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Model 34904 Section I

03490-84401
5060-s983

o349Mt612

l2sl{084

I 2s I -0086
03490-66504
5060{630

0349U66524
0349046525
50606032

0349046526
5060-6032

1.1 .  lNTBoDucTl0N.

l-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
l2O% of range on all except the 1000V ac and dc
ranges. Polarity selection and display are automatic.
Range selection is manual or automatic over all ranges
on all functions. Options are available to provide data
output, remote programming, sample-and-hold measure-
ments, and ratio measurements.

1-3. This manual contains installation and operating
instructions as well as maintenance information for the
Model 34904 Multimeter. Instrument specifications and
procedures for verifying proper operation are included.
Procedures are also included for adjusting the instrument
to its performarice specifications. Schematic diagrams,
the theory of operation, and troubleshooting informa-
tion are provided for use in maintaining the instrument.

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

1-5. SPECTFtCATI0NS.

l-6. Table l-l is a complete list of the Model 3490A
critical specifications that are controlled by tolerances.
Table l-2 contains general information that describes the
operating characteristics of the Model 3490A.

l-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 rhe 3490A.

r-8. 0PT|0NS.

l-9. The following options 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)
General Purpose Interface Bus I/O
(GPrB)

sEcTt0N I
GENERAT INFORMATION

Option 040 or 045: Sample-and-Hold
Option 050: 34904 designed for operation on 50 Hz

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

power source
Option 080: Ratio

I - I l l .  ACCESSORIES SUPPLIED.

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

Supplied with all instruments:
Rack Mount Kit
PC Extender (2 x l8)

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

(mates with Remote connector, J7)
5Gpin connector
(mates with Data Output connector, J6)

Remote Jumper Assembly, A.4
PC Extender (2x22)
Supplied with Option 030:

l4-pin connector
(mates with Trigger connector, Jl l) 12514142

Remote Jumper Assembly, 44 0349U66504
Rear input cable 0349041612
PC Extender (2 x 22) 5060{630

Supplied with Option 040:
S/H Analog Jumper Assembly, A24 0349046524

.-' S/H Logic Jumper Assembly, A25 03490-66525
PC Extender (2 x l0) 50606032

Supplied with Option 045:
S/H Analog Jumper Assembly, A24
S/H Logic Jumper Assembly, A25
PC Extender (2 x l0)
l4-pin connector
(mates with Trigger connector, Jl l) 12514142

Supplied with Option 080:
Ratio Jumper Assembly, A26
PC Extender (2 x l0)

1.12.  ACCESSORIES AVAITABLE.

l-13. Several accessories are available for use with the
Model 3490A. A service video tape, Product No. 90030C
Option 705, will demonstrate use of self-test and front
panel symptoms to isolate failures. The -hp 111261^
accessory provides a set of IC reference boards with

1-t



Section I

most of the 3490A logic IC's for use with the -hp
lO529A Logic Comparator. Using these boards with the
Logic Comparator, a faulty IC can be isolated in seconds
without removing it from the circuit. A spare parts set,
-hp- 11127A, is available for the 3490A. This set
contains the most critical components of the 3490A
such as integrated circuits, transistors and reed relays.
Three interface cables are available for the GPIB Option
030. These cables are identical except for length.

l063lA Interface cable,3 ft.
10631B Interface cable,6 ft.
10631C Interface cable, 12 ft.

A GPIB Repair Kit, -hp- Part No. 0349G80009, is
available for troubleshooting the General Purpose lnter-
face Bus I/O circuits. Also available is a cable. Product
No. 562A-16C, for use with Option 021 and *rp 50508
or 50554, Printers. Field installable Options O2l and,O22
for units with Option O2O are available by accessory
numbers Ill2lA and I I l22A respectively.

Model 3490A

1.14.  INSTBUMENT AND MANUAL IDENTIFICA-
T ION.

l-1 5. Instrument identification by serial number is
located on the rear panel. Hewlett-Packard uses a
two-section serial number consisting of a four-digit
prefix and a five-digit suffix separated by a letter
designating the country in which the instrument was
manufactured.  (A = U.S.A. ;  G = West  Germany;
J = Japan;U = United Kingdom.)

l-16. This manual applies to instruments with the serial
numbers indicated on the title page. If changes have
been made in the instrument since this manual was
printed, a "Manual Changes" supplement supplied with
the manual will define these changes. Be sure to record
these changes in your manual. Backdating information in
Section VIII adapts the manual to instruments with
serial numbers lower than that shown on the title page.
Part numbers for the manual and the microfiche copy of
the manual are also shown on the title page.

l -



Model 3490A
Section I

Table 1-1 . Specifications.
DC VOLTAGE

Full-Rangp Display: . 
:1P9P.Y r 10O.oOo v

i I;IBBBB V . rooo.öö v
Overrange: 2O % onall ranges except 1000 V range
Aeuracy: t l% of reading + To of rangel

Temperaturo Coefficient (0o C to 50o Cl:
O.1 V Range: t (0.00,l % of reading

range)/o C'  
1V th rough 1OOOV Ranges:  r (O.OO1

Temperature Coefficient l0o C to
reading + 0.001 % of range)F C

Voltage Coefficient (1000V range):
kHz to % of reading

Input lmpedance:

2 Mf, t  1 %shunted by:
( 65 pF without rear input terminal
< 90 pF with rear input terminal

OHMS

Full-Rangs Display:

.100000 ke
l.oo000 ko
10.0000 ka
100.000 ko
1000.00 ko
10000,0 ko

Overrange: 2O % on 
-all ranges

Accuracy: + (% of reading + oÄ of rangel

50P Cl: r (0.002 % of

Add 0.01 ppm per Volt/

+ 0.OO03 % of rangelp C
Voltage Coefficient { I 000 V range) :

reading.
Effectlve Common{lode Rejoction

either loadf:
AC:

Option O5O (SO Hz power
5 0 H 2 t 0 . 1  %

Option 060 (@ Hz power
6 O H z t 0 . 1  %

D C :  )  1 4 0 d B
AC Normal{Vlode Rejection :

Option 05O (5O Hz power
! O . l %

Option 060 (60 Hz power
t o . 1  %

Input Resistance:

+ 0.0007 % of

% of reading

Add 0.04 ppm/vott to % of

(with 1 kf,l imbalance in

frequency): ) 140 dB at

frequency): ) 140d8 at

frequencyf: >S0dB at 50 Hz

frequency): > 50 dB at 60 Hz

O.1,V through 10 V ranges (< 70% R.H.): > 2 x 1010 O100 V and lü)0 V ranges: 10 MO I O.1S % 
-

AC VOLTAGE
Full-Range Display: I.OOOOO V

10.0000 v
100.000 v
1000.00 v

20 Hz 50 Hz 100 kHz* 2SO kHz

24 hours
(230 C r 10 cl

3) days
( 2 3 0 C r 5 0 c )

90 days
( 2 3 0 C 1 5 0 C )

6 months
( 2 3 ( ) C 1 5 ( ) C l

l ye€r
( 2 3 0 c + 5 ( ) C l

I Frequencies greater than
l0 V ranges only.

lO0 kHz specified on 1 V and

Overrange: 2O%on all ranges except IOOO V range
ttTlgnt Rango: 20 Hz to 250 kHz (Guard shorted to Low),10' nnximum Volt-Hertz product
Accuracy: x l%ot reading t % of range)

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

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

0.1 ko range: ! (O.OOI % of reading +O.OO07 % ofrange)P C
1 kO through t0,0OO kf,l ranges (< 70% R.H. on 1OOO kj_land 10,0O-0 kf,! ranges): r (O.OO1% ot reaaint i O.OOOSX

of range)/"C

DATA OUTPUT (Optaon OZtl
BCD 1-2-4€, High true or Low true logic code, selectable byinternal sl,rritch

I nput
Signals

Output
Signals

High Level Low Leval

+ 3 . 9 V r 1 . 5 V ,
100pA max.

+3.9 V r  1.5 V,
4O0 pA rnax.

+ 0 . 3 v  t 0 . 3 V ,
2 mA rnax.

+ 0 . 3 v r 0 . 3 v ,
15 mA max,

REMOTE CONTROL (Option 0221

Remote programming of range and function uses |rigrh true rogiccode.

I nput
Signals

Output
Signals

High Level Low Level

+ 3 . 9 V t 1 5 V ,
100pA max. or
open circuit

+ 3 . 9 V r 1 . 5 V ,
40O pA nrax.

+ 0 . 3 v ! 0 . 3 v .
2 mA rnax., or
contact closure
to ground
through < 300 o

+ o . 3 V  r 0 . 3 V ,
15 mA nnx.

24 hours
{ 2 3 o c  !  l o c )

30 days
( 2 3 o c 1 s o c )

90 days
(23oc  r5 ( )c ,

6 months
{ 2 3 o c i s o c f

1 year
{ 2 3 o c ! s o c )

.1 V Range 1 V - f 0 0 { , V R a n g a s

t (0.005 + 0.001 )

I (0.01 + 0.005)

! (0.01 + 0.005)

r (0.013 + 0.0051

t (o.015 + 0.0051

(0.004 + O.OOI )

(0.008 + 0.0021

(0.01 + 0.0021

(0.013 + 0.oo2l

(o.015 + 0.oo2l

24 hours
( 2 3 o c  1  l o c )

30 days
( 2 3 o c ! s o c l

9O days
l 2 3 o c ! 5 0 c )

6 months
{ 2 3 o c  t  s o c l

I year

0.006 + 0.001

0.O12 + o.OOs

0.012 + o.oo5

o.ot 5 + 0.005

0.018 + O.OO5

0.005 + 0.001

O.01 + 0.002

0.012 + 0.002

0.0t5 + 0.002

0,018 + 0.002

0.007 + 0.001

o.0t2 + 0.002

0.0'l5 + 0.002

0.02 + 0.002

0.025 + 0.002

0.025 + 0.ool

0.035 + 0.002

0.035 + 0.002

0.04 + 0.o02

o.05 + 0.002

0.32+0.05 lO.oo+0.025 |  0 .7 +0.06

0.35+0.05  lo . r  +0 .025 |  o .zs*o .oe

0.35+o.os lo . t  +o.o2s lo .zs*o.oo
0.4 +0.06 | o.r +0.03 | o.zs*o.oz

0.45+0.07 |  o. tz+o.o3s |  0.7s+o.o8

l-3



Section I Model 34904

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

RATIO (Option 0801

Ratio Measurement Input Configuration:
3 wire; External Reference Low is conlmon with Input Low.

External Reference High may be positive or negative with

respect to Low. I nput
Ratio =

Ext.  Ref.

External Reference lnput Resistance: > 107O

DC/DC Measurement Accuracy: Ext. Ref. Range

! (Ao/o of Reading r Bo/o of lnput Range + -

Ext. Ref . Voltage

/
External Reference Ranges:

1 V : 1 O . 1  V t o t 1 . 2 V
1 0 V :  t l V t o 1 1 2 V

{1 V range should be used for greater accuracy if the Ext- Ref'

voltage is between 1 V and 1.2 V.

Input Ranges:
DC: o.1 V to 1000 V
AC: 1 V to 1000 V

xC%of Input  Range)

Ext .  Ref .
Range

lnput Range

1 V 1 V ,  1 0 V 100 v, 1000 v

A B c A B c A B c

24 hours (23"C I 1"c) t o v
1 V

.003 .001 .oo2

.o03 .002 .002
.002 .001 .oo2
.002 .002 .002

.003 .001 .002

.005 .003 .002

3o days (23"c r 5"c) 1 0 v
1 V

.oo7 .005 .0m

. 0 0 8 . 0 1 5 . 0 0 3
.002 .003 .002
.o03 .012 .003

.005 .003 .002

.006 .o12 .003

9o days (23"c t s"cl 1 0 v
1 V

.o07 .oo5 .002

.008 .015 .003
.002 .003 .002
.o03 .012 .OO3

.006 .o03 .002
_007 .01 2 .003

6 months (23oc r s"cl 1 0 v
1 V

.007 .005 .002

.008 .015 .003
.002 .003 .oo2
.003 .012 .003

.007 .003 .002

.008 .012 .OO3

1 year 123oc t 5"c) 1 0 v
1 V

.o07 .005 .002

.008 .o15 .o04
.003 .o03 .002
.004 .012 .004

.008 .003 .o02

. o 0 9 . 0 1 2 . O O 4

Notes:
1. On the lOOO V range, add 0.04 PPM/volt to the % of reading specification'

2. EMF's generated external to the 34904 {lay b9 cgmpensated to achieve the % of range

accuracy specified by utilizing the rear panel ThermafAdjust provided'

DC/DC Temperature Coeff icient:
! lo/o of Reading + % of Input Range)/-C

Ext. Ref.
Range

lnput  Range

1 V 1 V ,  1 0 V 100 v, 1000 v

'10 v
1 V

r {0.0003 + 0.0007}
r (0.0004 + 0.0021

r (0.0001 + 0.00041
r (0.0002 + 0.0021

= (0.0005 + 0.0004)
(0.0006 + 0.002)t

DC/DC Measurement Accuracy Example:
lnput  Vol tage = 0.5 V;  Input  Range = 1 V
Ext.  Ref .  Vol tage = 0.5 V;  Ext .  Ref  .  Range = 1 V
30 day spec. = t (0.0037o of Reading + O.O12% of lnput Range

Ext.  Ref .  Range
x 0.003% of  Input  Rangel

Ext .  Ref  .  Vol tage

Rat io Reading should be 1.00000
0.003% of Reading = 3 counts
O.O12% of  Input  Range :  12 counts

* x o.oos"Ä of Input Range= 6 counts
. 5 V

Total rror tolerance = 21 counts
Display should be 0.99979 to 1.00021

AC/DC Measurement Accuracy :

10 V Ext. Ref. Range: Same as AC Voltage aocuracy

1 V Ext .  Ref .  Range: ^
24 hours 123-C t 1-C)l Same^as AC Voltage accuracv

30 davs to 1 year Q3-C x 5-C):  Add o.01 to % of  Rang

AC Voltage accuracy
{See Table 1-1 of  main 34904 manual . l

AC/DC Temperature Coeff icient:

10V Ext .  Ref .  Range: Same as AC Vol tage temperature

coefficient
1 V Ext. Ref. Range: Add 0.001 to o/o ol Range in AC Voltage

temperature coeff icient specif ication
(See Table 1-1 of  main 3490A manual . )

t tt -



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

SAMPLE/HOLD (OPtion 040/0451

Full-range Display: Sample/Hold Measurement Accuracy (DC function, I V through
1ü)0 V ranges!:

r 1.00fi) v
+ 10.q)0 v
! 100.00 V
r 1000.0 v

24 hours (23o c r 10 c)
30.days (23o c r so c)
90 days (23o c r so c)
6 months (239 C r So C)
1 year 1230 c r so cl

t (% of reading + oÄ oI rcngel

Sample/Hold measurement displar/ is 4 full
digits plus overrange "1 ",

r  {0.01 +0.0151
r (0.01 + 0.015)
r (O.01 + 0.015)
r (0.02 + 0.0151
I (o.02 + 0.015)

50o C)r t !O.OO2 % olOvrrangs: 2O%on all range5 except IOOO V range.
Temperature Coefficient (04 C to

reading + 0.0O1 % of range/o C).

Model34904

Maximum Input Voltages:

Between Input High and Low: t 10O0 Vrms (1 1500 V peak)
Between either Low terminal and Guard: I 200 V
Between Guard and Chassis:. 4 500 V
Between O Signal High and Low: t 250 Vrms

Range Seleaion: Manual, autornatic, or Remote (Optionall

Maximum Reading Rate (Minimum Sample periodr per Readingl:

Function Option 050 Option 060

DC Volts
AC Volts
Ohms

. 1  k t o
100 k

1,000 k
10.oo0 k

2 4 0 . 2 m s + 5 m s
1.26s + .025s

2 4 O . 2 m s + 5 m s
3 O 0 . 2 m s + 6 m s
66O.3 ms + 12 ms

2 0 0 . 1  m s + 4 m s
1.05s + .025s

2 0 O . 1  m s + 4 m s
2 5 0 . 1  m s + 5 m s
55O.2 ms * 10 ms

'Sample Rate Control set to FAST position and instrument
not in owrload.

Response Time (to within rated accuracy for a step input applied
coincident with encode triggerl:
DC Volts: ( 200 ms
A C V o l t s :  < l s e c o n d
Ohms:

0.1 k to 100 k ranges: ( 200 ms
10O0 k range: ( 2S0 ms
10,OO0 k range: ( 5SO ms .:

Ohms Terminal CharacteristiG3:

Maximum voltage across unknown resistance:
25 V in overload
1 3 V for valid reading

Nominal current through unknown resistance:
O.1 k to 10 k ranges: .l mA
100 kand 1000 k ranges:  10 pA
10,000krange: l  r tA

Overload protection:
Nondestructive: r 2SO V
Fusedestruct ive:  r  10OOV

Power Raquirements:

10o v, 120 V ,22O V , or 24O y l+ 5 %, - 1O %l; 48 Hzto 44O Hz

Power Consumption: <60 VA with all options

Environmental Characteristics:

Operating Temperature: Oo C to 5Oo C
Humidity Range: ( g5 % relative humidity, Oo C to 4Oo C
Storage Temperature: - 2Oo C to + 75o C

Section I

Table 1-2. General Information.

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

SAMPLE/HOLD

Acquisition Time (Settling tam6 for a f ult+ange slep inputl:

GENERAL PURPOSE INTERFACE BUS LOGIC LEVELS
Al l  l ines are LOW true except HRFD and HDAC, which are

H IGH t r ue .

Input Signals:
Each input  l ine is  terminated wi th 3 ksl to + S V and 6.2 ke

to ground, and one TTL load.

Output Signals:
Each output can drive 15 GplB loads. The output is an

open-collector driver capable of sinking 4g mA at 0.4 V
out-

Maximum Acquisition Time to
Range within 0.Ol % of Final Value

Aperture Time (Delay betwsen the time a Sample/Hold Trigger
/'' command h receiwd and the time Amplifier A entors the

Hold model:

Track/Hold: ( 400 ns (typically 22O nsl; cVcle-to_clrlcle vari-
a t i o n < t 1 0 n s .

Acquire/Hold:

1V, 100 V ranges 615 rls t 4O0 ns 512.6 lls r zl00 ns
10 V, 1000 V ranges 154 6 t 40O ns 129.4 tts t 4OO ns

Sample/Hold Trigger I nputs:

$Tp]9/!9!d TTL Trisser (dc coupted): lnput must go from
HIGH ()+ 2.4 V) to LOW {<+ 0.4 V} for at teast 30 ns.
Signal must be HIGH at least 600 ps prior to going LOW.
Must be capable of sinking I mA.

Sample/Hold AC Trigger (ac coupled): Negative-going leading
edge of a pulse at least 30 ns wide and having an
amditude of 2 V to 2O0 V. Signal must be stable at least
2 1ts Drior to negtive-going transition.

l -5



Model 34904
Section I

Table 1-2. General lnformation (Cont'd.)

SAMPLE HOLD (CONT'DI

Sample/Hold AC Characteristics:

Maximum rate of change of input voltage to maintain
tracking:
2.5 % of range/ps on the 10 V and 1 0OO V ranges.
5 % of range/prs on the 1 V and 10O V ranges.

Maximum dV/dt during digitization: 50 V/t s

Minimum ! 3 dB Bandwidth (external input terminals to
Samde/Hold amplifiersl :

dVs/u

Range

1 V
1 0 v

100 v
1000 v

RATIO

Range Selection:

K1 = Velocity factor. The typical factor for each

range is as follows,

Slope of signal as measured in increments
small enough that the waveform between
measurement points approaches or achieves
l inear i tV.

Typical VelocitY Factor

Time Response Characteristics :
The time response of Sample/Hold for any input wave-

form can be approximated by the equation:

-  10 , rs
-  2 , rs
-  3 p s
+ 7 t t s

External Reference Range: Manual

lnput  Range: Manual .  automat ic,  or  remote (opt ional l

Ratio Display:
1 V Ext. Ref . Range: Read ratio directly
10 V Ext .  Ref .  Range: Mul t ip ly d isplay bv 0.1

Polarity Display {automatic) :
+ for +DC/+DC or -DC/-DC
_ for +DC/-DC or _DC/+DC

No polarity disPlaY for AC/DC

Ratio Measurement CaPabilitY :
Maximum Numerical  Display:  1 20O0O on any Input  range

Maximum lnput  Vol tage:  10O0 Vrms

Maximum Reading RaE:
DC/DC: Same as for dc volt'age measurements

AC/DC: Same as for ac voltage measurements

Input  Protect ion:  250 Vrms ( t  400 V peak) cont inuous

Environmental Requilements:
O:C to 4o:c,  (  95% relat ive humidi tY
O"C to 5O"C maximum operating temperature range

Range

1 V
1 0 v

100 v
1000 v

r 3 dB FrequencY

20 kHz
4O kHz
1 5  k H z
20kHz

dvin
vs/n = vin + Kl _f,r

Similarlv, the input waveform can be reconstructed from

measured data by the equataon:

vin = vs/H - rl 
dvs/H

dt

Where:
VS/n = Displayed Sample/Hold measurement.

Vin = 39OA input voltage.

dVi .
Slope of any portion of an input wavefori?i.

dt

t-6
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SECTION
INSTATI.ATION AN D

Section II

t l
I N T E R F A C E

Figure 2-1 . Line Voltage Selection.

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

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

2-13. The 349OA power cord, power input receptacle
and mating connectors meet the safety standards set
forth by the Intemational Electrotechnical Commission,(rEc).

2.14.  ENVIRONMENTAL REOUIREMENTS.

2-15. The Model 3490A requires no special cooling
equipment if the instrument is mounted to allow free
flow of air around all surfaces. The instrument may be
operated where the ambient temperature is between
0o C and 40o C and the relative humidity is less than
95 %. The instrument may be stored at temperatures
between - 20o C and + 75o C.

8 r 2 0 - 1 6 8 9  8 t 2 0 - r 3 6 9  8 1 2 0 - t 3 5 t  8 t 2 0 - r 3 4 8

"'i,nur" 
2-2. Powercord Gonfigurations.

2.r .  |NTR0Dt CTloN.

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

2.3.  INITIAL INSPECTION.

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

2.5. POWEB REOUIREMENTS.

24. T\e Model 3490A can be operated from any power
source supplying 100 V, l2OV, 220 Y or 24O V (- l0 %
+ 5V),48H2 to 44OHz. Power dissipation is 60VA
maximum. Refer to Paragraph 3-18 (Section III) for
instrument tum-on procedure.

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

2.8. POWER CORDS AND RECEPTACLES.

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

2.1 ( | .  GROUNDING REOUIR EMENTS.

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 34904 is equipped with a three con-
ductor power cable which, when plugged into an

r- IOOV--r
I r-r 20v-l

i l i l
I Lzqov----l
\-22OV '

IOO Vo l t s

r- l@V-

I  a rzov-l

i l E
I L zqov--]
L  2 2 0 V  ' -

220 Vol ls

-1O%,+ 5% of  nominal

90 to 105 volts
108 to 1 26 volts
198 to 231 volrs
216 to 252 volrs

@ffiW
s T 0

2-1



Section II

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
tilt stand. The plastic feet are shaped to permit placing
the instrument on top of other full-module Hewlett-
Packard instruments.

2-19. Rack Mounting.

2-20. The Model 3490A may be rack mounted using the
rack mount kit (-hp- 0349G84401) supplied with the
instrument. Instructions are included with the kit. The
rack mount is an EIA standard width of 19 inches. When
mounted using the rack mount kit, additional support
must be provided at the rear of the instrument. The
dimensions of the Model 3490A are shown in Fizure 2-3.

Figure 2-3. Model 3490A Dimensions.

2.21.  INSTALLATION OF OPTIONS.

2-22. T}te Isolated Data Output (BCD) Option 021 and
the Remote Option 022 may be installed in the Model
349OA only if the instrument was equipped at the
factory with the BCD/Remote Expand Option 020.

2-23. lsolated Data 0utput 0ption 021 (-hp- 111ZlAl.

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

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

b. Remove screws holding cover plate to instrument
s:rard. This plate is located in left rear portion of
rnsrrument between the Inguard Motherboard Al and
Out suard l lotherboard A8.

Model 3490A

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

d. If Isolated Remote (lll22L) is not installed at
this time, install cover plate 03490-04117 over the left
opening in the guard. If Isolated Remote is to be
installed, place the 03490-60308 Isolated Remote Mod-
ule in the opening to the left of the BCD Module (see
Figure 24).

e. Insert the Isolated BCD Inguard PC Assembly
0349U66509 into Connector AlJ8 and install Cable W4
between this Assembly and the inguard side of the
Isolated BCD Module (see Figure 24).

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

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

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

2-25. f solated Bemote 0ption 022 (-hp- 11122A1.

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
Parugraph2-23.

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 A8.

c. Install 03490-60308 Isolated Remote Module in
the left opening in the instrument guard using screws
provided (see Figure 2-4).

d. If Isolated BCD (11121A) is not installed at this
time, install cover plate 03490{4117 over the right
opening in the guard. If isolated BCD is to be installed,
place the 03490-60306 Isolated BCD Module in the
opening to the right of the Remote Module (see Figure
24).

e. Remove the 03490-66504 Inguard Remote Jump-
er Board ard insert the Isolated Remote Inguard PC
Assembly 0349U66511 into Connector AlJT 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 Outguard PC Assembly
0349046512 into Connector A8J10 and install Cable

O I M E N S I O N S  I X  I N C H E S

ANO MILLIMETERS
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I  OUTGUARD REMOTE

03490- 665t2A 8 J  I O

I aa,rs 03490-66510

l<-  cABLE w7 /  
-  -

f - - - .

TSoLATED REMOTE : ISOLATED BCD MODULE
MOOULE 03490- 60308 | 05490 - 60306

r - l
r f f i

l_J I|  - J -  - - \

I 'I  ; +CABLE W4
i  .  _ _ _ /

;<-caBLE rY6
t \ -  

E TNGUARD BcD
J J i J V - 9 9 J W t

AI.J8

-_ f-1 AIJ 7 03490-56511

Figure 24. Installation of lsolated BCD Output and Remote Options.

Model3490A

2-29.  INTERFACE CONNECTIONS.

2-30. Data 0utput 0ption 021.

2-31. Data Output connections and logic
shown in Figure 2-5. The measurement

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

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

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

2-27. Option 050 and Option 060.

2-28. A Model 34904 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 A'1R207

Frequency hp- Part No Resistance +lp- Part No

Option 050
Option 06O

3.333 MHz
4.000 MHz

o4100466
0410{465

100 kfi
84.5 ko

07574465
0@8-4510

Section Il

range, function, polarity and overload information is
contained in ten four-bit groups of l-248 BCD coded
information. This information may be either HIGH true
or LOW true, as selected by the HIGH/LOW switch on
the Outguard Data Output Assembly, Al0. 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. Outguard ground (pin 50) is isolated from
inguard circuit common and chassis (power line) ground
and may be floated a maximum of 40 V above chasis.

._.The mating connector for the rear panel Data Output
connector J6 is -hp- Part No. 125l{086 (Amphenol

Output option.

2-32. Remote Gontrol 0ption 022.

2-33. Remote Control input and output lines and logic
levels are shown in Figure 26. Range and function
program lines are HIGH true, while all other input lines
are LOW true. The Sample/Hold Mode, Delay and
Trigger lines are for use with the Sample/Hold Option
040. The Program Flag output is HIGH during outguard-
to-inguard transfer of program information, and the
Data Flag output is HIGH during a measurement
sequen@. 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{.
Outguard ground (pins 7, ll 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

levels are
magnitude,

: -J
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LOGIC LEVELS

Output Lines: HIGH = + 39 V t 1.5 V,4OO pA rnax.
LOW = + 0.3 V r 0J V, lS mA rnax.

Input Lines: HIGH = + 3.9 V a 1.5 V, 10O rrA max.
LOW = +O.3 V r O.3 V, 2 mA rnax.

High Reference = + 5.3 V
Low Referenc€ { V - Outguard ground

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

Outguard ground is isolated from inguard circuit common
and- chassis (power linel ground and ,nay be floated up ro
40 V above chassis.

DATA FLAG (Print Command Outputl
Changes from LOW to HIGH at beginning of measuremenr
and returns to LOW at completion of a reading rycle,

PRINTER HOLD
HIGH input le\rel causes 349OA to stop autornatic
sampling until level returns to LOW.

HOLD
Continuous LOW input tevel disables autornatic sampling
and permits external triggering.

EXTERNAL ENCODE (Trigser)
When "Hold" mode is selected, LOW input le\rel for
minimum ol 24O ps initiates one reading cycle. See
Paragraph 364.

DIGITAL RECORDER PRTNT CODES (Using -hp- 50508 Standard * or - 1248 print WheellPrinter columns numbered from right to left. columns 1 through 5 print numerical value of measurement. coded outputinformation may be either HIGH i.u" or LOW true, as selected by t'he HIGH/LOW switch on the Outguard Data OutputAssenilclv, 410' This switch must be set to correspond to the logic trr" inprt levei required by the digital recorder used.

Colqmn 6
Column

FüfFtkh

HIGH Tre LOü Tr{
Fundid 8it

D C B A Print Fundion 8it
D C B A

Pr&rt

O, Remlo
AC, R.mt€
T6,R.@E
DC. F.tio
Jl, R.tio

{nor El idl
AC, F.r'o
TH, Ratio
oc
o
AC
T6

L H  L H
L H H L
L H H H
H L L L
H  L L H

H  L H  L
H L H H
H H L L
H H L H
H H H L
H H H H

8
9

+

H  L H  L
H  L L H
H L L L
L H H H
L H H L

L H L H
L H L L
L L H H
L L H L
L L L H
L L L L

6
7
8
9

+

N 6
Dkplay

HlcH Tru. LOW Trü.

Data
O C B A Print Dat€

D C B A Ptint

0 L L L L
L L L H

0
I

L L L H
L L L L

Colomn t

O.ta
Multiplit

HIGH Tru. LOW Tru.
Ragr 8ir
D C B A

Print Rangr Bir
O C B A Print

to-r
to-2
to-3
to{
to€'to€

L L L H
L L H L
L L H H
L H L L
L H  L H
L H H L

'|
2

4
5

L H H L
L H L H
L H L L
L L H H
L L H L
L L L H

o

o

T,i",,* lJ. i: f: ,1.: ,t;: ;
Cdumtr I

Polrity,
Onrlod

HIGH Tru. LOIV Tru!
D.b

D C E A
Print O.b

D C B A
Print

+

+ ,  O L
-.  oL

L L L L
L L L H
L L H L
L L H H

o
1
2

L L H H
L L H L
L L L H
L L L L

n

DaE raG Data Multiplier giv6 nesurerent an rclB or
kilohG ex@Fit for Ratio |@iuEments.

Column g

Column l0

S..tipb/Hold
Mode

HIGH Tru. LOW Tre

D.b
D C E A

P.int Dü
D C B A Print

O N
O F F

H L H H
H H H H

H H H H
H L H H 4

Fundid

HIGH True LOW Tru€

Function Bit
D C B A Print Functioo 8il

D C A A
Print

DC, Re@te, Rat io
tl, BemG, Ratio
AC, Remre, Rat io
T6t,  Rmte, Rario
OC, Remre

L L L L
L L L H
L L H L
L L H H
L H L L

0
I

2

4

H H H H
H H H L
H H L H
H H L L
H  L H  H

0
1

3
4

l-r

Figure 2-5. Data Output Connections, Option 021 .
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LOGIC LEVELS
. lnput  L ines:  HIGH = + 3.9 V t  1.5 V,  100 pA rnax;  or

open circuit
LOW = + 0.3 V I 0.3 V, 2 mA rnax.; or contact
closure to ground through < 300 A.

Output  L ines:  HIGH = + 39 V j  i .S V,  400 pA nnx.
LOW = + 0-3 V 1 0.3 V,  15 mA max.

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

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

INPUT SIGNALS
Remote Enable: Continuous LOW input level disables

front  panel  Range, Funct ion,  and Sample/Hold con-
trols and enables remote programming of these func-
t ions.

Range Programming:
Range lnput Logic Levels Test No.

C B A
.1  V , . 1  ks l  H  H  L  2
l V ,  1 K O  H  L  H  3
1 0 v ,  1 0 k o  H  L  L  4
1 0 0 v .  1 0 0 k o  L  H  H  5
1000v ,1000ko  L  H  L  6
10,000ko L L H 7

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

Function Programming:
Funct ion Input

B
D C L
' r l L
A C H
Test H

Logic Levels
A
L
H
L
H

REMOTE INPUT CONNECTOR J7
oPTtoN 022

Mating Connector:
-hp- Part  No. 1251 {O84
Amphenol No. 57-3Ob00-37S

INPUT SIcNALS (Cont 'd)
Sample/Hold Programming (Option O40):

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

Program Execute:  LOW input  level  for  minimum of  5 ms
ini t iates outguard-to- inguard t ransfer  of  Range, Func_
t ion,  and Sample/Hold program informat ion.

Hold:  Cont inuous LOW input  level  d isables autornl t ic
sampling and permits external triggering.

External Encode (Trigger: When ,,Hold,, mode is serec_
ted, "0" input level for minimum of 24O ps initiates
one reading cycle.

Sample/Hold Trigger (Option O4O): LOW input levet for
.*' minirpum of 30 ns triggers Sample/Hold circuits and

Stretched Pulse Output circuit.
i L .

S/H AC Trigger (Option 040): Negativegoing edge of an
input  pulse at  least  30 ns wide and having an ampl i -
tude f rom 2 V to 15 V t r iggers Sample/Hold c i rcui ts
and Stretched Pulse Output circuit.

OUTPUT SIGNALS

Program Flag:  Changes f rom LOW to H|GH at  beginning
of outguard-to-inguard information transfer. Return to
LOW indicates transfer is complete.

Data Flag (Pr int  Commandl :  Changes f rom LOW to
HIGH at  beginning of  measurement,  and returns to
LOW at completion of a reading cycle.

Stretched Pulse Output (Option 04Ol: Changes from
Hf GH to LOW for a minimum ot 24O tts for each
Sample/Hold Trigger or S/H AC Trigger input.
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Figure 2-6. Remote Input Connestions, Option 022.
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Section II

connector J7 is -hp- Part No. l25l{084 (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 2-1 . 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. 125l-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

Model 3490A

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

2-36. General Purpose lnterface Bus Connections.
2-37 . Figure 2-9 shows the signal connections at the rear
panel GPIB connector, Il2, and. gives a brief description
of each signal. Additional signal information is included
in Section III, Operating Instructions (see Paragraph
3-90). The 1063IA/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 Gable Length.

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

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

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

3. The total cable length to all units cannot
exceed 5 I feet.

A
B
c
D
tr

r

Rear Input  Connector ,  J10

Signal

)
High\  o Sisnal  or
LoryJ Ext. Ref.
Input Low
Input High

Conn .  t o  B  ( l n t )

Guard

Wire Color
(External  Cable)

White

Green
Black
Fled
N C

Shield

Mating Connector: -hp- Part No. 1251-1233

Mat ing Cable:  -hp- Part  No.03490-61 612

Figure 2-7. Rear Input Connector and Cable.

CABLE PART NO. LENGTH

10631A
1 0 6 3 1 8
10631C

3 f t
6 f t

' l2 t t

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

Description Mates with -hp- Part No. Amphenol  No.

A .

B .

a

D .

Cable to chassis plug
with hood and clamp

Cable to chassis Receptacle
with hood and clamp

Rack and panel  p lug

Rack and panel Receptacle

Rear panel or
with B or D.

A o r C

Rear panel or
with B or D.

A o r C

1251-0293

'1251-0431

1 251 -0389

1 251 -0388

51-30240

57-60240

57-10240

57-20240

GPIB BUS CONNECTOR Jl2

OUTGUARD
G R O U N D  *

r o ( o F @

9 9 9 9 f
n ^ ^ A
J J J J J

8 ä ; ; ' i E F q 8 ä +
6

Mating Connector:
-hp- Part  No. 1251 4293
Amphenol  No.57-3O24O

Mating Cables:
10631A  3  f t .
10631 B 6 f t .
10631C  12  f t .

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

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

Output Signals:
Each output can drive 1 S GPI B loads. The output is an
open{ollector driver capable of sinking 4g mA at
O.4 V output .

S IGNALS

L M R E
L Mult ip le Response Enable al lows al l  uni ts on the
GPIB to be addressed or unaddressed by the control-
ler .

LSRO
L Service Request indicates that the 34904 wants the
attention of the controller.

LEOP
L End Output is used by controller to terminate all
activity on the bus.

HDAC
H Data Accepted indicates 34904 has accepted data.
Returns to LOW when 34904 is finished processing
data.

H R F D

H I G H ,

LDAV
L Data Valid indicates valid output data is available
from the 34904 if addressed to talk, or input data is
available if 3490A is addressed to listen and MRE is
HIGH. Address is  val id i f  MRE is LOW.

L R E N
L Remote Enable enables the 34gOA to be placed in
the Remote mode.

LDIO1 through LDIOS
L Data Input/Output lines carry information in octal
form to the 34904 if addressed to listen or from the
3490A if addressed to talk_

'Outguad ground is isolated from inguard circuit common (input Low terminall and chassis (power linel ground and may befloated a maximum of 40 V above chassis.

Figure 2-9. General Purpose lnterface Bus Connections.
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Section II

2-40. Trigger Connections, GPIB 0ption 030.

241. Figure 2-10 shows the rear panel Trigger con-
nector, Jll, and lists the External Trigger signals. The
mating connector for Jll is -hp- Part No. 12514142
(Amphenol 57-30l4l).

2-42. Sample/Hold Connections, 0ption 040/045.

243. Option 045. Figure 2-ll shows the external
trigger connections for Option 045, which is Sample/

Model 3490A

Hold without Option 020 or Option 030. The mating
connector for Trigger Connector Jll is {rp- Part No.
1 25 1 41 42 (Amphenol 57-301 4 I ).

2-44. Sample/Hold with BCD Remote Expand Option
020. When Sample/Hold is included in an instrument
with the BCD Remote Expand Option 020, the Sample/
Hold trigger connections are located on the Remote
Input Connector, J7. Figure 2-6 shows this connector
and describes the trigger signals. The mating connector

TRIGGER CONNECTOR J l1

E
U t J J E

!2 lg
9 V
= g
F C E

J F
- v
F L

L

; 2 2 3 9 9 ä

Mating Connector:
*rp- Part No. 1251.0142
Amphenol No.57-30141

z Z
l

tr

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

Sample/Hold TTL Trigger:
LOW input  level  ( (+ 0.4 V) for  at  least  30 nstr iggers
Sample/Hold circuits and/or triggers 34904 to take a
reading.

Sample/Hold AC Trigger:
Negativegoing 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 (34904 is not looking for a triggerl.o o o o o

z z z z z
6 ö
E 6
( 9 c ,
t *

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

E A
I l J I E
\ : / J I U
o c l o
n o ( ,
F = F

)  o l  F
! -  t - ?  ( )

:  H F
* o ( J i f C ) ( J r
u i  z  z ' @ O  z z A i

TRIGGER CONNECTbR J l1

Sample/Hold TTL Trigger:

Mating Connector: LOW input level {(+ O.4 V) for .)t least 30 ns triggers

+rp_ part No. 1251*,142 Sample/Hold circuits and/or triggers 34904 to take a reading.

Amphenol  No.57-30141 
Must be HIGH at  least  60o ps pr ior  to going Low'

Sample/Hold AC Trigger:
Negative-going edge of an input pulse at least 3() 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 ps prior to negtive transition.

Stretched Pulse Output:
Changes f rom HIGH l2+z.q V) to LoW ({+ o.+ V) for  a

minimum ot 24O tts for each Sample/Hold TTL Triggpr or

Sample/Hold AC Trigger input.

The mating connector for Jl 1 is *tp- Part No. 1251{142
(Amphenol 57-30141) supplied with Option 045 or Option

030.

z
l

z z
o o o o
2 Z Z Z- -

A

a i  , 4

* *

*  Outguard ground is isolatedfrom inguard c i rcui t  common ( input  Low Terminal land chassis (power l inel
ground and may be floated a maximum of 40 V above chassis.

Figure 2-11. Trigger Connections S/H Option 045.
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for J7 is -hp- Part No. 1252-0084 (Amphenol
s7-30360-37s).

245. Sample/Hold with GPIB Option 030. Figure 2-10
shows the Trigger Connector, Jll, and describes the
trigger signals. The mating connector is -trp- Part No.
125 l-01 42 (Amphenol 57 -301 4 l).

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
nulhber. If you have any questions, contact your nearest
-hp- Sales and Service Office.

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

Section II

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

b. Place packing material around all sides of the
instrument and protect panel face with cardboard strips
or plastic foam.

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

d. Mark shipping container '.DELICATE INSTRU_
MENI" "FRAGILE." etc.

NOTE

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

2-9



Section III Model3490A

1 .

2 .

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
contro l .

Sample/Hold Switch (Option o4o/045). Selects Sample/
Hold mode.

Ratio Switch (Option 0801. Selects internal or external
referen@.

Range Switch keys.

The Range Switch keys are inter locking.  That
is, when one range key is pressed, the Previ-
ously selected key is  re leased. Do not  pul l  up
on a range key, or mechanical damage will
resul t -

a Signal or External Reference (Option O80l input
terminals.

.  ._.8.  Guard terminal ,

i \ -  9.  InPut terminals.

10.  Funct ion Switch.

1 1.  Thermal Adjust .  See Paragraph 3-41.

'| 
2. Rear Panel input connector in parallel with front

terminals.  Inc luded wi th Opt ions 020 or  030.  See Figure
2 -7 .

1 3. Line voltage selection switch. gee Figure 2-1 .

14.  Remote Input  connector  J7 (Opt ion 0201. See Figure
2-6.

1 5.  L ine fuse.

16, AC power @nnector.

17.  Data Output  connector  J6 (Opt ion 0201. See Figure 2-5.

18.  General  Purpose Inter{ace Bus connector  J12 (Opt ion

030).  See Figure 2-9.

19.  Tr igger Input  connector  J1 l  (Opt ion 030 or  045).  See
F igu res  2 - l 0  and2 '11 .

J .

4 .

5 .

6 .

l-rJ

Figure 31. Front and Rear Panel.
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S E C T I O N  I I I

OPERATING INSTRUCTIONS

3-1 .  INTR0DUCTI0N.

3-2. This section contains instructions for using the

Model 34904 Multimeter to make dc voltage, ac voltage

and resistance measurements. It also includes instruc-

tions for sample/hold and ratio measurements, remote
control and data output. Basic operating instructions
may be found on a pull-out card at the bottom edge of
the 3490A front Panel.

3.3. INSTBUMENT CAPABI LITIES.

3-4. Standard I nstrument.

3-5. The standard Model 3490A Multimeter makes dc
voltage, ac voltage and resistance measurements with
S-digit resolution and up to I 20 % of range on all ranges
except l000Vac to dc. The 3490A has five dc voltage
ranges, .l V to 1000V; 4 ac voltage ranges, I V to
1000V; and six resistance ranges, I kO to 10,000kQ.
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 Gontrol 0ptions.

3-7. Data Output Option 021 and Remote Control
Option 022. Option 021 provides ten columns of binary
coded decimal (BCD) output data. This data may be
either HIGH true or LOW true, as selected by a slide
switch on the outguard data output printed circuit
assembly. With Option O22, the 349OA range and
function may be programmed by LOW true input
information. External triggering is possible with either
option.

3-8. General Purpose Interface Bus ll0 Option
030. The General Purpose Interface Bus I/O (GPIB)
option permits remote programmhg and data output on
the same bus lines. The 3490A may be connected to a
bus in parallel with several other instruments and
controlled by a single controlling instrument. Remote
control of range, function, trigger mode and sample/hold
mode is possible with Option 030. The output data
includes measurement status, function, polarity, magni-
tude and range, in the format given in Paragraph 3-126.
Controlling instruments that may be used with the
3490A GPIB option include the -hp- 9800A series
calculators and the -hp- Model 3260A Marked Card
Programmer.

3-9. Sample/Hold 0ption 040 or 045.

3-10. The Sample/Hold Option (040 or 045) enables the
\todel 3-190.{ Multimeter to sample a changing input

voltage and hold that sample long enough to measure its
amplitude. This permits pulse height measurements and
digitization of changing waveforms such as ramps or sine
waves. The extemal trigger circuits are isolated from the
signal input Low terminal and from chassis ground,
which allows the voltmeter to make guarded floating
measurements. The designations used for the 34904
Sample/Hold options are as follows:

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

BCDiRemote Expand Option 020 Option 040
GPIB Option 030 Option 040
Neither 020 or 030 Option 045

3-11. Batio 0ption 080.

3-12. The 3490A equipped with Ratio Option 080 is
capable of making three-wire dc-to-dc or ac-to-dc ratio
measurement. Two External Reference ranges are pro-
vided, the I V range accepting reference voltages of
10.1 V to t  1 .2V,  and the 10V range accept ing
voltages from t I V to t 12V.

3.13.  FRONT AND REAR PANEL OESCRIPTION.

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

, .  3-15.  MAXIMUM INPUT VOLTAGES.

3-l 6. Table 3-l 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 resull.

wAR]ililG

If the 34904 has a rear input connector,
the front and rear terminals are internally
connected in puallel. If high voltages may
be applied, always protect the open termi-
nals. Be ilre the rear input terminals are
open before connecting an input to the
front terminals and vice versa.

3-l
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Table 3-1 . Maximum Voltages.

Maximum
Voltage

Between Input  HIGH and LOW
Between fi Signal HIGH and LOW
Between either LOW terminal and Guard
Between Guard and Chassis

100O Vrms
250 Vrms
2O0 V peak
500 V peak

3. I  7 .  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 34904, and
between the Low measurement point and power line
ground of the source circuit. When current due to these
voltages flows into the 3490A input terminals, some
error in measurement results because of the voltage
drop in the measuring circuit. In systems measurements,
the resistance of long input leads may become signifi-
cant. Wide separation between the 3490A power line
ground point and the ground point of the source circuiü,
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 R6, causing some
measurement error. This connection may be used if
common-mode voltages are not expected to be a
problem or if R6 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
gound of the source circuit to flow in the measurement
circuit- Guard should alwoys be connected, either to the
Lou' terminal or to a point in the source circuit as
rrdicated. If the guard terminal is left open, common-
mode voltages may exceed the Low-to-Guard breakdown
r3ring and damage the 34904.

Model 3490A

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

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

3-24. Floating Measurements.

3-25. The Model 3490A is capable of making flöating
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
geater than 500 V peak.

r - - -

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

44904- - - - - - - -  -  -

EEST CONNECITON

SAME VOLTAGE

NO COMMON MOOE CURRENI
GOES IHROUGH Rb

9!9!'!-9 _ _ _

B. Guard Connected To Low At Voltmeter.

sÄME VOLIACE

COMMON MOOE CURRENT
6 O E S  T B R O ü G H  F b ,
CAUSIN6 ERRORS

9E0!{q__ _

C. Guard Connected To Earth Ground.

DOITEO CONNECI ION
DEFEAIS GIAROI  MAY
OAMACE INSIqUMENT

SOLIO CONN€CION SHUNTS
MUCH OF COMMON MOOE
CURRENT AWAY FROM Rh,
PROVIDED THAT ECM 15-
MOSILY 8€TWEEN GROUNOS

GROUNO

FLOATING

r'- - -l

i*.J

Figure 3-2. Connecting the Guard.
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3-26. 0verrange Measürements.

3-27. Measwements within rated accuracy are possible
up to 120 7o of runge on all except the 1000 Vac or dc
ranges. Overrange inputs on these ranges would exceed
the maximum allowable input voltage. The display
includes the overrange "1" as the sixth digit.

3-28. Overload Indication.

3-29. lf the measurement is 120 % of nnge or geater,
the Overload "OL" annunciator will light. The numerical
display will read 120000 to 120005.

3-30. Bange Indication.

3-31. The 349OA display always reads in volts or
kilohms (except in Ratio measurements), with the
decimal point and range switch indicating the range
selected. In autorange mode, the decimal point alone
indicates range.

3-32. Function Indication.

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

3-34. Autoranging.

3-35. In the autorange mode, upranging occurs at l2O%
of range and downranglng at lOVo of range. Ameasure-
ment sequence is not completed unless the reading is on
the proper range. For example, if the Sample Rate
control is set to Hold and the Manual Trigger push-
button depressed once, the 3490A will continue to
sample until one reading is taken on the correct range.
When the 3490A is changed to the autorange mode from
a voltage range, the first reading in autorange is not
valid.

3-36. ManualTrigger.
3-37. Manual triggering is available on all instruments.
When the Sample Rate control is set to Hold, one
measurement results each time the Manual pushbutton is
depressed. If the pushbutton is depressed while the
instrument is not in the Hold condition, automatic
sampling will stop until the button is released.

3.38. SELF.TEST OPERATION.
3-39. The Intemal 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 Intemal Tests. If Test No. I ii
not correct, refer to the Troubleshootingsection. Ifany
of the other tests are not correct, refei to the perfoi_
mance Checks.

Section III

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.

c. Select RANGE l, 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 ih-own,
with the polarity sign, numbers, and decimal points ai
shown. The last reading listed displays all digiis 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
+ o4.oo24
+ 0.20024
+ .0too24
+ 0.09032
+ to.oo24
+ 200.024
+ 4000.24
+ 80002.4
+ 6000.xx OL

d. Select RANGE 2. The display should be .000000
t 2 counts. This verifies the l0 V range zero.

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

f. Select RANGE 4. Using a dc standard having an
accuracy of t 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. Ifthe
3490A has the ratio option, set RATIO to EXT REF
l0 V and short EXT REF input terminals. Display
shoüld be r 00.0000. This checks the Ratio Reference
dmplifier zero. Return RATIO switch to INT REF
position and remove short from input.

g. Select RANGE 5. Display should be 000.000 t t5'counts, 
verifying the 0.1 V range zero.

h. Select RANGE 6. Using a dc standard having an
accuracy of t 0.01 % or better, apply an input of
- 10.0000V. Display should be - 1000.00 I (35 counts
+ dc standard error). This ehecks the dc input 0.01
attenuation and the dc amplifier xl00 gain.

i. Select RANGE 7. Short fl SIGNAL terminals.
Dsplay should be - 09700.0 1 7000 counts. This verifies
proper operation of the Ohms Converter.

3-40. DC VOLTAGE MEASUREMENTS.

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

J-J
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bar or a large solid copper wire, and adjust AlR429
(Thermal Adj) for zero display. AlR429 is accessible
through the rear panel. If the 3490A has the rear input

connector, loosen the hinged cover to gain access to
AlR429.

Be wre 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 ta the instrument
may rewlt.

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.

*Sample Rate Control set to FAST position and instrument

not in overload. Each counterclockwise step adds 240 ms in

Opt ion 050 instruments,  200 ms in Opt ion 060 instruments.

3-44. Input Resistance.

345. Input resistance in the dc function is greater than

101 o ohms on the .1 V, I V, and 10V ranges, and l0

megohms t 0.1 5 7o on the 100 V and 1000 V ranges.

3.46. AC VOLTAGE MEASUREMENTS.

Be sure to connect the Guard Terminal

and to observe the maximum voltage limL

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 enor-

341 . The display will NOT rcad 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 nTable 3-2.

Model 3490A

3-50. Frequency Bange.

3-51. Frequency range of the ac converter is 20Hz to

250kHz, r"itft u maximum volt-Hertz product of 107.
That is, the frequency range for the I V and l0 V ranges
is 2OHz to 250 kHz, but the maximum frequency at

100 V is 100 kHz, and at 1000 V it is l0 kHz.

3-52. Input lmpedance.

3-53. Input impedance in the ac function is the same on

all ranges, and is 2 MO t I % in panllel with ( 65 pF in
instruments without rear panel input and (90pF in
instruments having tire rear panel input connector'

3-54. Harmonic D istortion.

3-55. The 3490A has an average-responding ac-dc con-

verter circuit calibrated to display the rms value of a

sinusoidal input. Therefore, any distortion present in the

input signal will affect the accuracy of the measure-
ments as shown in Table 3-3.

Table 3-3. Distortion Error.

Harmonic % Distor t ion

Yo Error

{*Fundamental)

Max .
Positive

Max .
Negativr

Any
even

o.1
0 .5
1 . 0
2.O

0.000
0.001
0.005
0.020

Third 0 . 1
o .5
1 . 0
2 .o

o.033
0.1 68
0.338
0.687

0.003
o.167
0.328
0.667

Fif th 0.1
o.5
1 . 0
2.O

0.020
0.1  01
0.205
o.420

0.020
o.099
0.195
1.380

*Depends on phase relationship between harmonic and

fundamental.

3.56. RESISTANCE MEASUREMENTS.

3-57. When the 3490A is making resistance measure-

ments, movement of the instruction card will cause

display readings to jump. For optimum accuracy of

mtusur.*ents on the .1 kO range' first set Range and

Function to .1V dc, short the input terminals with a

copper bar or large solid copper wire, and adjust

efn+zq (Thermal Adj) for zero display' A1R429 is

accessible through the rear panel. If the 3490A has the

rear input connector, loosen the hinged cover to gain

access to the adiustment.

Funct ion

Minimum Sample Per iod* Response
TimeOption 050 Option O60

DC Volts
AC Volts
Ohms

.1 k thru
100 ko

1,O00 kf,,
10,000 ko

2 4 0 . 2 m s + 5 m s
1 . 2 6 s + . 0 2 5 s

2 4 0 . 2 m s + 5 m s
3 0 0 . 2 m s + 6 m s
660.3 ms + 12 ms

2 0 0 . 1  m s + 4 m s
1 . 0 5 s + . 0 2 5 s

2 0 0 . 1  m s + 4 m s
2 5 0 . 1  m s + 5 m s
550.2 ms + l0 ms

200.1 ms
1 . 0 5  s

2OO.1 ms
25O.1 ms
550.2 ms
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Be sure to connect the Guord Terminal
and to obserye the maximum voltage limi-
tations noted on the front panel and in
Table 3-1 , or damage to the instrument
may result.

3-58. Input Connections

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

O  S I G N A L
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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 34. The High
to Low transition of External Encode and Data Flae can
occur simultaneously.

HOLD

Pilä:::",----__1_ r
EXTERNAL ,
ENCODE 

o

34904.81&

Tl - External Encode must be HtLiH at teast 16 ps before
Data Flag goes LOW. This requirement rnay be met by
changing External Encode to HIGH immediately after
Data Flag goes HIGH indicating the start of a measure-
ment sequenoe.

T2-External  Encode müSt be HIGH for  at  least  4gps
before it goes Low to initiate a measurement. lf
External Enmde was set HtGH immediately after Data
Flag went HIGH, the T2 requirement rnay be met by
holding External Encode HIGH until Data Flag goes
LOW indicating completion of a measurement
sequence.

T3 - External Encode must rernain LOW for at least 24O ps
to be accepted and initiate a rEasurement.

T4 - Data Flag will go HIGH within 230 ps of receipt of a
valid HIGH to LOW transition of External Enc,ode.

Figure 3-3. Ohmmeter lnput Connections.

3-60. 0hms Signal Voltage and Current.

3-61. The maximum voltage across the resistance being
measured is 13 V for valid measurements and 25 V in
overload. Table 3-4 lists the approdmate short circuit
current for each range. Accurate voltage and current
sources are not required, since a resistance measurement
is the ratio of the voltage across the unknown resistance
as a result of the reference current, to the reference
voltage which determines the amount of the currenr.

Table 34. Ohmmeter Current.

Range
Nominal

Current

. l  ko
l k o

10 ko
100 ko

1,000 ko
10,000 ka

1 m A
l m A
l m A

10  pA

10  pA

1 ttA

3-62. 0hmmeter Sampte Rate and Besponse Time.

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

3-64. EXTERNAL TRtcGER (Option 020).

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

Figure 3-4. External Trigger Sequence (Option 020).

3-66. DATA 0UTPUT (Option 021).
3-67. The Data Output option provides ten columns of
measurement data, including polarity, range, function,
and overload information. A Data Flag (prini Commandj
output is also provided, as are inputs for printer hold
and triggering. Figure 2-5 shows the Data Output

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

. 1251-0086 (Amphenol No. 57-30500-375) is supptied" with Option 021 . A cable terminated at each .nä'by u
50-pin connector, -hp- 562A-16C, is available for con-
nection to -hp- digital recorders.

3-68. Output Signals and Levels.
3-69. If the Model 3490{is equipped with Data Output
Option 02l ,Ien columns of l-24-8 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 = + 3.9 V r 1.5 V, 400 pA max. The LOW level
=0.3V + 0.3V,  l5mA max.  Columns I  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 - 124g. The
HIGH/LOW switch on the Outguard Data Output
Assembly, Al0, must be set to correspond to the logic
true level required by the digital recorder used. Figure
3-5 shows the printout for Option 021.

3-5
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3-70. The Data Flag @rint 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.

3-12. Three input connections are available at the Data
Output connector. The input logic HIGH = + 3.9 V
+ 1.5V, l00pA max, or an open circuit. The LOW
level = + 0.3 V t 0.3 V. 2 mA max. or contact closure to
ground through < 300 A. A HIGH input at the Printer
Hold connection causes the 3490A to stop automatic
sampling until the line returns to LOW. A continuous
LOW connection at the Hold input prevents automatic
sampling and permits external triggering. When Hold is
LOW, a LOW input level at the External Encode input
for a mimimum of 240 ps initiates one reading cycle (see.
Paragraph 3-64).

3-73. Data 0utput lsolation.

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

3-75.  REMOTE C0NTROL (0pt ion 022) .

3-76. In addition to remote control of range and
iunction. the Remote Control option includes provision
for external triggering. A Program Flag output is HIGH
during remote program execution, and the Data Flag
rrulput is HIGH during a measurement se,quence. A
:natinE connector. *rp- Part No. 125 l-0084 (Amphenol
\- ' r:-3036G375) is suppliedwith the Remote Control
. t  o l :on.

l a
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3-77. Input Signal Requirements.

3-78. The Remote Control option permits remote selec-
tion of the remote mode of operation, and remote
programming of range and function, including Test and
optional Sample/Hold. For input signals, the logic HIGH
level = + 3.9 V r 1.5 V, 100 pA max., or an open
circuit. The LOW level = + 0.3 V t 0.3 V, 2 mA max., or
contact closure to ground through <300 O. Figure 26
shows the binary coding required for range and function
programming, as well as the requirements for the other
input signals.

3-79. 0utput 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 = + 3.9 V t 1.5 V,
400 l,rA max; LOW = + 0.3 V r 0.3 V, l5 mA max.

3-81. Remote Programming Procedure.

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

3-83.'Remote Gontrol 0f Test Function.

3{4. 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. I is selected, a minimum of
l0 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.
Paragaph 3-38 describes the internal tests. The - 10 V
input required for Test No. 6, and the Q 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 lsolation.

336. All input and output lines at the Remote Input
connector are isolated from the internal (inguard)
circuits and from the input termina-ls. The instrument

Co lumn  10
-_-_ll-

9 4 7 6 5 4 3 2 1
0 v 3 0 1 2 3 0 0

l +
I 

Numerical

I 
Readino

L *"nn"
F unct ion

Polarity/Overload

Sample/Hold Mode

Figure 3-5. Option 021 Printout.



REIUOTE
ENAELE

PROGRAI\,I
LINES

PROGRAM
EXECUTE

PROGRAM

349A.4-2936

l t t l t l
r t l l l l
l r r t t l l

I I  T2 T3 T4 15 T6 T7

Tl -  Remote Enable must be held LOW to permit  remote
programming. For re l iable operat ion,  T1 should occur
f i rs t .  l f  Remote Enable goes HIGH, program capabi l i ty
reverts to front panel controls.

T2 -  Select ion of  range and f  unct ion programming. Input
l ines are HIGH unless forced LOW at Remote lnput
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 s imul taneous.

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

T5 - Transfer of program information is complete. Exrernar
Encode may be appl ied.

T6 -  Program l ines may be returned to HIGH, i f  desired,  at
any time after Program Flag goes LOW. Any program
l ine need not  be returned to HIGH unless required by a
subsequent program change.

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

Model 34904 Section III

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

3-90. GPIB BusSignals.

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

Table 3-5. GPIB Signal Mnemonics.

Mnemon i c Signal  Name

DAC
DAV
D r o  ( 1 € )
EOP
M R E
R E N
R F D
sRo

Data Accepred
Data Val id
Data lnput /Output
End Output
Mul t ip le Response Enable
Remote Enable
Ready For Data
Service Request

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

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

3-87.  GENERAL PURPOSE INTERFACE BUS I /O
(0ption 030).

3.-88 
_The General Purpose Interface Bus I/O option for

the Model 3490A Digital Voltmeter allows the instru_
ment to be controlled remotely and to output measure_
ment information to a digital recorder. It peimits remote
programming of range, function, trigger mode, and
Sample/Hold mode. Neither the poweiline switch nor
the Ratio mode can be programmed remotely. The
output data includes measurement status, function,
polarity, magnitude, and range, in the forrnat given in
Paragaph 3-126. Several instiuments may be connected
in parallel to the same bus and controlied by a sinsle
controll ing insrrumenr. Controll ing instruments thlat
may be used with the 34904 GpIB option include the-hp 9800 series calculators and the _hp_ Model 32604
\larked Card Progammer.

3-92. Data Lines DlOl through DlOg. All eight Data
Input/Output lines are LOW true, as indicated by the L
at the beginning of the mnemonic. (LOW = logical ..1".)
In the 3490A, DIO8 is always HIGH, or logical ..0".

3-93. Multiple Response Enable, MRE. When the Multi_
ple Response Enable line is LOW, all units connected to
the bus must respond to the controller and interpret the
data on lines DIOI through DIOT as an adäress or
command. When MRE is HIGH, only the unit which has
been addressed as the talker and the unit (or units)
addressed as listener(s) may and are required to respond
0n the DAV, DAC, and RFD lines.

'"' 3-94. Handshake Signals. Three lines are used for what
is called a "Handshaking" 

technique. The listener (or
listeners) set RFD to HIGH to indicate readiness to
accept data. The RFD line is wire OR'd to all units on
the bus so that data will not be transmitted until the
slowest listener on the bus signals that it is ready for
data. When all listeners are ready (RFD goes HIGH), the
talker puts the first character on the dattlines, DIOI _ g.
When the data is valid, the talker sets DAV to LOW. As
each listener receives and has completed processing this
data, it allows its DAC output to go HIGH. This line is
also wire OR'd to each unit, and the line does not
actually go HIGH until all listeners have accepted the
data. The talker may not change the data on DIOI _ g
unt i lDAC goes HIGH.

3-95. RFD. Each listener may set RFD HIGH as soon
as it has completed and acknowledged acceptance of the
previous data. This signals to the talker that it mav
transmit new data on the data l ines DIOI - g.

3-1



Section III

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

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

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

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

3-100. Remote Enable, REN. All instruments on the
bus are enabled to respond to remote programming data
if the controller holds the REN line LOW. The 3490A
may be set to remote operation by setting REN LOW
and sending its listen address. It may be returned to local
(front panel) control by setting REN HIGH. An excep-
tion 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 0nly (No Control ler).

3-102. The 3490A with the GPIB option may be used
to provide data to a printer without having a controller
on the bus. The printer must be able to accept the ASCII
data information and to handshake with the 3490A on
the RFD, DAV, and DAC lines. The slide switch on the
3490^ rear panel must be set to the TALK ONLY
position (see Figure 3-1). The instrument is then
controlled by the front panel controls for selection of
function, range, Sample/Hold, and trigger mode. The
349OA may be triggered through the rear panel Trigger
Connector Jll, or allowed to sample at a rate selected
by the SAMPLE RATE control. When a controller is
connected to the bus, the rear panel switch must be set
to the ADDRESSABLE position.

3-103. GPIB Control of 3490A.

3104. Listen and Talk Addresses. The 34904 may be
addressed to l isten or to talk by setting MRE LOW and
sendine the proper l isten or talk address. Each 34904
GPIB I O is normally programmed at the factory for a

_r,ö
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listen address of 6 and a talk address of V. If two or
more instruments are to be operated on the same bus,
they should not have the same address. Table 3-6 lists
the address codes possible. Address is selected by
positioning jumper wires in a header on the Outgrrald
Mother Board Assembly A3 1, shown in Figure 3-7.
Remove the top cover to gain access to this header. Note
that only five binary bits of the 7-bit format are
selectable. These five bits are the same for both the
listen and talk addresses. The sixth and seventh bits are
provided by the controller to determine whether the
address is a talk or l isten address;01 for l isten. l0 for
talk. Absence of a jumper is a logical "1";presence of a
jumper is a logical "0". At least one jumper must always
be installed, because the 11 1 I 1 address is not allowed.
This code is used to unaddress the instrument to talk or
listen.

. - a l
- - ]  |  R 6  l r
I  u 4  I  - ^  a 3 l l

rÄi+: -cg- lL-  R l z -  a e l i
l ^ ^ .  |  -  R r s -  - -  l i

F-

I F <

J >

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

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

3-106. Remote Control. To place the 3490A in remote
control, set MRE and REN to LOW and transmit the
3490A listen code. REN must be held LOW continu-
ously to maintain remote control. When the instrument
is first set to remote control, the GPIB circuits store the
front panel range and function selections. Sample/Hold
mode is Off (S0), Trigger is set to Internal Sample Rate
(TQ), and Mode of Operation is Addressed Multiple with
No Output (M0). AnV chalges in this programming must
then be made by remote control. LMRE must be set
HIGH and the remote programming data transmitted.
The 3490A will accept only the alpha identifiers E, F,
M, R, S and T, and digits 0 through 7. Table 3-7 lists the
3490A program codes. The 3490A may be unaddressed
to listen by sending the character ?. Figure 3-8 is a
timing diagram for data and handshake lines when the
3490A is addressed to listen.

3-107. Return to Local Control. The 3490A may be
returned to local control by setting REN HIGH. How-



Table 3-6. Address Codes.

ASCII CODE CHARACTER BINARY CODE OCTAL CODE

Listen

Address

Talk

Address

Jumper -+ A5 A4 A3 A2 A1
b7 b5 b5 b4 b3 b2 b1

Listen Talk

SP

:,

#
$
7o

1
(
l

I
0
1
2
3
4
5
6
7
8
I

;

(g'

A

I

D
E

F

G
H
I
J
K
L
M
N

o
P

o
R
S
T
U

W
X

z
t

I

0 0 0 0 0
0 0 0 0 ' l
0 0 0 1 0
0 0 0 1 1
0 0 1 0 0
0 0 1 0 1
0 0 1 1 0
0 0 1 1 1
0 1 0 0 0
0 1 0 0 ' l
0 1 0 1 0
0 1 0 1 1
0 1 1 0 0
0 1 1 0 1
0 1 1 1 0
0 1 1 1 1
1 0 0 0 0
1 0 0 0 ' l
1 0 0 1 0
1 0 0 1 1
1 0 t 0 0
1 0 1 0 1
1 0 1 1 0
1 0 1 1 1
1 1 0 0 0
1 1 0 0 1
1 1 0 1 0
1 1 0 1 1
1 1 1 0 0
1 1 1 1 1
1 1 1 1 0

See
note

below

040 100
M 1  1 0 1
o42 102
043 103
o44 104
045 105
046 106
u7 'to7
0 5 0  1 1 0
o51 111
o52 ' t12

o53 1 13
054 114
0 5 5  1 1 5
0 5 6  1 1 6
057 117
060 120
061 121
6 2  1 2 2
063 123
064 124
065 125
066 126
067 '127

o70 130
o71 131
o72 132
073 133
o74 134
o75 135
076 136

Model3490A

Note: Only first five bits of binary code are given, and these bits are the same for both listen and talk addresses. Sixth
and seventh bits determine whether address is listen (011 or talk (1O).

ever, it cannot be returned to local during output of a
reading. If REN goes HIGH then LOW again while a r''

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

3-108. Remote Program Sequence. The order ofremote
programming is not important except that it must end
with the E command to execute the program. The

191-ul programming sequence is one alpha identifier
followed by one digrt. For example, the progam
F2R4S1T2MlE selects AC volts, l0V range, Sample/

Section III

Hold off, Next External Trigger, Addressed Multi with
'j Output (see Table 3-7).lf it is necessary to change only

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,
FRl5T20SMF3E will be accepted as R5T@F3E. Para-
graph 3-l3l gives a programming example using the -hp-
9820A Calculator as the controller and printer. The
power line switch cannot be programmed.

$109. Trigger Source Program. The following para-
graphs explain the trigger source codes shown in Table
3_7.

3-110. T0, Internal Sample Rate. The 3490A releases
the Hold line when ready for a new measurement to be
taken, and the instrument is triggered according to the
internal sample rate. If the front panel Sample Rate
control is set to the Hold position, it will not sample

3-9
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Table 3-7. Program Codes.

CHARACTER USE OCTAL
CODE

BINARY CODE
b1 b6 b5 ba b3 b2 b 1

R
1
2
3
4
5
6
7

Range Program ldentifier
10,00O kf); Test 7
1 ,000 kQ; l OOO V; Test 6
100 kO; 1OO V; Test 5
1 0 kQ; 10 V; Test 4
1 kS2; 1 V; Test 3
.1 kO; .t V; Test 2
Autorange; Test 1

1 2 2
061
062
063
og
065
066
067

1 0 1 0 0 1 0
0 1 1 0 0 0 ' l
0 1 1 0 0 1 0
0 1 1 0 0 1 1
0 1 1 0 1 0 0
0 1 1 0 1 0 1
0 1 1 0 1 1 0
0 1 1 0 1 1 1

F

0
a

2
3

Function Program ldentifier
DC Volts
K Ohms
AC Volts
Test

106
060
061
62
063

1

0
0
0
0

0
1
1
1
1

0
0
0
0
0

1
0
0
o
0

1

0
0
1
1

0
0
1
0
1

s
0
1
2
3

Sample/Hold Program ldentifier
Sample/Hold Off
Sample/Hold Off
Track/Hold
Acquire/Hold

123
060
061
62
063

1
0
0
0
0

o
1
,|
1
I

1
1
1

1
1

0
o
0
0
0

0
0
0
0
0

I

0

1
a

0
1
0
1

T
o
1
2
3

Trigger Source Program ldentifier
Internal Samole Rate *

lmmediate Internal
Next External Trigger
None

124
060
061
062
063

1 0 1 0 1 0 0
0 1 1 0 0 0 0
0 l t o 0 0 1
0 1 1 0 0 1 0
o 1 1 0 0 1 1

M

0
I
2
3
4
5
6
7

Mode of Operation Program ldentifier
Addressed Multi with No Output
Addressed Multi with Output
Addressed Single with No Output
Addresed Single with Output
lnterrupt Multi with No Output
Interrupt Multi with Output
Interrupt Single with No Output .'-'

Interrupt  Single wi th Output

1 1 5
o60
061
062
063
0il
065

.i066
067

I

0
0
0
0
0
0
0
o

0
1
1
1
1
1
1
1
1

0
1
1
1
1
1
1
1
1

1

0
o
0
0
o
0
0
0

1
0
0
o
0
1
1
1
1

0
0
0
I
1
0
0
I

1

I

o
1
0
1
0
a

o
I

E Execute Mode of Operation Program 105 1 0 0 0 0 I

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

until the manual pushbutton is pushed, an external
trigger occurs, or the front panel control is taken out of
hold.

3-1 11.  T1,  lmmediate Internal .  The 3490A never re-
leases the Hold line, but instead provides an External
Encode command when ready for a new measurement to
begin. It is, therefore, sampling at its madmum 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
tngger occurs, the GPIB I/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 l ine LOW
and checks for an output request. This method may be
used to store data for output at a later time.

_ i - l 0

3-1 14. Mode of Operation. The following paragraphs
explain the mode of operation codes shown in Table 3-7.

