ZH&AD J3 fu-14929
me2 03 Tn=2112 1 KN IINE =HAL F PIIINTFR PR4 RN 037a-2112
LFE] i di=2 60 1 KNSE OGN/ 1FE Prk A0 0AT0-274R
MPG4 Dita=-237 1 KN PUSHBUTTUN MANUAL TRIGHER ZH 4 Hi) NATO=236T
MP25 0510 1165 1 RING: RETAINER 00000 oBD
MP26G 9320 1646 1 CARD OPERATING. BO HZ 2B4BD 93201646
MP27 83201647 1 CARD: OPERATING, 50 H7 28480 8320-1647
wP29 A3, 0340--0752 INSULATOR - BDG POST POLYC 28480 0340 -0752
MP30 0360-0752 ] NUT- TERMINAL Q0000 OBD
MP31 03480-B4411 1 KIT RACK MOUNT 28480 0343084411
METY SR =30 1 AMETNIZEXTENDES 22 PIN [2X22) PR&OL SO60-10h30
MP 14 Sdal=55A % I PLOASKYIFXTENDRR 1BPIN (2X18) ZRAED 50&0-5947
LR UETETIENES S 1 PIATF FHuA T34G0-0a116H
L1 Y=l i, 1 PPV RSFUNCTION SWITOH PH&AN L0&40-009] &
L 14 DAT=uvl4 I REZEL s PUSHHUTTON KNDine JADF GRFY 2h4R) J3T0-9914
MP3F BaTa=1u9% 2 ANIR: JAOE GHAY PE&AD NATN=1099
Mp1g ATy ENIHIJATIF RAY G A DATI=1)9Y
Ll LTy Sllnll=6032 L BUORIA<D e XTENDER PR4HU 5060-6037
MP41 0348064101 1 COVER: REAR TERMINAL 28480 03490-64101
MPaz 0340-0744 4 INSULATOR: SUPPORT 28480 03407044
MPA3 A3, 0340-0751 INSULATOR: BDG POST POLYC 28480 0340-0751
MPA4 03490-01208 1 BRACKET: FRONT TERMINAL 28480 0343001208
] 1261-2357 1 SOCKET: 3-PIN MALE POWER RECEPTACLE 82389 EAC-301
P& 1251-0086 1 CONNECTOR: 50 CONTACT R & P 28480 1251--0086
7 1251-0084 1 PLUG: 36-CONTACT MALE Q@{XJD & CLAMP 28480 1251- 0084
P10 1261-1233 1 CONNECTOR: GUARDED CABLE PLUG 28480 1251-1233
P11 12510142 1 CONMNECTOR: MALE 14 QONTACTS 2B480 1251-0142
o 18640063 1 TSTR: SI NPN O 80131 2N3055
R1 08112771 1 R: FXD WW 0.18 DHM 3% 3w 28480 0811-2771
51 3101-1720 1 AWITCH: PLSHBAL N DPDT SINGLE STATION 28480 31011720
52 3101-1609 1 SWITCH: SLI§§ <DPDT 82389 11E-1036
53 L= 3uTH I SwiTeHzFL Tk R &K 3100-3078
54 SFE a5,
54 I hi=30 Th 1 Sul lr,H;\é Tany ELES 1Y ADD=-I0Te
4 O0-2T35 1 SwiT, Q’an‘mur 28480 3100-2738
ST ANN=2T14 1 u@.:unm 784A0 A102-2734
R 3101 -0045 1 SWITCHISLIOF DPDT O.% AMP 12 % V.. 42199 1}238
Ti 9100 3495 1 TRANSFIAMFR SHEaRD QL07-42R1
Wi A2d=156d 1 CaRLE B5NY:IPIIWFRe NFTALHARIF (AR TH] KHS= D41
w2 113470-61610 1 CARLF ASSY:AC 284 PN 034590-61610
w3 0348061612 1 CABLE AEAR INPUT 28480 03490-61612
wa 03490-61613 1 CABLE ASSY 28480 03490-61613
xF1 14000085 1 FUSEHOLDER 75915 342004
Xt 1200-0479 1 SOCKET TSTR, NYLON INSULATOR 15263 4601
0362 0280 CONNECTOR CRIMP 28480 0362 0280
440904 1 HP=IB SERWVICE KIT
INCLUDES:
0349066532 1 OUTGUARD ROM ASSY 28480 03490 66532
03490-66533 1 QUTGUARD DATA ASSY 28480 03490-66533
(0349066534 1 INGUARD ROM ASSY 28480 (349066534
0348066504 PC ASSY-REMOTE JUMPER BOARD 28480 03450665604
0349066536 1 INGUARD PROGRAM ASSY 28480 0348066536
03490-63509 LIGHT ISDLATION ASSY 23480 03430 69609
03480-80013 1 PARTS KIT FOR ISOLATION ASSY 28480 0349080013
CONSISTING OF:
1540-0249 1 FLASTIC BOX 28480 15400249
1820-0174 2 IC:TTL HEX INVERTER 01295 SNT40aN
1820-0613 1 IC:DIGITAL 01285 SN 109N
18200586 3 IC:DIGITAL 12040 DM74LO4N
18200590 1 IC:TTL LP DUAL 12040 DM7ALEIN
1820-0621 1 IC:TTL QUAD 01295 SN7438N
1820-0640 1 IC:DIGITAL 01295 SN23623
1820-0710 2 IC:DIGITAL 07263 SL17315
18200876 1 IC:DIGITAL 01295 SN21957
1854-0071 5 TSTR:SI NFN 28430 18540071
1990-0402 5 TSTR:PHOTO 28480 1980-0402
0348080031 1 PARTS KIT FOR OUTGUARD MOTHER 28480 03490-80021
BOARD CONSISTING OF.
1540-0248 1 PLASTIC BOX 28480 15400248
1820-0174 1 IC:TTL HEX 01298 SNT404N
1820-0430 1 IC:LINEAR 28480 1820-0430
1820-0586 1 IC:TTL LP HEX INVERTER 12040 DM74LO4N
18200621 1 IC:TTL QUAD 01285 SMNTA3EN
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Mode] 34904

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

Section VI

Reference - Mfr
¢ . Part Num
Designation HP Part Number | Qty Description Code Mfr Part Number
1901-0363 1 DID ASSY S| 28480 1801-0363
03490 80032 1 PARTS KIT FOR OUTGUARD ROM ASSY 28480 0349080032
CONSISTING OF:
15400248 1 PLASTIC 80X 26480 15340-0248
18182097 1 MOS N CHAN ROM 28480 1318-2097
18182098 1 MCS N CHAN ROM 28480 1818-2098
1820 0567 1 IC:DIGITAL 04713 SC132917K
1820--0586 1 IC:TTL LP HEX INVERTER 12040 DVTALDEN
1820-0788 2 IC:DIGITAL 01295 SN3GA3
0348080033 1 PARTS KIT FOR CUTGUARD DATA ASSY 28480 0348080033
CONSISTING OF
1540-0248 1 PLASTIC BOX 28480 1540-0248
1820--0174 1 ICTTL HEX INVERTER 01295 SN 740N
18200583 1 ICTTL LP OUAD 12040 DMI4L00N
1820057 2 CTTLLP 12040 DM74L54N
18200538 4 C.DIGITAL 12040 DM74LIAN
18200621 1 ICTTL QUAD 21295 SNT438N
1820-0627 2 IC:TTL LP 07263 U7B93L0155X
18200640 1 IS DIGITAL 28480 1820-0640
1820-0839 2 ICDIGITAL 01295 SN358SY
1902-3030 1 DIDBEDN 301V 28480 1902 3030
0348080034 1 PARTS KiT FOR INGUARD ROM ASSY 2B4ED 0349080034
CONSISTING OF:
1540--0248 1 PLASTIC BOX 28480 1640 (0248
1818-2096 1 MOS N CHAN R0OM ZEAS0 1818-2006
1820-0328 1 ICTTL QUAD 04713 SNTA0ZN
1820 0586 2 ICDIGITAL 12040 DM74L74N
18200820 2 IC.TTL DUAL 01295 SH74153N
1820-0777 1 IC:DIGITAL 28480 18200777
18200788 1 IC:DIGITAL TTL HEX 01285 SN35431
19023180 1 DID-BKDN 12V 28480 1902-3190
0349080036 1 PARTS KIT FOR INGUARD PROGHRAM ASSY 28480 0349080026
CONSISTING OF:
1540-0248 1 PLASTIC BOX 28480 15400248
1820-0174 1 IC.TTLHEX INVERTER @) 01285 SNTA0IN
1820 0611 1 ICTTLQUAD Q- 01295 SNT740BN
18200596 3 IC DIGITAL 2 12040 DM74L74N
1820 - D600 1 IC:TTL LP (b'é\ 12040 DMEBSLI0N
1820--0640 1 ICDIGITAL ,Q 28480 1820-0640
1820-0656 2 ICTTLLP \‘\S 01285 SN74L9BN
1820-0777 1 1C:DIGI 28480 18200777
1820-0839 1 IC-DIGITAL 01285 SN3GAT?
44080930001 OPEBATING NOTE 28480 4408090001
4409054501 C ING CASE 2B4E0 4409064501
03430 - 00605 1 SHIELD-AC ZBAEBD 03490 00805
5951- 7587 LABEL 28460 EOS1 7587




Section VI

Model 3490A

Designator

MP1
MP1A
MP1B
MP1C
MP1D
MP2
MP3
MP4
MP5
MP&

MP7

MP8

MP10
MP11
MP12
MP15
MP16
MP17
MP18

MP18A

MP19
MP21
MP23
MP24
MP37
MP38

Description

Panel: front
Decal: front panel {standard)
Decal: front panel {sample/hold)
Decal: front panel (ratio)
Decal: front panel (s/h and ratio)
Window: display
Guard cover: bottom
Cover: bottom
Trim: bottom
Frame: side (2 required)
Nut: sheet metal
Extender rod: onfoff switch
Panel Assy: rear; includes ac power connector P1 and switch §2
Chassis Assy
Guard cover: top
Caver: top
Trim: top
Cover: side (2 required)
Trim: side (2 required)
Foot Assy
Foot: center
Stand: tiit
Knob: 1/2 in. pointer
Knob: on/off switch
Knob: pushbutton, trigger
Bezel: on/off switch
Knobt: jade gray
Knob: jade gray
Cover: rear terminal
Insulator: support

Machine Screws
Description

6-32 x 1/4 fiat head
6-32 x 1/4 flat head
4.40 x 3/16 pan head
Lock Washer: helical
6-32 x 1/4 flat head
6-32 x 1/4 flat head
6-32 x 5/16 flat head
8-32 x 5/16 pan head
Lock washer: helical
8-32 x 7/16 pan head
Lock washer: helical
Flat washer
6-32 x 3/16 flat head
10-32 x 3/8 flat head
6-32 x 5/16 flat head

-hp- Part No.

4040-0914
03490-04301
03490-04302
03490-04303
0349004304

41140717
03490-04102
0349004402
03490-28301
03490-22001

0510-0075
03490-23701
03490-60312
03490-60401
03490-04101
0349004401

4040-0921

50008593

5000-0050

5060-0767
03490-28302

1490-0030

0370-2112

0370-2248

0370-2367

03700914

0370-1099

0370-1099
03490-64101

03400744

-hp- Part No.

23700012
23700012
22000137
21900913
2370-0012
23700012
23600194
25100101
2190-0087
2510-0105
2190-0087
3050-0228
2360-0120
26800116
2360-0194
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MP44
BINDING POST BRACKET:FRONT TERM
WITH GUARD STRAP 0349001208 MP30

15100538 MP43 TERMINAL NUT
FRONT INSULATOR 0360-1758

03400751 /
@@

RETAINER RING
0510-1165

3100-3078

RANGE LEVER SHAFT
03490-23702

3

f
L

RANGE SWITCH LEVER LOCK WASHER

¥ RANGE SWITCH 3/8 IN,
0370-2198 BRACKET Fl;xﬁr'régN prcpltal 21900016
03490-01207 GEAR 2950-0043
03490-63601

BINDING POST - INTERNAL
15100536 LOCK WASHER
2190-0011
L R L
FLAT WASHER
3050-0027
REAR INSULATOR
0340-0752
Figure 6-2. Binding Post Assembly.
RANGE DRUM
40400916 GeaR LEVER
40400916
FUNCTION SWITCH BRACKET & RETAINER RING
03490-21202 & 0510-0083
< (2 REQUIRED)
DRUM BEARING o FUNCTION LEVER SHAFT
03490-21201 < 03490-23703

FUNCTION SWITCH S3

Figure 6-3. Switch Assembly.
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Section VI

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 treces, 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.

7-4. 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 wircs 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 Generat
Troubleshooting Tree, Figure 74, may be used to isplate
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 7-9

Logic Clock 7-10
Option 021

Data Output 7-11
Option 022

Remote 7-12
Option 030

HP-IB I/O 7-13
Option 040 or 045

Sample/Hold General 7-14

Sample/Hold Logic 7-15
Option 080

Ratio 7-16

7-7. ACCESS FOR SERVICING.

7-8. Access to most arcas 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 (op trim strip to gain
access to the Display Assembly. The three vertical screws
which sccure 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 bhoards 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 measurecments 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.

r Base Supply
ALAY Current Limit
Test Point Vo tage Ripple (Approx Voltages)
17V +1699 w0+ 1701V < 50mVpp AIR104 - 434V
- 5V + 489510+5075V <80mVpp AR = 448V
+30V +30.10 to+ 3090V <25 mV p-o ATR11Y 134 V
-7V 169250 17175V <50mV p-p AIR118 - 54 V
5V - 500 o 585 V <60mV pp
30V 3010 to- 3030 V <25 mV pp AIR125 = 1.30 d
Raw Supply
Ripple
Test Point | Supply Vaoltage ({Approx. Voltage)
TPD +24V ~24w0+28V 1 Vop
- 24V - 24w - 28V 12Vpp
+38V +3Bto+44V S5Vpp
TPA - 38V - 3810 44V 5Vpp
TPC + 9V + 9o+11V 15Vep

7-1



Section VII

b. Ifthe 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.

¢. 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 + 17 V 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 supplics 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
cxists, 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 regulators arc 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-
mincd by measuring for the current limit voltage acro\;‘g@
the resistor which are both specified in Table 72
Provision has been made for isolating certain areas he
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 onc 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

7-2
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Table 7-2. Power Supply Jumper Wires.

Voltage Wire I Location l Circuits Supplied
+17V WH A1l l Logic
+17V W2 A1A1 + 10 V Reference
+17V W6 A1A1 Integrator, Zero Detect
17V wi A1l Logic
-17V WEE Al DC Switching Level Translators
17V W3 ATA1 10 V Reference
17V w8 A1A1 Integrator, Zero Detect
+30V w2z A1l Integrator, Zero Detect
+30V WBB A1l DC Ampilifier
+30V w4 ATA1 + 10 V Reference
-30V WAA| A1 Integrator, Zero Detect
-30V ~~WCC Al DC Amplifier
-30V WFF Al DC Switching Level Translators,
A1CR403
+5V wJ A1l Logic, Display, Switches
+5V w1 A1A1 A1U401, Overload Protection,
DC Switching Logic
+5V w7 A1A1 Integrator, Zero Detect
-5V WG Al Logic
-5V W5 A1A1 Integrator, Zero Detect.

facilitate repair of your 3490A when the trouble is on
the A2 Assembly. Contact your nearest -hp- Sales and
Service Office for details.

7-17. DC Amplifier Checks.
J*18. To check the DC Amplifier zero, set the Function

5 switeh to TEST and sclect Range S. This grounds the

amplifier input and sets the amplifier gain to 100. The
front panel display should be 000.000 *+ |5 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 stcp 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, lcakage to Guard is probable. Some of the
possible causes are: 1) Breakdown of the insulation for
power transistor Q1 or CRI.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 A2Q1 A and B
to ground. Connect a dc null meter (-hp- 419A) between
AITPR 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 AIRS522 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 A1Q510 and A1QS11.

TRIGGER SCOPE AT ALTPK, + SLOPE.
CHECK WAVEFORMS TO SEE ONLY IF
-17V AND-20V LEVELS OCCUR AT
THE CORRECT TIMES. DURING ALL
OTHER INTERVALS, WAVEFORMS
SHOULD CORRESPOND TO THE BOOT-
STRAP VOLTAGE.

TIME (ms)*
9 40 80 120 160 200

A202  RANGE
PIN

1A
i5 AL 20V I |—

—i7v —17v

=17V

3 01,1100V

I 17y I
3 10 ) <v
I I —i7v
8 100 1 KV
-] ~ 17y |
-7 —17v
0 o110V _'V_I——‘—.__
] I
10100V, 1KY
I =17V
o 01110y

— 17V

— 17V

WAl —17V I | — 17V

21 Al A —17v

] s

3 21V
. 1V, 100V 17y I_
rason & 2943 * TIME SHOWN APPLIES TO INSTRU-

MENTS DESIGNED FOR 60 Hz LINE
OPERATION. FOR 50 Hz INSTRU-
MENTS, INCREASE TIME BY 20%.
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TRIGGER SCOPE AT A1TPK, + SLOPE.
TIME (mst*

o 40 80 122 160 200
A1U401 RANGE
PIN.

6 01y |
1DV, other) Ov
? 00V 1KY
5 V.ot -\o"—l

+ov +5v

T Lo
+5v +5V
9 01 1.10v I aov I
+5v
WV 1RY -l ov J
10 FOVEOR DYV ALD TV ENGS UV EOR IOV 0DV 1KY RRCS
n SHVROR DTV, 1V GV RNGS OV EUR 100V AND 1KY 2NCS
12 » 5V ALL ANGS
13 S5V ALL RNGS
17 © 5V ALL RNGS
8 © 5V ALLRNGS
19 DVEOROTV, IV 10V ANGS + 5 v FOR 100V, | KV RNGE
+5v
20 ALL _I l____W

+5V +5v

21 ALL l I
- nputs) ov
+5v
22 211 10V | I
(r 5V othert ov
+5v
23 10V, 1KY
NV atmer #__] l_

+5V

20 1v.i00v | |
OV atner ov

34304 - B- 2946

*TIME SHOWN APPLIES TO INSTRUMENTS
DESIGNED FOR 60 Hz LINE OPERATION.
FOR 50 Hz INSTRUMENTS, INCREASE
TIME BY 20%.

Figure 7-1. Switching Inputs to A2U2.

Figure 7-2. Switching Outputs of A1U401.

7-21. After these checks and following repair of the DC
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.

c. Adjust A1RS22 for a display of +.000010 to
-.000026.

7-22. DC Amplifier Switching Circuits.

7-23. Figure 7-1 shows the inputs to the DC Amplifier
input switching FET’. Waveforms at the connections to
A2U2 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 - 17V,
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. If it is necessary to replace the reference transis-
tor diode package A1QCR30l, 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.

7-27. 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 A1TP1
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 fulls
range 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, the zcro
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 AIR207,
Q206, Q207, U201 and U202. If there is noise at low
input levels (ie., 100 mV input on 10 V 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. ACCONVERTER TROUBLESHOOTING.
NOTE
The indication on all ranges with the input

shorted will not be zero but should be less
than 50 counts.

74
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Table 7-3. AC Reed Relay Checks.

Ranges Symptoms Possible Causes
Affected
100 V |Overload — 1 V input on 100 V range K2 Shorted

1000 V |results in 100 V display

1V | Display is one-half the input value K2 open
10V
1V | Low input impedance, approx. 20 k2 K3 shorted
10V
100V [Overload — 1 V 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
10 V | Overload 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 componcents 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 l Maximum
c1 0.1in 0.2in
c2 0.1in 0.2in
Cc3 0.1in 0.2in
C5 0.1in 0.2 in
R1A 0.4in 05in
R1B 0.1in 0.2in
R4A 04in 0.5in
R4B 0.1in 0.2in
R4C 0.1in 0.2 in

7-37. 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.

741. 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.

743. 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 AlU6, 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.

744. If incorrect readings arc observed on the logic test,
pull A1U2, 3. 9 and 16 and reinstate, taking care to seat
lcads properly in their sockets. A1U2, 3, 9 and 16 may
be checked by substituting a known good device.

745. Certain microcircuits may be associated with
particular malfunctions. A1U19 and 21 deal with pro-
gramming the 3490A range and function. A1U1S and 24
are associated with sampling and sample rate delays.
AlLUILS 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 sighals
to the display units (see Figure 7-8).

7447, 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
obscrve the states of logic signals YMA through YMG
with an oscilloscope (sce 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 arc 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 A9U9
No data output and no polarity, overload,
or overrange ASU6
Na odd numbers in any digit A10W,2,3,7
No 2's, 3's, 8's, or 7's in any digit A10U1,2,4,7
No 4's,S's, 8'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 A9U7
No range and no function data output A9UG
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 A9QU7
No function and no range output A9UB

Functions 1, 3,5,7.9, -, A, and * not correct A10U3

Functions4,5,6,7, V, A, 2, and * not correct | A10US
Functions 8,9, +,-, V, A, 2,and * not correct [ A10U6

Polarity, Overload, Overrange, Sample/Hold,
and Remote Mode Information:
None of the above outputs correct ASU7
None of the above and no range output AQU6

No polarity output A10US
No overioad output A10U6
No overrange output A10U3
No Sample/Hold 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. HP-1B TROUBLESHOOTING (Option 030).
7-53. General Checks.

7-54. If the 3490A with Option 030 docs not operate
correctly, first determine whether the trouble is in the
1/0 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 1/O plug-in printed circuit
boards are scated 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.

7-55, Troubleshooting Method.

7-56. The logic circuits which make up the HP-IB
option are very difficult to troubleshoot by the normal
component method of troubleshooting. Consequently,
an HP-IB Service Kit, -hp- Part No. 44090A, has been
made available to facilitate fast and efficient on-site
and bench repair of the HP-IB I/O Option. The HP-IB
Service Kit consists of six assemblies (-hp- Part No.
03490-66504, -66509, -66532, -66533, -66534 and
-66536), and six parts kits (-hp- Part No. 03490-80013,
-80031, -80032, -80033, -80034 and -80036), which are
individually available. See Table 6-1 for description of
assemblies and parts kits. This table also provides a
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breakdown of individual components contained in the
Service 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
cach 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 1/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 HP-IB Troubleshooting Tree,
Figure 7-13, checks most of the 3490A 1/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 (REN) 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 Outguard Data Assembly A33. LETF should be
LOW until an external trigger command is given. If not,
check A31Q1I.

¢. Momentarily connect JI1 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
cnough for access to the circuits. The metal shield
covering the Logic assembly may be removed without
scparating the two assemblies. Do not separatc these
assemblies unless it becomes necessary in order to

replace components.

The Analog Assembly, A27, especially those
areas in the vicinity of the teflon insulators,
must be kept clean and free from finger-
prints or other contamination, or Sample/
Hold performance may be degraded.
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7-62. 1f it becomes neccessary 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. Placc 4 spacers
(item 4) over the four captive spacers in A28.

b. Carcfully put flexible shield in place. aligning
holes in shield with the spacers.

¢. 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 3490A with Sample/Hold Assem-
blies Removed.

7-64. If a problem exists in the Sample/Hold circuits
which affects operation of the 3490A with Sample/Hold
off, the S/ 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 thc 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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Item Description

4 - 40 X 1/4 pan head machine screw
Shield, aluminum

Logic Assembly, A28

Spacer, .156 Long 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

ONOOHBWN =

3430 C 3as

-hp- Part No.

22000139
03490-00604
03490-66528

03800520
03490-27301

2200-0704
0349066527

22000149

Figure 7-3. Sample/Hold Assembly.
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7-67. RATIO TROUBLESHOOTING.

7-68. It 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, Al3, is seated firmly in its
connector, and that the cable, W8, and the three
operational ampliliers 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.
=()7.5000). 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.

1-71. Amplifier Zero Offset.

7-72. 1f 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
cither A13CR2 or 3. This condition can be most casiy
checked by unsoldering one lead of each diode“and
trying the zero procedure again. 1f the amplifiers can be
reroed with the diodes disconnected, one or both of
them is defective.

7-13. 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
applicd External Reference voltage is inverted and these
two voltages arc 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 sclecting 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 to 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.IOW=0to+0.6 V.

7-75. SCHEMATIC NOTES.

7-76. The following notes apply in general 1o 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:

Cupacitance in microfarads
Resistance in ohms

(e}

. * Average value shown. Optimum value selected
at factory.

4
d. = Denotes earth ground.

c. == Denotes chassis or frame ground.

f. <7 Denotes floatable circuit ground.

g v Denotes printed circuit assembly ground.

h, == = — Denotes assembly outline.

I m—m e e - — = Denotes subassembly out-
line.

j- Denotes main signal path.

k Denmés feedback path.

I [: Denotes front panel markings.
m. ‘ Denotes screwdriver adjust.

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
the narrower strip (e.g. 924 = white, red.
yellow).

0. 3 Denotes schematic number on which con-
nection is made.

p. A Refer to manual backdating, Section VI1I.
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7-77. LOGIC GATE SYMBOLS.

7-78. A number of logic pate integrated circuits are used
in the 3490A. Most of these are TTL circuits, in which
the HIGH logic level is 2+ 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 c

c ¥

B — H
H

L

NAND GATE

I - X
I Irrw

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 usc 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 bc 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 mérely
inverts the signal.

A.B—DO;(‘

If' the input signal is LOW true, the circle may be placed
on the input side of the symbol.

A.B4(4>c

Section V11

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

¢ 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.

+35V
B
A C

79
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Table 7-6. Alphabetical Listing of 3490A Mnemonics.