3-115.  .M0,  Addressed Mul t ip le wi th No Output .  In  th is
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 Mul t ip le wi th Outpüt .  The in-
strument will take a reading when triggered and output
the reading if addressed to talk. Ifnot addressed to talk,
it will wait for its talk address to output data or its listen
address to be programmed. After output of the data or
receipt of new programming data, the GPIB I/O returns
to the beginning of the program to determine the trigger
for the next reading.

3-117. M2, Addressed Single with No Output. The
instrument takes one reading when triggered and does
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not output the reading. A new reading is initiated by
reprogramming the 34904 or by going to local control.

3-1 18. M3, Addressed Single with Output. The instru-
ment takes one reading when triggered and outputs the
reading if addressed to talk. If not addressed to talk, it
waits for its talk addres to output or its listen addres to
be reprogrammed. After output of the reading data, a
new reading is initiated by reprogramming the 34904 or
by going to local control. If reprogramming occurs
before output of the reading daIa, a new reading will be
taken according to the new programming data.

3-119. M4, lnterrupt Multiple with No Output. Pro-
gramming of No Output overrides that of Interrupt, so
this mode is the same as M0.

3-120. M5. Interrupt Multiple with Output. This mode
is the same as Ml 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
progamming data is received. See Paragraph 3-l 16.

3-1 21. 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. MT,lnterrupt Single with Output. This mode is
the same as M3 except that if the 3490A is not
add;essed to talk, it will pull the Service Request (SRQ)
line LOW after each reading is taken. This line is taken
HIGH after output of the reading data or when new
programming data is received. See Paragraph 3-l 18.
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3-123. Repeating an Output. The 3490A can be made
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 "TlE" initi-
ates a new reading.

3-124. Addressed to Talk. The 3490A may be ad-
dressed to talk by setting MRE LOW and transmitting
the 34904 talk address. It may be unaddressed to talk

.-by addressing any other unit to talk, or by sending the
character- . Figure 3-9 is a timing diagram for data and
handshak'e 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. Ifnot addressed to talk, it will
wait for its talk address before outputting data, or for its
listen address to be reprogrammed. If Interrupt output is
programmed and the 34904 is not addressed to talk, it
will issue a Service Request after each reading and await
recogrition by the controller. If it is addressed to talk, it
will inhibit triggers after each reading and proceed to
output data.

3-1 26. Output Format. After the 3490A has been
properly put into an ontput mode, the data will be

M R E

Data Lines

Program data
from controller

LDAV

lndicates to 34904
that data is available

H R F D

349OA will
accept data

349OA is busy and
will not accept data

34904 will
aocept new
data

3490A finished
processing data

3490A
busy

349OA has accepted
and is processing
data

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

3-l I
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outputted in the following format: (Example listing:
NDCfXXXXXXE-Y).

Status Code Alpha*

N Normal Operation
OL Overload
R Ratio Mode
S Sample/Hold Mode
RS Ratio and Sample/Hold Mode

Function Code*

AC AC Volts
DC DC Volts
KO Kilohms
T Test

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

Polarity

+ Positive Input or Positive Ratio
- Negative Input or Negative Ratio

Model 3490A

3-127. Service Request. The 3490A is capable of re-
questing service on the bus and responding to serial
polling for identification and status. If either mode of
operation which specifies interrupt with output (M5 or
M7) is programmed and 34904 is not programmed to
talk, it will pull the Service Request (LSRQ) line LOW
after each reading.

3-128. For serial polling, the controller must pull the
Multiple Response Enable (MRE) line LOW and send
both the Status Poll Enable (SPE) command and the
3490A talk address. The SPE command is octal code
030, binary code 00 011 000. If the 3490A has pulled
SRQ LOW, when it receives SPE and its talk address it
will transmit the ASCII character xlxxxxxx. The sev-
enth bit being a "l " signifies that the 3490A did request
service. The other bits do not convey any information
concerning the status. After it receives the Status Poll
Dsable (SPD) command (octal code 031, binary code 00
0ll 001), the 3490A will output the reading data, since
it is still addressed to talk. After outputting the data, it
will return the Service Request line to HIGH. If it is
unaddressed to talk before the SPD command is sent, it
will keep the SRQ line LOW and wait for its talk addres
to output or its listen address to be reprogrammed. It
will set SRQ HIGH if it is reprogrammed.

3-129. lf the 34904 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 conceming status. This code (seventh bit
"0") is also transmitted if the 3490A is in any of the
other modes of operation (M0, Ut, M2,M3, M4, or M6)
and it receives the SPE command and its talk address.

Data

xX)c()ü
E

Y
C R
LF

J - t  -

Six digits, most significant digit first
Exponent Identifier
Polarity of Exponent
Exponent (Range Digit)
Carriage Return
Line Feed

M R E

Data Lines

LDAV

H R F D

Printer and 3490A
will accept data

390A and printer
will not accept data

349OA and
printer wi l l
accept data

34904 and printer
finished
processing data

3490A and printer
will not accept data

Pr inter  wi l l  not
accept data

Printer and 34904
processing data

34904 and printer
processing data

Printer and 34904
finished
processing data

Figure 3-9. Timing Diagram,3490A Addressed to Talk.
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3-130. If the 3490A has requested service and is

addressed to talk but not sent the SPE command, it will
not transmit a status code but will output the reading

data if programmed for output (Ml, M3, M5, or M7).

3-131. GPIB 0perating ExamPle.

3-132. The following example uses a Hewlett-Packard
Model 9820A as both controller and printer. The 98204
must be equipped with the lll44a� Interface, and must
have the Peripheral Control II ROM Block installed in
the proper ROM block slot. An Interface Cable, -hp-

lO63lAlBlC, is needed to connect the 3490A to the
9820A.

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

Function DC Volts
Range l0 V
Trigger Immediate Internal
Mode Addressed Single with Output

In the M3 Mode and Tl 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 proces is repeated until the stop button is pressed.
If you do not wish to store this program in the
calculator, substitute the EXECUTE key in place of
STORE in the following sequence:

EXECUTE

Init ializes calculator.

Section III

@o@@üo
ooü f - R - \( r

f - E \@üoü@
STORE

6 = 3490A listen address;
U = 9820A talk address.
This sequence programs 3490A
Immediate Internal trigger, and
Output.

to  DC, 10V range,
Addressed Signal with

üo
r - ' \rrui

r;l
IF IXEDNI [1J

@o@@
O13@O
@o@o

OrPR'Nrr@[
STORE

'5 = 9820A listen address;
V = 349OA talk address.
Programs the 34904 to output data and programs
9820A to print.

r?. rfi
\ c o M M A N O /  \  I

\--l

[ " ] {
LJ\-

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

oaoo@
l e r s ls y
I r l

o@@üo
STORE

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

0

@o@o@o
@o@o

Sets LREN LOW on bus.

STORE

3-1 3



STORE

To halt program, press

-
I  s roP l
L-J

To list program (print out stored program), press

I  E N D  l l  L t s r
\ /

Section III

Ends calculator program.

To run this program, press

1 0
20
3Q

3-134. Special Trigger Programming Technique. When
programming the 3490A, the E indicates the end of
programming information and allows the 3490A to start
operating according to the new programming instruc-
tions. The instructions are stored as they are received
and do not require the E in order to be accepted.
Because of this, one programming technique is to omit
the E when the programming instructions are sent, and
then transmit the E when it is desired that the 3490A
make a reading. However, if the E is not sent with the
programming instructions, the 34904 will take a readin!"
either when MRE goes LOW or when an E is sent,
whichever occurs first. Consequently, if the 3490A was
progammed with "M3Tl. . . ." initially, and then the
statement CMD"?U6","E" was used, the instrument
would take two readings instead of one as programmed.
There are two ways to prevent this:

a. After sending the programming instructions, d.on,t
change the listen and,talk addresses until the E is sent.
For example:

CMD "?U6'" "F3R7M3T1''

öMD,. .E, , ,  . .?5 ' \P,

b. First program the 34904 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)

Model 3490A

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

9820 example:

CMD "?U6";FMT "M3R7FQE",Z;WRT 13

9830 example:

CMD "?U6''

OUTPUT (13, 30) ..M3R7F@E";

FORMAT B

3-136. Controlby Marked Card Programmer.

3-137. The 34gOA with Option 030 maj, be pro-
grammed by using a Marked Card Programmer such as
the -hp- Model 3260A or Model 9860A. An example of
marked card programming is shown in Figure 3-10. The
binary code shown in Table 3-7 is used in marking the
card. Use a soft black pencil to mark each space
representing a "l" in the code. The "200" space must be
marked whenever the 3490A is addressed to listen or
clear (unaddressed). The "200" bit pulls the MRE line
LOW, and should be used only for addressing.

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

.j 1. The 3490A cannot receive programming data
whilö it is making a reading. Therefoie, if tn. :+gOR i,
allowtid to sample, programming instructions from the
card reader will be ignored by the 3490A while it is
making a reading. Two methods may be used to control
sampling.

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

b. Set the 3490A Sample Rate control to the
HOLD position and program the 3490A for trigger
mode T1 , Immediate Internal Trigger. In this mode,
the 3490A will continue to sample at the maximum
rate, and the front panel control setting will have no
effect. In order to reprogram the 34904 under these
conditions, the 3490A Une switch should be tumed
OFF and back ON again. This returns the instrument
to local (front panel) control.

-1-l l
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Figure 3-10. Example of Marked Card programming.

Section III

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

3-139. SAMPLE/H0LD MEASUREMENTS (0ption
040 or 045).

3-140. Definition of Sample/Hold Terms

3-141. Track/Hold. This term describes the mode of
operation in which the "Hold" mode (see paragraph
3-14, begins within 400 nanoseconds after receipt oi a
Sample/Hold Trigger command. Prior to this time, the
Sample/Hold amplifiers follow, or track, the output of
the 34904 DC Input Amplifier. Upon receipf of a
SampleiHold Trigger command, the amplifiers ..hold"
for measurement the voltage present on the Amplifier A
integrating capacitor at that time. After the 3490A
completes a measurement, the .track,'mode resumes.

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

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

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

3-1u14. Track Mode. After completion of a measure_
ment, the Sample/Hold amplifiers follow, or track, the
input voltage until they are placed in the Hold mode by
a subsequent Sample/Hold Trigger command. This con_
dition is referred to as the Track mode.

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

.place Amplifier A in the Hold mode.

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

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

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

SEE TABLE 3.7
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3-149. Sample/Hold AC Trigger. This ac coupled com-
mand has the same effect as the Sample/Hold Trigger
command (TTL). This signal must be a negative-going
pulse at least 30 nanoseconds wide with an amplitude
between 2Y and 200 V. The signal must be static at
least 2 ps prior to the negative transition.

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

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

3-152. Special S/H 0perating Gonsiderations.

3-153. Display. When the 3490A is operating in either
the Track/Hold or Acquire/Hold mode, the fifth digit in
the display is normally blanked, leaving a display of 4
full digits plus the overrange "1". This is done because
of the uncertainty in the fifth digit due to noise.
However, if the instrument is equipped with the Data
Output (BCD) Option 021 or the GPIB Option 030, the
output data includes the fifth digit. The fifth digit can
be restored to the display if desired by changing the
connection of the white/black wire from the display
assembly. For a 4 - digit S/H display, this wire is
connected to Test Point L on the Main Circuit Assem-
bly, 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. 

-._"
3-154. .1 V Range. Sample/Hold measurement accur-
acy is not specified for the .l 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 rvithin the envelope
of the noise-

3-155. Autoranging. Autoranging requires successive
readings (initiated internally) when changing ranges.
Consequently, the final reading loses its time relation-

Model34904

ship to the extemal trigger and therefore is not useful
Sample/Hold information.

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

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

3-158. Input Signal Limitations.

3-1 59.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 "fresze", or hold, a changing input
voltage at a specific point in time and accurately
measure the voltage. The bandwidth of the Input
Amplifier and the response time of the Sample/Hold
Amplifiers restrict the rate at which the voltage to be
measured can change. The Sample/Hold circuits are able
to maintain tracking only if the rate of change of the
input voltage is within the follo,wing limits:

2.5 %rangelps on the l0 V and 1000 V ranges.

5 % of rmgelps on the I V and 100 V ranges.

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

3-160. Sample/Hold Trigger Signal Requirements.

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

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

Acc|Jracy*
(% of Rangef

BANGE
1 0 v 1 V, 100 V, 1000 v

Ramp
Sine Wave

lZero Crossing)
Sine Wave

(Peak Reading) Ramp
Sine Waw

(Zero Crossing)
Sine Wave

{Peak Reading)

.01 % 30 v/s 5 H z 75O Hz 12.5 V lS 2 H z 3OO Hz
1 % 300 v/s 5O Hz 275O Hz 125  V /S 20 Hz 90O Hz
1 % 3000 v/s 5O0 Hz 75OO Hz 1250 V/S 2OO Hz 3ü)O Hz

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

-1-l o
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3-162. Sample/Hold Trigger (TTL). Compatibility with

TTL logic circuits requires this signal go be from HIGH
(>+ 2.4 V) to LOW ((+ 0.4 V) for a minimum of 30

nanoseconds in order to initiate a Hold mode. The signal

must be HIGH for at least 600 ps prior to going LOW.
The external triggering circuit must be capable of sinking
I mA at (+ 0.4 V.

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

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

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

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

3-165. Initiating a Sample/Hold Measurement.

3-166. The Sample/Hold option is available in three
different configurations which employ various methods
of initiating a Sample/Hold measurement. SampleiHold
is aväilable 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
Purpose Interface Bus I/O Option 030. In the third
con{iguration, Sample/Hold is available as Option 045,
without any of the other options. No data output or
remote control, except Sample/Hold Trigger, is available
in Option 045. The following paragraphs discuss meth-
ods of initiating a measurement in instruments having
the various options. Table 3-9 lists the methods of
externally triggering a Sample/Hold measurement.

3-167. Internal Sample Control, Option 045 and Option
040 with Option 020. When the iront panel Sample
Rate control is set to any position except Hold and no
Sample/Hold Trigger command is applied, the instru-
ment will automatically hold and read the input signal at
the sample rate selected. However, this method of
operation provides only random sampling, since it is not
possible to s1'nchronize the measurement to any specific
point in the input signal.
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Table 3-9. Initiating S/H Measurements by
External Triggering.

Sample/Hold

Option

Other Options
in the 34904

Measurement

In i t iated By:

o40 o20 Separate External Encode
command or Stretched
Pulse Output connected
to External Encode input.

040 030 Sample/Hold Trigger

045 neither 020

or O30
Sample/Hold Trigger

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

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

3-170. External Triggering, Option 040 with Option
020. With this combination of options, a Sample/Hold
measurement may be initiated by external triggering in
two ways. For either method, the 34904 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 lnter-
face Hold line may be held LOW. One method of
initiating a Sample/Hold measurement requires two
'separate signal inputs, a Sample/Hold Trigger command

," to initiate a Hold mode, and an External Encode
command to initiate a measurement. Both commands
may be applied at the same time, or the External Encode
command may be applied up to ll2 second after the
Sample/Hold Trigger. In the second method, the
Stretched Pulse Output from the Sample/Hold trigger
circuits (J7 pin 10) is connected externally to the
External Encode input (J6 pin 46 or J7 pin 24 or 28).
This connection provides an External Encode signal to
initiate a measurement immediately upon receipt of a
Sample/Hold Trigger command. Neither signal will have
any effect if applied while a measurement is in progress.
If a Sample/Hold Trigger command is given without an
External Encode command, the Sample/Hold circuits
will be locked in the Hold mode. This condition can be
terminated by applying an External Encode command or
by setting the Sample/Hold switch to Off.

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

3 - t 7



Section III

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

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

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

Model3490A

3-173. Using the Track/Hold Mode.

3-174. Digitizing a Ramp. The output of the Sample/
Hold amplifier circuits lags the 3490|input yoltage by a
delay which is approximately equal to " " 

I 
, whereL  1 3 d B

f: On ir the 3 dB bandwidth frequency shown in Table
l-2. When measuring a stable dc input voltage, this time
lag presents no problem. However, if the input voltage is
changing, as a ramp input for example, thii delay must
be considered in interpreting the 34gOA 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 b-y a length of time equal to the delay, shown
in Figure 3-12 as the analog dähy. Digitization of a
repetitive stable ramp may be done as illustrated in
Figure 3-1 2. The delay between the start of the ramp
and the Sample/Hold Trigger must be accurately detei_
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-l5g and Table
3{ must be observed.

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

Range
Settling Time to Within
0.01 % of Final Vatue

1 V
1 0 v

100 v
1000 v

512 tts
128 ps
512 ps
128 ps

NOTE
.1 V range is not specified (see paragraph 3-1541.
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Figure 3-1 1. Typicat Response to a Step Input Voltage.
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shown in Table l-2 under the "Time Response Chara-
cteristics" heading. The shorter the time between mea-
surement points, the greater the accuracy of the recon-
structed waveform will be.

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

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

a. Choose an oscilloscope with delayed sweep, such
as the {rp- Model l80C with the l82lA Time Base/
Delay Generator plug-in unit. Be sure the Delayed Gate
output from the oscilloscope meets the Sample/Hold

Tdry:. input signal requirements given in päragraph
3-l 60.

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

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

c. Connect both the Main Gate and Delayed Gate
outputs from the oscilloscope to an interval timer (such
as the -hp-Model5300Al53O2A) to determine the delay
time accurately.

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

e. Set the SampleiHold control to TrackiHold. The
measurement will then be triggered at the point where
the delayed-sweep intensified trace appears along the
ramp.

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

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

Section III

TNPUT VOLTAGE AT
T I M E  O F  S / H  T R I G G E R ,

t
/ l

/ l

VOLTAGE ACTUALLY
MEASURED.

I
I
I
I A r

A
T
V
S

= ANALOG DELAY
= SAMPLE/HOLD TRIGGER (TRACK/HOLD MODE)
= VOLTAGE MEASURED
= SLOPE,  SEE PARAGRAPH 3-12 FOR MAXIMUM SLOPE PERMISSIBLE.

Figure 3-1 2. Digit izing a Ramp.
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vs-ve
Slope AB = -

Ts-Ta

Vc -vs
Slope BC = -

T c - T s

Slope BC - Slope AB
% Non-Linearity = x 100

Slope AB

Figure 3-13. Using Delayed-Sweep Oscilloscope in

RamP LinearitY Measurements.

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

a. Choose an oscilloscope with delayed sweep, such
as the -hp- Model l80C with the 1821A Time Base/
Delay Generator plug-in unit. The vertical plug-in may
be either single- or dual-channel. However, the dual-
channel feature permits display of both the filter input
and output at the same time. Be sure the Delayed Gate
output from the oscilloscope meets the Sample/Hold
Trigger input signal requirements given in Paragraph
3-1 60.

Model3490A

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 Extemal Encode input (see Para-
graph 3-170).

c. Connect both the Main Gate and Delayed Gate
outputs from the oscilloscope to an interval timer, such
as the -hp- Model 5300A15302A Counter, to determine
the time delay accurately.

d. Connect a square wave generator, such as the -hp-
Model 33llA Function Generator, to both the filter
input and the oscilloscope input. Set the square wave
output to l0 V at a frequency such that the duration of
one half of the square wave is greater than the expected
response time of the filter. For example, a frequency of
300 Hz is satisfactory for the filter shown in Figure
3-14.

e. Set the 3490A to the l0 V range, DC function and
Track/Hold operation. Connect the output of the filter
to the 3490A input terminals. If a dual-channel oscillo-
scope is used, also connect the hlter 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 XVo or X mV of the
final value noted in step f. The time interval counter
displays the time required to settle to this value. The
intensified trace may be positioned at the other points
to observe any overshoot or ringing in the filter oütput.

3-179. Using the Acquire/Hold Mode.

3-180. Measuring a Step Input Voltage. The Acquire/
Hold mode of operation is useful for measuring a step
input voltage because the Sample/Hold Trigger com-
mand may be applied simultaneously with the input
voltage step. The aperture time, which is the delay
between receipt of a Sample/Hold Trigger and the
beginning of a Hold mode, is of sufficient length to
include the acquisition time, as shown in Figure 3-l 5.

5o6mH

3490A W|TH
SAMPLE /HOLD

5e6 mH

,"1",1A

A

DELAYED SWEEP
GATE OUTPUT

_1-10

Figure 3-14. Filter Output Measurement.
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The step input voltage must remain stable for at least the
duration of the Acquire/Hold aperature time shown in
Table 1-2.

3181. Measuring Pulse Height. hcquire/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
l-2. Triggering may be applied coincident with the
leading edge of each input pulse.

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

3-183. The 3490A has the capability of operating from
a 50 Hz or 60 Hz power source. Option 050 is available
for 50 Hz operation and consists of using a 3.333 MHz
crystal (Y2) in the clock and AlR207 = 100 kSr. Option
060 provides for 60 Hz operation and uses a 4 MHz crys-
tal CYI) in the clock and AlR207 = 84.5 kQ. See Table
2-1.

$184. RATIO lf'leasurements (0ption 080).

3185. Instructions for making ratio measurements with
the Model 3490A, Option 080, are contained in the
following paragaphs. DC-to-dc and ac-to-dc ..three-

wire" ratio measurements can be made; that is, the EXT
REF input Low terminal and the INPUT Low terminal
are connected intemally. Because the same terminals are
used for Ohms measurements and for Ratio measure-
ments, these two functions are mutually exclusive.

$186. External Beference Voltages.

3187. The front panel Ratio switch selects either the
lntemal Reference or the I V or l0 V External Refer-
ence range. If the I V range is selected, the external

Section III

3-1 92. Ratio Measrement Procedure.

a. Set RATIO switch to I V or l0 V EXT REF
range. If the external reference voltage is between 1.0 V

Figure 3-16. Ratio Input Connections.

reference voltage may be either a positive or negative
voltage between 0.1 V and 1.2Y. On the l0 V range, the
reference may be positive or negative, I V to l2 V.

3-188. lnput Connections

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

External

Reference
I nput

I nput

Signal

Displayed
Polarity

+
+

+

+

+

ac
ac

+

+
none
none

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

3-190. Ratio Display.

3-191. Ifthe I V External Reference range is selected,
the display reads the ratio directly, but if the 10 V
reference range is used, multiply the display by 0.1. In
dc/dc ratio measurements, the polarity symbol is + vshsn
the external reference and input voltages are the same
polarity, and - if they are opposite in polarity (see Table
3-ll). In ac/dc measurements, no polarity symbol is
displayed. Any ratio measurement is limited to l2O % of
the input range selected. If autoranging is selected,

'upranging occurs at l2O % of rcnge and downranging at
lO% of range. Overload indication is the same as in
voltage measurements.

Table 3-11. Ratio Polarity Display.

STEP INPUT

-  F U L L
SCALE

SAMPLE/HOLD
T R I G G E R

APERTURE TIME >
ACOUISIT ION TIME

Figure 3-15. Measurement of a Step Input.

tu
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and' 1.2 V, the I V range should be used for greater since these terminals are connectedinternally.
accuracy.

f. Read ratio display directly if I V EXT REF range
b. Connect External Reference (dc only) to EXT is selected. If 10V EXT REFrangeisselected,multipiy

REF terminals. display by 0.1.

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

d. Set RANGE switch to desired range or to AUTO. When operating in Autorange mode with less
than full-rcale External Reference input

e. Connect input signal (dc or ac). Input signal Low (<1 V or 110 V), the first reading foiow-
and External Reference Low must be at same potential, ing on uprange will be incotect.

J - L -
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SECTION IV

THEORY OF  OPERATION

4I .  INTBODUCTION.

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

+3.  GENERAL THEORY OF OPERATION.

44. The Model 34904 Multimeter uses the dual-slope
integration technique for measurement (see Figure 4-1),
in which an integrator charges for a fixed length of time
to a voltage proportional to the input sigral, and then is
discharged at a fixed rate determined by a known
reference voltage. The measurement display is deter-
mined by the discharge time, which is proportional to
the input sigral. The integrator is part of the Analog-to-
Digital Converter shown in the Basic Block Dagram in
Figare 4-2. A description of the basic operation of the
3490A is contained in Figure 4-2 and Paragraphs 4-5
through 4-l 8.

45. Signal Conditioning Gircuits.

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

47. Reference Voltages.

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

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

+9. DC Amplifier.

z1-10. The DC Amplifier output is l0 Vdc for a full-
range input on any range in any function. For any
measurement except Sample/Hold, this output goes to
the Analog-to-Digital Converter circuits. In Sample/Hold
measurements, the DC Amplifier output is applied to the
Sample/Hold circuits (see Figure 421), nd the Sample/
Hold output is applied to the A-to-D Converter.

4l 1. Analogto-Digital Converter.

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

413. Logic.

4-14. The timing of the measurement sequence is
. .qontrolled by the logic circuits. This timing may be

influencöd by the range and function selected. The basic
'"' clock is a crystal-controlled oscillator, from which a

number of timing signals are derived through dividing
counters. The sample rate is controlled by the logic

GREATER INPUT _

SMALLER INPUT -  -  -  -  -  . r \?
ßüy

\-
R O

I N T E G R A T O R  C H A R G E S
F O R  F I X E D  T I M E .

I N T € G R A T O R  D I S C H A R G E S
A T  F I X E D  R A T E .

3 4 9 0 - 8 - 3 5 8 4

Figure 4-1. Dual-Slope lntegration.

4-1



Section IV

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

415. Display.

,1-16. The display consists of six digits; however, the
most significant digit is either zero or an overrange "1"

during normal measurements. During the logic test
operation (Test No. 1), other numbers are displayed in
this dist. 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 *tren remote operation is selected.

! .

Model3490A

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 Ll74), or by the
General Purpose Interface Bus I/O Option 030 (Para-

$aph4-196).

+19.  DC ANAL0G CIRCUITS.

ar20. 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.

421. lnput Attenuator.

4-22. A simplified diagam of the Input Attenuator and
DC Amplifier circuits is shown in Figure 4-3. The Input

+ R E F  <
. R E F  - {

o R E F  {

l l
r l
l l
l l

o T r r r T z l z T r
t l
t l
t r  t z

oTr Prior ro the run{p port ion ot the m@su.erent sequence, the 3490A inerts any delay requi.ed by the

smple rate control sening, and any delav rhat may be required by the fundion and range selections.
During lhis t ime. the input to the DC Ampli f ier is grounded and this ampl i f ier and the Integrator arc
in lhe Auto-Zero state (see Para$aphs 4-37 and 4-5O).

tTz Fol lowing any delay required, the input signal is appl ied to the DC Ampli f ier and suff ic ient t ime is
allowed lo. the amplitier to settle belore the run{p period begins.

2 T3 The I ntegrator charges tor a fi xed p6iod of ti me to a rcltage proponional lo the input rignal .

3Ta Signal pola.iry is determined and the prop€r referen@ wltage is plected- The relerence is applied to
rhe DC Ampli l ier in plee of the input signal.

eTs The liltegrator discharge. at a tixed rate which is determined by the reference wltage.

sTo ll the instrument is in autoJange, it determin6 whether the reading is on the @rrect range. It not, it
upranges or downranges ooe range aod.initiat€s another reading.

5Tq This is an Auto-Zero period of 65 ms. (See Paragfaphs 4-37 "nO q-SO.l

s 4 9 0  -  a - 5 5 ! 3

MEASUBEIVIENT SEOUENCE

Ftgure 4-2. Basic Diagram and Operation.
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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 .l V, I V and 10 Vdc

Ranges. Attenuation of 100 is used on the 100 V and

100Ö V ranges. No attenuation is required for resistance

measurements, because the full-range voltage across the

resistance being measured is not greater than l0 V. In ac

voltage measurements, the AC Converter output is

applied to the DC Amplifier through a FET (Field Effect

Transistor) switch, and the dc attenuator is not used.

+23. DC AmPlifier.

424. The DC Amplifier is a differential amplifier circuit
using a FET input stage to provide an input resistance
sreater than l0ro ohms on the .l V, I V and lOV
i*g.r. Input resistance on the 100 V and 1000 V ranges
is l0MO, as determined by the attenuator. The push-
pull output stage is protected by diodes which prevent
excessive output current. The amplifier output is f or
- 10 V full range for aU ranges and functions. In normal
operation, this output is applied to the Integrator
circuit. If optional Sample/Hold operation is selected,
the DC Amplifier output is applied to the Sample/Hold
Analog circuits.

+25. OC Amplifier Gain.

4-26. T\'rc gain of the DC Amplifier may be l, l0 or
100, and is determined by the feedback path selected.
FET switching circuits are used to select the fee{back
resistance ratios, and the gain is equal to FRI-I -FR2, as
shown in Figure 4-3. FR2

OUTPUT

A R I
9 . 9  M

aMPLTFIEF CA]N -  - - i -

F R I
A R 2
O . I M

a T T E N U a T T o N ,  a R 2 $$
GA N FRI FR2
xr o roox
xro 90K roK
xroo 99K x

Figure 4-3. Simplif ied Diagram, DC Amplif ier.
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4-29. Boottrap 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
Amplifrer, shown in Figure 7-20, is connected to the DC
Amplifier feedback line.

l[.31. Reference Voltages.

4-32. lnternal reference voltages are provided for the
run-down portion of the measurement sequence. In dc
measurements, if the input voltage is positive, the - l0 V
reference is used; and if the input is negative, the + l0 V
reference is used. In ac measurements, the AC Converter
output is positive requiring the negative reference for
run-down. The Sl reference, used in resistance measure-
ments, is generated by the Ohms Converter and is
approximately - I V.

4-33. Overload Protection.

4-34. Protecfion against excessive input voltage is pro-
vided at the DC Amplifier input. On the 10 V, 100 V
and 1000V ranges, the input is limited by breakdown
diodes to approximately 1 13 V. On the .1 V and I V
ranges, the protection circuits are switched to limit the
input to the amplifier to approximately x 2 V. Overload
protection is also provided at the amplifier output by a
diode circuit in parallel with the feedback attenuator. If,
for example, the amplifier is operating with a gain of l0
or 100 and the output voltage exceeds approximately
+ l6 V, the diode circuit begins to conduct, reducing the
amplifier gain, with a corresponding reduction in output
voltage. If the amplifier is operating with a gain of l0 or
100, the gate of the xl gain FET (K in Figure 44)isar
- 17 Y.If the amplifier output goes excessively negative,
as it approaches - 17 V, the xl gain FET begins to turn
on, reducing the amplifier gain and its output voltage.
€onsequently, the amplifier output is limited to approxi-
mately 1 16 V.

4-35. Leakage Gontrol.

4-36. A FET switch (B in Figure 44) is also provided
which disconnects the three reference FETs (F, G, H),
the AC Converter output FET (E), and the .01 Attenua-
tor FET (D) from the amplifier input during run-up
when the xl Attenuator line is being used. This reduces
the posibility 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,lhe DC Amplifier circuit
is automatically zeroed. At the completion of a measure-
ment, the amplifier input is grounded through the Input
Short FET switch C. The Auto Zero signal then turns on
FET switch J, placing the amplifier in a xl gain

4-27. Switching Circuits.

4-28. Figure 4-4 shows the 3490A measurement se-
quence. During the charging, or run-up period, the input
sigtal is applied to the DC Amplifier input. During the
discharge, or run{own 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
contahed in one microcircuit package, A2UZ, and are
driven by signals from the DC Switching Logic circuits.

4-3



Section IV Model3490A

sEE NOTES ON FOLLOWTNG .."........-
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ac coNv
OUTPUT

J 6 N ' A U T O Z E R O

I .AUTO ZERO DISA6L€,
USED ONLY DURING
SAMPL€/  HOLD OPERAI ION

The following notes refer to waveforms on preceding page:

A. AUTO ZERO: l f  hold is  selected,  wai t  for  t r igger.  l f  hold
is not selected, determine sample rate delay. Check
function and range. lf range is not valid for function
selected, uprange and downrange as necessary.

8. AUTO ZERO: Insert response time delay required for
range and function selected. DC = 0 delay; AC = 85 ohms
delay;  10 Mo = 350 ms delay;  1 MA = 50 ms delay;  other
ranges = 0 delay.

C. Range gain wi th input  short  (FET Cl .  Gain can be ei ther
FET K, L,  or  M.

D. Input  s ignal  appl ied to input  ampl i f ier .

E. Reference applied to input amplif ier.

F.  Reference gein wi th input  shorted (FET K).

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

H.  Integrator  run-rup (50 ms).

NOTE 1 .

J. Integrator rundown (0 - 60 ms).

K. Select reference polarity or ohm's reference.

HIGH TRUE WAVEFORM INFORMATION

AUTO ZERO =MT-B
SIGNAL VOLTAGE GAIN =  MTA,  MTB
SIGNAL VOLTAGE APPLIED =  MTA.  MTB,  MTC
REFERENCE VOLTAGE GAIN =MTA,  MTB
REFERENCE VOLTAGE APPLIED = i l i=iÄ, TUTC
INPUT SHORT = MTC-

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

MODE PULSE INTERVAL

DC
AC
o l  M
s , 1 0  M

65 ms
915 ms
1 1 5  m s
4 1 5  m s

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

440. Dual-Slope Integration.

4-41. The 34904 uses the dual,slope method of analog-
todigital 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 simplilied
diagram of the Integrator circuits.

442. Integrating Amplifier.

443. Tl're 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 Integating Amplifier
is inverting, so if, for example, the input voltage is
positive during run-up, the integrator output ramp is
negative.

Section IV
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ELECTRONIC INTEGRATING
SWITCH AMPLIFIER

XzO AMPLIFIER ZERO
DETECT

AMPLIFIER

INPUT FROM
OC AMP

ANALOG
D E T E C T
LOG IC

ZERO
TO

Figure 4-5. Simplified Diagram, Integrator Circuits.

L44. x 20 Amplifier.

445. The output of the Integrating Amplifier is applied
to an inverting amplifier having a gain of 20, whose
output is limited to approximately t 0.6 V by a parallel
complementary diode connection between its input and
output. This output is then applied to the Zerc Detect
Amplifier. A feed-forward connection is made from the
Integrator input to the non-inverting input of the x 20
Atnplifier. This reduces noise and switching transieq{s
generated at the integrator, since any noise is applied to
both inputs of the x 20 Amplifier simultaneously. n

446. Zerc Detect Amplifier.

447 . The Zero Detect Amplifier is a high-gain opera-
tional amplifier. If the Integrator input is positive during
run-up, the Analog Zero Detect Output goes HIGH
during run-up and returns to LOW at the Zero Detect
point. If the input is negative, the Analog Zero DeLect
Output goes LOW during run-up and HIGH at the Zero
Detect point. A frxed 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 ZeroDetect output goes to the
Zero Detect logic circuits.

448. Electronic Switch.

4-49. Two FET switches at the input to the Integrator
act as a sinele-pole double-throw switch. During run-up
and rundown. the Integrator input is connected to the
DC .tmplit-rer output, and at all other times it is
coflreu-tcd to ground.

J-tt

450. Integrator Auto Zero.

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

4.52.  AC CONVEBTEB.

z1-53. The AC Converter used in the 3490A is an average
responding circuit, calibrated to the rms value of a
sinusoidal input. A simplified diagram is shown in Figure
4-6.

4-54. AC Attenuators.

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

Table 4-1. AC Amplif ier Ranging.

Range

I  nput
Attenuator

Ampl i f ier
Gain

Total

Gain

1 V
1 0 v

1(X) v
1000 v

1
1
0.o1
0.01

1
o.1
1
0 .1

1
0.1
0.01
o.001

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

&58. Rectif ier and Filter.

zt-59. The output of the Converter Amplifier is rectified
by a half-wave rectiher, 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
44) Io the DC Amplifier during run-up.

4.60. OHMS CONVERTER.

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

Section IV

Simplified Diagram, AC Conyerter.

Reference voltage. A simplified diagam of the Ohms
Converter is shown in Fizure 4-7.

4-62. Current Source.

443. One input of the operational amplifier in the
current source is referenced to ground. The ,fl Reference
voltage (approximately - I V) is applied to the other
input through a reference resistance, Rr.1, 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 same potential. This requirement
cannot be satisified by cunent drawn from the FET
input; consequently, it must be met by the feedback
current, which passes through the resistance being

- measured, R1. As the amplifier output goes negative
because df the negative input, the transistor at its output

'"' is forward biased. The resulting feedback current is
automatically adjusted by the amplifier to cause a I V
drop across R.e;. The value of the current, then, is
inversely proportional to the value of R1s1.

464. 0hmmeter Power Supply.

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

+7
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466. 0hmmeter Reference.
Figure 4-7. Simplif ied

Model 3490A

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

4-75. Scan Decoder.

4-16. The four signal outputs from the Scan Generator
are fed into a 4-to-10 line decoder. The decoder then
applies an enable pulse to each display unit at the same
time that unit receives the BCD count information from
the Data Counter. Scanning is continuous, with all six
display units being scanned in approximately 1.6 ms,
beginning with the least significant digit, Nl.

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

4-79. Decimals and Annunciators.

4{0. 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.  L0GrC C|RCU|TS.

4-82. Clock.

4-83. Figure 4-8 is a block diagram of the Clock and
Counter circuits. The basic timing for the 3490A Ilgic

+67 . An emitter follower, whose base is referenced
through a voltage divider to a 5.6 V zener diode.
provides a stable reference of approximately - I V across
the reference resistor Rrs6 (Figure 4-7). This reference
voltage, applied to Rpsg, determines the amount of
current supplied to R1 by the current source, as
explained in Paragraph 442. A resistance measuremenr,
then, is the ratio of the voltage across R* to the voltage
across R1s;, both voltages being determined by the
current resulting from the reference voltage.

468. Input Protection.

4-69. Protection against excessive voltage which may be
accidentally applied to the front panel Q Signal termi-
nals is provided by a gas discharge device across th:ä
terminals and a resistance in series with the hieh
terminal. Voltages in excess of 250 Vrms may deströy
the I kfl series resistor.

+70. 0ISPLAY ASSEMBLY (Figure 7-2?).

471. Display Units.

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

473. Scan Generator.

+74. A relaxation oscillator operating at approximately
l0 kHz provides the clock signal for the Scan Generator.
The oscillator output drives a 4-bit synchronous counter.
The counter outputs are gated and fed back to reset the
counter after every I 2th input cycle, thus providing the

-1-ö
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TIMING
COUNTER

L T C  I
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HTC 4
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5 0 H z  L I N E  3 . 3 3 3 M H 2

FOR

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 MtIz 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.

484. Data Gounter.

4{5. The Data Counter is a hexdecade counter con-
taining six decade counters, six 4line latches, and
output multiplexing. At the end of rundown, a Transfer
pulse from the Transfer and Zero Detect logic transfers
the count information in BCD form into the 4-line
latches. Scan signals from the Dsplay 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.

486. Buffers

4€7. Inputs to the buffer amplifiers are two intermedi-
ate outputs from the Data Counter, Divide by 10,000
and Divide by 100,000. The outputs of these amplifiers
are gated by the Select Hundred Thousand Counts
signals, HSHC and LSHC, from Logic Storage. If HSHC
is HIGH and LSHC is LOW, the Divide by 100,000
output is selected, and if HSHC is LOW and LSHC is
HIGH, the Divide by 10,000 output is selected. The
Buffer output is applied through an emitter follower to
the Timing Counter.

4-88. Timing Counter.

4{9. The Timing Counter consists of a single D flip-flop
and a 4-bit binary counter. Five binary square wave
sigrals are produced in addition to the Timing Counter
input signal. This input signal is not a symmetrical
$quare wave. but is HIGH for 9,000 (or 90,000) counts
and LOW for I ,000 (or 10,000) counts. These six timing
signals gö to the Qualifier Multiplexer, and are used to
control run-up time, overload point, sample rate delay,
and function delay.

NEXT.STATE PRESENT
FUNCTION STATE

COMBINATIONAL
LOGIC

(GATES, RoM, etc.I

COMBINATIONAL
OUTPUT
LOGIC

INPUTS

OUTPUTS

Figure 4-9. Typical State Machine Block Diagram.
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Figure 4-10. Block Diagram, Main Logic ASM Flow Chart.
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tl-90. Algorithmic State Machine.

4-91. T\e 3490A main logic circuits employ a logic

svstem called an Algorithmic State Machine (ASM)'

Fizure 4-9 shows a typical State Machine block diagram'

nir nSU 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 ASIr{. For example, if the qualifier input is a certain

timing signal, the Next State Function logic may wait

until this qualifier reaches a predetermined level to

change the state of the ASM. Each new state provides a

different combination of outputs.

492. Figore 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
4MlIz (or 3.333 MHz) output from the Clock Oscillator
(Figure 4-8). This signal is divided by a 4-bit binary
counter and a D flip-flop, so that the State Clock output
has a period of 8 prs (or 9.6 ps). 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 +11 is a block
diagram of the Main Ingic Circuits. The 3490A logic
uses a Read Only Memory. Seven of the memory inputs

Section IV

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
sipal to the Logic Output Decoder, a Memory Output
sigrral to the Logic Storage flip-flops, Transfer Enable to
the Transfer utd Zero Detect gates, and a Close
Electronic Switch signal to the Integrator.

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

4-96. State ldentification. Each state may be identified
by a three-digit octal coded number determined by the
levels of D flip-flop outputs YMA through YMG, shown
in Figure 7-30. For example, in state 000, all seven
outputs are LOW ("0"). If only YMA goes HIGH ("1"),
the state is then 001. In the state where YMG= l;
Y M F = 0 ;  Y M E = l ;  Y M D = 1 ;  Y M C = l ;  Y M B = l ;
YMA = I (l 0l 1 I l1), the state identihcation number is
131 . A total decimal number of 128 states are possible,
with the highest state identification number being 177-

4-97. Oualifier Multiplexer. A block diagram of the
Qualifier Multiplexer is shown in Figure 4-1 2. Qualifier
Enable signals LMQA, LMQS, and LMQC from the ROM
are inverted and used to select one output out of eight

Figure 4-1 1. Block Diagram, Main Logic Circuits.

4-l r
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Figure 4-12. Block Diagram, Qualif ier 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 sigrals,
I-il,IQD and LMQE, are inverted and both HIGH and
LOW true signals are used at the AND/OR Invert Gate to
select one of the three decoder outputs. The output
from the Invert Gate is applied to a D flip-flop, which is
clocked by State Clock signal HSCK, and whose output
is the Qualifier Input to the ROM. This clock signal is
180" out of phase with State Clock LSCKwhich clocks
the Present State Storage flip-flops. This prevents uncer-
tainty in the ROM next state decision.

4-98. Logic Output Decoder. This 4-to-l6line decoder
uses four inverted enable signals from ROM, HMQA-D,
to select the proper output. In addition, the Output
Enable signal from the ROM, and the State Clock signal
LSCK must both be LOW to obtain an output from the."
decoder. All outputs from this decoder are LOW true,
and are used to clock the Logic Storage flip-flops, to
clear certain storage flip-flops, to clear the Data and
Timing Counters, to operate the Range Counter, and to
clock the'Polarity and Overload storage flip-flops.

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

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

t l-101. End of Reading Flip-Flop. The output of this
tlip-t1op is normally HIGH, and goes LOW shortly after
the Zero Detect of a measurement. If the instrument is
Ln the autorange mode, the End of Reading sigral

Model 3490A

remains HIGH until after Zerc Detect on the correct
range. After going LOW, End of Reading goes HIGH at
the end of the measurement sequence. The HIGH to
LOW transition signals to the Data Output circuits that
the information stored in the Data Counter is valid and
allows the data to be transferred across guard before the
Data Flag goes from "busy' to "ready."

4-1O2. Data Flag Flip-Flop. The Data Flag output from
this flip-flop goes LOW at the beginning of a measure-
ment and remains LOW until the reading cycle is
completed. If autorange is selected, Data Flag remains
LOW until a reading has been made on the correct range.
This signal is inverted in both the Data Output and
Remote circuits.

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

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

4-105. Input Polarity Storage.

4-106. The input to this D flip-flop is the inverted
output of the Analog Zero Detect Amplifier in the
lntegrator circuits. The flip-flop is clocked at the end of
run-up. If the 34904 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 LoSc is HIGH for + input and
LOW for - input.

4-107. Transfer and Zero Detect.

4108. The Transfer and Zerc 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 trve Zerc Detect sigtal.
These signals may be issued at end of run-down (when

Integrator output reaches zerc), at overload if reading is
greater than 120 % of nnge, or when a False Transfer
signal is given during Logic Test. Transfer goes to the
Data Counter to transfer the count into the six quad
latch circuits in the countet.Zero Detect is one input to
the Qualifier Multiplexer, indicating to the ROM that a
measurement has been comPleted.

4-109. Overload. A Transfer Enable signal from the
ROM goes HIGH at the start of run-down, and remains
HIGH until after the Transfer sigral goes LOW. This
enable signal is applied to one input of each of three
AND gates in the AND/OR Invert Gate. The other input
to the two-input AND gate is connected to the Time
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Count 32 line from the Timing Counter. This line goes
HIGH at the overload point, 120 7o of runge. The output
from this AND gate then goes HIGH to produce Transfer
and Zero Detect commands.

4-110. Negative Input. If the 34904 input is negative,
the Polarity Storage Q output to the next AND gate will
be HIGH. Since Transfer Enable is already HIGH, when
Analog Zerc Detecr goes HIGH at the end of run-down,
Transfer andZero Detect commands are given.

+111. Positive Input. When Jhe 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 rundown, this signal is inverted and applied to the
third input of the AND gate, resulting in Transfer and
ZercDetect commands.

4-112. False Transfer. One input of a two-input AND
gate is connected to f 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.

4113. Ovedoad Storage.

+114. When a Zero Detect command is issued, the
Overload Storage D flipflop is LOW, indicating the
measurement is less than l2OVo of range, the flip-flop
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output will be LOW. If Time Count 32 is HIGH,
indicating a measurement of greater thm 120 % of
range, the flip-flop output will be HIGH. T[ris output
goes to the Data Output circuits (Option 021), and to
the Display. A HIGH Overload sigral is inverted in the
Display circuits to turn on the Overload annunciator.

+il5. DC SWTTCH|NG LoGrC.

4-1 16. The DC Switching Logc uses range, function,
and polarity information, together with the three main
Time Bits to control all inputs to the DC Amplifier
during both run-up and run-down. This includes input
protection on the two lower dc Ranges, input attenua-
tion on the two higher dc ranges, and the output ofthe
AC Converter in ac measurements. The DC Amplifier
gain is also selected by the DC Switching Logic. In
addition, this circuit also enables the Ohms Converter
during resistance measurements, and controls the reed
relay at the input to the AC Converter for ac measure-
ments. A ,Read Only Memory and three dual-input
NAND gates make up the DC Switching Logic.

+I I7.  REFERENCE SUPPLIES.

ll.l 18. Voltage Mea$rements.

4-119. Figure 4-13 is a simplified diagram of the
Reference and Ratio circuits. An accurate and stable
+ l0 V Reference from a voltage regulated power supply

EXTERNAL REFERENCE
AMPLIF IER
(oPTloN o80)

REFERENCE POLARITY LOGIC
( oPT toN  080 )

INPUT POLARITY

E X T  R E F
I N P U T

R A T I O  P O L A R I T Y

EXT

INT

+REFERENCE SUPPLY

aLL JUMPERS _<*-b_ REMovEo tF
RAT IO  OPT ION IS  INSTALLEO. I

,rt l  +REF sENsE I

3 4 9 0 - 8 - 2 9 3 0

Figure z1-13. Simplified Diagram, Reference and Ratio Circuits.
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circuit fumishes the positive reference which is used in
negative dc voltage measurements. A feedback circuit
which senses the reference voltage at the FET switch
input to the DC Amplifier ensures the correct voltage at
that point, even though there may be switch and
connector contact resistance in the circuit. The input to
the Inverting Amplifier, which supplies the - Reference,
is also connected to the sense point.

4-1 20. Plus Reference. The differential amplifier of this
supply is referenced to a zener diode which is in the
emitter circuit of a feedback amplifier transistor. The
diode and transistor are in the same package, for
improved temperature stability. The amplifier gain is
adjusted to provide an accurate + l0 V output.

4-1 21. Minus Reference. The - reference, used in ac and
positive dc measurements, is supplied by an inverting
amplifier whose input is the + 10 V reference. The gain
of this amplifier is adjusted to provide an accurate - l0 V
output.

4-122. Ratio Measrements (0ption 080).

4-123. A 34904 equipped with Option 080 is capable
of making dc-to-dc and ac-to-dc ratio measurements. The
External Reference Amplifier has a gain of l0 when the
Ratio switch is set to the I V range. This is necessary to
make the external reference compatible with the refer-
ence switching logic, since in voltage measurements *
and - l0 V references are used. Figure 4-14 is a simpli-
fied diagram of the external reference amplifier circuits.

4-124. Extetnal Reference Amplifier. A microcircuit
operational amplifier, connected in the non-inverting
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mode, is used as a buffer amplifier for the external
reference input. The gain of this amplifier is selected by
adjusting the output of the Feedback Amplifier. A third
microcircuit amplifier provides current to compensate
for bias current drawn by the input amplifier. The
External Reference Amplifier input is clamped to
approximately ! 14 V to protect against excessive input
voltage up to + 250 V. Greater input voltages may
damage either the protection circuit or the Reference
Amplifier. The amplifier output is limited to approxi-
mately t 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 10 V Ext. Ref. range can be adjusted
slightly above or below unity as required. On the I V
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 l0 V
intemal reference.

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

I N P U T
PROTECTION

+  I 7 V

EXTERNAL
REFERENCE
AMPLIFIER

INPUT
COMPENSATION

AMPLIFIER

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

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

4-127. Reference Polarity Logic. In the dual-slope inte-
gration method of measurement, the polarity of the
reference voltage used for run-down (integrator dis
charge) must be opposite the polarity of the input
voltage. The 3490A automatically selects the correct
reference polarity whether the External Reference input
is positive or negative. Since the external reference
voltage in ratio measurements replaces the positive
internal reference, the logic signal which selects the
rundown reference polarity must be inverted when the
extemal reference is negative. Figure 4-16 shows how
this is accomplished. The External Reference Amplifier
output is inverted and applied to one input of an
Exclusive OR Gate. The other input of this gate is
connected to the stored Input Polarity signal from the
I"ogic circuits. The Exclusive OR Gate output is HIGH if
one and only one input is HIGH. If both inputs are
either HIGH or LOW, the output is LOW. Because the
output of the AC Converter is positive, a negative
reference is selected in all ac measurements. The front
panel display polarity symbol is + if the input signal and
extemal reference are of the same polarity, and - if they
are of opposite polarity. No polarity symbol is displayed

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

+128.  FBONT PANEL S1VITCHING.

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

4130. POWER SUPPLIES.

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

'änd t 5 V provide power to the inguard circuits of the

" 3490A. An outguard + 5 V supply is a part of Options
O2O, O2l andO22. The + 17V 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 + l7 V supply, as
indicated in the block diagram of Figure 4-17, since + l7

INVERTING
AMPL IF IER

+  F O R  +  E X T E R N A L  R E F .
.  FOR .  EXTERNAL REF.
+  F O R  I N T E R N A L  R E F . LOW FOR + EXTERNAL REF.

H I G H  F O R  .  E X T E R N A L  R E F .
LOW FOR INTERNAL REF.

R A T I O  P O L A R I T Y
( S E E  T A B L E  4 - 1 )

,
I

HtGH FOR + tNpUT
LOW FOR .  INPUT
H I G H  F O R  A C  I N P U T

Figure 4-16. Reference Polarity Logic.
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volts is used as a reference for the + 30 V, + 5 V and
- 17V regulators. The -30V regulator uses - 17V as a
reference. Ul02 in the - 17 V supply is operated off raw
supply thru CR123 unti l the -30V supply comes up
after turn-on. It is then operated off - 30 V thru CRl22.
The - 5 V supply is zener regulated from the - l7V
supply. All supplies except the - 5 V supply are voltage
regulated and current limited for protection. The output
of each supply is limited by a zener diode to protect the
circuits it supplies.

+I32.  SELF.TEST FUNCTION.

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

Model 3490A

4-134. Logic Test, No. l.

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

Table 4-2. Polarity in Ratio Measurements.

External
Reference

I nput

I  nput
Signal

Rat io
Polarity
Signal

Displayed
Polarity

Measurement Run-down

Reference
Required

Amplifier
Output Used

+
+

+

H I G H
LOW
LOW
H I G H
H I G H
LOW

+

none
none

+

Invert .  Amp.
Ext .  Ref .  Amp.
Ext .  Ref .  Amp.
Invert .  Amp.
Invert .  Amp.
Ext .  Ref .  Amp.

Table 4-3. Analog Tests.

T€sl
No.

Run-Up Run-Down

DC Amp.
Input

DC Amp.
Gain

DC Amp.
I nput

DC Amp.
Gain

2
J

4
5
6
7

Ground
+ Ref/- Ref
+ Ref
Ground
Input x 0.01
o Ref

x 1
x l
x l
x  10O
x  100
x 1 0

+ Ref/- Ref
- Ref/+ Ref
Input  x 1
+ Ref/- Ref
+ Ref
+ Ref

x 1
x l
x l
x l
x 1
x 1

FULL- WAVE
R E C T I  F I E R
cRil9 - t 20

R E C T  I F I E R

REF

REGULATOR

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

+ 080.024
+ O4.0024
+ o.2N24
+ .010024
+ 0.09032
+ t0.oo24
+ 200.024
+ 4000.24
+ 80002.4
+ 6000.xx OL

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

+137. 10 V Range Zero,Test No. 2.

4.138. Test No. 2 selects a DC Amplifier gain of I for
both run-up and run-down, which is the l0 V range
configuration. During run-up, the amplifier input 1s
grounded through the Input Short FET switch (C in
Figure 44). Either the + or - Reference is used for
run-down just as in a normal dc measurement with zero
input. If the amplifier and its auto zero circuits are
operating correctly, the display should be zero.

4139. 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 tesi, 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 measuremänt. The stored
pola.rity of the run-up voltage in one measurement is
used to select the run-up voltage of the opposite polarity
for the next measurement. ti tne RAiustmenf proce_
dures, after the + Reference has been adjusted, Test No.
3 is used to adjust the - Reference.
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4141. + Reference Check, Test No. 4.

4-142. Tlnslest compares the voltage at the + Ref FET
switch (F in Figure 44) Io a precise input voltage. The
voltage through the + Ref FET is used for run-up, and
the input voltage is used for run-down. If the instrument
does not have the ratio option, or if the RATIO switch is
set to INT REF, this checks the internal + Reference
voltage. With the RATIO switch set to EXT and the
EXT REF input terminals shorted, Test No. 4 can be
used in adjusting the External Reference Amplifier zero
for both the I V and l0 V reference ranges.

+143. 0.1V Range Zero, Test No. b.

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

4145. x .01 Atten., x 100 Gain, Test No. 6.

4146. In Test No. 6, a precise - l0 V input voltage is
first divided by 100 in the attenuator, then amplified by
100 in the DC Amplifier. The + Reference is used for
run-down as in a normal measurement. An incorrect
reading in this test could indicate error in the attenua-
tion, the DC Amplifier gain adjustment, or a thermal
offset. Test No. 6 is used in the Adjustment procedures
for adjusting the x 100 gain.

4147. 0hms Reference, Test No. 7.

,l-148. In Test No. 7, the signal at the Q Ref FET switch
(G in Figure 44) is amplified by l0 and compared to the
.tlOv Ref. The A Signal input terminals must be
shorted to close the feedback loop of the e cunent
source amplifier, thus generating the Reference voltage
across the reference resistor (see Figure 4-7). Because a
precise voltage is not required for the fl Reference, the
tolerance for this test reading is I 7000 counts. A
correct reading verifies proper operation of most of the
Ohms Converter circuits.

+149. BCD REMOTE EXPAND 0PTt0N 020 (Figure
7-3r).

4150. 0utguard Power Supply.

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

+ 1 7
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4-152. lsolated Trigger and Hold.

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

It-l54. Sample/Hold Trigger Circuits.

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

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

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

+158.  DATA OUTPUT OPTION 021.

4-159. The Data Output connections at the rear panel
are isolated from the internal circuits of the 3490^.
Power for the outguard circuits is supplied by the
outguard + 5 V power supply. Outguard ground is
isolated from inguard circuit common and chassis (earth)
ground, and may be floated up to 40 V above chassis.
Figure 7-32 is a diagram of the Data Output circuits.

4-160. Data Multiplexers.

4-161 . Three multiplexers, each having 8 input lines and
4 output lines, are used to transfer the Data Output
information across the guard to four eight-bit shift
registers. An "output select" (Ss) connection to each
multiplexer selects one set of four inputs if the Ss input
is HIGH. and the other set of four inputs if Se is LOW.
The outputs from two multiplexers are applied to the
inputs of the third, or "master" multiplexer. The
outputs of the master multiplexer are enabled for only
the eights periods of time necessary to transfer all the
Data Output information, as shown in Figure 4-1 8. The
Sequential Logic determines the time and sequence of
mlolTnation transfer.

:-l !

SEOUENTIAL LOGIC INPUTS

ENO OF REAOING L

SCAN C H

SCAN 8 H

I
MASTER MULTIPLEXER I  I
OUTPUT SELECT O I

I IULTIPL€XER OUTPUT I
ENAELE L I

I

SCAN A H

DATA MULTIPLEXE
OUTPUTS

OATA CLOCK
IO OUTGUARO
SHIFT REGISTERS

l t l l l l tr n n n n n n n n
I o,,oo,o outou, i.lormorion tcl.r.d I
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Figure 4-18. Data Output Timing Diagram (Option 021 ).

4-162. Data Output Sequential Logic.

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

4164. Oata Clock.

+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.

4166. lsolation Asembly.

arl67. Each signal is transferred across guard through a
photoisolator, which consists of a light+mitting diode
driving a photosensitive transistor. Consequently, no
electrical connection is made between the inguard and
outguard circuits.

+168. Shift Registers.

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

4170. Data Flag.

+171. The Data Flag output signal goes HIGH at the
begiruring 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.

L172. kinter Hold.

+173. A HIGH signal from a digital recorder, indicating
that the recorder is not ready for an input, is inverted
and connected to the 349OA 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.

4t74. REM0TE C0NTR0t 0PTtoN 022.

+175. The Remote Control Option permits remote
control of range, function, autorange selection, and
Sample/Hold operation. All connections at the rear
panel Remote Input connector are isolated from the
34g0{internal circuits. Power to the outguard circuits is
supplied by the + 5 V outguard power supply. Outguard ,r-.
ground is isolated from inguard circuit common and
from chassis (earth) ground, and may be floated up to
40 V above chassis. Figure 7-33 is a diagram of the
Remote Control circuits.

l}176. Gircuit lsolation.

1.177. A photo-isolator, consisting of a light-emitting
diode which drives a photosensitivJtransistoi, is used to
carry each signal across guard. Consequently, there is no
electrical connection bätween inguärd and outguard
circuits.

4-178. Remore Enable.

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

4180. 0utguard Multiplexer.

4181. This dual 4-to-1 line multiplexer accepts g bits of
range and function information. Then, when a progam
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 selecl the
multiplexer outputs. ftan A is applied to one output
selection line, and Scan A divided by 2 is applied toihe
other line. Figure 4-19 shows the multiplexer output
sequence.

SEOUENTIAL LOGIC INPUTS
PROGRAM EXECUTE H

scat{ c

SEOUENTIAL LOGIC -----_-I
OUTPUT
PROGRAM FLAG
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I
l l
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Figure 4-19. Remote Control Timing Diagram
(Option 022).

4182. Remote Sequential Logic.

zl-183. The Sequential Itgic is enabled by application
'-'of a Program Execute command, which musf go from

signal is inverted and applied to the Logic. The next time
the Scan C signal goes LOW after receipt of a progam
Execute command, the Ingic 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
Iocal/Remote selection cannot be changed during the
Program Execute procedure.

+184. Program Flag.

4-185. The Program Flag signal goes HIGH to indicate
that remote program information is being accepted, and
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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 l,ogic
disables the State Clock signal to the t-ocal/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-fl op.

4186. Data Clock.

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

+188. Shift Registers.

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

41 90. Local/Remote Multiplexers.

+191 . The four outputs from each of these multiplex-
ers may be either of two sets of four inputs. One set of
four inputs is the remote program information bits, and
the other set is the corresponding information from the
front panel switches. The logic level of the "output

select" connection to the multiplexer selects either {he
local or remote program information. The "outpüi

select" signal is the output of the Local/Remote
Flip-Flop. The multiplexer outputs are the range and
function information used in the logic circuits.

4-1 92. LocaURemote Flip-Flop.

4-193. The Local/Remote Flip-Flop provides the "out-

put select" signal to the Incal/Remote Multiplexers. A
NOR gate is used to gate the State Clock input to the
flip-flop. When the 3490A is turned on, the Turn-on L
signal from the logic circuits sets the Local/Remote
Flip-Flop to the local state. When the Remote Enable
line at the rear panel connector is held LOW, a L,OW
sigtal 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.

4194. Dau Flag.

t195. The Data Flag output signal goes HIGH at the
begrnning of a measurement and LOW to indicate the
reading sequence has been completed. If the instrument
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is operating in the autorange mode, Data Flag remains
HIGH until a reading on the correct range has been
completed.

4.196.  GENERAL PURPOSE INTERFACE BUS I /O
(0PTtoN 030).

4-197. The General Purpose Interface Bus I/O (GPIB)
option permits the Model 3490A to operate on a single
data/control bus with several other instruments. The
ASCII code, used in this system, is an eight-bif +2-l
octal code, parallel bit, serial character. The 3490A I/O
has a talk address and a listen address, which allows the
controlling instrument to instruct the 3490A to output
measurement data or to receive programming informa-
tion. Since each instrument on the bus may have its own
distinct address codes, a single controller is able to
instruct or receive data from each one individually. The
3490A GPIB option is compatible with the -hp- 9800
series calculators.

4-198. GPIB System.

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

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

9820A
CALCULATOR

(CONTROLLER}

3490A
DVM

(TALKE R}
( L I S T E N E R I

F R E O U E N C Y
COUNTER

(TALKER}
( L I S T E N E R I

PR INTE R

( L I S T E N E R }

12  f t .  MAX.

ASCI I  8US  CABLES

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.

4201. Basic Theory of GPIB l/0 Circuits.

4-202. The 3490A GPIB circuits employ two separate
logic systems called Algorithmic Siate Machines (ASM).
A brief explanation of an Algorithmic State Machine is
given in Parugraph 4-90. One ASM is inside the instru-
ment guard (Inguard State Machine) and the other is
outside the guard (Outguard State Machine). Each
system must accept, store, and output information,
providing a two-way communication link between the
3490A internal logic circuits and the other bus system
instruments. The two State Machines are timed by
separate free-running clocks; consequently, communica-
tion between the two machines is asynchronous. Figure
736 is a block diagram of the GPIB I/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 inzuard and
outguard circuits. This allows the inguard anä'outguard
circuits to operate on different ground systems at
different potentials. The outguard ASM receives and
interprets information from the controller. It then
responds to the controller, and transfers the necessary
information across guard to the inguard ASM, which
programs the 3490A logic circuits. When the instrument
is addressed to talk, the measurement output data is
transferred across guard one digit or character at a time.

P11u Ir then placed on the bus data lines DIOI through
DI07 one character at a time in the sequence shown in
Paragaph 3-126. Tlre timing of the data output is
controlled by the three "handshake" sigrals described in
Paragraphs 3-94 through 3-97.

4-204. GPIB System Operation.

4-2-O!. Reset. When power is first applied to the
3490A, the Reset circuit output is LOW for approxi-
mately 100 ms. This sets the inguard ASM to the-,izero,'
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 fiönt panel settingsl
The outguard ASM circuits then check io 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.

+246. Local Control. In local control, the I/O circuits
accept and store range and function information from
the front panel. Sample Rate and Sample/Hold (option_
al) are controlled from the front panel.-This information
may be updated at any time by changing the control
s€ttings. If the Sample Rate control ls set to HOLD, the
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3490A may be triggered through the rear panel Trigger
connector. If addressed to talk, the 3490A will output
measurement data in accordance with normal bus
operation.

4-2O7. Address to Listen. When the Outguard State
Machine senses that the MRE line is LOW, it waits for
DAV to go LOW indicating that the data information is
valid. When LDAV is received, data lines DI05 through
DIOI are compared to the 34904 address bits. If thöv
match, DI07 is checked to determine if the address is tä
talk or to listen. If DI07 is HIGH, the 3490A is
addressed to listen. It then checks REN to see if it is
LOW. If so, the internal RMT line is set LOW and this
information is transferred across guard and the Inguard
State Machine sets the 3490A to remote control,
disabling the front panel range, function, and Samplef
Hold controls. As soon as the address data and tn, fiBN
line have been checked, the DAC output is allowed to go
HIGH, indicating that the data has been accepted.

4-208. Remote Programming. After the 3490A has
been instructed to listen and placed in remote control.
the controller sets MRE High so that the 3490A can
receive remote program data. This data is placed on the
seven data lines DI0l -7 by the controller, one character
at a time. After each character is placed on the data
lines, the controller sets DAV to LOW, indicating to the
349OA Outguard State Machine that this data iJ readv.
The Outguard State Machine checks to see if the datals
valid for the 3490A and then transfers the data across
guard to the Inguard State Machine. It also sets the DAC
line HIGH and RFD LOW to indicate that the data has
99rl accepted and is being processed. The Inguard State
Machine then interprets the data and takes appropriate
action. For example, if the character received is the
alpha identifier R, the inguard circuits are set so that the
next character (if it is a digit) is routed to the ranse
storage circuit. (See Paragraph 3-106 for the ..rnol.
programming sequence.) After a data character has been' 'i processed, RFD is allowed to go HIGH, ind"icating to the

iL controller that the 3490A is ready for new data.

4-209. When programming is completed, the controller
must send the ASCII code character E, after which it
may address the 34904 to talk or it may address anv
other unit on the bus to l isten or talk. The character 6
indicates to the 3490A that the progamming is ended.
The 3490A then will not accept any more data until
after MRE has again been set LOW and the 3490A listen
address sent.

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

+2r
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that the data has been accepted, the Outguard ASM
signals to the Inguard ASM that new data may be
transferred across guard. The output of the six digits of
measurement magnitude is timed by the same scan
signals (HSA, HSB, HSC) that control the 3490A
display.

4-211. Talk Only. When the rear panel slide switch is
set to the TALK ONU/ position, the 34904 may be
operated with a printer without the use of a controller.
This switch sets the internal Talk Only line LOW,
enabling the I/O circuits to output data after each
measurement. Operation of the 3490A is programmed
by the front panel controls.

+212. SAMPLE/H0tD 0PTl0N l l40 or 045.

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

Figure 4-21. Sample/Hold Circuit Position.

4-214. Twk/Hold Mode. 
__-"

4-215. The Track/Hold Mode is useful in determining
the value of a varying input voltage at a specific time.
This is illustrated in Figure 4-22.Following a complete

FiEure 4-22. Waveforms lllustrating Track/Hold Mode.

1-ll
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measurement, the Sample/Hold amplifiers are again
allowed to track the input signal.

HoLo MooE --._J

MEASUREMEN, pERroD _Jf

E X T E R N A L  S A M P L E / H O L D
T R I G G  E R 3 4 9 0 4  B ' 3 4 1 1

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

4-216. Acquire/Hold Mode.

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

Table 44. Acquire/Hold Delay.

Range Delav
Option 050 Option 060

1 V
1 0 v

100 v
1000 v

6 1 5 . 0 r t s 1 4 0 0 n s
154.0 ps t 400 ns
615.0 rrs t 400 ns
154.0 ps t 400 ns

512.6 ps t 400 ns
128.4 tts t 4p0 ns
512.6 trs i zl00 ns
128,4 tts + 400 ns

4-21 8. Sample/Hold Mea$rement Sequence.

4-219. Figure 4-31 shows a simplified diagram of the
Sample/Hold circuits and describes the measurement
sequence. Sample/Hold Circuit A can respond quickly to
a change in voltage at point 2. However, this circuit
cannot hold a fixed level long enough for a complete
measurement. Sample/Hold Circuit B cannot respond as
quickly as A, but can hold a fixed level long enough for
a complete measurement. In a Sample/Hold measure-
ment, the voltage is sampled by Circuit A, then held by
A until Circuit B has time to respond. Then the voltage
is held by B while the measurement is completed.

A N A L O G  T O
D I G I T A L

C O N V E R  S I O N
C I R C U I T S

VOLTAGE
L E V E L  M E A S U R E D
A T  T H I S  T I M E

+ T R A C K  M O o E

O  M O D E  E E G I N S  W I T H I N
N A N O S E C O N O S  A F T E R

E l P T  O F  T H E  S / H  T R I G G E R

M E A 5 g R E M E N T  p E R r o D -  - /

i X ] E R ^ i A L  S A M P L E / H O L D
T R I G G E R

1490a'B 3430
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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

Traci Mode from the completion of one measurement

until the receipt of the next Sample/Hold Trigger

command. For this reason' the DC Input Amplifier is

connected to the input terminals during this entire

period, and the normal auto-zero cycle of this amplifier

iatrnot 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,

3T4, is the algebraic sum of the voltages at points 4 and

S. nre voltage at point 4 is the sum of the input signal
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held by the Sample/Hold circuits and the offset of the
Input Amplifier. The voltage at point 5 during the same
period is the inverse of the offset voltage. Ideally, then,
the voltage at point 6 is equal to the input signal held by
the Sample/Hold circuits (V4 + V5 = input signal).

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

&221. Sample/Hold Analog Circuits.

4-222. Circuit A. Figure 424 contuns a simplified
diagram of Sample/Hold Circuit A and a discussion of its
operation.

A M P L I F I E  R  A

O 83" sz

INTEGRATOR

+t7vr t7V 
cAPAc l roR

@ n 'z
OUTPUT zOK
OF DC+
INPUT

AMPLIFIER

R20
7t K

R 2 l
7 t K

NOTEr  S l ,S2 ,A53  ARE FET
SWITCIES, AND ARE
STIOWN IN THE TRACK
MODE STATE

T .  l -'.,r,*f 
v-tNTERNAL-... 

| _,^ CAPACTTANCE
\,,

- t7v

3490-8 -  l39l

a. In the Track Mode, Sl is open, 52 and 53 are closed. The circuit from point A to point D operates as an inverting unity€ain
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 blas currents are required by the FET source-followers in the input stage of the
integrator.

b. For each nar level of output voltage at point D, current flows through 52 to readjust the \roltage across the integrator
capacitor to the appropriae level. When a Hold A command is received, 52 opens and no more current is supplied to chang€ the
\toltage across the capacitor, ln this Hold Mode, the voltage at point D remains constant while a measurement is complEted.

c. When the Hold comnrand occurs, the gate voltage on the FET switch 52 goes rcgatiw, causing a current to flow through the
iunction capacitance of this FET. This current alters the \roltage on the integrator capacitor. Compensation for this effect is
provided by 53, which alters the voltage on its associated capacitor at the other input to the amplifier in a similar fashion.

d. Sl is closed during the Hold Mode. This limits the amount of voltage change at point C, and prevents currents going from C
to E through any stray capacitance or through the internal capacitance of FET switch 52 during the Hold Mode.

-LCIO

T'oo
Iv

56

Figure 4-24. Simplified Diagram and Operation of S/H Circuit A.
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4-223. Circuit B. A simplified diagram of Sample/Hold
Circuit B is shown in Figure 4-25. The operation of
Sample/Hold Circuit B is similar to the operation of
Circuit A. Circuit B responds more slowly than A and is
able to hold a constant output level long enough for an
accurate measurement to be completed. To allow time
for Circuit B to respond to the output of A, the B Hold
command occurs about 2 milliseconds after the A Haid
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,
cr2 .

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:

l. Charge a capacitor to a given voltage.

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

3. Disconnect the load resistor.

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

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

I  r l
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circuit changes from the input signal to the reference
voltage, which is opposite in polarity.

4-225. Compensation for Dielectric Absorption. To
prevent deterioration of the Sarnple/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 (pqints D
and F in Figure 4-25). The waveforms in Figwe 4-26
help to illustrate the action of the Dielectric Absorption
(DA) Compensation circuit. During the Track Mode, 55
and 36 (Figure 4-25) are closed. Any change in the
output voltage at point D causes current to flow through
the rc circuit R34, Cl6 and R6. This current decreases as
Cl6 assumes the new voltage. The resulting voltage
across R6 is applied to Cll and the DA Compensation
amplifier input. When a Hold B command occurs, 55
opens and the voltage across Cl I remains at the level
present at that moment. 56 also opens at this time,
allowing Cl8 to begin charging slowly toward a voltage
proportional to the charge on C11. The compensating
voltage at point F is the voltage developed across Cl8.
As the time increases between a voltage change at the
integrating capacitor and the Hold B command, the need
for compensation decreases, and the compensation
provided also decreases.

4-226. Ottset 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 Amplifien
A and B. During both the run-up and run-down portions
of the measurement period, the input to the DC Input

+ I 7 V + I 7 V  I N T E G R A T I N G

OUTPUT OF
S/H CIRCUII

(D R8- 20K

@
OUTPUT

R 5 8
7 t K

R 3 9
7r K

R34
tooK

S 4 , S 5 ,  A N D  5 5  A R E
FET SWITCHES.  THEY
ARE ALL OFF (NOT

C O N D U C T I N G )  F O R  T H E
HOLD MODE.

D A COMPENSATION

-t7v @ S 5
c t 6
o.47

v

t8 R36
roo R 6

t o K

J 4 9 0  A - B - 3 4 3 3 Ja+zv

Figure 4-25. Simplified Diagram of S/H Circuit B.
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Figure 4-26. Dielectric Absorption Compensation.

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

4-227. Output Amplifier. This unity-gain inverting
amplifier inverts the output from Circuit B (less the
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Offset Amplifier output) and applies this voltage to the
Integrator (A - to - D Conversion) circuit through Kl, as
shown in Figure 4-31. If Sample/Hold operation is not
selected, th9 DC Input Amplifier output signal by-passes
the Sample/Hold circuits through K2.

4-228. Sample/Hold Logic Circuits.

4-229. Fipre 44,7 is a block diagram of the Sample/
Hold logic circuits. The function of each block is
discussed in the following paragraphs. The sequence of
the main timing signals must be modified for Sample/
Hold measurements to allow the Sample/Hold circuits to
track the input and reference signals at the proper times.
The modified timing also grounds the input to the DC
Input Amplifier during the run-up and run-down peri-
ods. The Sample/Hold logic circuits also determine the
proper delay for Acquire/Hold measurements in accor-
dance with the range selected. The logic circuits are
controlled by an Algorithmic State Machine (ASM). A
brief explanation of an ASM will be found in paragraph
4-90.

4-290. Timing and Trigger Circuits. The block diagam
in Figure 4-28 details the circuits and sigrals used in the
timing and trigger circuits.

4-231. Sample/Hold State Clock. The input to the
Sample/Hold State Clock comes from the 34904 crvs-
tal-controlled Clock Oscillator, A1U3. This signal is
divided by 16, so that the Sample/Hold State Clock
sigral has a frequency of 250 kHz in instruments
desigred for 60 Hz line operation, and 208.3 kHz in
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Flgure 4-27. Sample/Hold Logic Block Diagram.
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50 Hz instruments. Two Sample/Hold State Clock sig-
nals which are opposite in phase, HSHC and LSHC, are
used to clock the State Storage and Memory Storage
flip-flops. All six "next-state" signals are clocked into
storage at the same time. One-half clock cycle later, the
Memory Storage flip-flops are clocked simultaneously.
The clock signal to the Timing Counter is gated by the
Hold sigral from the Sample/Hold Trigger circuit.

4-232. Timing Counter and Level Translator. The Tim-
ing Counter is a l4-stage binary counter/divider. Four
outputs from this counter are applied to the kvel
Translator, which converts the counter output logic
levels to the 0 V to + 5 V levels used by subsequent
circuits. Three outputs from the trvel Translator arg.
applied to the Delay Multiplexer and used in selecting
the Acquire/Hold delay. The other two kvel Translator
outputs go to the Qualifier Multiplexer.

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

4-23. Sample/Hold Trigger Circuits. Figure 4-29 shows
the Sample/Hold Trigger timing sequence. An external
Sample/Hold Trigger pulse is applied to a pulse-stretch-
ing one-shot circuit whose output is a positive pulse
approx-rmately 40 microsqconds in width, called Exter-
nal Hold H. This output may be inhibited by a LOW true
inhibit sigral. LISH, from the ASCII option. Also, the
Ertemal Hold H output must be enabled by a LOW
Ertemal Triaeer Enable signal from the Mem'ory Stor-

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

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

STATE CLOCK HSHC

DELAY SELECT L INES

IHOSA,  HDSEI  FROM
MEMORY STORAGE

SAMPL€/HOLD TRIGGER

IHEHCI  FROM

l l rsHt FRoM ascrl
EXTEfrNAL TO OUALIFIER MULTIPLEXER

1 4 9 0 - 8 - 3 4 4 0

E X T E R N A L  T B I G G E R  E N A S L E
(LXEN}  FROM MEMORY STORAGE

LSHC INVERTED TO OUALIFIEF
STATE CLOCK MULTIPLEXER

Figure 4-28. Block Diagram of S/H Timing and Trigger Circuits.

Table 4-5. Gain Delay Relationship.

Range DC Amp
Gain

Delay Select Nominal Delay (psl

HDSEHDSA Option 060 Option 05t0

,1  V.
1 V

1 0 v
100 v

1000 v

xlOO
x l O
x l
x l O
xl

L
H
L
H
L

L
L
H
L
H

2048.8
512.6
128.4
512.6
124.4

2458.5
615.0
154"0
615.0
154.O

EXTERNAL TRIGGER,
ENABLE LXEN

EXTERNAL
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EXTERML HOLD H
HEHS

I  NTERNAL
COMMAND

H  I H C

HOLD
H

TRIGGER COMMANDS
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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 Intemal Hold Command signal
if the 3490A is operating in the automatic sampling
mode, or if triggered by the front panel pushbutton.

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

+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 are LOW. Two
of the next state outputs are stored in D Flip-Flops
which are clocked by the positive-going edge of the
clock signal, HSHC. The other four next state outputs
are stored in a selectable input storage unit, which is
clocked by the negative-going edge ofthe inverted clock
sigral, 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.

4-23!. Oualifier Multiplexers. The two qualifier inputs
t9 the ROM, along with the six present-state inputs,
determine the next-state outputs from the ROM. These
qualifier inputs are selected by two 8line to lline
multiplexers. Selection is determined bv three of the
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present-state outputs from State Storage FIPA, HpB and
HPC.

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

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

..Ratio Polarity signal at the gate input.

4-27
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Figurb 4-30. Sample/Hold Measurement Sequence.
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a' During the period 6T1, circuits are in the Tract+,Mode and in'put switch SA is connected to thelnput  terminal .

P' .f'1r 
a S/H T-rigger command is received. Circuit A holds within 400 nanoseconds, and Circuit Bholds about 2 milliseconds later.

c. At t2, 54 is switched to ground. 2T3 is settling time for the amplifiers.

d' 3To is the run-up time for the integrator. sg is connected to the I ntegrator inpu.

e' From t4to t7,sg is crosetJ to ground and no current is suppried to the Integrator.

f' At t5, s4 is switched to the - Reference. 5T6 is about 4 ms long. Hold A occurs 2 ms after t5 andHold B occurs at t6.

9. 54 is switched to ground at t6, and 6T7 is used for amplifier settling time.

h' sg is switched to the lntegrator input during 7Tg. tg is the zero detect point.

i' At t0, all circuits are returned to the Track Mode and s4 is again connected to the lnput terminal.

Waveforms are not drawn to time o, "o,,rn" I?[lt
Decay of circuit A output signal, v3, is eägger;d for the purpose of this iilustration.
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Figure 4-31. Sample/Hold Simplified Diaeram And
MeaSurement Seqüence.
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Table 5-1. Recommended Test Equipment.

I nstrument
Type

Required
Characteristics Use Recommended Model

DC Voltage Standard Voltage: I mV to 1000 V
Accuräcy: 1 0.005 %

Performance Checks
Adiustments
Troubleshooting

+rp- Model 7408 DC Standard/
Differential Voltmeter

AC Calibrator Frequency:  20 Hz to 1OO kHz
Output Level: 1 mV to 10OO V
Accuracy (midlcand): r 0.1 %
Voftage Stability: ! O,O2"Ä
for six months

Performance Checks
Adiustments
Troubleshooting

tro- Model 745A AC Calibratol
-trp- Model 7464 High Voltage

Amplif ier

Resistance Decade Resistane: 100 A to 1O Mtr,
Accuracv: i 0.004 %

Performance Checks
Adiustments
Troubleshooting

General Radio Model
GR 1433-2 Decade
Resistor

Electronic Counter Frequenry: 50 Hz to 60 Hz Performance Checks {rp- Model 53OOA/5302A
Measuring System

Test Oscillator Frequency: to 25O kHz

Output: 3 Vrms into 50 s,
Performance Checks +rp- Model 6524 Test

Oscillator

DC Differential
Voltmeter

Voltage Range: 1 V

Resolution: 1 rrV

Performance Checks +rp- Model 34208 DC
Difterential Voltmeter

DC Digital

Voltmeter
Voltage Range: 10 mV to 1 OO0 V
Reso lu t ion :  10  / /V

Adlustments
Troubleshooting

*rp- Modet 34808/3484A
Digital Voltmeter

Oscil loscope Bandwid th :  DC to  10  MHz

Sweep: 0.1 ,is to 1 sec/div

Sensitivity: 1 V/div

Delayed Sweep
Delayed Gate Output:

negative-going pulse

> 2 V a m p l i t u d e a n d

> 30 ns wide

Performance Checks
Adiustments
Troubleshooting

+rp- Mod€l 18OC/D Orcilloscope
with 1 8O1 A and 1 821 A
plugin units

DC Null Voltmeter Voltage Range: 100 mV ro lOO V Adiustments
Tlou6leshooting

-hp-  Mode l  419A DC Nu l l

Voltmeter

Capacitor Capacitance: 1.0 pF

Voltage: 20 vdcw
Päiformance Checks +rp- Part No. 01 60-261 I

Resistors Resistanc€s:
1  ka  i  10  %

lok f , }  10 .1  %
1 M f , , r O . 1  7 0

Performance Checks +rp- Part No:
0684-r 02 l
06984157
0698.6369

Thermal Converters Voltages:
1 V
3 V

Performance Checks +rp- Model  1 ' l051A
+lp- Model 11O5OA

Square Wave Generator Frequency:  100 Hz to 1 kHz
Output Level: 20 V p-p
Rise Time: (50

Performance Checks
Adiustments
Troubleshooting

+p- Model  3310A
Function Generator

Silicon Diode (20 v piv Performance Checks
Adiustments

+rp- Part No. 1 901 {040

Resistor 10 kn Performance Checks

Adlustments

+|p- Part  No.0684-1031

C€lcu lator GPI 8us Control  Capabi l i tv
Must serve as printer for
34904 output data

GPIB Ooerational Check

GPI B Troubleshooting

-hp- 9820A Calculator
w i t h  f i p -  1 1 1 4 4 A  A S C I I  B u s

I nterface and Perioheral

Cont ro l  l l  ROM Block

Logic Comparator Capable of in+ircuit check
of dual in l ine TTL lC packages

Troubleshooting -hp- 105297
Logic Probe

t:il:

t  . : l

t E

Ä i
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Model34904 Section V

5-r.  TNTB0DUCTIoN.

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 EOUIPMENT.

54. Test equipment required for the performance tests
and adjustment procedures is listed in Table 5-l . Any
equipment that satisfies the critical specifications given

in the table may be substituted for the recommended
model.

5.5.  TEST RECOBD.

5-6. A Performance Test Record is provided at the end
of this section for the purpose ofrecording the results of
the Performance Tests. This record lists all of the tested
specifications and their acceptable limits. This record
can be removed from the manual and retained as a
permanent record of the incoming inspection or routine
maintenance performed on the instrument. This record
may be reproduced for your use without special permis-
sion.

SECTION V

MAI NTENAN CE

PERFORMANCE CHECKS

S7. PERFORMANCE TESTS.

5-8. Use the following test procedures to determine
whether your instrument is opefating 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 l-l . However, if your accuracy requirements are
met by other specifications, such as the 30-day or
Gmonth 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{45662A.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 ät 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.

$9. DC VOLTMETER ACCURACY TEST.

5-10. A dc voltage standard (-hp- 7a0B) is required for
this test.

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

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

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

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

$11.  AC VOLTMETER ACCURACYTESTS.

5-l 2. 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 I l0 kHz;
however, the accuracy of this sigral source alone in some
cases may not be great enough to ensure a valid test of

Table 5-2. DC Voltmeter Accuracy.

3490A
Range

DC Standard
Output

Display Limits

.1  V

1 V

1 0 v

100 v

1000 v

r 0.010O0 V
r 0.05000 V
r 0.10000 V

t o.10000 v
r 0.50000 V
r 1.00000 v

1 1.00000 V
i 10.0000 v

1 10.0000 V
r 100.000 V

I 100.000 v
i 500.000 v

r+ 1000.00 v

t .009995 to .010OO5 V
l .049990 to .050010 V
t .099985 to .10001 5 V

I 0.09997 to O.10003 V
I 0.49994 to 0.50006 V
r 0.99990 to 1 .0001O V

! 00.9997 to 01 .Oq)3 V
t 09.9990 to 10.0010 V

t 009.997 to 010.003 V
t 099.990 to 10O.O10 V

10099.97 to 010O.O3 V
r 0499.92 to 0500.08 V
+ (x199.86 to 1000.14 V

* lf -hp- 7408 DC Standard is used, do not apply negative
voltage greater than - 500 V.

5- l
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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- '745A1746A 

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 I V, 20H2, 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 corrected voltage will
then be sufficiently accurate to test the 3490A at I V,
20H2. To determine the length of time that the
correction factor chart will be valid, refer to the latest
745A1746A Operating and Service Manuals.

t .

5-13. To verify the ac voltage accuracy of the 34904 at
frequencies above I l0 kHz, the ac to dc transfer
measurement technique may be employed. Using the
test setup shown in Figure 5-1, apply an accurate dc
voltage to the thermal converter and adjust the dc
differential voltmeter for a null indication. Remove the
dc input from the thermal converter and apply the ac
signal to both the thermal converter and the 349OA
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 349OA, together with the test equip-
ment needed for each check. If the equipment required
for some checks is not available, a good indication of
performance can still be obtained by checking the points
for which suitable equipment is available. r-..

Model3490A

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

5.15.  OHMMETER ACCURACY TESTS.

5-l 6. Preferred Method.

5-17. A resistance decade with settings from 100Oto
10 MO is required for this test. A correction factor chart
for the decade is necessary to achieve the accuracy
required to check the performance of the 34904

'Ohmmeter function. Select the 3490A ranges and
resistance decade settings shown in Table 54. The
algebraic sum of the 34904 reading and the resistance
decade error indicated by the correction factor chart
should be within the limits given for each setting listed.

5-l 8. Alternate Method.

5-19. If a suitable resistance decade with an appropriate
correction factor chart is not available, resistors within
the values shown in Table 5-5, whose value is known to
within the tolerances given, may be used to check
performance of the 3490A ohmmeter function. The
3490A display should be within the number of counts
shown from the value of the resistor used.

5.20.  DC COMMON-MODE REJECTION TEST.

5-21. Effective common-mode rejection is the ratio of
the peak common-mode voltage to the resultant error in

PERFORMANCE CHECKS

t-,,,-----l
( O  ) @ u  o

@ \ : d  o - o  o o

MULTIMETER
h p  3 4 9 0 4

o @ o o @

DC OIFFERENTIAL
VOLTMETER /  RATIOMETER

hp  542O8

OU T PUT
C A E L E

Figure 5-1. AC Voltmeter High Frequency Accuracy Test.
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c. Connect dc standard between Higfr terminal and
the 3490A chassis.

d. Set dc standard output to + 500.00 V. 3490A
reading should not change more than 0.00005 V, verify-
ing dc common-mode rejection > 140 dB, where:

Peak common-mode voltage
ECMR = 20log" Effect on reading (volts)

with Guard connected to High. A dc standard (-hp-
7zt0B) is required for this test.

a. Connect a I kQ resistor between input High and
Low terminals, and connect High to Guard as shown in
Figure 5-2.

b. Set 3490A FUNCTION to DC. RANGE to I V.
Note 3490A display.

Table 5-3. AC Voltmeter AccuracY.

3490A
Range

Test Sisnal 3490A Max
Display Error

Test Signal
Source

Other Equipment
Requiredvoltago Frequency

1 V
1 V
1 V

1 0 v
1 0 v
1 0 v

100 v
100 v

1000 v
1000 v

1 V
1 V
1 V

1 V
5 V

1 0 v

1 0 v
100 v

1000 v
1m0 v

2Q Hz
10 kHz

100 kHz

100 kHz
2O kHz
2Q Hz

100 Hz
50 kHz

1O kHz
100 Hz

t 400 counts
t 125 counts
r 125 counts

t 35 counts
t 75 counts
t 40O counts

t 35 counts
t 125 counts

t 135 counts
r 125 counts

AC Calibrator

1 V 1 V 25O kHz *  810 counts Test Oscillator 1 V Thermal
Converter
DC Differential
Voltmeter

1 0 v 3 V 25O kHz t 285 counts Test Oscillator 3 V Thernul
Converter
DC Differential
Voltmeter

Table 54. Ohmmeter Accuracy.

39OA Rang Docade Sotting Display Limits

.1 ko
l k n

10 ks}
100 ko

1,Oq) ka
10,000 ko

100 sr
1 k s }

10 kn
100 ka

l M O
10 MO

.099983 to .100017
0.99988 to 1.00012
09.9988 to 10.OO12
099.988 to 1O0.012
0!X,9.86 to 1000.14
09996.3 to 10003.7

Table 5€. Alternate Ohmmeter Accuracy Test.

3490A
Range

Resistor Display
ToleranceValue Toleranca

.1 ko
1 k : )

10  ko
1OO ko

1,000 ko
10,000 ks)

9 0 t o  1 1 0 o
90O to 1.1 ko

9 k o t o 1 1  k s l
9 0 k O t o 1 1 0 k O

90O ko to 1.1 Msl
gMf } to  11MO

t o.oo25%
r 0.0025%
t O.OO25%
r 0.0025%
r 0.005%
r 0 .01%

t  17 counts
t 1 2 counts
t  12 counts
t  12 counts
* 14 counts
I 37 counts

DC STANDARO /  DIFFERENTIAL
VOLTMETER

hp 74OB

e E o @ o o

OUTPUT CAELE
h o  l l O 5 5 B

5490Ä -a  -  29a!

Figure 5-2. DC Gommon-Mode Rejeaion Test.
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5.22. AC COMMON.MODE REJECTION TEST.

5-23. An ac calibrator (hp- 7a5A) and an electronic
counter (-hp- 53004) are required for this test.

a. Connect a I kCl resistor between input High and
Iow terminals, and connect High to Guard as sfiown in
Figure 5-3.

b. Connect electronic counter to ac calibrator output
and adjust calibrator frequency to 60 Hz t O.l % if the
349OA is desigred for 60 Hz line operation, 50 Hz
! 0.1 % if it is a 50 Hz model.

c. Before connecting ac calibrator output to 3490A,
set 3490A FLJNCTION to DC. RANGE to I 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.

S24. AC NORMAL.MODE REJECTION TEST.

5-25. AC normal-mode rejection is the ratio of the peak
normal-mode voltage to the resultant error in reading.
An ac calibrator (-hp- 7454) and an electronic Counter
(-hp- 5300A) are required for this test. 

,-..
a. Connect test equipment as shown in Figure 5-4.

Do not connect to 3490A input. i^

b- Using an electronic counter as a monitor, adjust ac
calibrator frequency for 60 Hz t 0.1 % if 3490A is
designed for 60 Hz line operation, or 50.H2 ! O.1 %if it
is a 50 Hz model.

Model 3490A

c. Set 3490A FUNCTION to DC. RANGE to l0 V.
short Input. Note 3490A reading.

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

e. 3490A reading should not vary more than
I 00.3 16 V from reading noted in step c. This verifies
normal-mode rejection of )50 dB at 60 Hz (or 50 Hz),
where:

NMR = 20los
Peak ac superimposed voltage

Effect on reading (volts)

5.26. DC VOLTMETER INPUT RESISTANCE TEST.

5-27. A dc standard (hp- 7a0B) and a I MA !O.l%
resistor (-hp- 0698-6369) are required for this test.

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

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

b. Set 3490A FUNCTION to DC, RANGE to lOV.

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

d. 
-Remove jumper from I MQ resistor. 3490A read-

ing should not change more than 00.0010 V, verifying
input resistance ) l0 ro Q.

e. Set 3490A RANGE to 100 V. Reduce input to
1.00000 v.

PEBFORMANCE CHECKS

AC CALIERATOR
h p  7 4 5 4

ELECTRONIC
COUNTER
hp 53OO

MULTIMETER
hp  349O4

CONN€CTEO 1O
C H A S S I S  G R O U N O r-------l

o Q

I  t l r

+T-F++F U

l 0  D  O  0  0  0  0  0 0
i @ @ @ @ @ @

e  o @ o o

Figure 5-3. AC Common-Mode Rejection Test.
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AC CALIBRATOR
hp  7454

n r - r n O 0 0 0 0
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COUNTER MULTIMETER
hp53OO hD S49OA
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-
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F-
I

5490-B -y50

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

Model3490A

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

g. Remove jumper. 3490A reading should change
between 000.908V and 000.910V. This verifies an
input resistance of 10 MQ x O-15 %.

5-28. AC VOLTMETEH INPUT IMPEDANCE TEST.

5-29. A test oscillator (-hp 652A) and two precision
resistors, I MO t O.l % (-hp- 06984369) and l0 kQ
t 0.1 % (-hp- 06984157),arc required for this test.

a. Connect 3490A, test oscillator, and I Mfl resistor
(\) as shown in Figure 5-6. Connect jumper across
resistor as indicated.

b. Set 349OA FUNCTION to AC, RANGE to I V.

c. Adjust test oscillator frequency to 25H2. Adjust
output amplitude to obtain a 3490A reading of
1.00000 v.

Section V

d. Remove jumper from resistor Rs. 3490A display
should be not less than 0.65975 V if the instrument does
not have the rear input connector, or not less than
0.65804 if it does have a rear input connector in parallel
with the front input terminals.

e. Replace the l Mfl resistor (R5) with a l0k{-2
resistor. Connect jumper across resistor.

f. Adjust test oscillator frequency to 250 kHz. Ad-
just output amplitude for 3490A reading of 1.00000 V.

g. Remove jumper from lOkfl resistor. 3490A dis-
play should be not less than O.492ll V if the 3490A
does not have rear input connector, or not less than
0.41321 V if it does have the rear input.

$30. SAMPLE/HOLD PERFORMANCE
(0ption 040/045).

--5-31. The dc voltage meursurement performance of the
3490A must be within specification before proceeding

PERFOBMANGE CHECKS

DC STANDARD/  D IFFERENTIAL
VOLTMETE R

h o  7 4 O B

MULTI METER
hp  349OA

3490A B -  2948 OUTPUT CABLE
h p  l l O 5 5 8

Figure 5-5. DC Voltmeter Input Resistance Test.
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TEST OSCILLATOR
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Figure 5-6. AC Voltmeter Input lmpedance Test.

Section V PERFORMANCE CHECKS Model 3490A

with the Sample/Hold performance tests. Refer to
Paragraph 5-9.

$32. Sample/Hold BC Mea$rement Aecuracy Test.

5-33. A dc standard (-hp- 7a0B) is required for this
procedure, which checks the dc voltage accuracy of the
Sample/Hold circuits to the 90-day specification in both
Track/Hold and Acquire/Hold operation. Accuracy is
not specified for the .l V range.

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

a. Set 3490A FUNCTION to DC, RANGE to I V,
SAMPLE/HOLD to TRACK/HOLD, SAMPLE RAT.A,
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.

$34. Sample/Hold Response Test.

5-35. A function generator (-hp- 3310A), an oscillo-
scope with delayed sweep and delayed gate output (-hp
l80C/ l80lAl l82lA) ,  a s i l icon d iode,  and a l0kh
resistor are required for this test, which verifies that the
Sample/Hold circuits will respond to a step input voltage
within the stated acquisition time. The Delayed Gate
Output from the oscilloscope must be a negative-going
pulse at least 30 nanoseconds wide and havins an
amphtude of I to 100 V.

f,. Conne''r equipment as shown in Figure 5-7. If the
-r490A ha: BCD Remote Expand Option 020, also

i+

* lf -hp- 74OB DC Standard is used, do not apply negative
\roltage greater than - 5OO V.

connäct Stretched Pulse Output (J7 pin l0) to External
Enclode (J7 pin 28).

b. SEt 3490A FUNCTION tO DC, RANGE tO IO V,
SAMPLE/HOLD to TRACK/HOLD, SAMPLE RATE to
HOLD.

c. Set oscilloscope controls for External Trigger,
negative slope, and Main sweep. Set Main sweep to
.1 ms/div., Delayed sweep to I ps/div.

d. Set function generator to square wave, frequency
to I kHz, and adjust output level for 20 V peak-to-peak
signal as displayed on oscilloscope.

e. Adjust oscilloscope delay control so that intensi-
fied trace begins approximately 450 ps after negative-
going transition of square wave. Note 34904 reading,
which should be near zero.

f. Adjust delay so that intensified trace begins
approximately 125 ps after negative-going edge of square
wave (stated maximum acquisition time for l0 V range
is 128 ps). Reading should be within 1 0.001 V of the
reading noted in step e.

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

3490A
Range

DC Standard
Output

Display Limits

1 V

1 0 v

100 v

1000 v

r 0.10000 V
r 0.50000 v
r 1.00OO0 V

1 1.00000 v
r 5.00000 v
I 10.0000 V

r l0.0O0O V
r 50.0000 v
r 100.000 v

1100.000 v
t 500.000 v

'+  1000.oo  v

r 0.0998 to 0.1002 V
! 0.4998 to 0.5002 V
t 03997 to 1.0OO3 V

100998 to 01 .002 V
+ 04998 to 05.002 V
! 09.997 to 10.OO3 V

t 009.98 to 010.02 V
t 049.98 ro 05O.O2 V
I 099.97 to 100.03 V

t 0099"8 to 0100.2 V
! 0499.8 to 0500.2 V
r 0999.7 to 1OO0.3 V
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g. Set oscilloscope main sweep to .5 ms/div.

h. Adjust function generator frequency to 200H2,
output level to 2 V peak-to-peak.

i. Set 349OARANGE to I V.

j. Adjust intensified trace to approximately I ms
after the negative-going edge of square wave. Note
reading, which should be near zero.

k. Adjust intensified trace to approximately 500 ps
after the negative-going edge of square wave. Reading
should be within t 0.001 V of reading noted in step j.

536. RATI0 PEBF0BMANCE (0ption 080).

5-37. The dc and ac voltage measurement performance
of the 3490A must be within specifications before
proceeding with the ratio performance tests. Refer to
Paragraphs 5-9 and 5-l l.

$38. DC/DC Ratio Accuracy Tests.

5-39. Preferred Method. Two dc standards (-hp- 7a0B)
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 IMUT 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 I V.
Connect a dc standard to 3490A INPUT terminals and
adjust standard output to + 0.10000 V.

b. Set 349OA FUNCTION to DC, RANGE to 1 V.
Connect a second dc standard to 3490A IMUT termi_
nals and adjust standard output to + g.lgggg V. 3490A
display should be + 0.99955 to + 1.00045.

c. Select EXT REF and INPUT ranges and voltages
listed in Table 5-7. Display should be within limits
shovm in each case.

540. Alternate Method. A dc standard (-hp- 74OB) and
a second voltage source having an output of l0 V + 5 %,
stable to within I 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 TN77) is
.e satisfaQtory source. The following procedure will refer

" to the secgnd voltage source as the battery.

a. Set 34904 RATIO switch to INT REF. FUNC_
TION to DC, RANGE to 10 V.

PERFOHMANCE CHECKS Section V

FUNTION GENERATOR
hp 3310A/B

OSCILLOSCOPE
hp  lSOD

PLI.JG IN PLUG IN
hp  l 80 lA  hp  l 82 lA

OELAYED GATE OUTPUI
TO SAMPLE/HOLD
AC TRIGGER INPUT

Figure $7. Sample/Hold Response Test.

Table 5-7. DC/DC Ratio Accuracy Test.

Ext Ref
Range

Ext Ref
Voltage

Input
Range

Input
Voltage

Display Limits

1 V
1 V
1 V
1 V
1 V
1 V
1 V

1 0 v
1 0 v
1 0 v
1 0 v

+ 0.10000 v'+ 0.50000 v
+ 1.00000v
+ 1.00000 v
- 1.00000 v
- 1.00000 v
+ 1.20000 v
+ 1.00000 v
+ 5.00000 v

+ 10.0000 v
+ 12.0000 v

1 V
1 V
1 V
1 V
1 V
1 V
1 V

1 0 v
1 0 v

100 v
100 v

+ 0.10000 v
+ 0.50000 v
+ 1.00000 v
- 1.00000 v
- 1.00000 v
+ 1.00000 v
+ 1.00000 v
+ 1.00000 v
+ 5.00000 v
+ 100.000 v
+ 100.000 v

+ 0.99955 to + 1.00045
+ 0.99979 to + 1.00021
+ 0.99982 to + 1 .00018
-  0 .99982to-  1 .00018
+ 0.99982 to + 1.00otg
-  0 .999821o-  1 .00018
+ 0.83316 to + 0.83350
+ 09.9955 to + 10.0045
+ 09.9979 to + 10.0021
+ 099.979 to + 100.021
+ 083.31 3 to + 083.353

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

c. Connect dc standard to EXT REF terminals and
set standard output to positive voltage equal to display
noted in step b.

d. SET 490A RATIO switch to EXT REF l0 V.
Display should be + 09.9982 to + 10.0018.

e. Reverse polarity of dc standard output. Display
should be -09.9982 to - 10.0018.

f. Set RATIO switch to INT REF. Reverse polarity
ofbattery connections. Note and record display.

C. Set RATIO switch to EXT REF 10V. Adjust dc
standard output to negative voltage equal to display
noted in step f. Dsplay should now be +O9.9982 to
+  10 .0018 .

h. Reverse polarity of dc standard output. Display
should be -O9.9982 to - 10.0018.

i. Reduce dc standard output to 1/10 the output
used in step h.

j. Set RATIO switch to EXT REF lV. Display
should be -09.9982 to - 10.0018.

S41. AC/DC Ratio Accuracy Test.

5-42. A dc standard (hp- 7a0B) and an ac calibrator
(hp-7a5A) are required for this test. r...

a. Set 3490A RATIO switch to EXT REF I V.
Connect dc standard to EXT REF terminals and adiust
standard output to + 0.10000 V.

b. Set 3490A FUNCTION to AC, RANGE to I V.
Connect ac calibrator to IMUT terminals and adjust
calibrator output to l00mV at l00Hz. Display should
be 0.99865 to I  .00135.

c. Select EXT REF and INPUT ranges and voltages
listed in Table 5-8. Display should be as indicated in
each case.

Model 34904

5-43. External Reference Input Resistance Test.

544. L dc standard Chp- 7a0B) and a l0k9"tO.l%
resistor (-hp- 0698a157\ are required for this test.

a. Set 34904 RATIO switch to EXT REF l0 V.
FUNCTION to DC, RANGE to l0 V.

b. Connect 3490A. dc standard and l0 k,f) resistor as
shown in Figure 5-8. Connect jumper across resistor.

c. Adjust dc standard output to + 10.0000 V. Note
34904 display.

d. Remove jumper across resistor. Display should not
change more than 100 counts, verifying an EXT REF
input resistance of ) l0? Q.

5-45. GPIB 0PEBATIONAL CHECK (0ption 030).

546. A General Purpose Interface Bus system controller
and a printer are required to verify the operation of the
3490A Option 030. Two procedures are given. The first,
in Paragraph 547,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 GPIB troubleshooting
information, P ar agr aph 7 49 .

l. Init ialize
LEOP - Set End Output [.ow
HEOP - Return End Output to iligh
LREN - Set Remote Enable LOW

2. Send addresses (see Paragraph 3-104 for 3490A
address codes)
LMRE Set Multiple Response Enable LOW
? (77 s) - Universal unlisten command
6 (668) - 3490A listen address (3490A placed in re-

mote mode)
HMRE - Set Multiple Response Enable HIGH

programming instructions

Test No. I

PERFORMANCE CHECKS

3. Send

i )
rJ

Table 5-8. AC/DC Ratio Accurary Test'

Ext Ref
Range

Ext Ref
Voltage

I  nput
Range

lnput
Voltage

Display Limits

i V
1 V
1 V

1 0 v
1 0 v
1 0 v
1 0 v

0.50000 v
1.00000 v
1.20000 v
1.00000 v
5.00000 v

10.ooo0 v
12.0000 v

1 V
1 V
1 V

1 0 v
1 0 v
1 0 v
1 0 v

0.50000 v
1.00000 v
1.00000 v
1.00000 v
5.00000 v

10.0000 v
10.0000 v

0.99865 to 1 .00135
0.99865 to 1.00135
0.83218 to 0.8348
09.9865 to 10.0135
09.9865 to 10.0135
09.9865 to 10.0135
08.3218 to 08.3448

5€



DC STANDARD/DIFFERENTIAL
VOLTMETER

ho  74OB

MULTIMETER
hp 349OA

34$A- l_5045 OIJTPUT CABLE
il0558

PEBFORMANCE CHECKS

Reference Input Resistance Test.

Section V
Model3490A

Figure 5-8. External

r r  \t: 
I Single Reading with OutPut

5 )

I I Immediate Internal Trigger
r )
E - Execute

4. Send Addresses
LMRE
2 - Unlisten command

V (1268) - 34g}Atalkaddress
' Address of listener

HMRE

5. Accept 3490AoutPut
Check for logic test sequence

6. Have 10 readings been made?
Yes - Go to 10
No - Continue

7. Send addresses
LMRE
? Unlisten command
6 - 3490A listen address

- Address of talker
HMRE

8. Send programming instruction
E - Execute

G o t o 4

Send addresses
LMRE
? - Unlisten command
6 34904 listen address

- Address of talker
HMRE

12. Send addresses
l-l\,tRE
? Unlisten command
V - 3490A talk address

- Address of listener
HMRE

13. Accept 3490A reading
Check for DC

14. Send addresses
LMRE
? Unlisten command
6 3490Alisten address

- Address of talker
HMRE

15. Send programming instructions
.  E l.  

: }  A C
z t

E

16. Send addresses
LMRE
'! Unlisten command
V - 3490A talk address

- Address of listener
HMRE

17. Accept 3490A reading
Check for AC

18. Send addresses
LMRE
'l Unlisten comrnand
6 - 3490A listen address

- Address of talker
HMRE

R
4

E
) 

lo v Ranse

9.

1 0 .

I

l

't I l. Send programming instruction
t r l

ö t  D C

5-9
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19. Send programming instructions

i l  K o
t l

p l

:  I  . l  kQ Range
o l

E

20. Send addresses
LMRE
? Unlisten command
V - 3490A talk address

- Address of listener
HMRE

21. Accept 349}Areading
Check for KO and .l kSl range

22. Send addresses
LMRE
't Unlisten command
6 - 3490A listen address

- Address of talker
HMRE

23. Send programming instructions

: t  l k Q R a n g e
) ,

E

24. Send addresses
LMRE
? Unlisten command
V - 349OA talk address

- Address of listener
HMRE

25. Accept 3490A reading
Check for I kO range

26. Send addresses
LMRE
2 Unlisten command
6 3490A listen address

- Address of talker
HMRE

27. Send programming instructions
R I
a I l0 kf,) range
a l

E

lE. Send addresses
L\{RE
? Unlisten command
V - 3490A talk address

- Address of l istener
HMRE

r - 1 0

PERFORMANCE CHECKS

29. Accept 3490A reading
Check for l0 kO range

30. Send addresses
LMRE
? - Unlisten command
6 - 3490A listen address

- Address of talker
HMRE

3l . Send programming instructions
R I
;' ) 100 kO Ranger t

E

32. Send addresses
LMRE
? - Unlisten command
V - 3490|talk address

- Address of listener
HMRE

33. Accept 3490 Lreading
Check for 100 kQ range

34. Send addresses
LMRE
? - Unlisten command
6 - 3491Alisten address

- Address of talker
HMRE

35. Send programming instruction
, P I

; l 1000 kO range
z )

E

36. Send addresses
I.IURE
'! Unlisten command
V - 3490A talk address

- Address of listener
HMRE

37. Accept 34g}Areading
Check for 1000 kQ range

38. Send addresses
LMRE
? - Unlisten command
6 3490A listen address

- Address of talker
HMRE

39. Send programming instructions
R I
;' ) 10,000 kQ range
t )

E

Model 3490A
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Send addresses
LMRE
2 - Unlisten command
V - 3490A talk address

- Address of listener
HMRE

Accept 349D[reading
Check for 10,000 kQ range

Send addresses
LMRE
2 - Unlisten command
6 - 3490[listen address

- Address of talker
HMRE

43. Send programming instructions
I T

:' Interrupt single with output

E

44. Check for SRQ LOW after 3490[completes a reading

45. Send address and command
LMRE
V 3490A talk address

- Address of listener
(30a) - Status Poll Enable command
HMRE

46. Accept ASCII character from 3490A
Check if LDIOT is LOW

47. Send addresses
LMRE
? Unlisten command
6 3490A listen address

- Address of talker
HMRE ,."

48. Send programming instructions
M )
t I 

Single reading with outPut

E

49. Send address and command
I-I\,IRE
V 3490A talk address

Address of listener
Status Poll Enable command

50. Accept ASCII character from 34gOA
Check if LDIOT is HIGH

5l . Send address and command
- Universal untalk address

(31e) - Status Poll Disable command

Section V

52. Return to local
HREN

$47. General Test Procedure.

548. This procedure checks the ability of the 34904
GPIB circuits to accept and process addressing and
remote programming, and to output measurement data.
This procedure may be used with any bus system
controller.

$49. Test Procedure Using Model 98204 Calculator.

5-50. this test sequence is written specihcally for the
-hp Model 9820A Calculator, and performs the same
operating checks as the general procedure in Paragraph
547. Tllre 9820A must have the I I l44A Interface and
the Peripheral Control II ROM Block installed. Refer to
the Operating Manuals for these instruments for opera-
ting instructions. The following test sequence may be
recorded on an -hp Calculator Program Card and used in
subsequent tests and in troubleshooting. The program is
presented in this procedure in the form that it is printed
by the 9820A. The first statement gives an example of
the 9820A keyboard sequence required.

Initialize the calculator and 3490A by prpssing

EXECUTE

(End Output, EOP, is LOW while STOP key is de-
pressed)

Set LREN to LOW.

f-r r

r i . { " t '  
' ' , ' r !  

l l f . r T '  { ' - r l
T t ' t  |  |  .J  I  d_ !  r . r . r r : .  I  I . : ' r

The above sequence requires that the following keys be
pressed

PERFOHMANCE CHECKS

40.

41.

42.

(30a)
HMRE

@o@o@o
STORE

r-T\

EUJ[I
Set counter to l.

1 r
I r

1 + t l l -

5-l I



Section V PERFORMANCE CHECKS Model 3490A

Address 3490A to listen, calculator to talk. 9820A talk Address 3490A to listen, 9820A to talk. Program Ohms
address is u. This puts 34904 in remote control. Program function, .l ke range.
3490A to Test No. l, Single Reading with Output,
Immediate Internal Trigger. j. rjj I

t"': i'i i't 
" ''':'r:l' l"'i " I 

" 
i:::' I i.;: *' i::i'

: r  ,  {  . i , ü . i

t::: i',i i::l 
' ',:'r:i i".l " r 

" 
i:: i;i [i:' ::';'1 ] i "1 '-' r-'

:::: l l"1[::" l"- Address 3490A'to talk, 9820A to l isten. Accept 3490A

Address calculator to listen, 34go^ to talk. calculator 
reading check for Ko function'

listen address is 5. Accept 34904 reading. :i. :1. I

::::! I i ::: l ' l l : l  
" ' lr" ' �rr; " 

i Fi: l. ' t [: i l  i :. i i l

r::::f,.li:r " i:j ,.," H"' ii F: i,l'.l" :+ ir ; i I..i,:,i1,'T',, 
, 
;i:i;; l;,i 

l;.::i:i[
F;: ä il l. ::i r f:l i". 

fj F: l- ,, l:. r.-i ,, i_.
Instruct calculator to print reading, trigger 3490A, print the
next reading, etc., until a total of l0 readings have been Instruct 9820A to check last character of output format
taken and printed, then go to 6. (see Paragraph34T). Check for .l kSl range.

4 r  : i ; i l
p':,:i l"i i:i I i:i;;' 

-[' 
t:::t i 'l 

F [t Fi: i.t fiil i. :.i:l "i',ii:i ii i. l-:' t"..:;. i. llt
* 1 üj i ._t f,l |;i i: l" ii i ,r !::: -ur-.: ii ...,1 l''l F llr i*
f l i r  i ' : l :._t n

:i +.[rt-,'ht i t::::l' ' l]:t "',lri,i-l " r i F .1 - '::!lii;::::1:-, ] ['f:'"i'
" [ " ii ,_ti1pt -*:l- i i,:. " i"-

Address 3490A to listen, 9820A to talk. Program 3490A to
Address 34gOA to listen, 9820A to talk. Program 3490A to I kO range.

DC function, l0 V range. 
I q I

t, : i:":i'lll " 'i i:, l,-l 
" 

r 
" 

|:i: l::; i:: 
" 

i-
i - . i . {  i i  ' r  ' - '  j .  |  |  r !  rr  r  i -J t . . i  j i  t - .
r-, l l L.r : l::1 l-l I l- I;;.t 1',:. ,.1 t." F .

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

Address 3490A to talk, g82OA to listen. Accept 34g0A .i I I
reading. Check for DC function. l"::i'l Il 

: d:' i','i f; " ii 1. {'i-: i-'

i !

r:::i''ii:r ' '::' "" :::' " i ü:l-rii::r :i :.li ä'"1'JJ':li3'^,rl, lg;,lt'i::r;Y?ä ,:""r;l"k 
rast

+ ,:l ii [:i: .i.i[il ]. :jt i';,,:: i [;::it hi
:i. :;il -:'',::: ii I t- ii'::::1;,;r1 i :i i:i, !
li [: 

-1" " 
it t-: 

' 
F. i',, I,[' 1. :;;t "i,.,1' l; 1 p: r".: ::;. i. :.i:t

I i +.r,::-i i.-: li ..1 l{ Fi lil i-
i . i r

Address 3490A to listen,98204 to talk. Progam 34904 to i F. 
..:1..... dl i:li:::: l; i i;::,i;:,.i.. ,, 

:i.
AC function. r.i ,, i

! : ,  '

i :  i ' i i i  
'  '1i j i  i  " , " 

[:: .; i ::[: 
" 

l '" Address 349olto l isten,9g20A to talk. prosram 34904 to
l0 kO range.

Address 3490A to talk, 9820A to listen. Accept 3490A i l:il I
reading. Check for AC function. r.": ii j..r 

" 1'1, !.-i " r 
" 

Iii: ,,:i il:: 
" 

i."

i_ i: Ii 
' ':.",,,, 

i 
' 

; il;:.1) [::t ]. ::;rl
* f i  E:IrE: l, ,;r-:*; '  I i :;,::1.:r[: ir 

Address 3490A to talk, 9820A to l isten.

_ . ; + l ; i p  l l : : : : i , i i  i  l i ; r  I
; ; : ' i t r -  f  t : : f , l l . l  

. t : i r i , , r i l x " I : l , , , r : - : i - .

5 - l  l
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Accept 3490A reading. Instruct 98204 to check last
character of output format. Check for l0 kSl range.

,: r:t tr

Fi IlLt :l ::l 't il i I [:r t-.::i; :l ;ll
i 1 +'t-:..+ t-: I .-l l ' l F lir 1""

I F 
"i'..".;{ ili ::: 4. [ l:r,ü,"1" 

" 
].

Hfi 
" 

l-.

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

d : . :  r

L:t , l I t  
" ' ' i : ' r l ,L l  "  

r  
"  

[ i : : :xtH 
" 

l "

Address 3490A to talk,982OA to listen.

t::f'l It 
" {' r,,,r l; 

" li I "! t:: l-

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

c L t :

l':. .Ll Ei I ..:' ":'L 
t I I- r.- :i I ..:'

!  {  r  r - .  r  r - . r  l r J F r  i - r l
! I 

-r t-. ":r ' t_. 
! .-t l ' l  r [.t T"

,:: .-l !

T T
L  T  r .  _ -  ! + , : t  _ . . : : ,  !  r  F .  I  I

l:-l l:l fr. f'

Address 34904 to listen,9820A to talk. Program 3490A to
1000 kO range.

C. | : t  !

r-, l llr :' |:' r-r I l.:. c. I: T

Address 3490A to talk,9820A to l isten.

r-. I't Ir :' ,,, ,-r ! I "r r.-. r'

Accept 3490A reading. Instruct 9820A to check last
character of output format. Check for I 000 kQ range.

L: r:' r

["i IlEl I :il .+ I I 1 ;: r::::i I ::i
i  1 r"r*:+t::  i  , .-t f ,1F rj t l".

I F  r * ' 4 r : r * ! i t ' F : T  " I
ü t J t J l ' : : " F

Address 3490A to listen, 9820A to talk. Program 34904 to
IO,OOO kQ range.

t::i '1It " '; 't, l-i " 
I , ' 

t: i h" 
,, 

i"

Address 3490A to talk,9820A to listen.

.j' l. .

r: f,l Ir " ';'i"5 " i 1 .+ r:: i.-

Section V

Accept 3490A reading. Instruct 98204 to check last
character of output format. Check for 10,000 kO range.

i':Ilhl :i, :;i'+ ;:t li 1' F l":: :;: I ::::l

I l. +.r".:1! t:': ii .."t |',] l-,, i:l t"

.i: f ijl .".,i tjil::r I i i:r fi: 
"1' ,' :i,

g I' tj;tti:i l i l i ': '" l '"

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

.._, .t ,

i-: t,l l.t 
" dl rl, l...l " 

r 
" 

[,i;'H 
" 

l-'

Check Service Request line. If line is LOW, go to 36.

..1' .*l r

[: It:::; I :;l ":,1:1 I .-l 1,1 t"' |::i:,. .|.
td

Address 3490A to talk, 9820A to listen. Send Status Poll
Enable. Check 3490A response to SPE on data line LDI07.

r*, l llr r,, ....r ..- rlll :r rr. Ir tj .i-

. . l r T t r , : r  I T  U ' . , r E . . : 1  r r F . I
" 

L it '[ t];:' I ::; ['" t-t lil 
" 

F

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

. - r i  r

ia F. l . l1 !r  r- i  r -  |  |  r  r '  t . . { , . -r  f -  I  I
r . - .  l ' l  I r  : '  ( : ,  t - t  !  l ' | . . : '  r  I . "

Address 3490A to talk, 9820A to listen. Send Status Poll
E_nable. Check 3490A response to SPE on data line LDIO7.

ia. :

i 1  t J T '  r ' i t H : r r , . . ' ! r r r . ' f i r ' i  . i
l_.. l l Il r,r ..-l i- ':' I r:. .L.l I:' .:.

.: -r !_.. t! .i. r- r-., L |:' ,:' ! t- F. I" L f i  i , ; ' ; ' '  I : l ;  H I r ; 1 - 1 , , p

Send universal untalk address and Status Poll Disable
command.

j-. t.{ l,i il ,. $r f1 r I

Set LREN line to HIGH and end program.

,t {.1 n

i" T.{ -t" r..r .i .'.:r r I i t..i -r. { ri I
r t.t I i .i. :r ,::.. ! l.t.t t.r. | .j. .: r-
r i . i  r

F: hi tl t,.,.

PERFORMANCE CHECKS
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Section V

$51.  ADJUSTMENT PROCEOURES.

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 Paragaphs 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-l l. 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.

ADJUSTMENT PROCEDURES Model 3490A

wARiltr{G

The inner cover is qt Guard potential. Use
caution to prevent shock when high voltages
are connected to the Input.

5.53. POWEB SUPPLY ADJUSTMENT.

5-54. A dc digital voltmeter with 4digit resolution and
an oscilloscope are required for this adjustment.

a. Connect digital voltmeter and oscilloscope be-
tween the + 17 V test point on AlAl 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.

f,:
Al F429

T H E R M A L A D J .w

46R28 i
lOV LF ADJ J

fi=i"l;
A7R16  i

1OOK ADJ

Figure 5-9. Location of Adjustments, Standard 3490A.
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Model3490A

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

vu.
Table 5-9. Power SUPPIY Voltages.

A 1 A 1
Test Point Voltage Ripp le*

+ 17\l
+  5 V
+ 3 0 V
-  1 7 V
-  5 V
-  3 0 v

+ 16.99  to  +  17 .01  V
+ 4.995 to + 5.075 V
+ 30.10 to + 30.90 V
-  16 .9  to  -  17 .1  V
- 5.00 to - 5.85 V
-  30 .10  to -  30 .90V

< 50 mV p-p
< 60 mV p-p
( 25 mV p-p
< 50 mV p-p
( 6 0 m V p p
( 2 5 m V p {

*All ripple measurements are with the Sample Rate on
HOLD.

5.55. DC ZERO ADJUSTMENTS.

5-56. A dc standard (-hp- 7a0B) and a dc voltmeter able
to resolve l0 pV are required for these adjustments.

a. Connect dc voltmeter between AlAl test point A
and input Low terminal.

b. S€t 3490A SAMPLE RATE control fully counter-
clockwise to HOLD position.

c. Adjust AlAlR2l0 (lntZero) for voltmeter read-
ing of 0 r 150 gV. Disconnect voltmeter.

d. Set FUNCTION to DC. RANGE to l0 V. SAM-
PLE RATE to FAST.

e. Connect dc standard to 3490A input and adjust
standard output to + 0.00100 V.

f. Adjust AlAlR225 (Zero DetecI kvel) for maxi-
mum reading on 3490A display. Note reading.

C. Reverse polarity of input and adjust AlAlR228
(Tumover) for reading noted in step f. Continue
reversing input polarity and adjusting AlAlR228 until
positive and negative readings are equal.

h. Apply + 0.00100 V input to 3490A. Adjust
AlAlR225 (Zero Detect kvel) for 3490A display of
+ 00.0010.

$57. REFERENCE ADJUSTMENTS.

5-58. A dc standard (hp- 7a0B) is required for these
adjustments.

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

a. Set 3490A FUNCTION to DC. RANGE to t0 V.

AOJUSTMENT PROCEDURES Section V

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

c. Adjust AlAlR3ll (+Ref) for 3490A display of
- 10.0000.

d. Set 3490A FUNCTION to TEST, RANGE to 3.
Adjust AlA1R3l7 (- REF) so that positive and negative
display readings are equal within I count. Last digit
must be between 2 and 9 (0.9999x). If not, repeat steps
a through d. Dsconnect dc standard.

5.59. DC AMPLIFIER ADJUSTMENTS.

560. A dc standard (hp- 7a0B) is required for these
adjustments.

a. Set 349OA FUNCTION to DC, RANGE to .l V.
Short input terminals with a copper bar or heavy solid
copper wire.

b. Adjust AlR429, accessible through hole in rear
panel, for 3490A display of 0 r .000002.

c. Set 3490A RANGE to I V.

d. Remove short from input terminals and connect
dc standard. Adjust standard output to - 1.000000 V.

e. Adjust A2Rl5 (l V Adj) for 3490A display of
- 1.00000.

f. Set 3490A RANGE to 100 V, 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
oTfset reading.

i. Remove short and apply - 10.0000 V input. Adjust
A2Rl6 (0.1 V Adj) for display of - 1000.00, minus
(algebraically subtracting) the offset noted in step h.

$6I.  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. I V Range Adjustments.

a. Set 3490A FTINCTION to AC. RANGE to I V.

b. Connect ac calibrator to 3490A input. Set calibra-
tor output to I .000000 V at 100 kHz (using correction
factor chart as necessary).

s-l 5



Section V ADJUSTMENT PROCEDUBES Model 34904

a. Set FUNCTION to TEST, RANGE to 7. Short Q
Sigral terminals. Adjust A7R5 for display of - 9700.0
t 100.0 (Instruments with serial numbers below
l2l1A00656 may not have this adjustment.)

b. Set 3490A FUNCTION to O, RANGE to I k.

c. Connect resistance decade to 3490A Input and O
Signal terminals. Connect 3490A Guard to Input Low,
and decade Guard terminal to Low terminal.

d. Set decade resistance to I kfl and adjust A7Rl4
(l k Adj) for display of 1.00000 (r decade resisrance
error).

e. Set 349OA RANGE to 100 k.

f. Set decade resistance to 100 kQ and adiust A7Rl6
(100 k Adj) for display of 100.000 (t decade resistance
error).

C. Set 3490A RANGE to 10,000 k.

h. Set decade resistance to 10 M{-2 and adiust A7Rl8
(10,000 k Adj) for display of 10000.0 (t decade
resistance error).

568. If an accurate resistance decade is not available,
adjustment of the ohms converter may be made using
resistors within l0 % of Ihe full-range value of I ke,
100 kf,} or l0 MO, whose resistances are known to
within a close tolerance"Table 5-10 shows the resistance
values and the tolerances required for valid adjustment.
The proper adjustment should be made so that the
3490A display reads the known value of the resistor.
Perfcirm step a of Paragraph 5-67 before making a_djust-
ments in Table 5-10.

5.69. SAMPLE/HO LD ADJUSTMENTS.

5-70. Adjustment of the dc circuits, Paragraphs 5-53
through 560, 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. 0ffset Gain Adjustment.

5-72. A dc digital voltmeter having a resolution of
l0pV is required for this procedure, which adjusts the
gain of the Offset Amplifier.

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

d. Change ac calibrator frequency to 100 Hz and
adjust A6R27 (1 V LF Adj) for display of 1.00000.

e. Repeat steps c and d until both readings are
correct.

5-64. 10 V Range Ajdustments.

a. Set 34904 RANGE to 10 V.

b. Set ac calibrator output to 10.00000 V at 100 Hz.

c. Adjust A6R28 (10 V 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 c and d until both readings are
correct.

5-65. 100 V Range Adjustments.

a. Set 3490A RANGE to 100 V.

b. Set ac calibrator output to 100.0000 V at 100 Hz.

,o;.o$|j"rt 
A6R3 (100 V LF Adj) for display of 

tL

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 c and d until both readings are
correct.

$66. O HMMETER ADJUSTMENTS.

567. Adjustment of the dc circuits, Paragraphs 5-53
through 5{0, 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 548. The enor indicated by the correction
factor chart should be taken into account when adiust-
ins the ohms converter. For example, if the resistanöe of
the decade is high at I kQ, the 3490A display should be
adiusted to 1.00000 plus the resistance decade enor.

_i-16

Table 5-10. Ohmmeter Adjustment.

3490A
Range

Resistance
3490A

AdlustmentValue Tolerance

1 k o
100 ko

0,000 ks,

900 o  to  1 .1  ko
9 0 k a t o 1 1 0 k a

gMA to  11  MO

L O.OO2'yo
t O.OO25o/o
!  O .O1oÄ

A 7 R 1 4
A7R16
A7R18
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a. Remove the toP guard cover.

b. Locate the white/black wire just to the rear of the
display cable connector. This wire is labeled "5th 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 FTINCTION to DC, RANGE to IO V.
SAMPLE/HOLD to TRACK/HOLD, SAMPLE RATE to
HOLD. Short input Higfr to Low.

d. Connect digital voltmeter between A27TP3 and
ground test point on AlAl. 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 A27Rl4, Gain Adjust, for digital voltmeter
reading the same as that noted in step d I 0.0005 V.

h. Dsconnect 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. 0ffset 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 7a0B) is required.

a. With 3490A set to IOVDC RANGE, TRACK/
HOLD, and input shorted as in previous adjustment, set
SAMPLE RATE fully clockwise.

b. Adjust A27Rl3, Offset, for 3490A display of zero
t 0.0001 v.

c. Dsconnect 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
A27Rl3 to split the difference between the readings in
step c and step d. I i'

e. Continue reversing input polarity and adjusting
A27Rl3 until there is no numerical difference between
readings with positive and negative inputs.

$75. Dielectric Absorption Adjustment.

5:76. A dc standard (hp- 7a0B) is required for this
procedure, which adjusts the dielectric absorption com-
pensation.

s th  DtGtT
BLANK

A27TP3

A27R14

A 2 7 R 1 3

Figure 5-10. Location of Sample/Hold Adlustments.
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Section V AOJUSTMENT PROCEDURES Model 3490A

a. Set 3490A FUNCTION to TEST, RANGE to 4.
Set RATIO switch to EXT REF lV. Connect short
between EXT REF Hig[ and Low terminals.

b. Connect dc standard to INPUT terminals and
adjust standard output to + 10.0000 V. If the display
indicates Overload, reverse the polarity of the dc
standard output.

NOTE

Steps c and d adjust the zero setting of the
Extemal Reference Amplifier and the Feed-
back Amplifier. llith the 34904 set to Test

' 4, the integrator charges to the Extemal
' Reference Amplifier output and dischmges

to the ! 10.0000 V input. If the zero
adjustments are set so that the amplifier
output and the 3490A input voltage are the
same polaity, the dßplay indicates Over-
load.

c. Adjust Al3Rl7 (Offset 3) for zero display. If the
display goes to Overload, reverse polarity of dc standard
output and slowly adjust Al3Rl7 in opposite direction
for zero display. Continue adjusting A13Rl7 with
positive and negative 10.0000 V inputs until display
reads zero I 0.0001 V for either polarity input.

d. Set RATIO switch to EXT REF I V. Adjust
A13R8 (Offset 1) with positive and negative 10.0000V
inputs for display of zero t 0.0001 V.

e. Repeat steps c and d until display is zero
t 0.0001 V for both positive and negative inputs on
both I V and 10 V EXT REF ranges.

f. Remove short and connect I Mf2 resistor to EXT
REF terminals.

a. With 3490A set to l0 VDC RANGE, TRACK/
HOLD, SAMPLE RATE fully clockwise, and dc standard
connected to input as in previous adjustment, set dc
standard output to + 10.0000 V.

b. Adjust A27R6, DA Gain, for display of
+ 10.0000 V. (Display will be noisy.)

S77. Response Adjustment.

5-78. This procedure requires a function generator (-hp-
3310A), a silicon drode, a l0kQ resistor and an
oscilloscope having a delayed sweep and a delayed gate
output (-hp l80C/DllOSlAllS2lA). The delayed gate
output must be a negative-going pulse with an amplitude
of 2 to 200 V and a width of at least 30 nanoseconds.

a. Connect equipment as shown in Figure 5-7. If the
3490A has BCDiRemote Expand Option 020, also
connect Stretched Pulse Output (J7 pin l0) to External
Encode (J7 pin 28).

b. With 3490A set to l0 VDC RANGE and TRACK/
HOLD as in previous adjustment, set SAMPLE RATE to
HOLD.

c. Set oscilloscope controls for External Trigger,
negative slope and Main sweep. Set Main sweep to
.1 ms/div., Delayed sweep to I ps/div.

d. Set function generator to square wave, frequency
to I kHz, and adjust output level for 20 V peak-to-peak
signal as displayed on oscilloscope.

e. Adjust oscilloscope delay control so that intensi-
fied trace begins approximately 450 gs after negativg-
going transition of square wave. Note 3490A readin$,
which should be near zero.

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

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

h. Remove top guard cover and move "5th Dgit
Blank" wire from Test Point M to Test Point L.

i. Replace and secure top guard cover.

5.79. RATIO REFERENCE ADJUSTMENTS.

5{0. Adjustment of the dc circuits, Paragraphs 5-53
through 5{0. must be completed before beginning the
Ratio Reference Adjustments. A dc standard (-hp-
74OB), a I M t l0% resistor (hp- 0698-1051) and a
stable voltage source between 9.5 V and 10.5 V, such as
a mercun' battery (Mallory TRl77), are required for
these adjustments. Figure 5-1 I shows the location of the
Ratio adjustments. They are also shown on the top
zuard cover.

} l 5

Or;rra- l  H  I
)  l cÄe ie l
/ t 1 1  |

L:t-Jg
. E

o t 3

[i----l
I  u 5  |
t r  7 l

öEEEEilEE t
X9**t i**++QoL
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hp Por l  No.03490-66513

Figure 5-1 1. Location of Ratio Adjustments.



Model34904

s. Set RATIO switch to EXT REF I V' Adjust

efgni (Bias. Atlj.) with both positive and negative

10.0000 V inputs for display of zero t 0'0005 V'

h. Repeat steps a through g until all readings are

colTect.

i. Disconnect lMft resistor from EXT REF termi

nals. Set RATIO switch to INT REF, FUNCTION to

DC, RANGE ttr 10 V.

i. Connect a mercury battery between 9'5 V and

10.5 V. or other floating voltage source stable within
1 mV/hr, to INPUT terminals, - to Higfr, + to Low' Note
3490A reading.

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

l. Set RATIO switch to EXT REF l0 V- Note 3490A
display.

m. Reverse the polarity of the voltage at both the
INPUT and the EXT REF terminals. Adjust Al3Rl7,
repeating steps k through m until the readingin step I is
equal to the reading in step m. (Polarity should be - for
both readings.)

n. Reduce EXT REF voltage to l/10 the voltage
selected in step k. S€t RATIO switch to EXT REF I V.
With mercury battery connected to INPUT, - to HIGH, +
to LOW, note 3940A display.

o. Reverse the polarity of the voltage at both the
INPUT and the EXT REF terminals. Adjust Al3R8,
repeating steps n and o until the reading in step o is
equal to the reading in step n. @olarity should be - for
both readings.)

p. Repeat steps j through o until all readings are
correct.

q. Connect mercury battery to IMUT 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.

ADJUSTMENT PROCEDURES Section V

s. Set RATIO switch to EXT REF lOV. Adjust
Al3Rl4 (10 V Adj) for display of - 10.0000.

t. Reduce EXT REF voltage to l/10 the voltage
selected in step k (positive). Set RATIO switch to EXT
REF I V. Adjust Al3Rl2 (lV Adj) for display of
- 10.0000.

u. Set RATIO switch to INT REF, FUNCTION to
TEST, RANGE to 3. This test alternates positive and
negative readings. Ifthe readings are not equal t I count
and between ! 0.99992 and ! 0.99999, adjust
AlAlR3lT C Refl to obtain this condition. Record
both readings (after adjustment).

v. Set RATIO switch to EXT REF l0V. Apply
- 10.0000 V to EXT REF terminals. Readings will
alternate + and - as in previous step. Record positive
reading.

w. Adjust A13Rl9 (Offset 301) for positive display"
equal to

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

L

x. Adjust AlAlR3lT for positive display equal to
positive reading in step u.

y. Positive and negative displays should now be equal
t I count, and equal to readings recorded in step n + I
count, respectively. If not, repeat this adjustment
procedure (steps a through x).

z. Perform DC Amplifier Adjustment, Paragraph
s-59.

NOTE

In order to operate the 3490A with the
Ratio Assembly A I 3 removed and the Ratio
Jumper Assembly A26 inserted in its place,
it will be necessary to perform the Reference
Adiustmen t s, Paragraph 5-5 7.
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PERFOBMANCE TEST RECORD
. . Hewlett,-PaQkard Model 349oA resrs performed by _

Serial Number

PARAGRAPH DESCRIPTION READTNG

$9 DC Voltmeter Accuracy
' ,  

t ' , .  , . . :  . :  
' : ; : . . ' ' ,

TEST LIMITS

.1 V 10.0100ov .009995
. r0.05000v .049990

0.99600
0.99875
0.99875

oo.9965
(X.9925
G).9600

o09.965
o99,875

0998.65
0998.75

0.99190

02'9715

Min.

.@9983
o99988
0{,.9s88
099.988
tr s9.86
09996.3

Max.
.010005
.050010
.100015

0.10003
o.50006
1.00010

01.oo03
10.0010

o10.o03
100.010

0100.03
0500.08
1000.14

1.00400
1.00125
't.00125

01.oo35
05.0075
10.0400

010.035
1@.125

1001 .35
1001 .25

1.OO810

03.0285

Max.

.1000t7
1.00012
10.0012
100.012
100o.14
100G'.7

0.00005

o0.0001

oo.0316

oo.0010
oo0.910

tV ro.100OOV 0.09997

.::i::..r:..,::. :,-:..,:- 10V 11.0oooov oo.gggz
,r,,,,,.,. 110.O0OOV 0{1.9990

r 10o.00O V 099.990

1OOOV i loo.ooov 0099.97
i 50O.00O V
+ IOOO.OO V 0999"86

stt AC Voltmeter Accuracy

Range
1 V

1 0 v 1 V
5 V

1 0 v

lmo v

1 V

1 0 v

1000 v
1000 v

1 V

3 V

I nput
1 V
1 V
1 V

Freq.
2O Hz

1O kHz
1fl) kHz

10O kHz
2OkHz
2O Hz

10 kHz
1O0 Hz

25O kHz

25O kHz

.  1 0 O V  l O V  l O O H z
tOO V 50 kHz

' ':;; 

:'t:1 
'

= ' t ; ! , '  , ' ; , :

t.rtj:..::..:: ..

:,:i;.,:,' ,',.,,'' ; ' t : ' , : ' . , , ' , t .

Ohmmeter Accuracy

Range Input r. ,

DC Common-Mode Rejection

AC Common-Mode Rejection

AC Normal-Mode Rejection

DC Voltmeter Input Resistance
1O V Range
1O0 V Rangre

AC Voltmeter Input lmpedance
Without Rear Terminal

25 Hz
25O kHz

With Rear Terminal
25 Hz

250 kHz

000.908

0.65975
0.49211

o.65804
o.41321



PERFORMANCE TEST BECORD (CONT'D}

PARAGRAPH

5-32

DESCRIPTION

Sample/Hold DC Accuracy
Track/Hold

READING TEST LIMITS

Range
1 V
1 V
1 V

1 0 v
1 0 v
1 0 v

100 v
100 v
100 v

1000 v
1000 v
1000 v

Acquire/Hold
1 V
1 V
1 V

1 0 v
1 0 v
1 0 v

100 v
100 v
100 v

1000 v
1000 v
1000 v

I nput

* 0.10000 v
r 0.50000 v
r 1.0oooo v

r 1.00000 v
r 5.00000 v
I 10.oo00 v

r 10.0000 v
r 50.oo00 v
i 100.000 v

! 100.000 v
r 500.000 v
1 1000.00 v

r o.10000 v
1 0.50000 v
r 1.00000 v

r l.ff)Ooo V
I 5.00000 v
! 10.oo(n v

r 10.oo00 v
1 50.ooo0 v
1 100.ooo v

r loo_ooo v
I 50o.ooo v
r 10fi).00 v

' ' a ? . - : _

Min.

t 0.0998
r 0.4998
! 0.9997

r 00.998
r 04.998
r 09.997

r 009.98
r 049.98
r 099.97

r 0099.8
* 0499.8
r 0999.7

! 0.0998
+ 0.4998
r 0.9997

I 00.998
r 04.998
r 09.997

r oo998
r 049.98
t 09937

r OO99"8
! 0499-8
! 0999.7

Max.

0.1002
0.5002
1.0003

01 .o02
05.002
10.o03

010.02
o50.o2
100.03

oloo.2
0500.2
1000.3

o.1002
0.5002
1.0003

ol .o02
05.oo2
10.oo3

010.02
o50.o2
'too.03

0100.2
0500.2
1000.3

Pos. Neg.

5-34

5-38

Sample/Hold Response

1 0 V r a n g e , l  k H z
1 V range,2OO Hz

DC/DC Ratio Accurary

Preferred Method

r 0.001 v
r 0.oo1 v

Ext Ref Ext Ref
Range Voltage

1 V  +  0 . 1 0 0 0 0 v
1V  +  0 .50000v
1V  +  1 .O0000v
1 V + 100000v
1V  -  1 .ü )O00v
1V  -  1 .00000v
1 V  +  1 2 0 0 0 0 v

10V  +  1 .0000OV
lO.V + 5.0OO0O V
lOV +1O.O000  V
10v  +12 .OOO0 V

I nput

Voltage

+ 0.10000 v
+ 0.50000 v
+ 1.00000 v
- 1.OO000 v
- 1.0qn0 v
+ 1.OO000 V
+ 1.00000 v
+ 1.00000 v
+ 5.00000 v
+ 100.000 v
+ 100.000 v

-0.s9982 - 1.00018
+ 0.83316 + 0.83350
+ 099955 + 10.0045
+ 09.9979 + 10.0021
+ 099979 + 100.021
+083.31 3 +083.353

Input
Range
1 V
1 V
1 V
1 V
1 V
1 V
1 V

1 0 v
1 0 v

100 v
100 v

Reading Min.
+099955
+ 0.99979
+ 0.99982
- 0.99982

+ 0.99982

09.9982
09.9982

Max.
+ 1.OO045
+ 1.OO021
+ 1.00018
- 1.OOO18

+ 1.00018

10.o018
10.0018

Ext Ref
Range

l o v
1 V

Alternate Method

Pos. Neg.



PERFORMANCE TEST RECORO (CONT'D}

'^.:;^* DESCRIPTION

AC/DC Ratio Accuracy

Ext Ref lnput
Voltage Range

R E A D I N G TEST LlMITS

.:. Ext Ret

11;,', F"ngu

,  l V
'  l v
:  l V

-  1 0 v

0.50000 v
t.ooooo v
120000 v

Max.

099865
099865
0.83218
099865
09.9865
09.9865
08.3218

Min .

1 .O0135
1.00135
0a344{l
10 .0135
10.0135
10.o135
08.3448

1 g v 1.00000 v
5.00000 v

10.ü)oo v
12.0000 v

External Reference Input

Resistance Test

1 V
I V
1 V

t 0 v
1 0 v
1 0 v
1 0 v

I nput
Voltage

0.50000 v
1.00000 v
1.00000 v
1.00000 v
5.00000 v

10.o@o v
10.0000 v

10O counts change



6-1.  INTBODUCTION.

6-2. This section contains information for ordering replace-
ment pafts. Table 6-l 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.

63. Miscellaneous parts are listed at the end of Table 6-1.

6.4.  ORDERING INFORMATION.

6-5. To obtain replacement parts, address order or inquiry
to your local Hewlett-Packard Field Office. (See Appendix
B for list of office locations.) Identify parts by their
Hewlett-Packard part numbers. Include instrument model
and serial numbers.

6.6. NON.LISTED PARTS.

6-7 . To obtain a part that is not listed, include:

a. Instrument model number.

b. Instrument serial number.

c. Description of the part.

d. Function and location ofthe part.

6.8. PROPRIETARY PARTS.

6-9. Items marked by a dagger (f) in the reference
designator column are available only for repair and service
of Hewlett-Packard instrumenrs.

. . . . . . . . . . n € g 6 t i w  t D s i t i v e  z e r o
lz4o temrrature 6ef f icient)

- . .  nan@cond{s} = lO-9 econds
. . . . . .  n o t s p 4 a c l y  r e p l e a b l e

Model 34904

sEcTt0N v l
REPLACEABLE PARTS

Section VI

T a . . . . . . .
T C  .  . . . .  . .