Model 3490A

Mnemonic

LACI

LMNC
LMNO
LMOT
HMQA
HMQB
HMQC
HMQD
LMQD
HMQE
LMQE
LMRF
HDCB
HDCC
HDCD
HDFL
LDNR
HDPP

Description

AC input enable

AC converter output switch
Internal autarange

Analog zero detect

Clear data counter

Clear data counter

Change data flag (HDFL)
Change end of reading (LEQR)
Close electronic switch

Change hundred thousand count setect (HSHC)
Change main time bit A (HMTA)
Change main time bit 8 (HMTB)
Change main time bit C (HMTC)
Clock overioad

Combined range bit A
Combined range bit B
Combined range bit C

Clear stored outputs

Clear time counter

Data Counter bit A

X1 Atten reed

Internal range bit A

Internal range bit B

Internal range bit C

Leakage control

Machine state bit A

Machine state bit B

Machine state bit C

Machine state bit D

Main time bit A defayed

Main time bit B delayed

Main time bit C delayed
Machine state hit E

Machine state bit F

Machine state hit G

Manual buttan normally closed contact
Manual buttan normally open contact
Memory output

Machine quatifier selection bit A
Machine qualifier selection bit B
Machine qualifier selection bit C
Machine qualifier selection bit D
Machine qualifier selection bit D
Machine qualifier selection bit E
Machine qualifier selection bit E
— Ref select

Data Counter bit B

Data Counter bit C

Data Counter bit D

Data Flag

Downrange

Display polarity

Sourve

AlU401

Al1U401

From HFAT or A11U11
A1U203

A1U16

A1U23

A1U16

A1L116

A1U9

u16

ule

ute

ulé

uie

S4 or A11U11

S4 or A1TU11

S4 or A11U11

u16

u1B

u1

U401

uU21

u21

u21

V401

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, B8, C.
(See HMA)

(See HMA)

(See HMA)

SsB

558

ug

u1o

u1o

uto

u10

ug

u10

ug

U401

U1

u1

u1

u20

u1b

U22 or Ratio or

S/H Option

Mnemonic

LECR
LEXE
HFAT
HFFA
HFFB
HFRA
HFRB
HFRC
HFSC
LFTX
LHNG
LHLD
LIA
HIFA
HIFB
LIG
HINP
LINS
L10G
HMTA
HMTB
HMTC
LOIA
LOIR
LOMR
LOTE
HOVP
HOVL
LPRF
LPRG
HRAP
HSA
HSB
HSC
HSCK
LSCK
LSHC
HSHC
LSPL
HSSA
HSSB
HSSC
LTC1
HTC2
HTC4
HTC8
HTC16
HTC32
HTFE
LTXF
LTON
LUPR
HZDT

Description

End of reading

External encode

Front panel autorange
Front panel function bit A
Fron: panel function bit B
Front panel range bit A
Front panel range bit B
Front panel range bit C
Fast state clock

False transfer

X100 Gain

Hold (stops interval sampling)
X1 Atten

Internal function bit A
Internal function bit B
X1 Gain

Input polarity

Input short

X10 Gain

Main time bit A

Msin time bit B

Main time bit C

X0.01 Atten

X0.01 Atten, reed
Ohms ref select

Qutput enable to decoder
Overload protection
Qverload

+ 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 polarity

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
Transtfer enable
Transfer

Turn-on, low for approx. 100 ms after turn-on

Uprange
Zero detect

Source

uia

A22U1

S4A

S3

S3

S4 or A11UI1
S$4 or A11U11
S4 or A11U11
u3

u16

U401

S5A or A22U1
U401

From S3or A11U10
From S3or A11U1Q
U401

u22

U401

U401

u14

U1l

un

U401

U401

U401

ugs

U401

u22

U401

u16

U22 or Ratio option
A3U2

A3U2

A3U2

u4

u4

ue

ue

uie

S6A

sse

$5C

a1

H preceding mnemanic means HIGH is true;
L means LOW is true.
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seetad to AZUD . N : N
Figure 7-5. DC Analog Troubleshooting Tree.
Apply 1ot voltages befow
NG andmeasure voitage ot
n.gh( end  of A2RE. '/"l 3 /’7_1 4
Voltages  should be as oLD '
; . Set Sardle Rate to |- . -
~ ATCR7 shown i right nandd » Connect  de ool oeter —
el AT YES Jroerm YES | Win S DV, measare YES Jbetweer  ATIPH  and YES
o~ - Ref valtage at test poirt Ground. Voltsye should be
ANG. Viy  VOLTAGE on A2, Should be 10V : b -
A AV 0 - 30 my
AR Y IR + 90,070 V
TVoos 3V 19V . o
WV 10V 210V
NO LIRS AVARR K AVAS NO NO NO
. *Nomnel voltage
NOTES
1 Set FUNCHON to DC. [ instrumwnt  has  Sotio of Set Sinnle Rate 19 FAST Set Sample Rate to HOLD feasare voltage at + Ref Disconnect Bootstrap
Sample/Hold  npnon. wet RATIC to INT  REF  and Trigaer scoue on ATIPK Apply 1V input test ponl on A2 with jumper o1 A2 Connect
SAMPLE/MOL [ to OFF 4 slope. Cneck all outjuts Measure  voltage  drop 5-dinit DVV. Should be dip lead from A1TPR 10
of  ATLU401.  Wavelorms actss A2RT O Should be F1DV 4 00,0040 V pin 6 of A2Q1 (Q1B gate} Adjust ATR522 from ane e A2 with exchange
2. A de standard, a dual race osedloscopis, g b digit vo'tmeter, should be as shown i 2eru veitage drop Connect another clip lzad extreme 10 the cther. Volt- . See Paragrach
ancta de cull voltmeter are required for these checks Fioure 7.2 from pin 3 of A201 (Q*A age at ATTPR should vary variation 7-14. Also see Paragraph
| gate} 1o Grourd. Measure zpproximataly from carrect? 7-16.
3. Tae time shown on awaveforns is corect for st iments voltage  betweer ATTPR 430 mV to- 30 mVv.
designed for 60 Hz hine operation. For 50 He irstraments, and qround with dc null
increase time by 207, meter. Shou'd be 0 +
Is 30 mv
vES Tumbleaimr\i de uw;\ YES I Tioubleshoot Overioad voltage “inubkesheot H;~21|2nvw|
translators associated with Protection circuits. correct? ing Amp) Figure 7-, )
meorreet AZU2 wave Troukleshoot DC Ampli
forms See Figars 7-20 fier See Parsyraph 7 16
NO NO Is ves
NO voltage
I correct?
Replace A2 with exchange Troubigshoot + Ref Sup-
Replace ATUSCT. assembly.  See  Paragraph plv. Figure7.22. See Para
7-14 graph 7-24.

Troubleshvot DG Ampli-
fie, See Paragrapk 7-186,
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Frequency-Related Accuracy Problems

Frequency at which p
Specification is b —waitorb e Possible Cause
Exceeded
100 Hz {low All ranges R4A or R4B
frequency only) 1Vand 100 vV 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) 1V and 100 V C3orC25
10 V and 1000 V C3or C26
100 V and 1000 V C2orC5
100 kHz (high All ranges C3, R29A, B, or R32
frequency only) 1 Vand 100V c25

10 V and 1000 V
100 V and 1000 V

€26, C27, or C28
€2, C4, C5, or C6

Al

-hp- Part No. 03490-66551




SEE NOTE 7

SEE NOTE®
C3,C6BLI,LE ARE
LOCATED BENEATH U2
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BOOTSTRAP
‘

%@

-R9—
RI2—
RI3—

1
S —nRa

—RIO—

|
©

3490-D-4224

A2

hp Part No.03490-66502 Rev. C



MP30

MP29

—ira— =—2b¥—

ﬂu -£oH-
Nolo

~9E4~-

Lo 1
—C34—

—C35—

— 8628 — — 12—
ml -n_M“m @
—vEze—
ie —s2H- @ !
23
= b 2
—b25- G- = 2
—220—
|
nUl
(]
=
(e ]
=0
(e ]
o
o
\~N¢ o
13
=)
—ly— m
| 1 S
= o 5 e o
e &
5 L
L=
5]
— 2o
_
i B
-]
=, [

34304-8-4223

A6
hp Part No. 03490-66506

Rev D



SEE NOTES

Set FUNCIION tw AC
Apply full-range input at
100 H7 on rach  range.
Moritor  coaverter output
at white wire. Shouid be
+1V £ 0002V for full-
range inpugt an each range,

correc

vo
correc
ra

present?

Is
1 voltage

Is
ltage
t on any

nge?

On High Impedance Assy
A2, monitor pin 18 of
AZU7 and repeat previous

test. Voltage should be the}

same as AC Converter out-
put, +1V - 0.002V for
Tali-range input

Troublesnoot A6 reed ro
lays using Table 7-3. See
Note 4,

Select 1 V range and apply
inpat of 1V at 100 M~
Monitor  signal  at white
wire connected to |ower
end of ABK1 with scope.
Should be the same as in
put signal at top end aof

3490A-C-2998

NOTES:

ABK1

signal
correct?

Is

Apply tullrange mput at
100 Hz on each range
Monitaor ABTP?  with
scope.

Correct waveform

~+ 3¢5V

Set RANGE 1o 1V and
apply input ot 1V at
100 Hez. Manitor A2 pin )s
N 17 with scope (Int. Syne, + correct
YES
Slope] correct waveform waveform
See Not 6. present 2
60ms
NO L~ -17v
Menitor A1U4C1 pin 17
Check conaection  {white with scope (Int. Syric. -
wire) between A6 and A2 Slope).
Correct Wavetorm:
~+ 4y
CV—- -
Is
correct
waveform
present ?
Replace A1U407
Apply 1V input at 100 Hz
on 1V rangz. Jumper
ABTP1 to AG shleld.
Jumper top end of ABR1G
o A6 shield L Wonitor
NO lower end of AGER13.

YES

Correct wavefotm
~+15V

Qv -
e A

Troubleshoot
driver circuit

ABK1 and
See Note 4

1. DC voltmeter circuits, including logic, must be operating correctly before this

procedure is attermnpied

2. An ac calibrator, an oscilloscope, and & dc voltmeter are required for these

checks

3. The time shown on wavefornss is correct for instruinents designed tor 60 Hz
line ooeration, Far 50 Mz instruments, increase time shown by 20%.

+

fallowing manner:

After repairing the AC Converter, check the overload protection circuits in tie

a. Set 3490A FUNCTION to AC, RANGE to 1 V, SAMPLE HATE 1o FAST.

b Apply input of 10 V at 100 Hz.

Troubleshoot
ifter
Circuit.

See Note 4

=. Monitor ABTP1 with scope. Correct waveform

ABR14, 1b

@

+6Vie+7V

6Vt 7TV

Measure voltage at ABTP3 with scope. Shouid be +2 V1o + 25 V

if valtage is nat carrect, troubleshoot AGCR16-19, AGRA0.

Troubieshaot
AG6Q2,
Note 4

ABU3,
and  AB6Q3. See

i wavetorm is not clipped at prapsr .evels, troubleshoot ABCR5-12,

Monitor A?Q1 pin 3 (Q1A
qatet with scope triggered
an ATTPK, + slope. Sweep
0.1 sec/ecm. Correct wave
form

. fe—-60ms
ov +1v
65ms
—ICcV

is
correct
waveform
present?

NO

Replace A2 with rebuiic
assembly. See Par. 7-14,

Troubleshaut  DC  Lewel
Transiator  A1GATY and

MaQ4a12

Monitor left end of ABC16
with  scope (line sync).
Connect right end of
ABC16  alternately  thru
1k to +and -5V, Volt-
age should be »-15V
with +5V in, and
++ 15V with -6 Van,

YES

Are
voltayes
correct?

Replace
ABLI4
See Note 4.

YES

Replace  A1U401

Troubleshoot A6Q4 Q5,
and Q6, confirming that
each iy forward bused by
checkirg de voltages shown
on schematic Figure 7-29
See Note 4

Figure 7-6. AC Converter Troubleshooting Tree.

7-15]7-16

5. If the AC Converter operation is out of specifications only at certein

frequencies, refer to the table of Frequency-Related Accuracy Problems.

6. Pin 18 indicates the reverse waveform.
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Monitas (0 Ref connection
to A2 wwhite wire ot fower
left of AU with scope,
Int. Syrec, + Siope, Corni-
neet o Signal High Ter-
rinatb to drpac Higr, Inpat
High to Irnut Low,

Carrect wiveturms

-V 1K
1K
7V 10K
| ]
A
| 100K
f
iy : OCoK
|
—iv!
] 10,000K
=17V

3430A - D -2996

Cannect £2 Signal High to
fnput High, £ Signal Low
to Input Low, Using de
vo'tmeter with 1010 input
resistance, measure voltage
at connection of red wire
10 A2, Apply input re
sistances below on ranges

shown, Voitace should be Are
YES Jaslisted voltiges
correct?
RNG  INPUT VOLTAGE
1K1K IV 0%
NO K 1K IV 110% NO
10K 1K 1V +10%
100K 100K 1w +10%
Laave cannections as v 1.000K 100K 1V £10%
previous test and add con 10,0001 10M 10V ~10%
nection from ¢ Signal Low
to Input Low, Voltage at
wnite  wire  should  be
steady bitween - 0.9 Vand
1.1V tor all ranges
Is
voltage Troubleshoot  reed  relay
corrace? ATKT and driver A705

Disconnect

nect short acr
High

RANGE 1o
A2U2 pin 16,

Correct waveforin:

-1
V‘ 65|
ms
=17V

orevious  ter-
minal connactions and con

and Low terminals
Set FUNCTION to TCST,

0ss L2 Signal

7. Monitor

Measure voltage across M,Eamn.g v?\[ages " f:/hm'
A7CS. Should be 32V~ YES meter current source. Volt-
2v Ages shown on schematic
) Figure 7-30
NO

Troubleshont  ohrimeter

pawer supply. Fig. 7-30
NOTES:

T NC voltmeter cireuits, meluding logic, mast be operating cor-ect y befors
attempting this procedurs

n

An oscillascope, a de voltmeter wita inpat resistance ot 1070 olune. and an
ohmmeter are requited far these checks.,

3. The time shown on wavetorms ks corract for insteaments desionea for 60 Mz
iine aperstion. For 50 Hz inst-uments, increase time by 20 %

Troubleshoot
reference

otnrneter

Raplace A2 with exchange

assernbly. See  Paragraph

Measure with an ohmmeter

across  reed contacts  of
AT7K2 through A7ZKSH
Tahle on Figue 7-13
shows r1anges r which 2
through 4 are  closed
ATKE s closed on il ex-

cept 10 00C K range

Monitor

ATUA0T prn

18

with scope syne to ATTPK,
+ slopeg. Sanw setup as pre

vious test. Conect wave-
forin
+4vV
ov
NG
Troublesnont  relays  ancd

arive cironts

Measure voltage of pins 14
and 15 of ATUA01. Roth
should he +3 V.

Mezasure
Sigial
Low ts wire connections
X, Y. and 7 on A7 Resist
ances should be

Turn 34804 ofl

resistance from §2

lowris X 1 k&2
Low 10 Y - 100 k&2
Low to /7 < 1 Mg

1olmance + 0.05

Ticubleshoat  do
transldatars

410 Ses Figure 7 20

tevel

A9 and

Are
voltages
correct?

Replace A1U401

Troubleshoot
switching eircuits

function

Turs 3400A  or. Select
1 kel range and  connect
T k&L resistor 1o anput

Medsure voltage across -
put resistor with dc volt-
meter

Trounleshnnt precision re-

nistor

thraugh ATR18

ATHR12

cirenit,

Figure 7-7. Ohms Converter Troubleshooting Tree.

Muasure

voitage

birttween

top ends of A7TR22 and 23

Measure voltane  betwe:n
top ends of A7322 it 23

<45V

7-17/7-18

Check A707

Measure
ATDSY.

voltage

PIGREES

Trouvbleshoor
ATCR10 and 11,

A707,

< Ty

>8v

Check ATDST for leakae

Troubiesheot
AU enemty

A6

snd

Chock ATR P2 ane

>

'
b
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. REMOTE

o SRi7= <Rit= -Ree- TR0 3‘% DATA A

FUNCTION & 2,0 [ os1 | ps2os3] g vz 036, DATA D

FUNCTION & ‘%g o [losw? osms|| sma [losms [[osm2 -R28- o35 GROUND

+5V i
~R26~ TA C
snme i 55 [ =[] o
POLARITY 50 “RE- —R2- ; -

RANGE 8 4O TRIS-  SR9- -RIO- -RIF —Riz- R R4S -R7- -R5-—Ri- ()(@2) (032 scan ©

RANGE C 3,0 -R4--R3- 02, SCAN B
RANGEA 2,0 [ u? I & @9 @@
OVERLOAD L O @ ~R23--R22-|
SCAN A 0,0 ' -R24- -R2i-
SAMPLE/HOLD 320 __ ¢ -R25- -R20-

—RI9-
-CRI=
~RIB-

3490- 8 -4240

A3
hp Part No. 03490-66543




Monitor the scan signals at
A1U2 as shown bejow.
Scope on Int. Sync. +
Slope. Correct waveforms:
Scan C. Pin 8

SCAN C,PINB

r-J.Gms—|
ov e
SCAN B, PIN9

labms
+5V[—IP ”1'—]
ov
SCAN A, PIN IO
{*-Oe52ms

—01
5
UL

3490A- B- 2994

Monitor display enable
signals at resistors A3R20
through A3R25. Ext.
Trig. scope at A1U2 pin
8, slope

Correct waveforms:

Replace A3U1

1. If the 3490A has the special annunciator display, the assembiy designation is

-l ‘»'-0.24ms 1
1 !
ov R
Are all -4V u 23 : u Are all
waveforms [ | waveforms
correct? ov [ ! correct?
| RrR22 |
-4v! i
[
) | :
ov | |
-
Monitor oscillator wave- _.5\4 ! Réplace A3US
form at A3U1 pin 6. S
Correct waveform: ov , T
| Rzou |
-4V; ! ]
t
~o|0.5mslo- | [
205 Qv
el | r| r | R25
ov -4y
Is
wavetorm Replace A3U2
correct
NOTES:

Troubleshoot display
units DSM1 through
OSM6 by substituting a
known good unit for one
which appears 10 be de
fective.

Are
any display units
defective
?

Replace defective display
units.

Reptace A3U5

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.

7-19/7-20
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Select TEST No. 1. Set
Sample Rate to HOLE.
Initiate readings with MAN
trigaer and compare to list
of eorrect readings shown
below.

NOTE:

Are all

readings
carrect?

I# not aHl reacings are cor-
rect, compare -eadings
with lists of possible erro
neous readings shown be
loww, to deterrmine af the
readings obtained are iden-
tica- to any set of -eadings
listed

t. A Logic Cornparasor, -hp- 1052947, imay be used to check certain

logic units in the 3490A

This instrurment comarss the

loyic

package tc a reference urit of the same type. Two -ogic Jackages,
AlUI8 and A1U23 are lcw power units and cannot be checked

with the Logic Comparator. A1U4,5,5nd 6 are

close to the guard shivld to be checked ir this way

J3490A-0- 2999

mounted

100

Co
reanings
match any
set?

Foliow 1roubieshooting
Suggestions below
readings

given

Set Sample Rate to HOLD,
Funcrion 1o TEST, Range
t 2. Initiate ane sample
with MAN T er, then
select Rarge 1 and intiate
one sample

Is
Display
+1.090327

Select Hange 3. iritkste one
sample then select Rarge 1
and initiate one samole

Is Select Rarqe 4
Display

+ 0100247

YES

1 and initiate

itiate ore
sarple, then seect Range

on: sample

Is
Display
+ 0200247

YES

Select Ranae b,
sample, ther smect Range
1 and initate une sample,

Mitiate one

Select Rurye 6, initiate one
4 sample, then select Range
1 and iritiate cre sample

1s
Display
+080.0247

Select Range 7 initiate one
samole, then select Range
1 and initiate one sample

Is
Display
+6000.xx Ot 7

shouid read:

YES ]+0g0n24

+04.0074
+0.20024
+.010024

Initiate 4 samples. Display

Are
Displays
correct?

Check A1U21 with Logic

YES

(nitiate & more sampees.

Display should read: Proceed 1o Display
+0.09032 Are YES | Travzteshootivg I display
+10.0024 Displays . gond, refe o Lodic
+200024 correct? Troubleshoating  sug
1;833222 gestions, Paragraph 7-39

+ 6000 xx GL

Check A1U21 with Logic

Troubleskoot

Logic Comparator.

ATUIS witl

Troubleshoot
ATUIE with
parator.

L.ogic

ATUTH,

Com

\ Troubleshoot A1U1S, ATUTT, /

ATUG with Logic Compatator

\*-— Troubleshoot ATU1G and A1U12 with 1 ogic Comparaton —l

Chack A1.J20 ard A1U24 Is vgg [Check ATUIS and ATUG E vEg {Check ATUTS and ATUTZ Is Check ATU15 and ATUT2 Is YES {Check ATUIS and A1U12 ts YES |Chek ATUTS and A1U12 Comparator, See Note 1. Camparator. See Note: 1
with  Logic  Comparator Cisplay with  Logic  Comparator Display Jwith  Lugic  Comparator Dispiay qwith  Logic Comparator Display with  LLogic  Comparator Display with  Logic Comparator. Also check A1U16 pin 15 Also check ATUTE pin 14
See Note 1 + O0U16HE 7 See Note 1 + 0001687 See Note + 0001687 See Nots 1 + 000.168> See Note 1 +0002.08? See Hate 1 for Downrange output sig- for Uprangs output signal
nal i
NO NO NO NO NO
b “I Check ATUTS with Logic
1splay .- . .
0002007 Comparator. See Note 1
— — - — — —_—
Figure 7-9. Logic Test Troubleshooting Tree.
2 e
7-21/7-22
Carrect Headings for Test N
f
v i l I
+ 080.024 080.024 080.024 080.024 = 800.024 08C.024 080.024 080024 -+ 000.168 080.024 ~» 200024 - ().20024 - 009.047
+04.0024 04 0024 04.0024 040024 - 400024 04.0024 04.0024 - 000168 04 0024 -+ 0.40024 ! 0.09032 * 010024 4000 .24
+0.20024 . 0.20024 0.20024 0.20024 + 200024 = 000168 0.20024 0.20024 0.20024 + B000xx OL { 10.0024 - 020024 80002.4
+.010024 It the instrumert displays a4 repeata 010024 -+ 000168 01C024 ; - 100024 010024 010C 070024 010024 - 80024 } - 2000.24 -+ 010024 + 40.00.2.4
000032 sequence of partially  correct numbers in - 0.00200 0.09032 0.09032 i 0.09032 009052 0.09032 0.09032 0.09032 - 040024 | - (09032 - B500.0xx OL - 800074
+ 10,0024 Test Na. 1, use the following  lists 1o 10.0024 -+ 00.0184 -= 01.0024 10.0024 10.0024 100024 10.0024 10.0024 6C00.xx OL ! -+ 100024 - 60 00xx GL - 009037
+200.024 solalr e probiem 200,024 200.074 - 020.024 206024 + (0 1HE 200029 200.024 200.024 !
+4000.24 - 4000.24 4000 24 - 040024 A000.24 4000 .24 4c00.24 * 0001 .84 4000.24 I I—‘ ;— |—
+80002.4 800024 800024 -- 0g0oc2 .4 300024 80002 4 300024 80002.4 -+ 00013.4
¥ EON0.xx DY » Arrow indicates incorrect reading. 8000 xx T BOPD xx OL 5000.xx OL BUOD.xx DL BLULxx T L - 0002.08/2 6000.xx OL BOO0 xx OL \ Troublushooting A1U19 and ATUZT with Logic Comparator. /
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Cang

+av

oV

ec

oscitinscope  to

A1TPU ard monitor State
Clock sutput. Set scope 1o
Int Sy 4Shope

Correct waveforr,

——tausrt

(L]

NOTES:

1

n

[}

NO

YES

Monitor pin 11 of A1U4
Correct waveforin’
4’1 4 iLs be—
ay ‘

:

cv

NC

YES

Moritor vin 14 ot ATUS
Corraet waveform:

4’10.25#5 ?‘—
+av ‘

ov

:

NO

YES

Qeploce ATU3

SEE NOTE 1. Monitor pin
1o ATu1?
Corri 2t waveform:

r—\.G':‘e:ﬂ

+4V [_—l—r
ov

NG

fieplace ATLA

SEE NOTF 1 Mo i g
Gond 7ol ATLE
Cortect wavidorms

PIN &

|“)ms~]

+4v

~ 5V
PIN 7
—»{ 50ms fe—

+4VIJ_T
-5V

NC

Repiaca A1UL

SkE NOTE
5 ol A4
form

—-—1 Ce Susr—

+4v
NS

Laaren pin

rrect wiive

To manier wawelorm or voltage, Lirst turn 34090A OFF, then while soiting
MANUAL TRIGGER butten ceprossed, turn instroment OGN Lind measure the

necessary wavefor or

measurement is taken
Note 1

An ascillescope is reguired for these checks

voltage
Ihis procedure apphies only ta tha:e tests which refer to

16 by 20

sufficient accuracy with an osctloscope

3430A-0-2997

The pasabutton mast be hela inowhile the

. The time <hown 01 wavefories is cerrect for rstrurents cesigned for 656 Hz
line operation. For 50 Hz mstruments, iner

Voltages gy e snsasur-d ywith

T

NC

SEE NOTF 1 Reasars

voltages at paos 1 and 4 of

ATUA. Bath puns sho sd e
(AR

Reter to Logic Trouble
ShoOTY suggestions o Par

wyraah 7-39.

n

Maonitor pin 1 of ANU7.
Scope triguer e + 5V otest
paint on ATAT. Fxt Syne,
+ Slope, Turn 3190A OFF
and back ON. Voltage st
i 1 smould re2magin fow
far approx. 100 s, then
go High (4 5 V)

NO

Tronbizshoot  tnsa-on cie
cait, A2, A1Q3.

SEE NOTZ 1. Momtor pin
Jof ATU6
Correct wavetorm

—={ 50ms -—

ov

Cheek ATU19 and ATU21
wite bogie Dompanator
See Figure 7-9, Note 1

Replace defective part

Is
waveform

STE NOTE 1. Measur
Ageat i 11 cb AT02
+00V

vt
Should bie

Veasare voltage at pin 5 of
A1UZ2. Should ba - 11V
10

Trowaleshoot 11V sup-
ply, ATCRS

Trouble

Reter 1o Lowe
ShOO g suas

auroph 7-38

Replace ATU2

correet?

SEE NOTE 1. Monitor sig-
nal at buse of A1Q1
Gorrect waveform

50ms fe—

NO

SEE NOTE 1. Measurs
voltage at pir 2 of ATU8
Should ke~ 4 3V,

Ruefer 1o Leaic Troubh
<hoohna sugu=stions in 2ar

agraph 7-39.,

Replace  A1L16 with
known good part. Switeh
ranges and functinons, ob

serving decimal  point
Should correspang (o
range

NO

YES

Rerturn 1o Generst Trouble-
shooting Tree, Figure 74,

SCE NOTE 1. Monitor pin
5of ATUG.
Correct waveform:

—»1 100ms e

ov

Is
waveform
correct?

SEE NOTE 1. Measiuie
voltage at pin 1 af ATUS.
Shoutd be » + 2.7 V

Rejlace A1Q1

Refer to Loyic Trouble-
shooting suagestions in Par-
agraph 7-39.

Measure voltages at pins 6
and 10 of A1UR. P ©
shoule be -5.7 V, pin 10
should be +12 V. Toler
ance + 10"

Trounteshoot supply sofi-
aqes throush A1CR2. 3,
and 4.,

Refer 1o 1nagic Trouble-
shoot.ng suagestions in Par
agraph 7-39

SEE NOTE 1. Measure
voltage at pin 2 of A1U12
Should be <. +05 V

15
voltage
correct?

Rupho e ATUZS

Replace ATUG.

YES

Reptace ATUT2

Figure 7-10. Logic Clock 1 roubleshooting Tree.

Measure veltages at vins O
and 7 of ATUB. Both uins
should He - C.6 V.,

NO

Replace ATCR1

7-23/7-24

YESs

Replacr ATUH
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U1-U6
OPTICAL ISOLATORS

EM TTER— _ COLLECTOR EMITTER~, o COLLECTOR

R< / RA f If an opticat isolator is o be replaced,

] P73 see Section VI, Backdating, CHANGE
NO. 9, Table 8-2 to determine correct

rZ4
o - FLAT SIDE Part No.
COLOR COT
‘\\‘/ v COLOR DOT >el
ANODE CATHCDE ancoe " N carrope

3430 B- 3537
-hp- PART NO. 5080-9052

and -hp- PART NO. 1990-0514
-hp- PART NO. 1990-0402



Monitor pin & of A10U2
with scepe set to Int sync, Set Sample Flate to FAST. Monitor pin 3 of ASU3
) o Monitar A10U7 pins 3, 6, Ground  scope to Input
+ wopr. Connect scope g o o, Sround scope 1o inp Monitor pin 15 of ASLG Monitar pin 1 of AQUB
giound tc ower end of . - ! Low or Inguard ground. ¢ ot wavefon of .
Is A10CT form for all pins {HIGH Correct waveform sorrect wavetonn. s Correct waveform:
S |Measure velge  wmoss . : YES |uue)
i 3 Correct waveiorm
Should be 4+ 5V to vottage " e 200 T‘—ZOOms —0' waveform h zooms—-l
Sy correct” "_ ms "~ 3m +5Y coreect? +5V
~e
[+-1e8-240ms = +5v 5V = Ims
+5V May be ov ov
NO NO ov Ue- several NO . NO
pulses ov
Ccv
viaveform shouid be in-
verred for | OW true out
evd to Dispray Troublesnoot  cutguard Manitor pin 13 of ATOUT. put. Troubleshoot light isolator Troublesnaot Replace ASUT
+eshontng,  Figure power sunply on A8 Correct waveform is same circuit and gates associated Sequential Logic
as in previous test except with incerrect signa.
High level s + 2 V
Es Moniror pin 12 of AT0L1
¥ . ey
or pin 8 of A10UZ. Correct Replace A10U2
waveform is  nvarse of
previous fest
NO NO
tlavitor o 1 oof ABUS
NOTES: e
A 5 Ground  seope 16 lapar Replace A10U1
1 An camilnscco: and ¢ de voltmeter sre
forn Pow  or Inguard  ground
ruduired for these G cks >
paint. Correct waveform s
SO UG T OFSVIOUE Dest
except Hhah ovel i3 b4V
Figure 7-11. Data Output Troubleshooting Tree, Option 021,
YES |ircublestont AThATDA -
¢ AT5 U8 7-25/7-26

NO

Manitos e 3ot AGLT

oot wavetar

0e25
- !'_m's

+0a5V

Ser Smnpie Rae to FASI
Moestor pir 2 of AGUS
Correer wiveform

200ms —e Feplace A3UJ
|

2ms
ND ov NO

Creantoshoot F e, Tranbleshaot
Db er, 3US ang ASUS Sequertial Lonic

1490-D-2925
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Ut-ue
OPTICAL ISOLATORS

SMTTER- \] [’ COLLECTOR EMITTER ~ o— COLLECTOR
/1 . 0@ Ax
O
Ve QO b
je— F AT SIOE G -
R &

ANDDE ~~CATHODE \\$
1437 B 1597 \Q

T COLOR  DOT

I‘\\/L/ é,o CCLOR DOT ~ l

ANODE -~ ™ catrone
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If an optical isolator is to be replaced, see Section VIII, Backdating,
CHANGE NO. 9, Table 8-2 to determine correct Part No.
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ToST
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lezast
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Pttt a
with

prashhatine gaa [
vathod g
e on

Sl cand

f coreset eadligs

pull cut g

Froceed 1o Live Tesi
troubileshootiva.

;Y

irinure

1okt el rarae aend funenon selection nust apersie

o brfi this procedure s atterpted

Arsseiloseone is sequited foe thest ek

34904-C-2993

Measure
A12Cc
th e HEV

voltaae

arnr

Voltage should be

Wontor Datis Flag signal et

outpat (J7 pin 230 whie
ot o o
“eute cormand  Proy
Exeec  input  LOV tor

Shoas) YES
Cotrect wavetorn

NO

Traanleshant  Oatengrd

Power Supply on A8

Nomiter pin 11 0 ATTUS

il applying o Prouram
Fxuruts crmmanc,

Corrnct waveform

+5.|_F
ov

i ims
TES
NO

Trouableshoe

Leare circmty
ATT 12, ATIUSE,
and tesat snaly

Seauentiul
A11ub
Alig4,

Duoes’
Remote

Conrecs Remote Enable

progrery TEST
W B HIGH]),

Remately
thuncuon A
Test No range C
HIGH, B LW A HitiH)
Rovter s 2 and 14 of
AT2UT b e applying Pin
Execute

Coarrret wuv-farmg

Grann

2
v

PIN
+5
-IC.Qmsk
ov

FIN 14

r*Op6ms+|
+5v

av

NO

Liseals
Flhp-Floo and ity

Troublesrans
Remote
Pt e ting Circuits.

Repeat
munizon iy

ot AL

revious

| opins 3

Correut wivebores

PIN 3

chipes
ano 138

+5V
v

PIN 13

T-O .6ms~—|

+5v),
v

7 pic 8) e giound REM >

liaht in display shou'd be Annuneiator +

on aaly while Remote Er- light

abile s LOW, gorrectly ]
Monitor pin 3 of A11U1
should be OV wher Hem
Crabe is LOW and 4 3V
when  Rem  Enat'e (s
HIGH

YES

Trace  Data Flay  sanal

thiough Byt dsolator crr-

LUl a W verters NO

Trace Rerote Engt SIg
nal threugn outgaard in
verters  and  gates  anc
through tight ssolitor cir

cuit

NO
Troublesnoot  A12U5,
A1704 gt ke ator
creut,and AT TUG

YES

Repeat previous check
montoring pin 7 of
A11U/ and & Coreect
waveforms
PIN 7
+5V
Oadms
ov
FIN 15
[‘O.Gmsﬂ
+5v
av

NO

Trace sigrals twougn 1 ght
isuratars
Ciouirs,

and  associated

[teplac: A120°

Figure 7-1

2

Lusving  prograns as o
previous  check, measure
volzages  al mputs ol
ANTUTD and ATTUT)
Lome (nvels should be us
foliows
i ATTUN0 pin 7 Low
pin9 = Low
pin 4 - High
pin 3 = High
ATTUINT pin 12 - Low
pin 5 = High
pin 3 - Low
pin 2 = High

Are
togic

correet?

vidls

Replaur
AU

AU

A11U8

Troubleshoat A1:U7

and

Remote Troubleshooting Tree. Option 022,

7-27/7-28




START

REMOVE ASCH INGUARD ASSEMBLIES
A24 AND A36. INSTALL REMOTE .UMP-
ER BOARC A4 {SUPPLIED WITH OPTION
030) IN CONNECTOR A1J7 IN PLACE OF
A36 SET 34904 RANGE AND FUNC
TiON TO TEST 1 TO VERIFY CORAZCT
OPLFATION OF MA N LOGIC

15 LOGIC TEST CORRECT/

NO

RERMOVE A3 ARKD REPLACE A34 AND
A35. MEASJRE + 72V +5Vv, 310 -2V
OUTGUARD VO_TAGES. =12V AND
2V TEST POINTS aRE ON A32 aND
+5V IEST POINT S QN A33 vOLT
AGES MUST BE MEASUREL TS OUT
GUARD GROUND TES” POINT DN A33
OR A30. ALLCW »° 10% TO.LERANCE

ARE VOLTAGES CORRECT?

TIQUBLESHIOT 3430A NAIN LOGIC
CIRCJTS

TROWVELESHOOT QUTGUARD .
AGE SUPPL SA2V are -3V SLY
PIIES ARE | 2CATES ON OUTGLARD
MOTHER BOSRD A3 - 2% SUPFLY 1S
DFVELOFED FHCR SYSIEY CLOCK
MULTIVIBRATOR U\ A32

MESSURE « 12V AND 2V SLIPLIES
O% INGLAKD RON ABBEMBLY 434
THESS aNF 0% TES™ FOINTS ON ald
MEASUHE TGO INCUARD GROULAD AT
SEST PO DN ALG

AHL VOLTAGES CORRECT?

CHEZK  QPERATION Ut i50LANNG
PHOTO TRANSISTORS L1 THROUGH
U1 OWIHTH A LOGIC PHUBL 00 BY
CONNECTING A <NOWN SO00 UWNIT IN
PARAL WITH  THE  SJSPECIED
PHOTO TRANSISTOR N THE 3450A
A_S0O CHECK JRIVE THANZISORS
A30Q4 THROUGH Q9 &0 1
THROUGH Q4. See fotu 1

TROUELESHOOT SUPP_IES ON IN
ZLLARD OLI ASSFRIBLY A4

NOTES:

PAEALLEL

AT L

1 TME ISOLATING PHOTO-TRARSISTORS U° L1 M Ay

CONRKECTING A K |
L FOLR CONNECTIORS) VITH
MLCILD PART  THE NORWAL VOLTA
LIONGF PORT 0N OF [t

BE CHECKIL BY

50
ALROSS T
THANE STOP

)V ih Y OWHE L THE LNIT 1S BIASED O A30L4 _y oo

SRE FERRITF READS
EACH TIVE A%
R HE2AIR IS

SSEWELY OR PART IS SUBSTITUTFD
“ALE. THE OPERATI

TIAMCE CHE
CHECK YAY

© N PARAGRAPH 545 THE COMP.FTZ
BUN 05 DNLY THAT PORTION
MEICH THE IRSTAURIENT Fa LEDPREVIOUS.Y

SHOULLE BE APPROXKINMATELY

L 0% THE HP 13
AECKED USING HI PCRFOK

2490-D-338!

ARE ‘SCLATION ZIRCLITS DPERA
TING CORRECTLY?

NO

aFPIACS DFFECTIVE CIOMPCNENT

USE CARE IN HANDLING ISOLATION
ASSEMBLIES. PHOTO TRANSISTORS U1
THROUGH L11 ARE VERY SENSITIVE
TO MECHANICAL STRESS,

THIS CHECK GS5URES THAT ONLY
ONE HP13 PRINTEL C .
BLY 15 DEZECIIVE
BLES IN HFiB RFPFAIP KIiT KO
0339060004, SUBSTITLTE ASSEMBLIES
ONE AT A TINF 1N THZ FO_LTWING
OHDLK: & 434, AND 1SO
LATICA FURGIES A3C ANL AYE
TOGET
EACH
QPCHA I
GRAPH 57 ¢
PROBLIN IS

WAS AN ASSENVBLY FOUND T 8T
DEFECTIVE?

USE APPROPRIATE REPAIR KIT AS
NOTED N THE FOL.OWING STEPS TO
HEPAIA DE-ECTIVE ASSEVELY

See Note 2

PROBLEM MAY 8E ON  CUTGUARD
MOTHER BOARD A3 UK IN
SUESTITUTE NEW 2AR R
03480800311 FOR A31J2 e 3 ~hIS
CHECKS DATA ANL COMTROL LNt
BUFFERS AND GATES {Swe Mot 2}

DCFS HPE OPERA "k CERRECTLY !

RL% COMPLETE OPERATING CHECK N
PARAGRAPH 6-45 T() VERIFY FERFOA.
NANELE

N0

CHEBRAPLLL LP RESISTOR PACKASES
APRT. 8

Figure 7-13. HP-1B /O Troubleshooting Tree, Option 030.

7-29/7-30

PFISOLATION ASSEMAL Y A3C AND A35
TIVE, USE REPAIR KIT NO.
3 T0 REPAIR 3Y¥ REPLAC-
ING DEFECTIVE CCMPONENTIS!

1S PHOBLEM

NO

AUN CCMPLETE OPEHA " NG Ok
PARAGRAPH £-45 70 VER:FY PE

MANCE,

IF INGUARD PIIOGRAN ASSERIBLY A36
IS DE TIVE. USE REPAIR KIT NO.
03490-30036 10 REFAIH BY HLPLAC.
ING DEFECTIVE COMPONENTISH

CONNECT IFC LINE AT REAR 2ANEL
COVNEGTOR TO SROUND 1312 PIN 9
TO PIN 24) AND NONITOR LRST AT
COLLECTOR OF A3uQ1, LRST SHOULD
BE LOWWHEN IFC IS _OV

IF QUTGUARD DATA ASSLMB.Y AZSIS
DEFECTIVE, USF  SFPAIX KIT NO
03490-80C33 TO FEPAIR BY REPLAU
NG DETECTIVE COMPONFNTIS)

IF INGJARC RCA ASSERMBLY 234 'S
DE=ECTIVE, JSF REPA.X KT N3
03480 83031 AND FEPLACE  ALL
VICHUCIHELI TS EXCEPL UM, 43305,

15 PRORLEY

CORRECTED®

NO

CHECK INVERTER AJ0U8 PINS & AND

REPLACE ROM A340)5 See Mot 2

15 DUTGUARD RO ASSELIR. ¥ 437 1S
DEFECTIVE ULSE REFAIR KT NO
03492-80037 AND REFLACE AlLL
MICRCCIRCJITS EXCEPT TWO RCOM'S
A37J2AND 2

S FRUBLEN CORRECTEO?

BEFLACF RN 23202, See Nate 2

ROM AND MOS DEVICES ARE EASILY
DESTROYED BY STATIC CHARGE
KEEP FINS SHORTEO WITH CONDUC
TIVE FOAM OR METAL FOIL WHEN
PART 1S NOT IN INSTRUMENT

DOES LHS™ GO LOW | 9. AND INGUARD INVERTER A35J3
PINS B ANDI D
NO
TR2UR. ESHOOT  RESET C'RCUIT
AZ0G1 3 AND A30UA PING 3 AND &,
RUN COMP_ETE OPERATING CRELY %y
FARAGRATH 545 T2 VIR Y FEHIOR
SIANCE
PLN COMPLETE CPERATING Uit
PARAGRAPH 545 TG VERIFY
AN CE
23 FUN COMPLETE OPERATING ChECH 1N
IS PROBLEM CORRECTE R PARAGRAPH 5.45 TQ VERIFY PEF 4
MANCE
NO
AEPLACZE A32U3 IF THIS CORALCTY

PROBLEM, REPLACE A32UZ WITI it

GINAL PART {F OPERATION 15

HECT, SEE NQTE 2
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WITH SAMPLE/HOLD SWITCH SET TO
OFF, VERIFY PROPER DC VOLTMETER
QOPERATION OF 3490A.

IS DC FUNCTION OPERATING COR-
RECTLY?

ISPOLARITY CORRECT?

NO

YES

CHECK REFERENCE POLARITY LOGIC,
A28U1, U2,

NOTE

SET S/H SWITCH TO TRACK/HOLD,
FUNCTION TQ DC, RANGE TO 10V
A27K1 SHCOULD BE CLOSED, SET SAM-
PLE RATE FULLY CLOCKWISE. APPLY
10 Vde INPUT.

SET 8/H SWITCH TO TEACK/HOLD OR
ACQUIRE/HOLD. SELECT 10 V RANGE.
APPLY 10 Vdc INPUT, SET SAMPLE
RATE FULLY CLOCKWISE. A27K1
SHOULD BE CLOSED.

ALL TIMES SHOWN APPLY TO OPTION
060 INSTRUMENTS (60 Hz LINE). FOR
OPTION 050, INCREASE TIMES BY 2C %.

1S READING CORRECT?

YES

CHECK VOLTAGE AT PIN 1 NEAR TOP
CENTER OF A27. SHOULD BE NEAR
ZERO. CHECK WAVEFORMS AT PINS 2
AND 2 IN SAME LOCATION. EXTER
NALLY TRIGGER SCOPE ON TEST
POINT K IN LOGIC SECTION CF 3490A
MAIN CIRCUIT BOARD. SHOUL D BE:

PIN 2 +45V
HHOA oV
PIN 3 ‘ +45V
KHDB Y

1S READING CORRECT?

NO

YES

REMOVE A27 AND A28, HEPLACE WITH
JUMPER BOARDS A24 AND A25. SET
S$/H SWITCH TO OFF. CHECK DC OPER-
ATION,

DOES DC FUNCTION OPERATE COR-
RECTLY?

NO

TROUBLESHOOT
cuIs,

MAIN  3480A CIR-

APPLY FULL-RANGE INPUT ON ALL
RANGES IN BOTH TRACK/HCLD AND
ACQUIRE/HOLD DPERATION

CORRECT?

NO

ARE ALL READINGS CORRFECT?

SELECT 10V RANGE, TRACK/HOLD.
CHECK LINEARITY BY APPLYING iN-
PUTSOF 1V, 3V, BV,7VANDSV.

YES

ARE ALL READINGS CORRECT?

ARE VOLTAGE AND WAVEFORMS YES

SET S/H SWITCH OFF, SAMPLE RATE
FULLY CLOCKWISE, JANGE TO 1V,
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.

GO TC LOGIC TROUBLESHOOTING
TREE.

| TROUBLESHOOT A27K2 AND DRIVF {
CIRCUITS IN A27U10.

RECTLY?

IS VOLTAGE DRIFTING MORE THAN
10 mV/s?

NO

$ VOLTAGE LESS THAN ABOUT
+ 12V AND DRIFTING LESS THAN
0.5 mV/s?

TROUBLESHOOT AMPLIFIER A (A27U1,
u2,0Q2).

ARE K2 AND U0 OPERATING COR

REPLACE DEFECTIVE COMPONENT,

REINSTALL A27. A28. MAKE SURE TO
CONNECT CAELES CORRECTLY. GO TO
LOUGIC TROUEBLESHOGTING TREE.

SET §/H SWITCH TO OFF. CHECK
WAVEFORMS AT PINS 1,2 AND 3 OF J5,
EXTERNALLY TRIGGER SCOPE ON
TEST POINT K IN LOGIC SECTION OF
3430A MAIN CIRCUIT BOARD, + SLOPE.
SHOULD BE

p
N2 el
PIN 1
HMDB 135 ms
ﬁer 5ins

PIN 3
HMDC 126 ms

IF WAVEFORMS ARE NOT CCRRECT,
A28U14 1S PROBABLY DEFECTIVE

CHECK FET'S A27Q1, Q2 AND Q3 FOR
LEAKAGE. ALSO CHECK A27C2 AND
C10 FOR LEAKAGE.

YES

CHECK VOLTAGE AT A27TP2.

CHECK SAMPLE/HOLD EXTERNAL
TRIGGER CIRCUIT, A28Q1, U1, U7 AND
12,

1S VOLTAGE DRIFTING MORE THAN
0.5 mV/fs?

CHECX FET'S AZ7Q6, Q/ AND Q8 FOR
LEAKAGE, ALSC CHECK A27C12 AND
€18 FOR LEAKAGE.

NO

IS VOLTAGE LESS THAN ABOUTNYES
£12V AND DRIFTING LESS THAN
0.6 mV/s?

NO

REMOVE GROUND CONNECTION FROM
LTST. WITH INPLT SHORTED, SELECT
10V RANGE, SET SAMPLE RATE TC
HOLD. WEASURE VOLTAGE AT
A27TP3.

TROUBLESHOOT AMPLIFIER 8 (A27U3,
UE. Q6, Q7).

Figure 7-14. Sample/lold General Troubleshooting Tree.

7-31/7-32

IS VOLTAGE NEAR ZERO?

YES TROUBLESHOOT A2708 AND DRIVE
CIRCUITS.

MEASURE VOLTAGE AT A27U4 PIN 6.

IS VOLTAGE NEAR 2ZFRO?
NENTS.

YE S| 1ROUBLESHOOT OUTPUT AMPLIFIER
A27U7 AND ASSOCIATED COMPO-

NO

TROUBLESHOOT OFFSET AMPLIFIER
A27U4 AND ASSOCIATED COMPO-
NENTS.

3490-0-3437
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SET SAMPLE/HOLD SWITCH TO TRACK/
HOLD. SAMPLE RATE TO HOLD.
OPERATE FROM AN EXTERNAL TRIG-
GER SQURCE. MONITOR WAVEFORM
{HHDA) AT RED WIRE, PIN 2, NEAR
TOP CENTER OF A27. EXTERNALLY
TRIGGER SCOPE ON NEGATIVE-GOING
EDGE OF SAMPLE/HOLD TRIGGER Si1G-
NAL INPUT. WAVEFORM SHOULD BE:

+a5V
A5 ms

ov
' ’H‘Zmi:
P—l:nms—"l

1S WAVEFORM CORRECT?

NO

YES

MONITOR WAVEFORM AT A28U3 PIN
11. SHOULD BE 250 kHz SQUARE WAVE
IN OPTION 080 INSTRUMENTS,
208.3 kHz IN OPTION 050,

1S WAVEFORM CORRECT?

NO

SET S/H SWITCH TO ACQUIRE/HOLD
AND MONITOR SAME PQINT AS IN
PREVIOUS TEST. WAVEFORM SHOULD
BE THE SAME EXCEPT FOR DELAY
ADDED AT BEGINNING OF TRACE BE-
FORE SIGNAL GOES HIGH.

10V RNG - 128.4 ps
1 VRNG-512.6 s
-1 V RNG - 2048 us

TROUBLE ISPROBABLY IN A28U9, BUT
ANY CIRCUIT USING HSHC COULD BE
LOADING THIS SIGNAL LINE.

NOTE
ALL TIMES SHOWN APPLY TO OPTION
0800 INSTRUMENTS 160 Hz LINE). FOR
OPTION 050, INCREASE TIME BY 20 %.

MONITOR WAVEFORM AT A28U4 PIN
10. SHOULD BE SAME AS N PSEVIOUS
TEST.

ARE WAVEFQRMS CORRECT FOR
ALL RANGES?

NO

TROUBLESHOOT 828U11, U143 AND U186
BY SUBSTITUTING NEW PART.

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 3490A MAIN CIRCUIT
BOARD, + SLOPE. SHOULD BE:

PIN 2
HMDA ) 85 ms

PIN 1 135 s
HMDB

- - 5 ms
PIN 3
HMDC 125 ms

YES

ARE WAVEFORMS CORRECT?

NO

GROUND PIN 13 OF A28U3. MEASURE
VOLTAGE AT PINS 11, 12 AND 13 OF
A28U2, ALL 3 PINS SHOULD BE LOW
<+ 0.4 VI,

YES

18 WAVEFORM CORRECT?

NO

MONITCR WAVEFORM AT A28U6 PIN 9.
SHOULD BE:

FK{DmsQ

] RECHECK SYMPTOMS AMD VERIFY NA

TURE OF MALFUNCTION.

ARE LOGIC LEVELS CORRECT?

NO

YES

REPLACE A28U3 OR U4, DEPENDING
UPON WHICH SIGNAL 15 INCORRECT.

TROUBLE IS PROBABLY iIN A28U12. U4
OR U13 MiIGHT BE LOADING THIS SIiG-
NAL LINE,

NO

TROUBLESHOOT SAMPLE/HOLD TRIG-
GER CIRCUIT,

MOMNITOR WAVEFORMS AT A28U6 PINS
3 AND 13 BOTH SHOULD BE SIMILAR
TO:

p—ESmsq

ARE WAVEFORMS CORRECT?

NO

YES

MONITOR WAVEFORMS AT A23U14
PINS 13 AND 17, SHOULD BE SIMILAR
TO THOSE OBSERVED AT PINS 3 AND
13 OF AY8UG,

MONITOR VOLTAGE AT A28U2 PIN 16
WHILE CHANGING S/H SWITCH FROM
OFF TO TRACK/HOLO.

DOES VOLTAGE CHANGE WHEN
SWITCH POSITION IS CHANGED?

NO

A28U2 1S PROBABLY DEFECTIVE.

A28U6 IS PROBABLY DEFECTIVE

ARE WAVEFORMS CORRECT?

REPLACE AZ8U10 OR U156 AS
CATED BY INCORRECT WAVEFORM AT
A28UG.

IND)-

WITH A28U3 PIN 13 GROUNDED, MONI-
TOR VOLTAGE AT A28US8 PIN 15 WHILE
CHANGING S/H SWITCH FROM OFF TQ
ACQUIRE/HOLD.

DOES VOLTAGE CHANGE WHEN
SWITCH POSITION CHANGES?

NO

A28UE 1S PROBABLY DEFECTIVE.

MONITOR VOLTAGES AT PINS 11 AND
13 OF A2BU10 WHILE REPEATING THE
TWO PREVIOUS TESTS.

DO VOLTAGES CHANGE?

NO

YES

REPLACE A18U10

YES

A28U14 )5 PROBABLY DEFECTIVE,

TROUBLE IS PROBABLY IN A28U14 OR
u1s

Figure 7-15. Sample/Hold Logic Troubleshooting Tree.

3490-D-3438
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switch to
Connect  de

error).

Select Test 4. Set RATIO

INT REF.
standard to
INPUT  teriminals  and
apply - 10.0000 V. Displav
should be + 09.9895 1 (10
counts + dc

Is
display
correct?

34904 -D - 3048

stardard
With conditions same as
previous test, check logic
levels as follows:

Test Point Level

Low

Us pmn 12 HIGH

U5 pin 11 HIGH

{Note 2}

NOTES

1. A dc standard and a dc voltmeter
are required for these checks.

7. Logic HIGH=+24V w© +5V
Logic Low -010+06V

3. Perform Ratio Adjustment Proce-
dure alter completing repairs.

Are
voltages
correct?

Remove A13U3. Set RA-
TIO switch 1o 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 pelow:
EXT REF TPC
+20V +136t+143V
20V - 136t0- 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
1o next step,

Replace A13U3 in socket.
Disconnect  dc  standard

fram EXT REF and con-

nect to INPUT terminals.
Apply - 10.0000 V. Select
TEST 4. Short EXT REF
terminals. With RATIO set
ta EXT REF 10V, display
should be 00.0000 *.

NO

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 - 1291w0- 143V

Are
voltages
correct?

Check A13CR6,7 and re-
place if defective. If diodes
are good, replace A13U1
with new port. After re-
pair, go to next step.

Perform  Ratio  Adjust-
ments, Paragraph 5-79.

With cable W8 disconnected, pin\2 of connector
arounded, and U2 removed, sexkUNCTION 1o DC,
RANGE to 10 V. Apoly ang\INPUT voltage with
polarity shown below, and apply + 10V to TPC,
checking logic levels as showr: (Note 2)

INPUT TPC TPD us(12)
+ +10Vv 1 OwW HIGH HIGH
+10V LOW LOW LOW
~ ERIVAY HIGH LOW HIGH
+ 10V HIGH HIGH LOW

Are
voltages
correct?

YES

Reptace A13U4 or 5 as
indicated by previous
checks. Ahter repair, go to
next step.

Monitor voltage at W8 con-
nector pin 5 while apply-
ing+and - 10V at TPA.
Valtage at pin 5 should
be+ 10V and-10V re-
spectively,

Are
voltages
correct?

Check AT3U3 by substi
tuting a new part. Also
check A13R9,10 and feed-
back circuit A13R13 thru
16.

YES

Monitor voitage 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?

Figure 7-16. Ratio Troubleshooting Tree.

Replace A13U2 in sockert.
Monitar voltage at pin 1 of
W8 connector white apply-
ing+and- 10V at pin 2.
Voltage at pin 1 should
be+ 10V and-10V re-
spectively.

Check A13R11A.B
and AT3R12.

Are
voltages
correct?

7-35

Check RATIO switch con-
tacts and wiring.

Replace A13U2 with new
part.




r~
<

A6

Al

Figure 7-17. Location of Assemblies.
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Rear of Instrument

7-36

Figure 7-17. Location of Assemblies.




Assemibly

Al

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
Outguard Data QutputrAssembly
Inguard Remote Assembly
Qutguard Remote-Assembly

Ratio Reference Assembly

Data Qutput‘lsolation Assembly
Remote_lsolation Assembly
Trigger-tsolation 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
HP-1B Outguard Isolation Assembly
HP-1B Qutguard Mother Board
QOutguard ROM Assembly

Outguard Data Assembly

HP-1B Inguard Isolation Assembly
Inguard Program Assembly
Sampie/Hold Trigger Gate 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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ac
i_" COMVERTER
SAMPLE / ANALOG
el HOL ]
] Or OPT 040 er D45 ZERG
INPUT IRPUT oo DETECT
AT TENUATOR T ..,,.p,'"wr m' e
HIGH _r \ e f B
) S — — ]
i
LOW >— +
GUARD ——
&
(\g, cLOCK
+REF 4 |
e " | & |
—t 0 EEE——
REF REFERENCE :
4 5iENAL | OPTON 080 | -REF N — :ggrc
EXT REF e - oe —..,J
L e - 3 WITCAING
Ml \\é LoGIC
LOW —— .\‘
3 R
omvs | ___ OmMS REF A
CONVERTER o
T T
| S —
yasos 0. 235 | I—

Figure 7-18. 3490A Block Diagram.
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ERONT
PANEL
CONTROL

REMOTE
CONTROL
JOPT 022 000301

: .

DiSPLAY

]

QUTPUT
(OPT 921 or 63C)
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REFERENCE DESIGNATIONS

JACK XA2 1S MOUNTED ON
CHASSIS OR ANOTHER ASSEMBLY

N

REFERENCE
DESIGNATION
—~—f—

ASSEMBLY ASSEMBLY
ASSEMBLY

PART NUMBER
NAME  (INCLUDES A2Ai SUBASSEMBLY)

A2 IPOWER SUPPLY (0OXXX-66501)

PLUG P! 1S MOUNTED ON ASSEMBLY OR IS PAR
HVOF THE ASSEMBLY BOARD (COMPLETE DESIGNATOR 1S Az2PI)

XA2 PI DENOTES SIGNAL
_"<: 2 & CONNECTION
v $R3 TEST VOLTAGE
Pi IS NOT MOUNTED ' 3
ON A2 ASSEMBLY - £2.92V N, PI
(COMPLETE DESIGNATOR 1S P b 4 COMPLETE DESIGNATOR (SAZR4 al 73 2
! <
] S
J, Pl ' l | SUBASSEMBLY OF A2 | DENOTES SCHEMATI
< &= —{ 4 /!/(COMPLETE DESIGNATOR IS A2A1) ON WHICH CONNECTION
PPl !
—X é‘j \NUMBER moicates AL |
PIN OF XA2 AND PI. [BLGTO-CHOPPER 0SC Bl
l |
924 18 | o o

WIRE COLOR. COLOR CODE IS THE SAME |
AS THE RESISTOR COLOR CODE. FIRST

NUMBER INDICATES BASE COLOR, SECOND | OFF TERMINAL, MAY OR
NUMBER INCENTIFIES WIDER STRIP, AND | MAY NOT BE NUOMBERED |

THE THIRD INDICATES THE NARROWER 5

|
|
EYELET OR STAND- | |
|

COMPLETE
DESIGNATOR
1S A2AlRI

MALE STANDOFF
PINMCONNECTOR

Y
NOT BE NUMBERED

‘lKFEMALE PIN

CONNECTOR ON
A WHT/RED WIRE

&
PARTIAL REFERENCE DESIGNATIONS ARE SHOWN: PREFIX WITH ASSEMBLY OR SUBASSEMBLY
DESIGNATION(S) OR BOTH FOR COMPLETE DESIGNATION

STRIP. (924, DENOTES WHT/RED/YEL WIRE) I

LI o

STD-8-2192

Figure 7-19. Reference Designations.
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(HOVP) OVERLDAD PRCTECTION H

£/0 Al [Main CIRCUIT ASSEMBLY (03480-66551)

8 FrOM U401 :10)

(LIR) X
| REED L FROM U40I{IS)
8

| A

TTEN

OVERLCAD PROTECTION
+5v

8
(LOIA) X o0l ATTEN L
FROV U401(T)

R4CS
150K

NOTE 10

(LOIR) XeOl ATTEN REED L

FROM UA4D! (1)

8

HIGH IMPEGANCE ASSEMBLY
(03490 - 66502 )

A2 |

R’S
INPUT 50.0K

ATTENUATOR R6
500K

CRIA ¥.CR2

8

(LLEC) _EAKAGE CONT L
FROM U40i (2)

t7

2/

TO S/H
ANALOG A27Qll

R408
150K

8
(LIA) XI ATTEN L
FROM U401(22)

DC AMPLIFIER

+3CV

R509

453K

NOTE |

+25.8V 4

+30V

RSI6
549K

+20V

C50!