, . .  .  . . .  . ,opt imum value eletcd atfcbry.
@rage value *tom {pm may be mined}

. . .  . . .  . .  no di ldatd type numbc? 6i9ned
$lectgd d +ecial type

@ Dupont de Nemorc

sTD-A-2734

ABBREVIATIOi lS
. . . hertz {cyclelsl per sond) NPO . .H z .

t D .
rmpg

inside diamet6

. . impregnated

. . incande$ont

. in$larion{edl

d e p . -
DPOT
OPST

@ J . .

c@f .

@dp

el4t
acap

FET
t x d  . .

r L
H R

J .
K .
L .

M P
P .

8 .

c .
C R
O L
6

L . . . . . . . . ,  . . . . i n d u c t q
l i n , . . . . . . . . . . . . .  . . l i n e d t a p ü
l o 9 .  . . ,  , .  . . .  .  .  .  l o g o r i t h m i c  t a p d

mA ..  .  . .  . ,  .  . .  mi l l iampere{s} = 1O3 amera
M H z  . . . . . . . . . . . . . . m e g a h e n z =  1 0 + 6 h e r e
M l l . . . . . . . . . . . . . . . m e g o h m l s l  -  1 0 + 6 o h m s
r e t l l m  . . . . .  . . . . . . . . . r e t a t j i l m
m t r . . . . . . .  . , . . . m m u f * ' t i i ä

. . - .faradld
. . . . . .  f i e l d e f l e t  t r i l s i s t o r

. . . . . . . . . r i x e d

. . . . . . . . . a s m b l v

. , . . . . . . . . . moto1

. . . . . . . . . . b a t t e r y

. . . . . . . . € p e r t o r

. . . . .  -  . . . . .  d a o d e

. . . . . . . . & t a y  l i n e

.  .  . . . . . . , E m p
mis eletronic part
. . . . . . . . . . . .  l u $

ms
mt9

yr

N C
N e . .
NO

. . nanoampere{s) = 1O-9 a-oer*
.  . . .  . .  .  n o r m a l l y  c l o s d  S o  .  . ,  . . . ,  . e l e n i u m

. n e o n  * c t  . . . . . . . * c t i o n ( s l
n o r m a l l y  o p e n  S i  . . . . . ,  . . . . . . s i l i c o n

DESIGNATORS

.  . f i l t e r  O .  .  .
. . . . . . . . . h e a r e r  O C R  . . . . . . . . .
i n t e g r a t e d c i r c u i t  8 . . , . . . . . . . . .

. . .  . . . .  i a c k  R T

.  . .  .  .  . . r e l a y  S

. . . . . , r a n s i $ q
- üansi$ordiode
. . . . . . . . r e s i s o r
. . . . . t h e r m i s t o r
. . . . . . . . . s i t c h
. . . .  t r a n s { o r m e t
. . teiminal tE*d
.. . therrccouple
. . - . . . t d p o r n t

. . . . . . a n d u c t o r  T . ,

. . . . .  . . .  m e t e r  T B .
rechani@l parl  TC.

plug TP .

DECIMAL MULTIPLIERS

Pr.lix Symbols M0ltipli6 Pr.fix Symbok Multiplie

Eta
gr9

rpga

ki lo

h&to

deka

deci

T

M or Meg

K o r k

h

da

d

t o 1 2
to9
ro6
r d
t02
l o
1o-1

centi c 10-2
mil l i  m tO-3
micro lI to€
nano n l0-9
pico p 10-12
femto t  tO-15
af io a 19-18

6-l



Section VI Model 3490A

T o b l e  6 - 1 .  R e p l o c e q b l e  P o r t s

Reference
Designation

HP Part Number otv Description Mfr
Code Mfr Part Number

A I

a l c r
^ t c 2

^ l c 3
^ tc4
a l c 5
a l c 6
a l c T

a l c S
A l c 9
a l c l o '

^ t c l o l
l l c l o 2
A l c l o l
a  l c  lo4
a l c l o 5

a lc  lo l
a lc  lo ' l
a l c l o e
a l c l o 9
a lc l l  o

a l c l l  I
a l c  l l  2
a l c l l . z
a t c l l 4
a  l c l l 5

a l c  l l  c
a l c l l T
Ä l c  l l  I
A  l c r r  9
A l c l 2 l

Atct2 2

a l c 2 0 l
^1c202

a 1c203
a lc204
Alc205
a lc20 6
a lc207

a lc20  a
a t c 2 0  9
i  l c2 l  c

a r c 3 0 l
a  Ic302
r l c 3 0 3
A lc  304
Ä  l c  3 0 5

a t c 4 0 l
A  lc  403

Ä l c 5 0 l
r  l c  5 0 ?
l l c 5 0 3
l l c 5 0 4

a l c 5 0 5

l l c 5 0 a
^ 1 c 5 0 7
l l c 5 0 ?

l l c 9 l
r l c F 2
r l c r 3

O349O-{165Ol

o l  50-0093
ot  50-o093

ot  50-o093
o l  50-o093
oI  50-oo93
o l  50-oo93
o l  50-oo93

o l  50-o093
o l  ao- l  7o t  ^
or60-or34  lg \

o l 8 0 - 2 5 1 0
o l a o - 2 5 1 o
o l  80-2  509
0 I  80-?50 I
o l  80-251 0

o l  80-2  5 t  o
ol 80-2 509
o lao-o309
or 50-0071
o 180-o  I  97

ol ao-l 746
ol 50-o096
0 l  80-0291
o l  50-oo50
ol ao-t t46

0 180-0309
ol 50-o096
o1.80-o29 I
ol 80-2507
or  50-0096

ol ao-l 704

ol 60-o356
ol 40-ol 94

5@0-9047
ol 60-ol I I
o l60-2605
ol 50-0093
o t 6 0 - 3 1  f 3

0  t  60-2605
or40-o20 I
ol 50-oo5 9

0 t  50-o l2  I
ol ao-0 08 |
ol 70-0040
o l  60-2605
o l  60-082 0

o l60-2199 ^
ot to-ooe+ &\

or ro-nnr  r$$
0150_m84 /t\/3\
or oo-z z or /\
o l  5o-ooB4-F

o, to-oo, t Ä\

otan-or i l  44
o teo -ozs r  A l {
o r zo -ooz r  $

l 9 0 l - o 0 4 0
1 9 0 2 - o 0 4 1
1 9 0 2 - 0 0 4 9

I

2 6

I
I

4

3

?
t 2
l 3

2
3
4

I
I

I
2
4

I

I
I
5

2

4
5

I
I

I

I

3

52
4
I

I { A I N  C I R C { I I I  B O Ä R O  A S S Y

c : F x D  C F R  o . 0 l  U F  + 8 G - 2 o t  l o o v D c r
c : F x D  c F R  O . 0 l  u F  + 8 0 - 2 0 t  I o o Y D c f

c :FXD CFR 0-Ol  UF +80-201 IOOYDCT'
c :FXD CER O.01.  uF +80-20t  loovocH
c : F x D  c F ß  o . 0 l  u F  + 8 0 - 2 0 1  l o o v D c l {
c :FxD c€R o-01  uF 180-20t  loovDct
C:FXO CER O.Ol  t ,F  +80-20:  IOOVOCT{

c : F x D  c E R  O - 0 1  u F  + 8 0 - 2 0 *  l o o v D c H
C:FXD EL€CT 5 .8  UF 20? 6VDC} '
C:FXD I I ICA ?2OPF 5 t  3oOVDC|{

c :FxD 250 UF 3oVDCl t
C:FXD 250 UF 3oVDCt l
c : F x o  1 2 5  U F  5 o V D C Y
c:FxD I25  UF 50VDCl r
C:FXD 250 UF 3OVDCT

C:FXD 250 r rF  30VDC!
c :Fx0 125 r rF  'ovDct
C:FXD ELECT 4 .?  UF 2OI  IOVDCI
C:FXD CER 400 PF +80-2Ot  500VDCta
c :FxD ELFCT 2 .2  UF to t  2oVOC| |

c : F x D  F T E C T  l 5  U F  l o t  2 o v D c t
csFxD cER O.05 rJF +AO-20t  IOOVDCT
clFxD FLECT 1 .0  t ,F  lo t  3 'v f r .H
c :FxD cER 1000 PF +80-20t  looovocL
C:FXO ETECT I t  t rF  lo t  2OvDCr

C:FXO ETECT 4-?  UF 20t  lovDcr
C:FxD CER O.05 UF +A0-2O:  IOOVDCT
c:FxD ELECT 1 .0  UF lO!  35VDCL
c:Fxo 6000 uF
CrFxD CER O.O5 UF +8O-?Ot  IOOVOCt

c : F l D  E l € c r  4 7  U F  l o t . 6 V D C l t

C : F X O  t l l C A  l 8  P F  5 t
c :FxD i fca  l to  + i  5 t

C : F X O  0 . 3 3  t , F . "  I O I  ( H A N D S E L E C T E D }
c : F x D  r t c ^  3 0 ? F  5 t  3 0 0 v D c r
c :FXD C€R O.02 r .FD rAC-20t  25VOCta
C:FXD CFR O.Ol  t rF  +80-2Ot  looVOCr
C:FXD t lY  2  UF 10t  IOOVDCI

c : F t D  c E R  0 . 0 2  { F D  + a 0 - 2 0 t  2 5 V D { r {
C : F X D  H I C A  1 2  P F  5 X
c:FXO CFf r  1 .34-25 PF 50oVDCr .

c :Fx t l  cFR o . t  ( rF  +ao-201 5ovDcI
c lFxD €LFCT 50 ( 'F  +20- l5 i  lOvDCr
C:FXD rY 0 .047 r rF  lo t  Zoovmx
c : F X D  C € R  O . 0 2  t { F D  + 8 0 - ? 0 t  2 5 V D C l
c :FxD cFR O.05 [ ,F  +80-20t  25YDC| .

c: FXD f,t l ca 30 PF 5t 300v octa
C:FXO CER 0 .1  UF +80-2Ol  IOOVDC9

c : F x D  r Y  o . l  r F  5 t  2 0 0 v D c r
c :FxD cFR 0 .1  t rF  +80-20t  1oovDcw
c : F x D  t { l c A  3 0 0  P F  5 t
C:FXD CFR o . l  t rF  +a0-2ot  lO0VDCi

C:FXt  t {Y  47OOPF lOt  400VDCr .

c : F x o  F t  E c T  I  . 0  t r F  l o t  3 5 v m r
C : F X D  E T E C T  1 . 0  U F  1 0 t  3 5 V D C I
c : F x D  I Y  4 7 0 0 P F  l 0 t  4 0 0 v D C l

DIODE:StL ICnN 50 i lA  -10  t {v
DIOD€:BR€AKDO| , i '  5 . I IV  5 I
O I O D E : A R E A K D O T N  6 . 1 9 V  5 1

28480

72982
729A2

129A2
72942
l29A2
72.r 82
t2942

72982
2A4AO
t4655

28480
24480
28{80
24440
28t80

24480
28480
562 89

249
562A9

2A480
9 1 4 1 8
*249
5C,2A9
28480

56289
9 1 4 1 8
56249
2 4480
9 1 4 1 8

24480

28440
72t36

28480
t4655
729A2
729A2
8 4 4 1 1

729a2
2a4AO
7?9a2

56249
5aa2 A9
56289
729A2
729A2

24480
72982

28480
72942
2 8480
729A2

84411

562A9
56?A9
84( t l

o7 263
o47ta
oaT l  3

o349(F66501

aol-Kaoool I
801-x800011

aol-K8000 ll
801-K80001 I
80 t-K8000 l1
801-K80001 I
801-K8000 1l

80 t  -K800011
o180- l?o  I
RDilI5F22IJ3C

olao-251 o
o l  80-2  51  0
o1.80-2509
olao-z509
o 180-25 IO

ol 80-25 I O
olao-2509
Itoo4TSXOOt Ot2-OYS
c01 68 102E4,01J627-CDH
l5ü)225I9O2 r-lA2-OY S

otao-1746
rA
ItoD 1o5x9035A2-OYS
c0678l02E l02 ZS26-COH
ol80-1746

l50D475XOO1 0A2 -OYS
TA
1500 I 05 x9035a2 -oYs
o 180-250?
TA

o tao- l  704

o l6(F0356
RDXI5FI I IJ3C

5@0-9047
n oil15E 300J3S
5a35000-Y5u 2032
a0l-K8000 I I
663Ura

5835000-Y5u 2032
ot40-0201
301-ooo-coJo-339c

5C508I S-Cl,{-
t09D506C 20lOC2-OY P
192P4739?-P T S
5835000-Y5u 2032
5055 Y5U 5032

ol60-2 I 99
8 l t l - l00-65 I - t  04z

or 70-ool9
8r 31 -1 00-651 -1042
ol60-2?u7
8t3 l - loo-651- l  042

663Uta{7294

l5  00  to5  x90r512-DYs
l5o I o5 x9035A2-DY S
663ttvr7291

Ff rc l088
sz 10939-98
sz  I  0939-122

r  : i r - : e - : r - . S a  \ ' : t i
See introduction to this section for ordering information



Model 34904 Section VI

T o b l e  6 - 1 .  R e p l o c e o b l e  p o r t s l C o n t ' d l

Reference
Designation

HPPart Number otv Description Mfr
Code Mfr Part Number

AICR4
A ICR5
AICR6
l lcRT

a l c ß l o l
l l c R l 0 2
a l c R l 0 3
a l c R l 0 4

a lcR l  o5
a lcR I  06
a lcRr  c7
A tcR l  o8
A lcn l  c9

a l c R l l o
a l c ß l  I  I
A  l cRt  12
A l c R l  l 3
A lcRl  14

a l c R l  l 5
i l l c R l 1 6
A l c R t t T
A l c R l  l 8
A l c R l 1 9

i r l c 8 l 2 0
r l c R t  i l
l l c R t 2 2
a l c ß l ? 3

a l c R 2 0 l
l  l cR202
a lcR2c3
a lcR204

l lcRz c t
A l c R 2 0 6

AlcR30r

A tcR40 l
A lcR{02
l  tcß tc3

a lcn tc l
/ r l cR5C2
I  l cR503

a lcR504
a lcR 505
a lcRS C6
l  l cR5c7
^ lcR5 08

AICR'G9
A lcR5 l0
A l c R 5 r l
r l c R 5 l 2
l l c R S l 3

1902-o04 I
l90 l -oo{o
t90l-oo40
leo l -0040

I  90  l -0028
t90l-o02 8
190l-oo2 I
l90 l -o02 8

190 l -o028
190 l -o02 I
190 t  -oo2a
I90 l -o02 8
190 l -oo40

1902 -ot 84
1902-0  594
190 l-oo40
t902-o654
1902-O594

1902-o 5 I 4
1902-o55 9
190 t-oo+o
L902-0654
190 l -0200

l90 l  -0200
190 l-oo40
rcor-@4o Aleol-m4o l\

190 l-oo40
I 901-o040
190 l-o04()
1.902-3104

leo t-0040
190 t-q)40

1902-O76t

I 90 l-oo40
190l.-o040
t902-0o25

1902-3  t90
190 l-oo40
l90l-o(xo

t902-3  190
I 901-oo40
190 l-0o40
190 t-oo*o
190 l-oo40

t90 l-oo40
190l.-0o40
l90l-o(xo
190 l-oo40
1902-O049

t25t-2Lt4
l25t-?-292
t25t-2292

l25t-2tr..
I  25r -2034
r2 5l-2 I 34
l25t-2tt4

o{90-o740
o49(Fl lo 5
t20(F046 9
1200-o469
1200-o43 I

DIOD€:AR EA(OOTx
DIOOE:SIL ICOT{  50
o looE:s  tL ICON 50
DI0DE:St t - tCON to

5 . t l y  5 t
x  f o Y V
ilA 30 ry
r|A 30 Lv

o4r13 |  sz rog ,e-ee
07263 I FDGIOAs
07263 | FDGrOss
07261 | FDGlOss

I
2

DIOD€:SIL ICOi l  O.7 iA  4OOptv
OIOD€:S l  t ICora  O.7 iA  40Op ty
DIODE:S IL IC( IN O.7 i l r  4OOptV
D I O o E : S I L I C O N  O . Z i A  4 O O p t V

D I O D E : S I f  I c o N  o . 7 t A  4 o o P I Y
o loDE:  S i l - ICoN o .7 i  

 

4oopIv
D I o D E : S  I L I C O N  0 . 7 5 A  4 O o p I v
OI r | { )E  : -S IL tCON O.?  iA  40Op tV
otoD€:s lL tcor {  50  t4A ,o  rv

DtooF SRFAKDOUü{ :StL  lAnN 16.2V
DtoDE SREAXDOTN:18.2V 5 t  l t
OIODE:SILICOil iO |�| l  l io ray
o IooE BREAT(DOt t r :33 .2v  5 t
Ot { lo€  SRF^KOOLi t : la .2V 5 t  l t

o IoD€:zFNER 5 .62V 2 '  tu
D loo€ BREAT(DOHi l :  6 .19V +2t
DInDEISIL ICO}{  iO x  fO By
OIOD€ BREAKDOTa{ i  f  3 .2V 5 t
DIOOETS I : l r IOO pR.Ry

D I O D E : S I 3 A I O O P R R Y
DtoDE:Sil-ICOr{ 50 i lA 30 tv
DIODE: SILICON 50 MA 30 Wv
DIODE: SILICON 50 MA 30 wv

ot? 13
0+713
o47t3
o{713

or7 l3
otTl:l
oa?13
04713
07 263

24480
o4?13
07263
284eO
o4713

2A4AO
o47tt
o726t
2a480
2a4ao

2a4AO
o7 26t
07263
07263

sRl35a-9
sRl35a-9
snl35a-9
sRl35A-9

sRl35a-9
sR1358-9
sRl3ta-9
sR 1350-9
FD6l OAa

1902-0184
sz  l t  2 t3 -2 l t
FOGI O8A
1902-0654
sz I l2 t3 -215

1902{r514
sz l l2 l :Fa l
FO€tO8A
1902{t65a
l90l -o200

l90t{)200
FOGI OAA
FDGl(88
FDG1O88

DtoDE:SI t tCOt t  50  l t ^  3 { !
o loD€!s IL ICOl t  50  ta  30
otoDE:s IL tco | |  50  x  30
DIoDE:AREAXO0I i l  5 .62V

T Y
tv
LY

5 l

07261 | FDGlOrs
ot26r I toeroes
of26t I FDGlOss
04713 | Szro939-l lO

DIODE: SILICON 50 MA
DIODE: SILICON 50 MA

a) wv
30 wv 07263 | FDG|@8

07?s,3 l FDG1@8

D IODE:8R€A(DO|.N 1295a lNa2l

D loD€:s t t IcoN 50 l t  : x )
DIDDE:S l t - ICoN 50 nA 30
DlooE r Bt. EA|(DOft{: I O-oY

U V
Y Y

51 400 ralt

o7263 | FDclosS
o726t I FD6lo88
28480 | l9o2-O025

DtooF SREAKOOTI :13 .ov  5 t  {ü )
DIOD€3Sn- ICOl i  50 ; t l  3o  rY
DIODE:SIL ICOI  50  f l  f ,O rV

26a80
o7263
o726t

2A4AO
o7 26t
07263
o1267
o7263

o726t
o7263
of26?
ot263
ot7l3

7t785
TLTA'
7 l  ?85

7t7A5
7t7A5
7t 785
t1785

2alr80
2A4aO
28480
28a80
28+60

1902-31 90
FDGI OA8
FoGloaa

1902-31 90
FD6tOSA
FD6l OA8
FDGI OAA
FD6lOSA

FO6loaa
FDGI 088
FOGlOSs
F06lOES
sz 10939- 122

252-t8-3(F340
2t2-ta-to-tro
252-ta-to-t50

252- le-t{F3to
252-t(F3o-300
2tlla-3{F3t{t
252-lE-30-3ro

oa9(H7to
0490-ll05
1200-0469
12(}0-0+69
1200-{)43l

DtooE ERFIXDO|N:  l3 .ov
o tooE:s IL IcoN 50 l {a  3D
DIODE:SIL ICON 5O xA 30
DIOOE3SI | " ICON to  t | ^  30
DtoDE:Sil-tCOX tO r :ro

DIOOE:SIL ICOI{  50  | |A  30
DtnDESSIL ICON 50 t |  30
DIODE:StL tCOr{  to  tA  30
DIODE:SIL tCOt{  50  H :o
OtoOE:EREAKDO$|  6 .19y

5t aoo tr
t|Y
I Y
tv
l v

HV
tv
yv
I Y

, a

A I J I
l  l J2
AIJ  3

CONN€CTOR: PC
CONNECTOR:9C
C{}INECTOt:PC

COilNECTOR: PC
carilNEcroR:Pc
coililEcroR: pc
C(x{NECTOR:PC

REI-AY: RE Et)
S IITCH: R€ED
S(f,KEr: lC 28
SOCI ,FT: lC  2E
S( t r (E l : lC  24

t2x l8 t36  cOXTICTS
l l  x  la t  la  c ( l tTAcT
t l  x  la t  la  c { t lT^c l

l zx l8 t36  CONTACTS
EDGE t2  X  lo t  20  coNTACr
l2x l8 t36  COI{T ICTS
t2x la t36  co i l r f ,Ts

coraTAcr DUAL-ll{tntE IYPE
CONTICI DU L-II 'LtiIE TYPE
colrlcr

/ r l J5
t l J 6
 

 

l J7
A t J 6

 

 

lrao I
r lxao 2
l  l tP l
l  l rP2
l  l tP3

I
I
t

l RE er to &ckdating Se. Vltl See introduction to this section for ordering information
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Section VI ModeI 3490A

T q b l e  6 - 1 .  R e p l o c e o b l e  P o r l s ( C o n t ' d )

Reference
Designation

HP Part Numbel oty Description Mfr
Code Mfr Part Number

A l P l
^ tP2
a l o l

Alf lPa
r l | | P S
l  l i P 6
t l f iP?
A  I T P S

l l l tP9
a l t l P l o
l l | | p l l
^ l | | P l 2
a  l x P l  3

^ lo2
Alo3

a  l o l o l

^  lo  lo2
r lo  lo3
A lo  lo4
l lo  lo5
a lo  loe

a l o l o T
Alo toa
l lo  lo9
a l o l l c
a l o l l  I

 l o l l 2

a lo20 I
^to202

I  to203
Alo?o4
l l  o20 5
r Io20€
l lo20 7

l  1o208
l lo209
t l o  2 l o
l l o 2 l t

r lo30 I
A lo 302

l lo303

llo40 I
Alo4('2
l lo403

^lo{o4
alo4()5
^  loao6
l lo {o?
l lo40 8

Aloao9
ll.o {l c
l l o { l  I
r  lo4 l  2
l  lg4 l  3

l lo4 l4
r  lo {15
l loa t  a
l  lo4 l  7
l lo { l  I

/r lO42O
l lo42 I
^ lo{2 2
r l c 4 2 3
r 1042.

1200-0473
1200-o4?4
0340-o060
0340-o050
1200-o4_t?

1200-o{!t 7
12{)5-o03:l
l20Foo33
1400-o?60
l{oo-o760

L2tl-7231
t2rL-1236
l8 5i-ool o

1854-OO7 I
1854-OO7 I

l8q-0569

1854-OOa7
l8 5a-ooa7
la  5 t -oo5r
l8 53-OOa6
la54-oo? I

la54-o569
la 53-oo86
l8 53*0086
I A5{-O03 9
l8 54-OO19

I 854-OO7 I

I  I  53-OO lO
185+-O2l  5

l8 54-O2l 5
la55-o093
la55-o(xr 3
1855-OtO8
r855-O308

1855-O09t
1855-O4lO
l8  53-OOl  O
l8 54-02 I 5

t85+-OO7 I
t8 54-OO7 I

ta'1-0475

ra sloora A
l8 53-OO lO
1854-OOA?

l8  5 l -oo  lo
1854-OOa7
185t -oo lo
185+-O08?
ra:r-ooae 7$

I  853-OOl  O
l8 54-0087
1853-OOIO
Ir54-OOa7
I 853-OOt O

la54-ooa7
I  853-OOl  O
Ir 5+-OOA 7
r  r53-oo l  o
Ir 54-OOA 7

la5:t-ool o
It54-OOa7
l8  53-OOl  O
l8 9a-ooe7
l8 53-OOl O

20
t7
20

14

2

2 t

I
I

I 9

47

2

t7

I
5

2

9

9

5

I

1

^tttoll

S ( f , , X E T :  l C  l 6 - P l N
soc(ET: lc l4-Pta{
FEEOTHRU : I i lSULATEO X(l . lNT I i lG
FEEDT}NU: INSI 'LATEO Tf l . | ' {TING
S ' t r K E T :  I C  8  P I N

S M K F I : I C  8  P I N
H€AT SI N(:SEtl ICOil{XrCToR
HFAT SI XK:SETICOI{ü,CTOR
C L I P : I { f l J i l T I N G  A S S Y I S E  O F
CLIP: l{( ]u| | r lNG ASSY(S€I OF

3 l
3 l

CONNECTnR SIRIP:  l4 -P I t {
CONNFCTOR STRIP:  I8 -PI i l
TSrR:St  P i lPTSELECTEO FRof {  2 i l3251 |

rsTR, :s t  i tp t i l sELECTED FROI{  ä t370+ l
TSfR:S l  IPNISEL€CrEO FROx 2N17O4l

T S T R : S I  N P N

T S T R : S I  N P I {
T S T N , : S T  N P N
T S T R : S T  P i l P
T S T N , : S T  P N P
T S T ß : S I  N P N I S F I . F C I E D  F R O I I

TSTR: S I  I i IPN
T S T R : S I  P I { P
I S T R ! S I  P N P
r S T R : S I  N P N
T S T R : S I  N P i l

r S T R . : S I  N P i l I S E L E C T E D  F R o l | an 3?o4 |

T S T R : S I  P N P I S E t € C T E O  F R O r  ? ' t t 2 S t l
TSTß.: Sl tilPil

I S T R : S I  N P I I
I S T R : F E T  N - C H A N N E L
I S T R : F E T  N { H A X i l E I
r S T R : S I -  N P i l  D U A L
TSTR:SI i lPi l  OUA[-

T S T R : F F T  i H I { . I I N E L
T S T R :  F € I
r S T R : S I  P N P I S € l - € C T E D  F R O I  2 i t 3 2 5 t  I
r S T R : S I  N P i I

I S T R : S I  N P N ( S € L E C T E D  F R O I {  2 N : } ? O 4 I
r S T R , : S l  x P N ( S E L E C T F D  F R o x  ä t 3 7 0 4 l

T S T R : S I  N P N

T S T R :  S I  P N P
T S T R : S I  P N P I S E I - € C r E O
TSl8.3SI l lPN

TSf R,:  SI P} 'PISEL€CTED
T S T R : S I  N P T
T S T R : S I  P i I P I S E T E C f E O
T S I R : S l  t a P N
f S f R : S l  P l { P

I S T R : S I  P N P I S E L E C T E O
f S T R : S l  I P | |
T S I R : S I  P i l P I S E L E C T € O
I S T R ! S l  t l P N
I S T R : S T  P i l P ( S E L E C T E D

T S T R : S I  N P ' {
T S T R : S I  P l { P . S E L E C f E o
T S I R : S I  I P r i
rsrR:st  PlrPts€LEcTEo
t S l R : S I  N P a {

l S T L : S l  P l l P l S € L E C I E D
TSIR3Sl l iPN
T S T R : S I  P i I P I S E L E C T E D
r S T R : S I  T P X
f S r R : S l  P t t P { S E t E C T E O

FROil at325l )

Fn,ot är325t l

FRO|( ä{ 325t t

FROX 2it325l I

FROil är325ll

FROI |  2N3251I

FROft 2X3251 I

FROil 2r{3251 t

FROX a t325 l t

FROX ar3251t

FROI at325l I

24a80
24480
26t60
28460
l 7 l l 7

l T l l ?
05820
05am
2AlAO
28+AO

28480
?alao
2A480

28480
2e4AO

2A4aO

80t 3l
8 0 1 3 t
oo l  3 l
a o l 3 l
2raeo

2E4AO
801 3 l
ao t3 l
801 3l
aol 3l

23tao

28tAO
80t31

aoI3 t
28aao
264AO
24480
2A4aO

2a480
2a{ao
28480
80131

2AtAO
28aAO

28aao

8 0 1 3 t
28tAO
aol3  1

2A4AO
aol 3l
2AaOO
801 3 l
80131

28t80
E O l 3 l
2A{80
8 0 1 3 1
2A480

ao l3 l
28{80
ro  l3 l
2e480
a0 l3 l

2E480
a o l 3 l
2Atao
8{ t l3 l
26tAO

t2OO-O473
120(F()t74
0340-o060
o3a(Foo60
,56-23t-5

t'66-235-5
2O7-CB
207-CB
1400-0760
l4(xFo760

t25t-t2ta
L25t-:Jzt6
ta53-oolo

la54-oo7l
l85t-OO7 I

la54-0569

2||tltr
2lt34l7
2N40t7
2t5047
184-O07l

1.854-0569
zil5087
2r5047
2N1053
2il3053

1854-OO?l

la5:Foolo
2N390+

2N3904
1655-0()93
r855-O093
1855-0308
1855-0308

1855-OO93
la55-o+10
lo53-o0 lo
2N3904

laSa-oo7 I
I A5a-OO7l

I A5.r-O47t

zil4906
I 853-OOl O
2Nj,4t7

I 853{)Ol 0
2N341?
1853-OOIO
2r|:r4r7
2N3906

1853-OOIO
2N341?
1853-OOtO
2il!r417
t853-OO10

2N34r?
1853-OOtO
2N3417
1853-OOl O
2N3417

la53-oolo
2N341?
la53-ooto
2il3417
1853-OOIO

€ -.!

: itt b R+.htiql Se Vill
See introduction to this s€ction for ordering information



Model 34904 Section Vl

T o b l e  6 - 1 .  R e p l o c e o b l e  P o r t s ( C o n r ' d I

Reference
Designation

HP Part Numbet atv Description Mfr
Code Mfr Part Number

Alo42t
Aloa26
^to127

A lo50 |
^to50?
l lo503
l lo50a
a lo505

Alo506
r lo50?
A 1o508
l lo509
a loSt  0

^ l o 5 l l
l l o5 l2
A10CR301

a l ß l

A  IR2
l  lR3
^ l ß a
Ä lR5
AlR6

l t R  ?
l lnS
l lß9
r te  lo
l l R l l

alt t2
l lR  l3
^ lß  la
r lR  l5
r tR16

t l R l T
a ln la
l lR l9
AIR20
l lß21

AtR22
r lR23
a ln2a
l tR25
AlR26

alß27
AIR28
AIR29
AIR 30
l lR3 l

rlR32
t lR13
I IRH
t lR35
rlR36

AIR37
l lß38
^1R39
^IR40
AIR ' I

AIR+2
tlßa3
aln{a
llr45
rlt{6

r l ta?
^lRa€
r t t49
t l t50
l ln  5 l

l l t  lo !
r l l  to2
l ln lo3

l8 54-O087
l8 t3-oo lo
r854-O087

1853-OO:t6
l8 53-0036
ta54-o2t5
l8 54-02l 5
l8 54-02 I 5

tESt-o24,
ta5r-o235
1854-02l 5
ta54-o221
la54-02 t 5

L85t-O2t5
1854-OO7 I
5060-60d)

()6a4-l 53 I

06a{-l 531
o6a4- l  531
0684-1 53 I
0684- I 53 r
0684-1 53 r

06A4-22t1
0�6a4-??31
o6a4-2211
068/.-2231
o6a4- l23l

06a4-332 I
(}6a4-3331
0684-3331
06a4-6821
06a4-333 I

0684-lO2 r
0684-l 531
o6aa-l 53r
0684-l 531
0684- I 5:| l

0684-l 531
06a4-l 53 I
06a4-l 53 I
o6a4-l 53 I
06a4-l 53 I

0684-l ' f, I
068+-1 53 I
0684-l t:r l
068(-l 511
o6a4-l 53 I

{)6a+-1531
075?-O469
0757-Oa65
0684-6A2t
0684-6A21

0684-682 r
(}6a4-6A2 I
0684-6a2t
0584-682 I
o6a4-682 I

068t-682 I
06a{-682 I
o6a4-682 I
068+-6a2 I
o6a4-5A2 I

058a-6a2 [
068+-6E21
06aa-6821
0684-6A21
o6a4-6821

o?5?-O+3a
o7t7-(l438
o75?-o:t92

3

I

I

39

9

6

t l
7

7 l

I 5

I
l l

6

I

TSTR: SI NPl{
fSTR:S l  P i tP lS€L€CTED FROü ä{32 i1  t
TSTR;SI  NPN

ISTR:SI  PNP
TSIR: SI P'{P
TSIR:SI  NPi I
lS fRrS l  NPN
TSTRsSI  NPN

T S T R : S I  P N P
fSfR:S l  P i lP
TSTR:S l  NPN
ISTR:SI  NPN(REPL.8Y 2N4O44I
TSTR: SI NPil

TSTR: SI P'IP
TSIR:SI  NPi l tSELFCTEO FROI |  2 f l170+ l
REFERENCE AMP ASSY: INCLUDES

R306, 3@, 310, 313,314. 315
R:FXD CO'4P l5K OHt{  to f  l /4 ta

R:FXD COIP 15 | (  OHr{  lo t  l . r4 l
R:FXD COXP l5K OHt  lo t  l /4 ta
R:FXD COt'tP lt|( oHt| lot l/4r
ß :FXD COXP l5 t (  ( I { t  lo t  l /41
R:FXO Cnf iP  I 'K  OHr |  lo t  l /4 r

R:FXD COIP 22K Ot { t1  lo t  l /41
R:FXO COI.P 22t( OHfi lot t/4t{
R:FXD COIiP 22r OHfi toz lt4u
R:FtO COIiP 22|( OHt| LOt tt4Y
R:FXD COXP l2K ( } t t  lo t  t / { l

R:FXD COXP :l3OO Olit tol l/{f
R :FXO CO, .P 3 : t t  oH l t  lo t  1 /4 r
R:FXD COXP 33R OHI{  to t  l /4 t l
R:FXD COnP 6.8K Olil rot l/4|a
R3FXD COdP 33X OHr  roa  l /+ l

R:FXD COftP tooo otta loa Llt*l
R:FXD CO,|P ltt( OHt{ tor tt4t
RIFXO COtlP l5K OHat LOt l/{r
R :FXD COtaP l5K oHl t  lo t  l /41
R:FXD COiP I't( OHra lot l/4r

R:F ID COI |P  t t (  OHt  lo t  l /4 r
R:FID COtaP I'X OHtr lot l/4|.
RsFXO COftP I 'K OHfl IOZ tl4|/
R :FXD COHP 15 l (  OHfa  lo r  1 /4 I
R:FXD COXP l5K OHX lo t  l /4 r

R:FXO COrP- I5 | (  o l tx  lo t  l /4U
R:FX0 CO, iP  t t | (  OHX. lA !  l /41
R:FXD COXP l5K OH) t  to t  l /41
R:FIO COIiP I 'R OHrl 10t t/4t
R:FXD coxp r t r  o l r " l  lo l  t / t r

R :FXD COrP I 'K  OHX lo l  l /41
R:FXO Ft - f t  l50K oHf i  t t  l /81
R:FIO tl€T FLX loo(. Oli l It l /ar
RIFXO COraP 6-at( ottt tot l/4r
R:FXD Cor lP  6 .8 { 'O} fa  lO:  l / i r

R:FXD CO||P 6.E{ Orit lo: l/{ l
R:FXD COI|P 6-8( Ol|| lot l/4r
R:FXD C0rap 6.a( o}[ lot l/{ta
R:FIO CO,iP 6.8( Ottt lot l/ar
R:FID COre 6.ax oilt lo! l/4ra

R:FIO COI|P 6.8( Olft tot ttry
R:FXD COI{P 6.8K Oln lot l/al
R:FXD Cotap 6.8X Olfi lot l/41
R:FXD COttP 6.8( Ottl lot l/t l
R:FXD CO,.P 6.AK Olft loa l/at

R:FXO COiP 6.8t( O}}t tot Lli l
R:FXD CO||P 6.8{ o}|l l0: l/4tt
R:FXO COraP 6.8( Oli l lO: l/4t
R3FXD COtrP 6.8( Otft 10t l/4t
R:FXD COraP 6.8X Oltt IOt t/{l

R :FXO i lET F l_ f t  5 - l l x  Ot r  l t  l r8 ta
R:FXD rFT FL, t  5 . l l x  {Hx  l t  t . r8 l
R:FID iET FLra T3.2 olt lt t/8t

ao l3 l
28tAO
aol 3l

a o 1 3 l
80  l3 l
8 0 l 3 l
8 0 1 3 1
a o l 3 l

2A4AO
24480
801 t l
2a480
60131

2A4AO
28480

28'l8O
o l l 2 l

o l l 2 l
o l l 2 l
o l l 2 l
o l t  2 l
o l l 2 l

o l  l 2 l
o l  l2 l
o l  l 2 l
o l l 2 r
o l  l 2 l

o l l 2 l
o l l 2 l
o r  l 2 l
o l l 2 l
o l l 2 l

0 r r 2 l
o l  t2 r
o l  l 2 l
o r l 2 l
o l r 2 l

o t  l 2 l
o l l 2 l
o l  l2 l
o l l 2 r
0 r l 2 l

O I I 2 I
o L I 2 1
o l I 2 l
0 t l 2 r
0 1 l 2 l

o l l 2 l
2A480
28460
o l l 2 l
o l  l2 l

o l l 2 l
o l  l2 l
o r l 2 l
o r  l 2 l
o t  t2 l

o l l2 l
o l  l2 l
ol l2 r.
o l t 2 l
o l  121

o l l 2 l
o l l 2 r
oL l2 l
o t l 2 l
o t l 2 r

28680
2g4AO
2A4EO

2tt34l?
1853-OOl.O
2N34t7

ztrrt906
?N3906
2N39()4
2N3904
2l{390a

LASt-O2t5
I 853-023 5
2N3904
l8* -o2z l
zilt904

la't-ozr5
I854-OO7l

5060-6(D0
c8 l53 l

c8
c8
c8
ca
c8

CE
CE
CB
CB
ca

ca
CB
ca
CE
c8

c8
CE
CB
CA
CB

caca
co
c8
c i

I  531
I 531
I 531
I 531
r t3r

2?al
2231
22tl
2z t l
t?3 t

3t2l
3331
3331
6a2l
333t

I  02 l
l 5 t t
I 531
l53 l
I 5:rl

I t3l
I 5:t1
lS t l
I 531
l t3 t

I t3l
t 531
I t3l
l 5 3 l
I 531

6821
6AZl
6A2l
6A2L
6 821

6g2l
682 I
682t
6821
5A2l

6A2l
6A2l
6A2l
6621
642 I

ot57-o438
o?57-O+38
otSt-or92

c8 l t3 l
o757-0+69
o7r7-{J46'
ca 6a2l
c8 6821

CB
CB
c8
ca
c8

ca
c8
c8
ca
ca

CE
c8
c8
ca
C8

c8
ca
c8
CB
cs

See introduction to this section for ordering information
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Section VI

: :+t 3 i*d{nE sa vll l  
see introduction to this section for orderins information

Model 3490A

T o b l e  6 - 1 .  R e p l o c e o b l e  P o r t s { C o n t ' d f

Reference
Designation

HP Part Number Qty Description Mfr
Code Mfr Part Number

a lR l04
Ä l t  lo5
a l R  l o 7
a l R  t o 8
a lR l09

a l R I t o
a l R  l l  I
a l R  l l  2
a l R l l 3
Ä l ß  l l 4

a l ß l l 5
r l R l l e
A I R  I I  ?
a l R l l  I
a l R  l t 9

l l R l 2 0
a l R l 2 l
l t r  1 2 2
a l R 1 2 3
A I R  1 2 1

a l R 1 2 t
^ lR 12  6
a t R 1 2 7
! l R  1 2 8
A lR 129

A I R I 3 C
a l R l 3 l

a l R 2 0  I

a  lR  202
r l R 2 0 3
r  lR  204
a lR 20  5
A I R 2 0 C

Ä1R20 7
A I R 2 0 ?
^  l R  2 0 8
a lR209
A l R 2 L l

a  lR2 l  2
A l R 2 l  3
a  lR2 l  {
A I R  2 1 5
a l R 2 l  6

Ä l R 2 l 7
Ä  l R 2 l  8
A lR  2 t9
A lR22 0
^ l R ? 2  I

^tR222
^t9.221
a lR22 4
A lR 226
^ IR22 7

arR 30 I
a lR302
AlR303
Al R304
At R305
A1 R36
A1 R307
AI R3A
A'IR3@
A' � tR310
^ n 3 l i
l l n 3 r 3
^  l R 3 l 4

^ l P 3 l 5

l l a 3 l G
l l F S l t
^ l t  3 l  9
r  l t  32c
r l r t : l

toP 0601
(oP 0501

0683-O335
069A-3264
o69A-4474
o6a4-2721
o757-O429

o75Z-O44t
o757-0709
0698-32 59
o757-O44?
o757-0442

o757 -O4+2
0�6a4-2221
06a4-191 I
0683-O335
o6a4-4ll I

0684-4731
06a4-2221
o6a4-2721
0757-O429
0757-O441

o757-07t  I
069A-3259
0757-M42
06a4-2221
06 a4-l al I

069A-447 1
0757-O271

0684- l  53  I

0�1�84-472L
o6a4-lo2 I
0684-33? I
0684-  I  O2 I
069a-3 t55

069A-45 t O
0757-U+65
0757-O448
0757- O+4 8
o7t7-o442

o75 l -u42
0598-3?79
0698-451O
0698-451 O
o?57-0465

075 7-0401
0698-3?OO
0698-0O77
o6a4-472L
0684-l 53 I

0684-472 I
06a4-l 23 I
o698-4474
o?57-0401
o68t-l 541

o757-02a 0
069a-i457
oal l-o92 0
0Bl1-13(}5
0698-451 I

0757-@39

0757-0441

0698-4509

o S l l - a r 7 3
o S t l - t l 7 f
698-3219
075?-039 I
07 5t-o3a6

A

2
2
2
4
2

1
I
2

l2

I 5
t

?

5

t
I
I

25

I
3

I

2

2

2

l 3

?
I
I
2
1

1

I

I

I
3

n, :FXO COf lP  3 .3  OHi l  5 l  t l4y
R:FXD FL l l  l l -aK Ot | I  l t  l /8 t {
R:FXO FLX Aa5O OHl l  l t  r /8 r
R:FID Cof{p 2700 olri lot l/4t
R:FXO HEI  FL i r  1 .82X OHi l  l t  l /a l .

R IFXD ü€r  FL I  8 .25 t (  (Hä l t  l /aU
R:FXO XFT FLf {  68 . I  Or f i  l :  l /4 ta
R:FXO FLr ' t  7 .87K Ol* {  l t  l /8 r
R:FXO nFT FLX Lo.O(  OHl , t  M/8 t l
R :FXD X€T F(H lo .OK O. t f t  l t  l /aH

R:FXD r i€ t  FLat  IO.O(  ( } t t l  1 !  l /8 r
R:FXD COI{P 2200 oHf t  lo t  t /41
R:FrD COtp  ! t90  0Hl l  lo t  l /4H
RIFXD COtaP 3 . f  OHl r  5Z L t l | t
R :FXO COrP 4?O OHt l  lo t  l /41

R:FXO Cnt � |P  47K OHx lo t  I /4 t {
R:FXO CO, |P  2200 o l$ t  lo :  t /41
R:FXO COXP 2700 0tt1 lot t/4ta
n :FXD rFT FLf i  l .8a(  ( } { t . t  l t  t /Ar
R:FXD t tET FL l t  8 .21(  r } tH  l t  l /81

R:FXO XET FLX 82-5  o l l t  l t  l /41
R : F X O  F L X  7 . 8 7 K  O H I  l t  l / 8 r
R:FXD l t€T F t_r1  lO.O(  OHn l t  l /81
R:FXD Co| |P  2200 OHra lO!  1 /41
R; f .xD coHP lao  oHt {  lo t  l /4 r

R:FXD FLü 7 .15K Ot { t {  l l  l , /8 t
R : F X D  X E I  F L t  3 . 0 1 K  O H I  l t  r / 8 H

R:FXD COIP l5K OHt  lo t  l /4 ta

RIFXD CO|,IP 47OO Ofrt tot l/{r
R :FXn COHP lOO0 01f f  lo t  l /41
R:FXD CO|{P 13K OHt  lo t  l /4 | |
R:FXD COttP IOOO Oftt lot l l taa
R:FXD ftFT Ftx 4.64{ r}tfa lt l /8r{

R:FXO nET FLX 84. ' (  fX . t t  l t  l /8 r
R:FXO r , r€T FLX loOK OHX l :  l /81
ß:F ID r tEr  F l  ü  la .  A(  (x t r  t t  1 /8 r ,
R:FXD | |ET F t_ä  la .z<  o t { f i  l t  l /8 r
R:FXO N€A,"FL| lo._o( o{}l tt l /sr

R:FXD i lET F tX 10 .0(  oHf t  l t  l /8 t l
R:FXD li lFf FtX..{t9O OHX lt lr '8l.

t
R :FXO i l€T  FLt  84 .5X OHi l  l t  l /81
R:FXO XFT FLf t  IOOK OHf l  l t  l /E t

RIFXO t {€T FLI  IOO O] t r {  l t  t /8 r
R I F X O  F L t  7 1 5 .  O H t (  t t  l / 8 1
R:FX[  f i€ f  FLX 93. IK  OHt t  l?  l /8 i l
R:FXD COf{P ITOO Ol+l lot l/.r l
R :FXO COI IP l ' t (  OHt  lo t  l . /4X

R:FXO COI{P 4700 0rS{ rot l,r4ra
RiFXD COXP l2X OHt  lo t  l /41
R : F X D  F t H  8 4 5 0  o H H  I t  l / 8 r
R:FXO tET FLf l  IOO OHH l t  l /8 ta
R:FXD COIP I50K ' �O l$ t  toz  L t41

RIFIO nET FLt  lK  ( ) { r  l t  l /Or
R3FXD l tET FLr  3 l6K Ot { t {  l t  l /E r
R:FXD ty  l?OO OHl l  3 t  3 ta
R:  FXDWW l lK  OHIM 3% 3W
R:  FXD FLM 137K OHM 1% l /8W
sEE 410CR301
R: FXD ii lET FLM 6.81K OHM 1% 1/8W
sEE A lOCR3oI
R: FXD MET FLM 8.25K OHM 1% l/8\ry
sEE A10CR301
R:FXO FLä 80 .6K Ol i l  l t  l /E l
sEE A10CR301
sEE A10CR301

sEE A10CR301

R: I IATCHED S€T WITH A1R318
R: I iATCHED SET WITH A1R316
R:FXO tET FLt +990 olf,t l ! t/8r
RrFXD FLr  39 .2  OHr{  t t  t tSU
R : F X D  f t € T  F L | l  l 0  ( H I  l . � / 0 a

o l  l2 l
28480
284A0
o l  t 2 l
28480

28480
284€O
28+80
28480
28480

28480
o l l 2 l
01  121
o l  l2 l .
o l l 2 l

o l l 2 l
o I  I2 l .
o t l 2 r
28480
28480

2A4AO
24180
2A4gO
0 r l 2 l
o r t 2 l

28480
24t60

o l L 2 l

o l l ? r
o l  l 2 l
o l l 2 l
o l t 2 l
28480

24480
28480
28480
2A4AO
28480

28480
2a4AO

28480
2A4EO

28480
2A4AO
28+80
o t l 2 l
o l l 2 l

o l L 2 l
o l  l 2 l
28480
28+80
o l l 2 l

28400
28t80
2A480
28480
2a4a0

28480

284f,0

28480

2A+AO
28480
28480
28480
28{80

cB 0335
0698-3264
o69a-4474
c6 2721
o757-O429

o?57-0441
o?5?-0709
0698-3259
ottT-o+12
o?57-0{42

o757-O442
cB 2221
c8 39 l l
cB 0335
cB 47 l l

ca 4731
cg 2221
cB 2 ' IZ l
075l-0429
0757-O.Al

o?57-07l I
0698-32 59
0757-O412
ca 2221
c 8  l 8 r l

0698-1471.
0757-O27t

ca  l53 l

c8  t72 l
ca  lo2 l
ca  3131
c B  l 0 2 l
0698-3 I 55

0698-4tt. O
o757-0465
o757-04.48
O757-O..1A
O757-(}.42

0757-'J412
0698-3279

069A-45 I O
o?57-()465

o?5?-o401
()698-3700
069a-0o77
ca 4721
c 8  l 5 3 t

cs  4721
cB l23 l
0694{47(
o?5?-o401
c9 l54l

o75t-o2ao
069A-f4t7
oa I l-0920

081 1-1335
0@84518

07570439

o757-U41

069A-4tO9

08 ll-3rt r
oa l l - t t t3
069A-1279
o757-O391
of57-0316
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T o b l e  6 - 1 .  R e p l o c e o b l e  p o r t s l C o n t ' d f

Reference
Designation

HP Part Number oty Description Mfr
Code Mfr Part Number

t lnao l
^üa1{J2
tlßao3

llRao{
rlrtoS
rlß4{'c
rlß/to7
alß{o8

alß409
a lRa l  o
t lRa l l
! l lRal 2
tlß41 3

t lRata
rln41 5
t lna l  6
I  lRa l  7
l lR4l 8

llt/u g
r tRa20
llta2 I
att,122
tt?423

at&{2a
llR425
aterei
aln{z ?
l lRa28

irlR42 9
l lR{30
llR4:t I
^ IR432
^ lR13 !

^1R43/t
r l ta t5
a lna3 6
I t *a37
r lRt3r

l lR439
/rlna{o
l l t+41
a tß44?
rlR{43

l lR444
AIR.45
alntaa

a l t50  I
a tR 502
l lR  503
ltR 50a
tlß 505

^ lR 506
AIR'O?
atR5{t9
r lRSlo
^ l R S l l A

r l R 5 l l B
l l l 5 1 2
l l t  5 l  3
l ln  5 la
r lR  5 l  5

l lR  5 l  6
r l t S l ?
^ ln5 l  E
l l t  5 l  9
a l l 520

l l R 5 2 t
^tt522
ll l 52 3
ru  524
ll l 52 5

06s4-4721
o6a4-4721
0684-l 53 I

06444721
068t-l 541
068{-l 53 I
0684-472 I
0684-l 541

068+-l 531
o6a4-{721
0684- I 541
o6a4-4721
o6a4-4721

o6lt4-l5a t
o6a1-1?21
068{-l 54 I
o6a4-153 I
o6a1-4721

0684-1541
o68+-t 531
o6a4-1721
06a4-t 541
0684-l 51t

06a4{721
068a-l5al
o6a4-l 531
0644-4721
0686-1 541

2too-"zr7
o6i4-3e31 li l
o6a4-l 53 I
0684-472 I
0684-5621

06a4-l 54 I
o6a4- t 53 I
0684{?21
0684-l 541
0684-l 51 I

o6a4-4721
0684-l 5al
o6a4-l 5:t I
0684-1?21
06a{-l t{ l

0757-04�72
0757-0455
0684-l 531

0698-4+9t
o757-O{41
0757-O27:t
o75f-04'l
o?57-O453

o?5?-0453
075?-O4t3
069H496
0698-4496 ^
0698{4264

()69E-3497
0698-3179
o757-Oa65
o757-0465
069A-+{9a

0698{t99
o698{a99
o75?-0+65
ortr-ozoa l$
075?-o38S

0757-O388
2loo-32?O
o757-Oa{6
o75?-(y|46
oere-o:zt$

7
I

5

2

2

2
l o

2

I

2
I

2

2
t

a

I

R:Fxo Coftp 47oO Or|I lot t/.|a
R:FXD COI{P 47OO O}t{ lot l/{ta
R:FX0 Coäp 15(' (x{lt lot t/af

R:FID COilp 47OO O}}t rot l/{ l
R:FXD COIP 15il Orfi lot t/4r
R:FXO CO,|P l5K OH|| lot l.rt l
R:FXD Corap +?OO Otfi lot l/4t
R:FXO COIIP l5O( Ottl l ' l  l l . .f

R :FXD COf tP t5K OHta  to t  l ra ta
R:FXO COI|P a700 olft lot Lrfl
R:FXD COnP ISOX ol{t lO! l/4r
R:FXD COI|P ttoo ot|t tot ttte
R:FIO Cotlp 4tO0 Olti lot l/4r

R:FXD Co l rp  l sR OH, |  lo t  l /4 t l
R:FXD COfiP aTOO Orfa tOZ tttü
R:FID COHP lt(x oli l  r0! 1/41
R:FXD COxp t5 t (  $ t t  lo t  l /4 r
R:FXD COfrP 4700 0lr| lot l/4r

R:FXO Cofap ItOK Oltt IOa l/4{
R:FXD COi lP  l t (  OHl |  lO:  l /4 r
R:FXD CO,.|P 47OO Otft tol tt,*a
R:FXD CO|P l '(X Ot|t lot l/41
R:FXD COtiP l5x ol$t lol l/t l

R:Fxo CoxP t?00 Or|t lot l/{ l
RIFXD COI|P 150( olfa l0l l/41
R:FXO COt lP  l5x  oHx lo t  l /a r
R:FXD COXP t700 ol|| lot l/{.
R,:FID COa{p l '(x otft tot l/ar

R:v^R 20(  OHta  lo t
R:FXD CO| IP  39K OHX lo t  l / t l
RtFxD COr'lP l5X o}|x lot l.rar
R:FXD COXP 1700 0H. lot t/4r
R:FXO Cotap 5.6( O|0a lo! l/4ta

R:FXD CO,IP I50f, ol|. lot l/{r
R:F,XD COfaP I'f 0a{'| lO! l/4ta
R:FXD CO||P iTOO Olfr lo! t/t l
R:FXO COXP t50( olt{ lot l/41
R:FXD COf tP l5 r  oHr  lo !  l /aL

R:FXD COIiP 4?O0 otfi tol Ltrd
R:FXO COI|P l5(X oll l0! l/4r
R:FXO COtrP t5t ()ttx lol t/{L
R:FXD CO||P +700 otft lot l/4r
R:FXD COXP Itf i Orfl lot l/ i |a

R:F IO tEr  FLx  2oo | (  o t {1  l !  va l
ß :FXD HEr  F t t  loo( .aü fa  l t  l / s l
t:FxD co['|P l5x oHfi Loa tl4['

R :FXD FL i l  35 .7K OHt  l t  l /8Y
R:FXD | |EY FL l i  E .2 t (  Ot { i  l t  l / sL
R:FXD xET FLt  3 .O l (  l r { ' t  l t  l rS l
R:FXD rET FLX 6?. t (  OHra  l t  l /a l
R :FXD rEr  F [x  30- tK  Ot ' l  l t  l / s r

R:FXD rEr  FL t |  3O. lK  t r { l |  L t  l /E t
R:FXD flET FLr 30-l.x t ltft l t l /a|.
R:FIO FLr 4t.3t( Oli l It l /8ll
R:FXD Ftfi 45-3t( 0tft l t l ./8r
R:FXO FLt  1580 oHf t  l t  l /a l

R:FXD FLr 6.0.t ' O}|| lt l /al
R : F X O  F t X  ? 5 5 0  o H | |  l t  l / 8 1
n:FXO |.El FLt IOOI, ot{t lt l /gl
I:FIO ||ET FLt lOOr OHI lr lrar
R:FXD FL|| 3t.7( O]l| lr l /Ata

R:FID Ftt 5a-9t olt lr l /sr
n:FxD FLt| ta-9( Oli l l t l /sr
R:FXD ftET FLt loof, oltt It l /sl
IIFID ||Ef Ftt 2-OO( Olli l t l /e
R:F ID F t - f t  to . l  oHf t  l t  l /a r

R:FXD FLt  30 .1  OHta  l t  l /8 I
R:VAI CEnl|CT loo (ltt toa lrzy�
R:FXD tET FLX l t .o (  OtX l t  l /AX
R:FIO llET FLX lt.(x (}tt l t l /6I
R:F ID FLä la7  { } | t  la  l rSr

o l  l2 l
o l l 2 l
o l l 2 l

o l l 2 l
o l l 2 l
o l  l2 l
o l  l2 l
o l l 2 l

o l l .2l
o t l2 r
o l l 2 l
o l l 2 r
o l l 2 t

o l l 2 l
o l l 2 r
o l r 2 l
o l t 2 t
0 l t 2 l

o l l 2 l
o l t 2 t
o l l 2 l
0 l l 2 t
o r l2 l

o l l 2 l
o l l 2 r
o l l 2 r
o t t 2 l
o l  l2 r

2Aaao
o t l 2 r
o l l 2 l
o l l 2 l
o I L 2 l

01  l2 t
o r  l2 t
o l l 2 r
o l  l2 l
ol 121

o l l 2 l
o l r 2 l
o l l 2 l
o t l 2 t
o l l 2 t

2A+aO
28{AO
o l t 2 t

26480
28480
28480
2e460
28180

28a80
2AaAO
28480
28tEO
2At80

284AO
28480
284aO
28teo
2t4ao

2aaEo
2A{AO
2A1AO
2t180
28tEO

28r80
2r tEo
28aeo
2a480
2AtAO

2loo-t2t7
c6 3931.
ca t 53l
cB t7?l
ca 5621

cE t5al
c8  l53 l
cB +t2l
cB lSal
cB l ' :t l

ca 1721
cB t'al
c8  r53 l
ca t72l
ca l54t

o?t?-(ta?2
olt?-ot6t
c8  t53 l

0698-t494
o?5?-o441
o7t7-o27,
o?5t-o+57
o?t?-ortt

0757-Or5t
ofSt-o15t
(b98-aa96
0698{a96
069a-a426

0698-at97
0698-31?9
0?5?-(16t
o?5?-0+65
069A-449{

069A-!r99
0698-+499
OltT-Ot6J
o?5?-02a3
ot5?-o3aa

0?5?-o388
2loo-32?o
o?51-oa{6
o?t7-(x46
06te-6324

cB +?21
cg 1721
c8 t53r

c8 1531
ca a?21
c8 l54l
cg 1t2l
cs  a72 l

c B  l 5 3 l
c8 'rt2l
cB l54 l
c8  l53 l
c6 a72l

ca 1I2l
c8 l5+t
c8 l53l
c8 +721
cB l54l

ca lStl
ca l53l
c8 r?zl
ct lt41
ca l5 t l

c8  4 t2 l
c8 lt4l
cB l t3 l
c8 +721
cB t54t

.t Rst bB*dritESaVllt
See introduction to.this sction fot ordering information



Reference
Designation

HP Part Number oty Description Mfr
Code Mfr Part Number

l r R 5 2 {
A I R 5 2 ?
a l R 5 2 €

l l u t
A  IU2
^  lu t
Ä  l u 4
Ä  t u 5

AIU6
A IU?
^  lu8
^  l u 9
a l u l o

A l U l l
A I U I 2
 l u l 3
Ä l u l 4
A I U I S

A I U  I 6
A I U I T
A l u l S
r l u  l 9
Ä lu20

A IU2I
Atu22
A I U 2 3
^tu24

a l u l o  I
^  l u l o 2
n l u l o 3

a lu20 I
, tu20 2
^ 1 U 2 0 3

a lu30 t

a  l u 4 0 l
^ In402

A I Y I
A I Y 2

A T A I
Ä  l a l ß  l 0 6

a  l a  l R 2  l o
A I A I R ? 2 5
A I A I R 2 2 8
l l a t R l r l
l l a l R 3 l T

1

t A 2
1 ^ ?

a 2 c  I
A 2 C 2

A 2 C 1

^ ? c 5
^ 2 C 6

a r { . p l
^ 2 C F 2
^ 2 C r 3
^ 2 C P  1

A 2 C F 9
^ 2 C F 6
l 2 c R ?
1 2 c r  a
r 2 c ! 9

0? 57-0346
0698-41 9  6
o757-O746

l8  20-o5t  r
18 20-O79 8
r820-o567
1820-oot7
la2  0-oo9 9

t8 20-o0 77
182 0-o  78  8
t 8 2 0 - o l 2 5
l 8 l 8 - 2 0 5 5
lB 20-o  I  74

I  82  0-OO? ?
18 2()-O09 9
la20-059 r
l8 20-o077
ta2r)-o622

la2{)-o702
I  82  0-OO7 7
la  20-o59 l
ta20-o622
la 20-oo 77

1820-023 3
18 20-0077
I 82 0-O5 86
ta 20-062 ?

t a 2 o - 0 1 9 6  ^  ^
18 ao-o 22 3 lÄ14
t8 20-02 03

l8  26-OO 3  8
ta 20-02 ? 7
18 20-o321

la26-0o09

l 8 l 8 - 2 0 5 6
r820-0583

04l0-046 5
04l o-0466

0349(F66521
2too-3261

2 lo0-331 0
2too-a?-57
2too-az 57
2l.oo- 330 7
? loo-331 5

03490-66502
03490-69502

ol 40-02 04
o r 6 0 - 2 2 1 8

0 1 6 0 - 3 1 9 0

o r + o - o r s r  A
ot  ro -ooso $

I eo l -0586
l c o l - 0 5 2 4
r90 r-0586
le0 1-0586

re0 l -0586
l90r-0586
t90t -0586
1 9 0 2 - 3 1  9 0
1 9 0 2 - 3 1 9 0

I

2
I

8

I
I
a

4

3

I

I

t 5

I
6

6
I

I
t
2

I

I

I

I
I
I
I
t

t

I

I

I

R : F X D  } t F T  F L } t  I O
f l : F x D  F f L  l . O T K
R : F X f }  I { E T  F L i '  I O

R:VAR CERIIET IK O}II
R:VAR 20K OHr l  l0 l
R :vÄR 2OK t l } r l {  l0 l
R:VAR CFRIET 20K (}tl,I
R :VnR CERIET 20 oHr{

t /&a
l / 8 t

l/8ta

I O '  T Y P E  P  3 / 4 X

I O I  T Y P F  P  3 / 4 Y
l o t  T Y P F  P  3 / 4 l l

t}t|{ la
o | r {  l .o l

(I{N tt

I C : T T I .  O T I A D  2 - I N P T  A N D  G A T F
I C : T T L  S I X  D E C A D E
l C : T T t  O U A L  v f l  r ^ G E - C o N f R o l l E D  t t u l . T l v !
I C : T T L  O U A L  D  F / F
I C : T l t  4 - a I f  B I N A R Y  C o U N T F R

I C : T T L  D I ' A L  O  F / F
I C : f T L  H E X  D - T Y P E  F I . I P l F L O P  I i I T H  C L F A R
l C : O U A L  C O | { P A R A I O R  A V = 7 O O  } t I N .
I C : 8 I T - R O t l  ( 4 0 9 6 ,

I C : T I L  H F X  I N V E R T E R

I C : T T L  O U A L  D  F / F
I C : T T | -  4 - A I T  B I N A R Y  C O U N T E R
I C : T T I  L P  4 U  ' - 2 - 2 - '  I N P T . A i I O  O R  G A T E
I C : T T L  D I , A L  O  F / F
I C : T T T .  8 - I N P T  T . T , L T I P L E T € R  9 / € N A B L E

I C : T T L  L T ! t {  P O I { E R  I  O F  I 6  D F C O D F R
I C : T T L  D U A I  D  F / F
I c : T f L  t P  4 1  1 - 2 - 2 - t  I I { P T . A O  O R  G A T E
I C : T T L  8 - I N P I  { U T T I P L E I E R  9 / F N A 8 L €
T C : T T I .  D T I A L  D  F / F

T C : T T L  S Y M ' P - O N  4 - A I T  8 I I { A R Y  C O U N T E R
I C : T T L  D U A T  O  F / F
I C : T T L  L P  H E X  I N V E R T E R
I C : T I L  A - I N P I ' { ( I L T I P L E X € R  t . l E N A E L E

I C :  L I N E A R  V O I . T A G F  R E G { , L A T O R I  I N P U T }
I  N T E G R A T F D  C  I R C U I T : O P E R A T I t l l A L  A ' 1 P I . .
I C : O P E R A I I O N A L  I I P t  I F I  F R

I C : L I N  O P E R A T I O N A I  A I , I P L
I  M T F G R A T E D  C I  R C U I  I : N P E R A T I C T T A L  A I P L .

I N I E G R Ä T F O  C I R C U I  T : H T - S P E E O  C O B P A R A T O R

I C : L t N € 1 . 8 .  O P .  A x P L .

f iOS !  N-CHANNt _L ÄRnl i
I C : T T L  L P  O I I A D  2 - I N P I  X A N O  G A T E

CRYSIAI . :OUARTZ 4  MHZ (60  HZ OPTION)
CRYSTÄL:  OUARTZ 3 .333 MHZ (50  HZ OPTION)

B O A R D  A S S Y : V F R T I C A L
R : V A R  I K  O H H  I O T

HIGH I I {PFOANCF ASSY
HIGH IMPEDANCE ASSY:  REBUILT

c:Fxo r l l ca  47  PF 5r ,  NPO S0CVDCId
c : F x o  r i l c a  l o o 0  P F  5 t

c :F  xD üY 5  t tF  lo t  SovDcrd

C:FXo I I ICA 56 PF 5Z 3oOVDCH
c:Fxo cER rooo PF +8G-20!  looovocH

R E P L  D I N D T  A S S Y ( ' , I A T C H € O  P A I R  I
D I N D F : S I
R F P L  D I O T J E  A S S Y I X A T C H E O  P Ä I R I
R E P L  O I O D E  A S S Y { N A T C H E O  P A I R  '

R F P L  D I O O F  A S S Y ( f i A T C H E D  P A T R  I
R E P L  O T O D E  A S S Y I 1 4 A T C H E D  P I I R I
R E P L  D I O D €  A S S Y ( X A T C . } G D  P A I R  '
D l o D €  8 F F ^ K O O I { N : l 3 . O V  5 l  4 0 0  l l t
D I 0 D E  E R E A | ( o O I N : 1 3 . 0 V  5 ?  4 0 o  l { l . l

28480
28480
26480

o l  2 9 5
28480
o47 13
0 1 2 9 5
0 1 2 9 5

ot2e5
o l  295
12040
2 8480
0 1 2 9 5

o 1 2 9 5
ot295
l2  040
o1295
0 1 2 9 5

07263
o 1 2 9 5
L2040
o 1 2 9 5
o 1 2 9 5

o l ? 9 5
o l  295
12 040
o l  2 9 5

28480
284AO
or263

o47 It
28480
o1295

28480

2A4AO
12040

28+80
2A4aO

2a4AO
284 80

2A4a0
28 480
2 8 4 8 0
28480
28180

2 4 4 8 0
28480

146 55
28480

28480

1 9 ? o l
562a9

24480
2 8 4 8 0
28 480
28480

2 8 4  8 0
28480
2a4AO
24480
2 8 4 8 0

075f-ot46
0698-4196
o?5?-0346

sN?404N
I 820-O798
t1c4�024P
st{7474N
st't?493N

sil7474N
sN3543 I
Lr{71 lc
lA lA-2055
s$1740+N

sN?474N
sx7493N
Dtt7at54t{
sN?474N
sit?4 t5ll i

u6N93l" I I 59X
sN74?1il
DX7{L5{N
sl{?4151N
sN?4?41'l

sN?4 l9:!N
sN74?4N
Dlt74l-o4N
sN?4 I5l l{

I 820-O196
ta20-0224
sLg940

ltc 14t66
LA20-O221
SN7? T IOL

I 826-0OO9

l8  l8 -2056
0x74LOON

04lo-o{65
o4lo-0466

03490-665 2l
2 too-126?

2 loo-3310
2too-1257
2too-1257
2 l  o0-33  0?
2 loo-33 I 5

0349 $-66502
03490-69502

ROr,l l5E4?0J5C
0l 60-22 I 6

o  160-3190

RDfa l tES60J 300v
c067 B l0  2E 102 zs26-cDH

l90l- 0586
I  901-o  5  24
I 901- 0586
leol- 0586

1901- 0586
l90l- 0586
l90l-0586
l9  02-3  I  90
1902-3  t  90

Model 34904Section VI
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Reference
Designation

HP Part Number oty Description Mfr
Code Mfr Part Number

A2LI
^2t2
l2xPl

^zl|P2
Az'|P3
^201
^202

A2n I
A2t2
l?R3
t2F{
A2R 5

12R6
^247
l2R I
^2ß9
l2R lo

l2 t  l l
^21R12
lzR r3

t2R 15

l2n  l6
A2n l? .

AAr l

t ^2u2

l3

l3c l
A tc2

l3DSl
ltDs2
130s3
t3D54

130s5
l3D36
130s7
l30sa
130s9

I3TPI
^?,,�'P2
t:ttp3

a3lrP4

^3Ul
l3lr2
lar3
l3{ra
l:Ir5

l3tJ6
l:lt ?
r t a
A3J!O

t3R t
r3n2
l3R3

r:!Ra
t3t5
atn6

9l 70-0894
9l 70-0894
40,40-o748

4040�-0749
t200-o437
l8 t5-o:|l I
lat5-o399

oE I l-2583
08 I l-258 3
2too-ltr4
08 l l -258: l
08 l3-oof2

oal 3-oo32
o S l l - 1 3 3 5
08 l2-oor 5
o69a-321 5
Ol' l-Ot 42

0757-0�442
069A-t?7 A
069a-4497

2 loo-331 3

2  loo-33 t  6
0757-O..42

lE26-OOl  I

l8 l3 -ooo3

03/t9G-665G1

ol 80-ol 97
ol.8(F0376

1990-o33 0
199(FO330
1990-o330
199(FO330

1990-o330
t99(FO330
199(F0405
199(FO{06
199(FO406

o349(F24301
5040-591.4
72o(F l27 l

1200-o452

06a+-221 I
o6a4-lol I
o68a-l 8l I

068F l8 l  I
o6a{{701
oaa+-rrtt $

la z(FO53 7
1820-o?16
la2(FO5A6
Itz(FO5A7
ta2G{62?

t820-oo5a
182(HO5a
16z'(H583
reeo-sg A

A
A

6

l {

I

I
I

I
I

3
I

2

I

2

I

I

I

6

3

2

a

l ?