R501
Dol
e
1€

le 58K

AN
/A

NOTE

A

5

+30V

RSIQ
4543K

+30V

R3 17

5K

§ F25.8V

+0e5 V

Ta

B

SAMPLZ/HOLD OPTION

5’0A27l

+30V

—-_—

Y CRS07

CR512

R520
30l

!

|
+5V TO REED DRIVE AND
OVERLOAD FROTECTION CIRCUITS

—I7V TO SWITCHING +—F¢  >—— — |7V

WEB
+30V TO DC AMP =——  o—— +30v

WEE

WEF
~30V TO CR403 =6 >—— — 30V

NOTE 3

Wi
— e 45y

wCC
—20V TG DC AMP =3 >—— —30V

FROM
P~ POWER
SUPPLIES

VIEWED FROM TOP

R

AMPLIFIER @

QUTPUT

/BLANK SPACE

12 3 |
a2 u2 |

WX NOTE t

v [ SAMPLE /HOLD OFTION
i

J4

I
17 N

357K
~30v A

R515 ~ WCRS508

g gt
Ut

CR5I1

Lcs02
Gel

NCTE 12

JAVEN

A Q509

|-

CR502 10

A

€505
RS'I(B O-OIOIC'/
1€

+30v

RS\7 O

+E0V

Ji=——

CR5(0

JI=

FCabV

£33

&

549K

( 30t
I

A
2504
Bel
FeN

0

2 )J——L-— INTEGRATOR
R207

| 3 s |

NOTES: |

le JUMPER 1S REMOVED IF SAMPLE/HOLD
OPTION IS INSTALLED

2+ R429 LOCATED NEAR REAR OF INSTRUMENT
AND ACCESSIBLE THROUGH REAR PANEL.

3« Wi LOCATED ON AlAI

4. VOLTAGES WITHIN AMPLIFIER MEASURED |
WITH INPUT SHORTED, 10V DC RANGE, |
SAMPLE RATE TO HOLD.

Se IF SAMPLE/HOLD IS INSTALLED, RSII IS
6e04Ka

Be IF THE U2 DATE CODE !S PRECEDED BY A
NUMBER SYMBOL (s#), AN EXTERNAL 750
RESISTOR, PART NO», 0658-3380 IS REQUIRED
(N SERIES WITH U2 PIN 2% |

9
NOTE 7

X| ATTEN

)

o~

RI<
4425M

R2
4495M
! R3

ADJ

100V 2

k CR3

12

cra ¥

50
|

C R4
47DF$ >994 975K
AVA

~

GUARD

X0e Ol ATTEN

Va

R

R9
499K

BOOTSTRAP
AMPLIFIER

3l

et
r

OHMS REF
N I3

1

8
(LACO) AC OUT SW L
FROM U40I (17}

(LOMR) @ REF SELECT L
FROM U40I (I8}

(LPRF) +REF SELECT L
FRCM U40i (21)

21 \tz /

+REF
TC U6 (J)

>R422
150K

Y~

x
@
=

+REF INPUT TO INV
TO J6 (H) AMP TO J6(K)

5 -5

—REF TC
u30t(e)

5

(LMRF) ~REF SELECT L
FROM U401 (8)

SR425
150K

“r
©
&

2
THERMAL
ADJ

FEEDBACK ATTENUATOR

X1 GAIN /EX

S>)

X10 GAIN

N

89435K

\'y
o0
o
<3

>

<
G

N2/
izl
w

a
<o

Lcs
T 8&pF
SEE NOTE &

1y |
ADJ

~

|

4

89953

XI0O GAIN o~
il

T

Ji——

8
(LLINS) INPUT SHORT L
FROM U401(20)

Vv

g

- wY
—17v

J4{AY J4 (i}
NOTZ |

—— TO J4(6)

7
(HMDE ) AUTO ZERQ L
FROM UI1(5) or J&{I)

(LIG) XI GAIN L
FRCM U402.(8)

o

26 ¢ |, S I ) €
dg LI L2
s 1000 0F A

SRI7
10K

CR7 VC

CR5

(LIOG) XiC GAIN
FROM U402 (3)

R438
15K

a a
‘ 4.39

=17V

CRA3T
150K

-7V

(LHNG) XIOO GAIN L
FROM U402 (6}

SR443
150K

7 ON A2 PC LAYOUT THIS PAGE: IF THE SAMPLE/
HOLD OPTION 1S INSTALLED, JUMPER W9 IS I
REMOVED. THE SHIELDEC CABLE FROM SAMPLE/ i
HOLD BOARD (A27) CONNECTS TO THESE
TERMINALS; BLACK LEAD TO LEFT TERMINAL,
WHITE LEAD TO RIGHT TERMINAL.

8¢ BOOTSTRAP CONMNECTION 1S WHITE WIRE FROM
A2U2 PIN 13

Se CONNECTION TO 9 REF. AND AC QUT IS AS |
FOLLOWS: Q REF-WHITE HEAT SHRINK LEAD.
AC QUT- BLACK HEAT SHRINK LEADa |

1Ce |IF READING IN OHMS 1S LOW, CHECK K402
FOR SHORTINGs

lta DEFECTIVE Q505-8,10 & |1 MAY CAUSE
OVERLOAD SIGNAL OR POLARITY TURNOVER
READINGS.

12 IF 0u1V RANGE 1S NOISY CHECK RSI8,RS517, Q509
8 CRS5I9 |

13 FET"T"MUST BE AT -20v IN THE "OFF" CONDITION
OR POLARITY TURNOVER AT FULL SCALE AND
ZERO VOLTS WILL EXISTs

COPYRIGHT 1972 &Y HEWLETT- PACKARD COMPANY

Figure 7-20. Schematic Diagram, DC Amplifier and
Switching Circuits, Al, A2.
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P/0 A} ‘MAm CIRCUIT ASSEMBLY (03490-66551)
_ wZ
+30v — > +30v
WAA |
—30y — " b—— —3Cv |
| W5 NOTE |
| FROM -5V =5V INTEGRATOR
FOWER ws
SUPPLY F17V e o 417V
W7 c203
+5Y —— o—— +5v .53
STV e R — TV !
|
|
X20 AMPLIFIER ZERO DETECT
H
3.7 ® R207
FROM DC AMP’ OR NOTE 2 g4s5k 5 NOTE 3 +ITV |
SAMPLE/ HOLD Egg.; +30v ‘ |
| — R2I! I CR2C4
1el . Se52V
| ¢ 4R39’?( *llady
y 13 . £
v2ol lczos
E1 %;0.01
R2I2 d . ,
tRzos SR208 R209 10K S OTE 7
4.84%  218.2K 842K —-30V - \
R2I0 ANALOG 7ERQ DETECT |
] 22| K Iz caor T0 UTB(s], U3
1 b $ T NOTE R2I4 R215 *
—i7v 8445K 34,5k —17v
\ —17v -7y ] -
INT sy
ZERD
7 |
| (HCES) SERIES SW H _____ t CR202 |
FROM Al U9 (12
| ) & CR205
R2'6
100K
CR206
} craoz B 1
NOTE 4 b} i
| * 3
€209 R218
| 12pF 4 715
e }
b c207
2
WR  c2io
Be3pF |
i _ _____ NOISE REDUCTICN —» | l
! NOTE ) .
|
ls A R2I0, AIR225, Al 3228, TEST POINTS A,B, AND L 93,1 K
JUMPERS W5- W8 LOCATED ON Al Al, 208 ,G
2.R207 IS 8445K IN OPTION 060 INSTRUMENTS; \ v
00K IN OPTION 050 5
30 1F NOISY ON FULL SCALE READINGS IN DC MODE, |
i CHECK R207, 02C6, U201,Q207, AND U202, I
| 24,0208 1S VERY NOISY IF PINCH-OFF VOLTAGE IS
NOT CORRECTs SEE PARAGRAPH 7-3le
5.IF THERE 15 NOISE AT LOW INPUT LEVELS {ie 100mY
INPUT ON 0¥ DC RANGE) CHECK FOR DEFECT!VE C207.
7 (FM7B) AUTO ZERO L
FROM UL (5) ZERO DETZCT
LEVEL |
: |
h +i7V
R224 NOTE rga7 TURNOVER
8445k ;[ 3 150K 19 saze0
REZ5 l 20K
20K R226 _1.C208 NOTE !
100 T 0.02
-7V
N\
COPYRIGHT 1972 BY HEWLETT-PACKARD COMPANY - - - -= - - = - - - - - - - - Teamat zel

Figure 7-21. Schematic Diagram, Integrator and Zero
Detect Circuits, Al.
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P/o Al ]MAIN CIRCUIT ASSEMBLY (03430- 66551}

i Al3 IRATIO REFERENCE ASSEMBLY OPTION 080 {03430-6653) | |
| worer T REFERENCE POLARITY LOGIC |
I
wi
| I
+5v—c"ﬁ>_4-< gé——+5v INPUT +17v
oo PROTECTION EXTERNAL REFERENCE AMPLIFIER o o T e
IV
| +17v ﬁ<[ : &——+iry +I7Yv sreser - sy LOW FOR +REF INPUT NOTE 5 e (HRAP) {
— 13y
- - R2 ) RATIO POL TO Al U40I(27) 8
I v— o &——i7v B2k ) \ __ l LOW FOR INT REF R % N BT ek b aUee) |
|
I |
RATIO 13 CRi | l | WN NOTE 2
CR2
2 HIGH RATIO i (HINP)
ST 13435V o ! e | 0 INPUT_POL FROM_ AlU22(8) T
HiGH 5 _INT Wys RI A | S78B | HIGH FOR + INPUT
' 7 =0 50K 3 we & | LOW FOR — INPUT
g oV s ‘ } T, 2 e |
- ! Lo R3 iNPUT e | I |
I3 0 b COMPENSATION . I VAN i I
v AMPLIFIER cRG | i
S7A 2 LOW | TO 5748 : ; 1 R4 . s 13y ‘\ e HS7B “r o
Low(:n__%_m b .55V 337« Z97ex FEEDBACK 9 LI oo INT 1y
g 1oV | o 0] | by cR7  AMPLIFIER . °-—Z BV | ]
3 85 N - | 1
3 v 1 LS 0 +1TV \ 1! |
% A A } -7 |
| OFFSET g +17V : ‘ $7B [ |
8 3 \ c2 | 8 7 INT |
| L—-——o—*—#i—‘} 8 >__ﬂ
P B 0.0l A } 9 lov 9%
Ha W B I ‘\ S v b
i I I " ® 2 %\9—3"
| E
I W‘ 6 578 ) |
i | 9 I I I
S7A w8 RIO SRIZ o
U T INT } RO 4995 10V Sl |
12 10V we ._95 >__m___4 ADJ ’_] o
v ] oy L I +5V oV ‘ RIIA o sris TV -=
H W 4 4 — 89.975K Rl4 311 (TOP VIEW)
g RIS i 100
I | A P AL N NEES——— .Y !
> e B2/ 50 OFFSET ]
I -—— ( RIIB 6% HTY ’ 3t :
v 94975K RI9
|
1 ADJ q Vi 100K
°
l L VR
| _— _—— 6 —— - - - 8 - — - - 7o m— =K 9 - [
96— R O i ? ————— YY) I
W2 NOTE | +REFERENCE SUPPLY wo
+17V +17V TO R30I, U30I (T (LDFC)
57 o RATIO L TO p AR INVERTING
A B FROM W3 NOTE | DATA OUTPUT AMPLIFIER
9 POWER = —I7V —I7V TO U3CI{4) 15
) | SUPPLY W4 NOTE F
{ +30v —¢ " —— +30v TO R307 223 — ® I
20
R322 3.9K notel], 6 4 |
HTY WP NOTE 2
NOTES: 3 { e 5 R320
le R3I1, R320, AND JUMPERS WI- W4 g U302z 2. _REF 3%2
LOCATED ON AlAle 3 L c304
1 2. JUMPER WIRES WN-WGQ ARE REMOVED IF " = T 602
I RATIO OPTION IS INSTALLED. PRINTED wa |
CIRCUIT BOARD,-hp- PART NO. 0349C-66526 ity v i
SUPPLIED WITH RATIO OPTION, MUST 8E /:E‘b;j s |
INSERTED IN J6 TO MAKE THESE CONNECTIGNS +REF NOTE 2 838
IN ORDER TG OPERATE INSTRUMENT WITH :
RATIO ASSEMBLY REMOVED. 2 Rs2l
3. +REF, +REF SENSE, AND INPUT TO INVERTING 10
5 AMP ALL CONNECT TO SAME POINT ON A2 (A2U2 PIN 20% R3I|
iz" ) ! 4. IF Ul IS NOISY, READINGS WILL BE OUT OF 20K§ NOTE
'L ? | TOLERANCE AT THE LOW ENDe 3 . i
5 IF RATIO BOARD IS PUTTING REACING INTO &3z —REF TOUI(L) |
. . OVERLOAD, REPLACE US54
== INPUT ro( II;JVERTING AMP
¢ s ROM J1(9
VIEW FROM FRONT FROM J114) SEE NOTE 3
' B
! —=— +REF TO JI{J) |
R3i5%$ |
50 3
%
COPYRIGHT 1972 BY HEWLETT- PACKARD COMPANY - - - - - - - - ] == - - - - - - 3ason-E-2817A
Figure 7-22. Schematic Diagram, Reference and Ratio 743/7-44

Circuits, A1, A13.
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GROUND CIRCUNT JUMPE

WK
CIRCUIT

R WIRES ON MAIN CIRCUIT ASSEMBLY A1

TO A1U1, 9, 19,23, 24,
AIP1 (7): AIP2 (15);

COMMON

F(’\

LETTER SHOWN BESIDE
GROUND SYMBOL ON
SCHEMATIC INDICATES
JUMPER WIRE DESIGNATION.

N

JUMPERS MAY BE REMOVED
DURING TROUBLESHOOTING
TO ISOLATE INDICATED POR

A1J7 (15); A1IBIIB)

TO AIUIE - 18,20 - 22.
AIC4. 5

TO AIUI0, 13- 15;

1 AICE
S %
WS
TO AlU4 -8.11,12.
AIC2.3.7.9. AICR1,
AIR14; AI01 -3
s

TIONS OF THE CIRCUIT.

3490A-8 - 2942

TO A1U2. 3, ATR34,
AICYL 8

TRIGGER ISOLATION (4)



PO Al l MAIN CIRCUIT ASSEMBLY (0349C-6655I)
I
|
DATA
COUNTER BUFFERS
CLOCK
+5v +5V
i 7 +5v s +5v
(LTXF) R2 R3 v RIO
1 cl TRANSFER L 18K 15K 3 22K NG
FROM U 18 (6) crB ‘ 7
O-Oq; 7 (HCDC}CLEAR DATA COUNTER H " 2 L2 N pata BIT O
FROM U23(8
o oM U23(8) \
114 4 RS2
ua 2 opF$ s Ro2 ; 251y S»E — pATA BIT ¢ H
| NOTE | 3 iz R b
Yl 1L u N TQO DISPLAY AND TIMING COUNTER
| o | B S o 14 DATA OUTPUT T
v
va e 4 ?' orE 3 uz 16 12,13 % DATA BIT B H :ggggoon
3.333MHz FOR A ] DEHCE:DE 5000 08 +5V
50Hz OPERAT{ON (LCDC) +5V COUNTER $0,000 7
COUNTS
CLEAR DATA 15 2,0 & ! TIME COUNT 2
I oo COUNTER L _—Jﬁj ut DATA BIT A H — ] (KTC2) EI-
FROM UI6(4) Ra4c R5¢ RE 7 \“ TO UIS{I3} ! a2 (HTC4) TIME COUNT 4 TO UI5(4)
] ISKS  I5KS 15K 7 s
i ] up B[F—— (HTC8) TIME COUNT 8 TO WI5(14}
SCAN C H - oo +5 TIME COUNT { e 7
FROM wJ 10 FRom oispLay J goa o s s T(()LS%)(I) vs <18 ¢l (HTC!8) TIME COUNT 18 TO UI5(I5)
; %o TO LOGIC
28:“{5 +5v —+5V &iRcUITS ASSEMBLY A3 o . + 2loear 0l (HTC32) TIME COLNT 32 TO UIS(12),
' SCAN A H -5 ulg {13}, uz2(2)
1 J.c4 _Lcs lcs J_CT J_ca ]’2 5 2 {7
" 0e01 T-0e01 T-Ce01 T-0401 T~ 040 5 s
—5V oD u23 3
L L W s (i} FAB\{M (LCTC)
R 7 CLEAR TIME COUNTER L
STATE CLOCK FROM U6 (1)
FROM WG o B b
POWER —5v PN _gy TO LOGIC +av TIMING COUNTER OUTPUTS
SUPPLY CIRCUITS ov COUNTS PERIOD
|
| +17Y FROM SIBNAL | L oo | s 60Hz LINE 50Hz LINE
(HSHE) POWER SUPPLY *10, +100.000 175560 [ 100,006 | 310,000 | + 100,000
+5v FROM U&(8} HTC 10,000 100,000 5mS 50mS 6mS 60mS
7 HTC2 00 00,000 [ 1OmS 100mS 2mS | 120mS
. s HTC4 40,000 400,000 | 20ms | 200mS 24ms | 240m$
HTCB 80,000 800,000 | 4OmS | 400mS | 48mS | 480mS
|8 SAMPLE/HOLD CLOCK == 14 ] (HSCK) STATE CLOCK H HTCIE 160,000 | 1,600,000 80mS | B80OmS 96mS | 960mS
i TO Al J5(E) TO 31270(13)),.&‘&3(41.AIJ?(IS).Alda(ro) HTC32 | 320,000 | 3,200,000| i60mS 1665 | (92mS | ,1.925
us U4 o3 16 15
i 16 12 T
| 12 e b K (LSCK) STATE CLOCK L 7
TO U7(2), UiB (18), UIT(II +i2v TO U9 (e8), T
,
2 10 7 e u401(28) 8 \ 6
NOTES : A 8.0l
le IF CRYSTAL NOISY, MAY CAUSE NOISE s
i IN DC MODE. s uz
| 2. IF INSTRUMENT COUNTS CONTINUOUSLY
IN TEST #i, U8 MAY NOT BE SWITCHING 5 3
TO LOW STATE.
3. DO NOT EXCEED 240pF FROM.POWER SUPPLY —I7V —6V TO RIl,R44 8
o .
(TOP VIEW)
| SuliVv $0.0|
1 — iV s
| TO U2(5}

COPYRIGHT 1872 BY HEWLETT- PACKARD COMPANY

Figurc 7-23. Schematic Diagram, Clock and Counters, Al
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GROLIND CIRCUIT JUMPER WIRES ON MAIN CIRCUIT ASSEMBLY AT

WK TO ATU1, 8, 19, 23, 24;
CIRCUIT AIPY (7). AIP2 (15);
COMMON A17 (15); A1JBOIB),
TRIGGER ISOLATION (4}
(3
wL
LETTER SHOWN BESIDE TO AIU1G - 18, 20 22;
GROUND SYMBOL ON 4 ATCH 5
SCHEMATIC INDICATES
JUMPE R WIRE DESIGNATION Ly
WM
< TO AIUID, 13- 15,
AICE
(]
wS
TO AUS -8, 11,12
AICZ.3,7,9. AICRY,
I ATR14; ATO1 3
JUMPERS MAY BE REMOVED
DURING TROUBLESHOOTING
TO ISOLATE INDICATED POR- wDD
TIONS OF THE CIRCUIT, TO ATUZ, 3; ATR34:
AICY, 8

34304 B- 2942 oo



o Al I MAIN CIRCUIT ASSEMBLY (03490-6655() - -
LOGIC STORAGE
TURN-ON CLEAR LMOT i3 2 . . o . -
X CIRCUIT FROM U3 (I17) |
1 +5v +5V !
+5V +5V +5V
+5V RIG RI9
- 15K 4,10,14 41004  SI5K 440,14
INSTRUMENT 12 N (HMTC) 2 = (HMTB) MAIN 12 = (HMTA) MAIN 2] 2l 2[5 Py
. LSHC
W q TuRN-on TURN-ON D @ MAIN TIME 3 FETTIME BITB o Q TIME BIT A e . GELECT 4100000 TRANSFER AND ZERO DETECT
RI3 £100,
| . +EV FROM ™™ ey 10 LOGIC CIRGUITS GRS 33K Te l ull Ul ui4 K U4 yzo DATA FLAG (HDFL) ve Counts To Ug O !
i PCWER SUPPLY +5v +5v ATV |6 APPROX FF FF FF FF TO U24 [15) #5v !
> f="looms LCMC LCMB 3 _CMA __Ii LCER __ 3. 316 (LFEEEAEINNDG LCDF _ 3|, alé (g1 16 _CHC Ll P o] L HSHC
cols ars b . AS(F) |8 +5V FROM U16 (31 —1C cLEAR FROM UI6 (16) ~—|“cLEAR FROM Ul6 (3) ~ 1°cLEAR FROM UI6 (6) ~ L_CLEAR 905 hes {2y, FROMUB(3) CLELR Alortiel i) e lia
6.8 WCOROGERS mis ik TB ‘T &77 137 % ! A8 |5 ' Alos(in |5 E
0
$ 1 33k A s . - ) +5v_lj___>_* us
A (LETX) AND - OR
1 ° wer? LOGIC OuTPUT FALSE TANSFER L —> 22 INVERT GATE |
. 4 % DECODER (HTFE) ] FROM UI6 (8) 1
1 ‘.. S‘ls’gézcE;E RANGE COUNTER FROM U221} —\ .
HMQA _23] 12 TIME COUNT 32 {HTC32) —
; FROM UIO (6) e tgx; ;g S”I :'3']’ +5v o ——s . 12
4 Q o ! (LTXF)
R Ve Y ¢ a ; a 3 3 HMQB 22 B Lcma To U4 1 J'CSIS;F : IRANSFER L 6
. 3;": [6 FROM UI0O (4) e TO STORAGE _s[, U>-D0WN NOTE 1 U20 (HAZD) $ s 3 TO U4(4) 1
(LSCK) STATE CLOCK _ s 2 n 2 [ LCER TOUK(E) 1 RANGE [(HCRA) 4 COUNTER 4 ANALCG_ZERO DETECT s {HZDT) I
| i -] PR YMA HMQC 3 cpF T PROGRAMM NG . (HSCK)__1| FROM U203 (7} 4 } 2
N s OM U3 (8} o FROM UIO (2) LCDF TOUZ0(3) FROM HEMOTE T (HCRB) —{'s 3 6 rrom uae ] ZERQ DETECT H
s HMA = YMB 15 LcHe Tous (1) 16 FRONT PANEL therey —21e , 04 F—(HIRA} RANGE BIT AH TO Ui ()
HME - 2 yme LTous o u’?g?eﬁﬂ . :;GIG 1 (LCSO) CLEAR STORAGE L " 0yt (HIRB) RANGE BIT BH TO UI9 B 5
From ) HMC H2 u7 15 YMD ROM Une. E (LPRG) PRESET RANGE L " ean 0-tE — (H:RC)RANGE BIT CH _ U400l 3 +5V 1" 10 o i? J
14 & 4 NT
' QUALIFIER MULTIPLEXER USTROMT HM0 ({4 ey 2 YME DECGDER 12 (LUPR) UPRANGE L o] S5 a2 INPUT '
. HME FF YME 15 (LONR) DOWNRANGE L COUNT uP Aid3 13 POLARITY '
CLEAR 7
HMQB HMF g3 ean PRESENT sms»} HO  (LSPL) STORE POLARITY L TO U22 (1) 3 3 Al45 I8 STORAGE :}7
HMQC | HMQA NEXT STATE [u 8 T 9 (LCOV) CLOCK OVERLOAD L TO U22 (3) AT 16 12 EM -
| @ (LSCK) STATE CLOCK _i8 8 o @
s lo |1 A EROM U4 (8) — F— (LFTX) FALSE TRANSFER L TO U23(13) ali8 15
FROM U6 END OF READING (LEOR} —24 J — (LCTC) CLEAR TIME CGUNTER L TO U6 (1),u23(5) 6 - apz 10 U2z
! 3 (LOTE) OUTPUT ENABLE L __I9] 4 L 12t |
' FROM Ul MAIN TIME BIT B H(HMTB) —3] MG FROM FROM U9 (20) To U4 STORE po,_(,'}ngLJ 1 | L I(rrPIlTTPJPOLARITY 58 !
TIME COUNT | (LTCI) — _te] 9 YMG TO = 24 CLEAR DATA ¢ g
TIME COUNT 2 (HTCc2) — ¢ “1’»'052 s Us (13} ROM ® @ us (14) ROM 9 8 HCDC COUNTER 6 FROM Uls (10) CLE/T; TC Al146 (10} !
< L
8 TIME COUNT 4 (HTC4) —&f  LINE uir v Touz(ip 45y T
_ta] . ALFTX
TIME COUNT 8 (HTC8) - (LSCK) STATE cLGCK _ 11|, v i4 _ FALUSE TRANFER L '
' TIME COUNT 16 (HTCi6) —] €  FROM us(e) L cEan q READ ONLY o€ uMaa FROM U16 (8} |
' TIME COUNT 32 (HTC32) —& T'3 L MEMORY
T T +2V FROM 5V
ws crz ©
+5v -5V FROM .
. POWER SUPPLY 5y 1 5 s
! +5v R35$R36 SR37 $R3I8 <R3Y <RA0 $R4! SRA2 sR43 <R4A4 SRA5 2R46 IRAT SR48 ¢R49 = ulo HMQB 1
1 HMQB +5v 2 |es 6+BK 768K $E.BK T6.8K T6.BK ¥ 548K T 608K T 648K T 648K 648K T64BK $64BK $648K T 648K T 648K -NEXT STATE TO. FLIP - 5LOP | ,
10 al
tmMac | HMoA ~2v HMA
R20¢ R2i$ R22$ R23< R244 1"‘ | HME
15K ISK2 16KS I5K2 15K ]9 10 ||| 2 & HMC FIER
ui3 : QUALI
8. 11,16 { FUNCTION AR (HIFA) a | _D— AND-OR g L wmo [ 707 : %z‘ HMQC o~ E_gAUBILsEIES:gNIJ;LZS" OVERLOAD ' 18—
1] P b—
X Funcnoz B H E::Zi)) - LMQE —4 INYERT +iv to 7 HME TR STORAGE — H— :
1 RANGE A H A —_ -
a uie * HMF (HOVL) — I
FROM U219 RANGE B H (HIRB) 2 8701 |s s [ 3 MG TO UlT e conres2) 20 olS - ovERLoa H —_ —
RANGE C H (HIRC) 12} LINE 0] R25¢ R26¢ R2T$ R284 R29¢ R30S R3Ig R32S us [z TO P21 ALJBID e —
|3| DECODER LMQD —7 i (NQ1} I15K$ I5KS 15K 15KS 15KS I5KS I5KS 15K - 9 8 uze 10 I5 ] [—
[1,16 AUTORANGE H (HAUT) —2| HMOE — '%DC s 2 ~1s  QUALIFIER INPUT 5| Rom |23 uio HMQD FF ] —
: i ° e (Lcov} —_
ZERO DETECT H (HZDT —
) ¢ ) uMaD -5 ‘ YMA -1 2s 22 CLOCK OVERLOAD L —3c p— [ 1
. MAIN TIME BIT CH (HMTC) — o ;q::)__ ui7 ‘M8 a 19 : LMQOD FROM Ui6(9) ﬂ? l,'q“cl;q —_ - |
i€ [7 |8 . 26 8 s LMQE L Ty [E—
e FROM yMc +5v
+5V 2 u7 YMD 3 29 - (LOTE) OUTPUT ENABLE L TO UI6 (19)
K sTAe ek I""’O"“ [ YME 27 7 (LMOT) MEMORY OUTPUT L TO UIC (13) o> wmee
e i3 THOM Dale sy L IMF 5 21 (HTFE) TRANSFER ENABLE H TO U20(12), U23(3} 7 |
: wvac | Hmaa A 6 FROM UIT YMG 4 2 (HCES) CLCSE ELECTRONIC SWITCHH TO R201 4 M ALL 1Cs VIEWED FROM TOP !
7 / T
S 10 III $ PRESENT STATE $
MAN NORM OPEN L {LMNO) —- M K e \ 6 | 24
SAMPLE RATE CH (HSSC) —2 — -
+5v — H— .
) Pl SAMPLE RATE BH (HssB) —3f NOTE — uris [ 1
. —4 PR ’ —— — |
! RS50¢ RS SAMPLE RATE AH (HSSA) — 810 1 |5 fe IF INSTRUMENT REFUSES TO UPRANGE OR - — iz - -
6.8K3 $648K MAN NORM CLOSED L (LMNG) —&| LINE DOWNRANGE [N AUTO MODE, CHECK FOR — —* — ue
14 EXT ENCODE L (LEXE) —= 2 DEFECTIVE U2l e~ — — — —
11,4 HOLD L (LKLD) 14 - =
X DATA FLAG H (HDFL) —& —] [
. 5T I8 2 2 '
+5V
K

3480A- £ ~282/

7

COPYRIGHT 1572 BY HEWLETT-PACKARD COMPANY Figure 7-24. Schematic Diagram, Main Logic, Al. 7-47/748
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P/O Al IMA’N CIRCUIT ASSEMBLY (03490-66551)

NOTE 3
6 6
—6v +12v
FROM CR4 FROM
+5vV  CR2
R444
200K 2 128
-2y ! i2 NG
R445 OHMS REF SELECT L (LOMR)
JOOK TO R414 B AND J3(8) |3
19 X| ATTEN REED L (LIR)
[~ To R4ol
% X0+0l ATTEN REED L (LOIR)
|1 FROM FRONT PANEL (HIFB) FUNCTION 8 H TO R412
16 OR REMOTE'ASS™Y 7 (17¢0) FUNCTION A H —2] 22 X1 ATTEN L (LIA}
. TO R409
(HIRC) RANGE C H 7 _ X0s0l ATTEN L (LOIA)
7 FROM RANGE CQUNTER U2 (HIRB) RANGE B H — TO R403
i s LEAKAGE CONTROL L {LLEC)
(HIRA) RANGE A H —2 TO R406
NOTE | WN NOTE 2 WW [0 OVERLGAC PROTECTION H (HOVP)
+5v TO R50I
- V40l |21 +REF SELECT L (LPRF)
IRATio OPTION I [SAMPLE/HOLD OPTION ] Radg gﬁt\e TC R420
6 8 5 8 —REF SELECT L (LMRF)
INPUT POLARITY (HINP) _ | I >J_-L—l< ________ N $ 27| MEMORY
FROM U22(8) S R > {HDPR) TO R423
| L _a DISPLAY POLARITY 13 AG INPUT ENABLE L (LACI)
TG J2(14}
TO P2({5) & J8(J)
NOTECZWY 15 17 AC CONV OUTPUT SWITCH L {LACO)
TG R4I7
—_ 20_INPUT SHORT L (LINS)
S ISAMPLE/HOLD OPTION ] p TO R426
TIMEBITCH __ | Urce . _ SN L I
7 From Uil (8) Clé ES 23 3
—-— — 1 .LMOZ 58 X1 GAIN L (LIG)
NGTE 2 WU 0 TO Ra3s
[ 2
Ua02)od_ XIO GAIN L (L10G)
. [sAMPLE/HOD 0PTION ] & TO R438
i » L thmoa)
TMEBITAN | Tead i 26 24 5
7 FROM U4 (9) Bé 92 U402 YoE—- X100 GAIN L {LHNG)
L - } s 4 TO R44|
NOTE2 WT %7
SAMPLE /HOLD OPTION
[HMTB) Js l l J5 (HMDB) !
TIMEBITBH __{ T¢ene ‘
7 from Uliesy KA 2!

NOTES:

le IF RATIO CPTION 15 INSTALLED,
JUMPER WIRE WN 1S REMOVED.

2+ IF SAMPLE/HOLD OPTION (S INSTALLED,

JUMPER WIRES WT THRU WW ARE REMOVED«

3o IF INSTRUMENT WORKS IN TEST #1
NOT OTHERS, RESET U40le

BUT

COPYRIGHT 1972 BY HEWLETT-PACKARD COMPANY

Flgure 7-25. Schematic Diagram, DC Sw1tchmg Logic, Al.
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o WIO
o —R5— -CR2— —ci—
oo se 00 —cCa T _RI—
4 1234 s Rs_
—R9— —R4—
-CR3-

cod . ]

@ —cs— —R8— —R7— -RIO— _ " N .
CERIPAS
22

Z
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X0 Jio
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o
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P/Q A I MAIN CIRCUIT ASSEMBLY (03490-6655() - - - - -
| +30V REGULATOR
| +17V REGULATOR
— -\
- QI04 ’ ’ + 30V
€103 L+ +L cioa RIOZ RIIl l f
1207 120 SallK RI%% 8.l SRUB () 3 |
% +36V °
0 TR\ crilo
| B CRIOS Y Ge2V gm?ax 7.5'7'»%
] RIC4 +i7v ¥
—y <G00 o S RII33 |
cioi L +Lcioz l - 1G+0K
270 270 RIO3 CRIlI +lcm !
. 43.2 1842V J;ls Vv
l NOTE 1 . A o
| utal
! I
! I
| &gl
| &) NUv+ s 5s
04 352 | +24y : : \vi
l —l ; ‘
L l CRIOI CRIO3 - -
220V/ 100V, 120V/ 100V/ | |
= 240V " j2ov 240V " 220v | \‘\ i |
! ‘ CRI0Z /igIO‘) 4 3 s 2 5 R Rk
| I oo +i7V ADY
+73V RIOG (LOCATED ON A" AL}
‘ —24v RiCH cic8 . tK “
[ 5eilK 3.7 Lciog oo
| 1000pF RIOT«
FI=IAT FOR .00V/ 20V NOTE 3 !
F2-0.5AT FOR 220V/240V ! v by |
Y | ® —30V REGULATOR
ON 1928, :
L ] m 30V
| B |
—17V REGULATOR Ri23 . CRIIB (g cig
cl I 1+82K 33,2V T
| NOTE 2 —2av N -37v % |
’ Q107 ’ ’ ¢ -7y
OFF | el LCLPS A CRI23 gig l R122 REs |
I 270, ST 270 CRI22 . R17 CRI14 clis 247K
-30V——j———+ 390 18.2V \ X3} + 15 RIS 7y — 24
FRONT OF i | 7 A -22,7v o RI2O @1 gha
INSTRUMENT i | NOTE 4 cl4 47K ] RI27
1000pF 100K
HIL {¥)erie
l [ -23v. Na Gel9V §7 |
it
i ‘ 1 -5y |
o il | +5V REGULATOR riz) -
}4 TO AB OUTGUARD POWER i : 242KS  +T 47
SUPPLY ASSY {OPTION 020} ! - - .
oR | c %
|4 TO A29, OUTGUARD S/H | +9v NOTE 5 NOTE & ENha I
TRIGGER ASSY (OPTION 045} ! RI
oR ! |y TN c.l8 &5 v !
pp TO A3, OUTGUARD MOTHER |
BOARD (QPTION 030) W | 506‘31' 3 POWER SUPPLY BLOCK DIAGRAM
.
iow
I +30V
| — |z -——ls - c — | REGULATOR +30v
I 2 4 & NOTES - oy REF |
_@lf_J 3I Y ! +Lcie on ls IF ALL SUPPLIES ARE BAD,CHECK UIOls FULL- WAVE T +5v |
3 N - - -
8000 2. IF -7V REGULATOR REFUSES TO COME UP e, s REGULATOR tov
I RI23 AND CURRENT _IMIT IS BAD, CRI23 MAY BE REF
% 180 CPEN, I
GUARD 16,77 3 IF HIGH FREQUENCY OSCILLATIONS ARE e OR +7v
| ! PRESENT IN +17V SUPPLY, REMOVE CI09.
4. IF -30V REGULATOR RISES ONLY TO -i7V
* BRIDGE 3RIDGE
] ‘ CRI22 MAY BE SHORTED. RECTIFIER RECTIFIER |
5. IF QI IS SHORTED TC GUARD AND GUARD flos-1¢ GRiol-0, |
STRAP ON FRONT PANEL 'S CONNECTED REF
TO LOW, A2R8 WILL OVERHEAT. Shies . .
€+ |F ANODE OF CRI SHORTS 'TO GUARD AND REGULATOR
GUARD STRAP ON FRONT PANEL 'S ¥ cri2z
| CONNECTED TO LOW, THERE WILL 3E AV ! sy o
» OFFSET READING ON FRONT PANEL IN TH! — -
| CRI2i DC MODEs " SUPPLY |
gy
|
REF
-30v —30V
clzo® -
1000pF s REGULATOR
COPYRIGHT 1972 BY HEW_ETT-PACKARD COMPANY — —— —_ — - -

34904 -E - 2009

Figure 7-26. Schematic Diagram, Power Supplies, K 1—, A8, 75 1—/7-52



FUNCTION A \2,'0
FUNCTION B &0
+sv 2o

SAMPLE RATE & O
POLARITY &0
RANGE B %0

RANGE ¢\ 3,0
RANGEA &, 0
OVERLOAD L O
SGAN A 0,0
SAMPLE/HOLD \#Q,0 __ | _
I

—RB-

—RI9—
—CRI-
—RIB—

-R!7— —R6— —R30- l‘%‘%‘
H -R29- ods
d m@ u2 02§,
Ls |[DSM7|{DSM6|| DSMS||DSM4 [josM3 DSM i o5
| T o
—R6— -R2- - 57
-RI5- —Ro- -RIO-~ -RI- -RIZ~ ~RI3— —RI&> ~RT- —-R5-—R1~ ) @
HEE

~R23--R22-

-R24- -R21~-

~R25- -R20-

ug

3480 - B - 4240

A3
hp Part No. 03490-66543

|
i

REMOTE
DATA A
DATA D
GROUND
DaTA C
DATA B
SCAN €
SCAN 8



MAIN CIRCUIT ASSEMBLY A3 DISPLAY ASSEMBLY
% Al (03490 - 66551) (03490 - 66543)
W}
i
REMOTE_L (LRLD) le) LA
16 TO (AIJ?(‘J; o l PROVIDED IN OPTION :
OVERLOAD H (HOVL) 1y, b H=70 ONLY
7 - TC AlU22{5} , : 'A . ) A
DATA BITAH__17 L 9N i N \
]
6 looata DATA BIT B H__13 ' @l g . +5V +5V +5v +5v +5V
A |
COUNTER AiU2 DATABITC H 14 [4 @l 2le us Ju % P L P
% 4 o CS3Y% DSI W7 DSS5, Dse Y% DS2 Y%
96,
DATABITDH__B Ly | o A REM oL v AT TST |
I8 L SAMPLE HOLD MODE(LSHM)_K "1 | : 80 5 I
' f
SAMPLE RATE INDICATCR (HMTA) L, & 14 R3c RS
7 O ULAI4(9) o 9 8¢ 2o
|
L
! : R7 <R6 <R5 $R3 SR2 ¢RI 4
o 20 $120 $i20 %i20 120 $120 3120
| '
o : 1 3 :
I ‘
[ PIN NG, I 2 7 g 10 13
I L \ 4
] | v
8 1:R28 oisPLAY POLARITY (HDPP) s COMMON CONNECTIONS
TO Al U4DI(27) @
L] % s
3
i
: i :
R NOTE
I 1 PIN ASSOCIATED WITH SEGMENT
[N 2 i IS NOTED 3Y EACH SEGMzNT.
RANGE AH) z L RA i
(HIRA W
| . )
| s 2 RA DSM 7 DSM6 | DSM 5 DSM 4 DSM 3 DSM 2 DSM 1
‘ I‘ 4 9
»
7 To A2l RAN?E{IBR:) Sy RB X | !
'
I 13) 2 &’ . 7’ |
[N +5vl —— J — — — B ——— ——
RANGECH 3 el RC
{HIRC) | I 7 10,
! | il 10 RC
: [N [ [ B ——— [ —
FUNCTION AH__¢ )]
y (HIFA) o < FA %6 3 g @ = G r 5 Te X
I
T0 PI I 3 4 =2
|§ OF AW Y Fa RIO RII RI3 RI4 I
' 100 100 I0C 160
FUNCTION 8 H g FB
(HIFB) [ I 3 8 2 oL
P
| | 2 )
{ | : ué u7 u7 uz
1!
W K I T T 2 |l e
7 [IRY/] RA RC PA RB RA RC RB
+5V mwx . >—,——o—h‘ -] g2»«5v | Ao :
5 & .
v i1 ;17 Qs " Q2 cl
I ‘A»
|
SCANAH__"© RPN 5 R2) | $R22 i R23 R24 R25
[ T0 DATA COUNTER AIUZ; T 20 Lsy 120 45y 120 20 gy 20 gy
| 5 REMOTE ASSY, AND SCANB H__'InNy ) 8l g 14
I GDATA QUTPUT ASSY. R \ : \%l
[} I;
SCAN C H 35—+ o va
+5v—!
[ :
v 12} !
i
- —_ I |
|
5 & o 3 1 8.4
™ 7,12 TO Wi (1)

RO 2 N
| 520 L5 u2 2,34,610 |
| . '

CRI

XA
™
—=C!
2.2
N4
COPYRIGHT 1972 BY HEWLETT - PACKARD COMPANY - - - - L T — - e - 3390~ E- 4241
Figure 7-27. Schematic Diagram, Display, A3. 7-53/7-54
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ETo T SRR I U S B S & A B

P/o'A| IMAIN CIRCUIT ASSEMBLY (03430-66551)

A5 | RANGE SWITCH ASSEMBLY i03490-56505)

w2 I
2 FUNCTION A F(KFFA) = e BRN S3
TO A LIS
16 OR AlJT 2l e I > FUNCTION
{_FUNCTION B H (HFFB)—=3>—— —
| i 2R§K
B
RANGE A H (HFRAI— 3>+~ 3 : +5v 9w |a
[ R3 5 $AC
T TOAWUZIY caner 5 1 (HFRE e | 3 2ok sy 5 Ipc
16 ORALJT RE | I + w
o TEST
[ I 242K
RANGE C H (HFRC)—2 ‘ ; C L +5V
) | RS B c A
T 70 ArUI9 NEECAE 242K )
(6 OR AT AUTORANGE (HFAT)—%‘ . 5V
W I a | ‘ FUNCT.ON BIT
sy 193 L Ble Ly SaA S4B FUNCTION |7V A
i | 3 8 3 5 Q L H
. 10 |1\ 10 2 5 2 5 AC H L
SAMPLE RATE A K {HSSA) — > " I:I " DC L L
Il 1 PN TEST H H
7 TOAIU24<4 SAMPLE RATE B H -IHSSB)—-L; L I g 5’ | I=HIGH = +4.,0V CR GREATER
ol | | 0=LOW=0 TO +0e5V
I 1oz
SAMPLE RATE C H (H5SC) —23>—+ & &
WK o I AUTO Gal 10 100 10,000
AN VR4
i FUNCTION
R | s4 53
By 1 P8 (SHOWN WITH AUTO SELECTED)
(LHLD) HOLD «.———}I = - | B\ s
o
E) 9 242K
7 MAN NORMALLY CLOSED (LMNC) —33>—1 1 2% +5v !
! T -
7 ToOAlU24< (N | RS A
| 1183 13 2+2K
L MAN NORMALLY OPEN (LMNO) — 23— v ¢ 275
| MIbES : (VIEWED FROM LEFT)
- - - S58 1oV k)| H
I0cVv (KQ) | L |
1000V (K&) | L
ALY RS 10,000 K& \
'GRN {=H!GH= +4,0V OR GREATER
o—o— 0:LOW =0 TO 045V
]GRA
SAMPi:ARATE Swite e o e T oeE NOTES: :
[SAMPLE RATE] WITCH | SAMPLE RATE BiT {HOLD| DELAY | DELAY W IF BLE 1S ISOLATED TO T
I HE A5
I 2 POSITION c B A LINE | (STD) ] (CPT 050) . BOATRRD?UCHECKS S E oW e vEL s,
4 4 a I 4 ] | HOLD H OH H L = -
SAMPLE RATE 2 HoOH H H o [1.45 | 1.688
V4 o o 3 H O H L H | 1e28 | le448
2 4 H L = H o lis 1225
° ° ° 5 HOOLoL H | 8coms| 960ms
o ° 5 | 39 T¢ 6 L F H H | 6ComS | 720mS
5 I 4 7 L H L H | 400ms | 480mS |
° ° 8 LoLooH H | 200ms | 240ms 1
o o 9 FAST L L L H | o 0
° 10 ° (VIEWED FROM REAR} =HIGH= +4.0V OR GREATER
o . 0=LOW=0 TO +0.5V
. ‘ s -l +5v
Rl
I 242K
BLU l
] 2 |
YEL ¢
R6
262K

COPYRIGHT 1972 BY HEWLETT -FACKARD COMPANY

Figure 7-28. Schematic Diagram, Function, Range, and Sample

Rate Switches, AS.
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AG zAc CONVERTER ASSEMBLY (03430- 66506)

+1V OUT AT IVRMS ON
IV RANGE

CONVERTER AMPLIFIER |
|
| +7v +i7V
R7 R8 VIEWED FROM TOP
402K 4,02K +i7v .
| A7 5.4 G 4 P | 19 Ly I
uzJ: R9 RIO lc ZG DD D |
< 3 7
' Gl 301 301 Gl osor +iry Paeooemeooe ' g2
| ATTENUATOR ‘ RIBS A
! 1 b3
16 7 8
NOTES 2420y e R i 5 ¥
2
10pF K1—-Ka
¢ o] |
—SegV 2 4 |
\e/ R4A
2,00M 3 R20
100
R21 -5.0V
DG | 268e7K 803V
(LACH) Al FEEDBACK L\ oy 4VP AT IVRMS I
8 AC INENABLE L — < 14 C5= #E6 ON IV RANGE. I
970pF 2e4-2425 /'/
i ca oF 33T
’|‘ 15pF T TPl
+I7Y et T oy IOVPAT IV RMS
i R23 c23 c24 — TR TR ON |V RANGEe
7 (IRCIRANGE CH __ Ly, L RI7 12 —amv 245 ov 82 82 FILTER
TO Aluzl ﬂ Ui X040l AC 2040K s v " N \\
7V 1647V 2 e ATTEN FEEDBACK 4 Lcez srea R26 P2 . !
+5v 15 &-+5v ' = +3v RIGS Icns s7mv Nt I +FT 33 S28.7k 3732 3 i
us R C33 2 1s05K 040! £70iV CRI4 CRIS
A&y i : ' Fe i B
| d - - 177V 1 " . e . v
| es CR3 K3 Vs Vi 17V o J_ J_
| —3 s s ‘ je— R253 R30 R29A c29 €30
i 3 cl6 30K S 8 866 {
o NOTE 5 - 082 +17v caz
| | S +HTV 3 i I
Pl CR5 CcA7 5.1V cRil
: e i
| +5V 1
| I 46
i P 55«
] c35k s |
' »
89| c34
| I 3 ! c3i ‘
IV LF 4
b 7 R4B Rz'{, ADJ — |
1
b X GAIN 487K 50K a0 WCRIS NOTE &
: ces5 1t 5K
! NOTE 4 39pF +17V —AA——e
| I =17V
i +5v Y.CRI7
i 3 Y.CRi8
(HIRB) RANGE B H X |
7 70 ai v2i —< ol crea@r— a 1oV LF NCRIS |
1 I e 6 o) ADJ NOTES:
: X rl7 '&0[ an R4C re8 W ls IF 100V, 20Hz IS OUT OF SPEC, GHECK Cla
P 2 > X0.1 Al S oK 2 2. IF 00OV, 100V AT IOKHz I5 OUT OF SPEC,
! cos L] CHECK €24
! I 3460F 34 IF IV, IOKHz IS HIGH, CHECK C3e
f¢ R3| - R SEAT ON BOARD.
! % 4 CHECK Ll-4 FOR PROPEI
7 (;grm)ﬁgl‘ves AH < or [EANGE BITTRELAYS | .- - T AMp | TOTAL HE ADS co7 la05K IF REED IS SUSPECTED, TAKE OFF AND |
: ce RANGE "= T8 [ A |CLOSED ' GAIN | GAIN \ la7 - 144lpF R%gg MEASURE WINDING FOR 200-300 OHMSs |
I G T +5v WIH|[L|H| K X1 T [ M R32 CAREFULLY SQUEEZE AND ALIGN CONTACTS
N ov [ H[L|L|Keka |xI Oul | Ol czg B BEFORE REPLACING WINDINGa IF REPLACING
< %7 Vs oov [ L |H|H|KS x0s0f | | 0.0l 5pF REED, USE CLEAN HANDLING,
! 3 1oV 1L IHTL]KSKS [X0s011 Oell 02001 g € & S« LEAKY CRS-12 CAN GAUSE HIGH FREQUENCY
1 CALIBRATION ERRORS.
NOTE s v HF
{ DC VOLTAGES WITHIN CiRCUITS MEASURED WITH Iv AC ADJ 6e Q7 AND Q9 CAN CAUSE ERRORS IF LEAKY.

RANGE SELECTED AND

INPUT SHORTED

COPYRIGHT 1972 BY HEWLETT-PACKARD COMPANY

Figurz ;-29. ScheI;a—tic Diagram,_ AE Converter—, 26.

7.57/7-58

3490A-E-28(2

y

2/ AC COMVERTER QUTPUT 3
TO A2



Components this side of
board can be replaced. | Clean Handled Section

<
—R2—
-Cz-

-Cl— —Ril—

@
@

—CR7—
—CR8—

iI'
o
—CRS—

A7
hp Part No., 03490- 66507
Rey. B

is si £
Components this side o I Clean Handled:Section

board can be replaced.

o IGUCOUOPOOEOODODOOQTAT,”’
A7

hp Part No. 03430-66507
Rev. C



A7 |OHMS CONVERTER ASSEMBLY (23430-66507)
| |
| OHMMETER REFERENCE CURRENT SOURCE |
. +27.5V
Ct
|C0pF +J-c5 R3 g@%'.m
' lia8K ;
R A '
| 1213 i 47K ‘a |
D A |
I b
CRI | CR2 A Q6 B
+5v T Tl rep €
| LI Ll &
1 12 |s A I I {J +hedsV 3
AlJ3 : | OR3
X !
(HSCK) STATE CLOCK H 1 Ut 8 ! L350 2
6 15 Riuare) x<4< s 1 ! - T2 - :
| | R.9 R20
| 23 |87 lio c2 30e K 30.1K
[ 3 100pF ORG
!
o v S e e |
A TEST 7 S
: | Q2 REF ADJ EHIGH
tl 10 AIPI(1) , ! -
16 OR Alu7 (A) (HIFA) FUNCTION & H ‘ e £&—— FUNCTION A H A 0C0615 ‘
i ! /I +5Y [ .o 2 Wy Low
(HIRB) RANGE B H — < 7 &——RANSE B H I {
7 TO AlU2I [
(HIRC) RANGE ¢ H —L< 6 &—— RANSE C H
e s o 2 = ¥ o REF g
8 "0 AU40INS) (LCMR) OHMS L v—v{< 8 &——— OHMS L ca b TO A2
5N (3 Lo 5V ox \‘DvOOOK Ve
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2.2 242 2 3 5
I I S | ¥ B9k 8k | v iy o > T e
| LoV CR3 ]ch | 3001 K =+ 5, R43
ioq RIS wcrio o7 . +IY -7V us =55
—irv—=C -7V 17v v 2| d cF
cs Ler nd
I +T- 22 +T 242 Ve Vs R38 SR39 7 CR6 INerp3
RI R3% 75K 37 3 ;
| o T 47 e 5K » L VIR
To s RI9 . a R23
| 47K s Lcio 7y -y ATV 17V 20K
: 5 T 00056 SN crip i
3 El 9 h !
i_\ \ b5V -7V S v EL 118V as) S—-dee TO INTEGRATCR 4
_'_< A . 410 [7 RIS B SK
) o ug 34 DA COMPANSATION 20K
—|—< o 679 ST ol b
‘ i cRIS Vs g OFFSET  AMP
. < H7v cla % v -y °h
N e 3 ™ CR17 CRI8 —Lcis GAIN 30pF
s 13y 3V a7 , ADJ oy I
’ * Jﬂn, C/A5NS 3 d
CRI6 C \¢), s T vs ) cags i
TO AZTUI(4) » R2g o >
14 cerion 045 oNLY) = Yy . Slik GAN \ a6 ) 027 * 9 £ CR24 CRZ3
Jse |7 ADJ Cjox : A -7y Lcis \ CR25 EATRE-
+5v3 - 6 CRI9 o Tk 0047 [ Y4 OFFSET + Q:) @
HHDA) g | oo HOLD AH B—D—{>c ¢ W Rag | +I7V =17V b 25 R44 - 2
| 8 HOLD AH e 20K Ri3 5all K
FROM AZ8U6 Y CR20
- 50K |
. cR22 |
9
fo IF U8 IS BAD, OUTPUT WAVEFORMS < Vs Rés -7y
WILL BE LOADED DOWNa
I
5V -7V
|
(HHDB) 3 4,10 7
2 3
HOLD BH S HOLD BH_ 1 Us |
18 Hoou Fesus oy 2 g P/0 A2
3
(e c2
g 1@ 1000pF
W5V -7V R e Je—T0 DC AMPZ |
saiLe oo wi ) . lajo |7 b INPUT |
18 SAMPLE /HOLD MODE L BN 2 X cR27
MoDEL s u g 5 SAMPLE/HOLD MQDE L
Ja
N  AUTC ZERO DISABLE
1 A TO AIR430 3
|
4 I
ATV A 1
COPYRIGHT 1973 BY HEWLETT- PACKARD COMPANY - -~ - - = - - - -= - T -~ N - — T T A T T o = Thasor0a0-€ B’SZJ
Figure 7-34. Schematic Diagram, Sample/tiold Analog Circuits, A27. 7-67[7-68
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SAMPLE/ HOLD
A28 (03490-66528)

LOGIC

LSMC

STATE STORAGE

STATE S/H STATE CLOCK L .5y DELAY
+5Y TO U4 (10} LTON
s TURN N CLOCK i J MULTIPLEXER ‘
' S 0
5V 8l ] 12V > sy +5V HDSB HDSA CLR
(LTON] TURN ON 100 mS + &C +2v . )
7T¥§6“M°,§‘IQ'-3 P & TO U3(1,13), U4(9) w s [0 e ‘ % lis s . s |s HNA +5V
.5V 10 — io 1S (HHDA) HOLD AH RO (4)
v (HSHC) +5V '{>O o = u3 7K
SAMPLE /HOLD CLOCK _ o~ IC,':i ov 4 ] o UTATE cLock M +2v ‘ 3oy 4 T TO U2(8), A27 g, DFLIP |s aea
FROM AIU3 | TO U3,U5,U10,J15 5 | - %}gxrﬁls._ 6 o, 8 17 ov FLOP @
%% |6 (LRST ) 2 9] LATCR [ioHTWO 9 TI- HSHC z
COUNTER RESET [ I TO UB(G] 3MLLJCLX ER FRON: Vi) eex
23,10 FROM Ul4 ) 78" a () PRESET
s 1 SAMPLE/HOLD TRIGGER CIRCUITS 3 Ia
+SV <T é l C;SV VBV CLOCK W LTON +5V
| M 45V +5V GATE Lis 45V
| % /3 o R9 (6)
| 5.6 K Ul 5 3 e 17K
HOLD H sJ pRESET [HNB 5 PB
R U3
{HEHE) | |o% D
SAMPLE/HOLD TRIGGER o——AM—t FLIP
FROM AEBTI,A29TI or A3ITI 1] Flop
OLK +5V
{HIHC) TG ROM
INTERNAL HOLD L RI(7) o
COMMAr(JD) H -7V PRESET 17K
TO UI5(13 b wpe
(HEHS) 10
*'—%Tegrsq%) HOLD H e aov +5V
-7V +12v o L RIO (2)
23 LA LSHC LTON 17K
oof2d "= | ie) 9
€ HN3 CLK CLR]
QUALIFIER MULTIPLEXER o
(LISH) 8 EN) ) e HNC o .
INHIBIT SAMPLE / HOLD N ﬂ@*%ﬁ““ﬁo?'?m EMABLE L CHRN AZIATE) HRC ¢ ND ua ¢
FROM GP(B OPTION I Uz U4 HPD 26 03} 7 f ¢los D a
FLIP
3 0al22 HNE ! oP.
HPE — L R -0Pq,
@ 17V s (LMPS) MANUAL SAMPLE/HOLD MODEL _7 . HNF .
HPF £ o o 4
s6 t LRI5 (HIRA) RANGE AH s (LRST) i
$—o—— TRACK / HOLD > 1K ot RESET L T3.58,12
o OFF (LMFD) (LSHP) REMOTE SAMPLE/HOLD FROG.L TO U13 (12)
ACQUIRE /HOLD S SAMPLE/ HOLD DELAY L (MANUAL) 1 Hay [HMTA) MAIN TIME BIT AH
+5V
3V (‘ CR2 (HMTB) MAIN TIME BIT BH MEMORY STORAGE
RO(2) o YIENY", R9(I0) sy
17 K LMPS) N 17K (HHDA) HOLD AH w5V HSHG 5V
2 2 +
TRACK/HOLD SAMPLE HOLD DELAY L (MANUAL) RIO(8) —ovy &
o OFF T0 Uz (1) ~ 17K (LEXN)
A\ ACQUIRE / HOLD AV (LRMT) REMOTE L MEMORY STORAGE P i o, a _Er)éTERh(IS)L TRIGGER ENABLE L
0
y5 %
. | HPA FROM U3 (5) +5v +5Y ;Il—_‘lal;
(HIRA) RANGE AH — <y &——————(HIRA) TO U2(2)
l HPB FROM U3(9) ov HSHC RIO (7)
10 17K
‘ . HDSA
7 ( (HIRB) RANGE BH } 9 &————————— (HIRB) TO UB(T7) HPC FROM U4 (14 sfy, O ol (HMXA) 15|, 0,4 b7 R Oy (DE,_AY] SELECT AH
N
: ulo +5v Yg.g
(HIRC) RANGE CH K &——————(HIRC) TO UB(9) b ’
| (LMPD) MANUAL SAMPLE/HOLD DELAY L FLIP . R10(6) *5‘—\ TO UG (3,13
(HMTA) 17K ov.
MAIN TIME BIT AH : o &—————— (HMTA) TO U2(4) (HMTC) MAIN TIME BIT CH ol | (HMXB) 14 HTHC +5V
| (LSHD} REMOTE SAMPLE /HOLD DELAY L 4 @4 rL‘f L] (HOS®)
(HMTB) os |3 2lo, o l®—beLay o
74 main TIME 8IT BH [ A€ (HMTB) TO U2(5) (HEHS) EXTERNAL HOLD H oy Iu|5 I DELAY SELECT BH
| HONE D
{(HMTC} I . Ricun FLIP
MAIN TIME BIT GH —Rcé———-—(HMTC) TO u8i2) HTWO » FLOP [ (Wine)
0 o Q INT HCLD COMMAND H
(HIRB) RANGE BH 1 N T L5
(LSH 07 D4 Q4
SAMPLE /HOLD PROGRAM L—r<'— &———————— (LSHP) TOC U2(3) {HIRC) RANGE CH
]
FROM( AIJ?(?) ] REFERENCE  POLARITY oV 55 sy :
SHD
16 SAMPLE/HOLD BELAY L—< & (LSHD) TO U8 (3) LOGIC 5V RS(S); Vv RIO (4) |
o) | (LSHM ITK ov 17 K |
(LRMT) SAMPLE /HOLD L R4 0g |21 HSHC 45V
R SELshy ¢ —L<‘]°€—"'— (LRMT) TO U2 (3) FROM US (11} 6a81K o o w5V >—:
|
2,3 R9 CLK R10(5)
(HRAP) HESSN N 3 SN [ R {
5 RATIO POL RITY c 14
FRi (L) I 0g |22 D, US 0,
(HOPP) FIPIP
DISPLAY POLAR —<a FLOP
TO AIUACI(27),AIP2(5), Amau) 10 5 3 HOLD BH
0 Og O3 Q3
18 sl SAMPLE / HOLD MODE L &
%0 4
DEFECTIVE UI2 WILL CAUSE HOLD
OVERLOAD PROBLEMS {;"" T(gLsU}-:g{()l ) FROM ue (|5:
. —— — -— N —_—— - _— - — = - - - — " T - - T3450/040-£- 3393
COPYRIGHT 1573 BY HLWLETT-PACKARD COMPANY Flgure 7-35. Schematic D]agram, Sample/HO]d Logic Circuits, A28, 7—69/7-70

»TO DC SWITCHING 8§

S/H MODE L |5
TO AIJB(3)

TO S/H ANALOG |7



Table 7-7. Aiphabetical Listing of 3490A HP-1B 1/0 Mnemonics.