I
2

I
I
I

I

I
t

I
I

I
t

{

A O A R D  A S S Y : O I  S P L A Y

afAo: sn I EL Dlt{G
BEAD: SHI EIDI '{G
EITRACTOR:PC 8OARO.  St lc f

EXTRACTOR:PC. 8OAIO. Bß,Ott
SOCKET: IC I  P l } |
TSTR:SI i lPN FET DIAI.
ISTR3

R: MATCHED SETWITH A2R2 AND A2R4
R: MATCHED SET WITH A2RI AND A2R4
R:YAR CERXET 'O OI.'| lOI IYPE ? 'I4I
R: MATCHED SET WITH AzR' and A2R2
R:FXD IU 50X (I. i l t lot 5r

R:FXO tl 5o|( t l{t lo! 5l
R:F ID t t  l l t (  ( } tx  31  3 l
R:FXD yr I OHfr 3t 3r
R:FXO FL l r  499(  OHX l .o t  l /0a
R:FXD XCT FLX IO.OX ar t i l  l l  l rBX

R:FXO tEI  FL f t  10 . (X  t , l ra  l l  l /8 r
i :FXD | |€ l  FL l t  49 .9(  O l {X  l t  l /8 t
R8FXD FLr {  46-7K Ot i l  l t  l / tL

R:VAR CERI'ET IOO OHil IO! IYPE P 3/4Y

R:VAR CERrf€T lO Olfi lot lYPe ? tt4y�
f , :FXD rET FLt |  lO .O(  ( t {H l t  l /8 t

I C : I . I N E A R  N P € R A T I ( r { A L  A I { P I T F  I E R

I C : H Y B R I O  F F T

C:FXD ELECT 2 .2  UF IOt
c :FrD ELECT O-a? t t  lo t

NI "ERTCAL OISPLAY:SOLID SIATF
iauHERtcAt- Dt sptAv 3solt D srAT E
NUIERICAL OISFT^Y :SO|_IO StArE
NUI{FRICAL DISPLAY:SOLIO STATE

NI , {€R,TCAL .DISPt  AY:SOLID STATE
NU| |ERICAI  DIS9LAY:Sf t r lD  Sr l rE
ilt l€R.lC OISPL|IY :t€OI PLUS-fi t lUSl
D I O D E : V I S I A T E  L I 6 H '  E X I T T E R
D I O D E : V I S I S L E  L I E H T  E I I I ' E R

tilsx: INNUNCt Atan
H(ruS IilG: liltl
HEAT SI TT:DISPL.AY

SOCXET! IC COI{TACT

R:FXD COI|P 220 oHil lot l/ar
R:FXD COXP LOO (}rt lol l/41
R:FIO COrtP 180 oHra tot r/al

R:FXD COftP 180 (}{t tol l/4Y
t IF ID CO| |P  47  oHt  lo t  l / t r
R,IFXD Coftp I 't (}t, l  lot l/ar

IC:TTL DUIL .-I i lPT TAI{O GATE
ICaTlt- SVIC PRES€T 4-ttl Btl| lny OOtttTER
IC:TTL LP I.IEI I}IYERTER
lclrf l LP TRIPLE '-Itfr it | |t 6lTE
lCtTlL LP 0CD TO IEC- DECOIEI

ICsff|. OUAD 2-It{Pl l lAl ' lD Gll€
lc:rl l  otnD z-lf lPt i lrxD GllE
lc:Yrl LP QIJAD 2-l|{Pr i l l i lO 6^lE
lC:TTL LP OUAD 2-INPUT NAND GATE

20vtf,ll
35UlCra

28+00
28480
2A{80

28t80
l 7 l  l ?
28tAO
28480

2W
28480
2Aa80
28480
28180

28rEO
28480
2E480
2A48(t
2A+80

2a+60
24t80
28aro

28+OO

28t80
28t80

28480

2aaro

284€O

562a9
*2e9

28480
28460
2a460
2AaAO

28a80
2a460
2Ateo
28+80
284AO

48a80
24460
28aAO

oo?79

o l l 2 l
o l l2 l
o l t 2 t

o r l 2 l
ol t21
o l  t2 t

2A4AO
ol29t
12040
l20ao
ofz6t

o1295
ol29t
l20ao
12040

9170-o89a
9l 70-o89a
tO{)-{1740

40{o-o?r9
5r66�-2t5-t
I A5t-O3l I
lESt-ot99

G11-258it
611-2583
2 lo0-3tl +
(Blr-25€B
08l1-oo32

081:l-o032
osll: l  33t
08 t2{o l5
,069e-32rt
ofSl-oa{z

0757-o.}12
069e-122r
0698{t9?

2l(xF33rt

2l o(F3316
0757-O+{2

la26-oola

la l3-ooo3

o:t4.9{F6650t

r5|n225I902012!OVS
ItOD'fl+I9O3512-OYS

199(FO3lO
199(Ht330
l99H3tO
199(H3tO

1990{t330
1990-o3to
ltxr(H).o'
l99tH)406
tr9Hto6

0369(F2+301
'{)4H91a
7200-127t

:Fll614l-2

22tl
I  0 t l
I r l  I

l8 l  I
t70l
lS t l

1820-or37
sxll15lil
dr?+L('+r|
Dft?4Llot
('rt93LOl59X

sl|?a00r{
slt?aoor
Dr?tLootl
DMT4LOON

c8
ca
c8

c8
CB
c8

Model 34904 Section VI
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Section VI Model 3490A

T o b l e  6 - 1 .  R e p l o c e o b l e  P o r t s ( C o n t ' d I

Reference
Designation

HP Part Number oty Description Mfr
Code Mfr Part Number

a3t3
^4

a4t{Pl

a4t4P2

^ 5

A S R I
^5e2
A5R 3
a 5 ß 4

A 5 R 5
/r5ß6
r5ß7
 5R 8
l5ß 9

a5s4

^sli2

A6

a6c I
^6C2

a 6 c 3
^6C4
A6C5
a6c6
^6C7

a6c8
 6 C 9
r 6 c l o
 6 C l l
A6Ct2

l 6 c l 3
l6c 14
^6C15
^ 6 C  t 6
l6c l7

l6c la
l 6 c  l 9
r6c20
Ä 6 C 2 1
^8,2.2

A6C2?
46C24
A6C25
46c26
^6C27

a6c?a
1 6 c 2 9
A6C!iO
l 6 c 3  r
^6C12

A6CR I
l 6 c R  2
A6CR 3

A6C94
l6cR5
A6CR5
16c87
A 4 F A

^6CR9
t6cP I  C
racP I I
L 4 . R t 2
r6€e I !

0349O-61 6r)l
o3490-66 504

4040-o748

4040-0755

03490-66505

o6a4-2221
o6a4-7?,2 |
o6a4-222L
o6a4-2221

0�6a4-22_21
06a4-222_ l
o6a4-2221
o6a4-2 22 |
0�6a4-2221

3 r o l - 1 7 1 9

03490-61 605

03490-66 506

orso-oeo+ $$
ot  60-3976

o I 60-3930
oI 40-o202
o I 60-:r977
o l  2  I  -o436
o l6( ) -3622

ot60-36?2
oL60=1622
oL60-3622
oL60-3622
0l 50-ooa4

ol 50{) oa4
ol 50-o093
ol50-o093
ot  60-2  134
o I 50-o093

ot 50-o093
o l 6 0 - 0 l a l
ol 50-o093
o l  60-o22 9
ot 80-022 9

o l  80-  I  835
ol ao-l 83 5
o I 60-394 5
0l 60-3 91 9
o  I  2  t -0432

ot  60-o763
ol 60-oa59
o l60-2114
o160-3501
ol 60-oa5 9

I  90  l -oo{o
190 l-o040
190 t -0040

t 90l -oo40
190 t-oo47
I90 l-o047
190 l-oo47
I 90 l-oo47

1902-OO4l
1902-O04l
190 I{)O47
I 901-o047
190 2-3  la  2

t
I

3

I
I

I
I
I
6

2

t

2

t
I
?

I
?

I

6

I

C A A L E  A S S Y : O I S P L A Y
AOARO ASSY:REHOTE JUXPER

EXTRACT0R:pC ao^Ro. Bt-aCK

EXTRACTOR:PC 8aAR,D.  v Io I .F I

ßOARD ASSY:RAIG€ Sr | ITCH

R:FXD COilP 2200 oHr{ lot l/41
R:FXD COf'rP 2200 r}Jr4 lot l/4r,
R:FXD COXP 2200 oHt i  lo t  l / { r
R:FXD COtiP 22.OO Otl4 tor, t l l .U

R:FXD COHP 2200 0|x4 10t l./4ll
R:FXO COHP 2200 0tt�t toa l/{r
R:FXD COI{P 2200 O|{1 l l l  t lg
R:FXD COtlP 2200 (l}}t lot l/41
R;FXD CONP 2200 Or+{  to t  l /4 ta

SI I  TCh:  PUSHBUI ION

CABLF ASSY:RANGF

B O A R O  A S S Y : C O N Y E R T F R

c :FxD cER O.O5 t tF  20 t  lOOoYDcta
C:FXD lO PF 5OOVOC|a

C:FXD lO PF 25OO yoc ta
C : F X D  X I C A  1 5  p F  S a  5 o O V D C I
c : F x D  9 7 0  p F  O l
c : v A R  A t R  2 . 1 - 2 4 . 5  P F
c:FxD cER O- l  r rF  +ao-20t  loovoc l

C:FXD CER 0 . t  t rF  +ao-20t  loovocr
c :FxD C€R O. l  UF +8O-2O!  IOOVOCX
C:FXD C.ER O- l  UF +8O-2Ot  lOOyDCta
C:FXD CER O. l  UF i80-20 :  loovoc l ,
c :FxD cEB^p. l  uF  +8o-2oa loovoc l

c lFxD CER O- l  UF +ao-201 lOOvDCr ,
c :FxD cER O.Ol ; tF  +80-201 loovocH
C:FXD CER O.0 l  UF +ao-zo t  loovDcta
c :F ID HY O-a2 UF lo t  5ovDct l
c :Fxo cFR o-o t  uF +ao-z0 t  loovDc l

c :FXO CER O.Ol  UF ia0-201 loovDcr .
c :Fxo n IcA 30PF 5 t  300vDct
c :FxD cER O.Ol  UF +8(F20t  IOOVDCT
c:Fxo €L€cT 33 UF lo t  tovoo.
c : f lo  EL€CI  33  UF lo t  lovoc l

C:FXD TA 6A UF 2Ot  l5yDcy
C:FXD TA 6A UF 20t  l5YOCr
C:FXD pORC 39 PF lt 500vDc|.
c :Fxo PoRc 346 PF l t  500vocy
c : v A R  ^ t R  1 . 7 - 1 4 - l  P F

c:Fxo I tcA 5  PF lo t  500vocr
c :FxD rY I  UF lo l  5oVDCy
c:FxD t1Y O.82 UF lo t  5ovDcr
c:FxD PO|-Y 4 UF lot 5oYOCt.
c : F x D  t Y  1  U F  l O : ' o V O C |

OIoOE:SI t ICOi l  50  IJ I  30  tav
DIOO€:SIL ICON tO | t ^  30  rY
DIOD€:S l l - ICOt {  5O f tA  tO ry

o looE:sn  tco ia  50  ta  30  rv
D looE JUr€ t IoN:StL ICt t {  20PrY
DIOD€ Ju l€TIoN:S l t - IC0ta  2OptV
DIODE JUlrlcTl Ot{:S It-Ic(rl 2Oprv
o IooE JUNCTIT i l :S iL IC(X 20PtV

o looE:aR€aKootaN S. l l v  5 t
DIOOE:BREAKDOTI{  5 . I lV  53
DIODE JUi fT IOi l :S IL IC{ } I  zOPIV
DIOOE JUI { , I IO | { :S tL IC{ I {  2OPIV
Dloo€ 8RE XDOYi t :S IL ICON 12. tV  5 :

2a4AO
28480

2A4AO

24480

2 8 4 8 0

o r r 2 t
0 1 1 2 1
o l l ? l
o l r 2 l

o l  l 2 l
o l  l 2 l
o l l 2 l
o l l 2 l
o t l 2 1

28460

2A480

284 80

562 69
2A4AO

24480
2 A480
28480
74970
729a2

t2942
72982
729a2
729A2
729A2

729A2
72942
729A2
*2A9
f2982

129a2
14655
72942
24480
28+80

'�6269
562 A9
28480
28480
74970

00853
56249
562 A9
844I1
56289

07?6t
0726t
07 263

o7263
28 480
28480
28480
2a+80

o{713
0471,
2r480
2Et80
28480

03{90-6 l60l
03490-66504

404{FO74a

4040-o755

03490-66505

222L
2221
222L
222!

2221
2221
2221
2221
222L

CB
c8
c6
ca

ca
ca
ca
c8
ca

Slo t -17  l9

0349(F61605

03490-66506

{lc t69t4{oH
ol60-39?6

ol60-3930
0140{!202
olöo-3977
l89_t09-l05
81 3l-l O0-65 l-l 04Z

8l:rl - loo-651-l o{z
8l 3l -I OO-65 l-l O4Z
6 I 31.-tOO-651-l Otl
8l 3l -l 00-65 l-r 04z
rl 3l-loo-65 l-l o4z

8l:t l - l 00-651-l oaz
801-K8000 I I
801-K8000 ll
la8Pt50
rol-K8000 r I

tol-|(aooo I t
ROItl t€tooJts
aol-xa000 ll
ol80-0229
o l60{ t229

1500 6&tIo0ttn2-oYs
l5006E6IOOl 5R2-DYS
ol50-3945
ol60-39a9
189-505-l Ot

RDHI 5CO50K5S
!.48P335 Ptrl
l4aP350
H€t  138
t+4P335 Prtl

FDGI 08A
FDGIOSs
F06t 088

FDGI08A
t90l-oo47
l90l-004?
1901-00t7
t90l-004?

szl o939-98
sz 1o939-98
l90l*ooa?
l90l-0047
L902-tta2

: geier b BddatirE Se. Vlll
See introduct ion to this sect ion for ordering information



Model 3490.A Section VI

T o b l e  6 - 1 .  R e p l o c e o b l e  P o r t s ( C o n t ' d f

Reference
Designation

HP Part Number oty Description Mfr
Code Mfr Part Number

l6c Rl 4
a6cR I  5
l6cRl 6
a6cRl 7
a6cR I 8

 6 C R l 9

a6( I
a6(.2

l6t( l
t6t(4
a6t I

A6t  P l -17
A6XPI  I
A6r{Pl 9
^6AP20
t6tP2 I

^ 6 t P 2 2
^6AP2t
^6t�P24
 6AP?'
A6't?26

^6AP27
a6taP28
a6nP29
A6t4P30
a6rP3 I

a6)4Pt2
l6t{P33
ll6tP34
A6taP3 5
l6 rP36

A6f,tP3 ?
l6f{P38
A6riP3 9

1606
4607
160E
4609
A6Q IO

A 6 R I A ,  R I B
A6R3
A6R{4, R4B. R4C

A6R IO
r6Rl l
l6n l2
l6R 13
A6R 14

l6Rl5
a6ß l6
A6R l7
A6t ta
l6e 19

46e20
A6n2l
^6n22
46e23
^6e 2a

460 I
^602
r603
^604
1605

A6R5
Ä6n6
A6R7
A6RA
A6R9

190 I  -o5  ta
l90 I *o5 l  8
190 l -o586
l90 l -o040
t90 l-oo40

I 901 -0040

0490-l I o5
o{9(Fl I 05

o490-l lo6
049(FO?78
0490-l 083

0340-oo60
03ao-o93a
1200-o437
1400-o760
1400-o?60

1400-076 0
1400-0760
1400-o760
1400-0760
l{oo-o760

t400-o760
1400-o760
1600-o273
t600-0274
1600-o275

I 600-o27 5
1.60{F0275
4040-o748
4040-0750
o360-l ao3

o360-t 803
036(F1803
o36{Flao3

18 53-OOl  O
l8 55-O38 3
la54-o07r
la53-o ot o
I 454-O07l

la5+-oo7 I
la55-o177
185:FOOIO
l8  5 t -0377
185:FOOIO

0598-821 6
2 too-331 I
0698-82 I 5

0684-472 I
0684-4?2 I
069a-355a
069A-355 A
o75?-O4lO

0757-04t O
0698-3497
069H489
0757-O430
o6a4-l 02 I

o6a4-l02 I
069a{467
o7t7-0{69
0698-4308
o?57-O200

o7 5?-0401
069A-a488
0757-(x5a
075f-o270
069H488

1

3

I
6
3

I

I
I
,

I

I
I

I
l 3

2

I
?
I

2

3

2
l o

I
I

2

I

D I O D E : H I T T  C A R R I € R
D I O O E : H O T  C A R F , I E R
D I O D E : S I  3 O  t . V  I O  P A  L € A ( A 6 €
D I o D C : S l L l C O t {  5 0  , a A  3 0  H V
D I O D E : S I L I C O N  5 0  ' I A  : x )  t . V

D I O D E : S I | - I C O N  5 0  f { A  3 0  t V

S H I  T C H :  R  E F D
S  I I  T C H :  R  E E D

R E I . A Y l S U I T C H .  R E E D
S T T T C H 3 R F E D  T A G N € T I C .  I l T N I A T U R C
C O I L  A S S Y : R € F D  R E L A Y

F EFDIHRI'  :  I I ISULAI ED II f l 'NT IN6
S P A C € R : I E F L O N  O . l 2 8 r  D I A  l t ( I - E
S O C K € T : I C  8  P T N
C L I  P : I 4 O U N T I X G  A S S Y (  S E
C L I P : I { O U N I T N G  A S S Y I  S E f

C  L I P :  I I O U N T I N G  A S S Y I  S E T
C L I P :  l l O U N f  l i l G  A S S Y ( S E r
C L T  P :  I I O U N T I N G  A S S Y I  S E T
C L I P ! I { O U N T I N G  A S S V I  S E I
C L I  P : F O U N T I i l G  A S S Y I  S E I

C L I P ; I , I O U N T I i l G  A S S Y I  S E T
C , L T  P ! X O U N T I N G  A S S Y I  S E T
s  T A | { P  I  X G : 8 t Ä S S
STATP I ' IG: BRAS S
SHI EI-D: POf

S H I  E L D :  P O T
S H I  E L O :  P o f

o F  l t
oF  3 t

o F  3 l
o F  3 l
o F  3 l
oF 3 t
o F  3 l

o F  3 l
o F  3 l

EXTP,ACTOR:PC BOARD, 8f ACK
EXTRACTOR:PC SOAROi RED
I E R ' i I N A L : S ü . D € R  L L ß

f ERII IN f  !  SOI-DER
IERI.t I  NAL:S(LOER
I fRII  INAL: SOTOER

LI,,I;
Lrß
LI.G

T S T R : S I  P N P I S E L E C T F O  F R O T '  ä { 3 2 ' I I
r S T R : ü , A L  F E T  S I  N - C H A N N E L
T S f R : S l  N P | I S E I E C T € D  F R o t  a t 3 t o 4 ,
l s l R r s l  p l t P ( s E L E c T E o  F R O X  ä { 3 2 5 1 1
T S T R : S I  N P i I I S E L E C T E D  F R O ' I  A ' 3 ? O 4 I

T S T R : S I  l p n ( S : t - t c r t i r  F R o x  2 i t 3 7 0 4 1
TSTR: F€T SI.J{{HA'ü. �T
I S T R : S l  p N p I S E L E C T F D  F R O | 4  a t f 2 i l t
f  SIR:FET SI I IH,HAN' ' IEL
TSTR.:SI PNPISELEOTED FROII AI32' I  I

R: I IATCHEO SET
R:VAR CERr;r 500 rlOt lot TtpF p 3/4ta
R:IIATCHEO SET

t:Fxo coltP 4700 0l0t 10: l/4L
R:FXD CO|1P 4?OO Otft 101 l/41
R:FXD ltEr FLil {.oa( (}tft l t l /8r
R:FXD |.€t FLft +-Oa( üilt l : l /8t
R:FXO f lET FL l l  301 OHf t  t t  l /8L

R:FXD ilET FLft 301 OHfi l! l /81
R:FXD FLil 6.04r( OlTl lt l /8I
R:FXD FL l r  2A(  OHf i  t :  l /81
l3FxD [|{El FLn 2-.21K (I{}t l: l /8ta
R:FID COrlP IOOO OIH lot l/afl

R:FXO COI|P IOOO Otet lot l/4ta
R:FXD FLra  l .Ot (  Ot t t  tZ  t tAY
R:FXD FL ' I  2OT OHT I I  I /8 I
R:FXO frET FL'| 16.9( OHil l: l /8tl
R:FXO tET FLil 5.62( (l{ ' |  l t t/al

R :FXO n€T F t  f {  lO0 oHf t  t t  l /a l
R:FXD FLta 26.7( 0{t tt 1/8r
R:FID il€r FL|. 30-lK O{tt l l  l /Ar
R:FXD tEl FLl| 249K Otft l: l /8r
R:FXD FLt 26-?( Olft l: l /al

24480
2A4AO
28440
o7261
0726!

o7263

2844O
28480

28480
284EO
09026

2A+AO
2A4A0
264AO
2a480
28480

2AlAO
9 8 2 9 1

l T l l ?
2 8 4 8 0
2814O

28480
28a80
2A4aO
28460
28{AO

28480
2A4AO
28a60
28480
ooooo

ooooo
ooooo
o0000

2A4AO
28+80
2A480
2a4AO
2A4aO

28480
28480
28{aO
2a180
24180

26+AO
28+80
28a80

o r l 2 l
o l  l2 l
2A+80
28480
24480

24480
28{80
2aa80
28{80
o l  121

o r l ? l
28480
2a480
28r80
28{SO

28t80
28aao
284EO
2Aa80
2aaao

l90l-o5l e
l90 l -o5 t  I
l90l-o5a6
FDGIOAS
FD€I 088

FOGtOaS

o+9(Fllo5
0490-tlo5

049(Fl I 06
0490-o778
P- S. 3001-55

03ao-oo60
a-1451- t
5566-2tJ-5
1400-o750
l4O0-O76O

l4OO-Of6O
lao(H)760
t400-o760
1400-ot60
1400-o760

I400-o750
1400-o760
1600-02t3
1600-o27{
1600-02?t

1600-02?t
1600-0,27t
toao-o?4a
40'rO-O?5O
OBD

(nD
oio
oaD

la53-oolo
la55-o3a3
l65t-oo7l
lA53-OOIO
laSt-oo?t

l85a:oo7r
r85t-o377
1853-OOtO
1055-03?7
r 853-OOl O

0698-8216
2loo-3rl t
0698-a2 I 5

cr r?21
cB a72l
(1698-3554
0690-3558
o?5r-orlo

0757-OrlO
0694-3497
069A-++a9
otrT-|J4�ao
cB loz t

cE lo2 l
0690-*467
o?57-Ot49
0698-4308
075?-O2 00

o?5t-(rol
0690{488
o?57-Oa53
o79l-o270
o69t{48A

See introduction to this section for ordering information
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Section VI Model 34904

T o b l e  6 - 1 .  R e p l o c e o b l e  P o r t s l C o n t ' d l

Reference
Designation

HP Part Number otv Description Mfr
Code

Mfr Part Number

A7
A 7

^6R?-t
t6R26
A6R27
a6ß28
A6R29A, R298

A6R3O
A6R3 I
A6R32
46R33
A6ß:t4

t6n 35
a6ß36
A6R37
16ß 38
A6n 39

l6R{O
A6R4l
46342
46n43
^6944

A6U I
^6 t t2
461,3
A6TJ4

ATCr
A7C2
A7C3
a7c4
^7CJ

l?c6
^1C7

ATCRI

^7Ce2
l7cR3
A7CR4
A?CR 5
Ä7CR6

A?CR7
l7cR8
^7CR9
A?Cn I  O
aTcR I I

A  TDSI
A7X I
^7X2

l7 t3
l7 t4
l? r5
t?L  I
^ 7 L 2

A7t  3
/l?L4
l?L 5

l?xP I
^7r92
^71P3
l? t  P .
l7 rP5

ltrP6
ttaPT
t1i|'? t
l7 rP9
rTxP I C

o7 57-0453
069a-3544
2 loo-3306
2 loo-330a
0698- 821 4

069a-349 5
069A-4467
2 lo  o -3309
0757-M57
0751-O45t

0698-45 I 4
0757-O454
0698-122 I
0757-O4a6
059a-3540

0684- I 53 I
o59A-322 A
o757-0436
069a-3trO
0698-4497

1820-O054
1820-o06 9
t8  26-00a9
ld 20-o20 3

0349(F65507
03490-69507

0150-@73
0150-0073
0 [ a o - 1 7 0 1
ol 70-oo2 I
o  180-o2 3  0

o l  60-o l  94
o I 50-o07 I

190 l-oo40

190 t-oo4()
1902-3  I  04
190 l -0040
t90l-oo40
190 l-0040

t90 t-o04 0
190 l -oo40
l9()l-0040
190 t-o040
l90 l  -o02 a

197(FO05 2
0490-0774
0690-o778

0490-o778
o490-o77A
(x90-077a
0490- t o33
0490-1033

049(FlO13
(}49(Fl Oa3
o+9(F lo83

t40(Fo760
lao(F0760
l{o(Fo760
l{oo{?60
t+oo-0760

It{)0-o?60
140()-o760
1400{760
l{o(Fo?60
laoo-o760

A

A

I
2
I
I

I

2

I
I

2
2

I

I

2

I
I

I

I

I

3

R:FXO arET FL | t  30 . IK  oHX l :  l /81
R:FXO FLf {  732 oH} l  t t  l /8L
R:VAR CERH€T 'OK (It}t IOI TYPE P 1/4I
R:YAR CERiET 5K O|ä  lo t  l f? t  P  3 t4 r
R: !1ATCHED S€T

R:FXD f tE l  F t -H 866 oHn l t  l /a | |
R :FXD FLX l .O5{  O} r I  l t  l /8 I
R:VAR CERI,IET 2K OTTI IOI TYPE P 3I4I
R:FXD XET Ft-t{ 47-5r( OHtl lt 1/8I
R:FXO l |ET FL i l  30- lK  o . tx  l t  l /8 r .

R : F X D  F L X  l O 5 (  O H X  l a  l / 8 r
R:FXO | (€T FLx  31 .a(  tH | |  l t  I /8U
R:FXD t(ET FLll 49.9t( ottx l: l /Al
R:FXD t fET Fa-A 4 . tX ,  ( } l t {  I t  l /6L
R:FXD fiET FLtl 15.4( (}i l t l t l /ar

R:FXD COi lP  l5K OHt{  lo t  l /+ t
R:FXD rlET FL|| t9.9( ()+0{ l l  l /8r
R:FXO tET FLI {  4 -1ä(  a t {H l t  l rAU
R:FXO f' lFT FLr{ t5.4r( ()|rX l l t/8r
R: FXD MET FLM /t8.7K OHM 1% 1/8W

TC:TTL gUAD 2 .TTPT NAND GATF
lC;TrL  DUAL 4- INPT PnS f { l l {O GtT€
 I IPLIFT€R-L INFAR
I C : O P E R A T T O N A I  A T P L  T F I € R

BO RD ASSY:OHI{  COWER'ER
REBUILT OHMS CONVERTER ASSY

Cr FXD CER 10O PF l0% lomVDCW
C: FXD CER 10O PF 1096 loooVDCW
c:Fxo EL€CT 6 .6  UF 20t  6YOCJa
csFID nY 4700PF lOt  400YDCI
CiFXD E| .€Cf  l .O UF 2Ot  SOVOCI

C : F X D , r Y  O . O t 5  U F  l o l
c :Fxo cER {oo  PF 5 t  r000vDoa

DIODg:S lL lCnN 50 r |A  1O lV
. - l

O I 0 D E : S t L t C O N  5 0  X A  3 0  l { Y
o I o D E : E R E A l p O r N  S - 6 2 Y  5 t
D I O D E : S l L I C O i l  5 0  i l A  3 0  t | v
D t o D E : S I L I C O N  5 0  f t ^  3 0  | l V
D I O O € : S | L I C O N  5 0  r  3 C  r V

O I O D € : S I L I C O N  5 0  l l A  : 1 0  l Y
D I O O € : S I L I C O i T  5 0  l t A  3 0  r V
D r o o E : s I L l c o N  i o  r i a  3 0  r v
DIODE:S lLtCOt{ 50 ra 30 t{Y
o l o D € : s I L l c o N  0 . 7 5 a  t o o P I v

TTßE:VOLTACE PROTECT(N 9OY 2OI
S T I T C H :  R E E D  t | A e l l E T I C !  l l l t { l A T t  R E
S IITCH: R €€D I 'AGI{ETIC. } t I  NI  TTJRE

srI rcH: REED l t tßr{€Ttci  nlr{ tATURE
S H I T C H : R E € O  I I A G N € T T C i  I I I N I A T T N E
STI TCH: REEO IIAßI iETIC. I I  I I { IATINE
R E T A Y / C O I L .  R E E O
T , E L I Y / C O T L ,  R E E O

R F L A Y / C O I L .  R E E O
C O I L  A S S Y : R E E O  R . E L  Y
C O I L  Ä S S V : R E E D  R E L A Y

CLI P: IOUilTIi lG ASSYI SFT
CLIP:|{I,TT ING ASSYI S€T
CLI P: ||OUXTTilG ASSVI SEI
Cl - IP : tou l { t t t {G ASSY(SEr
CLI P:iq,XTIilG ASSYI SET

ct_lP: i l lut{TlL6 AssY( sEf
cL lP :xo t  x l l t t c  AssYl  sEI
ctt P: r{ou|,rlrG AssYt sEI
cLt P:tot if tr{G lssvt s€I
c | - lps t t ) t  N t lxc  AssYls€T

o F  3 t
oF f l
o F  3 l
oF 3 l
o F  3 l

oF 3 t
o F  t l
oF  3 l
oF :D
oF 3 l

2 a + 8 0
28480
2A480
28aao
2A480

28440
28t80
2A4aO
28480
28{80

2A4AO
28680
28480
2a+80
2a400

o l l 2 l
284 80
2844O
28480
28480

o l  295
ot295
28+80
07 263

24480
28480

56289
56289
24480
84+l I
5628e

562 89
56289

o7261

o7263
04713
07251
ot263
o?263

07262
0726t
o726?
o7263
o+7 l3

2A4AO
28+AO
28t80

28t80
28480
24480
28480
28{80

28480
00026
09026

28480
28t80
2A480
284AO
28480

28480
28480
20440
28480
28480

o?t7-0453
069A-3548
2100-3306
2loo-3308
0698-62 I 4

0698-3495
0698-+467
2loo-1309
0757-0457
0?5?-0453

o69E{514
0757-ü54
0698-3228
o?57-0436
0690-3540

c a  l 5 3 l
069A-3228
o757-0436
069A-3t40
0698-4497

sil7+ooN
sil7a20N
1826-OOa9
sLa94{)

(1349(F66507
03490-69507

co288102E101 KS27-CDH
co28B 102E 10 1 KS27-CDH
olEo-l 70 I
663Ura47294
l5m l05xoo50a2-DYs

l92P t 5392-PTS
cot68t 02E40 I JS27-Clti l

F061 088

FO6t 088
sz 10939- I lo
FD6l 088
FO6lOaS
FOGI O8A

FDGIOAA
FOGI OA8
FOGIOaA
F06tOsA
sRl358-9

l9?o-oo52
04!n-o774
o+9()-o7?8

o4txFo77a
oa9()-0778
0490-o?78
()490-1033
049()-1o33

049(FtO33
P. S- 300 l-5S
P- S- 3001-5S

ItüH)?60
1400-0?60
1400-o?60
ttoo{1760
Itoo-{r760

l4qt-ot60
Itoo-o760
lao(H?60
laoo{tt60
r6üt{t?60

: +qitro EdditirEst vll l  
see introd.uction to this section for ordering information
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T o b l e  6 - 1 .  R e p l o c e o b l e  p o r r s ( C o n r ' d I

Reference
Designation

HP Part Numbet oty Description Mfr
Code Mfr Part Number

tTfrPl I
lTtpl 2
l7t{Pl 3
l? IP l4
a?||pl 5

l? rP l  6
A?XPI 7
l l tP l8
lTrPl 9
l?ftP20

^tA?21

l70l
4702

1703
1704
4705
l?o6
^707

l7r  I
^7e2
ltn3

l7R4
^?t 5
l?t6
l?R7

l7R9
 7n lo
A?R l l
l7n12
l?Rl3

^? l  l4
il7R l5
l?Rl6
A7R 17
l?R l8

A?R 19
l?R20
A7R 2I
^7e22
^7e2t

l7R2a
^7125

l?r I

lTlrl
,7U2
r7u3
l7u4

le

l8c I
^ü.2
l8c3
lSca

A r 5
rtc6

Ircn I

t'cr2
lacR:l

 u 9

0360-lao3
0360-l 803
0360-l ao3
036rl a03
036G-l 801

O3ar(Fl803
o:t6O- l80:l
036(F1803
0360-1803
4040-o748

40{o-o? 5 I

la54-ooa7
1854-OOa?

IA53-OOa6 ^
ls t loo l2  a
re*-ooar lil
1855-O30A
l8 53-OOA6

06A+-4721
o6a4-1721
0,69A-3264

o757-O2 8  0
zroo- rzaa AA
o698-4430
O757-0465

0644-l 03 I
06a4- lo3 l
o6a4-471 I
of57-o472
oaI l-:t2l 6

2  loo-3 to4
08 I l-f2l 7
2loo-3:rl ?
oS l l -32r  5
2 IOO-3309

o757-04't
o t57-0453
0757-O45t
06A4-2721
06a4-682 I

oa I l-ooo6
0684-lO2 I

9lo(Fl{41

1820-OOt6
l8 20-oo54
la20-oo94
1820-O478

b

A

0349(F66508

ol 80-01 9?
o l80-251 I
ol 80-2 5l I
ol 50-oo50

orzo-oo+o I
ol 50-oo5 0

190 l-o363

190 t{ro+o
I90  l -o l5  8

l2  5 l -  I  365

I
I

,2

I

I
I
I
I

I

I

I

I
I

I

t

I

I

t

TCRTI i lAL :SOLD€R TUG
IERTI i lAL :S(LOER L IF
TERXINAL:SOLO€R L t ,G
TFRI{ INAL:SOLD€T LT.G
TERIINAL:SOLDER I-IX;

TERx lN l l - :S0_DER r tE
TERXIIIAL:SOIOER LT,G
TER|II '.^T:S(LDER LI,C
TEß.'III{AI :SOTDER LTß
EITRACTOR:PC B.JIR0. SLAcK

EXTRACTOR:PC BO RD. (NAilGE

ISTR: SI NPil
TSTR:SI  r |P I {

fS lR:St  PNp
T S I R : S I  P N P
ISTR:  S I  NPN
TSTR:SI  t {PN DUAL
TSIR:  S I  PNP

R:FXO CnilP 47OO Ot+t tDa tt4ll
R:FXD COHP 4700 0|tt tot l/{ l.
R :FXD FLt4  l l .8 (  D l f l  l t  1 /81

R:FXD I4FT FLX IK  T I { ' t  I I  L 'ü I
R:YAR FL, |  l0 (  OHX lo t  L I t {  l /2 r
R:FXD FLt  l . .g lK  n l | t  l t  l , /8 t
R:FXO t {€T FLr  IOOK OHX l r  l /8 ta

R : F X D  C O t P  I O K  O H t  l o t  l / 1 y
R:FXD COI{P IOK (x ix  lo t  l /4 f
R:FXD COrP +70 oH| |  lo l  l . /4 r
R: fxo  tEr  FLH 200K OHF l l  [ /a t
i:FXO lr I.OO4O( (}t|| 0.O2t l/SrJ

I.:VAR CERIIET 2oO( OHr{ lot fypE p 3/4r
R:FXD yr  98 .90K Ol t t  0 .02 t  l /8 r
R:VAR CER}I€T 2OO THH IOt TYPE P 3,/4Y
R:FXO ra t  899t (  OHx o .o5 t  I /4L
R:YAR CERXET 2X Orl' IOI TYPC P 3/{T'

R:FXD nET FLX fO. lK  ( l { t  l t  l / s l
R :F !O XEr  F tH 30 .1K { l { t |  l t  l /8 t
R:FXO XFr  FLX 30.1K f tx fa  l t  l /a r
R:FXD COHP 2700 o | f t  l0 l  l /$a
R:fxo co,|P 6.8K oHi lot l.r{l

R:FXD rt SqOO 0t{x lt 5|.
R:FXO COITP. iOOO Olt{.JO: l/{|J

TRlNsFoRx€R: srFpll iP

lC:TTt  DIVIDE ay  12  lO l tHZ ,a l l t -
IC:TIf OI,AD 2.INPT NAND GATE
IC:DTL OUIO 2- IXPUT I iATE
lC:L l l {EAR OpERAr lO{At -  A l ip ! lF tER

OUTcUARO POI'ER SUPPI.Y BOARO ASSY

c:FxD ELECT 2 .2  UF lo t  20vm.r
C:FXD AL EL€CT :I?O UF zOVOCl.
C:Fxo ll- EI-€CT 37O UF zOVOCT
C:FXD CER l0oo PF +8(F2O:  1OOOVDCL

C:FXD l tY  0-047 UF loa  ZOOVOCU
c:FtD cER looo PF +ao-201 looovDcy

DIODE ISSY3SI  IOO PIv  PER CELL

o loDE:s l l l co t  50  i l / l  to  rv
DIOOE:SIL ICOt  O.754 200 p IV

c0ft{!Pc +1 a2x22l cor{f acTs

ooooo
ooooo
ooooo
ooooo
ooooo

ooooo
ooooo
o0000
ooooo
28480

28aAO

a o  l 3 l
8 0 L 3 l

8 0 1 3 1
8 0 1 3 1
8 0 1 3 1
24480
8013t

o l l 2 l
o l  l 2 l
28{80

28+80
28+AO
24480
28480

o l l 2 r
o t l 2 l
o l l 2 r
2A4SO
28{80

28480
2A4AO
28a80
2a4AO
2E480

28480
2a4ao
28480
o l l 2 l
o r l  2 t

2a4ao
0 L I 2 l

28480

o1295
o 1295
o+713
12040

28480

,62 A9
2A480
28480
56289

562A9
%289

2A+AO

o7261
2A480

7 l?85

(160
o8D
oaD
OBD
4040-o?aa

+o40-o751

2|r3{t?
2N3417

2r{5087
2r{290ta
2ir34t7
1855-0308
2iltoa7

ct a72l
c8 4721
069t-326{

io757-O28O
2 t oo-l ?38
0698-4430
o7t7-ot65

cE LO3l
cB lo3 l
cE +7 l l
o7t7-ü12
oEl.t-32 l6

2lüF3304
os l l -32  l t
2l00-33t2
os l l -321t
2loo-3109

o757-O15t
Of57-Ot ra
o757-0453
c6 2721
ca 6a2t

oSll-ooo6
ca lo2 l

9loFla+l

sN7492r{
sttaoota
sc6903Pr
Lil 'OAH

0349(F66tO8

r 500225x9020A2:OYS
ol 80-251 I
0180-25 I I
c0678lo2Elo2 zs26-cDH

192Pa?392-PrS
c067Bt02e lo2 zs26-coH

l90 l {363

FD€I OA8
l90 l -o l  5a

252-22-to-tOO

o8D
o8D
OBD
o8D
OBD

Model 34904 Section VJ

l Rcft. b Bdd*ilE Sa Vill
See introduction to this section for ordering information
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Model 34904Section VI

T o b l e  6 - 1 .  R e p l o c e o b l e  P o r t s ( C o n t ' d )

Reference
Designation

HP Part Numbet otv Description Mfr
Code Mfr Part Number

^ 8 J  t O
a8f.P I
Agl, lP2
A A t l P 3
A8| '  P4

aal!  P5
Ä8it  P6
lr8ttP7
a 8 ü P 8
aai{P9

ASlr Pl  0
a8l, tP I  I
4 8 0  I
l 8 R  I
laR 2

laR 3
l 8 R 4
AaR5
l a R 6
r 8 R  7

AAR 8
l 8 R 9
A 8 R  I O
A 8 R  I I

A 9

A9C I
AgC2

i9l.P I
l9ilP2
A9tP3

Ä9ß1
l9R2
Ä9R3
A9R4
A9R5

r9u1
A9U2
A9U3
A9U4

AAU I
AAU?
A8W4
A8W5

A9C3
A9C4
^9C5

A9U5
t9lt6
A9U7
r9u8
a9U9

a l o

l l o c l
Ltoc2

I  l o r P  I
^ lo rP 2

l loäP l
r  1001,

r l c e ' - 3 3

l 2 5 l - 1 3 6 5
5040-o170
5040-o | 70
5()40-ol 70
5040-o170

o349o-oi2o9
t25L-2551
t25t-2r51
t?.51-2551
t25t-255L

L25L-255t
t25t-2551
la54-o07 I
o757-O+l  O
069a-4355

06a4-4221
0684-822 t
o6a4-a?21
0684- tO l  I
o6a4-2231

0684- I  23 I
o6a{- l  02l
0684- lO2 I
0684-422t

l8 20-o410
la20-o586
03490-61608
03490-61604

03490-66509

o l6(F2009
o I  ao-o l9  7

ot 60-ol 94
o l60-o l  94
ol 60-ol 94

t200-04?4
4040-o7{?
4040-0746

0684-332 I
0684- 332 I
06a4-332 I
0684- I 52 I
I 8l O-O049

I820-0584
I  820-0595
l8 20-o 584
I  820-0594

l8 20-o 546
1820-o7t  o
la  20-o  7 t  o
ta20-o583
t { r20-o7 lo

of49 0-66 5t O

o l 8 0 - o 1 9 7
o l  60-02e8

0403-c  189
o403-01 89

1200-o{?4
I  6  5 r -oo? I

(}6 8{-682 I

A
A

I

I
l a

I

9

2

1
I

t

2

+
2

3
2

5
3

I

t

I

2

4

C O { N : P C  4 4  t 2 x 2 2 l  C O N T A C I S
G U I O E : P I I ' G . I N  P C  O O A R D
G U I O E : P T U G - I N  P . C  B ß A R O
G U T D E : P L I I G - I N  P C  O I I A R D
GUID€:PLI, 'G.IN PC EOARD

ARACKET : } IOUNT II IG CONN€CIOR
C O N N F C T O R : S I N G L E  C O N T A C T  } 1 T N  I A T U R , E
CONNECTDR:SI NGL€ CONTACT t{ IN IATI 'R€
CTINNFCIOR:SIN6LE CONIACT i l ITt  IAIURT
C(r. INECTOR:SINGI.€ CONTACT TIN IATURE

C 0 N N E C T O R : S t r { G t e  C O X t r C f  | t T N I A T U R f
COI{NECTOR:SI N6LE CONIACT II I IT IÄTURE
l S r R : S l  N P N I  S E I - € C T E o  F R o x  ä 1 3 - t o 4 l
R : F X O  } l E r  F L x  3 0 1  o H t  l t  l / 8 L
R : F X O  F l , i l  1 2 . 4  o H t a  l !  l / 8 H

R:FXO COilP 8200 ot+i  lot  l /4U
R:FXD COttP 820C n}| l . t  tot  l /4ta
R:FXD CO|. |P 8200 ol f{  lot  l /4| |
R:FXO COXP IOO Ofi l {  LOt l l4| .
R : F X O  C O t p  2 2 | (  O H t 4  1 0 t  l / 4 t l

R : F X D  C O N P  l z K  o t l l l  l o t  l / 4 L
R:FXO CO|{P tOO0 ()H1 lO? l / {n
R I F X D  C O ü P  1 0 0 0  o H H  l o t  l / 4 l l
R : F X D  C O I P  a ? O O  O t r l  l o l  l / 4 t

l C : L I N E A R .  v o L l A G €  R E G U L A T f T R  5 V
I C : T T L  L P  H E X  I N V F R T € R
CABLE ASSY:REM
CABLE ASSYTBCD

TI6I 'ARD DATA OUTPUT EOARO ASSY

C:FXD I I ICA 82O PF 5 l  : IOOVDCI
c :FxD ELEC.T 2 .2  UF lo l  2oVDCH

C:FXt )  l , lY  O.Ol5  l tF  lO!
c 3 F x o  t Y  0 . 0 1 5  t r F  l o i
c : F x n  f . l Y  o . o l 5 . u F  l o l

._ l

S � T K € I : I C  8 L K  I +  C N N T A C T
E X T R A C I O R : P Ö . O O A R O T  G R A Y  

-

F I T R A C T O R : P C  E 0 A R O r  8 t Ä C | (

R:FXD Col{P 3300 oHM tor l/4tl
R :FXD COHP 3 lOO OHI  l0 l  l /4 {
R:FXD COIP 3300 Of0{ IOA llr*l
R:FXD COtlP 1500 (1H|1 lot l/4r
R E S I S T I V E  N E T T O R X : l O  X  6 . 8 K

EXTRACIOR:PC,  BLACK
EXTRACTOR:PC.  BLACX

S(rKET: lC 8LK 14 COi {TACT
TSTR:S l  NPN(S€L€CTFo FRol l  2N3704t

I C : T T t  L P  O U A O  2 - I N P T  N O R  G A T E
T C I T T T  L P  D I I A L  J - K  I 4 A S I E R  S L A V E  F / f
I C : T T I  I P  A U A D  2 - I N P T  N O R  G Ä T €
I C : T T L  J - {  I { A S T E R  S L A V F  F / F

I C : T ' L  L P  H F X  I N V E R T F R
t C : D I G I T Ä L  r r I + L O G I C  5 v  5 l
I C : D I G I T A L  I T L + L O G I C  5 V  ' T
I C : T T L  L P  O T J A O  2 - I N P T  I { A N D  G A T E
I C : D I G I T A L  T T L + L O G I C  5 V  5 :

N U T G U A R D  O A T A  O ( ' T P t ' T  E O A R D  A S S Y

c :Fxo ELFCT 2-2  UF lo r  2oVDCI
c :Fxo t1Y 0 .0015 uF lo l  2oovDct i

R : F X D  C n i | P  6 . A K l o t  l /4 t

7t7 A5
2AlAO
29480
2a4ao
28480

28480
oo7?9
oo779
o07?9
o0779

oo?79
oo779
2a+ao
28440
28480

o t  l 2 l
o l l 2 l
o l l 2 l
o l  l 2 t
o l l 2 l

24480
12040
28480
28480

2A4AO

oo853
562 89

289
$289
552 A9

2:t 680
24480
28480

o r  t z l
o l t 2 t
o l  l 2 r
o l l 2 l
28460

12040
l2  040
12040
t2040

12040
0726a
07262
l2  040
0726t

2A4AO

56249
56249

28480
28480

23880
28440

o l l 2 r

o l l 2 l
o l  l 2 l
o l  l 2 t
0 1  l 2 r

a22l
a22l
a22l
IO l l .
22 tL

tztr
I  02 l
I 02l
a 2 2 l

cB 6821

1820-o430
DxT4LOtN
03490-61603
03490-61604

o349(>66509

RDf{l 5F82 r J3C
I5m225X902042-DYS

l92P t5392-PT S
L92P 15392-P l  S
19 2P t5392-PTS '

csa2 900- laa
4040-o7t?
4040-o748

ca 332t
c8 332r
c8  l32 l
c 8  l 5 2 l
l8  lo -0049

Dr{74L02N
Dl|74L73N
D||?aLo2tt
o,|7{L72N

oll74L()4N
st_ 17315
sL l7:tl 5
DxT4LOOrl
sL  l73 l  5

0349(F665lO

Itoo 225X9020A2-OYS
192Pt52924rS

0403-ol 89
0403-0189

csa2900- l4a
1854-O07 I

252-22-t0-700
50ao-o170
5060-0t?o
5040-o170
5040-ol. ? o

o?49(FOl209
t42070
3tzom
3320?O
ttzolo

332070
3t2070
I 854-OO?l
0757-04lO
()69a-4355

CA
ca
ca
CB
c6

ca
CB
C B
ca

:  . . : t 'a 3:d-E Sa Vl l l

i - 1 r

See introduction to this section for ordering information



Reference
Designation

HP Part Numbet atv Description Mfr
Code Mfr Part Number

l l o s l
r los2

r loul
l lou2
Alou3
tlolrt
r lou5

atou6
llouT

A l l

a l l c r
^tLc2
l l lc3

Al  tc4
l l l c5
l l  lc6

A l l t a P l
l I l r P 2 .
A l l t P 3
t l t o t

l l l F l
t l l R 2
l l  l R 3
t l l R 4
l l  l R 5

t l l ß 6
^ l  l R 7
r l  l R 8
t l  l R 9
/ r l  l R l o

l l l R l  I

l l r u l
l l  l u z

l l l u 3
Al I U/r
l l  l u 5
A l l u 6
r l luT

r l  lu8
A l  lu9
A l l u l  0
/ l  l l u l  I
r l l u l 2

t l 2

l l z c l
^12c2
ll2c3

A 12rp  I

A l2frP2
A l2 rP 3

I  l2 t l
^t2e2

l l2n3
r 1 2 9 4
l l 2 n 5
412f,6
1 t 2 8 7

3 l  o l -1341
3 lo l -  l3 { l

1820-0586
1820-o l  74
l8 20-o294
1820-0291
1820-029{

lazo-oz91
l8 20-0282

01490-6651 I

ol 80-o197
ol6(F2 009
o l70-o066

ol 70-o066
o 160-01 6{
ot 6{r-0294

1200-0424
4040-o748
40to-0755
r 854-O07 I

0644-470 I
0684-l O:t I
0684-332 I
()684-682I
0684-332 I

06a4-:t32 I
06E4-l 52 I
0684:642 I
06a4-682 I
068/r-6421

()6a4-6421

l8 20-o586
l8 20-o546

r820-o583
l8 ?o-o 58{
l8z(F058{
1820-o59 5
182(F0599

l8 20-o599
1820-O596
l8 20-l loo
1620-0656
l8 20-O546

0349(F66512

ol60-0154
o l6(Fo l57
olao-o197

o+o:l-ola9

()+o3-ola9
1200-0{2{

la l(Foot9
068{-t521

06t4-223t
06'34-22a1
06t+-lo:tl
o6a4-l 03l
(16E+-lo3 I

A

A

A

A

A

4
IlN

A
A
A

2

+

?

I

2

l l
I
7

I

I
I

s t t rcH:sL tDE SPDr  O.5A l25V ACIDC
SI ITCH:SLIOE SPDT O.5A t25U ACTDC

TC:TTL LP H€T I I {VERTER
IC:TIL  HFX I I {YERTER
IC:TTI .8 -6 IT  S€R- I I I  PAR oUT sh lFr  REG
IC:TT!  A-BI I  SER. IN PAR OUT SHIFT REG
IC:TTI  A-6 IT  SER- IN PÄR oUT SHTFT REG

IC:TTI  a -8 l f  SER-m pAR our  SHIFI  REG
IC:TTL OUAO z- INPT EXCL.  OT 6ATE

II{GUARD RE'IOIE ASSY

C:FXD ELtCI  2 .2  UF lo t  2OVtE l
c :FxD f i l ca  a20 PF 5 !  toovDcr
C:FXD XY 0 .027 UF lo t  2OOVml

C:FXO t |Y  0 .027 UF lo r  2OOVm,r
C:FXD xY O.O39 UF lo t  2OOVmr
C:FID raY O.OOlt UF lot 2OOVOCII

-SOC(ET:lC AL|( 14 CONTACT
EXTRACTOT:PC AOAntL  i l t  aC l
EITRACTNR:PC MIARDT VIOLEI
rstR: Sl NPli( S€l-ECTFD FßOti 2r{3?O4t

R:FXD COrP 47 oHX lo t  l /4 t
R:FXD COI iP  IOK OHX lo t  r /41
R.:FXD COflP 3fO0 0t0a rot l/ata
R:FXD COIIP 6.A|( O|rl lO: l,/al
R:FXD COLP 3300 oHx rot l/{ta

R:FXD COXP 3300 oti l lot l/{ l
R:FID COI|P ItOO Oil. lot l/al
R:F!D CO|P 6.AK Olta IOt t/t l
R:FXO COraP 6.8( Ot{a lot l/4|a
R:FXO COilP 6.8r, Otfi lot l/4r

R:FXD COftP 6.8( Ot+t lot l./4u

IC:TTL IP  HET I I {VET,ER
TC:TTL LP }€X I I IVERTER

lC: l t l -  LP qUAo 2- I i lp r  NAN0 6 lTE
IC:TTL Lp OIHO 2-t*"t NOR c^l€
tc :TTt  LP o t l lD  z - I I {PT uor  e r ie
lc : r l l  [P  n ra l  J -x  x ls r€R s t_ tYE F/F
rG:TTL 4-Bt r  r r t t t  sx t r r  RE6ISIER

TC:TTL ' -B I I  TT/LT SHIFT REGISTER
IC:TTI  LP DUAL EDG€ TRT6,  o  F /F
I  C:  f l l
ICsTIL  LP +-AIT  2- INPT XULTIPLEXER
IC:TTI .  LP HEX INYERTER

ourculRo RExorE 80lRD assY

C|FID ll lcA ttY O-Oo22 UF tot 2OOVDCI
CsFxD tY O.OOi? UF lot zOoH)CI
C:FIO ELECr 2-2 uf lO! ZOy(E,ta

EITT,ACTORSPCr BLACI(

€XIß.ICTOR:PC' SLAC|(
S(E(Ef:IC BLf, lt CA]i|TACI

RESISTIVE NETIORTSIO I  6 .8X 0 t { t  lo t
R:FXO CO||P ISOO Ottl lot t/ar

I:FID COI|P 22K o.tx lot l/t l
R :F IO COüP 22t (  OHX LOI  l /4 r
R:FID COI|P lot( (l|ilt lot l/tta
R:FXD COI|P tO( OHX lot t/at
R:FID COXP IOX (}tX lot l/41

79727
79f27

12040
ot295
12040
l2 040
1204{)

t2040
0 1 2 9 5

284aO

562A9
0o853
562A9

562A9
562 89
56249

23880
2A4AO
2E480
28480

o r  l 2 l
o l  l 2 l
0 1 1 2  t
o t r 2 t
o l t 2 l

o l  t z l
o l l 2 l
o l l 2 l
o l l 2 l
o r  l2 t

o l l 2 l

l20 to
l? oao

l2 oto
120{o
l2 040
l20a{t
t2 0to

l20ao
12 040
01295
01295
12040

284EO

56249
56289

249

28480

?B4aO
o l l 2 l

o l  r 2 l
0 t t 2 l
0 l  l 2 l
0 l l 2 l
o l l 2 l

284aO
23880

c-ll l-ooo4
c-ll l-ooo4

D,|74LO4N
sx7404r{
slr9935
so9!r35
so9935

srxr!135
sN7a86ll

o:t{9{F66511

1500225X9020A2-DYS
RDIll5FA2lJltC
t92P271921t5

t92P27t92-PtS
192P39392-PTS
192P 15292-?lS

csa2900-lt6
4040-o?48
40ao-o7tt
r 8't-oo? I

CE
ca
c8
cc
CB

CB
ca
c8
c8
c8

+?o l
I  03 l
3321
6a2 l
3 t2 l

3321
I521
6821
6821
6A2l

6821

DrT4LOara
oriTaLotll

?2rl
22at.
I 031
l 0 3 l
lo3 t

Dt|?4t-ootl
otTtL02t{
Dl|7{L021{
Dlt?+L7tfl
oä7{L9til

Dt?4L95tl
Dlt/tL7tr
sN7a29t
sl|?4L9tt{
ot?aLo+ll

03a9(F65tl2

t92P2?2t2-?lS
192Pa?292-PrS
Ito22tr90?oa2-DYs

o40t-o189

(rGt-olr9
csl2900- la8

l8L(H)Oa9
cc  l t2 l

c8
c5
CB
CB
ca

Model 34904

T o b l e  6 - 1 .  R e p l o c e o b l e  P o r r s ( C o n t ' d )

Section VI
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ModeI 34904
Section VI

T o b l e  6 - 1 .  R e p l o c e o b l e  P o r t s ( C o n t ' d )

Reference
Designation

HP Part Number otv Description Mfr
Gode

Mfr Part Number

A l ? u l
^L2u2
A I 2 U 3
At2tt4

^ l ? u 5

^ 1 3

a l 3 c l
Attc2

A l 3 C 3
a l 3 c 4

a l3cR I

a  l3cR 2
A l 3 C R 3
I  l3CR 4
a l 3 c F 6
A I 3 C R ?

AI3CR 8

a l3r iP  I
l l3r,lP ?

l l3tlp 3
a l3ltP 4
a  l3xP 5
al.3r,{P 6
a l! l l .P 7

l13R I
AttR2
A I3R3
I  l3R4

A I 3 R 7
A l3R8
a l3ß9
, a l l R l o
A I 3 R I  I A ,  R 1 1 B

a l 3 F l  2
A l 3 R l 3
a l 3 R l 4
A l 3 R l  5
a l 3 R l  (

Ä  l 3 R l  7
l l 3 R l  €
a l3R I  9

a  l 3 U l
A I 3 U 2
A I 3 U 3
AI3U4
A l 3 U 5

l l 5
l l 5 r P l
l l 5 u l

r l t u 2
I  l 5u3
I  l 5 L 4

r t t L :
^ 1 5 ! 6

1820-o  70  8
la20-o  584
1820-o595
I  820-Or  2  I

t8 20-0 32 A

03490-665 I 3

ol 50-c 05 0
o l  50-o093

ol 50-0093
0180-0197

l9  02-067 I

I90  l -o5  86
I  90  l -o5  86
190 2-o6? r
t902-3  190
1902-3  190

19 02-1to8 5

t200-o424
4040-0748

4040-o154
1200-o  43?
l2 00-043 7
1200-0437
t200-0474

o8 l3 -o032
0�6a4-2f11
0�684-27:Jl
o698-7962

2100-3305
2roo-  3305
0�69A-4202
o751-O277
08 I  t - f?23

2roo- f3  1  4
0698-a2 7  t
2 loo-33  t  3
0757-O442
o7 57-0378

2 loo-3305
06 84-392 I
2 lo (F3305

la26-0 I I O
t826-Ol  I  0
1826-0 t  tO
LA20-O22 3
182(F0598

03490- 60306
03490-04 l. l 5
1990-o40 2

I  S90-0402
199 0-o40 ?
199(F0402
1990-o 40 2
1  9  90-0402

2

I

2

I

2-

I

2

2

2

I

4

I
I
I

I

I

I

t

2

I
I

36

I C : T T L  L O T I  P O T € R  D i , A I  4 - I N P T  X U I T I P L F X
T C : T T I  f P  O U A D  2 - I N P T  N O R  G A T E
I C : T T I  L P  D U A I  J J K  } I A S T E R  S L A V E  F / F
T C : D T f  H F X  I N V E R T E R  R L : 2 X

I C : T T f  O U A D  2 - I N P T  N O R  G A T E

R A T I O  R E F € R F I I C F  S O A R D  A S S {

c : F x D  C F R  l o o o  P F  + 8 o - 2 o l  l O O O v D C l ,

c : F x o  c E R  o - o l  u F  + 8 0 - 2 0 1  t o o v D c t {

c : F x D  c F R  O . O t  U F  + 8 0 - 2 0 t  1 0 0 V D C . y
c.:FxD ELEC 2.2 UF 10% 2oVDCW

D I O O E  B R E A K D O I I N

D I O D E : S I  3 0  t , ' V  I O  P A  L E A K A G I
D I O D E : S I  3 0  H V  I O  P A  L € A K A G E

O I O D E  A R € A K D O T N
D I O D E  8 R € A K O O T N : 1 3 . 0 V  5 1  4 0 0  l l l l

D I O D E  A R E A K O O I i N T 1 3 . 0 V  5 1  4 0 0  f i t

D t o D E  ß R E A K O O | | N : 4 . ? 5 v  5 1  4 0 0 X | '

S N C K E I :  T N I F G R A T € D  C I R C U I T  1 4  C O X I A C I
€ X T R A C T O R : P C  A O A R O '  B I A C K

E X I R A C T O R : P C  8 f | A R o r  S L U F
S O C K E T :  I C  8  P I N
S O C K E T :  I C  8  P I N
S O C K F T : I C  8  P I N
S ( ) c ( E t :  l C  l 4 - P I N

R:FXo lH 50( Ol{ l {  lo l  5t

R I F X O  C O r , r P  2 t K , n H i l  l o t  l / 4 L
R : F X D  C O i I P  2 7 K  O H t {  l 0 l  I / { H
R : F X D . F t N  9 7 6 K - g H ' l  l . O !  l / S Y

R.:VAR 00K Oti{  lo l  3l t l l  I /2 ruRN
R : v A R  C f R l t E t ( ' l o o K  o H l  l O l  3 / 4 t l  l / 2  T U R N
R : F X D  F f r {  8 . A 7 K  n f r {  l t  r / 8 1
R : F X O  l t F T  F t f 4  + 9 . 9  0 } } t  t l  l / 8 v
R :  M A T C H E D  S E T

R : V A R  C E R { € T  5 0  O r f i  l 0 l  I V P E  P  3 l 4 r
R : F X O  T i E T A L  6 L A Z E  t . l  O H l l  5 t  l / 4 1 ,

R ! V ^ R  C E R H E T  l O 0  ( } { h  l o t  T Y P E  P  3 / + l
R : F X O  H E T  F L f {  l O . O (  0 + i l {  l l  l / 8 1
R : F X D  l t E T  F L I  l l . O  o H l t  M / 8 | �

R : V A R  C E R f | E T  l 0 0 K  { l H r . t  L O a  ) l 4 | t  l / 2  r u R N
R:FXD COI{P 3900 0H,t  LOr. l l t l
R : v A R  C E R I E T  l o O K  O H ä  l o ,  t l 4 1  1 / 2  r U R i l

A  T P L .
G A I E

l C ! t . l N € A R  o P .  A + t P L .
I C ! I . I N E A R  O P .  A } t P L .

I C : L I N E A R  O P .  A i l P L .
I  I { T E G R A T € O  C  I  R C I ' I  T ! O P E R  A T I ( } " I A L
I C : T T L  L P  O I , A O  2 - I N P T  F X C I .  O R

O A I A  ü J T P ( ' T  I S O L A T I O N  A S S Y
P L Ä T E T T I  H O ( ' N T I N G
T  S T R :  P H O T O

T S I R :  P H O T O
T S T R :  P H O T O
T S T R :  P H O T O
T  S T R :  P H o T o
T S T R :  P H O I O

o7 26t
l2  040
t2040
04? l: i

0 4 ? 1 3

28 480

'�6249
729A2

72942
56289

2a4 80

2A4AO
28{80
28480
28480
2a{  60

2A480

23880
28480

2 8480
l ? l l 7
l 7 l  l t
l T l l ?
?a4ao

2a4ao
o l l 2 t
o l l 2 t
284 80

28480
284AO
?-a4ao
28480
?8480

28480
2A4AO
2A4AO
28480
2A4AO

2a4AO
0 1  1 2 1
2A4AO

28480
28480
2844O
24480
12040

284 80
28 480
28480

2a480
28 480
24480
28480
28180

u6891-O959X
Dt{7{LO2N
otl?4L73til
Lc837P

sN?402N

03490-66511

c067 Blo 2E lo2zs26{oH
801-|(80001 t

ao  t -K80001 I
1 50D225X9020A2-DYS

1902-0671

l90l -o586
l90 l  -0586

I 902-06?l
1902-31 90
1902-3  190

1902- !005

csA290G14B
4040-o7t I

4040-o?54
5566-2t5-5
5566-2:,5-5
5566-275-t
1200-o{74

o8 l3-o032
co 27r l
cB 2731
69A-7962

2l oo-3305
2 I 00-3305
0698-+202
o757-O277
06tt-122,

2too-)l l4
0698-a2? I
21 00-33 I 3
0757-O142
075?-0376

2 I OO-330 5
cB 3921
2t oo-3:t05

1826-Ol  lO
1826-0 l  I  O
1.826-0l I O
t820-o221
Dfi?4L46il

0349G-60306
0349(FO{l l5
1e9o-O+O2

1990-oto2
1990-o402
1990-o+02
1990-0402
1990-ot0 2

See introduction to this section for ordering information



Model 34904 Section VI

T o b l e  6 - 1 .  R e p l o c e o b l e  P o r t s ( C o n t ' d )

Reference
Designation

HP Part Number otv Description Mfr
Code Mfr Part Number

A  I ' A I
a r S l  l o  I
a l 5 a l 0 2

l l 5 a l o 3
a l S a l c 4
l l 5 Ä l c 5
a l 5 a l c 6

A L 5 ! l 8 l
t l 5 t l R 2
e l S l l R 3
A l 5 A l n 4
t l t a l F 5

l l 5 a l R 6

l t 5 a t 1 4

At5A2
l l 5 1 2 R l
^t5^2R2
I t  512ß3
Al5A2 R4

tt:tz*s
l l5 r2R6

l l  5 l2 r  5

^ 1 7

Al?xP I
^ l?u l
AI?U2

l l7ul
Al?ua
^17u5
t l?u6

Al?a l
l lTa lo  I
t lT t to2
A l T r l o S

r lTa t  ß l
A l?a l  n2
l l t l l  R3
Ä 1 7 ^ t ß 4

a l .7A l  R5
a lTa l  ß6

A lT l l  16
A I7A2

Al7A20t
At? 4202
a l71203

A l?Ä2R I

At? L2R2
AL? t29t
r  l712n4
l l  ? t2 r  5
^ l  ?^2  nö

l l ? r z l ?