AAA
AAB
AAC
AAD
AAE
ADT
AOH
ATR
AUT
CDs
CLK
CRA
CRB
CRC
CRS
DAC
DAV
DCA
DCB
DCC
DCD
DFC
DFL
DIO1
DIO2
DIO3
DIO4
DIOS
D106
DIO7
DIO8
DMA
DMB
DMC
DMD
DOA
DOB
DOC
DOD
DPP
EQP
ETF
ETR
EXE
FAT
FFA
FFB
FRA
FRB
FRC
GTIi
GTR
HLD
IDS
IFA

H preceding mnemonic means HIGH is true;

Assigned Address Bit A
Assigned Address Bit B
Assigned Address Bit C
Assigned Address Bit D
Assigned Address Bit E
Addressed to Talk
ASCII Qutput 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/Qutput Bit 1
Data Input/Output Bit 2
Data {nput/OQutput Bit 3
Data input/Output Bit 4
Data Input/Qutput Bit 5
Data Input/Qutput Bit 6
Data Input/Qutput Bit 7
Data {nput/Output Bit 8
Decoder Bit A

Decoder Bit B

Decoder Bit C

Decoder Bit D

Data Output Bit A

Data Cutput Bit B

Data Qutput Bit C

Data Qutput Bit D
Displayed Polarity

End Output

External Trigger Flag
External 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

L means LOW is true.

IFB
10A
0B
10C
10D
IRA
IRB
IRC
ISH
ITK
MRE
MRC
MXA
MXB
MXC
MXD
MXE
NPD
ODE

oDs
QEN
OEO
OlA
0IB
[¢]]@
QID
OIM
OoVvL

Internal Function Bit B
Inguard to Outguard Data Bit A
Inguard to Outguard Data Bit B
Inguard to Outguard Data Bit C
Inguard to Qutguard Data Bit D
Internal Range Bit A

Internal Range Bit B

Internat Range Bit C

Inhibit Sample/Hold

Inhibit Talk Oniy

Multiple Response Enable
Multiple Response Override
Multiplexer Select Bit A
Multiplexer Select Bit B
Multiplexer Select Bit C
Multiplexer Select Bit D
Muttiplexer Select Bit E

New Programming Data

Output Data Enable

Output Data Select

Output Enable

QOutput Enable Override
Outguard to Inguard Data Bit A
Qutguard to Inguard Data Bit B
Outguard to Inguard Data Bit C
Qutguard 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

Rernote Enable

Ready For Data

Remote LED

Remote Operation

Reset

Scan A

Scan B

Scan C

State Clock

Store Data for OQutput
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 FUNCTICN

SELECTION

GUARD

HP1B

CONTROL LINES

CONTROL
OUTPUT
BUFFER/
DRIVERS

CONTROL
STOFAGE

A32U6,
A33VU2-689,14

A36US, US
CONTROL LINFS
OUTGUARD TO INGUARD DATA '
RANGE AND
rLNCTION INPUT
RANGE ANG SPERL?E?:?'I[:D'\:V state MJLTIPLEXER
FUNCTION FROGRAM  g—] TATE N
TG 2490 LOGIC AND STORAGE Grocic FSET HNPUT
DATA
1 ‘ BUZFERS
A30U7
CLK
GUARD QUTGUARD GUARD TRANSFE S
LOCAL/REMOTE TRANSFER @ TO b INITIATE #ROW
SELECTION STATE WITIATE INGUARD DECODER ROM HP-13
STORAGE ISOLATION DATA LINES
5 1INES)
A34U3, U9
ouTPLT
DATA
BUFFER/
RESET e} le—— 5V DRIVERS
RESET
SIRCUIT
Ut-6 “
| END OUTPUT
i A3CQ1-G3
CONTROL
INPLI™
| BUFFERS
[ CONTROL LINES
MEX |
ouTsUT
SELECTION L_
- | QUTPUT
| MULTPLEXER
MPX OUTPUT |
SELECTION
‘ ASOUT WMPX QUTRUT
| SELECTION
GUARD GUARD TRANSFER RECEIVF
TRANSFFR o gd |
INITIATE
| GUARD TRANSFE i
RECEIVE
| _— SYSTEM SYSTIM
OUTPUT DATA | cLOCK CLOCK
TIMING —
FROM 3490 L
CLK
FRONT PANEL 16 LIKE
SAMPLE/HOLD TO 1 LINE RGUARD
SELECIION MULTIPLEXER A MEASUNEMEN N
;zgg:zs OUTPUT DATA 16 LINL QUTPUT OUTPUT DATA o T:;:"L\LN’\%E
2O 3 — TO 4 LINE  [prmemeiid CATA OUTGUARD \
A0M Fi20M 3450 1SOLA M1ON OUTPUT DATA WULTIPLEXER QUALIFER CONTRCL STATE
DISPLAY AND MULTIPLEXER STORAGE t IS FLIP.FLOP ROM [—* stosace
LOGIC CIRCUITS {6 1.INES) : =
502 7-11
N34U6, U7 A3 v A33U8 AZ2U2 A32U4, UG A32VU3
A30U4, A33U1
SAMPLE/HOLD MQDE OF |
SAMFLE/HOLD PROGRAN OPERATION
PROGRAM TO 4—‘ SELECTION AND TRIGGER |
S LOGIC AND STORAGE STORAGE
ABUT1 A36U4, L3 |
cL<
| GUARD TRANSFER
I8 AL TO
LK A36U7 A34U5 | O ISOLATION
HOLD TO HOLD |
340CA -t . LISTERITALK
Loslc GUARD ADDRESS
SELECTION
LCRs CLEAR REMOTE STORAGE
REMOTE
ANNUNCIATOR ]
DRAIVE \
STORAGL CLOCKS COPYRIGHT 1973 BY HEWLETT-PACKARD COMPANY 34304/030-D-3382
REMOTE 15 LINES] CGUNTER
CONTROL AND
STORAGE DECODE3S
REMOTE
SELECT TO EXTERNAL TRIGGER
SAMPLE/HOLD A34U4 ENARLE TO 3430 e
A36UTZ A38U1, U2 LOGIC

INHIBI™ SAMPLE/HOLD
TOS/H LOGIC

SYSTEV
CLOCK

Figure 7-36. Block Diagram, 3490A HP-IB I/O Circuits.
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A36 IINGUA(%D34F’9Ré)GgsA%6)ASSEMBLY A34 ’N%QQSOR&%M‘]‘SSEMBLY : +5V +5V +iv : - aye
- - 4,1C
e . o haen 2. S
TV 2o vs © 2 B [ pata counTER g
it R2 DUAL 10 HDCC s ¢ BITS FROM AlUI
7 >—1—
343K P
DATA FLAG y 5V | FLIP FLOP{L1z uT
F (HFDLlgpom: AfuzG (8) e — * 4 Aac 17V _A[_<J8 izv 'E’LV CLRO—LRST HoER S >0
5 + 7 % 17V CR! RI2
(HSA} SCAN A H —ir( 5 b To u7 o eS| 131V, 10K 2 o 3441
109 (nse) scan & w —'—< & Dng G —wv.L{ &—mirv D2 ez [L8TL 36 >_1__LGT,
\ | CLK
(HSC) SCAN C H ﬁ:—( Ie— ou o | +5V _|1_< PN 7 3 _Lﬂ_)m}-;‘_ Lol
i I | HATR
; FLOPe g O——LCRS ' FROM a34 astw J — W) HATR
[ (HFRA) RANGE A H ——4 { 8 NS |58 76 3 HOIC
rou | were) mao 81— HO A 2 I | 2.3,7,8, HO,B }L« HOIC
PANEL | LRST B H— HOIB
BANEL, | tiere) Ranee ¢ H —<3 3w 28 +5V 45V +5V 45V SV 5V +5V HPSG HOIA N | ) HOIA
! - i . O |2 { '_9
5 T 6 15 RI8 2RI4 SRI9 3RI3 SR202RI6 6
(HFAT) AUTO H ! »#_Fl__‘,l_ ool RIS sRi4 RIS éIOK REOSRIE LY | HPSF :
LOID v
} 1215 |3 |2 - ——-—{To—— +5V RIN . o3 12 : 13) o o 12 HPSE TO ROM {
| D ¢ B A ), HATR - HATR | 2 18K 1o ol 8 s HEX 0al'e HPSD INPUTS (US)
4 (HAUTY AT%s sy < oo * i % ; ‘ I Aoasi N hee 28] 0: U - o3 0p o> HPSC :
(HCRC) RANGE € —E—(é ol B8RS “2l M ] Hote ] A ey HOE | ' HOV ARY +ov RE o] M3 age 5lo, FLOP o3| HPSB , &880 aTion 20
j o ; g%%%&%4 ! HOIB . - }i HOIB | 8 im 3 S {10 2 ONCY O; o sh, al2 HPSA |
] ; MEMORY >
0 |U7 | HCRB) RANGE B —<E Hog Af 014 | 3 now | | 2o, +54a5 or 1 ol T = Vo
Aluzi o v 7 H sv CLK |
| + . |
L (HoRA) RaNGE A W —C o sl - AMXC S -— } ug his 18K 27 4 RE +5v—I—>4 Y
: | FLIP +5V 18K is +5V ¢l :
I 8V we ok als | feci jiz HMXC| 13 FLOP RIT (L1 8 +5v  +5v el 2 la s «o! |
[ CER CRmm V5Y — +5V 2 €3 EEr 7 F 18K . 23 CLock HPSE 3["S6" sA s |
o o . v ) Ly ol |z B P R S e B 35 I
! 1 i° +5v — e mxs || FrOjs FoM PRESET] N HOPP —icz ‘
[ | R R HOIC o, alz 3 i @ = H xs; i 14 SPRRSE] HPSG HPSF HPSE HPSD HPSC HPSB HPSA 0° " R A S0 HDOD
2 c5 v J 4 |
FROM U4 si_ u7 5 - HMXA | 5 LRST v 6] = MULTI-
FRONT (HFFA) FUNCTION A H _L<l ! ‘ Qa0 o HDFL —242, MULTIZLEXER A 5 N FROM U8,9 H s 05 0 o e ¥ . 00 p EXER |
swiTcH L {HFFB) FUNCTioN B H ——<( 2 — HOIB 215, FLOP 42 1 wé.;——ﬁe. —- AR ST TS 2 I
‘ | HovL —2
| —Ls 2 bR IO——1oRs | nsh—2e 5 s ] | HDGG n >-1—Hpoc
| B A ‘ X | 10 HHLD -
‘ +5v_16] f ! 2 £g 12 i LHLD | 6 I o X HURG l
TO JB(F) ' He-
|
4 8 us 5 211 [ R4 LEXE) EXTERNAL
{HIFB) FUNCTION B H—+—! o(g 3 oq 1oy L HsB k0 | X : t o 10K | > i TRIGGER ENABLE L T
7,8 ‘r EEEEE![-O/N 2 HSG _.AEBEB £ E 22_ 101D - : +5V .
vz 2 5 A LISH) INHIBIT
10,13 \‘ STORAGE 5 18 ]7 LHLo | - ] Q 3 - ‘\‘" >_;§;AMPL)E/HOLD L 18
X ! 2 6 . & 41010 8 u3 : AZ441
(HIFA] FUNCTION A WA .4@ S 4@ s sl 2 . Lne [E—v | I A N : Hoee i3 12 lx.s >—l—|_suo
\ L6T! - 5 LORS
O u8(K) ! © DECODER & | +5v—=) FLOP s | +5v- To 10 A== LRST—} >—r——LRST
! CLK 2 : . % A +5V
| — 6 ot 10 >—— T s | +5v-—{cLr 7 e HMxa 15| DECODERZE _LIDS . +5V o he L ’
; LHLD) HOLD 3 6
+5v 14 sv TL 3 A BC ( 5 k@ s HMXB 14 LeDS R7 k58
—® ﬁ4 ! N v 7o AIU24(I4)T< o T L B 2 sfe LCDS L | TO INGUARD oy
i 5 7 D4 3 ” GPIB ISOLATION
i o] \ S ? . 56 " 2 sfz-_LSPD LSHM Ic2 7 HOOB
i +5V +5V 8 ba 2 3 {H V sy uIo U 0 T T S > —
! P FE L & " D sTATE Clock H icg ! 2 . |
! @ é‘”o i A D From A4 (1< ;8 “5V HIRB 8o MULTI- |
| = ; ‘, COUNTER HMXA R8 PLEXER |
I8 (LSHP) s/H PROGRAM L —-(17 T g D | i 18 e 1ok HIFA=2ecs |
i el
% DéJLj.\ILP 5 Yo N T0 HMXB LDFC = P S>9 )——HDOA |
i FLOP Jf30  — © B 2 INg, 12>—| A3BUT HMXC HDCA l 2
1 ! el B3
i S R B ] HMXD HRA Heco oo
i B i15
T !
[8 wsHoissd pELAY L ——i8 8lm o j-folA L] ij'o ¢ _ nsaw | !
|
b —aal L e weo !l . aioe
L s 47 . I i I ‘ HIRA A
LCRS LCDS !
[ - ; \ RANGE T
! 45V 45V | | [ e
<£ i J7 l - uDs LSHM >—‘—5/H mooe |8
! 4 TO
| 14 I { |
1 PRESZT : LoRS —> 9 -~ LCRS J ue LDFC &« >+—rATIO §
{LRMT) REMCTE SELECT L Ji2 _ off—isv HIEA S, |
TO AINB (5] TOANSH | o " Rl buAs 2 I HIFE “ 2T AL runcTion Frow ase
|5 |8 : I 47 FLOP CLK"‘l LIDS | —_'> >_
1O (LRLDI REMOTE ANNUNGITOR  ——<v P HiRe
AtP2 (18) R2 | >1—RNG c
] 130 19 ; | 10 J HovL
@ W—O@"ﬁ»k-w———,—wwﬁ—a CLRO——LeRs | uTY >—°'- 7
J | _Dﬂ’__> >_x_poL
o
J T |
- —_—— —_— R _— _—— —_—— -_—— ad - - - - e = 3350/030-£-3217
COFYRIGHT 1972 BY HEWLETT - FAFKAR) COMF’ANY
Flgure 7.37. Schematxc Diagram, Inguard Program and 7-13(7-74

ROM Assy’s, A34, A36.
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NOTES:

1.

IF INSTRUMENT IS BEING PROGRAMMED EXTER-
NALLY BY HP-IB SYSTEM AND REFUSES TO SAMPLE
VIA EXTERNAL TRIGGER SIGNAL, CHECK TO SEE IF
JUMPER W11 1S IN PLACE.

2. THE HP-IB WAS PREVIOUSLY KNOWN AS THE GPIB.
HP-IB MNEMONICS ARE NOTED AT THE HP-IB CON-
NECTOR, J12 (THE HP-IB USES LOW TRUE LOGIC). ALL
INTERNAL CONNECTIONS OF THE 3490A MAINTAIN
GPIB MNEMONICS. A CROSS-REFERENCE OF GPIB TO
HP-1B MNEMONICS {S PROVIDED IN THE FOLLOWING
TABLE 7-8.
TABLE 7-8. GPiB to HP-B Cross-Reference.
HP-1B GPIB {H preceding mnemonic
(LOW true logic) means HIGH is true state;
L preceding mnemonic
means LOW is true state)
DIO1 Data Input/Qutput Bit 1 LDIO1
DI02 Data Input/Qutput Bit 2 LDIO2
D103 Data Input/Output Bit 3 LDIQ3
DIO4 Data Input/Qutput Bit 4 LDIO4
D105 Data Input/OQutput Bit 5 LDIO5
DIC6 Data Input/Qutput Bit 6 L.DIO6
DIO7 Data Input/Qutput Bit 7 L0107
D108 Data Input/Qutput Bit 8 LD108
REN Remote Enable LREN
DAV Data Valid LDAV
NRFD Not Ready For Data HRFD
NDAC Data Not Accepted HDAC
IFC Interface Clear LEOP
SRQ Service Request LSRC
ATN Attention LMRE
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Figure 7-40. Schematic Diagram, Outguard Mother Board, A31.  7-79/7-80 2 2



Model 3490A Section VIIIT

SECTION VIII
BACKDATING

8-1. INTRODUCTION. & CHANGE NO. 3 (for serial no. 1211A00255 and lower).

8-2. This section contains backdating information which
adapts this manual to instruments with serial numbers
lower Lhan that shown on the title page.

8-3. CHANGE SEQUENCE.

8-4. 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

18 through 1
18 through 2
18 through 3
18 through 4
18 through 6

1211A00130 and lower
1211A00180 and lower
1211A00255 and lower
1211A00855 and lower
1211A00805 and lower
1211A01005 and lower 18 through 7

1211A01155 and lower 18 through 8

All 18 through @

1211A03045 and lower 18 through 10
1211A03344 and lower 18 through 11
1211403415 and lower 18 through 12
1529A03415 and lower 18 through 13
1529A03485 and lower 18 through 14
1529A03905 and lower 18 through 15
1528A04065 and lower 18 through 16
| 1529A04235 and lower 18 through 17 |
1529A04595 and lower 18 through 18

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 V1.

CHANGE NO. 1 (for serial no. 1211 A00130 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 2

Table 6-1 and Figure 7-31

Change ABCS to 0160-0194, 0.015 uF

Change A8R9, 10 to 0684-8221, 8.2 k§2
CHANGE NO. 2 (for serial no. 1211A00180 and lower).

Table 6-1 and Schematic Diagram Figure 7-20
Delete A1C506, 507

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 A1CS508
Change AIRI11 to 0757-0397, 68.1 £2 1/8 W
Change AIR125 to 0757-0399, 8250 1/8 W
Change ATU102 to 1820-0223
Change AIR511 to 07570280, 1 k§2
Change A1R519 to 0757-0410, 301
Delete AIR525
Delete AIR526
Delete AIR527
Delete AIR528
Delete A2CS
Delete A2R18

ACHANGE NO. 4 (for serial no. 1211 A00655 and lower).

"Table 6-1
Change A6CI to 0160-0904, 0.05 uF
Change A7Q5 to 1853-0086
Change A7R35 to 0757-0463, R: fxd 4320
Add A7RS8, 0684-1031, R: fxd 10 k&2

Figure 7-30
Change K1 drive circuit as follows:

OHMS L

& CHANGE NO. 5 (for serial no. 1211A00655 and lower)

Table 6-1
Add A2C4, 0150-0122, C: fxd 2000 pF
Add A2R14, 07570413, R: fxdflm 392 21 %
1/8 W
Add A2RI18, 07570442, R: fxd flm 10k§2 1 %
1/8 W
Change A2U1 to 1820-0201

8-1



Section VIII

Figure 7-20
Add A2C4, A2R14 and A2RI8 to A2U|I circuit
as follows:

& CHANGE NO. 6 (for scrial no. 1211A00805 and lower)

Table 6-1
Change AGC1 to 0160-0547, 0.04 uF
Change A11C3-5 to 15,000 pF 200 V part no.
0160-0194. _

Change Al12C2 to 2000 pF 500V part no.
0150-0122.
AI5A2R1-6 to
0684-6811.
Change Al7AIRIL, 4, 5 to 680 part no.

0684-6811.

Change 68052 part no.

Figure 7-29
Change A6CI 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 A7CS5 to 01800401, 8 uF
Change A7C6 to 01600153, 0.001 uF
Change A7Q4 to 1853-0086
Change A7R11 to 0684-1031, 10 k2
Change A7U4 to 1820-0223

Figure 7-30
Connect center tap of T1 primary directly to
+ 5 V instead of Q4 collector.

CHANGE NO. 8 (for serial no. 1211A0115S5 and lower)

Beginning approximately with serial number
1211A01156, some printed circuit assemblies were
revised to accomodate certain oplions 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 AICR122, 123

Change A1Q401, 408 to 18530010

Change A1R430 to 0684-1541, 150 k&2

Change A1U102 to 1820-0478

Delete A2C6 and A2L1, L2

Delete A3R6 and A3U10

Delete A11C6

Add A11CRI, 1901-0040, Diode, Si

Change A11R4 to 1810-0049, Resistor network
6.8 k&2

Delete A11R11

Change A11U7,U12 to 1820-0979

Change AT11US8 to 1820-0976

Change A11U9 to 1820-0583

Change A11U10 to 18200616

Change A11U11 to 18200710

Fi&ure 7-20
& Add A1C402, 400 pF, between collector of

& A1Q427 and ground

N

Delete A1C403

Change A1C501 to 0.47 uF
Change A1C506, 507 to 0.1 uF
Change A1R430 to 150 k2
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, Ul0 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 All Schematic in Fig-
ure 8-1. Use the Component Location
Drawing in Figure 8-2.
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Figure 8-1. Schematic Diagram, A11 Assembly, Serial No. 1211A01155 and Lower.
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Section VIII
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P e,

All
hp Part No.03490-665I1

Figure 8-2. Component Location, A11, Serial No.

1211A01155 and Lower.

/d\ CHANGE NO. 9 (for ALL serial numbers)

Three types of optical isolators have been used in the
3490A. Figure 8-3 illustrates each type of isolator with
its respective -hp- Part Number. Table 8-2 indicates cach

“‘\.._“_“- : /
-3 - . = k

5080-9052

s
-
& -

1990-0402

1990-0514

assembly containing optical isolators. The three types of
optical isolators are listed along with their associated
component changes. Optical isolators with different part
numbers cannot be mixed in the 3490A. Replace optical

isolators and associated components in accordance with

Table 8-2

Figure 8-3. Optical Isolator Identification.

ﬁ CHANGE NO. 10 (for Serial No. 1211A03045 and

lower).
Change A12C1 to 01600154, .0022 pF.
&% Change A12R2 to 0684-1521, 1500 ohms.
o g
L Change A12U4 to 1820-0128.
N Add Al12C2, 01500122, 2000 pF between
sé’ A12U1(13) and ground.
\§\\
Table 8-2. Optical é‘&)lators and Associated Components.
; o
N\
'::::rgb;'v ;‘;fi::::: -hp- Part Number and Description
A22 U1, u2 1990-0402 50809052 19900514
(Schematic No. 14) | A22A2R1,R2 | 06844701 (47 £2) 06844701 (47 Q) 0683-1515 (150 )
A15 U1 thru U6 1990-0402 5080-9052 19900514
{Schematic No. 15) A15A1R1-6 | 06844701 (47 Q2) 06844701 (47 ©2) 0683-1215 (120 Q)
A15A2R1-6 |0684-6811 (680 f2) 06984123 (499 Q) 06984123 (499 Q)
A12/A17 U1 thru U6 1990-0402 50809052 1990-0514
(Schematic No. 16) A12C2** 0150-0122 (2000 pF) | 0160-0157 (.0047 uF)**| 0150-0122 (2000 pF)
A12R6, R7 0684-1031 {10 K) 0684-1031 (10 K) 0683-6825 (6.8 K)
A17A1R1,4,5|0684-6811 (680 f2) 06984123 (499 Q) 06846811 (680 02)
A17A1R2, 3,6|0684-4701 (47 22) 0684-4701 (47 Q) 0683-1213 (1209)
A17A2R1 06844701 (47 ) 0684-4701 (47 £2) 0683-1515 (150 £2)
A17A2R4, RS | 06844701 (47 Q) 06844701 (47 Q) 0683-1215 (120 2)
A30/A35 U1 thru U11 1990-0402 5080-9052 19900514
(Schematic No.20) | A30R17-21,
and R30 0684-2211 (220 2) 0757-0400 (909 Q) 0683-1515 (150 Q)
A30R24-26,
and R28 0684-1521 (1.5 K) 07570414 (432 2) 0683-1025 (1 K)
A30R27 06828215 (820 ) 07570414 (432 02) 0683-1025 (1 K)
A35R1 06848211 (820 n2) 07570414 (432 Q) 0683-1025 (1 K)
A35P2—-R5
and R17 0684-1521 (1.5 K) 0757-0414 (432 Q) 0683-1025 (1 K)
A35R12-16 0684-2211 (220 Q) 0757-0400 (9089 Q) 0683-1515 (150 Q)
A35U1 (Hex
Inverter) 1820-0586 1820-0174 18200174

84

**For Serial Numbers 1211A03046 and greater, delete A12C2.
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CHANGE NO. 11 (for Serial No. 1211A03344 and

naw -

lower). -
Change A1l to 03490-66501 R
Delete A1C12 s
Delete AICRS8 f1eed '8 al | .
Change A1R2 to 0684-0531, 1.8K ohms. s IR P A

Delete A1R52

Change Al Schematic Diagrams and Compo- m'ﬂ \ /

nent Locator. See Figures 84 and 8-5.

Figure 8-4. A1 Component Locator
-hp- Part No, 03490-66501

P/C All MAIN CIRCUIT ASSEMBELY (03490-66%01)
DATA
. COUNTER
CLCCK
+5V
+5v
| ! (5]
ILTXF)
| TRANSFER L 873 503 2
Gl | FROM UIB(6) Sy 19K E
0-0l$’ | 7 (HCDC) CLEAR CATA COUNTER H i 2
FROM L23(8)
4
e 7 (LTXF) TRANSFER L B
m FROM UIB (B)
14 ;
| NOTE | J_—J B
] Yl =) U3 ) 4
amHz C 03C. GLEA
4 vz s
3 535;%‘: FOR /‘/ —(]E wex |
- b
H f el 72 DECADE
50Hz OPERATION (Lenc) oo((\ +5v COUNTER
CLEAR DATA : i
(i1 COUNTER L (Qé\ —
FROM UIE(4) 2 i) R5s RE
T éo 1563 I5KT ISK
Al \‘@’ SCAN € H ——s— 1 ]
. . L J k]
Schematic Diagram 6 .\\$ 10 (A P A < scan B H E—
&L SCAN A H g H—
AN |z s\F
=5V (s:]
=1V
FROM
TRANSFER AND ZERO DETECT CR3
+5V
SR 15y —1— uig
FALSE TANSFER L —3 SIS o
FROM JIG(8) I
TIME COUNT 32 (HTC3Z) —
{HTFE) ;
TANSFER ENABLZ 1 —¢- ) CLTYE]
FACW UD 121} s oy ChansFERL 6
(HAZD] L 3 TO U2.9
4 ANA.OG ZERC OETECT 5 |  HZDTY
FROM U202 (7) al ] L o— ZERQ DETECT H
l To uiat)
=D
A1l INPUT !
Sy 7 POLARITY | -
Schematic Diagram STORAGE | :l?
(LSPL) (HINP)
STORE PO_ARITY — e INPUT FOLARITY 5,8
FROM UiG [ Q) TO A1JE (10
[LFTX)
TALSE “RANFER L
FROM U6 (B}

Figure 8-5. A1 Schematic Diagrams.
8-5
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CHANGE NO. 12 (for Serial No. 1211A03415 and

Model 3490A

lower).
Change the A3 Replaceable Parts List. See
Table 8-3.
Table 8-3. A3 Replaceable Parts.
A3 03429066503 1 BIAKND ASSY:zNISPLAY 28480 03490-66503
A3C] GLB0=0497 C1FXD ELECT 2.7 UF LOT 20VDCW 562 B9 1500225X59020A2-DY5
A3C2 OL80-0376 1 C:FXD FLFLY 047 UF 10X 35VDOW 562 89 150D4T4X9035A2-0DY5
A3NK1 1990=-0330 ] NUMFRICAL DLSPLAY:SOLID STATF 2R480 19900330
A3CK2 L1990-0330 NUMERICAL DISPLAY:SOLID STATE 28480 1990-0330
43083 1990=-0330 NIMFRICAL DISPLAY :SOLID STATE 28480 1990-0330
A3LSS 1990=-0330 NUMFRICAL DISPLAY :S50LID STATE 28480 1950-0330
83055 1990-0330 NUMFRICAL DISPLAY:ISOLID STATF 2B4B0 1L990-0330
A3D56 1990-0330 NUMFRICAL DISPL AY:SOLID STATE 2H4B0 1990-0330
AINST 1990-0405 1 NUMERIC DISPLAY LFDIPLUS=-MINUS) 28480 1990-0405
A3CSA 1990-0406 2 DINNEzVISIALE LIGHT EMITYER 28480 1990-0406
430588 1990-0406 DIODE:VISTIBLE | 1GHT EMITTER 28480 L990-0406
AIMPL 03490~ 24301 1 HMASK: ANNUNCTATOR 204 B0 03490-24301
LELLF 5040=5914 1 HOLIS TNG = ANN 28480 5040-5914
A3MP3 T200-1271 1 HEAT SINKIDISPLAY 28480 7200-12T71
LS 1200-0462 1 SOCKFT:IC CONTACT 0aT79 3-116141-2
A3R1 A6A4=-7211 1 RIFAD COMP 220 OHM 10X L/4W ar121 €8 2211
A3R2 N684=1011 5 R:FXD COMP 1O0 DOHM 10T 1/4M oL121 CB 1011
A3IR3 OaH4~-1H11 RIFXN COMP LBO OHM 10X 1/4W 01121 CB 1811
A3R4G O6R4=-1811 RIFAD COMP 180 OHM 10T L/&MW 01121 CB 1811
A3RS 06844701 17 RIFXD COMP 4T OHM 10T 1/4MW 01121 CB 4701
A3R& 0634-[531& RIFXD COMP 15K OHM 10% L/4W 0L121 CB 1531
A3ul 1820-0537 1 TC:TTL DUAL 4-TNPT NAND GATF 28480 1820-0537
A3u2 1820-0716 1 IC:TTL SYNC PRESET 4-8 BINARY COINTER 0oL29% SHNT4Ll61N
A3u3 1820-0586 ICITTL LP HEX INVERT 12040 OMT&4LO4N
A3U4 1820-0587 1 [C:TTL LP TRIPLE 3~ 5 T NAND GATE 12040 DHT4LION
A3US 1820-0627 3 IC:TTL LP RCD TD é}. NECODER 07263 UTE93ILO159X
a3us 1820-0054 4 TC:TIL ouanp 2 T NAND GATE 01295 SHT4 00N
A3UT LAZ0—-005%4 [CzTTL QUAD NPT NAND GATE 01295 SNT400N
A3us 1820-0583 [C:YTL LP D 2-INPT NAND GATE L2040 DM T4L00ON
A3UTD 1820-0583 tﬂ\ IC: TTL LP D 2-INPUT NAND GATE 12040 DM74LOON
A3M3 03490-61401 1 CARLE D[ SPL AY 28480 03490-61601

]
Change A3 Schematic Diagram, Component

Locator and Troubleshooting tree. See
Figure 8-6.

Change Paragraphs 4-70 thru 4-76 as follows:

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

4-72. Fuch of the six numerical dsplay units contains a
4% 7 dot manx of bght-cnutting diodes (LEDs) to form
the digis, In addition, cach unit contains 4 decoding
cirzuit 1o light the proper LEDs, and a latching circuit,
ser that the display can be chanyed only during an enable
sipnal, Each unit also contiains a decimal point to the left
of the number. The polarity unit also conlains the
sample rate indivater. Each annunciator at the right side
of the display is a single LED.

4-713. Scan Generator,

4-74. A relaxation oscillator operating at approximuately
10 kM7 provides the clock signal for the Sean Generator.
The oscillator output drives a S-bit synchronous connter.

fhe counter outputs are gated and fed back to reset the
counter after every 12th input cycle, thus providing the
proper combinution of signals Lo the Scan Decoder,
Three scan signals, A, B, and C, #r2 applicd to the Daty
Counter to rzlease the stored BCD count information
one digit al a lne, beginmng with the least significant
digit, N1. These scan signals are also used in the Data
Output and Eemete circuits,

4-75. Scan Decuder.

4-76. The four signal outputs from the Scen Generator
are fod into 5 4-to-10 line decoder. The decoder then
applies an enahle pulse to cach display unit at the same
time that unit recerses the BCD count information from
the Dala Connter, Scanning is contanous, with all six
display unils being scanned in approximately 1.6 ms,
beginning with the lemst significant digit, N1

Add A6C9, 0160-3622, 0.1 uF

Delete A6C33
Delete AGC34
Delete A6C335
Delete A6R45
Deletec A6US
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I 4 ! C =% REMOTE
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= |3
1
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39904-8- 2382 A n3
hp Part No. 03490-66503
REV. B
BCD to Decimal
Conversion Table
BCD Decimal
DCEA Number
L L L L 0
L LLH 1
L LHL 2
LLHH 3
L HLL 4
L HLH 5
L HHL 6
LHHH 7
HLLL 8
HLLH 9
Monitor (hsmnu,lt:ﬁ\bre siyy
rals at pin & of DS1
through D86 Ext. Trig
scope atSATUZ pin 8,
Monitor the scan signals at stapa\¥
" 8i SOk # :
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Sean G, Pin B +av |
ovl bsi
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+5v 0ud . 1 nsz 1 Are
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SCAN A RIN IC !‘-ﬂanﬂmTP95=i'h-‘=r iy | ) H Replace AJUS
= - (,57ms form at 1onAZ | | I
+5V r Correct wavrtorm: + 4V} .
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NOTES:

1. If the 34904 has the special arnunciator display, the assembly designatian is

Replace AZU A20. Al AZ caompanent desigaators also opply to the 20 assembly.

34804- B- 2994 2. An oscilloscope s required for these checks.
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Figure 8-6. A3 Display Board, Schematic and !
Troubleshooting Tree. 8-7/8-8
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Change A6 Schematic Diagram. See Figure 8-7.

A6 IAC CONVERTER ASSEMBLY (C3430- 56506)

| : ATTENUATOR
NOTE 3
3
10pF
NPT t
é;
HIGHE 23401‘
Alg2 R5
(LACI) | 4u7K csL s
8 AC INENABLE L — < & 970eF T 7 2442445
ca pF
Trsar ‘
} 00V
{H RCIRANGE € H £ 0y
T 'ro Aiven <12 € X04C) HEZAL
ATTEN
K3

Figure 8-7. AB Schematic Diagram 12.

89
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Model 3490A

HEX NUT
2950-0054

LOCK WASHER
21900054

BRACKET:FRONT TERM

MP20
MP30
) INSULATOR  reqminaL NUT
MPaz 03400481 B
BINDING POST SUPPORT ’1
P28 03461 27401 )
INSULATOR 7
03400724 =t
? Xk ) Sl
BINDING POST A
16100085 N e LOCK WASHER
~ T
e (8 L 21800034
™) S 8 FLAT WASHER
- '.-ﬁ ;-'/‘ Mpaa 21900402

Figure 8-8. Binding Post Assembly.

& CITANGE NO. 13 (for serial no. 1529A03415 and
lower).

Table 6-1 and Schematic Diagram Figure 7-23
Change A1C12 to 0140-0200, 390 pF

Table 6-1, Chassis and Miscellaneous parts
Change part no. of J1 and J4 to 1510-0085
Delete J2 and I5
Change part no. of 13 to 1510-0086
Delete MP29
Change part no. of MP43 to 0346124701
Change Binding Post Assembly drawing as

shown
& CHANGE NO. 14 (for serial no. 1529A03485 and\‘\s
lower). N
N
&

Table 6-1 and Schematic Diagram Figure 7-24
Delete A1C13
A CHANGFE. NO. 15 (for serial no. 1529A03905 and
lower).

Table 6-1
Change part no. of the following twelve tran-
sistors to 1854-0087

A1Q403
Q405
Q407
Q410

Q412
Q414
Q416
Q418

Q421
Q423
Q425
Q427

Table 6-1 and Schematic Diagram Figure 7-31
Change A8C2, C3 and A29C1 to 0180-2511,

370 uF
& CHANGE NO. 16 (for serial no. 1529A04065 and
lower).
Table 6-1

Change A3U6 - 8 to 1820-0621

8-10

Table 6-1 and Schematic Diagram Figure 7-27
Change Rl thru R15 to 0683-1215, 12 ohm
Change R16 to 0683-8205, 82 ohm
Change R17 to 0683-1215, 120 ohm

Table 6-1
Change A6K3 to 0490-1106

& CHANGE NO. 17 (for serial no. 1529A04235 and
lower),

Table 6-1
0903
>
,06\

&

and Schematic Diagram Figure 7-27
Delete A3C2
Change A3R18 to 0683-1015, 100 ohm
Change A3CRI to 1901-0040, .05A
Change A3UI to 1820-1033
Change A3U3 to 1820-0586

4@ CHANGE NO. 18 (for serial number 1376A04593 and
lower).

Table 6-1

Change A1 to 66541

Add A1C301,0150-0121,0.1 pI

Change A1C302 to 0180-0081, 50 uF

Add A1C303, 0170-0040, 0.047 uF

Delete A1C306, A1C307

Add AICR301, 1902-0761

Add A1Q301, Q302, 18354-0071

Add A1Q303, 1854-0475

Add A1R301,0757-0280, 1K

Add A1R302,0698-3457, 316K

Add A1R303,0811-9020, 1200K

Add ATR304.0811-1335, 11K

Add ATR305.0698-4518, 137K

Add ATR307.0757-0439, 681K

Add A1R309, 0757-0441, 8.25K

Delete A1R322, R323, R324

Delete A1U302, U303

Change Al Schematic Diagram and component
locator. See Figure 8-9.
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CODE LIST OF MANUFACTURERS

The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1 {(Name to Code) and H4-2 (Coda
to Name) and their latest supplements. The date of revision and the date of the supplements used appear at the bottom of each page. Alpha-
betical codes have been arbitrarily assigned to suppliers not appearing in the H4 Handbooks.

c;ge Manufacturer Address
00000 U,.S5 A Common. ......Any supplier of U.S,
001368 McCoy Electronics. . .Mount Holly Springs, Pa.
00213  Sage Electronics Corp. . . - - Rochester, N.Y.
00287 Cemeo, Inc. « . 0o v ev v Danielson, Conn.
00334 Humidial ................ Calton, Calif.
00348  Mictron, Co., Inc.. . . .. Valley Stream, N.Y.
00373  GarlockIne, ...........Cherry Hill, N.J.
00656  Aerovox Corp. . - . . ..... New Bedford, Mass.
00779 Amp.Inc. ... .. .ninaaan Harrisburg, Pa.
00781  Aircraft Rad:o COrP.- v eve v Boonton, N.J,
00809 Croven, Ltd, . . ... .. Whitby, Ontario, Canada
00315 Northern Engineering

Laboratories, Inc, . . ...... Burlington, Wis
00853  Sangamo Electric Co. ,

Pickens Div. . ............ Pickens, S8.C.
00866  Goe Engineering Co..... City of Industry, Cal.
00891 Carl E. Holmes Corp...... Los Angeles, Cal.
00929 MicrolablInc.. . .. ..... .. » Livingston, N.J .
01002  General Electric Co. ,

Capacitor Dept.. ....... Hudson Falls, N.Y.
01009  Alden Products Co. . ....... Brockton, Mass.
01121  Allen Bradley Co.. ... ... ... Milwaukee , Wia
01255  Litton Indus’l.rles, Ime. . ... Bm‘rly Hlll! Cal
01281 TRW Semi s, Ine. . ... L
01295 Texas Instruments, Ine, 4

Transistor Prcducw Div...... Dallas, Texas
01349  The Alliance Mfg. Co. .. .. ... Allance, Ohio
01538 Small PartsIne. ........ Loe Angeles, Cal,
01588  Pacific Relays, Inc. . ....... Van Nuys, Cal,
01670  Gudebrod Bros. Silk Co. . .New York, N.Y.
01930 Amerock Corp. e Roct:!nrd m.
01560 Pulse Engineering Co ..... Sanla Clara, Cal .
02114  Ferroxcube Corp. of

Americad . ..o v e . .Saugerties, N. Y.
02118 Wheelock Sigmls Ine...... Long Branch, N.J.
02286 Cole Rubber and Plastics Inc . .Sunnyvale, Cal.
02660 Amphenol-Borg Electronics

CORE: -.c. 57 5. m o5 b W Broadview, I
02735 Radio Corp. of America,Semi-

conductor and Materials

DEvison. - . .occnes s amsles Somerville, N.J.
02771 Vocaline Co.of America,

N0 oo wavvuris + v+« « Old Saybrook, Conn.
027117 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. ....... . JSyracuse, N. Y.
03705  Apex Machlne & 'I\Jol On ...... Dayton, Ohio
03797 Eldema Corp. ........... Compton, Calif.
03818 Parker SealCo.......... Los Angeles, Cal.
03877  Transitron Electric Corp. . . Wakefield, Mass.
03888 Pyrofilm Resistor Co. ,

e v v ewnias . .Cedar Knolls, N.J.
03954  Singer Co., Diehl Dlv

Finderne Plant. . .. .. ... Sumerville, N.J.
04009  Arrow, Hart and Hegeman

Blect, €0, v vvvvvsvnms Hartford, Conn.
04013  Tarwus 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, TIL
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  Motorcla Inc. Semiconductor

Prod, Div. . ........ ". . Phoenix, Arizona
04732 Filtron Co. ,Inc. Western

Div, ... . Culver City, Cal.
04773 Automatic E:leclru. Co ....... Northlake, IlL.
04796  Sequoia Wire Co. . .. .. .. Redwood City, Cal.
04811 Precision Coil Spring Co, .. .. El Monte, Cal.
04870 P.M. Motor Company . . Westchester, 1L
04919 Camponenl Mig. Service

......... . W, Bridgewater, Mass

05006 Tumne:h Century Pldstlcs

Inc. oo vvrrvrrvanss Les Angeles, Cal,
05277 Weslinghouse Electric Corp.

Semiconductor Dept. . . . . .. Youngwood, Pa
00015-49
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Code
No.

05347
05397

05574
05393
056816

05624
05728

05729
05783
05820
06004

06090
06175

08402
08540
08555

06666
08751
06812
06980
07088
07128
07137

07138

07149
07233
07256
07261
07263

07322
07387
07387

07700

07829
07810
07933

07980

08145
08289
08358

08524
08664
08717
08718

08727
08792

0BBO6

(8884
05026
%097
08134
08145

08250
083353
09569

08795
09922
10214

10411
10646

Manufacturer Address
Ultrondx, Inc. ........ .8an Mateo, Cal,
Union Carbine Corp ., Elect.

DAY i e e b New York, N.Y.
Viking Ind. Inc. . ... Canoml Park, Cal.
Tcore Electro-Plastics Inc.. . . . . Sunnyvale Cal.
Cosmo Plastic (c/o Electrical

Spec.Cod . .voinaan . . Cleveland, Ohio

Barber ColmanCo. .......... Rockford, 1.
Tiffen QOptical Co.
......... Roslyn Heights, Long Tsland, N.Y.
Metro-Tel Corp.. . . .. -0 vu v us Westbury N. Y.
Stewart Engineering Co. .. ... Santa Cruz, Cal.
‘Wakefield Engineering Inc.. . . .Wakefield, Mass,
Bassick Co. , Div. of Stewart

Warner Corp. .......... Bridgepart, Conn.
Raychem Corp. . Redwood City, Cal.
Bausch and Lomb Op‘nczl

Co. . . -Rochester, N. Y.
E.T. A. Praducts CO, of

America .. ... 00 s . Chicago, 11,
Amatom Electronic Hardware

Co,,Ime. ....... . New Rochelle, N. Y.
Beede Electrical Instrument

[ o TR .1 U P Penacook, N.H.

General Devices Co. ,Inc. . . . . Indianapolis, Ind.
Components Ine. ,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. .. .. ...0cueun. Pasadena, Cal.
Transistor Electronics

CoFfls s s b s rsreas .5 Minneapolis, Minn.
Westinghouse Electric

Corp. ,Electronic Tube Div, . ... Elmira, N. Y.

Filmohm Corp. . . .. ....... New York, N.Y.
Cinch-Graphik Co. ..... City of Industry, C‘al.
Silicon Transistor Corp. . Carle Place, N. Y.
Avnet Corp.. c e Culver City, Cal.
Fairchild Camera & Inst. C‘urp i

Semiconductor Div.. . . ountain View, Cal.
Minnesota Rubber Co. . . 0 . Minneapolis, Minn.
Birtcher Corp, The . . . (: .Monterey Park, Cal,
Sylvania Elect. Prod. Qié g

Mt. View Operati " ... Mountain View, Cal,
Technical Wire P cts

T — P Cranford, N.J,
Bodine Elect C6, . ....00vu... Chicaga, 11,
Continen vice Corp... ... Hawthorne, Cal.
Rayt! . Co., Semi-

¢ tor Div, ... aa Mountain View, Cal,
4] -Packard Co. ,

New Jersey Division . . .. . . . Rockaway, N.J.
U.5. Engineering Co. .. . ... Los Angeles, Cal.
Blinn, Delbert Co.. . .. ....... Pomona, Cal.

Elurgess Battery Co. . ..
............ Niagara h.lls Ontarm Canada
Deutsch Fastener Corp. . ... Los Angeles, Cal.

Bristel Co. , The Waterbury, Conn
Sloan Company Sun Valley, Cal,
ITT Cannon Electric Inc. ,

Phoenix Div............. Phoenix, Arizona
National Radio Lab. Ine, . .. ... Paramus, N.J,
CBS Electronics Semiconductor

Operations, Div.of CBSInc . . ..
General Electric Co, ,

Lowell, Mass.

Miniature Lamp Dept. . . . ., .. Cleveland, Ohio
Mel-Rain ... ........... Indjanapolis, Ind,
Babcock Relays Div, . ., ., .., Costa Mesa, Cal.

Electronic Enclosures Inc.. .
Texas Capacitor Co.
Tech, Ind, Inc, Atohm

Los Angeles, Calif ,
Housten, Texas

Bleck., o i vy ieeivinssiasieds Burbank, Cal.
Electro Assemblies, Inc.. ... .... Chicage, Il
C & K Components Ine. , . .., ... Newton, Mass,
Mallory Battery Co. of

Canada, Ltd.. ... .. Toronto, Ontario, Canada

Pennsylvania Florocarbon. Clifton Heights, Penn,

Burndy Corp. . ..o v v v vn s Norwalk, Conn.
General Transistor Western

Lo 5 . TR Los Angeles, Cal.
Ti-Tal, Inc.. .o aivinn ininis Berkeley, Cal,

Carborurdum Co. ... ... Niagara Falls, N. Y.

Al

Code
HNo.

11236
11237

11242
11312

11314
11453
11534
1

11717
11870
12136
12361
12574

12697
12728
12859
12881
12930
12954
13019
13061
13103
13327
13396
13835

14099
14193
14298
14433

14493
14655
14674
14752
14960
15106
15203
15287
15201
15558
15566
15631
15772

15801
15818
16037
16178
16352
16554
16585
16686

16758
17108
17474
17675
17745
19856
17870
18042
18083
18324
18476
18488
18565
18583
18612
18873
18811
16315

18500
19588

Manufacturer Address
CTS of Berne, Tnc, ... ......... Berne, Ind,
Chicago Telephone of
California, Ine. . .... .
Bay State Electrorics Corp.
Teledyne Inc. ,Microwave

. So. Pasadena,6 Cal,
+ o Wallham, Mass

- Palo Alto, Cal.
National Seal . .. « « Downey, Cal,
Precision Connector Carp . Jamaica, N, Y.
Duncan Electronics Ine. ..... Costa Mesa, Cal.
General Tnstrument Corp. ,

Semiconductor Division Products

Group . .... + ++s -+ Newark, N.J.
Imperial Elen:rmﬂr lm' .. .. Buena Park, Cal.
Melabs, Inc. .. ... .. ..... Palo Alto, Cal.

Philadelphia Handle Co. . . ... .. Camden, N.J.
Grove Mfg.Co., Inc. ... ... Shady Grove, Pa,

Gulton Ind. Ine. ,Data System
27 . - Albuguerque, N, M,
Clarostat Mfg, Cn ............. Dover, N H.

Elmar Filter Corp . . .. .. ... W, Haven, Conn,
Nippon Electric Co., Ltd. . .. ... Tokyo, Japan

Metex Electronics Corp. . ... .... Clark, N..J.
Deita Semiconductor Ine, ., Newport Beach, Cal.
Dickson Electronics Corp.. . Scottsdale, Arizona
Airco Supply Co., Inc. . .. ... Witchita, Kansas
Wilco Products b s . 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 Cnrp ...... Sa.mn Mon!ca Cal.
American Comp , Ine.. . ken, Pa.
ITT Semiconductor, a Dw of

Int. Telephone and 'reiegraph

Corporation .. ... ...West Palm Beach, Fla.
Hewlett-Packard Company. . . . . Loveland, Cola.

Caornell Dublier Electric Corp . . . Newark, N.J.
Corning Glass Works . ... .. .. Corning, N Y.
ElectroCube Inc.. .. ....... San Gabriel, Cal.
Williams Mfg. Co. .. ........ SanJose, Cal.

The Sphere Co, ,Inc. Little Falls, N.J.
Webster Electronics Co. . ... . New York, N, Y,
Scionics 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.
Twentiet‘n Cenh-ry Coil

Spring Co. v v wssmavar Santa Clara, Cal.
Fenwal Elect Inc. .. .... Framingham, Mass,
AmelcoInc. .. ....... Mountain View, Cal,

Spruce Pine Mica Co. . .. ... Spruce Pine, N.C.

Omni-Spectra Inc. . ... .. . «.... Detroit, Il.
Computer Diode Corp. . Lodi, N.J.
Electrowd Co. 5 + ++ Unicn, N.J.
Boots Aircrafll Nut Curp . Pasadena, Cal.

Ideal Prec. Meter Co.
De Jur Meter Div. . Brooklyn, N, Y.
Deleo Radio Div. of G. M. Carp . Kokomo, Ind.
Thermonetics Inc. : Canugd Park,Cal.
Tranex Company Mountain View, Cal.
Hamlin Metal Products Corp. . . Akron, Ohio
Angstrohm Prec,Inc. .. .. No. Hollywood, Cal
Siliconix Inc Sunnyvale, Cal.

l.m:,

McGraw-Edison Co, . .. . . . Mdm.ht.ster N.H.
Power Design Pacific Inc. . Palo Alto, Cal.
Clevite Corp. Semiconductor Div. ., Palo Alto,Cal.

. Sunnyvale,Cal,
Holliston, Mass.
Des Plaines, 11

Ejgnetics Corp,
Ty-Car Mig.Co. ,Inc
TBW Elect, Comp. Di
Chomeries .. . ...... Plainville, Mass,
Curtis Instrument, Inc. .. .. ... Mi. Kisco, N Y.
Vishay Instruments Inv.. . . Malvern, Pa,
E.I. DuPont and Co., Inc. . Wilmington, Del,
Durant Mfg.Co. ..... . Milwaukee, Wis.
The Bendix Corp. ,Nav lga' ion &

Contrel Div. . .. '
Thomas A. Edison lndublrlea .

Div. of McGraw-Edison . ,
Cencoa .

Teterbero, N.J.
. Wesl Orange, N, J.
. Baldwin Park., Cal.