03490-6651 5
1854-OO7 I
l8  54-OO t  I

l8  54-OO7 I
1854-O07 I
l8 54-OOt I
I 854-O07 I

06a4-47 0 I
0664-4701
0684-+70 I
o6a4-4701
0�6a4-470 L

0684-470r

8 1 2 0 - 1 8 5 5

0349(F66516
0698-4 l2 3
069A-4t2:,
0698-4121
069a-4123

0698-4123
0698-4123

8 l  20-18  5  5

0349(F6030A

03490-04l l6
1990-o402
199(F0402

1990-o402
1990-0402
1990-o402
199(F0402

0349(F6651?
1854-O07 I
1854-O07 I
1854-O07l

0698-4 I 2 3
(}6a+-4701
068+-4?O I
o69a-+123

0698-4123
o6a{-4701

a l  20- l  855
03490-6651 I

l8 54-OO 7t
1854-OO7 I
l8 54-O07 I

0684-470 I

069a-412 3
o69A-412 3
0684-4701
06a4-470 I
0698-41 2 3

a l 2 0 - 1 a 5 5

I

t

I
l 2

I

I

INCTIA&D BCD ISOLATTOII BOARDASSY
TSTR:S l  NPi l ISELECI€D FROt  A, r3?041
TSTR:S l  NPt i I ISELECTED FR,Oi t  an3?O{ l

ISTRTSI  NPNISELECTED FROT AI37O4I
TSIR:SI  NPNISFLFCTED FROf i  2 I {3704I
TSTR:S l  NPN|  SEI_ECTEO FROi t  a {3?O4 '
TSIR:S l  NPr { lS€LECTED FROi l  an3?O4t

R:FXD COf , tP  4?  OHf i  lo t  l /4 l i
R3FXD CO|{P 47  oHt t  lo t  l /41
R:FXD CO|{P 47 oHil lot l./4ta
R:FXD CnHP 47 oHn lo t  t . /41
R:FID CO!{P 47  o t {a {  101 t /4H

R:FXD CO' {P 47  oHX lo t .  l / { l

CABIE:RIEAON

OUTGUARD BCD ISOI.ATI(rI BOARDASSY
R:FID XEf  FLX 499 ( ]H l |  l t  t /8 t
R iFXD f {€T FLX 499 OHta  l t  t /8 r
R:FXD l tEr  FL ' l  {99  oHt i  l !  l /a r
R:FXO r,tET FLft 499 oHfi lt l /8r,

R:FXO i rET FLt  499 oHr{  l !  l /8 I
R. :FXD xET FL l l  {99  OHü l t  l /O l

cAEt_E:RtBB0r {

REilOTF ISNIATION ASSY

P L A T E : L I  T . ( U N T I N c
TSTR,: PHOTO
T STR: 9r{oTO

fSfR: PHOTO
TSTR: PHOTO
TSTR: PHOTO
TSTR! PHOTO

INGUARD R€i..IsoLATIoN BoARD AssY
TSIR:S l  NPt { l  SETECTED FRoi l  2 i l37o41
TSIR:S l  t {PNaSELECTEO FRct  An3t0{ t
l s rR:s t  NPN|s€LEct€D FROi  a t3704 l

R:FXD nET FLH {99  oHi l  t t  l /81
8,:FXD COI{P 47 oHft lot l/41
R:FxD CoitP 17 OHtt lot l/al{
n :FXD HE. r  FLH {99  OHt{  l :  l /8y

R:FXO ||Er FLr 499 oHr{ lt l /ol
R :FXO CONP a? OHt l  lo t  t /4 l t

CAELE:RIAEON
OT'TGIITRD REI{ ISOLATI(}I BOARDASSY

TSrn:S l  NPNISELECIFD FROr  2N37O4l
TSTR:S l  NPN(S€LECTED FROr  an37o4 l
TSIR:SI l lpl{tSE|_ECTEO FROI| an3ZO{l

R:FXD COrP 47 oHl r  lo :  l /4 r

R:FXD ftET FLll 499 oHli lt l ./sr
R:FXD | |ET F I r {  499 oHH l t  t /81
R:FXO COr lP  4?  OHl t  lO!  l /4 r
R:FID COtiP 47 (l|{ l{ lot l/4r
R:FXD LET FL l l  a99 OHn l t  l /8 f

CABLE:RIBBON

28a80
28480
28480

28{80
24480
2A4AO
2a460

o l  l 2 l
o l l 2 l
o l l 2 l
0 1  l 2 l
0 1 1 2 1

0 l  l 2 l

28440

2A4aO
2a/T80
2E480
284r0
284 80

28480
28440

28aao

2A4aO

28480
2a{80
24480

2A4AO
2A4aO
28480
2844O

2A4 80
284a0
286r0
24480

28180
o l  1 2 1
o l l 2 l
28480

28480
o l l 2 l

28480
24t80

28480
28a80
24480

o t  l 2 l

28480
28480
0 t r 2 r
o l  l 2 l
28{80

28480

o:tt9(F66515
1854-0071
18't-O0? I

I I ' t-00?t
1654-OO7l
I 85r-0071
I 854-00? I

c8
c8
co
CB
CB

c8

4701
t?o l
4701
4?Ot
4701

4701

ot 20-t 85 5

(I:|+9(F66516
0698-tt 2l
0698-6t2t
0698-{l 2:l
0698-4123

o698-4t2t
0698-{123

al20-l 8t5

o3t9(F60308

o:ta9(F04l16
I 990-0402
1990-0402

1990-0402
1990-oi02
1990-oto2
1990-oto2

ot49(F5651?
1654-OO7l
I 854-OOtl
1854-00? I

0698-412!
cB a70t
c8 4701
069A-4123

o69a{123
cB 4701

8120-1855
03a9(F66tla

I 8t4-O0? I
1 854-OO? r
l8*-oo7 t

c8  4?01

069A-{123
0698{123
c8 4701
cB 4tol
069A-{123

at2(F1855

See introduction to this section for ordering information
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Section VI Model 3490A

T o b l e  6 - 1 .  R e p l o c e o b l e  P o r t s ( C o n t ' d )

Reference
Designation

HP Part Number otv Description Mfr
Code Mfr Part Number

422
A22AP I
^22U1
A22U2

^ 2 2  A l
122Äl  R I
^ 2  2  ̂ t F 2

a ? 2 r l u t

A22 A2
 2 2 ^ 2 C l
^22^242

^22^2F l
422^2F2

424

A24r�P I
A24|/.P 2

,24e1

^ 2 5

^ 2 5 A P  I
^254P2

426

^26XP I
A26r4P 2
A26AP1

^ 2 7

a2 7Cl
427C2
^27C5
427C6
^2'tc7

A2fCA
427C9
^27CtC
l27C I  I
^ ? 1  C t  2

l 2 ? c  l 4
L27Ct5
^ 2 7 C t  6
^ 2 7  C t  1
^ 2 7 C t  €

1 2 7 C  I  9

r 2 7 ; t  I
r 2 7 C t  2

03 490-60 302
03490-04 l  l4
1990-o40 2
1990-0402

01490-6652_2
0684-a22t
o6a4- lo2  I

t820-0586

o3+90-66524
185+-OO? I
l8  5  4 -OOl  I

06a6-470 I
0684-470 I

ot490-66521

4{r40-o748
4040-o"152

0698-OOA{

03490-6t 525

4040-0744
4040-o75 3

ot490-665?6

I  2  00-o76 a
4040-o748
4040-07 5 /r

01490-66527

ot  60-2  I  98
o 160-2  l9  8
01 80-o l  9?
o t a o - o t 9 7
o l  8 0 - 0 1 9 7

o l a o - o t 9 7
o l  60-0679
o t60- i85  5
o l  60-3  077
o l 6 0 - 1 t l  9

o l 6 0 - 2 1 9 9
o l 6 0 - 3 6 2 2
o l  60-1  t  83
o 1 6 0 - 2 1 9 9
ot  60-31  83

o l 6 0 - 2 t 9 9

t90  1-oO40
190 l -00{o

I

2

I

I

2

I

I

2

I
I
2
I

SYSTEIl  I  SOLAT IOI{
P I A T E : S Y S T F X  L I
r S T R :  P H O T O
I S T R :  P H O T O

I N G U A R D  S Y S I E T  I S O L A T I O i I  B O A R D  A S S Y
R : F X D  C O I P  8 2 O O  O | t {  t o t  l / 4 t a
R:FXO COarP 1000 ort t  lof  l /4t{

I C : T T f  L P  H E X  I I ' I V E R I E R

O I , T G I ' A R D  S Y S T E } I  I S O L A T I O N  B O A R D A S S Y
f  s t R : s l  N P N t s E l . E c r E D  F R O t {  A n 3 7 0 4 t
T S r R : S I  N P N I S € I , E C T E O  F R O I '  2 N 3 7 0 4 l

R : F X D  C O f l P  4 7  o H h  L O t  l / 4 t
R : F X D  C O I { P  4 ?  O H F  t o t  I / t t a

S / H ANALTE JU' lPER ASSY

t x T R A C T O R : P C  8 0 A R O .  8 t _ A C (
F X T R A C T O R : P C  8 0 A R O ,  Y E L L O T

R : F X D  I ' E T  F L i l  2 . I 5 K  f H i l  I t  I / 8 I I

S / H  L O G I C  J U I { P E R  A S S Y

E X T R A C T O R : P I C  8 { ) A R D ,  8 f  A C x
EXTRACf.b{:PC .8o^-Ro. GREFN

R A T I O  J I ' I I P F R  A S S Y

S O C K E I :  I N I E G R A T E D  C I R C U I T  1 4  c o N T A c I
E X T R A C T O R : P G  B O A R D T  A L A C (
E X I R A C T O R : P C  8 O A R D .  S L U E

S A X P L E / H O I D  A N A L O G  A O A R D  A S S Y

C:FXO l t l cA 20  PF 5 l
C:FXD I ICA 20 PF 51
C : F X D  E L E C I  2 . 2  t , F  l o i
C : F X D  E L F C T  2 . ? .  U F  I o I
C:FXD ELECT 2 , .2  IJF  IOZ

2ovDct
20vDct
2 0 v m r

c : F x D  E L F C I  2 . 2  U F  l O t  2 o V O C I
c :Fxo IEFLOi l  56 'JO PF 5r  l00vDCta
c :Fxo P0LY 5600 PF 5 t  1ooVOCn
c : F x o  H Y  0 . 0 2 7  U F  l o t  l o o v D c r
c :Fxo o . l  t rF  l00vDc i ,

c : F x D  H t c a  3 0  P F  5 t  t o o y D c r
c :FxD cER O. l  UF +80-20!  IOOVDC| '
c :FxD t {Y  0 .47  UF zCt  50VDC|
c : F x o  H l c a  3 0  P F  5 t  3 0 0 v D c l
c :FxD f , iY  o .+7  t rF  20 t  5ovocP

C : F X D  l l C A  3 0  P F

o I n D E : S I L t C O t {  5 0
DIODE:S l t ICn i l  50

5t 300v ocr{

xa 30 9v
taa 30 rv

284 80
28480
28480
28480

2A4AO
o l  l 2 l
o l l 2 l

12  040

2A4AO
28440
2A4AO

o l l 2 t
o l l 2 l

24480

28440
28480

2A4AO

28480

284 80
28480

28480

9 I 5 0 6
28480
2A4AO

284AO

72t36
72t46
562 89
562A9
562 89

56259
2a480
284A0
562 89
28480

28480
729a2
a44tl
2a4AO
84411

28480

o7263
07263

o:|49(F60302
o349(FO4t l4
1990-0402
1990-0402

0349(F66522
c B  8 2 2 1
c8 lo2 l

Dat74LO4t{

03490-66523
l8 54-OO7 I
I a54-O07 I

ca  4701
cB 470t

0749(J-66524

4{)40-o?48
1040-o752

0698-OOA{

0349(F66525

4040-o748
4040-0753

03490-66526

3r4-aG5D-3R
404{)-o748
4040-0754

o1490-66527

ROfll 5C200J3C
ßot1l 5c 200J3c
t50D22 5  X9020A2-DYS
l5 o 22 5XeO20A2-OYS
l5  0D225 X902042-OYS

I 5 ü)22 5 X9020A2 -OY S
o l60-0679
o l60-1855
225P 2739t$t-PNA
ol60-341 9

ol 60-2 I 99
8l 31 -l OO-65 l-l 04Z
HEI' IOI
o l  60-2  199
HFH 1O1

ol 60-2 199

FDGI 088
FD6l 088

See introduction to this section for ordering information



Model 34904 Section VI

T o b l e  6 - l .  R e p l o c e o b l e  P o r t s l C o n t ' d )

Reference
Designation

HP Part Number aty Description Mfr
Code Mfr Part Number

^27CR 3
^27C41
A27CR5
^27CR6
A27CR1

l27CR 8
)27Ct9
a2?cR lo
A27CRt2
A27CR l3

a27CR l4
A??CR I 5
i2?ca l6
lz?cR I 7
A2?CR l6

A2?CR l9
A27CR 20
^27CR22
^27CP23
^27CR21

^27CA25
^27Ce26
^27tR27

l2?ß l
^27K2 .
A27l- I
427L2
l2?13

^27L4

A27rP I
A27AP2
^27nPt

t27tP4
A27rrP5

^2ZOl
^2702

42703
^2704
^2705
42706
^2707

A2708
A2?O9
42701 I

A27R I
A27N2
A2?R3
427R4
A2?R5

Ä27R6
l2?R8
427R9
a2?n l  o
l27Rl  I

A27Rl 3
127Rla
t2?Rl 5
A2?RT ?
^z'tR t I

Ä2?R I 9
427e20
A27P,2l
^27F,22
Ä27e,23

^27s21
^27t25
^27e28
l2?F29
^27R30

1901-o376
l90 l  -o i76
190 l -o376
l90 l -0376
190 l-0040

l90l -o376
190 l-o176
1901 -037 6
leo  2-3  180
1902-3  I  8  0

190 l-oo40
190 l -o376
190 t-o376
190?-3 I 9 I
1902-3  r9  I

l90 l -037 6
190 t -o376
I  901-0376
190 2-l 19 I
1902-31 9 l

t90 l-o 37 6
l90 l -0376
190 l -o376

o490-o373
o490-o373
9t ?o-0894
9 l  70-oa94
9l 70-0494

9 t  70-o894

4040-074A
4(}40-0752
1200-o4t7

1200-o4?4
0340-o060

1855-0093
la55-0304

la55-oo9 3
I I 55-O093
ra55-009:t
I 455-030a
1855-O09 l

l8 54-02 I 5
la55-o003
l8 55-O:!41

0757-O28 0
0757-O27t
2t oo-2{a9
o698-+460
0698-3!r5

2 loo-31o3
o?57-O{49
o757-()4+9
075?-O453
o757-04�42

2 loo-3306
2l oo-33 I I
o?5?-0449
0757-0449
0684-4?3 I

o6E4{?31
0698-4505
069A-4505
0698-f9.5
075?-o4t8

o7t?-o4:t8
o7 5?-0+65
0757-()449
o?57-O43 I
o?57-()465

t 5

2

2

I

I
I
2

I

D I O D E : S I L I C O N  3 5 V
D I O D € : S I L I C O N  3 5 V
D I O D E : S I L I C O N  3 5 V
o l o D E : s l L l c o N  3 5 Y
D I O O € : S I L l c o | |  5 0  l l A  3 0  l V

D I O D E : S I L I C O N  3 5 v
D I O D E : S  I L I C O N  3 5 Y
D I O D E : S l L l C O t {  3 5 V
D I O O E  A R F A K D O I ' N :  I I . B V  2 I
o l o o E  a R E A K D O $ I : l l - 8 V  2 l

D I n D E : S t L I C O N  5 0  l r A  3 0  t v
D I O D € : S I L I C O N  3 5 V
D I O O E : S  l l - I C O N  3 5 V
D I T J D E  B R E A K O O I I N :  I 3 . O V  2 I
D I O O €  B R E A ( D O t r { :  l 3 - O V  2 t

D I O D € : S T L I C O N : } 5 V
D I o O E : S  I L I C O I  3 5 v
D I O D F : S I L I C O N  l 5 V
D I O D E  B R E A ( O O y N : 1 3 . 0 V  2 t
D I O O E  A R E A K D O r . f { :  l 3 - O V  2 t

O I o D E s s  l L I C O r i  3 5 v
D I O D E : S I L I C O N  3 5 V
o l o D E : s  I L l c o N  3 5 v

R E L A Y : R F E T )
R E I .  A Y : R  F  F N
E E A O :  S H  I  E t  D I  N 6
B E A O 3  S H  I  E L O  I  N G
R€AD: SH I EL DI i IG

BEAT':  SH I  EI.D I  i lG

E I T R A C I O R : P C  A O A R  D '  B L A C X
E X T R Ä C T O R : P C  A O A R D .  Y E L L O I
S ü : ( E T : I C  A  P I N

s o c ( € T :  I c  l 4 - P l r a
FEEDTHRU : INSULAT€ D Tü'NT ING

r S T R :  F E T  T H H A N N € I .
T S T R s S I  N P N  D T , A L

T S T R : F E I  N { H A N N € L
I S T R : f E T  N - C H A N i I E L
T S T R : F E T  N . C H A N N E L
TSTR:SI TIPN DUAI.
lSf R: F€I l { -CHAI{NEl-

TSTR: SI NPTI
f Sf R: FEI tl-G{tAlMt .-i
r S f R : S l  F E t  N - C H A M { E l .

/.'

R:FXD IET FLf r  lK  O i l .  l t  t /a l
R :FXD f tET F t r  3 .OtK ür r l  l t  t /8 t
R :V/lR FLfi 5( (ttft lo! L I it 1/21
n, :Fxo FLH 649 oHf {  l t  1 /81
R:FXO r {ET FLt  34a OHt  l t  l /81

ß.:vaR cERfrEl loK &rr lot Typf p 3/4r
R:FXD Ft-l{ 20|( f l. i l t l t l /8h
R : F X D  F L X  2 0 K  O H t l  l :  l / E h
R:FXD l |ET FL l l  : tO. lK  f I tX  l t  l /8X
R:FXO r {ET FLX l0 .O(  O{ l t  l t  l /a l

R:YAR CERXET 5OK (Hli lol rYPE p 3/4ta
R:VAR C€RtEr 500 a*ilt lot TYPE p 3/tI
R :FXO FLX 20X OH| |  l t  l /8 r
n : F x o  F L t  2 0 K  o H x  t t  l / 8 y
R:FXD COI{P 47K OHI{  lo l  l / {L

t:FxD colrP 4?t( oHfr lot l/al
R :FXD t {ET FL l l  7 l - t (  $ t r  l t  l /8 ta
R:FXO XFT FLlr 7l.t( 0fi l i  l t I/Ar
R:FXO r |€ l  FL I  34a OHl |  l :  l /8 r
R:FXO l lE l  FL t  5 - l lK  OHl , l  l t  l /8 r

R:FXD tET FLX 5 .11(  t l t i t  l t  t /8 ta
R:FXD l,lET FLll IOOX Olfl l l  l /Sa
R: fxD FLf l  20(  ( ) | i l  l t  l /aY
n:FxD l tET FLx  5 . l lK  ü l f t  l l  l /A r
R:FXO | |E t  FL t  IOOK (x { i  l t  l / f f

600 Hr
400 tr

2A4AO

2 8 S 8 0
2E480
2 8 4  8 0

0726A

2 8 4  8 0
2844O
28480
2|N4AO
2 8 4 8 0

07261
2 8 4 8 0
2844O
2 8 4 8 0
zA4AO

2A4AO
28480

2 8 4 8 0
264AO
2844O

2 E 4 6 0
2 8 4 8 0
28t80

2A4AO
2 8 4 6 0
2 8 +  8 0
28460
2  8 4 8 0

28480

2 8 4 8 0
2 8 + 8 0
. l 7 l  l 7

28480
2 8 4 8 0

28480
28480

2A4AO
24480
2A480
2a4ao
28480

80131
24480
t1127

zA4AO
28480
28480
2A480
20a80

2A480
28480
24t80
28480
28480

28480
28480
28480
24480
o t l 2 I

o l l 2 r
28480
28480
28tAO
2At80

28480
28480
28480
24480
24t80

l90l-o376
190l-0376
l90 l -o3?6
l90l-0376
FD6l 048

l90l-o3?6
l90 l {376
l90l-o376
1902-31EO
1902-3lao

FDGI 088
l90l-o3?6
t90 l -o376
1902-319 I
1902-31 9t

l90l-o376
l90l{)3?6
l90l-o376
1902-31 9l
1902-319 I

I 901 -0376
r90l-0376
I 901 -o3?6

0490-037t
0490-0373
9l?o-0894
9l ?o-o894
9170-oEgt

9t ?0-0894

404{FO748
4040-0752
5566�-2t'�-5

1200-oa76
0340-0060

1855-O093
I 855-030A

1855-OO93
la55-oo93
1855-O093
lE55-030r
la55-o$r3

2N3904
1.855-0O93
2t{4338

0757-()280
075t-o27t
2l o(>2449
069A.*60
069a-3445

2loo-31 o3
o?5?-o{49
o75?-O449
o?57-0451
0757-O+12

2100-3306
2l oo-33 1 I
075?-0t{9
o7t7-ott9
cB 47tl

cB a?31
0698{505
0694-+tO5
069r-3445
o75t-0438

.o?t7-043 I
o757-()465
0757-().49
0757-O+3E
0757-{t465

See introduction to this section for ordering information
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Section VI Model 3490A

T o b l e  6 - 1 .  R e p l o c e o b l e  P o r t s l C o n t ' d )

Reference
Designation

HP Part Number Qtv Description Mfr
Code Mfr Part Number

Ä2?R3 I
^27P.a2
^27R33
A27Rt4
^27Rt5

427R36
427R3?
427R3 €
l2?R19
127R40

427R43
^27F'44
 zfe4t
^27?16
^27R41

12?u I
^27U2
 27U3

427U4
^27U5
^271t6
427U7
^27üA

^27U9
A2?UlO

428

^2ac l

a2ac2
^24c3

l28Cß I
l2acR 2

^28lrP I
^?AAP 2
^28tP)
t2araP4

a28XP 5
Ä2 8 tP 6

1280 t

A2AR I
428R2
r28R3
A26Ra
128R 5

Ä28R6
428R7
a2s is
a2an9
A 2 8 R l 0

l28Rl  I
428ß I  2
a28Rl  3
a28Rl  4
a28Rl  t

l2a  u l
^zau2
l?6u3

A2AtrI
12ar,,.
^2 CrtS
r2aJ6
^24 i7

o757-0149
o757-O40 I
075T-0r'r65
0698-3162
0757-ü42

o757-O401
069A-3 I 62
0698-450 5
0698-4505
068+-47:r t

0757-0449
o75?-O438
0757-0449
o757-0449
06a4-473 I

I 826-OOt9
1826-OOl  I
1826-OO59

1826-OO59
l8 26-0O2 I
1826-OOt 9
1826-0O59
1820- t02  I

t820- t ( )2 r
1820-o t  74

0349(F6652I

o l  60-3077

ot 50-ooa4
ol60-260 5

190 l -o5 l  8
1902-3183

4040-0748
4040-o753
t200-0F.74
1200-o47 3

1200-0469
o3ao-o8 32

la 5{-oo7 I

0684- t  O3 I
0684-332 I
0684-562 I
0684-682 I
0684- lOt  I

06a4-3321
0684- l03 I
068+-562 I
ta  lo -oo50
t S t o - o o 5 0

o6a4-56?,1
06a4-562 I
o757-O116
o75l-O2A)
068a- lo2 I

Ia2(FO5a3
tE 20-o65 8
I  820-0596

l8 20-06 5a
182 0-0656
lE 20-o6 56
162 (FO708
It 20-o47 I

4

I

I

3

2

5

I

2

2

R : F X O  F L H  z O K  O H H  l t  l . / A r
R:FXD i lET FL||  IOO OHri t t  l . /8t t
R : P X O  ä F f  F | . r |  l o o (  o H a  l t  t / a .
R : F X D  I E T  F L X  4 6 - { (  O t i l  l t  l / 8 r
R:FXD | lEl  Fl- f l  lO.O( ( I{ l t  l :  l /Al

R : F X O  H E T  F L x  I O O  O H r a  t !  l / g y
ta:Fxo l |FT FLfr 46.4|< OHI l l  l /8r
R : F X D  t { E T  F t t  ? l . 5 K  ( l { H  l t  l / a r a
R s F X D  l t E T  F L l t  ? I . S (  O H t l  l l  l / 8 1
R : F X D  C O I { P  4 7 K  0 H | |  l o t  l / 4 1

R : F X D  F f r {  2 0 (  0 t { x  l t  l / a f l
R I F X D  t t E T  F L f a  5 . l l K  ( } { H  l a  l / 8 u
R : F X O  F L X  2 0 | (  O H t t  l t  l / 8 r
R : F X D  F L X  2 0 t (  O H l |  l l  l / 8 r
R : F I D  C O I I P  4 ? (  O H i l  l o t  r / 4 r

I C : L I I I .  O P E R A T I O N A I  A T P I t F t F R
I C : L T N E A R  O P E R A ' I o . A L  A I i P L  T F I E R
I C : f  l i l .  N P E R A T I 0 N I L  A X P L I F I € R

I C !  L I N .  O P F R A T I O N I L  A I I P t  I F I F R
lc:voLTAGE FOL| OTER O TO ?O C TO-99
I C : L I i l .  O P F R A T I o i l I L  A | I P L  T F I E R
T C : L I N .  O P E R , Ä T I O ' { A L  A [ P I -  I F I € R
I C : D I 6 I T A L

I C ! D I G I T A L
I C : T T L  H E I  I N V € R T F R

s a n P L E / H O I O  [ ( r t C  ß o t R D  t s s Y

c : F x o  r { Y  o - o 2 7  u F  l 0 t  t o o v t f , y

C : F X O  C F R  O - t  U F  + a O - 2 O !  I O O V D C | I
c : F x o  c E R  o . o 2  t F D  + 8 0 - 2 0 1  2 5 Y O C I

O I O I ) € : H O T  C A R R T E R
DIOOF:8R,ft(DO*N IZ.IV 2t {00| |1

E X T R A C I O R : P C ' & I A R D T  B L A C K
EXTRACTOR:PC 8OARD. G8,EE1{
S t r K € T :  I C  [ { - P I N
s o c K E T :  I C  l 6 - P t i l

s ( f , K E T : r C  2 8  C O N T T C T  O U A I - - I l | t  t N E
S T A i l O 0 F F : S t l 6 E  r y p E  o . 5 O O .  t - G

T S T R , : S I  N P N I S E L E C T E D  F R 0 I I  ä I 3 7 0 4 I

R:FXD COilP IOK (} t f t  lot  I /4t
R:FXO CO}|P 3300 or+t lot  l /4r
R:FXD COftP 5.6K OHri{  lO! l / { r
R : F X O  C O x P  6 . 8 t (  O f i l  l 0 !  l / 4 1
R:FXD CO|{P IOO OHl4 tot  t r . .y

R:FXO COI{P 3300 or|{ lot l/4tJ
R:FXD COTP IOK OHX IOI  L '1Y
R:FXD CO|{P 5.6K O}t4 lot l/ar
R€StStM f t€TyoRt (  10  r  l5K oH, .
R€StSTtVE r {€Tt f iR(  LO I  I5K OHr l

R:FIO COIP 5.6t( Orlt lo: l/41
R:FrD COXP 5 .6K OHl  lo t  l /4 ta
R:FXD HET FLt {  t5 .O(  (H | |  l t  l /a r
R:FID ltET FLt{ z.OOK oila lt l /8y
IIFXO COIIP lOO0 Orl.t t}t ttf l

IC :TTL LP OT,AD 2- I IPT xAND 6ATE
IC!TTL LOl. POT'ER A-IIfUT I{I.I-IIPL€XER
IC:TTL LP Our l  eOee TRt€ .  O F /F

IC:TTt t_Ot potER a-ti lput r{lrtptEt€R
IC:TTT LP 4-BIT  2- INPI  , {ULTIPLEX€I
TC:TTI -  LP 4 .8 IT  2- INPI  IUTTIPI -EXER
lC: fTL  LOt  pOraER qJ lL  { -n rp t  ru l f tp l€ I
lC : f f l  H€X INVERIER r /OPEr |  CO-L. (3ov l

lo t
1 0 t

24480
za4ao
24480
28480
24480

28480
2A4AO
28480
24480
o l l 2 t

28480
2A4AO
2A4AO
28480
oI  l .2 t

12()40
28480
12040

12()40
12040
12040
t 2040
24480

2A4aO
ot295

24480

562A9

72942
72942

28+80
2A4AO

2844O
284AO
28480
2844O

23480
00000

28480

o l 1 2  t
o l l 2 l
o t  l 2 l
o l l 2 r
0 l l 2 r

o l l ? l
o l l 2 l
o l l 2 l
?84AO
28480

0 1  l 2 l
o l 1 2 r
28480
24t80
0 l  t 2 l

12040
of 263
l2 040

07 26i,
o 1 2 9 5
o1 295
0726t
o l  295

075r-o149
0757-OtOl
o?57-Oa65
0698-3162
0757-o�1/r2

0757-()4Ol
0698-3162
0698{505
0698-4505
cB 4731

o757-O449
075?-O438
0757-O41i
0757-04+9
ca 4731

LX20lAfa
1826-OOl I
L120lafi

Ln20 latl
Ltt3lot
LX20 lArl
Lt|20tAtl
1820- lo2  I

I  820- lO2 l
sN7404N

03490-66525

225P2739t81-PfX

8 l3 l - loo-651- l  o4z
5835000-V5U 2032

l90 l {5  l8
1902-31 A3

404{FO748
{o40-0753
t200-o{7{
1200-().?3

1200-0469
OBD

l85a-oo7l

c 8  r o 3 l
c8 3321
cB 5621
ca 6821
c 8  r o l l

c8  3321
ca lo3 l
co t62l
la l0 -0o50
lslo-oo50

ca 5621
c8 5621
0757-O446
0757-OZA1
cB lo2 l

Dlr74l_ooN
sL I 7l{6
DX74L?tN

sLr 7146
sN74L9Ail
sN74L98N
lJ6893t0959I
sN7406N

See introduction to this section for ordering information



Reference
Designation

HP Part Numbel oty Description Mfr
Code Mfr Part Number

428U9
a2aul c
A2gu l  I
A2a$12
a2auLl

t  a28r , l4
a28Ul  5
a?8ut  6

429R6
429F7
^29R4
429R9

429

^z9cl
^2ect
429C4
^29C5
429C6

a29CR t
^29C42
^29CR)

t29raP I
4290L
429o�2
^290t

A29R I
429R2
429ß3
129R4
^29R5

a29r I
A29UI
429W6
A30/A35

A30/A35U1-U 1 1

430

a30c l
^toc2
430c3
t30c4

a30cR I
^3ocR 2
a30cR 3

r30tP I

a30t'rP 2
A30XP3

4300 t
a:too2

43003
43004
43005
^3006
43007

a 300a
13009

A3OR I
I  toR2

I  82  0-O099
l8  20-o6 56
I 82 0-O9aO
lB 20-o59 8
I 82 0- 0077

t8 I 8-2094
182 0-0656
1820-oe35

l l  I  l n - 6 6 5 0 1

o l  80-251 t
o180-0228
ol 50-o05 0
ol 70-o040
ol 50-o05 0

190 l -oo2 a
I 902-O04 9
190 l-oo40

L25L-2551
ta54-oo22
I  854-O07 I
l8 54-OO7 I

o6a4-l 03 I
o757-O388
0684-822 I
0684- lO l  I
0684-t 23 I

.16a4-2271
06a4-l 02 I
0684- lO2 I
06a4-a2?L

9too-3?.71
la20-o5a6
03490'-61617
0ß490-60it13

1990-04(I2 A
o3490-66530

0 1 8 0 - 1 7 0 r
ol 60-ol 56
ol 50-o093
Ol 5OrOO93

190 t-o040
1902-3 03 0
190 l-0040

l2 00-o43 L

1200-047 3
t2 00-0474

la54-oo7 I
l8  54-O07 I

la54-oo7 I
I  8  54-OO7 I
la 54-OO? I
t854-O07 l
l8 54-O07 1

I  854-O07 I
l8  54-OO7 I

0 6 8 4 - 1 0 2 1
06a4-3131

2

1
1

I

I

2

I C : T T I  4 - A I T  B I N A R Y  C O U N T E R
I C : I T L  L P  4 - 8 I T  2 - I N P T  l i | U | . T I P I - E x E R
I C : D I 6 T T A t  C X O S  H € X  r u F F E R / T R A N S L A T 0 R
I C : T T L  L P  O U A O  2 - I N P T  E X C T .  o R  G A T F
I C : T T L  O U A L  D  F / F

I C : N - C H A N N E L  R O ' i
I C : T T I .  I . P  4 - B I T  2 - I N P I  I ' U I - T T P L E X € R
I C : D I G I T A [  C i l O S  I 4 - B I I  8 I N ! R Y  c o U N T E R

O U T G I ' A R O  T R I G G € R  A S S Y

C : F X D  A L  E L F C T  f 7 O  U F  2 O V D C I '
C : F X D  E L E C T  2 2  U F  l o t  r 5 v o c t a
c : F - x D  c E R  1 0 0 0  p F  + 8 0 - 2 0 t  l o o o v o c t a
C : F x O  t t Y  0 - 0 4 7  U F  l o t  2  O 0 V m X
c : F x D  c E R  l o o o  p F  + 8 0 - 2 0 1  l o o o v o c y

D I o D € : S I L I C O N  0 . 7 5 A  4 O O P I V
T ' I O D E : B R E A K D O I i N  6 . I 9 V  5 I
D I n D E : S I l l C O i l  5 0  t 1 A  3 0  X V

C O N N E C T O R :  S I  N G L E  C O N I A C T  1 4 I N I A T U R €
T S T R : S I  N P N
T S T R : S l  N P N ( S E L € C r E 0  F R O | {  2 N 3 7 O 4 l
r S T R : S I  N P N I S E L E C T E D  F R O I { ' { 3 7 O t I

R : F X D  C O | I P  I O K  O H t {  l o t  I  / 4 } l
R : F X O  F L I  3 0 . 1  O H t {  1 t  l / 8 L
& : F X D  C O X P  8 2 0 0  o r i l , t  l o t  l / 4 r
R : F X D  C O r i P  1 0 0  o t { r {  l o t  l / 4 1
R : F X D  C O | 4 P  t z K  O H r t  t o t  l / { x

R : F X D  C O h P  2 2 K  o + t t t  l o t  r , / 4 t
R:FXO COfiP IOOO Olt l  lot  t rr .Y
R:fxD coxP looo or i l  lot  l /4t
R:FXD COI{P 82Oo Otl l l  lot  l /41

T RANSFORXER: PUI,SE
I C : T T L  L P  H E X  I N V F R T € R
CABLE ASSY:TRIG
ASCII ISOLATION ASSY: INCLUDES

A 3 O ,  A 3 5 A N D  U . I  T H R U  U 1 1
TSTR:PHOTO-

. i
ASCil  OUTGTTARD rSOt-ATloN ^SSY

2N3704t
2r{3704 |

2t{3704 |
2N3704 I
at 3704 |
2r{31o4 |
?'{ 3704 I

2N1?04 I
ät 3704 t

C:FXD ELECI  6 -8  UF 20t  6VOCt l
C:FXO l,lY 0.0039 UF lot 2oOVDCta
C : F X D  C E R  O . 0 1  U F  + 8 O - 2 O t  I O O V D C T
C:FXD CER O-Ol  UF iao-?O:  lOoVDCl

o loDE:s tL lcoN 50 t {a  30  rv
OIODE BREAKOOT*{ :1 .0 IV  51  4OO ür
D lOf tE :SIL ICON 50 i lA  30  l t y

SMKET:  IC 24  CNNTACT

S O C K T T :  l C  1 6 - P I N
S( fK€r :  lC  l4 -PIN

T S T R : S I  N P N I S E L E C T € D  F R O N
r S T R : S I  N P N I S E L E C T F D  F R O T

T S T R : S I  N P N I S E L E C T E D  F R O I I
T S T R : S I  N P N I S E L E C T E D  F R O I
T S T R : S I  N P N I S E L E C T E D  F R O I 4
r S T R : S I  N P N I S E L E C T E O  F R O I {
T S T R : S I  N P N I S € L E C T E D  F R O I {

T S T R : S l  N P N I S E L € C T C D  F R o t {
r S T R : S I  N P N I S € L E C T E O  F R O X

R:FXO f.Ol, lP 1OOO OHlt LOI t t4ta
R : F X D  C O i l P  3 3 K  ( t t x  l o l  l / 4 f l

o 1 2 9 5
o l  295
2a4AO
12040
0 1 2 9 5

28480
o l  295
2A4AO

24440

?8480
56249
562 89
562A9
562A9

o47 l f
04 ?t:1
o7 263

0o779
o7 261
2A4AO
284AO

0 l l 2 l
28480
o l l 2 L
o L  l 2 l
o l l 2 l

o l l 2 l
o t l 2 l
o l t 2 l
o r l 2 l

284 80
l2  0+o
2A4AO
28480

28480

204 80

2E+EO
562 89
72952
729A2

o7263
2 8 4 8 0
o7261

28480

28480
2 8 4 8 0

28480
24480

28480
28{  80
28480
28480
28480

2A4AO
28480

ol. t 2l
o l l 2 l

sN7493N
sN74L9aN
1820-o9ao
Dra74L86N
sNTt?4N

l8 l8 -2094
sli 74L98il
I 820-093 5

r l l l s -66501

o l80-25 I  I
1500226X901 582-OYS
co678 lo2 E IO2ZS 26-CDH
192P4?392-PTS
c067alo2 E l02 zs 26-cOH

sRl358-9
sz I c939- 122
FDGI O8A

332070
st 7843
I 854-OO7 I
I 854-O07l

cB lo3 l
o757-Or I 8
cB 8221
c B  l o t  l
c 8  t 2 3 r

22 ! l
I  02 l
I  02 l
a22l

c8
CB
c8
c8

9loo-tz7a
DH74LO4N
8490-61617
ß490-6ß13

1990-0402

03490-66530

o l80- l?o l
t92�P19292-PrS
801-K80001 I
80 1-r(8000 I I

FOGI Oa8
l9 02-30 30
FDGI 088

I 2 00-043 I

L200-047t
l2 00-o474

1854-OO7l
l8 54-OO7 I

I 854-OO7l
I 854-OO7 I
I 854-0071
1854-007 I
I 6 5+-OO7 I

1854-OO7 I
t 854-00? r

c B  l o 2 l
cB 3331

Model 3490A Section VI

T o b l e  6 - 1 .  R e p l o c e o b l e  P o r l s ( C o n t ' d )

See introduction to this section for ordering information
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Section VI Model 3490A

T o b l e  6 - 1 .  R e p l o c e o b l e  P o r t s ( C o n t ' d )

Reference
Designation

HP Part Number oty Description Mfr
Code Mfr Part Number

A3OR3
A3OR4
430R5
A30F6
a30Rl  2

a30R I  3
a30Rl  4
a30Rl  5
a30Rl  6
a30R I  7

a30R I I
a30R I  I
430R20
430R2 r
AaoF22

l30R 2  3
a30R2 4
aloR2 5
130R2 6
A3OR2 ?

^30R2 t
130R29
A30R30

^30u1
430u2
A3OU3
Atot14
A3OU'

A30U6
430{r7
a30lr8

a f l

1 3 l c l

^ttc2
Ä3 lca
^ 3 t c 4
a3 lc5
1 3 l c 6

l 3 l c 7
t 3 l c 8
a 3 l c 9
a 3 l c t  c

l 3  I C R  I
13  lcß  2
r ?  l c F  3
l 3 l  c F  4

l 3 l c F :
r 3  l ; p  6

r _ : l J l

0684-6n2 I
06 84-33i I
06a4-333t
0684-56r  I
0684-682 I

ooa+-oaz i
06a4-68? I
0684-6A2 I
06 84-682 I
684-2211

06'8/.,2211
ß44-2211
ß44-2211
068/,-2211
0684- lO3 t

0644- l  o3  I
0684-1 521
068,r-1521
068/t- 1521
0684-1521

0684- 1521
o6a4-6421
068�4-2211

1820-o? l  o
1820-o62 t
l8 20-o 5a6
la2(F0640
1820-o174

t820-0590
t8 20-o7t o
I  820-0546

A.

A/Ä

,A

l*
A
A
A

01490-66531

0t80-25t  I

0  r80-251 I
o l  ao-o t  97
o la0-o22 9
o t  50-o050
o l 8 0 - 0 1 e 7

ol 50-o05 0
o  170-o040
o l  50-o050
ot  50-oo93

l 9 0 l - 0 3 6 f
l 9 0 l - 0 3 6 3
190 t -oo40
190 I -0040

19 02-  3  190
I 901 -O()4 O

l 2 5 l - 1 3 6 5

I

I I

l l

7

t

I

I

R : F X D  C O ' { P  6 . 8 K  O H M  l 0 l  l / 4 t l
R : F X D  C O f t P  3 3 K  O H l , t  l o t  l / 4 1
R : F X D  C O H P  3 3 K  f H l , r  1 0 1  l l 4 U
R : F X O  C O X P  5 6 0  o H N  l o t  l / 4 1
R : F X D  C O I I P  6 . 8 K  O H t {  l o t  l / 4 1

R : F X D  C . O i l P  6 . a K  O H l l  l 0 l  l / 4 x
R : F X D  C O N P  6 . 8 K  O H l . r  t o l  l / 4 1
R:FXO COIIP 6.AK OHf{ lot  l /4r l
R:FXO COI|P 6.AK OHfi  IOZ l l t* l
R : F x o  C O M P  2 2 0  O H M  1 0 9 6 1 / 4 W

R:FXO COMP
R:FXO coMP
R:FXD COMP
R:FXD COMP
R:FXD COI IP IOK

220 0H& 1096 1/4W
220 ot+, lM 1/4W
220 oH�r lW" 1l4W
220 oHn 1trÄ 1/4W
olü lot t/tl

R I F X O  C O f { P  I O K  O H r  l O ?  1 / 4 H
R:FXD COMP 1500OHM 10% 1/4W
R iFxD COMP 1500 OHM 1096 1/4W
R : F X D  C O M P  1 5 0 0 o H M  1 0 % 1 / 4 W
R:FXD COMP 1500 OHM 10% 1/4W

R:FXD coMP 1500oHM 10% 1/4W
R : F X D  C O X P  6 . a K  O H , l  l 0 l  l / 4 1
R:FXD COMP 2200HM 1ü6114W

l C : o I G I T A L  T T L + L O G I C  t V  5 l
I C : T T L  O U A D  2 - I I { P I  N A I { O  S U F F E R  I / O P E N  C
I C : T T T  f P  H E X  I N V E R T E R
I C : T T L  D A T A  S E L E C I O R / I i U L T I O t E X € R
I C : T T L  H E X  I N V E R T E R

I C : I T L  L P  D t l Ä L  2 r  a - 1 . 2 - 2  l N  A N O - O R  I N v
I C : O I G I T A L  T T L + I . O G I C  5 V  5 I
I C : I T L  L P  H E X  I N V E R T E R

OI'TGIIARD IIOTHER SNARD ASSY

C:FXD AL ELFCT 370 UF zOVDCI I

C:FXD AL EI .ECT 370 UF zOVDCT
C:FXD ELECT 2 .2  UF lo l  2OVm.B
C:FXD EI€CT 33 UF lo l  IOVDCH
c:Fxo cER looo PF +a0-201 looovocr
c : fxD EL€CI  2 .2  UF lo t  2oVDC| .

C:FXO CER lOr )O PF +8G-2Ol  IOOOVDCT
c:FxD l |Y  0 .047 UF l0 l  zoovD( . l l
C :F lD CFR IOOO PF +8O-2Ol  IOOOVDCI{
C : F X D  C E R  O . 0 l  U F  + 8 ( F ? O l  I O O V D C H

D I O D €  A S S Y : S I  I O O  P I V  P F R  C E L L
O I O D E  A S S Y : S I  I O O  P I V  P E R  C F L L
oIooE:s l t - l co t {  50  l .a  30  Uv
o I o D E : S I L I C O N  5 0  I A  3 0  t V

DIOD€ EREAXDOHN:L3.OV 51 400 l , l l l
o t o o E : s r L l c o N  5 0  L a  3 0  H v

coÄ,N:Pc 44  l? .x221 coNTAcTs

o l  t ? l
o l  l 2 l
o t t 2 l
0 1  1 2 1
o l  l 2 l

o l l 2 l
o l l 2 l
o l  l 2 l
o l l 2 l
0 1  1 2 1

01121
01121
01121
01 121
o l  l 2 l

o l l 2 l
01121
01121
01121
01121

o't121
o l t 2 l
01121

ot263
o l  2 9 5
12040
ot29,
oL295

l2  0 io
01 261
l2 040

2844O

28480

28480
562A9
28480
56249
562A9

56249
562 89
56249
729a2

za4ao
2 8 4 8 0
o7 ?61
or26l

2a4AO
o726)

7 l  785

c8 6821
ca 3331
ca 3331
c B  5 6 l l
ca  6821

c B  6 8 2 1
cB 6821
cB 6821
c8 6821
cB 2211

cB 2211
cB 2211
cs 2211
ca 2211
ca lo31

c8 lo3 l
cB 1521
cB 1521
cB 1521
cB 1521

cB 1521
c8 6821
cB 2211

sL l731 5
st{?438N
oil?4L04t{
sfi74150N
sN7{04N

olt74l51N
s L 1 7 3 1 5
Df{?4LO4N

0349G-66531

ot 80-25 I I

o l  80-25  I  I
150D22 5  X902 0A2-DYS
ol ao-o2 29
co678102ElO2tS26-CDH
t 500 22 5 X 9020A2-DY S

co67 8102 E l02zs 26-coH
192P473 92-PT S
c067 Bl o2 E LO2 ZS26-COH
801-K8000 I  I

l90 l -o3  63
1901 -0363
FOGI 088
FOeloSa

t902-3 I 90
FDGI  088

252-22-)O-aOO

See introduction to this section for ordering information A Re{er to B&kddir€ Sec. Vr l l



Model 3490,{ Section VI

T q b l e  6 - 1 .  R e p l o c e o b l e  P o r t s ( C o n r ' d |

Reference
Designation

HP Part Number otv Description Mfr
Code Mfr Part Number

^31J2
A 3 I J l
^3 lr{P r
a3 l t1P2
^atÄP3

^1lt4P 4
A3 l l lP  t
^a l l1P6
^3 lxp  ?

a 3 l o l
A3tO2

Ä:t lR3
A3 lR4

A 3 I R '
A3 lR6
t3  lR7
A:] lR8
l3  lR9

13 lR l  c
l3 lR l  I
1 3 l R l  2
r 3 l ß t  3
t3 lRr  4

1 3 l R l i

A3  t r l
la lu l

l3lu2
A3IU3
131rr4
A3rW6
431W7

^32

^32Cl
^t2c2
^?2C2
AtzC4

t32CR r
Aa2Cß.2

Ä32rP I
,32,'? 2

a32XP3
^32,4P1
a?�2tc5

A32RI

^32R2
l32R:l
A:I2R4
A3?R5
432R6

A3?R7
A3 2R8
l3?R9
^ 3 2 R l O
A 2 ? R I  I

A32rt2

 3  2Ul
^42u2

At2u!
^3Z(l4
132U5
132u5

I

1

L25l-1765
t25l-Lt65
L205-o?5e
l2  5 l -061 5
t200-o47 4

0380- l  036
L25t-2551
22t O-OOOI
5040-0 170

18 54-OO7 I
1854-OO7 I

0684-3221
0684- lO l  I

o6b4-8?? L
l8  lo -0  t?5
l8  lo -o116
l8 lo-o I 36
0684-682 I

06a4-2211
06a4-l 23 I
0684-l O2 I
06a4-4221
0684-l02 |

o6a4-2221

9 l  00-327?
1820-043 0

l8 20-o 174
1820-062 I
1.8 20-o 586
03490-616 17
03490-61618

ot490-665t2

ol 60-0299
o I  80- l  741
ol 60-3a4 7
ol 50-o093

190 l-0040
190 l-oo40

4040-o7l 3
1200-043 I

1200-0469
1200-04t  3
1200-04?4

0684- t 23 I

o684-2221
la  lo -0050
I I I O-O055
l8  lo -0055
0684- I 03 I

0684- l  03  I
06E4-1 03 I
0684- l  o t  I
()684-l 03 I
0684- I 03 I

o6a4-t 03 I

1820-O56 7
l8l 8-2 097

l8  l8 -2098
I 82 0- 07a8
l8 20-o 5a6
182 0-o7a8

t

I

?

I
1

I

I
2

I
I
I

I

I

t

I

C O N N : P C  4 4  l 2 X 2 2 l  C 0 N T A C T S
c o N N : P C  4 4  t 2 ) / . 2 2 t  C O N T A C T S
H E A T  D I S S I P A T O R : F O R  T O - 3  C Ä S E
C O N N F C T O R :  I 4 - P I N r  D U A L -  I N - L I N E
S O C K E T :  l C  l 4 - P l I

S T A N D O F F : S T U D  } I O U N T
C O N N E C T O R : S  I N 6 L E  C O N T A C T  } I T I {  I A T U R €
N U T : H F X  S S T | _  4 - 4 O X l / 4 X 3 l 3 2
6 U I D E : P f  U 6 - I I {  P C  B o A R D

T S Y R : S l  N P N I  S E I E C T E D  F R o l t  . Z t i l 3 7 o 4 l
T S r R : S l  N P N I S E I - E C I E D  F R o t  a { 3 Z O 4 t

R : F X D  C O ' { P  3 3 0 0  o H r  l o t  t / { L
R : F X D  C O I { P  l O 0  o f t } t  l o t  l / 4 t a

R:FXD COilP 8?00 (} l+l
R E S I S T I V €  N E T I ' O R K  5
R E S I S T I V F  N F T T O R K :
R F S l S T T V E  N E T I I O R K :
R:FXD CDf,tP 6.at(  OHr|

57 t l lU

L t41

L l4U
l l4 \ l

I l4r
tt4ll
tt4ta

tl.*l

T RAN SFOR I, IER: PULS E
I C : I I N E A R ,  V O L T A G E  R E G U L A T ( n  5 V

I C : T T I  H E X  I N V E R I F ß .
I C : T T L  O I , A O  2 - I N P T  N A I { D  E I I F F F R  x / o P E N
I C : T T T  L P  H E X  t I { V E R T F R
CABLE ASSY:TRIG
CABLE ASSY:ASCIl

O U T G I I A R D  R O T  A S S Y

c : F x D  | � t Y  1 8 0 0  P F  l o t  2 0 0 v o c r {
C : F X D  E t . F C r  o . l  U F  l o l  3 5 v D C t
c : F x D  c F R  O . 0 l  u F  + t o o - t o t  2 ' v o c r
c : F x D  c € R  o . o l  u F  l a G - 2 0 1  l o o v D c r {

D I O D F : S I L I C N N  5 0  T A  3 0  T V
n I o D E : s I t  t f h { {  5 0  r  . . j ] o  t a v

E X T R A C T O R : P C  8 N A R D .  O R A N G F
SOC|(ET:lC 24 CONfiCT

S O C X E I : I C  2 8  C O i l l m l  O u A t - I l { L I N E  T y p F
S O C K E T :  I C  1 6 - P l N
s o c K E T :  t c  l 4 - P l l {

R:FXD COI'P 12K OHil  lo l  l . r {} l

R : F X D  C O I r P  2 2 0 0  o H a  l o t  l / 4 L
R E S I S T I V E  N E T I ' O R X  I O  X  1 5 T  O H H  I O I
R E S I S T I V E  N E T $ ) R K : 8  A L L  I O K  O H X  5 :
R F S I S T I V E  N E T I I O R I ( : 8  A L L  I O K  O H X  5 I
R : F X D  C O ü P  I O K  O H l 4  t o t  l / a t J

R : F X D  C O I I P
R : F X O  C O ' I P
R : F X D  C O X P
R:FXD COIi IP
R : F X O  C O i l P

22K otr  lot
l2K OHI lot
loo0 DHfi l0l
8200 olst lot
looo olH lol

I0 t  l /4 r
x  lox  ( } r r

lol l/4ra
to t  l /41
lo t  l /4 r
1 0 :  l / i r
lo i  1 /4 r

R:FXO COttP 2200 ol{,t lot

R:FID COIIP lOK 'r t | | l
R : F X D  C O I I P  I O K  O H l l
R:FXD COl, lP IOK Ol l l l
R : F X O  C O ' I P  I O K  O H l l
R:FXD COiP IOX t l t l {

R : F X D  C O I t P  t O K  O H i l  l o t  l / 4 r

I C: Tll OUAI- vot.aAGE-C0NIRoLLED r{rj lTI yt
ROK: N{HAl{NEI

RO'{: N-CHANI{EI.
T C : T T I  H E X  D - T Y P E  F L I P / F I . O P  r , I I H  c t E A R
IC:TTL TP HEX INVERTFR
I C : T T I  H F X  D - T Y P E  F L I P / F t o P  T I T H  c L F A R

7L7A5
7 l ? 8 5
1 3 l 0 3
28480
2A4AO

o0000
0o779
8 0 1 2 0
?8480

28480
28480

o l r 2 l
o l l 2 t

o L l 2 l
28+aO
284 80
28440
o t l 2 l

o l l 2 l
o t l 2 t
o r  l 2 l
o l l 2 l
o r t 2 t

o l l 2 r

?8480
?8480

0 1 2 9 5
ot295
t2  040
2Uü
z8r',Ao

24480

562A9
562A9
129A2
7?9A2

07 263
o7 261

2 6 + d O
z8{80

28480
?8 t80
2 8480

o l  l 2 l

o I  l 2 l
28480
28460
2A4AO
o l l 2 l

o l l 2 l
0 l l 2 l
o t  l 2 l
o l l 2 l
o l l 2 r

o r  l 2 l

04  713
28480

28480
o l  295
12040
0 1 2 9 5

252-22-30-300
252-22-tO-tOO
6l o4c-ToP
I  251-06t  5
1200-0474

OBD
332070
oaD*
5040-ol 70

I 6 54-OO7 I
I 854-O07 I

c8  3321
c 8  l o l l

c8  8221
l8 ro-ot 35
I  I  r0 -o l  36
la lo -o l :15
c8 6821

cg ?ztl
c8  l23 l
c 8  l o 2 l
c8  8221
cB lo2 l

ca 2221

9loo-3273
1820-ot30

sN740+l{
5lr7438rl
otT4LOtN
03490-6161 7
03490-61618

03{9(F56532

19 2P 18292-Pr S
r500 l(}4 x9035a2-oY s
8005-o lAcB-H5R -l 03P
801-Krooo l  I

FDGI OAA
FOGI 088

40{o-07 I 3
1200-ot3 I

1200-o469
l2 00-0473
1200-o47a

c8 1231

ca 2221
18 lO-OO5 0
l8  lo -0o55
I 8lO-OO55
c 8  l o 3 l

c8
CB
ca
c8
CB

c8

I  O3 l
1 0 3 1
I  O3 l
l03 t
I 031

l03 l

xc4024P
t8  l8 -209?

I 8l 8-209 I
sN3543 I
Dil74L04N
sN3543 I

See introduction to this section for ordering information
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Section VI Model 3490A

T q b l e  6 - 1 .  R e p l o c e o b l e  P o r t s ( C o n t ' d )

Reference
Designation

HP Part Numbet oty Description Mfr
Code Mfr Part Number

^3 t

a33Cl
^13C2
^?tc ,

433C8 I

133LP I
tlatlP 2
a33r{P3

^)IAP4

r33R I
433R2

A33UI
^31U2
433U3
a33tr4
433U5

133U6
Ä3:tu7
Ä33U8
A33U9
l33Ul  0

A33U I  I
Ä 3 t u 1 2
a33Ul  3
t33Ul  4

^34

l34Cl

r34CR I

l3 { tP  I
^344P 2
A3+tP3
^t4AP4
A:I4FP 5

A:t4RI
^14e2
134R3
134R4
A:t4R5

434ß6
434R7
434R8
A3{R9
aSaa I c

A34F I I
a3{R I 2
af4Rl 3
A:]4R l4
t3 {R l  5

A] {R l6
l34R I 7
A:LRl  I
r3aRl  s
r34R20

^ : '4F21
^tae22
^*a2z
a * e 2 1

oa4.to-66534

01 50-0 05 0
ol 50-o093
ol 50-oo93

1902-303 0

0403-o l  86
t200-o43 r
120(F0473

I200-o4?4

o6a4-472 L
o6a4-27 2l

la2 0-0640
LA20-O627
la20-062 7
t8 20-o 596
Ia20-0596

18 20-o 596
LA20-O59 l
16  20-o839
ta20-o83 9
ta 20-o 5a3

1820-ol 74
l8 20-062 I
la20-o59 I
l8 20-o 596

03490-66534

ol 50-0093

I902-3  190

4040-o748
4040-o747
l2 00-0469
L200-o473
1200-0�474

o6a4-222L
0684-3 32 I
0684- I 53 I
l8  I  O-0O55
0684-1831

06 84-l 83 I
0684-I 03 I
0684- l03  I
068 4-  lO3 I
06a4- l  03 l

()6a4-la3 I
o6a4-l 03 I
06 8+-lot I
0684- I 03 I
0684- I8  I  I

06a4-l 03 I
06a+-1831
0684-t O3 I
{J684- I O3l
0684- I O:l I

0684-18f1
o6a{-l 83 I
06a4- t83  I
068a- I 01 I

I

3

I

8

Lf4Y
l l  4 r
I  t4 l
I t4u
l r4Y

OUTGT'ARO DAIA ASSY

csF lD cER looo PF +a(F20f  looovDct .
C:FXO CFR O.Ol  UF +80-2Ot  lOoVOCt{
c :FxD cFR O-Ol  UF .a (F20t  loovoc l

D l o o €  a F E A K O O T N : 3 . O l Y  5 t  4 0 0

E X T R A C T O R : P C  E O A R { L  V I O L € I
S O C K E T : I C  2 4  C O N T I C T
5 t r , K € T :  I  C  I 6 _ P I N

S O C K F T :  I C  l 4 - P l l {

R : F X O  C o H P  4 7 O O  O l l r ' t  l o t  l / 4 1
R : F X D  C 0 f { P  2 7 0 0  o H t  l O !  t / 4 1

I C :  T T  L  O A T A  5 E L € C  T O f i , / I ' I U L I I P L  E X E R
I f . : T T L  f  P  B C O  T O  t E C .  D E C O o f , R
I C : T T L  t , P  8 C D  T O  D € C .  D E C O D € R
I C ; T T L  L P  D T I A L  E O G €  T R I G .  D  f / F
I C : f T I  L P  D T ' A L  E O G E  T T , I G .  D  F / F

I C : T T L  I P  D I I A L  E D G €  T R I G .  D  F / F
l C : T r t  L P  4 l  t - 2 - 2 - 3  I N P T . A r | O  O f l ,  G A T E
I C : T T L  O I I A O  D - I Y P €  F / F
I C : T I L  O U A O  T F T Y P E  F / F
I C : T T L  I . P  O U A D  2 - I N P T  I I A i I O  G A T E

I C : T T L  H E X  I N V E R T E R
I C : T T L  O U A D  2 - I N P I  N A N O  ß I J F F E R  I / O P E N  C
f C : T T L  L p  4 u  a - 2 - 2 - a  l t l P T . A r i D  O R  G ^ T E
I C : T T L  I P  D T I A L  € O G €  T R I G .  O  F / F

I N G U A R D  R O I I  A S S Y

' :

c : F x o  c E f {  o . o . L _ u F  + 8 ( F 2 o l  t o o v D c | .

D I O D €  E R F | K O O I i N : l 3 . O V  5 :  4 0 0  f { l

E X I R A C T O R : P C  . O A R O .  . L A C K  
i

€ X I R A C T O R : P C  B O I R O .  G R A Y
S M K F T : I C  2 A  C O i l T T C T  D U A L - I N L I } I E  T Y P E
s o c K E T :  t c  1 6 - P t N
S m K E I :  I C  l 4 - P I t a

R:FXD CO||P 220C OHfa l .O2 l t . t
R : F X O  C O I P  3 3 0 0  o t r {  l o t  l / 4 r
R I F X D  C O x P  r 5 (  O H t t  l o t  l / 4 r
R E S I S T I V E  N € f } t O R K : 6  I L I  I O (  O H I I  5 I
R : F X D  C O I i P  l 8 r  ü l X  l o t  l / 4 1

R:FXD COXP l8K OHt l  lo t
R:FXD COXP IOK ( } t t  10 t
R:FXD COr , rP  IOK OHr(  10 t
R:FXO COHP lO| (  OHt  lo t
R:FXD CO,{P IOX OHt{  lO3

R:FXO COI IP l8X OHt  lO:  l /4 ta
R:FXD COIP 10(  0Hl i  l0 l  I /4L
R:FXD COI IP lox  OHl t  l0 l  l /4x
R:FX0 COI IP lo (  OHt .  lo t  l /4 r
R:FXD COXP l8K Of r t  10 t  l /4 I

R:FXD CO|{P rOK OHt  lo t  l /41
R:FXO COXP l8K t)}i l t lot l/al{
R:FXD COi {P lo r  OH| |  LOt  l /41
R:FXO COr iP  IOK OHt  lo t  l / ( r
R :FXO COXP lO( '  OHr  lo t  l / t r

R:FXD CO,{P l8K ot{t{ tota tl4l
R . :FXD CoxP l8R OHI  lo l  l /41
R:FXO CO' |P  l8K ( t t l  LOt  L l4 l
R:FXO COrP IOK OHt  to t  l /4 t

2Aaao

56289
72942
72942

28480

284 80
2a480
28+aO

284aO

o l l 2 l
0 l t 2 l

0 1 2 9 5
o7 26?
07261
120 40
l2  040

120 40
l2  040
o1 295
o l  ?95
1204{)

o lz  95
0 1 2 9 5
12040
12040

28480

729A2

2A4AO

2a480
28480
28480
28480
28480

o t l 2 l
o l  l 2 r
o l l 2 l
28480
0 l  l 2 r

0 l  r 2 l
o l l 2 l
o l l 2 l
o l l 2 l
o r  l 2 l

0 l t 2 t
o l  r 2 l
o l l 2 l
o t l 2 l
o l t 2 l

o l  l2 l .
o l  l 2 l
o t l 2 l
o l  I z l
o l l 2 l

o 1 1 2 1
0 1  t 2 l
o t l 2 l
o l  l 2 l

I 831
I  031
1031
I O3l
lo : r l

I 8rl
l 0 3 l
I  03 l
l03 l
I  I t l

l oS l
l83 l
l03  I
I 0 3 t
1  0 3 1

I  831
l 8 3 l
l 8 3 t
I  03 l

oa49(F66533

co67 Blo2Elo2zs26-cDH
801-x80001 L
80 l-(8000 ll

1902-3030

0403-olE6
1200-ot3 I
1200-ot?3

1200-ot?4

ca +721
cb 2721

sN?4150N
u7893L0t 59X
U?893LOI59I
Dl{?4L7{N
Dt'{74L7+N

of,r74l-74N
Dfl7{t5{N
sr{74 t75N
sil?4l7ttl
Dn?rLoox

sta7404N
sN743ar
ol{TaLttN
Df{?tLTalt

03490-66534

aol-(aoo0 I I

1902-3t90

4040-0748
4040-o?47
12()0-ot69
1200-ot73
t200-ot74

ca 222L
ca 3321
cB 1531
l8  lo -oo55
ca l83 l

c8
c8
c8
C B
c8

ca
CB
c8
c6
c 8

c8
c8
ca
c8
ca

CB
C B
c8
c8
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T o b l e  6 - 1 .  R e p l o c e o b l e  P o r t s ( C o n t ' d )

Reference
Designation

HP Part Numbet otv Description Mfr
Code Mfr Part Number

434U3
A'4U+

I A)4ü5
434U6

^34U7
A34U8
434U9
A34U I  O

A34Y I
430/435
A30/A35U1.1 1
a15

a35C I
a 3 5 f P  I
At5t1P2

r t 5 0 t
4t502
13501
^3504
43505

a 3 5 R L .
a?5e2
435R3
^35R4

r35R5
a3tß6
A3 'R7
A39RA
135R9

a35RlC
a35Rl  t
A 1 5 R l  2
t 3 5 R t  3
a35Rl4

A35Rl  5
l35R I  6
l35Rl  7

A35Ur
^t5u2
^35U3
135U4

l35Ul

4 3 6

a 3 6 C  I

^36t{P I
^16ttP 2
a 3 6 r P 3
a 3 6 r P 4

t8 20 -o 596
LA20-0777
1.8  t8 -2096
la20-062 0

la20-o620
I  820-O596
t8 20-o 7aa
LA20-032 A

03490-61 6l 9
ß490-60313
1990-0402
03490-6653 5

Ä.

0r 50-oo9 l
1200-0473
1200-o47 4

l8  54-007 t
1854-007 I
I  854-O07 I
la54-oo7 I
I 854-O07 I

0684-1521
0684-152 1
ffi8't-1521
0684-1521

0684- 1 521
o6a4-4721
0684-6a2 t
o6a4-682 I
06a4-682 I

o684-6a2 I
06a4-682 I

clj�84-221'l
06,8r',-2211
06�8r',-2211

@€r'.-221r
06,8/�-2211
0684- 1521

18 20-O 1  74
l8  20-o876
1820-058ö
l8 20-O 51 3

A
A,
A
A
A

A
,A
l$

A
4

0349(F616I 9

0349(F 66536

0 I 50-009 ?

4140-o74 I
{o40-0? 5  5
1200-o+31
r200-o6? 3

I
2

2

I

I

I

I

I C : T T L  L P  O I , A L  E O G F  T R I G ,  O  F / F
I C : T T L  L O I .  P O I E R  8 C D  T O  O E C O D E R
R{}{:  N-CHANNFI
I C : T T L  D U A L  4 - I N P I  I I I . , L I I P L E X E R

I C: TTf Dt lAl-  4-I  l r lPT i , l tLT t  pL EXER
I C : T I I  I P  D U A L  F O G E  T R I G .  D  F / F
I C : T T I -  H E X  D - T Y P E  F I , I P l F I . o P  T I T H  C L E A R
I C : T I L  O U A O  2 - I N P T  N O R  G A T E

C A B L E  A S S Y
ASC$ ISOLATION ASSY:INCLUDES A30, A35, AND U1-U1 1
TSTR:PHOTO
A S C I I  I N G T J A R D  I S O L A T I O N  s O A R D  A S S Y

C : F X o  C E R  0 . O l  U F  + 8 G - 2 0 t  l O o V D C I
S O C K E I :  T C  I 6 - P I N
S O C | ( E T :  I C  1 4 - P l N

T S T R : S l  N P N I S € L E C T E O  F R o t  2 i l 3 7 0 4 1
T S T R : S l  N P N I S € L E C I E D  F R O I {  2 f i 3 ? O 4 l
T S r R : S l  N P t { l  S E L E C T E D  F R O t i t  2 N 3 7 O 4 l
T S I R : S l  N P N (  S € L F . C f € D  F R O r , t  r { 3 7 0 4 1
T S T R : S l  N P N I S € l - F C T F D  F R O i l  2 N 3 7 0 4 l

R:FXD COMP 1500 OHM 10% 1/4W
R:FXD COMP 15@ OHM 10% l /4W
R:FXD COMP 15m OHM 10% 1/4W
R:FXD COMP 15m OHM 10% l /4W

R:FXO COMP 1500 oHM 10% 1/4!t/
R:FXD Ctll.rP 47OO Olfl 10t l/41
R:FXO COI|P 5.aX OHt,l lot l/4t
R:FXO COI4P 6 .ax  OHH 10!  l /4 r
RIFXO COI{P 6.8K O}01 IOZ ltr*a

R:FXD COf tP 6 .8K Ol t t  lo t  l /4 r
R:FXD CO|P 6 .8X OHH t1 t  | t tü
RIFXD COMP 220 oHM 1096 1/4W
R:FXD COMP 220 oHM 1096 1/4W
R:FXD COMP 220 oHM 1096 1/4W

R:FXD COMP 220 oHM 1& 1 /4W
R:FXO COMP 220 oHM 1096 1/4W
R:FXD coMP lsmOHM l@tD 1 l4W

I C : T T L  H E X : I N V E I , T E R
IC:DIGtT^L. " t ]9  o t taD 4 :8 t r .  TTL
I C : T f L  L P  H E X  I N V E R T E R
lcr rTL OUAD z- INPT Ä iD cATEtOeEi l  Cot -L t

caELE lss t

INGUARD PROGRAI,, I  ASSY

c lFxD cER O.Ol  t 'F  +8(F201 loovoc l

EXTRACTOR:PC 80ARO,  ELACK
EXTRACTOR:PC EOARDT VIOL€I
SmKFT:  IC  24  CONTICT
SOCK€f :  lC  l6 -PI  N

12040
2A4AO
2S4AO
01295

0 1 2 9 5
l2  040
o l  295
04 713

2A4AO
28480
28,180
24480

729 A7-
28480
28480

2A4AO
28480
28480
28480
24480

01121
01121
o1121
01121

01121
o t l 2 1
o t l 2 l
0 l t 2 l
o l t 2 l

o l t 2 l
o l l 2 l
01121
01121
01121

01121
01121
01121

o l .295
o 1 2 9 5
l2  040
ot295

28480

2E4 80

72942

2 8 4 8 0
24480
28480
24480

Dil74L74N
1820-0777
I 818-2096
sN74 l53N

sN74L53N
Dt{74L74t{
sN3543l
sN7402N

0349(F6l619
@490-60313
1990-0402
03490-66535

801-  K8000 l l
1200-0471
1200-o{?4

1854-OO7l
I 854-00?l
1854-OO? I
I 854-OO7l
I 854-OO7 I

CB
CB

CB
CB
c 8
cs
c8

ca
c8
.A

.A

CB

1521
1521
1521
1521

1521
1721
6 8 2 1
6A2t
6A2l

6A2 I
6821
2211
2211
2211

2211
2211
1521

SN 74 O/oN
sN74L 75N
DftTtL04N
sN?409N

0349(F6 t6l9

03490-66t36

801-K8000t t

4040-o?48
4040-o?55
1200-043 I
1200-0471

Model 34904 Section VI

j qeJs :c g4kcair€ Se Vil l See introduction to this section for ordering information

6-25



Section YI Model 3490A

T o b l e  6 - 1 .  R e p l o c e o b l e  P o  r t s ( C o n t ' d )

Reference
Designation

HP Part Numbel otv Description Mfr
Code Mfr Part Number

^?6r{P.-

Ä3601

l36Rl

436R2
436R3
436R4
A36UI
At6U2

t36U3
A36U'
A36U'
436U6
436U7

Ä36U4
436U9
a36Ul  I
^36Ut2

A37

A37MP1
A37MP2

A37U1

t200-o474

1854-O07 l

o6a4-4701

06 84-l Al I
0684- I O3 I
o6a4- I 03 I
l8 20-o600
t  82  0-o77 7

1820-o5 l  I
I 820-O83 9
t 8 2 0 - o r ? 4
182 0-o656
La20-o640

t82  0-o656
1820-o596
la20-o596
1820-0596

1 1 1 18-66502

4040-0748
4040-0755

1820-0583

I

SOCXET:  lC  l4 -P lN

TSTR:SI  NPNISELECTEO FRor .  ä {3?041

R:FXD CO|{P 47  oHt  lo t  l /4 ta

R:FXD COt tP 180 oHx lo t  l . /4 r
R:FXO COt lP  loK OHf l  lO!  l /4 r
R:FXD COSP IOK OHä lo l  l /41
IC:TTI  LP OECAD€ COUN'€R
IC:TTL LO|, POIIER 8CD TO DECOO€R

IC:TTI .  OUAO 2- INPT AID GATE
IC:TTL OUAD D-TYPE F/F
IC:TTL HEX INVERTER
IC:TTL LP 4-8 IT  2- INPT | IULTIPLEXER
IC:  fTL  DATA SELECTOR/ IUI .T IPt  EXER

IC:TTL LP 4-BIT  2 . IT{PT I {UI ,T IPLEXER
I C : T T I  I P  O U A L  E D G F  T R I G .  O  F / F
IC:TTI  LP IX ,AI -  EOG€ TRIG,  D F /F
IC:TTL LP DUAI ,  EDG€ TR, IG.  D F /F

SAMPLE/HOLD TRIGGER GATE ASSY

EXTRACTOR: PC BOARD BLACK
EXTRACTOR: PC BOARD V10

lC: TTL LP OUAD 2-INPUT NAND GATE

28480

2a4AO

o l  l 2 l

o l  1 2 1
o l l 2 l
o l  l 2 l
lao40
2A480

0 1 2 9 5
0 t 2 9 5
o t 2 9 5
ot  295
ot295

ot29t
12040
12040
12040

2&AO

28480
28480

t20/o

lzoo-o47+

r854-OO?l

cB 4701

c8 l .8 l l
c 8  L o 3 l
ca  1031
Dfr85L90||
ta20-of7.7

sN74oAN
slr?41751{
slt7404r{
sN74L9aN
sfl74150N

sN74L9Ail
DX74L74N
Dfr74L?4r.1
Dfrt+L74N

'| 1 1 18-66502

(wJ47ß
4040-0755

DMT4LOON

See introduction to this section for ordering information
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Reference
Designation

HP Part Number oty Description Mfr
Code Mfr Part Number

A I
A 2
A 3
A 4
A '

A 6
l ?
A A
A9
^ l o

A2l
^22
^21
A21
^ 2 5

A26
A27
^24
429
430

F 2
J I
J 2
J 3
J 4

J 5
J6
J?
J l o
J l l

a l l
^ t 2
a l 3
at4
a l 5

Ä 1 6
a l 7
a l 8
a l 9
^20

a 3 l
432
 a)
a3r
4 3 5
436
A37
c l
c 2
c R l
F I

J 1 2
f iPl
i l P I A
X P  I B
riPlC

I,IP ID
tP2
tP: l
üP4
,4P5

t1P6
,4Pl
t P a
raP9
x P l o

, I P I  I
T P I 2
r P I 3
i P  l 4
x P l  5

034S(F66501
03490-66 502
0349 0-66503
01490-66504
o349 0-66 505

o349{F66506
03490-6650?
03490-6650a
03490-66509
o3490-665t O

03490-6651 I
03490-66 5l 2
0349(F66 513

01490-603 06

of490-6030a

o1490-60 302

ot490-66524
0349(F66525

Oat 9O-6652 6
oSt.9o-(a527
or490-665? A
l l  I  l8 -66501
03490- 66530

0349(F66531
0749(}-66532
03490-66533
03490-66534
03490-6653 5
03490-66536
1 1 1 t8-66502
o l  60- r33  3
ol 60-333 3
t90 2-t2J2
2 l  lo -o3 t2

2tto-o202
I 5 I O-OOA5
l5  I  O-OOA5
l5 I O-OOa6
15 lo-oo8 5

I5  I  O-008 5
l2  5 l -o087
125t -O085
t25  l - l  ?12
l25 l  -o143

L25l-a283
4040-0914
03490-043{) I
03490-04302
03{9(F04303

0349(F04304
4 l  I4 -O717
0349(F04lO2
o!490-04402
0349(F28301

03490-22001
03490-2370 r
03490-60312
()3490-OO60t
03490-60 40 I

0349 0-O4 lO I
o1490-04401
03{90-2 I lO I
o3+o-o?6 2
40{o-o92 I

2

I
I

I

t

I
I
I
I

I
I
I
I
I

I
I
I
I

I
I
I
I
I

I
I
I
I
I

C H A S S I S  6  I I I S C E L L A N E C I ' S  P I R T S

I . i A I M  C I R C U I T  E N A R D  Ä S S Y
H I G H  I ' . I P E O A N C E  A S S Y
B O A R D  A S S Y : O I S P L A Y
BOARD ASSY;REI{I I€ JT'T|PER
A O A R O  A S S Y : R Ä I G F  s | I T C H

B N A R D  A S S Y : C O I I I Y € R T E R  A C
B O A R D  A S S Y : O H I {  C O T W E R T E R
O U T G U A R O  P O I E R  S U P P L Y  E O A R D  A S S Y
I'{ ;UARD DATA d'TPUT BOARO ASSY
O U T G U A R O  D A T A  O U T P I ' T  B O A R D  A S S Y

I N G U A R D  R E f { O I E  A S S Y
UUTGI.,ARO REAI]TE SOARD ASSY
R A T I O  R . E F E R E N C E  B O A R D  A S S Y
N O T  A S S I G N E D
D A T A  O , ' | T R ' T  I S O I . A T I O N  S O A R D  A S S Y

N O T  A S S I G N E O
R E M O T F  I S O T A T I O N
N O T  A S S I  G N E D
N O T  A S S I G N € D
N O T  A S S I G N E D

E O A R D  I S S Y

N O T  A S S I G N E D
S Y S I E I I  I S O L A T I O I  E N A R D  A S S Y
N(JT ASS IGNEf)
S/H ANALOG JI ' I 'P€R ASSY
S / H  L O G I C  J U H P F R  A S S Y

A A T I O  J U I . I P F R  A S S Y
S A I l P I . E / H O L D  A N A L O G  B O A R O  A S S Y
S A I 4 P L € / H O L D  L f f ; I C  B O A R D  A S S Y
OI'TGUARD TRI6G€R ASSY
A S C I L  O U I G U A R D  I S O I - A T I O N  A S S Y

NUTGUARD I. IOII IER BOARD ASSY
OUTGUARD ROT ASSY
O U I G U A R D  D A T A  A S S Y
II ' IGUARD ROr ASSY
A S C I L  I N A ' A R D  I S O L A T I O N  O O A I D  Ä S S Y
INGUARD PROGRAM ASSY
SAMPLE/HOLD TRIGGER GATE ASSY
c : F x D  c E R  5 0 0 0  P F  2 0 t  2 5 0 I , Y A C
C : F X O  C E R  5 O O O  P F  2 0 :  2 5 o r y  C
DlOa)€ BREAXDOBI:5.6V tol  445 ta^
F 1 A E : C A R T R I D G E  I  l t i p  2 5 0 V  g - O r - 8 L O l

F t r s E : o . 5 o A  ? 5 0 v  S L o t - B L O r
B I N D T a { G  P o t } , a s s y .  _ - -
E I N O I ' S  P O S T  A S S Y
EIl rDtrs PosT. assY
B I N D T T { G  P O S I   S S I '

B T i I D I N G  P O S T  A S S Y
C O N N F C T O R : F E I I A L €  5 O - P I N  I { I N A T
C O N N E C T O R : F € I i I E  3 6 - P I X  X I N A T
CONII: I IALE 4 PIN SPI.  RJRPOSE
CoNNECTOR:F€HILE. l t -g)atTlcT J Cr(

C O N N E C T O R : 2 4 - P I  N
P A N E L :  F  R O N '
DECAL :FROilT PAi lEL (SIAI{OARD)
D € C A I . : F R O N I  P A N E I -  S / H
O€CAL:FRTI}IT PAII€T RATIO

D E C A I : F R O N T  P A N E L .  R . A I I O . / S , ' H
H I I o o H :  D I S P L A Y
GUARH OVER-AOTTOI{
C(|vER : BOTTOI
T R I I I :  B O T T O X

F R A I I F : S I D E
EXTFNDER ROO ST'I ICH
P A N E I -  A S S Y : R E Ä R
S H I E L D :  P O I € R  I i I P U T
cx^ssIs assY

GUARTHOVER-TOP
C OVE R,:  TOP
H E A T  S I N K s T R A i l S I S T O R
I nsul AroR,:TRAti6 I  SrOR
T  R I  T :  T O P

284 80
28480
28480
28{80
28480

284 80
28480
284E0
28480
2A480

2a480
28480
284aO

28480

za4ao

28480

24480
28480

28480
284 80
284 EO
28440
2A480

28+80
24t80
26460
28480
2a+ao
28480
28/l80
28t80
2atao
8 0 1 3 t
Tlioo

759 15
2A4aO
28480
28480
2S4AO

284r0
2a+ao
2A480
28480
28480

2g4AO
284aO
2E4AO
28480
28480

28480
28480
28480
28{80
2448(}

28480
28480
28{8d
2A480
28480

28480
284aO
28480
24480
28t80

0349{F66501
o3190-665o.2
ot490-665oiJ
('3490-6650+
0349(F66505

03490-66506
03490-66507
03+9G-66508
03a9(F6650!)
0349(F665lO

03490-665 ll
0349r66512
03490-66513

0349(F603(}6

0349160t08

0349(F60a02

o34e(F6652t
0349(F66525

0349(F66526
03{9(F6652?
0349(F66528
I I l l  8-66501
oa49(F66530

0349r66531
ot19t665t2
03t9(F66533
03190-665:ra
o:!190-66535
03490-66536
1 1 1 18-66502
ol6(F3333
ol60-3333
llr:r99?R
IDI_-I

3l 3. 500s
I5 lO-OOa5
l5l(Foo85
l5l{Foo16
I 5 tO-OOA5

I 5 IO-OO85
l25 l -008?
t  2 t l -o065
L25t-t2r2
l25 l -o  143

l25l-32a3
{o40-o9l{
03+90-o1301
o3a9(FOt!t02
0349(FO+t03

0349(FO430a
4 l t4 {71?
0349(FO{.102
03490-o+a02
ot49(F2At0l

0t490-22001
03{9(F23701
ot49(F60312
03+9F0060l
0:1a90-60tol

o3r9FO+lOl
0349rOaaol
o3{90-2 I lOl
o340-o782
+oto-o921
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T o b l e  6 - 1 .  R e p l o c e o b l e  P o r t s ( C o n t ' d )

Reference
Designation

HP Part Number otv Description Mfr
Code Mfr Part Number

f iP l6
t l P l  z
f iP  lAA
f , rP l8
r{P l9

ilP20
AP2I

t1P2.3
AP24
MP25
MP26
MP27
ÄP2A
Ae29
r{ P30

f ip3 l
AP12
AP33
te34
tt?35

tP36
AP17
r{P3 8
iP39
tP40
MP41
MP42
MP4i}
MP44
P1
P6
P7
P 1 0
P 1 1
o1
R 1
s l
s2
s 3
s4
s5
s6
s 7

sa
T I
t l
t 2
w3
w4
X F l
xo1

500 0-8 593
5000-oo 50
o3490-28 302
5060-o767
1490-O03 0

03 70-09 29
o3fo-2 | | 2

o t lo -224a
o!70-?_767
051 0-1 1 65
9320-1646
9320-1647
o740-o72 4
ot40-o4a I
0360- t7 5A

03490-84 40 I
0349 0-90 0t 3
5060-0630
5060-59A 3
o:t490-o4 lI 8

4040-o9 l  6
03 70-09 l4
03 70- I 099
0370- l  099
5060-603 2
03490-64101
o340-o744
03461-24701
03490-012m
1251-2357
1 251 -0086
1251 -0084
1251 -1233
1251-O142
r854-0063
oal1-2771
3101-1720
3'r01-1609
3 loo-  3078

3t  oo- fo  ?6
?LOO-27t5
3too-2774

3 lo  1 -oo  45
9 l  oo-328 L
I  I  20- l  348
o34eo-616 10
03490-61612
03490-6161 3
14m-0085
1200-0479
03490-80009

9211-1682
9220-20ß'7
03490-60313
03490-66532
03490-66533
03490-66534

03490-66536

03490-80013

1540-0249
1420-0174
1820-0513
1820-0586
r820-0590

1820-0621
1820-0erc
18m-0710
18m-0876
1854-007 1

1990-4402

8490-80031

1 54t!-0248
I 820-0 174
r82G-O430
1820-0586
1820-062 1

I
I
I
I
I

I
I

I
I
I
1
1
I
I
I

I
I
I

I
I
I
I,|
I
I
1
I

I
1
1
1
1
I

I

1

i
I
1
I
I

I
I
I
I

1
I
2

I
I

4

1
1
1
I
I
1
I
I
1
1
1

,|

I

1

1
I

1

C O V € R : S I D E  3  X  l 6 t o t - t V E  G R A Y I
T R I I { : S I D E S
F OOT: CF'{TER
For|T ASSY:F{
S T A N D : T  I L T

K M l A : L F V € R T J A D E  6 R A Y I A L c  I
Xt{f IB:ONE-f iALF POINIER

K NoA: ON/OFF
KMTB: PI 'SHBUTTON üAi lUAL TRIG6FN,
R I N G :  R E T A I N E R
C A R D :  O P E R A T I N G ,  6 0  H Z .
C A R D :  O P E R A T I N G ,  5 0  H Z
r  I S U T A T O R : E I N O I N G  P O S I  J A D E
I NSI 'L AT OR
N U T :  T E R I T I N A T

K I T : R A C K  X O I , N T
'1ANt'AL
A O A R D : € X T E N D E R  2 2  P I N  { 2 X 2 2 1
P C  A S S Y :  E X T E N D E R  1 8  P I N  ( 2 X . I 8 )
P L A T  E

L E V € R : F U I S T T O N  S I I T C H
A E Z E L : P U S H E U T T O N  K I I O E I  J A D F GREY
KI{IO: JAOE GRAY
KM}8!JADE GRAY
PC EOARO EXIC['{)ER
COVER:  REAR TERMINAL
INSULATOR: SUPPORT
SUPPORT: ElNDlNG POST
ERACKET:  FRONT TERMINAL
SOCKET: 3-PtN MALE POWER ReCepfnCli
CONNECTOR:50 CONTACT R & P
PLUG: 36-CONTACT MALE WHOOD & CLAMP
CONNECTOB:  GUARDED CABLE PLUG
CONNECTOR: MALE 14 CONTACTS
TSTR: SI NPN
R: FXD WW 0.18 OHM 3% 3W
SWITCH: PUSHBUTTON DPDT STNGLE STATTON
SWITCH: SLIDE 2-DPDT
s tl rcH: FUNCT l(}, l
SEE A ' .
SI,I TCH: ROTARY
S I I T C H : R O T A R Y
S PI  TCH:TAT I  O

- i
s r I T c H : s L t D €  o p o r  o . i  t t i  t z :  v o c
f RAr{sFORf.FR
CABLE ASSY:POFER,  DETÄCHAELf
CAsL€ ASSY:AC
CABLE:REAR INPUT
CABLE ASSY
FUSEHOLD E R
SOCKET:TSTR. NYLON INSULATOR
ASCI I  REPAIR KIT
INCLUDES:
CARTON:SELF LOCKING
BOX L INER
ISOLATION BOARD ASSY
OUTGUARO ROM ASSY
OUTGUARO DATA ASSY
INGUARD ROM ASSY

INGUARD PROGRAM ASSY

PARTS KIT FOR ISOLATION ASSY
CONSISTING OF:
PLASTIC BOX
IC:TTL HEX INVERTER
lC:D IGITAL
lC:DIGITAL
IC:TTL LP DUAL

lC:TTL OUAD
lC:DIGITAL
lC:D lG ITAL
lC:DIGITAL
TSTR:SI NPN

TSTR:PHOTO

PARTS KIT  FOR OUTGUAFD MOTHER
BOARD CONSISTING OF:

PLASTIC BOX
lC:TTL HEX
lC;L INEAR
IC:TTL LP HEX INVERTER
lC:TTL OUAD

2A{80
28480
20480
28480
28480

2844O
2A4AO

284 80
2A4AO
00000
2A4gJ
28r',a0
28{  80
ooooo
ooooo

2a+80
28 440
2a480
2A4SO
2A4AA

28480
2a480
28a80
28{  80
20480
28480
28{'�AO
28r'.ffi
28480
823@
2A4AO
28/,80
28.180
28/,eo
80131
28480
2AßO
82389
28 480

2A480
28480
244.80

42t90
284a0
70903
28480
28480
28,|80

75263
28480

28480
28480
28480
2AßO
28480
2448�0

28,180

28€0

2A4AO
01295
01295
120/.O
12MO

01295
01295
07263
01295
28480

244€0

28480

24480
01 295
28480
12040
01295

I

5000-8593
5000-o050
03t9(F26302
5060-0767
1490-o030

0370-o929
ot70-2tt2

o370-22/t8
0370-2t67
OBD
9320-1 646
9320-1647
ot+o-o724
OBD
{]80

ot+9(F8'1401
(849(F90013
5060-0630
5060-5943
0349(F041l8

4040-o916
03?o-o9la
03?o-1o99
o3 70-l 099
5060-6032
03490-64101
0340-7044
ß461-24101
03490-01208
EAC-301
r251-@86
1251-0084
1251-1233
1251-0142
2N3055
@11-2771
3101-1720
1 1 E-1036
3 I OO-3078

3t oG-3076
3l oo-2 735
3 lo0-2734

I  1 2 3 8
9 loo-328 t
xH s-70r I
03490-61 610
03490-61612
03490-6161 3
3420M
.1601
03490-80009

9211-16a2
9220-206.7
03490-@313
03490-66532
03490-66533
03490-66534

03490-66536

03490-80013

1540-0249
sN7404N
sN7409N
DM74L04N
DM74L51 N

sN7438N
sN23623
sL1731 5
sN21957'1854-0071

1990-0402

03490-80031

1540-0248
sN7404N
1820-0430
DM74L04N
sN7438N

See introduction to this section for ordering information
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T o b l e  6 - l .  R e p l o c e o b l e  P o r t s l C o n t ' d l

Reference
Designation HP Part Number otv Description Mfr

Code Mfr Part Number

1901 -0363

03490-80032

1540-O248
1814-2097
18 18-2098
1820-0567
1820-0586

1820-0788

03490-80033

1540-0248
1820-0174
1820-0583
1820-0591
1820-0596

1420-0621
1420-0627
1820-0640
1820-0839
r902-3030

03490-8@34

't540-0248

1818-2096
1820-0328
1820-0596
1820-0620

1420-0771
1820-0788
1902-3r90

03490-80036

1540-0248
1820-0174
1820-051 1
1820-0596
1820-0600

1820-0640
1820-0656
1Am-O177
1820-0839

1
1
I
I
1

1

1
I
1

4

'I

1

I

1
I

1
1
I

I

I
1
I

I

1
2
1
1

DIO ASSY:S l

PARTS KIT FOR OUTGUARD ROM ASSY
CONSISTING OF:
PLASTIC BOX
MOS N CHAN ROM
MOS N CHAN ROM
lC:  D lG ITAL
IC;TTL LP HEX TNVERTER

lC:D lG ITAL

PARTS KIT FOR OUTGUARD DATA ASSY
CONSISTING OF:
PLASTIC BOX
IC:TTL HEX INVERTER
lC:TTL LP OUAD
IC:TTL LP
lC:DIGITAL

lC:TTL OUAD
IC:TTL LP
lC:DIGITAL
lC:DIGITAL
DIO:BKDN 3 .01  V

PARTS KIT .FOR INGUARD ROM ASSY
CONSISTING OF:
PLASTIC BOX
MOS N CHAN ROM
lC:TTL OUAD
lC:D lc lTAL
lC:TTL DUAL

lC:OIGITAL
lC:DIGITAL TTL HEX
DIO:BKDN 13 V

PARTS KIT  FOR INGUARD PROGRAM ASSY
CONSISTING OF:
PLASTIC BOX
IC:TTL HEX INVERTER
lC:TTL OUAD
lC;DIGITAL
lC:TTL LP

lC:DIGITAL
IC;TTL LP
lC:DIGITAL
lC:DIGITAL

28480

28480

24480
28ßO
2a4AO
o4713
1204;0

0't295

28480

28la0
01295
12040
1z0/.O
120/.O

01 295
07263
28480
01295
28ß0

28480

24480
2AßO
0r'.713
12MO
01295

28480
01295
28480

2848'0

2A4aO
01295
01295
12040
1204.0

28480
01295
2AßO
0t295

1901 -0363

03490-80032

1540-O24A
r8 18-2097
1818-2098
sc l324 1 PK
DM74L04N

sN35431

03490-80033

1540-024e
sN7404N
DMT4LOON
DM74L54N
DM74L74N

SN7438N
u7B93LOr59X
1820-0640
sN35872
1902-3030

03490-80034

1540-O24A
1818-2096
sN7402N
DM74L74N
sN74l53N

1420-0777
sN35431
1902-3190

03490-80036

154O-O248
sN7404N
SNT4OBN
DM74L74N
DM85L90N

1820-0640
sN74L98N
1e20-o177
sN35872
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h

MP7

MP37

MP23

Designator
MPl
M P l A
MP1 B
MP lC
MP1 D
MP2
MP3
MP4
MP5
MP6

MP7
MP8
MPl O
MPl 1
MPl 2
M P l 5
MPl 6
M P l 7
MP18
MP l8A
M P 1 9
MP21
MP23
MP24
MP37
MP38
MP39
MP41
MP42

Item
1

-hp- Part No.
40400914

0349044301
o349044302
0349004303
0349044304
41 144717

o3/j9044102
03/904�4402
o3490-28301
034,90-22001
051 0€075

03490-23701
034906031 2
03490-60401
03490041 01
0349044401

40404921
5000€593
5000{050
5060{767

03490-28302
1490{030
o370-2112
0370-2248
o370-2367
03700914
0370-1 099
0370-1 099

034909101
ouo4744

-hp- Part No.
23704012
23704012
22004137
2190091 3
2370{�012
2370{�012
2360{194
251 0{1 01
21904087
25100105
21904087
30504228
2360{190
2680{1 16
23604194

2
3

4

o
7

8

Description
Panel: front
Decal: front panel {standardl
Decal: front panel (sample/holdl
Decal: front panel (ratio)
Decal: front panel {s/h and ratiol
Window: display
Guard cover: bottom
Cover: bottom
Trim: bottom
Frame: side (2 requiredl

Nut: sheet metal
Extender rod: on/off switch
Panel Assy: rear; includes ac power connector P1 and switch 52
Chassis Assy t^..
Guard cover: top
Cover: top
Tr im: top
Cover: side (2 required)
Trim: side (2 requiredl
Foot Assy
Foot: center
Stand:  t i l t
Knob: 1/2 in.  pointer
Knob: on/off switch
Knob: pushbutton, trigger
Bezel: on/off switch
Knob: jade gray
Knob: jade gray
Cover: rear terminal
Insulator :  support

Machine Screws
Description

6-32 x 1 14 flat head
6-32 x 114 flat head
440 x 3/16 pan head

Lock Washer: helical
6-32 x 114 flat head
6-.32 x 114 f lat head
6-32 x 5/1 6 flat head
8-t2 x5116 pan head

Lock washer: helical
8-32 x7116 pan head

Lock washer: helical
Flat washer

6�3.2 x 3116 flar head
1 0-32 x 3/8 flat head
6-32 x 5/1 6 flat head

a

1 0
t l

N

Figure 6-1. Chassis Parts.
a--i,l
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MP2g MP30

INSULATOR TERMINAL NUT

03400481 0360-1758

MP28
INSULATOR
03404724

BTNDING POST SUPPORT I  /
03461-27401 , 

/\ l /
\ t /
L ;oo-@

mft @v&'' \'o,%#'o'.x'^
P\ \*o0 

'*i*o'"'*

\  

B R A C K E T : F R O N T T E R M

BINDING POST
1 51 00085

LOCK WASHER
2190{054

H E X  N U T
2950{054

Figure 6-2. Binding Post Assembly.

RANGE DRUM
4040{91 5 GEAR LEVER

40400916

FUNCTION SWITCH BRACKET
034,90-21202

R E T A I N E R  R I N G
0510{083

{ 2  R E O U I R E D )

DRUM BEARING
o3r'r90-21201

FUNCTION LEVER SHAFT
o3490-23703

RETAINER R ING
o51 0-1 1 65

FUNCTION SWITCH 53
3100-3078

RANGE LEVER SHAFT
03490,_23702

RANGE SWITCH LEVER
0370_21 98 RANGE SWITCH

BRACKET
03490{1 207

FUNCTION
SWITCH
GEAR

03490€3601

HEX NUT
318 x32

29500043

LOCK WASHER
3/8  lN .

21 90{01 6

Figure 63. Switch Assembly.
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7.T.  INTBODUCTION.

7-2- This section contains information necessary for
repairing the Model 3490A. Schematic diagrams, trouble-
shooting trees, and other troubleshooting and repair
information are included. Figure 7-1 7 shows the location
of assemblies within the 34904. Additional trouble-
shooting notes are located on schematics.

7.3.  PBELIMINARY TROUBLESHOOTING.

74. lf the Model 3490A operates incorrectly and the
trouble cannot be corrected by the Adjustment Proce-
dures, the following troubleshooting information should
be used. Check for loose wires or other obvious sources
of trouble, such as burned or loose components. Make
sure printed circuit boards are seated firmly in connec-
tors. Also make sure those microcircuit packages that
mount in sockets are filmly seated.

7-5.  TRO UBLESHOOTING TREES.

7-6. Troubleshooting information for various circuits or
operations of the 3490A is contained in several trouble-
shooting trees and associated information. The General
Troubleshooting Tree, Figure 7-4, may be used to isolate
the problem to a particular area of the instrument. The
following list indicates the circuits to which each tree
applies:

Troubleshooting Tree Title Figure No.

Standard 3490A Circuits

SECTION VI I
TBOUBTESHOOTING AND

CIRCUIT  D IAGRAMS

7-7.  ACCESS F0R SERVtCtNG.

7-8. Access to most areas of the instrument may be
gained by removing the top cover and the top guard
cover; It should not be necessary to remoye the bottom
covers unless components on the Main Circuit Assembly,
Al , must be replaced. Remove the top trim strip to gain
access to the Display Assembly. The three vertical screws
which secure the Display Assembly heat sink to the
guard shield must be removed in order to remove the
Dsplay Assembly.

The High Impedance, AC Converter and the
Ohms Converter printed circuit boards and
components must be kept clean and free
from fingerprints or other contamination, or
performance may be degraded. Handle these
assemblies by the board extractors.

7.9. POWER SUPPLY CHECKS.
7-10. Check the power supply voltages at the points
listed in Table 7-1 using an oscilloscope and a dc digital
voltmeter with 4digit resolution. Voltage and ripple
specifications are as shown. All ripple measurements are
to be made with the sample rate in the HOLD position.
Voltages are listed following the supply used as its
reference. Therefore, power supply voltages should be
checked in this order. The first supply checked wtrich
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 opticns 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 Gurrent Limit Values.

General
DC Analog
AC Converter
Ohms Converter
Display
Logic Test
hgic Clock

Option 021
Data Output

Option 022
Remote

Option 030
cPrB r/o

Option 040 or 045
Sample/Hold General
Sample/Hold Logic

Option 080
Ratio

14
n <

7-6
7.7
7-8
7-9
7-ro

7 -lr

7-12

t -13

1-14
7-r5

1-16

Base Supply

A 1 A , I
Test Point Volrage Ripple

Current Limit
{Applox. Voltag€sl

+  1 7  V
+  5 V
+ 3 0 V
-  1 7 V
-  5 V
-  3 0 v

16.99 to + 17.0' l  V
4.995 to + 5.075 V

3 0 . 1 0  t o + 3 O . 9 O V
' 1 6 . 9  t o -  1 7 . 1  V

5.00 to -  5.85 V
3 0 . 1 0  r o - 3 0 . 9 0  V

< 50 mV p-p
( 60 mV p-p

< 25 mV p-p
< 5 0 m V p f
< 60 mV p-p
< 25 mV p-p

Al Rl04 = .434 V
A1R'l  = .448 V
A l  R 1 1  ' l  =  1 . 3 4  v
A 1 R 1 1 8  =  . 5 4  V

4 1 R 1 2 5  =  1 . 3 0  V

Raw S0pply

Test Poinl Supply Voltage

Ripple
{Approx. Voltag€)

TPD

TPA
TPC

24V
24V
3 8 V
3 8 V
9 V

2 4 t o + 2 8 V
2 4 t o -  2 8 V
3 8 t o + 4 4 V
3 8 t o -  4 4 V

9 t o + 1 1 V

I  vp-p
t .2  v  p f
. 5 V F p
.5 v p-p

1 .5  V p-p

1-l



Section VII

b. If the problem is not with an option, determine if
the faulty supply is in current limit (see Paragraph 7-12).
If so, determine where the short is by use of the power
supply jumpers and troubleshoot that section.

c. If the faulty supply is not in cunent limit,
determine if the faulty supply has the correct raw supply
voltage (see Table 7-l). ß 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. lf 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, c and d. It is
essential that the + 17 V supply be within specification
since all other supplies are referenced to this supply and
will be affected. If oscillation problems are encountered
on the + l1Y supply,  change AlClOg to 1000pF,
400 pF or remove from circuit. If there are ripple
problems on the + 17 Y supply or any other supply,
check to assure the line voltage selection switches are set
to correspond with available line voltage. If ripple still
exists, replace the filter capacitor of faulty supply.
Ripple problems on the - 17 V supply can be caused by
ripple or low voltage of the - 30 V supply Qower voltage
than the -24Y raw voltage supply).

1-12. Nl power supply regulators are current limited so
that if an excessive load is applied, the regulator voltage
output goes to neat zero. If this is suspected to be the
problem, the supply in current limiting can be deter-
mined by measuring for the current limit voltage across
the resistor which are both specified in Table 7-1.
Provision has been made for isolating certain areas of tfue
Main Circuit Assembly by removing designated jump6r
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, AlAl. All of the Logic circuits are
supplied through only one jumper wire for each voltage.
Consequently, jumper wires are provided in the ground
circuits to isolated portions of the logic circuits. These
ground jumpers are shown on the schematic diagrams,
Figure 7-23 andT-24.

7.13.  DC ANAL0c CtRCUtTS.
7-14. The DC Analog Troubleshooting Tree, Figure 7-5,
covers the DC Amplifier, Integrator and Zeto Detect
circuits, I l0 V References, the DC Switching Logic and
kvel Translators and the Power Supplies.

7-15. AZ Asembly 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

Model 3490A

TableT-2. Power Supply Jumper Wires.

Voltag€ Wire Location Circuits Supplied

+ 1 7 V
+ 1 7 V
+ 1 7 V

- 1 7 V
- 1 7  V
- 1 7  V
- 1 7 V

+ 3 0 V
+ 3 0 V
+ 3 0 V

- 3 0 v
- 3 0 v
- 3 0 v

+ 5
+ 5

+ 5

- 5 V
- 5 V

WH
w2
W6

wl
WEE
W3
ua

wz
WBB
W4

WAA
wcc
WFF

W7

WG
W5

WJ
W1

A1
A 1 A 1
A 1 A 1

A 1
A I
A 1 A 1
A l A T

A I
A 1
A 1 A 1

A 1
A , ' 41

A 1 A 1

A1
AlA.I

A 1
A 1
A 1

Logic
t 10 V Reference
Integrator, Zero Detect

logic
DC Switching Level Translators
tl0 V Reference

Integrator, Zero Detect

Integrator, Zero Detect
DC Ampl i f ier
t 10 V Reference

Integrator, Zero Detect
DC Ampl i f ier
DC Switching Level Translators.
A1CR403

Logic, Display, Switches
Al U4Ol , O\rerload Protection,
DC Switching Logic
Integrator, Zero Detect

Logic
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 Amplif ier Checks.
7-18. To check the DC Amplifier zero, set the Function
switch to TEST and select Range 5. This grounds the
amplifier input and sets the amplifier gain to 100. The
front panel display should be 000.000 1 15 counts. To
check for leakage current in the input circuits, compare
the numerical reading in Test 5 to the reading in Test 6
with the input terminals shorted. lf the reading in lest 6
is sömewhat higher (igroring 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
Paragaph 5-60 step b, it is possible that there may be
leakage to Guard from some point in the circuits.
Disconnect the Guard shorting strap from the input Low
terminal. If the offset is removed or can then be adjusted
to zero, leakage to Guard is probable. Some of the
possible causes are: l) Breakdown of the insulation for
power transistor Ql or CRl. 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 wrthin the DC Ampli-
fier are shown on the schematic diagram, Figure 7-30.
To check the operation of various stages of the
amplifier, hrst set the Sample Rate control to HOLD
and disconnect the Bootstrap Amplif-ier (white jumper
wire, labeled "Bootstrap" on the Al Component Loca-



' t

J

Model34904

tion drawing). Connect the gates of both A2QIA and B
to ground. Connect a dc null meter (-hp- 419A) between
AITPR and ground, and adjust AlR522 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 A2Ql B
and add adjust AlR522 Io 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 AlQ508,
the collectors of AlQ506 and AlQ507, or the emitters
o f  A lQ510  and  A lQ511 .

Section VII

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 adiusted
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 AlR522 for a display of +.000010 to
- .000026.

' l-22. 
DC Amplifier Switching Gircuits.

7-23. Figwe 7-l shows the inputs to the DC Amplifier
input switching FET's. Waveforms at the connections to
A2U2 should be compared to the bootstrap waveform at
the white jumper on A2 (labeled "Bootstrap" on the
Component L.ocation drawing). The "OFF" voltage level
of - l7 V or - 20 V must be correct. During the ..ON"

time, when the waveform is more positive than - 17 V,
the waveform should correspond to the bootstrap
waveform.

7-24. The switching outputs of the DC Logic ROM,
shown in Figure 7-2, should be as shown in each case.

TRIGGER SCOPE AT A] .TPK,  +  SLOPE.
C H E C K  W A V E F O R M S  T O  S E E  O N L Y  I F
.  1 7  V  A N D .  2 0  V  L E V E L S  O C C U R  A T
T H E C O R R E C T T I M E S .  D U R I N G  A L L
O T H E R  I N T E R V A L S ,  W A V E F O R M S
SHOULD COR RESPOND TO THE BOOT.
STRAP VOLTAGE.

TIME {ß1.

& 1 & t i l
&2 AAiGE

1  A t L  
- t 7 v

2 . 5  A L t

3  0 . t , 1 , r m r

3  t o , r K V

a  t @ , t K v

r 0  0 . 1 ,  r , 1 0 v

1 6  A T L

1 9  A T L

2I  ALL

23 0_ l  v

T I M E  S H O W N  A P P L I E S  T O  I N S T R U .
M E N T S  D E S I G N E D  F o R  6 0  H z  L I N E
O P E R A T I O N .  F o R  5 0  H z  I N s T R U -
M E N T s ,  I N C R E A S E  T I M E  B Y  2 O O I O .

T R I G G E R  S C O P E  A T  A 1 T P K ,  +  S L O P E .

Alu401

6

n lii,,,

0 . 1 ,  t .  t 0  v

1 0

t t

1 2

1 3

1 7

t 8

l 9

20

2 1

0 . 1 ,  t .  1 0  v

' 4 e o a - a ' 2 s 4 6  * T I M E  s H o w N  A p p L l E s  r o  T N S T R U M E N T S
D E S I G N E D  F O R  6 0  H z  L I N E  o P E R A T I o N .
F O R  5 0  H z  I N S T R U M E N T S ,  I N C R E A S E
TIME BY 2Oolo .

Figure 7-1 . Switching Inputs to A2U2.
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7-25. Replacement of OCR30l.
7-26. If it is necessary to replace the reference transis_
tor-diode package AleCR3Ol, it is also necessary to
replace resistors A1R306,309, 310, 313, 314 and :t5,
which are matched to eCR3Ol. Matched resistors are
supplied with the replacement reference, eCR30l.
7-21. A-to-D C0NVERSt0N CtBCUtT CHECKS.
7-28. Ttre Analogto-Dgital (A_to_D) Conversion circuits
consist of the Integrator, the x20 Amplifier, and the
Zero Detect circuits. Some problern, in th"r, circuits
Tay be detected by applying a full_range input voltage.
For example, the Integrator output *"öfo.. at AlTpl
may be checked with a _ lOV input on the l0Vdc
range. The center portion of the waveform (10 ms
between _run-up and run_down) should be flat. if *ri,
portion decays, this may_indicate leakage in the Integra_
tor capacitor, C2O3.If the waveform continues to rise,
the input switches e20,1 and e205 may not be
completely cut off during this period.

7-29. 
..Some types of problems, such äs amplifier offset

or failure, may be f9un9 UV setting the Sampte Ratecontrol to HOLD and making dc voliage rn.urur"rn.nt,
within the circuits. For inslance, boih inputs to anoperational amplifier should be equal and near zero. Tocheck the balance of a dual FST, such u, qZOO fo.example, first remove the microciriuit ampiifrer (U201
in this.case) from its socket. Connect Uotf,'pfif gates toground, and measure the source voltages, which should
!" :gyd. These voltages may be *"urirrä at pins 2 and3 of the open U20l socket.

7-30. Mth .the instrument sampling and with a full_
range input, the x20 Amplifier ouipuishould not exceed
| .2 to | .4 V because of the diodes i"t*..n tfr" amplifier
input and-output. Also with a full_range i"p"t, tfräZt,r"
detect reference voltage at pin 3 of*U203 should beapproximately 1 50 mV during run_up una ,u"_Oo*n.,"
No^nJinearity of negative readiigs rnuy U, "uured by adefective amptif ier, ü201.

7.3I .  INTEGRATOR TROUBLESHOOTING.
7-32. the integrator may cause noise on full scale
readings in the dc mode. If this occurs, check AlR207,
Q206, Q207, tJ2Ot and u202.If theie i, noirc at low
input ievels (ie., 100 mV input on l0 V dc range), check
AIC2O7. AlQ209 will be very noisy if pinch_äff voltage
is not correct. To check for ä noisy eäOg, increuse ttre- 

!7y supply and observe noise. The increase in the+ 17 V supply increases the bias on aZOS,li the noise
9Jt:qq.i" at a higher + 17 y ,upprv 

-uoriuge, 
e209snoud be replaced. Readjust the + 17 V supply per

Paragraph 5-54.

7.33.  AC CONVEBTER TROUBLESHOOTING.

NOTE

The indication on all ranges with the input
shorted will not be zero but should be'less
than 50 counts.

1:7

Model 3490A

Designator
A6-

Spacin g_f ro m corn ponäit-c"nt",
ro l,rtnted Circuit Board

Minimum Maximum

c l
c2
c3
c5
R 1 A
R 1 B
R44
R4B
R4C

0.1  in
O.1  in
0 .1  in
0 .1  in
0.4 in
0 .1  in
0.4 in
0 .1  in
0 .1  in

O.2  in
u-2  tn

O.2 in
O.2 in
O.5 in
O.2  in
0.5 in
O.2  in
O.2 in

7-34. Operation of the AC Converter circuits may be
*::k.9,using the Troubleshooting Tree, Figure 7_6.
Table 7-3 lists a number of symptöms 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, anä should be
cleaned thoroughly following any repair.

7-36. Certain components on the AC Converter Assem_
bly must be spaced the correct distance from the printed
circuit board for proper operation of the circuit. Table
74 lists these components and the proper spacing that
must be observed during repair.

. Table 74. Component Spacing.

7-37.  OHMS CONVERTEB TROUBLESHOOTING.

7-38. The Ohms Converter Troubleshooting Tree, Fig_
ure 7-7, may be used to locate the trouble if tn. Onr
C-onverter does not operate correctly. Make sure the DC
Voltmeter operation is correct before beginnrng the
Ohms Converter checks_

7-39. The cleanliness of some areas of the Ohms
C_onverter Assembly is important to proper operation.
Handle the printed circuit board only'by ihe extracton,
and clean the repaired area thoroudily.

Table 7-3. AC Reed Relay Checks.
Ranges
Affected

Symptoms Possible Causes

100 v
1000 v

, I V

1 0 v

I V
1 0 v

100 v
ro00 v

1 V
too v

1 0 v
r000 v

lOver load 
-  1 V input  on 100 V range

I 
resul ts in 1 00 V display

I

I 
DisOlay is one-half the input value

I
I
I 
Low input impedance, approx. 2O kS-t

Over load -  I  V input  on 100 V range
resul ts in 5O V disptay.

Display is  l  /10 the input  value

Overload

K2 Shorted

K2 open

K3 shorted

K3 open

K4 shorred

K4 open
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7.40. DISPLAY TRO UBTESHOOTING.

741. 
"Ihe Display Troubleshooting Tree, Figure 7-8,

mav be used io troubleshoot a defective display' The

nuäerical 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 tfuee vertical screws

securing the diiplay heat sink to the guard shield'

742.  LOGIC TBOUBLESHOOTING 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 flipflop is being
clocked. (See AlU6, 7, 71, 14, 17,20 md 22.) The
output is changed by the "0" to "1" transition of the
clock input. Also, the output of an inverter (AlU8 and
10) should be the logical inverse of its input.

744. lf incorrect readings are observed on the logic test,
pull AlU2, 3, 9 and 16 and reinstate, taking care to seat
leads properly in their sockets. AlU2,3, 9 and 16 may
be checked by substituting a known good device.

'745. 
Certain microcircuits may be associated with

particular malfunctions. A1Ul9 utd 2l deal with pro-
gramming the 3490A range and function. AlUl5 and24
are associated with sampling and sample rate delays.
AlUl5 also deals with function delays.

746. If decimal point or ranging problems cannot be
located by using the troubleshooting trees, the trouble
may be in the display, the front panel switching, or the
optional Remote Assembly. The decimal points in the
display are switched during the LOW true enable signals
to the display units (see Figure 7-8).

747. If the instrument does not sample, the logic
circuits may be locked in a certain state or sequence.
Turn the instrument off. While holding the manual
pushbutton depressed, turn the instrument back on anil.
observe the states of logic signals YMA through YMG
with an oscilloscope (see Figure 7-24). These are found
at test points O, T, P, S, Q, N and J in the logic section
of ,the main circuit board. Test point O should be a
steady HIGH, and all others LOW. If these levels are.not
correct, the Read Only Memory, AlU9, or one of the
State Storage flip-flops may be defective. If all seven
sigrals 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 TROUBTESHOOTING
(0ption 021).

749. Ceftan 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 svmptoms and
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Table 7-5. Data Output Troubleshooting Tips.

Symptoms Probablo Cau$

Measurerent Intotmatioo:

No data output
No dab output and no polar i ty,  overload,

or overrange

No odd numbers in any digi t

N o  2 ' s , 3 ' s . 6 ' s ,  o r  7 ' s  i n  a n y  d i g i t

N o  4 ' s , 5 ' s , 6 ' ! ,  t r  7 ' s  i n  a n y  d i g i t

No 8's or 9 's in any digi t

Range Intorrot ion:
No range data output
No range and no funcion data output

No odd numbered range data

Ranges 2,3, and 6 do not pr int  correct ly

Ranges 4,5, and 6 do not pr int  correct ly

Fundion lnformation:
No {unct ion data output

No tunct ion and no range output

Funct ions 1, 3,  5,  7,9, - ,  A, and * not correct

Funct ions 2, 3,  6.  7.  +, - ,  O, and * not correct

Funct ions4,5, 6,7, V. A, f | ,  and'  not correct

Funct ions 8, 9,  +, - ,  V, A, O, and i  not corrrct

Polar i tv,  Overload, Overrange. Sample/Hold,

and Remote Mode Intormtion:

None of the above outputs correct

None oI the abow and no range output

No polar i ty output

No overload outPJlt

No overrange output

No Sample/Hold Mode outPüt

No Remote Mode output

A9U9

A9U6
A 1 0 U 1 , 2 , 3 , 7
A 1 0 U 1  , 2 , 4 , 7
A 1 0 U 1 , 2 , 5 , 7
A10u1 ,2 ,  6 ,7

AgU7
AgU6
41OU3
AlOU4
A1OU5

AgU7
A9U6
A1OU3
A1OU4
A1OU5
AlOU6

A9U7
AgU6
A1OUs
A1 OU6
A1OU3
AlOU6
A10U6

their probable causes. Refer also to the Data Output
Troubleshooting Tree, Figure 7-1 l.

7.50.  REMOTE CONTROL TROUBLESHOOTING
(0ption 022).

7-51. Refer to the Remote Troubleshooting Tree, Fig-
ure 7-12, for information for troubleshootine the remote
control circuits.

7-52. cPlB TROUBLESH00TtNc (0ption 030).
7-53. General Ghecks

7-54. lf the 34904 with Option 030 does not operate
correctly, first determine whether the trouble is in the
I/O circuit or the main 3490A circuits. The performance
checks in Section V may be used to determine whether
the instrument operates properly in standard multimeter
operation. Make sure the I/O plug-in printed circuit
boards are seated properly in their sockets, and that the
ribbon cable connectors are inserted properly. Also
make certain that all microcircuit packages are seated
firmly in the sockets.

7-55. Troubleshooting Method.

7-56. The logic circuits which make up the GPIB option
are very difficult to troublestroot by the normal compo-
nent method of troubleshooting. Consequently, a GPIB
Repair Kit, -hp- Part No. 03490-80009, has been made
available to facilitate fast and efficient on-site and bench
repair of the GPIB I/O Interface Option. The GPIB
Repair Kit consists of five assemblies (*rp Part No.
0349G60613 , 46532, -66533, -66534 and -66536), and
six parts kits (hp Part No. 03490€0013, {0031,
-80032, -80033, -80034 and -80036), which are indi-
vidually available. See Table 6-1 for description of
assemblies and parts kits. This table also provides a

7-5
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breakdown of individual components contained in the
Repair Kit and their respective parts kits. The printed
circuit assemblies provided in the repair kit may be
substituted for assemblies in the instrument in order to
isolate the trouble. A kit of microcircuit packages for
each assembly is provided so that once the trouble has
been isolated to an assembly, the defective microcircuits
on that assembly may be replaced. A system controller
and a printer are required for troubleshooting the I/O
circuits. These may be the controller and printer in the
system in which the 3490A is used. A dc voltmeter is
also required. The GPIB Troubleshooting Tree, Figure
7-13, checks most of the 3490A I/O circuits.

7-57. External Trigger Circuit Gheck.

7-58. The external trigger circuits may be checked by
the following procedure.

a. Place 3490L in local control by setting the
Remote Control Enable line (LREN) to HIGH.

b. Set front panel SAMPLE RATE control to HOLD.
Check logic level of External Trigger Flag (LETF) at Jl I
pin 4. Measure to outguard ground at pin 8 or 14 of Jl l,
or on Outguard Data Assembly A33. LETF should be
LOW until an external trigger command is given. If not,
check A31Ql.

c. Momentarily connect Jl l pin 7 to outguard
ground. 349OA should sample each time pin 7 is
grounded. If not, check A3lQ2 and associated compo-
nents, including pulse transformer Tl. If the instrument
does not have the Sample/Hold option, a jumper should
be installed in place of Tl. Make sure this jumper is.
seated properly in the correct sockets.

7.59.  SAMPLE/HOLD SERVICING.

7-60. Acces to Sample/Hold Gircuits.

7-61. The Sample/Hold Analog and Logic printed cir-
cuit assemblies, A27 and A28, are fastened together and,
must be removed from their sockets as a unit. Printed
circuit extender boards (Part Nos. 5060-6032 and
5060-5983, supplied with the 3490A Option 040/045)
may be used to mount the Sample/Hold assemblies high
enough for access to the circuits. The metal shield
covering the Logic assembly may be removed without
separating the two assemblies. Do not separate these
assemblies unless it becomes necessary in order to
replace components.

The Analog Assembly, A2T,especially those
oreas in the vicinit)' of the teflon insulators,
must be kept cleon and free from ftnger-
prints or other contamination, or Samplef
Hold performsnce m6v be degraded.

Model3490A

742. lt it becomes necessary to separate the Sample/
Hold printed circuit assemblies in order to replace
certain components, it is preferable not to disassemble
more than necessary. For example, if a repair is to be
made to the Analog Assembly, A21,the flexible shield
should not be removed from A28. If the unit has been
disassembled, use the following procedure and Figure
7-3 for reassembly.

a. Place Logic Assembly A28 (item 3 in Figure 7-3)
component side down on work surface. Place 4 spacers
(item 4) over the four captive spacers in L28.

b. Carefully put flexible shield in place, aligning
holes in shield with the spacers.

c. Secure shield to A28, using two nylon screws
(item 6) in the two holes nearest the bottom edge of
A28.These screws must be non-metallic.

d. Place two spacers (item 4) on top of the other two
holes in flexible shield.

e. Place Analog Assembly, A27, component side up
over the two spacers in step d and secure with the screws
(item 8).

f. Secure aluminum shield (item 2) over component
side of A28, using four screws (item l).

g. Connect brown, red and orange wires from A28 to
pins l, 2 and 3, respectively, on A27 .

7-63. 0perating the 3490A with Sample/Hold Assem-
hlies Removed.

7-64. lf a problem exists in the Sample/Hold circuits
which affects operation of the 3490A with Sample/Hold
off, the S/H Analog and Logic Assemblies, A21 and
A28, may be removed and replaced by jumper boards,
which are supplied with the Sample/Hold option. These
boards complete the circuits necessary to allow the
3490A to operate (see Figure 4-27). The wire discon-
nected from the Analog assembly must be connected to
the pin on the Analog Jumper Board for proper
operation. Five pins are also provided at the left end of
the Logic Jumper Board for terminating the wires
disconnected from the Logic assembly. These pins are
not connected to any circuitry.

7.65.  SAMPTE/HOLD TROUBLESHOOTING TREES.

l-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 Samplei
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.

74
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Item

1
2
3
4
5
6
7
8

Description

4 - 40 X 114 wn head machine screw
Shield, aluminum
Logic Assembly,428
Spacer, .156 Long X .125 lD X .250 OD
Shield, f lexible
4 -40 X 3/8 nylon pan head machine screw
Analog Assembly, 427
4 - 40 5lA pan head machine screw

trp- Part No.

220001 39
03490-006(M
03490€6528
03804520

o3490-27301
220047o'4

o3490€6527
2200.0149

Figure 7-3. Sample/Hold Assembly.
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7.67.  RATIO TBOUBLESHOOTING.

l-68. If ratio measurements are not correct and the
trouble cannot be corrected by the Adjustment proce_
dure, or if the adjustments cannot be made correctlv.
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 amplifiers are seated firmly in their sockets.

7-69. External Reference Amplif ier 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 ämphner or
logic circuits. For example, if the display reads approxi_
mately 75% of normal (l0V Input/tOV Exi. nef.= 07.5000), the trouble is probably in the amplifier
circuits. If the display reads Overload for both positive
and negative inputs (at INPUT terminals), the trouble is
probably in the amplifier circuits, but if it reads
Overload for only one input polarity, the trouble is more
likely in the logic circuits. If the displayed polarity is
incorrect and the display reads Overload, check the
polarit y logic circuits.

7-71. Amplifier Zerc 0ffset.

7-12. lf the Reference Amplifier zero adiustments in
steps a through h of the Ratio Adjustment procedure
cannot be made correctly, the trouble may be leakage in
either AI3CR2 or 3. This condition can be most easily
checked by unsoldering one lead of each diode and
trying the zero procedure again. If the amplifiers can 6e
zeroed with the diodes disconnected, one or both of
them is defective.

7-73. Reference Polarity Logic Checks

7-74. ln the 3490A measurement system, if the Input
voltage is positive, a negative reference is required ior
run-down, and vice versa. In ratio measurements, the
applied External Reference voltage is inverted and these
two voltages are substituted for the positive and negative
intemal reference voltages. The Reference polarity Logic
on the Ratio Assembly, A13, makes it possible to use
either polarity Externai Reference inp,lt ,itt .itt u
polarity Input voltage by selecting the öorrect reference
polarity for rundown. If a failure in the Reference
Polarity Logic causes the reference voltaqe used for
run{own to be the same polarity as the Input, the
display will indicate Overloäd. If the 3490A operares
correctly in dc voltage measurements with inputs of
both polarities. but reads Overload with one polarity
input in ratio measurements, check the Reference
Polaritl' Logic as follows :

a-  Set  R{TIO swi tch to EXT REF l0Vandapply
l0 \ ' to EXT REF terminals.

--]
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b. Set FUNCTION to DC and apply full-range input
on either the 1 V or l0 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 schemat ic  d iagram, Figure j -22.  Losic
HIGH = + 2.4V to + 5 V.  LOW = 0 to + 0.6 V.

7.75. SCHEMATIC NOTES.

7-76. tll.e following notes apply in general to all
schematic diagrams:

a. Partial reference designations are shown. prefix
with asembly or subassembly desigration(s) or
both for complete designation.

b. Component values are shown as follows unless
otherwise noted:

Capacitance in microfarads
Resistance in ohms

c. * Average value shown. Optimum value selected
at factory.

I
d. = Denotes earth ground.

e. I Denotes chassis or frame ground.

f. 
f 

Denotes floatable circuit ground.

.9. qP Denotes printed circuit assembly ground.- V

k .

Denotes assembly outline.

Denotes subassembly out-
l ine.

Denotes main sigral path.

Denotes feedback path.

l. l------l Denotes front panel markings.

Denotes screwdriver adjust.

n.Wl 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).

" 3 Denotes schematic number on which con-
Y nection is maije.

p. A Refer to manual backdating, Section VIII.
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7.77. LOGIC GATE SYMBOLS.

7 -78. L humber of logic gate integrated circuits are used
in the 3490A. Most of these are TTL circuits, in which
the HIGH logic level is 2+ 2.4 V and LOW is (r 0'5 V.
The normal symbol used to indicate a 2-input NAND
Gate is shown below, accompanied by the truth table.

NAND GATE

Truth Table
A B C

C L L H

H L H
L H H
H H L

As the truth table indicates, both inputs must be HIGH
(true) to obtain a LOW output. The purpose ofthe circle
(invert symbol) at the gate output might then be
assumed to indicate that the signal is LOW true at that
point. The truth statement for this NAND Gate may be
restated to read, "A LOW signal at either input results in
a HIGH output," and the same truth table applies. In
keeping with this statement and the use of the circle to
indicate a LOW true sigtal, the following "OR" function
symbol may be used.

In some cases, a NAND Gate circuit may be used to
invert a logic signal. This may be done by connecting the
same sigral to both inputs. If this is done, the following
symbol may be used, indicating that the circuit merely
inverts the sienal.

If the input sigral is LOW true, the circle may be placed
on the input side of the symbol.

Section VII

The NAND Gate may also be used as an inverter by
connecting one input permanently to HIGH (+ 5 V). In
this case, the circuit may be shown as follows.

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
A

Exclusive OR Gate

Truth Table

A B C

L L L

H L H

L H H

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.

If one input is held HIGH (+ 5 V), an inverter symbol
-, may bg used, because the output becomes the inverse of

the input.

+ 5 V

+ 5 V

7-9
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Table 7-6. Alphabetical Listing of 34g0A Mnemonics.

Mnemonic Description

LACI AC input enabte
LACO AC conwrter output switch
HAUT Internal autorange
HAZD Analog zero detect
LCDC Clear data counter
HCOC Clear data counter
LCDF Change data ftag (HDFL)

lgER Change end of reading {LEORI
HCES Close electronic switch

f9!C Change hundred thousnd count select
f9yA Change main time bit A (HMTA)

i9yg chanse main time bit B (HMTB)

l9yc Chanse main time bir C (HMTC)
LCOV Ctock overtoad
HCRA Combined range brt A
HCRB Combined range bit B
HCRC Combined range brr C
LCSO Clear stord outpurs
LCTC Clear time @unter
HDCA Data Counter bit A
LIR Xt Atten reed
HIRA Internal range bit A
HIBB In te rna l  ra rEe b i t  g
HIRC In te rna l  range b i t  C
LLEC Leakage control
HMA Machine state bir A
HMB Machine state bit B
HMC Machine state bit C
HMD Machine state bit D
ly9A Main time bit A detayed

Iy?q Main time bit B detayed

Iy?C Main time bit C detayed
HME Machine state bit E
HMF Machine state bit F
HMG Machine state bit G
ryryg Manual button normaly ctosed contact
ly!9 Manuat button normaily open contact
LMOT Memory output

l lygf Machine quatif ier setection bir A
ly99 Machine quatif ier setectaon bit B
ly99 Machine quatif ier set&tion bir C
lIgD Machine quatif ier setection bit D
.:yy? Machine quatif ier setection bit D
:y:_a Machine quatif ier setection bit E
:yy: Machine quatif ier setection bit E
LMRF - Ref select
HOCB Data Counter bit B
HDCC Data  Counter  b i t  C
HDCD Data Counter bit D
HOFL Data  F te
LDNR DownraÄe
HDPP Oisplay p-olaritv

Source Mnemonic Description

A r u 4 o t  l r _ e O nAl u401 | r_exe
From HFAT or Al  1 U1 I  I  grar
41U203 |  r r ra
4 1 U 1 6  |  H r r a
A1U23 |  x rne
A l u 1 6  |  n r n e
A 1 U 1 6  |  s r n c
Alus l nrsc

( H S H C )  U 1 6  t  L F T X
u16 l  r-nrvc
u 1 6  l l r r _ ou 1 6  l l r e
u 1 6  l H r r e
54  o r  A t lU1  I  I  H r re
S 4 o r A 1 1 U 1 1  l l t C
5 4 o r A l l u l 1  l t r n r p
Y19 | r-r 'vs
Yl6 | r-rocul I ilr.are
u401 | xMreu21 | xrvrrCu2t I loreu21 | lornu4o1 | r-orurn
Next stare outputs from I iors
BOM U9, present state I frovp
outpurs from state I Hovt_
storage U7, U 17. I f_pnf
From Sample/Hotd option I f_pnC
i f  not instailed these signats I ffnep
a r e s m e a s H M T A , B , C .  I  H S n
(se HMAI I  HSe
(See HMA) | rSC
(See HMA) | HSCK
s58 | LScx
ssB I 1-5nc
r,!r I usnc
ulo I r_spr_
ulo I usse
u10 |  HSSB
u10 |  HSSC
ue I lrcr
uto I Hrcz
u9 | srca
u401
u l  I  H rc l 6  .
ul I Hrca2
ul  "  I  Hrrs
uzo I LTXF
u16 I lroru
U22 or Rario or I r-Upn
s/H oprion I nzof

End of reading
External encode
Front panel autorange
Front panel function bit A
Front panel function bit B
Front panel range bit A
Front panel range bit g
Front panel range bit C
Fast state clock
False transfer
X l0O Gain
Hold (stops interwl sampting)
X l  A t ten
Internal function bit A
Internat function bit B
X 1  G a i n
Input polarity
Input short
X 1 0  G a i n
Main time bit A
Main time.bit B
Main time bit C
X0.01 Atten
X0.01 Atten, reed
Ohms ref select
Output enable to decoder
Overload protection
O\rerload
+ Ref select
Preset range
Ratio polarity
Display scan A
Display scan B
Oisplay scan C
State clock
State clock
Select + 100,000 counts
Select + 1OO,0OO @unts
Store polarity
Sample rate switch bit A
Sample rate sitcfi bit B
Sample rate ilitch bit C
Time count 1 (+ l0,OO0 or +l@,OOOI
Time count 2
Time count 4
Time count I
T ime count  l6
Time count 32
Transfer enable
Transfer
Turnon, low for approx. 100 ms after turn-on
Uprange
Zero detect

Source

u14
422U1
s4A
S3
s3
5 4  o r  A 1 1 U 1 1
5 4 o r A l t U l 1
5 4 o r 4 1 t U 1 1
U3
u 1 6
u401
S5A or A22U l
u401
From 53 or  At  t  UlO
From 53 or  At  l  UtO
u401
U2?
u401
u40l
u l 4
u l 1
u l  1
u401
u401
u401
U9
u401
u22
u401
u l 6
U22 or Ratio option
A3U2
A3U2
43U2
v4
U4
U6
U6
u l 6
s5A
s5B
s5c
Q1
U6
u12
u12

vl2
U9
u 1 8
o3
u l 6
u23

H preceding mnemonic means HIGH is true;
L means LOW is true.

-  
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Comply with Nots 1
betoro frforming the
following t6ts. Check
r  3 0  V ,  I  1 7  V , a n d  r  5  V
prer suppty vott6g6 at
6t pints on sti€l
a$embly  4141.  Cor rec t
Eltages shown below.

Set Sbmple Rate to HOLD.
Obsrw decimal pint
while *lecring ech 6lid
EnF in all fundions.
Oecimd Fint 3h@ld
corrqpd to rans
elfttd in all 6s6.

Set Fundion to TEST,
Range to 1 ad Frform
Lqic Ten $ ou{ind in
Pa€graph 338.

!904-  O- !OO!

NOTES

1. Bdore lollowing this Troubleshmtiru Proedure, .emve th€
Ohc Oonvqtq from it3 @nndor. lr is nor n*6erv ro
disnned iis input or outpur tads. tf the Ohft Convener is
lefr in its 6nnedor, e tailure in the Logic Ct@k my daroS
the @n6er, d a Iaiture in the 6nsts my diebt€ the
clock and Fovent Elid tro6tsh@trn9.

2. A dc Fltretn, an osdtto@f and a dc srandard are rquired
for th6e ctekr. The Low ltrminat ot the dc standard most
h 6Fble of fl@ting at l@st 50O V abow its chasis ground,
sine th€ oscillosof ground (clEssisl mult b dnnedd to
the 34904 cLcuh @mmon.

3. The time shM on wavelorms is rhe corred tiru fot
infrumnts designed tor m Hz tine o6ation. Fff 50 Ht
in*rurunts, increase rhe time shmn bv 2O%.

Powtr Supply Voltages:

A I A I
vona@

+ 1 7 V  + 1 6 ! 9 t o + 1 7 . 0 1  V
+ 30 V + 30.10 to + 3090 V
+  5 V  + 4 9 9 5 t o + 5 . 0 7 5 V
-  5 V  - 5 . O 0 t o - 5 8 5 V
-17 V -  1695 to  -  17 .05  V
- 30 V - 30.10 to ,30.90 V

Cored Dd ot Logic .T. 6t r@d-
ings. Numbers, rclarity rymbol,
and sequen@ mu$ be ebctly as
shown, but r€adinfr my b€gin at
any  F in t  in  the  l i r t -

+ @0.024
+ o4.oo24
+ o.2@24
+ .01002/i
+ 0.09032
+.t0.0024
+ 200.024
+ 4000.24
+ 80002.4

+ 6O0O.xx OL
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Apply I /2 full range + and
- input on e*h Enge. Mon-
i tor t$t  rc int  g on A1A1.
S@pe rync to A'TPK,
+ slope.
Correct wadorft:

I
t l

- INPUT I
+ 3 v r i  IIL_J]:
Obs€re waveforG for @r.

polaraty 3d rul*
6 indi6td. lr.t

F t of ffivelorm my
follow oirher dortd line.

+ INPUT

St Fundion to
Smde Rat€ to FAST

pin 12 ot Al tX)

AITPK. + stooe.

JIIIL-
,"."i1glil
r i lh i .9ul i  F
or disploy€d

ü*!iai ott"" *nn
!drp6 ltnt. rync, +.1@)
@ect trvefo.d:

Proceed to Logic Trouble-
$@ting Tre, Figure 7-10.

Refer to Logic Trouble-
*Foting Tips, ParagEph
7-3}.

Figure 74. General Troubleshooting Tree.

7-rt l7-r2
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l :  r.f:

Y E S

with /
A I A l T I
- 5 V .  C
gac3 o
arld (

AlTPK]

Q204:
o V r  r
-uiL.r
Q205:orr:
- s V J  I

See Ptu
*poring

Q208:
F

_ 5 V L

'++ @"Un
\o?

NOTES:
1. Ser FUNCTION ro DC. l I  inslrument has Rat io or

Sample/Hold opt ion, set RATIO to tNT REF and
SAMPLE/HOLO ro OFF.

2. A dc *andard. a dual-race o$illosp€, a 5diqit sltreter,
and a dc null rcltmeter are required for thee checks.

3. The time sh&n on wawforms is @Fect for instrurenti
dsigned for 60 Hz line opeEtion. For 50 H. instrumnts_
ins€s time trv 20%.

YES

T.oubleC
YES I ranCaror

In@rrcct

forc. S€

Apply in
and ft
right (
Voltag6

@rumn.

R N G .  I

' t v
1 0 v
t o v
'No fünr

With Al U202 out,  connect
+ 5 V to A' l41TPA. Appty
tull range p6;tive input on
.1 V through l0O V r.ngs.
Monitor A ! TPR with scop€
lTr igge. on AtTpK, +
slope, 20 ms/cm). Cdrect
wavetorm for @ch range:

C o n n e c t  - 5 V  t o
AIA1TPA and repqr t6t .
negatiw full Enge input on
.1 V through 1O0 V range..

Correct waveform Ior each
6nge:

Remve A1U202. Alte-
nately @nnect +5 v 6nd
- S V ro AlAl TPA. Potar-
ity display shoutd be + for
+ 5 V  a n d - f o r - 5 V .

Moniror AlAl TPB with
dc wltmeter or scope and
repeat .pfevaous test, volt-
age should be apfox.
+ 3 V  f o r  + 5 V  i n ,  a n d
a p p r o x .  - 0 . 4 V t o r - 5 V i n

D i s n n e d  - 5 V  l r o m
A1A1TPA and repl@
A1UZ)2 in scket.  Check
j l T V . n d  ! 3 0 V p o w 6
supply wlbg6 ro DC
Amplifier circuits.

Check @ltage at fin 8 of
AlU2O3. Should be
+ 1 1 . 4 V i 1 0 % .

Set Sampte R.E ro FAST.
usang dual inpu! spe,
@mp6re waveform 6t all
input. to A2U2 with B@t-
$6p waveform. Waw-
torß Crould be aa in-

in Figure 7.1, Tr ig-
s@r on AITPK. Ob-

serve display whi le
performing rhia tes. Prob-
lem mV clear temporarily
while r@pe probe is @n-
n4ted to A2U2.

Replace A1U2O3 and per-
torm DC Zero Adiu.t-
rcnts, Pa.agraph 5€5.

Set Sample Rare ro FAST.
Trigger $ope on AITPK.
+ilope. Check all outpuls
ot Al U401. Wavelorms
*lould be ar shown in
Figure7.2 -

54904 -O-  3004

,
r  s  t E



With AlU2O2 out and
AIAlTPA conneded to
- 5 V. Check waveforms at
gates oJ AlO204. 0205,
aod 0208 lSync to
AlTPK)

Q204:

"HÄqfr"
Q2O5: t1 swith-

:irsul-
Ft36msi_4v- 5 V '  -

With A1U2O2 out, @nnect
+ 5 V  b A I A | T P A . A p p l y
full range pGitiw input on
.1 V through 100 V ranges-
Monitor AITPR with scoF

fr{999l on AITPK. +
{ope, 20 G/cml. Csßd
Mvetorm for qch Bnge:

C o n n e c t  - 5 V  t o
AIA1TPA snd rep@t t6t,
negative full range input on
.1 V through 100 V ranges.

Cdrect wavoform foa each
Engei

Disnnect -5V from
AlA'ITPA and reDla@
A1U2O2 in scket. Ch€ck
t '17 V and r 30 V pow6
npply rclbgG to DC
Amglifi6r circuiti.

Troubleihoot dc level
t r ä 6 s l a t o r . ,  A 1 O 2 O l ,
a202, amq 0210, @11.

Troublesh@t Pohri ty
Sbrage logic and Polaritv
Diiplay.

See Pder Supply Trouble-
Öooting, PaEgraph 5-52.

Set Sample Rate to FAST.
t sing dual input sp€,
6mp6.e mveform at all
inouti to A2U2 wirh B@t-
s6p Mwform. YVaw-
fords *rolld be 6 in-
di€ted in Figure 7-l - Trig'
g€r s@pe on AITPK. Ob-
ierve display whi le
performing this td. Prob-
lem my cl€r tempora.ily
while s@po prde ir @n-
neted to 42U2.

Repla@ .Al U2(Il and p€r.
form DC Zero Adiurt
rcn$. Pa6graph 5€5.

Apply input volbges below
and t@sure voltage at
right sd of A2R6.
Voltag€s should be as
*Ewn io right hand
@|uffi.

BNG. V11 VOLTAGE
l v  i l v  r l v
t v  t 3 v  r t " 9 v r

1 0 V  i l o V  t  1 0 V
1 0 v  r 2 0 v  r 1 3 v *
'Nodi^al roltage

Set S6mple Ratö to FAST-
Trigg€r spe on AITPK,
+.lope. Check .ll output
of Al t401. Wawform
$ould be ei sh@n in
F'rlure 7-2.

Set Sample RaE to HOLD.
A p p l y  + 1 V  i n r t ,
M@süre rcltage drop
dos 42R7. Should b€
do rcltaqe drop,

Trcubl€Cr@t dc lewl
tarclatoc asiated with
inddd A2U2 GG
to.c, Se Figure 7-?O.

R€pla@ Az.wilh ex.tEngs
asfilcly, Seo P&.g6ph
7,14.

YES

YES

S€t s6mple R6te to HOLE
M@itor AITPI wirh soF
trigger to AUTO. Conne(
iump6 acro.s AlC20;
Adju* A1AlR210 fror
one €xtrsrc to the oths
Vol6gp should %ry ilowl
>  t z 2 v .

Ser Sämde Rare ro HOLC
wirh sdigir ovM, |lw
-Rof wlbg€ at tK pdn
on 42. Should be -10\
t 00.020 v.

'� - I I . S€r FUNCTION tp OC. lf . in*rurent has Rario or
:  r , '  .  Sample/Hold opt ion, q RATIO ro INT REF änd

' 
. . r :  SAMPLE/IIOLD b OFF'

i ; r i ;
.' . 

" 
?. A dc tandard, a dual-fre o*illoiope, a sdigir wltmt6,

. änd a dc null hltnitd aro lequired for rhe checki.

3. The rire 6twn on wffilqBs i3 @rd lor in*rlmnrs
: .:: :: deiigned lor @ Hz line op@tbn- Fq 50 Hz in*rurunr.,

.  i . s @ t i [ E b y 2 o * .  . ,

Trorble$@t Oäl€
ProlEtion ck@ib-



O  H O L D ,

ith @p€

Conned

A1c.207.
l0 from
h€ orher.

T r o u b l e . h o o r  F E T
sitchB A10204, 205,
2G, and 209 by m€suring
gate-tosur@ voltages,
with Sample Rate set to
HOLD.
Volbg6 3hould be:
o2or 0 v
0205 -5 V
0208 0 v
ozx, ov
Perfo.m DC Zero Adjust-
runta, Parag6ph 555,
after repair.

AlAl TPA. Repla@
A1U2O2 in ocks. Wirh
Sample Rae in HOLD,
monitor AiAITPA with
sp€. (41C207 shortedl
Adju$ AlAl R210

extrere to the othor.
TPA should 6ry
- 0.6 V {ful ly dl  b
+ 0.6 V (ful ly c i l ) .

Db@nnet -5V lrom
A'lA1TPA and @nned
TPA to Ground,

Remve 41U2O1. Conned
dc null wltmter b*wen
eur@ of 41O206A and
surce of AIO2OOB. Volt-
age should be 0 t 40 mV.
l f  y6, adjus AlAl R210
for bltage at n@f zslo as
posible. M€aure gate-to-
s o u r c e  v o l t a g e  o f
AlOZ)GA end B. Gate
shoold b€ approx. -1.5V

with rspoct to $wce.

Remove A1U2O2 from
ocket. Connect AITP| to
Ground. Conn@t dc null
ffier betreen sure of
A 1 O 2 O 7 A . n d  s u r e  o f
A1O2O7B. Volbge ihould
be O t  l0 mV. l f  y6,
adiüs AlAt R210 for
rclbgp aa n€r z€ro as
rcsible. M6sure gate-b-
s o u r c e  v o l t a g e  o f
A1O2OTA and g. Gate
should b€ approx. - 1.5 V
with r6rd to sure.

Repla@ AlU2O2 with ns
p6rt and pefform Dc zerc
Adiusmnts, Parag6ph

Redae A1O2O7 and per-
t o r m  D C  Z e r o
Adiusrcnß, ParagEph
5€s.Replee AlU20l with new

part and pertorm DC Zero
Adiu*tunts, Pe. 565,

F E in t

.  i 0  v

Connet dc null mt6
bdwen A'ITPR and
Grourd. Volbge should be
0 r 3 0 m V .

tl/leere 6lbge at + Ref
Bt Fint on A2 with
+digit DVM. Should be
+ t0 v t m.oo30 v.

Di iconnsc t  B@f f i6o

iump€r on A2. Conned

led from A1TPR to
6 oI A2O1 (O1A s.te).

Conned anothff dip le6d

trom pin 3 of A2Ol (OtA

to Ground. Measure
berw@n A1 TPR

and g.ound with dc null
Mer. Should be 0 1
30 mV.

Adiust AlR522 from om
extreme to the other. Volt-
a!ß at AITPR rholld 6ry
a p p r o x i m a t e l y  f r o m
+ 30,mV b - g) mV.

asritly. Sa Pa.agEph
?-14. Al$ se PaEgraph
7-16.

Troubletr@t - Ret ilnffi-
ing Ampl Figre 7-22.

Troublerhoot DC Ampli.
tier. S€e Paragraph 7-16.

Tror6le*r@t + Ret Sutr
ply. FigureT-22. Se PaE"
gtzpl\ 7 -24.

Troubleshoot DC Amdi-
tift. Sa PaEgräph 7-l 6.

Figure 7-5. DC Analog Troubleshooting Tree.

7-r317-14
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Frequency-Related Accuracy Problems

1ü::ö
si:st
ö.:iil

Fr.quency at which
Spcifi6lion is

Exc6dsd

RangE od which
Error Occurs Posible CauP

1OO Hz ( low

frequency onlyl
Al l  ran96
1  V a n d  I O O V
1 0  V  a n d  1 O O 0  V
10O V and 1 000 V

R4A or R4B
R4B or R27
R4C or R28
R 1 A , 8  o r  R 3

20 kHz - 30 kHz
{midband only}

All  ranges -
l V a n d 1 O 0 V
l O V a n d 1 O O O V
100 V and 1OOO V

C3 or C25
C3 or C26
C2 or C5

'100 kHz (high
{r.equency only}

All ranges
1  V a n d  1 O 0 V
10 V and 10OO V
IOO V and 1OOO V

C3, R29A, B, or R32

C26,C27,or C28
C2, C4, C5, or C6

c5.c6  a  L t .L2
ARE ON BACK SIDE

acout r t  a  a -REF
+REF

hP Pott No. O349O-66502
Rev. C
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SEE NOTES

14904- c - 299A

3. The time shmn on waveforms is @r(ect for instruments designd foa 4.t4,:'
| i n e o F r a t i o n . F o r 5 o H z i n s t r u m e n t s , i n c r € s e t i m e s h o w n b y 2 0 % ; � � � � � �

a.  st  $wA tsuNu I  tuN ro Au,

b. Aply input of 10 V ar 100 Hz.

6 V t o - 7 V
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*iii,tif6l:..it@i6

tigl:,ii

.14,iä,
:*,rii'.i
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preent?

' _ :  
i

Check conriection'
wire) b€üen 46 at

Troubl6h@t
Fi l ter.
Circuit.
See Note 4.

NO

ä
i ffi ##'.r,.rllt{i+WQrr,..',,:,. ;

:r,,,,tjjf*-ilsss8iiii..r, . .ffi,

t,?rS lI*

NOTES:
1. DC vol lmeter circui ts,  including logic,  must be oFral ing correct ly betore this

procedure is attempted.

2. An ac €librator, an oscillos@F, and a dc voltmeter are required for these
cnecKs.

3. The time shown on waveforms is @rrect for instruments designed fd 60 Hz
l ine operat ion. For 50 Hz instruments, incrEse t ime shown by 20%.

4. Afler repairing the AC Converter. check the owrload protedion circuits in the
fol lowing mnner:

a. Set 34904 FUNCTION to AC, RANGE ro 1 V, SAMPLE RATE ro FAST,

b. Apply inpur of '10 V at 100 Hz.

c. Moniroi  A6TP1 r

d.  l f  Fw{sm ;s

A 6 R t 4 ,  t 5 .

e. M6ue rclEg! i

f .  l f  6 l b g a b r c r (

Ser FUNCTION ro AC.
Apply Iul l , range input at
100 H2 on each range.
Monitor convener output
at white wire. Should be
+ 1 V  1 0 . 0 0 2 V f o r f u l l -
ßnge Input on each range,

High lmpedane Assy.
montto. pin 18 ol

as AC Converter out-
+ l  v  r 0 . 0 0 2 v  f o r

ange input .

Troubleshoot A6 reed re.

Select 1 V range and apply

input  o l  1  V  a t  100H2.

Monilor iignal at white

wire connected to lower

end o f  A6Kl  w i th  s@pe.

Should be the sme as in-
put signal at top end of

A 6 K 1

Apply Iul l - range inpul al
10OHz on @ch range

n i t o r  A 6 T P 2

g,#h
Troubleshoot 46Kl and
driver circuil. See Note 4.



Monitor A2Ol pin 3 lO

t7 with scope ( lnt .  SYnc'

ov 1--t==--'l 6oms l.--r7vl

Monitor A1U401 pin 17
with s@pe ( lnt .  Sync.
Slope).
Correct Wavelorm:

-* 4V1
--l OomsF-

assdüly.  Se Par.  7-14.

Troubleshoot DC
Translaror A'1O411

l s \
E volbge
t€gt?

NO

retion (white
En A6 and 42.

.  
i E  S

b * - $ r  I, l
- l

|  :a - : '  d th  s@F.  Cor red  Mveform: 5. lf the AC Conwrter operation is out of specitications only at certain
frequencies, refer to the bble of Frequency-Related Accuaacy problems.

6. Pin 18 indi6t6 ths rewrse &velorm-+ 6 V t o + 7 V

' 6 V t o - 7 v

t--  !  io!  dipped ar prope levels,  t roubteshoor A6CB5-12,
. ' =
I  r ,3- : :  A6TP3 wirh 3@pe- Should be + 2 V to + 2.5 V.

F i  - . : :  s6, t roubleshoot A6CR16-.19, A6R4O.

Figure 7-6. AC Converter Troubleshootins Tree.

Apply 1 V input at 100
on 1V range.  Jumper

AOTPI  to  46  sh ie ld

Jumper top end of A6R

to A6 shield. Monitor
lower end of AGCRl 3.
Correct waveform:

Monitor left end ot A6C
with scope (line sync)
Connect r ight end ol

I  kf , l  to + and ,5 V. Volt .
age should be > - 15
w i t h  + 5 V  i n ,  a
> + 1 5 V w i t h - 5 V i n -

Troublesh@t 4604, 05,

and 06 .  @nf i rming  tha t

@ch is tomard biased by

checking dc wltag6 shown

on schemlic Figwe 7-29.

S@ Note  4 .

T r o  u b  l e s h o o t  4 6 U 3 ,
A602, and A603. Se
Note 4.

7-1s 17-t6
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+ 5F. Elm tlup a F?

lr-s Fhtgo of ]i6 14

rd 15 ot Alt}|{rt.
JFu ' ldbo+5V.

X. Y. rnd Z 6 Ar. Raln'

ü6 .hould bar
L d l o X = 1  k n
L q t o Y - t m t O
L q b Z -  |  l Ä l
Tdtilc I 0.699
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t. Aß ddüCoo9.., r 0 tlrt;lt wath anD{r r.d3re. o, tolootn,.r I
orwrrndrüd ItdadEdc.