From: Handbook Supplements
H4-1 Dated January 1970



{,c:de Manufacturer Address
No.
J9644 LRC Electronies - - - . - ... .. Horseheads, N, Y.
19901 Electra Mfg, Co. ...... Independence , Kansas
20183 General Atonics Corp. ... .. Philadelphia, Pa.
21226  Executone, Inc. .. ... Long Island City, N, Y.
21355  Fainir Bearing Co. ,The ... New Dritian, Conn.
2152C Fansteel Metallurgical Corp. . . .N. Chicago, Ill.
23020 General Reed Co. ..........Metuchen, N.J
23042 Texscan Corp. ... ovvn s Indianapolis, Ind.
23783  Dritish Radio Electronics Lid. . .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,Ine. Carlstadt, N J.
266851 Compac. Hellister Co. ... .... Hollister, Cal
26992  Hamilton Watch Co, ... ... ... Lancaster, Pa.
28480  Hewlett-Packard Co. . ....... Palo Alto, Cal.
28520 Heyman Mfg.Co. .. ........Kenilworth, N.J.
30817 Instrument Specialties Cao. ,
[ 1, e e e AL i B Little Falls, N.J.
33173 G,E. Recewing Tube Dept. . . . . Owensboro, Ky,
35434 LectrohmInc. . ............. Chicago, M.
36196  Stanwyek Coil Products.
| F Hawkesbury, Ontario, Canada
36287  Cunningham, W.H. & Hill,
| 0 e A Toronte, Ontario, Canada
37942 P.R. Mallory & Co. ,Inc. ... .Indianapolis, Ind.
39543  Mechanical Industries Prod. Co . Akron, Ohio
40820  Minjature Precision Bearings, Ine. . Keene, N, H.
40931  HoneywellInc. . ......... Minneapolis, Minn,
42190 Muter €o. - . - . v v v i e Chicagn, ML
43990 €. A Norgren Co. . Englewood, Colo.
44655 Ohmite Mfg. Co. . ............ Skokie, T
46384  Penn Eng, &Mig.Corp. ... ... Dovlestown, Pa.
47904 Polarpid Corp. ... ....... Cambridge, Mass.
48620 Precision Thermometer &
(1] o T A Sputhampton, Pa.
49956  Microwave & Power Tube Div. . . Waltham, Mass.
52090 Rowan Controller Co. . . ..... Westminster, Md.
52583 HP Co . Med. Elec. Div. . ... Waltham, Mass.
54294 Shallcross Mfg.Coe. . .......... Seima,N.C.
55026  Simpson Electric Co. .. ... .. ... Chicago, I,
55833  Sonotone Corp. .. ... . . . -Elmsford, N. Y.
55938  Raytheon Co. Commercial Apparatus
& System Div, ........ So. Norwalk, Conn.
56137  Spaulding Fibre Co., Inc. . . Tonawanda, N. Y.
56288  Sprague Electric Co. . . .. North Adams, Mass.
53474  Superior Elect.Co. .......... Bristol, Conn.
50446  Telex Corp. .. - .. oo Tulsa, Okla.
58730  Thomas & Betts Co, .« ... . Elizabeth, N.J.
60741 Triplett Electrical Inst, Co. .. .. Bluffton, Ohiu
61775  Union Switch and Signal Div, of
Westinghouse Air Brake Co. . Pittsburgh, Pa,
62119  Universal ElectricCo. . . ... .. Owosso, Mich.
63743 Ward-Leonard Electric Co. . . ML, 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, 1.
65348  Minnesota Mining & Mig. Co.
Revere Mincom Div. . . 8t. Paul, Minn.
T0276  AllenMifg. Co. ............ Hartlord, Conn.
T0309  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, 11l
0563  Amperite Co., Inc. ... .... . Union City, N.J.
70674 ADC Products Inc. ... . ... Minneapolis, Minn.
70903  Belden Mfg. Co. .............Chicaga, Ill
70398  Rird Electric Corp. .. ... ... Cleveland, Ohio
T1002  Birmbach RadioCo. ........ New York. N.Y.
71034 Bliley Electric Co. ,Inc. e ancs Brieg P
71041 Boston Gear Works Div. of
Murray Co. of Texas ...... Quincey, Mass.
71218 Bud Radio, Ine. .. ........ Willoughby, Ohio
71273 Cambridge Thermionies Corp. Cambridge, Mass,
71286  Camloc Fastener Corp. . Paramus. N.J.
71313 Cardwell Cordenser Corp.
............ Lindenhurst, 1.1, N. Y.
71400 Bussmﬂ.nn Mig. Div, of
MeGraw -Edison Co. ; 5t. Louis, Mo.
71436  Chicago Condenser Corp. - Chicago, NL.
71447  Calif. Spring Co. . Inc. . Pico-Rivera, Cal.
71450  CTS Corp. sk - Elkhart, Ind.
71468  ITT Cannon Elprlnf i'nc . Lns Angeles, Cal.
7147 Ciaema, Div. Aerovox Corp. .. .. Burbank, Cal.
00015-48
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CODE LIST OF MANUFACTURERS (Continued)

Cade
Ne.,

71482
71590

T1616
71700
71907
71714
71785

71984
2138

T2619
2656

T2699

2765
T282%
72926
72962
72864
72982
TI0€1
TI076
73138

73293

73445
T3506

73659
73586
73682

73734
TIT43
73793
T3846
73899
73905
73857
74276
74455
74861
4868

74970
75042
75263
75378
75382
75818
75915
76005
76210
T6433

T6487
16493
T6530

TG545
16703
T6854
TT068

7075
17221

T7252
71342

TT630
TT638

1764
TT968
78189

8277
78283
TB290

Address
Manufacturcr

C.P. Clare & Co
Centralab Div. of
Globe Union Inc.

Chicago, 11,

....... Milwaukee, Wis.

Cemmereial Plasties Co. L. .., . Chicago, 111,
Cornish Wire Co., The ... .. New Yourk, N.Y.
Coler Coll Co. e o oowias Providence, H. 1.
Chicago Miniature Lamp Works . . Chicago, 111,
Cinch Mig. Co

Howard B, Jones Div, . ....... Chicago, 1L
Dow Corning Corp. . .. ..., Midland, Mick.
Eleciro Motive Mig. Co., Ine.

................... Willimantic, Conn.
Dialight Corp. .. ... v vuun.. Brooklyn, N.Y.
Indiana General Corp .

Electronics Div. ... .... . . Keasby, N.J.
General Instrument Corp. ,

Cuap Division, . .. ..o v v Newark, N, J.
Drake Mfg, Co. . Harwood Heights, I1.
Hugh H., Eby Ine, . ....... Philadelphia, Pa.
GudemanCo. .......... . .Chicago, 0L
Elastic Stop Nut Corp. ....... . Union, N.J.
Rooert M. iladley Co. ..... Los Angeles, Cal,
Erie Technological Products. Inc. . . Erie, Pa.

Hansen Mfg. Co. , Inc. . ...... Princeton, Ind.
H.M., Harper Co. . .. ......... Chicago, L
Helipot Div. of Beckman Inst. . Inc.

...................... Fullerton, Cal,
Hugzhes Products Division of

Hughes Aircraft Co. . . . Newport Beach, Cal.

Amperex Elect. Co. -Hicksville., L.1..N. Y.
Bradley Semiconductor Corp.

.................... New Haven, Conn,
Carling Electric. Inc. ... ... Hartford. Conn,
Circle FMIg. Co, . ... ....... Trenton, N.J,
George K. Garrett Co. .,

Div. MSL Industries. Inc.. . Philadelphia, Pa,
Federal Serew Products, Inc. . . . .Cmcago, 11
Fischer Special Mfg. Co. . ... Cincinnati, Ohio
General Industries Co., The ... .. Elyria, Ohio
Gonshen Stamping & Toel Co. ., ., . .Goshen, Ind,

JFD Electranics Corp. . . . ...
Jennings Radio Mig.
Groove-PinCorp. . . ... ....
Signalite Ine. an Neptune, N.J.
J,H, Winns, and Sons o) . Winchester. Mass.
Industrial Condenser Corp. . ... .. Chicago, Il

.Broaklyn, N. Y.
Corp. .... San Jose, Cal.
Ridgefield, N1,

R.F. Products Divisfon of

Amphenol-Borg ctronie Corp.

‘‘‘‘‘‘‘‘‘ D . Danbury, Conn.
E.F. Johnson®¥0., . ......... Waseca, Minn.
International Resistance Co. . Phlladelpma. Pa.
Keyston bon Co., Inc. . .5t. Marys, Pa.
CTS te) Tees ol o .Sandwich, T,
Ku lectric Corp. . .. MI Vernon, N ¥
K&Eiemric Mg, Co. ... ..... Chicago, T,
Littlefuse, Inc, .. .. ...... Des Plaines, Tl
Lord Mig, Co. : Erie, Pa.

C.W. Marwedel .
General Instrument Corp N

Micamold Division ... .. .... Newark, N.J.
James Millen Mfg. Co., Inc . Malden, Mass.
J.W. Miller Co. . ... ... .. Los Angeles, Cal.
Cinch-Monadaock, Div. of United Carr

Fastener Corp, .. ... .. San Leandro, Cal.
Mueller FlectricCo. . . ... ... Cleveland, Ohio
Natioral Union . . . ] Newark, NI,
Dak Manufacturing C'u Cry'-t‘il. L.ake. Ti.
The Bendix Corp. ,

Electrodynamics Div,
Paciflic Mctals Co. .
Phaostran Instrument and

Electrome Co. . . wiwe
Philadelphia Steel and

WireCorp. .. ... viva s Philadeiphia, Pa,
American Machine & Foundry Co,

Potter & Brumfield T, | . Princeton, Tnd,
TRW Elcctronic Components Div. Camden, N..T.
General Instrument Corp. |

San Franmsco Cal.

N. Hollywood, Cal,
. San Francisco, Cal.

. S0. Pasadena, Cal.

Rectifier Division . . . .Breoklyn, NOY,
Resistance Products Co. Harrisburg, Pa,
Rubbercraft Corp. of Calif . Tarrance, Cal,
Shakeproof Division of

Winvis Tool Works .Elgin 11,
BT v 501 cve s i bo Bl amlr\ o,

Signal Indicator Corp. New Yaork,
Struthers-Dunn Inc. . Pitman, .

Code
Mo,

78452
8471
78488
TR493
TRHS3
TETE0
TRA4T
9136
TH42
79251
9727

79963
0031

40033
80120
0131

0207

yo223
30246
30294
80411

80486
80509
80583
80640
80813
31030
81073
1005
B1312

81349
81483
81541
81860

82042
82047

82118
82142

82170

82209
82219

82376
852389
82647

82768
82866
82877
82893
83058
83086

83125

83148
63186
83298
83315
83324
63330
53332
63385
83501

63594
63740

83TT
33821
B3n42
54171
#4396
44411

Manufacturer Adiresa
Thompson-Dremer & Co. ... ... Chicage, 101,
Tilley Mg, Co. . . San Franacisco, Cal.
Stackpole Carbon Co. . . ... .. St. Marys, Pa,

Standard Thomsan Corp. | . .,
Timmerman Products,
Translormer E:nglm_-l.-rs R
Ucinite Co, . . . .
Waldes Kobinoor I:lt_'
Veeder Root, Ine.
Wenan Mlg. Co. o vnvnniva s
Continental -Wirt Electronics Coro.
Feai4is e b e alsd os Philadelphis, Py,
Zierick Mig. Corp. . New Rochelle, N.Y,
Mopeo Division of Sessions Clock Co.
................... Morristown, N, J,
Frestale Corp. |, . . Toledo, Ohio
Schnitzer Alloy Producls Lu E.lusaheth N.J.
Electronic Industries Asmmalwn.
Standard tube or semi-conductor device,
any manufacturer,
Unimax Switeh, Div. Maxon Electronics
COPIL ccoimra o i bary: s Wallingford, Conn.
United Translormel.‘ C‘Grp . .New York, X. Y.
Oxford Electric Corp. . . Chicago, 111,
Bourns [ne. . . Rivers:de Cal.
Arco Div. of Robertshaw (..nntrn].s Co.
. Columbus, Ohio
Ml Smr Produr:ls lnc. . Deliance, Okio
Avery Label Co, ... .. ... .. Monrovia, Cal,
Hammarlund Co. , Inc. ., ... .Mars Hill, N.C.
Stevens, Arnold, Co.  In . Boston, Mass,
Dimeo Gray Ce. ... ...,...... Dayton, Ohio
Intcrnational Inst. Inc. .. ... .. Orange, Conn,

CWaltham, Mass.
Ine, . ... Clevelund, Okic
. San Gabriel, Cal,
. Ahluwtumudc. Mass.
LL,ng Istand City, N. ¥,
. Hartford, Conn,
Criu:agu. 1l

GRRYIIIE S, oo 5 i e ne i € LaGrange, 1.

Triad Trunsiormer Corp, ... ... Venice, Cal,

Winchester Elec. Div, Litton Ind, , Inc.
.......... Oakville, Conn,

Mllilary hpeci*icauon e e
International Rectifier Corp. . El Segundo, Cal.
Ajrpax Elecironics, Inc. . Cambridge, Maryland
Barry Controls, Div. Barry Wright Corp.

.« Watertown, Mass.
Carler Precmon Electric Co. . Skokie, 1.
Spertt Faraday Inc. . Copper Hewitt

Bleetrie Dav, . .. L hiiaiaidian Hoboken, N, J,
Electric Regulator Corp. . Norwalk, Conn.
Jeffers Electronics Divigion of

Speer Carbon Co,
Fairchild Camera & Inst, Corp. ,

Space & Defense Systems Div. .Paramus, K. J,
Magurie Industries, Inc. . . . . Greenwich, Conn,
Sylvania Electric Prod. , Inc.

Electronic Tube Division
Astron Corp. . . . .East Newar!
Switcheraft, Inc, . .. .........
Metals & Controls Inc. ,

Spencer Products. . .. .,

. Du Bois, Pa,

. .Emporium, Pa,
Harrison, N, J.
Chicage, Il

.« Attleboro, Mass,

Phillips-Advance Control Co., .. .. .Joliet, 1L
HResearch Products Corp. ., ... Mad:ison, Wis,
Rolton Mig. Co., Inc. ..... Woodsiock, N Y,
Vector Electronic Co.. ., ... .. Glendale, Cal.
Carr Fastener Co. .. ..,.. Cambridge, Mass.

New Hampshire Ball

DBearing, Inc. ......... Peterberough, N H
General Instrument Corp. ,

Capacitor Div.. . . . ... ... Darlington, 5.C.
ITT Wire and Cable Div. . . ., Los Angeles, Cal,
Victory Eng. Corp. . .. . Springlield, N.J,
Bendix Corp. , Red Bank Dw . Red Dank, N.J.
Hubbell Corp_ ............. Mundele‘n 1.
Ttosan Inc, - . Newport Beach, Cal.
Smith, Herman H. ., I Brooklyn, K. Y.

Tech Labs . . . Palisades Park, N. 1.
Central Screw Co. .. ......... Chicago, 1,
Gavitt Wire and Cable Co., Div. of

Amerace Corp. . ....... Brookfield, Mass,

Burrcughs Corp. , Electroric

Tube DIV, iy s v i S Plainfield, N. 1.
Union Carbide Corp. , Consumer

Prod. Dhw. | .. .« . -New York, K.Y,
Madel Eng. ard Wg * lm‘ . Huntington, Ind.
Lovd SerugtB CO.  « v vv v wavunan Festus, Mo,
Acronautical Inst. & Radio Ce. . .Lodi, N.J.

Arco Electronics Ine. . . . Great Neck, N.Y.
A.J). Glesener Co., Inc. .. San Francisco, Cal.
TRW CapacitorDiv. ........ Ogallala, Neb.

From: Handbook Supplements
114-1 Dated Jasuary 1870



Code
No.

94670
B5454
85471
85474
85660
85811
86174
86197

86579
B66B4

86028
87034
87216

B7473

B7664
87930
88140
88220
88698
89231
88473
88479
B9665
90030
80179

803865

90763
20870
81146

91260
91345
91418
01508
91837
91662
91673
917387
91827
91886

Manufacturer Address

Sarkas Tarzian, Inc Paas

b RATAS

. .Bloomington, Ind.
....Boonton, N.J.
A.B. Boyd Co. .........Ban Francisco, Cal.
R.M. Bracamonte & Co. . . . San Francisco, Cal.
Koiled Kords, Inc. . . ........ Hamden, Conn,
Seamless Rubber Co. ... ...... . Chicago, IIl.
Fainir Bearing Co. Los Angeles, Calil.
Clifton Precision Products Co., Inc.

.................. Clifton Heights, Pa.
Precision Rubber Produ.cts Corp. Dayton, Ohlo
Radio Corp. of America, Electronic Comp.

& Devices Division Harrison, N.J.
Seastrom Mig. Co. Glendale, Cal.
Marco Industries . . Anaheim, Cal.
Philco Corporation (L:m;d.ala Division)

. Lansdale, Pa.
Western Fibrous Glass Prnduetu Cca
.................. 8an Francisco, Cal.
Van Waters & Rogers Inc. . . San Francisco, Cal.
Tower Mfg. Corp. . Providence, R.1.

Cutler-Hammer, Ine. ......... Lincoln, ILL
Gould -National Batteries, Inc. . . &. Paul, Minn,
General Mills, Inc. .......... Buffalo, N. Y,
Graybar ElectricCo. . .. ...... Qakland, Cal.
G.E, Distributing Corp. . ... Schenectady, N.Y.
Security Co. S T . « . .Detroit, Mich,
United Trul!ormer Co. ....u...Chicago, Il
United Shoe Machinery Corp. . . . Beverly, Mass.
U. 8. Rubber Co., Consumer Ind. &

Plastics Pred. Div. . ........ Passaic, N.J.
Belleville Speciality Tool Mfg. , Inc

.+« ..Belleville, 1.
United Carr Faataner Corp. wvvos Chicago, Il
Bearing Engineering Co. . San Francisco, Cal.
ITT Cannon Elect. Inc. &lem Div.

. s+ Salem, Mass.
Ban Francisco, Cal.

Comnr&)ringmtg C

Miller Dial & Nameplate Co. ... El Monte, Cal.
Radio lhterialu Ca. v ... Chicago, Il

........ = . Attleboro, Mass,
Dale Blect:ronlu, (.1 PR Columbus, Nebr.
EBleoCorp. - vuvvvvnenn Wﬂlwﬁraw.?a.
Epiphone Ine. ............ New York, N.Y.

Gremar Mfg, Co,, hl:. .Wakefleld, Mass.
K F Development Co. ..... Redwecod City, Cal,
MalcoMig. ,Inc. . . ........... Chicago, 11

CODE LIST OF MANUFACTURERS (Continued)

Code
No.

91929

91961
92180
92367
92607

92702
92966
93332

93369
93410

93632
93929
84137
94144

94148
84154
94197

94222
94330
94275
94682

94698
95023

95146
95236
95238
95263
#5265
95275
95348
95354
95566
95712
95984
95987
96067

Manufacturer Address

Honeywell Ine. , Micro Switch Division

................ Freeport, 111
Nnhm Brus Spring Co, ...... Oakland, Cal.
Tru-Connector Corp. .. ..... Peabody, Mass,
Elgeet Optical Co., Inc. . ... Rochester, N. Y.
Tensolite Insulated Wire Co. , Ine,

................... Tarrytown, N, Y.
MC Magnet_ics Corp. ...Westbury, L.I., N. Y
Hudson LampCo. . ......... Kearney, N.J.

Sylvania Electric Prod. Inc.,

Semiconductor Div, ........ Woburn, Mass,
Robbins & Myers Inc. . . . Pallisades Park, N.J.
Stemco Controls, Div. of Essex

Wire Corp. . - v v e v w v v vt Mansfield, Ohio
Waters Mfg. Co. ,........Culver City, Cal,
G.V. Controls ...... ++ .. Livingston, N.J,

General Cable Corp. . .....
Raytheon Co., Comp. Div.,

Ind. Comp. Operations ... ... Quincy, Mass.
Scientific Electronics

Products, Inc..........
‘Wagner Elect. Corp.,

Tung-Sol Div.
Curtiss-Wright Corp. ,

Electronics Div. ..... .East Patterson, N.J.
South Chester Corp. ......... Chester, Pa.
Wire Cloth Products, Inc, . . ... . Bellwood, I11.
Automatic Metal Products Co. . Brooklyn, N. Y.
Worcester Pressed Aluminum Corp.

................... Worcester, Mass,
Magnecraft Electric Ca. . . Chicago, Il1.
George A. Philbrick Researchers, Inc.

Bayonne, N.J.

. Loveland, Colo.

. Newark, N.J,

........... texwswes.. Boston, Mass,
Alco Elect. Mig. Co. T Lawrence, Mass.
Allies Products Corp. ........ Danja, Fla,

Continental Connector Corp. . . Woodside, N. Y.

Leecraft Mig. 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, L.

Arnold Engineering Co.. . ... .. .Marengo, Il
Dage Electric Co., Ine. . .. Franklin, Ind.
Siemon Mfg. Co. . ....GN%...... Wayne, 1L
Weckesser Co. . Chicago, Il1,
Microwave Assoc. Wpﬂ Inc. . Sunnyvale, Cal.

Code
No.

96095
96256
96296
96396

96330
96341
96501
86508
96733
96881
87464
97539
97579
97983

98141
961589
96220

98278
98291
98376
98410
98731

968734

98621
98978

99108
89313
99378
99515

Manufacturer Address

Hi-Q Div. of Aerovox Corp. .. ... Olean, N. Y.
Thordarson-Meissner Ine, . , . Mi, Carmel, [1,
Solar Mfg. Co. ... ....... Los Angeles, Cal,
Microswitch, Div. of

Minn, -Honevwell Freeport, M1,

Carlton Serew Co, ., .. . Chieago, 1L
Microwave Associates, Inr . Burlington, Mass,
Excel Transformer Co . Oakland, Cal.

Xcelite, Inc, . . v opun. . Orcrmd Park, N. Y.
San Fernando Elec. Mig. Co.San Fernanda, Cal.
Thomson Ind, Inc. ....... Long Island, N.Y.
Industrial Retaining Ring Co. . . Irvington, N.J.
Automatic & Precision Mig. . . Englewood, N.J.
Reon Resistor Corp. ........ Yonkers, N. Y.
Litton System Inc. , Adler-Westrex

Commun, Div,........New Rochelle, N. Y,
R-Tronics, Inc. ...........Jamaica, M. Y.
Rubber Teck, Ine. . ......... Gardena, Cal,
Hewlett-Packard Co, ,

Medical Elec. Div. ... .. ... Pasadena, Cal.
Microdot, Inc, . ........ So. Pasadena, Cal.
SealectroCorp. ........ Mamaronech, N, Y.
ZeroMig. Co. ............ Burbank, Cal.
Ete Ine. .....v0040 .Cleveland, Ohio
General Mills Inc. Electmmcs Div.

.................. Minneapolis, Minn,
Paeco Division of Hewlett-Packard Co.

. Pale Alto, Cal.

North Hiils Electronics, Inc. . Glen Cove, N Y.
International Electronic Research Corp.
...................... Burbank, Cal.
Columbia Technical Corp. ++ . New York, N. Y,
Varian Associates. . . ... . Palo Alw, Cal.

Atlee Corp. e Wlnchester Mass,
Marshall lncl‘ " Capa.citor Div. . Monroviz, Cal.
Control Switch Division, Conlrnle Co.

of America + .+« El Segundo, Cal,
Delevan Electronics Corp. . East Aurora, N. Y.
Wileo Corparation Indianapolis, Ind,
Branson Corp. ... Whippany, N
Rembrandt, Inc. ........... Boston, Mass,
Hoffman Electronics Corp. ,

Semiconductor Division , . .., El Monle, Cal,
Technology-Instrument Corp.

of California Newbury Park, Cal.

The following HP Vendors have no number assigned in the latest supplement to the Federal Supply Code for Manufacturers Handbaok.

0000F
00002
000AB
000BB

Malco Tool and Die , , .. .. Los Angeles, Calif.
Willow Leather Products Corp. .. Newark, N.J.
| o R S o iacn England
Precision Instrument Comp. Co. Van Nu;rs. Cal.

00015-49
Revised: May, 1370

000CS Hewlett-Packard Co., Colorado 000QQ Cooltron, ................ Oakland, Cal,
Springs Div. ... Colorado Springs, Colorado 000WW California Fastern Lab ... .. Burlingtan, Cal.
000MM Rubber Eng. & Devel t...Hayward, Cal, O000YY S K. SmithCo. ......... Los Angeles, Cal.

000NN A "N" D Mig. Co.

siee.s....SanJose, Cal,
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' MANUAL CHANGES

MODEL 3490A

MULTIMETER

Manual Part No. 03490-90016

BNew or Revised Item

ERRATA

Title Page (at beginning of manuall. Change to read: “The main
body of this manual applies to instruments with serial numbers
1637A04596 and greater A\ . .."

Page 6-3, Table 6-1.

Delete:
A1TMP1 1200-0469 Socket IC
A1MP2 1200-0469 Socket IC
ATMP3 1200-0431 Socket IC

Page 7-43/7-44, Figure 7-22.
Change:
R322 from 30K to 200 K
Page 8-10 {Change No. 18). Change to read:
“. . .\for serial numbers 1528A04595 and lower)".
Change A1C302 to 01B0-0734, 10 pF
Add A1R303, 0811-8020, 1200 ohm

Delete A1R322, R323, R324, R325

CHANGE NO. 1 applies to serial numbers 1637A04736 and greater.

Page 6-2, Table 6-1.

Add:
C123-128, Cap-Fxd, .1 uF, 100 V, 0160-3622

Change:
Figure 7-26 as illustrated

Figure 7-26. Component Locator.

1 March 1978

Figure 7-26. Schematic Diagram.
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Page 7-43/7-44, Figure 7-22. Change U303(4) from
ground.

- 17 V to

CHANGE NO. 2 applies to serial numbers 1637A04806 and greatel
Page 6-2, Table 6-1.

Change From:
C12, Cap-Fxd, 240 pF 300 V, 0140-0199
C109, Cap-Fxd, 400 pF, 1000 V, 0150-0071

To:
C12, Cap-Fxd, 110 pF, 300 V, 0140-0194
C109, Cap-Fxd, Pad Value, 0150-399P
82 pF, 300 Vv, 0140-0193
220 pF, 500 Vv, 0140-0083
240 pF, 300 Vv, 0140-0199

Supplement A for 03490-90016



Page 2

CHANGE NO. 3 applies to serial numbers 1637A05366 and greater.

Page 6-2, Table 6-1. Change A1C112, C117 from -hp- Part Number
0150-0096 to 0150-0084, Qty. 6, Description C.FXD CER .1 UF
+80 -20% 100 VDCW, Mfr. Code: 72982, Mfr. Part Number
8131-100-651-1042.

Page 7-51/7-52, Figure 7-26. Change values of A1C112, C117 on
schematic from .05 UF to .1 UF.

CHANGE NO. 4 applies to all serial numbers.

Page 1-2, Paragraph 1-13. Change tha part number of the HF-1B
Service Kit (3490A) from 44090A to 03490-69800.

Page 1-5, Table 1-2. Under Power Requirements: Change fo read as
follows:

100 Vv, 120 Vv, 220 V, or 240 Vit 5%, - 10%); 48 Hz 10 440 Hz

Page 6-6, Table 6-1. Delete A1R207 -hp- Part Number 0698-4510,
Qty 3.
Change ATR214 to Qty 2.

Page 69 Table 6-1. Add -hp- Part Number 0350-0902, Qty 2
Description: Washer Flat, Mfr. Code: 28480, Mfr Part Number
0350-0902.

Page 6-28, Table 6-1. Change -hp- Part Numbsr 44090A tc
03490-69800 HP-IB Service Kit for 3490A.
Change S1 from -hp- Part Number 3101-1720 10 3101-2216.

Page 6-29, Table 6-1. Change -hp- Part Number from 44090-90001
to P-03490-69800-1, Description: Part Note.

Change -hp- Part Number from 44090-64501 to 03490-64501,
Description: Carrying Case Assy.

Add -hp- Part Number 0340-0170, Qty 2, Description: Insulator,
Bshg, Mir. Code: 28480, Mfr. Part Number 0340-0170.

CHANGE NO. 5 applies to serial numbers 1637A05226 and greater.

Page 6-27, Table 6-1. Change C1, C2 from -hp- Part No. 0160:3333
to 0160-4281, Quy 2, Description: C:FXD CER 2200 PE20% 250
WVAC, Mfr. Code: 28480, Mfr. Part Number 0160-4281.

Add C3 -hp- Part Number 0160-4259, Qty 1, Description: C:FXD
CER .22 UF & 10% 250 VAC (RMS) Mtr. Code: 05917, Mtr.
Part Number PME271M622.

Page 7-51/7-52, Figure 7-26. Change value of C1, C2 from .005 UF
t0 .0022 UF,
Change Figure 7-26 by adding C3 and R2 as shown.

Fl«1AT FOR 100V/ 120V
F2:0.54T FOR 220Vv/240V

X |

NSTRUMENT

b e i e |
pd 26

Lce?
T cacc22

P/O Figure 7-26.
CHANGE NO. 6 applies to serial numbers 1637A05086 and greater.
Page 6-2, Table 6-1. Add A1C14* -hp- part number 0140-0280,

Description: C:FXD 680 PF * 5% VDC (MICA), Qty 1, Mfr
Code: 04522, Mfr. Part Number DM15F681J0300WV1CR.

MANUAL CHANGES

Model 3490A

Add the following padding !ist for A1C14*:

560 PF 0140-0178
750 PF 0160-2035
820 PF 0160-2009

Page 6-4, Table 6-1. Change from: A1Q206. Q207, 1855-0308,
JFET-DUAL DN324, Qty 2
To: A1Q206, Q207, 18550311, JFET-DUAL DN196. Qty 2

Page 6-8, Table 6-1. Change from:

AlU4, U6, U

U14, U20, U22 18200077 IC-SN747N Qty 7
AluUs5, U112 1820-0099 IC-SN7493N Qty 2
ATUT7 1820-0788 TLL FF74174N Qty 1
AlUu10 1820-0174 I1C-SN7404N Oty 1
A1U13, U18 1820-0591 TTL INV 74L 54N Qty 2
A1U15, U19, U24 18200622 TTL MPLX 74151N Qty 3
A1U21 1820-0233 I1C-SN74193N Qy 1
A1U23 1820-0586 IC-DGTL DM74L04N Quy 1
To:
AlU4, U6, U1

u14, U20, U22 18201112 TTL-DUALFF74LS74N Qty 7
A1US5, U12 1820-1478 TTL CNTR 74LS93N Qty 2
A1U7 1820-1196 IC-SN74L5174N Qty 1
A1U10, U23 1820-1199 TTL INV 74LS04N Qty 2
ATU13, U1B 18201285 IC/SN74LS554 Qty 2
ATU1S5, U19, U24 18201217 IC SN74LS161 Qty 3
AlUu21 1820-1194 IC-SN74LS193N Qty 1

Page 6-11, Table 6-1. Change A6Q3, Q5, Q6 from -hp- Part Number
1854-0071 1o 1854-0404; XSTR-S1 NPN.