3. fh. üD Jwr d ilrdo.E - ffi lü i.il.ufErt! O|i$d lq d, Hr
fm op-rtion. Fd 50 tlr iü|rmB, iEe ünr bv 2O*.



Troubl..hot &
ü5rhoß AIO{19
4tO. S... Flgm ,-2O.

Tm 3a9OA o.
I Ul rrgr f,rd
1 t$ r.ris b

lß8ü. wlESr bdFs
Dp qrb of A7R22ryd 23.

Troub l . .hoor  A7Ot .
A?CRIOüa ll.

Figure 7-7. Ohms Converter Troubleshooting Tre€.
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NOTES:
1. ll rhe 34904 has the speial annunciator display, the a$embly dBignation is

A20. All A3 @mponent dBignators alp apply to the A20 6semt lv.

2. An Gcillospe is required for rh6e checks.

Figure 7-8. Display Troubleshooting Tree
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Select TEST No. L Set
Sample Rate to HOLD.
Inir iare readings with MAN
trigger and compare to list
ot @rrect readings sh@n

ll not all readings are cor-
rec l ,  compare  read ings

wi th  l i s ts  o f  poss ib le  e r ro -

neous readings shown be-

low,  to  de termine i l  the

read ings  ob ta ined are  iden-

t ie l  to  any  se t  o l  read ingE

l is ted .

Ser Sample Rare to HOLD,
Funct ion to TEST. Flange
to 2. Inir iate one smple
with MAN Trigger,  rhen
elect Range 1 and ini t iate
one $mple,

YES Select Range 3, ir
gmple then sele(
and ini t iate one s

A Log ic  ComFrator ,  -hp-  105294,  roy  be  used to  check  cer ta in

loq ic  un i ts  in  rhe  34904.  Th is  ins t rument@mpares the  log ic

Fckage 1o  a  re te rence un i t  o f  the  same tv f .  Two log ic  Fckages,
A lU18and A1U23are  low power  un i ts  and €nnotbe  checked
wi th  the  Log ic  ComFrator .A1U4,5 ,and6 are  mounted ioo
c lose  to  rhe  guard  sh ie ld  ro  be  checked in  th is  way.

! 4 9 0 A - 0 - 2 9 9 9



smple ,  then se lec t  Range
' l  

and in i t ia te  one smpte .

S€ lec t  Range 6 ,  in i t ia te  one
smple .  then * lec t  Range
I  and an i r ia re  one €mple .

l s
Display

+ .oo01 68?

C h e c k  A l U 1 5  a n d  A 1 U 6
with Logic ComFrator.
See Note 1 -

C h e c k  A 1 U 1 5  a n d  A 1 U 1 2
with Logic ComFrator.
See Note 1 -

C h e c k  A l U l 5  a n d  A t U t 2

gs {or Test No. 1

).o24
oo24
@24
oo24
9032
oo24
t.o24
n.24
n2.4
I x x O L

I t  the inslrument displays a repeabble
equene of part ial ly correct numbers in
T6t No. 1, use . the fol lowing l ists to
rclate the problem.

+ Arrow indi€tes incorect reading.

o80.024
04.oo24
o.20024
.010024

+ 0.00200
10.oo24
200.o24
4000.24
80002.4
6o00.xx OL

Troubleshoot AlUl5 wirh
Logic ComFrator-

080.024
04.oo24
o.20024

+.000168
0.09032

+ 00.0184
200.o24
4000.24
80002.4
6000.xx O L

o80.024
M.OO24
o20024
.o10024
0.09032

- ot .0024
- o20.o24
+ 0400 24
+ 08002.4

@oo.xx OL

+ 800.024
+ 40.0024
+ 2.OOO24
+.100024

0.09032
10.0024
20/).o24
4000.24
8m02.4

080.024
04.oo24

r 0.00168
.0't0024
0.09032
10.0024

+ 000.184
4000.24
80002.4
@00.xx  OL

040.024
04.0024
o.20024
.010024
0.09032
10.oo24
200.o24
4000.24
80002.4

+ 0002.08/9

- o
o
.c
0
l i

z
+ 0

&T:!
li'r'lt'?lt;''.."it 3"t,1- \- t'"oresh@r Ar ur5 a I ut 1 J
*rutor.  A I  U6 wi lh Logic Corcralor



Displ i
cotre

C h e c k  A l U 2 1
ComFrator.  S

tor Uprange or

+ 000.168
04.oo24
o20024
.o10024
0.09032
10.0024
200.024
4000.24

+ 00018,4
6000.xx OL

r l
080.024 |+ 0.40024 |+ .6OO0xx OL I

+ .0 .80 .024 I
+ 04002.4 |

600o.xx ot 
I

f-l
+ .2ooo24 |

0.09032 |
r0.0o24 |

t 2cf,0.24 |
+ 00903.2 |
- 10.00.2.4 

I

f-_l
+ o.2oo24 |
+ .010024 |+ .o.2oo24 |
+ 01002.4 I+ 6o0.0xx OL I+ 60.0oxx OL 

I

n
+ ooe.032 |

4OOO.24 I
80002 4 I

+ 4o.oo.2.4 I- 80oo24 |- 00.s032 

|

In i t iate 6 mre smples.
Disploy should read:
+ 0.09032
+ 10.0024
+ 200.024
+ 400024
+ 80002.4
+ 6O0O.xx OL

ComFra lo r ,  See Note  1 .
A l s o  c h e c k  A 1 U 1 6  p i n  1 5

C h e c k  A 1 U 1 5  a n d  A
wi th  Log ic  ComFrator .

Se€ Note 1 .

4 1 U 1 5  a n d  A l U l

t :  : r F r ä t o r

\--Troubl6h@ting AlU19 and A1U2l with Logic Comparator.-------J

Figure 7-9. Lop



s a i  R a n g e

Init iare 6 mre smples.
Display sho(ld read:
+ 0.09032
+ 10.oo24
+ 200.024
+ 4000.24
+ 80002.4
+ 60O0.xx OL

P r o c e e d  l o  D i s p l a

T r o u b l e s h o o t a n g  s u q -

Al U21 with Logic

c h e c k  A l U 1 6  p i n  1 5

Check 41U21 with Logic
ComFrator.  See Note l .
A l s o  c h e c k  A l U 1 6  p i n  1 4
Ior Uprange ourput signal.

r l
+ 2OoO24 |

0.0s032 |
10.oo24 |

+ 2cf,[24 I
+ 00903.2 I
+  10 .00 .2 .4  

|

f-_l
+ 00:).032 |

4ooo.24 |
80002.4 |

+ 40.00.2.4 |+ 800024 |
+ oo.9o32 

|

+ 020024
r . 0 1 0 0 2 4
+ .0.20024
+ 01002.4
- 600.0xx OL
- @.00xx OL

Figure 7-9. Logic Test Troubleshooting Tree.

t - r65@ting A1 Ulg and 41U21 with Logic Comparator.  ----J

?  a l  _  r r
I - -  t
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Connect osci l losope to
AlTPU and monitor State
Clock output.  Set scope to
Inr.  Sync +Slope.
Correct waveform:

S E E  N O T E  t .  M o n i t o r
1 1  o l  A l U l 2 .

SE€ NOTE 1. Monitor pins
and 7 of A1 U2.

l +5ns l:;[-r
t'! 

.o." 1-

_,;ljl-

M o n i t o r  p i n  1 1  o l  A 1 U 4 .

Monitor pin 14 oI A' lUs
Correct waveform:

E NOTE 1. Monitor pin

1U4. Both pins should

Refer to Loqic Trouble-
shooting suggestions in Par-
agraph 7-39.

M(

Sct
po

+ iY E S

Y E S

Y E S

NOTES:
1. To monitor waveform or vol tage, f i rst  turn 34904 OFF, then whi le holding

MANUAL TRIGGER button detressed, turn instrument ON and m@sure the
necesgry waveform or voltage. The pushbutton must be held in while the
measurement is bken- This procedure appl ies oßly to those tests which refer to
Note 1 .

2.  The t ime shown on waveforms is correct for instruments designed lor 60 Hz
l ine operat ion. For 50 Hz instruments, increase t ime by 20%.

3- An osci l loscope is required {or these checks. Voltages ruv be m@sured with
sufJic ient accuracv wi ih an osci l loscope.

3 4 9 0 4 -  0  -  2 $ 7



S E E  N O T E  1 .  M o n i t o r
1 1 o f A l U l 2 . pin 1 of Al t-J7.

tragger to +5 V lest
o n  A 1  A 1 .  E x r  S y n c ,

+ Slope. Turn 3490A OFF
back ON. Voltage at
I  should remain low
approx. 10oms, then

so Hish (+ 5 v).

A 1  U 1 9  a n d  A 1  U 2 1

Figure 7€, Note 1.

S E E  N O T E  1 .  M o n i t o r  p i n s
and 7 of A1 U2';1;:-*"*-'�'

l+5 m s-l

ltrl-
t'tj 

,o." 1*

:lll-tl-

A' t02 ,  A103.

SEE NOTE '1.  Monitor
3 of Al  U6.
Correcl wave{orm:

I soms l.r-
I-lu-lJ-U.T:'"",'J"',l,:,t-:t 

o t u u'

-+ iO .254s  F

:1"/\/-\
E NOTE 1. Monitor

:  NOTE 1. M€sure
ages at pins 1 and 4 oI

41 U4. Both pins should be
> + 2 . 7 V .

Measure vol tage at pin 5 of
4 1 U 2 .  S h o u l d  b e ' 1 1  V  r
t o % .

Re{er to Logic Trouble-
shoot ing suggest ions in PaL
agraph 7 39.

T r o u b l e s h @ t  , 1 1  V  s u r
p l y ,  A l C R 3 .

Y E S

Y E S

:or waveform or vol tage, t i rst  turn 3490A OFF, then whi le holdinq
- TRIGGER t lut ton depressed, turn instrument ON and measure th!

wavetorm or volrage. The pushbution must be held in while the
€nl is taken. This procedure appl ies only to those tests which refer to

shown on Mveforms is corred tor instruments designed for 60 Hz
rt ion. For 50 Hz instruments, incr@se t ime by 2O%.

oscop€ is required for these checks. Voltages mV be mesurecl with
accuracv with an osci l losco@.



R e p l a c e  A I  U ' 1 6  w i r h
known good Frt. Switch
cnges and lunct ions, ob-
s e r v a n g  d e c i m a l  p o i n l .
Should correspond to
Enge.

Return to General  Trouble-
shoot ing Tree, Figure 7-4.

SEE NOTE 1. Monitor Din

SEE NOTE 1. M@sure
rcttage ar pin 2 ot A'U12.
Should b€ < + 0.5 V.

SEE NOTE '1.  Monitor i ig-
nal at  base of A101.
Corect wave{orm:

SEE NOTE 1. Measur€
rcl tage ar pin 1 of A1u6.
Shquld be > + 2.7 V.

Reter to Logic Trouble-
shoot ing suggest ions in Par-
agraph 7-39.

SEE NOTE 1. N/ leasure
rcl tage at pin 2 of 41u8.
S h o u l d b e > + 3 V .

Measure voltagB at pins 5
l 0  o f  A 1 U 8 .  P i n  5

s h o u l d  b e . 5 . 7 V ,  p i n  l 0
be + 12 V. Toler-

and 7 o{ A1U8. Both pi

n.fer to Logic Trouble-
eoot ing suggest ions in Par
4.a3h 7-3g.

t h r o u q h  A 1 C R 2 ,  3 ,
R e p l a c e  4 1 C R 1 .

Figure 7-10. Logic Clock Troubleshooting Tree.
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s@pe q to lnt sync,

A t ( f l . S t @ i d b e + 5 V 1 .
t  5.S v. : ' , '

o i n  1 3  o f  A l O U l

sme ar in previous tesl

except High lewl is + 4 V

Monitor pin 3 of A9U3.
Correcl wave{orm:

_-] b_ o.2
|  |  m s

;.,,\AA&

Sample R.

A l O L
a n d  1 1 .  C

for all

r2c.:Jtl- 
r

sh(
for LC

Troub leshoot
A  I  5 U 5 .

.#F



Sampte Rate to FAST
niror AIOUT pins 3;
and 11. Coi led wa

for all pins

I

l._ zooms-+l.llj-*#ll
pulses

,m should be in

for LOW rrue out

.l[-:r
p i n  1 3  o f  A l o u l

p i n  1 2  o f  A l o u l
pin I  ot  A10U2. Correcr

M o n i t o r  p i n ' l  o l  A g U 3
Ground scope to Inpul

except  H igh  lew l  i s  +  4  V

Troubleshoot A15A

;:,\^ÄÄ

Set Sample Rate to FAST

f+- zoomsl
+4V i-J

Troub leshoot  Frequency

Doub ler ,  A9U3 and AgU5



ti'1::i.'::"::

.1.1.1-:t.1 i ,,

.; t-.,''

pin 3 of

I  r - -

i't:,i.
,:i.

::i
;;i

';=c - , .*-- .l[=-
or Inguard gro

Replace AlOU

Replee AgU3

. .
.l-,"t 

'

. f , ' ,  . "
ea

i - ,

. , :
H':-.

:'J.'l
YES

F.:;
t . : .

:_ ' .

! 4 9 0 - 0 - 2 9 9 5

-



tor pin 3 of A9UB
{  s@pe to  Inpu l

) .  Inguard  ground.

. f= b3mtl

,[J-lr

Figure 7-1 1. Data Output Troubleshooting Tree, Option 021.
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Exec. input LOW
) 5 psl .

p i n  l l  o f  A 1

t lu2 ,  A ' � t1u3,  Ar l

NOI€S :
1. Fron! pansl rang€ and function selection mu{ op€rate

@rectly before thir f@dure is attefifd

2. An osillo*or is rquired for th6e chcks.

!4901- o .  2s!



u n d i o n A e n d B H I G H )

N o . 2  { R . n g e
8 LOW, A HIGH}

p ins  2 .and 1zL
l2U1 whi le apglvang

+ 5vr-r*1o.4ßF_
ov l

t '" 'h."'- l
.:;LfLr

lvbnitor Dab Flag 5igEl

a ProFm Er

Exec. inprr LOW
) 5 5 ) .

+5V-
-1  =r^F

pin 6l to ground. RE

p i n  1 1  o f  A

*r@ld be 0V when
k LOW and +3
Rem Enable

Logic circui ls,  At I
1 U 2 ,  A t 1 U 3 ,  A t l



bmtely progmm TEST
Fuod ion  A and I
6r No. 2 {Range
I I G H . 8  L O W , A  H I G H I .
lonito. pini 2 and 14 ol
' 12U1 wh i le  app ly ing
Em Ex@te.

ddEwfoam:

r tN  2*16t1-
PIN I4

|.0o6 ms {'l-:JL|LT

L6Vrn9 gog€h aS

fevioua ch€ck.
rcltagG et inNts
A ' l l U l O  . n d  A l l U l t
Logic l4l3 should be

A 1 1 U l 0 p i n 7 = L d
ßin 9 = Low
pln 4 - Hlgh
pin 3 = High

4 1 1 U l 1  p i n  1 2  -  b w
ßtn 5 = High
p i n 3 ! L @
pin 2 - High

Rep€at prwious ch4k,
monitorlng pin 7 of
Al lUT sd 8. Correcr

PIN 7+{o.c'"F
OV l-r

P IN I5
l+ 0o6 ms I.::LfLr

+s-Y'ml-
ov l

"'t '&.a.r'1
-ilLJ_LT

Trcubl€ih@t At 1U7 and
A 1  I U 8

T r o u b l e s h o o r  A l

Figare 7-12. Remote Troubleshooting Tree, Option 022.
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START

BEMOVE ASCI I  INGUAFD A$EMALIES
Ag AND 436.  INSTALL REMOAE JUMP,
EF BOAFD 44 ISUPPLIED WtTB OPTION
OSI  IN CONNECIOR A1J7 IN PLACE OF
AS. SET 34SA RANGE ANO FUNC-
TION TO TEST i  TO VEFIFY COFFECT
OPERATION OF MAIN LOGIC.

FEMOVE A4 ANO REPLACE Ag AND
436.  MESURE + 12  V.  +  5  V ,  i ld  -2  V
OUTGUAND VOLTAGES.  + I2V AND
.2V AEST POINTS ARE ON A32 AND
+5V TEST POINT IS  ON A33.  VOLT.
AGES MUST BE MESURED TO OUT.
GUAAD GFOUND TEST POINT ON 433
OR A3O. ALLOW +/,1ü TOLLEflANCE.

ARE VOLTAGES CORRE

TFOUBLESHOOT OUTGUART
AGE SUPLIES.  +12V .d  +
PLIES ARE LOCAT€D ON OU
MOTHEF EOAFO A3I .  .2  V  SI
t rVELOPED FROM SYSTEM
MULTIVIBAATOF ON A32,

M E N U R E  +  1 2 V  A N O  . 2 V  S U P P L i E S
q IilGUARO ROM SEMBLY A34.
THESE AR€ ON TEST POINTS ON A34.
MENURE TO INGUAFO GROUNO AT
EST POINT ON AS,

CHECK OPEAATION OF ISOLATING
PHOTO.TFANSISTOAS U1 THAOUGH
UI I  WI IH A LOGIC PROAE OR AY
CONNECTING A KNOWN GOOD UNIT IN
PARALLEL WITH THE SUSPECTED
PHOTO.TRANSISTOB IN THE g9OA.

A60 CHECK DFIVE TRANSISTOFS
AM4 THROUGH @ AND A35OI
THBOUGH 04.  *  Note  l .

TROUBLESHOOT SUMLIES
GUARD FOM A$EMBLY AA. FEPUCE DEFECTIVE COMPONENT.

THIS CHECK A$UMES THI
ONE GPIBPRINTED CIFCUT
ALY IS  DEFECTIVE.  USINC
ELIES IN GPIB REPAIR
OAS8m. SUBSTITUTE A$
ONE AT A T IME IN THE FO
OROEB: A32, AS. A36, A34,
LATION NS€MELIES A3O,
TOGETHER.  AFTER SUS'
EACH ASSEMBLY,  PERFO
OPEFATING CH€CK GIVEN
GNAPH 5.7 OA '9 IO DETE
PROBLEM lS  CLEARED,  Se Noffi

6E CAFE IN HANOLItrG ISOLATION
NEMBLIES, PHOTO,TRANSISTOAS U 1
DROUGH ! I I  AAE VERY S€NSITIVE
TO MECHAtrICAL STRE$.

ilotEs:
1 .  THE ISOLATING PHOTO-TRANSISTOBS U1_I I  MAY BE

CHECKED BY CONNECTINC A NEW PABT IN PAFAL.
L€L (ALL FOUR CONNECTIONS)  WITH THE SUS-
PECTEO PAAT. THE NORMAL VOLTAGE OROP ACFO$
THE DIOOE POATION OF THE PHOTO.TßANSISTOF
UNIT SHOULD BE APPAOXIMATELY I -75  V WHEN THE
UNIT IS  BIASED ON,  ASL4_9 AND A35L1 5  ARE
FERRIT€ 8EAN.

2 ,  EACH TIME AN SSEMALY OR PAFT ISSUBSTITUTEO
OR A REPAIF IS  MAOE,  THE OPEBATTON OF THE GPIS
CIACUITS SHOULO 8E CHECKED USING THE PEAFOF-
MANCE CHECK IN PARAGRAPH 545,  THE COMPLETE
CHECK MAY BE BUN,  OA ONLY THAT PORTION
WHICH THE INSTRUMENT FAILEO PREVIOUSLY.

3 4 9 0 - D  -  3 3 8 1



BEMOVE 44 ANO NEPLACE Ag ANO
A36.  MEASURE + 12  V.  +  5  V .  sd  .2  V
OUTGUARO VOLTAGES.  +12V AND
.2V TEST POINTS AAE ON A32 AND
+5V TEST POINT IS  ON A33.  VOLT.
AGES MUST AE MEASURED TO OUT.
GUABO GAOUND T€ST POINT ON A33
OF A3O.  ALLOW +/ .  16  TOLLEAANCE,

IROUELESHOOT OUTGUARD VOLT.
AGE SUPPLIES.  + lzv  .nd  +5V sUP-
PLI€S ABE LOCATEO ON OUTGUAFD
MOTHEF EOAAO A3I .  ,2  V  SUPPLY IS
OEVELOPEO FROM SYST€M CIOCK
MULTTVIAAATOF ON A32.

CHECK OPERATION OF ISOLAIING
PHOTO.TRANSISTORS UI THFOUGH
UTI WITH A LOGIC PROBE OF BY
CONNECTItrG A KNdN GOOD UNIT IN
PABALLEL WITH THE SUSPECTED
PHOTO.TNANSISTOR IN THE 3$A.
A5O CHECK ORIVE TRANSISTOFS
A@ AHFOUGH @ ANO A35O1
THBOUGH 04.Se Note  l .

ANE ISOLATION CIRCUIE OPERA-
TING CORFECTLY?

THIS CHECK SUMES THAI  ONLY
ONE GPIBPRINTEO CIRCUIT AS€U-
a L Y  1 5  O E F E q I V E . 6 r N G  A $ € M .
BLIES IN GPIB REPAIR KIT  NO.
OSS.A(rc, SUSSTITUIE A$EMALIES
ON€ AT A T IME IN THE FOLLOWING
OROEF:  A32,  A3,  A36.  A34.  AND ISO-
LATION SEMBLIES AS ANO A35
TOGETHEA.  AFTER SUBSTITUTING
EACH ASSEMBLY,  PERFORM THE
OPERATING CHECK GIVEN IN PARA.
GAAPH 5 .7  OR '9  TO OETERMTNE IF
PROBLEM IS CLEAAED.Se Note  2 ,

PROELEM MAY AE ON OUTGUAAD
MOTHER BOAFO A3 i  OR IN A$I t  AUS.
SUBSTITUTE NEW 'AFE {KIT  NO.
ogw@31)  FoB a3ru2 aND 3 .  TH|S
CHECKS OATA ANO CdTNOL L INE
BUFFERS ANO GATES. Se Note 2.

rcES ASCII OPERATE COFRECTLY?

USE APPROPAIATE R
NOTEO IN THE FOLLO
REPAIR OEFECTiVE S

Hffi3
6E CAAE II HAXOLING ISOLATION
SEüBIIES. PHOTO.TAAilSISTOAS U1
üBOUGH Ul '  ARE VEFY SENTIVE
TOTEqAXICAL STßES.

iE
L.
s-
F
B
IE

o
a
t-
E
N

3490-D -  338r



r 'AT€ REPAIF KIT  AS
E FOLLOWING STEß TO
-  VE ASEMELY,

crYYYYrrrFr
l  cau i l  oN. l

ROM AßD MOS DEVICES AR€ EASILY
DESTBOYED BY SIATIC CHARGE.
KEEP PINS SHORTEO WITH CONDUC.
TIVE FOAM OA METAL fOIL WHEN
PART IS NOT IN If,STAUMENT.

Figure 7-13. GPIB I/O Troubleshooting Tree, Option 030.

IF  ISOLATION S€MALY AS ANO A35
15 DEFECTIVE,  GE NEPAIR KIT  NO.
OSS@I3 TO NEPAIB 8Y R€PLAC.
ING DEFECTIVE COMPONENT{SI .

8UN COMPLETE OPEFATING CHECK IN
PAFAGFAPH 5 .45  TO VERIFY PERFOF.

CONNECT LEOP L INE AT REAR PANEL
@NNECIOR TO GFOUNO U12 PIN 9
TO PIN 24I ANO MONIIOR LFST AT
COLLECTOF OF A3M1.  LRST SHOULO
BE LOWWH€N LEOP IS LOW.

CHECK INVEATEF AWg PINS 8  ANO
9,  AND INGUAFD INVEATER 435U3
PINS A ANO 9.

IF  INGUAFO PFOGRAM ASEMSLY AS
IS OEFECTIVE,  USE REPAIR KtT  NO.
@96@5 IO FEPAIR AY BEPLAC-
ING DEFECTIVE COMPONENT{SI .

I F O U A L E S H O O T  R E S E T  C I B C U I T ,
AMl  3  AND ASU4 PINS 3  AND 4 .

IF  OUTGUABO OATA ASEMELY A33 IS
D€FECTIVE,  SE REPAIR KIT  NO.
OS9OAMS TO AEPAIR AY REPLAC
ING DEFECTIVE COMPONENTIS} .

IF  INGUAFD FOM A$EMALY Ag IS
OEFECTIVE,  USE AEPAIA KIT  NO-
0349O,AOO34 AN D F€PLACE ALL
MICBOCIBCUITS EXCEPT FOM- A34U5,

IS  PROBLEM CORSECTEO?

IF OUTGUARD ROM A$EMBLY A32 I5
OEFECTIVE.  US€ REPAIß KIT  NO.
03490.80032 AN D REPLACE ALL
MICROCIRCUIre  EXCEPT TWO AOMS
432U2 ANO 3.

RUN COMPLEIE OPERATING CHECK IN
PARAGRAPH 5{5  TO VERTFY PEFFOF.
MANCE.

FUN COMPL€TE OPEFATING CH€CK IN
PANAGRAPB '45  TO VENIFY PERFdR, ,
MANCE.

FEPLACE FOMA32U2. fu  NOt€  2 ,

REPLACE A32U3.  IF  THIS CORBECTS
PNOBLEM,  BEPLACE A32U2 WITH OFI .
GINAL PAßT.  IF  OPEFATION IS  COR-
RECT,  SEE NOTE 2 .

7-2917-30
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SET SVH SYVITCH TO IRACK/HOLO.
FUNCTION TO OC. RANGE TO lOV,
A27KI SHOULO 8€ CLOSED. SET SAM.
PLE FATE FULLY CLOCKWISE. APPLY
10 Vdc INPt T.

II'ITH SAMPLE/HOLD SWITCH SET TO
OFF, VERIFY PFOPER OC VOLTH€TER
OPCRATIOITI OF 34SOA.

CHECK VOLTAGE AT PIN .I NEAR TOP
CENTER OF A27, SHOULO BE NEAR
ZERO. CHECK WAVEFORMS AT PINS 2
ANO 3 II{ SAME LOCATIOI{. EXTER.
NALLY TRIGGER SCOPE ON TEST
FOTNT K IN LOGIC S€CTION OF 3ISOA
MAIN CIRCUIT BOARD. SHOULD B€:

PtN 2 +45 V
H H D A  I  U  L - O V

nf-l- üi'"

s€T s/H siltTcH 70 tRAcK/HoLo oR
ACOUIAE/HOLD. SELECT TO V RANGE.
AP?LY lovdc INFUT. SET SATPLE
RATE FULLY CLOCKYVISE. AZ'K1
SH(ruLD BE CLOSEO.

REMOVE A27 AND A28. REPLACE WIB
I'MP€R EOAROS A24 ANO A25. SET
S/H SWITCH TO OFF. CH€CK DC OPER.
ATION.

YES APPLY FULLf,AI{(
RANGES IN BOTH
ACOUIRE/HOLD OP

AnE VOLTAGE /
CORRECN

TROUALESHOOT /
ctRcutß tN A2tut

NOTE
ALL IIMES SHOITT{ APPLY TO OPTION
0d) INSTRUMENTS (6OHz LlilE). FOR
OPTION O5O, INCREASE TIMES BY 20 i.



It{G @R-

SET S/H SAYITCH TO TFACK/HOLD,
FUNCTION TO DC, RAilGE ?O lOV.
A2'K1 SHOTJLO 8E CLOSEO. SET SAM-
PLE RATE FULLY CLOCKS'ISE. APPLY
10 v& tNruT-

MLY FULLAANGE INR T Ot'l ALL
RANGES IN SOTH TRACK/HOLD ANO

ACOUIRE/HOLO OPERATION'

CHECK VOLTAGE AT PIN ' NEAN TOP
CENTER OF A2'. SHOULO SE NEAR
ZERO. CH€CK WAVEFORiilI AT PINS 2
AND 3 IN SATE U)CA?ION. EXTER.
NALLY TRIGGEB SCOF€ Oil T€ST
?otNT x tN Loctc sEcTtoN oF 3!90A
MAIN CIRC-I'IT 8OAFO. SHOULO AE:

PtN 2 +45 V
H H o A  . l  U  L o v

PtN 3 +45 V
HHoE J l l  L_ 0V

SET S/H S:II,ITCH OFF, SAMPLE RA?E
FULLY CLOCKWISE, RANGE IO 1 V.
SHORT II{PUT TERMINAI.s. Cor{ilECT
TEST POINT LTST ON A28 TO INGUARD
GROUND. THEN SET 6VH S1INTCH TO
TRACK/HOLD OR ACOUIRE/HOI' .
ffECK VOLTAGE AT A27TPI.

YES SELECT IOV RANGE. TF
CHECK IINEARIW 8Y A'
PUTS OF r V.3V,6 V,7 V A

IS VOLTAGE OßIFTING T(
lOmV/.?

VOLTAGE LESS TH/
i  12 V ANO DRIFTII{G I

TROUBLESHOOT AIPUFI€
rn,@t.

SET S/H SiWIYCH TO ol
tvavEFonMs aTP|l{s t,2 l
EXTERNALLY TRIGGER
TEST POINT K IN LOGIC S
3,l9OA MAIN CIRCUIT BOAR
SHOULO gE:

.F;t

F;;L
J h a ^
F*;l__

PIN 2
HMOA

PIN I
HMDS

PIN 3
HMOC

IF WAVEFORMS ARE NOT
A28UT4 IS PROSASLY DEFE

'E
AFPLY TO OPNOß
(@Hz UN€l.  FOR

ASE nilES BY m *"

SET S/H SIVITCH TO TRACK.IHOLO OR
ACOUIRE/HOLD. S€L€CT l0 V RAtrlGE.
APPLY tovdc lNPUt. S€T SAPLE
RATE FULLY CLOCKITIS€. A27KI
sltoulD 8€ cLosEo.

TROUEL€sHOOT A27X2 ANO ORIVE
ctRcutTs tN A27Ut0.

REMOVE A27 ANO A2A. REPLACE IVIIH
JUMP€R AOARDS A24 AND A25. SET
S/H SI\'ITCH TO OFF. CHECK OC OPER-
ATION.

T A27, A?a. MAKC SURE TO
CABLES CORRECTLY. GO TO



M YGE THAN

I Iiü
'NG LESS THAN

NO

. oft-".*l
t r  2 u o 3 0 F J 5 ,  l
EB SCe€ ON I
EC S€frtOil OF I
f  mO, + SLOPE. 

I

I
Ir _ l

L _ l
: rrOT CORRECT, Io€FEnrvE. 

I

Figure 7-14. Sample/Hold General Troubleshooting Tree.

CHECK FErS azot, 02 Aito o:t FoR
LEAKAGE. ATSO CHECK A27C9 ANO
CIO FOR LEAKAGE.

CHECK VOLTAGE AT A27TP2,

CHECK FETS A2706, 07 ANO 09 FOR
LEAKAGE. ALSO CHECK A27CI2 AND
C18 FOR LEASG€.

REMOVE GROU]ID OONIITECTIOI{ FROM
LTST. WITH INPUT SHORTEO. SELCCT
IO V RMGE, SET SAi'PLE RATE TO
HOLD. M€ASURE VOLTAGE AT
N7P3.

I 12 V ANO ORIFTING L€SS THAN IS VOLTAG€ T{EAR ZERO?

TROUALESHOOT AMPLIFI€R B
u6, 06, o?t.

ISVOLTAGE TIEAR ZERO?

TROUELESHOOT OFFS€T AMPLIFIER

i:l*o 
^no AssocrarEo @MPG

5490 -  D -  3437
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sET s/H slriilH to acoutRE/lrolD
Ar{D toa{ron a IE PotftT a5

aE rH€ iar|E €xcE7t Fon oELAy
ADDEO AT BEGIIIilI]IG OF TRAC€ IE.
IORE SIGI{AL G()€S HIGH.

: l

lO V Rilc - t28a r
t .v Ri lc -El2,6f

- l  VRlfG-2oaaF

8Ap|-crt{ot aw|rcH To rR^cx/
HOLO, TAXPLE RATE TO IOI.D.
O?€FATE FhOX A1{ EXIERI{AL TRIG.gtt FcE. t|(tt|Toa wAv€Foau
IHHOA' AT RED ffRE, ?II{ 2, '{EAR
IOP C€I{TER OF A27, EXTEFNATLY
TRIGGCR 8CO?€ Oil TEOATIVEGdMT
EOGE OF .AIPLI'HOU) TRIGGCR !G.

tilru?. xrav.EFoau 810uu) aE:

TOilITOR WAVEFORI AT AztIJi' NiI
I l. SlrOUr-O 0€ 26at kH: glr^hE yyAVE
r1{ oPttol t  t  60 t I8TRUCCt{ß-
263 klL tll (t?tot{ co

lrot{tToi TYAVEFORI At A28Ura Pill
lojltot u) 8c sA[E AS |N PnEvlous

TROUELE IS 'ROSAALY IT{Ä'8I,9, 8UT
aNY c|RCt IT USll{G H8t{C @UU' rE
IOADIilG THIS SIGilAL UNE.

TRq'8LE |8 PNOEAELY IT A28UI2, I,l.
on ut3 iltcHT 8E tOAOtilc THIS 9c.
NAL LIl{E.

;,t:r.1i

'i+
:l:?ll' l f

TOTE
ALL flrES SI|oü,'{ Ar?lY TO O?TtOl{
OdD INEIRUilEIITS Iü) Ht UXEI. FOfi
oPTtoit 60, ncnEAsE nil€ 8Y 20t



SgT S'H I|S'ITICH TO OFF, RAI{GE TO
IO V. SAIT?LE RATE FULLY CL@X.
TVI8E. OISOONI{ECT EX'ERilAL TRIG.
GER. I{OI{ITOR ü'AVEFONil3 AT NilS
I, 2 AiIO 3 OF J5. €XIERNALLV TFIG
GER SCOP€ Oil TEST FOINI K It{ LOGIC
S€CTION OF 3'l9OA llAll{ CnCUIT
EOARD, + SLO'E. S}|o{,LO AE:

l,ffi.f-L_
'JüJ, F _

4 F E m

#s F,;E_

üET .srH tuttrcH io AcoulRE/HoLD
ailo xoilrToa 8Af,E FolilT As lN
?REVIOI,'3 T€8T. WAVEFORT A}('(,LO
.!E:?HE tAIE'EXCEP? FOR D€LAY
Itro€D At.gEGr{für{G oF TRACE gE-
FgiEsrg{ LGOCSHIGH.

rävnG.i i ;r
I  YFIG-6 !2 .0 r

,t vFl{G:20a8f

TRouaLEsltoor A28ufi . ur3AilD ut6
6Y SUISTITUTING '{EIV PART.

GROI'TO PIN 13 OF A28U3. TEASJRE
VOLTAG€ AT PINS 1I, 12 ANO 13 OF
A28U2. ALL 3 P|NS SI|OULO g€ LO|Y
t<+ 0, v),

FECHECK SYTPTOT
nnE OF l,lALFUl{C

ARE LOGIC IEV

REPLAC€ A26U3 O
uFo?t wt{lct{ stcia,

TONITOfi ITAVEFORI' AT A28U8 PIiI 9.
SHOULO B€:

Fr3 f ra_

t(iüToH MVEFORI| AT A2Arr4 Ail
to;tllolraD rE sArE as n tnEvDrrt
t!-3I;

TFOi Bt.E ls PROEAaLY lt{ A28Ut2. t il
OR UI3 |,IGXT BE LOAO|I'G THIS 3G.
l|AL Ut{€.

uot{tToR yYAvEFol
3 AND t3- AOTH Sr
TO:

i.-
P 6 5 ü <

AR€ WAVEFOq

uoillToR wAvEF
P|NS t3 A1{O 17, E
TO THOSE O88ER!
130F Ar8U6.

^FLV ro iztnifl.
aolts ur{Et; Foa

fi*''r*
: , , ; ' ) :11 ' . :  "  '  '



YTFTOTIS AilD VERIFY NA.
ALFUNCTION.

\24U3 OR tjl|, OEPENDII{G
>r srcral ts r{@RREcT.

IAVEFORMS AT A28U6 PIilS
FTH SHOULO BE SIMILAR

MONITOR VOLTAGE AT A2ATN PIN 15
U'HIL€ CI{ANGING S/H STIITCH FROil
OFF TO TRACK/HOLD.

A28U:l PtN r3 GFOUT{D€D. mot{t-
TOR VOLTAGE AT A2ATß PIiI 16 WHILE

S/H SIYITCH FROT OFF TO
OO€S VOLTAGE CHATGE WHEX
S{UITCH FOSITIOT IS CHAiIGED?

iTOI{ITOR VOLTAGCS AT PINS II AND
I3 OF A28UTO WHILE REPEAT|TG IHE
TUTO PREVIOTJS TESTS.

A28U2 IS PROBABLY DEFECTIVE.
DO€s VOLTAGE CHANG€ WHEf{
SIVITCH POSITION CHANGES?

a28t 8 ls PnoEaaLY o€FEcTtvE.

;AVEFORMS AT A28UI4
F I7. SHOULD BE SIiIILAR
o€s€RvEo AT P|NS 3 AltOÄ

Figure 7-15. Sample/Hold Logic Troubleshooting Tree.

REPLACE A28UIO OR UI6 AS INDI.
CAT€D BY IN@RRECT YYAV€FORI' AI
A'BIJ6.

3490- 0- 3456
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Remow A13U3, Set RA-
TIO $i tch to EXT REF
10 V. Ois@nnect dc stan-
dard from INPUT and con-
net to EXT REF lerm-
Monitor wltag€ at A13
test poinr C whil€ applying
EXT REF wltages below:

EXT REF TPC
+ 2 0 V  + 1 3 . 6 r o + 1 4 . 3 V
, 2 0 V  -  1 3 . 6 t o -  t 4 . 3 V

Select Test 4. Set RATIO
s w i t c h - -  t o  I N T  R E F .
Conn4t dc shndard to
I N P U T  t e r m i n a l i  a n d
apply -  10.0000 V. Display
sbould b€ + (x).9995 I {'lO
c o u n t s  +  d c  a t a n d a r d
qror l .

With @ndit ions sme as
previous test, ch4k logic
lewls 6 follows:

T6t Point Lowl
D LOW

U 5  p i n  1 2  H l c H
U 5  p i n  1 1  H t c H

lNote 2l

Ch*k Input Prot@tion
C i r c u i t  A 1 3 c R t - 4 ,
A13Fl1-3. Afrer rep6ir ,  go
to next step.Refer to Gdffal Trouble-

*r@ling Tree, Fig.7.4,
min 34904 man@1.

Replace A13l
Dis@nned
from EXT R
net ro lNPt
Apply - 10.00
TEST 4. Shc
tqmimls. Wil
rO EXT REF
should be 0O.r

NOTES
l. A dc standard and a dc wltreter

are required for these check;.

2 .  L o g i c  H I G H = + 2 . 4 V  r o  1 5 V
Logic Low = 0 to + 0.6 V

3. Perform Ratio Adiustment Proce-
dure after @mpleting repairs.

5 4 9 0 4 - D - l o a a



Remov€ 413U3. Set FIA-
TIO si tch to EXT REF
l0V. Disconnect dc atan-
dard from INPUT and @6-
net to EXT REF t6m.
Monitor voltage 4 Al3
t6t point C whils applying
EXT REF bltäges below:

EXT REF TPC
+ 20 V + '13.6 to + 14.3 V
- 2 0  V  -  1 3 . 6  t o  -  1 4 . 3  V

Replace A13U3 in $cker,
Disconned dc sbndard
from EXT REF and con-
nEt to INPUT terminals.
Apply - 10.0000 V. Select
TEST 4. Short  EXT REF
tfrmiEls. With RATIO set
to EXT REF 10 V, display
should be 00.0000 t.

Perform Ratio Adjust-
ren$, Parag.aph 5-79.

Chrck Inpur Prottrtion
C i r c u i t  A l 3 C R l - 4 ,
A13Fl1-3. Aft*  rep6ir ,  go
to nexl step.

Disonnect front penel 6-
ble W8 fJom Ratio Asem-
bly 413. Ground pin 2 of
l  E @nnector on A'13. Re-
mve 413U2. Connect dc
sbndard to A13TPC and
monitor voltage at @thode
ol Al3CR6 whi le applying
|to v:
TPC A13CR6

+ 1 0 V  + l 2 . 9 t o + 1 4 . 3 V
- 10 V - 12.9 to -  '14.3 V

Refer to G6eäl Trouble-
s*root ing Tree, Fig.7.4,
min 34904 man@l-

Check A13CR6,7 and re-
place if deffttiw- lf diodes
a.e good, replace Al3U1
with new Frt. After re-
parr, go to next step.

YES

Wirh €ble W8 dis@nnected, pin 2 of c
grourded, and U2 removed, set FUNCTIO
FANGE to 1o V. Apply any INPUT vol
polar i tv lhown b€low, and apply t  10!
c 'hecking logic lewls as sh@n: (Note 2,

INPUT
+

+

TPC
f  t 0  v
+  1 0  v
-  1 0  v
- 1 0 v

u 5 { 1 2 1
H I G H
LOW
LOW
H I G H

TPD
LOW
LOW
H I G H
HIGH



Ralio Adjust-
r4rap6 5-79.

lc W8 disconnected, pin 2 oi connetor
,  ard U2 removed. set FUNCTION ro DC,
to 10 V. Apply any INPUT voltag€ with
h*n below, and apply I l0 V to TPC.
bgac levels a! sh@n: lNote 2l

TPC
.  1 0  v
+  l 0  v

1 0  v
- 1 0 v

T P D  U 5 ( 1 2 )
L O W  H I G H  H I G H
LOW LOW LOW
H I G H  L O W  H I G H
H I G H  H I G H  L O W

Monitor rcltage at W8 con-
n*tor pin 5 while-spply-
i n g + a n d - l o V  a t ' T P A .
Voltage at pin 5 should
b e + l 0 V  a n d - 1 0 V  r e -
spectiwly,

nedq pin 13 whi le apply-
ing + ahd - 10 v .l TPA.
Volhge il pin 13 should
b e + 1 V  a n d - 1 V  r 6 p 4 -
t iwlv.

Replace A13u4 or 5 as
indicated by prwious
checka. Atter reFir, go to
next step.

Check 413U3 by subsri-
tuting a ntu p6n. Ale
cl€ck A13R9,tO arld feed-
back cirdi t  A13R13 thru
16.

Check Al3Bl 1A,8
d d  A l 3 R 1 2 ,



Replac€ Al3U2 in socker.
Monitor wltage at pin 1 of
W8 @nectff whi[6 apply-
i n g + a n d -  1 0 V  a t  p i n  2 .
Voltage at pin 1 should
b€ + 10 V arü- l0 V re-
spoctiwly-

Monitor rclbga at W8 @n-
nedor pin 13 while apply-
ing + .nd - 10 V at TPA.
Voltage d pin 13 .hould
b e + 1 V  a n d - l  V  r 6 p c -
t iwly.

Chsk BATIO ilitch @n-
laqts and wiring,

A13U3 by subst i-
r 'e pan. Als
1 389,10 ard feed-
oh A' l3B13 thru

Figure 7-16. Ratio Troubleshooting Tree.
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A8

A12

A 1 0

A17

A22

A 1 5

A9

A1 1

A 1 3
or
426

A3

A36

A34

A35

U 1

A30

A33

AS2

A31

Rear of Instrument

7-36

Figure 7-17. Location of Assemblies.
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Assembly Description

A1 Main Circui t  Assembly

High lmpedance Assembly
Display Assembly
Remote Jumper Board
Range Switch Assembly
AC Converter Assembly
Ohms Converter Assembly
Outguard Power Supply
Inguard Data Output Assembly
Outguard Data Output AssemblY
Inguard Remote Assembly
outguard Remote Assembly
Rat io Ref erence Assembly
Data Output lsolation Assemblv
Remote I solation Assembly
Trigger lsolation Assembly
Sample/Hold Analog Jumper Board
Sample/Hold Logic JumPer Board
Rat io Jumper Board
Sample/Hold Analog Assembly
Sample/Hold Logic Assembly
Outguard Sample/Hold Power Supply
GPIB Outguard lsolat ion AssemblY
GPlE Outguard Mother Board
Outguard ROM AssemblY
Outguard Data Assembly
Inguard ROM Assembly
GPIB Inguard lsolat ion Assembly
Inguard Program Assembly
Sample/Hold Trigger Gate Assembly

A2
A3
A4
A5
A6
A7
A8
A9
A 1 0
A l l
A12
A 1 3
4 1 5
A17
A22
A24
425
A26
427
428
A29
A30
A31
A32
A33
A34
A35
A36
A37

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-g
7-35
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7-38
740
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7-39
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7 -31
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Figure 7-18. 3490A Block Diagram.
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REFEBETTCE DESIöTATIOtIS

Figure 7-19. Reference Designations.

ASSEMALY ÄSSEA,'BLY
REFERENCE ÄSS€MALY PART NUMBER
OESIGNArION NAME UNCLUDES A2AI SUBASSEMELY)

PI IS NOT MOUNTEO
ON A2 ASSEMALY
(COMPLETE OESIGNATOR IS Pr)

r€Sf VOLTAGE

,.v.cOMPLEfE DEST6NATOR lS A2R4

? INDICATES
XAz AND PI

DENOTES SIGNALcoKno^/

re2
t
7

OENOTES SCHEMATIC

?g #!lp, coNNEcrtoN
\--i<<+---<

--<eL

qlR_E 9OLOR: COLOR COOE tS fHE SAMEAs rHE REstsroa coLoR coDE. FtRSr 
-

WüE:,Ä',li L"^f,T Ff, 3 ̂i,', fP ?fä, 3:'^'l 3
T_AE- IH.IRD tNDtcarEs tne uaanöwea
srR t p. (e?3, D€Nor e s w urt aeot vtl win e)

EyELET oR saruo- |
OFF rERATINAL,MAY OR '
MAY NOT BE NUMSEREO I

l { { i
I

SUEASSEMALY OF A2

///(CoMPLETE 
DESTGNArOR tS A2At)

A I
Iexoro:cxoeeen osc- 

-l

l l
RI

i
COMPLETE
DESIGNATOR
ts A2atRt

PARTIAL REFERENCE DESIGNATIONS ARE SHOWN: PREFIX WITH ASSEMBLY OR SUBASSEMBLY
DESIGNATION(S) OR BOTH FOR COMPLEiE'öESiEIrArrOrI

t

l
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+ t 7 v  - t 7 v
l l

l V c l lI  Y-Y.

8
( L O M R )  O  R E F  S E L E C T  L
F R O M  U 4 0 t  i l 8 )

I
I
I

L-

I
{ L O I A )  X . O I  A T T E N  L
F R O M  U 4 0 t  { 7 )

OVERLOAD PROTECTION
+ 5 V

^ (HOVP)  OVERLOAO PROTECTION H
ö FRoM u4or  i lo )

+ 5 V

R402
4 . 7 K

R40l
4 .7K

( L I R )  X I  A T T E N
R E E O  L  F R O M  U 4 O I ( I 9 )

8

K 3
50.oK

50.oK

I O O V
A O J

t

I
I
I
I

l'''t
t

R I
4 . 9 5 M

4
99.975K

-.11 \3,
G U A R D  I  I l - C U A R O- T

I
I
I V V- - - T - - - - - - 1 - - - - -

+ R E F  + R E F  I
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+ 3 0 v
D C  A M P L I F I E R

-T6aztl

I

I

( H M D B )  /
FROM IJ

c 508
o.oo47

R525
t87

R 3  l 7
5 K

A
A

SAI\4PLE,/FIOLD OPTION IR509
4 5 . 3 K c 501

o . l

A

R 4 0 8
5 C K

I
{ L I A )  X I  A T T E N  L
F R O M  U 4 0 t  (  2 2 )

409

R4tO
4 . 7  K

,A - 30v
c503
30OpF

R 4 i l
|  5 0 K

2--J

K

- - - - - 1  w Y

R 4 3 0  l - l
1 q k

J 4  ( A )  J 4  ( r )
/ A  N O T E  I

l ! \

R429
20K

R524
t 5 K

I

I
I
I
I

; . .  INPUT TO INV
I€  I )  AMP TOJ6(K)

5 5
I

, L M R F )  - R E F  S E L E C T  L
; R O M  U 4 0 t  ( 8 )

R423
t 5 K

I
( L T N S )  I N P U T  S H O R T  L
F R O M  U 4 0 l  ( 2 0 )

R 4 2 6
t 5 K T O  J 4 ( 6 )

/t

v \
22,
R 4 :
5.(
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M A r N  C T R C U T T  A S S E M B L y  ( O 3 4 9 0 - 6 6 5 0 t )

T U R N  -  O N  C L E A R
C I R C U I T

W J
+5V FROM , " \

poweä-su .pp lV  <  ö-+5V TO LOGTC C|RCUtTS

I  N  S T R U M E  N T
T U R N  - O N

T  U R N .  O N  I
T O I

I
A I J T ( N )

A I J 5  ( F )
l.-i3Bl,"J-r

L__J-

Q U A L I F I E R  M U L T I  P L E X E R

H M O E

H M Q C  I  H M Q A

(LSCK)  STATE CLOCK s
FROM U4 (8) --:

l-rua --'t-:

I xma --!
F R O M  - J  H M C  -

us RoMl Hr4e _-11

I nne --r
LHur ---q'

FROM I ,J6  ENO OF READING (LEOR)

F R O M  U I  I  M A I N  T I M E  8 I T  B  H  ( H M T B )

r  
I M E  C O U N I  |  ( L T C I  )

I  T t M E  C O U N T  2  ( H T C z )

6 1  
r l M E c o u N r 4 ( H r c 4 )

I  T r M E  C O U N T  8  ( H T C 8 )

I  r r u e  c o u N r  r 6 ( H T c r 6 )
I
L  T I M E  C O U N T  3 2  ( H T C 3 2 }

H I F A )  -

H t F E )  -

H I R A ) -

H  t R 8 )  -

H r R C )  -

i l ,

[ -  
M A N  N O R M  o P E N  L  ( L M N O )

I  S A M P L E  R A I E  C  H  { H S S C )

l l  <  s a M P L E  R A T L  B H  ( H S s B l
I

R 5 t  I  S A M P L E R A T E A H ( H S S A )
6.8K L l , r l t t  ronu cLosED L (LMNc)

HMG FROM
u9 il3) ROM -

(LSCK}  STATE CLOCK _
5 FRoM ua (8)

8 , r r , r e  {

FROM U2I

R 5 0
6 . 8  K

F U N C T I O N  A  H  (

F U N C T I O N  B  H  (

l ' naHcr  a  x  t

1  
R A N G E  8 H  (

L R A N G E  C  H  (

l 6  a u r o R A N G E  H  ( H A U r )
ZERO DETECT H  (HZDT)

M A I N  T I M E  8 I T  C  H  ( H M T C )

L M Q D
H M O E

H M O O
HMOE

+ 5 V
( H S C K )

STATE CLOCK
F R O M  U 4 ( 9 )

6

| . 4 .

+5VH M O B
HMOC I  HMoA

l 4  e x r  E N c o D E  L  ( L E X E )
l l , l 4  x o r - o L ( L H L o )

NOTES.

I .  IF  INSTRUMENT REFUSES TO UPRANGE OR
DOWNRANGE IN AUTO MODE. CHECK FOR
DEF€CTIVE U2I .

2 .  IF  INSTRUMENT COUNTS BY EVEN NUMBE
IN THE TWO LEAST SIGNIFICANT DIGITS I I
THE 0c  OR OHMS AUTO MODE,  CtO SHOULT
8E REMOVEO OR REPLACED WITH A VALUE
NOT TO EXCEED lOOOpF.L
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D A T A  F L A G  H  ( H O F L )



L O G I C  S T O R A G E

(  H  M T C )
M A I N  T I I \ 4 E
B I T  C

L C M  B
F R O M  U t 6  f l 6 )

( H M T A )  M A I N
T I M E  B I T  A

, ^  UP-DOWN'^  COUNTER
t a
, ^  o ^' '  

u 2 i  ^ ^

LoaD oc
COU NT
DOWN
COUNT UP

C L E A R

E \ -
( H M T B )  M A I N
T I M E  8 I T  B

L C M A
F R O M  U 1 6  ( 3 )

L C M C
F R O M  U I 6  1 2 )

LOGIC OUTPUT
DECODER

R A N G E  C O U N T E '

+ 5 V

H M Q A
F R O M  U I O  ( 6 }

H M Q B
F R O M  U I O  ( 4 )

H M Q C
F R O M  U I O  ( 2 )

H M Q D
F R O M  U t O  ( 8 )

S T A T E
S T O R A G E

+ 5 V

1 1  R A N G E  l - l i r C a a t.  .  
P R O G R A M M I N G  I

I A  F R O M  R E M O T E  I  ( H C R B )
, -  

o r  F R O N T  P A N E L  
L ( H C R C )

STORAGE

L
l-

TO Uil (i l)

T O  U i l  ( 3 )

TO Ur4  {  i l )
T O  U t 4 ( 3 )
TO U20(3)
r o  u 6  0 t )
C L E A R  S '

L C M C

L C M B

L C M A

L C D F

P O L A R I T Y  L  T O  U 2 2  ( I I )

O V E R L O A D  L  T O  U 2 2  ( 3 )

T R A N S F E R  L  T O  U 2 3 ( 1 3 )
T ] M E  C O U N T E R  L  T O  U 6 ( I ) , U 2 3 ( 5 }  6

ro u4 (r) I
i 3bEi,?#'^ e

röüä rrrr  - l

( L S P L )  S T O R E

( L C O V )  C L O C K

(  L F T X )  F A L S E
( L C T C }  C L E A R

Y M A  I
Y M 8  

|
Y M C  I  T O  U 9
vr.,lo I 

RoM
Y M E  I
Y M F  J

a

A (LSCK)  STATE CLOCK-  FROM U4 (8)

( L O T E }  O U T P U T  E N A B L E  L
FROM U9 (20)

2Y M G  T O
u 9  0 4 )  R O M

+ 5 V

R E A D  O N L Y
M E M O R Y

+I2V FROM ̂
c R 2  o

( N 0  t )
Q U A L I F I E R  I N P U T

l -  
YMA

I  
Y M B

FRoM I Y l\'lc
u7 1 vr , , to

I  t r t
I
L  Y M F

F R O M  U I 7  Y M G

F - A \ G E  O R
ta(  FoR

rE\  NUMBERS
r - : 3 T S  l N

:  :  SHOULO
;  :  VALUE



I  < R t g
la . ro . r4  ?  l5K

12r^ - - - - - - - - : l  I  (HMTA)  MAtN
T l l \ , l E  B I T  A

K

L C E R
FROt\, t  Ut6 (6)

.  ( L E o R )  E N D  r  . n F- 
?5 Sili;j:. FRoMU''6iIä)
A r J s ( 2 )  l 5

OATA FLAG (HDFL)
TO U24 i l s )

L C H C'F-- . -ArJ7(16) l6 Fäöü
I  a r u a l r r l  1 5  u l 6 ( 5 )

I C  S T O R A G E

R A N G E  C O U N T E R

+ 5 V

4 o*otonrä5[i

",) 
BrE**#'^ .

T O  U 1 9

u4or  3
atJ2 l?
nru :  l3
a t , . rs  l8
ar , rz  16
r r J e  l 5
n r p z  l O

( L O T E )  O U T P U T  E N A E L E  L  T O  U I 6  ( I 9 )
( L M O T }  M E M O R Y  O U T P U T  L  I O  U I O  ( 1 3 )
( H T F E )  T R A N S F E R  E N A B L E  H  T O  U I 8  ( 3 , 9 , 1 2 )
( H C E 5 )  C L O S E  E L E C T R O N I C  S W I T C H  H  T O  R 2 0 I

H M A  I
r u a  I
t " t  

I  t o  u t
H M D  I
H M E  

I
HMF -J
H M G  T O  U  1 7

, "  uP-D0wN' A  
C O U N T E R

i B

t  , r ,  l o
LoaD oc

C O U  N T
DOWN



L S  H C

T R A N S F E R  A N D  Z E R O  D E T E C T

+ 5 V

( H A Z D )
A N A L O G  Z E R O  D E T E C T

F R O M  U 2 0 3  ( 7 )

H M Q C

(  L T X F )
rnarusrER L 6
ro u?,4
( H Z D T )
ZERO OETECT H
T O  u t 9 f l )

O U A L I  F I E R
E N A B L E  S I G N A L S  ^ riöi,liisliä)31,"q 3Yä1.^.dP

( H T C 3 2 )
T I M E  C O U N T  3 2

(  L C O V )
C L O C K  O V E R L O A D  L

F R O M  U I 6 ( 9 )

A L L  I C ' s  V l € W E D  F R O M  T O p

u t 8
A N D  -  O R

I N V E R T  G A T E

I N P U T
P O L A R  I T Y
STORAG E

I I M E  C O U N T  3 2  ( H T C 3 2 )
( H T F E  )

TANSFER ENABLE H
F R O M  U 9  ( 2 I )

3
l8'd',tshäl'" 5'8

3 , 9 ,  t 2 )

r c  R 2 0  |

i
_ l* " "^ ; '

Figure 7-24. Schematic Diagram, Main Logic, Al.
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i' a; |"*;,,ilJ**io**l.Io,lr
I
I

NOTE 3

NOT€ 2 IVW

R4
&

R4
to

I I rao, rnotr paNEL f(HrFB) FUI
16 oR REMoTE o.s', 

t ("rrot ru,

[- 
(HrRc )

Z FRoM RANGE coultrea uzr J (HrRB)
I
L (HIRA}

NoTE I WN

7  | N P U T  P O L A R T T Y  ( H I N P )
'  F R O M  U 2 2 ( 8 )

NOTES.
r. t,1..11r_ro..ol]roN ts tNsrALLEo,

JUMPER WIRE WN IS REMOVEI'
2. IF,.STi,PLE/HOLD OPTION IS INSTALLED,

JUMPER WIRES WT THRU WW ARE
REMOYES

3. IF INSTRUMENT WORKS IN TEST*I
BUT NOT OTHERS, RESET U4OI.

ISAMPLE/HoLD op loN I
,  I  r :
o ( - -  - - ) " X
I

(HMTC)
7  T | M E  B t T  C  H' FROM Uil (9)

(HMTA)
7 T IME BIT  A H'  F R O M  U t 4 ( 9 )

(HMTB)
?  T | M E  8 t T  B  H
,  FROM Ui l (5 )

,. lffioi

,, [**6'ffi-l ,.{ . ( - - - : - - - - ) . F

NoTE 2 WT

o fää-.trto-*;t'ot 
-l
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6
- 6 V

FROM CR4

I
R444 <
200K i

6
+tzv
FROM
cR2

2a

_ -  -J  DISPLÄY
NOTE 2 WV

T O  P 2 ( 5 )

N C

O H M S  R E F  S E L E C T  L  ( L O M R )
r o  R 4 t 4  3  a N D  J 3 ( 8 )  1 3
X I  A T T E N  R E E D  L  ( L I R )
ro  R40 l
XO.OI  ATTEN REEO L (LOIR)
fo  R4 l2
XI  ATTEN L  (L IA)
TO R409

XO.OI  ATTEN L  (LOIA)
TO R403
LEAKAGE CONTROL L  (LLEC)
ro R406
OVERLOAD PROTECTION H (HOVP)
T0 R50l
+REF SELECT L  (LPRF)
ro R420
-REF SELECT L  (LMRF)
TO R423
AC INPUT ENAELE L  (LACI )
TO J2 i l4 )
AC CONV OUTPUT SWITCH L  (LACO)
TO R4t7
INPUT SHORT L  (L INS)
TO R426

( r_.lc )

R445
tooK

POLARITY
a  J 8 ( J  )

t 5

[--soue.e,."oloieftil-l
: ( - - - ' - - - - ) .

f 
-sarrPLE^1oLDörlöil-l

r l
:  (  -  - - - - -  - -  

) z

NoTE 2 WT

[-soupr-Ezro-r-oirfr 
'-l

r ( - -  - - ) r

X I O  G A I N  L  ( L I O G )
TO R438

X I O O  G A I N  L  ( L H N G )
TO R44 l

X I  G A I N  L
TO R435

Figure 7-25. Schematic Diagram, DC Switching Logic,
I
A 1 . )wer Supplies, A l,

(
t

I I .Rou raotr ro*aa [-{Hrra) FuNcrtoN B H
16 cR REMoTE oss'Y 

f tnrmt FuNcroN A H

f (HrRc) RANGE c H
Iy  ?aNG5 COUNTER U2t l  (H IRB)  RANGE I  H
I

L (HIRA)  RANGE A H
NOT€ 2 WW

fs^-rLErHoLD;pi6il-l
l l u r

u40l
READ
ONLY

MEMORY
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220V/
240V

t20v/
240V - 3::,itoov/

t20v

+3OV REGULATOR

-3OV REGULATOR
O N

i
FRONT OF

INSTRUMENT

ta io ag curGuaRo powER
' ' SI,JPPLY ASSY (OPTION O2O)
/ o R

ü  T O  A 2 9 , O U T G U A R D  S / Hrr TRIGGER assy (opnoil o45)

OR

22 Ig t31,.9_uIGgARo rr,rorHER I rWen suppLy BLocK DTAGRAM--  80ARD (OPT|ON O30) |  _

c | 7
o .05

COPYRIGHT I972 8Y HEWLETT-PACXARO COMPANY

Figwe 7-26. Schematid



, l '

rr TO Aa OUTGUARD Powen l'rI grppry assr (optror'r ozot I'  .. .. ' .. 
' ,  , ' , .., oR I

r r  T O  A 2 9 . O U T G U A R O  S / H  /rr TRTGGER Assy {oPTtoNo45}\
o R l

,, To ßt, oUTGUARD MoTHER i-- goARo (oPToN o30)

\ 9 l l l \ 9 l lJ - * i  
l I

ouiro | \Y

NOTES .

I .  IF ALL SUPPLIES ARE BAD,CHEC

Z. IF - I7V REGULATOR REFUSES T(
AND CURRENT LIMIT IS BAO. CRI
OPEN.

IF HIGH FREOUENCY OSCILLATIO
PRESENT lN +l7V SUPPLY, REMO

IF -3OV REGULATOR RISES ONLY
CRI22 MAY BE SHORTEO.

IF OI IS SHORTED TO GUARO AI
STRAP ON FRONT PAN€L 15 COI
TO LOf, A2R8 WILL OVERHEAT.

I F  A N O D E  O F  C R I  S H O R T S  T O  (
EJARO STRAP ON FRONT PANEL
CONNECTED TO LOW, THERE WIl
OFFSET READING ON FRONT PAI
D C  M O O E .

REGULATOR



+3OV REGULATOR
+  l 7 v REGULATOR

Rr05
l l ' a K  + r 7 v  a D J
R 106 

aj(tocarED 
ox ar all

R r07
8.45  K

_3OV REGULATOR

- I7V  REGULATOR

9
Schematic Diagram, Power Supplies, Al, A8
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I
SCAN A \9 J

FUNCTION A €/ f ,
FUNCTION I €/  c

+ 5 V  ü  C
SAMPLE RATE g 3

POLARITY \5 c
RANGE B Ü C
R A N G E  C  Ü  3
RANGE A \? O

-n2-
- R4--  R 3 -

|--*-l
8 t a

I
C €g REMOTE
C €J' DATA A
C €9 DATA O
C €C GROUNO
. ,s S/H l,lODE Ltüt(?^*J
C €} DATA B
C re2, SCAN C
o €, SCAN B

OVERLOAO Ü O

A3
hp Port No. O349O-66503

REV.  B

D S 7

N6
D S 6

N 5
u55

N 4
os4

N3 N2
DS2

N I
D S I

BCD to Decimal
Conversion Table

Decimal
Number

0
1
2
3
4
5
6
7
8
o

BCD
D C B A

L L L L

L L L H

L L H L

L L H H
L H L L

L H L H

L H H L

L H H H
H L L L
H L L H



MA|N CTRCUTT ASSEMBLY ( 03490-6650r )

(  H M T A }
SAMPLE RATE

'  I  U  A I  U I A { V '  
I N D I C A T O R

(  H D P P )

8 roaru4oreil i=i33' SfTH[r-+:

DISPLAY ASSEMELY, STANDARD (03490.66503)

POLARITY DISPLAY
ENABLE

M R  U Z  O o
CEP

c E T  o t

c p  Q 2

P 6  0 3

P 1

P2

P: Fe

C O P Y R I G H T  I 9 7 2  8 Y  H E W L E 1 T - P A C K A R O  C O M P A N Y



;  A3 lorseuv assEMBLy, sTaNDARD (os49o.66503)

SCAN
GENERATOR

SCAN
DECODER

s c a l r ö r  f - *  I
F U N C T I O N A € r f  |  - -  

I
F U N C T I O N B \ c c  Ü

+ 5 V  ü c? c v  v  J
SaMPLE RATE 'r  o f--- ' - ; ; -- l

P O L A R I T Y \ 9 c  I  I
R A N G E S s J  ; - - - - - - - - _ . i ;
R A N G E C \ t / J  7
RANGE A üJ r-----:::----.1

o V E R L o A D  V c  |  , ,  I

c 2
o .47

SYNCHRONOUS
4.BIT COUNTER

R 2
roo

POLARITY DISPLAY
ENABLE

FB
I t

r -A I
+ R l
|  ^  :  F ro  DS t  rHRu  os6 ,
Tl-: I u4, uro
T..,-"J

RANGE A

RANGEI
RAiIGE

FII

+5V A SAMPLE / HOLD
SLANKING

t 5 K

frE UZ oo
CEP

cET 01

c p  Q 2

Ps 03

P 1

P?



NOTES.
t .  rF -o tsp lAy  c tvEs oDD READTNGS,CHECK

DISPLAY FOR GOOD CONNECTION IN'SOCKETS
AND CHECK FOR SOLDER BRIDGES EETWEEN PINS.

____{vl]l_+sv __r1r-q'l_L- l r - - -
---1"' 

r l--
4 : 1 - : l -  -  ! 2  +---{io"*F -i.. F
= E = E

B l  l sv
v

(TOP VIEW)

A V A I L A B L E  O N
S P E C I A L  O R D E R

+ 5 V+ 5 V

1".,,1,,,.Y, +,
l - "1 " "
t t
l*' l"

ö ö" l  r 1 l "
ra FE FA FB

a a a l

a a
l t

l t t t
a l
I t
l a l l

a t a a

a l
a a

a a a l
l l
a a
a t l l

10
Figwe 7-27. Schematic Diagram, Display, A3.
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MA|N CTRCUTT ASSEMELY (03490-6650t )*"-r.t tE-oro-u*oi ffiJ-*orie-r*E oG

t t -
[-rurucrroru a H(HFFA) 'i\-X-!-l ]--

. Z r s l r q r ' l  i ' i i  l16  oRAr  , t  
l _ ru r . r , o * r r , r r o ,_$ ;11* |3

t - n q N a e ^ r , * . , ' i ,  I  l *  l ,

,E ;:ll:;'l RANGE I H'**'iL

[-.o*0..",r*., j#

'ä;glYr ^".^.r"

l-saucr-e RArE a H tHssar ---$P

7 roo,u.o]  saMpLE RATEBH (HssB) 
i  I  l *  |  

-

l-ro"r.. RArE c H ,rrr., ''t''�fl*l*

{-#'-d.ir'l J
,.*.ol"o.o. .i I i '! r -,

R 9

l-r*atl Honuallv cuoseo tr-r'rr'rct --)}f
7 r o a t u 2 4 1  |  l l

l- r,raH NoRMALLY oeer.r tuuHot--)-!l
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TableT-7. Alphabetical Listing of 349OA GplB l/O Mnemonics.

AAA
AAB
AAC
AAD
AAE
ADT
AOH
ATR
AUT
CDS
CLK
CRA
C R B
cRc
cRs
DAC
DAV
DCA
DCB
DCC
DCD
DFC
D F L
D r o l
Dto2
D l 0 3
Dl04
Dto5
Dt06
DloT
DroS
DMA
DMB
DMC
DMD
DOA
DOB
DOC
DOD
DPP
EOP
ETF
ETR
E X E
FAT
F F A
F F B
F R A
F R 8
F R C
GTI
GTR
H L D
IDS
I F A

Assigned Address Bit A
Assigned Address Bit B
Assigned Address Bit C
Assigned Address Bit D
Assigned Address Bit E
Addressed to Talk
ASCII  Output  Bi t  H
Autorange Programmed
I nternal Autorange
Clear Designator Counter
System Clock
Combined Range Bi t  A
Combined Range Bi t  B
Combined Range Bit C
Clear Remote Storage
Data Acceoted
Data Valid
Data Counter Bit A
Data Counter Bi t  B
Data Counter Bit C
Data Counter Bit D
Data Funct ion C (Rat io)
Data Flag
Data Input /Outpur Bi t  1
Data Input /Output  Bi t  2
Data Input/Output Bit 3
Data lnput /Output  Bi t  4
Data Input /Output  Bi t  5
Data Input /Output  Bi t  6
Data Input /Output  Bi t  7
Data Input /Output  Bi t  8
Decoder Bit A
Decoder Bit B
Decoder Bit C
Decoder Bit D
Data Output Bit A
Data Output  Bi t  B
Data Output  Bir  C
Data Output  8 i t  D
Displayed Polarity
End Output
External  Tr igger Flag
Externäl Trigger
External  Encode
Front Panel Autorange
Front  Panel  Funct ion Bi t  A
Front  Panel  Funct ion Bi t  B
Front  Panel  Range Bi t  A
Front  Panel  Range Bi t  B
Front  Panel  Range Bi t  C
Guard Transfer I nitiate
Guard Transfer Receive
Ho ld
I ncrement Designator Counter
Internal  Funct ion Bi t  A

Internal  Funct ion Bi t  B
lnguard to Outguard Data Bit A
Inguard to Outguard Data Bit B
lnguard to Outguard Data Bit C
Inguard to Out$rard Data Bit D
Internal  Range Bi t  A
Internal  Range Bi t  B
lnternal  Range Bi t  C
Inhib i t  Sample/Hold
lnhib i t  Talk Only
Mult ip le Response Enable
Multiple Response Override
Multiplexer Select Bit A
Mult ip lexer Select  Bi t  B
Mult ip lexer Select  Bi t  C
Mult ip lexer Select  Bi t  D
Mult ip lexer Select  Bi t  E
New Programming Data
Output  Data Enable

Output Data Select
Output  Enable
Output Enable Override
Outguard to Inguard Data Bit A
Outguard to lnguard Data Bit B
Outguard to Inguard Data Bit C
Outguard to Inguard Data Bit D
Outguard to lnguard Mul t ip lexer Select  Bi t
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 Bi t  H
Oual i f  ier  Bi t  1
Oual i f ier  Bi t
Remote Enable
Ready For Data
Remote LE D
Remote Ooeration
Reset
Scan A
Scan B
Scan C
State Clock
Store Data for Output
Sample/Hold Delay
Sample/Hold Mode
Sample/Hold Program
Store Programming Data
Service Request
Set Stored Data Fl ip-Ftop
Talk Only

I F B
toA
toB
toc
toD
I R A
I R B
r R c
l sH
ITK
MRE
MRO
MXA
MXB
MXC
MXD
MXE
NPD
ODE
ODS
OEN
oEo
orA
o r B
orc
o r o
otM
O V L
PSA
PSB
PSC
PSD
PSE
PSF
PSG
PSH
oF1
OLF
R E N
R F D
R L D
RMT
RST
SA
SB
SC
SCK
sDo
S H D
S H M
SHP
SPD
SRO
SSD
TKO

H preceding mnemonic means HIGH is t rue;  L means LOW is t rue.
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